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PART SIX 

FIELD UTILIZATION OF SEISMIC SYSTEMS 

Frank P i l o t t e  
VELA S e i s m o l o g i c a l  Cen te r  

A l e x a n d r i a ,  V i r g i n i a  

I. SUMMARY 

P r o p e r  d e s i g n  c h a r a c t e r i s t i c s  f o r  a  s e i s m i c  sys tem t o  l o c a t e  miners  dur- 

i n g  a  mine d i s a s t e r  a r e  c o n s i d e r e d  i n  terms of  a  t o t a l  sys tem concep t .  F i e l d  

ha rdware ,  p r o c e s s i n g  equipment,  o p e r a t i n g  p e r s o n n e l ,  deployment,  t r a i n i n g ,  

and s u p p o r t i v e  R  and D a r e  n e c e s s a r y  e lements  of  t h e  t o t a l  sys tem.  Each of 

t h e s e  e lements  is  d i s c u s s e d  and an i n d i c a t i o n  given a s  t o  t h e  requ i rements  

n e c e s s i t a t e d  by each one.  

Hardware must b e  p o r t a b l e ,  rugged,  and f i e l d w o r t h y .  P r o c e s s i n g  equipment 

must b e  s i m p l e  t o  o p e r a t e ,  expandable  f o r  f u t u r e  p r o c e s s i n g  improvements,  and 

rugged ized  f o r  f i e l d  u s e .  A s m a l l  w e l l - t r a i n e d  team must b e  a v a i l a b l e  f o r  q u i c k  

response  i n  t i m e s  of emergency. A l t e r n a t i v e  deployment p rocedures  a r e  n e c e s s a r y  

t o  a l l o w  f o r  a  v a r i e t y  o f  s i t u a t i o n s  i n c l u d i n g  bo th  ground and a i r  d e l i v e r y .  

S u p p o r t i v e  R and D is  used t o  s u p p o r t  t r a i n i n g  and upgrading of t h e  sys tem.  
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11. INTRODUCTION 

Elere w e  d i s c u s s  a  s e t  of  d e s i g n  c h a r a c t e r i s t i c s  t h a t  would r e s u l t  i n  

an  improved s e i s m i c  sys tem f o r  miner l o c a t i o n  f o l l o w i n g  a  mine a c c i d e n t .  

The sys tem,  when implemented a s  p roposed ,  w i l l  b e  a n  a d a p t a b l e  m u l t i -  

purpose  s e i s m o l o g i c a l  a r r a y  packaged i n  hand-por table  s i z e d  c o n t a i n e r s  f o r  

u s e  under  s e v e r e  f i e l d  c o n d i t i o n s .  The sys tem w i l l  be  c a p a b l e  of moni to r ing  

up t o  1 2  i n d i v i d u a l  s e n s o r s ,  r e c o r d i n g  on magnet ic  t a p e ,  p r o v i d i n g  v i s u a l  

d i s p l a y s ,  and accompl i sh ing  some d a t a  p r o c e s s i n g  and a n a l y s i s .  

I n  s e l e c t i n g  i n d i v i d u a l  i t e m s ,  g r e a t  emphasis shou ld  b e  p l a c e d  on t h e  

u s e  of equipment which h a s  been d e s i g n  t e s t e d  and proven under  o p e r a t i o n a l  

f i e l d  c o n d i t i o n s .  S p e c i a l  d e s i g n  m o d i f i c a t i o n s  shou ld  b e  used on ly  a s  re- 

q u i r e d  t o  m e e t  s p e c i a l  needs  of remote and s e v e r e  f i e l d  o p e r a t i o n s ;  f o r  example, 

t h e  u s e  of modular-type mois tu re -p roof -con ta ine r  packaging f o r  se ismometers  and 

f i e l d  a m p l i f i e r s .  

I n  o r d e r  t o  s p e c i f y  t h e  d e s i g n  of t h i s  equipment ,  i t  i s  n e c e s s a r y  t o  

assume t h e  f o l l o w i n g  : 

1. Optimum l o c a t i o n  accuracy  r e q u i r e s  c a l i b r a t e d  and t imed s i g n a l s .  

2. Power may n o t  b e  o b t a i n a b l e  a t  t h e  v a r i o u s  remote l o c a t i o n s  where 

t h e  sys tem w i l l  b e  deployed.  

