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PREFACE 

The following pages contain the papers presented before the Third Symposium on 
Underground Mining during sessions on mine planning and development, health and 
safety, maintenance and improved efficiency, automation, longwall and shortwall 
mining, and illumination. These papers were selected by the Program Committee to 
detail the most current work being conducted by some of the leading scientists, 
researchers, and technical representatives of government and industry. The content 
of the papers has not been edited, and the views expressed are entirely those of 
the authors. 

The procedure of prcpriating ol~viously places a great burden on the authors, 
IJ we are indebted to them Iur adhering to the strict publication timetable that 
~d to be established. In those few cases where the authors found this timetable 

rlnpossible to meet, the full text of the papers will be available as handouts at 
the Symposium or can be obtained by contacting the author. 

The objective of the NCA/BCR Coal Conference and Expo IV is to publicize, 
discuss, and disseminate new information on all aspects of coal--from mining to 
utilization. These proceedings therefore have not been copyrighted; however, it 
should be noted that many of the processes described herein have bcen patented. 

111 addition to the National Coal Association and Bituminous Coal Research, 
Inc., this Conference was presented in cooperation with the International Committee 
for Coal Research, Federal Power Commission, Kentucky Coal Association, Tennessee 
Valley Authority, Federal Energy Administration, U.S. Department of Agriculture, 
U.S. Department of the Interior, Appalachian Regional Commission, U.S. Environmen- 
tal Protection Agency, Energy Research and Development Administration, Coal Industry 
Advisory Committee on Water Quality, Council for Surface Mining and Reclamation 
Research in Appalachia, and The Coal Association of Canada. We gratefully acknowl- 
edge the assistance of the members of these cooperating organizations who sorvcd UII 
the Program Committee and helped arrange thc decalls of the Symposium. 

The Third Symposium on Underground Mining is an integral part of the 1977 
NCAIBCR Coal Conference and Expo IV. Other Symposiums included in this Conference 
are the Third Symposium on Coal Management Techniques, the Fourth Symposium on Coal 
Utilization, the Third Symposium on Coal Preparation, the Seventh Symposium on Coal 
Mine Drainage Research, and the Fifth Symposium on Surface Mining and Reclamation. 
Copies of the proceedings of each of the Symposiums can be purchased from National 
Coal Association, The Coal Building, 1130 Seventeenth Street, N.W., Washington, 
D.C. 20036. Instructions for ordering these publications, and the proceedings 
of the technical Symposiums conducted in the past, can be found on the inside back 
cover. 
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DEVELOPMENT OF AN IN-SEAM MINER 

Kenneth E. Hay, C i v i l  Engineer 
Spokane Mining Research Center  

Bureau of Mines 
Spokane, Washington 

and 

Jack  B. McNicol, D i r e c t o r  
Mining Operat ions 

Semet-Solvay Div i s ion  of A l l i e d  Chemical Corporat ion 
Beckley, West V i r g i n i a  

IWTRODUCTIUN 

I n  mid-1968, t h e  Control  Engineering Establ ishment  of t h e  Na t iona l  Coal Board 
(NCB) i n  England f i r s t  proposed t h e  development of a machine aimed p a r t i c u l a r l y  a t  
t h e  d r ivage  of low-height headings and s t a b l e s  i n  t h e  t h i n n e r  seams (3 t o  4 f e e t ) .  
Th i s  machine o r g i n a l l y  c a l l e d  a "heading s t a b l e h o l e  machine" proved both r e l i a b l e  
and e f f i c i e n t .  As a r e s u l t ,  t h e  machine found wide accep tance  i n  longwall  f a c e  
development work and t o  a l e s s e r  extenL I n  che d r i v a g e  of r e t r e a t  in-seam roadways. 
With t h e s e  a p p l i c a t i o n s  came a new name--"in-seam heading machine." Subsequent de- 
velopment work expanded t h e  machines c a p a b i l i t i e s ;  t h e  a p p l i c a t i o n s  grew tremen- 
dously;  and t h e  machine was given y e t  ano ther  name--"in-seam miner." 

Because of s e v e r a l  f e a t u r e s ,  t h e  in-seam miner (ISM) e x h i b i t s  promise f o r  U.S. 
mining a p p l i c a t i o n s  a s  we l l .  The c o n f i g u r a t i o n  a l lows  i n s t a l l a t i o n  of roof sup- 
p o r t s  w i t h i n  3 f e e t  of t h e  f a c e ,  making i t  compatible  wi th  cont inuous forward ad- 
vancement. The machine employs s imple,  s t r a i g h t f o r w a r d  des ign  and robus t  compon- 
e n t s  p rov id ing  high r e l i a b i l i t y  and good m a i n t a i n a b i l i t y .  Low p i c k  speeds and 
c o n s t a n t  p i c k  engagement a r e  used,  r e s u l t n g  i n  low d u s t  a ~ ~ d  n o i s e  emiss ions ,  and 
g i v i n g  tlrr u n i r  a r o i k  c u t t i n g  c a p a b i l i t y  s u p e r i o r  t o  drum-type miners .  Th i s  mach- 
i n e  can c u t  a wide e n t r y  (32 f e e t  is common, over  60 is  p o s s i b l e  i n  theory)  wi th  a 
f l a t  roof and f l o o r  making i t  compatible  w i t h  " s i n g l e  en t ry"  t echn iques  such a s  
d i v i d e r  wa l l s .  

Background 

Although conceived a t  t h e  NCB's C e n t r a l  Engineering Establ ishment ,  t h e  devel-  
opment was conducted by t h e  Mining Research and Development Establ ishment  (MRDE). 
MRDE designed,  manufactured and t e s t e d  p ro to types .  Following s u c c e s s f u l  s u r f a c e  
and underground t r i a l s ,  t h e  NCB o f f e r e d  t h e  machine f o r  e x p l o t a t i o n  t o  mining mach- 
i n e r y  f i rms .  Dosco Overseas Engineering Ltd.  became s u p p l i e r s  t o  t h e  NCB and have 
co-operated wi th  MRDE dur ing  t h e  con t inu ing  development. To d a t e  over  120 of t h e s e  
machines a r e  i n  s e r v i c e .  

Although t h e  B r i t i s h  have many of t h e s e  machines i n  s e r v i c e ,  few a r e  app l ied  

A 

t o  s i t u a t i o n s  where t h e  excavat ion p o t e n t i a l  can be  eva lua ted ,  and those  t h a t  a r e ,  
a r e  r e l a t i v e l y  low horsepower h y d r a u l i c  machines. The In-Seam Miner i n  u s e  today 
employs two 30-hp S w f f a  motors t o  d r i v e  t h e  cu t t e rhead .  The r e l a t i v e l y  low horse-  
power chosen was p r i m a r i l y  t h e  r e s u l t  of t h e  undemanding i n i t i a l  a p p l i c a t i o n  i n  
terms of excava t ion  r a t e  and t h e  s i z e  l i m i t a t i o n  on t h e  hydrau l ic  power pack. As 
new a p p l i c a t i o n s  were developed, i t  was recognized t h a t  higher  horsepower u n i t s  
could be u t i l i z e d .  The r e s u l t  was t h e  development of s e v e r a l  p ro to type  e l e c t r i c -  
powered in-seam miners .  

The Bureau ob ta ined  one of t h e  h igher  horsepower e l e c t r i c  p ro to types  t o  eva l -  
u a t e  t h e  p o t e n t i a l  of t h i s  design approach, and depending on t h e  p o t e n t i a l  exhib- 
i t e d ,  t o  determine what changes would be requ i red  t o  op t imize  performance under 
U.S. mining condi t ions .  



I n i t i a l  equipment t r i a l s  were conducted i n  1975 a t  Ka ise r  S t e e l ' s  Sunnyside 
mine. Although ins tan taneous  excava t ion  r a t e s  of 1 5  f e e t  pe r  hour were r e a l i z e d ,  
some problems were encountered w i t h  t h e  machine. As a  r e s u l t ,  i t  was decided t o  
make a  numher of des ign  improvements p r i o r  t o  s u b j e c t i n g  t h e  u n i t  t o  more e x t e n s i v e  
t e s t i n g .  I n  a  combined e f f o r t ,  t h e  N a t i u r ~ a l  Coal Board and Dosco worked o u t  t h e  
d e s i g n  d e t a i l s  and b u i l t  a  new u n i t  f o r  t h e  Bureau of Mines. Th is  machine i s  pres-  
e n t l y  i n  t h e  U.S. undergoing underground t r i a l s .  It is one of on ly  two machines i n  
e x i s t a n c e  powered by two 65-hp e l e c t r i c  motors. 

Machine Descr ip t ion  

The ISM i s  based on a  s imple but unique arrangement o f  c u t t i n g  p icks  mounted 
on p ick  p l a c e s  ( f i g ;  1 ) .  These p i c k  p l a t e s  a r e  a t t a c h e d  t o  and moved by a  s t r a p -  
l i n k  chain.  Loading bucke t s  a r e  s i m i l a r l y  a t t a c h e d  t o  t h e  same ~ l l l a i ~ i  and t r a n s -  
p o r t  tlrr c u t  c o a l  t o  a di.scharge conveyor v i a  a  c h u t e  mounted on t h e  c u t t e r  j i b  
( f i g .  2) .  The d i s c h a r g e  conveyor can be mounted on e i t h e r  s i d e  of t h e  c u t t i n g  
head. The cu t t e rhead  is  moved forward by hydrau l ic  c y l i n d e r s  pushing a g a i n s t  two 
s t a k e r  chocks s e t  between t h e  roof  and f l o o r  ( f i g .  3 ) .  

The equipment can he di.smanfled, t r a n s p o r t e d ,  and reassembled i n  5 t o  1 0  
s h i f t s  depending on crew exper ience  and underground fondlt lur ia .  I f  neederl, t,he 
machine can be broken d6Wn irriu coeponcntc of apprnximately 1-ton maximum weight .  

. Presen t  Conf igura t ion  

A s  mentioned, t h e  ISM p r e s e n t l y  undergoing t e s t i n g  has  two 65-hp e l e c t r i c  
motors powering t h e  c u t t e r  cha in .  A l l  o t h e r  machine components a r e  hydrau l ic .  

The c u t t i n g  h e i g h t  i s  56 inches  and t h e  wid th  is 1 8  f e e t ,  6  inches .  The 
he igh t  range  is  38 t o  56 inches ,  t h e  52- t o  56-inch change invo lv ing  on ly  a  p i c k  
spac ing  adjustment .  The width can be  18.5,  24.0, o r  26.0 f e e t .  Changing t o  any 
of t h e s e  widthc would r e q u i r e  approximately t h r e e  s h i f t s .  On t h e  o r i g i n a l  mach- 
i n e ,  t h e  c o n t r o l  s t a t i o n  was a t t a c h e d  t o  t h e  main frame. Huwever, t o  a l low f o r  
roof-support  i n s t a l l a t i o n  forward of t h e  o p e r a t o r ,  t h e  c o n t r o l  s t a t i o n  was removed 
and mounted on a  s k i d .  The s k i d  is connected t o  t h e  main frame by a  cha in  which 
tows i t  approximately 1 0  t o  12 f e e t  behind t h e  f a c e .  The ISM cha in  conveyor was 
extended from 27 f e e t  t o  57 f e e t  t n  a l low more room f o r  f a c e  opera t ions .  

Other Conf igura t ions  

Machincs a r e  a v a i l a b l e  i n  t h e  54- t o  70-inch he igh t  range:  equ iyarn t  t r i a l s  
arc prcoont ly  h ~ i n ~  conducted by t h e  NCB on a  u n i t  wi th  a  34-inch des ign  r a p a b i l -  
i t y ,  and under a  Bureau of Mines Couyrrat ivc Apreemvrli. w i t h  t h c  NCB, a marhine 
wi th  a  28-inch c a p a b i l i t y  is be ing  developed. As mentioned, t h e  machine has  been 
used s u c c e s s f u l l y  a t  wid ths  up t o  32 f e e t ,  and wider c o n f i g u r a t i o n s  a r e  p o s s i b l e .  

Ins t rumenta t ion  Plan 

An ins t rumenta t ion  p lan  has  been s e t  up t o  a i d  i n  e v a l u a t i n g  performance, 
t roub le - shoo t ing ,  and d e f i n i n g  a r e a s  of improvements. Two record ing  u n i t s  have 
been i n s t a l l e d  t o  record  t h e  d a t a  from t h e  sensors .  The s e n s o r s  w i l l  measure 
p r e s s u r e s ,  f lows temperature,  and v i b r a t i o n s .  Wear on t h e  system, and environmer 
t a l  d a t a  such a s  n o i s e  and d u s t  l e v e l s ,  and a i r  v e l o c i t i e s  and f lows w i l l  a l s o  b- 
c o l l e c t e d .  

A s e r i e s  of curves  w i l l  be  produced i n d i c a t i n g  t h e  optimum advance r a t e  t h a t  
produccc t h e  maxinn~m e f f i c i e n c y ,  a c c e p t a b l e  wear r a t e s ,  and a c c e p t a b l e  v i b r a t i o n s .  
Most l i k e l y  t h e s e  f a c t o r s  w i l l  no t  be opt imized a t  t h e  same advance r a t e  s o  t h a t  
a  range of r a t e s  w i l l  be s p e c i f i e d .  The c u r v e s  w i l l  be u s e f u l  i n  p r e d i c t i n g  t h e  
machine performance a t  c o n d i t i o r ~ s  o t h e r  than those  t h a t  were t e s t e d ,  i n  p r e d i c t i n g  
t h e  expected l i f e  and r e l i a b i l i t y  of t h e  maclrine, and i n  d e f i n i n g  s p e c i f i c  main- 
tenance i t ems  and frequency of maintenance. Recommendations w i l l  be made on system 



o r  m a t e r i a l  modi f i ca t ions  t h a t  w i l l  improve performance, s a f e t y  c h a r a c t e r i s t i c s ,  
and environmental cond i t ions .  These r e s u l t s  w i l l  be included i n  a  f i n a l  r e p o r t  
a long  wi th  a  p red ic ted  economic impact of us ing  t h e  ISM i n  U.S. underground c o a l  
mines. 

Tes t  S i t e  

Al l i ed  Chemical Corporat ion under c o n t r a c t  t o  t h e  Bureau of Mines w i l l  be  
t e s t i n g  t h e  in-seam miner. The t e s t  s i t e  is a t  t h e i r  Semet-Solvay Div i s ion ,  
Harewood mine, Harewood, West V i r g i n i a .  The mine is  l o c a t e d  approximately 30 m i l e s  
e a s t  of Char les ton ,  West V i r g i n i a ,  j u s t  o f f  Highway 60. Approximately 419 ind iv id -  
u a l s  a r e  employed underground a t .  t h i s  mine. Both conven t iona l  and cont inuous room- 
a n d - p i l l a r  mining s e c t i o n s  a r e  i n  opera t inn .  

The t e s t  a r e a  is  about  2-112 m i l e s  i n  from t h e  main p o r t a l  i n  a n  a r e a  c a l l e d  
t h e  "Turnpike" ( f i g .  4 ) .  Two p a r a l l e l  e n t r i e s  a ro  bcing rl~lvm, one wi th  t h e  ISM 
and t h c  o t h r ~  encry and c r o s s c u t s  wi th  a  cont inuous miner. The cont inuous miner 
e n t r y  and c r o s s c u t s  w i l l  b e  20 f e e t  wide, and t h e  ISM e n t r y  w i l l  begin a t  a  width 
of 18  f e e t ,  6  inches ,  and go t o  26 f e e t  halfway through t h e  e n t r y .  The t e s t  a r e a  
and mining method be ing  used was developed s p e c i f i c a l l y  f o r  t h e  ISM t r i a l s .  

Equipment T r i a l s  

Before the  In-seam miner  and a n c i l l a r y  equipment were taken underground a t  
t h e  Harewood mine, i t  was completely assembled and operated on t h e  s u r f a c e .  Th is  - 
allowed MESA, West V i r g i n i a  Department of Mines, and UMW union r e p r e s e n t a t i v e s  t h e  
oppor tun i ty  t o  view t h e  equipment and recommend changes o r  a d d i t i o n s  be fore  opera- 
t i o n s  began. Some a d d i t i o n s  were made a t  t h i s  time t o  improve t h e  machine's min- 
i n g  p o t e n t i a l  and s a f e t y  c h a r a c t e r i s t i c s ,  and meet MESA requirements .  The add i -  
t i o n s  were: 

1. Ligh ts :  'L igh t ing  was i n s t a l l e d  on t h e  machine and around t h e  f a c e  a r e a  
t o  comply wi th  MESA r e g u l a t i o n s  and provide a  s a f e r  work environment. 

2 .  Canopies: Canopies were f a b r i c a t e d  and i n s t a l l e d  t o  p r o v i d e ' p r o t e c t i o n  
f o r  t h e  machine and r o o f - d r i l l  o p e r a t o r s .  

3. Continuous haulage system: To minimize downtime encountered i n  advancing 
t h e  outby conveyor, a  mobile  t a i l p i e c e  and b e l t  take-up u n i t  were i n s t a l l e d .  

4. D i s t r i b u t i o n  box: A power box providing c i r c u i t  b reakers  f o r  t h e  l i g h t s ,  
conveyor t a i l p i e c e ,  geolograph,  d u s t  c o l l e c t o r ,  and ins t rumenta t ion  box were added. 

5. Ins t rumenta t ion :  Two record ing  u n i t s  a r e  provided t o  c o l l e c t  t h e  d a t a  
from t h e  sensors .  

6. R o o f . d r i l l s :  Two roof d r i l l s  were mounted on t h e  machine t o  a l low f o r  
b o l t i n g  wi th in  6 f e e t  of t h e  f a c e .  

7 .  Dust c o l l e c t o r :  A d u s t  c o l l e c t o r  u n i t  was assembled and mounted on a  
;kid. 

The ISM was the11 dismantled,  t r anspor ted  underground, and reassembled. T h i s  
~ o o k  approximately 1 0  s h i f t s .  F i n a l  i n s p e c t i o n s  were then made by MESA, West V i r -  
g i n i a  Department of Mines, and t h e  UMW r e p r e s e n t a t i v e s .  

Because of complicat ions involved i n  o b t a i n i n g  an approva l  f o r  t h e  d u s t  co l -  
l e c t o r  u n i t ,  t h e  roof d r i l l s  were removed and an a l t e r n a t e  roof suppor t  p lan  was 
submit ted f o r  approval .  The a l t e r n a t e  p lan  is t o  i n s t a l l  aluminum b a r s  f o r  tem- 
porary support  on meter c e n t e r s  wi th in  3 f e e t  of t h e  f a c e ,  t o  a  d i s t a n c e  of approx- 
imately 50 f e e t .  A roof -bo l t ing  machine would then be used t o  i n s t a l l  roof b o l t s  



on &-foot c e n t e r s  i n  increments  of 25 f e e t ,  from 50 f e e t  t o  w i t h i n  25 f e e t  of t h e  
face .  

It is a n t i c i p a t e d  t h a t  suppor t  a c t i v i t i e s ,  p r i m a r i l y  ground c o n t r o l ,  w i l l  pre- 
ven t  s u s t a i n e d  p e r i o d s  of r a p i d  advancement. However, t h e  system a s  p r e s e n t l y  con- 
f i g u r e d  should a l low an e v a l u a t i o n  of t h e  machines perforulance p o t e n t i a l -  The ISM 
w i l l  be  c o n s t a n t l y  monitored throughout  t h e  t r i a l s  and a r e a s  of improvemellt i d e n t i -  
f i e d .  Those improvements t h a t  can be incorpora ted  dur ing  t h e  course  of t h e  t r i a l s ,  
i . e . ,  changes c o n s i s t e n t  w i t h  t h e  underground working c o n d i t i o n s  and t e s t  schedule,  
w i l l  be  made and t h e  r e s u l t a n t  impact no ted .  The p o s s i b l e  impact of o t h e r  i d e n t i -  
f i e d  a r e a s  of improvement beyond t h e  scope of t h e s e  t r i a l s  w i l l  be considered i n  
weiplling t h e  performance p o t e n t i a l .  

I f  t h e  ISM provco to be a guuJ booia piecc! nf t iyulvurat ,  dooign s p ~ r i f l c a t i o n r  
w i l l  be  developed f o r  modi f i ca t ions  t o  op t imize  i ts  primary f u ~ ~ c t i o n  and for sull- 
p o r t  systems t o  make i t  t r u l y  compatible  wi th  U.S. mining condi t ions .  

To r e a l i z e  t h e  f u l l  p o t e n t i a l  of t h e  ISM, i t  must be  opera ted  i n  a  s t r a i g h t -  
ahead mode. i f  presenL u l n i n g  low is adhered t o .  t h i s  r e q u i r e s  t h a t  s p e c i a l  sup- 
p o r t  sypcems he dev i sed ,  u n l e s s  i t  is  a p p l i e d  a s  a  s t a b l e h o l e  machine. TllLs of 
course  is  t r u e  of cont inuous miners  a 9  w e l l .  Dut cona ider ing  rhe  m o b i l i t y  a s p e c t ,  
i t  i s  more important  t o  e f f i c i e n t  o p e r a t i o n  of t h e  ISM. 

Thfs ISM does l end  i t s e l f ,  however, t o  adap t ion  t o  a  s t ra igh t -ahead  opera t ion .  
As noted,  roof  suppor t  can be i n s t a l l e d  immediately behind t h e  cu t t e rhead  and a  
wide e n t r y  wi th  f l a t  roof and f l o o r  can be ob ta ined .  The l a t t e r  is c o n s i s t e n t  wi th  
t h e  placement of d i v i d e r  w a l l s  t o ,  i n  e f f e c t ,  c r e a t e  two o r  more e n t r i e s  from one 
c u t .  Another approach would be t o  use  two o r  more ISMS (which should be lower i n  
u n i t  c o s t  than  cont inuous miners )  and d r i v e  c r o s s c u t s  wi th  a  s imple u n i t  such a s  an 
auger .  

A number of concepts  can be  developed t o  adap t  t h e  ISM t o  U.S. u i n i n ~  Inw, bu t  
t h e  f i r s t  o rder  of bus iness  is t o  e v a l u a t e  t h e  b a s i c  machine. 

S t a t u s  -. - 
The ISM commenced c u t t i n g  c o a l  September 19 ,  1977. It is scheduled Lo d r i v e  

1,000 f e e t  of e n t r y .  Allowing f o r  in-process  modi f i ca t ion ,  scheduled downtime, .and 
t h e  u s u a l  unscheduled'downtimr experienced on a p r o j e c t  of t h i s  n a t u r e ,  i t  is  ex- 
pected to complete  t h e  t r i a l s  by e a r l y  December. 
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RECENT DEVELOPMENTS I N  UNDERGROUND M I N I N G  I N  AUSTRALIA 

J. Johns tone  
Managing D i r e c t o r  

Buchanan-Box,ehole Collieries-Pty..-Limited, - zngleton..-N.S.W. A u s t r a l i a  

D i r e c t o r  - A u s t r a l i a n  Coal-Industry ~ e s e a r c h  ~ x r a t o r i e s  Ltd. 
%i-&i-collieries Pty.  Ltd.,  Newcom C o l l i e r y  Pty. Limited,  
Huntley C o l l i e r y  P ty .  L imi ted ,  
P o r t  Waratah Coal  S e r v i c e s  Ltd. 

Recent i n c r e a s e s  i n  p r o d u c t i v i t y  i n  t h e  A u s t r a l i a n  c o a l  i n d u s t r y  
a v e  been a c h i e v e d  by open c u t  mining. The i n d u s t r y  i s  c o n s c i o u s  o f  

-he f a c t  t h a t  a s  t i m e  p a s s e s  t h e  p r o p o r t i o n  o f  c o a l  won by underground 
methods w i l l  i n c r e a s e  and i s  s e e k i n g  means t o  e n s u r e  t h a t  t h e  n e c e s s a r y  
p r o d u c t i v e  c a p a c i t y  w i l l  b e  main ta ined .  

Although it i s  n o t  p o s s i b l e  t o  cover  t h e  whole s u b j e c t  i n  d e t a i l ,  
t h e  g e n e r a l  approach  by t h e  i n d u s t r y  t o  t h e  problem is o u t l i n e d .  
Impor tan t  f e a t u r e s  of t h e  approach  a r e :  

1. Conserva t ion  and r e c o g n i t i o n  of  t h e  need t o  e x t r a c t  a h i g h e r  
p r o p o r t i o n  o f  t h e  i n  s i t u  c o a l  r e s o u r c e .  

2. C o n t r o l  o f  subs idence  s o  t h a t  a h i g h e r  p r o p o r t i o n  o f  c o a l  under  
b u i l t - u p  a r e a s ,  l a k e s  and impounded w a t e r s  c a n  b e  e x t r a c t e d .  

3. A c c e l e r a t e d  p r o s p e c t i n g  t o  i d e n t i f y  new c o a l  r e s o u r c e s .  

4. I n t r o d u c t i o n  o f  new forms o f  mechanisa t ion  such  a s  I n n w a l l  and 
s h o r t w a l l  and improvaii~urits i n  underground t r a n s p o r t  of  men and 
m a t e r i a l s .  

5. M o d i f i c a t i o n  o f  e x i s t i n g  mining methods t o  p r o v i d e  b e t t e r  roof  
s u p p o r t  and s t r a t a  c o n t r o l .  

6. I n c r e a s e d  r e s e a r c h  by A u s t r a l i a n  Coal  I n d u s t r y  Research 
L a b o r a t o r i e s  Ltd. and o t h e r s  t o  i d e n t i f y  and s e e k  s o l u t i o n s  t o  
problems l i k e l y  t o  b e  encounte red .  

COMPARATIVE STATISTICS - NFM SOUTH WALES AND QUEENSLAND , 

YEAR ENDED 30TH JUNE 

1956 1966 - 1976 

A. Coal  P r o d u c t i o n  - mil1.ion tonnea( raw)  

New South  Wales - Underground 13.9 24.4 32.2 - Open Cut -9 1.0 8 . 4  

T o t a l  14.8 25.4 40.6 

Queensland - Underground 
( e s t i m a t e d  - Open Cut  
tonnage  1956 

& 1966) T o t a l  

I t  c a n  b e  s e e n  t h a t  t o t a l  p r o d u c t i o n  i n  Queens land  i n c r e a s e d  by 
480% and i n  N.S.W. by 60% between 1966 and 1976. 



However, the comparison in total production won by open cut methods as 
opposed to underground in Queensland has been most spectacular in the 
last ten years. 

In 1976, 20% of coal produced in N.S.W. was won by open cut 
methods and most of this was used for power generation. On the other 
hand, nearly all coal produced in Queensland is directed to the over- 
seas coking coal market and that produced by open cut is 87.6% of the 
total State's production. 

B. Output Der Manshift 

Significant improvements in O.M.S. in Australia's unberground 
mines have occurred durir~g the past twenty years. 

New South Wales Underground 
Queensland Underground 

Most of the improvement In iV.3.W. has boen due t.n the rise in 
etticiency ul underground mechanised methods. During this twenty year 
period. the percentage of .total coal won by total niechar~lsed rneano 
increased from 65.9% to 98.5%. It was during this period that tradi- 
tional pillar extraction (bord and pillar) has been given away largely 
to the "Wongawilli", "Big Ben" or "Short Wall" methods. The O.M.S. 
improvements have also been achieved during a period when the normal 
length of shift reduced from eight hours bank to bank to seven hours 
bank to bank during the early 1970's. 

C. O.M.S. - U.S.A. and Australia 

International comparisons of labur productivity are difficult 
because of different bases used for measuring the two key factors used 
in the calculation. In the U.S.A. productivity is measured in short 
tons (2,000 lb) of clean coal per mineworker day. The quantity of 
coal used excludes rejects removed at consumer washeries as well as at 
coal industry washeries. The number of minewurkers excludes adrninis- 
trate and clerical staff. The number of mineworkers is multiplied by 
the number of days the mine worked during the year and used as the 
divisor in lieu of the number of manshifts worked. 

On this basis, productivity ft:~r the Unite? Stat .es  bitwinous 
coal industry was: . 

Underground Mines (O.M.S.) 11.3 9.5 

The Joint Coal Board has converted the Australian data as closely 
as possible to the United States basis and for 1975 gives the followi 

New South Wales Underground - 1975 9.6 
Queensland Underground - 1975 8.0 
Australian Underground 9.35 

RESOURCES OF HARD COAL 

The Joint Coal Board of N.S.W. has carried out a recent assess- 
ment of coal reserves based upon an acceptable degree of geological 
assurance resulting upon diamond drilling and the knowledge .of quality 
of these deposits. The criteria adopted in Australia are based on 



current economic conditions, known mining technology and the following: 

a. Depth of cover not exceeding 600 metres 

b. Minimum seam thickness of 1.5 metres 

c. Maximum ash content of 30% (dry basis) 

Oepth of Cover (Metres) 
Less than 300m 300-600 Total 

N.S.W. 13083 3071 16154,million tonnes 
Queensland 16270 638 16908 111illion tonnes 

It should be noted that in Queensland most exploration work has 
~ncentrated on the location of deposits which can be won by open cut 

~nrthods and the proving of such area. Based upon seam thicknesses, 
the above coal reserves can be defined (million tonnes): 

Thickness 

N.S.W. 
Queensland 

1.5 - 2.99m 3.0 - 4.99m Plus 5.0m 

Extractability and Workability 

The technical limits to mlning as practiced in Australia may be 
broadly summarised as: 

1. Uepth of Cover 

a. Open Cut - N.S.W. - The limit currently accepted is a ratio 
of coal to overburden of 1 to 12. The deepest cut is about 
1.00  metre^ althoug11 depths up to 300 metres are contemplated. 

Queensland - The greatest depth at present being worked is 
60 metres. The ratio of coal to overburden approximates 
1 to 5. 

b. Underqround 14ininq - N.S.W. - 600 metres is generally 
regarded as a workable limit. As considerable coal reserves 
are available to this depth, the mining engineer is seeking 
improved recovery factors and to this end, longwall methods 
are being tried. 

Queensland - The acceptable limits of bord and pillar 
mining is 450 metres. New mines developed to approach 
this cover are running into difficulties already and 
research is proceeding for improved techniques. 

Coal Seam Thickness 

New South Wales - Most collieries work in seams between two and 
three metres in thickness. Relative factors are the size of 
mining plant and the need to leave coal to provide additional 
roof support. a 9 metre seam is mined in the Cessnock area. 

Queensland - Coal seams in excess of four (4) metres predominate 
in the extensive Bowen Basin. However, high productivity rates 
are not being achieved because of spontaneous combustion 
problems and high makes of methane. Local authorities regard 6 
metres as a maximum safe-working thickness where depths are less 



than 450 metres. 

3. Conditions of Surroundinq Strata 

New Suuth Wales - The problems are the poor quality of some roof 
strata and sudden changes in the sequence of the strata. The 
solution adopted is generally to leave coal to the roof and roof 
bolt. 

4. Geolosical Faultinq 

New South Wales - Major faulting is not common. The prescnce of 
faults makes mining a little difficult and only affects thc 
planned layout of workings. 

gueensland - In the Bowen Basin, two of the present five under- 
ground mines are troubled with faults. These coal measures are 
folded which range from tight to open gentle folds. They are 
accompanied by normal and thrust faults. 

5. Spontaneous ComWSriul~ 

'This is a problem in the South Maitland a L . e a  of 12 .C .w.  and at. 
mines in the Buwen Basin of Queensland. 

Two unfortunate accidents in Queensland at Box Flat in 1972 and 
at Kianga in 1975 have focussed attention on this mining problem. 
This has resulted in the publication of a special safety hand- 
book to set guide lines to handle incipient heatings. 

Kecoverhble-Hard Coal Reserves 

Present mining practices in Australia when applied to the 
recoverable reserves indicate a substantial difference between N.S.W. 
and Queensland in the availability of open cut coal. 

The Joint Coal Board,assess that only seven per cent of the 
N.S.W. reserves are extractable by open cutampared to an estimated 
thirty-two per cent in Queensland. 

CONSERVATION OF COAL - NEW SOU'l'H WALES 

A. Revised Lease ~ondltioi~rs - In recent years. legislation for the 
'. . . granting of mining leases in N.S.W. has been updated in an 

effort to conserve our coal reserves. It is necessary to comply 
with certain conditions deper~ding upon the method of mining and 
whether the underground operativris arc prspossd below land 
surface or below tidal waters. These corlditions are: 

Bord or Pi.llar Mining 

a. The percentage of coal to be left in pillars after first workir 
is .specified depending upon depth from the surface. This range 

' from..50% at 60 metres of cover to 85% at 600 metres. (No mines 
working at this latter depth at present). 

b. The width of pillars is specified. 'This ranges from not less 
than 8 metres where the depth from surface does not exceed 60 
metres to not less than 24 metres at 300 metres. 

c. All bords, cut-tlroughs and headings must not exceed 54 metres 
in width. 



d. Where the seam exceeds five metres in thickness, the coal shall 
not be extracted to a greater height than four metres except 
with special consent. 

Lonawall Mininq 

iihere it is proposed to work an area by a longwall method, 
special applications accompanied by plans and proposed mining 
equipment must be made to the Department. After consultation; 
these applications are submitted to the Minister for Mines 
for his approval and any special conditions that he may impose. 

Open Cut blini.nq 

Any proposal to mine coal by open cut mining operations requires 
special consent and conditions, including the lodgement of a 
bond or security for rehabilitation of the area after operations. 
Plans of the proposed operations are to be submitted and these 
plans indicate how the area is to be mined and the sequence of 
the operations. A second plan shows the approximate surface 
contours after rehabilitation and methods proposed to prevent 
contaminated water from entering creeks and water courses. 

Besides these plans, details must be submitted on the manner of 
conserving the top soil and of the planting of grasses, plants 
and/or trees to minimise soil erosion. 

Mininq Under Tidal and Other Waters 

Before mining operations commence under the ocean or under any 
river, lake or tidal waters, lease holders must notify the Department. 
and submit a plan of the proposed system. Some of the requirements are: 

a. All wurking places must be driven on surveyed lines. 

b. All coal workings must be accurately surveyed and recorded. All 
fissures, joints, faults, dykes and anything encountered that 
may affect the mining operation, must be delineated on the 
Colliery plans as they occur - not as projected from other 
workings. 

c. A system of advanced boreholes must be maintained ahead of 
development workings. 

B. Surface Effects lXle to Mininq Operations - The study of mine 
subsidence has accelerated since 1965,in Australia when early 
surveys were commenced on the South Coast of N.S.W. by Australian 
Iron and Steel Pty. Ltd. The work in this area was undertaken 
to obtain information for mining under stored waters which form 

- the Sydney water supply. In the Newcastle area, B.H.P. 
Collieries has carried out investigations and surveys since 1966. 
Here the surface effects bccame rather. complex with,multi-seam 
workings extending over many years combined with various methods 
of mining, with handmining in past years to full mechanisation 
in recent times. 

In the Vales Point-Munmorah field south of Newcastle, detailed 
studies commenced in 1969, with regard to surface subsidence 
which occurs after partial pillar extraction using various mining 
percentages. These studies proved that extremely limited 
movement took place when 70% extraction of a panel was attained 
at depths of 150 - 200 metres. The coal seam in this area ranges 



from 2.2 to 3.0 metres thick and is overlain by massive conglom- 
erates and shales. 

As a result of the above,mining engineers agreed that the 
hitherto 40% extraction under tidal waters and inland lakes, 
si~ould be increased to at least 60%. Such a recupnition of 
this experimental work, immediately gave rise to an increase of 
50% in recoverable coal reserves under tidal or non-tidal lakes. 

C. Recent Mininq Under Tidal Haters - The first practical applica- 
tion of percentage mining under water commenced at Newvale No.2 
colliery-in iiPrii 1976.  his mine has extensive areas beneath 
the tidal and non-tidal waters of the Tuggerah Lake systcm - 
midway betwecn Sydney clrrd lJowcactlo. Rnrr3 and pillar method I - 
mining is adopted and square pillars of coal 24 metres in sizt 
are leit to support the strong conglomerate roof. There is 
about ll.0 metres of strata to rockhead,which has been proved uy 
diamond drilling from pontoons on the laKe. Tl~e Kloor of, the 
lake consists of silt in various thicknesses to the solid rock. 

In the t i r s t  pdrlrl attcmptod, fifty-six of the one hundred and 
thirty three pillars were taken successfully and were completed 
in Mid-November 1976. These were extrdclid in alternate rows 
after leavi~lg some pillars for protection against a 5 metre 
fault along one side. Under the firm conglomerate roof only 
roof-bolts and props were used. here the roof was weak, sawn 
cross-timbers were set at one metre centres. 

Some water broke through the roof when the first small fall 
occurred: but this was characteristic of all pillar extraction 
at this mine. After this initial difficulty, the inflow 
gradually ceased to just a nuisance level. The employees in 
this panel have experience in pillar extraction at the mine and 
were not apprehensive'of the Management's proposals. As a matter 
of fact, they have been urging for improved recovery for many 
years. 

The second panel was opened up in November 1976 and has been 
formed of pillars designed specifically for partial extraction. 
This panel has been won out and the first pillar extracted on 
6th [,lay 1977. This section of pillars was completed.by 10th 
June and the unit n~uved to form an aiditional adjacent section. 
These two secti.ons and the sequence of extraction are shown on 
accompanying drawings, figure 1 and figure 2. 

The coal fields of Australia extend over IIB I I ~  distinat ares€ trnm 
Victoria to Queensland - an overall distance of aoout 3000 kilornetres. 
Scout drilling has proved these various fields but the in situ 
reserves are considered as "inferred" until geological assurance of 
recoverable coal car1 be determined. 

Drilling programmes have been concentrated in New South Wales 
over three main areas : 

a. The deep coal measures South-West of Sydney where new mines are 
being sunk and will rnine coal to 500 metres of cover. 

b. West: of Newcastle in the singleton-~luswellbrook area where new 
mines are to be opcned within the next five years. 
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c. . At Boggabri - some 350 km. North West of Sydney where a new 
coal field was discovered recently. 

In Queensland attention is now being given to the prospect of 
underground mining possibilities as well as open cut. From Blackwater 
immediately West of Rockhampton to Goonyella, 250 km. Northwards, the 
Bowen Basin is being proven by extensive drilling programmes. New 
names, like Norwich Park, Dysart and Saraji, are becoming known to 
mining engineers. Coal resources in this field alone have an 
indicated value of a further 10,000 million tonnes. These are now 
being proved by close drilling. 

In the Singleton area of N.S.W. 1ae.t year some 6000 met-re6 of 
~mond drilling to depths of 300 metres, was carried out by mining 
npanies proposing to open mine in this district. As most of this 

--?ld will comprise multi-seam operations, including open cut and 
undergrnund workinys, considerable drilling has been carried out at 
shallow depths to define outcrops, coal qualities and zones of 
oxidised coal. 

Private mining companies entered drilling programmes in recent 
years to a major degree. Fifteen years ago all prospect drilling was 
carried out by Government instrumentali.ties - either the Federal 
Government through the Joint Coal Board, or State Government by the 
Electricity Commission or Department of Mines. Nowadays private 
enterprise wants to gain first-hand information by its own geologists 
and mining engineers in order to confirm heavy capital expenditures. 

New concepts are being devised and employed to improve the level 
of knowledge obtained from drilling programmes. New procedures 
introduced by ACIRL have enabled more reliable estimates to be made 
from bore core samples re yields of clean coal and qualities which can 
be expected after mining and preparation of the raw aonl. Advanced 
statistical methods will be used to establish the range of variation 
of the coal properties within the areas of interest to so provide 
information for coal preparation plants. 

NEW FORMS OF FACE MECHANISATION 

The traditional form of bord and pillar panel development is now 
giving way to more efficient extraction techniques, particularly in 
N.S.W. These techniques feature a minimum of first working 
development into a panel of coal. Pillars are then formed and 
extracted when "green" on the retreat. This keeps the face workings 
constantly in a stress-relieved zone. This is particularly effective 
on the Illawarra field South of Sydney where cover ranges from 300 to 
400 metres. Besides attaining a greater percentage of extraction, 
these techniques reduce floor heave, improve roof conditions and safety 
while giving consistent productions. 

Mechanised Shortwall Mininq - In some areas particularly in the 
Newcastle field of N.S.W.. older  mine^ have sousht forms of 
mining that are suitable for introduction in areas of limited 
extent and in some cases bounded by small faults and dykes. Seam 
heights of about 2+ metres below sandstone and shale strata were 
difficult to support in normal bord and pillar mining. In such 
cases, a form of shortwalling has proved most effective in mine 
safety and higher productivity. 

This method can have many variations in depth of panel and 
application. The technique is to form a rectangular panel of 
coal by driving a pair of headings on either side of a block of 
coal so as to leave 60-80 metres of solid coal between them. A 



place is then driven to connect both pairs of headings at the 
inbye end of the block of coal. Ventilation is carried in one 
set of entries, across the back and returns out the other set 
of entries. 

Coal is then sliced acr'uss the blork o f  coal utilising a 
continuous miner and one shuttle car. The working piace is 
kept narrow while self-advancing hydraulic supports are placed 
along the goaf side. The steel canopies of the hydraulic 
supports provide protection for the operator, who always works 
on the goaf side of the machine. 

The distance across the block of coal should be fixed by the 
anticipated production nf a shift. Several mines are now 
working three shifts daily end attainiag sl1i1t avorages of in 
excess of 500 tons. The technique greatly saves pit timber an 
requires a minimum manning. Good organisation in moving the 
hydraulic supports, alignment of working places and easily 
retractible conveyors are essential pre-requisites in this form 
of mining. 

D. M e ~ m i ~ e d  all Mining - Depths of cool from the surface of 
the Illa&eld biid rorultant difficulties of roof weight, 
and ventilation problems gave rise to the inttoducLion of 
longwall mining with self-advancing supports about twelve years 
ago. The results were disappointing until recently, due mainly 
to the inability of the supports to handle the massive sandstone 
overlying strata, which are so different to conditions met in 
the more plastic strata of Europe. 

Subsequent units installed by A.I.S. Collieries and Bellambi 
Coal Co. have had much stronger roof support systems and 
improved hydraulics. Outputs at these mines from longwall units 
is now more consistent and mining engineers are becoming more 
confident with this system. The new mines now being developed 
will depend largely on the longwall method of mining. 

C. Old Ben and Wmawilli System - These two extraction systems 
have proved very successful during the past twenty years. Several 
modifications to the basic concept are used. The United States 
supplied the "Old Ben" technique which has been varied to suit 
the mining in the Vales Point-Munmorah area South of Newcastle. 
The coof otrata in this field comprises massive conglomerates 
difficult in its initial "break". Undcr such conditions this 
form of mining enables an area to be progressively worked in 
adjoining panels with continuous roof falls to relieve the 
pressures. 

.The Wongawilli system, on the other hand, is practiced 
extensively in the South of N.S.W. and is used at depths of up to 
500 metres. It incorporates the essentials of the "Old Den" 
system in its strict planning and safety protection of men and 
machines. The main variation however, is that the extraction 
progress is kept within the stress-relieved zone between the 
main abutment. pressure and the goaf. 

It is interesting to note that in the year ending 30th June 1976 
nearly 60% of a11 pillar extraction in N.S.W. was won by Old Ben 
or Wongawilli systems. 



MODIFIED OLD 8EN SYSTEM 
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SIMPLIFIED SKETCH SHOWING EFFECT OF MAIN PRESSURE ARCH ON WORKING 

AREA WHEN USING THE WONGAWlLLl SYSTEM OF PILLAR EXTRACTION. 
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THICK S-1 MINING - AUS'IWALIA 
In New South Nales the only thick coal seams worked have been in 

the South Maitland field where the Greta seam varies from seven to ten 
metres in thickness. Underground mining in the field has been carried 
out for the past seventy years. Mechanisation was introduced about 
forty years ago but to date no satisfactory system of mining has been 
evolved to obtain a satisfactory recovery factor during mining at an 
economic cost. [.lost of the old mines are now closed and thick seam 
mining is only proceeding at three collieries. 

The high sulphur cor~tent in the coal forming the top plies of 
the seam prevents firel. working at the top to so gain benefiL of tL- 
strong roof. The hard brittle naturc or the coal gives rise to 
bursting failure under excessive loading. The virgin coal in t'ne 
rernaininq areas is over 350 metres deep and difficult mining condit--..- 
are expected. 

In spite of this, some progress is being made by the use of 
road-heading machines in development of a small panel system to 
counter spontaneous combustion. Unfortunately any success in 
pneumatic stowage, fiolu~ s~rpcrime.nt.s some years ago, has had to be 
scrapped because of excessive costs. Present mining applies contini.i,ons 
miners, shuttle cars and roof boltil~g units. The introduction of 
chemical anchors with bolting has been most successful. 

Queensland on the other hand, has had some success in thick seam 
mining in areas away from the Bowen Basin. Near Ipswich at Westfalen 
Colliery up to seven metres of coal has been tackled using multiple 
face cutting, with a Marietta Borer and also a Joy continuous miner. 
Such operations comprised driving initially at roof level, supporting 
this roof and making a second or third pass below. It should be 
realised however that in this mine no pillar extraction took place 
because of future housing development. 

At Collinsville experimentation on practical mining methods is 
proceeding. At these mines up to eight metres is being tackled in 
pillar extraction by a two-pass method although perccntage recovery 
is only about 60% within the panel. 

All mines are looking with interest at model testing by Auskral- 
ian Coal Industry Research Laboratories LLd. in the Bellambi 
laboratories. It is believed that a mulkiple-slicing method leaving 
a septum of coal will ultimately present a safe method of pillar 
extractior~ and an optimum recovery factor. 

Interest was created in September 1976 at a symposium on thick 
seam mining by underground methods, sponsored by the Australasian 
Institute of Mining and i.letallurgy. At this gathering papers were 
presented by overseas authorities from France, Germany, Japan, Pol - 
and United States. These engineers injected new thoughts and con£ 
ence to those of ~ustralia attending the seminar. 

UNDERGROUND TRANSPORT 

'fie reduction of the normal shift time from eight to seven hours 
about six years ago caused changes in thinking from two shifts to 
multiple shift production. This was countered industrially by 
substantial Union claims for higher wages. Production costs have been 
clozcly investigated by the irlduvtry and two areas of these costs have 
had serious attention paid to them. 



bkning plant repairs and maintenance charges have shown some 
reduction. Change-out units are kept on hand for ready replacement, 
conveyor roller design has lengthened previous roller life, routine 
machine overhauls and heavier continuous miners have had a positive 
effect on costs. 

Perhaps the most positive step has been a review of existing 
haulage systems for men and materials. \*en the time exceeds half 
an hour to take men to the working face, serious investigations must 
take place. All mines have made improvements, either by purchase of 
new rolling stock, new vertical shafts sunk near the face or the 
overlapping of the working shifts - a form of four-shifts per clay. 
n'ssel haulage underground at large mines in some cases is roving 

.ts. 
P .h in maintenance and serious thought is being given to a ternate 

As a great proportion of coal haulage is carried out on belt 
conveyors, belt designs are being critically looked at to obtain 
longer life. Solid woven carcassed with well-impregnated P.V.C. is 
extending average face belt life quite considerably indeed. Conveyor 
widths are .becoming wider in the interests of spillage and improved 
coal handling. New mines proposed to work at depths up to 500 metres 
are now being developed around automatic bulk winders. Mines intended 
to work in more than one seam are to have fast haulage in one seam with 
short stone-drifts near the face for access to second seam. In one 
sentence, haulage of men and materials has become an important design 
factor in mining. 

METHODS OF MINING THICK COAL S W  

One of the greatest challenges in the underground mining of a 
thick coal seam is to attain a maximum recovery at an acceptable cost ' 
and provide a safe and comfortable onvironmtnL. Although satisfactory 
methods have been developed overseas under certain situations, it is 
recognised that in Australia there are conditions peculiar to this 
country which require general assessment and individual evaluation. 

The thick seams of the Bowen Basin in Central Oueensland are 
those receiving immediate consideration. Mining techniques .being 
currently looked at and present opinions on such systems may be 
summarised: 

Lonqwall Slicinq and Cavinq - This system was developed in the United 
Kingdom and Europe to work thin coal seams, and a common 
system is long wall advancing. In N.S.W. where longwall has 
been introduced, it has been a retreating system and great 
difficulty has been experienced in maintaining approved dust 
standards. The friable coal of the Bowen Basin ia expected to 
create a more difficult problem than that experienced in N.S.W. 

The mining of thick seams by longwall could require a multiple 
operation leaving a septum of coal to separate the operation. 
The dust make under such a system could be excessive and 
uncontrollable. Considerable research is still required to see 
if a longwall seam in thick coal seams is capable of working 
satisfactorily in various Australian locations. If longwall 
proved satisfactory, the application of remote control and 
automation should be undertaken. 

Shortwall Slicinq and Cavinq - In some N.S.W. mines a shortwall 
method of pillar extraction is employed using continuous 
miners, shuttle cars and self-advancing hydraulic supports. 



Under such a system the span between the chock and the face is 
much greater than in longwall and thus enables high 
productivity in a system familiar to us. If such a system were 
to he applied to thick coal seams, a careful assessment of roof 
support at the goat edge becomes necessary. As for lonqwall, 
if a septum system between slices were to be adopted, the 
adequacy of dust control during chock movement would have to 
be evaluated. 

RESEARCH BY IYLISTRALIAN COAL INDUSTXY RdSFARCH LABORATORIZS LIMITED 

This research organisation was incorporated in 1965 and took r---- 
the existing,facility of A.C.A.R. Ltd.,which had served the coal 
industry since 1955. It has five laboratories in New South Wales a1 
(lueensland, and provides (1) Commercial Analytical Service, (2) Non 
Confidential Research, and (3) Confidential Research. 

It is financed from charges for services rendered and from 
Oovernme~lL alld privata inf3nst.r~ funds. 

One of ACIRL'S recent gullicationo sets wit. in detail some of 
the problems currently facing the industry in Australia. These are: 

a. Highgasemission 
b. Outbursts 
c. Roof control 
d. Thick seam mining 
e. Prediction of mining conditions in advance of mining. 
f. Spontaneous combustion. 
g. Low percentage recovery. 

To these ends, ACIRL has recommended that the misling indi~stry 
should combine with the Australian Government to provide sufficient 
funds to expedite an expanded research programme. 

The priority areas that require immediate attention and a 
concentration of effort include: 

1. Improvement is1 percelltage rccnvery by variation in mining 
methods. 

2. Development and proving in practice new mirilny synkemr, to 
extract thick seams. 

3. Improvements in'mine safety by - 

(a) Pre-mining degasification of coal and associated strata. 
(b) Prediction prevention and/or control of outbursts. 
(c) Prevention and/or control of spontaneous combustion. 
(d) Development of new methods of roadway supports. 
(e) Identification and measurement of rock characteristics 

relevant to mine design and extraction procedures. 

ACIRL propose to engage a further seventeen professional 
engineers and assistants to carry out the expanded programme. It is 
estimated thaL cust during the first year will be $2.2 million. 

As indi.cated in the foregoing sections ACIHL has carried out 
several model studies of methods of mininy that can be applied to 
thick coal seams. 'Practical application of these new tcchniques is 
now awaited from the Collinsville area of the Bowen Basin where an 



area of coal 300 metres by 300 metres has been set aside for field 
trials. 

DESIGN OF OPENINGS IN UNDERGROUND COAL MINES 

Mechanised methods in Australia have been determined in nearly 
all cases to suit the available mining plant. Most of the production 
is won by continuous miners and rectangular entries are made in the 
winning out of the new areas. The trend in recent times is to 
increase the overall dimensions of the miner and to overcome some 
weaknesses in the machine by increasing the weight. To allow 
'sufficient room around the machine for timbering and ventilation, 

is not unusual for the heading to be driven up to G i i  metres in 
th. 

The face haillago of coal has been improved over the years by the 
introduction of high capacity shuttle cars. These, too, have become 
heavier and wider than their counterparts of yesterday. The carrying 
capacity has risen to 12 tonnes in an effort to reduce car changing 
times behind the miner. Bord and pillar work is the normal method of 
layout - or a modification of it - and results in the roadway 
intersections being wider than desirable. 

As mines become deeper and physical conditions deteriorate, it 
is most necessary to reconsider roadway shapes in order to improve 
roof support systems. The industry in Australia through sponsorship 
of ACIRL has examined the effects of variations in the size and shape 
of underground roadways. Some general conclusions have already been 
determined and certain mines are adopting new methods in heading 
development. 

Some conclusions may be worth noting: 

1. Aua8ways of near circular shape supported by radially placed 
roof bolts are stable in poor physical conditions. 

2. The stability of rectangular roadways in typical N.S.W. 
geological environment decreases markedly as width increases. 

3. Intersections should be at right angles and in preference 
roadway junctions used in lieu of intersections. 

4. The use of chemical anchored roof bolts with maximum 
cartridge length for full anchorage. 

The above valuable work by ACIRL has demonstrated that 
modifications to the traditional size and shape can result in more 
stable openings. The introduction of road-heading machines of the 
Alphi.ne or Dosco type is hoped to supply a practical solution. Such 

lines can be operated in places 4% metres wide cut an arched roof 
Le the coal can be removed by narrow shuttle cars or some form 
zxtensible conveyor. .although the capacity of such machines is 

considerably less than continuous miners, the narrower width could 
result in less roof support and reduced maintenance costs during the 
subsequent years. 

SPONTANEOUS COM13US'PION 

At some mines in N.S.W. where spontaneous heating is a problem, 
the mining objective adopted is to attain complete extraction at 
maximum spee8. Panel layout and method of ventilation are the 
essentials in a suitable technique. The system permitting a quick 



method of "sealing off" must be adopted and all officials and employees 
should understand how "seals" are to be erected in an emergency. 

A mining method now favoured is for three or four headings driven 
to the boundary of a panel. say 400 metres deep and 200 metres wide. 
When the boundary of the panel is reached, arr additional pillar is 
foriaed on each side of the three or four entries and a line of pillar 
extraction commenced on the retreat. 

Such a system permits the erection of a minimum number of 
preparatory "seals" and ensures that adequate face ventilation is 
available, while minimising the amount of ventilation entering the . 
goaf area. This ensures that oxidisation of any coal remaining in 
the goaf cannot take place. Also in the event of serious heating, 
minimum amount of coal is lost if the section is sealed. 

Goo13 work has been done In Oueetiolancl, when the uepartment of 
Mines, Coal Owners Association and the Colliery ~3ployees UniOn 
jointly sponsored a handbook dealing with spontaneous curnbustion in 
undergrouna cud1 minoc. T h i s  handbook is distributed to all employees 
f r o 0  of charge. It details how heatings occu~, U~cir detection, . 
precautionary measures to DM Lahen and the final sealing where there 
is a risk uE explosion. 

Consideration is being given in Australia to continuous 
monitoring of mine air. where heatings may be a problem, such 
installations can be justified by early detection of an incipient 
heating. Appropriate action can be immediately taken and a high 
level of mine safety achieved. 

In conclusion one must recognise that so far as Australia is 
concerned, very considerable reserves of coal are available for 
exploitation. It is apparent however, that as open cut type reserves 
become depleted and more operations become necessary in underground 
type mining, significant cost increases must be faced. It is also 
apparent that the complexities of underground mining at depths in 
excess of existing underground operations will present considerable 
challenges to all concerned. It is important therefore, that areas 
of research with regard to such problems be both expanded and 
intensified in financial application. 

I believe it io alsn of amportance for Australian mining 
technicians both in the fields of operations d11i1 reooarch, to 
become associated with what is being done in other parts of the 
wnrld SO far as research into these matters is concerned. The need 
for energy in all its ft~ims in iwpnrtant to us all, therefore close 
co-operation between the mining communities of the world bcoornefi 
essential if we are to satisfactorily solve the many mining problems 
confronting us. 



HELPING FINANCE NEW MINES WITH REVENUES FROM COALBED DEGASIFICATION 
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I n t r o d u c t i o n  

Even o cursory  examination of t h i s  c o u n t r y ' s  f u e l  requirements  makes i t  c l e a r  
t h a t  t h e  demand f o r  c o a l  w i l l  i n c r e a s e  d r a m a t i c a l l y  i n  t h e  f u t u r e .  The p red ic ted  
e x t e n t  of t h i s  demand depends on t h e  b i a s  and/or  optimism of t h e  f o r e c a s t e r ,  bu t  
according t o  most e s t i m a t e s ,  c o a l  consumption i n  t h e  United S t a t e s  may be expected 
t o  double  i n  t h e  nex t  1 0  y e a r s  and t r i p l e  o r  quadruple by t h e  year  2000 (17,20) .  

I n  t h e  p a s t ,  t h e  growth of t h e  c o a l  i n d u s t r y  could be c h a r a c t e r i z e d  a s  a  boom 
o r  bus t  c y c l e  s t r o n g l y  in f luenced  by p o l i t i c a l  and economic e v e n t s  ( f i g .  1 ) .  Over 
t h e  p a s t  1 5  y e a r s  t h e  c o a l  i n d u s t r y  has  grown a t  an annual  r a t e  of 3  p c t ;  i n  1976 
c o a l  p roduc t ion  reached an a l l - t ime  h igh  and from 1973-76 t h e  mine mouth p r i c e  of 
c o a l  more than  do~rhl.rrl (1 ,  15-18). I n  s p i t e  uf che o v e r a l l  growth of t h e  i n d u s t r y ,  
p roduc t ion  from underground mines has  remained s t a t i c  o r  dec l ined  i n  t h e  l a s t  1 0  
y e a r s  ( f i g .  2 ) .  At p r e s e n t ,  about h a l f  of United S t a t e s  c o a l  i s  produced from 
s u r f a c e  mines, bu t  i t  is  u n l i k e l y  t h a t  t h i s  t r end  w i l l  con t inue  over t h e  long term. 
Not on ly  can  p o l i t i c a l  and socio-economic f a c t o r s  be expected t o  put a d d i t i o n a l  con- 
s t r a i n t s  on t h e  growth.of s u r f a c e  mining, but  l e s s  than  one-third of United S t a t e s  
c o a l  r e s e r v e s  can  be mined by s u r f a c e  methods (1, 19) .  There a r e  i n d i c a t i o n s  t h a t  
t h e  ou t look  f o r  underground mining i s  a l ready  improving. I n  1974, t h e  number of 
underground mines inc reased  ( f i g .  3 ) ,  and underground mines account f o r  80 p c t  of 
t h e  new c a p a c i t y  planned f o r  t h e  Appalachian reg ion  t o  1985 (4 ,  1 8 ) .  

An immediate problem which should be faced p r i o r  t o  mine development i s  t h e  
p r o b a b i l i t y  t h a t  new c o a l  mines w i l l  exper ience  severe  methane emissions.  A s  
r e a d i l y  a c c e s s i b l e ,  r e l a t i v e l y  sha l low r e s e r v e s  a r e  dep le ted ,  new mines must be 
opened i n  deeper  p a r t s  of t h e  c o a l f i e l d s  ( f i g .  4 ) .  T h e o r e t i c a l l y  deeper  bitumi- 
nous c o a l s  c o n t a i n  more gas  than sha l low c o a l s  ( f i g .  51, and f i e l d  s t u d i e s  have 
shown t h a t  t h i s  i s  u s u a l l y  t h e  case  (10, 12) .  I f  on ly  t r a d i t i o n a l  d i l u t i o n  methods 
- - ?  used t o  hand le  methane emission i n  new deeper  mines, t h e  v e n t i l a t i o n  systems 

.1 be expensive,  i n  terms of c a p i t a l  inves ted  and i n  o p e r a t i n e  c o s t s ;  and i t  is  
:o probable t h a t  p r o d u c t i v i t y  w i l l  be adverse ly  a f f e c t e d  by excess ive  methane 

~ ~ ~ s s i o n  a t  t h e  f a c e .  

I n  a d d i t i o n  t o  t h e  t e c h n i c a l  problems i n  t h e  development of new underground 
bituminous c o a l  mines, t h e  need t o  o b t a i n  l a r g e  amounts of c a p i t a l  from e x t e r n a l  
sources  w i l l  a l s o  be a  problem. When c o a l  mining was t h e  domain of t h e  smal l  
independent producer ,  c a p i t a l  needed f o r  mine expansion was o f t e n  ob ta ined  from a 
l o c a l  bank o r  from i n t e r n a l  cash  flow (21) .  



I f  annua l  c o a l  p roduc t ion  is  t o  reach  1 .5  b i l l i o n  t o n s  by t h e  t u r n  of t h e  
cen tury ;  35 m i l l i o n  t o n s  of new c a p a c i t y  must be added each year .  It has  been 
es t imated  t h a t  600 t o  800 new l a r g e  c a p a c i t y  mines w i l l  be needed t o  meet t h e  
inc reased  demand f o r  c o a l  (2 ) .  I n  1974, c a p i t a l  requirements  f o r  t h i s  l a r g e - s c a l e  
expansion were est imated a t  $8 b i l l i o n  t o  $22 b i l l i u l ~ .  C a p i t a l  r cqu i red  f o r  deep 
mines was es t imated  a t  $25 t o  $36 per  t o n  of annual  c a p a c i t y  (20-21). Depending 
on s i z e ,  t o t a l  c a p i t a l  investment i n  an underground bituminous c o a l  mine w i l l  be 
between $32.5 m i l l i o n  and $123 m i l l i o n  ( t a b l e  1 )  (8-9). Sillce c o a l  mining is con- 
s i d e r e d  a h igh  r i s k  i n d u s t r y ,  i t  does n o t  r e a d i l y  a t t r a c t  c a p i t a l ,  p a r t i c u l a r l y  i n  
t imes of economic and r e g u l a t o r y  u n c e r t a i n t y .  In o r d e r  t o  compete e f f e c t i v e l y  i n  
p u b l i c  money markets  t h e  c o a l  i n d u s t r y ,  p a r t i c u l a r l y  t h e  independent producer ,  must 
be Rhle t o  lower economic r i s k ,  r each  f u l l  p r o d u c t i v i t y  on schedu lc ,  s u s t a i n  in-  
c reased  ea rn ings .  and s u b s t a n t i a l l y  improve tlw rate of r e t u r n  UII i~v.rrccrd r n p i t - '  
(14). 

TABLE 1. - C a p i t a l  r equ i red  f o r  new mine development, $ m i l l i o n  

Capaci ty,  .................. MMtpy 1 2 3 5 
I n i t i a l  c a p i t a l  .................. 20.8 36.9 54.8 84.0 

................. Dcferrod capi ta l  1 18.6 26.2 39.0 

T o t a l  c a p i t a l  .................. 32.5 5 . 5 . 5  81.0 123.0 

C a p i t a l i t o n  of annual  c a p a c i t y  $ 32.0 28.0 27.0 25.0 

A concept  developed, t e s t e d ,  and eva lua ted  by t h e  Methane Control  and Vent i l a -  
t i o n  group of t h e  Bureau of Mines, P i t t s b u r g h  Mining and Safe ty  Research Center  can 
both reduce  methane emission problems and h e l p  mine f inanc ing .  F i e l d  exper ience  
has  demonstrated t h a t  gas  p roduc t ion  from coalbeds through mine s h a f t s  f o r  3 t o  5 
y e a r s  b e f o r e  mining commences is  t e c h n i c a l l y  f e a s i b l e  and economically a t t r a c t i v e .  
I n  l e s s  than 4 y e a r s ,  a lmost  2 b i l l i o n  cub ic  f e e t  of methane has  been d ra ined  
through.twn mine s h a f t s  t o  t h e  P i t t s b u r g h  coalbed i n  nor the rn  West V i r g i n i a  ( f i g .  6)  
(6-7). Gas produc t ion  from each s h a f t  averaged over  600,000 c f d  and t h e  gas was 
s o l d  a s  h igh  Btu gas.  As workings approached t o  wiLlril> 500 f c c t  of one of t h e  
s h a f t s ,  methane emission a t  t h e  f a c e  dec l ined  t o  30 p c t  of what would normally be 
expected from v i r g i n  c o a l  i n  t h i s  mine ( f i g .  7) .  It is  ev iden t  t h a t  both commer- 
c i a l  r ecovery  u1 t h e  g a s  and decreased methane emission a t  t h e  f a c e  c o n t r i b u t e  t o  
improved ea rn ings .  

Technology of Metl~aue Drairlugc 

Whcn t h e  0rgani.c d o h r i s  of Carboniferous f o r e s t s  was converted t o  c o a l ,  meth- 
ane and o t h e r  gaseous hydrocarbons were a l s o  pruduced. Although a large  pcrcentagc 
of t h i s  gas  migrated away from t h e  coalbed dur ing  geo log ic  time, a l l  coalbeds con- 
t a i n  methalle. The amount of methane i n  t h e  c o a l  may vary  from 0.01 t o  more than 
600 cu f t l t o n .  T h e o r e t i c a l l y  t h e  amount of g a s  i n  c o a l  i n c r e a s e s  wi th  inc reased  
rank,  and w i t h  dep th ,  a s  i n  t h e  Mary Lee conlbed where can contenc t r i p l e s  wi th  a 
twofold i n c r e a s e  i n  dep th  ( f i g .  8 ) .  Although t h e  t o t a l  methane emission from a 
mine depends on many f a c t o r s  inc lud ing  p roduc t ion  r a t e ,  gob a r e a ,  r i b  e x t e n t ,  and 
age, mines i n  g a s s i e r  p a r t s  of coalbeds g e n e r a l l y  encounter  more s e v e r e  methane 
emission problems. 

The g a s  i n  c o a l ,  a l though u s u a l l y  r e f e r r e d  t o  a s  methane, i s  a c t u a l l y  a mi, 
t u r e  of  gases .  Methane is t h e  major component, c o n s t i t u t i n g  between 80 and 99 p c t  
of t h e  g a s ,  bu t  h i g h e r  molecular  weight  hydrocarbons, carbon d iox ide ,  hydrogen, 
oxygen, n i t rogen ,  and helium a r e  a l s o  p r e s e n t .  Coalbed gas does no t  c o n t a i n  carbon 
aonoxide,  s u l f u r  compounds, o r  ox ides  of n i t rogen .  The h e a t i n g  v a l u e  of gas  
d ra ined  d i r e c t l y  from coalbeds is  u s u a l l y  more than  900 Btuicu f t .  S ince  t h e  com- 
p o s i t i o n  and h e a t i n g  v a l u e  of t h e  gas  i n  c o a l  is very  s i m i l a r  t o  n a t u r a l  gas  
( t a b l e  2) ,  g a s  d ra ined  from coaibeds is  interclral lgeable wi th  n a t u r a l  &as. It can 



be added d i r e c t l y  t o  commercial gas  p i p e l i n e s ,  used a s  a chemical feedstock.  con- 
v e r t e d  t o  LNG, used a s  b o i l e r  f u e l ,  o r  i n  gas  t u r b i n e s  t o  genera te  e l e c t r i c i t y .  
The gas  i n  c o a l  i s  a h igh  q u a l i t y ,  h igh  Btu (11) .  

TABLE 2. - Composition and hea t ing  v a l u e  of coalbed g a s  
and n a t u r a l  gas ,  p c t  

Source CH4 - 
Pocahontas No. 3 ..... 96.87 
P i t t s b u r g h  ........... 90.75 
K i t t a m i n g  ........... 97.32 
Lower Hnrtshorne ..... 99.22 
Mary Lee ............. 96.05 
Natura l  g a d r  ........ 94.40 

11 Other hydrocarbons. - 
21 N2, C02, and He. - 
31 Moore. B. J., R. D. M i l l e r ,  and R. D. Shrewsbury. Analyses of - 

Natura l  Gases of t h e  United S t a t e s .  USBM IC 8302, 1966. 
144 pp. 

I f  t h e  average gas con ten t  of c o a l  is es t imated  a t  200 cu f t / t o n ,  minable 
c o a l s  i n  t h e  coterminous United S t a t e s  c o n t a i n  more than  300 t r i l l i o n  cub ic  f e e t  
of gas and a l l  U.S. c o a l  r esources ' cou ld  c o n t a i n  over  750 t r i l l i o n  c u b i c  f e e t  of 
gas  ( t a b l e  3 ) .  S p e c i f i c a l l y ,  t h e  Mary Lee c o a l  group i n  t h e  Black Warrior Basin 
of Alabama c o n t a i n s  more than  1 t r i l l i o n  c u b i c  f e e t ;  t h e  Beckley coalbed i n  
Ra le igh  County, West V i r g i n i a  c o n t a i n s  .1 t r i l l o n  cub ic  f e e t  of gas ;  and t h e  P i t t s -  
burgh coalbed i n  southwestern Pennsylvania con ta ins  more than  0.5 t r i l l i o n  c u b i c  
f e e t  of gas .  To pu t  t h e s e  numbers i n  pe rspec t ive ,  i n  1974, proved r e s e r v e s  of 
n a t u r a l  gas  i n  t h e  United S t a t e s  t o t a l e d  237 t r i l l i o n  f e e t  (18) .  According t o  a 
Na t iona l  Academy of Sciences s tudy  (13) ,  r o u t i n e  d ra inage  and u t i l i z a t i o n  of coa l -  
bed gas  is  t h e  most t e ~ h n i c a l l y  ad\renced nnd r e a d i l p  lluylemented means of supple- 
menting conven t iona l  gas  p roduc t ion  and meeting short- term energy needs. 

TABLE 3. - Estimated U.S. c o a l  and coalbed gas  resources  

Coal, Coalbed gas ,  
b i l l i o n  t o d l  , t c f  

Coal r e s e r v e s  ..................... Sur face  mining 137 - - ................. Underground mining 297 59 

I d e n t i f i e d  c o a l  r esources  
0-3.000 f e e t  ....................... 1.297 

Hypothe t i ca l  c o a l  r esources  
0-3.000 f e e t  ....................... 1,849 370 ................... 3,000-6,000 f e e t .  388 78 

T o t a l  ............................. 3,968 766 

1/ A v e r i t t ,  P. Coal Resources of t h e  United S t a t e s ,  January 1, 1974. - 
U.S. Geol. Survey Bull .  1412, 1975, p .  1, 33. 



Although there  a r e  severa l  methods of draining gas from coalbeds ( table  4) 
a t  present,  draining gas through horizontal  holes d r i l l e d  from the bottom of shaf ts  
is the  most economically a t t r ac t ive .  In t h i s  procedure, an a i r  shaf t  i s  sunk 3 t o  
5 years before i t  i s  needed f o r  ven t i l a t i on  and long horizontal  holes are  d r i l l e d  
r ad i a l ly  i n t o  the  coalbed from the  sha f t  bottom. The drainage holes a r e  connected 
through a water t rap  t o  a receiver tank, and the gas is piped t o  the  surface 
through a pipe located behind the  shaf t  l i ne r .  The kind of surface i n s t a l l a t i o n  
needed depends on the  end use of the gas (3, 7). Gas production r a t e  from hori- 
zonta l  boreholes depends upon the aggregate length of the holes. In the Pit tsburgh 
coalbed, t h e  drainage r a t e  averages 125 cu f t  of gas per day per l i nea r  foot of 
drainage hole. In other words, f i v e  drainage holes averaging 1.200 f e e t  i n  length, 
an ageregate length of 6,000 f e e t ,  produce 750 Mcf of gas per day. 

TABLE 4. - Methane drainage methods 

1. Horizontal boreholes from shaf t  bottoms. 
2 .  Ycr t ica l  borehnles from the surface.  
3. Ver t ica l  boreholes i n to  gob areas. 
4. Directional s l a n t  hole from the  surface.  
5. Horizontal boreholes from underground 

mine workings. 

Economics of Methane Drainage 

The economic analys is  of the cos t  and benef i t s  of coalbed degas i f ica t ion  pre- 
sented here  i s  r e l a t i ve ly  simple. It does not take i n t o  account depreciation,  de- 
p le t ion  allowances, tax  benef i t s ,  accounting methods, and other fac tors  which vary 
f o r  each coal  producer. In t h i s  paper cap i t a l  investment, cos t ,  and income fo r  
coalbed degas i f ica t ion  a re  estimated f o r  a hypothetical  degas i f ica t ion  program i n  
which th ree  ven t i l a t i on  sha f t s  a r e  sunk 3 years before coal  mining begins and 
used t o  dra in  methane from the  coal.  One shaf t  dra ins  gas fo r  3 years,  one f o r  4 
years,  and one dra ins  gas f o r  5 years.  A t  the  base of each sha f t ,  f i v e  2,000-foot- 
hor izonta l  drainage holes a r e  d r i l l e d  t o  glve an aggregate drainage length of 
30,000 f e e t .  The only const ra in t  on the s i z e  of the sha f t  i s  t h a t  the area within 
t he  coalbed a t  the shaf t  bottom be large  enough t o  accommodate drainage equipment 
and d r i l l i n g  operations.  Since d r i l l i n g  and drainage operations-have been accom- 
plished i n  a 14-foot-diameter area (154 sq f t ) ,  most sha f t s  require no s igni f icant  
modification t o  be used fo r  gas drainage. The cost  of sinking the  sha f t s  i s  e s t i -  
mated a t  $4 mill ion.  Since the  sha f t s  a r e  needed f o r  subsequent mine operation, 
tlrc c a p i t a l  l.nvested i n  t h e i r  construction need not be charged against  methane 
drainage. 

A major cos t  incurred from d e g a s i f l c a ~ l o u  i s  tho i n t e r e s t  nn capital invested 
fo r  ea r ly  sha f t  construction.  If i c  is assumed tha t  the annual i n t e r e s t  r a t e  is 
8 pct  and t h a t  the three  s h a f t s  cos t  $4 mill ion,  the annual i n t e r e s t  i s  $320,000. 
Ovor t he  5-year period t o t a l  i n t e r e s t  i s  $1.3 mill ion.  Dut i f  i t  i s  assumed t h a t  
the annual r a t e  of i n f l a t i on  i s  5 yc t ,  the  coot of C O ~ C I : I I I ' . L ~ L ~  thc  ohafte when 
needed would be $4.8 mill ion.  Therefore, the  i n t e r e s t  f o r  ear ly  sha f t  construction 
chargeable t o  degas i f ica t ion  is actual ly  l e s s  than $0.5 million. Even t h i s  amount 
i s  j u s t i f i e d  considering t h a t  mine development cos ts  have been r i s ing  f a s t e r  than 
the  average i n f l a t i o n  r a t e .  

Early construction of a l l  three  shaf ts  has other advantages. Sinking shaft 
ear ly  and simultaneously can r ea l i ze  savings i n  s i t e  preparation, as  well  as  i n  
engineering cos ts ;  and cos t ly  delays due t o  equipment shortages or lack of quali-  
f ied  personnel can be avoided. When sha f t s  a r e  sunk i n  advance, i n t e r e s t  charges 
add approximately $1.3 mi l l ion  t o  t h e i r  i n i t i a l  cos t ;  t h i s  amount can be recovered 
from revenue generated by gas drainage. It can a l so  bc ju s t i f i ed  1.n terms of rap- 
id ly  r i s i n g  cos t s  and the f a c t  t h a t  sha f t s  a r e  avai lable  when needed, avoiding 
production delays. 



Other c o s t  i t ems  r e l a t e d  t o  methane d ra inage  from c o a l  i n c l u d e  d r i l l i n g  
h o r i z o n t a l  h o l e s  i n  c o a l ,  underground equipment, s u r f a c e  i n s t a l l a t i o n ,  mainte- 
nance and s e r v i c i n g .  Although a c t u a l  c o s t s  depend on t h e  i n d i v i d u a l  s i t u a t i o n ,  
t h e  fo l lowing  b a l l p a r k  f i g u r e s  a r e  considered reasonable.  The c o s t  of d r i l l i n g  
t h e  h o r i z o n t a l  d ra inage  h o l e s  i s  approximately $25,000 p e r  s h a f t .  C a p i t a l  ex- 
p e n d i t u r e  f o r  underground equipment i s  approximately $250.000. Since t h e  sa lvage  
va lue  of t h i s  equipment depends on i t s  condi t ion  and l e n g t h  of use ,  i n  t h i s  i n -  
s t a n c e ,  i t  w i l l  be wholly deprec ia ted  over  t h e  d ra inage  period.  The c o s t  of  t h e  
s u r f a c e  i n s t a l l a t i o n  depends on t h e  u l t i m a t e  means of d i spos ing  of t h e  gas ,  b u t  
i t  w i l l  probably be $200,000 o r  l e s s  pe r  s h a f t ,  aga in ,  no sa lvage  v a l u e  i s  calcu-  
l a t e d .  Annual maintenance is  es t imated  a t  $2,500 per  we l l .  Thus, t o t a l  expendi- 
t u r e  f o r  d r a i n i n g  gas  from t h e  t h r e e  s h a f t s ,  inc lud ing  equipment, d r i l l i n g ,  and 
maintenance, would be about  $1.5 m i l l i o n .  Expenditures  f o r  gas  d ra inage  and 

. d i t i n n a l  i n t e r e s t  on inves ted  c n p i t a l  i n c r e a s e  c a p i t a l  investment  i n  a new mine 
2 p c t  o r  l e s s .  The c o s t s  of d r a i n i n g  gas from c o a l  ( t a b l e  51, a r e  small. when 

mpared t o  o t h e r  c o s t s  of p u t t i n g  a coal mino i n t o  operaclon.  

