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J L b S t m r r h  0,' . -Em-a?- ng d i a t e  b o l t i n g  a r e a  y e t  s u p p l i e s  v i t a l  i n fo rma t ion  and 
a l lows  cont inuous  mining of t h e  c o a l  is  needed. 

One way be ing  cons idered  t o  accomplish t h e s e  t a s k s  
is  t o  combine a cont inuous  miner and a roof b o l t e r  and 
d i r e c t  t h e  r e s u l t i n g  machine e i t h e r  by remote c o n t r o l  o r  
by automated computer c o n t r o l .  Because of t h e  v e r y  l i m -  
i t e d  space  a v a i l a b l e  i n  a mine e n t r y ,  a premium w i l l  be  
p laced  on t h e  s i z e  and r e l i a b i l i t y  of such  equipment, 

Cur ren t ly ,  o p e r a t o r s  use  t h e i r  s enses  t o  c o n t r o l  
equipment and e v a l u a t e  geo log ica l  cond i t ions .  I f  t h e  
o p e r a t o r  is  removed f r  a t e  b o l t i n g  a r e a ,  

of t4e o p e r a t o r ' s  

To prevent  a s i g n i f  

w i l l  b e  l o s t .  

r ea se  i n  p r o d u c t i v i t y ,  
&d 

Jhe  U.S. Bureau of Min i s  
developing ways of d e t e c t s g  changes i n  rock s t r  a and 
us ing  t h i s  in format ion  t o  c o n t r o l  equipment and t imize  
suppor t  s e l e c t i o n .  One system be ing  developed xtii moni tors  
t h e  d r i l l i n g  ope ra t ion  and uses  p a t t e r n  r ecogn i t ion  and 
a n a l y t i c a l  formulas t o  e v a l u a t e  geologic  informat ion  so  
t h a t  an expe r t  system can make d e c i s i o n s  on suppor t  
s e l e c t i o n .  E v e n t u a l l y t h i s  in format ion  w i l l  be used f o r  
equipment c o n t r o l ,  suppor t  s e l e c t i o n .  and i n p u t  t o  long- 
term mine des igns .  

I n t r o d u c t i o n  

Before any mine opening is  made, t h e  rock i s  i n  
equ i l ib r ium.  Once an opening is  c r e a t e d ,  however, t h e  
rock i n  t h e  v i c i n i t y  of t h e  opening i s  no longe r  i n  
equ i l ib r ium and .tends t o  r e l i e v e  s t r e s s  by deforming 
i n t o  t h e  opening. The f i r s t  s t e p  i n  s o l v i n g  t h i s  ground 
c o n t r o l  problem (ground c o n t r o l  i s  a term used t o  de- 
s c r i b e  t h e  p rocess  of suppor t ing  o r  s t a b i l i z i n g  t h e  
roo f ,  f l o o r ,  o r  w a l l  of a mine) is  t o  de te rmine  whether 
ground suppor t  i s  needed, and, i f  so .  what i s  t h e  b e s t  
suppor t  method. Fac to r s  t o  be  cons ide red  a r e  s a f e t y ,  
economy, and how w e l l  r he  method chosen can be  i n t e -  
g ra t ed  w i t h  o t h e r  mining a c t i v i t i e s .  

Ea r ly  mining systems used wooden p o s t s  t o  suppor t  
t h e  roof ,  but dur ing  t h e  p a s t  40 y e a r s ,  roof  b o l t i n g  has 
become t h e  favored  method. Roof b o l t i n g  o f f e r s  s u p e r i o r  
suppor t  and reduces  conges t ion  i n  t h e  work a r e a .  None- 
t h e l e s s .  wh i l e  t oday ' s  roof b o l t i n g  p r a c t i c e s  r ep resen t  
a s i g n i f i c a n t  improvement over  p rev ious  methods, p lace-  
ment of ground suppor t  i s  s t i l l  an arduous and hazardous 
t a sk .  

I n s t a l l i n g  ground suppor t  i s  dangerous and c o s t l y .  
and d i s r u p t s  t h e  mining c y c l e .  Today's cont inuous  min- 
ing  machines (continuous miners )  can only  advance a 
s h o r t  d i s t a n c e  be fo re  they  must be  removed t o  make room 
f o r  t h e  b o l t i n g  machine ( b o l t e r ) .  Removing t h e  b o l t e r  
ope ra to r  from t h e  a r e a  be ing  b o l t e d  e l i m i n a t e s  much of 
t h e  danger a s s o c i a t e d  w i t h  t h e  p rocess  bu t  a l s o  e l imi -  
n a t e s  a source  of in format ion  ( t h e  o p e r a t o r )  about t h e  
s t a t e  of t h e  mine roof .  U l t ima te ly ,  a system t h a t  re- 
moves t h e  b o l t e r  ope ra to r  from t h e  dangers  of t h e  imme- 
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t h r e e  problems must be  so lved .  F i r s t .  we need t o  de- 
ve lop  systems and subsystems t h a t  w i l l  work i n  a l i m i t e d  
space .  Second, we must develop remote o r  automated con- 
t r o l s  f o r  t h e s e  systems. Thi rd ,  w e  must f i n d  ways of 
r ep lac ing  (and even improving upon) t h e  c a p a b i l i t i e s  of 
a human ope ra to r .  

F i g u r e  1. Roof b o l t  i n s e r t e r  f o r  i n s t a l -  
l i n g  longer-than-seam-height b o l t s .  

E a r l y  work by t h e  U.S. Bureau of Mines [l] cen te red  
on t h e  development of a roof b o l t  i n s e r t e r  (RBI). f l e x -  
i b l e  o r  longer-than-seam he igh t  (LTSH) d r i l l s ,  b o l t i n g  
modules, and miner b o l t e r s .  The R B I  (F igu re  1) t a k e s  a 
b o l t  t h a t  is  longe r  than  t h e  he igh t  of t h e  c o a l  seam 
be ing  mined ( o r  t h e  a v a i l a b l e  working height). bends 
i t  approximate ly  90'. and then  i n s e r t s  t h e  b o l t  i n t o  a 
p rev ious ly  d r i l l e d  hole .  The f l e x i b l e  d r i l l s  (F igure  2)  
a r e  a b l e  t o  d r i l l  ho le s  up t o  3.66 m long  i n t o  t h e  mine 
roof from a working he igh t  o f  90 cm. Bo l t ing  modules 
a r e  of two d i f f e r e n t  types .  F i r s t  developed w e r e  t h e  
shorter-than-seam-height (STSH) modules (F igure  3 )  t h a t  
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F i g u r e  2. Longer-than-seam-height roof  d r i l l  
du r ing  underground t e s t s .  