3 .  Measurements w i l l  b e  made under  f i e l d  c o n d i t i o n s  where e l e c t r o n i c  

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

4.  Emergency c o n d i t i o n s  w i l l  e x i s t  a t  t h e  t i ~ e  of deployment and 

q u i c k  r e s p o n s e  i s  a b s o l u t e l y  e s s e n t i a l .  

5 .  P e r s o n n e l  making t h e  measurements must be  a b l e  t o  e v a l u a t e  t h e  

d a t a  w i t h i n  a  s h o r t  l e n g t h  of t ime .  

6.  The sys tem shou ld  b e  expandable  t o  m e e t  f u t u r e  requ i rements  of 

improved a n a l y s i s .  

7 .  Maximum u s e  of o f f - t h e - s h e l f  components. 

To o p e r a t e  under  t h e s e  assumpt ions ,  t h e  sys tem should  have t h e  f o l l o w i n g  

f e a t u r e s  : 

o The b a s i c  sys tem shou ld  c o n t a i n  a n  a c c u r a t e  c a l i b r a t i n g  d e v i c e .  The 

c a l i b r a t o r  shou ld  a p p l y  an  impulse  of  known p o l a r i t y  t o  v e r i f y  seis- 

mometer p o l a r i t y ,  and s i n e  waves of known ampl i tude  a t  any d e s i r e d  

f requency  t o  t h e  seismometer c a l i b r a t i o n  c o i l  t o  o b t a i n  a  f r equency  

response  a t  a  known g a i n .  
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o The s e n s i n g  sys tem shou ld  b e  a  v e r t i c a l  se i smomete r -ampl i f i e r  

combinat ion c a p a b l e  of d i r e c t  b u r i a l .  The s e i s m i c  s i g n a l s  

would b e  f e d  t o  a  r e c o r d i n g  and p r o c e s s i n g  sys tem powered by 

t h e  same s o u r c e  powering t h e  a m p l i f i e r .  

o  Moni to r ing  and f i e l d  a n a l y s i s  w i l l  r e q u i r e  a  p layback  u n i t  

c a p a b l e  of p roduc ing  t h e  d a t a  a t  e i t h e r  .5mm/ms o r  l .Omrn /ms  

on a  paper  s t r i p  r e c o r d e r .  A m o n i t o r i n g  o s c i l l o s c o p e  shou ld  

a l s o  b e  p rov ided .  

o  The t a p e  r e c o r d e r  shou ld  be  a b l e  t o  r e c o r d  up t o  1 2  c h a n n e l s  

of d a t a  p l u s  t i m e  and compensation c h a n n e l s .  A t i m e  code 

shou ld  b e  encoded on t h e  t a p e .  A d d i t i o n a l  d e s i g n  p r o v i s i o n s  

shou ld  be  made f o r  i n s e r t i n g  o p e r a t i o n a l  a m p l i f i e r s ,  modules,  

a t t e n u a t o r s ,  and f i l t e r s  a s  d e s i r e d .  

o The whole sys tem shou ld  b e  a s  compact and l i g h t w e i g h t  a s  

p o s s i b l e ,  and s u f f i c i e n t l y  rugged t o  w i t h s t a n d  t r a n s p o r t  under  

t h e  w o r s t  f i e l d  c o n d i t i o n s .  S i m p l i c i t y ,  m o b i l i t y ,  ruggedness ,  

and e a s e  of s e t u p  and o p e r a t i o n  a r e  prime d e s i g n  g o a l s .  