TABLE 5. - Costs  r e l a t e d  t o  methane d ra inage  through s h a f t s .  $ m i l l i o n  

In  advance As needed 

................................. C a p i t a l  4.0 4.0 

I n t e r e s t  I n f l a t i o n  
@ 8%/yr  @ 5XIyr ................................ 1st y e a r  0.32 0.20 ................................ 2d y e a r  .32 .20 

3d y e a r  ................................ .32 .20 
4 t h  year  ................................ .22 .14 ................................ 5 t h  year  .11 .06 

T o t a l  ................................. 1.29 .80 

S h a f t  c o s t  .............................. 5.29 

Cost of h o r i z o n t a l  d ra inage  h o l e s  ....... . 83  
............ Cnst of a u r I a c e  i n s t a l l a t i o n  .60 ....... Maintenance @ $2,50O/yr p e r  s h a f t  .03 . 

T o t a l  ................................. 1.46 

T o t a l  c o s t  i n  advance ................. 6.75 
S h a f t  c o s t  a s  needed .................. -4.80 
Cost of d e g a s i f i c a t i o n  ................ 1.95 

Income from d e g a s i f i c a t i o n  depends bo th  on gas product ion r a t e  and t h e  s e l l i n g  
p r i c e  of  t h e  gas. At t h e  r a t e  of 125 c f d l f t ,  an i n s t a l l a t i o n  wi th  an aggrega te  
d ra inage  l e n g t h  of 30,000 f e e t  would produce 3.75 m i l l i o n  cub ic  f e e t  of gas p e r  
day; annual  product ion from t h r e e  s h a f t s  would be  1 . 3  b i l l i o n  cub ic  f e e t .  Assuming 
t h a t  one s h a f t  was used f o r  3 years ,  one f o r  4 y e a r s ,  and one f o r  5 y e a r s ,  t o t a l  
gas  product ion would be  over  5 b i l l i o n  cub ic  f e e t .  

At t h e  p r e s e n t  time t h e  wellhead p r i c e  of new n a t u r a l  gas  is $1.42/Mcf p l u s  
$0.01 annual  e s c a l a t i o n .  However, t h e  Federa l  Power Commission does n o t  i n t e n d  t o  

g u l a t e  t h e  p r i c e  of  gas d ra ined  from c o a l ,  and a l s o  proposes t o  modify i ts  regu- 
t i o n s  t o  encourage t h e  s a l e  of methane from c o a l  t o  t n t e r o t a t e  p i p e l i n e  compa- 
e s  (5). Under these  circumstances,  $2/Mcf is  considered a reasonable p r i c e  f o r  

gas  from c o a l ,  a l though h i g h e r  spo t - sa le  p r i c e s  w i l l  p r e v a i l  i n  a "free" market. 
Gas d ra ined  a t  t h e  r a t e  of  3.75 MMcfd, s o l d  f o r  $2/Mcf, would genera te  revenues of  
$7,500 p e r  day. At t h i s  r a t e ,  t h e  c o s t s  d i r e c t l y  chargeab le  t o  d e g a s i f i c a t i o n  a r e  
recovered i n  l e s s  than 1 year .  At $2IMcf, t h e  gas d ra ined  and recovered from t h e  
t h r e e  s h a f t s  would genera te  $2.6 m i l l i o n  i n  g ross  annual  revenue; t o t a l  revenues 
would be  more than $10 m i l l i o n  during t h e  5-year d ra inage  per iod  ( t a b l e  6) .  Income 
from d e g a s i f i c a t i o n  is ob ta ined  dur ing  t h e  planning and e a r l y  development s t a g e s ,  
when c o a l  mining i t s e l f  p rov ides  l i t t l e  o r  no income. 



TABLE 6. - Gross income from methane drainage 
through sha f t s  

Shaft number ................. 1 2 3 Total - 
.......... Drainage r a t e  Wctd  1 . 2 3  1.25 1.25 7.75 

....... Annual production MMcf 440 440 440 1,320 

Annual income @ $2 per Mcf, 
$ million: 

1 s t  year ................. .88 .88 .88 2.64 
2d ycnr ................. .88 .88 .88 2.64 
3d yea r . . . . . . . . . . . . . . . . .  .88 .88 .88 2.64 ................. 4th year - .88 .88 1.76 
5th year ................. - - .88 .88 ---- 

Total  .................. 2.64 3.52 4.40 10.56 

Although t h i s  example i s  based on a 5-year draluagc pcuivd, rhere i s  no tech- 
n i c a l  reason f o r  l imi t ing  coalbed degasification t o  such a br ief  period. Experi- 
enao h a s  show t h a t  methane production r a t e s  from coalbeds have averaged approxi- 
mately 600 Mcfd l eve l s  fo r  Over 4 y c a ~ o  (fie. 91, It i s  f ea s ib l e  t o  envision the  
use o i  a i r  s l ~ a f t o  ac  as producing in s t a l l a t i ons  fo r  longer periods of timo. 
Since a l l  cos ts  a r e  concentrated i n  the  i n i t i a l  period, coalhed degasification 
continues t o  generate revenue without addi t ional  investment. 

Exactly how much money w i l l  be earned from coalbed degasification ac tual ly  
depends on var iables  such a s  accounting method, tax  treatment, e t c . ,  which a re  
beyond the  scope of t h i s  paper. To simply indica te  the  p o s s i b i l i t i e s ,  the net 
income from coalbed degasification,  before taxes, was calculated fo r  four cases 
( t ab l e  7 ) .  i n  which cos ts  chargeable t o  degas i f ica t ion  and the e f f ec t  of i n f l a t i on  
were varied. The cos t  of sinking the three sha f t s  i s  $4 mill ion.  During the 
5-year period they a r e  used fo r  drainage, the t o t a l  i n t e r e s t  on invested cap i t a l  
a t  8 pct per year i s  $1.3 million. The costs of horizontal  boreholes, surface 
i n s t a l l a t i o n ,  and ulnual maintenance i s  $1.5 mill ion.  In f l a t i on  a t  5 pct per year 
adds $0.8 mill ion t o  the o r ig ina l  cost  of the sha f t s .  Incomc from the  s a l e  of the  
gas i s  $10.5 mill ion.  

TABLE 7. - Net income from methane drainage through 
shaf ts ,  $ million 

Case ...................... - A - D c - B -  

Capital  iweutell i n  ohafto. 0 0 4.0 4.0 
In t e re s t  on i r~ves ted  

c a ~ i t a l . . . .  ............. 1.3 1.3 1.3 1.3 
E f f e c t o n i n f l a t i o n  ....... -0.8 0 -0.8 0 
Drainage cos ts  ............ 1.5 1.5 1.5 1.5 - - -  - 

Cost of methane drainage 2.0 2.8 6.0 6.8 

..... Income (gas @ $Z/Mcf) 10.5 10.5 10.5 10.5 
................ Net income 8.5 7.7 4.5 3.7 

Pre-tax, average annual ...... r a t e  of return pct 85 55 15 10 

In case A, the cos t  of the sha f t s  is not charged against  degas i f ica t ion ,  and a 
c r ed i t  is allowed for  i n f l a t i on .  This i s  considered reasonable s ince  the sha f t s  
w i l l  he needed fo r  mining and in f l a t i on  w i l l  r a i s e  t h e i r  cost  by a t  l ea s t  5 pct  per 
year. In t h i s  case the average annual r a t e  of return on invested cap i t a l  before 
taxes is  85 pct.  

I n  case H, cosLs a r e  s imi lar  t o  case A,  except t ha t  no c red i t  i s  allowed fo r  
i n f l a t i on .  Assuming tha t  the  e f f ec t  of i n f l a t i on  i s  negl ig ib le  reduces the  average 



annual  r a t e  of  r e t u r n  t o  55 p c t .  I f  t h e  c a p i t a l  inves ted  i n  s i n k i n g  t h e  s h a f t s  i s  
a l s o  charged a g a i n s t  d ra inage  income, t h e  average annual  r a t e  of r e t u r n  is 1 5  o r  
1 0  p c t  ( cases  C and D) depending on whether o r  n o t  t h e  e f f e c t  of i n f l a t i o n  is  i n -  
cluded. Considering t h a t  a 1 0  p c t  annual  r a t e  of r e t u r n  on inves ted  c a p i t a l  is 
average f o r  t h e  l a r g e s t  corpora t ions ,  t h e  r a t e  of r e t u r n  on inves ted  c a p i t a l  f o r  
coalbed d e g a s i f i c a t i o n  is  e x c e l l e n t .  

E f f e c t  of Methane Drainage on Coal Product ion 

C a p i t a l  investment f o r  d e g a s i f i c a t i o n  adds very l i t t l e  t o  t h e  t o t a l  c o s t  of a 
mine; i t  produces income from t h e  s a l e  of t h e  gas and economic b e n e f i t s  extend t o  
subsequent  coa l  mining ( f i g .  10) .  I n  normal mine development, methane emission 
i n c r e a s e s  a s  headings a r e  d r iven  i n t o  vi.rgin coa l .  Research by t h e  Bureau of Mines 

ahown Lhat when gas is dra ined  p r i o r  t o  mining, methane emission a t  t h e  f a c e  is 
uced by 70 p c t ,  and emission from t h e  r i b  is correspondingly reduced. 

To j u 6 t l f y  t h e  l a r g e  investment  requ i red ,  a mine must be capable of  producing 
c o a l  a t  a s u s t a i n e d  r a t e ,  and i t  must reach f u l l  product ion a s  r a p i d l y  a s  p o s s i b l e .  
Development t imes f o r  underground mines a r e  u s u a l l y  es t imated  t o  be between 1 and 
3 y e a r s .  However, a random sample of p r o d u c t i v i t y  ve rsus  mine age shows t h a t  most 
young mines, t h o s e  i n  o p e r a t i o n  between 3 and 1 0  y e a r s ,  a r e  o p e r a t i n g  a t  substan-  
t i a l l y  l e s s  than t h e i r  planned c a p a c i t y  ( f i g .  11) .  During t h e  development pe r iod .  
t h e  income from d e g a s i f i c a t i o n  and enhanced p r o d u c t i v i t y  r e a l i z e d  from mining a 
l e s s  gaeoy c o a l  seam may be  c r i t i c a l  i n  determining t h e  economic v i a b i l i t y  of a 
coa l  mine. For i n s t a n c e ,  l a b o r  and o p e r a t i n g  c o s t s  dur ing  development a r e  e s t i -  
mated a t  b e t w e e i s 5  and $15 mi l l ion .  I f  t h e s e  c o s t s  can be  covered by revenue 
from methane d ra inage ,  t h e  need f o r  shor t - t e rm borrowing a t  t h i s  s t a g e  is reduced. 
Draining methane from coa l  p r i o r  t o  mining g e n e r a t e s  income before  c o a l  i s  mined 
and can reduce bo th  development t ime and c o s t .  

Although b e n e f i t s  i n  subsequent mining a r e  d i f f i c u l t  t o  q u a n t i f y ,  t h e s e  may 
have a s u b s t a n t i a l  e f f e c t  of p r o f i t a b i l i t y .  Increased p r o d u c t i v i t y  i n  mining a 
l e s s  gassy seam might a l o n e  be s u f f i c i e n t  j u s t i f i c a t i o n  f n r  d r a i n i n g  gas i n  advance 
of mining. T,i.kswiso, l o w e ~  ve l l c i l a t ion  c o s t s ,  i n  terms of l e s s  power and a w i l -  
i a r y  equipment, and fewer man-hours f o r  v e n t i l a t i o n ,  can enhance t h e  c o a l  mines 
p r o f i t a b i l i t y .  C e r t a i n l y  t h e  reduced hazard of i g n i t i o n s  and exp los ions  would be 
a s i g n i f i c a n t  f a c t o r  i n  t h e  o v e r a l l  a b i l i t y  of t h e  c o a l  mining i n d u s t r y  t o  a t t r a c t  
investment  c a p i t a l .  

Conclusion 

Implementation of  a n a t i o n a l  energy po l icy  which c a l l s  f o r  inc reased  depen- 
dence on c o a l  w i l l  r e q u i r e  v a s t l y  expanded c o a l  mining capac i ty .  It is  h igh ly  
p robab le  t h a t  new mines w i l l  be more expensive,  r e q u i r i n g  p u b l i c  f inanc ing .  To 
a t t r a c t  o u t s i d e  investment ,  t h e  c o a l  mining i n d u s t r y  w i l l  have t o  lower r i s k ,  in-  
c r e a s e  p r o d u c t i v i t y ,  and s u s t a i n  a h igh  product ion r a t e .  Many f a c t o r s  w i l l  d e t e r -  
mine whether t h i s  w i l l  be  accomplished, b u t  i t  w i l l  be  p a r t i c u l a r l y  d i f f i c u l t  i f  
problems r e l a t e d  t o  t h e  g a s s y . n a t u r e  of  deep coalbeds a r e  ignored u n t i l  they  be- 
come c r i s e s .  It can be  reasonably expected t h a t  new, deep c o a l  mines w i l l  exper i -  
---% very h igh  methane emission r a t e s ,  and dependence on v e n t i l a t i o n  a l o n e  t o  

t r o l  methane emission w i l l  be i n e f f e c t i v e  and w i l l  r e s u l t  i n  lower p r o d u c t i v i t y .  
zau of Mines exper ience  wi th  d e g a s i f i c a t i o n  of ve ry  gassy coa lbeds ,  e s p e c i a l l y  

_..- Pi t t sburg l l  coalbed,  has  shown t h a t  coalbed d e g a s i f i c a t i o n  p r i o r  t o  mining w i l l  
a m e l i o r a t e  gas problems dur ing  mining and w i l l  a l s o  g e n e r a t e  a d d i t i o n a l  revenue. 
I n  t h e  example given here ,  f o r  an a d d i t i o n a l  inves tment .o f  $2 m i l l i o n  f o r  d e g a s i f i -  
c a t i o n ,  more than $10 m i l l i o n  was r e a l i z e d  from t h e  s a l e  of d ra ined  gas.  In  o t h e r  
words, commercial gas  p roduc t ion  from c o a l  through mine s h a f t s  makes monetary 
sense ;  i t  is  t e c h n o l o g i c a l l y  f e a s i b l e ,  economically a t t r a c t i v e ,  and w i l l  improve 
t h e  p r o f i t a b i l i t y  and reduce t h e  hazards  of c o a l  mining. Degas i f i ca t ion  i n  advance 
of mining reduces  t h e  r i s k ,  bo th  f i n a n c i a l  and phys ica l ,  involved i n  mining t h e  
c o a l .  
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FIGURE 2 . .  - U.S. bituminous coal production, 1900-74. 
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FIGURE 3 .  - Number of U . S .  coal mines, 1965-74. 
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FIGURE 4 .  - Age of coal mines veruus depth 
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FIGURE 5 .  - Variation i n  gas content  of coal with 
rank and depth. 
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FIGURE 6 .  - Cumulative gas production from Multipurpose Borehole and 

Honey Run Shaft, Pittsburgh Coalbed. 
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FIGURE 8 .  - Gas content of Mary Lee Coalbed, 
variation with depth. 
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DEVELOPMENT OF BLIND SHAFT BORING SYSTEM 

James E. F r i an t ,  Program Manager, and 
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Spokane Mining Research Center, Spokane, Washington 

ABSTRACT 

The Bureau of Mines i s  adapting teclu~~ology exis t ing  in  tunnel boring industry 
t o  mechanize verc lca l  sha f t  sink in^ with a Blind Shaft Borer (BSB). The tunnel 
boring manufacturers have made s ign i f i can t  advancements In ~ u t t i n g  rock, suippart- 
ing openings, and mobilizing and demobilizing equipment, a l l  of which i s  applic- 
able tn a shaf t  sinking machine. 

The Blind Shaft Boring system has Been designed t o  bore and concrete l l u e  
v e r t i c a l  coal-mine sha f t s  up t o  1,800 f e e t  deep a t  r a t e s  up t o  48 f e e t  per day. 
The system w i l l  b e  demnnsrrated a t  a coal mine s i t e  i n  Alabama s t a r t i n g  ea r ly  i n  
1978. Final  d e t a i l  design has been completed and rhe udchino i s  pa r t l y  fabr ica ted .  

The Robbins Company is the  prime contractor f o r  the Bureau. StrbcuiiL~actoro 
t o  The Robbins Company have designed and w i l l  fabricate supporting equipment and 
w i l l  s ink  the demonstration sha f t .  

The BSB incorporates bas ic  concepts developed f o r  the tunnel boring industry.  
The major difference,  however, requi res  t ha t  the  cut t ings  be collected a t  the  face 
and transported t o  the  top of the  machine where they a r e  t ransfer red  t o  a skip- 
hois t ing  system. A mechanical muck pickup system has been tes ted  i n  a fu l l -sca le  
f a c i l i t y ,  and a pickup system now e x i s t s  which i s  compatible with machine produc- 
t i on  goalc. 

The machine w i l l  weigh about 350 tuus and require  abuut 1,000 horsepower. 
The cutterhead w i l l  be e l e c t r i c a l l y  powered, and the  control  system, e .g .  grippers,  
guide shoes, torque reactors ,  and cutterhead advance cylinders w i l l  be powered 
hydraulically.  The sha f t  w i l l  he vent i la ted  with up t o  50,OO.O cfm of a i r .  Six 
operating personnel w i l l  be required i n  the  sha f t .  

The Rlind Shaft Borer (BSB) projec t  i s  pa r t  of the Bureau of Mines Advancing 
Coal Mine Technology program. This energy program is subdivfded i n t o  12 subpro- 
grams, each addressing a major technological area.  One of. t l iese i s  the  High Speed 
Coal Mine Developmcnt Subprogram. under which the Blind Shaft Borer is funded. 
This subprogram 1.n committed, i n  pa r t ,  t o  provide f a s t e r ,  s a f e r ,  and cheaper meth- 
ods of sinking large-diameter coal sha f t s  t u  aid i n  meetlng our expected energy 
goals. Shaft sinking using present methods and equipment is probably the  most 
time consuming, cos t ly ,  and hazardous operation associated with the  opening of a 
new mine or i n  providing addi t ional  access t o  an expanding mine. The basic "dr i l :  
b l a s t ,  and muck" cycl ic  approach has improved only marginally w e r  the  l a s t  hundrt 
years with the  development of delay detonators,  d r i l l  jumbos, and mechanical muck. 
ing'machines. This sha f t  sinking method is s t f l l  labor sens i t ive ,  and provides 
such a poor working environment tha t  miners w i l l h g  t o  work i n  t he  sha f t s  a r e  be- 
coming d i f f i c u l t  t o  f ind .  

The goals of the Rlind Shaft Borer a r e  t o  design, f ab r i ca t e ,  and demonstrate 
a machine tha t  w i l l  bore a 24-foot-diameter shaf t  from the  surface t o  1.800 f ee t .  
However, to  t e s t  the machine, a commercial shaf t  w i l l  be constructed. Therefore, 
the sha f t  s i t e  must be cleared and cored, the  system must be mobilized and 



demobilized, the  surface f a c i l i t i e s  provided, and the sha f t  l ined.  This required 
the  design and fabr ica t ion  of a t o t a l  system, and one tha t  i s  i n  accordance with 
MESA requirements. 

The construction of tunnels was a s imi lar  slow cyc l i c  operation u n t i l  the  ad- 
vent of the  Tunnel Boring Machine (TBM), or a s  they a r e  popularly ca l led  moles. 
Hard rock TBMs came in to  t h e i r  own i n  the  1960's. Today they a r e  v i r t u a l l y  stand- 
ard prac t ice  i n  tunnels longer than 1 mile. These mechanical mammoths progress a t  
a r a t e  frequently over 100 f e e t  per day. Segmented or cas t  l in ing systems a r e  in- 
tegrated i n t o  the  machine shie ld ,  and exposure of men.to unsupported ground can be 
v i r t u a l l y  eliminated. In  shor t ,  both the  ef f ic iency and the  working environment 
have been dramatically improved by the  TBM. 

By applying t h i s  technology t o  shaf t  sinking. s imi lar  benef i t s  might be a t -  
ained. Conventional sinking of s h a f t s  over 20 f e e t  i n  diameter seldom progresses 
o r e  than 30 f e e t  per week. The Blind Shaft Borer system is designed t o  bore and 

-ine a t  36 f e e t  per day, with a poss ib i l i t y  of a t ta in ing 50 f e e t  per day. The 
sha f t  construction cos t s  a r e  estimated t o  6e s h i l a r  t o  t ha t  of the conventional 
sinking costs.  However, there  a r e  cos t  bene f i t s  t ha t  give the  borer system a d is -  
t i n c t  cos t  advantage. Refinements i n  i t s  desfgn and operation should occur through 
i t s  use t ha t  w i l l  fur ther  reduce its operating cos ts .  

Project  Goals 

Nine spec i f i c  requirements were established i n  the contract:  
1. The BSB system should excavate and l f n e  a f inished 22-foot-diameter sha f t  

having a minimum wall thickness of 1 foot .  
2. The machine should be capable of an Lnstantaneous advance r a t e  of 3 t o  5 

f e e t  per hour, and an average advance of 10 t o  15 f e e t  per s h i f t .  
3. The machine should be able . . to  operate a t  l e a s t  35 t o  55 percent of the  

time a s  with tunnel boring machines. 
4. The machine should be constructed t o  permit in-the-hole assembly and dis -  

assembly. Replacement of cu t t e r s  and ,other wear pa r t s  should not place personnel 
i u  hazardous locacione. 

5. The machine and support systems should operate with a six-person downhole 
l imi t .  

6 .  The l i n ing  system s h a l l  reduce unsupported ground over the machine t o  the  
minimum; and s h a l l  progress..continuously r i t h  the  machine. 

7. A water-control method s h a l l  be devised. This may include pregrouting, 
water pumps, the  a b i l i t y  t o  d r i l l  and in j ec t  grouts  from the  machine, and water 
r ings.  

8. The system must conform t o  a l l  applicable MESA regulations.  
9. Mobilization and demobilization time s h a l l  be kept t o  the minimum. 

Projec t  Plan 

Project  goals w i l l  be accomplished in  four  phases. The project  schedule i s  
shown i n  f i gu re  1. 

Phase I 

To a id  i n  es tabl ish ing design c r i t e r i a  f o r  the  system, current and pas t  sha f t  
inking technology was researched.. A preliminary design of both . the  machine'and 

~ t s  support systems was completed; The operatfng mode of the  system was es tabl ish-  
ed t o  obtain comparative performance and cos t  estimates compared t o  conventional 
shaf t  sinking. 

Because the  major development e f f o r t  of t he  BSB evolved around remwal of muck 
from the face,  a fu l l -sca le  t e s t  f i x t u r e  was b u i l t  t o  e s t ab l i sh  the f e a s i b i l i t y  of 
a t  l e a se  one remwal system by the end of Phase I. 



Every s ign i f i can t  coal  d i s t r i c t  i n  the United S ta t e s  was considered in  se lec t -  
ing a favorable s i t e  f o r  the  f i r s t  f i e l d  t e s t  of t he  machine and its support sys- 
tems. The more favorable s i t e s  were v i s i t e d ,  and a speci f ic  mine.shaft  i n  Alabama 
was f i n a l l y  selected.  

A team was chosen t o  design and use the BSB system. This team and i t s  major 
functions is  shown i n  f igure  2. 

Phase I was s t a r t ed  and completed on schedule. 

Phase I1 

The projec t  i s  current ly  i n  the  f i n a l  months of Phase 11, which is the  de t a i l -  
ed design, fabri-cation and assembly of the  blind shaf t  borer. Afcel- completing 
assembly i n  the  shop, the  boring machine w i l l  be tes ted ,  disassembled, and shippet 
t o  the sha f t  s i t e .  

Originally scheduled fo r  completion by the  summer of 1977, the  p io jec t  was de- 
layed when t e s t i ng  indicated t h a t  the  primary muck pickup scheme was only marginal 
i n  capacity.  The t e s t  f i x t u r e  was completely redesigned and s e t  up with an a l t e r -  
na te  face p r o f i l e  and pickup system. The r a i s e d  system doubled the  pickup capac- 
i t y  of t he  machine, 

In addi t ion  t o  the BSB deta i led  design, a l l  systems engineering was completed 
i n  Phase 11. The support systems were designed, and the  techniques f o r  . their  use  
with the BSB were established. Operational cycles t o  produce the  required da i ly  
advance were established. Methods of grouting, water cont ro l  and poor ground hand- 
l i n g  were developed. Planning f o r  machine contro l ,  guidance, instrumentation and 
data col lec t ion  a l so  were completed during t h i s  phase of t he  projec t .  Manuals f o r  
mobilization,  operation,  safe ty ,  and demobilization a r e  being prepared. 

F inal ly ,  contacts with regulating agencies were made. A l l  the  contractual and 
technical  planning requirements f o r  construction of the  sha f t  were completed. 

Phase 111-Shaft Sinking 

A t  t h e  date  of t h i s  paper, Phase I11 of the ove ra l l  borer projec t  has j u s t  be- 
gun. The machine i s  scheduled t o  a r r i v e  a t  che shaf t  s i t e  i n  mid-March 1978, and 
the  shaf t  should be complete before Decwber 1978. 

A l l  t he  support systems w i l l  be procured and the  s i t e  preparations made. Con- 
s t ruc t ion  of the  shaf t  w i l l  proceed in  accordance with prepared speci f ica t ions  and 
the  MESA approved plan. b i r ing  the  sinking, data w i l l  be continuously collected on 
the  performance of the  machine and s igni f icant  support systems such a s  l in ing,  ven- 
t i l a t i o n ,  and water control .  Special t e s t s  w i l l  determine the capaci t ies  of the  
subsystems, and deta i led  cos ts  of a l l  func~Luos w i l l  be recordcd. After the borine 
machine reaches the bottom of the  seam, i t  w i l l  be demobilized alld the shaf t  bottom 
and headings w i l l  be completed in  a conventional manner. 

Phase IV-Project Completion 

A l l  da ta  obtained from the'demonstration and t e s t s  w i l l  be analyzed t o  eval- 
ua te  the  system performance and determine what modifications would be required 
pr ior  to  another demonstration. 

BACKGROUND STIlDIES 

Technology survey 

Before embarking on preliminary machine design, pas t  e f f o r t s  were surveyed t o  
assure t h a t  a l l  avai lable  technology was considered. The r e s u l t s  showed tha t  there  
no blind s h a f t s  sunk with a downhole boring machine i n  a s ing le  pass. Most blind 



sinking attempts in rock, a t  120-inches diameter or greater ,  used s d r i l l  with c i r -  
cula t ing  mud a s  the means of removing the  cut t ings .  The l a rges t  American s ing le  
pass d r i l l  was 12 f ee t .  A summary of l a rge  d r i l l e d  sha f t s  i n  shown i n  t ab l e  1. 
L i t t l e  information obtained from the  l i t e r a t u r e  was d i r e c t l y  applicable t o  the  de- 
sign problems; the  bes t  source of information was the  tunnel borer industry. 

Comparison of Schedule and Cost 

Estimated System Performance and Costs 

To estimate the benef i t  of t he  blind shaf t  boring concept, schedule and cos t  
estimates were made f o r  a conventional sha f t  and a bored shaf t .  This study compar- 
ed the  estimated cos ts  of two sha f t s ,  each with a 22-foot f inished diameter, con- 
: r e t e  l ined with a 12-inch minimum thickneun, and 1.000 f e e t  i n  depth. One sha f t  
ras assumed to  be sunk using current d r f l l  and b l a s t  techniques, sequentially sunk 
l i th the  blind shaf t  borfng machfne and its support systems. Both sha f t s  were 

assumed t o  require a 50-foot-deep co l l a r ,  s imi lar  construction of the  sha f t  bottom, 
and a heading of about 30 f e e t  fn  two d f r ec t ions  from the  shaf t .  

Schedule Comparison - Figure 3 shows a t yp ica l  schedule fo r  a sha f t  conven- 
t i ona l ly  sunk by d r i l l i n g  and blasting.  It r e f l e c t s  average performance and crew 
s ize .  Approximately 11 weeks a re  required fo r  mobfli'zation including construction 
of t he  shaf t  col lar .  Due t o  the po ten t i a l  hazard of b las t ing  damage t o  the  stage,  
the  i n i t i a l  150 f e e t  of sha f t  sinking Gelow the  co l l a r  progresses slowly. Normal 
d i f f i c u l t i e s  i n  t ra in ing and coordinating the  crew. a l so  contribute t o  t h i s  reduced 
speed. Average performance assumed i n  sinking the  remaining 800 f e e t  of shaf t  is 
40 f e e t  per week. Six weeks were allowed fo r  completing the  shaf t  bottom The es- 
timate a l so  assumes tha t  addi t ional  work i n  the  sha f t ,  such a s  grouting, water con- 
t r o l ,  bad ground, e t c . ,  may add an addi t ional  6 weeks t o  the  overa l l  schedule. 
Finally,  3 weeks were allowed fo r  demobilizing the  system, and the  t o t a l  projec t  
was estimated a t  53 weeks. 

Figure 4 shows the  construction schedule f o r  the blind shaf t  borer system. 
The 36 weeks estimated fnr completion uf Lhe Bored shaf t  i s  considerably l e s s  than 
the over 1 year commonly experienced in  conventional sha f t  sinking. As i n  the  case 
of conventional shaf t  sinking. 11 weeks a r e  required fo r  s i t e  construction,  mobili- 
zation and c o l l a r  construction.  A t  125 f e e t  of advance per week, sha f t  boring 
takes only 8 weeks. Remwal of the  boring machine, completfng the s t a t i on ,  a 6- 
week contingency allowance, and 3 weeks fo r  s i t e  demo6ilization, complete the  
e f fo r t .  As shown, the ac tual  shaf t  boring would become a r e l a t i ve ly  small portion 
of the  overa l l  schedule time. Further reductions i n  the  schedule time w i l l  proba- 
bly occur with fu tu re  improvements i n  t he  mobilization and demobilization time. 

Figure 5 shows the  benef i t  of the  boring machine's f a s t e r  sinking r a t e  when 
three  sha f t s  a r e  required,  such a s  when opening a newmine. The main advantage i s  
t ha t  only one boring machine is required. The other supporting a c t i v i t i e s  can 
w e r l a p  and r epe t i t i ve  tasks performed simultaneously t o  speed the overa l l  opera- 
t ion .  The time required t o  sink three sha f t s  is 73 weeks--a savings of about one- 
t h i rd  w e r  boring three  sha f t s  separately.  

Relative Costs--Table 2 presents a comparison of estimated cos ts  f o r  a conven- 
:ionally sunk shaf t  and a bored sha f t .  Both sha f t s  a r e  assumed t o  he 22 f e e t  i n  
iiameter and 1,000 f e e t  deep. This estimate does not include cos t s  f o r  severe 

water problems o r  bad ground. The estimates a r e  a compilation of information re- 
ceived from severa l  sources and do not represent a par t icular  shaf t  or contractor.  
The t o t a l  shown i s  somewhat higher than-those current ly  found i n  areas where 
ground conditions a r e  favorable, but is lower than found in  more d i f f i c u l t  regions. 
The analys is  indica tes  t ha t  under these conditions, sinking with the  BSB system 
cos t  about the same as  when sinking conventionally. 

The cos t  comparison changes, however, with a change in  depth. A s  the  sha f t s  
become deeper, the  boring machine system would have an increasing advantage. A t  



d e p t h s  sha l lower  than  1.000 f e e t ,  conven t iona l  s i n k i n g  would have t h e  advantage.  
T h i s  break-even dep th ,  however, is expected t o  decrease  i n  t h e  f u t u r e .  Th is  pre-  
d i c t i o n  is  based on expected i n c r e a s e s  i n  l a b o r  and m a t e r i a l  c o s t s ,  and on improve- 
ments i n  t h e  e f f i c i e n c y  of t h e  bor ing  system. 

The c o s t  e s t h t e s  do no t  t a k e  i n t o  accuu11L L l n i  b e n a f i t e  nf a  s h o r t e r  inves t -  
ment pe r iod  b e f o r e  t h e  s h a f t  becomes p roduc t ive  and from p o s s i b l e  ear lie^ produc- 
t i o n  of c o a l ,  o r  b e t t e r  working c o n d i t i o n s  and g r e a t e r  s a f e t y ,  a l l  of which f a v o r  
b l i n d - s h a f t  boring.  

S e l e c t i o n  of Demonstration S i t e  

The fo l lowing  c r i t e r i a  were used t o  s e l e c t  a  s a t i s f a c t o r y  s i t e  f o r  demonstra- 
t i n g  t h e  BSB. These were c l a s s i f i e d  a s  e i t h e r  " c r i t i c a l "  o r  "favorable."  

C r i t i c a l - - S i t e  c l ~ a r a c t e r i s t i c s  cons idered  mandatory t o  s u c c e s s f u l  complet io 
of t h e  demonstrat ion.  

Favorable--Site c h a r a c t e ~ i s t i c s  which would contr i 'bute  t o  e f f i c i e n c y  o r  con- 
ven ience  of o p e r a t i o n ,  and would tend t o  mfnimize v a r i a b l e s .  

The c r i t e r i a  d r r l u r d  oo o r i t i c a l  were: 
(a)  A s h a f t  dep th  of 1.000 f e e t  o r  g r e a t e r .  
(b)  A c o a l  mining company i n t e f e s t e r l  111 c o o p c r o t i n l ~  i n  t h e  p r o t e c t .  
(c)  An e x l s t i n g  mine develnpment schedule compatible  w i t h  t h e  proposed 
program. 

Favorable c h a r a c t e r i s t i c s  e s t a b l i s h e d  were: 
(a)  Reasonably competent rock  and c o n s i s t e n t  s t r a t a .  
(b) An a c c e s s i b l e  s i t e ,  p r e f e r a b l y  i n  a  mi ld  c l imate .  
( c )  Modest water  in f low w i t h  proven c o n t r o l  methods. 
(d)  No major environmental  ( s p o i l  o r  water  d i s p o s a l )  problems. 

The c r i t e r i a  ware t h ~ n  weighted, w i t h  t h e  s u c c e s s f u l  development of t h e  mach- 
i n e  nu t h e  foremost g o ~ l .  

Major c o a l  f i e l d s  de f ined  i n  t h e  Keystone I n d u s t r y  manual were cons idered .  
A l l  bu t  a  few l o c a l i t i e s  were e l imina ted  because of f a i l u r e  t o  meet t h e  r e q u i r e -  
ments f o r  s h a f t  depth. Other pub l i shed  s t a t i s t i c s ,  such  a s  underground c a p a c i t y  
p r o j e c t i o n s ,  mine s i z e ,  topography, and geology were considered.  

Mining companies and s h a f t  c o n t r a c t o r s  werc con tac ted .  Alabama was choscn be- 
cause of t h e  dep th  01 s h a f t s ,  re1at ivel .y  c o n s i s t e n t  and competent ground, and mini- 
m a l  ground trater. 

Pre l iminary  Machine Design Trade Study 

Vrom a rock p e n c t r ~ t l o n  s l-dudpoint ,  t h e  sranrlard. f u l l - f a c e ,  hard-rock t u u n e l  
bor ing  machine has  done a  s a t i s f a c t o r y  Jub i n  c o a l - m e a s i ~ r ~ .  rock .  I n  app ly ing  ~111s 
technology t o  a  v e r t i c a l  s i n k i n g  s i t u a t i o n ,  however, problems such a s  muck removal, 
c u t t e r  changing,  and g e n e r a l  a c c e s s  t o  t h e  f a c e  had t o  be addressed.  I n  v e r t i c a l  
s i n k i n g ,  g r a v i t y  and t h e  i n v e r t  scoops f o r  p ick ing  u p  t h e  muck cannot  be  used a s  
they a r e  i n  runnel  bore r s .  Also, when c u t t e r s  must be  inspected o r  changed, t h e  
head of t h e  t u n n e l  bore r  i s  simply p u l l e d  back from t h e  f a c e ,  and peraonnel  can 
t o  t h e  f r o n t  of t h e  head wi th  l i t t l e  hazard. I n  t h e  v e r t i c a l  s i t u a t i o n ,  however, 
t h e  head would have t o  be s e c u r e l y  blocked,  and handling t h e  200-pound c u t t e r  
a ssembl ies  from a prone p o s i t i o n  would be d i f f i c u l t .  

S e v e r a l  a l t e r n a t e  c o n f i y r a t j o n s  were s t u d i e d ,  and t h e  r e s u l t s  of t h e s e  s tud-  
i e s  a r e  d i scussed  below. 

Plunging-Head Borer--A plunging head des ign  wi th  a  one-half s h a f t  diameter  
head was s tud ied .  Th is  c o n f i g u r a t i o n  is  shown f n  f i g u r e  G. Thc o p e r a t i v e  sequence 



i n c l u d e s  plunging t h e  c u t t e r  3  f e e t  down, r e l a x i n g  t h e  lower g r i p p e r  s h i e l d  and 
r o t a t i n g  t h e  head 30°, r e a c t i v a t f n g  t h e  g r i p p e r  and r e p e a t i n g  t h e  plunging of t h e  
c u t t e r .  

The des ign  had two advantages:  t h e r e  would be good a c c e s s  t o  t h e  f a c e  f o r  
c u t t e r  changing, probe d r i l l i n g ,  and hand mucking; and t h e  mechanical  muck pickup 
system is  simple.  The des ign  was abandoned because i ts  complex c y c l i c  o p e r a t i o n  
would provide a n  unacceptably low p e n e t r a t i o n  r a t e .  

A Twin Head Borer--A twin head concept u t i l i z i n g  r o t a t i n g  twin d i s c s  mounted 
on a  s h a f t  a t  t h e  machine c e n t e r l i n e  was s tud ied  ( f i g .  7 ) .  The twin c u t t e r h e a d s  
advance along a  double-lead h e l i x ,  c u t t i n g  a t  t h e  rock  f a c e  w i t h  t h e  l e a d i n g  edges. 
Th is  advance motion is  produced by t h e  synchronious a c t i o n  of tlre main d r i v e  cy l -  
inderb.  The advantages would h e  a c c e s s  t o  t h e  f a c e  and a  s imple muck removal sys- 
cem. Disadvantages i n c l u d e  f r e q u e n t  s topp ing  and s t a r t i n g  of t h e  c u t t e r h e a d s ,  and 
a  complex h y d r a u l i c  d i s t r i b u t i o n  system. 

Full-Face Machines--Full-face des igns  such a s  a r e  used i n  tunne l  b o r e r s  were 
a l s o  s tud ied .  F igure  8 shows a des ign  where t h e  muck is  pfcked up by v e r t i c a l  
bucket e l e v a t o r s  from t h e  low po in t  i n  t h e  s h a f t  a t  a  r a d i u s  of 5 f e e t .  The muck 
is  dumped i n t o  a  l a r g e  s t o r a g e  hopper and t r a n s f e r r e d  t o  a  c e n t r a l l y  l o c a t e d  sk ip .  
Th is  d e s i g n  was r e j e c t e d  because t h e  large-diameter  main bear ing  and s e a l  d id  no t  
adap t  themselves t o  demobi l i za t ion  of t h e  machine from t h e  ho le .  

F igure  9 shows t h e  f u l l - f a c e ,  c e n t e r  pickup concept .  A f t e r  a  formal  weighted 
t r a d e  s tudy ,  t h i s  des ign  appeared t o  be  t h e  most f a v o r a b l e ,  and was t h e r e f o r e  se- 
l e c t e d  f o r  f u r t h e r  development. The d i sadvan tages  of poor a c c e s s  t o  t h e  f a c e ,  and 
t h e  d i f f i c u l t y  i n  changing c u t t e r s  was reso lved  by u s i n g  a  spoke-l ike c o n s t r u c t i o n  
f o r  t h e  cu t t e rhead  and us ing  c u t t e r s  which mounted through t h e  head and t r a n s p o r t -  
ed t o  t h e  s k i p s  us ing  two bucket e l e v a t o r s  loca ted  i n  t h e  c e n t e r  of t h e  machine. 

MACHINE DESIGN 

Muck Pickup T e s t s  

The major d e p a r t u r e  from proven TBM technology is t h e  muck pickup system. A 
f u l l - s i z e  t e s t  f i x t u r e  was c o n s t r u c t e d ,  and d i f f e r e n t  i d e a s  were t e s t e d .  

A minimum capac i ty -goa l  of 40 cfm of muck was e s t a b l i s h e d .  However, a  goa l  
of 80 cfm was in formal ly  s e t  because i f  80 cfm of muck could be removed, t h e  sys-  
tem would be more r e l i a b l e .  Table 3 shows t h e  r e l a t i o n s h i p  between mucking r a t e  
and c a p a b i l i t y  of t h e  machine t o  advance. A t  a  r a t e  of 40 cfm, t h e  boring machine 
could advance about  18  f e e t  i n  one s h i f t .  

F igure  1 0  shows t h e  f u l l - s c a l e  muck pfckup t e s t  f i x t u r e .  The muck used was 
tunne l  bore r  s p o i l  s i m i l a r  i n  physfca l  shape t o  t h a t  which would be  c rea ted  by t h e  
bor ing  machine. F igure  11 shows t h a t  t h e  system was l imi ' ted by t h e  a b i l i t y  t o  
move t h e  c u t t i n g s  i n t o  t h e  bucket e l e v a t o r s .  By i n c r e a s i n g  bowl speed (cu t t e rhead  
r o t a t i o n )  t o  4 rpm, 30 cfm of mtck was t h c  maximuin ob ta ined .  A s  shown i n  f i g u r e  
12, t o  ach ieve  a  40 cfm minimum pickup,  a  head speed of about  5 rpm was p r o j e c t e d  
which is  f a s t e r  than d e s i r e d  t o  op t imize  machine l i f e  and minimize c u t t e r - b e a r i n g  
wear. Also, a t  an ins tan taneous  p e n e t r a t i o n  r a t e  of 3.2 f e e t  p e r  hour (40 cfm), 
p e n e t r a t i o n  would be 0.13 inches  pe r  r e v o l u t i o n  a t  4  rpm. Based on exper ience  
wi th  t u n n e l  boring machines, t h i s  i s  i n s u f f i c i e n t  p e n e t r a t i o n  t o  op t imize  c u t t e r  
wear and t h e  machine 's  a b i l f t y  t o  b reak  rock.  

Therefore,  t h e  mechanical pickup des ign  was r e v i s e d .  The new system is  shown 
i n  f i g u r e  13. The c u t t e r h e a d  p r o f i l e  was changed and two f l i g h t  conveyors were 
added. The bucket  e l e v a t o r s  and mafn s t r u c t u r a l  des ign  of t h e  machine was r e t a i n -  
ed. The r e v i s e d  system has a  c a p a c i t y  of  more than 70  cfm when handling e i t h e r  
d ry  m a t e r i a l  o r  when t h e  head is p a r t i a l l y  submerged i n  water .  



Alternate Pickup Studies 

While the  t e s t i ng  program progressed, a secondary study was made of vacuum, 
hydraulic, and pneumatic muck-handling systems. The study covered hois t ing  methods 
a s  wcll a s  primary pickup methods i n  various combinations r e l a t i v e  t o  both current 
requirements (40 t o  50 cfm) and fn tu re  requirements (about 100 cfm). The following 
combinations were investigated : 

Primary Pickup Hoisting 

Mechanical 
Mechanical 
Mechanical 
Hydraulic 
Vacuum 
Vacuum 

Mechanic el. 
Hydraulic 
Pn~vmatic 
Hydraulic 
Mechanical 
Pneumatic 

Highlights of t he  study follow. 

Two small vacuum-type pickup systems were borrowed from d i s t r i bu to r s  and test- 
ed. While c l ~ r y  plckcd up most d r y  tunnel Borer spo i l  well ,  noise, downhole horse- 
pnwer requirements, wet-muck handling, equipment s i ze ,  and the  l a rge  TIM chigo srore 
a l l  considered problems requil'ing s ~ u d y  beyond tho B C O ~ P  nf  t h i s  projec t .  

Pneumatic hois t ing  was examined a s  an a l t e rna t ive  t6 tne skips. Gcvernl ox- 
i s t i n g  systems were considered, but none have'been designed t o  l i f t  material  of 
t h i s  s i z e  and spec i f i c  gravi ty  v e r t i c a l l y  a t  the  current capacity requirements (40 
cfm). Also, wear, r e l i a b i l i t y ,  and the  effectiveness of noise contro l  have not 
been evaluated. Pneumatics may be a f ea s ib l e  approach, but a development program 
was required t o  prove the  extrapolation from current technology. This i s  being 
done under a separate contract .  

A hydraulic hois t ing  system using a feeder t o  introduce so l id s  i n t o  a pipe 
carrying c l ea r  water was studied. A new feeder t ha t  would feed 200 tplr requircd 
designing and t e s t i ng ,  and t h i s  was considered beyond the  scope of t he  project .  

Hydraulic pickup and hoisting using s lu r ry  pumps did not appear p rac t i ca l  be- 
cause the  s i z e  of impeller opening f o r  passing l a rge  p a r t i c l e  s i ze s ,  uses prohib- 
i t i v e l y  large  volumes of water. The percent s o l i d s  would be low and c l a r i fy ing  
the  excess water on the  surface would be cos t ly .  If the muck were crushed, the 
s i z e  of t he  impeller and the  volume of water wnuld be reduced, but a crusher a t  the  
face  appeared .hpract icnl .  However, a 100-cfm muck-capacity machine would be more 
compatible w l ~ l t  a s lu r ry  pumprng system. A preliminary design of such a system is 
shdm i n  f i gu re  14. 

A s  shown On f igu re  15, e i t he r  hydraulic or mechanical primary pickup schemes 
may be possible i n  conjur~cLlun with a s lu r ry  pmping system. The major problems 
a r e  cos t  and environmental considerations a t  the  smface .  

The r e s u l t s  of t h i s  study, a s  summarized on table  4, indicated tha t  the most 
r e l i a b l e  and rapid approach was t o  continue with t he  development of the  mechanica 
system. 

Final  Boring Machine Configuration 

Figures 16 and 17 show the  current machine design and depic t  its principal 
functioning components. 

Cutterhead--Figure 16 shows those components of the  machine which a r e  attached 
t o  t he  cutterhead s t ruc tu re  and r o t a t e  with it. The cutterhead is f i t t e d  with 56 
standard 13-inch-diameter c u t t e r s  arranged i n  an ayproximatc eight-spoke pattern.  
The outside diameter of t he  c u t t e r s  is 24 f e e t ,  5 inches. The f ace  p r o f i l e  d ips  



t o  a low point a t  a radius  of about 6 f ee t .  Cuttings a r e  moved t o  t h i s  low point 
by a s e r i e s  of plowlike scrapers mounted on the  cutterhead. Scrapers may be in- 
spected or replaced from behind o r  from within the  spokes of the cutterhead. 

Primary muck pickup i s  by two s ingle  chain-modified ~ o s c o ~  f l i g h t  conveyors 
operating i n  a horizontal  plane. These u n i t s  which a r e  attached t o  the cutterhead 
and r o t a t e  with i t ,  wipe through the  muck pi led  i n  the  low point of the face ,  and 
move i t  up a ramp towards the center of the  machine. The conveyors then load dual 
bucket elevators which a re  a l so  attached and r o t a t e  with the  cutterhead. 

Chain mounted buckets l i f t  the  muck approximately 47 f e e t  v e r t i c a l l y  and dump 
in to  the annular col lec t ion  hopper. The bucket e levators  a r e  hydraulically driven 
rhrough the top sprockets,  and with t he  curr ru t  bucket spacing, have a capar.ity of 
lmost 100 c f m .  A t  thc top of t he  machine, the  muck i s  dumped in to  a col lec t ing  
arouse1 where blades extending from the  e l w a t o r  housing plow the  cut t ings  t o  an 
pening. The muck drops through the  opening i n t o  one of the  skip loading pockets. 

Both carousel openings and the  bottom of the  pocket a r e  controlled by hydraulic 
gates integrated i n t o  an overa l l  in ter lock system. Distribution of the  muck t o  the  
correct  pocket and skip  a r e  controlled automatically. 

Power t o  the  cutterhead i s  provided by six permissible 125-hi e l e c t r i c  motors 
(950 VAC) driving through a two-speed gear box. Manually shi f ted  dr ive  options a t  
1.91 and 3.16 a r e  available.  A t  the    lower speed, the  Read has a maximum torque 
capacity of 2.05 x 10 f t f l b .  

The cutterhead i s  constructed with two bolt-on outriggers which can be ranwed 
prior t o  l i f t i n g  the  cutterhead from the  completed shaf t .  This reduces the overa l l  
s i z e  and weight t o  permit hois t ing  through the  decks of the  galloway s tage  suspend- 
ed above the  machine. 

The 100-gpm Moyno pumps a l so  r o t a t e  with the  head. They a r e  continuously 
avai lable  f o r  dewatering even while the  head i s  ro ta t ing .  Their output w i l l  pass 
e i t he r  through a cyclone or dump d i r ec t ly  i n t o  a st=rrl.jng tank. Clear water pumps 
w i l l  s e ~ ~ r l  che excess water to  surface. 

Cutterhead Support--The nonrotating machiqe components a r e  highlighted i n  f i g -  
ure  17. Most of the  nonrotating components move forward with, and bear the  face.  
The grippers,  t he i r  s t ruc tu ra l  r i ng ,  and the  r e a r  sh ie ld  a r e  the  only s ta t ionary  
components while the  machine i s  operating. 

The cutterhead support is the  pr inc ipal  load-bearing s t ruc tu re  of the  machine. 
It provides both torque reaction from the  ro t a t i ng  cutterhead t o  the  gripper r i ng  
and r eac t s  the thrus t  required f o r  penetration.  In addit ion,  t h i s  same s t ruc tu re  
absorbs the thrus t  of the  s t a b i l i z e r  shoes on the  shaf t  wall ,  providing d i r ec t iona l  
s t a b i l i t y  and steerage fo r  the machine, F inal ly ,  the  cutterhead support houses the  
nonrotating inner race  of the 86-inch I.D.. 98-inch O.D. Torrington fouble rowed, 
tapered r o l l e r  bearing. Thrust capabi l i ty  of the  machine, 1.43 x 10 l b s  a t  2,000 
psig, i s  provided by nine hydraulic cyl inders  ac t ing  in  groups of three ,  each a t  
120 t n  the  other.  The s i x  e l e c t r i c  dr ive  un i t s ,  a s  well a s  f i v e  addi t ional  elec- 
' r ic  hydraulic power u n i t s  ( t o t a l  230 hp), a r e  mounted on the  cutterhead support 
eck. These l a t t e r  u n i t s  provide the  power for a l l  hydraulic cylinders,  conveyors, 
uck elevators,  and water p~mps. To provide power to  the  conveyor and e l w a t o r  

..ydraulic motors, the  high pressure output is  passed through a swivel a t  the  top of 
the  machine. 

Column and Deck Structure--The center column of the  machine is a 30-foot-long 
cylinder.  60 inches i n  diameter, supported a t  the  bottom by the  cutterhead support 
and extending t o  the  top of the  machine where tlie hydraulic swivel is located. The 
cylinder provides the  mounting s t ruc tu re  f o r  t he  muck-transfer deck, and three  ad- 
d i t i ona l  decks from which the  machine is controlled and the  shaft-l ining forms a r e  
handled. The muck measuring pocket, chutes and s ta t ionary  portions of the  muck 
handling carousel a r e  a l so  supported by the  center  column. 



The t r ans fe r  deck i s  the  lower terminous f o r  the  muck skips.  Mounted under- 
neath the deck i s  t he  sheaves fo r  t he  skip-guide ropes. The other three decks a r e  
supported both from the  center column and from the  t r ans fe r  deck. These decks a r e  
spaced t o  allow a compatible boring and l i n ing  cycle using an 18-foot increment. 
The second deck w i l l  house a contro l  panel f o r  the  machine operator,  and the th i rd  
deck houses an observation panel f o r  monitoring skip  loading. 

Shield--Temporary ground support i s  provided from immediately behind the cut- 
terhead t o  2.5 f e e t  abwe  the  t ransfer  deck by a f u l l  sh ie ld  a s  shown i n  f i gu re  20. 
Windows i n  t h e  shie1.d permit operation of the cutterhead s t a b i l i z e r  shoes and 
grippers. 

Machine Operation 

Machine advance i s  cycl ic ,  having a thrus t ing  s t roke  of 30 inches followed by 
a regripping cycle. The cycle i s  i n i t i a t ed  by re leas ing the gripping pads and mov 
ing the gripper r i ng  and t a i l  sh ie ld  forward 30 inches. A new s e t  is taken against  
the  shaf t  wall .  Then the head i s  turned and cu t t i ng  commences a t  a r a t e  controlled 
by the quanti ty of hydraulic f l u i d  metered i n t o  the thrus t  cylinders.  The forward 
s t a b i l i z e r  shoes a r e  f i t t e d  against  the  wall  but not gripped. Gradual s teer ing  
corrections can be made by a del ibera te  nnBnlance in  the  force  on these shoes. 
When the machine i s  extended to  i t s  maximum 30-inch s t ~ o k e ,  the  grippers a r e  again 
released,  moved forward, and r e se t .  Theoretical u t i l i z a t i o n  of the machine i s  w e r  
90 percent, but i n  ac tual  prac t ice ,  overa l l  u t i l i z a t i o n  of the  machine probably 
w i l l  be i n  the  range of 50 percent. Overall u t i l i z a t i o n  i s  defined a s  the  ac tual  
time the c u t t e r s  a r e  turning against  the face  divided by 24 hours per day. 

Guidance 

Steering of the  machine w i l l  be manually controlled i n  response t o  two v e r t i -  
c a l  l a se r  beams s e t  a t  180° from each other.  The l a se r  guns w i l l  be permanently 
anchored i n  the sha f t  c o l l a r  and beamed through 5-inch pipes imbedded in to  the 
sha f t  l in ing.  By blowing a i r  down the pipes,  the beams w i l l  pass through clean,  
turbulent a i r .  Inaccuracies due t o  l i g h t  bending or d i f fus ion w i l l  be minimized. 
Photodiode array-type t a rge t s  w i l l  be used having a resolut ion  of a few m i l l i -  
meters. The system w i l l  fea ture  an on-board ca lcula tor  t h a t ,  using head geometric 
constants and inputs from l w e l  indica tors ,  w i l l  ca lcula te  the  precise locat ion  of 
t he  center of t he  gage-cutting c l r c l e .  In addit ion,  i t  w i l l  have the  capabi l i ty  
of predicting the  machine's posit ion i n  s w e r a l  increments of machine length ahead, 
up t o  12 f e e t .  The pr inc ipal  display w i l l  be a four-quandrant, d i g i t a l  readout. 
The operator w i l l  keep o f f se t  readings a t  zcro, or a t  the  minimum number possible,  
by gradual machine corrections.  Other readouts w i l l  indica te  t i l t  i n  two direc- 
t ions ,  orld  rota^ I I I I I  slid deviation 9 9  t h e  heam separation from a nominal value.  

SYSTEMS DESIGN 

BSB sha f t  sinking depeudn ilpon e f f i c i e n t  h a c h p  systems and t h e i r  design is 
dependent on the  design of the machine and goals of the  project .  As soon aa the  
machine design was underway, da ta  such a s  component s i ze ,  advance r a t e ,  spo i l  vol-  
. m e ,  and percent u t i l i z a t i o n  af fec ted  the  design of t he  support systems. For ex- 
ample, t he  large  ons i t e  crane necessary t o  mobilize the machine could be used t o  
l i f t  l a rge  preassembled sec t ions  of the  headframe. This simplffied the  design of 
t he  headframe and allowed i t  t o  be assembled over the  sha f t  more quickly. 

Surface F a c i l i t i e s  

Figure 18 shows the  arrangement of the  s i t e  f a c i l i t i e s .  It i s  typica l  of a 
modern, conven t iu~~a l  sinking s i t e  where multideck work s tages  and multiple sk ips  
a r c  used, except the shops and the  provisions f o r  down power and services a r e  more 
elaborate.  

The headframe was especia l ly  designed f o r  t h i s  projec t  by Lake Shore Inc. It 



was designed t o  withstand t h e  o p e r a t i n g  l o a d s  of t h e  work p la t fo rm and man h o i s t  i n  
a d d i t i o n  t o  t h e  breaking load of one sk ip -ho i s t  rope .  Its design has some unique 
f e a t u r e s  s o  i ts  s t r u c t u r a l  suppor t  members were completely s t r e s s  analyzed.  

A g u l l y  a few hundred f e e t  away w i l l  be  used f o r  s p o i l  d i s p o s a l .  S p o i l  banks 
w i l l  be graded,  d ra ined ,  and a v e g e t a t i v e  cover  w i l l  be p lan ted .  Run-off water  
w i l l  be held i n  a s e t t l i n g  pond and be t r e a t e d  according t o  t h e  Alabama Water Im- 
provement Commission r e g u l a t i o n s  be fore  i t  would be r e l e a s e d  from t h e  pond. 

E l e c t r i c  power w i l l  be provided by a 46.000-volt power l i n e  t o  a main t r a n s -  
former s t a t i o n .  A 7,200 v o l t ,  4,000 h a  and a 4,160 v o l t ,  1,750 h a  power f e e d e r  
l i n e  w i l l  be extended on po les  t o  t h e  s h a f t  s i t e .  

V i s i t o r s  w i l l  be  encouraged t o  observe t h e  demonstrat ion.  These v i s i t s  w i l l  
be  coord ina ted  t o  minimize i n t e r f e r e n c e  wi th  c o n s t r u c t i o n  a c t i v i t i ~ s  and t o  e n m r e  
pereonno1 oafc ty .  

Machine Mobi l i za t ion  

As i l l u s t r a t e d  i n  f i g u r e  19 ,  a conven t iona l  c o l l a r  w i l l  be cons t ruc ted  t o  a 
40-foot depth.  The base of t h i s  c o l l a r  must be s t r o n g  enough t o  wi ths tand  t h e  
g r ipp ing  f o r c e s  of t h e  machine. Some c rack ing  of t h e  c o l l a r  i s  allnwed however, 
because i t  w i l l  have a 25-fooc i n s i d e  d iamete r ,  b u t  w f l l  be l i n e d  t o  22 f e e t  when 
t h e  galloway and l i n i n g  forms a r e  i n s t a l l e d .  

Figure 20 shows machine i n s t a l l a t i o n .  Major subassemblies  of t h e  machine w i l l  
be  b u i l t  on t h e  s u r f a c e  and lowered by c r a n e  i n t o  t h e  s h a f t  c o l l a r .  When assembly 
is  complete t h e  machine w i l l  p rogress  wi th  t h e  muck being disposed by c r a n e  and 
bucket a s  shown i n  f i g u r e  21. When t h e  machine has  progressed t o  about  95 f e e t ,  
t h e  opera t ion  w i l l  be h a l t e d  whi le  t h e  h e a d f r m e  and galloway a r e  i n s t a l l e d .  Be- 
cause of a v a i l a b l e  c r a n e  c a p a c i t y ,  t h e  s t a g e  and headframe can be  p a r t i a l l y  assem- 
b led  on s u r f a c e  and t h e  f i n a l  s e t u p  should proceed r a p i d l y .  Th is  i s  i l l u s t r a t e d  i n  
f i g u r e  22. Af t h i s  p o i n t  s t andard  o p c r a t i u ~ t s  can begin.  

Systems Operat ing Cycle 

The machine and galloway progress  i n  a c y c l i c  fash ion .  The machine bores  
ahead 18  f e e t  and concre t ing  o p e r a t i o n s  fo l low i n  an 18-foot  pour. 

The three-deck galloway w i l l  be  suspended from a double-drum winch by two w i r e  
ropes  i n  double purchase.  It is  l o c a t e d  from 6 t o  24 f e e t  above t h e  bor ing  machine 
t o  permit  placement of t h e  s h a f t  concre te .  An 18-foot c o l l a p s i b l e  form w i l l  be 
used, which is  s i m i l a r  i n  concept  t o  a conven t iona l  hanging form. 

The o p e r a t i o n a l  c y c l e  is i l l u s t r a t e d  i n  f i g u r e  23. A f t e r  an 18-foot  advance, 
t h e  machine w i l l  have reached t h e  maximum s e p a r a t i o n  d i s t a n c e  from t h e  s t a t i o n a r y  
galloway s t a g e .  The s t a g e  houses a 7,200/950-volt t r ans former  t h a t  w i l l  be  de- 
energized from s u r f a c e .  The galloway s t a g e  can then  be lowercd about  1 2  f e e t  co 
t h e  most convenient  p o s i t i o n  from which t o  extend s h a f t  p i p e  l i n e s .  During t h e  

- pipe  ex tens ion  o p e r a t i o n s ,  a l l  o t h e r  s h a f t  a c t i v i t i e s  w i l l  be  a t  a s t a n d s t i l l .  The 

f l e x i b l e ,  t e l e s c o p i n g  arrangement used wi th  t h e  exhgus t -ven t i l a t ion  system w i l l  
minimize i n t c r ~ p t i o n  and permit  t h e  most r a p i d  i n s t a l l a t i o n  of a new l e n g t h  of 
d u c t  t o  r e e s t a b l i s h  machine v e n t i a l t i o n .  Having extended a l l  s e r v i c e  l i n e s ,  t h e  
galloway w i l l  be lowered ano ther  6 f e e t  t o  its c o n c r e t i n g  p o s i t i o n .  At t h i s  p o i n t ,  
fo l lowing  a s a t i s f a c t o r y  methane check, t h e  7,200/950-vol t  t r ans former  w i l l  be r e -  
energized from s u r f a c e .  Th is  w i l l  r e e s t a b l i s h  t h e  bor ing  machine cu t t e rhead  power, 
a u x i l i a r y  power, and t h e  pumps. Because t h e  l i g h t i n g  and ins t rumenta t ion  system 
w i l l  be  powered by s e p a r a t e  c i r c u i t s ,  l i g h t i n g  on t h e  machine and t h e  machine- 
mounted methane d e t e c t o r s  w i l l  be  con t inuous ly  operab le .  

The curb  r i n g ,  a t t a h c e d  t o  winches on t h e  gal loway s t a g e ,  w i l l  be  removed from 
t h e  bottom of t h e  p rev ious  concre te  pour and lowered 1 8  f e e t .  It w i l l  b e  supported 



on eleven 1-118-inch-diameter hanging rods and centered by using t h e  two machine 
guidance l a s e r  beams. The 18-foot concre te  form w i l l  then be lowered using ga l lo-  
way-mounted winches and connected t o  t h e  curb r ing .  Next, t h e  concre te  w i l l  be 
s ~ ~ p p l i e d  through two, 6-inch-diameter p i p e l i n e s  t o  a galloway-mounted dash pot ,  t o  
a d i s t r i b u t i o n  box, end then through pouring door3 i n  t h e  f n m .  From t h i s  po in t .  
shaft-boring opera t ions  can proceed concur ren t ly  with concretilly. 

Operat ional  Cycles 

The o p e r a t i o n a l  c y c l e s  which w i l l  be employed during t h e  f i r s t  demonstration 
a r e  shown i n  f i g u r e  24. Cycle 1 w i l l  be used during about t h e  f i r s t  ha l f  of s h a f t  
cons t ruc t ion .  The boring machine is  a v r l l a b l e  f o r  two s h i f t s  during which t h e  18- 
fc~a~l IJVLILICC PO made. Thp r h i r d  s h i f t  i s  reserved f o r  s e r v i c e s  extension and l i n -  
ing.  This r e p r e s e n t s  an o v e r a l l  u t i l i z a t i o n  of Ll~e machinc of only 73 percept 
which i c  t y p i c a l  f n r  tunne l  borers  dur ing  t h e  f n i t i a l  s t a r t u p  of equipment and 
t r a i a i n ~  of personnel. 

Successful  use of Cycle 2 is t h e  goal. To do t h i s ,  t h e  boring mdchine must 
progress 18  f e e t  i n  an 8-hour s h i f t .  This ,  a s  shown i n  previous t a b l e s ,  i s  compat- 
i L l a  wieh t h o  3.7 f r / h r  instantaneous boring r a t e  of t h e  machine and t h e  40 cfm of 
c u t t i n g s  removal from t h e  face .  The s e r v i c e s  and l l n l n g  bl lP1~ is  rcduaod t o  h hnllrs 
and over laps  boring a c c l v i l y .  This  eyc lo  w i l l  prnrh~ce 36 f e e t  per  day. Cycle 2 
r e p r e s e n t s  an o v e r a l l  machine u t i l i z a t i o n  of 46 percent .  This is f requent ly  aCra111- 
ed i n  tunnel  boring p r o j e c t s .  

The t h i r d  cyc le  r e p r e s e n t s  t h e  maximum f e a s i b l e  advance with t h e  system. 
Three boring cyc les  o f . 7  hours each a r e  accomplished i n  a 27-hour period.  This 
r e p r e s e n t s  54 f e e t  of advance i n  27 hours and a 62.5 percent  o v e r a l l  u t i l i z a t i o n  of 
t h e  machine. At times t h i s  r a t e  is accomplished by tunnel  borers ,  but  seldom aver- 
aged. These r a t e s ,  however may not  be a t t a i n e d  during t h e  f i r s t  demonstration. 

Skip Design - = 

The proposed sk ip  c y c l e  is  compatible wlth t h e  machine ins tancanems advanca 
r a t e  and t h e  proposed o p e r a t i o n a l  cyc les .  The c u t t i n g s  w i l l  be removed wi th  a bal-  
anced, two-skip h o i s t i n g  system, each s k i p  having a capac i ty  of 100 cubic f e e t  (5 
tons) .  Because d i s t a n c c  from t h e  m r f a c e  t o  t h e  borer  cont inua l ly  increases  a s  t h e  
borer  p rogresses ,  a s ingle-clutched,  double-drum mine h o i s t  w i l l  permit Ll~e length  
of t h e  rope t o  be ad jus ted .  The system is  designed t o  accommodate j u s t  over 30 
inches of machine t r a v e l  ( s h a f t  advance) between dec lu tch ing  opera t ions .  This  
matches t h c  30-inch s t r o k e  length  of t h e  t h r u s t  c y l i n d e r s  on t h e  boring machine. 
Thc ropo longth  w i l l  he ad.ivsted when both s k i p s  a r e  i n  a ter luinal  p o s i t i o n ,  one 
a t  t h e  headframe and t h e  o t h e r ,  wnich is a t tached  t o  che rlei:lucclrcd drum, r 4 s t i . n ~  
on t h e  t r a n s f e r  platform of t h e  boring machine. t h e  t iming w f l l  co inc ide  with re -  
g r i p p l ~ l g  t h e  boring machine. Skip cyc les  a r e  sIiown i n  t a b l e  6. At 1,200 f e e t ,  
With clle galloway and t h e  ~ p c h l n ~  a t  t h e  po in t  of maximum separa t iuu ,  one cyc le  
consumes 128 seconds. Tliis permito muck remnval a t  a r a t e  of 4U.5 cfm. 

The empty s k i p  w i l l  pass  through t h e  work platform and c o l l a r  doors a t  c reep  
speed and then a c c e l e r a t e  t o  1,500 fpm. It w i l l  pause 20 f e e t  above t h e  work p l a t -  
form, and t h e  h o i s t  opera tor  w i l l  i n d i c a t e  its presence. The downhole s k i p  attena 
a n t  i n  t u r n  w i l l  s i g n a l  t o  br ing  t h e  s k i p  through t o  che loading pos i t ion .  When 
i t  leaves  f o r  t h e  s u r f a c e ,  i t  a l s o  proceeds a t  c reep  speed u n t i l  i t  c l e a r s  t h e  
galloway. Passing t h e  s k i p  through t h e  galloway consumes 90 seconds of t h e  148- 
seaond c y c l e  time. 

Loading t h e  s k i p s  is  cont ro l led  by t h e  s k i p  a t tendant  and an i n t e r l o c k  system 
t h a t  d i r e c t s  t h e  muck t o  t h e  proper s t o r a g e  pocket and prevencs loading of t h e  
same s k i p  twice. The s k i p  dumps automatically from t h e  bottom by us ing  Jeto-type 
dump s c r o l l s  mounted on t h e  headframe. 



Shaft  Completion 

When t h e  machine reaches t h e  bottom of t h e  coa l  seam, i t  w i l l  be dismantled 
i n  t h e  hole and l i f t e d  through t h e  galloway s t a g e  a s  i l l u s t r a t e d  i n  f i g u r e  25. 
The two skip-guide ropes,  each i n  double purchase, w i l l  be f i l l e d  with a l i f t i n g  
harness f o r  removal of t h e  l a r g e r  machine components. The heavies t  item w i l l  be 
t h e  cu t te rhead  and bearing assembly which weigh about 60,000 pounds. A s  i l l u s t r a t -  
ed i n  f i g u r e  26, t h e  galloway w i l l  then be used a s  a  work platform f o r  completing 
t h e  s h a f t  s t a t i o n  and headings. 

An a l t e r n a t i v e  demobil izat ion technique would be t o  bore some d i s t a n c e  beyond 
t h e  seam before  removing t h e  machine. This would provide a sump i n t o  which t h e  
-.:ck from t h e  s h a f t  bottom could be dumped. Tn t h i o  way,  he galloway could be 

.sassembled and removed from t h e  s h a f t  ahead of t h e  boring machine. This a l t e r -  

. t i v e  method w i l l  no t  be t r i e d  on t h e  f i r s t  s h a f t .  

Vent i la t ion  

Figure 27 i l l u s t r a t e s  t h e  method of v e n t i l a t i n g  t h e  s h a f t .  There w i l l  be an 
i n t a k e  and an exhaust fan  on t h e  sur face ,  one on each s i d e  of t h e  s h a f t .  The in-  
t ake  and exhaust d u c t s  w i l l  be 36 inches and 30 inches i n  diameter ,  respec t ive ly .  

Up t o  30.000 cfm of in take  a i r  w i l l  be supplied t o  t h e  bottom of t h e  galloway 
and up t o  20,000 cfm w i l l  be exhausted from t h e  f a c e  through t h e  c e n t e r  column of 
t h e  machine. I n  t h i s  manner, f r e s h  a i r  w i l l  flow. down over t h e  boring machine and 
opera tor ,  sweep t h e  f a c e  and be drawn f n t o  t h e  exhaust duc t  a t  t h e  f a c e .  The ex- 
cess  of in take  a i r  over t h a t  exhausted by t h e  exhaust f a n ,  provides 10.000 cfm of 
f r e s h  a i r  t h a t  passes  over t h e  galloway s t a g e  a s  i t  moves up t h e  s h a f t  t o  t h e  sur-  
face.  When t h e  boring machine is i n  opera t ion ,  t h e  exhaust-venti lat ion system 
func t ions  both a s  a  methane-dilution and dus t -co l lec t ion  system. The exhaust sweeps 
a l l  t h e  main dust-producing a r e a s  including t h e  e leva tor  dump chute and t h e  sk ip  
loading s t a t i o n .  

Automatic methane monitors w i l l  be provided, both underneath t h e  machine deck 
(lowest deck) and i n  t h e  exhaust v e n t i l a t i o n  duc t .  A s tandard one percent  warning 
and a two percent  automatic-shutdown w i l l  be used. I n  a d d i t i o n ,  a  t h i r d  methane 
monitor w i l l  be i n  t h e  s h a f t  on t h e  galloway and w i l l  monitor t h e  l i g h t i n g  system. 
I n  t h i s  way, downhole l i g h t i n g  can remain a c t i v e  u n l e s s  t h e  s h a f t  methane l e v e l  
reaches one percent .  

Shaft-Water Handling 

The f i r s t  s t e p  of water c o n t r o l  f o r  t h e  BSB is a thorough s i t e  i n v e s t i g a t i o n  
and a grouting program. The goa l  of g rout ing  from t h e  s u r f a c e  is t o  minimize ad- 
d i t i o n a l  g rout ing  from wi th in  t h e  s h a f t  &r ing  sinking.  Grouting a l s o  w i l l  s t a b i -  
l i z e  incompetent ground. Full-depth probe d r i l l i n g  w i l l  v e r i f y  t h e  success of t h e  
program. Provisions t o  c o n t r o l  excessive water inflows. from wi th in  t h e  s h a f t  dur- 
ing sinking a r e :  . 

a .  Above about 400 f e e t ,  backwall g rout ing  w i l l  be used. 
b. Below 400 f e e t ,  panning, a  c o l l e c t i o n  r i n g ,  and a pump s t a t i o n  in t h e  

a f t  w i l l  be constructed.  
c. Provisions f o r  downhole d r i l l i n g  and grout ing  have been designed i n t o  t h e  

=-chine. 

To cope with p o s s i b l e  water inflow., t h e  boring machine w i l l  be equipped with 
two, hydraulically-powered Moyno pumpsmounted i n  t h e  cu t te rhead ,  each with t h e  
capac i ty  of 100 gpm. An a d d i t i o n a l  200-gpm-capacity pump can be mounted on t h e  
lowest bor ing  machine deck f o r  emergency s i t u a t i o n s .  Thfs pump w i l l  d e l i v e r  d i -  
r e c t l y  t o  sur face .  



CONCLUDING STATEMENT 

As of t h i s  month, the  design i s  complete and the  machine i s  i n  the advanced 
s t age  of assembly. Fxisting technology has been used whenever possible,  but where 
new concepts were required, design decisions were ve r i f i ed  through tes t ing .  Al- 
though the  machine i s  i n  fabr lca t ion .  J. t  w i l l  co~l t inuc  t o  he refined wherever 
possible.  

The shaft-sinking a c t i v i t i e s  w i l l  be monitored and evaluated continually t o  
i den t i fy  and resolve potent ia l  problems. Data from t h i s  demonstration w i l l  be used 
t o  improve the  r e l i a b i l i t y  and reduce shaft-sinking costs.  

The BSB has many po ten t i a l  benef i t s :  

For coal  owners, reduced cos ts  through more rapid mine development and l e s s  
t@e between planning and production. 

For miners, more des i rable  and sa fe r  WsrkP~~g osnditlnns,  

Bar sha f t  contractors,  an improved system tliat more ea s i ly  meets MESA standards. 

E ' ina lP~,  if o s igni f icant  increase i n  coal  produCtiun is naederl, the Borer 
would provide a f a s t e r  method f o r  sinklug the many hlfnd sha f t s  required.  

The Bureau and The Robbins Company extend t h e i r  invi ta t ion  t o  v i s i t  the s i t e  
i n  Alabama, and observe the  demonstration. 

We thank the  subcontractors; Cementation Company of America, U.S. Stee l ,  
Ba t t e l l e  Northwest, t he  Paul Weir Company, and Lake Shore Inc. We al'so thank the  
many coal company operators,  shaf t  contractors,  and equipment manufacturers t ha t  
have contributed t o  the design. We believe tha t  the  various members of the team 
provide an exper t i se  uniquely applicable t o  a successful  yrojcc t .  
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FIGURE 2. - 
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FIGURE 5 .  - 

CONSTRUCTION SCHEDULE 
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BLIND SHAFT BORER 
A FEASIBLE HYDRAULIC CONCEPT 
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FIGURE 15. - 
BLIND SHAFT BORER 

PRIMARY PICKUP CONCEPTS 

nnn PUMPII 2 VANE 3000gpm 
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FIGURE 17. - 
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FIGURE 18. - 
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FIGURE 24. - 
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FIGURE 2 7 .  - 

BLIND SHAFT BORER 
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TABLE  I 

A SAMPLE  O F  LARGE D I A M E T E R .  M E C H A N I C A L L Y  C O N S T R U C T E D  M I N E  'SHAFTS 

LOCATION OWNER CONTRACTOR ' ~n l l  Depth Tlme 
Method matlona Dla. FI l o n h a  Rema.+a 

:Inchas 

Ipll-L959 
Holland Dutch State BRM Mr. L 101 1.680 43 1 hole 

Holland Dutch Stwe BRM Mr. L 301 1,660 40 1 hole 

Germmy BRM 301 1.660 2 holes 

Ru81Ia 28: 2.671 4 p.3ae.e~ 

w 
Carlsbad, N:M. Kermac Pot- KBR-McGee BDM Sd,Sh 124 936 6 2 ca8.e~ each 

ICZ 1.650 l e c .  

Cote Blanch, 
La. 

Carey Salt 

Dlamond 
Crystal Sall 

BRM 

BRM Sd. Sh 

Bonanza. Utah Crnencan T a a n  Expln. Dds.  BRM : 32 450 
Glb0nl:e 

W.,ltenv.lle,llllnOlIi rreema? C-a1 Dm- BRM Sd.Sh 126 730 11 

Coalwood. W.V. '31qa e a l  Sd .h  144 570 Zenl-MsKlnney-Wllllamo BRM 

Ru..I~ 252 fk Pine, 
MI .  

. *.- 
Whtte P l u  Draro DHM 
COPpe 

111 1.591 3 Passer, P l Iw Hole 

Ambmola Kermac %clear Yen-McGee BRA Sd.Sh I 98  704 2 Paaaes 
Lake. N . Y .  

I. BD - ~ l l n d  ~ ~ r e c t  Clrculatlon A - h l r  2. SD - Sandstme Sh - Shale 

BR s ~ l l n d  ~eve rse  Clrculstlon Y - Mud L - l lme lmns  Mr - Man  
DHM - Downhole Machlrr 



Table 2 
Cost Comparison, July 1976 . 