F i g u r e  3. Artist 's  concept of shorter-than-seam- 
he igh t  b o l t i n g  module. 

are capab le  of i n s t a l l i n g  b o l t s  s h o r t e r  t han  t h e  he igh t  
of t h e  seam. Second are t h e  LTSH modules t h a t  can  in-  
s t a l l  b o l t s  t h a t  a r e  h ighe r  t han  t h e  mine opening. LTSH 
modules merged t h e  RBI and LTSH d r i l l s .  The nex t  devel-  
opment w a s  p l ac ing  b o l t i n g  modules on cont inuous  miners,  
making them i n t o  miner -bol te rs  (F igure  4 ) .  This  allowed 
a con t inuous  miner t o  advance wi thout  having t o  withdraw 
t o  make room f o r  a b o l t e r .  

F i g u r e  4. Art i s t ' s  concept of a miner b o l t e r .  

To va ry ing  degrees ,  each  of  t h e  above systems i s  
However, none of them were s u f f i c i e n t l y  de- s u c c e s s f u l .  
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veloped  t o  b e  used commercially. Other problems, such  
as v e h i c l e  nav iga t ion ,  c o n t r o l  of i n d i v i d u a l  components, 
and i n t e g r a t e d  system c o n t r o l ,  needed t o  b e  so lved .  
With regard  t o  t h e  i n s t a l l a t i o n  of ground suppor t ,  spe- 
c i f  i c  p rocesses  needing improvement were d r i l l  c o n t r o l ,  
measuring b i t  sharpness ,  and t h e  sens ing  of c o n d i t i o n s  
i n  t h e  s t r a t a  be ing  d r i l l e d  (geologic  s e n s i n g ) .  

Geologic sens ing  i s  cons idered  h e r e  t o  b e  t h e  de- 
t e c t i o n  of t h e  p h y s i c a l  c h a r a c t e r i s t i c s  of a rock mass. 
Using geo log ic  sens ing  t o  o b t a i n  in fo rma t ion  about mine 
s t r a t a  w i l l  b e  ve ry  u s e f u l  i n  two ways. F i r s t ,  t h i s  in -  
format ion  w i l l  b e  used i n  c o n t r o l l i n g  t h e  d r i l l ,  and 
secondly ,  it w i l l  b e  used i n  de te rmining  optimum roof 
b o l t  l e n g t h  and type .  Ques t ions  such  as whether t h e  
roof b o l t  needs t o  b e  longe r  f o r  proper  anchorage, 
whether it should be  grouted ,  and how much t h e  roof b o l t  
should b e  t ens ioned  are c r i t i c a l  f o r  s a f e  and e f f i c i e n t  
automated placement of ground suppor t .  

To e f f e c t i v e l y  u t i l i z e  geosens ing  i n  d r i l l i n g  sys- 
t e m s ,  t h e  Bureau i s  pursu ing  two approaches.  The f i r s t  
i s  t o  deve lop  t o o l s  and techniques  t o  c o l l e c t  and d i s -  
p l ay  t h e  f a c t o r s  a f f e c t i n g  rock and roof s t a b i l i t y ,  
e.g., t h e  engineer ing  p r o p e r t i e s  of rock, i n  s i t u  f i e l d  
s t r e s s e s ,  and geo log ica l  d i s c o n t i n u i t i e s ,  i n  r e a l  t i m e .  
Given t h i s  i n fo rma t ion ,  it i s  p o s s i b l e  f o r  geo techn ica l  
eng inee r s  t o  formula te  hypotheses concern ing  ground 
s t a b i l i t y  . 

The second i s  t o  i n c r e a s e  unders tanding  of t h e  
c r i t i c a l  p recu r so r s  t o  rock mass f a i l u r e  as de r ived  from 
eng inee r ing  d a t a  c o l l e c t e d  through geosens ing .  Severa l  
t echn iques  e x i s t  t o  de te rmine  t h e s e  p r e c u r s o r s  and t h e  
q u a l i t y  of t h e  geologic  environment sur rounding  a mine 
opening. One technique  i s  t o  t r a n s m i t  a sou rce  s i g n a l  
n o n i n t r u s i v e l y  through t h e  rock mass; such  a s i g n a l  i s  
r e f l e c t e d  back when it encounters  geo log ic  anomalies.  
I n t r u s i v e  t echn iques  inc lude  c o l l e c t i n g  c o r e  samples and 
i n t e r p r e t i n g  changes i n  d r i l l i n g  parameters ,  which va ry  
w i t h  rock type  and competency. 

Using such  t echn iques ,  t h e  Bureau has  completed a 
s e r i e s  of f i e l d  t r i a l s  t h a t  sugges t  t h a t  s i g n i f i c a n t  
geo log ic  in fo rma t ion  can  b e  de r ived  from t h e  phys ica l  
responses  of a roof d r i l l  du r ing  t h e  i n s t a l l a t i o n  of 
roof-bolt-type suppor t s .  Such in fo rma t ion  i s  c o l l e c t e d  
i n  n e a r  real  time; r a p i d  d a t a  i n t e r p r e t a t i o n  i s  p o s s i b l e  
through t h e  a p p l i c a t i o n  of r a t h e r  s imple  a r t i f i c i a l  in- 
t e l l i g e n c e  (AI) sof tware .  

Advances i n  geosens ing  w i l l  g r e a t l y  improve a 
mine r ' s  a b i l i t y  t o  g a t h e r  i n fo rma t ion  on geo log ica l  
parameters  r a p i d l y .  With t h e  a i d  of AI, it w i l l  b e  pos- 
s i b l e  t o  m a k e  n e a r  rea l - t ime i n t e r p r e t a t i o n s  and r e l a t e d  
d e c i s i o n s .  

Smart D r i l l  

Dec i s ions  a f f e c t i n g  ground c o n t r o l  des ign  r e q u i r e  
d e t a i l e d  knowledge of roof rock geology. Th i s  i s  espe- 
c i a l l y  t r u e  w h e n  weak rock and geologic anomalies a r e  
encountered  i n  t h e  roo f ,  and, i f  n o t  p rope r ly  suppor ted ,  
can  r e s u l t  i n  roof f a l l s .  Roof b o l t s  are p laced  i n  un- 
derground mine r o o f s  t o  prevent  l a y e r s  w i t h i n  t h e  rock 
from s e p a r a t i n g  and f a l l i n g .  The p rocess  of roof b o l t -  
i ng  invo lves  d r i l l i n g  ho le s  i n t o  t h e  roof  s t r a t a  ;End 
i n s e r t i n g  mechanical o r  res in-grouted  roof b o l t s .  An 
exper ienced  roof b o l t e r  o p e r a t o r  can  o f t e n  t e l l  by t h e  
"sound and fee l ' '  of t h e  d r i l l  and by observ ing  t h e  rock 
response  t o  d r i l l i n g  whether l a y e r s ,  f r a c t u r e s ,  and 
vo ids  a r e  p r e s e n t ,  a s  w e l l  a s  t h e  hardness  and type  of 
m a t e r i a l  be ing  d r i l l e d .  