111. REQUIREMENTS 

To minimize t h e  i n t e r f e r e n c e  o f  nearby c u l t u r a l  (man-made) and weather-  

induced n o i s e ,  s e i s m i c  s u r v e y s  u s u a l l y  employ e i t h e r  seismometer b u r i a l  o r  s m a l l  

a r r a y  t e c h n i q u e s .  I n  t h e  mine d i s a s t e r  c a s e ,  t h e  r e s c u e  team w i l l  o f t e n  b e  

hampered by t h e  a b s e n c e  of  f a v o r a b l e  s u r f a c e  geology a t  t h e  p o i n t s  where t h e  

p a r t i c u l a r  deployment must b e  made. Of t h e  two p o s s i b l e  t e c h n i q u e s ,  seismo- 

meter b u r i a l  a p p e a r s  t o  b e  t h e  s i m p l e r  s o l u t i o n .  A se ismometer  c a p a b l e  of  

o p e r a t i n g  a t  s h a l l o w  d e p t h  w i l l  e n a b l e  t h e  r e s c u e  team t o  p i c k  any d e s i r e d  p o i n t  

f o r  measurement and t h e n  d r i l l  ( p o s s i b l y  w i t h  a  hand a u g e r )  u n t i l  r e a c h i n g  some 

s u i t a b l e  f o u n d a t i o n  m a t e r i a l s .  Even a t  t h e  s h a l l o w  d e p t h s  reached  by hand 

d r i l l i n g ,  t h e  seismometer shou ld  have a  c o n s i d e r a b l y  reduced r e s p o n s e  (compared 

t o  a  s u r f a c e  s i t e )  t o  l o c a l l y  induced c u l t u r a l  n o i s e  ( s e i s m i c  and a c o u s t i c ) .  

I n  a d d i t i o n ,  i f  r e l a t i v e l y  s o l i d  f o u n d a t i o n  m a t e r i a l  can  b e  r e a c h e d ,  some s i g n a l  

a t t e n u a t i o n  may b e  avo ided .  

I n  many s i t u a t i o n s ,  t h e  s i m p l e s t ,  most d i r e c t  method t o  d e t e r m i n e  a  l o c a t i o n  

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

v i d u a l  a r r a y  e l e m e n t s .  Being a b l e  t o  r e c o r d  such s i g n a l s  from e a c h  e lement  of 

t h e  a r r a y  on an  i d e n t i c a l ,  s e l e c t a b l e  t i m e  b a s i s  w i l l  g r e a t l y  improve t h e  o p e r a t ~ r ' ~  
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response  t ime and t h e  p r e c i s i o n  of  t h e  l o c a t i o n .  The s o u g h t - a f t e r  o b j e c t i v e  

is  t h e  a b i l i t y  t o  r e c o r d  under any f i e l d  c o n d i t i o n s  w i t h  a  comple te ly  inde-  

pendent  p o r t a b l e  sys tem c a p a b l e  of h i g h l y  a c c u r a t e ,  dependable  r e s u l t s .  

I t  i s  proposed t h a t  b o t h  t h e  seismometer and a m p l i f i e r  b e  packaged i n  

the same c a s e .  T h i s  w i l l  r e s u l t  i n  a  s i n g l e ,  e a s i l y  t r a n s p o r t a b l e  i n s t r u m e n t  

package t h a t  can  b e  p l a c e d  i n  a  c o n s t a n t  environment away from m o l e s t a t i o n .  

The t i m e  encoder  shou ld  b e  a  h i g h l y  a c c u r a t e  d i g i t a l  d e v i c e  c a p a b l e  o i  

p r o v i d i n g  s e v e r a l  d i f f e r e n t  f r equency  s t a n d a r d s  i n  o r d e r  t o  broaden t h e  o v e r a l l  

c a p a b i l i t y  of t h e  sys tem.  Of p a r t i c u l a r  importance  is  a  100-kz s i g n a l  on t h e  

compensation t r a c e .  T h i s  f r equency  i s  t h e n  used a s  a  r e f e r e n c e  t o  o b t a i n  a n  

a c c u r a t e  time-based p l a y o u t  i n  h i g h  speed v i s u a l  r e p r o d u c t i o n s .  