1000 Foot Shaft, Concrete Lined 
Production Usage 

CONVENTIONAL 
SHAFT 

BORED 
SHAFT 

ELAPSED TIME 5 3 36 
MAN WEEKS 2269 1535 

LABOR $ 1 , 3 6 0 , 0 0 0  $ 9 2 1 , 0 0 0  
STORES & SITE RUNNING 242 , 0 0 0  1 6 6 , 0 0 0  
FREIGHT 110 ,000 1 6 0 , 0 0 0  
PLANT FACILITIES- RENTS & DEPRECIATION 216 , 0 0 0  1 7 9 , 0 0 0  
INSTALLED EQUIPMENT, AMORTIZED 75 , 0 0 0  2 8 5 , 0 0 0  
CONCRETE, REBAR & FORMWORK 198 , 0 0 0  1 5 4 , 0 0 0  
POWDER & DETONATORS 1 0 0 , 0 0 0  7 , 0 0 0  
DRILL SUPPLIES 2 6  , 0 0 0  3 , 0 0 0  
SERVICE LINES 40 , 0 0 0  , 51 , 0 0 0  
BORER SPARES 1 0 0 , 0 0 0  
BORER WRITE OFF (6 SHAFTS) 4 0 0 , 0 0 0  

SUB TOTALS $ 2 , 3 6 7 , 0 0 0  $ 2 , 4 2 6 , 0 0 0  

OVERHEAD 2 9 6 , 0 0 0  2 5 3 , 0 0 0  
MARKUP 2 0 0 , 0 0 0  1 7 1 , 0 0 0  

$ 2 , 8 6 3 , 0 0 0  $ 2 , 8 5 0 , 0 0 0  TOTAL 



TABLE 3 

BLIND SHAFT BORER 
MUCKING CAPABILITY vs ADVANCE RATE 

24 11.5 in. DIAMETER BSB 

MUCKING INSTANTANEOUS PENETRATION ATW% FT. OF PROGRESS IN 
RATE PENETRATION SHIFT UTILIZATION ONE SHIFT(7 HRS.) 

ASSUMPTIONS 

GROUND EXPANSION FACTOR 1.6 

BROKEN MUCK DENSITY 100 lb~ l f t '  



BLIND SHAFT BORER 

MUCK PICKUP SYSTEMS POTENTIAL 

ZONTRACT FUTURE 
UP TO 5Ocirn 050t/hr) TO ID0 cirn (300 vhr) 

K N O W  TECHNOLOGY 
AVAILABLE PARTS 
SHORTEST SCHEDULE 

LIFT CAPACITY LIMITED 

MECHANICAL/~NEUMATIC AVAILPBLE SCIENCE AVAILABLE SCIE.NCE 
DEVELOPMENT REQUIRED POWER REQUIREMENTS 

UNDEFINED 
SIGNIFICANT DEVELOPMENT 
COST STUDY REQllRED 

MECHANICAL/~YDRAULIC NOT FE9SIBLE 

/ NOT FEhSlBLE 

VACUUM/PNEUMATIC AVAILABLE SCIENCE 
SPACE 
DOWN HOLE POWER 
NOISE, OUST 

VACUUM/MECHANICAL AVAILABLE SCIENCE 
SPACE 
DOWN HOLE POWER 
NOISE, W S T  

KNOWN TECHNOLOGY 
AVAILABLE PARTS. 
SHORTSCHEDULE 
COST 8 ENVIRONMENTAL 

STUDY REQUIRm 

KNOWN TECHNOLOGY ON LIFTING 
AVAILABLE SCIENCE ON PRIMARY 
PICKUP DEVELOPMENT 
WET FACE EFFECTS 

EXTENDED AVAILABLE SCIENCE 

COST, PHYSICAL SKE.POWER 

NOT FEASIBLE 



AN ALTERNATE MEANS OF TRANSPORTING COAL OR WASTE ROCK 

M.  R. Cars tens  and Donn W .  Leva 
Professor  and D i r e c t o r ,  r e s p e c t i v e l y  

Georgia I n s t i t u t e  of Technology, AtlauLd, Ccorgia and 
Tubexpress Systems, I n c . ,  Houston, Texas, r e s p e c t i v e l y  

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

Capsule p i p e l i n e s  a r e  an a l t e r n a t e  means of t r a n s p o r t i n g  coa l  o r  waste  rock.  
Pneumatic capsu le  p i p e l i n e s  a r e  t r a n s p o r t a t i o n  systems i n  which cargo is  loaded I-'- 
wheeled v e h i c l e s  ( c a p s u l e s ) ,  F igure  I, wi th  the  capsu les  be ing  pushed through a 
p i p e l i n e  by f lowing a i r .  Small-diameter pneumatic capsu le  p i p e l i n e s  have been i~ 
use  f o r  over  a cen tury  f o r  raoveulent of doc~.~rnents. Recent i n t e r e s t  i n  l a r g e - d i a m e ~ e ~  
pneumatic capsu le  p ipc l inos  has  been s t i m u l a t e d  by t h e  development of t h c  technnlo- 
gy f o r  l a y i n g  large-diameter  s t e e l  p i p e l i n e s  and by s o c i c t a l  demands f o r  s a f e r  and 
l e s s  conspicuous t r a n s p o r t a t i o n  systems.  The large-diameter  pneumatic capsu le  pipe- 
l i n a  i s  h e s t  s u i t e d  f o r  h a u l i n g  p a r t i c u l a t e  s o l i d s ,  such a s  c o a l ,  a t  a high flow 
r a t e  on a near ly  cont inuous b a s l s .  

Two commercial systems of large-diameter  pneumatic capsu le  p i p e l i n e s  a r e  be ing  
marketed a t  t h e  p r e s e n t  t i u e  (1977)--nne by t h e  U.S.S.R. c a l l e d  "Transprogress" and 
one by a U.S. f i r m  c a l l e d  "Tubexpress". Both systems use wheeled capsulks coupled 
toge ther  i n t o  t r a i n s  a s  cargo c a r r i e r s .  

Development of t h e  American system was begun a t  Georgia Tech i n  1968. I n  1970 
a Houston-based f i rm s igned  a l i c e n s e  agreement w i t h  t h e  Georgia Tech Research In- 
s t i t u t e  t o  develop and t o  market t h e  system. A s u b s i d i a r y  f i rm,  Tubexpress Systems, 
Inc . ,  was formed t o  c a r r y  o u t  t h e  l i c e n s e e ' s  o b l i g a t i o n s .  

S t a t e  o f  t h e  A r t  (Tubexpress) 

I n  t h e  pe r iod  1970-1976, Tubexpress Systems, I n c .  wi th  t h e  a i d  of Georgia  Tech 
developed a r e l i a b l e  pneumatic capsu le  p i p e l i n e  f o r  hau l ing  dense m a t e r i a l s ,  such a s  
c u a l .  Th i s  p jnneer  system is being a c t i v e l y  marketed. 

The p ioneer  system is  a loop wi th  one  load ing  s t a t i o n  and one unluading c t a -  
t i o n  a s  shown i n  F igure  2. The p r e s s u r i z e d  p o r t i o n s  of the  system, blocks 4 and 9 
i n  Fi811re 2. a r e  t h e  p i p e l i n e s  connect ing t h e  t e r m i n a l s ,  Figure 3 .  The unpressur-  
ized p i p e l i n e s  a r e  s loped  downward through t h e  t e r m i n a l s ,  F igure  3 ,  i n  o rder  t o  
u t i l i z e  t h e  f o r c e  of  g r a v i t y  Eur movomept nf. t h e  t r a i n s  forward t u  t h e  nex t  b.lnck. 
Movement o f  t h e  t r a i n s  from temporary s t o r a g e ,  b locks  1 0  o r  3 111 Piguroo 2 and 1. 
is control.1ed by g a t e s  i n  block 1 o r  block 6 a s  shown i n  F igure  4 which, i n  t u r n ,  
aLi canttol.lrtd by p h o t o - e l e c t r i c  s e n s o r s ,  shown a t  t h e  upper l e f t  and lower r i g h t  
i n  Yigure 4 ,  and a c o n r r u l  system, F:lgurc 5 ,  which al lows a t r a i n  t o  r o l l  forward 
when t h e  u n i t  p rocess  is complete and when t h e  next  b lock  is  open t o  rw:.ri-*c a 
t r a i n .  A l l  of  t h e  u n i t  p rocesses  i n  the  p ioneer  system inc lud ing  load ing ,  F igure  
6 ,  and unloading,  F igure  7 ,  a r e  au tomat ic  be ing  c o n t r o l l e d  by feedback. Hardwar 
components f o r  t h e  p loneer  system have been f a b r i c a t e d ,  i n s t a l l e d ,  and t e s t e d  i n  
t h e  1630-f t- long,  16-in-diameter t e s t  p i p e l i n e  l o c a t e d  c l o s e  t o  Houston. Th is  p 
mat ic  capsu le  p i p e l i n e ,  shown i n  p l a n  i n  F igure  8 ,  which is  pressur ized  f o r  1380 r c  
with  a 250-ft-long t e r m i n a l ,  F igure  3,  d i f f e r s  from an o p e r a t i n g  system, F igure  2, 
on ly  i n  t h a t  bo th  t h e  l o a d e r  and unloader  a r e  l o c a t e d  i n  t h e  same te rmina l .  

I n  p a r a l l e l  t o  t h e  hardware-development program, a software-development pro- 
gram f o r  t h e  des ign  of  pneumatic capsu le  p i p e l i n e s  has  been pursued wi th  equa l  
v i g o r .  While development o f  s t andard  des igns  o f  hardware componellts h o ~  been a 
major g o a l ,  se lecLion  of p i p e l i n e  d iamete r ,  mass fluw r a t e  of a i r  and pump s e l e c t i o n  
a r e  des ign  q u e s t i o n s  which can answered only by ana lyz ing  each p a r t i c u l a r  system. 
I n  o r d e r  t o  be  a b l e  t o  des ign ,  a mathematical  model based upon Newton's second law, 



conserva t ion  of gas mass, and a  p o l y t r o p i c  p rocess  of  gas expansion has  been for-  
mulated which can be so lved  by numerical  methods. 

I n  o r d e r  t o  i l l u s t r a t e  p a r t  of  t h e  in format ion  about  f low c h a r a c t e r i s t i c s  
a v a i l a b l e  t o  t h e  des igner  from t h e  s o l u t i o n  of  t h e  mathematical  model, F igures  9 ,  
10,  and 11 a r e  p resen ted .  The i l l u s t r a t i v e  example i s  f o r  t h e  Tubexpress T e s t  Fa- 
c i l i t y  shown i n  p l a n  iri F igure  8. Values of phys ica l  q u a n t i t i e s  used i n  t h e  solu-  
t i o n  a r e  l i s t e d  i n  TABLE 1. 

Pressure  a t  the  pump d u r i n g  a  cyc le  of  20 seconds is  shown i n  F igure  9 .  The 
h i g h e s t  p ressure  occurs  a t  one second a f t e r  i n j e c t i o n  of a  700-lb t r a i n .  The pres-  
s u r e  f o r c e  requ i red  t o  a c c e l e r a t e  t h e  t r a i n  from an i n i t i a l  v e l o c i t y  of  10 f e e t  per  
aernnd t o  a  v e l o c i t y  of  25 f e e t  pe r  second two seconds l a t e r .  Tl~r mass flow r a t e  

~ i r  is maintained a t  n e a r l y  a  c o n s t a n t  v a l u c  by use  of a  constant-displacement  
, e r  of t h e  Koots type  d r i v e n  by a n  e l e c t r i c  motor. The power f l u c t u a t i o n s  a r e  

. : i a l l y  absorbed by t h e  r o t a t i o n a l  energy s t o r e d  i n  t h c  blower and motor and a r e  
p a r t i a l l y  absorbed by t h e  e l e c t r i c a l  system supplying energy t o  t h e  motor. I n  t h e  
numerical  s o l u t i o n  a  c o n s t a n t  pump d i scharge  of 2.42 lbm/second, TABLE 1, is  assum- 
ed. 

F igure  10 is a graph of  t r a i n  speed a s  a  func t ion  of displacement .  S ince  t h e  
process  i s  p e r i o d i c  w i t h  a  t r a i n  be ing  i n j e c t e d  every 20 seconds,  t h e  t r a i n  speed,  
U, shown i n  F igure  1 0  would apply t o  a l l  t r a i n s  pass ing  through t h e  p i p e l i n e .  Since 
t h e  l ive - load  t o  dead-load r a t i o  of  a  t r a i n  h a u l i n g  c o a l  would be  a t  l e a s t  two, t h e  
l i v e  load  i n  each 700-lb t r a i n  would be  a t  l e a s t  467 l b .  Assuming a l i v e  load of  
467 l b  i n  each t r a i n ,  t h e  l ive - load  h a u l i n g  r a t e  would b e  42 t o n s  pe r  hour .  The 
unsteady v e l o c i t y  dur ing  movement through the  p i p e l i n e  is t h e  r e s u l t  of  t r a i n s  be ing  
i n j e c t e d ,  t r a i n s  be ing  exhausted,  and t r a i n s  r o l l i n g  u p h i l l  and downhil l .  The t h r e e  
t r a i n s  i n  t h e  p i p e l i n e  a t  one time can  be  v i s u a l i z e d  a s  a  l i g h t l y  damped spring-mass 
system wi th  t h e  gas pockets  between t r a i n s  a c t i n g  a s  s p r i n g s .  

The e f f e c t  on t h e  p r e s s u r e  a t  t h e  pump, Pn, F igure  9 ,  of a  t r a i n  being push- 
ed u p h i l l  i s  demonstrated i n  F igure  11. Figure  11 is a p i c t u r e  of  t h e  cnnd i t iono  
i n  t h e  p i p e l i n e  7 seconds a f t e r  t h c  i ~ ~ j c c L l u n  of t r a i n  3 when t r a i n  3 is be ing  
pushed u p h i l l .  Movement of t r a i n  3 up the  h i l l  is be ing  accomplished p a r t l y  by a  
decrease  i n  momentum of  t r a i n s  3 and 2, and p a r t l y  by t h e  p r e s s u r e  f o r c e .  The 
p r e s s u r e  drop a c r o s s  t r a i n  3, F igure  11, is g r e a t e r  than t h e  p r e s s u r e  drop a c r o s s  
t r a i n  2 and 1. At t h i s  t ime,  p r e s s u r e  a t  t h e  pump is i n c r e a s i n g ,  F igure  9 ,  which 
is accomplished by compressing a i r  i n t o  t h e  a i r  pocket between t r a i n  3 and t h e  pump. 
At about  8 seconds a f t e r  i n j e c t i o n ,  t r a i n  3 has  been pushed t o  t h e  top of t h e  h i l l  
and t h e  a i r  i n  t h e  pocket  begins t o  expand a s  evidenced by t h e  f a l l i n g  p r e s s u r e  Bt 
t h e  pump, F igure  9 .  Decompression of  t h e  a i r  pocket  behind t r a i n  3 a f t e r  t r a i n  3 
has  climbed t h e  h i l l  r e s u l t s  i n  a c c e l e r a t i o n  of t r a i n  3 a s  shown i n  F igure  10.  I n  
a  s i m i l a r  manner, t h e  p r e s s u r e  i n c r e a s e  a t  t h e  pump, F igure  9 ,  dur ing  t h e  time from 
14 seconds t o  20 seconds r e s u l t s  from t r a i n  1 moving up t h e  second h i l l .  

l b o  of  t h e  i n p u t  q u a n t i t i e s  l i s t e d  i n  TABLE 1 p e r t a i n i n g  t o  t h e  capsu le  
t r a i n s ,  C and !.I, must b e  determined exper imenta l ly .  The c o e f f i c i e n t  of d rag ,  CD. 
is  d e t e r m h e d  i n  a  s p e c i a l  appara tus  of t.he Tubexpress T e s t  F a c i l i t y .  I n  t h i s  ap- 
"---tus, a t r a i n  is t e t h e r e d  i n  a  s t r a i g h t  h o r i z o n t a l  p ipe  wi th  ins t rumenta t ion  t o  

u r e  t h e  mass r a t e  of flow of a i r  pass ing  t h e  t r a i n  r e s u l t i n g  from t h e  c o n t r o l l e d  
s u r e  drop a c r o s s  t h e  s t a t i o n a r y  t r a i n .  The c o e f f i c i e n t  of  r o l l i n g  r e s i s t a n c e ,  

,, ,s rletermincd from a recorded p r e s s u r e  s i g n a t u r e  a s  a  t r a i n  passes  through 50-f t  
long  t e s t  s e c t i o n  l o c a t e d  a t  t h e  downstream end of  a  593-ft s t r a i g h t  h o r i z o n t a l  
p o r t i o n  of  t h e  t e s t  loop ,  t h a t  i s , f r o m  x=173 f t  t o  x=766 f t  i n  F igure  10.  When 
performing t e s t s  t o  determine r o l l i n g  r e s i s t a n c e  only one t r a i n  is  i n  t h e  p i p e l i n e  
from pump t o  v e n t  i n  o r d e r  t o  ach ieve  a  s t eady  v e l o c i t y ,  U ,  a s  t h e  t r a i n  passes  
through t h e  t e s t  s e c t i o n  r a t h e r  than having t h e  unsteady v e l o c i t y  shown i n  F igure  
1 0  when m u l t i p l e  t r a i n s  a r e  i n  t h e  l i n e .  

Assessment 



At t h e  p resen t  time, 1977, t h e  large-diameter  pneumatic capsu le  p i p e l i n e  has  
been developed a s  an a l t e r n a t i v e  t o  t r u c k s ,  conveyer b e l t s ,  and shor t -hau l  r a i l r o a d s  
f o r  s u r f a c e  movement of p a r t i c u l a t e  s o l i d s ,  such a s  c o a l  o r  waste  rock.  The follow- 
i n g  s ta tements  about  t h e  pneumatic capsu le  a r e  based on the  assumption t h a t  t h e  
p i p e l i n e s  w i l l  b e  bur ied  between te rmina l s .  
1. The pneumatic capsu le  p i p e l i n e  is  t h e  s a f e s t  inasmuch a s  t r a n s p o r t  i s  accom- 
p l i s h e d  i n  an enclosed guideway, t h e  p i p e l i n e .  
2 .  The pneumatic capsu le  p i p e l i n e  is  environmental ly s u p e r i o r .  Between te rmina l s  
t h e  movement w i l l  b e  unheard, unseen,  and unsmelled i n  t h e  same way t h a t  movement of  
wacer, r ~ a t u r a l  gas ,  and 1.iquid petroleum products  a r e  hidden when be ing  moved 
through bur ied  p i p e l i n e s .  
3 .  The f i r s t  c o s t  of a  pneumatic capsu le  p i p e l i n e  is comparable t o  t h a t  of a  cover- 
ed conveyer b e l t .  I n  1975, a  pneumatic capsu le  p i p e l i n e  f o r  moving was te  rock rL--* 
3 / 4  mile  was completely d861gnucl 2 n d  pr icod .  R7n independent e s t i m a t e s  of  t h e  ( 

of a  covered conveyer b e l t  were a l s o  made f o r  comparison. The capsu lc  p ipBl in r  
about 1 0  percen t  l e s s  i n  f i r s t  c o s t  than  a covered conveyer b e l t  by one e s t i m a t c  
and aLuul: 30 pcroont  ! ess hy t h e  o t h e t .  
4. Operat ing c o s t s  a r e  be l i eved  t o  be  lower t h a t  the  a l L e ~ ~ a t i v o o .  S ince  t h e  cap- 
s u l e  p i p e l i n e  is  au tomat ic  i n  o p e r a t i o n ,  no o p e r a t i n g  personnel  w i l l  b e  requ i red .  
A l l  of t h e  maintenance is  concen t ra ted  a t  t h e  t e rmina l s .  Coated bur ied  p i p e l i n e s  
can be expected t o  be r n a l ~ ~ L m a a c c  . f ro0  f o r  decades. 
5. Bncrgy req11i.remenfs a r e  comparable t o  t h a t  of t h e  covered conveyer belL.  Ilew-- 
ever  t h e  pneumatic capsu le  p i p e l i n e  has  a g r e a i r r  f l u c t u a t i o n  i n  power demand than  
a  conveyer b e l t  b u t  l e s s  than  s motor t r u c k .  I n  t h e  systems i n v e s t i g a t e d  t o  d a t e ,  
t h e  p lan  has been t o  r e l y  on t h e  e l e c t r i c a l - e n e r g y  supply system t o  accommodate f o r  
t h e  power v a r i a t i o n s .  F l u c t u a t i o n s  w i l l  be  r e l a t i v e l y  l e s s  i n  longer  l i n e s  where 
more capsu le  t r a i n s  a r e  i n  t r a n s i t  because changes i n  l i n e a r  momentum of t h e  moving 
t r a i n s  a c t  t o  decrease  t h e  p r e s s u r e  f l u c t u a t i o n s .  I n  s p e c i a l  c a s e s ,  f lywheels  may 
be  d e s i r a b l e  f o r  energy s t o r a g e  i n  o r d e r  t o  r e l e a s e  energy dur ing  p e r t u r b a t i o n s  such 
a s  occur  dur ing  t h e  i n i t i a l  a c c e l e r a t i o n  of a  t r a i n ,  F igure  9 .  The pneumatic cap- 
s u l e  p i p e l i n e  has  a  g r e a t e r  comparat ive advantage over t rucks  and r a i l r o a d s  i n  h i l l y  
t e r r a i n  because s l o p e s  up t o  20 percen t  can be incorpora ted  i n  t h e  p i p e l i n e  thereby 
reducing the  r o u t e  l eng th  and bccause most of t h e  p o t e n t i a l  energy of a  capsu le  
t r a i n  is recovered a s  t h e  c.apsule t r a i n  descends. 

Fu ture  Development 

While development o t  improved capsu les ,  swi tch ing  dev ices ,  and s o  f o r t h  is  
be ing  pursued,  two very s i g n i f i c a n t  advances i n  capsu le  p i p e l i n e s  appear  t o  be  pos- 
s i h l e .  

Doubling t h e  energy-convcrcion e f f i c i e n c y  of an a l ready  e f f i c i e n t  pump appears  
to  be  p o s s i b l c  as a ~ ~ s u l t  of t h e  v n i q ~ r e  method of  p ropu ls ion  i n  a capsu le  p i p c l i n e .  
A n a l y t i c a l  s t u d i e s  a r e  i n  p rogress  tn  determine t h e  pipelines co w h l ~ : l ~  the improved 
pumping equipment could be  a p p l i e d .  Success fu l  implementation of t l ~ e  conccpt could 
r e s u l t  i n  a  t r a n s p o r t a t i o n  system which i s  cons iderab ly  more e f f i c i e n t  than t h e  
a l t e r n a t i v e s .  

The second p o s s i b i l i t y  is t o  u t i l i z e  t h e  pneumatic capsu le  p i p e l i n e  t o  perform 
t h r e e  func t ions  i n  underground mining, t h a t  i s ,  ( a )  t o  v e n t i l a t e ,  (b) t o  provid-  -- 
emergency e x i t ,  and (c )  t o  h a u l  o r e .  By des ign ,  t h e  mass r a t e  of flow of a i r  i 
t h e  mine could be  g r e a t e r  through t h e  empty capsu le  p i p e l i n e ,  b lock  9 i n  F igure  
than i n  the  loaded p i p e l i n e ,  block 4  i n  F igure  2 .  The excess  a i r  would bc  disc. .  ..., 
ed i n t o  t h e  mine a t  t h e  underground te rmina l  t o  flow back through t h e  mine and o u t  
through var ious  s u r f a c e  openings.  The two s t e e l  p i p e l i n e s  could be  designed t o  re-  
sist damage from f a l l i n g  rock  thereby p rov id ing  v e n t i l a t i o n  and an emergency e x i t  
through a mine cave i n .  For underground t r a n s p o r t ,  hardware components desc r ibed  
p rev ious ly  would have t o  Le devcloped f n r  o p e r a t i o n  of t h e  underground te rmina l  
where space  i c  l i m i t e d .  
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TABLE I 

P h y s i c a l  Q u a n t i t i e s  ( I l l u s t r a t i v e  Example) 

-. . -. .. -- 
Symbol D e f i n i t i o n  Uni t s  Numrrical Value 

D ID of p i p e l i n e  i n  15 .5  

f boundary-drag c o e f f i c i e n t  - 0.017 

Y v e r t i c a l  coord ina te  

W t r a i n  we igh t  

f t  . Figures  10 and 11 

1 b  700 

Cp c o e f f i c i e n t  of d rag  of a  t r a i n  - 4000 

!J c o e f f i c i e n t  of r o l l i n g  r e s i s t a n c e  - 0.025 

g  l o c a l  a c c e l e r a t i o n  of g r a v i t y  f p s 2  32.13 

G - ~  pe r iod  of t r a i n  r e l e a s e  s e c  20 

U t r a i n  v e l o c i t y  a t  x=O 
( i n i t i a l )  

pump d i s c l ~ a  l.ge 

d e n s i t y  of a tmospheric  a i r  

Pa atmospheric  p r e s s u r e  

l.hm/sec. 2.42 

s l u g s l f  t 3  0.0023 

p s f a  2100 
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Abstract 

Research has continued at the Bureau of Mines to develop and demonstrate 
mining machinery noise control technology as mandated by the Federal Coal Mine 
Health and Safety Act of 1969. The following discussion summarizes the present 
status of selected underground coal mine machinery noise research projects. 

Introduction 

The Federal Coal Mine Health and Safety Act of 1969 established mandatory 
noise exposure standards as shown in Table 1. The Bureau of Mines is actively 
developing noise reduction technology for various pieces of aboveground and 
underground mining equipment that presently are not in compliance. At the First 
and Second NCA/BCR Symposiums on Underground Mining, a review of Noise Control 
research being conducted at the Pittsburgh Mining and Safety Research Center was 
presented. This review included roof drills, diesel-powered equipment, contin- 
uous miners, and other equipment employing coal-carrying chain conveyors. 

This paper presents the wnrk. presently being dune in developing an inher- 
enrly quiet stoper-type percussive drill, methods to predict machinery noise 
levels in underground mines, and mantrip noise control. The appendix lists 
noise publications resulting from Bureau projects and the Bureau's current 
programs. 

Table 1.--Permissible noise exposures, per day 

Duration, hours Noise levels, dbA 

1 .............................. 
3/4 .......................... 
1/2 . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . .  1/4 or less 
- 

Inherently Quiet Stoper Drill 

Extensive noise surveys have shown that the most serious noise source in 
underground coal mines is the percussive drill. Noise levels at the operator's 



position of 118 dbA are often reached during roof-bolting operations using pneu- 
matic percussive equipment. Previous studies by the Bureau have led to practical 
means of "quieting" these machines to levels of 102 to 106 dbA via retrofit 
packages. The Bureau of Mines effort under contracts J0155099 (Development of 
Othcr Pneumati.~. Drills, Ivor Hawkes Associates) and 50177125 (Development of Six 
Prototype Production Stoper Drills, lvor Hawkes Associates) is to develop an 
"inherently quiet" stoper drill for roof-bolting operations. The reason for 
developing a completely new stoper drill instead of retrofitting existing units 
with exterior acoustical treatment is to obtain a.quieter, lighter, and less 
bulky stoper. This is being accomplished by analyzing a Joy L-47 percussive drill 
to identify major noise sources. Noisy components are then redesigned to make a 
quiet demonstration drill. A completely new quiet prototype percussive stoper 
drill that incorporates the noise-reducing features of the demonstration drill 
will thcn bB devell~l~ar) and tocted. A t  this time the quiet demonstration drill 
is completed and tested, and work has begun on the l~cw quict prorvtyl~n yroduoti~ 
stoper. 

Under contract 50155699, a Joy L-47 percu~sivo drill. was analyzed to iden- 
tify major noise sources. The noise from the percussive rock drills arises mainly 
from two sources: Air noise from the flow of high-pressure air, and impacts of 
the mecl~a~~ical components. Air noise originates at the exhaust port and in the 
chuck re~ion where air leaks between the drill rod and chuck. Air noico must he 
controlled by muffling before tile Lancfitc of rerl~~c,ine mechanically generated 
noise cnn be realized. In addition, the drill steel radiates high noise levels 
and must be quieted. Mechanical noise sources of the L-47 drill are summarized 
in figure 1. 

In addition to these purely mechanical (impact) noise-generating sources, 
air noise-generating sources inside the machine, which couple to mechanical sur- 
faces, must also be considered. Two sources can be identified: 

1. High-frequency pressure oscillations associated with airflow through 
thc valves and ports. 

2. Dieseling in the return stroke chamber duc to running "UII cushion" or 
when drilling with inadequate thrust. 

The vibratiu~~s (strcss waves) eenerated at these sources propagate through 
the internal components and radiate noise from the rock, drill rod, and machine 
body. (The airleg can easily be isolated from these vibrations and generates 
very little noise.) The L-47 quict drill is illustrated in figure 2 with a 
summary list of the modifjcations to the original L-47 drill. 

Figure 3 shows the components of ~11e L-5'1 quier drill a3 !roll as tho original 
L-47 drill. Figure 4 shows the modified drill in use. An explanation of the 
major changes follows: 

Chuck-Related Modifications 

To eliminate the rattle and at the same time permit easy rotation, the chuck 
was mounted in thrust bearings. The use of a roller-bearing-mounted chuck make 
the drill smoother running than the conventional L-47 and noticeably reduces th 
body vibrations. 

The tendency to generate drill rod bending waves increases as the drill rod 
shank/chuck clearance increases. Therefore, this clearance was reduced and the 
chuck was manufactured from tungsten carbide to prevent galling. The new proto- 
type stopcr being developed will not have a tungsten carbide chuck because of 
cost considerations but will instead rely on reduced drill rod tolerances and a 
longer drill shank length to reduce drill misalinement. 



In addition, the chuck was vibration-isolated from the machine body via a 
rubber collar and sealed in the front to eliminate noise generated by air venting 
from the front cavity. 

Drill Body 

The body was completely redesigned to produce a potentially lightweight, 
compact, and radially symmetrical construction that can be easily shrouded. 
The body consists of two aluminum tubes located axially by a steel buffer ring. 
The front half of the body contains the rotating chuck assembly described earlier, 
and the back half has a hardened steel liner for the piston and valve assemblies. 

Grooves machined in the steel liner form the air passages when pressed into 
:he aluminum inner body. These two inner body assemblies are preloaded together 
by two end plates connected by long steel bolts. The use of such bolts is 
lniversal in drill machines since they provide a springljk~ means of absorbing 
thc impacl e~~eryy of the piston when the drill is running "on cushion." The end 
plates are made of ~ncramute*,(l) which reduces noise radiation. 

Exhaust Plenum and Muffler 

An exhaust plenum chamber is formed around the complete machine body by a 
tube located on rubber gaskets between the end plates. The plenum chambcr 
vibrates due t o  the discharging air and also to some extent due to the vibration 
of the end plates, so additional means are needed to damp its vibrations and/or 
shroud it. The final solution was to damp the plenum chamber tube and eliminate 
the outer shroud tube. (The plenum chamber tube for the new stoper now being 
developed will be made from a vibration-damping material consisting of a 1/4-inch 
aluminum-plastic-aluminum laminate.) ( 2 )  

From the plenum, the exhaust air was discharged through holes cut in the back 
head plate and into a Joy 150 muffler. The muffler consists of a stack of rubber 
baffle plates enclosed in an aluminum case. 

Drill Rod Shroud Tube 

There were two versions, each of which covers the drill rod with a tube that 
is supported only at each end. Other studies have shown that bonding a noise- 
absorbing coating to the entire length of the drill rod will substantially reduce 
drilling rates. Figure 5 shows the components of the "Integral Shroud Tube" and 
"Drill-Mounted Shroud Tube." The integral shroud tube encloses the drill steel 
by either a steel or plastic tube located between the collar and bit and mounted 
to the rod at its extremities by rubber isolating bushings. In this technique 
the shroud tube and rod are handled as one assembly, and the tube rotates with 
the drill rod. To remove the tube, the bit is detached and the tube and bushing 
are withdrawn over the rod. 

The drill-mounted shroud tube encloses the drill steel by a tube fastened at 
one end to the drill front head and located on the rod by a rubber isolating 
hushing mounted immediately behind the bit. In this technique the drill rod 
otates inside the tube during drilling. The tube can either be handled with 
he drill rod (by decoupling it from the drill body using a q1,lick-release coupler) 
.r bc left mou~~ted on the drill machine. In the latter case, the rod must be 
inserted into the shroud tube from the front. The shroud tube can be given an 
internal coating of plastic or rubber to damp the shroud tube vibrations. The 
internal coating should not contact the drill rod because this would reduce the 
drilling rate. Exterior coatings are not practical because they will wear 
against the sides of the drill hole; 

* Use of brand names is for identification purposes only and does not imply 
endorsement by the Bureau of Mines. 



An unmodified drill and a modified drill were demonstrated in a coal mine 
for Bureau of Mines (BOM) and Mining Enforcement and Safety Administration (MESA) 
personnel. Noise levels were reduced with the modified drill from around 114 dbA 
to around 95 dbA with a reduction of less than 10 percent in the drilling rate. 
Throuch numernils tests it was determined that the maioritv of the noise in the 
modifTed drill comes from the drill rod. Noise radiated from Lhe drill body was 
determined to be about 89 dbA. Figure 6 shows quiet drill noise levels as a 
shrouded and exposed drill rod drills into a hole. As can be seen from figure 6 
the drill rod shroud provides substantial noise reduction. 

Because the shrouded drill rod is still the major source of noisc, basic 
studies on d r i l l  rod noise emissions were undertaken. 

Figure 7 shows an experiment in which a drill rod was hit at the end of a 
slight angle, and bending waves and sound pressure were recorded. As can be see 
the bending wave and sound pressure waveforms are very similar, showing that mos 
of the nn lsp  i 4  caused by bending waves. This is an interesting result because 
most of the energy is in the longitudinal waves, whiCn are er5e11Lial to the 
drilling process; bending waves, which result mainly from noncentralized-impact- 
worn chucks and bend rods, serve no useful purpose. 

Another useful result of this study was the development of an equation to 
predict drill rod bending wave natural frequet~cies. K,lowing tho drill mrl hmd- 
i ~ ~ g  wave frequcncics enables one t.o identify which components in the noise spec- 
trum are being radiated from the drill rod and which are not. 

As stated earlier, the development of the quiet prototype stoper drill has 
just begun under contract 50177125. The new drill will incorporate the noise 
reduction features of the demonstration drill and will include the following 
features : 

1. A "valveless cycle" will be employed where the piston acts as the valve, 
and drill rod rotation is achieved by a separate air motor attached to the chuck 
housing. The valveless drills are much simpler than valved rifle bar machines 
(such as the L-47 where drill rod rotation is linked to the pistol1 motion) and 
as such are easier to maintain and more trouble-free in operation. In such a 
cycle the air is ported to the downstroke and returnstroke chambers in exact 
relationship to the piston position. This is in contrast to conventional cycles 
in which the independent valve is activated by air pressure signals. Because of 
the exact relationship between piston position and airflow, valveless cycles can 
be precisely designed for high blow frequency and maximum efficiency. The cycle 
for the prototype quiet drills will use an expansion cycle and discharge the air 
into the plcnum chamber at a lower pressure than would normally be possible with 
a conventional rifle bar-valve cycle. It is expected that reducing thc cxhaust 
pressure will produce a machine that is much more economical in the use of air 
and that will have a lower exhaust noise level to be muffled. 

2. The external exhaust muffler will be eliminated, and an integral muffler 
will be designed into the exhaust plenum chamber. 

3 .  The drill shroud tube will be "machine mounted," and improved shroud 
tube damping methods will h e  developed. 

These quiet prototype stoper drills are scheduled for delivery in 1978, 
at which time inmine testing will begin. They will be the first "inherently quiet" 
percussive stoper drills manufactured. The technology developed for the quiet 
pneumatic percussive stoper will also be applicable for future "quiet" designs 
of other percussive drills such as jumbo-mounted drills and pavement breakers. 



Effect of the Underground Environment and 
Loading Conditions on Equipment Noise Levels 

In specifying acceptable noise levels for new mining equipment, the mine 
operator must provide the manufacturer with an aboveground sound level since in 
most cases the equipment must be tested on the surface at the manufacturer's 
site under no-load conditions. This requires that the mine operator must know 
and account for the increase in noise level at the operator's or bystander's 
position when the machine is placed in the underground environment. In addition, 
for those machines that interact with coal, i.e. continuous miners, loaders, etc., 
the mine operator must make allowances for the effect of load conditions on the 
noise level. 

Becausc of tile reverberant nature of the underground el~vironment, the level 
cxisting underground will in most cases be equal to or greater than the level 
measured on the surface. This is illustrated in figure 8. The magnitude of rhe 
increase in levcl depellrls primarily on the absorption in the mine and the distance 
from the noise source. Thus, it is necessary to know the average absorption 
coefficient for a given environment as well as how sound propagates for the 
various underground configurations--room, tunnel, and room and pillar. Under 
contract H0346046 (Noise.of Diesel-Powered Underground Equipment; Bolt Beranek 
and Newnan), a methodology for predicting the increase in level using the tech- 
nique of acoustic imaging was developed. 

Correction factors were derived for the geometrical configurations of flat 
rooms and tunnels. Only a limited number of field tests were performed to verify 
this predictive scheme, and the testing was accomplished on diesel-powered equip- 
ment only, where the engine was always identified as the principal noise source 
and was easily characterized as the acoustic center which facilitated use of the 
corrosion factors. 

In addition to using acoustic imaging techniques, for machines that cut or 
handle coal, it is necessary to estimate noise levels under loaded conditions in 
the mine from no-load nnice levcl: moas"raJ on the surface. 

The Bureau of Mines is presently extensively evaluating the acoustic imaging 
techniques under contract 50366030 (The Effects of Underground Environment and 
Loading Conditions on Noise Levels of Coal Mining Equipment, Donaldson Co.). 
Under this program noise levels of mining machinery are measured aboveground 
unloaded, and then noise levels of these same mining machines are measured under- 
ground unloaded and loaded. In addition, the mine dimensions, reverberant nature, 
and absorption nature are measured. This.program involves obtaining noise data 
for approximately 22 machines, including continuous miners, cutting machines, 
coal drills, loading machines, shuttle cars, locomotives, and roof bolters. Noise 
data are presently being obtained on the aforementioned mining machinery. A 
preliminary analysis of the data that have been obtained indicates that the 
acoustic imaging technique works if the machinery major noise sources are assumed 
to be point noise sources. 

The results of contract 50366030 will be available in 1978 and should pro- 
vide a technique for the mine operator to predict machinery underground noise 
levels from aboveground measurements. 

Mantrip Noise Control 

Mantrip vehicles pose a unique problem because they are used by the majority 
of underground workers in traveling to and from their working sections. There- 
fore, the workers are exposed to the mantrip noise in addition to the noise at 
their work station. A recent study of sound pressure levels of mantrip vehicles 
showed noise levels from 80 to 102 dbA with an average of 94 dbA. 



A continuous miner operator has more noise exposure than does a shuttle 
car operator, yet both use the mantrip vehicle for travel. If this vehicle is 
"noisy," it could cause the Noise Exposure Index (NEI) of the continuous miner 
operator to exceed unity, which would be in violation of the present noise 
standards, even though his occupational exposure is within prescribed limits. 
Thus, reducing mantrip noise below 90 dbA will help reduce worker exposure. 

The Bureau of Mines, under contract H0166090 (Mantrip Noise Control, Bolt 
Beranek and Newman), is demonstrating noise control techniques for reduction of 
noise in mantrip vehicles to the minimum levels consistent with state of the art 
technology, with an eventual goal of 85 dbA or less, as measured at the approxi- 
mate location of the passenger's ear. Under this program, noise control tech- 
niques are being demonstrated on a FMC-Galis 2190 portal bus. The FMC-Galis 
2190 portal bus is sln~wlr in Figure 9 .  Tahle 2 shows noise levels measured 
under various conditions for the unmodified mantrip vel~icie. 

Table 2.--Unmodified FMC-Galis 2190 portal bus: 
Measured noise levels (dbA) at various locations and operating conditions -- 

Passenger compartment Uriver ~ul~~partmcnt 
1s mph 10 mph 15 mph 10 mph 

Curve .................... 93.5 92.5 88 88 
Straight .....,........... 90.5 80.0 87.5 82.5 

The major noise contributors and the proposed quieting techniques are shown 
in table 3. 

Table 3.--%-Galis 2190 portal bus: 
Major noise sources and proposed quieting techniques 

Major noise sourccs P r ~ d  quieting techniques - 
Wheel-rail structureborne noise .......... Resilient wheels. 
Motor airborne nuise ..................... Sound-absorbing motor enclosure. 
Motur..structureborne noise ............... Constrained layer damping. 

As shown in figure 10, resilient wheels are basically composed of three 
sections; the inner and outer circi~lar metal sections are separated by rubber 
blocks that provide the requircd vibration dampings. These wheels are commer- 
cially available(3) and are presently used on mass transit vehicles. 

The demonstration retrofit noise control package delineated in table 3 is 
scheduled for installation and testing in the near future. Similar quieting 
techniqucs should be applicable to other rail-type mantrips. 

Conclusions 

With awareness that noise presents a major health problem to the coal miner 
in the form of occupational hearing loss, the Bureau's noise research projects 
are being dirccted at critical areas that have been previously identified. 
Progress is being made in applying available acoustic technology to mining 
machinery. The total cooperation of the mining industry is required for these 
efforts fn he successful, and it should be emphasized that the industry-wide 
application of available noise control technology is still the respnnsibility 
of the mine operators and equipment manufacturers. 



APPENDIX A 

PUBLICATIONS RESULTING FROM BUXEAU OF MINES NOISE PROJECTS 

The following is a list of reports that are available in the area of Noise as a result of the Bureau of Mines contract 
research program. These reports may be obtained as follows: 

Open File Reports (OFR) - An open file report is an unpublished Bureau of Mines report that has been made available as 
reference material. Open file reports may be inspected during working hours at the Bureau of Mines libraries in Pittsburgh, 
Pa., Denver, Colo., Spokane, Wash., Twin Cities, Minn., at the Energy Research and Development Adm~nistration library in 
Morgantown, W. Va., and at the Central Library, U.S. Department of the Interior, Washington, D.C. 

National Technical Information Service Reports (NTIS) - Paper and/or microfiche copies may be purctased by writing to the 
National Technical Information Service, U.S. Department of CommeTce, Springfield, Va. 22161. 

Bureau 
contract 
number Contractor 

Report 
date Report title Report numbers 

SO111345 Hydrospace Research Corp. Jan. 72 Design of a Program of Acoustic gesearch 
Volume I OFR 2 (1)-72 
,Volume I I OFR 2 (2)-72 

Not in NTIS 

GO122004 Penn State University Nov. 72 Aspects of bise Generation and Hearing OFR 19-73 
Protection in Underground Coal Mines. 106 pp. NTIS PB 219 087/4 

H0220048 U.S. Steel Engineers and Jan. 73 Muffler for Pneumatic Drill. 81 pp 
Consultants 

OFR 28-73 
NTIS PB 220 372/7 

H0133027 Bolt Beranek and Newman Inc. May 74 Coal Cleaning Plaht Noise and Its Control. OFR 44-74 
99 PP. NTIS PB 235 852/AS 

GO133026 Penn State University Dec. 73 A Study.of Roof Warning Signals and the Use OFR 46-74 
of Personal Hearing Protection in Underground NTIS PB 235 B67/AS 
Coal Mines. 238 pp. 

SO144091 Naval Ammunition Depot, Dec. 74 Feasibility Study of Portable Calibration OFR 11-75 
Crane. Ind. Instrumentation for Audio Dosimeters. 93 pp. NTIS PB 242 577/AS 



APPENDIX A - Continued 
Bureau 
contract 
number Contractor 

Report 
dat 2 Report title Report numbers 

H0220048 U.S. Steel Engineers and Jan. 75 Noise Control of Stoper Drills. 153 pp. OFR 91-75 
Consultants, Inc. NTIS PB 246 381!.?S 

H0122054 Apt Bramer Conrad Assoc., Apr. 75 Noise Abatement in Mining Machinery. 108 gp. OFR 1-76 
Inc. Not in NTIS 

H0144079 Bolt Beranek and Newman Inc. July 75 Noise Control in Surface Mining Facilities. OFR 64-76 
156 pp. NTIS PB 253 257/C\S 

GO155032 Fenn State University May 76 Evaluation of Speech Processing Systems. OFR 96-76 
150 pp. NTIS PB 255 7871AS 

H0155142 Naval Weapons Suport Center Ma:ch T i  Characteristics of an Acoustic Coupler for Use OFR 113-76 
in an Audio Dosimeter Calibrato:. 37 pp. NTIS PB 259 586rAS 

H0155131 FMC Corporation Ha:/ 76 Evaluation of Wet Head Drilling Techniques. OFR 44-77 
69 PP. NTIS PB 264 99?.'AS 

H0144076 Foster-Miller Associates, Oct. 76 Alternate Conveyor Design for Mine Machinery. OFR 52-77 
Cnc. NTIS PB 265 151.'AS 

H0144079 Bolt Beranek ar,d Newman Inc. D m .  76. Practical Reduction of Noise from 3hutes .and OFR 59-77 
Screens in Coal Cleaning Plants. 73 pp. NTIS ?B 265 344'AS 

H0346046 Bolt Beranek and Newman Inc. Msr. 75 Noise of Diesel-Powered Underground Equiyent. NTIS PB 243 846JAS 

H0133027 Bolt Beranek and Newman Inc. k y  74 Coal Cleaning Plant Noise and Its Control OFR 44-74 
NTIS PB 235 852JAS 



The following is a . f reports published by the Bureau of Mines as a result of the inhoxs e program. To 
obtain copies of these reports, apply to Publications Distribution Branch, Bureau of Mines, U.S. Dep~rtment of the Interior, 
4800 Forbes Avenue, Pittsburgh, Pa. 15213. Because of the limited editions, only one copy of aly publication can be sent 
to the person applying. 

Year Title Authors Report No. 

1975 NOISE CONTROL - Proceedings: Bureau of Mines Technology 
Transfer Seminar, Pittsburgh, Pa., January 22, 1975 

1975 Noise Reduction of a Pneumatic Rock Drill 

1974 Noise Abatement of Pneumatic Rock Drills 

1974 Noise Dosimeter Performance 

1973 Response Variations of a Microphone Worn on the 
Human Body 

1971 Noise in Underground Coal Mines 

Staff, Pittsburgh Mining IC-8686 
and Safety Research Center, XTIS PB 245 571/AS 
U.S. Bureau of Mines 

A. Visnapuc and RI-8082 
J. W. Jensen 

C. R. Swnmers and RI-7998 
J. N. Murphy NTIS PB 240 095/OWD 

K. C. Stewart and T. Y .  Ysn RI-7876 

T. L. Muldoon RI-7810 

J. A .  Lamonica, R. L. RI-7550 
Mundell, and T. L. Muldoon 



APPEYDIX B 

BUREAU OF MIYES CURRENT NOISE RESEARCH PROJECTS 

Bureau contract no. Contractor Descripti31 

Ivor Hawkes Associates 

Ivor Hawkes Associates 

Donaldson Co. 

Bolt Beranek and Newran, Inc. 

Donaldson Co. 

Bolt Beranek and Newman, Inc. 

Booz, Allen, and Hamilton 

VAST Corp. 

Bendix Corp. 

Bolt Beranek ani Kewman, Inc. 

Bolt Beranek and Newman, Inz. 

Bolt Beranek and Newman, Inc. 

Bolt Beranek and Wewman, Inc. 

Bolt Beranek arid Neman, Inc. 

Development of Other Fnewnati; Drills 

Develop Six "Inherently Quiet" Prototype Productior. 
Stoper Drills 

Study of the Effects of the Cnderground Environment 
and Loading Conditions on ~Ccsl Mining Equipment Noise 
Levels 

Mantrip Noise Cant701 

Auger Miner Noise Con:rol 

Noise of Surface C ~ a l  Mining Equipment 

Engineering Noise Zontrol Guidelines Handbook for the 
Coal Mining Industry 

Design of a Quiet Rock Drill Using Principles of the 
Leave11 Model D Pavement Brsaker--Feasibility Study 

Fabrication of a lime Resoled Audio Dosimeter Systen 

Continuous Miner Boise Control 

Coal Preparation P1ar.t Noise Control 

Noise Control of Underground Load-Haul-Dw.p Machines 

Noise Control of Jumbo-Mounted Drills 

Noise Control in Surface Ncrcoal Plants and Mills-- 
Source Diagnosis and Abatement Techniques 



APPENDIX B - Continued 
Bureau contract no. Contractor Description 

Aerophysics 

Industrial Acoustics Co. 

Noise Control in Surface Noncoal Plants and Mills-- 
Noise Control in Secondary Crushers 

Noise Control in Noncoal Plants and Mills-- 
Noise Control for Secondary Crushers 

50366055 Donley, Miller, and Nowikas, Inc. Noise Control in Noncoal Plants and Mills--Study of 
Noise Exposure in a Cross-Section of Taconite Plants 

50177049 Cantract to be awarded in near future Demonstration of Bulldozer Noise Control 

Contract to be awarded in near future Investigation of Direct Airborne Noise Generated 
During Coal Cutting 

50177039 IIT Research Institute Flammability Evaluation of Noise C3ntrol Products 
for Use in Underground Coal Mines 
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Figure 1. - Mechanical noise sources in the Joy L-47 drill (excluding 
exhaust and flushing air). 
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F i g u r e  2 .  - Modif ied J0y.L-47 d r i l l  and l is t  o f  m o d i f i c a t i o n s  t o  t h e  
o r i g i n a l  d r i l l .  
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Figure 4. - Quiet stoper drill in operation. 



Integral hroud tube 

Drill mounted shroud tube 

Figure 5. - Drill rod shroud tube components. 
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Figure 5. - Drill rod noise (1-in& diameter, 
2-ft long rod). Machine body noise 
was approximately 89 dbA for these 
tests. 





Figure 8. - Illustration why mise levels in a w e 1  can be significantly 
greater than aboveground levels for the same s m e .  



Figure 9. - FMC-Galis 2190 portal bus. 

Figure 10. - Resilient wheel construction. 



ELECTRONIC MONITORING AND CONTROL OF COAL MINE VENTILATION 
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Introduct ion 

One of the ke factors i n  the safe operation o f  any coal mine i s  a r e l i a b l e  
and adequate vent i fa t ion system. Although venr l la t lon netwvrb rrrl be subjected 
detai led mathematical analysis and computer simulation, everyday operation o f  coa 
mine vent i la t ion systems depends very l i t t l e  on such techniques but rather on 
experience and "cut-and-try" methods. While such methods have been adequate i n  the 
past, i t  i s  obvious that  the a b i l i t y  t o  know the s tate o f  the t o t a l  vent i la t ion 
system a t  any given moment and t o  readjust f low d is t r ibu t ion  by remote control 
would be valuable from both safety and economic points of view. 

Sinoe 1970, the Weat Virg in ia  l ln ivers i ty  Department o f  E lect r ica l  Engineering 
has been developing, under the sponsorship o f  the U .S. Department o f  the In te r io r  ' S  
Bureau o f  Mines, a system t o  remotely m n i t o r  c r i t i c a l  mine vent i la t ion parameters 
a t  key locations i n  mine airways. This work has led  t o  the ins ta l la t ion  o f  a mine- 
wide monitoring system which has made experiments with remote vent i la t ion control 
possible f o r  the f i r s t  time i n  the United States. 

This paper describes the basic objectives and design c r i t e r i a  f o r  mine venti-  
l a t i o n  monitoring and control. The WU Mine-Wide Monitoring System ins ta l led  i n  
Eastern Associated Coal Corporation's Federal No. 2 mine i s  discussed followed by a 
descript ion o f  an electronic remote control led mine vent i la t ion regulator designed 
f o r  experimental use. Results o f  the test ing program are presented. 

Monitoring Mine Venti lat ion Networks 

The need f o r  monitoring conditions i n  coal mines f o r  safety purposes has been 
recognized f o r  many years. A var ie ty  o f  instruments are used i n  coal mines today 
t o  insure the presence o f  a safe environment. However, most devices used i n  
United States coal mines operate only when activated by the miner. Continuous 
monitoring o f  c r i t i c a l  parameters o f fe rs  many obvious advantages over current prac- 
tices. These advantages have been recognized fo r  a number o f  years i n  the European 
mining countries [I] .  The National Coal Board i s  researching sophisticated com- 
puter based monitoring [2,3]. Continuous monitoring has been under development f o r  
gold and uranium mines i n  South Afr ica and Canada [4,5]. I n  recent years the U.S. 
h r e a u  o f  Mines has conducted several research projects i n  e l ~ t r o n l c  mine moni- 
tor ing [b]. including the work described here. 

Since the vent i la t ion system plays the primary ro le  i n  the control o f  methane 
and dust i n  normal mine a c t i v i t i e s  and smoke and noxious gases during f i r e s  and 
explosions, the f low o f  a i r  and the gases contained therein are the most importal 
parameters tha t  can be monitored f o r  prevention o f  explosions and f i res .  Thus, ' 

work described herein concentrates on vent i la t ion monitoring with the fol lowing 
three objectives: 1) to  provide ear ly  detection o f  problems wel l  before human 
in ju ry  occurs, 2) t o  provide information on si tuat ions tha t  develop beyond the 
inc ip ient  stages t o  a i d  the safe evacuation o f  personnel and control and e l  imina- 
t i o n  o f  the problem, and 3) t o  a i d  mine personnel i n  the day-to-day operation and 
maintenance of the mine system i n  minimizlng hazards and maximizing efficfency. 

Following a study o f  the candidate parameters f o r  measurement and the avai 1 - 
a b i l i t y  o f  suitable sensors, the variables chosen f o r  the WU program were a i r  
velocity, d i f fe ren t ia l  pressure between airways, methane, carbon monoxide, 



temperature and r e l a t i v e  humid i t y .  D e t a i l s  o f  t h i s  s tudy a r e  presented i n  p rev ious  
r e p o r t s  [7.8,9]. 

I n  o r d e r  t o  most e f f e c t i v e l y  m o n i t o r  each v a r i a b l e ,  i t  would be b e s t  t o  have 
sensors p laced  a t  each p o s i t i o n  where problems a r e  most l i k e l y  t o  occur .  Obv ious ly  
t h i s  i s  n o t  p r a c t i c a l .  One s o l u t i o n  i s  t o  p l a c e  sensors a t  key p o s i t i o n s  so they  
can m a i n t a i n  s u r v e i l l a n c e  over  des ignated areas.  I n  v iew o f  t h e  way t h e  a i r  i s  
supp l ied  t o  each work ing s e c t i o n  and f e d  back a long  nearby r e t u r n  a i rways ,  a  n a t u r a l  
l o c a t i o n  f o r  t h e  sensors i s  near t h e  ma jo r  s p l i t s  o f  a i r .  By p r o p e r l y  choosing t h e  
s p l i t s  t o  be moni tored,  t h e  v e n t i l a t i o n  system can be e f f e c t i v e l y  broken i n t o  zones 
o r  areas where a l l  t h e  a i r  go ing  i n t o  and o u t  o f  each zone i s  under s u r v e i l l a n c e .  
Thus t h e  occurrence o f  f i r e ,  abnormal methane l i b e r a t i o n ,  v e n t i l a t i o n  d i s r u p t i o n .  

' ., can be de tec ted  and t h e  zone i n  which i t  i s  l o c a t e d  determined.  

There a r e  severa l  advantages t o  t h e  area m o n i t o r i n g  method. By j u d i c i o u s l y  
p o s i t i o n i n g  t h e  sensors, t h e  moni tored areas can be e s t a b l i s h e d  so as t o  p u t  an 
e n t i r e  mine under s u r v e i l l a n c e  w i t h  a reasonable number o f  sensors. The sensor 
i n s t a l l a t i o n s  would be r e l a t i v e l y  permanent thus  m i n i m i z i n g  t h e  need f o r  r e l o c a t i n g  
and c a l i b r a t i n g .  Disadvantages a r e  p r i m a r i l y  two- fo ld :  o b v i o u s l y  these sensors 
cannot p r o v i d e  i n f o r m a t i o n  on c o n d i t i o n s  a t  o r  near the  work ing p laces,  and t h e r e  
i s  an i n h e r e n t  t ime  d e l a y  o f  minutes i n  the  t r a n s p o r t a t i o n  o f  gases i n  t h e  v e n t i l a -  
t i o n  system. Because o f  these disadvantages, a d d i t i o n a l  sensors may a l s o  be 
r e q u i r e d  near  the  work ing  areas and a t  o t h e r  p o s i t i o n s  i n  t h e  ~trirle t o  y i e l d  t h e  
des,ired r e s u l t s .  

Study o f  the  o v e r a l l  m o n i t o r i n g  problem has l e d  t o  t h e  conc lus ion  t h a t  sensors 
should, i n  genera l ,  be p laced  as f o l l o w s  t o  e f f e c t  an acceptable s u r v e i l l a n c e  o f  an 
e n t i r e  mine: 

1 .  Each a c t i v e  s e c t i o n :  
a. complete a r r a y  o f  sensors i n  each a i rway  near t h e  l a s t  s p l i t  s e r v i n g  

each s e c t i o n  
b. sensors near  work ing p lace  - methane sensnr an m in ing  machine a s  a 

minr'rlul~l requi rement  
2. M o n i t o r  a t  l e a s t  methane and carbon monoxide a t  c r i t i c a l  a i rway  j u n c t i o n s ,  

e s p e c i a l l y  v e n t i l a t i o n  f rom "worked o u t "  areas. 
3 .  Measure p ressure  between a i rways  a long  main rou tes  w i t h  sensors p laced  a t  

major  s p l i t s ,  spaced as o f t e n  as d e s i r e d  between s p l i t s ,  and near  fans .  
4. Place carbon monoxide o r  o t h e r  accep tab le  f i r e l s m o k e  sensors a long  t r o l l e y  

and b e l t  haulageways w i t h  spacings as r e q u i r e d  t o  achieve a maximum 
response t i m e  o f  about  f i v e  minutes.  They should a l s o  be p laced  near 
e l e c t r i c a l  equipment such as r e c t i f i e r s  and pumps. 

These conc lus ions  a r e  based on t h e  o b s e r v a t i o n  t h a t  t h e  sec t ions  a r e  g e n e r a l l y  
l o c a t e d  a t  t h e  e x t r e m i t i e s  o f  t h e  v e n t i l a t i o n  network where t h e  a i r  becomes contam- 
i n a t e d  and i s  channeled i n t o  t h e  r e t u r n  a i rways.  S ince the  m a j o r i t y  o f  t h e  workmen 
i n  a mine a r e  l o c a t e d  on o r  near  t h e ' s e c t i o n s ,  i t  i s  impor tan t  t o  know i f  f r e s h  a i r  
i s  reach ing  them. Thus by l o c a t i n g  a complete a r r a y  o f  sensors i n  t h e  a i rways  
s e r v i n g  each a c t i v e  s e c t i o n ,  c o n d i t i o n s  f o r  each I n d i v i d u a l  s e c t i o n  can be moni- 

d. A minimum o f  measurements need t o  be made near the  a c t u a l  work ing p lace  t o  
r t a i n  t h a t  adequate f r e s h  a i r  i s  a c t u a l l y  reach ing  t h e  workmen and n o t  be ing  
t e d  i n t o  a r e t u r n .  For  example, i n  a gassy mine, m o n i t o r i n g  methane v i a  t h e  

m in ing  machine mounted ins t rument  should be adequate t o  determine i f  s u f f i c i e n t  
v e n t i l a t i o n  i s  present .  

Problems can develop a t  l o c a t i o n s  o t h e r  than  an a c t i v e  area.  S ince these need 
t o  be q u i c k l y  de tec ted  and analyzed b e f o r e  endangering t h e  miners,  sensors must be 
p laced  a t  o t h e r  l o c a t i o n s  i n  the  v e n t i l a t i o n  system. I n  o r d e r  t o  p r o t e c t  t h e  
s a f e t y  of miners who e n t e r  r e t u r n  a i rways,  sensors must be l o c a t e d  a t  impor tan t  
j u n c t i o n s .  A t  t h e  ve ry  minimum, sensors f o r  methane and carbon monoxide should be 
used a t  these l o c a t i o n s .  I n  o r d e r  t o  ana lyze  changes i n  t h e  ven t i .1a t ion  system. 
d i f f e r e n t i a l  pressure should be measured th roughou t  t h e  main a i rway  system. Also,  



t h e  measurement of pressure a t  each fan w i l l  determine i f  f a n  performance i s  proper .  
De tec t ion 'o f  f i r e  can be ef fected by u s i n g  carbon monoxide sensors which a r e  p laced 
a long t r a c k  haulage l i n e s  and beltways. The sensors can be spaced i n  accordance 
w i t h  t h e  normal a i r  v e l o c i t y  t o  achieve any maximum d e s i r e d  response t ime.  E x i s t i n g  
bel tway f i r e  sensor systems should be i n t e g r a t e d  i n t o  t h e  o v e r a l l  mon i to r ing  system. 
Sensors should be p laced so as . t o  d e t e c t  f i r e  f rom unattended e l e c t r i c a l  equipment 
such as r e c t i f i e r s  and t ransformers which a r e  v e n t i l a t e d  i n t o  r e t u r n  a i r .  

Data from a l l  t h e  sensors d iscussed above must be conver ted t o  engineer ing 
u n i t s ,  checked and processed t o  determine t h e  s t a t u s  o f  c o n d i t i o n s  i n  the  mine, and 
d isp layed  as r e q u i r e d  by opera t ing  personnel. As o r i g i n a l l y  conceived, t h e  research 
repor ted  here in  began w i t h  t h e  hypothesis  t h a t  t h e  most optimum arrangement was fn 
l o c a t c  a l l  data processing and d i s p l a y  equipment a t  one c e n t r a l i z e d  l o c a t i o n  out 
t h e  mine. E a r l y  s tud ies  i n d i c a t e d  t h a t  one o f  t h e  mdjor  mine management prnblen 
d u r i n g  r ~ u r ~ ~ i a l  and emergency s i t u a t i o n s  i s  t h e  l a c k  o f  an up- to- the-minute knowle - 
o f  c o n d i t i o n s  throughout  t h e  mine. Thus, i t  was concluded t h a t  Lhe major  t h r u s t  of  
t h e  system design should be t o  accumulate as much u s e f u l  data as p o s s i b l e  a t  a cen- 
t r a l  p o i n t  and t o  process and d i s p l a y  i t  i n  a u s e f u l  and p r a c t i c a l  manner. Because 
of t h e  number o f  sensors r e q u i r e d  t o  cover  an e n t i r e  mine, i t  i s  apparent  t h a t  some 
form of d i g i t a l  data processing must be employed t o  scan t h e  data a u t o m a t i c a l l y  t o  
r ln tec t  unusual o r  abnormal c o n d i t i o n s .  Because of  t h e  c o s t  o f  d i g i t a l  yraocessing 
equipment o n l y  a few years  ago, t h e  u111y p r a c t i c a l  s o l u t i o n  t.n t h i s  problem was t h e  
c e n t r a l i z e d  processing c o n f i g u r a t i o n .  I f  i t  would ever  be des i red  t o  d i s p l a y  da ta  
near sec t ions  o r  o t h e r  underground l o c a t i o n s  w i t h  t h i s  c o n f i g u r a t i o n ,  t h e  processed 
data must be t r a n s m i t t e d  back t o  t h e  underground d i s p l a y  p o i n t .  However, t h e  
recen t  advent o f  t h e  microcomputer has made decen t ra l  i zed processing p r a c t i c a l  and 
thus i s  r e q u i r i n g  t h a t  mine mon i to r ing  system a r c h i t e c t u r e  be reconsidered.  I t 
should be emphasized t h a t  t h e  authors a r e  n o t  suggest ing t h a t  t h e  da ta  processing 
should be t o t a l l y  decen t ra l i zed .  On t h e  c o n t r a r y ,  t h e  major va lue o f  mine-wide 
m o n i t o r i n g  i s  t h e  accumulat ion o f  a l l  data a t  one p o i n t  f o r  d i sp lay ,  a n a l y s i s  and 
storage.  Any system a r c h i t e c t u r e  must supply adequate c e n t r a l i z e d  processing f o r  
these f u n c t i o n s .  

The work descr ibed here u t i l i z e s  a t o t a l l y  c e n t r a l i z e d  processing and d i s p l a y  
arrangement. A l l  convers ions o f  vo l tages  t o  eng ineer ing  u n i t s ,  genera t ion  o f  
alarms and d i s p l a y  o f  da ta  i s  done a t  t h e  c e n t r a l  c o n t r o l  s t a t i o n .  An e f f o r t  has 
been made t o  stmpli .Fy t h e  c a l i b r a t i o n  and o t h e r  underground maintenance procedures 
as much as poss ib le .  While t h i s  tends t o  s h i f t  most o f  t h e  r e s p o n s t b i l i t y  f o r  sys-  
tem update t o  t h e  c e n t r a l  c o n t r o l  opera to r ,  i t  places t h e  major requi rement  f o r  
t r a i n i n g  a t  t h i s  p o s i l i o n .  An e f f o r t  has a l s o  been made t o  s i m p l i f y  t h e  normal 
o p e r a t i o n  o f  t h e  c e n t r a l  computer thus m in im iz ing  t h e  t r a i n i n g  t o  be requ i red .  For  
example, c u ~ ~ h ~ ~ u n i c p t i o n  w i t h  t h e  cnmputer w i l l  be through a system o f  code words 
t h a t  a r e  d e r i v e d  from t h e  normal terms used a t  t h e  mine. 

Remote Contro l  o f  Mine V e n t i l a t i o n  -. 
The main o b j e c t i v e  o f  rerrlutely c o n t r o l l i n g  mine v e n t i l a t i o n  sys le l~~l ;  i s  t o  p c r -  

m i t  changes i n  a i r  f l o w  d i s t r i b u t i o n  and q u a n t i t y  i n  a m a t t e r  o f  minutes r a t h e r  
than over  a p e r i o d  o f  several  hours o r  days as now requ i red .  The value o f  such 
c a p a b i l i t y  f o r  mines w i t h  methane and dus t  c o n t r o l  problems i s  obvious.  I n  t h e  
case o f  exp los ion  o r  f i r e ,  t h e  a b i l i t y  t o  r e d i s t r i b u t e  and c o n t r o l  a i r  f l o w  wou 
be extremely va luab le  i n  a i d i n g  t h e  sa fe  evacuat ion o f  men and i n  c o n t r o l l i n g  t... 
spread o r  propagat ion o f  f i r e .  I t  should be recognized a t  t h e  o u t s e t  t h a t  remote 
c o n t r o l  o f  mine v e n t i l a t i o n  must be coupled w i t h  a mine-wide mon i to r ing  c a p a b i l i t y .  
That i s ,  t h e  remote c o n t r o l  c a p a b i l i t y  i s  o f  l i t t l e  va lue  unless i t s  e f f e c t  can be 
imned ia te ly  measured throughout  t h e  mine. 

R e m t e  c o n t r o l  can be e f f e c t e d  i n  a t  l e a s t  two d t f f e r e n t  ways. One way i s  t o  
c o n t r o l  t h e  b lade p i t c h  o r  speed a f  v e n t i l a t i o n  fans thus  c o n t r o l l i n g  t h e  t o t a l  
q u a l i t y  o f  f l o w  c o n t r i b u t e d  t o  t h e  system by t h a t  u n i t .  Th is  c o u l d  be used on 
p r imary  u n i t s  t o  min imize power requi rements f o r  v e n t i l a t i o n  o r  on underground 
boos te r  u n i t s  t o  assure adequate f l o w  i s  ma in ta ined  i n  c e r t a i n  areas. Another 



approach i s  t o  remotely  c o n t r o l  t h e  aper tu re  on underground r e g u l a t o r s  and thus 
c o n t r o l  t h e  d i s t r i b u t i o n  and t o t a l  q u a n t i t y  o f  f low i n  t h e  system. I t  i s  t h i s  l a t -  
t e r  method t h a t  i s  under c o n s i d e r a t i o n  i n  t h i s  r e p o r t .  

There has been very  l i t t l e  exper imentat ion w i t h  remote c o n t r o l  v e n t i l a t i o n .  
The o n l y  o t h e r  work known t o  t h i s  au thor  has been i n  Poland, the  USSR and Belgium 
[10,11,12]. Extensive use o f  automat ic  v e n t i l a t i o n  c o n t r o l  has been repor ted  from 
t h e  USSR [13]. It i s  b e l i e v e d  t h a t  t h e  e f f o r t s  repor ted  here a re  t h e  f i r s t  
a t tempts o f  r e g u l a t o r  c o n t r o l  i n  room-and-p i l l a r  min ing.  

The WVU Experimental Mon i to r ing  System 

I n  o rder  t o  determine t h e  f e a s i b i l i t y  o f  des ign ing  a n ~ u r ~ i t o r l n g  system us ing  
approach d iscussed above, a two phase program t o  t e s t  t h e  concept i n  an opera- 
I coa l  mine was c a r r i e d  o u t .  For t h e  f i r s t  phase, a system was designed and 

r e s r s  conducted t o  determine i f  the  parameters cou ld  be a c c u r a t e l y  dnd r e l i a b l y  
measured i n  a mine environment and t o  develop data processing techniques t o  y i e l d  a 
r e l i a b l e  a la rm system. A secondary o b j e c t i v e  was t o  l e a r n  about t h e  p r a c t i c a l  
problems of o p e r a t i n g  and ma in ta in ing  such a mon i to r ing  system. 

Prov is ions  were made t o  ins t rument  two min ing  areas i n  t h e  Eastern Associated 
Coal Corpora t ion 's  Federal No. 2 mine w i t h  a s e t  o f  sensors i n  f o u r  a i rways serv ing  
each sec t ion .  Two te lemet ry  s t a t i o n s  served f o u r  sensor packages each d r ~ d  a spe- 
c i a l  t w i s t e d  p a l r  telephone l i n e  c a r r i e d  f requency s h i f t  keyed s i g n a l s  t o  o u t s i d e  
t h e  mine. An a d d i t i o n a l  telephone c i r c u i t  prov ided communication t o  t h e  c e n t r a l  
da ta  processing and c o n t r o l  cen te r  a t  West V i r g i n i a  U n i v e r s i t y  about 40 k i lomete rs  
f rom t h e  mine. The equipment began o p e r a t i o n  d u r i n g  November 1972 and c o n t i n u a l l y  
prov ided data f o r  two years.  

Due t o  t h e  success o f  these experiments, phase two o f  t h e  t e s t i n g  program was 
es tab l i shed .  Th is  invo lved  t h e  expansion o f  t h e  experiment t o  cover t h e  e n t i r e  
coa l  mine i n v o l v i n g  13 d i f f e r e n t  mon i to r ing  areas. 

F igure  1 shows the  Federal No. 2 mine o u t l i n e  and t h e  approximate sensor l o c a -  
t i o n s .  It should be noted t h a t  s ince  t h e  v e n t i l a t i o n  network i s  c o n t i n u a l l y  
changing w i t h  t h e  m in ing  a c t i v i t y ,  minor  a l t e r a t i o n s  t o  t h e  mon i to r ing  system a r e  
r e q u i r e d  on an i n f r e q u e n t  b u t  c o n t i n u i n g  bas is .  Equipment was prepared t o  mon i to r  
a t  l e a s t  13 opera t ing  areas. The o p e r a t i n g  areas i n c l u d e  two longwa l l  sec t ions ,  
one s h o r t w a l l  s e c t i o n  and one exper imenta l  t u n n e l i n g  sec t ion .  The remain ing sec- 
t i o n s  u t i l i z e  cont inuous min ing  machines i n  room and p i l l a r  developments. 

Wi th t h e  sensor l a y o u t  shown i n  F igure  1, t h e  f o l l o w i n g  types o f  c o n d i t i o n s  
can be de tec ted  i f  they  occur anywhere i n  t h e  e n t i r e  coa l  mine w i t h  s u f f i c i e n t  
i n t e n s i t y :  

1. I f  any parameter f a l l s  o u t s i d e  o f  acceptable bounds. 
2. The occurrence and approximate l o c a t i o n s  o f :  

a .  major r o o f  f a l l s ,  
b. s h o r t  c i r c u i t s  i n  t h e  a i r  system, 
c .  abnormal methane l i b e r a t i o n ,  
d.  f i r e ,  and 
e. p a r t i a l  o r  complete f a n  f a i l u r e .  

A b lock  diagram showing t h e  system hardware c o n f i g u r a t i o n  i s  presented i n  
F igure  2. The te lemet ry  system uses a dedicated audio telephone c i r c u i t  which i s  
shared by a l l  u n i t s  i n  t h e  mine. Two f requency m u l t i p l e x e d  channels a r e  u t i l i z e d  
where several  u n i t s  t imeshare one frequency channel u s i n g  frequency s h i f t  keyed 
modulat ion.  

The sensors used i n  t h i s  system a r e  l i s t e d  i n  Table I. 



TABLE I 
TYPES OF SENSORS USED 

Parameter 
A i r  Flow 
D i f f e r e n t i a l  Pressure 
Methane 
Carbon Monoxidc 
Temperature 
R e l a t i v e  Humidi ty  

Sensor Type 
Vor tex /U l t rason ic  

~a talyt;c. ~ o l w i r e  
S o l i d  S t a t e  
Thermi s t o r  
S o l i d  S ta te  

The l a s t  four  sensors i n  t h e  above l i s t  a r e  enclosed i n  a s t e e l  housing shown 
on the  l e f t  s i d e  i n  F igure  3. A diaphragm pump p u l l s  an a i r  sample through an I 
faced f i l t e r  and i s  f e d  t o  t h e  sensors through a s l r~a l l  a i rway m a n i f o l d  i n  a sen! 
mounting b lock .  Vol tage r e g u l a t i n g  and amp l i f y ing  c i r c u i t r y  i s  a l s o  enclosed 11 
t h e  housing.  E l e c t r i c  power i s  f e d  t o  t h e  package and t h e  ou tp l l t  s i g n a l s  a r e  t r a n s -  
m i t t e d  t o  nearby te lemet ry  equipment by a c a b l e  c o n t a i n i n g  12 p a i r s  o f  No. 19 s o l i d  
conductors.  

The a i r  f low sensor i s  enclosed i n  a separate housing as shown on t h e  r i g h t  
s i d e  of F igure  3. Th is  dev ice  serlses a'iv niovemcnt by measuring t h e  r a t e  o f  v o r t e x  
. for .~~tat ion i n  tho wake o f  a genera t ing  rod.  An u l t r a s o n i c  method i s  used f o r  detec-  
t i n g  t h e  v o r t i c e s  and i s  una f fec ted  by normal d u s t  and Water spr.ay 1141. A t y p i c a l  
i n s t a l l a t i o n  o f  a sensor package and a i r  f l o w  sensor i s  shown i n  F igure  4.  

The d i g i t a l  te lemet ry  u n i t s  have a c a p a c i t y  f o r  20 analog channels and f o u r  
o n - o f f  command channels f o r  each m o n i t o r i n g  s t a t i o n .  The te lemet ry  equipment a long  
w i t h  t h e  sensor power supply, i n t r i n s i c a l l y  sa fe  i n t e r f a c e  c i r c u i t s ,  and d i f f e r e n -  
t i a l  p ressure  t ransducers a r e  housed i n  a s t e e l  enclosure mounted on  s k i d s  as shown 
i n  t h e  t y p i c a l  i n s t a l l a t i o n  i n  F igure  5 .  The housing i s  p o s i t i o n e d  i n  f r e s h  a i r  
and does n o t  r e q u i r e  a d d i t i o n a l  p r o t e c t i o n  f rom p o s s i b l e  r o o f  f a l l s  o r  damage 
d u r i n g  t r a n s p o r t a t i o n .  

A b lock  diagram o f  t h e  c e n t r a l  data processing and c o n t r o l  cen te r  I s  shown i n  
F igure 2. A l l  alarms and acknowledgments a r e  s imul taneously p r i n t e d  on one type-  
w r i t e r  and s to red  on magnetic tape.  The d i s p l a y  panel shows t h e  l o c a t i o n  o f  any 
a larm v i a  a b l i n k i n g  r e d  l i g h t  on a mine map. The l i g h t  b l i n k s  u n t i l  t h e  a la rm i s  
acknowledged then  w i l l  con t inue  on u n t i l  t he  parametcr f a l l s  back i n  acceptable 
l i m i t s .  A green l i g h t  i s  on when a l l  parameters a r e  w i t h i n  bounds. One red-green 
l i g h t  i s  used f o r  each min ing  s e c t i o n  o r  r e t u r n  a i r  s t a t i o n .  Al though t h e  b l i n k i n g  
red  l i g h t  i n d i c a t e s  t h a t  a t  l e a s t  one parameter 1s a larming i n  t h a t  area, t h e  type-  
w r i t e r  p r i n t s  t h e  l o c a t i o n  ( s t a t i u ~ i  and a i rway) ,  t ype  o f  a larm ( c a u t i o n  o r  danger), 
and a unique i d e n t i f i c a t i o n  number f n r  each parameter i n  the  alarm. To acknowledge 
an a larm, t h e  opera to r  must use t h e  i d e n t i f i c a t i o n  number and h i s  i n i t i a l s .  A 
separate acknowledgment must be made f o r  each a la rm o r  an "acknowledge a l l "  s t a t e -  
mcnt c a n  hp entered.  A l l  a la rm and acknowledge data a r e  p r i n t e d  on t h e  system l o g  
t y p e w r i t e r .  