To improve worker h e a l t h  and s a f e t y ,  t h e  Bureau i s  
developing  a remote-cont ro l led ,  automated roo f -bo l t ing  
machine t h a t  w i l l  a l low an  ope ra to r  t o  d i r e c t  t h e  opera- 



t i o n s  of t h e  machine from a s a f e  a r e a ,  even when he  o r  
she  cannot  observe  t h e  machine i t s e l f .  By p l ac ing  moni- 
t o r i n g  in s t rumen t s  on t h e  d r i l l  of a roof -bol t ing  ma- 
ch ine ,  t h e s e  "senses" can  b e  rega ined  and even enhanced 
t o  c o l l e c t  more p r e c i s e  informat ion  about cond i t ions  i n  
t h e  immediate roof s t ra ta .  Th i s  machine i s  r e f e r r e d  t o  
as t h e  "smart d r i l l . "  An ar t i s t ' s  concept of a roof 
b o l t e r  w i t h  a smart d r i l l  system i n s t a l l e d  is  shown i n  
F igu re  5 .  

F i g u r e  5 .  Artis t ' s  concept of roof b o l t e r  
w i t h  smart d r i l l  system. 

The in s t rumen ta t ion  system on t h e  roof b o l t e r  d r i l l  
c o n s i s t s  of t h r e e  components. A diagram of t h i s  sys-  
tem is  shown i n  F igure  6 .  The f i r s t  component, a PC, 
is used f o r  program development and d a t a  r e t r i e v a l  and 
ana lyses .  The PC i s  l o c a t e d  o u t s i d e  t h e  mine and i s  n o t  
sub jec t ed  t o  t h e  adverse  c o n d i t i o n s  underground. 
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Figure 6. Diagram of roof  b o l t e r  

i n s t rumen ta t ion  system. 

The second component c o n s i s t s  of an  explosion-proof 
box that hotmses t h e  measurement and c o n t r o l  systems and 
o t h e r  s igna l - cond i t ion ing  c i r c u i t s .  All l i n e s  running  
i n t o  and ou t  of t h i s  box are encased  i n  fLe95ble hose 
condui t  and are p ro tec t ed  by b a r r i e r s  t o  IkmFt t h e  
t r a n s f e r  of energy t o  t h e  t r a n s  ers of t h e  c o n t r o l  
panel.  The measurement and c o n t r o l  s e c t i o n  is mounted 
on t h e  l e f r  r e a r  s i d e  o f  t h e  d r i l l  i n  an  area p rev ious ly  
occupied by t h e  dus t  c o l l e c t i o n  system. which is n o t  
needed because d r i l l i n g  d u s t  i s  c o n t r o l l e d  by water 
f l u s h i n g .  

The t h i r d  component is a d i s p l a y  panel  t h a t  i n -  
c ludes  a l l  t h e  e x t e r n a l  transducer c i r c u i t s  and a data 
transfer device  (DTD).  The d i s p l a y  panel  i s  mounted on 
t h e  f r o n t  of t h e  d r i l l i n g  machine next  t o  t h e  manual 
c o n t r o l  l e v e r s ,  which a r e  used du r ing  t h e  d r i l l i n g  and 
b o l t i n g  sequence. This l o c a t i o n  is  b e s t  t o  provide  m a x -  
imum v i s i b i l i t y  and access  f o r  t h e  d r i l l  ope ra to r .  The 
DTD is connected through a s h o r t  c a b l e  t o  t h e  d i s p l a y  
panel .  

When mounted on t h e  d r i l l i n g  machine, t h i s  system 
provides  an  ope ra to r  w i t h  n e a r  real-time d i s p l a y s  of t h e  
changes i n  s p e c i f i c  energy of d r i l l i n g  and d r i l l  b i t  
p o s i t i o n .  Amicrocomputer i n t e r p r e t s  and ana lyzes  t h e s e  
d a t a ,  making i t  p o s s i b l e  t o  i d e n t i f y  hazardous roof con- 
d i t i o n s  such  as voids ,  i n c l u s i o n s .  and/or changes i n  
s t r a t a .  Such informat ion  can a l s o  b e  downloaded t o  t h e  
DTD and t r a n s f e r r e d  t o  t h e  s u r f a c e ,  where i t  can be  ac- 
cessed  d i r e c t l y  wi th  a PC f o r  f u r t h e r  a n a l y s i s .  

Research 121 has i n d i c a t e d  t h a t  t h e r e  is  a co r re -  
spondence between t h e  s p e c i f i c  energy of d r i l l i n g  as a 
func t ion  of t o rque ,  t h r u s t ,  p e n e t r a t i o n  rate,  r o t a t i o n  
rate. t h e  a r e a  o f  t h e  ho le ,  and t h e  unconfined compres- 
s i v e  s t r e n g t h  of t h e  d r i l l i n g  medium. To c a l c u l a t e  t h e  
s p e c i f i c  energy of d r i l l i n g .  t h e  fo l lowing  formula i s  
used: 

e = F/A + 2nNT/Au. 

F = t h r u s t  ( N I ,  
A = a r e a  of ho le  ( m 2 ) ,  
N = r o t a t i o n  r a t e  (rpm). 
T = t o rque  (J), 

and U = p e n e t r a t i o n  ra te  (m/min). 

where e = s p e c i f i c  energy of  d r i l l i n g ,  

The s p e c i f i c  energy of d r i l l i n g  i s  de f ined  as t h e  
work r equ i r ed  t o  d r i l l  th rough a u n i t  volume of  rock. 
Hence. u n i t s  a r e  i n  j o u l e s  p e r  cub ic  meter  (J/m3) or 
newtonmeter p e r  cubic  meter ("/ut3). Th i s  i s  equ iva len t  
t o  u n i t s  of unconfined compressive s t r e n g t h  de f ined  as 
Pasca l s  N/m2. 