A p r o p e r l y  equipped f i e l d  a n a l y s i s  and p r o c e s s i n g  c e n t e r  i s  e s s e n t i a l  i f  

r a p i d  r e s p o n s e  and a d a p t a b i l i t y  a r e  t o  be  p rov ided  t o  what w i l l  s u r e l y  b e  a  

f l u i d  s i t u a t i o n .  During t h e  c o u r s e  of a  l o c a t i o n  a t t e m p t ,  i t  w i l l  f r e q u e n t l y  h e  

n e c e s s a r y  t o  make judgments r e g a r d i n g  seismometer emplacement and c o u p l i n g ,  

n o i s e  c h a r a c t e r i s t i c s  i n  t h e  a r e a ,  t r a n s m i s s i o n  q u a l i t y ,  and s i g n a l  r e c e p t i o n .  

Thus,  i t  may b e  n e c e s s a r y  t o  v a r y  bandpass  f i l t e r s  and a p p l y  o t h e r  p r o c e s s i n g  

t e c h n i q u e s .  For t h i s  r e a s o n ,  i n c l u s i o n  of  a  p layback u n i t  i n  a d d i t i o n  t o  a  

m o n i t o r i n g  o s c i l l o s c o p e  i s  n e c e s s a r y .  

The package f o r  t h e  f i l t e r s ,  a t t e n u a t o r s ,  and o p e r a t i o n a l  a m p l i f i e r s  shou ld  

b e  des igned  w i t h  p lug- in  c a r d s  t o  p r o v i d e  f o r  r a p i d  changes  i n  t h e  d a t a  c i r c u i t s .  

Power w i l l  b e  p rov ided  by p u b l i c  power f a c i l i t i e s  when a v a i l a b l e ;  however, 

b a t t e r y  backup shou ld  b e  p rov ided  t o  m a i n t a i n  sys tem o p e r a t i o n  i f  t h e  pr imary 

power s o u r c e  f a i l s  o r  i f  a  pr imary s o u r c e  i s  n o t  used.  The b a t t e r y  pack shou ld  

have s u f f i c i e n t  c a p a c i t y  t o  m a i n t a i n  o p e r a t i o n  f o r  a t  l e a s t  twe lve  h o u r s .  A 

b a t t e r y  c h a r g e r  shou ld  b e  i n c l u d e d  t o  r e c h a r g e  a  f u l l y  d i s c h a r g e d  b a t t e r y  bank 

w i t h i n  two h o u r s .  

A l l  i n t e r c o n n e c t i n g  c a b l e s  shou ld  b e  p r e f a b r i c a t e d .  Connect ions  shou ld  b e  

wa te rp roof  and shou ld  b e  des igned  s o  t h a t  improper c o n n e c t i o n s  cannot  b e  made. 

System c a b l i n g  shou ld  b e  des igned  f o r  maximum p o r t a b i l i t y .  

S u f f i c i e n t  a c c e s s o r y  i t e m s  l i k e  hand t o o l s ,  t es t  equipment,  and s p a r e  p a r t s  

shou ld  b e  c a r r i e d  t o  and from t h e  f i e l d  by o p e r a t i n g  p e r s o n n e l .  The a c c e s s o r y  

k i t  would p o s s i b l y  i n c l u d e  i t s  own power supp ly  s o  t h a t  t h e  o p e r a t i o n  of t h i s  

equipment would n o t  u s e  power from t h e  p r i n c i p a l  s o u r c e .  
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A wel l -coordinated f i e l d  e x e r c i s e  i s  impossible  wi thout  r e l i a b l e  

communications. This  f a c t o r  i s  paramount where t ime i s  a  c r i t i c a l  f a c t o r  

dur ing  an  emergency. To meet t h i s  need, s p e c i a l  r a d i o  communications can 

be provided a s  p a r t  of t h e  t o t a l  system t o  a s s u r e  e f f i c i e n t  ope ra t i on  of 

t h e  crew. 

Major a t t r i b u t e s  of a  f i e l d  system which have t o  be emphasized a r e  

ruggedness,  s i m p l i c i t y ,  p o r t a b i l i t y ,  and r e l i a b i l i t y .  While t h e r e  need no t  

be  a  one-to--one correspondence, u s e f u l  gu ide l ines  f o r  t h e  c r i t e r i a  t o  be 

placed on a  f i e l d  system can be obtained fro111 M i l i t a r y  S p e c i f i c a t i o n s  f o r  

f i e l d  equipment. The c o s t  of a  f i e l d  system i s  l i k e l y  t o  be on t h e  o rde r  of 

$100,000. 