Each sensor i s  quer ied  once each minute,  t h e  data conver ted t o  engineer ing 
u n i t s  and alarms l e v e l s  checked. The da ta  i s  s to red  i n  a d i s k  memory and r e t a i  
f o r  one hour. Thus, a t  any g iven  t ime a l l  da ta  f o r  t h e  immediate prev ious hour 
a v a i l a b l e  f o r  q u i c k  r e t r i e v a l .  A t  t h e  end o f  each hour a s t a t i s t i c a l  a n a l y s i s  
summary o f  t h e  p rev ious  h o u r ' s  da ta  i s  conducted and p laced on magnetic tape. Once 
each day a summary o f  t h e  h o u r l y  summaries i s  conducted, s to red  on an a d d i t i o n a l  
tape f o r  permanent r e c o r d  and p r i n t e d  on t h e  second t y p e w r i t e r .  The d a i l y  summary 
tape con ta ins  t h e  immediate p a s t  day o f  data a t  any g i v e n  t ime.  A t  any t ime 
d e s i r e d  by t h e  opera to r  he may c a l l  most any combinat ion o f  data from t h e  d i s k  
memory o r  h o u r l y  summary tape.  Th is  may be p r i n t e d  a t  h igh  speed on to  t h e  CRT f o r  
r a p i d  v iew ing  o r  p r i n t e d  on t h e  second t y p e w r i t e r  f o r  a permanent record.  The o u t -  
pu t  dev ice  i s  determined by t h e  keyboard on which t h e  command i s  typed. 



Experimental Remote Cont ro l  o f  V e n t i l a t i o n  

An exper imenta l  remote c o n t r o l l e d  r e g u l a t o r  has been cons t ruc ted  and tes ted .  
The r e g u l a t o r s  have been i n s t a l l e d  i n  the  r e t u r n  a i rways which serve one work ing 
s e c t i o n  of  Federal No. 2 mine. A  p i c t o r i a l  diagram o f  t h e  experimental remote con- 
t r o l  v e n t i l a t i o n  r e g u l a t o r  system which has been cons t ruc ted  i s  shown i n  F igure  6.  
The system c o n s i s t s  of t h e  remote c o n t r o l  panel which i s  loca ted  a t  t h e  m o n i t o r i n g  
data processing cen te r ,  t h e  underground c o n t r o l  e l e c t r o n i c s  which i s  loca ted  i n  a  
f r e s h  a i rway  w i t h  a  mon i to r ing  te lemet ry  s t a t i o n ,  and two r e g u l a t o r s  each o f  which 
a r e  loca ted  i n  one o f  t h e  r e t u r n  a i rways which serve one min ing  area.  S igna ls  a r e  
frequency d i v i s i o n  m u l t i p l e x e d  over  t h e  same telephone c i r c u i t s  used f o r  mon i to r ing .  
A  t y p i c a l  underground i n s t a l l a t i o n  i s  shown i n  F igure  7 .  

The r e g u l a t o r s  used have a  mu1 t t p l e  vane, opposed a c t i o n  c o n f i g u r a t i o n  as 
own i n  F igure  8.  Th is  design was chosen because i t  i s  n o t  o n l y  r e a d i l y  a v a i l a b l e  

Trom t h e  commercial h e a t i n g  and a i r  c o n d i t i o n i n g  i n d u s t r y ,  b u t  a l s o  o f f e r s  many 
advantages over  o t h e r  c o n f i g u r a t i o n s  considered.  A  man door must a l s o  be p rov ided  
near t h e  r e g u l a t o r  as shown i n  F igure  7 .  A s t e e l  frame i s  used which mounts i n  a  
standard b lock  s topp ing  and a l lows  easy disassembly and t r a n s p o r t .  

The r e g u l a t o r  i s  ac tua ted  by an e l e c t r i c  motor p laced i n  an exp los ion  p r o o f  
enclosure and t h e  angu la r  p o s i t i o n  of t h e  vanes i s  determined by an abso lu te  d i g i -  
t a l  p o s i t i o n  encoder a t tached  t o  t h e  s h a f t  o f  one o f  t h e  vanes. The p o s i t i o n  o f  
t h e  r e g u l a t o r  vanes a r e  c o n s t a n t l y  111onitored and t r a n s m i t t e d  f o r  d i s p l a y  t o  t h e  
c o n t r o l  panel as shown i n  F igure  9. The d i s p l a y  c o n s i s t s  o f  16 r e d  LED'S i n  a  
c i r c l e .  Al though t h e  encoder can r e s o l v e  angles t o  l e s s  than  one degree, t h e  sys- 
tem i s  capable o f  commanding and read ing  o u t  moves t o  o n l y  16 d i f f e r e n t  p o s i t i o n s .  
A  16 p o s i t i o n  d i a l  sw i tch  i s  loca ted  i n  t h e  c e n t e r  o f  t h e  d i s p l a y .  To move t h e  
r e g u l a t o r  t o  a  new p o s i t i o n ,  t h e  f o l l o w i n g  procedure i s  employed. The d i a l  s w i t c h  
i s  r o t a t e d  t o  t h e  des i red  angular  p o s i t i o n .  The command b u t t o n  i s  pushed and a  
command word i s  t r a n s m i t t e d  t o  the  underground c o n t r o l  which echoes t h e  rece ived  
command back t o  c e n t r a l  c o n t r o l .  The t r a n s m i t t e d  and echoed commands a r e  compared 
and if a match occurs, t h e  green ready l i g h t  i s  a c t i v a t e d .  Otherwise a  r e d  e r r q r  
l i g h t  i s  tu rned  on f o r  a few seconds i n d i c a t i n g  t h e  ~u~~o l ld r ld  must be r e i n i t i a t e d  by 
ltle opera to r .  A f t e r  t h e  green ready l i g h t  i s  a c t i v a t e d ,  t h e  opera to r  has approx i -  
mate ly  10 seconds t o  i s s u e  t h e  f i n a l  execu t ion  command. Th is  i s  accomplished by 
s imul taneously pushing a  s p r i n g  loaded t o g g l e  sw i tch  and p ress ing  t h e  execute b u t -  
ton.  As t h e  motor  r o t a t e s  t h e  vanes, the  LED'S l i g h t  t o  i n d i c a t e  t h e  a c t u a l  p o s i -  
t i o n .  The vanes should s top  moving a t  a  p o s i t i o n  w i t h i n  about  one degree o f  t h e  
chosen p o s i t i o n .  I f  t h e  execute command i s  n o t  g iven  w i t h i n  t e n  seconds o f  t h e  
a c t i v a t i o n  o f  t h e  green l i g h t ,  t h e  svstem d e f a u l t s  b r i e f l y  t o  an e r r o r  c o n d i t i o n  
and then f a l l s  i n t o  t h e  normal p o s i t i o n  m o n i t o r i n g  mode. 

Experimental Resu l t s  

The c o n t i n u i n g  o p e r a t i o n  o f  t h e  exper imenta l  mon i to r ing  system i s  p r o v i d i n g  
r e s u l t s  and conc lus ions  on a  d a i l y  b a s i s .  Th is  s e c t i o n  presents a  summary o f  
several  impor tan t  r e s u l t s  and conclus ions d e r i v e d  therefrom. 

Experiments wl'Lt1 processing the  ou tpu ts  o f  t h e  a i r  v e l o c i t y  and d i f f e r e n t i a l  
essure t ransducers have shown a  smoothing t ime o f  about  one minute i s  r e q u i r e d .  
e c t r o n i c  averaging o f  t h e  ou tpu ts  w i t h  s imple res is tance-capaci tance i n t e g r a t o r s  

w i t h  t ime  cons tan ts  o f  40 t o  60 seconds have proven adequate. 

The most va luab le  parameters have been found t o  be a i r  v e l o c i t y ,  percent  
methane i n  a i r ,  and d i f f e r e n t i a l  pressure.  Wi th sensor types l i s t e d  i n  Table I, 
r e c a l i b r a t i o n  i s  r e q u i r e d  about  once every two months t o  m a i n t a i n  acceptable accu- 
r a c i e s  (+lo% f o r  a i r  v e l o c i t y  and d i f f e r e n t i a l  pressure and +0.1% methane). 

Experience has shown t h a t  t h e  most fundamental f e a t u r e  t h a t  a  mine mon i to r ing  
and c o n t r o l  system must possess i s  v e r s a t i l i t y .  Th is  i s  necessary because o f  t h e  
wide v a r i e t y  o f  c o n d i t i o n s  t h a t  e x i s t  among d i f f e r e n t  mines and the  c o n t i n u a l l y  



changing c o n d i t i o n s  a t  any one mine. V e r s a t i l i t y  must e x i s t  a t  va r ious  l e v e l s  i n  
t h e  system i n c l u d i n g  bo th  hardware and sof tware f e a t u r e s .  

Remote s t a t i o n s  should be a b l e  t o  operate w i t h o u t  superv is ion  f rom a  c e n t r a l  
cornpuler i f  c o n d i t i o n s  r e q u i r e .  There should be p r o v i s i o n s  f o r  l o c a l  readout  o f  
da ta  i n  engineer ing u n i t s  and of a la rm s t a t u s .  P rnv is ions  should be made f o r  b a t -  
t e r y  o p e r a t i o n  o f  t h e  s t a t i o n  f o r  pe r iods  o f  a t  l e a s t  an hour i n  t h e  event  p r imary  
power i s  d is rup ted .  

Many s i t u a t i o n s  r e q u i r e  t h a t  a  readout  and/or c o n t r o l  f u n c t i o n  take  p lace  
severa l  hundred meters from a  remote measuring s t a t i o n .  For such cases i t  would be 
d e s l r a b l e  t o  have a  dev ice  which reads o u t  data o r  executes c o n t r o l  based on alarmc 
f rom one p a r t i c u l a r  remote s t a t i o n .  

P rov is ions  should be made f o r  the  system t o  use e i t h e r  a  s imple o r  s o p h i s t i -  
ca ted  c e n t r a l  c o n t r o l  s t a t i o n .  Small mines w i l l  n o t  need the  complex i t y  and capa- 
b i l i t y  r e q u i r e d  i n  l a r g e  mine s i t u a t i o n s .  

Experiments w i t h  the  remote v e n t i l a t i o n  c o n t r o l  i n d i c a t e s  i t s  p r a c t i c a l i t y  and 
general  usefu lness.  E f f o r t s  should be made t o  s i m p l i f y  the a c t u a t o r  des ign  t o  be 
i n t r i n s i c a l l y  sate.  Such s i ~ ~ l p l i f i c o t i o n s  should make remote r e g u l a t o r  c o n t r o l  
economical. 

Concluding Remarks 

The experiments r e p o r t e d  here a r e  p rov ing  t h e  va lue  and p r a c t i c a l i t y  o f  e l e c -  
t r o n i c a l l y  m o n i t o r i n g  and c o n t r o l l i n g  v e n t i l a t i o n  i n  Un i ted  States coa l  mines. The 
va lue  f o r  b o t h  s a f e t y  and o p e r a t i n g  e f f i c i e n c y  w i l l  be demonstrated as a d d i t i o n a l  
design improvements and experiments con t inue .  Whi le s i m i l a r  experiments have been 
conducted i n  o t h e r  coun t r ies ,  t h e  e f f o r t  repor ted  here u t i l i z e s  t h e  l a t e s t  i n  e l e c -  
t r o n i c  technology. Continued development w i l l  h o p e f u l l y  c o n t r i b u t e  t o  a  s a f e r  and 
more acceptable environment f o r  coa l  miners throughout  the  wor ld.  

The work descr ibed here was sponsored by t h e  U.S. Bureau o f  Mines under con-. 
t r a c t  No. H0144114. Use o f  t h e  Federal No. 2 mine has been made p o s s i b l e  by the  
v o l u n t a r y  coopera t ion  o f  t h e  Eastern Associated Coal Corporat ion.  

D isc la imer  

The views and conc lus ions  conta ined i n  t h i s  document a r e  those o f  t h e  au thor  
and should n o t  be i n t e r p r e t e d  as n e c e s s a r i l y  rep resen t ing  t h e  o f f i c i a l  p o l i c i e s  o f  
t h e  I n t e r i o r  Department's Bureau o f  Mines o r  t h e  Un i ted  States Govcrnment. 
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FIGURE 1 :  LOCATION OF SENSORS I N  FEDERAL N O . - ?  MINE 

FIGURE 2 :  BLOCK DIAGRAM OF MONITORING SYSTEM 



=IGWRE 3: SENSOR PACKAGE AND A I R  FLOW SENSOR 

4 : CAL INSTALL : SENSORS 



FIGURE 5: TYPICAL INSTALLATION OF TELEMETRY STATION 
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FIGURE 7: TYPICAL UNDERGROUND INSTALLATION OF REGULATm 
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Introduction 

Not until a dollar is invested is there a risk of making a return on that 
investment. Not until one person starts work iu a mine is there a risk of an 
accident. If we do not invest or put that person in the mine, we are not confronted 
by any risks. This paper will address one of the factors which affects the risk of 
a favorable return on the dollar invested in coal mining, that of the costs involved 
with underground coal mining accidents. 

The Bureau of Mines has pioneered accident cost investigation since the 1920's 
providing the first real evidence that advancement of industrial safety pays returns 
in dollars as well as in human life and well-being. The bulk of these early indaga- 
tions dealt with only direct cost of insurance premiums and medical expenses which 
resulted from an industrial accident -only the rnsto which appeared as payouts on 
the company books. 

In the 30's H. W. Henrich pioneered investigations which showed that industrial 
accidents impacted more than just the direct operating.expenses of a:company in 
higher insurance premiums. His work produced strong evidence that the uninsured 
costs of accidents far outweighed those covered by insurance. He developed and 
published a ratio of insured to uninsured costs of 1:4. It is used even today to 
estimate total costs of accidents despite his cautionary illusion to blanket ap'pli- 
cations. 

In the late 40's 'and early 50's. R. H. Simonds developed what is now regarded 
as the principal method for estimating the total economic impact of industrial acci- 
dents by extending the definition of indirect or uninsured costs. 

This method served as the basis for the logic development o f  the Accident Cost 
Indicator Model (ACIM) devcloped for the U.S. Bureau of Mines under Contract 
1225031 by the Engineered Systems Division of the FMC Corporation. Several depar- 
Ires from the Simonds' method were made, however, to satisfy certain requirements 
:quested by the Bureau of Mines and to accommodate some of the information col- 

lected in the study. 

This paper will try to set forth the logic and methods used in the ACIM devel- 
opment, a brief d'scussion of the elements used in the estimated costs, observation- 
al foundations for the estimation of post-accident productivity losses, and a brief 
summary of the indicators obtained from an application of the Accident Cost Indi- 
cator Model to 1974 industry data. 

At the outset it must be understood that an accident in this paper refers only 
to work-related accidents which cause an immediate traumatic injury or death to the 



accident victim. 1t may also be noted that the methodological principles and cost 
elements described may be applied to any industrial work environment, although the 
application here is to the underground bituminous coal mining industry. 

Object jves 

The primary objective in developing the ACIM was to estimate the total tangible 
cost of accidents in the u~lrlerground bituminous coal mining industry in any given 
year, and to divide the total cost among the societal sectors affected, the work 
tasks involved at the time of the accident, and other characteristics of the work 
environment. 

Tho taneihle accident costs are measurable financial losses incurred as a 
consequence of the accidcnt. Losses that call 11e mcaourod wl.th validity and those 
that wnuld have been avoided had the accident not occurred both quality 8s ta~rgib 
accident cost elements. Loss by direct payout (c.g., indemnity payments of wage 
compensation), lndlrecL axpendtturac nf resources (e.g., salaries paid during an 
accident investigation), or the non-realization of an expected Yncume (= .gat  un- 
earned future wages) are all considered measurable losses to one of the societal 
ooctore nn which an industrial accident has an impact. 

Avoidance losaca arc troated equally with direct payouts for two reasons. The 
fi.rst reason, besides that of the direct payouts of insurance p~eaiumo and d.isahi1: 
ity compensation showing on a company financial statements as costs of doing busi- 
ness, is the loss in revenue from decreased productivity following a serious acci- 
dent or fatality. This can be many times greater than direct payouts. This very 
real loss also appears in the statements, as lower gross income, and must therefore 
be considered in the losses to society. The second reason is it is a means of ex- 
pressing the measurable hardship which a disabling or fatal accident thrusts upon a 
family in the form of reduced income for the victim's remaining or expected working 
life. 

This last reason is pertinent because, in recent years, coal mining has become 
a relatively well-paid occupation in all the. mnjor coal mining states. and the aver- 
age annual wages of the miners is at least twice the average wage of all other occu- 
pations. In these states, both state and private workers compensation funds are the 
major source of wage compensation for miners who are permanently disabled or killed 
in accidents. In all of these funds, the maximum wage compensation is limited by 
the average wage of the state. Thus, in many cases, a coal mining family struck by 
permanent disability or death from an accident is compensated for less than half the 
future earnings the family could have expected had the accident not occurred. 
Including the federal and union fund compensation paid to a permanently disabled 
miner or the surviving family, only a iraction of the income that would have been 
earned had the accident not occurred is received by the mining family. 

Another requirement in developing the Accident Cost Indicator Model was to base 
the procedures for estimating accident costs olr information in publically available 
sources so Lhat thc proced~~res cvuld be updated periodically to reflect changes in 
the economic conditions. To meet this objective, a series of algorithms using 
published information were developed in the ACIM to compute elements of cost based 
on characteristics of the accident and ensuing injury. The philosophy used to 
develop the cost algorithms was to estimate resource units expended or lost as a 
result of an accident, and then to compute the cost of the resource by applying I 

costs which could be updated for each resource. 

For example, Figure 1 shows the structure of the algorithm used to compute the 
fraction of income paid by workers' compensation funds to a totally disabled acci- 
dent victim. The resources expended (days of disability; impairment of body func- 
tion) are determined from data.about rhe accident. Characteristics of the victim's 
family protile (e.g., marricd or not; number and ages of children) are generated 
from statistical data. The state in which the accident occurred is used to select 
the appropriate unit compensation cost schedules. The accident data, Iamily profile 
statistics, and unit costs are processed by the algorithm to compute the annual 



cost, and the expected total cost over the expected remaining working life of the 
victim. 

Similar logic is used in the other algorithms. That is, certain information 
in the accident data is combined with statistical data to estimate resources 
expended, and unit base costs are applied to the estimates to compute total cost. 

In conjunction with the requirement for information from public sources of in- 
formation, the Bureau of Mines required the computer data bases maintained by MESA'S 
Health and Safety Analysis Center (HSAC) in Denver, Colorado be used as the source 
of all data about accidents, production and worktime. The two data bases which the 
ACIM use are the HSAC master files: 
(1) Coal Accident and Injury File (CAIF) which contains coded information for all 

injuries reported in a calendar year in accordance with the 1969 Coal Mine 
Health and Safety Act. 

(2 )  Address/Employment Master File (AEMF) which contains monthly production and 
cu~pluyment for all mines which operated during a calendar year. 

Use of these data bases insures that the source information used by the ACIM 
is the same as that used in MESA publications, and enables the ACIM to be run 
periodically with consistent data. 

ACIM Cost Elements 

The following elements include cost elements which are covered in part or 
entirely by occupational insurance. The costs computed for these elements are .not, 
however, based on the cost of the insurance to a mining company, but on algorithms 
which compute, either directly or statistically, the cost of a specific injury 
based on the characteristics of the injured miner and his family. This approach was 
taken so that the cost indicators computed by ACIM could be used to compute relative 
economic impact by occupational and injury characteristics. Using an average 
insurance cost per injury does not permit this type of comparison. 

1 .  Medical Trcotmcnt Cast includes Ll~e cosc of medical resources required to treat 
the injury and repair the damage caused by the injury, the cost of in-patient 
hospital care associated with the treatment and repair procedures, and the cost 
of out-patient followup treatment. The approach selected for use in the model 
is a statistical one, but the basis of the distributions for medical costs is 
a set of injury and treatment scenarios developed by a physician. Injury 
scenarios were developed for each of 61 combinations of nature of injury and 
part of body injured, and a treatment scenario was developed for each injury 
scenario. 

2.  Compensation from Occupational Insurance includes wage compensation paid to a 
miner for periods of partial or total disability, benefits for loss of a body 
function as a result of the accident, and death benefits paid to the miner's 
surviving spouse and dependent children. The algorithms used to compute these 
benefits are based on state worker's compensation laws, and the benefits for a 
specific injury are computed using the schedule of benefits for the state in 
which the accident occurred. 

. Compensation from Social Security Funds includes wage compensation for periods 
of total disability and death benefits to the widow and dependent children. 
The algorithms are-based on the social security laws for disability and 
retirement benefits. 

4 .  Compensation from Union Funds includes wage compensation for total disability, 
basic death benefits to the widow from the union retirement fund, and addition- 
al death benefits for accidental death. The algorithms are based on the cur- 
rent wage agreement between the United Mine workers of America and the 
Bituminous Coal Operators Association. 



5. Administration and Overhead Expenses include the incremental costs to each of 
the above agencies for processing of claims for death and disability benefits, 

6 .  Loss of Income to Mining Families includes the net expected loss of current 
and future income, after deduction of wage compensation and other benefits 
defined above, to the disabled minet or to ~ l ~ e  Iau~lly aurv'ivaro in thc r ? s s  nf 
accidental death. ,The gross income is based upon the wage of the miner at the 
time of. the accident as specified by the UMWA wage agreement in force at the 
time of the accident. 

7. Cost of Fatal Accident Investigation includes the wages expended by MESA and 
state inspectors, representatives and employees of the mining company where the 
accident occnrred, and union representatives. The algorithm 1s based on a c e .  
of frequenry djstributions developed with data obtained from MESA inspectors, 
and from a sample of 95 MESA reports of fatal accidents which occurred io 19i 
and 1974. 

8. Losses in Coal Production as the result ot an accidrnc wl~lcl~ iauaco a fatality 
or an amputation injury, including the loss due to the shutdown of the mine 
where a fatal accident occurs, and post-accident loss resulting from reduced 
eEficiency on the section wherp the accident occurred. This algorithm is 
based on an analysis of the daily section reports at three mines which had 
experienced fatal or amputation injuries 111 1974-1375. ncoultc of t h i s  
nnalycis are discttssed later in the paper. 

It should be noted that several cost elements are based upon the generation of 
a stochastic profile of the miner's family. This profile includes the life expect- 
ancies of the miner and his spouse, his marttal status, and the characteristics of 
his wife and children. This profile is required for the computation of compensation 
benefits. Table 1 shows the family profile parameters generated for each CAIF 
injury accepted by the Accident Cost Indicator Model. The miner's age at the time 
of the accident is obtained from the CAIF data record. The remaining parameters 
are stochastically generated from statistical data contained in tlie model. 

Each cost element is allocated to one of the three societal sectors sl~uwn in 
Table 2: mining company; mining family; or public agency. Cmed and Cstb are costs 
to mining companies, as insurance premimums, even though actual payments of the 
costs may be administered by the state or by private insurance carriers. Cssb is 
borne by the Social Security fund, which is entirely paid for by working persons 
and h~lsinesses in general. 

Time Phasi~~g of Accident Costs 

Investigation brought out that most or all of the financial impact of certain 
cost  ~.l~menr.s occurred within a year of the occurrence of accidents which caused 
permanent disability or death. The value of lost coal production (amputdtlon or 
fatal injury), the cost of investigating a fatal accident, and most or all of the 
cost of primary medical treatment are realized within a year of the accident. 
Certain lump sum benefits from indemnity funds cawalso be realized as first year 
costs, but are treated in the ACIM as incremental payouts. 

Figure 2 illustrates the time phasing of the cost elements for a fatal injury 
accident. About 50 percent of the total cost of the accident is realized as a first 
year cost. The ACIM generates two cost indicators to emphasize the high fraction of 
first-year impact. One indicator is the total cost of the accident. The second 
indicator is the first-year cost (annual cost) defined as the sum of C C , 
C the annual costs of compensation benetits, and the annual neL lozgdAf BFiFome. 
inv ' 



Figure  3 and Table 3  show t h e  e s t i m a t e s  of t o t a l  and annual  c o s t  f o r  t h e  f a t a l  
roof f a l l  acc iden t .  For comparison, F igure  4 and Table 4 show t h e  c o s t s  of an acc i -  
den t  which r e s u l t e d  i n  permanent t o t a l  d i s a b i l i t y .  These two c o s t  i n d i c a t o r s  a r e  
computed f o r  each i n j u r y  i n  each s o c i e t a l  s e c t o r  accord ing  t o  t h e  a l l o c a t i o n s  shown 
i n  Table 2. 

Aggregation of  I n d i v i d u a l  Accident Costs  

The ACIM computes t h r e e  i n d i c a t o r s  of a c c i d e n t  c o s t  'for t h e  t o t a l  popu la t ion  of 
acc iden t  records  e x t r a c t e d  from t h e  HSAC CAIF f o r  each s o c i e t a l  s e c t o r  i n  Table 2  
and f o r  s u b s e t s  of t h e  popula t ion .  Popula t ion  subse t  S  is def ined  by a  combination 
of  c h a r a c t e r i s t i c s  common t o  a l l  a c c i d e n t s  (e .g . ,  a l l  a c c i d e n t s  invo lv ing  roof 
b o l t e r s  engaged i n  roof  d r i l l i n g  when t h e  acc iden t  occur red) .  The number of a c c i -  
d e n t s  i n  s u b s e t  S  is t h e  same f o r  each s o c i e t a l  s e c t o r .  b u t ,  a s  i n f e r r e d  i n  Table 2 ,  
t h e  c o s t  i n d i c a t o r s  a r c  d l f f e r e n t  f o r  each s e c t o r .  

The i n d i c a t o r s  a r e  t o t a l  c o s t ,  annual  c o s t ,  and t h e  annual  c o s t  p e r  acc iden t  i n  
subse t  S. The  l a s t  i n d i c a t u i  Is a  normalized measure of r e l a t i v e  annual  c o s t  among 
d i f f e r e n t  popula t ion  s u b s e t s  and /or  d i f f e r e n t  s o c i e t a l  s e c t o r s .  

To summarize, t h e  t h r e e  i n d i c a t o r s  of acc iden t  c o s t  generated by t h e  Accident 
Cost I n d i c a t o r  ~ o d e l  f o r  an aggregated s u b s e t  of  a c c i d e n t s  a r e  
(1) T o t a l  p r e s e n t  and f u t u r e  c o s t s  - t h e  t o t a l  expected economic impact of t h e  
a c c i d e n t  s u b s e t ;  

(2)  Presen t  annual  c o s t  - t h e  p o r t i o n  of  t o t a l  c o s t  r e a l i z e d  w i t h i n  t h e  f i r s t  yea r  
a f t e r  t h e  a c c i d e n t ;  

(3)  Presen t  annual  c o s t  pe r  a c c i d e n t  - t h e  p r e s e n t  annual  c o s t  d iv ided  by t h e  num- 
b e r  of a c c i d e n t s  i n  t h e  a c c i d e n t  s u b s e t .  

Post-Accident Product ion Loss i n  F a t a l  Roof F a l l  

The r e s u l t s  from t h e  a n a l y s i s  which u n d e r l i e s  t h e  development of  t h e  algorithm 
which e s t i m a t e s  t h e  v a l u e  of pnst-accident  producclut~ l o s s e s  a r e  a  s i g n i f i c a n t  and 
s t a r t l i n g  i n d i c a t i o n  of t h e  long  term d i s r u p t i o n  caused by a  f a t a l  a c c i d e n t .  Many 
of  t h e  h i s t o r i c a l  i n v e s t i g a t i o n s  a l l u d e d  t o  a t  t h e  beginning of t h i s  paper  p resen ted  
o b s e r v a t i o n a l  and anecdo ta l  d a t a  t o  suppor t  t h e  g e n e r a l  hypothes i s  t h a t  a  r e l a t i o n -  
s h i p  e x i s t s  between t h e  s e v e r i t y  of an i n d u s t r i a l  i n j u r y  and t h e  magnitude and dur- 
a t i o n  of decreased p r o d u c t i v i t y  fo l lowing  t h e  a c c i d e n t .  I n  p a r t i c u l a r :  

(1)  a  g e n e r a l  r e l a t i o n s h i p  e x i s t s  between i n j u r y  s e v e r i t y  ( i . e . ,  degree of damage 
t o  t h e  in ju red)and  t h e  d u r a t i o n  of work s toppage i n  t h e  immediate a r e a  of t h e  
a c c i d e n t ;  

(2) major i n j u r i e s ,  i n  which t h e  i n j u r e d  person is s e v e r e l y  damaged (e .g. ,  ampu- 
t a t i o n  o r  d i s f igurement )  and r e q u i r e s  a s s i s t a n c e  by o t h e r s  t o  reach medical  
f a c i l i t i e s ,  and f a t a l  a c c i d e n t s  cause  a  measurable reduc t ion  i n  p r o d u c t i v i t y  
f o r  some days a f t e r  t h e  a c c i d e n t .  

W l ~ r r ~  t h i s  hypothes i s  i s  viewed i n  terms of t h e  work environment i n  an under- 
ground c o a l  mine, one would expect  t o  observe s i g n i f i c a n t  decreases  i n  product ion 
fo l lowing  a  major i n j u r y  o r  f a t a l  acc iden t .  F i f t e e n  mines were v i s i t e d  t o  c o l l e c t  
in fo rmat ion  from d a i l y  s e c t i o n  r e p o r t s  t o  t e s t  t h i s  hypothes i s  by p l o t t i n g  d a i l y  
p roduc t ion  i n  s e c t i o n s  where a n  a c c i d e n t  occur red  a g a i n s t  t h e  d a t e s  of  t h e  a c c i d e n t .  
I n  on ly  two mines were t h e  r e p o r t s  o f f e r e d  t o  suppor t  t h e  p r o j e c t .  One mine had 
experienced a  roof  f a l l  f a t a l i t y  and bo th  mines had experienced a  number of l o s t -  
t ime i n j u r i e s  dur ing  t h e  pe r iods  covered by t h e  s e c t i o n  r e p o r t s .  

Analysis  of t h e  s e c t i o n  r e p o r t s  showed c o n s i s t e n t  l o s s e s  i n  p roduc t ion  f o r  
s e v e r a l  days fo l lowing  t h e  occur rence  of (1) t h e  f a t a l  roof  f a l l  a c c i d e n t  and (2) 
a c c i d e n t s  which i n f l i c t e d  an immediate amputat ion i n j u r y .  Inconc lus ive  r e s u l t s  were 



obtained for accidents which inflicted disabling injuries (non-amputation). Acci- 
dents which inflicted minor wounds (first-aid treatment or emergency room treatment 
with no ensuing disability) consistently caused no observable loss in post-accident 
production. 

The daily section reports for three continuous mining sections at the mine 
where the fatal roof fall occurred were a~~alyzed for a period of 35) workdays prior 
to the accident and 35 workdays following resumption of normal operations (after the 
fall was removed). These sections are desciibed in Table.5. 

Analysis of the reports was made to determine the pre- and post-accident means 
for productivity in terms of tonsloperating minute and the number of miners in the 
face crew. The mean pre-accident values were computed, and linear regressions were 
made of thc post-accident data. Table 6 shows the results of this analysis. Figur 
5 shows a plot of productivicy fur the scction-shtft on which the accident occurred 
The post-accident trend in Figure 5 was observed on all other shifts in Sections A 
and B. The right-hand column of Table 6 is the number of working days at which the 
regression line of post-accident productivity intercepted the pre-accident mean. 
This table shows that a consistent loss of production was experienced on all shifts 
in the section where the accident occurred and in an adjacent section as well. 
Table 7 ehnws the average loss in productivity in Sections A and B and the normal- 
ized fractional loss in each section-shifc. 

It is important to note (1) that the productivities are uxyrtss~d in tonelnper- 
ating minute to eliminate non-productive time due to equipment malfunctions, place 
changes or other delays from productivity changes and (2) that crew sizes did not 
change significantly, which eliminates this factor as a possible reason for produc- 
tivity changes. 

When the magnitude and duration of the productivity losses shown in Table 6 was 
translated into tons of coal and lost sales, as shown in Table 8 for only Section A, 
then the economic impact becomes quite significant as a cost element. At a price of 
$15 per,ton, this is a loss of $324,240 in gross sales within a calendar time of 
less than five months. When one obse~es that an adjacent working section also 
experienced significant losses and that four other working sections are located in 
the same area of the mine, the potential total loss in revenue and profit is 
staggering. 

A regression analysis similar to that described above was performed for two 
injuries which resulted in amputations. Similar trends were observed and showed an 
average loss of 8 percent and a maximum loss of 15 percent in post-accident produc- 
tivity over an average of 26 working days. This amounted to more than 1,000 tons of 
ooal prod~~r.tion lost. 

These productivity losses from fatalities and diomemherment are direcL reduc- 
tions in gross profit because full wages and direct overhead costs are paid during 
Ll le  period of redured efficiency. In a mine operating normally, these costs are 
relatively cuustant whcther or nnc coal is produced. 

Selected Cost Indicators for 1974 Data 

The Accident Cost Indicator Mcdel displays the cost indicators for each sectol 
(mining companies, mining families, and public apencie~) and for the total in a sum- 
mary table for all injuries from the CAIF processed by ACIM, and in a series of 
tables for cross-sections and detailed summaries of the CAIF. In the cross-section 
tables are 

mining activity at the time of accident by regular job title and 
type of accident by degree of injury. 

Included in the summary tables are 
mining actluities, 
regular job Eltle, 
nature of injury. 



underground mining method, 
type of accident, and 
degree of injury. 

Each cost element record computed by ACIM contains a reference to the original 
record of the CAIF. This permits future capacity to display cost indicators for 
other accident parameters in the CAIF. 

The ACIM was used to compute accident cost indicators for calendar year 1974 
using copies of the Health and Safety Analysis Center's data bases. 

A total of 9,286 accident records for underground bituminous coal mines were 
accepted by ACIM from the 1974 CAIF computations. The result of the program run 
was an estimated total of $56.9 million (1974 dollars) in current and future costs 
~f these accidents. About 60% ($34.0 million) of this total wso incurred in 1974 - 
:he year in which the accidents occurred, The average annual cost of an accident 
ras $3,700. About 41% ($23.6 million) of the total cost was incurred by mining com- 
panies as compensation payments, lost coal production, and investigative costs. 
Wage losses to the injured miner and his family accounted for 47% ($26.6 million) of 
the total. Compensation payments and investigative costs borne by public agencies 
accounted for the remaining 12% ($6.7 million). 

A total of 89 fatalities in the 1974 CAIF accounted for almost 54% ($30.5 mil- 
lion) of the total cost; the average annual cost was $125,000 for a single fatality. 
A total of 5,325 disabling injuries (lost-time) accounted for 45% ($25.5 milliun) of 
the total cost, with an average annual cost of about $4,000 per injury. A total of 
3,872 medical: injuries (no lost-time) accounted for 2% ($0.95 million) of the total 
cost, with an average annual cost of about $250 per injury. 

Mining task activities associated with roof support (roof scaling and bolting, 
jack and prop handling) were, as a group, the most costly, accounting for 22% ($12.4 
million) of the total cost. Tramming/positioning of equipment accounted for 5% of 
the total. Handling supplies/materials, hauling coal (shuttle cars and tractors), 
and handling of wires and cables each accounted for 4% of the total cost. 

Table 9 shows how the total cost of $30.5 million for the 89 fatal accidents 
was distributed among the societal sectors and types of accidents. As one would ex- 
pect, roof falls accounted for the largest fraction (51%) of fatal accident costs. 
Machinery and haulage accidents each accounted for about 17% of this total. As we 
might also suspect, the distribution of total cost among the accident types is 
roughly the same as the distribution of the number of accidents within the type. 

Mining companies and mining families bear nearly an equal economic impact from 
fatal accidents. Two points of significance should be noted here: 
(1) the majority (80%) of the cost impact upon mining companies occurs from first- 

year (annual) costs through reduced production, medical treatment, and investi- 
gative cost; 

(2) the economic impact of a fatal accident to a typical mining family is endured 
for many years after the accident at about the same annual level as the first 
year's cost. 

The algnificance of the first point is that the majority of the first-year cost 
:o mining companies is from reduced production efficiency, which is an uninsured and 
Largely unrecoverable cost. On purely economic grounds, this point ohould provide 
ample reason for increasii~y company expenditures for accident prevention and safety 
improvement programs. 

The second point is significant in that it dramatizes the compounding of per- 
sonal and familial loss through continued economic hardship. Consider that the 
typical victim of a fatal underground mining accident is age 39, married with three 
dependent children less than 18, and earns about $9,000 per year (based on statisti- 
cal data for 1973-1974 compiled for use in the ACIM). Statistics also tell us that 
the victim would have worked for about 26 more years. Since lost income comprises 



the total cost of $141,600 borne by mining families per fatality, the surviving 
family of the victim can expect a net loss of about $5,500 per year in potential 
income for as many years as the family remains nuclear. Therefore, it should be 
easy to vizualize and difficult to accept the economic hardship which compounds the 
shock, trauma, and disruption of the family unit struck by an accidental coal mine 
fatality.. 

Tn Conclusion 

It is hoped that the cost indicators generated by the Accident Cosc Indicator 
Model will serve to accrleratc and expand the efforts of industry, government, and 
coal miners to work toward safer extraction of coal. Most projections of the 
nation's future energy requirementc point toward coal as an increasingly important 
energy source. This means increased annual production and, with the continuance of 
present mining methods, increased exposure of coal miners to the hazards of under- 
ground coal mjning. Perhaps the translation of the grim health and safety statis- 
tics of coal mine accidents into our society's prime yardstick - the dollar -will 
help us to achieve afi enoigy Iiicure in rah1.r.h i~creasing utilization of our coal 
resources is achieved with decreasing waste of our human resoutcau. 
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Figure  1 GENERAL STRUCTURE OF AClM COST ALGORITHMS 

STATISTICAL DATA 

MARITAL  STATUS 

FAMILY S I Z E  
AGES OF CHILDREN 

-.- 

UNIT COST DATA 

WAGE COMPEN- 
SATION SCHEDULE 
LOSS-OF-MEMBER 
SCHEDULE 
MINING WAGE 
SCHEDULE 

v 
EST1 MATED COST 

ALGORITHM 
TO COMPUTE 

WAGE COMPENSATION 

FOR TOTALLY 
DISABLING INJURY 



VICTIM : 4 3  Y E A R  OLD ROOF BOLTER, MAR-RIED, 4 CHILDREN 

FIRST YEAR 

3 6 6 , 0 0 0  
(ANNUAL) 

3 2 5 , 0 0 0  

NOTE : VERTICAL SCALE EXAGGERATED FOR ILLUSTRAT 

Figure 2 TIME PHASING OF FATAL ACCIDENT 



YEARS AFTER ACCIDENT OCCURRENCE 

Figure 3 CUMULATIVE COST OF FATAL ACCIDENT 

YEARS AFTER ACCIDENT OCCURRED 

Flgure 4 CUMULATIVE COST OF TOTAL DISABILITY INJURY 
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Figure 5 DAILY PRODUCTION AND OPERATING EFFICIENCY FOR FATAL 
ROOF FALL  ACCIDENT- SECTION A, S H I F T  2 

I I I - 
5 10 15 2 0  2 5  3 0  35  

Source: Doily Sectlon Reports 
for Sect lon-Shlf t  A 2  . 



Table I STOCHASTIC FAMILY PROFILE PARAMETERS 

PARAMETER DEFINITION OF THE PARAMETER 

S m  MARITAL STATUS OF MINER (0 = UNMARRIED, 
I = MARRIED) 

Y w AGE OF WIFE 

N c NUMBER OF DEPENDENT CHILDREN LESS THAN 18 YEARS OF AGE 
I N  MINER'S FAMILY 

Y c i  AGE OF A DEPENDENT CHILD 

Yrw AGE AT WHICH THE WIDOW O F A  MINER I S  EXPECTED TO 
REMARRY 

P65m PROB/\BlL lTY THAT A MALE OF AGE Ym WILL SURVIVE TO 65 
YEARS OF AGE 

'65w PROBABILITY THATA FEMALEOFAGEY, WILL SURVIVETO 65 
YEARS OF AGE 

P r w  PROBABILITY THAT A WIDOW OF AGE Y, WILL REMARRY BY 
AGE Y rW 

Table 2 ALLOCATION OF ACCIDENT COST ELEMENTS 

TOTAL COST ALLOCATED TO COST ELEMENT COMPUTED BY A C l  M (C,) COMPANY FAM ,LY PUBLl AGENCY 

MEDI CAL TREATMENT (Cmed) 

LOSS I N  COAL PRODUCTION (CeCp) + 
FATAL ACCI  DENT I NVESTI GATION (Ci < 

TATE D l  SABIL ITY BENEFITS (Cstb) d 

FEDERAL D l  SABIL ITY BENEFITS (CSsb) 

UNION D l  SABIL ITY BENEFITS (Cunb) L/ 

LOSS OF PERSONAL INCOME (Cpi n) 4 



Table 3 ELEMENTS OF FATAL ACCIDENT COST 

ACCI DENT: ROOF FALL, FATAL 
VICTIM: 43 YRS OLD, ROOF BOLTER, MARRIED, 4 CHILDREN, 25 YRS EXPR 

TOTAL COST TlME PERIOD FI RST YR COST 
COST ELEMENT (CONSTANT $1 (YEARS) WNNUAL: COST) 

PRIMARY MEDICAL TREATMENT I, 000 < 2 1,000 

VALUE OF REDUCED PRODUCTION 172,000 4 I 172,000 

l NVESTI GATION 2,000 4. I 2,000 

STATE COMPENSATION 28,900 22 1,315 

FEDERAL COMPENSATION 92,200 22 4,190 

UNION COMPENSATION 28,400 22 1,290 

NET LOSS OF INCOME 41,100 22 I, 870 

TOTALS 365,600 183,665 

Table 4 ELEMENTS OFTOTAL DISABILITY INJURY 

INJURY: FOOT AMPUTATION 
VICTIM: 22 YRS OLD, UTILITY MAN. MARRIED, I CHILD, 1 YR EXPERIENCE 

TOTAL COST TlME PERIOD FIRST YR COST 
COS I ELEMENT (CONSTANT ..- - 9) . (YEARS) (ANNUAL COST) 

PRIMARY MEDICAL TREATMENT 750 <2 750 

VALUE OF REDUCED PRODUCTION 8,500 4 I 8,500 

STATE COMPENSATION 150,000 43 3,490 

FEDERAL COMPENSATION 15,000 43 350 

UNION COMPENSATION 39,000 43 910 

NET LOSS OF INCOME 206,000 43 4,790 

TOTALS 419,250 18,790 



Table 5 LOCATION OF SECTION I N  FATAL ROOF FALL ACCl  DENT 

SECTION LOCATION I N  M l N E  RELATIVE TO ROOF FALL AREA 

A ROOF FALL OCCURRED I N  THIS SECTION 

B SAME PANEL I N  ADJACENT WORKING PLACES 

C APPROXIMATELY 5 MILES FROM SECTION A 

ITES: I. ALL CREWS WORK1 NG I N  SECTIONS A, B, AND C ENTERED THE 
M l N E  FROM THE SAME SHAFT 

2. ACCIDENT OCCURRED ON SHIFT 2 (4:00 P.M. - 12:00 P.M.) 
' 

- 

Table 6 PRE- AND POST-ACCI DENT PRODUCTIVITY FOR FATAL ROOF FALL 

PRE-ACCI DENT POST-ACCI DENT 
DAYS TO 

SECTION CREW CREW REACH 
- S H I F I  PRODUCTIVITYI*~ S I Z E  PRODUCTIVITY' .~ S!ZE  NORMAL^ 

A l 2.28 12.8 1.82 (20%)~  12. 7 (170)~ 96 

C2 1.82 II. I 1.82 ( 1 11.3 ( )  ' -- 

DTES: I TONSIOPERATING MINUTE 
2 MEAN VALUE FOR 39 WORKDAYS PRIOR TO ACCIDENT 
3 MEAN VALUE FOR POST-ACCIDENT PERIOD REQU.1 RED TO 

RETURN TO PRE-ACCI DENT MEAN 
4 PERIOD CORRESPOND1 NG TO POST-ACCI DENT MEAN 

PRODUCTIVITY 
5 PERCENTLOSS FROM PRE-ACCIDENTMEAN 
6 SECTION AND SHIFT OF THE ACCIDENT 



Table 7 AVERAGE AND NORMALIZED POST-ACCI DENT 
PRODUCTION LOSSES 

LOSS I N  POST-ACCI DENT PRODUCTIVITY 

SECTION-SHI FT OBSERVED - DAYS NORMALIZED' 

A 1 0.20 96 0.28 

A 2 0. 19 54 0.15 

A 3  0. 18 25 0.07 

B 1 0. 12 111 0.20 

B2 0. 11 54 0.09 
.,... . 

AVERAGE . 0. 15 68 0. 15 

NOTE: 1 NORMALIZED FRACTION = OBSERVED FRACTION x OBSERVED 
DAYS 1 68 

Table 8 POST-ACCIDENT PRODUCTION LOSS I N  SECTION A 

SECTION PRE-ACCI DENT % LOSS I N  TONS OF 
SHIFT MEAN TONSlSHlFT PRODUCTIVITY DAYS COAL LOST 

A 1 680 20 96 13056 

TOTAL LOSS I N  POST-ACCI DENT PRODUCTION 21616 



Table 9 COST II\ TORS FOR FATAL ACCIDEiVTS I N  1974 

TYPE OF ACCIDENT 

ROOF FALLS 

M A C H I  NERY 

HAULAGE 

ELECTR I CITY 

FALL OF FACEIRI B I S I  DE 

OTHER 

PERCENT OF TOTAL COST 

M I N I N G  M I N I N G  PUBLIC 
COMPAN l ES FAM l L l  ES AGENC l ES 

3 9 44 17 

46 3 9 15 

42 41 17 

48 33 19 

59 21 20 

2 7 44 29 

42 41 17 

$143,000 $141,000 $59,080 

3 114,000 $6,000 $5,060 

NUMBER 

45 

15 

15 

5 

4 

5 

COSTlFATALl TY 
($000) 

TOTAL F l  RST 

346 116 

348 143 

324 123 

366 154 

334 194 

332 69 

343 125 ALL FATALITIES 89 

TOTAL COST PER FATALITY 

F I  RST-YEAR COST PER FATALITY 
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Abstract 

PBlrs UP I ~ u r - f ~ ~ t  r~si.n and mechanical anchor roof bolts (without collars) 
were installed in the top along the intake siae UP art aaSive rnal mine. To each 
pair of the same type was affixed a horizontal roof strain indicator or HORSI and 
the instrument readings monitored for a period of approximately four months. These 
values when fitted to a 1irlt.a~. rcgrocsi~n model suggest that the HORSI's mounted 
On reslrl b1Co mose acc~rstely monitor day to day changes in roof Lvp eonditinns 
while those mounted on anchor types not only llrdicato trends but provide infor- 
mation concerning day to day movement of the bolts in the bolt hoies. Thus by the 
subtraction of the two sets of values, changes in anchor effectivencss may be es- 
timated. As a consequence, it is recommended that both types be used for HORSI 
installations when a bolting program dictates that anchor type bolts are to be 
utilized. 

Introduction 

There is a considerable, and justifiable concern within the coal industry as 
to the safe distance to which an operst.ing surface mine may approach an underground 
mine before there is detectable damage found in the underground mine. For this 
reason, the University of Missouri-Rolla contracted with the Department of In- 
terior's Bureau of Mines to investigate the criteria relating to the proximity of 
such operations. The effects of surface blasting are most likely to be detected in 
the structure of the underground u~ine, and as such the effects can be determined 
through monitoring of the behavior of the roof supports. 

In the study which was carried out during this contract, two different sets 
of roof supports, resin anchored dowels; and mechanically anchored roof bolts, were 
monitored for two purpuscls: Iir~tly to defermine if there had been any changes in 
the mine roof due to the blasting, and secondly should this yruvi ta bo th~! case 
to determine what changes in the mine support plan might be required to minimize 
or accomodate the effects measured. 

Based on the results of the investigation carried out on the above cited con- 
tract data on the two bolting systems has been further analyzed and the conclu- 
sions are reported herein. 

Test Site and Instnunetltation 

Thirteen monitoring stations were established along a 700 ft portion of the 
intake side of the Ferguson Mine in Nicholas County, West Virginia (Fig. 1). This 
punch mine is overlain by approximately 400 ft of Pennsylvania rock of Allegheny 
age. The coal is the Clarion and varies from 3 6  to 42 in. in thickness. The nor- 
mal support program includes both mechanical anchor bolts, and timbers with headers 
are installed where needed. The mine lies adjacent to an operating strip mine 
which, duri~~g the course of the research program advanced towards the underground 
mine from a distance of 3/4 of a mile. In order to complete the data, University 



personnel included test firings at closer distances to the mine including the 
firing of several shots over the instrumented mine section. 

Three-component seismometers were located on top, bottom, and ribs of the coal 
mine to record the motion of these surfaces during the course of the blast. Pre- 
vious research (Stehlik, 1964) on the effects of blasting on anchors had utilized 
compression pads to monitor loads between the bolt plate and the tpp and these were 
incorporated into the research program to monitor bolt tension. Horizontal roof 
strain indicators (HORSI's) had been suggested by Panek in 1973 as being a means of 
comparing the behavior of the mechanical and the resin bolts and these were also,, 
therefore, included in the instrumentation system. 

Initially, only mechanically anchored bolts were installed in order to permit 
recovery of the pads after termination of the project. After installation of 
HORSI units, however, concern developed that the,absence of collars or wedges 

ana possible crushing of the rock by the bolt anchors could conceivably permit bolt 
wobble and slippage respectively and lead to erroneous measurements. Resin dowels 
were then installed within a foot distance from the mechanical bolts and additional 
HORSI's were affixed to these units; this gave the opportunity for the comparison 
of blasting damage on both,types of support. 

The total instrumentation used in the program is tabulated in Table I. During 
the course of the experimentation, particle velocity measurements madc using the 
gcophones indicate readings ranging from less than 0.01 in/sec to greater than 2.0 
in/sec peak particle velocity, which latter figure i5 the level normally used to 
indicate the onset of damage to surface structures. 

Analysis 

Several correlation and analysis techniques have been utilized in the reduc- 
tion of the data obtained in the program. In this paper, the results under dis- 
cussion relate to the relative damage to the mine structure as indicated by the 
response of the anchoring systems. 

Initially, a linear multiregression model was assumed of the form: 

Y = B o + B I X l + B X  + B X  2 2  3 3  (1) 

where Y is the dependent variable of horizontal roof strain or compression pad 
values and the independent variables X1. X2, and X3 are temperature,.humidity, and 
roof particle velocity, respectively. Computations were by means.of the Statisti- 
cal Analysis System (Barr, et al, 1976). Significant independent variables were 
determined by the2forward selection procedure and Table I1 summarizes the resulting 
statistics. An R value of 0.500 or greater is assumed to be statistically signif- 
icant and indicative that the model is reasonable. 

2 
It is of interest to note that of the thirteen R values greater than 0.500, 

nine are associated with mechanical anchors. Furthermore, the dominant coefficient 
of the compression pad responses is the constant term. Thus for.wal1 changes in 
'--=I l e s ~  than that detectable by the compression pads (+250.1b), .it is suggested 

t mechanical anchor bolts are more sensitive to blasting than are the resin 
e. The data representative of each HORSI pair were then plotted for not only 

---.parative purposes but also a3 an aid for further analysis. These are as in 
Fig. 2 through 16. 

It was assumed that resin anchored dowels would more accurately reflect 
changes in the rock mass of the mine top, whereas the anchor bolts would reflect 
transient movement such as that experienced by a seismic disturbance. The dif- 
ferences AT and AL between the transverse and longitudinal HORSI values were cal- 
culated, the resultants plotted, and the regression models assumed: 



For t h e  preceeding,  Y is t h e  dependent v a r i a b l e  AT o r  AL and X X2, and X3 a r e  
t o p  p a r t i c l e  v e l o c i t y ,  temperature,  and humidity, respec t ive ly .  

2 
Of t h e  s t a t i o n s  f o r  which d a t a  was analyzed, t h e  R va lues  of on ly  t h r e e  imply 

a~ecllallicril b o l t  mn7rament i s  a func t ion  of v e l o c i t y  (Table 131) .  However, t h i s  
r e p r e s e n t s  a t o t a l  of  six measurements. Furthermore, t h e  n values ui;i g r e e t e r  
than 0.500 and t h e  i n c l u s i o n s  o f  temperature and humiti ty i n c r e a s e s  R- t o  g r e a t e r  
than  0.700.. 

Discussion and Conclusions 

Within t h e  range of  experiments covered i n  t h i s  i n v e s t i g a t i o n ,  the major i ty  
of  t h e  roof peak p a r t i c l e  v e l o c i t i e s  l a y  below 1 in/sec and a s  a r e s u l t ,  t h e  
change i n  t h e  b o l t  ard t h c  roof eonAii:lr~~ts was ant.ioipated t n  h~!  small. I n  f a c  
t h e  s i z e  of  t h e  movement and change i n  t h e  roof condi t ions  was smaller  than  had 
been a n t i c i p a t e d  such t h a t  t h e  c h a ~ ~ g e s  i n  t h e  read ings  of  t h e  instrumented b o l t s  
was of t h e  order  of accuracy of  t h e  d i a l  measuring gage which was used t o  determine 
t h e  changes. While t h i s  i n d i c a t e s  t h a t  t h e  r o o f ,  f l o o r  and s i d e s  of t h e  mine were 
s t a b l e  under t h e  imposed loading,  it d i d  make a c o r r e l a t i o n  of t h e  e f f e c t s  of 
b l a s t i n g  on t h e  support  systems more d i f f i c u l t .  

It i c  i n t e r e s t i n g  t o  note  t h a t  t h e  b e s t  c o r r e l a t i o n  can be obtained between 
t h e  d i f f e r e n c e  t h e  bolt behaviors r a t h e r  than t h e  abso lu te  a~u.veit~dnt of oach qystem. 
This is because of t h e  difference between t h e  anchoraqe and response of t h e  two 
systems. The r e s i n  system is a t tached  along i ts  length  t o  t h e  roof rock,  and, a s  
such, it w i l l  r e f l e c t  t h e  response of t h e  rock t o  t h e  b l a s t i n g ,  conversely,  t h e  
mechanically anchored b o l t  i s  a t tached  only a t  t h e  p l a t e  and t h e  anchor t o  t h e  
roof and t h u s  t h e  response of  t h e  b o l t  w i l l  i n d i c a t e  no t  only t h e  behavior of t h e  
roof b u t  a l s o  any displacement of  t h e  anchor. The d a t a  and c o r r e l a t i o n  therefore ,  
suggest  t h a t  t h e  most accura te  i n d i c a t o r  of t h e  e f f e c t  of b l a s t i n g  on t h e  mine 
support  system is through t h e  chanse i n  t h e  anchoring c h a r a c t e r i s t i c s  of t h e  me- 
chanica l ly  anchored b o l t s ,  r a t h e r  than i n  t h e  response of t h e  roof i t s e l f .  This  
is s u b s t a n t i a t e d  by t h e  presence of temperature and humidity a s  independent v a r i -  
ab les .  The aforementioned i s  n o t  unexpected a s  moisture laden a i r  of varying tem- 
p e r a t u r e  is  f r e e  t o  c i r c u l a t e  around mechanical anchor b o l t s  whereby i ts  f l o r  i s  
obstructued around untensioned b o l t s  by v i r t u e  of t h e i r  gro.uted nature.  I n  con- 
c l u s i o n ,  f o r  purposes of  monitoring t h e  e f f e c t s  of b l a s t i n g  upon mechanical anchor 
b o l t s ;  r e s i n  b o l t s  should a l s o  be i n s t a l l e d ,  HORSI's a f f ixed  t o  a p a i r  of each type 
and t h e  assoc ia ted  measurements subt rac ted .  The d i f f e r e n c e  then r e f l e c t s  only 
h o l t  mvvement and does not  inc lude  t h a t  of t h e  surrounding rock mass. 
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2. Comparison of Longitudinal HORSI Responses at Station Number 1. 

3. Comparison of Longitudinal HORSI Reponses at Station Number 2. 

4. Comparison of Longitudinal HORSI Responses at Station Number SA. 

5. Comparison of Transverse HORSI Responses at Station Number 1. 

6. Comparison of Transverse HORSI Responses at Station Number 1A. 

7. Comparison of Transverse HOE1 Responses at Station Number 2. 

8. Comparison of Transverse HORSI Responses at Station Numbu 3. 

9. Compasisnn of Transverse HORSI Responses at Station Number 4. 

10. Comparison of TranPvaroc IIORSL' Responses at Station Number 5. 

11. Comparison of Transverse HORSI Responses at Station Number 5A. 

12. Comparison of Transverse HORSI Responses at Station Number 6. 

13. Comparison of Transverse HORSI Responses at Station Number 7. 

14. Comparison of Transverse HORSI Responses at Station Number 9. 

15. Comparison of Transverse HORSI Responses at Station Number 10. 

16. Comparison of Transverse HORSI Responses at Station Number 11. 

TABLE I. INSTRUMENTS AT EACH STATION 

Station Geophone Pad TTH TRH LTH LRH 
Number Top Bottom Rib No ,,- 2C 4C No. NoL No. No. WMS 

2C -- THO Iuot roof bolt and floor hook for convergence determination. 
4C -- Pour foot roof bolt and floor hook for convergence determination. 
TTH -- Transverse oriented HORSI mounted on torqued nuof bolts. 
TRH -- Transverse oriented HORSI mounted on resin roof bolts. 
LTH -- Longitudinal oriented HORSI mounted on torqued roof bolts. 
LRH -- Longitudinal oriented HORSI mounted on resin roof bolts. 

X -- Present. 
- --Absent or non-functional. 



TABLE 11. MULTIPLE LINEAR REGRESSION COEFFICIENTS 

S t a t i o n  . R e s p o n s e  Bo B1 B2 B3 
R~ 

P e r c e n t  

LNI 0.02963 0.00032 - - 
LTH 0.01906 0-OUUBI n. oole4 
LRH 0.04519 - - 0.00280 
LTH 0.04277 - - 0.00585 
TRH 0.00831 - 0.00021 0.001 8 5  
T T H  0.07851 0.00044 - 0.00165 
TRH 0.03844 - 0.00020 - 
TTH 0.04585 - 0.00021 0.00225 
TRH 0.05836 0.00060 - - 
TTH 0.04947 - - 0.00495 
TRH 0.04593 - - 0.00489 
TTH 0.00795 - 0. oonog 0.00192 
TNI 0.00988 - - 0.00995 
TTH 0.01295 - - n no226 
TRH 0.03640 - -0.00021 - 
TI'H 0.02691 0.00024 - - 
TRH 0 . 0 ~ 9 2 7  o nnrxo - 
rn - - - - 
TRH 0.07184 - - -0.00166 
TTH 0.03591 -0.00015 - - 
TRH - - - .. 
T T H  0.05617 0.00028 - - 
TRH 0.05193 0.00035 - - 
T T H  0.02423 - 0.00032 - 
TRH -0.01315 -0.00141 0.00057 - 
T T H  - - - - 
TRH 0.01998 - 0.00014 - 
T T H  0.05694 - - 0.01466 
PAD 2.27736 0.02311 - - 
PAD 3.59422 0.03047 - - 
PAD 5.00395 0.03031 - 0.15851 
PAD 4.02682 0.04774 - - 
PAD - - - - 
PAD 5.74271 0.03334 -0.01222 - 
PAD 5.25613 - -0.00517 - 
PAD 5.51615 0.01478 0.00555 - 
PAD - - - - 
PAD 3.37641 0.01542 - - 
PAD 3.653LCI - - -1.64729 

TABLE 1 1 1 .  MULTIPLE REGRESSTON COEFFICIENTS 

S t a t i o n  R e s p o n s e  Bo B1 B;! B3 B4 
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=ACT OF DEEPER DEPTHS OF CUT 
ON COAL WINNING MACEINES AND BESPIRABLE DUST 

This paper is unoff ic ia l  and has not been completely reviewed by the  Bureau of 
Mines. 
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Beckley, West Virginia 
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Under@@ Mining Reaearch Supervisor 

U. S. Rureau of NLws 
Twin Cities,  Mirmesota 

Dr .  Bani Banerjee 
Assistant Director of Research * 

Ingersol l  Rand Research 
Princeton, blew Jersey 

This paper presents (a) the  f i n a l  r e s u l t s  of a Bureau of Mines sponsored t e s t  
program on the  e f fec t s  of both deep cut t ing and b i t  speed on respirable  dust and 
spec i f i c  energy and (b) the  impact these r e su l t s  w i l l  have on future  coal mining 
machine designs. The preliminary r e s u l t s  of these t e s t s  have been re ented a t  a 
Bureau of Mines Technology Transfer Meeting held in September 1976.P12X 

Ingersoll-Rand Reaenrch, Inc. rraa grahred Contract No. H0122039 t o  i n i t i a t e  
the largest ,  fu l l -scale  underground test fo r  measuring respirable  dust ever under- 
taken. Using a modified drum type continuous mining machine (a Lee-Norse 455, 
"Hardhead") with adjustable cut t ing features  and equipped with precision measuring 
devices, a controlled s e t  of experiments, varying depth of cut and ro ta t iona l  
speed, were conducted in the  Pittsburgh Seam with the  cooperation of EACC at t h e i r  
Joanne Mine i n  Rachel, West Virginia. 

The HE456 t e s t  machine, shown i n  Figure 1, has a 44-112 inch b i t  t i p  t o  t i p  
diameter, high pull-out torque capacity, semi-automatic controls and the  following 
specia l  features: 

A. Matched s e t s  of removable gear boxes permit changes i n  drum ro ta t ion  
speeds of 51, 18 and 9 RPM (600, 200 and 100 f t /& b i t  t i p  npeed). 

B. Sump and shear jacks far a posi t ive  control of drum horizontal (sump) 
and v e r t i c a l  (shear) veloci t ies .  

C. Extra long plumb bob s t y l e  picks with contoured b i t  blocks t o  allow up 
t o  5 inches maxhm depth of cut  per revolution. 

D. A b e l t  gathering head was used t o  keep up with potent ia l  high instan- 
taneous sump production rates a t  51 RPM and 4 inch depth of cut.  

* A l l  references l i s t e d  a t  the  end. 
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Conventional underground coal mining machines operate a t  a cutter b i t  speed of 
600 ft/min and shallow, 1-inch depth of cut. Thus, the t e s t  machine performance a t  

approximates the standard industry practice. . ' , Y  

r ! ;  Figure 2 sh- the position of the miner and the dust monitoring stations i n  
an underground test set-up. The airborne dust generated was measured a t  S1 in 
front  of the operator's cab, S2 close t o  the face, and $3 and S4 behind the brat- 
t i c e  i n  the ret- a i r .  Each t e s t  consisted of two automated sump and shear cycles 
cwering a 3-foot advance and producing about 6-1/2 tons of coal. Air flow was 
maintained a t  4000 CFM (*5%) and measured by a hand held anemometer. 

The respirable dust a t  each s tat ion was collected by an a i r  sampling pump3 
t h  a midget impinger in an alcohol solution t o  determine part ic le  size distribu- 

The water sprays (boom sprays) facing the cut ter  were turned off during %&ch 
est but asre maiatatned a t  the gathering head and conveyor to  minimize secondary 

d w t  generation. 
t -' ,-. ,; ' 

- .r , r, A d d i t f a ~ l  Wurrrmtion recorded was the rotational speed, sump and shear ve- 
- s ~ d % t y ,  pmes consumed and noise level. 

C - J  i - '  The range of parameters tested was a s  follows: 
1 - * + -  

I '  . r , c  

- C  . 9, 18 and 51 RPM , > 

2 - . d  z;:zed : &,. I 1, 2 and 3.5 inches .. -.p 
I _  

- 3  b -+. 
The b i t  spacing was 4 inchea and the b i t  attack angle was 45', and each t e s t  caw 1 2 
bination was replicated 4 times. - -9 .r8 . ,.. 
BESaLTS , 2  

Each of the Figures 3, 4 and 5 contain two types of data plots: the "Actual 
Averaged Datan and the "Stat is t ical  Results." The former represents the log mean 
averages* of the data gathered for  each of the repllratLono. e e  Sfa t i s t i ca l  Re- 
sults represent @ regrouping uf dam aftat s t a t i s t i c a l l y  test ing for  levels of 
significance by eo%nbining values that  did not differ  significantly and were the 
basis of numerical calculations for expresstag f i n a l  results.  The purpose wae t o  
separate that  data fo r  which there were no detectable significant differences from 
that  which shows valid significant s t a t i s t i c a l  differences. 

A. Airborne Respirable Dust* 

The resu l t s  presented in Figures 3 and 4 a re  for  the a i r  return (S3/S4) and 
operator's position (Sl) . 

Respirable dust levels were reduced (Figure 3) by 63.3% (in the air return) by 
increasing the depth of cut from 1 inch to 2 inches a t  51 RPM.*** It is intereG- 
ing t o  note t h a t  a t  the standard 1-inch depth of cut, the lower rotational speeds 

a s l ight  effect  on dust of 26.6%, but it was not s i@ficen t  a t  @eater depths 
cut. On the other hand, increasing the depth of cut from 2 t o  3.5 inches did 

t affect  the overall  airborne respirable dust reduction in the a i r  return. 

* Expressed in antilogs f o r  convenience. ,;+ ** Relative quantities of dust a r e  expressed i n  terms of milligrams per ton 
, ' . I r  

- 7  L 

(ng/ton) of coal produced and are used t o  avoid problems of variations in sec- - t ion a i r  flow and coal produced i n  different mines. The resu l t s  could be 
+ -  

:'::- eqnally expressed in terms of mg/Ef3 fo r  any known combinations of production - ' and a i r  flow. 

1 . - . 8 L -  , '., , A-- 8 

8 - .  1 .  - ,  2 ' F ' 1  
1.-  8 
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A t  the operator's station, S1 (Figure 4), the cut ter  head's rotational speed, 
not the depth of cut, was the highly significant variable. The change from 51 BPM 
t o  either 18  or 9 BPM decreased dust by 77%.* 

B. Specific Energy 

Specific Energy is a measure of the energy required to  produce a quantity of 
coal. The resul ts ,  i n  watt-hours, required t o  cut a ton of coal, a re  given in 
Figure 5. 

A highly significant drop i n  sump specific energy is attributed t o  increasiw 
the  depth of cut. The major reduction occurred going from the standard 1-iach t o  a 
2-inch penetration; it equaled 33.8%. The rotational speed was not significant. 

The shear specific energy changes were similar t o  those f d  fo r  sumpi thc 
t o t a l  energy reductitm of 33.9L oacurred between a 1- and 3-inch depth of cut. 
Neither increased penetration, nor change in rotational speed had any addillonal 
effect.  The shear specific a e r g y  vas lover by 40.2% than each corresponding sump 
value. 

C. Coal Sizing 

From each t e s t  a 300- ea 5OO-pmd coal numpls was screened and analyzed t o  
det-r the volationrhip het;rawn coal s ize  distribution and rotational speed of 
depth of cut; however, no significant relationship -6 f o d  a t  4 inah b i t  spacing 
and 45" b i t  angle. 

A-scale decibel readings for  each sump and shear showed no significant rela- 
tionship between noise level  and ei ther  rotational speed or depth of cut. The 
shear noise l eve l  vas 3 db-A lower in sound intensity than the sump and shear cut- 
ting cycles. Clearly, noise level  and machine performance have a complicated rela- 
tionship and no conclusion was reached. 

JOANNE RESPIRBBLE DUST BESULTS VERSUS OTBEB SITUATIONS AUE PROMfSZNG 

Based on these dramatic resul ts ,  it is recommended that  mine operators con- 
sider adopt* low rotational speed, deep cutting machines. There a r e  t h e e  
aspects t o  t h i s  conversion: 

A. Projection of the Joanne Mine resul ts  t o  other mines. 

B. Tbe machine modifications needed for  deep cutting and l ow  
rotational speed. 

C. The effect  on airborne respirable dust levels and production 
rates. 

In  considering the f i r s t  aspect, the Joanne Mine tes t s  differ  from nowal 
mining methods in that: 

A. Face water sprays were not used. 

B. The ventilation w a s  controlled t o  within f5% of 4,000 CFn t o  the face. 

C. The tes t s  were performed in small modules on but t  coal. 

D. The coal was a dry Pittsburgh seam. 

* Mote that experimental error a t  the operator's position w a s  considerably larger 
than a t  a i r  return. 



Since the thrust of the program was to provide basic data on the relationship 
of airborne respirable dust generation to fracturing method and to prove the value 
of the deep cutting principle, the test conditions were deliberately made unusually 
severe. By dispensing with the water sprays, curtailing ventilation to a safe but 
marginal level and working a dry seam, the normal dust suppressive advantages 
associated with cutting were minimized. 

According to water spray data collected by the U.S. Bureau of ~ i n e s , ~  a 
standard drum type continuous miner (operating at 600 ftlmin at a 1-inch depth of 
cut) reduces airborne respirable dust by 20% to 602, when using water sprays. 
This discussion assumes as a first order approximation that face water sprays are 
as effective on low-count dust-laden air as on high-count dust-laden air. A 30% 
-?duction is considered typical of current practice4 and is the base value used 
Ir comparison in this report. If deep cutting at low rotational speed is slco 
led, an additional 63% reduction in the air return can be realized in the return. 

I-milarly, the machine operator would experience an additional 77% reduction. 
These airborne respirable dust level, reduotions plesume the comparison of mining 
conditlu~~s in which no changes occurred in production per shift or air flow to the 
face. 

In general, most mines do not maintain ventilation practices as strict as 
those for the Joanne tests. Since airborne respirable dust concentration is de- 
pendent on airflow, it is difficult to make an accurate projection of these tests 
to other mining situations. This is particularly true at the operator's position 
which is very susceptible to the placement of air ducts (tubing, brattice, etc.). 
Regardless of the ventilation system used, less airborne respirable dust will be 
generated at the face. If the ventilation method used is consistent, this will 
result in a 63% improvement in the airborne dust level for the air return. Thus, 
similar percent reductions can most probably be achieved at other mines. 

It is generally accepted that the airborne respirable dust generated is a 
function of the coal seam and direction of mining with respect to the cleats. This 
test program was limited to the one mine site and small test modules in what was 
believed to be a mining seam orientation that PXO~IICP~ the moot dusk. In ract, the 
preliminary teoto indicaLed that cutting face coal was 30% lower in airborne res- 
pirable dust generation than butt coal. The benefits of deep cutting should be 
applicable to any orientation of mining. 

The test modules were sized to produce over six tons per test and closely 
approximate typical mine operations for a box cutting machine. The mechanics of 
coal fracturing and airborne respirable dust generation should not change whether 
a box cutting machine or full-face machine is used. 

The projection of these results can logically be extended to other mining 
situations by considering possible principles of deep cutting. 

A. Deep cutting produces less fines, hence lower airborne respirable dust. 

B. Deep cutting reduces the total length of contact time hetween the tip of 
the picks and the coal compared to shallow cutting, since the airborne 
respirable dust may be generated by the crushing of the coal under the 
tip of the pick. Deep cutting reduces the length contact and hence the 
amount of airborne respirable duot. 

There are pro and con viewpoints for both of these concepts; either or both 
may be correct. In any event, the operation of this principle should be applica- 
ble to other seams. The results may vary; and the percent reductions could either 
be higher or lower, but a significant reduction should be evident. 

It is firmly believed that the low rotational speed, deep cutting machine will 
be significantly superior to existing continuous miners in all underground opera- 
tions. 



The Bureau of Mines recognized tha t  the  t e s t  conditions and contro ls  exercised 
t o  obtain the  above r e s u l t s  were i dea l  and sponsored a  fu l l - s ca l e  production t e s t  
of the  comparison of high RF'M - shallow depth of cut  (51-1) t o  low RF'M - deep depth 
of cut  (18-3). These t e s t s  a r e  i n  progress a t  the Joanne Mine using ven t i l a t i on  
tubing. The preliminary r e s u l t s  confirm the dramatic reductions i n  respi rable  dust  
usjng 18 RPM - 3-inch dcpth of r u t  without l o s s  of production per s h i f t .  A sepa- 
r a t e  repor t  w i l l  be issued on these r e s u l t s  a t  the conclusion of thc  work. 

PRESENT DAY MACHINE MODIFICATIONS ARE UNLIKELY, 

The poss ib i l i t y  of machine modification i s  of c r i t i c a l  concern to  the miner 
operator who is considering adopting deep cut t ing  and low ro t a t iona l  speed. Un- 
for tunate ly ,  there  a r e  numcrous problems i n  r e t r o f i t t i n g  present machines. 

A major problem i s  LU provide 6uPf I~.Lrat  thrus t  fnr suaviag. Whereas the 
HH456 used an aux i l i a ry  thrus t ing  r i g ,  i t  i s  not p rac t i ca l  t o r  production uce. ' - 
machine design solu t ion  may l i e  in :  

A. A new a w j l i a r y  thrus t ing  r i g  of p rac t i ca l  de l lga .  

R. IJ t i l lz ing  the  weight of the  machjne t o  provide the  thrus t .  (The HH456 
has proven i t s e l f  capable uf ci i t t ing the  butt face  i n  sump a t  up to  
3-luch dcpth of C I I ~  wlthout a  sumping r i g ;  t h i s  depth i s  more than 
sufficient t o  achieve the  major deep cut t ing  d u ~ t  benof i t&)  

Another possible so lu t ion  would be t o  use a  d i f f e r en t  type o t  bit. One such 
b i t  i s  a  ch i se l  b i t  with a  15' pos i t ive  rake angle. When tes ted5 i n  chalk*, cut- 
t i ng  t h i s  b i t  required l e s s  normal force fo r  cut t ing  than the plumb bob b i t s .  
Other work6 on point a t tack  b i t s  cut t ing  coal has a l so  become avai lable .  With t h i s  
information, a  lower thrus t  might be ' s imi lar ly  needed f o r  coal  cut t ing  i n  sump, and 
l i gh t e r  weight machines could possibly sump t o  deeper depths. 

A second problem i s  the  need fo r  a  new boom, cu t t e r  head and dr ive  t ra in .  
The deep cu t t i ng  miner needs a  booln with cnough clearance fo r  the  longer b i t s  and a  
high torque head. It i s  possible t ha t  many machines could use t h e i r  same motor 
drives but with new gear transmissions, head booms and cut t ing  heads t o  both pro- 
vide and withstand the  higher torque loads. 

Any of the  above a r e  d i f f i c u l t  and i n  a l l  probabi l i ty  w i l l  o f f s e t  the  balance 
of the  machine. Therefore, i t  is recommended tha t  the  mine operators consider re- 
placement machines equipped f o r  deep cut t ing  ra ther  than r e t r o f i t t i n g .  A few manu- 
fac turers  have indicated an i n t e r e s t  i n  providing such machines. 

IMPACT ON PRODUCTION 

Figure 6 shows multiple p lo t s  of short-term production r a t e  i n  a  full-boa cut 
a s  a  function of ro t a t i ona l  speed and depth of cut.  Horsepower requirements a r e  
superimposed on thc data  based on the r e s u l t s  of the  HH456 performance during t h i s  
project .  

I n  general ,  many current machines operate a t  point  A: 

l-inch depch of cut  

51 RPM (600 ft /min b i t  speed) 

300 average HP supplied t o  head 

5.5 t o n s / F n  production 

* Author equates chalk cluvely t o  coal.  



Y P D T H E T l C f l L  P R D D U , C T l U N  R N D . R V E R f l G E  H . P .  Z HHLISi i  
f l S 5 U M I N E  TWO C O M P L E T E  S U M P / S H E f l R  CY i 

D E L T R  M < R V E f i f l E E  MflXIM2M DEPTHOF CUT) 

F I E U R E  6 



To ach ieve  a i r b o r n e  r e s p i r a b l e  d u s t  r e d u c t i o n  i n  t h e  a i r  r e t u r n ,  t h e  replacement  
machine must have a  deeper  dep th  of c u t  of a t  l e a s t  2  inches  o r  more. 

I f  t h e  r o t a t i o n a l  speed is  maintained whi le  t r y i n g  t o  ach ieve  a  2-inch d e p t h ,  
of c u r ,  ( p t .  .C): then bo th  t h e  HP and produc t ion  would i n c r e a s e  d ramat ica l ly .  How- 
e v e r ,  t h i s  would bc  an expensive approach. IL is  a l s o  n o t  recommended because i t  
does  n o t  i n c l u d e  t h e  low r o t a t i o n a l  speed d u s t  r e d u c t i o n  b e n e f i t s  t o  t h e  o p c r a t o r .  
From a p r a c t i c a l  p o i n t  of view, t h e  cont inuous miner p roduc t ion  r a t e  i s  n o t  t h e  
l i m i t i n g  s h i f t  p roduc t ion  f a c t o r .  A l a r g e  m a j o r i t y  of mines a r e  l i m i t e d  i n  pro- 
duc t inn  by hau lage  o r  roof  suppor t .  