C a l i b r a t i o n  and t e s t i n g  of t h e  smart d r i l l  were 
conducted a t  t h e  Bureau's Spokane Research Center  (SRC). 
Sandstone test  b locks  cons t ruc t ed  of a l t e r n a t i n g  l a y e r s  
of hard and s o f t  "rock" were c a s t  w i t h  vo ids  a t  s p e c i f i c  
l e v e l s .  Cores were taken  a t  t h e  t i m e  t h e  b locks  were 
poured t o  check system c a l i b r a t i o n .  The b locks  were 
used t o  determine t h e  accuracy  of t h e  c a l c u l a t i o n s  and 
t h e  p r e c i s i o n  wi th  which t h e  s p e c i f i c  energy of d r i l l i n g  
and b i t  p o s i t i o n  could be  measured. 

Following ex tens ive  c a l i b r a t i o n ,  i n i t i a l  tests of 
t h e  d r i l l  moni tor ing  and d i s p l a y  system showed a de f i -  
n i t e  r e l a t i o n s h i p  between t h e  s p e c i f i c  energy of d r i l l -  
i n g  and t h e  compressive s t r e n g t h  of t h e  medium be ing  
d r i l l e d .  

F i e l d  t r ia l s  were conducted i n  an  underground mine 
i n  Utah i n  two test  areas, one i n  which t h e  predominant 
roof rock i s  sands tone  and t h e  o t h e r  i n  which t h e  rock 
is mudstone. F igure  7 is a p i c t u r e  of t h e  roof b o l t e r  
and t h e  smart d r i l l  ope ra t ing  i n  one of t h e  tes t  areas. 

F igu re  7 .  D r i l l i n g  t o  o b t a i n  in fo rma t ion  on 
s p e c i f i c  energy of d r i l l i n g .  
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A p a t t e r n  of fou r  c o r e  ho le s ,  each  approximately 
1.5 m long ,  was d r i l l e d  i n  f i v e  l o c a t i o n s .  F ive  spe- 
c i f i c - ene rgy  t e s t  ho le s  were d r i l l e d  around each  co re  
ho le  u s i n g  a templa te  t h a t  spaced each  t e s t  h o l e  35.6 cm 
from t h e  c o r e  hole .  One-hundred spec i f ic -energy  tes t  
h o l e s  were d r i l l e d  i n  b o t h  t h e  sands tone  and t h e  mud- 
s t o n e  areas (200 ho le s  t o t a l ) .  and specimens from 20 
c o r e  h o l e s  were c o l l e c t e d  from each  area (40 c o r e s  
t o t a l )  [31. 

One-hundred-twenty d a t a  r eco rds  p e r  d r i l l  ho le  
were examined, and v a l u e s  were obta ined  f o r  to rque ,  
t h r u s t ,  r o t a t i o n  r a t e ,  p e n e t r a t i o n  rate,  p o s i t i o n  of 
t h e  d r i l l ,  and s p e c i f i c  energy of d r i l l i n g .  Laboratory 
tests were conducted t o  determine t h e  unconfined com- 
p r e s s i v e  s t r e n g t h s  of t h e  c o r e s .  P re l imina ry  r e s u l t s  
i n d i c a t e d  t h a t  a1 t hough average  compressive s t r e n g t h s  
of t h e  sands tone  and mudstone were s i m i l a r ,  t h e  mud- 
s t o n e  showed a g r e a t e r  range of v a r i a b i l i t y  than  d i d  
t h e  sands tone .  

I n t e r p r e t a t i o n  of Data 

Seve ra l  p a r a l l e l  bu t  independent approaches a r e  
be ing  used t o  ana lyze  and i n t e r p r e t  t h e  l a b o r a t o r y  and 
f i e l d  smart  d r i l l  t e s t  d a t a .  The common o b j e c t i v e  i s  
t o  c o r r e l a t e  t h e  d r i l l i n g  parameter d a t a  w i t h  a c t u a l  
rock c h a r a c t e r i s t i c s  and rock s t r u c t u r e  a t  a s p e c i f i c  
l o c a t i o n .  These approaches inc lude  u s e  of n e u r a l  ne t -  
works and empi r i ca l  methods t o  recognize  p a t t e r n s  i n  
t h e  d a t a  t h a t  c o r r e l a t e  t o  rock s t r e n g t h ,  type ,  t ex-  
t u r e ,  vo ids ,  and j o i n t s .  

The problem w i t h  r e l y i n g  only on t h e  s p e c i f i c  
energy of d r i l l i n g  t o  i d e n t i f y  s i g n i f i c a n t  g e o l o g i c a l  
f e a t u r e s  i s  t h a t  d a t a  are reduced t o  a s i n g l e  number. 
Vi ta l  in format ion  i s  l o s t  t h a t  might be  h e l p f u l  f o r  de- 
t e c t i n g  geo log ic  f e a t u r e s  accu ra t e ly .  Therefore ,  two 
n e u r a l  networks were developed that  u s e  to rque ,  t h r u s t ,  
r e v o l u t i o n s  p e r  minute,  and p e n e t r a t i o n  rate as inpu t  
parameters ;  geo log ica l  c l a s s i f i c a t i o n  is t h e  ou tpu t .  
The networks can ope ra t e  i n  real  time; r e s u l t s  from t h e  
sands tone  s e c t i o n  of t h e  mine i n d i c a t e  t h a t  d r i l l i n g  
d a t a  can  b e  c o r r e l a r e d  w i t h  a c t u a l  rock c o r e  samples .  

Neural networks and t h e i r  l e a r n i n g  paradigms a r e  
modeled a f t e r  b i o l o g i c a l  nervous systems. These ne t -  
works form a system of many simple p rocess ing  elements 
ope ra t ing  i n  p a r a l l e l .  The network response  i s  de te r -  
mined by network s t r u c t u r e ,  connec t ion  s t r e n g t h s ,  and 
t h e  a c t i v a t i o n  func t ion  of t h e  p rocess ing  element. 
There are many d i f f e r e n t  t ypes  of n e u r a l  networks,  and 
they  a r e  used f o r  d i f f e r e n t  purposes.  In  t h i s  work, two 
types  of n e u r a l  networks were used: a se l f -o rgan iz ing  
o r  unsuperv ised  l e a r n i n g  network and a supe rv i sed  l ea rn -  
i n g  network. 