The crew r equ i r ed  t o  ope ra t e  t he  s e i smic  d e t e c t i o n  and l o c a t i o n  equipment 

must be  considered a  p a r t  of t h e  t o t a l  system. A s  much c a r e  and a t t e n t i o n  

must be  given t o  t h e  s e l e c t i o n  and t r a i n i n g  of t h e  team a s  t o  t h e  des ign  and 

c o n s t r u c t i o n  of t h e  equipment. 

I V .  OPERATIONAL PERSONNEL 

To s u c c e s s f u l l y  perform under emergency cond i t i ons ,  t h e  se i smic  d e t e c t i o n  

and l o c a t i o n  equipment (SDLE) must be  manned by a  team t r a i n e d  and experienced 

wi th  i t s  deployment and use.  A s  a  minimum requirement ,  a  three-man cadre  

t r a i n e d  t o  work toge the r  who a r e  completely f a m i l i a r  w i th  a l l  phases of t h e  

equipment and i t s  ope ra t i on  should be  a v a i l a b l e  t o  deploy t h e  SDLE i n  t h e  event  

of an emergency. Add i t i ona l  men needed t o  exped i t e  t h e  s e tup  and c a l i b r a t i o n  

of t h e  equipment could b e  provided by t h e  mine company involved i n  t h e  d i s a s t e r .  

The three-man cad re  would c o n s i s t  of t h e  fo l lowing:  

0 An o p e r a t o r / a n a l y s t  (team c h i e f )  

0 An e l e c t r o n i c  technician(second i n  command) 

0 A f i e l d  t e c h n i c i a n  

The team chief  should be  a  geophysical  engineer  o r  someone wi th  an equiva- 

l e n t  background whose r e s p o n s i b i l i t y  i nc ludes  i n t e r f a c i n g  w i t h  t h e  d i s a s t e r /  

r e scue r  coo rd ina to r s  (mining and/or  Government o f f i c i a l s ) ,  deploying t h e  SDLE, 

and making f i n a l  p rocess ing  and l o c a t i o n  d e c i s i o n s .  He should be  a  mature 

i n d i v i d u a l  who i s  thoroughly f a m i l i a r  w i th  mining ope ra t i ons  and p r a c t i c e s .  The 

o v e r a l l  success  of t h e  miss ion  w i l l  depend on h i s  a b i l i t y  t o  p re se rve  t h e  i n t e g r i t y  

of t h e  whole team and t o  d i r e c t  i t s  ope ra t i on  i n  a  confused s i t u a t i o n .  
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The e l e c t r o n i c  t e c h n i c i a n  shou ld  b e  q u a l i f i e d  and t r a i n e d  t o  set up and 

o p e r a t e  t h e  e n t i r e  f i e l d  sys tem.  H e  must b e  a b l e  t o  t r o u b l e s h o o t  and r e p a i r  

most sys tem e l e c t r i c a l  and mechanical  m a l f u n c t i o n s  o r  f a i l u r e s .  I n  t h e  

absence  of t h e  team c h i e f ,  he  w i l l  s u b s t i t u t e  a s  d a t a  a n a l y s t .  

The f i e l d  t e c h n i c i a n  shou ld  b e  exper ienced  i n  g e o p h y s i c a l  f i e l d  work and 

c a p a b l e  of d i r e c t i n g  t h e  e f f o r t s  of temporary f i e l d  workers  a c q u i r e d  on s i t e .  

He must b e  f a m i l i a r  w i t h  t h e  use  of  hand p o r t a b l e  and l i g h t  d r i l l i n g  equipment.  

H i s  p r i n c i p a l  r e s p o n s i b i l i t y  w i l l  be  t o  i n s t a l l  t h e  se ismometers ,  l a y  c a b l e s ,  

and a s s i s t  i n  s e t t i n g  up t h e  a n a l y s i s  c e n t e r .  