The second a l t e r n a t i v e  t o  o p e r a t i o n  a t  p o i n t  A is t o  d rop  t h e  head speed t o  
30 RPM and i n c r e a s e  t h e  depth of c u t  t o  s l i g h t l y  over  2-112 inches ,  ( p t .  g ) .  Thi 
u f f e r s  t h c  advancegr. of a smal lo r  0ain -in produc t ion ,  b u t  s t i l l  uses  t h e  same ave 
age  300 HP head motors. Th i s  i n c r e a s e  i n  p roduc t ion  r a t e  from 5.5 ~ O R S / W ~ I I  tu 0. 
tonslmin a t  cul ls tant  avcrage  horsepower is  due t o  a  r e d u c t i o n  i n  s p e c i f i c  energy 
roou1t . i .n~ frnm increased  dep th  of cu t .  

The fo l lowing  examples develop numerical  v a l u e s  on d u s t  r e d u c t i o n  comparing 
o p e r a t i o n s  a t  p t s .  A and g wi th  water  sp rays .  From t h e  a i r b o r n e  r e s p i r a b l e  d u s t  
p o i n t  Of view, s e s c r a l  p o o c i b i l i t i ~ s  a r e  a v a i l a b l e  depending on t h e  mine s e c t i o n ' s  
a h i l i t y  t o  conver t  t h e  8.4 tonslmin i n t o  some a d d i t i o n a l  producrion.  

A. Assume t h a t  t h e  p ~ n d t i c t i o n  r a t e  pe r  s h i f t  remains t h e  same a s  a t  p t .  A. 
Operat ing a t  p t .  g would decrease  t h e  a i r b o r n e  r e s p i r a b l e  d u s t  gencrated 
and consequently lower t h e  d u s t  l e v e l .  

1 )  At t h e  machine o p e r a t o r ' s  p o s i t i o n ,  d u s t  would be  reduced due t o  
lower r o t a t i o n a l  speed. The experimental  r e s u l t s  showed a 77% 
r e d u c t i o n  when changing from 5 1  RPM t o  1 8  RPM. At t h e  30 RPM 
of p t .  g, t h e  Mul t ip le  Regression a n a l y s i s  s r o j e c t s  a  59% reduc- 
t i o n  i n  d u s t  generat ion.* Thus, a  4.8 mg/M d u s t  l e v e l  should 
drup t o  2 m g / ~ 3 .  

2) I n  t h e  r e t u r n  a i r ,  t h e  r e d u c t i o n  would amoullt t o  63% due t o  
i n c r e a s i n g  t h e  dep th  of c u t  from 1 t o  2 inches .  

B. On t h e  o t h e r  hand, assuming t h a t  t h e  5% i n c r e a s e  i l l  product ion r a t e  
i s  converted t o  a  33% i n c r e a s e  i n  s h i f t  p roduc t ion ,  then  t h e  fol low- 
i n g  r e s u l t s  can be p ro jec ted .  

1 )  The llet a i r b o r n e  respirah1.e d u s t  r e d u c t i o n  a t  t h e  machine opera- 
I . I~L. 's l o c a t i o n  wouLd h~ 45% r a t h e r  than  59%. 

2) The n e t  a i r b o r n e  r e s p i r a b l e  d u s t  r e d u c t i o n  i n  t h e  a i r  r e t u r u  
would be  51% i n s t e a d  of 63%. 

A t h i r d  a l t e r n a t i v e  is  t h e  o p e r a t i o n  a t  p t .  g, which p i n p o i n t s  a n  1 8  RPM and 2.8- 
inch  dep th  of c u t .  Th i s  ach ieves  s i g n i f i c a n t  a i r b o r n e  r e s p i r a b l e  d u s t  r e d u c t i o n s  
whi le  main ta in ing  t h e  same produc t ion  r a t e  and hence product ion per  s h i f t  r a t e  e x  
perienced a t  p t .  A. Two conc lus ions  can be  drawn: 

A. The a i r b o r n e  r e s p i r a b l e  d u s t  l e v e l  a t  t h e  o p e r a t o r ' s  s c a t i u u  i s  reduced 
a  n e t  77% due t o  o p e r a t i o n  a t  1 8  i n s t e a d  of 5 1  RPM. 

B. The a i r b o r n e  r e s p i r a b l e  d u s t  l e v e l  i n  t h e  a i r  r e t u r n  is s t i l l  lowered 63%. 

* Note t h a t  t h e  MR equa t ion  p r e d i c t s  a  77% r e d u c t i o n  bctween 51  and 18  RPM; 
t h e r e f o r e ,  a  p r e d i c t i o n  of 59% between 5 1  and 30 RPM should bc  v a l i d .  



In addition to the drama ti,^ dust ddrp, the other advantage to operation at the 
conditions set at pt. g is that a lower average horsepower is required for the same 
production as yielded at pt. A. Finally, it is believed that a machine requiring 
lower horsepower will inherently require less maintenance. This leads to more 
operating time and slightly more production at lower operating costs. 

The production tests at the Joanne Mine are alternating on one-month cycle 
between pt. A and pt. g operation confirming the plot in Figure 5. 

A different aspect of the deep cutting principle is its potential impact on 
future high production sections. For example, consider a conventional mining sec- 
tion presently operating at a 2.0 mg/M3 dust level at the operator's position. 
With a new deep cutting, low rotational speed machine which generates 77% less dust 
at the operator's position the shift production can be raised 4.3 tines and still 
maintain the same 2.0 mg/MS reading. 

As a final encouragement in suppo;t of the deep cutting principle, the quanti- 
fication of the airborne respirable dust measurements illustrates the health bene- 
fits achievable if there is no increase in shift production. At the machine opera- 
tor's location, a current dust level of 2 mg/M3 can be reduced to 0.5 mg/M3 by 
utilizing the deep cutting principle. It is assumed in the comparisons that both 
present day and deep cutting machines have water sprays operating. 

DEEP CUTTING LOWER SPECIFIC ENERGY IMPACTS ON MACHINE DESIGN AND RESPI_RABLE DIIST 
MEASUREMENTS -. 

The specific energy analysis of the Joanne test data is important for two 
reasons. First is its implications to future machine design of deep cutting 
machines. Second is the relationship developed between specific energy and dust 
which may be a useful research tool. 

A. Impact of Deep Cutting 

The impact of specific energy results are shown in Figure 6 and are indicated 
by the increase in production rates at: a conctnnt 1 .P  w i t 1 1  l~~creased depths of cut. 
As stared earlier, these curves are based on the gross specific energy for the 
HH456 and represent the true average cutting head horsepower. If total specific 
energy, which does not include machine losses, had been used, the graph would have 
projected overly optimistic results. 

The pros and cons of shifting machine operations from current practice at pt. 
A (51 RPM at 1-inch depth of cut) to either g, C or 2 are discussed below in terms - 
of specific energy. 

A. Operations at C, (51 RPM at 2-inch depth of cut) would provide an 82% 
increase in the production rate at the expense of a 16% rise in average 
horsepower. 

B. Operations at g (30 RPM at 3-inch depth of cut) would permit a 53% in- 
crease in production with no change in average hnrsepower. 

C. Operations at 2 (18 RPM at 2.8-inch depth of cut), which maintains the 
same shift production rate as A, would allow for a 34% decrease in 
average machine head horsepower. 

If the shift production is limited by conditions other than the mining rate, it is 
strongly recommended that mine operators accept option 2. As stated earlier, this 
option has the advantage in that maintenance is generally less for lower horsepower 
machines, and lower maintenance directly leads to higher production and lower oper- 
ating costs. 



B. I m p l i c a t i o n s  of An A l l  Shear Machine 

The 40% reduc t ion  of s h e a r  s p e c i f i c  energy a s  compared t o  sump s p e c i f i c  energy 
has  some impor tan t  des ign  i m p l i c a t i o n s  f o r  f u t u r e  deep c u t t i n g  machines. The d a t a  
used i n  F igure  6 a r e  de r ived  from a n  average sump-shear horsepower. I f  a  hypothet- 
i c a l  a l l  s h e a r  machine could be c r e a t e d ,  t h e  average  horsepower would be  about  40% 
lower. Equal ly important  is t h e  h igh ly  s i g n i f i c a n t  decrenoc i n  peak tn rque  and 
hence horsepower. 

Examination of t h e  s t r i p  c h a r t  r ecord  i n  F igure  7 shows t h c  peak ins tan taneous  
wat tage  f o r  sump and s h e a r .  The 66% r e d u c t i o n  i n  shear  peak wat tage  means t h a t  
t h e r e  i s  a s i m i l a r  r e d u c t i o n  i n  peak to rque  a t  t h e  head. I n  t u r n ,  t h i s  r e s u l t s  i n  
lower c u t t i n g  f o r c e s ,  l e s s  t h r u s t  r e q u i r e d ,  lower head s t r e s s e s  and longer  b i t  
l i f e .  

As po in ted  o u t  e a r l i e r ,  one of t h e  major des ign  problems f o r  deep c u t t i n g  
u ~ c h i n e s  is prov id ing  a d o q ~ ~ a t e  t h r u s t  f o r  t h e  sumping p o r t i o n  of t h e  c u t t i n g  cyc le .  
An all shear  machine would e l i m i n a t e  t h i s  sump t h r u s t  f a c t o r .  Moreover, s i n c e  t h c  
t h r u s t  r e q u i r e d  f o r  s h e a r i n g  should Be aruuurl GGE lowcr ehon t h e  v m p i  the  shear  
d e s i g n  a p p l i c a t i o n s  a r e  p o s s i b l y  more amenable t o  p r a c t i c a l  s o l u t i o n .  

A f a r  r cach ing  impact nf an all shear  machine is  i t s  p o t e n t i a l  f o r  combining 
wi th  deep c u t t i n g  t o  a c h i e v e  even g r e a t e r  r e d u c t i o n s  i n  a i r b o r n e  r e s p i r a b l e  dus t .  
Bureau of Mines t e s t s  o t  a  c6nvenclu11al cont inuouo minine machine showed t h a t  70% 
of t h c  t o t a l  d u s t  r.ame from t h e  sump p o r t i o n  of t h e  cyc le .  (Equal tonnage was pro- 
duced i n  sump and shear . )  

As a n  i n d i c a t i o n  of t h i s ,  s e e  t h e  SRI d u s t  l e v e l  shown i n  F igure  7 f o r  a  con- 
t inuous  sump-shear cyc le .  Note t h e  l a r g e  peak of d u s t  t h a t  occurs  a f t e r  each sump 
and how i t  t a p e r s  o f f  dur ing  shear .  

Based on t h e  Bureau's 70% f i g u r e ,  a n  a l l  s h e a r  c y c l e  should g e n e r a t e  40% l e s s  
d u s t  than  a  50% sump p l u s  50% shear  cyc le .  Combining 40% a l l  s h e a r  wi th  63% deep 
c u t t i n g  and 30% water  s p r a y s ,  r e d u c t i o n s  should y i e l d  a n  o v e r a l l  78% r e d u c t i o n  i n  
genera ted  d u s t  without  d e c r e a s e s  i n  s h i f t  product ion.  

Th is  78% p r o j e c t i o n  is  a n  e s t i m a t e  assuming t h a t  t h e  63% deep c u t t i n g  a i r b o r n e  
r e s p i r a b l e  d u s t  r e d u c t i o n  is  t h e  same f o r  bo th  sump and shear .  The Joanne d a t a  a r e  
f o r  a  complete t e s t  module and do n o t  p rov ide  a  convenient  method f o r  s e p a r a t i n g  
t h e  e f f e c t s .  There is  reason  t o  b e l i e v e  t h a t  t h e  deep c u t t i n g  f r a c t u r i n g  concept ,  
which r e l a t e s  t o  l a r g e r  p i e c e s  of c o a l  producing l e s s  d u s t ,  might b e  more e f f e c t i v e  
i n  shear  than  sump. Th is  i s  based on bo th  t h e  f a c t  t h a t  t h e  c u t t i n g  b i t s  i n  shear  
afe break ing  t o  a  f r e e  f a c e  and can produce l a r g e r  c o a l  s i z e s  and t h a t  deep c u t t i n g  
iu shear rcduooc b i t  t i p  r n n t a c t .  Thus, 53% is  considered accep tab le  f o r  shear .  

These r e s u l t s  should i n s p i r e  t h e  Bureau and p o s s i b l e  deep c u t t i n g  w c h i n e  
s u p p l i e r s  t o  look innovnt ive ly  i n t o  the development of new machine d e s i g n s  wi th  
i n h e r e n t l y  low a i r h o r n e  r e s p i r a b l e  d u s t  product ion.  

Consider t h e  ve ry  d ramat ic  impact shown by t h e  fo l lowing  numerical  example 
p ro jec ted  f o r  a  78% a i r b o r n e  r e s p i r a b l e  d u s t  r e d u c t i o n  f o r  t h e  a i r  r e t u r n .  The 
d u s t  r e a d i n g s  would go from: 

B. Or a  2 m g / ~ ~  l e v e l  could be  reduced t o  .4 m g / ~ ~ .  

C. A l t e r n a t i v e l y ,  a  c u r r e n t  s e c t i o n  working a t  2.0 mg/M3 could r a i s e  
p roduc t ion  4.5 t imes and s t i l l  main ta in  t h e  2.0 m g / ~ 3  d u s t  l e v e l .  



C. Relationship t o  Airborne Respirable Dust and Cutting Parameters 

One addi t ional  f ace t  of the  speci f ic  energy which o f f e r s  promise i n  aiding 
fu tu re  dust research is the c lose  re la t ionship  of dust  and spec i f i c  energy t o  rota- 
t i ona l  speed and depth of cut.  This suggests a cross corre la t ion  between airborne 
respi rable  dust  and specific.energy. Figure 8 is a p lo t  of Respirable Dust - Air 
Return vs.  Total  Speci f ic  Energy. The r e s u l t s  a r e  based on ca lcula t ing  correspond- 
ing paired points of ro t a t i ona l  speed and depth of cut  from the MR equations f o r  
dust  i n  the  a i r  r e tu rn  and t o t a l  speci f ic  energy.* 

The implications of these r e s u l t s  a r e  tha t  speci f ic  energy may be used a s  a 
guide t o  changes i n  airborne respi rable  dust  level .  Certainly the  r e s u l t s  i n  
Figure 8 a r e  t rue  a t  the Joanne Mine fo r  changes i n  depth of cut.  What i s n ' t  
&own a r e  the e f f ec t s  of a l t e rna t ive  b i t  types or lacing pat terns  on airborne 
respirable dust and speci f ic  energy, i f  depth of cut was constant.  This suggects 
that fur ther  research i n  the ahnve deccribed areas should be considered. 

The p o s s i b i l i t i e s  a r e  very a t t rac t lvp .  from the researcher ' s  viewpoint, a s  
s p ~ c f . f i c  cncrgy can eas i ly  and accurately be measured i n  an underground mine. The 
t e s t  could be of shor t  duration and l imited t o  several  r epe t i t i ve  sumps a t  each 
t e s t  condition. The number of r epe t i t i ons  would be based on the detection of the  
minimum percent change which would be acceptable. The procedure would not be an 
absolute measuring system, but ce r t a in ly  very useful  i n  detecting improved dust  
conditions. Because the procedure is shor t ,  a l a rge  number of parameters could be 
compared i n  a reasonable period of time. 

Implications of Coal Sizing Results 

The coal s iz ing  r e s u l t s  a r e  disappointing i n  tha t  they f a i l ed  t o  indica te  any 
corre la t ion  between coal  s i ze ,  and e i ther  ro t a t i ona l  speed or depth of cut.  This, 
however, was t rue  only a t  the  4-inch b i t  spacing. Ear l ier  preliminary r e s u l t s  com- 
paring high po ten t i a l  speed, shallow cut t ing  and 2-inch spacing t o  low ro t a t iona l  
speed, deep cut t ing  and 8-inch spacing found a s igni f icant  reduction i n  f i nes  and 
dust f o r  the l a t t e r  s e t  of conditions. This may have been an e f f ec t  due t o  spacing 
and/or depth of cu t .  The e f f ec t  of depth of cut  a t  a constant 4-.inclr spacing may 
be too small to  dptoct i n  a 3? f a c t o r i a l  experiment with only 4 repl ica t ions .  

The coal  s i z ing  procedures f o r  a l l  t e s t s  followed s imi lar  procedures. A post 
t e s t  review has f a i l ed  t o  indica te  any bas is  f o r  suspecting the  r e s u l t s  of the coal  
s iz ing  data.  It i s  possible t ha t  sampling procedures and coal  s iz ing  may be a 
source of er ror .  Pa r t i cu l a r ly  i n  need of refinement i s  the s i z e  of samples and the  
s p l i t t i n g  of coal samples by f ac to r s  of 128 t o  256 times t o  analyze the  f ines .  It 
i s  believed tha t  the  procedures a r e  correc t  because the  nominal values agree with 
values previously published fo r  continuous miners i n  the Pit tsburgh Seam.7.8 

Considering the r e s u l t s ,  i t  must be concluded tha t  the coal  s iz ing  method is 
not a proven too l  fo r  predicting airborne respi rable  dust levels .  The f a c t  tha t  
airborne respi rable  dus t  decreased with increased depth of cut  without any detect-  
able  change i n  coal  s i z e  d i s t r i bu t ion  adds impetus t o  the concept t ha t  lengths of 
pick t i p  contact  may be an important parameter. 

Accurate noise l eve l  measuraents or ig inal ly  proved d i f f i c u l t  t o  obtain. It 
was nccessary to  r e ly  on the machine operator t o  record the  noise l eve l  during each 
test--a method tha t  proved t o  be very high i n  human er ror .  Midway i n  the  t e s t  
s e r i e s ,  the noise l eve l s  were recorded using the  s t r i p  char t  (Figure 7 ) .  

Recording the data on the  s t r i p  char t  reveals  t ha t  the sump and shear noise 
l eve l s  do not coincide with sump and shear cut t ing  cycles (see Figure 7 ) .  The 
following analys is  ignores t h i s  lack of coincidence and indica tes :  
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A. No c o r r e l a t i o n  between sump and shear  n o i s e  l e v e l s  t o  r o t a t i o n a l  speed of 
depth  of c u t .  

B. The shear n o i s e  l e v e l  was 3 db-A lower than sump. 

Ccr?oiderinp that t h e  no ise  l e v e l  was measured immediately i n  f r o n t  of t h e  
machine opera tor ,  i t  is q u i t e  ~ o s s i b i e  t h a t  t h e  t o t a t i o ~ l a l  speed aiid depth cf r u t  

e f f e c t s ,  i f  they e x i s t ,  a r e  masked by t h e  pump, head motor and conveyor no ises .  

It is a l s o  p o s s i b l e . t h a t  t h e  lowering of t h e  no ise  l e v e l  i n  shear is a t t r i b u t -  
a b l e  t o  t h e  loading of c o a l  on t h e  conveyor. Note i n  Figure 7 ,  t h a t  a f t e r  t h e  
f i r s t  shear ,  t h e  no ise  l e v e l  reached i ts  maximum dur ing  t h e  l i f t i n g  of t h e  boom 
when t h e  conveyor was emptying. 

It is judged t h a t  t h e  r e s u l t s  of t h e  no ise  measurements a r e  i n s u f f i c i e n t  t o  
warrant  making any conclusions. 

TheJoanne  Mine t e s t s  on t h e  HH456 contirruous mining machine were a  ~ i p n i f i -  
can t  undertaking by t h e  Bureau of Mines. The r e s u l t s  on a i rborne  r e s p i r a b l e  d u s t  
and s p e c i f i c  energy have provided vcry o t rone  evi.dence t h a t  i n v i t e s  indus t ry  t o  
adopt Lnrapr r n t a t i o n a l  'speed, deep c u t t i n g  continuous mining machines. 

Based on s t a t i s t i c a l  a n a l y s i s ,  t h e  r e s u l t s  show stepwise changes i n  a i rborne  
r e s p i r a b l e  d u s t  and s p e c i f i c  energy. No doubt f u t u r e  r e s e a r c h e r s  w i l l  more f u l l y  
develop r e l a t i o n s h i p s  of a  more continuous form a s  ind ica ted  by t h e  mul t ip le  r e -  
g ress ion  equations.  

It is a l s o  t r u e  t h a t  the  d a t a  uncovered ques t ions  t h a t  have not  been resolved 
regard ing  spacing e f f e c t s ,  spacing r a t i o ,  c o a l  s i z i n g ,  no ise  and s p e c i f i c  energy. 
The p r e s e n t a t i o n  i n  t h i s  r e p o r t  is a s  complete a s  poss ib le  i n  order t o  s t i m u l a t e  
i n t e r e s t  i n  reso lv ing  these  unanswered quest ions.  

Tlre overwhelming r e s u l t s  nf deep c u t t i n g  a t  low r o t a t i o n a l  speed a r e  b e s t  
f i n a l i z e d  by presen t ing  t h e  op t ions  t h a t  a r e  now open t o  mine opera tors .  

A. Increase  production whi le  holding t h e  a i r b o r n e  r e s p i r a b l e  dus t  l e v e l s  
cons tan t .  

R. Hold t h e  production cons tan t  but  reduce t h e  a i rborne  r e s p i r a b l e  d u s t  
l e v e l .  

C. Compromise on a  s l i g h t  i n c r e a s e  i n  production with a  small reduc t ion  
i n  a i rborne  r e s p i r a b l e  d u s t  l e v e l .  

The impetus f o r  changing r o  deep c u t t i n g  goes beyond h e a l t h  reasons i n  t h a t  
t h e  new machines can have highcr producL.I~.~l~ rate?. lowor maintenance c o s t s  and in-  
creased b i t  l i f e .  

Without doubt, t h e  overwhelming conclusion which t h e  Joanne Mine t e s t s ' s u s t a  
is  t h a t  t h e  mine indus t ry  immediately consider  adopting t h e  deep c u t t i n g ,  low r o t  
t i o n a l  speed machines t o  cu t  coa l .  
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OPTIMUM NEW MINE MAINTENANCE 

By Bennie E .  Morgan 
Superintendent-Maintenance Services 

U .S .S . , Cumberland Coal 
Wayneoburfi, P~nnsvlvania 

Growing out of a ra ther  unique casc of in ternat ional  cooperation between the 
Ontario Hydro Company of Canada and USSteel, one of the world's most modern and 
sophisticated coal producing operations began production of steam coal  i n  Ju ly  of 
t h i s  year. 

Cumbcrland Coal Mi.ne i s  s i tua ted  i n  Southwestern Pennsylvania's h i l l y  shceg 
and l ivestock country i n  tireene County which has a population of 45.000 and i t s  
county sea t  a t  Waynesburg. Pr incipal  occupations i n  t h i s  area a r e  t aming  
underground coal mining, with very l i t t l e  surface mining being done. Greene County 
borders the  northern panl~a~ldle of West Virginia to  the South and West, joins 
Washington County to  the North and i s  divided from Fayette County t o  the East by 
the Monongahela River which flows North t o  Pit tsburgh, where i t  joins the Alleg- 
11vl1p to  form the nhio River. Extensive underground mining, primarily of metal- 
l u rg i ca l  coal ,  i s  done a l l  along the MonOIlgal~el~ to provide cnke for  Pit tsburgh 
steelmaking. The area ltas four mineahle seams of which the Pit tsburgh vein  i s  the 
most c o n s i s t ~ n t  becoming more sui ted  fo r  steam coal a s  i t  d ~ p s  rawdrd thc West. 

Mining a t  Cumberland i s  i n  the Pit tsburgh coal vein,  which l i e s  600 to  1200 
f e e t  below the surface.  The coal  averages about 6% f e e t  i n  thickness; the vein 
dips s l i g h t l y  t o  the West, i s  r e l a t i ve ly  dry,  has a f a i r  roof and i s  gassy. Coal 
g r indab i l i t y  i s  55. A t  f u l l  operation 3 mi l l ion  tons of steam coal  per year w i l l  
be produced. 

The mine i s  presently opened by a track slope,  a b e l t  slope and a two compart- 
l~usnt n j r  sha f t .  Future a i r  sha f t s  a r e  now being sunk to  a id  i n  degassing the coal 
seam belore mining. 

Coal i s  mined by continuous miner i n to  bat tery  and cable r e e l  s h u t t l e  ca r s .  
Twin boom roof bol ters  a r e  provided on the  sec t ion  and a battery scoop u t i l i t y  
vehic le  i s  used. The sconp i s  made t ru ly  u t i l i t a r i a n  by providing a skid-mounted 
cable and b e l t  winder and an o i l  dispenser which a r e  trallsportcd and used i n  the  
scoop, and by a l so  carrying a cable winch and removable j i b  crane. A l l  but the 
j i b  crane a r e  operated off  the hydraulic system of the scoop. The loaded shu t t l e  
cars  discharge in to  a be l t  feeder/breaker which feeds onto the conveyor b e l t  system 
tn the surface.  Section b e l t s  a r e  36-inches wide, intcrmediate. b e l t s  - 42 inches 
and the slope b e l t  i s  48 inches. A l l  b e l t s  a r e  roof hung. Coal a r r iv ing  a t  the  
surface passes through a ro tary  breaker i n t o  two 7000-ton s i l o s  and thence t o  the 
c l ean i~ lg  plant which i s  of the  metallurgical  coal type employing heavy-media wet 
cleaning ellr~ughout. njscharge s lu r ry  from the plant i s  passed through a pressure 
f i l t e r  to  recover the watcr, which i s  recycled, Chus .fuming a clofierl water c i r c u i t  
and eliminating the need fo r  impoundment. The residue f i l t e r  cake i s  placed on - 
conveyor b e l t  along with a l l  o ther  waste mater ia l  for  transportation t o  the d i s ,  
posal a rea .  

A thermal dryer d r i e s  t he  coal  before storagc i n  a 9000-ton s i l o  preparatory 
to  shipment. Cumberland Mine operates i t s  own uni t  t r a i n  over 18 miles of new 
ra i l road track to a barge loading s t a t i o n  on the  Monongahela River. 



Cumberland Mine Surface Layout 

In addition to  the f a c i l i t i e s  direct ly  related to  coal production, a 60-pound, 
44-inch gage truck is provided underground for mvement of men, materials and 
machines. A l l  track equipment is battery powered. An e lec t r ic  powered cable and 
be l t  winder i s  mounted on a f l a t  car and operates off the electr ic  c i rcu i t  of a 
battery locomotive. 

A bulk rock dusting system i s  employed using a master and slave cars with 
3ust piped to the faces. 

The cormunication system prwides private phone service, remote paging, 
mnitoring and function control. The monitoring and control systems are  centered 
i n  a surface control station. 

.I Power is  received from West Penn Power, the d i s t r i c t  u t i l i t y  company, a t  
,000 volts.  The underground d i s t r i b u t b n  system is 7200 volts and i s  stepped 

down to 950 vol ts  for the miner and 575 vol ts  for ocher equipment on the sections. 
Silicon diode type chargers are  provided for  battery charging. The surface power 
distribution system i e  4160 volts reduced to 2300 and 480 for individual equipment 
operation. 

Dual axial-flow fane are installed exhausting, with the primary uni t  being 
electr ic  and with a stand-by diesel to  be used i n  case of e lec t r ica l  failure. 
Face ventilation is provided by two 50 H.P. axhaust faas on each section. 



A sewage treatment plant is located a t  the mine and a water treatment plant 
is located a t  the river with water pumped through a 12-inch l ine  buried along the 
18 mile railroad track to the mine. 

We consider the two most v i t a l  factors to  production are man and machines i f  
a good coal seam and mine are  assumed, and that maximum production cannot occur 
without good maintenance. The best coal seam, plus the roost capable operating 
crews using the best machines available cannot do the job i f  machines do not 
operate correctly. Unfortunately, there have been many cases where maintenance 
and other support groups such as engineering, personnel, training, and supply are 
considered as  nothing more than unnecessary costs  to  be cut when cmvet~ient; also 
the operation of face machines has frequently been over emphasized without 
corresponding consideration of adequate support system. A t  Cumberland we are 
maintenance and support oriented from top management on d m  the line. 

The gactl of our maintenance group is simply to  make machines available. for 
production, the maxiam mount of tfme a t  the least cost, with a prevailing 
at t i tude of preventative maintenance. 

We believe optinnrmmaintenance begins with management philosophy, continues 
through machine selection, people selection, training and d e v e l o p n t ,  preventative 
and emergency maintenance systems, parts availability, rebuild dy8tW a& ends 
with scheduling that  allows men time t o  work on machines. 

The f i r s t  factor t o  consider i n  maintairking wchines is maintainability. The 
simplest machine with the fewest parts which w i l l  do the job safely is  the one to  
buy, and maintenance people should have a voice i n  specifying and select- 
machines. We believe the following guidelines t o  be most important i n  this  regard: 

- The trend toward solid s t a t e  electr ical  c i rcu i t s  with few moving parts 
is  a step i n  the r ight  direction i f  the application is  right.  Simpler 
sol id s ta te  controls with in f in i te  speed control can replace functions 
such as  tramning hydraulically or through mechanical clutches and 
transmissions. 

- Direct coupled motors which eliminate gear cases and drive shafts are  
desirable. 

- Spur gears should be used instead of high f r ic t ion  worm and bronze 
gear sets; and non-adjusting type bearings a re  easier to  maintain. 

- Any time the human element is  taken out of adjustments an improvement 
has been made. 

- Shafts entering gear cases should enter above the fluid level wherever 
possible. 

- Metal faced seals w i l l  give bet ter  sealing and longer l i f e .  

- The hydraulic system should be simple and a s  low pressure as  possible. 
Hydraulic tram require high pressures and volumes vhich are  hard t o  
l ive with. 

- Adequate f i l t r a t i o n  and control of leaks are  very important. Fi l t ra-  
tion should be a t  l eas t  10 microns and the staple lock no thread 
hydraulic f i t t i n g s  are  usually best. 

- Low speed-high torque hydraulic rootors also simplify machines by 
allowing the elimination of gear reducers. 



- Easy access and changing of machine parts is essential as well as 
i s  easy access for  inspection of v i t a l  ite61~ such a s  f i l t e r s ,  
fluid levels, greasing components, chains, hinge points, wear 
s t r ips ,  permissible enclosures and meters. 

- The best method of doing the job on machines should be carefully 
researched i n  the l ight  of prevailing conditions and the mining 
system employed. 

The preceding basic c r i t e r ia  were followed i n  selecting major items of 
underground equipment and developing f a c i l i t i e s  as  follows: 

Continuous Miners - Drum Type, 950 Volts A.C. with D.C. Tram and 
Remote Control 

Roof Drills - Dual and Single with Hydravllc Tagwary 
Roof Supports 

Shuttle Cars - Cable Reel and Battery Types 

Feeder Breakers - Equipped with Hydraulically Driven Conveyor 

Auxiliary Face Fans - Exhaust Type, 59 H.P. 

Section Load Centers - Equipped with Tone Type Cable Ground Wire 
Monitors and "Q1' Type High Voltage Couplers 

Section Service Centers - Incorporates a l l  Safety, Maintenance and 
Convenience Needs for Section Support 

Battery Chargers - Self Regulating Type 

Conveyor Belts - Roof %ng, Cable Type 

Conveyor Load Centers - Equipped with High Voltage Feed-Thrqh and 
"Q1' Type High Voltage Couplers 

High Voltage Switches - Vacuum Breaker Type 

Mantrip Locomotives - Dual hrpose  for Carrying Section Crews or 
Moving Rail Cars 

L o c m  tives - 10-Ton Primarily for Moving Equipment 

Rock Dusters - Master and Slave Car Bulk System 

C m n i c a t i o n s  - Mslti-Channel, Employing Coaxial Cable 
with T.V. Transmission Capability 

Our maintenance program is designed around the military concept of f i r s t  
chelon maintenance. Our personnel are  trained to troubleshoot machines, identify 0 the problem and f i x  it inmediately i f  minor repairs are needed. Eaching working 

section has a mechanic with the section crew. H i s  responsibility includes speci- 
fied Preventative Maintenance jobs and quick repairs such as  hose replacement, 
splicing cables, fixing broken chains and minor electr ical  repairs. General mine 
mechanics maintain rol l ing stock and construction equiprrant and are on c a l l  to 
ass i s t  i n  the sections as  required. Electricians maintain the e lec t r ica l  d i s t r i -  
bution system, communications and monitoriog systems and conveyor power equipment. 



Effective training nust be tailored t o  the maintenance system. Our plan a t  
Cumberland is to rely heavily on preventative maintenance. Therefore, our people 
must be trained to watch for  developing problems. Our system also is  desi ed for  
speedy and effective emergency mrintenance so our people must be trained tgs way 
a s  well. Specifically, our goal i s  to  make maintenance workers a s  self-sufficient 
as  possible so that they can reason out and correct their  maintenance problems 
without relying on a foreman t o  troubleshoot for them. This means that they must 
be trainable, that is  to say, willing and able t o  learn. They must then be taught 
the basics of e lectr ic i ty ,  mechanics and hydraulics so they w i l l  be able to  under- 
stand prints  and other machine information. 

A l l  rna&ntenance peopIe underground receive the same basic training a t  our 
above-ground a b l a t e d  mine training center which is equipped with a f u l l  comple- 
ment of underground section machcnes and e lec t r ica l  and hydraulic panels. Trainees 
a re  introduced t o  the machines during th i s  period. The l a t e s t  training materials 
have been purchased and develbped and the l a t e s t  teaching methods are  used, in- 
cluding movies, video slides, werhead projectors as  well as  conventional class- 
rocnu methods. Full-tima instructors are  employed along with foreman and s taff  
personnel on a part-time basis to  prwide needed expertise in  their particular 
work f ie lds .  $quipment manufacturers' t ra iners  are  brought i n  when deemed 
appropriate. 

Basic training i s  comprised of a maximum s ix  week course including Introduc- 
t ion to Cumberland Coal Maintenance Procedures, Maintenance Fundamentals, 
Electr ical  Maintenance, Mechanical Maintenance, Permissibility and Laws and Fire 
Protection. I f  e lec t r ica l  experience requirements are met, trainees who complete 
this basic course are deemed Qualified Electricians by the Mining Enforcement and 
Safety Administration (MESA). Testing is a key element i n  both basic and advanced 
training. Pre-tests are  given before each subject to  determine training needs of 
each individual. Those who show advanced knowledge on particular subjects may skip 
that  part of the training. Candidates must pass post-training tes t s  to  show their  
proficiency before advancing to the next subject. Trainees i n  the basic course 
a r e  classif ied Grade 2 and advance t o  Grade 3 on completion. 



Regional Training Center 

Advanced training is done a t  the surface mine shop, a t  the training center 
and on the job and is directed toward the work t o  be done. Electricians receive 
only electr ical  training and surface mechanics receive different courses from 
underground mechanics. A l l  courses are  segmented so that  trainees are  i n  class 
for one machine a t  a time. They work as  trainees on the job between training 
periods. Pre-testing and post-testing are used i n  the advanced training on 
machines i n  the same way as  i n  basic training. It should be emphasized that our 
testing program is aimed to qualify rather than disqualify trainees. Advanced 
training may be spread out over a year's period or u n t i l  the trainee is deemed 
competent through testing and work proficiency. They are then pramoted to 
electr ic ian or mechanic, Grade 4 (surface) o r  Grade 5 (underground). 

Retraining is custom designed as  needs are  identified. 

MAINTENANCE SYSTEMS 

The lubrication systemmst  be easy, convenient and f a s t  and above a l l  else. 
it m a t  be clean. The choice of as  few lubricants as  possible w i l l  help prevent 
mistakes i n  application. Special f i t t ings  for special lubricants, colo; coding 
of containers and colorim lubricants are  a l l  worthwhile. We use one grease, one 
gear o i l  and one hydraulic o i l  i n  a l l  machines underground except be l t  drive 
hydraulic tensioning devices which mst use f i r e  resis tant  f luid.  Several special 
lubricants are  currantly being used on the surface but we are working t o  consoli- 
date these. Grease is packaged i n  one gallon buckets which are  lightweight and 
throw away type. The l ids  are  removed for  use and a dispenser unit with hose and 
and hand pump are attached. A diaphragm is placed on top of the grease i n  the 



can so that  the follower plate  of the dispenser unit does not contact the grease. 
This helps prevent c o n t d n a t i o n  when changing cans. The hand pump is a pis tol  
gr ip type with settings for high and low pressures. The grease cans and l ids  are 
used for waste paper and garbage disposal when expended. 

A bulk system is being installed for hydraulic and gear o i l s .  O i l s  are  
delivered in 6000 gallon tank trucks and pumped into our 15,000 gallon storage 
tanlce. The bulk system features ecollomg, ease of handling a d  cleanliness. Each 
tank truck of o i l  is  sampled and analyzed for quality and cleanliness and o i l  is 
f i l tered when pumped into machines on the job. Special skid nmauntd dispensing 
units a re  used for transport o i l s  underground and to service machines. Each working 
section has two of these uni ts  so that one can be kept on the section while the 
other is  i n  transport. The skid mounted uni ts  contain 200 gallons of hydraulic -" 
and 50 gallons of gear o i l ,  each provided with i t s  ovn in-tank pump and disyeas 
hose. The pump8 ate powered hydraulically by the battery u t i l i t y  scoop or from 
other hydraulic system and dispensed o i l  is f i l tered and metered into machines. 
Different mated f i t t ings  are used for hydraulic and gear o i l s  to  prevent accidental 
switchinn. Mspensing units are  f i l l e d  from the surface bulk tanks as  they pass the 
f i l l  s ta t ion on track supply cars. A car spottef I& mployed iu arlvcru-a the, care 
past the f i l l  s ta t ion and up t o  the slope incline where cars are connected to the 
slope hoist.  The o i l  dispensers are off loaded into the u t i l i t y  scoops on the 
sections and machines are  serviced from the scoop. The dispenser is then unloaded 
near the face where machines can get o i l  a s  needed. Each face machine is provided 
with i ts  own hand pump fir emergency u&&. A l l  pumps are equipped with f i l t e r s  and 
a l l  machines a re  equipped with 10 micron d i r t  indicator f i l t e r s .  Machines are  also 
equipped with sight gages on the hydraulic tanks for ease of checking. Each section 
of each hydraulic pump has sn i n  l ine flow meter for easy wnitor ing of outputs and 
fluid aeration. We have equipped one section with Staple-Lock type hydraulic f i t t ings  
looking for bet ter  leak control and hose maintenance. A l l  other machines have thread 
type f i t t ings .  O i l  i n  hydraulic systems is sampled and tested periodically for 
contamination control. 

We consider lubrication is  only the beginning of Preventative Maintenance and 
that scheduled inspection and testing of machines designed t o  spot approaching 
problem i s  also most essential.  The computer i s  employed t o  pr int  out reminders 
of P.M. jobs to  be done on specific machines on a scheduled basis. The maintenance 
clerk operates the system and takes job instruction print-outs from the c q t e r  
and dis tr ibutes  them t o  the appropriate foramen. The print-outs are  then paclsed on 
to aurinteaprre men to do the work and then return the reminders when done. I f  the 
clerk does not get reports of jobs done i n  a week, the computer pr ints  duplicate 
rrmlnder naticer. 

Computer Printout 

SECTION 12 EQUIP CODE WllZ IUl5ASSlWBLY CODE I@ 

1 WK INSPECTION FOR WK 11/17/75 MISCEUANEOUS 

MAX 1 WK 2 DAYS ASSImD 'Nl 

( ) CLEAN PUMP MAGNETIC PLUG 
( ) CEECK FILTER 
( ) CLEAN EarIRe MACHINE 
( ) INSPECT FRAME 
( ) CHECK PElWISSIBILXTY 
( ) CtraCK FIRE SUPaReSSIOar 
( ) C-AIL. SPRAYS 

Data such a s  pressyes,  -flows, temperatures, vibrations, voltages, amperages 
and any notable items which the maintenawe people feel  t o  be significant are 
entered into the computer. A l l  par ts  used are also entered by tons mined or 
cllmulative hours on each machine so that  a coleplete history i s  compiled by machine. 
Use of f luids  and b i t s  is also entered and any information wi l l  be printed out by 



the computer on demand or by periodic sumnary report. When we have gained sufficient 
history of parts used t o  predict impending failures, we w i l l  change parts just 
before their effective service l i f e .  This is our ultimate goal and can be 
accomplished only i f  maintenance i s  effective and uniform. 

Section S w i c e  Center 

Emergency maintenance depends upon ready avai labi l i ty  of maintenance people 
and parts, comrmnication, transportation and quick, safe, and easy component 
handling. 

Each section a t  Cumberland i s  equipped with a Section Service Center which 
contains tools, small parts and other quick use maintenance items. 

Large assemblies such as gear cares, e lectr ic  motors, spare t i r e s  and hydrau- 
lit components wil l  be kept i n  a separate underground storage area. Thia storage 
area w i l l  be manned by maintenance personnel and equipped with a power hoist for 
quick loading of components onto track jitneys. The jitneys are specified t o  be 
equipped with special j ib  cranes for off loading into battery u t i l i t y  scoops on 
the sections. The scoop's j ib  crane i s  used to aid i n  l i f t ing  components from 
their machines and replacing them with new ones. 

Effective corrmunications between a l l  sections and other work areas and with 
the surface fac i l i t a te  timely ordering and delivery of maintenance i t ems .  An 
assembly can be delivered to a working section by the time the section mechanic 
and the production crew can have the defective one removed. The defective assembly 
i s  then brought to the storage area, charged to the machine from which it  came and 
promptly sent t o  the surface for rebuild-exchange. Previous arrangements have been 
made with rebuild shops so that they w i l l  deliver newly rebui l t  assemblies on call.. 



I n  most cases they wil l  have the rebui l t  item a t  the mine by the time the defective 
one arrives a t  the surface. The outside shop then b i l l s  us for whatever parts and 
labor are required to rebuild the defective assembly. A l l  seals and bearing are 
replaced any time an assembly is  torn dorm and other parts such as  gears and shafts 
a re  replaced when close inspection by x-ray techniques or equivalent shows the need. 
The rebuild shop is required to  furnish a report to  us of the condition of a l l  
coslgonents as  found during their  inepection, thus helping us prevent future failures 
The computer also has a hand i n  preventing recurrence of break-downs. Pailures are  
reported t o  the computer for each machine so that a complete history by assembly 
and by machine is compiled. The computer prints out a sununary report on any 
fai lure  showing a t  what times and toaaages that  par t  failed previously and w i l l  
a lso give tlla average service l i f e  of that part on other machines. We expect t o  
eventually predict impending component failures before they occur and to i n s t a l l  
replacements on a routine basis. 

Our surface warehouse contains parts t o  back up the section service centers 
and seldom used large assemblies are  also kept i n  storage on the surface. 

Machine overhauls w i l l  be done by outside shops when performance shows a need. 
We have spare machines to replace those being overhauled. We hope maoufacturers 
wil l  ultlmrrtely build coal production machines which w i l l  produce one million tons 
bsfnre nverhaul. We thi& th i s  can be done i f  frames and major hinge points and 
wearing surfaces are designed to last longer or can be easily replatea. nodular 
assemblies permit continual rehabilitation of machines. 

The best trained and equipped maintenance group cannot get the job done unless 
sufficient time is allowed to work on machines. Down time scheduling must allow 
time for P.M. work especially lubrication. Some d m  tima should be provided during 
each 24 hour period t o  take care of impending problams such as wear adjustments, 
fixing leaks, welding b i t  blocks, etc. Time must also be allowed for  keeping fresh 
b i t s  i n  cutting machines. Matched sets  of b i t s  w i l l  produce bet ter  resul ts  than 
replacement of only the worst worn b i t s .  Maintenance of an ent i re  machine is ' 
proportional t o  b i t  usage except i n  extremely easy cutting. 

Maintenance schedulingis another v i t a l  factor i f  good machine performance is 
expected. 

Production and maintenance scheduling depends on type of machines, severity of 
conditions, grindability of coal, impurities i n  coal, travel time and efficiency of 
the maintenaace program and people. I f  travel time i s  extremely lo*, adequate 
maintenance can possibly be accomplished between sh i f t s  while producing coal three 
shif ts  per day. Another plan ca l l s  for  overall  coal production on a l l  three sh i f t s  
while allowing each section two s h i f t s  i n  production and the third idle  for 
maintenance. A popular plan b s  coal production on a l l  sections on two sh i f t s  with 
the ent i re  mine idle  for maintenance on the third. We h e 1  i t  is essential eEat 
the same crews man the same sections each day. This is an important consideration 
for safety as  well a s  for maintenance. Conditions and machines often vary widely 
between sections i n  the same mine, and most people w i l l  take bet ter  care of machines 
and the mine when they know they w i l l  return t o  that  place the next day. Spare sec- 
tions used as back-ups when any section goes down usually operate inefficiently si 
such spare sections become orphans for which nobody is specifically responsible a 
maintenance i s  therefore neglected. The same applies t o  back-up =chines on a 
section. They are usually found to be i n  a poor s ta te  of repair when they are  
needed and their  presence tends to give a false  sense of security prompting relaxed 
maintenance on regular machines. 

Machine improvement replacement canaot be done intel l igent ly without good 
record keeping. This is the only way to know exactly how machines are doing and 
what the weaknesses are. Tf there is a specific problem such as the use of too 
many hydraulic pmpa on a given =chine, a record muat f i r s t  be made as  t o  hoar 
many pumps are used over a given period of time or tonnage. I t  m e t  also be 
determined whether th i s  problem is peculiar to  a patticular machine or whether 



mining conditions a r e  unusual, operators a r e  d i f f e r en t ,  the pressure i s  s e t  r i g h t ,  
hydraulic f l u id  i s  clean,  reservoi rs  a r e  kept f u l l ,  e t c .  Armed with data such as  
t h i s  we a re  ready to  t a lk  to  the manufacturer about improvements; otherwise i t ' s  
only a matter of opinion. This i s  merely the  s c i e n t i f i c  approach to problem 
solving and appl ies  equally well to problem on present machines, evaluating proto- 
type machines o r  specifying new ones. 

Most maintenance departments tend to  be so caught up i n  current problems tha t  
they do not have the  time, o r  often the  f a c i l i t i e s  o r  a b i l i t y ,  t o  devote to  improve- 
ments and new developments. We a re  exceedingly fortunate a t  Cumberland to have the 
USS Monroeville Research Group to a s s i s t  us on specia l  problems. Their e f f o r t s  a re  
not limited to maintenance, as  the following summary of t he i r  1976 e f fo r t s  show: 

During 1976, considerable des ign-effor t  has been applied to  productivity and 
safety-related projec ts  for  USS coal Mining. The following i s  a l i s t i n g  of projec ts  
fo r  which s igni f icant  Research design e f f o r t  has been undertaken by the Design 
Terhno1.ogy Divioieno : 

Antifreezing systems for coal ,  be l t s ,  coal  cars ,  e t c .  
Bureau of Mines development contract  work fo r  a "Flex Dri l l "  and 
fo r  a "Bolter Transfer Machine". 
Canopy designs for  coal-mining equipment as  required by mining d i s t r i c t s .  
Hydraulic f l u i d  leakage reduction systems through the use of newly 
designcd f i t t i n g s .  
Hydraulic motor and pump f a i l u r e  reduction throilgh the use of improved 
o i l - f i l t r a t i o n  systems. 
Mine roof and r i b  s t ab i l i za t ion  by sea lants  and s t ruc tu ra l  adhesives. 
Sil icone appl ica t ion  systems t o  reduce conveyor-belt carryback and to  
provide complete dumping from coal cars .  
Stopping wall designs t o  reduce cos ts  and provide anticrushing fea tures .  
Section Service Center - a mobile s n i t  tha t  provides each mining sec t ion  
with human comforts, safe ty  and emergency equipment, and service  pa r t s  
and tools.  
Ventilat ion systems including low-profile large-volume ducting and 
extendable face ven t i l a t i on  s y s t m s .  
Venturi systems for  dust suppression and methane d i lu t ion .  

The operating computer systems a t  Cumberland including the qreventative 
Maintenance and par ts  systems were conceived by the  maintenance group working with 
the headquarters Indust r ia l  Engineering group. Working together,  we have ar r ived 
a t  a useful ,  p r ac t i ca l  system. 

To sumnarize, l e t  me say tha t  a t t i t u d e  i s  the most v i t a l  ingredient t o  a t t a i n  
optimum maintenance i n  a new large  mine such a s  Cumberland. This includes a t t i t udes  
of o f f i c i a l s  toward maintenance and other services ,  a t t i t u d e s  of maintenance people 
toxards the machines f o r  which they a r e  responsible and a t t i t udes  of operators 
toward the i r  machines. The prevail ing a t t i t u d e  of a l l  concerned must be 
Preventative Maintenance. 

The ingredients of good maintenance are :  

- proper machine se lec t ion  - people s e l e c t i o r ~  and development 
- e f f ec t ive  sys tess  - adequate pa r t s  ava i l ab i l i t y  and proper location - careful  production and maintenance scheduling and, - accurate and complete records keeping. 

Long term success depends on a good rebuild program and s c i e n t i f i c  research and 
development but most of a l l  on unceasing vigilance.  



EXPERIENCE OF CLINCHFIELD'S NEW CENTRAL 
MAINTENANCE AND REBUILDING CENTER 

Fred T. Wilson 
Manager, Cen t r a l  Rebuild Center  

~ l i n c h f i c l d  Coal Company 
Dante , Virg in i a  

F i r s t  l e t s  g e t  an understanding of t h e  r e l a t i v e  s i z e  o f  Clinch- 
f i e l d  Coal Company, thus  t h e  demand f o r  such a  f a c i l i t y  a s  t h e  Rebuild 
Center  can be r e a d i l y  seen .  C l i n c h f i e l d  Coal Company, under t he  leac 
e r s h i p  of  Vice P re s iden t  C .  Max Ba i l e s  i s  t he  l a r g e s t  d i v i s i o n  of the 
P i t t c t o n  Coal Group, under t h e  l eade r sh ip  of  P re s iden t  Gerald Swansor 
I t  c o n s i s t s  of seventeen underground ope ra t ions ,  wi th  54 continuous 
miner s e c t i o n s ;  t h r e e  p repa ra t ion  p l a n t s ;  and two su r f ace  mines. The 
d i v i s i o n  covers approximately 400 square  mi l e s ,  l oca t ed  i n  Wise, Rus- 
s e l l ,  Buchanan, and Dickenson coun t i e s  i n  Southwest V i r g i n i a .  The 
annual  p r o j e c t e d  product ion  f o r  t h e  year  1977 w i l l  be approximately 
f o u r  mi l l i on  tons .  

I n  1974, M r .  I .  C .  Spo t t e ,  then P re s iden t  of  The P i t t s t o n  Coal 
Group, saw t h e  need f o r  a  l a r g e r  r e b u i l d  c e n t e r .  J u s ~ i E i c a L i u l ~ s  f o r  
cons t ruc t ing  t h c  f a c i l i t y  were a s  foll.nws : 

1. Higher c o s t  o f  r ebu i ld ing  equipment 
2 .  Time i n t e r v a l  involved 
3. Q u a l i t y  of  workmanship 

S tud ie s  were made t o  determine t h e  c o s t  saving  f e a t u r e s  of  a  new 
r e b u i l d  c e n t e r .  I t  was e s t ima ted  by a  waste c o s t  a n a l y s i s  t h a t  t he  
Rebuild Center  payback would be approximately two and one-half  yea r s .  
This  f i g u r e  i s  r e a l i z e d  through an economic savings occu r r ing  from 
l e s s  l o s s  of  product ion  due t o  machine down t ime,  thus a  more e f f i -  
c i e n t  ope ra t ion .  Also,  r e b u i l d  capac i ty  could  be t r i p l e d  wi th  t h e  
cons t ruc t ion  of the  new f a c i l i t y  by a l lowing s i x  r e b u i l d s  t o  proceed 
simultaneously w i th  t h e  p o t e n t i a l  f o r  seven.  

Numerous s i t e s  were given cons ide ra t ion  f o r  t h e  l oca t ion  of t h e  
new Rebuild Center .  The e x i s t i n g  l o c a t i o n  a t  South C l i n c h f i e l d  was 
chosen, s i n c e  i t  o f f e r e d  more room [or f u t u r e  expanuiu l~ ,  o good access  
road and ari ub t a inab le  water  supply.  

I n  December of 1975, c o n t r a c t s  were awarded and cons t ruc t ion  be- 
gan.  The c o n t r a c t  was awarded t o  Rentenback and Wright, I n c .  Con- 
t r a c t o r s  t o  cons t ruc t  an Armco metal  bu i ld ing  designed by David Leo- 
na rd  Assoc i a t e s .  

The Rebuild Center  covers a  t o t a l  of  e leven ac re s .  The main shc 
bu i ld ing  i s  approximately 43,000 s q .  f t .  I n  a d d i t i o n ,  t h e r e  i s  a  
meta l  s t o r a g e  b u i l d i n g ,  washbay, and a  flammable s t o r a  e  bu i ld ing .  
A 1 1  s c r ap  ma te r i a l  i nc lud ing  copper i s  s t o r e d  i n  locke8 b ins  u n t ~ l  i t  
can be s o l d .  

S t a r t e d  t h e  move from C l i n c h f i e l d  Cent ra l  Shop a t  McClure, 30 
mi les  from Rebuild Cen te r ,  on Ju ly ,  1976. Fourty- t h r e e  employees were 
t r a n s f e r r e d .  The move was completed on October,  1976. To ta l  work 
f o r c e  t o  d a t e ,  88 employees w i th  an  a n t i c i p a t e d  100. 

I n  t h e  fo l lowing paragra  hs some of  t he  s a f e t y  and environmental 
cons ide ra t ion  i n  t h e  des ign  o! t h e  Center  w i l l  b e  d iscussed  b r i e f l y .  
such a s  the  s p r i n k l e r  system, exhaust  f a n s ,  l i g h t i n g ,  hea t ing  system, 



emission con t ro l s ,  doors,  p a r t s  cleaning and cranes.  To allow f o r  a 
flow of ma te r i a l  through the  main shop, a t o t a l  of 14 - 14 '  indust r ia l  
ro l l -up  doors were i n s t a l l e d .  They allow d i r e c t  access i n t o  any a rea  
of the Rebuild Center, thus making i t  a s a f e r  and more e f f i c i e n t  op- 
e r a t i o n  i n  the  moving of ma te r i a l .  There i s  a 14'  i n d u s t r i a l  r o l l -  
up door f o r  each work bay i n  the overhaul department. This allows 
components t o  be moved d i r e c t l y  i n t o  the  work a rea  without in te r fe r ing  
wi th  men working on other  jobs.  

A s e r i e s  of eleven overhead cranes t r a v e l  through a l l  work areas .  
They a r e  d i s t r i b u t e d  as  follows: 

Overhaul shop (3) -10 ton 
Mechanical r e p a i r  shop (2) -6 ton 
Machine shop (2) -6 ton 
Hydraulic shop (1)-3  ton 
Metal s to rage  bui ld ing (1) -5 ton 
E l e c t r i c a l  r e a p i r  shop (2) - 3 ton 

A l l  work benches i n  the  mechanical r e p a i r  and e l e c t r i c a l  r e p a i r  
shop a re  equipped with 11 '  boom cranes.  

The f i r e  suppression system cons i s t s  of a sp r ink le r  system,which 
i s  fed by an e ight- inch l i n e  connected t o  a 275,000 gal lon s to rage  
tank. The s torage tank i s  f i l l e d  from an e ight- inch l i n e  t r ave l ing  
to  a nearby lake .  

A system of exhaust fans a r e  used t o  remove fumes and dust  from 
the work a rea .  Four exhaust fans producing a change i n  a i r  current  
of 22,000 cfm each a r e  located between t h e  mechanical r e p a i r  shop and 
machine shop. Two exhaust fans producing a change i n  a i r  current  of 
27,500 cfm each a r e  located i n  the heavy welding area .  Also, the  
heavy welding a rea  i s  p a r t i t i o n e d  from t h e  overhaul shop by a flame- 
proof wal l  wi th  a 14 '  i n d u s t r i a l  ro l l -up  door f o r  entrance i n t o  t h e  
overhaul shop. 

The l i g h t i n g  system i s  complimented by sky l i g h t s  throughout the  
shop. One hundred foo t  candles l i g h t  a l l  work areas  except f o r  the  
hydraulic shop, where the re  i s  two hundred foot  candles ava i l ab le  i n  
the  work area .  

To con t ro l  pa r t i cu lan t s  from the  bake-out oven i n  the  e l e c t r i c a l  
department, an emission con t ro l  s t ack  was designed i n t o  t h e  system. 

The Rebuild Center was designed t o  be the  nucleus of Cl inchf ie ld  
Coal Company's maintenance program. The Center has the p o t e n t i a l  t o  
r ebu i ld  any component o r  equipment t h a t  i s  being used a t  C l inchf ie ld  
o r  any of our s i s t e r  companies i n  The P i t t s t o n  Coal Group. The main- 
s t a y  of the  Center is  the  rebu i ld  program. It was an t i c ipa ted  t h a t  

.e Center could more than t r i p l e  r ebu i ld  capaci ty .  As many a s  s i x  
j o r  p ieces  of equipment can be i n  the  process of being overhauled 
multaneously. The overhaul department employs 24 W A  employees 

and two foremen. The main ob jec t ive  of the  overhaul department i s  t o  
redesign e x i s t i n g  machines wi th  the  maintenance man i n  mind and t o  
s t rengthen where p a r t s  have f a i l e d  i n  t h e  pas t .  The chief  e l e c t r i -  
c ians  a r e  c a l l e d  i n  from the  mines whenever a major component from 
one o f  t h e i r  mines comes i n  f o r  overhaul t o  g ive  comments on problems 
t h a t  they have encountered and t o  f i v e  poss ible  so lu t ions .  Hydraulic 
hosing i s  s impl i f ied  by using S tec  o hose i n  only f i v e  lengths .  Many components a r e  being standardized such a s  c a t  chains,  conveyor chains ,  
gearing,  b i t  p a t t e r n s ,  can0 i e s ,  water systems, methane monitors,  l i n e  
s t a r t e r s ,  remote control  cagles and hydraul ic  components. We found 
t h a t  many main frames on continuous rmners were not  d e s ~ g n e d  heavy 



enough t o  withstand cu t t ing  rock, which i s  a da i ly  rout ine  a t  some of 
our  operat ions .  Design c r i t e r i a  f o r  such miners i s  t o  ca lcu la te  de- 
s ign  requirements, then double fo r  a sa fe ty  f a c t o r ,  i f  f e a s i b l e  t o  do 
s o .  From only using standard s i z e  Stecho hoses, we simplify our 
hosing problems tremendously. A l l  f i t t i n g s  and hoses a re  kept on 
c a r t s  and a re  wheeled t o  wherever needed. Not as  many hoses have t o  
be kept i n  stock when only standard lengths a r e  used, thus making 
assembly and maintenance work more e f f i c i e n t .  

Q u a l i t y  of workmanship, pr ide  i n  ones'  job i s  continually s t r e s s -  
ed.  A thorough check i s  made of a l l  systems of a piece of equipment 
before i t  i s  re leased back to the mines. Each rebu i ld  i s  firmly 
t e s t e d  f o r  a t  l e a s t  four hours. A l l  components a r e  brought to t h e i r  
operat ing temperature, a l l  r e l i e f  valves a r e  s e t .  a l l  pmps recheckel 
f o r  out put and a l l  functions a r e  checked f o r  proper operation. 

Some features  have been brought back t o  the  bas ics .  Hand pumps 
a r e  i n s t a l l e d  on a l l  hydraulic equipment. The hand pump goes d l r e c t l y  
t o  a f i l t e r .  This has been found to  keep a c leaner  hydraulic system 
underground when compared to  automatic o i l  f i l l  pump. A l l  access 
holes a r e  welded up t o  the  hydraulic tank. A l l  o i l  tanks a r e  cleaned 
and pressure checked before f i l l i n g .  A continuous miner can be over- 
hauled a t  the  Kebuiid Center i n  approximately e igh t  weeks vs Sixreen 
weeks elsewhere. Cost savings of rebui lds  can be seen below. 

Rebuild Center Cost O . E . M .  P r i ce  

The overhaul department i s  supported by a hydraulic shop, amach- 
i n e  shop, an e l e c t r i c a l  r e p a i r  shop, mechanical r epa i r  shop, heavy 
welding shop and a fully-stocked warehouse. 

The following w i l l  give a b r i e f  descr ipt ion of each of the sup- 
por t ing departments l i s t e d  above. 

Hydraulic Shop 

The work force  cons i s t s  of e i g h t  M A  employees and one foreman. 
This department operates only on the  day s h i f t .  The work load can 
read i ly  be  handled by the  one s h i f t  operat ion.  The hydraul ic  shop i s  
separated from the main shop by a flame-proof, dust-proof p a r t i t i o n .  
The s t r i v e  f o r  utmost gua l i ty  i n  hydraulics was due t o  the  poor 
qua l i ty  of  work being one by o the r  shops i n  our area .  Ln hydraulics,  
we saw mix rmtch of p a r t s ,  payment f o r  p a r t s  no t  i n s t a l l e d ,  wrong 
type of packing used, motors and pumps only 70 t o  75% of capacitywhe 
r e b u i l t .  Cost of our repa i r s  versus ou t s ide  vendors can be seen i n  
Table 1. 

Table 1 

Component 

Gear motor 
Vane pump 

HYDRAULIC COST 
REBUILD CENTER VS 

OUTSIDE SHOPS 

Rebuild Outside Difference 
Center Shop -- RC-/US 



(continued) Rebuild Outs ide  Dif ference  
Component Center Shop RC-YOS 

Floor jack  177.18 210.00 -132.82 
R i ~ ~ e r  i ack  240.14 453.47 -213.33 
~ a i h e r i n ~  head jack 140.60 415.71 -275.11 
Stab  jack  111.66 364.60 -252.94 
Boom swing jack  213.23 393.17 -179.94 
SC r e e l  motor 68.59 106.90 -38 .31  
S t e e r i n g  jack 73.94 199.25 -125.31 
Pinner  pump 318.66 397.00 -78.34 
Pinner  f l o o r  j ack  123.51 502.00 -378.49 

A cons iderable  savings  was r e a l i z e d  wi th  a b e t t e r  f i n a l  product .  
Reasons why components f a i l  a r e  i n v e s t i g a t e d  t o  determine i f  o the r  
prohlems e ,x is t  t h a t  could cause hydrau l i c  components t o  f a i l .  'Thus 
we can mainta in  a q u a l i t y  c o n t r o l  w i th in  C l i n c h f i e l d  on a l l  o f  our  
hyd rau l i c  components . 
E l e c t r i c a l  Shop 

The e l e c t r i c a l  r e p a i r  shop c o n s i s t s  of  21 W A  employees ope ra t -  
i n g  on a t h r e e - s h i f t  b a s i s .  They a r e  d iv ided  a s  fo l lows:  

C l a s s i f i c a t i o n  Employees 

AC Motor Winders 
Trainees 

DC Motor Winders 
Trainees 

E l e c t r i c i a n  Mechanic 
DC Panel  Boards 

Tra inees  
AC Panel Boards 

TOTAL DEPARTMENT 21 

I n  our  exper ience  wi th  e l e c t r i c  motors t h a t  have been r e b u i l t  a t  
o u t s i d e  shops, we found s h a f t s  knur led ,  end b e l l s  cen t e r  punched, no 
r ega rd  f o r  p e r m i s s i b i l i t y ,  poor i n s u l a t i o n ,  payment f o r  work no t  done, 
wrong wi re  s i z e  and o u t  and o u t  poor q u a l i t y  of workmanship. 

A q u a l i t y  product  i s  t h e  u l t i m a t e  goal  a t  t h e  Rebuild Center .  
This  p e r t a i n s  t o  every  product  t h a t  we r e p a i r .  Every motor t h a t  we 
r e b u i l d  r ece ives  t h r e e  d ips  and bakes of  Class H epoxy i n s u l a t i o n .  
Every component i s  brought back t o  f a c t o r y  specif icat i :ns.  I n  Table 
2 can be  seen Rebuild Center  c o s t  versus  Outs ide  Shops Cost .  

Table 2 ELECTRIC MOTOR COST 
REBUILD CENTER VS 

OUTSIDE SHOPS 

Rebuild Outs ide  Dif ference  
Components Center  Shop RC-/OS 

100 iip miner motor 781.28 1 ,982.00  -1,200.72 
40 hp motor 602.00 1 ,115.00  - 513.00 
30 hp 627.00 640.00 - 13.00 
10 hp 364.00 385.00 - 21.00 
3 hp 127.00 164.00 - 37.00 
15  J 539.00 684.00 - 145 .OO 



(continued) Rebuild Outside Difference 
Components Center Shop RC-/OS 

24 J 197.00 322.00 - 125.00 
40 J 289.00 340.00 - 50.91 
Jeep motor 263.14 764.50 - 501.36 

A s u b s t a n t i a l  savings can be r e a l i z e d  i n  e l e c t r i c  w t o r  r epa i r  cust 
when you t ake  i n t o  considera t ion t h e  q u a l i t y  of r e p a i r  work t h a t  you 
r e c e i v e  and t h e  cos t  savings .  

E c h i n e '  Shop 

The machine shop employs 11 UMWA personnel.  We have t h e  larges  
hor i zon ta l  boring m i l l  i n  t h e  coal  indus t ry .  This boring m i l l  makes 
i t  capable f o r  us t o  machine cht! l a ~ g e s t  continuous miner r h a s i s  w i t  
one s e t . u p .  The m i l l  i s  equipped wi th  a ro ta ry  t a b l e ,  capaci ty  22 
tons .  It was r ecen t ly  purchased a t  a c o s t  of $330,000. 

Other major equipment loca ted  i n  the  machine sho l~  Consists  of. 
6 l a t h e s ,  2 mi l l ing  machines, keyway c u t t e r ,  r a d i a l  arm d r i l l  p r e s s ,  
t a b l e  type hor izonta l  boring m i l l ,  su r face  gr inder  and an automatic 
p rec i s ion  cut  o f f  saw. 

Mechanical Component Rebuild Shop 

A l l  mechanical components received from t h e  mines i n  add i t ion  t o  
t h e  u n i t s  f o r  the  overhaul department a r e  r e b u i l t  by 15 UMWA employ- 
e e s .  

Major equipment used i n  t h i s  a rea  c o n s i s t s  o f :  a 150-ton v e r t i -  
c a l  p res s ,  a 300 and 600-ton hor i zon ta l  p res s ,  submerged a r c  wheel 
welder,  wheel l a t h e ,  and a mig welder.  

Washdown Bay and Pa r t s  C l e a n h g  Systems 

A l l  p a r t s  c leaning i s  done i n  a sepa ra te  bui ld ing from t h e  main 
shop. A high pressure  steam and soap system i s  used f o r  i n i t i a l  
c leaning of p a r t s .  The washdown bay has a sludge c o l l e c t i o n  system; 
t h e r e f o r e ,  no contamination from cleaning operations ge t s  i n t o  streams. 
Once p a r t s  a r e  thoroughly cleaned,  they a r e  brought i n t o  t h e  shop f o r  
disassembly. When disassembled, i f  needed, t h e  p a r t s  a r e  taken t o  a 
vapor degreaser f o r  f i n a l  c leaning before reassembly. A l l  departments 
use both the  washdown bay and che degreascr u n i t .  

We do a l l  of  our own t rucking.  Two t rucks  run r egu la r  routes  
during the',day s h i f t ,  f i v e  days a week, g e t t i n g  to  each Cl inchf i e ld  
mine at. least  two times per week. There i s  one t ruck d r i v e r  on 
evening s h i f t ;  he i s  used t o  make emergellcy p ick  upo and d e l i l r ~ r i e s  

TOTAL COMPLETED OVERHAULS TO DATE 

9 Continuous miners 
7 Be l t  d r ives  o r  t a i l  pieces 
2 P o r t a l  buses 
1 Coal d r i l l  
1 Rat io  feeder  
1 Eichkoff longwall shearer  
1 R e c t i f i e r  
1 Vent i lac ing mine fan  

Plus numerous l a r g e  components ; c u t t e r  booms, 
gather ing devices: d ischarge  booms, conveyor 
s e c t i o n s ,  b u l l  dozer b lade .  



JOB FLOW 

Mo . - w. Motors w. E l e c t .  

Jan.  427 86 282 81 
Feb. 505 113 410 123 
Mar. 475 158 411 112 
Apr . 323 67 293 8 1 
May 432 121. 375 105 
June 371 9 0 287 8 7 

AVERAGE MONTHLY TOTAL 871 

By receiving a l l  components from our 17 mines, we can now see  
dhat must be redesigned t o  improve them or a l e r t  the  mines of abuse 
o r  lack of l u b r i c a t i o n ,  o r  f a i l u r e  of a component due t o  f a i l u r e  of 
another p a r t .  Our seven shop foremen have very c lose  t i e s  with a l l  
mines f o r  problem solving o r  any emergency s i t u a t i o n .  

I n  c los ing ,  I be l i eve  we have rea l i zed  our major ob jec t ives  
t h a t  we o r i g i n a l l y  s e t  out t o  accomplish - -  i n t h a t  we have had num- 
erous v i s i t s  from OEM engineering s t a f f s  to  incorporate some o f  our 
experience i n  the  design of  n e w  mining machinery. Our rebui lds  a r e  
accepted a t  the  mines as  a good f i n a l  product ins tead of j u s t  another 
paint  job.  Our redesign parameters have been proven under a c t u a l  
working condi t ions .  Quali ty rebui ld ing i s  done a t  an acceptable cos t .  



MINE PRODUCTION EQUIPMENT MAINTENANCE 
PROGRAM P E R F O W C E  EVALUATION 

R. D. Herron 
carp. Vira-Prenirlent - Maintenance 

Island Creek Coal Company 
Lexington, Kentucky 

There is probably no industry in which the maintenance of equipment is more diffi- 
cult to accomplish or more important for efficient and effective production needs 
than that in underground coal mining. The equipment is very expensive and the con- 
ditions under which it is used and maintained are extremeljr drfficult w11u11 cultlpared 
to most any other industry. 

Maintenance's basic objective is generally understood to oe the administration and 
efficient accomplishment of all inspection, preventive maintenance, repair, over- 
haul, remodeling, improving and evaluation for salvage or replacement of facilities 
and equipment. Preventive maintenance is probably the area in which the mainten- 
ance function can effect the greatest ovetall 1mproveulellL 111 upecatiag and produat- 
ion cost per unit of performance. Equipment frequently and suddenly rendered un- 
serviceable because of breakdown is not only costly in terms of lost production but 
also the total cost or result may be f!Uch greaLar than the appnrcnt loss due to the 
effect on shipment schedules, customer quantity and quality, dissatisfaction and 
possible contractual legal suits or cost adjustments. 

It is the task of effective and efficient management and administration of good 
preventive maintenance through scheduled inspections, work planning, routine main- 
tenance and complete overhaul to ensure that equipment failures should not occur. 
Obviously, it is impracticable if not ,impossible to establish a plan that will pro-, 
vide preventive maintenance that will reduce the occurence of failure to zero though 
early detection and application of maintenance and corrective action. This however, 
should be the goal. 

During the past three years, Island Creek Coal Company Management has given special 
attention and efforts to all phases of maintenance; starting with maintenance per- 
sonnel training, central shop improvement, repair parts availability, equipment im- 
provement - both overhaul and modification, and an overall maintenance system up- 
grading with concentrated emphasis on preventive maintenance. 

Each phase of this attention and work has been "geared" to chr individual type of 
equipment, physical condition of the mine, general iiblllLy uT lllaiotcnancc mnngo- 
ment and labor personnel skills at each mine and individual facility. This main- 
tenance program has advanced at this time, to the stage that we are now in the 
process of the initial adaptation of it for installation at each mine on Ll~e com- 
puter. It is not intended here to discuss the program or systems In derail buL 
rather to briefly present those portions which are used in obtaining the data for 
performance evaluation and work planning of the entire maintenance program. This 
evaluation with resulting performance indicators and how these indicators are used 
are the main topics of this presentation. 

Two major factors that should control the extent of a preventative maintenance pro- 
gram are, first the labor cost of maintenance compared with final results of pro- 
duction material tons per unit shift; second the percent of production time avail- 
able for proper utilization of the equipment (delays per unit shift). Establish- 
ment of a comprehensive preventive maintenance program just for its own sake should 
be approached with caution. It is possible for the cost of the Preventive Mninten- 
ance Program to exceed the total maintenance cost of using the breakdown or emer- 
gency repair maintenance approach. A shutdown of some equipment for no other rea- 
son than periodic inspections and adjustments may be and usually is intolerable 



from a production point of need. The cost of a good program that results in in- 
provement to production is very easily supported by the lower cost per ton when 
proper allowances are made for all other cost changes that have some effect on the 
total. 

We know of no easy way to pin down maintenance performance in underground mining, 
but trends of results in production tied to maintenance indicators of manpower, de- 
lays, level of equipment overall condition, parts cost and major component repair 
cost are each part of an overall system; of these many indicators each measures a 
specific element, but rarely does one alone produce a complete picture but rather 
a combination of various indicators is required to yield an overview of maintenance 
performance. The mine management and maintenance management must develop a history 
of necessary but basic maintenance information so as to establish a relationship 
etween maintenance performance and production results. (Fig. 1) 

n this evaluation of maintenance performance at each mine we deal mainly with the 
final production result or improvement trends in production due to improvement in 
equipment Availability or equipment delay trends and maintenance manpower require- 
ments to improve cost and production. Each mine is considered on its own past his- 
tory rather than some other mine or engineered standard. 

The essential data is obtained from various records and portions of the mine main- 
tenance program along with Industrial Engineering mine performance standards and 
pertinent cost data from each mine cost accounting record. These daily records 
along with actual production are the indicators. 

The following is a list of those main indicators as collected and used: 

A. Sectional Maintenance Production Cost Summary (Fig. 2) 
1. Unit or sectional shifts worked. 
2. Material or Raw Coal production per unit shift. 
3. Maintenance related delays to production per unit shift. 
4. All delays to production,.both maintenance and operation 

related per unit shift. 
5. Sectional or face production equipmcnt coot by thc follow- 

ing divisions, each per unit shift. 
a. Maintenance labor. 
b. Maintenance parts and supplies. 
c. Complete overhaul of equipment in outside 

facilities. 
d. Complete repairs to parts, units & com- 

ponents in outside facilities. 
e. Lubricant cost. 
f. Total maintenance cost. 

6. Mine cost total per unit shift. 
7. Percent maintenance cost of mine cost. 

B. Sectional or Face Production Equipment Maintenance and Production 
Delays Summary (Fig. 3) 

1. Continuous miner or loader. 
2. Shuttle car, tractor q face haulage equipment. 
3. Coal cutter. - 
4. Coal drill. 
5. Roofbolter, stopper or roof support equipment. 
6. Belt feeder - breaker or.elevator. 
7. Total maintenance related delays. 
8. Belts or conveyors. 
9. Trailing cables, miner, loaders and shuttle cars. 
10. Production related miscellaneous and other delays. 
11. All delays to production. 

C. Longwall System Maintenance Related Delays. 
D. Longwall System Total Production Delays. 



In order to have a common and a practicable comparison indicator or denominator 
without special timers, record keeping, etc., the equipment operating shifts is 
used as the equalizer. In addition, in the delay catagories, the percent of total 
available production time is used and determined by using a compromise time of 390 
minutes as a normal unit shift. This allows out of an eight hour shift; one hour 
for travel time and one-half hour for lunch. As we go into the use of the computer 
we expect to use actual time available for production. 

The use of these indicators at each mine is individual as well as at each section 
or Longwall system and thus is not compared with any other operation. The manage- 
ment action that is taken from the trends, as developed and resulting from the 
overall maintenance program with its effect on production and cost at each mine is 
the main return or performance evaluation of the program. Over a period of time 
the results of this actual experience will result in the establishing of a normal 
or standard cost budget level for maintenance labor and all other maintenance cost 
as concerns the people and conditions at each individual mine. After one and a h: 
years of experience we are now starting to establish these levels but expect add- 
itional improvement not only in the maintenance program proceedures but especially 
in the maintenance personnel long range training. 

As we look at the indicators and their summary reports we have arranged for our 
presentation a representative example of the thirty-six mines we now have involved 
in the maintenance program. (Fig. 4) 

This example represent in summary, for an individual mine, the basic operating 
performance and maintenance cost history. All the data in this example, as well 
as all other examples to be presented, is not actual but is representative so as 
to illustrate the actual result in performance and overall trends. 

You will note that this data as to maintenance cost is limited to the section 
equipment operation and is equated to unit shifts operated. 

Last years (1976) averages or totals are used as a base of starting for each eval- 
uation. The maintenance function performance trend resulting from each principal 
indicator is as follows: 

1. Material tons (Raw Coal) per unit shift is the base for results or 
performance comparison. This production figure, converted to clean 
coal and then compared to actual mine cost per unit shift of opera- 
tion is the most complete overall performance indicator. All the 
other indicators are management "tools" to lead us into the area with 
the most potential for maintenance and production effort improve- 
ment. 

2. Maintenance delays in minutes per unit shift is the maintenance pro- 
gram effectiviness indicator. This is the main purpose or goal of 
any good maintenance program along with cost control of the program. 
If not policed and controlled it is possible for the cost of the 
program to exceed the total maintenance cost, using the breakdown or 
emergency repair maintenance approach. Again, sufficient production 
improvement is necessary to more than offset these additional program 
costs. 

3 .  The total delay (from all causes) to production is an indicator for 
comparison against maintenance delays for proper consideration in 
trends of production changes. All delays to production are import- 
ant but we must know what type and how much so as to give needed 
attention when evaluation the maintenance program. 