Unsupervised l e a r n i n g  r e f e r s  t o  the c l u s t e r i n g  of 
p a t t e r n s  i n  f e a t u r e  space.  S i m i l a r  p a t t e r n s  are grouped 
t o g e t h e r ,  and when a new p a t t e r n  is in t roduced ,  it is 
compared t o  the  c e n t r o i d  of a l l  the exist ing clusters t o  
determine t h e  b e s t  f i t .  I f  t h e  p a t t e r n  f a l l s  o u t s i d e  
t h e  bounds of a l l  t h e  c l u s t e r  spaces ,  a new c l u s t e r  is  
c rea t ed .  The c r e a t i o n  and scope of these c l u s t e r s  are 
governed by a d i s t a n c e  f u n c t i o n  t h a t  i s  measured from 
t h e  c l u s t e r  c e n t r o i d .  During t h i s  p r o j e c t .  s e v e r a l  
d i s t a n c e  f u n c t i o n s  were eva lua ted ,  i nc lud ing  Eucl idean  
d i s t a n c e ,  Minkowski d i s t a n c e ,  Hamming d i s t a n c e ,  and 
Mahalanobis d i s t a n c e .  Unsupervised l e a r n i n g  is  o f t e n  
used when t h e r e  is  inadequate  informat ion  t o  c r e a t e  a 
t r a i n i n g  set  f o r  a superv ised  l e a r n i n g  network, and i t  
is  up t o  t h e  u s e r  t o  de te rmine  t h e  r e l a t i o n s h i p  of t h e  
c l u s t e r s  t o  t h e  problem. 

Supervised l e a r n i n g  d e r i v e s  i t s  name from t h e  f a c t  
t h a t  t r a i n i n g  d a t a  a r e  p re sen ted  on an i n p u t  l a y e r  and 
an a s s o c i a t e d  response i s  p resen ted  on an  ou tpu t  l a y e r .  

I n  b r i e f ,  t h e  network u s e s  t h e  back propagat ion  of an 
e r ro r - l ea rn ing  a lgo r i thm t o  a d j u s t  t h e  we igh t s  of t h e  
i n t e r c o n n e c t i o n s  t o  " l ea rn"  t h e  c o r r e c t  response  t o  a 
g iven  i n p u t  v e c t o r .  A f t e r  t h e  network is  t r a i n e d ,  when 
an  unknown i n p u t  v e c t o r  i s  e n t e r e d ,  t h e  ou tpu t  v e c t o r  
r e p r e s e n t s  the ne twork ' s  c l a s s i f i c a t i o n .  Th i s  c l a s s -  
i f i c a t i o n  i s  a f u n c t i o n  of how w e l l  t h e  t r a i n i n g  set 
d e s c r i b e s  t h e  problem space  and t h e  degree  of e r r o r  
convergence du r ing  t h e  t r a i n i n g  p rocess .  

Neural networks can  b e  used t o  i d e n t i f y  changes i n  
rock  f e a t u r e s  by look ing  a t  changes i n  d r i l l  o p e r a t i o n  
as t h e  d r i l l  i s  moved from one l o c a t i o n  t o  ano the r .  
There are s e v e r a l  advantages  i n  t h i s  t ype  of system. A 
n e u r a l  network can b e  t r a i n e d  t o  r ecogn ize  geo log ic  
f e a t u r e s  tha t  are unique  t o  a geograph ica l  l o c a t i o n .  A 
n e u r a l  network can p rocess  in fo rma t ion  f a s t  enough t o  
o p e r a t e  i n  real  t i m e  w i t h  a d a t a  a c q u i s i t i o n  system 
(DAS). It can  i d e n t i f y  when t h e  d r i l l  i s  going  from 
one medium t o  ano the r  and d e t e c t  s i g n i f i c a n t  geo log ica l  
f e a t u r e s .  By s t o r i n g  on ly  t h e s e  changes of state,  t h e  
amount of s t o r e d  d a t a  i s  reduced cons ide rab ly ,  which 
he lps  t o  provide  " i n s t a n t "  p rocess ing  of i n fo rma t ion ,  

The d a t a  used  t o  deve lop  n e u r a l  networks f o r  t h i s  
p r o j e c t  w e r e  from t h e  f i e l d  t e s t  s i t e .  Only a c o r e  log  
f o r  a ho le  d r i l l e d  i n  t h e  v i c i n i t y  o f  t h e  roof  b o l t  
ho le  was a v a i l a b l e  f o r  c l a s s i f y i n g  and i n t e r p r e t i n g  t h e  
d r i l l i n g  d a t a .  Geo log ica l  v a r i a t i o n s  made it d i f f i -  
c u l t  t o  c o r r e l a t e  d r i l l  parameters  t o  t h e  roof geology 
d i r e c t l y .  It w a s  dec ided  t h a t  an  unsuperv ised  n e u r a l  
network would b e  a p p r o p r i a t e  t o  pre-process t h e  d a t a  t o  
c r e a t e  a l a b e l e d  d a t a s e t  f o r  u s e  i n  t r a i n i n g  a super- 
v i s e d  network. 

A f t e r  s e v e r a l  t r i a l s ,  617 d a t a  sets, r e p r e s e n t i n g  
torque ,  t h r u s t ,  rpm. and p e n e t r a t i o n  ra te  f o r  each  d a t a  
c o l l e c t i o n  p o i n t  a long  each  d r i l l  ho le ,  from the sand- 
s t o n e  t e s t  s i t e  were grouped i n t o  6 ,  9,  and 16 d i f f e r e n t  
c l u s t e r s  u s i n g  t h e  Euc l id i an  d i s t a n c e  me t r i c  (Tables 1 
and 2 ) .  The number o f  c l u s t e r s  w a s  determined by t h e  

Table 1. Nine -c lus t e r  s e t .  
C l u s t e r  Penetra- Thrus t ,  Drill Toraue. S p e c i f i c  

No. t i o n  rate, N speed, j energy 
mlmin rm MPa 

o ....... 0.161 1250.4 24.28 3.788 4.72 
1. . . . . . . .865 
2 ....... 1.114 
3. . . . . . . .842 
4. . . . . . . .571 
5 ....... 1.092 
6. . . . . . . .857 
7 . * . . . . . .318 
8... , . . . .94a 

3775.7 
9790.5 
4741.8 
2334.4 

7655.4 
54%. 9 

13522.6 

11876.8 

82.85 
426.5 
402.7 
428.2 
428.9 
498.3 
416.6 
439.7 

20.527 
49.148 
55.738 
37.868 
76.061 
62.313 
36.444 
95.192 

15.21 
93.56 

114.86 
116.78 
141.31 
158.10 
189.77 
201.02 

Table  2. S i x t e e n - c l u s t e r  se t .  
C l u s t e r  Penetra- Thrus t ,  D r i l l  Torque, S p e c i f i c  

No. t i o n  rate,  N speed, 3 energy 
m/min rPm MPa 

O . . . . , .  0.153 1878.9 1.241 0.461 3.72 
1.. * * .  * .170 622.8 47.32 7 .12  9.06 
2.. . . . . .865 3776.5 82.85 20.77 15.30 
3 . . .  . . . .814 5088.8 171.3 27.93 33.23 
4 ...... 1.118 9230.1 434.2 46.26 89.15 
5 ...... 1.131 10537.8 438.3 54.46 104.11 
6. .  . . . . .921 4924.2 395.2 57.00 106.25 
? . . . . . .  - 5 5 5  2602.2 438.1 33.60 109.83 
8.. . 
9 . . .  