T r a i n i n g  and p r a c t i c a l  e x p e r i e n c e  i n  t h e  u s e  of t h e  s e i s m i c  equipment a r e  

t h e  keys  t o  s u c c e s s f u l  f i e l d  o p e r a t i o n s  under  emergency c o n d i t i o n s .  S e l e c t e d  

p e r s o n n e l  shou ld  b e  t r a i n e d  t o  o p e r a t e  a s  a  team a n d ,  a s  s u c h ,  b e  deployed on 

I I o p e r a t i o n a l "  m i s s i o n s  s e v e r a l  t imes  a  y e a r .  A s  many of t h e  p r e s s u r e s  a s s o c i a t e d  

w i t h  a r e a l  d i s a s t e r  a s  p o s s i b l e  shou ld  b e  s i m u l a t e d  d u r i n g  t h e s e  t r a i n i n g  e x c e r c i s e s .  

V. DEPLOYMENT OF SYSTEM 

T r a n s p o r t a t i o n  from t h e  s t a g i n g  a r e a  t o  t h e  f i e l d  p r e s e n t s  s p e c i a l  problems. 

Emergencies may occur  a t  any t ime  and i n  t h e  most remote a r e a s .  S e v e r a l  

d i f f e r e n t  con t ingency  p l a n s  a r e  n e c e s s a r y  t o  meet t h e  demand f o r  r a p i d  deploy- 

ment.  For u s e  n e a r  t h e  s t a g i n g  a r e a s ,  a  s u i t a b l e  four-wheel-dr ive  t r u c k  shou ld  

b e  a v a i l a b l e .  The t r u c k  s h o u l d  b e  o u t f i t t e d  w i t h  a p p r o p r i a t e  r a c k s  and a c c e s s o r y  

g e a r  such  t h a t  t h e  f i e l d  equipment could  b e  i n s t a l l e d  w i t h i n  one-half  hour and 

d i s p a t c h e d  t o  t h e  f i e l d .  I n  a d d i t i o n ,  t h e  f i e l d  equipment shou ld  b e  s o  packaged 

t h a t  i t  cou ld  a l s o  b e  hand p o r t a b l e  o r  c a r t  p o r t a b l e  f o r  a i r  movement by e i t h e r  

commercial o r  p r i v a t e  a i r c r a f t .  C o n s i d e r a t i o n  shou ld  b e  g i v e n  t o  t h e  u s e  of 

c o n t r a c t  o r  m i l i t a r y  h e l i c o p t e r  f o r  d i r e c t  d e l i v e r y  t o  t h e  f i e l d  s i t e .  On 

d e l i v e r y  t o  t h e  f i e l d ,  a  t r u c k  might  b e  made a v a i l a b l e  o r  t h e  pack ing  c r a t e s  used 

t o  form t h e  a n a l y s i s  c e n t e r  e n c l o s u r e .  

V I .  SUPPORTIVE R AND D 

F i e l d  R and D s h o u l d  s e r v e  two purposes .  Each R and D f i e l d  t r i p  cou ld  

s t a r t  a s  a  t r a i n i n g  e x e r c i s e  t o  improve t h e  performance of t h e  team and t o  

expose  a r e a s  of weakness o r  d e f i c i e n c y  i n  t h e  o p e r a t i n g  p rocedures .  The second 

o b j e c t i v e  would b e  t o  t e s t  a  new ~ r o c e d u r e  o r  p o s s i b l y  g a t h e r  d a t a  t o  e v a l u a t e  

some p o i n t  of  t h e o r y .  C e r t a i n  i d e a s  s u g g e s t e d  e l sewhere  i n  t h i s  r e p o r t  need 

c l a r i f i c a t i o n  and e v a l u a t i o n .  For example,  more d a t a  a r e  needed t o  e s t i m a t e  t h e  

c a l i b r a t i o n  r a n g e  and a b s o l u t e  l o c a t i o n  accuracy  a s s o c i a t e d  w i t h  t h e  r e f e r e n c e  e v e n t  

t e c h n i q u e ,  s i g n a l  a t t e n u a t i o n  through v a r i o u s  media,  c a l i b r a t e d  n o i s e  measurement 

f o r  o p t i m i z a t i o n  of  s i g n a l  passband ,  and e f f i c i e n c y  of s i g n a l  g e n e r a t o r s .  
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