4. Sectional maintenance labor cost (face maintenance work manpower 
available or used) is one of the most necessary and important in- 
dicators. In order to accomplish anything we need people. How 



well we manage along with the individual skill of each person in- 
volved will usually determine how many people we need to do the 
work and how effective and efficiently it is accomplished. This 
means more or less people, cost and production or final results. 
We find that this is undoubtly the most important item in our 
operation and one that has to be developed to achieve any goal. 

5 .  Sectional maintenance supply and parts cost per unit shift of 
equipment operation is an indicator used for trends of the pre- 
ventive maintenance portion of our program. As the cost trend 
goes down or "holds-it's-own" we see good performance in our equip- 
ment overhaul and Preventive Maintenance Program. If the cost 
trend goes up we see that we are behind in either or both over- 
haul and preventive maintenance work. 

6. Sectional maintenance - ovcrhaul of equipment in cost per unit 
shift of operation is an indicator used in its effect on all 
other cost of maintenance but mnct imporkant it L~~dicaees 
Whether or not we are accomplishing the normal overhaul needs of 
the program. This cost in the program is easily budgeted, both 
in a normal level as well as in a "catch-up" situation. This 
overhaul cost has a very large impact on both the parts and 
component repair cost which are also closely related to the per- 
formance of preventive maintenance activities. 

7. Sectional maintenance - repair of units and component assemblies 
in cost per unit shift of operation is a major indicator of over- 
all equipment condition (overhauls needed) along with how well the 
preventive maintenance program is being accomplished. This is 
normally a very difficult item to budget when overhauling of 
equipment is behind noticable needs and when the maintenance 
system is about 5 0 / 5 0  breakdown and preventive. 

8. Lubricant cost per unit shift is used as an indicator for hy- 
draulic system leaks and handling methods. Once a p o d  level 
has been cotabli~l~rd i c  is a very positive indicator. 

In order to further improve on production equipment maintenance delays per unit 
shift, a maintenance and production delay summary by equipment type (or catagory) 
has resulted from this overall indicator. (Fig. 5) This delay summary is com- 
pared in minutes per unit shift and maintenance delays in percent of total avail- 
able production time. The year 1976 is again used as a base for starting this 
evaluation in each catagory of face or sectional equipment. 

This continuous comparison of equipment delay results is a key maintenance manage- 
ment indicator of the major type equipment that has an increase or decrease trend 
in delays. With this information maintenance program records can easily "pin-point" 
the individual pieces of equipment giving delay problem trends. The actual delay 
items can then be more completely programed in preventive maintenance frequency or 
other appropriate action such as overhau ahead of schedule or other special main- 
tenance attention. 

is mentioned earlier the total clean coal cost and production figures are the best 
indicators of an effective and efficient matntenancc prograu. In order to achieve 
~uitable levels of both production and cost, the most important need is the develop- 
ment of people, both labor and management, who must match their abilities with the 
operation needs. These two areas, production and maintenance manpower, when com- 
pared for'any mine in our company show a very definite resulting trend and perform- 
ance evaluation that correspond with the development of a more complete maintenance 
program. There are many more day by day items that affect production and cost but 
our maintenance efforts over the past three years show up significantly in the re- 
cords and results. 



These are two most important items of maintenance program performance evaluation, 
production results and maintenance people level, can be more vividly protrayed in 
graphic form. (Fig. 6) This graph is very representative of all our mines and 
covers approximately one and a half years period, starting Jan. 1, 1976 to June, 
1977. It is very noticable that within a month lag, production changes closely fol- 
low sectional maintenance manpower changes. Even though the monthly maintenance 
manpower level follows with similiar production levels the most significant indica- 
tor is that the trend of one year, June, 1976 to .Tune, 1977 shows as the manpower 
level is increased so is the tonnage. If we charted the maintenance delyas they 
almost exactly follow the nuinpower curve. In looking at this curve, and knowing 
the overall progress that has been achieved in the maintenance program at this mine, 
this manpower curve and production curve trends indicate that we have about reached 
the proper manpower level and that our program is now becoming more effective. 

In closing we would like to note that we think each mine, even in the same company 
is differeul: in many ways such as nrining conditions, ~ql~ipment.. facilities, manage 
ment and labor just to mention a few. Each and all of these differences need to be 
recoginized and the maiutenance program anrl its evaluation should be tailored to 
pL,uper lcvole of operation and cost to best satisfy and efficiently meet the best 
production level at each mine. 







',"C 

u
n

r
 

I."
 

'r
e
 

'
X

N
 

'9
.1

 

1,:U.r '0
4

1
 

'.8
1
 

'1
4

 

(ld
.I 

'."" 
l,"r 

u
n

r 

m
 

'1- 

'
i
.
"
 

'9.' 

P
L."r 



THE MOSS NO. 2 LONGWALL MOVE 

C. MAX BAILES 
VTCE PRESQENT 

CLINCHFIELD COAL COMPANY 
DIVISION OF THE PITTSTON COAL GROUP 

LEBANON, VIRGINIA 

The cond i t i ons  of each  mine govern how you set up your longwall 
move. At: Moss 82 Mine, we have very  f r a g i l e  t o p  cond i t i ons  which 
make access  t o  t h e  t a i l  impossible.  Our present movoc; are done en-  
t i r e l y  fsnm t h e  head a t  t h e  o l d  face.  

STEP I - P~WIPAMTION: 

A. One o f  t h e  most important  p a r t s  o f  a longwall  move i s  p repa ra t -  
ion.  The f i r s t  t h i n g  we do i s  t o  e s t a b l i s h  a  stopping po in t  
be fo re  we c u t  o u t ,  arid work t o  t h a t  otopping pojn+, The po in t  
ohould be d i r e c t l y  i n  l i n e  w i th  t h e  e n t r y  (X-Cut) t h a t  our move 
i s  t o  t a k e  p l ace  through. This  i s  e s s e n t i a l  so  t h a t  w e  w i l l  no t  
have t o  do any maneuvering around co rne r s  t o  load  our longwall  
equipment. 

B. Prepara t ion  of :  

(1) Haulways - Haulways should be  thoroughly c leaned and a  
loading  po in t  e s t a b l i s h e d  where a l l  m a t e r i a l  i s  t o  b e  load- 
ed. 

(2 )  Hois ts  - A h o i s t  w i l l  b e  s e t  i n  t h e  No. . The h o i s t  
l i n e  w i l l  b e  faken through a  sh ive  whee12:ztzen t o  t h e  
face .  

(3) Transpor t  and Supply Cars 

( 4 )  Scoops and L i t t l e  Henry on Sect ion  

(5) Bat t e ry  S t a t i o n  (easy acces s  and c lo se )  

(b) Cr ib  Block 

(7) Tools ( s l a t e  b a r s ,  wrenches, cha ins ,  socket  s e t s ,  e t c . )  

( 8 )  .Preparat ion of  t he  New Face: AS soon a o  wo dovolclp thp 
' new face ,  w e  dowel t h e  f a c e  w i th  s ix- fout 'duwel  rods  and 

r e s i n .  W e  s t a r t  i n  t h e  c o a l  and dowel up i n t o  t h e  upper 
s t r a t a  (about 45O angle) .  

A l l  o f  t h e  above should be  done be fo re  we c u t  ou t ,  and w e  a r e  
ready t o  s t a r t  i m e d i a t e  disassembly a s  soon a s  we c u t  out .  

STEP I1 - LAST SHEAR: 

When it i s  t ime t o  make our l a s t  shea r , .we  ram t h e  pan l ine  over 
t o  t h e  f ace ,  make the last shea r  and l e a v e  the jacks  back. Do not  
p u l l  t h e  j acks  up. 



A f t e r  t h e  l a s t  shea r  i s  made, p o s i t i o n  t h e  miner on t h e  ram pan 
(head). This  w i l l  enable  u s  t o  remove t h e  miner without  having t o  
u se  power. 

STEP 111: 

A very  important  s t e p  i s  c l e a n  up of  t h e  longwall  f ace .  As soon 
a s  we c u t  o u t ,  we s t a r t  people c l ean ing  up a l l  l o o s e  c o a l  ( f ace ,  pan- 
l i n e ,  in-between j acks ) .  The c leaning  up of l oose  c o a l  i s  i d p o r t a n t  
because it w i l l  save u s  problems l a t e r  on when we s t a r t  t o  p u l l  o f f  
equipment. The j acks  w i l l  hang up on loose  c o a l ,  a l s o  t h e  pan l ine  i s  
ha rd  t o  d rag  i f  it h a s  t o  be dragged through p i l e s  of  l oose  coa l .  We 
a r e  now ready t o  start d ismant l ing  o f  t h e  o ld  face .  

:EP I V :  

While we have men c leaning  up, we s t a r t  two-four men d isconnect -  
i n g  T-Bars from t h e  p a n l i n e  and r e t r a c t i n g  ram c y l i n d e r s  back i n t o  
t h e  jacks .  Also, we s t a r t ,  immediately, two men a t  t h e  t a i l  r oo f -  
b o l t i n g  t h e  f a c e  (we don ' t  q u i t  b o l t i n g  t h e  f a c e  u n t i l  it i s  complete- 
l y  bo l t ed ) .  

Note: A f t e r  a l l  T-Bars a r e  disconnected and ram c y l i n d e r s  a r e  
pulle-k, we a r e  t h e n  ready t o  k i l l  t h e  power on t h e  face.  

STEP V: 

A f t e r  t h e  power i s  c u t  o f f  (hydraul ic  and e l e c t r i c a l ) ,  we s t a r t  
two men unhosing jacks .  

How t o  Unhose: 

(1)  Leave l e g  hoses  connected t o  l e g s .  

(2) A l l  nther hoses  (prcoourc,  r e t u r n ,  duwn pres su re  and ram 
pressure)  a r e  disconnected and hooked back i n t o  t h e  v a l v e  
c h e s t  on each i n d i v i d u a l  jack.  This  w i l l  keep d i r t  and 
d e b r i s  from g e t t i n g  i n  t h e  l i n e s .  

STEP .VI :  

S t a r t  f ou r  (4) men d isconnect ing  main power l i n e s ,  hoses  and 
c o n t r o l  cables .  Ro l l  hoses  up from t h e  power pack t o  t h e  head ( l a b e l  
and t a  e ) .  Also,  do c a b l e s  and hoses a long t h e  pan l ine  t h e  same way. 
Load a f l  hoses ,  cab l e s  and l i n e s  on supply cars a s  soon a s  they  a r e  
r o l l e d  up and l abe l ed .  These a r e  ready t o  t r a n s p o r t  now. 

STEP V I I :  

A f t e r  hoses and l i n e s  from the power pack are out  o f  t h e  way, we 
:e ready t o  d isconnect  t h e  i g  from t h e  head d r i v e  ( l eave  t h e  p i g  
loked up t o  t h e  walking t a i f p i e c e ) .  

Note: We s t i l l  haven ' t  disconnected t h e  t ransformer  from t h e  
walking t a i l p i e c e ,  so  t h i s  w i l l  enable  u s  t o  t ram t h e  walking t a i l -  
p i ece  and p ig  ou t  of  t h e  way. As soon a s  they  are i n  t h e  c l e a r ,  d i s -  
connect  t h e  two and c u t  t h e  power on t h e  t a i l p i e c e .  We w i l l  u s e  a 
scoop t o  load t h e  t a i l p i e c e  on a P h i l l i p s  C a r r i e r  and t r a n s p o r t  t o  
t h e  new f a c e  by r a i l .  Also,  we can  t r a n s p o r t ,  t h e  t ransformer  and 
power pack t o  t h e  new face .  



(Make s u r e  not  t o  l eave  equipment a l l  over t h e  p l ace  a t  t h e  new 
face .  The equipment t h a t  i s  t r anspor t ed  t o  t h e  new f a c e  should be  
placed i n  p o s i t i o n ) .  

While t h e  p ig ,  t a i l p i e c e ,  t ransformer  and power pack a r e  be ing  
t r anspor t ed ,  immediately s t a r t  t h e  disassembling of  t h e  head d r i v e  
a f t e r  t h e  p ig  i s  out  o f  t h e  way. Disconnect t h e  head d r i v e  from t h e  

'i an l ine ,  p u l l  it out  o f  t h e  way and t r a n s p o r t  t h e  head d r i v e  t o  a 
oca t ion  on t h e  head d r i v e  c a r  so t h a t  it can be  s e t  o f f  and picked 

up a t  a l a t e r  time. 

STEP V I I I :  

Now t h a t  t h e  head d r i v e  i s  gone, t h e  miner i s  next .  I f  you 
remember, we loca t ed  t h e  miner on t h e  ram pan. So, now, a l l  we ha* 
t o  do i s  p u l l  t h e  miner o f f  t h e  pan l ine ,  load  it up and e i t h e r  t o k ~  
it o u t s i d e  t o  be  overhauled ( i f  needed) o r  it can  be  s e t  o f f  a t  a 
p lace  close t o  t h e  new face .  

STEP I X  - REMOVAL OF CHAIN CONVEYOR: 

The miner i s  now remnved, so we can  remove t h e  chain  conveyor 
from t h e  panl ine .  Th i s  i s  accomplished by f i r s t  disconaeccing t h e  
chain  conveyor od che  head iuld t a i l .  Wc then  r u n  a wire rope  from 
t h e  h o i s t  t o  t h e  t o p  s e c t i o n  o f  t h e  cha in  conveyor. Th i s  i s  connect-  
ed t o  t h e  two loose  conveyor cha in  ends on each s i d e  o f  t h e  f ace  con- 
veyor chain .  We t h e n  d rag  t h e  t o p  s e c t i o n  o f  t h e  cha in  conveyor over 
t o  t h e  loading  po in t  where it i s  loaded onto t h e  supply c a r  w i th  t h e  
h o i s t .  The cha in  conveyor i s  l abe l ed  so  t h a t  we can  put  it back i n  
t h e  pan l ine  a t  t h e  new f a c e  e x a c t l y  t h e  same way we took it o f f  t h e  
o ld  face .  The bottom s e c t i o n  o f  t h e  cha in  conveyor i s  removed i n  t h e  
same manner a s  we removed t h e  t o p  s e c t i o n  of t h e  chain  conveyor. We 
gene ra l ly  put  t h e  bottom s e c t i o n  o f  t h e  chain  conveyor on f i r s t  a t  
t h e  new face ,  The two s e c t i o n s  a r e  not  reconnected u n t i l  t h e  head 
d r i v e  i s  a t t ached  t o  t h e  panl ine .  

STEP X - DISCONNECTION OF PANLINE: 

W e  d isconnect  our  pans i n  groups of t h r e e ,  and t r a n s p o r t  i n  
groups of t h r e e .  We u s e  a h o i s t  t o  d rag  each group of  pans down t h e  
f ace  t o  t h e  head. A scoop w i l l  t hen  load  each group ( t h r e e  pans) on 
t h e  pan c a r .  We t r a n s p o r t  t h e  pans a s  soon a s  they  a r e  loaded. Upon 
reaching  t h e  new face ,  we unload and p o s i t i o n  t h e  ans. We do not 
connect  t h e  pan groups u n t i l  t h e  t a i l p i e c e  i s  i n  s i n c e  t h i s  i s  
t h e  l a s t  i t em o f f  t h e  o ld  face .  A s  soon a s  t h e  l a s t  group of pans 
and t h e  t a i l p i e c e  a r e  moved t o  t h e  new face ,  we s t a r t  a t  t h e  t a i l -  
p iece  and work back t o  t h e  head reconnecting t h e  groups of  pans. 

While a l l  t h i s  i s  being done, we a r e  s t a r t i n g  t o  p u l l  j a cks  o f f  
t h e  l i n e  a t  t h e  o ld  face .  

Note: A s  we a r e  connecting t h e  groups o f  pans, a 314" wire  r 
i s  p l aced  under t h e  panl ine .  Th i s  w i l l  be used f o r  remounting our 
chain  conveyor. 

STEP X I :  

A f t e r  t h e  panl ine  i s  removed from t h e  o l d  f ace ,  we w i l l  only  
need 5-6 men t h e r e  t o  p u l l  chocks o f f  t h e  l i n e .  Th i s  i s  done wi th  a 
machine t h a t  we c a l l  " L i t t l e  Henry1'*. 



The Way We Pul l  Our Jacks: 

" L i t t l e  Hen i s  loaded up with c r i b  block ( i e c e  of b e l t  dragg- 
ed behind t h e  m a ~ i n e  i s  loaded with enough c r i b  b!ock f o r  th ree  c r i b 4  

" L i t t l e  Henry" then goes t o  t h e  f i r s t  jack and i s  positioned 
with t h e  h o i s t  boom two fee t  inby t h e  ram cylinder.  The base of t h e  
jack should be cleaned thoroughly so we can connect a 314" chain down 
~ n d e r  the.ram p l a t e  on both s ides  of t h e  jack. The h o i s t  rope from 

L i t t l e  Hen?''. i s  connected t o  t h e  center  of t h e  314" chain. The 
h o i s t  rope s ould be t ightened up u n t i l  t h e  " L i t t l e  Henry" s t a r t s  t o  
move due t o  t h e  tension. As soon as  t h e  rope i s  good and t i g h t ,  foul  
the  machine ( "Li t t l e  Henr ) with e i t h e r  a jack stem ( s t e e l  r a i l )  or 
---ib block. We then b r e d t t t h e  jack by dehosing t h e  lag hoses (we 

t t h e  jack i n  t h e  down posi t ion t o  remove t h e  pressure and then 
sconnect the  l eg  hoses). As soon a s  t h e  pressure i s  re leased,  t h e  

ack should s t a r t  t o  pull .  We keep on pulling t h e  jack with t h e  
' ~ i t t l e  Henry" u n t i l  t h e  canopy of t h e  jack i s  about e ight  inches 
from t h e  face. The jack w i l l  usual ly  col lapse as  soon as  we s t a r t  t o  
p u l l  it of f  t h e  l i n e .  The c r i b  block t h a t  was hauled up t o  t h e  jack 
should be used now t o  bui ld  t h r e e  c r i b s  (two f o r  each jack and one 
fo r  t h e  panline).  It i s  a must t h a t  we bui ld  t h e  c r i b s  immediately t o  
support t h e  roof.  Now t h a t  t h e  jack i s  positioned next t o  t h e  face,  
we then rehook t h e  h o i s t  t o  t h e  face s i d e  of t h e  chain (3/4" chain 
t h a t  i s  attached t o  the  jack) and spin t h e  jack toward t h e  head. With 
t h e  jack now aligned p a r a l l e l  t o  t h e  face,  we rehook t h e  h o i s t  rope' 
t o  t h e  center  of t h e  chain and tram t h e  jack t o  t h e  head with t h e  
" L i t t l e  Hen . Upon reaching t h e  head, we disconnect t h e  chain and 
load t h e  j a z "  on a jack car  with a scoop. This i s  done by position- 
ing t h e  scoo i n  f ront  of t h e  jack, ramming out t h e  blade and connect- 
ing t h e  ( s t i f 1  attached) 3/411 chain t o  t h e  center of t h e  blade, and 
r e t r a c t i n g  t h e  blade thus pul l ing t h e  jack up i n t o  t h e  bucket of t h e  
scoop. It i s  then l i f t e d  up and loaded onto t h e  jack car .  As each 
jack i s  transported t o  t h e  new face, it i s  unloaded with a Joy 14BU 
Loader. We drag t h e  jack t o  i t s  posi t ion w;ith t h e  loador, where 1I: 
i s  r&osed hy t h e  oame r y l r  who did t h e  unhosing a t  t h e  old  face. 
Tn t h e  meantime, everyt ing i s  being reconnected a t  t h e  face. 

(1) Chain conveyor i s  r e i n s t a l l e d .  

(2) The miner i s  put on t h e  panline and t h e  e l e c t r i c a l  l i n e s  
a r e  reconnected. 

(3) The haul e chain i s  r e i n s t a l l e d  along t h e  panline a d  run 
through %e miner. 

(4) The s lack i s  then taken out of t h e  chain conveyor and haul- 
age chain. 

(5) The pig and t a i l p i e c e  a r e  pushed i n t o  posi t ion and reconnect- 
ed. 

" L i t t l e  Henry" - i s  a cut  down Jo  14BU Loader. We removed t h e  
nead and t a i l  sect ion l e a v i  j u s t  tge  t rack  vehicle.  We then added 
a small boom t o  one end of x e  t rack  vehicle ,  which has a h o i s t  rope 
feeding through it. We mounted a h o i s t  (Long-Airdox Super 500 take- 
up, 5 H.P.) i n  t h e  center  of t h e  t rack  vehicle .  This machine i s  
r e a l l y  v e r s a t i l e  and a l o t  of help i n  moving a longwall. 



STEP X I I :  

A s  t h e  jacks a r e  being reposit ioned and.rehosed, we run  a temp- 
orary l i n e  from t h e  power pack down t h e  face  so t h a t  we can power up 
our jacks.  This i s  usual ly  done i n  groups of  5 t o  10 jacks a t  a time. 
The reason f o r  doing t h i s  i s  so t h a t  we can support t h e  top and check 
f o r  leaks.  Whcn the 1 a s t . j a c k  i s  r e i n s t a l l e d ,  powered and checked 
ou t ,  t h e  move should be complcte. 

I f  our move i s  done pro e r l y  and no major problems a r i s e  during 
t h e  m e ,  it w i l l  usual ly  t&e  us  about f i v e  days t o  complete a f u l l  , 

move. The f i r s t  move a t  t h e  Moss #2  Mine took approximately 15 days. 
Over t h e  past  n ine  years ,  we have worked out procedures and cut  t h e  
t ime t o  f i v e  days. 

FINAL COMMEWT : 

The most important th ing i n  moving a longwall i s  t o  draw up your 
plan and s t i c k  t o  it. Line up your people and make sure  they s t i c k  
t o  t h e  plan. This  is  a t o .  have a move go smoothly and quickly. 



AUTOMATION IN  MINING 

Mr. Ross Forney 
D i r e c t o r  - Coal Serv ices D i v i s i o n  

D i r e c t o r  - I n s t i t u t e  o f  Min ing Automation 

EBASCO SERVICES INC. 
P.O. Box 986 

Golden, Colorado 
80401 

COLORADO SCHOOL OF MINES 
1500 I l l i n o i s  

Golden, Colorado 

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

The name o f  t h i s  session i s  MINING AUTOMATION. I n t e r e s t i n g l y  eno,ugh, t h e  word 
automation con ju res  up a d i f f e r e n t  image i n  each o f  us, depending upon your  own 
background. So t h a t  we may a l l  approach t h i s  s u b j e c t  f rom t h e  same vantage 
p o i n t ,  I t h i n k  we should s t a r t  by d e f i n i n g  automation as i t  a p p l i e s  t o  min ing.  

Automation does n o t  mean r e p l a c i n g  people w i t h  computers o r  t a k i n g  men o u t  of 
t h e  mine. That i s  about t h e  l a s t  t h i n g  t h a t  w i l l  happen. What i t  does mean 
i s  t h a t  automation w i l l :  

1 )  Upgrade t h e  human opera to r  t o  a hands off p o s i t i o n .  
2)  Min imize machinery damage due t o  human e r r o r .  
3)  Minimize p roduc t ion  v a r i a t i o n s  based upon opera to r  dec is ions .  
4 )  P r o t e c t  men and machinery f rom c a t a s t r o p h i c  damage t r i q g e r e d  as 

a r e s u l t  o f  a  minor  mechanical f a i l u r e .  
5) Improve opera t iona l  s a f e t y  by 1 i m i  t i n g  excessive and dangerous 

machine excurs ions.  
6) Al low t h e  opera t ion  o f  machines i n  h o s t i l e  environments w i t h  

opera t ing  personnel removed t o  a sa fe  d is tance.  

Now, I know t h i s  a l l  sounds a t t r a c t i v e ,  b u t  somewhat nebulous. Past exper ience 
i n  o t h e r  i n d u s t r i e s  i n d i c a t e s  t h a t  w i t h  automation, you should be a b l e  t o  
double and t r i p l e  p roduc t ion  w i t h  l i t t l e  o r  no increase i n  o p e r a t i n g  personnel .  
This  doesn ' t  mean you can inc rease  p r o d u c t i v i t y  w i t h  t h e  same personnel .  It does 
mean t h a t  you must have a h i g h e r  c a l i b e r  opera to r  t o  oversee an automated 
p r o d u c t i o n  system than i s  r e q u i r e d  t o  d r i v e  a cont inuous min ing  system. 

What w i l l  a l l  o f  t h i s  c o s t ?  I c a n ' t  say f o r  sure, b u t  I am n o t  aware o f  o t h e r  
i n d u s t r i e s  abandoning t h e i r  automated process t o  go back t o  a hands on 
opera t ion .  Past  exper ience would i n d i c a t e  t h a t  automat ion r e q u i r e s  an a d d i t i o n a l  
10% inc rease  i n  cos t ,  p l u s  another  10% t o  cover necessary improved to01 and 

~ c t ~ , i n e r y  designs t o  meet t h e  g r e a t e r  demands o f  an automation program. 

? s t  I be accused o f  d e c e i t ,  I must a l s o  p o i n t  o u t  t h a t  t h e r e  a r e  some e x t r a  
cos ts  invo lved  i n  development and t h e  s t a r t  up o f  new automated systems. 

Now t h a t  we have a broad brush p i c t u r e  o f  what we mean by automation and i t s  
expected costs;  l e t ' s  g e t  more s p e c i f i c .  Our t a r g e t  areas f o r  automation a r e :  

1 )  Coal winning a t  t h e  face  
2)  Main and secondary haulage f rom face  t o  su r face  
3)  Prepara t ion  p l a n t  q u a n t i t y  and q u a l i t y  c o n t r o l  

L e t ' s  s t a r t  w i t h  t h e  w inn ing  o p e r a t i o n  a t  t h e  face:  



I n  t h e  Un i ted  States,  we a r e  ve ry  f o r t u n a t e  t o  have o u r  coal  near t h e  sur face.  
This  has a l lowed room and p i l h  opera t ions  t o  predominate w i t h  l i t t l e  i n c e n t i v e  
f o r  our  coa l  i n d u s t r y  t o  develop a long  t h e  European l i n e s  o f  longwalling, Thus, 
we have evolved i n t o  t h e  pos t  OPEC era  w i t h  cont inuous miners, w h i l e  o u r  wordly  
associates have mig ra ted  t o  h i g h  performance longwalling systems. 

Note: Any p roduc t ion  dev ice  which i s  con f ined  t o  a t r a c k  w i t h  r e p e t i t i v e  
opera t ions  i s  i n h e r e n t l y  more automatable than a f r e e  running,  t r a c k l e s s ,  
s teerable;  cont inuous miner  which seldom repeats any c y c l e  i n  t h e  same 
sequence o r  t ime  frame. For t h i s  reason, we w i l l  devote our  a t t e n t i o n  
today on automat ion o f  l unywa l l s .  

But do n o t  despair ,  you f r i e n d  o f  t h e  cont inuous miner; bo th  longwa l l i ng ,  as we1 
as room and p i 1  1 e r ,  s u f f e r  cons iderab le  p roduc t ion  losses because o f  u n r e l i a b l e  
coal  haulage. Wi th coa l  haulage; we have a system w i l l 1  repeatable cyc les ,  
conf ined on a f i x e d  t r a c k ,  so why i s  t h i s  system s u b j e c t  t o  such poor r e l i a b i l i t y ?  
As we a l l  know, one o f  Mr. Pe te r  T r e q e l l e s '  r e c e n t  papers has d i r e c t e d  t h e  
Nat ional  Coal Board 's  a t t e n t i o n  t o  t h i s  incons is tency .  I hope Pe te r  w i l l  g i v e  
us some i n s i g h t  t o  t h i s  problem today. 

Prppara t inn  p l a n t  automation i s  a t h i r d  c a t e  o ry .  I n  t h e  past ,  we i n  t h i s  
country  have had l i t t l e  need f o r  t i g h t  quali!y c o n t r o l  over  o u r  Wash p l a n t  pr-oducl 
stream. There has been l i t t l e  demand t o  ma in ta in  c l o s e  c o n t r o l s  on sulphur ,  ash 
o r  coal  r e j e c t  t o  pond t a i l i n g s .  Those c a r e f r e e  days a r e  r a p i d l y  drawing t o  an 
end w i t h  t h e  advent o f  s t r i c t  su lphur  emiss ion standards, and w i t h  more t o  come. 
The c u r r e n t  market p r i c e  p a i d  f o r  coa l  today pu ts  an end t o  excessive r e j e c t  
streams. I n  s h o r t ,  American design and b u i l t  p r e p a r a t i o n  p l a n t s  w i l l  soon be 
equipped w i t h  h i g h l y  s e n s i t i v e  t ransducers,  p l u s  s o p h i s t i c a t e d  process i n s t r u -  
mentation, c o n t r o l s ,  and computers. 

You know, we can t a l k  and t h e o r i z e  a l l  day about why automat ion may o r  may n o t  be 
s u i t e d  t o  a p a r t i c u l a r  m in ing  o r  p repara t ion  scheme, b u t  t h e  c o l d  hard f a c t s  are:  
Today i n  America, we have a m in ing  machinery c a p a c i t y  t o  p roduc t ion  r a t i o  o f  ten  
t o  one. That means we have t h e  c a p a c i t y  t o  produce t e n  t imes more than we a r e  
a c t u a l l y  producing. Th is  a p p a l l i n g  capac i t y  t o  produce r a t i o  can n o t  a l l  be 
blamed on h o s t i l e  mine environment. Some o f  t h i s  l o s s  i n  p roduc t ion  i s u e  t o  
system i n c o m p a t i b i l i t y  - and t h a t  i s  what automation i s  a l l  about !  

Once again;  I am l o o k i n g  forward t o  hear ing  f rom our  B r i t i s h  and German f r i e n d s  
who a r e  advancing t h e  a r t  o f  m in ing  automation above and below ground. 



MOllITORING AND REMOTE CONTROL 
PROGRESS TOWARDS AUTOMATION I N  BRITISH COAL MINES - 1977" 

V M Thomas 
Deputy Di rec tor  ( E l e c t r i c a l  Engineering) 

K W Chandler 
Head of  Computer Systems Branch 

. National  Coal Board, Mining Research and Development Establ ishment ,  
Burton-on-Trent, England 

Af te r  a  s i g n i f i c a n t  r i s e  i n  t h e  1960 ' s ,  p r o d u c t i v i t y  has been s tubborn ly  s t a t i c  
f o r  t h e  l a s t  s i x  y e a r s .  This has been so  i n  s p i t e  of heavy investment i n  machines 
and p l a n t  and the  high p o t e n t i a l  of t h i s  equipment. 

Remote c o n t r o l  can make a d i r e c t  c o n t r i b u t i o n  t o  improved p r o d u c t i v i t y  i n  some 
c a s e s  by the  e l imina t ion  o r  reduc t ion  of manshif ts  involved i n  opera t ing  equipment. 
The automation of  bunkers i s  a  good example. 

However, a  s i g n i f i c a n t  c h a r a c t e r i s t i c  of poor performance more genera l ly  i s  
the  high incidence of de lays ,  breakdowns and l o s t  working time. This  a p p l i e s  n o t  
only a t  t h e  face bu t  a l s o  i n  the  elsewhere-below-ground ca tegory  e s p e c i a l l y  i n  t h e  
f i e l d  o f  t r a n s p o r t  o f  a l l  types:  minera l ,  men and m a t e r i a l s .  There is  no easy 
s o l u t i o n  t o  these  problems - t h a t  is c l e a r .  A p e r s i s t e n t  a t t a c k  on u n r e l i a b i l i t y ,  
h igher  s tandards  o f  engineering and b e t t e r  c o n t r o l  and organ isa t ion  of opera t ions  
a r e  important  f a c t o r s  i n  any s o l u t i o n .  The r o l e  of comprehensive monitoring i n  
support  of management i n  t a c k l i n g  these  problems i s  examined. 

I f  p r o d u c t i v i t y  is t h e  major concern , sa fe ty  is  of equal  impnr'anr.~. 
Dovclopmenta i r r  a ~ ~ v i r o n m e n t a l  monitoring ins t ruments  and systems have been r a p i d  
during t h e  l a s t  few years .  The major improvements a r e  p resen ted ,  and t h e  
con t inu ing  work o u t l i n e d .  

The f i e l d  o f  comprehensive monitoring and automation is  one which borrows 
heav i ly  from innovation elsewhere wi th  m i c r o c i r c u i t  e l e c t r o n i c s  and computers t h e  
key technolog ies .  They a l s o  have a major r o l e  t o  p lay  i n  our own indus t ry .  The 
Board has  pioneered a powerful minicomputer-based system f o r  c o l l i e r y  a p p l i c a t i o n s .  
This  has been given the  name MINOS. This  system i s  o u t l i n e d  and the  f a c i l i t i e s  
and oppor tun i t i es  it o f f e r s  a r e  descr ibed .  

In t roduc t ion  

In s e v e r a l  papers  d e a l i n g  with t h e  f u t u r e  pat term of t h e  B r i t i s h  Coal 
~ n d u s t r ~ ( l - ~ )  one of t h e  major themes of a  research  and development programme f o r  

proved performance was tinat of monitoring,  rarnute c o n t r o l  and automation. 
, i e f l y ,  t h e  importance of  these  is based on t h e  fo l lcwing:  

- There i s  no new mining machine o r  technique i n  s i g h t  which w i l l  produce an 
improvement i n  p r o d u c t i v i t y  comparable wi th  t h a t  which r e s u l t e d  from 
mechanisation a t  t h e  f a c e  i n  the  1950's  and 1960's .  

- The machines we a l ready  possess have p o t e n t i a l  o f  an order  of magnitude 
g r e a t e r  than  t h a t  c u r r e n t l y  being achieved.  

- The a p p l i c a t i o n  of monitoring and c o n t r o l  techniques backed by vigorous 
managerial a c t i o n  can make a major c o n t r i b u t i o n  t o  t h e  improved performance 
which is sought .  

* Presented by P e t e r  G. Trege l les ,  Di rec tor  of Mining 
Research and Development, National  Coal Board 



An i l l u s t r a t i o n  w i l l  s u f f i c e  t o  emphasise t h e  problem. Table 1 p r e s e n t s  t h e  
f a c e  d e l a y s  f o r  a sample of  70 f a c e s  i n  t h e  l a s t  q u a r t e r  of  1976. (Ex t rac ted  
from Reference No 6 ) .  

Table 1. Face Delay Ana lys i s ,  1976 
-- - - 

1 
,.- 

CAUSE I AVERAGE DELAYS PER SHIFT 

I I No of  Occurrences I Minutes 

AFC 
Coal Clearance 
Machine 
Supports  
Face Ends 
Remainder 

w i t h  a machine-available time of  In3 minutes  and a t o t a l  de lay  of  118 minutes  
i n  a s h i f t  time of  296 minutes t h e r e  can be no c l e a r e r  example o f  t h e  need f o r  
r e l i a b l e  and c o n s i s t e n t  p roduc t ion .  Delay is t h e  norm! 

A u s e f u l  i f  occasion 11 h e s i t a n t  s t a r t  had a l ready  been made towards remote 
monitor ing i n  t h e  1960's  it4,$). The development o f  computer technology has  now 
made t h e  widespread a p p l i c a t i o n  a p r a c t i c a l  p ropos i t ion .  Comprehensive monitor ing 
is  t h e  phrase  o f t e n  used t o  cover  t h i s  f i e l d .  As members of MRDE d i r e c t l y  
invo lved  i n  t h e  formulat ion and conduct  of  t h e  programme t h e  au thors  t ake  a s  t h e  
theme f o r  t h e i r  paper  t h e  p rogress  being made towards i t s  a p p l i c a t i o n .  

TOTAL 

Evolut ionary Stages To Automatic ~ o n i t o r i l ~ g  And Control  

118 

There i s  a p rogress ion  through s e v e r a l  evo lu t ionary  s t a g e s  a long  t h e  pa th  from 
manually performed t a s k s  t o  automatic  c o n t r o l .  Th i s  is shown i n  Table 2 .  

-.... 

Tabla 2. Evolut ionary Stages 

Disadvantages 

Severely cons t ra ined  by 
manual e f f o r t .  

Labour i n t e n s i v e .  
Low.working r a t e .  
Exposure t o  hazard. 
Limited t o  man's senses  

~ a r g e  c a p i t a l  and 
i n s t a l l a t i o n  c o s t .  

'More maintenance, t r a i n i n g .  
Grea te r  t e c h n i c a l  b read th  

and competence needed t o  
run e f f i c i e n t l y .  

Large c a p i t a l  c o s t .  
Mai.ntenance, t r a i n i n g .  

Evolu t ionary  Phase 
P 

Manual t a s k  

Mechanisation 
. (manual c o n t r o l )  

Remote monitor ing and 
c o n t r o l  

Advantages/Benef i ts 
-. . --. ...- 

Low c a p i t a l  c o s t .  
Improvisat ion/adapt-  

a b i l i t y  of  man. 

Much l e s s  manual e f f o r t .  
~ e s s  c o n s t r a i n e d  by 

manual e f f o r t .  
Less men, lower l abour  

c o s t .  
Less exposure t o  hazard.  

Less o p e r a t o r  
c o n s t r a i n t .  

Less men. 



213. 

Table 2 (continued) 

The points t o  note i n  addit ion t o  the obvious exchange of large cap i t a l  cos ts  
f o r  reduced labour content are :  

- Each phase reduces the const ra in t  of the  man. I n i t i a l l y  t h i s  i s  due 
simply t o  the manual e f f o r t  involved, but i n  the l a t e r  s tages  i s  due t o  h i s  
i n a b i l i t y  t o  r eac t  with su f f i c i en t  speed and accuracy when performing a 
complex task.  

Disadvantages 

Greater technical  
competence needed. 

No operator t o  improvise 
way out of trouble.  

Moderate ex t r a  cos t .  
No improvisation. 

Evolutionary Phase 

Automatic control  with 
cen t r a l  monitoring. 

- Substi tution f o r  the  man i s  successful  only when the  operation i s  thoroughly 
understood. The unexpected must be met very infrequently s ince  when he 
i s  removed there can be no improvisation by a man t o  circumvent it. 

Advantages/Benef i t s  

Less exposure of men t o  
hazard. 

Better data.  

No operator const ra in t .  
Optimised operation 

within desigr~ 
parameters. 

Data acquis i t ion  and 
s t o ~ o g o .  

- Rel i ab i l i t y  of equipment and system i s  e s sen t i a l  i n  the l a t e r  phases. 

- Very considerable improvement i n  safe ty  would aooompony the i l~ t roduct ion  
of a wide measure of monitoring and remote/automatic cont ro l  techniques. 
This derives from three  sources: the reduction of men, t h e i r  removal from 
places of hazard and the increased awareness of hazards through an 
improved measurement capabi l i ty .  

- Design of the equipment t o  operate within i t s  surroundings and i t s  converse, 
control  of the  conditions t o  ensure operation of equipment within i t s  
design parameters a r e  e s sen t i a l  t o  the achievement of high r e l i a b i l i t y .  

- A s teadi ly  increasing technical  competence i s  required, i n  a va r i e ty  of 
d isc ip l ines .  Leadership of a multi-disciplined team i s  a l so  of 
importance. 

In se lec t ing  the f i e l d s  of a c t i v i t y  fo r  the introduction of monitoring and 
nnntrol ,  the re levant  fac tors  to be considered are  the evolutionary phase already 

tained, the value of t he  po ten t i a l  contribution of a remotely controlled/ 
tomated operation and the  ava i l ab i l i t y  of the  technical  solution o r  the  resources 
cessary t o  achieve it. Based on these considerations the prime a t tack  has been 

switched from the face, as  was the case i n  the attempts a t  R O L F ( ~ ) , .  t o  the elsewhere- 
below-ground category and the  surface.  The face i s  without doubt the major pr ize  
t o  be won but the task  i s  a l so  one of g rea t  complexity and d i f f i c u l t y .  

Monitoring And Control Technolo~y 

Two most s ign i f i can t  developments have occurred since the f i r s t  s t eps  towards 
comprehensive monitoring and control 'were taken i n  the ea r ly  1960's. These a r e  
the very rapid expansion of semiconductor e lec t ronics  and secondly the equally 
rapid emergenca of very powerful d i g i t a l  computers. The l a t t e r  i s  of course one 



of the  major consequences of the  former. 

The basic elements of any monitoring and contro l  system are :  

- Sensors t o  measure the  re levant  var iables ,  eg, t o  de tec t  the running of a 
m w h i n e ,  monitor pos i t ion ,  temperature, e t c .  

- A data transmission system t o  transmit the sensor and actuator sigrltils t o  
and from a processor. 

- A s ignal  processor, which may operate i n  a wide val;iety of ways; 
amplifying, se lec t ing ,  comparing, counting, performing logica l  operations. 

- An actuator ( f o r  cont ro l )  o r  some ' indication of the output ( for  
monitoring) . 

Sensors a r e  required fo r  a wide range of variables appropriate t o  the p lant  
o r  ac t iv i ty  involved. Taking a s  an example ' t h e  remotely controlled b e l t  
conveyor driveheads, detectors have been i n  use f o r  many years t o  monitor be l t  
s l i p ,  alig~lment, t e a r ,  blocked chute,  motor temperature, bearing temperature and 
ambient temperature. 

F n r  hunker automation, opt in isa t ion  of the coal clearance system, ar~d 
production monitoring, however, addit ional lr;u~sduccro hnve been required. These 
include : 

Horizontal Bunker Contents Monitor 

- Angular ro ta t ion  ( sha f t  encoder) of the chain bed o r  moving c a r  drive 
mechanism. 

Vertical  Bunker Level (severa l  a l t e rna t ives  under development) 

- A n u c l s u ~ ~ i c  d i sc re t e  l eve l  detector.  multi-level i f  required.  

- 'Bindicator' motorised plumb-bob depth sounding. 

- Ultrasonic o r  electromagnetic pulse-echo radar.  

Coal Flow Measurement on Bel t  Conveyors (under developruant) 

- Bel t  i d l e r  weigher system bawd upon sprjng movement o r  s t r a i n  gauge 
force measurement. 

- Ultrasonic coal p ro f i l e  monitor. 

- Optical shadow system ( f o r  coal p ro f i l e ) .  

Similarly f o r  envionmental monitoring a range of instruments has been, o r  i s  
being, developed covering: 

- General body methane concentration 0 - 3% - BM1. 

- Roadway airflow - BA2 and BA4. 

- Drainage pipe high concentration methane 100% - BMZH. 

- Drainage flow - o r i f i c e  p l a t e  and d i f f e r en t i a l  pressure meter. 

- Suot.i.on - pressure transducer. 



More d e t a i l  o f  these  and o t h e r  sensors  and t h e i r  use may be found i n  papers  
by Cooper ( 1 9 7 6 ) ( ~ )  and Thomas and Cooper ( 1 9 7 6 ) ( 8 ) .  

Data t ransmiss i  n ystems had been developed by manufacturers i n  the  1960's  
f o r  conveyor control?15f and these  have been updated i n  t h e  l a s t  few y e a r s  t o  t ake  
advantage of  a whole new enera t ion  of  semiconductor components of g r e a t l y  
increased  c a p a b i l i t y ( 1 3 ,  f 4 ) .  They a l s o  have been designed t o  meet new more 
s t r i n g e n t  s tandards  f o r  i n t r i n s i c  s a f e t y .  

S igna l  p rocess ing  has been r a d i c a l l y  a f f e c t e d  by t h e  emergence of extremely 
powerful smal l  d i g i t a l  computers over  t h e  l a s t  t e n  years .  A key p r o j e c t  a c t i v i t y  
has been t h e  absorpt ion of t h e  minicomputer technology (and more r e c e n t l y  micro- 

p u t e r  technology),  fol lowing i ts explosive expansion and p r o l i f e r a t i o n ,  and t h e  
a t i o n  of a computer s qtem b whioh thc  coa l  i n d u s t r y  can u t i l i s e  t h i s  pnwerful 
1 t o  b e s t  advantage(l$; 11' y 2 ) .  The outcome of t h i s  e f f o r t  is t h e  MINOS 

minicomputer system described below. 

The Control  Loop 

Control  technology i s  t h e  engineering d i s c i p l i n e  which r e l a t e s  t o  automatic 
c o n t r o l  o f  a mechanism o r  system. I n  i ts s imples t  form t h i s  involves:  

( i )  Measurement of the  d i f f e r e n c e  between t h e  a c t u a l  and d e s i r e d  value of t h e  
c o n t r o l l e d  q u a n t i t y ,  eg ,  f o r c e ,  q u a n t i t y ,  p o c i t i o n .  

( i i )  Use of  t h i s  d i f f e r e n c e ,  o r  e r r o r  s i g n a l ,  s u i t a b l y  ampl i f i ed ,  t o  a d j u s t  t h e  
q u a n t i t y  c l o s e r  to t h e  d e s i r e d  value.  But a c t i v i t i e s  o f  a l l  types inc lud ing  
managerial c o n t r o l  involving human o p e r a t o r s  a s  wel l  a s  machines, can be viewed 
i n  an analogue way. Object ives can be s e t  analogous t o  ' d e s i r e d  v a l u e s ' ,  and 
measurements can be made i n  t h e  form of  performance f i g u r e s  - face  de lays ,  d a i l y  
ou tpu t  p e r  f a c e ,  t o n s  p e r  manshif t ,  e t c  - which r e q u i r e  a c t i o n ,  managerial i n  t h i s  
c a s e ,  t o  b r ing  performance c l o s e r  t o  t h e  d e s i r e d  value.  The command loop i n  such 
a case  has cons iderab le  s i m i l a r i t y  t o  t h e  'feedback loop '  of t h e  c o n t r o l  engineer  
and t h e  analogy can be i l l u m i n a t i n g  and u s e f u l  i n  ernphasi.sing koy a c t i v i l i a s :  t h e  
s e t t i n g  of o b j a c l i v e s  ( d e s i r e d  v a l u e s ) ,  t h e  measurement of a c t u a l  performance fop 
comparison with requ i red  performance and the  need f o r  a c t i o n  when these  d i f f e r .  
The computer o f f e r s  a t o o l  which f o r  t h e  f i r s t  time can make a r e a l  c o n t r i b u t i o n  
t o  management e s p e c i a l l y  through t h e  d a t a  c o l l e c t i o n ,  s to rage  and a n a l y s i s  t o  
provide a 'measure' o f  a c t i v i t i e s .  Experiments i n  management information systems 
based on computers a r e  now being mounted a t  a few c o l l i e r i e s  a t  which t h e  managers 
w i l l  ' t r y  t h e i r  hand' with t e c h n i c a l  suppor t  suppl ied  by the  MRDE. 

MINOS Computer Systems 

MINOS s tands  f o r  Mine Operating Systems. I t  provides an i n d u s t r y  s tandard  
f o r  mining c o n t r o l  computer systems bu t  uses t r a d i t i o n a l  makes o f  d a t a  t ransmiss ion  
equipment, each wi th  a range o f  o u t s t a t i o n s  p rov id ing  s tandard  f a c i l i t i e s .  MINOS 
i s  an approach t o  mine monitoring and c o n t r o l  which it is be l ieved  w i l l  a t t a i n  a 
number of d e s i r a b l e  o b j e c t i v e s :  

- I t  provides a modular computer c o n t r o l  system f o r  c o l l i e r i e s  which can be 
i n s t a l l e d .  now and y e t  f i t  i n t o  the  p a t t e r n  o f  f u t u r e  developments. 

- It w i l l  b r i n g  a common s tandard  throughout t h e  indus t ry  while maintaining 
utmost f l e x i b i l i t y  t o  accommodate l o c a l  v a r i e t y  and preference.  

- Computer software developed f o r  one mine can  be app l ied  t o  a l l  mines on 
t h e  MINOS system. 

- Tra in ing  i s  s i m p l i f i e d  and development d o s t s  a r e  reduced by having a 
common s tandard .  



Many a p p l i c a t i o n  packages a r e  a l ready  ava i lab le .  Each uses t h e  same bas ic  
computer c o n t r o l  technology, and severa l  appl ica t ions  may be incorporated i n  t h e  
same computer. Each of  t h e  packages l i n k s  t o  a common MINOS secondary computer 
which provides long term s torage  and information processing f o r  t h e  c o l l i e r y  
management. The separa t ion  of  t h e  c o n t r o l  and da ta  processing func t ions  imparts 
a  high degree nf  r e l i a b i l i t y  t o  Lhe c o n t r o l  system. 

The a p p l i c a t i o n s  include : 

* Coal Clearance Control .  

* Runker Management. 

* Stone/Coal Segregation and Blending. 

* Environmental Monitoring. 

* Main Pump SuperiiiSOFy C u l l t ~ ~ u l :  

* Production Monitoring. 

* Switchgear Monitoring and Control .  

F ieure  1 i l l u s t r a t e s  t h e  composition of  a  system. 

The b a s i s  i s  a  D i g i t a l  Equipment Corporation PDP 11/34 computer l inked  t o  a 
common form of c o n t r o l  console,  and d r i v i n g  underground d a t a  transmission 
equipment manufactured by t h e  systems cont rac tor .  The sur face  s t a t i o n  includes 
a p r i n t e r  f o r  r e p o r t  generat ion and t h e  system accommodates op t iona l  remote 
d i sp lay  te rmina ls  f o r  s p e c i a l  use by o f f i c i a l s  and management away from the  c o n t r o l  
cen t re .  

Normally operat ion is automatic with t h e  computer c o n t r o l l i n g  the  remote 
equipment l inked  t o  t h e  system. I t  monitors t h e  a c t i o n s  and values and s t o r e s  
away d a t a  and events  i n  i t s  memory o r  sends them t o  a secondary system. Only when 
anything abnormal occurs is opera tor  a c t i o n  requi red .  

The system has been designed f o r  s i m p l i c i t y  of opera t ion .  A l l  communications 
with t h e  opera tor  a r e  in English with p i t  o r i e n t a t e d  words: re re rencc  t o  code 
books i s  n o t  necessary.  

An o p e r a t o r ' s  console is  shown i n  Figure 2. 

Information i s  displayed ua two screens  fu~*il~.i~it: ~ h r t  of tho  consnln.  One 
screen i s  f o r  messages t o  t h e  opera tor ,  advis ing  him of depar tures  from t h e  norm, 
warnings t h a t  ac t ion  i.s needed, o r  alarms. The o t h e r  screen shows operat ing 
val.llos, t ab loo  o f  psrfnrmance. mimic diagrams o r  o t h e r  d i sp lays  s e l c c t e d  by t h e  
'opera tor .  

When t h e  opera tor  needs t o  take  a c t i o n  e i t h e r  t o  change t h e  c o n t r o l  paramel 
o r  s t a r t  o r  s t o p  p l a n t ,  he uses t h e  s p e c i a l  keyboard assoc ia ted  with t h e  consolt 
Each i tem of p l a n t ,  conveyor, bunker o r  power pack f o r  example, is i d e n t i f i e d  bj 
s i n g l e  key. Dedicated keys a r e  a l s o  a l l o c a t e d  t o  meaningful func t ion  c o n t r o l s ,  
f o r  example, STOP, LOCAL, FORWARD DRIVE. 

The MINOS system provides many usefu l  f a c i l i t i e s  a s  s tandard.  These include:  

- Automatic s e t t i n g  up o r  adjustment by ques t ion  and answer of  p l a n t  
parameters such a s  warning , l e v e l s ,  c a l i b r a t i o l ~  f a c t o r s ,  and pro tec t ion  
without  i n t e r r u p t i n g  t h e  opera t ion  o f  unaf fec ted  p l a n t .  

- Automatic d iagnos t ics .  Computer a s s i s t c d  f a u l t  f i n d i n e ,  t e s t i n g  and 



maintenance a r e  b u i l t  i n .  Provision of on l i n e  t e s t  programs f o r  p l a n t ,  
and automatic  logging of  system and d a t a  t ransmission f a u l t s  is provided. 

A standard s t r u c t u r e  is used throughout a l l  systems t o  f a c i l i t a t e  t h e  
c o l l e c t i o n ,  s t o r a g e  and access  information.  Means a r e  provided f o r  looking back 
over  t h e  s h i f t  on primary c o n t r o l  systems and examining information more extens-  
i v e l y  on secondary management systems. The s tandard  s t r u c t u r e  of t h e  system is 
t h e  key t o  i n t e r c h a n g e a b i l i t y  o f  programs from one c o l l i e r y  t o  ano ther ,  and of  t h e  
a b i l i t y  t o  add on new developments a s  they a r e  generated.  

Automation Of Coal Clearance A t  Bagworth 

The p r i n c i p l e s  employed on the  MINOS coa l  c lea rance  systems were f i r s t  
zablished on an experimental  system a t  Bagworth C o l l i e r y  hegun i n  1973(16) 
: work a t  nagworth had t h r e e  broad objec1;ives 

- To automate the  operation o f  a  c o a l  t r a n s p o r t  network onmpns ing  b o l t  
L.UIIVB~OFS and bunkers. 

- To develop and apply techniques f o r  op t imis ing  t h e  u t i l i s a t i o n  of  t h e  
t r a n s p o r t  system, inc lud ing  s tone /coa l  segrega t ion  and au tomat ica l ly  
implementing bunker management s t r a t e g i e s .  

- To encourage t h e  management's use of performance d a t a ,  

The complete t r a n s p o r t  system o f  some 26 b e l t  conveyors and two bunkers i s  
now au tomat ica l ly  c o n t r o l l e d  by the  computer system under the  superv i s ion  of  an 
o p e r a t o r  i n  the  c o n t r o l  c e n t r e .  More b e l t s  from the ad jacen t  E l l i s town C o l l i e r y  
a r e  being added t o  make a  t o t a l  of about 50. 

Management Control Action 

Al l  even ts  which occur i n  the  t r a n s p o r t  system dur ing  each s h i f t  a r e  s t o r e d  
i n  t h e  computer's memory. Within minutes o f  t h e  end of  the  s h i f t  a  range of  
p r i n t e d  mpnrts  ( see  Figurc 3 )  surrrm;lpisil~g Lhe performance of t h e  coa l  t r a n s p o r t  
system is produced f o r  eng ineer ing  and production personnel .  These r e p o r t s  have 
r a p i d l y  gained acceptance a s  a  source of  o b j e c t i v e ,  unbiased in format ion ,  and 
have now become an i n t e g r a l  p a r t  of t h e  management procedures a t  Bagworth. 

A s i n g l e  f i g u r e  known a s  t h e  g a t e  b e l t  index r e p r e s e n t s  t h e  average percentage 
s t o p  time of  t h e  g a t e  b e l t s .  Na t iona l ly  outbye delays r e p r e s e n t  a  s i g n i f i c a n t  
p a r t  of t h e  l o s t  time a t  t h e  face .  The same was t r u e  a t  Bagworth. Before the  
in t roduc t ion  of  automatic c o n t r o l  (monitoring was implemented f i r s t )  t y p i c a l  
f i g u r e s  f o r  outbye de lays  were 40 mins p e r  s h i f t .  In t roduc t ion  of  automatic  
c o n t r o l  brought about an i m e d i a t e  improvement i n  running time of t h e  g a t e  b e l t s ,  
conserva t ive ly  es t imated  a t  10 minutes p e r  f a c e  per  s h i f t .  A  p e r s i s t e n t  a t t a c k  
on outbye de lays  was mounted by t h e  c o l l i e r y  management team us ing  t h e  r e p o r t s  a s  
a  guide.  They have now brought the  normal l o s t  time due t o  outbye de lays  down 
t o  l e s s  than 15 minutes. 

These successes  a r e  due t o  t h e  determined a c t i o n  of  t h e  management, who use 
information on de lay  causes t o  t a c k l e  t h e  problems: l a y o u t  o f  t r a n s f e r  p o i n t s  

r e  it is  shown t h a t  blocked chutes  o r  s p i l l a g e  c o n t r i b u t e  s i g n i f i c a n t l y  t o  
de lays ;  t h e  alignment o f  b e l t s  where t h a t  6s shown t o  be s i g n i f i c a n t ;  and a l l  
t h e  d e t a i l e d  information t o  ensure a  smooth running t r a n s p o r t  system. I t  i s  now 
s tandard  p r a c t i c e  a t  Bagworth t o  use t h e  r e p o r t i n g  information t o  measure and 
ensure t h e  s a t i s f a c t o r y  performance of  b e l t  t r a n s p o r t  systems from new f a c e s  before 
they a r e  f i n a l l y  go t  away and p u t  on t o  f u l l  production.  The g a t e  b e l t  index 
g i v e s  management a  y a r d s t i c k  with which t o  judge t h e  performance of  t h e  t r a n s p o r t  
system a n d ' a g a i n s t  which t o  s e t  t a r g e t s  f o r  improvement. This  i l l u s t r a t e s  how 
d a t a  c o l l e c t i o n  and good management p r a c t i c e  go hand i n  hand t o  b r i n g  about  a  
sound and r e l i a b l e  t r a n s p o r t  system. 



The automatic  c o n t r o l s  themselves provide some improvement t o  t h e  system. 
More r a p i d  r e s t a r t i n g  saves minutes  on each s toppage;  block and r e v e r s e  sequence 
s t o p s  p reven t  over-runs and have s i g n i f i c a n t l y  reduced blocked c h u t e s  and s p i l l a g e  
a t  some j u n c t i o n s ;  while  t h e  more uniform load ing  o f  b e l t s  provided by t h e  
automatic  ou t load ing  f e a t u r e s  o f  t h e  bunker c o n t r o l s  has  made a  va luab le  c o n t r i b -  
u t i o n  t o  l e s s  s p i l l a g e ,  l e s s  t r o u b l e  from e l e c t r i c a l  f a u l t s  and b e l t  s l i p  due t o  
overloading,  and consequently pe rmi t t ed  a  reduc t ion  i n  t h c  number o f  p a t r o l  men. 

Improvements 

The f i g u r e s  from Bagworth (Table 3 )  show t h e  g a t e  b e l t  running time t o  be 
improved by 25 minutes  p e r  s h i f t  o r  say  6%. A p r o p o r t i o n a t e  i n c r e a s e  i n  
p roduc t ion  would g i v e  an a d d i t i o n a l  1400 t o n s  p e r  week o r  £25,000 p e r  week. "- 
t h a t  b a s i s  such  a  scheme would pay f o r  i t s e l f  ve ry  r a p i d l y .  

Table 3 .  Bagworth Improvement 

There i s  c o r r o b o r a t i v e  evidence t h a t  improved produc t ion  is p o s s i b l e .  I n  
1972/73 t h e  OMS averaged 94.4. I t  now averages 114 wi th  a record  va lue  of 142.4 
about a  y e a r  ago. The p i t  ach ieves  t h e  same produc t ion  now from 6 race s h i f k s  us 
it prev ious ly  d i d  from 7 .  I t  is  n o t  claimed t h a t  t h e  automatic  system caused 
these  i q r o v e m e ~ l t s .  Tt p c r m i t t e a  rhem lu  1.1~: acliievcd. 

YEAH 

OUTBYE DELAYS 
au ins p e r  s h i f t )  

N O .  OF FACES 

MACHINE SHIFTS 
( P e r  week) 

OUTPUT 
( ~ n n s  p e r  week) 

OMS 

Many c o a l  c l e a r a n c e  automation schemes may be j u s t i f i e d  on manpower sav ings  
alone.  T t .  is n o t  p r a c t i c a l  t o  compare t h e  manning a t  Bagworth now wi th  t h e  
e n t i r e l y  d i f f e r e n t  p i t  t h a t  e x i s t e d  14 y e a r s  ago,when remote culll;r.ol f i rs t  bogm 
t o  be in t roduced .  Ins tead  Table 4 i n d i c a t e s  how t h e  p r e s e n t  system would have 
been manned i f  it were s imply remotely c o n t r o l l e d  and a l s o  i f  it had no remot, 
c o n t r o l  equipment. S u b s t a n t i a l  r e d u c t i o n s  a r e  p o s s i b l e .  

Table 4. Bagworth Manning 

1972 

KEMOTE 
CONTROL . 

40 

5 

3 5 

20,000 

94 

1974 

AUTOhlATIC 
CONTROL 

30 

5 

35 

23,091) 

100 

1976 

NINA CEMENT 
ACTION 

15. 

3 

3 0 

23, OOO 

114 

Auto Control  

4  

Remote Control  

7  

r 

Cont ro l  Room 
( I n c l u d i n g  telephone 
exchange) 

Local  Control  

3 



219. 

Table 4 (continued) 

Environmental Monitoring A t  Brodsworth 

The safe ty  of the mine i s  of foremost importance t o  the management and a prime 
area of concern i s  the  vent i la t ion  system. In order t o  form an experimental on- 
s i t e  base f o r  environmental s tudies  a computer based monitoring system, using the  
same MINOS computer system design t h a t  was emergin fo r  coal clearance,  was s e t  
up in  1975 a t  Brodsworth Maim Col l iery ,  Doncaster(f6). underground data trans- 
mission outs ta t ions  and instrumentation a re  speci f ic  t o  the  environmental 
monitoring applications.  The following instruments are  available:  

Auto Control 

14 

15 

- 
- 

33 

Patrol  Men 

Maintenance Team 

Conveyor Operators 

Bunker Operators 

BM1 - General body a i r  percentage methane. 

BA2 - General body a i r  ve loci ty .  

Local Control 

- 

10 

5 6 

10 

79 

BMZH - Methane drainage (0-100%). 

Remote Control 

16 

15 

- 

3 

41 

Drainage range suction.  

* Duct ve loci ty  t r i p s .  

* Smoke detectors.  

Pressure switches. 

The impo.rtant measurements are from BMlts and BA2's outbye of the  faces i n  
the  re turn  airway, although the  s i t i n g  of instruments i s  very much a matter of 
local  choice. A tube bundle sampling system with infra-red and other  analysers 
a t  t he  surface(17) i s  a l so  being l inked up t o  the computer system a t  Brodsworth. 
The analysers measure methane and carbon monoxide. Oxygen deficiency and 
Graham Ratio are  calculated by the computer. Trends in  carbon monoxide a re  
examined by the computer t o  give ea r ly  warnings of heatings o r  f i r e s  and t o  
d is t inguish  from shor t  peaks due t o  shot f i r i n g  o r  changes i n  bar0met.rj.c pressure. 

Further instruments are  current ly  under development a t  MRDE and they w i l l  be 
able t o  be added t o  the systems as soon as  t h e i r  use becomes es tabl ished.  These 
include a so l id  s t a t e  a i r  flow meter bascd up011 vortex shedding, a pressure 
transducer,  a temperature and humidity transducer and in the  s l i g h t l y  longer term, 
transducers fo r  oxygen and carbon monoxide. 

Use Of The Information 

The most outstanding fea ture  of the  i n s t a l l a t i on  a t  Brodsworth i s  the way 
i n  which the information on both airflow and methane make has been seen t o  be of 
value and used by management and o f f i c i a l s .  Graphical type representations of 



t h e  parameters a r e  a v a i l a b l e  with t h r e e  s e t s  of v a r i a b l e s  displayed s i d e  by s i d e  
(Figure 4 ) .  The d i s p l a y s  may be of c u r r e n t  s h i f t ,  previous s h i f t  o r  t rend  over 
t h e  previous seven days. Changes i n  t h e  v e n t i l a t i o n  p a t t e r n  a r e  immediately 
apparent  even t o  t h e  untrained.  The d i s p l a y s  quickly high-l ighted bad a i r  door 
d i s c i p l i n e ,  and now s p e c i a l  r u l e s  and e x e r c i s e s  have been introduced t o  ensure 
proper c o n t r o l  of  a i r  doors. S imi la r ly  t h e  r e l a t i o n  between genera l  body methane 
and t h e  face  pl.utlu~Licn cyclc' .h?c h ~ e n  drivel! home t o  a l l  who come i n t o  contac t  
with t h e  system. 

This i s  a l l  l ead ing  t o  a b e t t e r  understanding of t h e  behaviour of  t h e  environ- 
ment and w i l l  s u r e l y  lead  t o  b e t t e r  c o n t r o l  and more economic use  of production 
f a c i l i t i e s .  

Further  Developments 

The experience gained a t  Bagworth and Brodsworth is  being t r a n s f e r r e d  t o  
commercial systems s u p p l i e r s  by commissioning f u t u r e  p i t  schemes us ing  t h e  same 
systems designs.  Six c o a l  c learance  solremes a r c  being i n s t a l l e d  and a s i m i l a r  
number of er~vl~~u~uuelrLel  m a n i f o ~ i n g  schemes are i n  var ious  s tages  of planning. It  
i s  now p o s s i b l e  t n  use MRDE resources t o  extend t h e  development add Use ur ~uiilpubor 
systems i n t o  o t h e r  f i e l d s .  

Management of  Coal Clearance 

In  t h e  immediate f u t u r e  it i s  proposed t o  c a r r y  out  f i e l d  e x p e ~ . i m t i > t ~  with programs 
f o r  optimising t h e  use of bunkers and f o r  bstching s tone  through a complex system. 
The Rawdon-Donisthorpe complex has  been chosen f o r  t h i s  exerc i se .  A s i m i l a r  
so lu t ion  i s  a p p l i c a b l e  t o  optimising t h e  use of bunkers i n  a r e s t r i c t e d  s i t u a t i o n .  
Automatic implementation of  bunker management algori thms w i l l  be t r i e d  out  during 
t h e  summer a t  Eppleton and o t h e r  c o l l i e r i e s  supplied with MINOS c o a l  c learance  
systems. 

Face and Production Monitoring 

A system f o r  t h e  c o l l e c t i o n  and s torage  of accura te  minute, t n  minute information 
about f a c e  performance is one of  t h e  keys t o  e f f e c t i v e  c o l l i e r y  management and 
planning. An experimental i n s t a l l a t i o n  providing automatic f a c i l i t i e s  f o r  record- 
ing and d isp lay ing  t h i s  information,  with t h e  a b i l i t y  t o  supplement t h i s  with 
manually inpiit records of delay causes and o t h e r  r e l e v a n t  s u b j e c t i v e  information,  
is being i n s t a l l e d  a t  Bagworth. This  system w i l l  r u m  the  b a s i c  f o r  t h e  develop- 
ment of  a more comprehensive package f o r  monitoring t h e  opera t ions  on t h e  coa l  
Puoe, and t ,hn s t a t e  of h e a l t h  of the  c u t t e r  loaders ,  roof support  systems and o t h e r  
equipment c o n t r i b u t i n g  t o  t h e  face  performance. 

Coal PrepaPatioir 

S imi la r  system developments'are tak ing  p lace  i n  Coal Preparat ion,  with a 
mn.jo~ e ~ p e r i m e n t a l  scheme being planned f o r  Lea Hal l  Col l ie ry .  In  t h i s  case  t h e r e  
i s  l e s s  cxpootntion of a s u b s t a n t i a l  manpoLIer svvi . r~g Lhan a ooncidera,hle improve- 
ment i n  p l a n t  performance by t h e  a p p l i c a t i o n  of c losed  loop pr-uuess cont ro l  
techniques and accura te  monitoring and c o n t r o l  of  p l a n t  parameters. Management 
information w i l l  a l s o  be made a v a i l a b l e  t o  a secondary computer. 

Fixed P l a n t  

Standard systems f o r  monitoring and c o n t r o l l i n g  pumps, methane draiilage 
e x t r a c t i o n  p l a n t  and o t h e r  s i m i l a r  i n s t a l l a t i o n s  a r e  being developed. These may 
be i n s t a l l e d  i n  any of t h e  standard MINOS systems. Another major a rea  where 
s i g n i f i c a n t  changes t o  presen t  techniques may r e s u l t  is t h a t  of monitoring and 
c o n t r o l l i n g  t h e  e l e c t r i c a l  d i s t r i b u t i u r ~  network of n c o l l i e r y .  This can be 
extended t o  include every item of p i t  equipment and could form t h e  nucleus of a 
comprehensive system f o r  monitoring p l a n t  h e a l t h  and recording maintenance. 



The experimental i n s t a l l a t i o n  is planned f o r  Manton C o l l i e r y  and w i l l  form p a r t  
of  t h e  comprehensive computer automation i n s t a l l a t i o n  t h e r e  ( 9 ) .  

Processing Information f o r  Management 

A major e f f o r t  has  been d i r e c t e d  t o  t h e  on-line c o l l e c t i o n  of d a t a  f o r  
immediate opera t iona l  cont ro l  a t  c o l l i e r i e s .  The p o t e n t i a l  i n  t h e  use  of t h i s  
d a t a  f o r  longer term a n a l y s i s ,  planning and c o n t r o l  is recognised t o  be g r e a t .  
I t  is a l s o  recognised t h a t  t h e  in t roduc t ion  of such techniques i n  t h e  indus t ry  
must be i n  evolutionary s tages ,  in t imate ly  involving c o l l i e r y  management i n  t h e  
development and use of  da ta  processing systems t o  secure  t h e i r  acceptance of  
these  techniques.  The poss ib le  a p p l i c a t i o n  of computers t o  information a n a l y s i s  

overs a wide range of a c t i v i t i e s  a t  t h e  c o l l i e r y  from production a t  t h e  face  t o  
i ~ t r i b u t i o n  from t h e  washe~y;  and from monitoring t h e  opera t ion  of  p l a n t  t o  
s s i s t i n g  c o l l i e r y  s e r v i c e s  i n  t h e  prepara t ion  of  wages. 

Secondaqr Computor Cystcms 

The concept of secondary computer systems f o r  s t o r i n g  and processing t h e  
information produced i n  primary c o n t r o l  systems has  evolved from t h e  i n i t i a l  da ta  
c o l l e c t i o n  experiments on t h e  Bagworth coa l  c learance  system. I n i t i a l l y  it i s  
intended t o  concent ra te  on t h e  provis ion  and a n a l y s i s  of  production information 
from c o a l  c learance  primary c o n t r o l  systems, supplemented by information on f a c e  
c h a r a c t e r i s t i c s , m n n i n g  and performance luar~ually input  o r  obtained from t h e  
experimental face  information system. As confidence and experience a r e  gained 
t h e  scope of t h e  repor t ing  w i l l  be widened and t h e  use  of  t h e  information w i l l  
be explo i ted  f u r t h e r  with t h e  management a t  t h e  c o l l i e r y  t o  cover no t  only 
information and r e p o r t s  f o r  immediate use but  t h e  s torage  and manipulation of  
h i s t o r i c  d a t a  f o r  in-depth a n a l y s i s  and long term planning. 

P a r t i c u l a r  a t t e n t i o n  i s  being pa id  t o  the  te rmina l  and d isp lay  equipment t o  
meet t h e  varying requirements a t  c o l l i e r i e s .  The importance of  encouraging 
managers t o  play a p a r t  i n  t h e  evolu t ion  of systems is recognised. System design 
is  being aimed towards f l e x i b i l i t y  and t h e  a b i l . i t y  of p i t s  t o  determine t h c i r  
own requirements. S tandard isa t ion  and in te rchangeabi l i ty  between systems is  
a l s o  important ,  a s  i s  compat ib i l i ty  with t h e  more powerful d a t a  processing 
f a c i l i t i e s  a v a i l a b l e  t o  t h e  National Coal Board through Compower. 

Face Automation 

While t h e  major automation e f f o r t  has been d i r e c t e d  elsewhei-e, e f f o r t  
continues towards t h e  s o l u t i o n  of two important problems which must be overcome 
before a s u b s t a n t i a l  measure of face  automation becomes p r a c t i c a b l e .  One of these  
problems, t h a t  of automatic horizon c o n t r o l  of t h e  c u t t i n g  machine, has  been a 
stubborn problem f o r  many y e a r s  and although p a r t i a l  success has  rewarded a 
considerable e f f o r t ,  one f u r t h e r  s t a g e  of development i s  seen t o  be necessary 
t o  reach a genera l  s o l u t i o n  appl icab le  t o  a v a r i e t y  of  machines and condi t ions .  
The second problem i s  t h a t  of measuring, and subsequently c o n t r o l l i n g ,  face  
alignment. 

iutomatic Horizon Control 

Work on automatic horizon cont ro l  has  been mainly confined t o  s t e e r i n g  
f ixed  drum Anderton shearers ,  though more r e c e n t l y  a t t e n t i o n  has  been d i r e c t e d  
t o  ranging drum machines. The c o n t r o l  system, a s  ou t l ined  i n  general  terms i n  
an ear1,ier paragraph, inc ludes  sensors ,  processor and an a c t u a t i n g / s t e e r i n g  
mechanism. 

A most important sensor ,  which has required considerable research and 
development e f f o r t ,  i s  t h a t  f o r  measuring roof c o a l  th ickness  l e f t  by t h e  
machine. Several  s t a g e s  of improvement have been necessary culminating i n  t h e  
c u r r e n t  Type 709 gamma r a d i a t i o n  back-scat ter  probe. The increased th ickness  



range of t h i s  vers ion  over  e a r l i e r  types  has  been obtained,  however, a t  t h e  p r i c e  
o f  a much l a r g e r  and t ieavier  c o n s t r u c t i o n .  A t ransducer  measuring t h e  r o l l  ang le  
o f  t h e  machine towards t h e  f a c e  has  a l s o  been s u c c e s s f u l l y  developed with a r o l l -  
type  s t e e r i n g  underframe a s  t h e  a c t u a t i n g  mechanism. 

The technique was s u c c e s s f u l l y  demonstrated i n  1968, fol lowing which a batch 
of  20 pro to type  machines was i n s t a l l e d  and,  s i n c c  1973, a f u r t h e r  20 nr so  
i n s t a l l a t i o n s  of production machines. Only p a r t i a l  success can be claimed, 
however, s i n c e  e x p l o i t a t i o n  remains a t  a modest l e v e l  of 10 t o  15 i n s t a l l a t i o n s  
a t  any one time. The main reasons f o r  t h i s  a r e :  

- The l a r g e  probe and t r a i l i n g  mounting arm is  a cons iderab le  
encumbrance, i~ l i a b l e  t o  damage, and i n t e r f e r e s  with t h e  
u s e  of t h e  s h e a r e r  f o r  s t a b l e  e l imina t ion .  

f - I t  has  tended t o  be a ' l a s t  r e s o r t '  s o l u t i o n  f o r  d i f f i c u l t  
condi t ions  r a t h e r  than  a means foe. ulaking normal condi t ions  
b c t b e r ,  

- Roof c o a l  must be l e f t  w i t h i n  a range of 2 t o  20 cms. 

The f i x e d  head machine i S  i n  any case a d i w i ~ ~ i s l i i n g  mnrlrct, wi th  nanging 
maohines nmr occrlpying t h e  major share .  

T r i a l s  of a single-ended ranging s h e a r e r  wi th  a c o n t r o l  system s i m i l a r  t o  t h a t  
on t h e  f i x e d  head machine have shown conc lus ive  evidence of s t e e r i n g  i n s t a b i l i t y .  

A f u r t h e r  programme of development i s  now being launched. This  programme i s  
on a broader  f r o n t ,  inc lud ing  s e v e r a l  a d d i t i o n a l  t ransducers ,  t o  ensure t h a t ,  on 
completion, a wide range of machines can be au tomat ica l ly  s t e e r e d  i n  a s t a b l e  
manner i n  most mining condi t ions .  

Face Alignment 

A means of measuring and, f i n a l l y ,  c o n t r o l l i n g  f a c e  alignment i s  t h e  second 
major t a r g e t .  Two s o l u t i o n s ,  both c u r r e n t l y  i n  t h e  ' p r i n c i p l e  proving'  s t a g e  
a r e  being pursued. 

One system i s  based on t h e  reel-and-cord method. I n  t h i s ,  a u u ~ J  is  trappcd 
i n  t h e  goaf ,  and a r e e l  from which t h e  cord i s  drawn o f f  i s  a t t a c h e d  t o  a chock o r  
conveyor. The leng th  of cord drawn o f f  a s  t h e  face  advances i s  measured, and by 
mounting such dev ices  p e r i o d i c a l l y  a long  t h e  f a c e  a rough p r o f i l e  can be ubtained 
from t h e  s e r i e s  of l eng ths .  

The second method is an o p t i c a l  technique using a machine-mounted l i g h t  
source and d e t e c t o r  u n i t  and a s e r i e s  o f  pass ive  r e f l e c t o r s  a t t a c h e d  t o  chocks 
alone t h e  face .  A microcomputer p rocesses  t h e  d a t a  contained i l l  t h e  posi t ion: ,  
of t h e  r e f l e c t i n n s  obtained and eenera tes  a p r o f l l e  of tne face 12r1e as  all uuLprit. 

S u b s t a n t i a l  f u r t h e r  development and f i e l d  t r i a l s  a r e  requ i red  before  t h e  ne, 
s t e p ,  t h e  c o n t r o l  of f a c e  l i n e ,  can be tack led .  

Conclusions 

A new indus t ry  s tandard  computer system - MINOS - has  been evolved, which w i l l  
enable i n t e r c h a n g e a b i l i t y  of developments a c r o s s  t h e  whole i n d u s t r y ,  while  making 
use of t h e  t r a d i t i o n a l  Board s u p p l i e r s '  proven d a t a  t ransmiss ion  and remote 
c o n t r o l  e x p e r t i s e .  This  should a i d  t h e  r a p i d  i n t r o d u c t i o n  and development o f  
computer monitoring technology a t  c o l l i e r i e s .  l'he b e n k r i t s  o f  such teohnolog ica l  
developments a r e  now beginning t o  be seen i n  the.new remote c o n t r o l  and monitoring 
systems being i n s t a l l e d .  Taking t h e  coa l  c lea rance  a p p l i c a t i o n  a s  an  example, '  
outbye de lays  have been reduced t o  l e s s  than  15 minutes p e r  shif t . .  This r e s u l t s  



n o t  only from automatic  o p e r a t i o n  b u t  a s  s i g n i f i c a n t l y  from c o r r e c t i v e  a c t i o n  
based upon performance r e p o r t s .  I n  a d d i t i o n  t o  t h e  manpower sav ings  achieved by 
c e n t r a l  remote c o n t r o l  a  f u r t h e r  20% reduc t ion  has  r e s u l t e d  from automatic  
o p e r a t i o n  by computer. 