10.. . 
11.. . 
12..  . 
13., . 
14..  . 
15. . .  - 

.. 1.174 11649.9 434.8 69.57 .. .651 39350.7 447.6 45.39 .. -767 6556.7 407.4 56.56 .. .a39 7757.7 394.8 63.36 .. ,529 1443.0 409.5 43.77 .. .947 12646.3 425.7 92,52 .. .287 2958.11 414.5 34.52 

.. .912 14016.3 436.3 91.83 

124.66 
130.52 
131.55 
132.93 
136.52 
189.05 
197.26 
201.05 
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size of t h e  d i s t a n c e  me t r i c .  These c l u s t e r s  r ep resen ted  
f e a t u r e s  i n  t h e  roof such a s  s t r a t a  changes,  c r acks ,  
carbonaceous l e n s e s ,  e t c .  However. t h e  network of s i x  
c l u s t e r s  d i d  no t  adequate ly  r ep resen t  t h e  geology be- 
cause i t  f a i l e d  t o  p rope r ly  c l a s s i f y  bad o r  u n r e a l i s t i c  
da t a ,  which can r e s u l t  when t h e  d r i l l  is  sp inn ing  with- 
ou t  d r i l l i n g ,  when d r i l l i n g  t h e  ho le  is  begun, or when 
t h e r e  are v o l t a g e  sp ikes .  Therefore ,  comparisons w e r e  
on ly  made f o r  t h e  9- and 16-set c l u s t e r s .  

The c l u s t e r s  were a r ranged  i n t o  a r e l a t i v e  s t r e n g t h  
index based on t h e  c a l c u l a t i o n  of s p e c i f i c  energy. The 
v a l u e s  of s p e c i f i c  energy f o r  t h e  16-set c l u s t e r  group 
ranged from 3.72 t o  201.1 MPa. whi le  v a l u e s  f o r  uncon- 
f ined  compressive s t r e n g t h  from t h e  c o r e  samples v a r i e d  
from 87.1 t o  177.2 MPa ( see  Tables  1 and 2) .  The ex- 
tremely low va lues  could  r ep resen t  c racks .  vo ids ,  o r  
weak material t h a t  were no t  p o s s i b l e  t o  measure by co re  
t e s t i n g  . 

These c l u s t e r  groups w e r e  t hen  used t o  t r a i n  a 
superv ised  neura l  network by a s s o c i a t i n g  a inpu t  d r i l l  
v e c t o r  w i th  a c l u s t e r  number. The f i r s t  network con- 
s i s t e d  of an inpu t  l a y e r  ( torque ,  t h r u s t ,  rpm, and 
p e n e t r a t i o n  r a t e ) ,  two hidden l a y e r s  of 10 nodes each, 
and a 16-vector ou tput  l a y e r  t h a t  r ep resen ted  t h e  roof 
f e a t u r e  space  developed from t h e  unsuperv ised  n e u r a l  
network. A l o g i s t i c  a c t i v a t i o n  f u n c t i o n  was used on 
bo th  of t h e  hidden l aye r s .  whereas l i n e a r  l e a r n i n g  w a s  
used on t h e  output  l a y e r .  A l s o ,  t h e  i n p u t s  were con- 
nec ted  d i r e c t l y  t o  t h e  ou tpu t  l a y e r .  The second network 
was s i m i l a r  t o  t h e  f i r s t  except  t h a t  t h e r e  was on ly  one 
hidden l a y e r .  n i n e  nodes on r h e  ou tpu t  l a y e r ,  and no 
connec t ion  between t h e  i n p u t s  and ou tpu t s .  

F igure  8 compares t h e  output  of bo th  supe rv i sed  
neura l  networks and t h e  c o r e  l o g  ad jacen t  t o  t h e  d r i l l  
ho les  i n  t h e  sands tone  test  s e c t i o n .  D i r e c t i o n a l  geo- 
l o g i c a l  f e a t u r e s  could no t  b e  determined because  t h e  
co re  l o g s  were no t  o r i e n t e d  wi th  r e s p e c t  t o  t h e  d r i l l  
ho les .  The 1 6 v e c t o r  ou tput  network appea r s  t o  c r e a t e  
too  many c l a s s e s  of rock u n i t s  ( o v e r c l a s s i f y )  f o r  t h e  
geologic  f e a t u r e s  a s  compared t o  t h e  9-vector ou tpu t  
network. Data from t h e  roof a r e a ,  which i s  predomi- 
n a t e l y  s i l t s t o n e .  was presented  t o  t h e  network, and t h e  
r e s u l t a n t  c l a s s i f i c a t i o n s  a r e  shown i n  F igu re  9. I n  
gene ra l ,  t h e  network appears  t o  have adequa te ly  repre-  
sen ted  t h e  roof ;  however. more tes t  s i tes  w i t h  d i f f e r -  
e n t  geo log ica l  cond i t ions  should b e  examined i n  f u t u r e  
eva lua t ions .  
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F igure  8. Neural network c l a s s i f i c a t i o n s  
i n  sands tone  t e s t  s e c t i o n .  
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F i g u r e  9. Neural network c l a s s i f i c a t i o n  
i n  s i l t s t o n e  tes t  s e c t i o n .  

Fu tu re  Enhancements f o r  I n t e l l i g e n t  D r i l l i n g  

Remote D r i l l i n g  System 

The smart d r i l l  concept was modified t o  inc lude  
automatic c o n t r o l .  The d r i l l  c o n s i s t s  of a s tandard-  
s i z e d  roo f  d r i l l  mounted on a mast. It i s  powered by a 
p o r t a b l e  hydrau l i c  power pack, and a hydrau l i c  c y l i n d e r  
a p p l i e s  t h r u s t  t o  t h e  d r i l l  head. D i r e c t i o n a l  and flow 
c o n t r o l  v a l v e s  can be  ope ra t ed  from a PC. The system 
has manual ove r r ide  c a p a b i l i t i e s ,  s o  i t  can b e  shu t  down 
i n  emergency s i t u a t i o n s .  When completed,  an  ope ra to r  
w i l l  b e  a b l e  t o  c o n t r o l  t h e  d r i l l ' s  to rque ,  t h r u s t ,  rev- 
o l u t i o n s  pe r  minute, and p e n e t r a t i o n  r a t e  remotely 141. 
This  c a p a b i l i t y  i s  necessa ry  t o  hold s e l e c t e d  ope ra t ing  
parameters  cons t an t  du r ing  d r i l l i n g  t r ia l s .  I n  addi- 
t i o n ,  A I  c o n t r o l  techniques  w i l l  be  used CO ensure  o p t i -  
mum d r i l l i n g  e f f i c i e n c y  i n  any type  of roof strata.  

Data Acqu i s i t i on  System 

A r e c e n t l y  acqui red  DAS c o n s i s t s  of two modules: a 
medium-speed module and a high-speed one (F igure  10). 

Signal 
conditionina A 

S ,# -W 486acqui;ion board A 

- irminal MHz 

transducers 

and acauisition 

'4 

Figure 10. Data a c q u i s i t i o n  system 
f o r  model roof d r i l l .  

The high-speed module w i l l  p rovide  t h e  in s t an tane -  
ous, accura t e ,  t i m e -  and phase-coherent,  mul t ichannel ,  
high-speed record ing  c a p a b i l i t i e s  needed f o r  geologic  
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sens ing  and subsequent c o r r e l a t i o n  of t h e  s p e c i f i c  
energy of d r i l l i n g ,  d r i l l  v i b r a t i o n s ,  and changes of 
t o r q u e  and t h r u s t  t o  rock type.  

T r a d i t i o n a l l y ,  high-speed d i g i t a l  systems involve  
m u l t i p l e x  techniques  i n  which s e v e r a l  s e n s o r s  are ser- 
v i c e d  by one high-speed. ana log- to-d ig i ta l  c o n v e r t e r .  
The m u l t i p l e x  approach has  s e v e r a l  s i g n i f i c a n t  d i s -  
advantages.  It reduces system throughput ,  r e q u i r e s  t h e  
u s e  of complex and unique high-speed communications 
i n t e r f a c e s ,  and skews i n h e r e n t  i n t e r c h a n n e l  t i m e  and 
phase d a t a .  To overcome t h e s e  problems, an  a c c u r a t e  
amplif ier-per-channel  technique w i t h  a d e d i c a t e d  high- 
speed, ana log- to-d ig i ta l  c o n v e r t e r  f o r  each channel  has  
been s p e c i f i e d  f o r  d a t a  a c q u i s i t i o n .  A key  a s p e c t  of 
t h i s  system is  t h a t  it has  t h e  c a p a b i l i t i e s  f o r  16 
channels ,  each w i t h  a sampling r a t e  of 250.000 samples 
p e r  second. and 14-bit r e s o l u t i o n  for r e c o r d i n g  param- 
e t e r  changes i n s t a n t a n e o u s l y  a t  h igh  speeds.  

The medium-speed module w i l l  monitor  h y d r a u l i c  
p r e s s u r e .  temperature ,  flow, b i t  p o s i t i o n  i n  t h e  hole ,  
and d r i l l  p e n e t r a t i o n  r a t e .  These o p e r a t i n g  v a r i a b l e s  
may have a s i g n i f i c a n t  i n f l u e n c e  on torque ,  t h r u s t ,  
rpm. and v i b r a t i o n .  The medium-speed DAS w i l l  p rovide  
a means t o  i n c r e a s e  economically t h e  number of channels  
needed t o  a c q u i r e  t h e s e  less dynamic parameters ,  redun- 
dancy f o r  t h e  high-speed channels ,  and t h e  monitor ing 
and feedback s i g n a l s  needed f o r  system c o n t r o l .  The 
medium-speed system w i l l  b e  synchronized w i t h  t h e  high- 
speed system t o  a s s u r e  t h a t  d a t a  are c o r r e l a t a b l e .  The 
system c o n s i s t s  of drill-mounted t r a n s d u c e r s  connected 
t o  t e r m i n a l  b locks  on a s igna l -condi t ion ing  u n i t .  It 
has  c a b l e s  l e a d i n g  t o  an EISA (extended i n d u s t r y  s tan-  
dard a r c h i t e c t u r e )  DAS board mounted i n  an  EISA 80486/ 
50-MHz PC. The s i g n a l  a n a l y s i s  sof tware  for b o t h  sys- 
t e m s  w i l l  b e  loaded on t h i s  computer. The high-speed 
DAS w i l l  a l s o  b e  connected t o  t h e  PC th rough an  IEEE 488 
b u s  t o  provide  v i s u a l  d a t a  updates  t o  t h e  DAS sof tware  
a t  s e l e c t a b l e  r a t e s .  Since t h e  high-speed system has 
i n t e r n a l  d a t a  s t o r a g e ,  downloading memory w i l l  occur  
over  t h e  IEEE 488 bus t o  a mass memory s t o r a g e  u n i t  
a f t e r  each roof b o l t  h o l e  has  been d r i l l e d .  

V i b r a t i o n  Analysis  

Techniques f o r  ana lyz ing  d r i l l  b i t  v i b r a t i o n  are 
be ing  eva lua ted  t o  determine i f  v i b r a t i o n  a n a l y s i s  can  
be used t o  i d e n t i f y  t h e  type  of  s t ra ta  be ing  d r i l l e d .  
Methods of c o l l e c t i n g  high-speed v i b r a t i o n  d a t a  (up t o  
8 250-kHz sampling r a t e  p e r  channel)  from r o t a t i n g  
d r i l l  b i t s  a r e  c u r r e n t l y  be ing  set  up. Sensors  w i l l  b e  
mounted on a d r i l l  s teel  t o  measure t o r q u e ,  t h r u s t ,  and 
d r i l l  v i b r a t i o n .  Ins tan taneous  changes i n  t o r q u e  and 
t h r u s t  w i l l  be  measured u s i n g  s t r a i n  gauges mounted on 
t h e  d r i l l  s t e e l  i t s e l f .  V i b r a t i o n  w i l l  b e  measured 
u s i n g  a n  accelerometer  embedded i n  t h e  clamp r i n g  hous- 
i n g  t h e  t r a n s m i t t e r  on t h e  d r i l l  s teel  (F igure  11). 
Software and hardware m o d i f i c a t i o n s  w i l l  b e  made so 
t h a t  f o u r  p a r a l l e l  high-speed i n p u t s  ( torque ,  t h r u s t ,  
rpm. and v ibrat ion)  can be s imul taneous ly  sampled and 
recorded.  