Cont ro l  technology is being a p p l i e d  no t  only t o  machines, b u t  a l s o ,  i n  
computer based in format ion  r e t r i e v a l  and d i s p l a y ,  t o  c o l l i e r y  management enab l ing  
them t o  become p a r t  of  t h e  c o n t r o l  loop.  To ach ieve  t h e  f u l l  b e n e f i t s  it i s  not  
s u f f i c i e n t  t o  provide new equipment, a l though  even t h a t  s t e p  may be j u s t i f i e d  by 
manpower sav ings  a l o n e ;  management must t a k e  determined a c t i o n  t o  use  t h e  new 
t o o l s ;  they  must s e t  t a r g e t s ,  measure performance, compare r e s u l t s  wi th  ob jec t -  
i v e s  and apply c o r r e c t i v e  a c t i o n .  A t t e n t i o n  is becoming focussed on t h e  manage- 

s n t  f u c t i o n  t o  ach ieve  t h e  con t inu ing  improvement t h e  i n d u s t r y  needs. 

While t h e  f i r s t  s t e p s  have on ly  r e c e r ~ t l y  been t aken ,  evidence now accumulot- 
i r ~ g  shows t h a t  a  development programme of  automation and comprehensive monitor ing 
w i l l  be a n  important  c o n t r i b u t i o n  t o  improving thc p e ~ ~ f o r m a n c e  of  t h e  indus t ry .  
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End of S h i f t  Report - Log Period from 7.00 t o  13.30 Friday 18 February 1977 

Performance Summary 

Unit Del. 3 Mins 
No. < Mins 

(cum) 
East  Trunk 3 5 
Output Conveyor 4 8 
Input  Conveyor 1 2 
North Trunk 5 7 
6 ' s  Main Gate 9 14 
S th  Trunk Conveyor 2 3 

8 ' s  Main Gate 2 2 
,outh 5 Foot 2 2 
0 ' s  Main Gate 13 24 

Del. 3 Mins 
No. > Mins 

(cum) 
0 0 
1 5 
0 0 
0 0 
1 4 
0 0 
2 15 
1 6 
2 11 

Delay Run 
Mins Mins 

% Lost 

Gate Bel t  ( * )  Delay Index = 5 

Delay Analysis 

By Time LOC 
STP 

SUR CHU 
STP 

LIN SLP SEQ TOT 

S l ~ u t t l e  Bel t  
East  Trunk 
East  Trunk Tandem 
New Main Conveyor 
Output Conveyor 
Input  Conveyor 
North Trunk 
28 ' s  Trunk C / V  
2 8 ' s  x C / V  
6 ' s  Main Gate 
Skh Trmnlc Cul~veyor 
3 8 ' s  Main Gate 
Sth Trunk Tandem 
Sth  Minge Return Dev 
South 5 Foot 
1 4 ' s  Main Gate 
1 2 ' s  Main Gate 
1 0 ' s  Main Gate 

LOC 
STP 

SUR CHU 
STP 

By Number LIN SLP SEQ TOT 

S h u t t l e  B e l t  
"as t  Trunk 

a s t  Trunk Tandem 
ew Main Conveyor 

,utput Conveyor 
Input Conveyor 
North Trunk 
2 8 ' s  Trunk C / V  
2 8 ' s  x C/V 
6 ' s  Main Gate 
S th  Trunk Conveyor 
3 8 ' s  Main Gate 
S t h  Trunk Tandem 
Sth  Minge Return Dev 



South 5 Foot 
1 4 ' s  Main Gate 
1 2 ' s  Main Gate 
1 0 ' s  Main baLe 

Delay Log 

LOC SUR CHU LIN SLP SEQ 
STP STP 

U n i t  FROM TO DURATION 
Delayed ( * )  MINUTES 

I n p u t  Conveyor 8 .09 8.11 2 

North Trunk 

3 8 ' s  Main Gate 7.58 8.09 11 

1 0 ' s  Main Gate 8 .09 
8.20 
8.22 
8.55 
9.06 
9.16 
9.32 
9.47 
9.47 
9.51 
9.55 

11.15 
11.20 
12.23 
12.28 
13.17 

CAUSE 

LOC STP 

SEQ 
LOC STP 
CHU 
LOC STP 
LOC STP 

SEQ 
SEQ 
SEQ 
CIN 
LOC STP 
LOC STP 
SEQ 
SEQ 
SEQ 
LOC STP 

LOC STP 

SEQ 
LOC STP 
LOC STP 
LOC STP 
LUC STP 
SEQ 
SEQ 
L0C STP 
ClN 
LOC STP 
CHU 
LOC STP 
SLP 
LOC STP 
LOC STP 
LOC STP 

TOT 

UNIT 
KESPONSIBLE 

Inpu t  Conveyor 

w 

North Trunk 

A 

N ~ r t h  Trunk 
North TrunK 
North Trunk 

* 
South 5 Foot 
South 5 Foot 

* 
* 
* 
* 
* 

* 
* 



F a u l t  I.ng 

U n i t  FROM 

North Trunk 

S t h  Trunk Conveyor 12.03 

South 5 Foot  8 .10  

I's Main Gate 

In's Main Cote 

DURATION 
MINUTES 

FAULT 

CHU 
CHU 

SLP 

CHU 

LIN 
T.TN 
CHU 
CHU 

SLP 
CHU 
CHU 
CHU 
SLP 

FIGURE 3 SHIFT REPORTS 
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"Automating Longwall Processes" 

Anthony Sharkey 
Staff Engineer 

U. S Bureau of Mines 
Washington, D. C. 20241 

The major objective of the Advancing Coal Mining Technology (ACMT) Program of 
the United States Bureau of Mines can be defined as follows: 

"Through research, development, and demonstration to provide the coal-mining 
industry with the technology to minimize thc natiohal average cost per ton 
of coal produced to meet the targcta set by the Federal Government and 
consistent with the need to improve coal rninec Health and Safety, resource 
recovery and environmental impacts." 

A considerable part of the Program effort is devoted to longwall mining and 
related activities and seeks to exploit longwall's known advantages over alternative 
mining systems; to removing constraints to its application where these can be 
identified and to further improve the production potential of the system by the 
development and application of advanced technology to the process. 

Among the many advantages of the longwall system is its relatively simple, 
repetitive production process which is conceptually capable of being adapted 
to a high level of remote control.and possibly to automation. The automation 
of longwall processes offers a number of operational advantages; these are detailed 
later. Part of the funding of the ACMT program is therefore devoted to the 
development of the means for achieving partial or total automation of the longwall 
mining system. The degree of automation eventually achieved will be dicated by 
the cost-effectiveness of the developed technology in terms of its acceptance 
by the coal mining industry. Any new technology must be evaluated against that 
which it is expected to supersede and in the progression t o  aut.nmntion o oucc&ssiun 
of steps can be cnnceivcd with each step representing a technological advance. 
In order to cost-effectively evaluate the progression, a baseline of performance 
must be established against which "improvements" can be measured and thi? major 
objectives re-evaluated. 

Stereotype Longwall Mine 

To quantitatively measure the expected benefits from various system improve- 
ments, a model has been constructed of a longwall mine. Available data has been 
used but at this time insufficient is available to claim that the model is "typical" 
and the description "stereotypical" is preferred. As more data on performance 
and costs becomes available, it will be used to progressively improve the model. 
The stereotypical mine produces one million tons per year from two longwall 
faces and two continuous miner sections, the latter being used primarily for 
longwall panel development. The "mine" is worked on two shifts per day, each 
Longwall producing 924 tons per shift and coch C.M. seccion 300 tons per shift. 
Iverall cost per ton is calculated to be $16.01 and cost details of the mine 
are given in Table 1. The performance of the l'ongwall faces is based upon: 

( 9 )  a shearer utilization factor per shift of 37% (utilization in this sense 
is the time during which the shearer produces coal, expressed as a 
percentage of shift available time) 

(b) a seam thickness of 79 inches (6.6 feet) 
(c) a face length of 500 feet 
(dl a shearer haulage speed averaging 10 feetlminute 
(e) a web of 30 inches 
(£1 20 days per panel spent in tranferring equipment to a new face or 19 days 

per year per panel. 



Table 1 

General  Cost* D e t a i l s  of S t e r e o t y p i c a l  Mine 

CATEGORY COST PER COST PER GENERAL QIIOLV. 
LW CM MINE MINE 

SECTION SECTION COST COST 

-- 

Sq111pmenf Costs  2,398,500 674,700 30,426,000 36,572,400 

Deprec ia t ion  327,938 92,770 1,876,180 2,717,5Y6 

Taxes and Insurance  40,060 13,480 608,520 731.600 

M a t e r i a l s  $/Ton 2.b0 $/I 2;60 6/T 2.60 $IT 

Equipment Replacement - 200,000 . 200,000 

Labor 350,851 308,259 2,347,821 3,666.041 

P a y r o l l  Overhead 140,340 123,304 939,128 1,466,416 

I n d i r e c t  

Union Welfare 5 5 , 7 0 0 +  5 0 , 1 3 0 +  297,067 508.723 + 
.78 $IT .78 $IT .78 $IT 

Land $/Ton .39 $IT .48 $IT - .39 $ IT  

I n t e r e s t  118,934 33,428 1,509,036 1,813,760 

Annual Operat ing Costs  1,094,451 + 667,611 + 8,319,837 11,843,963 + 
4.25 $IT 4.34 $IT 4.25 $IT 

Averagc S h i f t  Prnduct ion 924 300 - 
Tons 

Annual Product ion Days 201 220 - 2U11220 

S e c t i o n  Annual 371,448 132,000 - 1,006,896 
Product ion Tons 

T o t a l  CostITon - - - 16.01 

* Costs  a r e  based l a r g e l y  on those  a v a i l a b l e  i n  "Minimum Cost S t r a t e g i e s  
f o r  Longwall Equipment Moves," NTIS PB 267 764/AS, and Bureau of Mines 
Report 1C 8715, "Basic Estimated C a p i t a l  Investment and Operat ing Costs 
f o r  Underground Bituminous Coal Mines Developed f o r  Longwall Mining." 
Longwall Supports  c o s t  based on $3,000 per  f o o t  of f ace .  
Wage c o s t s  a r e  based on c u r r e n t  agreements. 



Any changes in the longwall system must be evaluated in terms of its effect 
on the whole mine operating costs. To be considered cost-effective any increase 
in the cost of face equipment must increase the tons produced (by increasing 
effective machine utilization) so that whole mine costs are maintained constant 
or improved. The 1977 cost of equipping a "normal" longwall face varies approxi- 
mately from $2.2 million to $4 million and progress towards automation will almost 
inevitably lead to higher initial costs. For example, assuming the face supports 
equipment to be capable of modification (which may or may not be the case) it 
is estimated that a control system for the supports based on a headgate console 
will cost almost $1 million and to this must be added the cost of numerous sensing 
devices to determine the system's status if safe and efficient operation is to 
' 7  achieved. No firm estimate can be given at this time of the eventual increase 

I face capital costs necessary to achieve full automatinn. Figurc 1 has been 
.erared to illustraLe the effect of increased face capitelizatiun on the minimum 

Ldquirrd face output (or machine utilization) if whole mine costs ate to be main- 
tained et the present level of $16.01 per ton and mine profitability io to be 
maintained or improved. The graph indicates that for every additional $500,000 
of expenditure on face equipment there must be an increase in production of 26.2 
tons per shift or a 2.84% improvement in machine utilization. The model must 
be refined to indicate in addition to output requirements from the faces, how 
the effect of such increases in output impact on panel life and hence on develop- 
ment requirements and haulage capacity. These factors will in their turn require 
increased capitalization and a further consequent rise in the required tonnage 
to maintain exi~ting cost standards. The model can of course be used to indicate 
the level of justifiable expenditure to eliminate or reduce identifiable delays. 
Development of the model is proceeding. 

Potential Advantages of Longwall Automation 

Neglecting any improvements in gross tonnage and costs which have yet to 
be demonstrated and discounting Health and Safety advantages in taking personnel 
out of the potentially hazardous face area, remote or automatic control of the 
longwall processes would offer, 

A. In the case of the shearer 

1. Speed of machine operation would not be limited by an operator's walking 
or crawling speed, a factor which gets progressively more important as 
the extracted height gets less. 

2. Taking the man out of a "hands on" control situation frees the system 
design engineer from the constraint of man's restricted mobility. Shearer 
cutting speeds in excess of 30 feetlminute are currently possible but 
in present circumstances (i.e. with direct manual control) little purpose 
would be served in seeking to achieve higher speeds even though no technical 
reasons appear to exist why machines cannot be developed to cut and load 
at much higher speeds. 

3. Automatic controls will provide more precise cutting and a potentially 
cleaner product. Better face alignment and more consistent roof and 
floor horizons will be obtained, these in turn contributing to more effec- 
tive strata control and less delays due to falls of grn~~nd. 

4. Accurate sensing of the thickness of coal left to form a stronger roof 
will lead to considerable improvements in coal recovery. Present manual 
methods of steering in such conditions involve a degree of estimation. 
Often extra inches of coal are left because of the imprecise method 
and in order to provide a safety factor against error. Every vertical 
inch of coal represents 5,000 tons in a longwall panel 3,000 feet x 
500 feet and unnecessary losses of 4"/6" are not unknown. 



B. In the case of Supports 

1. Speed of operation of the supports along the face would be governed 
by the transmission of an hydraulic or electrical impulse and not by 
an operator's walking or crawling speed; an important factor, in any 
case, but one which gets progressively mure important as the extracted 
height gets less. The manufacturers of the Dowty Electro-Hydl-aulic 
Supports Control System claim a total cycle time per support (lower, 
advance, reset) of 8 seconds. This, with 5 feet center spacing of 
sllpports equates to an advance rate along the face of 37.5 feet/minute 
when operating one support at a time. Speeds of advance greatly in excess 
of this can be obtained by multiple advance which is technically possible 
within present "state of the art" knowledge. 

2. Push button controls would provide closer control over setting pressures 
and raw-stroke, leading to more consistent roof and floor loading, better 
f a r e  alignment, consequently better strata control and reduced delays 
from falls of ground. 

3. Bi-directional control of the supports would offer improvements in machine 
~clliedlion by making pnssihle the application of bi-directional cutting 
in situations where it cannot now be practiced because Of respi~aLle 
dust production from the curri~~g tuachinc. 

C. In general 

1. Remote or automatic control should lead to improved results by enabling 
equipment to be operated more closely to designed performance. Increases 
in efficiency (i.e. higher average production rates) and a reduction 
in mechanical breakdowns will result. 

2. Valuable "spin off" technology is likely to result from the work. The 
value and nmount of such technology cannot be predicted and arguments 
for the pursuit of advanced technology based solely On probable "spin 
off" have little strength. Results can be used "after the event" to 
lend weight to the positive side of the accounting when examining cost/ 
benefits. N.A.S.A.'s Aerospace R6D program is perhaps the best known 
example of valuable technological "spin off". The B1 Bomber project is 
another example but in mining terms the "Remotely Operated Longwall Faces" 
(R.O.L.F.) of the National Coal Board in Britain in the mid 60's although 
never produci~~p coal ill any large quantity resulted in the development 
0 1 ,  

(i) Automatic cable handling systems which since cheir i~tcroduction 
as standard longwall equipment have saved countless hours of down 
time caused by damag~rl electrical cables in'addition to savings 
in rvl~la~cliient cablo cocrs and the cost of cable transpor~ation. 

(ii) Static ramp plates which improve face-side clean up and gain valuable 
extra inches of advance and increased production on the many faces 
on which they are now standard equipment. 

(iii) The development of pre-start warning devices fur face equipment 
which have proved to be a considerable safety improvement. 

(iv) The development of face signalling, ~ommuuications, and lock-out 
systems which are now standard equipment on all but a few of the 
world'o mechanized longwall faces. By the use of such equipment, 
delays and losses have been minimized and safety sLandards 
substantially improved. 



Achieviag Cost-Effectiveness with Longwall Automation 

The output from the automated face must be increased at least to a degree 
consistent with the cost of investment if automation is to be justified. Since 
output from the face is directly related to effective utilization of the cutter 
loader this latter factor can be used as the measure of "effectiveness." In 
general, machine utilization can be improved in any or all of the following ways, 

(a) By better utilizing available time 

(b) By making more time available 

(c) By better utilizing machine haulage speed capability 

(d) By improving machine haulage opeed capability 

(The output from a face might also be improved hy the use of additional 
shearers but two or more machines on a longwall face will compound the already 
difficult problem of remote control or automation of the face operations. This 
method for potential improvement although conceptually possible is not considered 
further in this paper] 

Considering each of the ways for effecting an increase in machine utilization, 

(a) Better utilizing available time 

Table 2 is a summary of available data on longwall shearer utilization in 
terms of time. 

Table 2. Longwall Shift Utilization 

Minutes Percentage 

Cutting Time 
Turn Around Time 
Cleaning Time 
Maintenance Time 
Down Time - External Haulage 4 3  

External Power 8 
CutterfLoader 34 
Face Conveyor 3 6 
Supports 8 
Geologic 8 
Others 20 - 
Total Down Time 157 - 157 - 4 2  

Available Working Time 378 100 

Considerable improvements can be effected by direct management action and 
t is difficult to quantify what additional reductions in non-productive time 
ight be achieved by automation. Some of the delays caused by improper setting 
f supports, imprecise cutting and misalignment of the conveyors will probably 

be reduced but to an unpredictable extent. Taking the operators out of the 
"concrol loop" should also prove to be beneficial and result in some reduction 
in non-productive time but once again the degree of improvement cannot be predicted. 
Bi-directional cutting which becomes possible with remote control will save time 
but against the saving must be set the increased "end" time associated with the 
method. Because of the large increases in instrumentation and control aophistica- 
tion it is indeed possible that automation will cause an increase in the incidence 
of delays which might collectively be sufficient to offset the improvements other- 
wise gained in the utilization of time. The development of reliability will 
need at least as much attention in the field of automation as it does elsewhere. 



(b) Making more time avai lable  f o r  production, 

Means f o r  achieving t h i s  objective a r e  well-known and include working more 
s h i f t s  per day, more s h i f t s  per week, reducing the e f f ec t  of equipment t r ans fe r s  
between worked out and replacement panels and reducing t r ave l  time a t  the  s t a r t  
aurl Liniah of ohi.ftfi T h e ~ e  improvements can be made by d i r e c t  manaaement ac t ion  
and do not depend on the  developrue~~t of ncw technology, inc lual t~g Lace auLauCion. 

(c) Better u t i l i z a t i o n  of machine haulage speed capacity,  

The output from the longwall faces i n  the  "stereotypical  mine" as  shown i n  
Table 1 is based cn the  u t i l i z a t i o n  fac tors  l i s t e d  i n  Table 2 ,  but i s  a l su  
conditioned by the  assumption of an average shearer haulage speed of only 10 
feetlminute when coal is being produced. There a r c  many fac tnrs  which influence 
the  cut t ing  speed of a longwail shearer., luc l id ing cool hardness, con-veyor 
capacity,  and geological anomalies, but the major cont ro l l ing  influence i s  the  
machine operator.  No data i s  avai lable  to  indica te  the extent t o  which designed 
haulage speed capabi l i ty  might be more nearly achieved by the  elimination of 
"hands on" contro l ,  but it i s  probably considerable. Studies a r e  current ly  being 
conducted f o r  the  Bureau i n  an attempt to  quantify t h i s  e f f ec t .  Increasing the  
average cut t ing  speed of the shearcr from 10 feetlminute t o  11 feetlminute (an 
increase of 10%) i s  perhaps eas ier  Lu visual izc  than reducing face down time from 
157 minu ta~  per ~ h i f t  t o  144 minutes per s h i f t  (a  reduction of 8%). A 3.3% 
improvement i n  face production would theore t ica l ly  sesulc frulu ~ i r h c r  imgrovom~nt. 

(d) Improving machine haulage speed capabi l i ty ,  

Except i n  th in  seam conditions where space r e s t r i c t i o n  l imi t s  the  s i z e  of 
equipment, there  appears t o  be no technical  reason preventing the development of 
shearers with grea t ly  increased power and cut t ing  capabi l i ty .  There w i l l  be 
const ra in ts  against  the f u l l  exploi ta t ion  of machine design capabi l i ty  with the 
most immediate being probably the  maximum haulage capacity of the  present 
generation of face conveyors. Figure 2 r e l a t e s  seam height,  web depth, and 
shearer haulage speed with output. The const ra in t  of the face conveyor is 
immediately apparent, pa r t i cu l a r ly  as  web depth and extracted heights increase.  
However, t he  exploi ta t ion  of cut t ing  speed capabi l i ty  up t o  maximum conveyor 
capacity would represent a tremendous improvement on present performance (except 
i n  i so la ted  cases).  Work i s  to  be done on behalf of the Bureau t o  properly 
ident i fy  t he  const ra in ts  against  f u l l  exploi ta t ion  of shearer design capabi l i ty  
and the measures which w i l l  be necessary to  remove the const ra in ts .  

Summarizing the ways whereby e f f ec t ive  lungwall muuhine uti l j .antion might be 
improved by automation, i t  i s  probable tha t  a more s igni f icant  impact w i l l  be 
obtained by cxploit ing shearer cut t ing  capabi l i ty  than by reduc1ng"'down time" 
and t h i s  appears t o  be the  s i t ua t ion  in  both the  long and short  cerm. Effor ts  t o  
reduce production losses  must of course continue, but the means t o  do t h i s  are ,  
by and l a rge ,  already avai lable  t o  luanagement and the impact of automation i n  
th iq  area  i s  d i f f i c u l t  t o  prcdlce. Ii w11t11rl be vary d i f f i r v > t  r l lrrently t o  
j u s t i fy  a major Research and Development e t t o r t  i n to  lu~rywall outomation on the  
bas is  of a speculated reduction i n  down time. 

An ear ly  appreciation of the probable impact of face automation on mining 
systems and labor requirements w i l l  be needed by management, manufacturers, and 
research and development organizations i f  f u l l  advantage i s  t o  be taken of 
increased production potent ia l  a s  i t  becomes available.  Answers must be sought 
t o  problems a r i s ing  out of the  use of more sophisticated and complex contro l  
equipment, reduced panel l i f e ,  increased peak haulage demand, and i n  many cases 
increases i n  r a t e s  of methane emission. Such problems, together with those 
posed by the  d i f f e r en t  s k i l l s  required of systems control  personnel, w i l l  probably 
be nei ther  quickly nor ea s i ly  solved. 



A precise and accurate definition is needed of the nature of potential problems 
and their probable constraining effect on system performance. The levels of 
performance at which they do become constraints to further improvements must 
also be defined. By such definition a clear order of the relative importance 
of the constraints can be established and a systematic approach to solutions 
formulated. For example, it can be seen from Figure 2 that the haulage capacity 
of current designs of face conveyor becomes a constraint at a production rate 
of about 20 tons per minute; if methane emission is unlikely in given circumstances 
to constrain production at rates below 25 tons per minute there is little immediate 
value in pursuing solutions to the methane problem unless known improvements to 
conveyor design will potentially allow this rate of production to be exceeded. 

Figure 3 illustrates a conceptual succession of events leading to a demon- 
itration of a Very High Output Face. Dates have been deliberately excluded because 
)f the numerous uncertainties along the path but it is confidently hoped that 
such a demonstration can take place by the end of 1985. The achievement of this 
objective depends on it being demonstrably contributive to the stated major ob- 
jective of the Advancing Coal Mining Technology Program. The means whereby the 
benefits of automation can be exploited on the way towards the Very High Output 
Face are now apparent and they will become a reality only if accompanied by 
acceptable cost. The development of the mine cost model by the collection and 
use of further basic data is considered to be a suitable tool for monitoring 
these events. 
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Automation of coal winnin~ systems 

The winning system with coal plough has priority esper.i,ally 
tn the Ccrrnaa lulries, 'because it is working very well in seams 
of 3 to 5 feet thickness - the main seam thickness in Germany. 
The coal plough system is characterized by the remote pulled 
iron plough with a travelling speed up to 2.5 m/sec. (about 

8 feet/sec) and a cutting depth depending on the hardness 
of coal and varies therefore in the same seam from one point 
to another. Therefore you can lose the prefixed direction 
of the face very easily. For moving the face support in steps 
of 40 to 50 cm (1.5 to 3.0 feet) we need some cuts of the 
plough and a following very fast moving of the.support to 
avoid the break down of the roof. 

The automation of the sequence of operations is the main work 
for an increase of the production time of the coal plough and 
the increase of face-output. 

Therefore the steering-system comprises the working sequence 
of the coal plough: 

- the precise approach of the face ends 
- the exact reversing of the travelling direction at pre- 
fixed points 

- the monitoring of the power input in order to avoid chain 
raptures or failures by overloading 

- the.interconnection between coal plough and face conveyor and 



- the control and maintenance of the determined direction 
of the coalface which can be done by a local or sectional 
operation of the coal plough and regulation of the hydraulic 
flow through the rams. As a further problem, there is still 
the control of the cutting horizon of the coal plough in the 
seam. 

The effort to integrate these control and monitoring functions 
into a compact control unit, led to the development of a 
control pannel for the coalface. It is built up in three systen 
groups for steering and monitoring functions in consideration 
of the ergonomic conditions (figure 1). 

The necessary instrinsically safe electronics required f01- 
alltomatic sequence of operations are built up modular. 

For monitoring of the actual dfrec.Lluns of tho  far.^! mechanical 
systems are mounted at different points to the fhce conveyor 
to measure the advance of the conveyor. Each of this systems 
containes a drum with about 2 000 feet of a wire, the end of 
which is fixed at the stone behind the face support. Figure 2 
shows the mounting of this device on the face conveyor. In the 
upper part of this picture a switching device for the coal 
plough with a high-frequency radio transmitter at the plough 
and a receiver fixed at the conveyor near the face end are 
shown. 

For indication of the actual position of the plough pulses 
from the movement of the plough are used. Fluid crystal 
displays art=! used for a digital indication and a great number 
of luminescence diodes are mounted for the analug indioation 
of the plough position. Actually seven of these control 
installations are working underground in German mines. 

The considerable extent of the electronic equipment led to 
the idea to control the entire sequence of operations by 

a process computer, which, however, has still to bc on the 
surface with regard to the present regulations for mine 
safety. The use of a process computer on the surface demands 
an additional control and monitoring panel underground for an 
emergency case of a break-down of the transmission lines. 

-. -- 



The present development of the computer industry allowes to 
hope to solve the entire problem within the next future by 
means of micro-computer to be installed underground. Figure 3 
shows an intrinsically safe micro-computer developped by 
Bergbau-Forschung. 

Optimation of Mining Operations Underground 
Beyond any automation of Individual operations, there is a 

need to ensure that all of these operations as coal winning, 
road conveying and haulage, shaft winding and hunkering smoothly 
match with one another, taking also into account certain 

aspects of underground environment, e.g. 

- development and drainage of methane 

- mine temperature and mine climate 
- mine ventilation 
- and energy supply 

The purpose of optimising all these operations is to arrive 
at a maximum working time of the coal winning equipment together 
with an optimum loading of coal without interruption of the 
means of co~~veying and haulage. The technical system required 
for accomplishing this task can only consist of an as 
comprehensive as possible monitoring of all the operational 
sectors and of a rapid systematic processing of the data ob- 
tained. To this end will be indispensable the use of both a 
process control computer as a master computer for the optimation 
of all operational sectors, as well as nminill-or nmicro-computers~ 
which are a kind of "satellitesn collecting data and accompli- 
shing specific control functions underground. 

Datatransmission systems 
An efficient data transmitting system is the necessary link 

between these underground substations or satellites'and the 
master computer at the surface. The great number of data, 
information, and measuring values to be transmitted from under- 
ground has initiated some time ago a wide use of cable-saving 
transmission techniques. In view of practical requirements the 
mining companieshave preferred to recur to the audio frequency 



multiplex technique which consists of allocating a potential 
of a specific frequency to each information to be transmitted. 
In this way a multitude of audio frequency transmitters and 
receivers located in the suLstations are able to transmit 
in parallel - i. e. simultaneously and independently - say 
24 informations through'one single two-core cable. The main 
pros of the audio frequency multiplex technique are that the 
systems are economic already with relatively few signals per 
substation and, secondly, that planning and servicing of the 
equipment is facilitated thanks to the transparency Of 
functions. 

As far as the time multiplex technique is concerned, the in- 
formations are transmitted as pulse telegrams with sequential 
transmission of the various information units. The main advantages 
of the time multiplex technique are its special suitability for 
transmitting a multitude of signals per substation and a trans- 
mission free of disturbances thanks to additional transferring 
of check characters. 

The selection of a specific transmission technique is essentially 
dependent on the volume of information to be transmitted, to 

which add certain other criteria so that one may come to the 
following conclusions: 

1) It cannot be reasonable, neither from the technical nor from 

the economical point of view, to use more than one frequency 
multiplex system for parallel data transmission from a 
collecting substation to some master s ta . t ; lu l l  

2)  Not all of t.he collected operational data is useful to the 

master station 

3) Some informations are required at more than one working 
point underground. 

4) Some data are important enough to require priority and prompt 
transmission 



A transmission system based on time multiplex makes it difficult 

to meet the requirements under item 4) in as much as the regular 
scanning cycle may get interrupted unacceptably often by 

priority recordings.Meeting the requirements of item 3) is 
not without problems either because of the need to retransmit 

certain data from the master station to any of the substations. 

With the frequency multip1.e~ technique, the requirements of 
itcms 3)  and 4) can be met easily. In view o f  the big data 

volumes to be dealt with, however, only high frequency systems 

with ample channel capacity will be suitable. Although, on the 

other hand, these may possibly create new difficulties due to the 

need of laying coaxial cables into the face areas. 

Trying to find a solution for item 2) we thought of processing 
the data as close as possible to the point of their measurement. 

The result of our considerations was a two-part data transmission 

system. The first part covers the section between data 

collection and substation. The second part covers the data 

transmission between the substations and thence to the-master 

station. Since in this case greater data volumes have to be 

transmitted simultaneously, time multiplex systems (under the 

reservations already mentioned) or the high frequency system 

with a sufficient number of channels are the appropriate 

solutions. The latter system also allows an additional input 

of specific data along the transmission line. 

One has to bear in mind, too, that with "active substation" 

systems - i.e. substations accomplishing process control 
functions by themselves - there is an increasing need for 
transmittung control commands from the master station to the 

underground stations, e.g. for switching on/off pumps, cable 

phases, mine fans etc. As these are nearly always specific 

commands which have to go to specific places, the use of a 

time multiplex system seems to be less appropriate here, too. 

A summary of the evolution of remote monitoring devices from 

1972 through 1976 is given in the table, with the respective 
numbers of monitoring channels being in service in the German 



Coal Mining Industry. It should pointed out to the above- 
average increase of remote control functions, - a tendency 
which is liable to continue. 

The evaluation of data gathered in the pit control centers 
covers a great number of informations in the form of status 
reports, meter indications, recorder graphs, and indications 
of measuring data. This kind of data display allows, in fact, 
some influencing of operations which is the more effective 
the more rapidly data are evaluated. 

With on-line data collecting, the recording device 1s sub- 
stituted for by the terminal multiplexer of a data processing 
unit. The real-time sysL;em doeo not only c.nl.lect the data 
on the spot and aL llie morncnt of their measurement, but pro- 
cesses them iuunediately. The most recent underground resulte 
are ready to be called-off and may eventually be used as an 
aid to management decision. This is, in fact, the basis for 

any optimation of mining operations. 

The fkrst section of the report dealt already with the 
details of an automation of coal faces, especially of coal 
ploughs. Here the first so-called substations, i.e. the 
micro-computers mentioned earlier, have been installed which 
receive their commands from a master station and in turn have 
to retransmit the significant characteristic data to the 
master station. Similar systems are being developed for coal 
faces with shearer-loaders, 

In the immediate context with coal winning, the optimation 
of underground coal. transport seems to be rather promising. 
With regard to main road haulage, sysLeua for optimising the 
haulage performance have already been tested successfully. 



Optimation of Continuous Conveyin4 
Continuous conveying systems consist of a multitude of 

successive and branching conveyor belts. Relatively small 
bunkers, e.g. spiral chutes or automatic horizontal bunkers, 
serve for homogenizing the coal streams coming from the 
different face areas. The coal is then withdrawn from these 
intermediate storage bunkers a. o. by means of vibrating 
chutes and thence led on to trunk conveyors. In the event 
of a badly coordinated transport flow conveyors may become 
overloaded or bunkers may flow over which would mean transport 
standstills. On the other hand poor utilization of the 
conveying capacity may occur as well which would lead to shaft 
winding standstills due to lack of coal. Rationalization by 
means of concentrating smaller mines into a few big compound 
minescreates an increasing need for optimised control of the 
coal flow. To meet these requirements, the Remote Control and 

Automation Department of Bergbau-Forschung GmbH, in cooperation 
with the Ruhrkohle mine "Haus Aden", has set up the programming 
for a master control system. 

The only solution which is generally applicable and at the same 
time promising from an economical point of view is a central 
control of the whole conveying system by one pit control center. 
For this purpose the previous monitoring and remote control 
systems have to be completed by a system selecting auto- 
matically the parameters to be controlled. Especially in the 
long run, continuous and persistent changes of the main 
conveying streams will have to be dealt with in every mine, 
so that a flexible and optimum control is an absolute must. 

One has to bear in mind that the coal flow never is continuous. 
The quantity of coal production is rather subjected to 
fluctuation by standstills in the coal faces due to equipment 
break-downs or geological disturbances. At present, control 
starts only beginning from an intermediate storage bunker 
which homogenizes the coal flow to some extent before it 

reaches the main conveying system. 



As simulation calculations have shown, the rate of conveyor 
utilization has improved along with a certain improved 
GmouLhlllg-uiit of tho conL flnw i.n the face areas, although 
the winning operations are still monitoring and controlled by 
t b  pit control center. 

If, moreover, conveyor load rates can be measured already 
shortly behind the face, the coal volume to be received by 
the conveyor system may be Uetermlrled before roaching the  

intermediate storage bunker. Controlling willthus become easier 
and more effective since the computer is able to determine 
presumable bunker filling levels. Thus a further improvement 
of control can be expected. 

Qtructure of the Main Conveying Pr0gramiin.g SysLelu".) 
Fig. 4 shows the programming structure; collection of 

measuring data and recording arenot represented as they are 
self-evident. 

To obtain an optimum utilization of conveyor capacities one has 
to know not only the bunker filling levels but also the 
conveyor belt loads prior to calculating the volumes to be 
withdrawn from the bunkers. It is thus recommended to simulate 
the conveyor belts in the computer. For such simuldtion of the 
coal flow one may recur either to time scanning or to section 
scanning (fig. 5). For time scanning, conveyor belts are 
subdivided into sections whose lengths correspond to constant 
longths of time, whereas for section scanning belts are 
subdivided into sections of constant lengths. 

The second mode of simulation should be preferred to time 

scanning since it eliminates speed variations during transition: 
phases, e.g. starting and after-running of conveyor belts 

*) ProzeBsteuerung von E'lieBftSrdersystemen (process Control of 
Continuous Conveying systems), by H. Libuda, D. Sill, J. 
Steudel, Clilckauf -Forschungshefte 35 (1974) 145-49 



The realistic simulation of a conveyor belt involves a following 
up of the real belt movement by the "computer belt imagett. With 
the real conveyor belt, this movement is auto-controlled by 
section pulses. Simultaneously the conveyor load rates 
determined by the measuring instruments located at the conveyor 
loading points are allocated to the different belt sections. 
Now, the "computer imagen of the conveyor belt system and of 
its load rates allows a control of the volumes to be withdrawn 
from the storage bunkers, on condition that face priorities 

and possible disturbances are also taken into account and over- 
load checking provided for. The optimati011 properly speaking 
Consists of predetermining by a paramount strategy the volumes 
to be withdrawn from the bunkers in a way so as to utilize shaft 
and bunkering capacities alsfully as possible. 

When calculating free conveyor belt capacity, one has to take 
into account besides conveyor load rates also the capacity to 
be reserved to subsequent bunkers of higher priority and, as the 
case may be, the load rate of parallel conveyor belts. 

A control system is furthermore required for the vibrating 
chutes through which the coal is loaded out from the bunkers. 
Triggering i s  caused by rated value changings. Firstly, the 
computer sets a quantity allocated to the rated value, as a 
function of the vibration amplitude. The load-out regulator 
at the bunker then checks whether the quantity withdrawn 
corresponds to the calculation: This checking is based on 
the average of several belt sections. Should the admissible 
value be exceeded for several successive belt sections, the 
effective rated value of the volumes to be withdrawn would 
be reduced by the average of all excess values. If belt 
overloading at bunker outlets can no longer be avoided by 
restricting the outlet valves, the feed con'veyors will be 
stopped. The programming schedule is shown on fig. 6. All the 
conveyor belt loading points are computer-controlled. 

The purpose of the storage bunker next to the shaft is to com- 
pensate both production peaks and unsufficient belt load rates. 



An optimum condition is reached if the total belt load rates 
equal the shaft winding rate. If this is not the case, the 
shaf,L Luikcr j.r. u s ~ d  as a storage facility for any coal volumes 
in excess of the shaft winding capacity, up to a give11 
filling level; only when this level is reached the volume 
of coal on the conveyors must be reduced. 

The upper filling level has to be set so as to allow any coal 
remaining on the feeding belts to be still received by the 
bunker. 

Strategy of transporting different coal types Separately on 
one convevor belt system 

The increaslrlg use of contj.nuous conveyor belt systems 
involves the problem of t.ransg~rting several coal types 
simultaneously and yet separately. A possible solution for 
automatic belt loading could be some charging method where 
only defined quantities are withdrawn from the bunkers, thus 
allowing an integration of any free belt capacities into the 
overall system. Having reached a defined filling level, the 
bunkers would automatically request allocation of belt capacity. 
Then, following up the coal flow, as described earlier,. the 
computer scans the "conveyor belt imagen for free capacities 
and allocates them to the requesting bunker by identifying 
the appropriate belt sections. If several bunkers request 
at the same time, allocations are made accordirlg to priorities 

or, if the conveyor belt is fully loaded, by means of a 
"waiting queue" (fig. 7). 

As soon as a feeding belt section with the identification 
mark of the requesting bunker arrives at the bunker, the 
predefined coal volume will be loaded out. Another belt sectic--- 
may be allocated to the same bunker as a function both of its 
remaining storage capacity as well as of free belt capacities. 



Process control of trains underground 

Similarly to the aforementioned solution, an optimation 
system*) has been developed for underground rail haulage. The 

objective is to optimise the train'circulation in order to 
avoid standstills. As a first step towards a solution a proto- 

type was installed which included all functions required 

for a control system, i. e. track lay-out, bunkers representing 

the loading points, and the shaft as discharging point. Bunker 
fill.ing levels, switching positions, levels of coal output 

at the individual underground districts and the shaft are 

indicated by pilot lights (fig. 8). 

Programming has been set up in a way as to cover any number of 
trains. The track lay-out is subdivided into sections where 

pilot lamps indicate the position of trains. Besides, the 
operational condition, destination, and loaded coal volume of 
every train are displayed by lamp and digital indications on 

a master board. 

The programming required for controlling the prototype railway 
system consists of a simulation part and a control part. The 

simulation part comprehends train Circulation, bunker filling 
levels, train charging and discharging operations. The control 

part deals with the evaluation of data collected by the 
simulation part and with the resulting control functions. 

The control programme consists of several partial programmes 

which - although dependent on each other - do not correspond 
but through a data field. This allows easy exchanging of partial 
programmes without any need to redesign the whole system in 

case of changing conditions. The various partial programmes 

are shown in fig. 9. 

The prototype makes ist possible to develop and test programming 

systems which, due to their modular structure, are adaptable 

to widely varying underground requirements. 

*) Prozeflsteuerung der gleisgebundenen Hauptstreckenfarderung 
(Process Control of Track-Mounted Main Road Conveying), by 
D. Sill, Cliickauf-Sonderdruck Nr. 15, S. 718 



Automatic Monitoring of the environment 
One of the most important reasons for remote monitoring 

in coal mines is the supervision of the environmental conditions 
underground. Important steps have been aone for precloLeuLLull 
of mine-fires by automatic monitoring of the Carbonmonoxide. 
Up to 50 sensor-heads, working by infrared absorption, are 
installed around the working points and mine gates under- 
ground. The data are scanned every minute and presented on a 
display unit as shown in fig. 10. Together with the presentat1.-. 
of the values of the last 60 minutes the process computer 
calculates continuously the tendency.of the values. So it 
is possible to d i f  f ere between Carb6tlllldnbxid cor~ l ;e~ l  ts gurle1.a Led 

by mine-fire or by diesel engine or shot-firing. 

All these described systems have been developed in the last 
years and are actually in installation in single mines in 
Germany. Fig. 11 shows as example the pit control center of 
the "Haus Adenn mine. The excellent economic result we got 
with the first prototype allow us to hope to get the first 
complete control system in the near future. 



Developme a oi Remote Control in the Coal Mining 
Industry of the Federal Republic of Germany 

Increase in $ 

45 

13 

89 

62 

Measured Binary Control 
Sect or values I conditions 

1972 1976 , 1972 1976 1972 1976 

Ventilation 1191 1997 1 LO09 1173 69 137 
I 

Energy supply i kg 9991 1150 1199; 263 261 
! 

Total 

1972 1976 

2273 3307 

1562 1759 

Mining operations 216 I 572 3908 6671 1 126 801 /4250 8044 
i I I 

! i I 
Total 1560 2868 I 6067 9043 j 458 li99 ,8085 13110 

i 6 

Increase in $ 83 49 i 162 ! 62 
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Fig. 3 Microprocessor Promonfa 8000 
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Fig. 8 Simulation model for train circalation 
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SYNOPSIS 

ENTRY LAYOUT FOR LONGWALL TOP SLICING OF THICK COAL SEAMS 

R. Kenneth Dunham, ( l )  David 0 .  Wisecarver, and Richard D.  ~ l l i s o n ( ~ )  

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

F u t u r e  demands f o r  con1 have haen p red ic ted  t o  be f o r  700 m i l l i o n  tons  i n  
1980 t o  between 1 and 3 b i l l i o n  tons  by 2000. (4 )  The United S t a t e s  p r e s e u t l y  has  
a  demonstrated r e s e r v e  of 434 b i l l i o n  t o n s ,  t h e  major i ty  of which (54 percen t )  is 
west  of t h e  M i s s i s s i p p i  River .  Although c u r r e n t  emphasis i n  t h e  West is on s u r f - -  
mining, more than ha l f  of t h e  wes te rn  r e s e r v e s  can only be recovered by undergr 
m~rhnrls .  Much of t h i s  c o a l  (45 b i l l i o n  tnns )  occurs  i n  seams g r e a t e r  Lhan 1 0  f  
i n  th ickness ,  o f t e n  y l ~ c h i n g  t o  d gveacrl  encent  than is rnmmnn i n  t h e  Eas t .  A--. ,  
much of t h e  t h i c k  c o a l  l i e s  a d j a c e n t  t o  c o a l  planned f o r  s u r f a c e  mining, s o  L l~a t  
t h e i r  e x t e n s i o n  can on ly  be by underground methods. 

Recognizing t h e  l i m i t e d  technology and l a c k  of experief iee 111 e ~ y l u i c i n g  tho 
t h i c k e r  seams by underground methods, t h e  United S t a t e s  Bureau of Mines (USBM) is 
i m ~ l e m e n t i n g  a  "Mining Systems f o r  Western Coal" r e s e a r c h  program designed t o  
develop and demonstrate  meenods a d  Lcclmology n s r e s s a r y  t o  develop t h e s e  seams. 
1111s syilopoio cummarl7.ps t h e  r e s u l t s  of one i n v e s t i g a t i o n  c a r r i e d  o u t  a s  p a r t  o t  
t h i s  USBM-sponsored program by D'Appolonia C o n s u l t i ~ g  El~gll l reza,  Inc .  Tha main 
o b j e c t i v e  of t h e  i n v e s t i g a t i o l l  was t o  develop an e n t r y  system t o  e x t r a c t  c o a l  
seams up t o  100 f e e t  t h i c k  by t h e  longwall  top s l i c i n g  method. More d e t a i l e d  
d i s c u s s i o n  is presen ted  i n  a  paper provided a s  a  handout a t  t h e  NCAIBCR Coal 
Conference and Expo I V .  A complete d i s c u s s i o n  of our  e n t i r e  s tudy w i l l  be 
a v a i l a b l e  from NTIS i n  t h e  near  f u t u r e .  

Design C o n s t r a i n t s  

The b a s i c  h y p o t h e t i c a l  des ign  c o n s t r a i n t s  e s t a b l i s h e d  by t h e  USBM t o  s a t i s f y  
a  broad range of western c u n d i t l o n s  a r e :  

A l0C-foot-thick c o a l  seam, a s  shown i n  F igure  2; 

A 10-degree seam d ip ;  

An overburden depth from 200 t o  2,000 f e e t ;  

A four-square-mile a r e a ;  

Sur face  subsidence s h o u l ~ l  Ire bowl ohoped nvpr t h e  ma.iority of 
t h e  mined a r e a ,  avoiding sharp  s u r f a c e  b reaks ;  

Thp c o a l  is young i n  g e o l o g i c a l  age, of low rank and l i a b l e  
t o  opontanenrls combustion; 

( l ) t4ining P r o j e c t  S ~ ~ p e r v i s o r ,  D'Appolonia Consul t ing Engineers ,  I n c . ,  Denver, 
Colorado. 

( " ~ e c h n i c a l  P r o j e c t  O f f i c e r ,  United S t a t e s  Bureau of Mines, Denver, Colorado. 

( 3 ) ~ x e c u t i v e  Vice P r e s i d e n t ,  D '  Appolonia consulking Engineers ,  I n c . ,  P i t t s b u r g h ,  
Pennsylvania.  

' 4 ) ~ u r p h y ,  Z.  E . ,  e t  a l . ,  June 1976, Dru~unstratcd Coal Reserve Base of t h e  United 
S t a t e s  on  January 1, 1976, U.S. R~lreau of Mines Mineral  Indus t ry  Survey, U.S. 
Department of Lhe I n t e r i o r ,  Washington, D.C. 



a The combined c o a l  recovery from t h e  pane l s  and developments 
must exceed GO pe rcen t ;  

a The c o a l  has  a  low gas emission;  and 

a The mining method w i l l  be longwall  top s l i c i n g  wi th  a  s l i c e  
h e i g h t  of 10 f e e t .  

Basic  Design Concept Philosophy 

The very  t h i c k  seam condi t ion  provides t h e  oppor tun i ty  f o r  many p o s s i b l e  
b a s i c  mining arrangements when compared t o  a l t e r n a t i v e s  a v a i l a b l e  f o r  s i n g l e  
s l i c e  opera t ions .  On t h e  o t h e r  hand, the  t h i c k  seam adds cons iderab le  complexity 
t h a t  p l a c e s  severe  c o n s t r a i n t s  on some important  planning f a c t o r s .  A  major p a r t  
of t h e  s tudy  was t o  develop t h e  r a t i o n a l e  f o r  t h e  s e l e c t i o n  nf t h e  b e s t  cand ida te  
e n t r y  eystem f o r  t h i s  new and complex condi t ion .  Many a l t e r n a t i v e  combinations of 
e n t r i e s  and t h e i r  subsystems were eva lua ted .  The op t imiza t ion  procedure cen te red  
on t h r e e  c r i t i c a l  e n t r y  components: 

a Mains. The network of roads  considered f o r  t h e  e x t r a c t i o n  of 
t h e  whole seam included main e n t r i e s :  

- At s e v e r a l  l e v e l s  i n  t h e  c o a l  seams; 

- At t h e  base of t h e  seam; 

- I n  t h e  measure rock benea th  t h e  seam; and 

- At both s i d e s  of t h e  p roper ty  and/or  along t h e  
c e n t e r  of t h e  p roper ty ,  extending downdip. 

a Submains. Options considered f o r  t h e  development of roadways 
from t h e  mains t o  each pane l  i n  each s l i c e  included:  

- Shor t  h o r i z o n t a l  e n t r i e s  from m u l t i p l e  l e v e l  mains; 

- S i n g l e  i n c l i n e s  from common mains t o  panel  e n t r i e s  
i n  a l l  s l i c e s ;  

- S i n g l e  i n c l i n e s  t o  each pane l  i n  each s l i c e ;  and 

- Double i n c l i n e s  f o r  each panel  i n  each s l i c e .  

a Panel  E n t r i e s .  The e n t r y  p o s s i b i l i t i e s  considered f o r  t h e  
longwal l  e x t r a c t i o n  i n  each s l i c e  included:  

- Mul t ip le  e n t r y  systems; 

- Dual e n t r y  systems,  wi th  and without  p i l l a r  
e x t r a c t i o n ;  and 

- A s i n g l e  e n t r y  system. 
I 

The s e c t i o n  of a  f i n a l  cand ida te  system a s  introduced below r e q u i r e s  c a r e f u l  
a n a l y s e s  of many f a c t o r s ,  varying from v e n t i l a t i o n  t o  rock mechanics. Severa l  of 
t h e  most n o t a b l e  c o n t r o l l i n g  f a c t o r s  a r e :  

a The long l i f e  of a  t h i c k  seam mine; 

a The importance of i s o l a t i o n  wi thou t  major i n t e r f e r e n c e  wi th  
o t h e r  c u r r e n t  and f u t u r e  working a r e a s ;  



a Remnant p i l l a r  e f f e c t s  on subsequent l i f t s ;  

Spontaneous combustion problems wi th  c o a l  i n  t h e  gob and 
crushed p i l l a r s ;  

The need f o r  a  uniform subsidence p r o f i l e ;  and 

a The c u r r e n t  h e a l t h  and s a f e t y  r e g u l a t i o n s  imposed by MESA 
and /or  s t a t e s ;  and probable v a r i a n c e s  t h a t  w i l l  be  requ i red  
f o r  t h i c k  seam mining. 

Geometric Design of t h e  Candidate  System 

Major f e a t u r e s  of t h e  f e a s i b l e  cand ida te  system developed by "optimizing" and 
ana lyz ing  t h e  o p e r a t i o n s  i n  d e t a i l  a r e  summarized i n  F igure  3 and inc lude :  

a A c e n t r a l i z e d  s e t  of main e n t r i e s ,  d r i v e n  downdip i n  rock 
below t h e  seam beneath a  l a r g e  c e n t r a l  b a r r i e r  p i l l a r ,  which 
a r e  used f o r  t h e  e x t r a c t i o n  of a l l  r ecoverab le  c o a l  w i t h i u  
cne f o u r - s q u a ~ e - u l l e  ale&; 

a Submain i n c l i n e s  developed i n  p a i r s  i n t o  each s l i c e  from p a i r s  
of l a t e r a l s  d r i v e n  o f f  t h e  mains along s t r i k e ;  

Fane1 e n t r y  development based nn s i n g l e  e n t r i e s  w i t h  each e n t r y  
be ing  reused f o r  t h e  e x t r a c t i o n  of a d j a c e n t  pane l s  i n  any par- 
t i c u l a r  s l i c e ;  

a An o f f s e t  50 f e e t  i n  an updip d i r e c t i o n  f o r  e n t r i e s  t o  pane l s  
i n  success ive ly  descending s l i c e s ,  except  a s  requ i red  t o  
s a t i s f y  boundary cond i t ions ,  a s  shown i n  F igure  4;  

Longwall mining of 600-foot f a c e s  by r e t r e a t  methods along 
s t r i k e  from t h e  edges of t h e  p roper ty  t o  t h e  c e n t r a l  b a r r i e r  
p i l l a r :  and 

Staggered pane l s  a t  each edge of t h e  p roper ty  and both s i d e s  
of  t h e  b a r r i e r  p i l l a r  t o  produce a  uniform subsidence t rough.  

- 
Opera t iona l  D e s i ~ n  and Costs ,  

The paper  d i s c u s s e s  a l t e r n a t i v e s  considered and s e l e c t e d  systems f o r :  

P a n e l  Sequencing 
r Mining Methods and Equipment 

M a t e r i a l s  Handling 
a V e n t i l a t i o n  

Spontaneous Heating Cont ro l  

D e t a i l e d  economic ana lyses  show smal l  buc s i g n i f i c a n t  inc reoacs  ili rhe  minlng 
c o s t  when compared t o  conven t iona l  t h i n  seammining.  However, economic f e a s i b i l i t ]  
of t h e  method i n  t h e  f o r e s e e a b l e  f u t u r e  is apparen t .  Lowest c o s t s  w i l l  be r e a l i z e i  
by mechanizing t h e  more l abor - in tens ive  a s p e c t s  of mining t h e  t h i c k  c o a l .  



I Short Ton = 0.907 Metric Tons 

FIGURE I DEMONSTRATED COAL RESERVE BASE OF T H E  U.S.A. 
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SHORTWALL AND ROOM-AND-PILLAR MINING COSTS 

Larry E. Green 
Industrial Engineer 

and 

Eugene R. Palowitch 
Deputy Research Director 

Pittsburgh Mining and Safety Research Center 
Pittsburgh, Pennsylvania 

For shartwall mining to be profitable, the additional capital investment of 
ahout $1 million fur shortwall roof supports must be offset by decrcosed total 
operation costs and/or lncreased coal production. The Bureau of Mines, thercfare, 
conducted a dmnncltrntion PPQJEEL to Cbfnpare shortwall and room-and-pillar mining. 

Daily two-shift production from the Bureau of Mines-Beth-Elkhorn Corp. short- 
wall demonstration project averaged 975 tons of raw coal, compared with 905 tons 
from a room-and-pillar unit operating under similar conditions. The estimated 
direct operating costs for the shortwall and room-and-pillar units were $4.21 and 
$4.03 per ton. respectively. 

The profitability of the shortwall system was found to depend not only on the 
increased depreciation cost of the powered roof supports and the decreased cost of 
supplies and materials but also on such factors as the fixed and variable indirect 
costs and the selling price of the coal. Shortwall mining was demonstrated to be a 
viable alternative to room-and-pillar mining. 

Introduction 

The Bureau of Mines and the Beth-Elkhorn Corp. under a cooperative agreement 
have been demonstrating shortwall mining oincc Jarludry 1973 in the 2 West section 
of Beeh-Elkhorn's No. 22 mine in Letcher County, near Deane, Ky. (fig. 1). Mining 
is in the Elkhorn No. 3 coalbed, which is 48 to 54 inches thick and lies under 150 
to 800 feet of cover. 

This study compares the cost of mining coal by two different mining systems-- 
shortwall and room-and-pillar. Because both systems are operating in close prox- 
imity with each other in the 2 West section of the mine, in the same coalbed, and 
under similar geologic conditions, the indirect costs for general overhead, general 
mine depreciation, transportation, preparation, waste disposal, taxes, insurance, 
and all other costs outby the operating section and common to both systems were not 
separately identified but were added directly to the direct operating costs (direct 
labor, material, utilities, and face equipment depreciation). Production, super- 
vision and maintenance labor, face equipment depreciation, materials, and utilities 
costs were obtained from the operator and from pertinent literature (I), (2). (3). 

lrcct Mining Costs 

The two systems being compared are adjacentl; located in the 2 West section of 
Hendrix No. 22 mine. D unit, the shorcwall unit, develops 150-foot wide panels by 
driving three entries 2,400 feet deep and extracting these shortwall panels with a 
continuous miner and shuttle cars under powered roof supports; B unit, a standard 
room-and-pillar unit, develops sets of eight entries and subsequently extracts 
these pillars on retreat. Both units normally work two production shifts and one 
maintenance shift per day, five days per week. Both employ 10-man production crews 
and essentially the same coal cutting, loading and haulage equipment. On the aver- 
age, the raw coal produced contains 22 percent reject. 



Room-and-Pillar System 

The standard room-and-pillar system (fig. 2) was used by B unit. The unit 
consisted of a 10-man production crew working two production shifts per day. The 
equipment was maintained by a four-man maintenance crew on the nonproduction 
shift. The face production equipment included a continuous miner, a roof-bolting 
machine, two shuttle cars, one battery-operated scoop tractor, and a section belt 
ratio feeder supplying a 36-inch belt conveyor. 

The production crew initially drove eight entries, cutting the coal with the 
continuous miner and hauling it with the two shuttle cars to the ratio feeder. The 
entries and crosscuts are driven 20 feet wide on 50- and 75-foot centers, respec- 
tively (fig. 2). During development, belt conveyor, track, trolley wire, high- 
voltage cable, and waterline are installed in one of the middle entries. Concret 
block stoppings are installed in the crosscuts. Roof bolts are used throughout t 
aection eo support the roof. The MESA-approved roof support plan prescribes the 
use of 518-inch diameter bolts 5 feet long placed on 'I-112-foot cenLcrc acroso the 
width of the entry (not to exceed 22 feet) and on &-foot centers in the direction 
of  advance. 

At the completion of the eight-entry development, the pillars are extracted 68 
retreat. The same equipment and personnel used for development are used for 
rctraot. Dvri.ng retreat the installed track, trolley wire, conveyor, high-voltage 
cable, and waterlines are recovered. Although the ruuf control plan for the 
Hendrix No. 22 mine Il~dlcatce virtually comp1.ete pillar extraction, actual room- 
and-ptllar recovery averages about 85 percent. 

During a 16-month period prior to the installation of the shortwall system, B 
unit's production averaged 888 tons per day; during the shortwall demonstration 
period (January 2, 1973, to January 19, 1977) B unit's production while developing 
1 Right averaged 905 tons per day (4). 

The 10-man production crews mining coal on both the development and retreat 
phases of the room-and-pillar mining system represent only the personnel working at 
thc face. The same is true of the four-man maintenance crew. The personnel cost 
necessary for all general inside labor not performed Ly the direct operating crews 
is included in the indirect cost. This includes such functions as installing and 
recovering track, trolley wire, waterline, and concrete block stoppings. 

The wagc rates used were those in effect November 1976 per the National 
Bituminous Coal Wage Agreement of 1974. The direct labor cost per shift for the 
10-man production crew is $579, or $1.28 per ton. The maintenance shift direct 
labor cosc is $229, for 0 unit cost per ton of $0.25. 

Annrhnr direct operating cost is depreciation uT the facc equipment. Straight- 
line depreciation with zero salvage value for all. rqulymcnt r?aG a s w l r n ~ d .  The 
initial equipment costs reflect 1976 prices. Based on an average production rate 
of 905 tons per dey and 220 production days per year, th'e depreciation charge is 
$121,770 per yoar. .ql~ivnl.ent t~ $0.61 per ton. 

Material costs were estimated by charging the materials actually coasumed 
during a 150-foot advance of the eight-entry room-and-pillar section (B unit). 
A distinction was made between those materials used during development and those 
!wed during retreat. 

The materials can be classified into two broad categories: (1) Materials that 
are completely consumed during mining, such as roof bolts, rock dust, and timber; 
and (2) materials that are recovered and reused, such as trolley wire and track. 
The recoverable materials are capital in nature; hence their depreciation cost was 
included in the fixed depreciation costs. 



The m a t e r i a l  c o s t s  f o r  bo th  development and r e t r e a t ,  weighted i n  p ropor t ion  t o  
t h e  c o a l  p roduc t ion  i n  a  normal e igh t -en t ry  product ion s e c t i o n ,  i s  es t imated  a t  
$1.75 p e r  ton .  

Face u t i l i t y  c o s t s  f o r  wa te r  and e l e c t r i c i t y  va ry  wi th  t h e  type  of equipment 
used f o r  mining. Estimated wate r  requ i red  f o r  a  t y p i c a l  room-and-pillar s e c t i o n  is  
3,000 g a l l o n s  pe r  s h i f t ;  a t  $0.10 per  1,000 g a l l o n s ,  t h i s  amounts t o  approximately 
$ 1  p e r  day. E l e c t r i c a l  power c o s t s  a r e  d i r e c t l y  r e l a t e d  t o  t h e  r a t e d  horsepower 
and du ty  c y c l e  of t h e  f a c e  equipment. Continuous miner and s h u t t l e  c a r  o p e r a t i o n s  
were t ime s tud ied  a t  t h e  s h o r t w a l l  demonstrat ion.  Based on a  $0.02-per-kilowatt- 
hour e l e c t r i c  r a t e ,  t h e  d a i l y  f a c e  power c o s t  i s  $127. The combined water  and 
e l e c t r i c  u t i l i t y  c o s t  i s  t h u s  $0.14 per  ton.  

The t o t a l  d i r e c t  o p e r a t i n g  c o s t s  c a l c u l a t e d  f o r  a n  e igh t -en t ry  room-and-pillar 
s e c t i o n  were $.3,644 per  day and $4.03 per  ton .  Table 1 summarizes t h e s e  c o s t s ,  
which include. d i r e c t  product ion and maintenance l a b o r ,  equipment d e p r e c i a t i o n ,  
m a t e r i a l s ,  and u t i l i t i e s .  

Table 1 .  - D i r e c t  o p e r a t i ~ l g  c o s t s ,  B u n i t  

Shor twal l  System 

The shor twal l  o p e r a t i o n  (D u n i t )  a t  Hendrix No. 22 is  dep ic ted  i n  f i g u r e  3. 
D u n i t  is manned by a  10-man produc t ion  crew, working two produc t ion  s h i f t s  pe r  
day,  f i v e  days pe r  week. A five-man crew main ta ins  t h e  equipment on t h e  a v ~ n i n g  
s h i f t  of each workday. 

Per  ton 

$1.28 
.25 
.61 

1 ;75  
.14 

4.03 

Cost ca tegory  

Produc t ion  l a b o r . . . . . . . . . . . . . . . . .  
Maintenance l abor . . . . . . . . . . . . . . . .  
Depreciat ion.  .................... 
MaterJa l s  ........................ 
U t i l i t i e s . . . . . . . . . . . . . . . . . . . . . . . .  

T o t a l . .  ...... 

The primary mining equipment employed by D u n i t  c o n s i s t s  of  a con t inuous  
miner ,  two s h u t t l e  c a r s ,  a  battery-powered scoop t r a c t o r ,  a  s e c t i o n  b e l t ,  a  r a t i o  
f e e d e r ,  a  roof -bo l t ing  machine, and a  s h o r t w a l l  powered roof suppor t  system. The 
c o a l  is c u t  and loaded wi th  a  cont inuous miner and hauled t o  a  s e c t i o n  b e l t  r a t i o  
feeder  by two s h u t t l e  c a r s .  

Dai ly 

$1,158 
229 
554 

1,575 
128 

3,644 

The shor twal l  pane l s  a r e  developed by d r i v i n g  a  s e t  of t h r e e  e n t r i e s  20 f e e t  
wide on 50-foot c e n t e r s  wi th  20-foot-wide c r o s s c u t s  on 75-foot c e n t e r s  t o  a  dep th  
of 2,400 f e e t  t o  c r e a t e  a  150-foot wide by 2,400-foot-long s h o r t w a l l  panel  ( 5 ) .  
The development e.n/tries s e r v e  f i r s t  a s  headgate e n t r i e s  and subsequently a s  t a i l -  
g a t e  e n t r i e s  f o r  t h e  nex t  panel .  Approximately 200 f e e t  of t h e  developed s h o r t w a l l  
panel  i s  l e f t  s t and ing  a s  a  b a r r i e r  p i l l a r  t o  p r o t e c t  t h e  main e n t r i e s .  Roof b o l t s  
a r e  used throughout  t h e  development e n t r i e s  t o  support  t h e  roof .  Concrete  b lock  
s topp ings  a r e  i n s t a l l e d  i n  t h e  c r o s s c u t e  a s  development p rogresses .  A b e l t  con- 
veyor, t r o l l e y  wire,  high-vol tage c a b l e ,  w a t e r l i n e s ,  and t r a c k  a r e  i n s t a l l e d  i n  t h e  
c e n t e r  e n t r y .  

At t h e  lnby end of t h e  2,400-foot-deep development e n t r i e s ,  150 f e e t  of 
a d d i t i o n a l  th ree -en t ry  b l e e d e r s  a r e  d r i v e n  perpend icu la r  t o  e s t a b l i s h  a  s h o r t w a l l  
f a c e  ( f i g .  4 ) .  No t r a c k ,  conveyor, cab le ,  o r  w a t e r l i n e  is  i n s t a l l e d  i n  t h e s e  
e n t r i e s .  

The same equipment and f a c e  crews used t o  develop t h e  e n t r i e s  a r e  used t o  mine 
t h e  c o a l  and hau l  it from t h e  s h o r t w a l l  f a c e  t o  t h e  pane l  conveyor. The average  
l i f t  a c r o s s  t h e  f a c e  is  4.5 f e e t  h i g h  and 10.5 f e e t  wide. It t a k e s  approximately 



1.7 hours  t o  make a complete l i f t  and r e q u i r e s  69 t o  70 s h u t t l e  c a r  t r i p s  a t  a 
payload of 4.3 t o n s  t o  t r a n s p o r t  t h e  c o a l  from t h e  f a c e  t o  t h e  breaker-feeder .  The 
average  time t o  c l e a n  up and advance t h e  f a c e  a f t e r  each l i f t  i s  33 minutes. A 
battery-powered scoop c r o s s e s  t h e  f a c e  a f t e r  each l i f t  t o  c o l l e c t  loose  c o a l  and 
h a u l  i t  t o  t h e  headgate.  

Once t h e  pane l  of c o a l  is mined, t h e  p roduc t ion  crews p u l l  t h e  roof suppor t s  
o f f  t h e  f a c e  and s t o r e  them i n  an c n t r y .  The produc t ion  crews move t h e  mining 
equipment t o  begin development of ano ther  panel. A s e p a r a t e  three-man crew moves 
and s e t s  up t h e  s t o r e d  roof  suppor t s  on to  t h e  n e x t ,  a l r e a d y  developed, s h o r t w a l l  
f ace .  Th is  crew a l s o  performs necessa ry  maintenance on t h e  chocks a s  w e l l  a s  
g e n e r a l  c leanup and f a c e  p r e p a r a t i o n  f o r  t h e  s h o r t w a l l  pane l .  

No produc t ion  is  l o s t  between p a n e l s  i n  t h e  normal mining c y c l e  because t h e  
s h o r t w a l l  suppor t s  a r e  s e t  up on t h e  new pane l  dur ing  t h e  dcvelopment of  t h e  suc- 
ceeding panel .  

Durilry t h e  pe r iod  January 2, 1973, t o  January 19,  1977, s i x  f u l l  s h o r t w a l l  
pane l s  were developed and e x t r a c t e d ;  t h e  development of a sevrrrth panel  was s t a r t e d  
bu t  had t o  be abandoned a f t e r  d r i v i n g  on ly  about  900 f e e t  because of adverse  roof 
c o n d i t i o n s  ( f i g .  3)*. 

T U L ~  LAW c o o l  p r o d u ~ c i n n  from t h e  seven and one-third s e t s  of pane l  develop- 
ment e n t r i e s  and from t h e  s i x  pane l s  dur ing  t h e  period J a n u a ~ y  2 ,  1373, t o  Jannary 
19,  1977 was 691,749 tons ,  of w h l c l l  30G1791 tons  was development c o a l  and 384,958 
torrs was r c t r e a t  ( shor twa l l )  c o a l .  Average d a i l y  p roduc t ion  from t h e  s h o r t w a l l  
ranged from a low of 856 t o n s  i n  t h e  f i r s t  panel  t o  a h igh  of 1,166 t o n s  i n  t h e  
f o u r t h  pane l ,  whi le  average  d a i l y  development p roduc t ion  ranged from 714 on 1 L e f t  
t o  1,032 on 7 L e f t .  P r o d u c t i v i t y  ranged from 29 t o  47 t o n s  p e r  face-manshif t .  The 
h i g h e s t  d a i l y  p roduc t ion  was 2,027 tons .  

Overa l l .  D u n i t ' s  d a i l y  performance showed 913 t o n s  on development, and 1,031 
t o n s  on r e t r e a t  ( s h o r t w a l l  e x t r a c t i o n )  f o r  a weighted average  of 975 tons .  

Because t h e  c h a i n  p i l l a r s  between t h e  development e n t r i e s  a r e  n o t  recovered,  
coalbed recovery  wi th  t h e  s h o r t w a l l  system is  approximately 82 percen t .  

The 10-man produc t ion  crew f o r  D u n i t  i s  cos tcd  a t  $581 per  s h i f t ,  o r  $1.19 
p e r  ton. The maintenance crew c o s t  is $278 per  s h i f t ,  o r  $0.29 p e r  ton .  The roof 
suppor t  moving crew s h i f t  and u n i t  c o s t  p e r  ton  a r e  $198 and $0.07, r e s p e c t i v e l y .  
The moving l a b o r  c o s t  i s  based on a n  average  36 product ion days f o r  t h e  crew, and 
108,000 t o n s  of c o a l  f o r  one complete s h o r t w a l l  c y c l e  of developmerrt and panel  
e x t r a c t i o n .  

The equipment used i n  s h o r t w a l l  mining is ide r r t i ca l  Lo t h a t  used f o r  mom-and- 
p i l l a r  o p e r a t i o n  wi th  one s i g n i f i c a n t  add i t ion- - the  powered roof  suppor t s .  The 
suppor t  systein used i n  t h i s  p a r t i c u l a r  c a s e  c o n s i s t e d  of 42, four- leg,  500-ton- 
c a p a c i t y ,  42-inch-wide chocks. The chocks were s e t  on 48-inch c e n t e r s  and a t t a c h e d  
t o  a n  a r t d c u l a t e d  r e f e r e n c e  r a i l  t o  main ta in  proper  spac ing  and al inement  a c r o s s  
t h e  f a c e .  For purposes of t h i s  s tudy ,  t h e  chucks werc coated a t  an i n s t a l l e d  1976 
v a l u e  of $1  m i l l i o n .  A l i f e  expectancy of 1 0  years  was assumed, Although a roof 
b o l t e r  normally w i l l  be used on ly  o c c a s i o n a l l y  whi le  mining a s h o r t w a l l  panel ,  i ts  
d e p r e c i a t i o n  was f u l l y  charged t o  t h e  s h o r t w a l l  system. 

Annual s t r a i g h t - l i n e  d e p r e c i a t i o n  c o s t  f o r  t h e  s h o r t w a l l  roof suppor t s  i s  
$100.000. Th is  r a i s e s  t h e  t o t a l  annual  d e p r e c i a t j o n  from $121,770 p e r  y e a r ,  o r  
$0.61 per  t o n  f o r  a room-and-pillar system, t o  $221,770 per  y e a r ,  o r  $1.03 per  ton 
f o r  t h e  s h o r t w a l l  system. 

M a t e r i a l  c o s t s  were es t imated  i n  t h e  same manner a s  f o r  t h e  cont inuous room- 
a n d - p i l l a r  system. M a t e r i a l s  used dur ing  panel  development and panel  e x t r a c t i o n  
were i n d i v i d u a l l y  i d e n t i f i e d  because of t h e  d i s t i n c t  d i f f e r e n c e  i n  p roduc t ion  and 
c o s t s  between t h e  two miniag phases.  



As a complete cycle of the shortwall system includes developing 2,670 feet of 
a three-entry system and extracting a 2,200-foot-long by 150-foot-wide shortwall 
panel, the individual material unit costs were weighted in proportion to the ex- 
tracted coal tonnages attributable to each of these two phases. The material cost 
for D unit is $1.50 per ton. 

The shortwall system daily utility costs are assumed to be the same as for the 
room-and-pillar system. The roof bolter is used sparingly while mining the short- 
wall panel, but this cost saving is offset by the cost to operate the hydraulic 
system for the chocks. The utility cost is estimated at $128 per day, or $0.13 per 
ton. 

A summary of the shortwall direct operating costs is given in table 2 

TABLE 2. Direct operating costs, D uuit 

Total Mining Costs 

Cost catcgory 
.... 

Production labor................. 
Maintenance labor.. .............. 
Chock moving labor............... 
Depreciation............ ......... 
Materials........................ 
Utilities........................ 

Total........ 

The total costs of mining includes the direct operating costs and the indirect 
costs. Direct operating costs determined for the room-and-pillar system (table 1) 
and for the shortwall system (table 2) at average raw coal production levels of 905 
tons per day and 975 tons per day respectively are given in table 3. 

TABLE 3. - Sumary of total dlrect operating costs per ton 

Daily 

$1,162 
278 
68 

1,008 
1,463 
128 

4,107 

per ton 

$1.19 
.29 
.07 

1.03 
1.50 
.13 

4.21 

The indirect costs incurred in the prorluction of coal must be included in 
ateminine the total mining cost. Specific costs include general mine and payroll 

overhead, transportation, depreciation, labor, insurance, preparation, waste dis- 
posal, and taxes. These indirect costs consist of both fixcd and variable ele- 
ments with respect to productiot~. Insurance, depreciatiqn, and property taxes are 
examples of fixed indirect costs, which remain essentially constant regardless of 
the amount of coal produced. The variable indirect costs include expenses for 
such items as coal royalties, excise taxes, and contributions to the United Mine 
Workers of America Trust Fund. These costs are a direct function of the level of 
coal production. In general, only a small proportion of total indirect costs is 
variable in nature. 

Cost category 

Production labor................. 
Maintenance labor................ 
Face depreciation. ............... 
Materials........................ 
Utilities........................ 

Total unit cost per ton 
of raw coal............... 

l~ncludes chock moves. 

Room-and-pillar 

$1.28 
.25 
.61 

. 1.75 
.14 

4.03 

Shortwall 

$1.19 
l.36 
1.03 
1.. 50 
.13 

4.21 



Conventional  accounting p r a c t i c e  sp reads  t h e  i n d i r e c t  c o s t s  of product ion 
e q u a l l y  over  each u n i t  produced t o  a r r i v e  a t  a  t o t a l  u n i t  c o s t  of product ion.  A s  
a  major p o r t i o n  of t h e  i n d i r e c t  c o s t s  a r e  f i x e d ,  any i n c r e a s e  i n  annual  p roduc t ion  
w i l l  sp read  t h i s  f i x e d  annual  c o s t  over  more u n i t s  and hence w i l l  provide a  lower 
t o t a l  c o s t  p e r  u n i t .  

Although i n d i r e c t  c o s t s  va ry  apprec iab ly  between mines, an assumption was made 
of t h e s e  c o s t s  t o  a l low comparing t h e  t o t a l  c o s t s  of t h e  two mining systems.  A 
f i x e d  i n d i r e c t  c o s t  of  o p e r a t i n g  a  h y p o t h e t i c a l  mine wi th  a  s i n g l e  c o a l  producing 
s e c t i o n  o p e r a t i n g  two product ion s h i f t s  pe r  day was es t imated  a t  $4 m i l l i o n  annual- 
l y .  The v a r i a b l e  p o r t i o n  of t h e  t o t a l  i n d i r e c t  c o s t s  was es t imated  a t  $3 per  ton  
of  c l e a n  c o a l .  

The p roduc t ion  and c o s t  exper ience  gained a t  Hendrix No. 22 was used a s  a  
b a s i s  f o r  comparing t h e  economics of t h e  two systems: t h e  room-and-pillar system 
produced a n  average  of 905 t o n s  of raw con1 d a i l y  a t  a d i r e c t  c o s t  of $4.03 p e r  ton  
(706 tons  of c l e a n  c o a l  p e r  day a t  a  d i r e c t  c o s t  of $5.17 per  t o n ) ;  t h e  s h o r t w a l l  
system produced a n  average of  975 tons  of raw c o a l  pe r  day a t  a  d i r e c t  c o s t  of 
$4.21 p e r  t o n  (761 tons  of c l e a n  c o a l  d a i l y  a t  a  d i r e c t  c o s t  of $5.39 per  t o n ) .  
The t o t a l  o p e r a t i n g  c o s t s  of t h e  two mining systems,  based on c l e a n  c o a l  produc- 
t i o n ,  a r e  d e p i c t e d  i n  t a b l e  4. 

TABLE 4. Operat ing c o s t a  cumary, h y p o t h e t i c a l  mine 

Because t h e  s h o r t w a l l  system yroducerr an nveraqe of 12,100 tons  of c l e a n  c o a l  
p e r  year  more than  t h e  room-and-pillar system (167,420 t o n s  v e r s u s  155,320 t o u s ) ,  
t h e  r e d u c t i o n  of $1.86 p e r  ton i n  i n d i r e c t  c o s t s  ($25.75 v e r s u s  $23.89) more than  
o f f s e t s  t h e  inc reased  d i r e c t  c o s t  of $0.22 p e r  ton  ($5.39 v e r s u s  $5.17) f o r  t h e  
s h o r t w a l l  c o a l .  Thus, under t h e  above assumptions,  t h e  t o t a l  c o s t  of s h o r t w a l l  
c o a l  a t  t h i s  h y p o t h e t i c a l  mine is $1.64 p e r  ton l e s s  than  t h e  c o s t  of room-and- 
p i l l a r  c o a l  ($33.92 v e r s u s  $32.28). 