Severa l  da ta -ga ther ing  c o n f i g u r a t i o n s  w i l l  b e  in-  
v e s t i g a t e d  t o  determine which c o n f i g u r a t i o n s  are most 
s e n s i t i v e  t o  changes i n  rock type.  Sampling r a t e ,  am- 
p l i t u d e ,  f requency c o n t e n t ,  and a n t i a l i a s i n g  f i l t e r  
s e t t i n g s  w i l l  b e  determined from s e n s i t i v i t y  a n a l y s e s  
of r e c o r l s  c o l l e c t e d  dur ing  d r i l l i n g  t e s t  b l o c k s  of 
concre te .  Once a l l  t h e  record ing  parameters  a r e  d e t e r -  
mined, e x t e n s i v e  l a b o r a t o r y  i n v e s t i g a t i o n s  w i l l  b e  
undertaken t o  determine t h e  v a l i d i t y  of t h e  technique .  
Addi t iona l  b locks  of c o n c r e t e  of vary ing  compressive 
s t r e n g t h s  and t e x t u r e s  w i l l  b e  d r i l l e d  and r e s u l t s  
analyzed.  Optimal d a t a  r e p r e s e n t a t i o n  schemes w i l l  b e  
i n v e s t i g a t e d  t o  maximize t h e  c l u s t e r  spread  and reduce 
t h e  volune of  t h e  d a t a .  

receiver 

Figure 11. Instrumented d r i l l  s t e e l  
on model d r i l l  w i t h  r a d i o  t e l e m e t r y  

t o  d a t a  a c q u i s i t i o n  system. 

Neural  Network Analys is  

Severa l  n e u r a l  network a r c h i t e c t u r e s  w i l l  b e  
examined. The a r c h i t e c t u r e  must be a b l e  t o  a s s o c i a t e  
d r i l l i n g  d a t a  t o  e n t r y  s t a b i l i t y  and suppor t  r e q u i r e -  
ments. Both a d a p t i v e  resonance t h e o r y  (ART) and asso- 
c i a t i v e  memory w i l l  b e  i n v e s t i g a t e d .  

ART networks and a lgor i thms main ta in  t h e  p l a s t i c i t y  
requi red  t o  learn  new p a t t e r n s  w h i l e  p r e v e n t i n g  t h e  mod- 
i f  i c a t i o n  of p a t t e r n s  that  have been l e a r n e d  previous ly .  
Much of t h e  emphasis a t  t h i s  s t a g e  of t h e  r e s e a r c h  w i l l  
be  t o  develop computer codes t h a t  w i l l  implement t h e  ART 
s t r u c t u r e  w i t h  the i n t e r f a c e  on a NEXT computer. 

The o t h e r  a r e a  of n e u r a l  network development i s  
geologic  t r e n d  p r e d i c t i o n .  Often ground c o n t r o l  prob- 
l e m s  are r e l a t e d  t o  g r a d u a l  geologic  changes,  such  as 
pinchout  and rolls. Associative-memory n e u r a l  networks 
could b e  used t o  look a t  a p r o g r e s s i o n  of d r i l l  h o l e s .  
The informat ion  from one d r i l l  h o l e  can  form one p a r t  o f  
a p a t t e r n  of g e o l o g i c  changes f o r  a set  d i s t a n c e .  The 
associative-memory n e u r a l  network can  t h e n  c a t e g o r i z e  
t h e  s e c t i o n  of mine roof, relate t h i s  c a t e g o r y  t o  sup- 
p o r t  requirements ,  and p r e d i c t  geologic  changes i n  t h e  
immediate mine r o o f .  T h i s  system would g i v e  miners  a 
t o o l  t o  "see" i n t o  t h e  mine roof  and s e l e c t  s u p p o r t s  
more a c c u r a t e l y .  

The e x i s t i n g  n e u r a l  network u s e s  a low-speed DAS 
and, because i t  is  a pro to type ,  a l l  t h e  p r o c e s s i n g  has  
been done of f  l i n e .  With an  on-l ine,  high-speed DAS. 
t h e  n e u r a l  network could  b e  moved t o  a hardware p la t form 
r a t h e r  t h a n  u s i n g  sof tware .  T h i s  t y p e  of system u s e s  a 
processor  c h i p  f o r  each  of t h e  n e u r a l  network nodes. 
Weight and b i a s  v e c t o r s  are encoded on t h e  ch ip .  The 
advantage of t h i s  t y p e  of  system i s  speed and a hardware 
p la t form t h a t  can  keep  up w i t h  t h e  high-speed DAS. de- 
pending on the s i z e  of t h e  i n p u t  v e c t o r  and t h e  number 
of hidden l a y e r s .  T h i s  would y i e l d  f i n e r  r e s o l u t i o n  
and i n c r e a s e  t h e  e f f e c t i v e n e s s  of d e t e c t i n g  v o i d s  and 
cracks .  

Emerging and P r o s p e c t i v e  A p p l i c a t i o n s  
for I n t e l l i g e n t  D r i l l i n g  

I n  a d d i t i o n  t o  apply ing  i n t e l l i g e n t  d r i l l i n g  sys- 
tems t o  i n s t a l l a t i o n  of roof suppor t  by convent iona l  
means, Bureau r e s e a r c h e r s  are i n v e s t i g a t i n g  t h e  devel-  
opment of automated roof b o l t e r s .  I n  t h i s  r e s e a r c h ,  
d r i l l i n g  informat ion  w i l l  b e  analyzed by A I  systems,  and 
d e c i s i o n s  w i l l  b e  made a u t o m a t i c a l l y  as t o  opt imal  roof 
b o l t  l e n g t h s  and spac ings  t o  match t h e  s u p p o r t s  w i t h  
vary ing  roof  geology. By u s i n g  i n t e l l i g e n t  d r i l l i n g  and 
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an automated roof b o l t i n g  system, n o t  on ly  w i l l  roof 
b o l t e r  ope ra to r s  be  removed from t h e  hazardous work 
area, b u t  a l s o  knowledge w i l l  b e  cap tu red  and made 
a v a i l a b l e  f o r  d e c i s i o n s  r e l a t e d  t o  changing ground 
cond i t ions .  

I n t e l l i g e n t  d r i l l i n g  holds  g r e a t  promise f o r  be ing  
a low-cost source  of geo log ica l  and rock mechanics d a t a  
f o r  gene ra l  use.  It may serve as an  economical s u b s t i -  
t u t e  for core  d r i l l i n g  and could b e  wide ly  app l i ed  t o  
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