Mining 
system 

Room-and-pillar 
Shor twal l  

P r o f i t a b i l i t y  

Using t h e  o p e r a t i n g  c o s t s  dclleloyarl abovo, t h e  economics of t h e  two systems 
can  be compared t o  de te rmine  t h e  p r o f i t a b i l i t y  of t h e  s h o r r w a l i  invcsemencs. Tho 
lower t o t a l  o p e r a t i n g  c o s t s  p e r  ton  f o r  t h e  s h o r t w a l l  r e s u l t  i n  h igher  g r o s s  p r o f i t .  
I f  t h c  s e l l t n y  p r i c o  of  c l e a n  c o a l  i s  assumed t o  be  $40 per  ton ,  t h i s  c o s t  b e n e f i t  
r e s u l t s  i n  an addiLlona1 annual g r v s s  p r o f i t  of $347.028 per  year .  Th i s  inc reased  
p r o f i t a b i l i t y  of  t h e  s h o r t w a l l  system i n  t h e  hypothetical mine is  i . l l u u t r a t r d  i n  
t a b l e  5. 

Annual 
c l e a n  c o a l  
product ion,  

t o n s  

155.320 
167,420 

TABLE 5. - Comparative p r o f i t a b i l i t y ,  h y p o t h e t i c a l  mine 

. -  . 

Operat ing c o s t s  

Mining 
system 

Room-and-pillar 
Shor twal l  

D i r e c t  
pe r  ton 

$5.17 
5.39 

Annual 

$802,373 
903.045 

Var iab le  
i n d i r e c t  

T o t a l  revenues 

Fixed 
annual  
i n d i r e c t  
m i l l i o n s  

$4 
4 

p e r  ton  

$3.00 
3.00 

p e r  ton  

$40.0 
40.0 

Annual 

$465.960 
502,260 

annual  

$6,212,800 
6,696,800 

T o t a l  o p e r a t i n g  c o s t s  

T o t a l  

pe r  ton 

$32.92 
32.28 

Gross p r o f i t s  

Annual 

$5,268,333 
5,405,305 

annual  

$5,268,333 
5.405,305 

per  ton  

$6.08 
7.72 

per  t o n  

$33.92 
32.28 

annual  

$944,467 
1,291,495 



Some businessmen consider all fixed indirect costs as prepaid or recovered in 
an existing profitable enterprise. Under these circumstances only the variable 
portion of the indirect costs and the direct operating costs would be attributed to 
any increased production in evaluating a proposed capital investment. Under this 
philosophy, the extra daily shortwall production of 55 tons of clean coal would be 
costed at $8.39 per ton. With coal selling at $40 per ton, this represents a gross 
profit, before taxes, of $31.61 per ton. Comparing the increased annual gross 
profit to an initial shortwall investment of $1 million, the investment would be 
recovered in 2.6 years. 

Annual Cost and Capital Recovery Analysis 

An annual cost analysis was performed with the following assumptions: (1) As 
:he run-of-mine coal averaged 22 percent reject during the demonstration period, 
:aw coal production was adjusted accordingly to reflect salable clean coal tonnages 
when determining gross income from sales; (2) the oalable clean coal was valued at 
$40 per ton; (3) depletion was estimated at 10 percent of sales in accordance with 
Internal Revenue Service procedures; (4) a 7-percent investmcnt tax credit for the 
capital cost of the shortwall supports was claimed (As the cost comparison is made 
on an annual basis, this one-time tax credit was converted to an equivalent uniform 
annual tax savings); (5) a 48-percent tax rate was used to determine the rate of 
return after taxes; (6) a 15-percent rate of return was selected as the minimum 
acceptable to any prospective mine operator evaluating an initial capital invest- 
ment in a shortwall system; and (7) the mine work schedule was set at two produc- 
tion shifts per day and 220 workdays per year. 

Based on these assumptions, the shortwall system generates an additional 
positive annual cash flow of $366,087. This represents a capital recovery period 
of 4.3 years to recover the required $1 million estimated current price of a set of 
shortwall roof supports at 15-percent rate of return. The capital recovery period 
for the actual initial investment of $430,000 for the shortwall roof supports in 
1973 is 1.7 years. 

Discussion 

Shortwall mining is relatively new in the Uuiced States. The first shortwall 
face was inntallcd i11 cRe Federal No. 1 mine in February 1973, and by the end of 
1975, five shortwall faces had been installed (6). Since then at least three 
additional shortwall faces have begun operating, and several more are in the plan- 
ning stages. It is felt that as more experience is gained, better methods will 
evolve, face equipment will improve, and coal production will increase--all of 
which will improve the economics of shortwall mining. 

Significant operational improvements in the system also are possible. A 
recent study of the availability of the shortwall system showed that it was oper- 
ational only 68.2 percent of the available working time (7). Haulage and other 
non-face-related delays represent an additional 15.7 percent of the available 
working time. Simulation studies of the system indicated, and experience proved, 
that the continuous miner was idle approximately half of the available face time 
~aiting for shuttle-car haulage (8). If any of the continuous haulage techni-quec 
:urrently under study by the coal industry, the mining macl~lne manufacturers, or 
che Bureau prove succensful, subutantial increases in production might be achieved. 

The development and extraction of shortwail panels by a single production unit 
was the more convenient approach for the purposes of this demonstration. This 
strategy eliminated the loss of coal production at the completion of a shortwall 
panel. Because no coal production was being lost, there was ample time to repair 
and maintain the roof supports between panel moves. Thus, the cost incurred 
through idle capital equipment was at least partially offset by the high availa- 
bility of the well-maintained roof support system. 



Conclusion 

Experience gained dur ing  t h i s  demonstrat ion suppor t s  t h e  fol lowing 
conc lus ions  : 

1. The s h o r t w a l l  u n i t  produced 70 t o n s  of raw c o a l  pe r  day more than  an 
a d j a c e d t  ~uuur -ond-pf l l a r  u n i t  o p e r a t i n g  under e s s e n t i a l l y  i d e n t i c a l  cond i t ions .  

2. The es t imated  d i r e c t  c o s t  of mining a con of raw c o a l  by Llie ohortwa1,l 
method is  18  c e n t s  h igher  than  t h e  c o s t  of mining by t h e  room-and-pillar method. 
The inc reased  c o s t  of  d e p r e c i a t i n g  t h e  s h o r t w a l l  roof suppor t  system was on ly  
p a r t i a l l y  o f f s e t  by r e d u c t i o n s  i n  t h e  c o s t  of s u p p l i e s  and m a t e r i a l s .  

3. The p r o f i t a b i l i t y  of a system t h a t  produces an a d d i t i o n a l  70 t o n s  of coa 
p e r  day b u t  a t  a n  18-cent-per-ton h igher  d i r e c t  c o s t  i s  a f u n c t i o n  of t h e  d i r e c t  
o p e r a t i n g  c o s t s ,  t h e  f i x e d  and v a r i a b l e  i n d i r e c t  c o s t s ,  t h e  q u a l i t y  of t h e  raw 
c o a l ,  and t h e  s e l l i n g  p r i c e  of t h e  c l e a n  c o a l .  

4 .  Sl~orbwoll minipe, has  been proven a v i a b l e  a l t e r n a t i v e  t o  room-and-pillar 
ruining. 
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FIGURE 1. - Hendrix No. 22 Mine, 2 West Section.
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FIGURE 2. - Room-and-Pillar Arra'ngement, 2 West.Section, B Unit. 



FIGURE 3. - Shortwall Area of the Hentlrix No. 22 Mine. 



FIGURE 4. - Shortwall Arrangement, 2 West Section, D Unit. 



A NOVEL APPROACH TO LOUGIJALL MIMING 
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Abstract 

With the progressively increasing depth of mining operations in 
nstralia, and with increasing problems with room and oillar mining, 
onsideration of the alternative of longwall has resul.tecl in a number 

"f self advancing retreating lonqwalls and shortwalls in the N.S.W. , 
miliing areas, with some successes and some failures. Even with 
drivngc at dcpLll beilry thus rniniiiiised, problems are still experienced 
in keeping sufficient development ahead of extraction, with conseauent 
hold-up of extraction schedules. 

The development in Australia of the shortwall method using 
trackless equipment and self advancing supports as an alternative to 
pillar extraction has generally met with success and has reduced 
drivages and improved recovery. If shortwall extraction can be done 
on the advance using existing mining equipment it could provide 
roadways for subsequent retreating lonuwalls or shortwalls and thus 
obviate drivage completely in areas destined for extraction. The 
particular problems in such a system lie in support of roadways during 
the advance stage and the retreating stage. There is promise in 
modern pack building methods of obviating the tedious chock buildina 
or pack building of the past and at the same time of providing 
effective seals against air leakages through goaves during advance 
work. In the case of certain Australian areas where outbursts of 
coal and gas occur in development the change to development by 
shortwall advancing should reduce the proneness one category and 
should thereby reduce the extent of preventive measures. The slower 
rate of advance of the "development" front,yet with perhaps augmented 
tonnage, should be a further factor in reducing proneness. So far 
the method remains as a proposal and has not been tested. 

Background , 

The two major underground coalmining areas of Australia are the 
Newcastle and Illawarra areas of New South Wales. The flat-lying 
Permian seams outcrop and since the commencement of mining in about 
1800, work has progressed towards deeper cover, more quickly in the 
Illawarra area where the seams outcrop below an escarpment, and more 
nuickly with the passage of time and mountina production, especially 

n the last decade due to a significar~t export market. Now, the 
orkings have penetrated to depths of cover up to 500 m, still shallow 

..y some overseas standards. 

Elsewhere in Australia, and particularly in the Bowen Basin 
Queensland, deposits are being opened up, also in flat-lying seams of 
Permian age, and in seam thicknesses.up to 6 m. Alreadv one mine has 
reached 380 m depth of cover, and significant problems are experienced. 
The great productive potential of this area, at depth, is presently 
jeopardised by develooment ~r0hlemS. 



For many years the standard coal mining method in Australia has 
been room and pillar. This has suited the thick flat deposits, 
usually single seams, usually at shallow depth. With increasing 
depths and with more problems in the support of roadways, thoughts 
have turned to retreating shortwalls and retreating longwalls with 
self advancing supports. A few installations already exist. These 
systems reduce development drivages, increase ~'ecuveries and minimioc 
expendable items. Now, deeper mines are experiencing difficulties in 
keeping development ahead of extraction with both shortwalls and 
lonqwalls because of problems in supporting roofs, of hiah gas makes, 
and, in some instances tendencies to instantaneous outbursts of coal 
and gas. Additionally, the recently exploited thick seams of hard 
coking coal provide the challenge of sustaining recoveries under suc 
difficult physical conditions. The worked seam thicknesses in 
.Australia are usually 2 m or more, providing adequate wurkirly hcighl 
without brushing, and so longwall advancing has been used only rarely, 
in thin seams, and only in the past with timber and packwall supports. 
The use of advancing methods in thicker seams, to minimise development 
drivages, has been deterred by the need for expendables for gateroad 
support and the manual work needed to establish such supports, as well 
as the possibility of geological unknowns which naturally overshadow 
any systematic plan ot development. Such d l l v a l l i . i ~ ~ q  walls could 
provide gateroads which, if stable, could be used in adjoining 
retreating walls, thus minimising development. The slower face 
advance and the simpler ventilation circuits could possibly reduce 
ventilation problems, from a point of view of gas. When mining upper 
seams on the advance, the goaves in between the advancing roadways 
might alleviate the stress problems of virgin drivages and the change 
from heading to face work could reduce proneness to instantaneous 
outburst of coal and gas by one category (Hargraves, 1967). The more 
prone zones - ahead of the gateroads on the faces - should be the only 
zones where special precautions would be needed. If such advance 
roadways could be eliminated, so much the better. If the gateroads 
could be adequately sealed from the goaf, then the dangers of 
spontaneous combustion could be markedly reduced. 

For these and other reasons the use of advancinp shortwall with 
self-advancing support is seen as a means of developing for retreating 
longwalls, and the possibility of monolithic concrete packwalling is 
seen as a stronger alternative to the conventional steel and/or timter 
supports. (Fig. 1). Modern methods of slip forming and concrete 
pumping could minimise labour requirements. 

Apart from the obvious economic considerations, the concrete 
support should be designed to develop support strength in the minimum 
period for a complete face cycle, unless the web were small and 
pourinq could be done in multiples of webs. 

Already some deeper mines in the Illawarra area are benefitinc 
from stress relief by using the caving of sacrificial headings in 
some circumstances. Also, initial retreating longwalls with powerel 
supports designed on English and Continental practice failed, and a 
local basis for design was indicated (Smith, 1970; Reed, 1970). 
This independent approach has been met with considerable success 
(McCoy, 1976). Subsidence observations have confirmed the unique 
behaviour of superincumbent strata in Australia (Kapp, 1973). For 
these reasons and despite maximum pressure arch theory and the 
relatively short spans of the shortwall principle it is felt that a 
more experimental approach to shortwall advarlcil-rq should be tokcn. 
The record of shortwall retreating experience is further encouragemnt 
to do this. No less encouragement is the saving of say 15% of 
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Fig.1.b. Development by Shortwall advancing. 

Fig.1.a. Heading development through Barr ier-  Fig. 1.c. Developmen: of Longwall cross heading 
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reserves which would be lost in two heading development for retreating 
longwall. Due to copious gas during development the number of headings 
has been as many as four, with commensurately greater losses, although 
some of this development pillar coal is sometimes extracted. In the 
subsequent mining of adjoining retreating longwall blocks the 
progressive extension of the cave over the (incompleted caving) 
shortwall goaf could be expected. The shorter the shortwall, the less 
would be this extension. 

History o_f Longwalls and Shortwalls 

The history ot mechanised retreating longwalls in Australia has 
been one of initial disappointments of a deterrent nature (Smith, 1970) 
with a few intrepid experiments (Reed, 1970) and now with well 
established and highly productive modern longwalls in two mines and 
the prospect of extension of the methnd to other mines (Pearce, 1976). 
The early longwalls were dogged with mechanical problems - conveyor: 
particularly - and with inadequacy of support resistances of Europec 
type supports for the strong rather inflexible roofs experienced unc 
Australian conditions. Improvement of control and performance of 
longwalls has followed demand for higher resistance supports and more 
rugged face conveyors and crushers and presently maximum daily face 
output has been 6,394 tonnes and monthly output (23 working days) 
86,565 tonnes. Unfortunately no similar improvement has been experienced 
with development drivage rates in spite of machines of higher productivity, 
early roof bolting and strongest discipline on widths of roadways, and 
because of mounting gas problems and roof suDport problems as depths 
of working exceed, say, 350 m. 



The experience with shortwall, in time, has been quite different 
from longwall. The initial retreating shortwalls, at comparatively 
shallow depth - from 200 m - were very satisfactory and encouragingly 
productive (Marsden, 1970). Only when subsided ground over an 
incompletely extracted lower seam was experienced did the method fail 
(Martin and Hargraves, 1972). This experience led to increase of 
support resistances for shortwalls at greater depths (Hargraves, 19721, 
with even greater increqses as experiences at 400 m met with support, 
steering and alignment problems. The initial webs of up to 4 m were 
reduced to 3 m, with some benefits (Hargraves, 1972). At this stage 
it is clear that the greatest application for the shortwall system is 
in the shallower workings of the Newcastle Coalfield - maximum depth 
'00 m. Whilst in the deeper Illawarra coal measures some shortwalls 
,ontinue, the shorter face length and higher proportion of develonment 
.ppaas to make longwall more attractive. Under poor roof conditions 
-he large area turning from the maingate onto the face has given somc 
problems. The stone floor rolls in some parts of the Illawarra area 
appear to caiise problems with shortwalls also. 

There have been several examples of hand longwall advancing in 
Australia, but always in seams of thickness 1.5 m or less and 
generally in high grade coal or in areas remote from coal deposits of 
greater thickness (Brisbane, 1970). Generally face lengths have been 
short. Apparently roof control problems have not been severe. 

History of Development Drivage 

All development in Australia is in coal and almost all is by 
continuous mining. Because of the thickness of the seams, development 
is normally flat-back at the roof of the seam. Heading machines are 
rarely used in drivage except where faulting requires traversing stone 
and in general close faulting is rare. The sparseness of faulting 
generally lends itself to longwall and shortwall operation and likewise 
has minimum bar to development by a shortwall advanninr~ mothod. In 
rccent drvelupment in the Blackwater field in Oueensland, with a seam 
6 m thick, development near the top of the seam has been conducted 
in part by heading machine with the object of keeping development 
places narrow and cutting an arched roof. There and elsewhere in 
deeper developments problems with stability of headings have been 
experienced and presently a general programme of reduction of widths 
of development places is under way. The statutory maximum width of 
5.5 m in practice generally results in actual widths up to 7 m and 
exceptionally more. Some of the problems of roof support in 
development have been attributed to this cause. Hargraves and Martin 
(1977) have described some of the current problems in development 
support. A particular problem experienced in development drivage is 
roof guttering on one side. Both arched section and guttered 
rectangular section can expect problems as gateroads for retreating 
-rails. 

'roposed Gateroad Supports 

Principle 

For some time advancing shortwalls (and perhaps longwalls) have 
been under consideration as a means of reducing problems experienced 
in development in deeper drivages, on the presumption that gateroads 
for advancing shortwalls would still be available for retreating 
longwalls adjoining. The earliest proposal for advancing walls 
(Hargraves, 1974) was on the basis of lower category of outburst 
proneness of walls relative to headings as a means of alleviating the 



outburst problem (Hargraves, 1966). It was presumed that relatively 
inflexible support would be required to sustain stable roadway roof 
and rib until the retreating phase. For this purpose it appeared 
that handbuilding chocks of steel or concrete members would be 
necessary, augmented by transverse steel roof bars roof bolted, and 
with some means of supporting the coal rib side of such bars during 
the subseqnent retreatinq operation. (It was envisaaed that. the 
handbuilt chocks could be made more cheaply by forming Irom reject 
steel sections from the steelworks to which numerous mines were 
captive, but the labour intensive nature of chock-building appeared to 
be a great disadvantage.). Now the possibility of monolithic pack- 
walls revives the principle of advancing walls for development of 
retreating walls in thicker seams. 

Composition 

In a conservation conscious environment it seemed that 
alternatjves to small coal as an aggregate should be considered. It 
was hoped to use in the concrete monolithic pack walls waste products 
from steel manufacture and particularly washery refuse and blast 
furnace slags. Almost all coal washing is done at the steel works. 
The possibility was seen of back loading these materials to the 
rolli.eries for agqreqate. At the same time the cementing property of 
finely pulverized slag was known as well as the cualenling proporties 
of pozzolana, a by-product from the power stations sited on the 
coalfields. Early enquiries indicated that the cost of anhydrous 
gypsum plaster would be prohibitive as well as the strength of plaster 
being less than that of Portland and other cements and of Portland 
cement concretes. The investigations of concrete compositions should 
take into account the need to pump the aggregate and the cement slurry 
as guided by slump tests, the possible need for accelerators, 
fluidisers etc. as well as necessary mixing times and strengths of 
pumped concrete slurry relative to the time since mixing. Sufficient 
strength should be attained according to roof loadings expected with 
time. Initial tests indicate that a pumpable concrete mix can reach 
measurable strength in 6 hours and reach 1.5 MPa in 24 hours. 
Current tests aim to minimise expensive constituents such as bentonite 
and commercial cements and to promote industry by-products. Minus 
9.5 mm run of mine coal for aggregate is being tested also. The costs 
and transport costs to and into collieries of cementing and aggregate 
materials, related to the early and 28 day strength, may make a 
smaller pack of higher cost material of higher early and 28 day st.rength 
desirable on an overall economic basis. 

So far no inexpensive concrete mixture, includir~y accelerotord, 
provides the high early strength apparently demanded of the monolithic 
pack, and very wide packs of very weak material with consequent large 
quantities of constituents are undesirable.Adequate stren9t.h of course 
is attainable after a period of days. Fur Lhis reason it was 
considered possibly economic to investigate exotic cements as alter- 
natives. If the use of aggregate from freshly mined coal is to be 
considered, the possibility of subsequent mining of and use of such 
"coal concrete" might be a consideration. However, any Bulli Seam 
undersize coal from a screening process would contain a disproportion- 
ately higher content of bright coal, weaker as an aggregate, and more 
valuable in coke making than the seam average. 



Proposed Advance Rates 

(a) Shortwall Advancing 

The length of shortwall retreating faces has been 40-70 m of 
solid coal, with maximum length dictated, more than any other factor, 
by the length of cable accommodated by the cablereel of a shuttlecar. 

Rates of advance have been up to 12 m per 24 hour day. With 
similar gateroad centre distances in shortwall advancing, the amount 
of coal won per cut would be increased by the widths of the two 
gateroads, say 9 m overall relative to shortwall retreating. The 
required strength of packwall should be relatively independent of 
length of face, and hence the longer the face the amount of pack 
building per ton of coal won should be reduced. But there are some 
reservations about increasing unduly the length of such a wide span 
of prop free front. On these bases, for shortwall advancing, expected 
maximum rates of advance should be one 3 m web per 6 to 8 hours. Any 
lengthening of the face would tend to increase this period and with 
the shortwall advancing system, with the conveyor boot possibly closer 
to the maingate face corner than in retreating, it could be possible. 
However, for design purposes a concrete should be sought to develop 
an acceptable strength in 6 hours, the period between 3 m advances of 
the supports, less placing time for concrete. It is envisaged that 
because of dust and other reasons, packwall pouring, at least at the 
tailgate end could not be concurrent with production. 

(b) Longwall Advancing 

The length of retreating longwall faces has been 110 to 180 m 
of solid coal, with maximum length dictated by need to minimise 
development as a compromise with capital cost of equipment and 
magnification of problems by scale and complexity. Rates of advance 
on the most successful faces, 130 m long, have been up to 23 cuts of 
0.53 m per day - again, about 12 m per 24 hnur day. As with shortwall 
advancing, with similar gateroad centre distances the length of 
advancing longwalls is say 9 m greater than retreating longwalls, 
with equivalent increase of coal per cut, and probably increased time 
per cut. As with shortwall advancing also, the longer the advancing 
longwall face, the smaller the amount of packbuilding per ton of coal 
won. Perhaps on these bases and on general overseas trends, the 
lengths of coal on the face should be assumed to be 200 m, with 
maximum rate of advance one 0.53 m shear every 2 hours. Perhaps it 
would be possible to pour concrete once every two advances, say, this 
requiring a concrete developing an acceptable strength in 3 hours, say, 
the period between each two successive 0.53 m advances of supports, 
less placing time for concrete. In the case of the pouring at the end 
of each shear, the "setting" time should be 80 minutes. Neither of 
these setting rates appears to be readily attainable with the common 
mix constituents tested so far. 

(c) Longwall Retreatinq 

The success of the retreating longwalls subsequent to development 
by shortwall, as compared with present retreating longwalls with 
conventional development, will depend upon the success of the monolithic 
packwalls in the new support system. If gateroad problems in retreating 
longwalls do not differ or are less than current problems in retreating 
longwalls, then productions should be similar. Whether the present 
tendency to guttering of gateroads - especially on the tailgate - 
along the rib of the longwall block - and the frequent deterioration 
of the gateroads generally about 40 m outbye the face are avoided 



remains to be seen. The possibility of widening of the span of goaf 
bridging the gateroads has been mentioned above. In a critical 
tailgate situation the face could be shortened and a small pillar 
left, to be breached at intervals, to support the tailgate provided 
gas was not a great problem. In the past this method has been used 
with retreating shortwalls with considerable success under poor 
ccnaitions. 

Design of Gateroad Supports - 
Basis 

The basis for the support design is a slip fulm for rectangula~ 
section concrete dragged by the supports immediately adjoining the 
yateroads. The form would provide, perhaps with expendable addition: 
complete casting of concrete from fl.our to roof and between the insiae 
surfaces of the form. The width of the form would be detetmined by 
the strength of concrete relative to time. A steel form is envisaged, 
with a porthole tu allow entry within the form prior to pouring and 
with some basis for constraining the sides from spreadilly during the 
pouring process. Although the concrete would be placed at atmospheric 
pres<iIre, the sheer height of the pour, nominally 2.5 m, a normal seam 
height worked in Australia, wuuld require significant constraint of 
the Lorll~work. Constraint i s  required in two aspects, the t 1 i S . t  
during the slurry condition of the concrete wllurl portioularly at the 
hiaher pressure bottom there will be a tendency to spread and, the 
second, for the form to align alongside the gateroad. , The type of 
constraint for alignment could be perhaps added progressively on the 
gateroad and on the goaf side as the face advanced and pours were made - 
for the roadway side hydraulic props to be withdrawn outbye towards 
the end of the form after setting and replaced inbye along the future 
path of the form,.maybe with rubbing plates as the form will need to 
skid past the supports. On the goaf side expendable slender timber 
supports could be placed between the last traction chock for the form 
work and the first normal chock along the face. The bottom of the 
form would skid along the floor and could clean the floor as it is 
moved forward. On the face and the gateroad side the form would have 
two components, a fixed larger base component and a relatively smaller 
upper component moved up to the roof and retracted from the roof by 
hydraulic cylinders. In the side u1 the top moveable section would 
be appropriately placed removable ports for introducing the concrete 
slurry hose. On the goaf side there would be a single fixed base 
portion of the moveable form and the cover in the top section would 
be by expendable thin board timber or other suitable sheeting attached 
to the prop lille installed to constrain the goaf side form and sect1 to 
the roof. Some assistance in sealing should be obtdined by any 
lowering effects of roof due to shrinkage of freshly exposed coal. 

To allow installation of the constraining prop line on the goaf 
side the gap between the traction chocks and the next normal face 
chock would be increased either totally or outbye the forward canopie 
of the chocks to allow room for installing the timber props between 
the chocks. If shield type chocks are planned for the face then these 
should commence at the second or third chock adjoining the traction 
chocks so that adequate cover is provided for installation of the goaf 
side props within chocks of square back. The slip forms could be 
further constrained from spreading by sectionalised bolts in sleeves 
to be fixed through the form prior to pouring, particularly near the 
construction joint. Prior to moving the form forward after setting 
of the concrete the bolts wuuld necd to be withdrawn in sections 
abandoning the slecves in t.he concrete mass. 



At the yateroad entry to the face the first chocks would be 
staggered to give maximum support, with clearance. If this end of the 
face is made square, there would be hydraulic prop support in an arc 
protecting this corner. The cutting of the 3 m web along the face 
would leave the tailgate end square. 

Additional gateroad supports would comprise roofbolted cross 
straps and/or steel or timber bars. These would be set square in the 
tailgate and square with a square maingate face-end, or with a turned 
maingate face-end could be set at an angle to maximise support at the 
maingate end. Some of these details are shown in Fig. 2. The boot- 
end of the conveyor would be outbye along the maingate, and would be 
advanced periodically. Apart from the continuous miner and shuttle- 
car, a second shuttlecar could be used as a surge car. Concrete 
pouring, roofbolting and moving cl~ocks (apart from face ends) could be 
du~~t: concurrently. 

L.5  rn 
Roadway I Pack 

Fig.2 Detail of maingate supports and gate-end of face. 



Design I 

The usual design of pillars 
in coal mining does not take into 
account pillars of the width to 
bight ratio envisaged in the gate- 
road supports. Hfiweva~, i ~ i  
estimating the strength of the 
supports relative to their width 
for the assumed height of 2.5 m thc 
pillar design formulae of 
several authorities have been used 
to establish an average criterion 
(Fig. 3 ) .  This clearly is an 
extrapolation to lower width to . 
height ratios of largely empirical 
formulae from higher ratios and as 
snnh must be no more than an 
approximation. If is also an 
extrapolation from in situ coal to 
the packwall material. However, 
assuic~ing the w~ilker Concrete is 
with coal aggregate, the physical 
properties ot such pack material 
should be closest to those of coal Leuat side of pillar ( m l 
~illars. of the com~ositions 
considered. With these reser- 
vations, it appears that the Fig.3 Relationship of least 
strenqth per unit area of pillar ~ i l l a r  dimension to- 
markedly ;educes with reduction 
of the minimum lateral dimension 
and that a pillar of width equal 
to 2.5 m is as narrow as should 
be attempted. 

supporting capacity. 

Composition 

The strength of the shortwall gate road support material should 
be such after a period of 6 hours that sufficient resistance is 
developed by the poured material. It is reasonable to assume that 
greater strength will be demanded in an increment of pour of greater 
length as loadings increase in the direction of the goaf. But the 
reduced convergences expected from shortwall work should rednce early 
loadings. Outhye in the vicinity of the rear abutment the 7 day 
strength will be more appropriate provided no failure has occurred. 

Various attempts have been made to design a mix from Australian 
soilrce illat-erisls which would achieve sonla strength in the 6 hour 
period and greater strength nn curing. The nggrcgatos considered were 
basically granulated slag and undersized coal. Fluidity for plul~ginq 
was borne in mind. Various additives and cements were considered and 
undesirable materials for undergorund use were avoided. Higher cost 
materials were not excluded from consideration where they markedly 
increased early strength and gave promise of marked reduction of 
volume of material and time in placement. At this stage strengths 
apparently possible are 0.35 MPa in 6 hours, 1.5 MPa in 24 hours and 
continuing to increase markedly up to 28 days. 



Flexibility of the Method 

The aspects in which flexibility might be required are:- 

1. To accommodate faulting which is more possible to'experience 
with an advancing method. The fault, if normal and of 
significant throw may require stopping of the face, drifting the 
gateroads through and re-establishment of a faceline on the other 
side. If convenient, the shortwall facelines for abandonment 
and for recommencement need not be at right angles to the gates, 
thus conserving some coal by swinging them more parallel to the 
faults. 

Without the conveyor of longwall, the removal of chocks from a 
face and re-establishing on a ncw faceline is less complex. 
Whilst protecting the old faceline with timber supports, the 
supports in ones or twos are winched, or towed by shuttlecar or 
tractor off the face towards their new position. (Martin and 
Hargraves, 1972). The position and nature of any fault so 
encountered could influence the integrity of the subsequent 
retreating longwall block as a single extraction area, and plans 
for the retreating work could be modified accordingly. 

2. The possibility of monitoring strengths of gateroad supports to 
confirm design and in the light of experience (i) to allow 
variations of mixes, or (ii) to widen or narrow the gateroad 
supports. The monolithic nature of the packs would make more 
meaningful any load cell measurements of pack loadings. Flat 
jacks could be cast at any position within the pack and perhaps 
used in conjunction with gateroad convergence and coal stress 
change measurements to understand the strata control aspects of 
the method. The pack loadinqs could be used to design more 
economic mixes and dimensions of the packs. 

3. As the ultimate requirement in the case of fnilu~e, the ability 
to be able to abandu~~ the advancing shortwall method and to 
replace it in the same panel with heading development methods. 
As with shortwall retreating, if roof and floor problems become 
too arduous for the supports to control, the face can be 
abandoned by withdrawing the supports'and narrow work can be 
reverted to, as in the barrier pillar section of the development - 
Fig. 1. The ends of the concrete ~ a c k s  would nsed to be extended 
within manual shuttering up to the abandoned face -to seal the 
shortwall goaf. The possibility of later recovery of the pillar 
so formed between headings in the extrackion area would be remote, 
unless some method could be used of extracting it with the 
retreating longwall face. 

Multiple Slice Work 

A great problem in Australia at present is the solution to high 
recovery extraction of thick seams. The immediate challenge is in the 
Bowen Basin of Queensland where coals are friable and where roofs are 
tender. The work is in open grass country with little need to maintain 
surface level or integrity as seen at this time. Any multiple slice 
work should be from the top downwards and probably would involve 
entire completion of a top slice before commencement of the second 
slice, at least in early instances. In the top slice of both short- 
wall advancing and longwall retreating the addition of materials into 
the caves to assist in goat consolidation could be an advantage. The 
method of advancing shortwall to provide development for subsequent 
retreating longwalls appears to suit this multiple slice work in thick 



seams. The possible need for special chocks and packwall material in 
the second slice to accommodate the high loadings under the roadside 
monolithic packs of the first slice might be a major design aspect in 
such a method. There would seem to be no advantage in not having the 
second slice immediately under the first slice as such expected high 
loadings under the pack would have to be negotiated somewhere along a 
face underlying the completed upper slice. There is some possibility 
however that if coal is nsed as the aggregate for the work in the 
upper slice it may be possible to remove this support during Che 
retreating of the longwall between two shortwall advance goafs in the 
top slice and thus obviate any stress concentrations in the lower slice. 
To achieve this a low ultimate strength for the top support material 
would bc desirable to allow its machining or shattering. 

Gas - 
In advancing walls, gas is derived from coal being won an3 from 

virgin ribs. Gas is also derived from extraction areas from seams 
above and below in amount which is a function of the miriimum lateral 
dimension of the extracted area, and the distance to and thickness of 
virgin seams in roof and floor. For seams in the roof the amount is 
related al.so to thickness of working seam (Hargraves, 1973). The 
shorter the wall, the less gas i~ derived from adjoining seams per ton 
of coal wun. Thus shortwalls should experience less yas/ton than 
lonqwalls. Also the assumed faster raLe of face advance with shortwalls 
should mean that a higher proportion of gas in the working seam reachcs 
the surface still in the broken coal. 

In retreating longwall work, the retreating block should be rather 
drained of gas and so gas from the working seam (and the possibility 
of productive methane drainage) is considerably reduced. However, 
with the wide spans ofgoaffrom the retreating longwalls plus "develop- 
mental" advancing shortwalls alongside, the tapping of a proportion of 
gas from seams in the roof and floor should be over a much greater 
vertical range, the range increasing with the total span. 

The possibilities of concurrent methane drainage with holes in 
the roof and floor are therefore considered small with shortwall 
advancing. The possibilities of methane drainage from above and under 
the subsequent retreating block is higher, from holes drilled up and 
down from one or both gateroads. The holes would be of such geometry 
that they coul-d be drilled from the pack supported gateroads and be 
preserved until passing into the goof. The holes should be pre-drilled 
and oriented somewhat lnbye. If the lonqwall was sufficieritly long, 
the holes could be insta7.led from intakes as well as returns. 

The Rulli Seam is the most productive seam of metallurgical 
coking ooal in N.S.W. and is the top seam of the Illawarra Coal measures 
and therefore does not lend itself to effective methane drainage from 
the roof. From the point of view of gas, the shortwdll 111ethod appears 
to offer the best possibilities for advancing wall development for 
longwall retreating. 

Experience in Australia has been that gas from surrounded - or 
nearly surrounded longwall retreating blocks has largely escaped by 
the time the retreating longwalls are to commence. The same must be 
said for multiple slice work - if the lower slices have similar geometry 
to the prior upper slices, then the gas should have largely emitted from 
the lower coal before the second slice is commenced and extraction 
should be under relatively gas-free conditions. 



The nature of the packwalls is such that an adequate seal is 
provided between gateroads and goaf. Any surges of gas, whether caused 
by intermittent increases in span of roof or floor and consequent 
breaking or cracking to adjoining seams or by sudden drops in barometer, 
are no more serious than in any other extraction. In fact the relative 
impermeability of the monolithic packs allows better control of 
ventilation, and if a bleeding principle is desired to obviate the risk 
of high concentrations at the tailgate corner, a cqntrolled flow through 
the goaf into the return can be provided by a controlled breach of the 
packwall at the outbye end. Except for this, the packwalls should be 
tight from the start to prevent movement from intake to return except 
through the entire maingate, and, with the possible partial exception 
above, around the tailgate corner. 

Instantar~eou~s Outbursts of Coal and Gas 

It was stated that the uso of lungwall advancing has the effect 
nf reducillg any proneness to instantaneous outbursts of coal and gas 
by one category, relative to heading development. However the most 
prone areas in longwall advancing are the face ends, unless faulting 
is encountered, in which case a proneness extends across the face as 
the fault is traversed. Any such event would need treatment approp- 
riate to the circumstances - perhaps relaxation hole boring in the 
vicinity of the fault. 

For protecting the gate ends, advance relaxation hole boring 
could be undertaken, in density related to the proneness. For this 
purpose a mobile drill could be stationed in the tailgate and, when 
holes needed renewing, could be flitted up the tailgate and across the 
face. (Perhaps the same machine could provide the power pack for roof 
bolting at the tailgate end and for any drillholes in coal for tests 
to establish local proneness to instantaneous outbursts.) The slack 
coal from the relaxation hole boring would be picked up by the 
continuous miner on its next cutting web. The l~lobile relaxation drill 
may take up too much Loom In the tailgate and a stable could be 
prepared for this by continuing mining 2 m into solid coal across the 
tailgate in two successive webs; after boring appropriate relaxation 
holes to protect this work and then supporting the stable normally. 
This stable could be backfilled with weak coal aggregate concrete after 
abandonment to allow machining in the adjacent longwall retreat without 
creating local roof problems. If separate relaxation drilling capacity 
were required at the maingate, the conveyor and rail track outbye would 
rather restrict space available. But the maingate may be made wider 
than the tailgate for this purpose, if required. 

The subsequent retreat should have low proneness to instantaneous 
outbursts and should be accomplished without precaution unless faulting 
is encountered in which case some local treatment may be required. 

In multiple slice work in thick seams, with workings su.perimposed, 
there should be no risk of instantaneous outbursts in second and further 
slices. 

Spontaneous Combustion 

In room and pillar work, generally the risk of development of 
spontaneous combustion does not exist, with all roadways accessible, 
both intake and return, during development work. In pillar extraction, 
however, the complexity of the ventilation circuits and inaccessibility 
of goaf areas with incomplete extraction tends to increase the hazards. 
Shortwall advancing on the other hand, provides a less complex circuit 



and can allow extinctive atmospheres to develop in the goaf, thus 
suppressing the risks of spontaneous combustion. The more total 
extraction system, in any case, mitigates against the occurrence of 
spontaneous combustion, except where the coal is left, or where caving 
introduces coal from any upper seams into the goaf cave. 

In the casc of blind goaves, advancement of advancing walls to the 
dip should provide rapid development of extinctive atmospheres in the 
goaf (where the seam gas is largely CH4, that is, lighter t-han air). 
In coals known to be subject to spontaneous combustion, a monitor on 
the main returns and any bleeder returns for CO will establish any 
development of spontaneous combustion; and bleeders may need to be 
closed down. With heavier than air seam gases, if still inflammable 
(i.0. over 23% combust.ibles) retreating to the rise will afford 
security. 

With the ultimate aim of retreating normal long face longwalls 
between the monolithic pock-supported maintained roadways of previous 
advancing shortwalls, these retreating longwalls may be retreating 
outbye, leaving a blind goaf behind which could be subject to aeration 
particularly if retreating updip, with lighter than air seam gas. To 
retreat downdip under these circumstances should minimise the risk of 
spontaneous combllstiun. If desired, bleeder roadways could be provided 
to tl~c inbyo ends of goaves - both from development by shortwall, or 
through drillholes from the su~face, adeqilately protected on surface, 
to remove high concentrati.ons of CH4 in the goaf. As the shortria1.l.s 
advance in one direction and the longwalls retreat in the opposite 
direction, any choice of orientation relative to dip should be a 
compromise between the effect of dip in both situations. 

Subsequent Retreating Longwalls 

Much of the success of the proposed methods will depend on the 
competence of the roof and floor in the gateroads, and this will depend 
on the nature of roof and floor, the depth, and,on the assum~tion that 
roofs are relatively inflexible, the supporting capacity of the 
gateroad supports. 

The ideal, from a conservation point of view would be to employ 
one advancing shortwall to develop each retreating longwall, after the 
first retreating longwall, and to continue expanding the goaf by such 
repetetive total extractions. The history of such extraction, without 
intervening pil.l.ars, is absent from Australian experience, but the 
somewhat analagous situation of extraction of successive panels by the 
local "Wongawilli System" of pillar extraction, albeit incomplete 
extraction, usually has the result of crippling problems developing at 
about the third hl.ock extracted. The aim in the shortwall advancing - 
lonqwail rnlrcatirr~ work should be to attempt total extraction by 
extracting witlluut interver~inq pilld I. but al.ways making the intake, 
maingate on the side away from the goaf. If trouh.les are 0xpericnood 
due to interaction between goaves, etc., then the affected longwall 
retreating face could be shortened by drivage of a single separate 
gateroad, leaving a pillar of appropriate width, maybe 30 m, which 
could be regarded as indestructable at seam height of 2.5 m. 

With such problems occurring, a decision should .be. made .&e.tl~e-r to 
use two shortwalls to develop each longwall, or whether it would be 
possible to mine one or more retreating longwalls alongside the goaf. 

It is possible that gateroad deterioration could occur during 
longwall retreating under the i-nfluence of the front abutment of the 



longwall. In general longwall practice brushing might cure this 
problem, or cure it temporarily. 

In the foregoing development of the method numerous alternatives 
have been suggested, including shortwalling across the end of the 
imminent retreating block to provide the starting roadway for the 
longwall. It might be possible to turn the development shortwall 
around a 90° angle for this purpose. Either the inbye roadway of this 
shortwall across the end, or the inbye roadway of a pair of headings 
could be used as a bleeder return for the retreating face. As the 
starting roadwaymaybe wider than normal, with spread supports to allow 
movement of chocks and their installation, a wider road may be required, 
and for this purpose a pre-driven sacrificial roadway a short pillar 
inbye could be preferred. 

The proposed methnd of dcvalclprl~ent by self advancing supported 
advar~cing shortwall has not yet been tried, so far as is known. The 
method seems to overcome some problems in development presently 
experienced in Australia, provided suitable rates of advance can be 
obtained at reasonable overall cost, and provided that the efficiency 
of the subsequent retreating longwall is not greatly impaired. There 
seem to be benefits from the method in handling the probl.em of 
instantaneous outbursts of coal and gas, now assuming greater importance 
in Australia. 

Because the method is new, and has a number of unknowns it seems 
that the best approach is to have a trial under relatively simple 
physical conditions - a uniform seam at relatively shallow depth, and 
as a single advancing shortwall. Given some promise, a block of coal 
for longwall retreating at greater depth could be developed by an 
advancing shortwall on the one side, and a pair of headings on the 
other, to give an immediate basis of comparison. If the test were 
conducted on a single shift basis, with the completion of a web as the 
task for each a h i f l ,  cheaper packwall concrete based on some ordinary 
Portland cement could be used for the 16 plus hours of available 
setting time. In subsequent normal production, such a cheaper mix 
could be used at the completion of the 5-day normal production week. 
If serious problems occurred in the shortwall compared with the pair 
of headings after a reasonable trial, the shortwall could be converted 
to a pair of headings for continued development of the longwall. If 
the longwall on the retreat indicated worse conditions on the short- 
wall developed side than the other, the method would be thrown into 
doubt. If, on the other hand, the shortwall advancing proved 
successful, it should give a decided fillip to longwall retreating in 
Australia with consequent improvements in recoveries. 
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MODERNIZATION AND MODIFICATION OF MNGWALL SYSTEMS AT 
ISLAND CREEK COAL COMPANY 

Jesse J. Curry, Jr. 
Superintendent of Underground Maintenance 

Richard Herron 
Vice President of Maintenance 

Island Creek Coal Company 
Keen Mountain, Virginia 

Island Creek's f i x s t  exg8rbenoa thongwall aalhfag began in 
953 at Holaen, W e e  MsginJlia, was the second &nrikallatien in 
he United States at thst tbae. 

2 s  Flew that wets USW Wg wry tanall compare& tQ Ihe one8 we 
use today~;tiow%ver, %k ,t s M 1 a r  Sa design to our latest GLetei;thoble. 

The roof suppozt: was of a friction type using a eorapole header, 
support had to be mved by hand. The conveyor rams were 
air operated. 



Longwall miniag ~ h i n e r y  has improved a great  deal since then. 

A t  p rwent  time, Island Creek is operating seven l o ~ m l k  
faczea itn i3m Virg5nia  Mvision. 

In  Sepa-r, 1966, Island Cree% tene- its longwall mining by 
i n s t a l l b g  a p l w  in  the Pocahontas ?To. 3 Ssam a t  their BeatXice 
Mint%. 

%%e M i a t e  z e ~ f  a t  khe &eatrice Mine is composed eE shales, 
saw #lade, and s d s t o n e  which v a ~ b e s  i n  tkio%ness. Very often 
the i&a&iabe roof is M e  of laminated banks which are  "q@8ezad 
0u4Znr 9 ? M  fLoca ~IQW the  Bocahantas Wo. 3 S ~ a m  i a  m & i ~  t o  soft. 
ma mine $1- w i l l  haw ahaut 1 2  $Q 18 inellel; of b e d f a t e  s o f t  
material am5 rill heave on occaaibns when face advance 1s elow. 
Exaept Ear loca l  condi.tions,the Prywaholrtas 230. 3 Searn ia f l a t  lyillg. 
Ths seam normally ranges from 52 t o  60 inches thick but w i l l  gO 
higher or lower under soate regional conditions. The overburden 
ranges from 1,200 t o  2,000 f e e t  and conkributes t o  tBe large qUn- 
t i t y  of methane present, Becanbe of high methane content i n  the 
roof rook, +Am gab side of any support must be open t o  allow ade- 
quate a i r  flew t o  the act ive caving zone. 

Due t o  large amounts of methane being liberated and the f ac t  
that the coal is very s o f t ,  it was decided, a t  t h i s  t in t e ,  t o  use a 
plow instea& of a shear machhe. The type of plow tha t  wan selected 
was a hook type connected bya  plow chain and pulled on the gob side. 



The chain was 22 millimeters in diameter and was captured by 
covers close to the floor level. The plow motors were two 60-horse- 
power, 440 volts, 3-phase. One was located at the head; the other, 
at the tail. The face conveyor was 650 millimeters in width and was 
driven by three 60-horsepower motors, two at the head, and one at 
the tail. The outboard driven conveyor chain was triple stranded, 
with an 18 millimeter diameter, and a flight spacing of 960 milli- 
meters. 

In selecting the support, a look at the strata profile showed 
that a massive sandstone was approximately 30 feet above the coal 
seam. It was decided, at that time, to have a support designed that 
would have some cushioning effect since this was the first longwall 
at this depth. 

The design was such that a doughnut type cushion made of a 
plastic like material was sandwiched between the bottom of the 
cvlinder and the support base followed bv a flanse made of the same 
piastic material. Tbis was retained by a metal iing and by lugs and a bolts similar to a truck tire. 



Two cylinders each were mounted on two c a s t  s t e e l  bases held 
together by an advancing cylinder. However, once the support expe- 
rienaed yield loads, it would not r e t a in  i t s  ver t ica l  shape causing 
the  flange and doughnut t o  become distorted due t o  l a t e r a l  loading. 
This resulted i n  a very serious safety problem and a high mainte- 
nance cost ,  not t o  mention the loss  i n  production. W e  a lso expe- 
rienced other problems with t h i s  support; mainly, i n  the  one piece 
c a s t  s t e e l  base, it wes not designed t o  follow undulations. 

The second type of  support was of a d i f fe ren t  design. It was a 
combination of a c a s t  s t e e l  base and spring s t e e l  hinged a t  four 
points allowlng it t o  follow undulations bet ter .  The design of the 
cylinder i t s e l f  was machined t o  acconrmodate a retaining p la te  and 
held on by a series of socket head bolts.  The cylinder became par t  
of the base and had d i r e c t  contact with the  f loor .  This proved t o  
be the best  design from a maintenance standpoint of any support t ha t  
we  have any experience with. 





In replacing these cylinders, due to leaks, etc., we had diffi- 
culty in removing the retaining roll pins due to seizing. This was 
due to salt deposits on the floor. 

The fourth type is a chock; the cylinders being of the same 
design as the third type. Although either the two front or two rear 
pistons could be lowered separately, the complete chock had to be 
advanced together. This was different than the frame type where 
only two legs are advanced at different times. 

In selecting a longwall system for the first time, you must rely 
on both the manufacturer to give you the best designed equipment to 
suit the conditions at that particular face and field experience 
available from other companies using longwall systems, especially 
European companies. 

The conveyor system that was selected was 650 millimeters in 
width and had a 1/2 inch deck plate. 



, P - >,c 
We experienced a l o t  of wear both i n  the deck p l a t e  @s$ie 

chain meway.  M t e r  the f i x s t  panel was pulled, it Was b ~ ~ ' t o  
t r y  t o  pepair these pans. SQ, a f t e r  se2ectinq the  best  50 p m I  of 
t he  used gwns, they were sent  off  to an outside job shop Eor r.-ir. 
After using the reconditioned pans, we found that they had. ka be 
rrrp1,aoed before the  p w e l  was ML'f way out. 60 S t  was aeci&4, a t  
t h i s  point, not t o  use a n p ~ 2 e  reconditioned pans un t i l  we c m d  
es tab l i sh  some particulal: guidelines i n  gauging to&erane$s. +- 

After presenting the  pan w e a r  problem to the mnum*acture& they 
increased the deck p l a t e  to 518 inch. However, it l a t e r  bebam--iSe- 
e s s a q  t o  change t h i s  t o  21/16 inch, which we are  now using. ;- 

Qther problef~s were ensoa tered  on the face conveyor. The s p i l l  
plates  on the face conveyor a l so  served a s  the back guide f o r  i5ae 
plow chain. Where the plow chain rubbed these s p i l l  p la tes  were worn 
t o  a point that bending occurred, thereby, dera i l ing  the plow chains 
from its bottom guide, thus, causing the plow to wreck. This problem 
was a l so  brought t o  the manufacturer's a t tent ion,  and a new design of 
plow guides and s p i l l  p la tes  was made available. 

Same of the most serious problems a re  encountered a t  both the  
ead and t a i l  dr ives,  especially i n  t h e  advancing of the  longwall. a 

Although physical conditions a re  par t  of t h i s ,  there is s t i l l  room 
fo r  vast  improvements. W e  have tried several head and t a i l  dr ive 
systems. The f i r s t  one was advanced by a s l i d e  bar arrangement which 
served a dual ro l e  by guiding the  face and act ing a s  a s t ab i l i ze r  by 
houaing two roof support cylinders attached t o  it. This drive frame 
had t h e  plow drive speed reducer on the gob side. 

The second type of drive had the same type of s l i de  bar arrange- 
ment but  had the plow dr ive  speed reducer on the face s ide using a 
cross sha f t  through the drive frame. To allow fo r  the drive @haft,  



the  angle of the discharge end was more of an acute angle than the 
f i r s t  systemtbut the  return conveyor chain cu t  in to  the cross  shaft ,  
creat ing not only a problem i n  shaft  damage but carry back coal has 
a closer  opening t o  cope with, thereby, hanging of the conveyor 
chain was more prevalent. This type of drive was replaced by one 
s imilar  t o  the f i r s t ,  but advancing was done by a set of chocks, to 
advance the drives and a tensioning cylilider s e t  a t a  r i gh t  angle t o  
tension the face and plow chain. 

The l a t e s t  type t h a t  we now use has a twin conveyor chain, 24 
millimeters i n  diameter and inboard center driven sprocket. This 
type of frame has the plow sprocket speed reducer dr ive mount& 
pa ra l l e l  with the  face conveyor. This allows the roof support to b 
moved closer  t o  the conveyor; and, thus, be t te r  roof support can b 
attained. 

Picture No. 9 - -- 

The canopies on a l l  of our supports a r e  hinged near the center 
to  allow be t te r  contact t o  the  r w f  by being able t o  more closely 
follow the contour of the roof. 

O u r  f i r s t  plow design was a hook type, with a three piece base 
very small compared t o  the ones we use today and much l i gh t e r  i 
weight. 

The plow chain t ha t  was f i r s t  used was22 milliiileters i n  diameter 
but was l a t e r  changed t o  24 millimeters. Due t o  lengthening of the  
fade and the added horsepower, needed fo r  the  extra  distance, the  
s ize  of the chain was increased t o  26 millimeters. We ant icipate  
using a 30 millimeter chain i n  the  future. 

The second plow was much the  same design but heavier and had 
several more b i t s .  It could be raised o r  lowered by a hand operated 
hydraulic cylindcr. 





Our l a t e s t  plow is a Gleithoble type, using a 26 lnillisneter 
chain, captured in  guides and pulled on the  face side. This plow is 
about twice the s i z e  and weight of the previous plows and has a very 
good b i t  arrangement. This plow does not c rea te  the wear on the 
pans' a s  does the hook plow, so a longer pan l i f e  can be expected. 
Since the  plow chain is d i r ec t ly  i n  l i ne  with the plow, better 
torque and accurate plowing can be acquired. 

The f i r s t  entry conveyer o r  mother l i ne  ha& the  same dimensions 
as  the face conveyor but with closer  f l i g h t  spacings. A Z 1  other 
components such a s  pans, chain bol ts ,  etc., could be interchanged. 
This conveyor was driven by a 60-horsepower rnotor through a speed 
reduoex, but had a speed somewhat f a s t e r  than the face conveyor. A t  
t i m e s ,  it was found neceesary t o  unload t h i s  conveyor by hand when it 
was s+opp& while 19aaed. The manufacturer came up with a two s p e d  
gear changer t ha t  wvld sandwich betweenthe speed reducer and motors. 
This could be sh i f ted  to  a lower speed t o  help lnove the  load. Once 
thks was accomplished, it could be returned t o  its normal speed. 

We a re  now using a 125-horsapawcr Wit&*, tn'h*r&y, e1Lwl1laLLrv 
the need fo r  the speed changer. 

The need f o r  a arusher became very evident during the extractl  
of the first panel. 

Qur f i r s t  c r u s b r  was designed and b u i l t  a t  our cent ra l  shop. 
The drive a a n s i s t d  of a b e l t  and pulley arrangement and used a 
counter-balance wheel. This was drive by a 30-harsepawer motor 
using the  same b i t s  and holders t h a t  our continuous miners use. This 
proved tn be very e f fec t ive  i n  coal,  but somewhat less effect ive i n  
rock. 



OtlZ seccsnd & a k - e p e e d  mdtlmr drives shaf:;, chain 
cdupld, aaa had a lump bus* or %maker type Wk, rk also ha& two 
hydkevilk ~ L n d w l a  thst a@% weg~~fg. against khe+ r w k  when 
n e  . Ra B b d  W%g& I to be we- wtf &faearpS and it has 
become our standard axusher. 

Mien rock is being cashed, it would sonietiaes break the con- 
veyor chain. Therefore, the manufacturer designed a shear hub &rive 
that will attach to the entry conveyor drive; aaB will elenate this 
problem by shearing a pin. 

The method we first used to convey coal from the enfry conveyor 
to the _elk -by a transfer conveyor. It was skid mounted and had 
m.~mz€i'fi;s to h e  other than by a chain hoist or a leverage such as a 
75-h. 

The conveyor was about 30 inches wide and had flights and chains 
similar to a shuttle car. 

The second method tried was to eliminate the transfer conveyor 
d dump on the belt using the piqgy-back method. It was soon dis- 
vetred that a very poor relationship existed betoteen the belt and a entry cunveyor. At this time, the belt tafl piece was modified 

to have two hydraulic cylindexs for steering the belt under the con- 
veyor. This system worked very satisfactory until the s e a  height 
would not allow piggy-backing. 

The transfer conveyor, at this time, was designed and attached 
to the entry conveyor in such a way that a good loading relationsbip 
could be maintained at all times. It was designed so that all move- 
zwats of the transfer conveyor reas done by hydraulics using the 
existing hydraulic system. This has proved satisfactoly. 



After several panels were pulled, the  t a i l  entry began t o  take 
weight and heaving occurred. It was necessary t o  keep t h i s  entry 
open so t h a t  the t a i l  dr ive could pass o r  drive a para l le l  entry 
(s table hole),  and drive it a t  about t h e  same r a t e  a s  you would the  
face. 

The next method was a shop made a i r  operated conveyor t ha t  was 
made f o r  hand loading. This discharged on-the face conveyor. 

The th i rd  method was a s tab le  hole machine designed by the  
manufacturer t h a t  was a combination e l ec t r i c ,  hyaraulic, and mechan- 
i c a l  machine. The r ipper  was driven by an e l ec t r i c  laotor, throt-h 
a gear reduction box, and was transversed across the face by 
speed reducer driven by a hydraulic motor. 

The conveyor was b u i l t  fn. a "T" configuration using two con- 
veyor chains linked together near the discharge point similar t o  a 

The next method was s imilar  i n  design, but the ripper was be' 
driven by a hydraulic motor without a speed reducer. This a( 
proved unsatisfactory due t o  crowding of the s tab le  hole with I 
supports, hydraulic pump, reservoirs,  control lers ,  and conveyors. LC 
became very d i f f i c u l t  t o  operate. A t  t h i s  time, the hand loading 
method was again in i t ia ted .  

There a re  two other methods we w i l l  t ry .  One is  a device t ha t  
we designed and is cal led our mini-plow. It i s  operated on a hydrau- 
l i c  cylinder and is  so arranged t h a t  it w i l l  cu t  i n  a t a i l  end face 
area t h a t  the main plow cannot t rave l ,  thereby, eliminating the need 
for a s tab le  hole. We are  still working on improvement of t h i s  
device. 



The other method is a center hook plow that  w i l l  allow cutting 
out on the t a i l  and was designed by the manufacturer for the 
Gleithoble plow. 



Our face lengths started at 270 feet, and we are now at 480 feet. 
We are currently developing for 600 foot face lengths. 

When lengthening of the face becomes necessary, there are more 
things involved than just distance itself. More borsepower,a better 
designed gear box, and more powerful motors are neededto accommodate 
these extra loads. We have gone from 60-horsepower motors to 175- to 
200-horsepower motors and from 300 W A ,  440 volts, transformers to 
1,000 KVA, 950 volts, transformers and to largerelectric controllers. 

The Pocahontas Seam is very dry and very difficult to get in 
compliance in regards to respirable dust. Management am3 labor at 
our various mines worked with M.E.S.A. for about a year testil 
different sprays and pressures and experimenting with foam for dur 
allaying purposes, and erne up with an acceptable system using sol* 
noids, that were controlled by a limit switch control, to operate 
the sprays in the most effective way. We have approximately 600 
pounds static spray water pressure at the lmgwall face. We operate 
in sequence with the plow movement, 15 sprays in front, and15 sprays 
in the rear. This sequence is controlled bya screw device operating 
micro switches which has a mechanical connection between the shear 
hub and the switch control. These micro switches open and close 
electric valves for the spray water sequence control. 

The hydraulic system is one of the most important functions of 
the longwall controls. The first system we used hadtwo 7 1/2 gallons 
per minute pumps for the roof support operations. The tail and head 
drives were advanced by oil from (two) compressed air operated pumps, 
and the conveyor rams were operated by oil from a third air operated 
pump. These systems were of a low volume and high pressure. 

To increase productivity, it was necessary to improve the hy- 
draulic system. At our central shop, they designed a hydraulic 
system similar to a continuous miner using a variable volume pump 
with an output of 42 gallons per minute and at a pressure of 3,200 
pressure per square inch. Since the air operated pump that was used 
to advance the head and tail was of a higher pressure, it was nec- 
essary to increase the size of the cylinders, thereby, getting the 
same effect. 

We have recently begun using a water and oil emulsion with a 
ratio of 95 to 5, and we are also using a plug type hose with "On 
ring seal, which we feel has several advantages. It prevents cross 
threading, hose twisting, and reduces leaks. 

Since 1966, our pump stations have been part of the mule train, 
by being attached to the entry conveyor near the faoe. 

In February of this year, it was decided to ibO€all the y~ulu 
station at the mouth of the plow panel, approximately 4,000 fec 
from the face. At this time, we have had no downtime due to hydra1 
lic pump failures. 



There a re  semzal  ways to benefi t  from t h i s  type set up. Better 
t j dwr ing  crrn bg ha& by the  absence of t he  p m p  etat ien.  Esors the  
faae area, it proviaea a l e se  dusty aCmoephere fo r  the hwaulio 
systrm, elinllnates handling .of o i l  near the face, and elh~&asrtes Chfd 
noise fma Us operator. W e  plan t o  pul l  as many as three panels 
withont maving the  pump stat ion.  

I n  summary, the  rnain things t h a t  we have done t o  improve and 
modernize our or iginal  and exist ing longwall faces are be t te r  design 
i n  the following: 

1. Roof support 
2. Hydxatllic Systems 
3. Crusher 
4. Chain tonveyance systems 
5. Power and controls  
6. Communication 
7. Plow 
8. Motor and speed reducer 
9 ,  Dust al laying 

10. Belts and t h e i r  related hardeare 

In conclusion, the jsaprovement i n  any longwall system willdepena 
to  a large extent on mining peaple specifying what they want and 
having it custom designed t o  s u i t  t he i r  needs and conditions. 

Looking t o  the  future,  we w i l l  be seriously considering such 
things a s  shield supports, automated hydraulic systems, such a s  the  
back push methods, and taking advantage of electronic know-how i n  
areas such a s  remote controls and wireless coapaunication systems. 
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Abstract 

In April, 1975, the Bureau of Mines awarded a cost-sharing contract to  Uld Beli 
Coal Co. with the objective of demonstrating that  the Herrin No. 6 coalbed i n  south- 
ern I l l ino i s  can be mfned by lopgwall methods using shield-type roof supports. 
Earlier attewpts a t  longwalling using chocks ended in failure. A minimum of three 
longwall pands  wFLl be mined a t  mine No. 24. 

A premining investigation conducted by Dmes Q Moore laid the groundwork for  
mtne design and equipment selection. Roof shields of the lemniscate type were 
chosen t o  control hazardous ground. The Bureau funded procurement of the roof sap- 
port sys&em, and Old Ben contributed the other longwall equipment, A ground control 
program included underground and subsurface instrumentation, a surface subsidence 
survey, and geologic mapping. 

Longwall Eace 1 star ted operation on September 3, 1976, a f te r  intensive train- 
ing of crews and supervisors. The major adverse condition during the course of the 
panel extraction w a s  the occurrence of limestone concretions called coalballs in 
massive pods, which slowed the face advance and damaged the shearer and other equip- 
ment. The shields maintained adequate roof control wen i n  feulty ground. The panel 
came t o  esmpletion on May 7, 1977, when the face holed through in to  the recovery room. 
After the very heavy and bulky equipment was recovered and transferred to  the next 
panel, face 2 produced coal on August 1, 1977. 

Introduction 

The Bureau of Mines and Old Ben Coal Co. concluded a cost-sharing agreement i o  
1975 with the objective of denonstrating that  the Eerrin No. 6 coalbed i n  southern 
I l l ino i s  can be mined safely with longwall methods. Though the f i r s t  cost of a long- 
wall system runs three to  f ive times higher than that  ef a continuous miner unit,  
longwall mining offers the potential for improved productivity, higher rosaurce re- 
covery, bet ter  ground control, and generally easier c ~ l l a ~ c e  with safety stbildprdli. 
For the same reason, the protaotion of longwall mining i n  the Unlced States la a p,r-' 
of the Bureau's research effor ts  under the Advanced Mining Technology Program SO 

coal can be mined more safely and eff ic ient ly without h f g h r  social  and enviromaei 
costs. 
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Early Longwall Mining a t  Old Ben No. 21 

Old Ben No. 21 mine near  S e s s e r ,  Ill. was t h e  scene of  e a r l i e r ' a t t e m p t s  a t  long- 
w a l l  mining, a s  desc r ibed  by E. Moroni (5).1/ The No. 6 coalbed ranges from 7 t o  9 
f t .  i n  th ickness  and l i e s  under a  c o v e r 7  600 t o  700 f t .  (Fig.  1 ) .  

The immediate roof is formed by a  ve ry  s t r o n g  f ine-grained s h a l e  t h a t  c o n t a i n s  
20% t o  30% s i l t s t o n e  o r  f ine -gra ined  sandstone up t o  70 f t  i n  th ickness .  The main 
top  is  composed of  sands tone ,  l imes tone ,  and sandy s h a l e .  The f l o o r  c o n s i s t s  of a  
weak underclay 2 f t  i n  th ickness ,  which is u n d e r l a i n  by l imestone.  

A f t e r  f o u r  f a i l u r e s  a t  longwal l  mining i n  t h e  e a r l y  1 9 6 0 t s ,  a  f i f t h  a t t empt  was 
moderately s u c c e s s f u l  dur ing  1966-67. F igure  2 shows t h e  l o c a t i o n  of t h e  f a c e s  a t  

.ne No. 21 and t h e  new pane l s  a t  mine No. 24. The 600-ft-long No. 5 f a c e  was equipped 

. t h  a u  Elckhoff s h e a r e r  and conveyor. The roof  was supported with Rheinstahl  nnp- 
!b-back chocks wi th  s t i f f  canopies  and f o u r  l e g s  r a t e d  t o  y i e l d  a t  120 tons  each. 

However, che o p e r a t i o n  was d i scon t inued  because of chock i n s t a b i l i t y ;  p r o d u c t i v i t y  
d i d  n o t  s u r p a s s  UL eve11 e q u a l  chat of c o a l  @ei;action by cont inuous miner. The s i x t h  
(300-ft-long) longwall  f a c e  was equipped wi th  Gul l i ck  seven-leg chocks r a t e d  t o  y i e l d  
a t  560 tons .  P e r i o d i c  we igh t ing ,  every 30 t o  50 f t  of r e t r e a t ,  was experienced a t  
t h e  f a c e ,  and massive f a l l s  occurred i n  t h e  head and t a i l g a t e s  50 t o  60 f t .  ahead of 
t h e  longwall  f a c e .  R e s u l t s  d i d  no t  improve a f t e r  t h e  f a c e  was. shor tened  t o  210 f t .  
The f a c e  was abandoned i n  1970. Experience wi th  f o u r  longwal l s  a t  Or ien t  NO.  5 and 
6 mines of  Freeman Coal Co. was s i m i l a r ,  and longwall ing was d i scon t inued ,  too.  

Mine Design f o r  Old Ben No. 24 Longwall,  

I n  r e c e n t  y e a r s ,  g r a d u a l l y  decreas ing  p r o d u c t i v i t y  of f u l l  e x t r a c t i o n  wi th  con- 
t inuous  miners  made longwall  mining a g a i n  appear  t o  be a t t r a c t i v e  i f  novel  des igns  
such a s  roof s h i e l d s  could s o l v e  t h e  i n s t a b i l i t y  problem a t  t h e  f a c e  and ach ieve  con- 
t r o l  of  a  hazardous roof  where conven t iona l  powered roof suppor t s  f a i l e d .  Under t h e  
1975 agreement between t h e  Bureau of  Mines and Old Ben, t h r e e  pane l s ,  460 f t  by 
1740 f t ,  a r e  t o  be mined by longwall  methods a t  Old Ben No. 24 mine near  Benton, 
F r a n k l i n  County, Ill. 

Mine No. 24 is an a l l -be l t -hau lage  mine wi th  f o u r  s h a f t s  i n t e r s e c t i n g  t h e  
Her r in  No. 6 coalbed a t  a  depth of 600 t o  650 f t .  The c o a l  o u t p u t ,  approximately 
9,000 tons  p e r  day, is h o i s t e d  by s k i p s ,  and, a f t e r  pass ing  a  Bradford Breaker with- 
o u t  any o t h e r  p r e p a r a t i o n ,  i s  conveyed t o  a  s u r f a c e  s t o r a g e  and load ing  f a c i l i t y  
whence u n i t  t r a i n s  t a k e  i t  t o  v a r i o u s  u t i l i t i e s .  Sur face  elevat i 'ons of  the  g e n t l y  
r o l l i n g  coun t ry  range from 380 t o  460 f t  above s e a  l e v e l .  A s u r f a c e  s t r u c t u r e ,  t h e  
Rend Lake Dam, which impounds a  l a r g e  body of wa te r ,  l i m i t s  t h e  longwall  mining a r e a  
t o  t h e  nor th .  A l a r g e  f a u l t  system, t h e  Rend Lake F a u l t ,  t r end ing  north-south,  
probably passes  w i t h i n  s e v e r a l  hundred f e e t  of t h e  proposed longwall  pane l s  accord ing  
t o  p r o j e c t i o n s  from e a r l i e r  exposures .  

The panel  development e n t r i e s  i n  s e t s  of t h r e e  on 6Q and 100-f t  c e n t e r s  a r e  
d r i v e n  wi th  drum-type cont inuous miners .  The b e l t  is i n  t h e  c e n t e r  e n t r y .  The 
s tandard  e n t r y  width is 14 f t .  except  f o r  t h e  b e l t  e n t r y ,  which is 1 8  f t  i n  width 
- - ,  accommodate power c e n t e r  and.power pack f o r  t h e  longwall  (F ig .  3 ) .  

An e n t r y  h e i g h t  of 7  f t  is maintained i n  t h e  8.5 t o  9 - f t  No. 6 coalbed by cut-  
Ling t o  t h e  roof rock  and l e a v i n g  f l o o r  c o a l  i n  o rder  t o  avoid exposure of t h e  s o f t  
underclay f l o o r .  The roof is supported by r e s i n  b o l t s  on 5 - f t  c e n t e r s ,  and a  c o a t  
of  s e a l i n g  m a t e r i a l  i s  a p p l i e d  t o  roof  and r i b s .  The longwall  panel  des ign  i s  unique 

+ i n  t h a t  t h e  longwall  f a c e  i n c l u d e s  a  row of cha in  p i l l a r s  on 60-ft c e n t e r s  and 
t h e r e f o r e  w i l l  hnve a  l e n g t h  of 460 f t  on c e n t e r s .  R e t r e a t i n g  a  row of cha in  p i l l a r s  
i s  an unusual  and f i r s t - t o - b e - t r i e d  method. Three g a t e  roads must be maintained:  
t h e  headgate,  t h e  supply g a t e ,  which i s  t racked f o r  s u p p l i e s  and mant r ips ,  and t h e  
t a i l g a t e .  P i l l a r  e x t r a c t i o n  by cont inuous miner of t h e  panel  a d j a c e n t  t o  t h e  
t a i l g a t e  preceded t h e  longwall  mining, and t h i s  a c t i v i t y  could a f f e c t  s t r e s s  condi- 
t i o n s  i n  t h e  longwall  pane l .  

l / ~ n d e r l i n e d  numbers i n  pa ren theses  r e f e r  t o  i t ems  i n  t h e  l is t  of r e f e r e n c e s .  - 



Premining I n v e s t i g a t i o n s  

Dames and Moore, Geotechnical  Consu l tan t s  and s u b c o n t r a c t o r s  t o  Old Ben, con- 
ducted a  premining s tudy  compris ing t h e  fol lowing i n v e s t i g a t i o n s :  

1. Roof and f l o o r  bearing-capaci ty t e s t s  (2) (Fig.  4 ) .  

2 .  Bed s e p a r a t i o n  i n  t h e  roof  s t r a t a .  

3. S t r e s s  a n a l y s i s  of damage t o  chocks salvaged from No. 5  
f a c e  of  No. 21 mine. 

Based on t h e  r e s u l t s  of t h e  i n v e s t i g a t i o n .  Dames and ?loore p resen ted  t h e  
fo l lowing  recommendatiu~~u:  

1. A minimum of 6 i n .  of f l o o r  c o a l  should be u~a in ta ined  because t h e  
s o f t  underclay f a i l s  a t  300 p s i  when wet. 

2 .  Mean load  d e n s i t y  should be no t  l e s s  than  9 t o n s l s q  f t  cons ider ing  
s t r a t a  s e p a r a t i o n  a t  60 t o  70 f t  above t h e  c o a l  p l u s  c a n t i l e v e r  a c t i o n  
i n  ve ry  s t i f f  roof  s t r a t a  (1). 

' 

3. The roof  suppor t  must p rov ide  s t a b i l i t y  a g a i n s t  l a t e r a l  t h t u s c  p a r a l l e l  
to the facc and o  oontinuouc canopy m r e r h ~ n d .  

Roof Support  Design 

Following. t h e  above recommendations, Old Ben and Bureau eng ineers  developed 
s p e c i f i c a t i o n s  f o r  roof s h i e l d s .  Bids from manufacturers  were i n v i t e d ,  and t h e  d i a -  
grams show how t h e  mean load d e n s i t y  requirement  was eva lua ted  f o r  two types  of 
s h i e l d s ;  t h e  c a l i p e r  o r  s i n g l e - j o i n t e d  s h i e l d  and t h e  l emnisca te  o r  double-pivot  b a r  
s h i e l d  ( F i g .  5 ) .  The canopy t i p  of Ehe c a l i p e r - t y p e  s h i e l d  d e s c r i b e s  a  c i r c u l a r  a r c  
when t h e  s h i e l d  i s  r a i s e d  o r  lowered. Hence, t h e  c r i t i c a l  span between canopy t i p  
and f a c e  widens wi th  i n c r e a s i n g  he igh t  of  t h e  s h f e l d  u n l e s s  compensated'by an ex- 
t ens ion .  C a l i p e r  s h i e l d s  a l s o  develop a  h o r i z o n t a l  t h r u s t - t o w a r d s  t h e  fact! w11e11 
y i e l d i n g .  The canopy t i p  of t h e  l emnisca te  s h i e l d s  moves up and down i n  a  near ly  
s t r a i g h t  l i n e  which is  t h e  c e n t e r  p a r t  of a  l emnisca te  curve  s o  t h a t  t h e  d i s t a n c e  be: 
tween canopy t i p  and f a c e  remains n e a r l y  cons tan t .  

The Thyssen roof s h i e l d  model RHS 18/30 L was s e l e c t e d  because i t  s a t i s f i e d  t h e  
fo l lowing  requirements:  

1. A mean load d e n s i t y  i n  excess  of 9 t o n s f s a  f t .  

2. A h y d r a u l i c  t r a v e l  from b t t  t o  I U  f t  i n  one s t r o k e .  

3. A y i e l d  p r e s s u r e  of l e s s  than  6,000 p s i .  

4. A span of 12 i n .  between canopy t i p  and lace b e f o r e  t h e  s h f a r c r  
p a s s .  

5. Each ha l f  of t h e  base can be  l i f t e d  i n d i v i d u a l l y .  

Sh ie ld  Design 

The s h i e l d  w s i g h s  17 .5  t o n s ,  and its o v e r a l l  l e n g t h  is  16 .5  f t .  F igure  6  shows 
t h e  s h i e l d  i n  t h e  one-web-back p o s i t i o n  before  t h e  s h e a r e r  pass ,  and F igure  7  shows 
d e t a i l s .  The s h i e l d s  a r e  s e t  with a  pump p r e s s u r e  of 4 , 3 5 0 . p s i  and a r e  y i e l d i n g  a t  
5,500 p s i  through spring-loaded r e l i e f  c a r t r i d g e s  which open up a t  t h i s  p r e s s u r e .  
The two l e g s  a r e  of a  s p e c i a l  des ign  t o  pack g r e a t  power i n  a  r e l a t i v e l y  confined 
space.  Each l e g  can be  s e t  by pump p r e s s u r e  t o  e x e r t  a  t h r u s t  of 259 tons  and then 
w i l l  s u s t a i n  a  load of 328 t o n s  a t  y i e l d ,  o r  518 tons  and 656 t o n s  r e s p e c t i v e l y  f o r  
bo th  l e g s .  However, t h e  loads  a r e  in t ruduced  t o  t h e  roof  a t  t h e  h inge  of t h e  canopy 



and, due t o  t h e  geometry of t h e  s h i e l d ,  a r e  s u b j e c t  t o  a  mechanical d i sadvan tage  
which is  a  f u n c t i o n  of t h e  h e i g h t  of t h e  s h i e l d  and is 0.78 a t  7 f t  of  mining h e i g h t  
wi th  t h i s  s h i e l d .  There fore ,  t h e  s h i e l d  can be s e t  by pump p r e s s u r e  t o  a  t h r u s t  of 
518 x  0.78 = 404 tons  and y i e l d s  a t  656 x  0.78 = 512 tons.  The s h e a r e r  with con- 
veyor i s  a l s o  dep ic ted  t o  i n d i c a t e  t h e  r e l a t i v e  p o s i t i o n .  

The d i s t a n c e  between t h e  canopy t i p  and f a c e  is 1 2  inches ,  and t h e  s h i e l d  ad- 
vances by a  s t e p  of 24 i n . ,  which is a l s o  t h e  width of t h e  s h e a r e r  drums s o  t h a t ,  
a f t e r  t h e  s h e a r e r  has  passed,  t h e  maximum roof  exposure approximates 3  f t .  The 
canopy ex tens ions ,  c a l l e d  " f l i p p e r s "  by t h e  miners ,  a r e  24 i n .  long and can be lowered 
s o  t h a t  t h e  s h i e l d  can be brought  c l o s e r  t o  t h e  f a c e  t o  f u r t h e r  reduce t h e  a r e a  sup- 
por ted  by t h e  s h i e l d .  I n  t h i s  c losed  p o s i t i o n ,  t h e  s h i e l d  is r a t e d  t o  y i e l d  a t  
12.50 tons/sq f t  be fore  t h e  s h e a r e r  pass  and 10 tons / sq  f t  a f t e r  t h e  s h e a r e r  pass .  
The r a t i o  of t h e  f r o n t  p o r t i o n  of t h e  canopy t o  t h e  r e a r  p o r t i o n  is s l i g h t l y  g r e a t e r  
than  2  wi th  extended roof b a r ,  and t h e  canopy can be m n g  a g a i n s t  t h e  roof by a  ram 
t o  improve roof con tac t  wi th  a  measure of s t a b i l i t y  dur ing  t h e  s h i e l d  advance. The 
canopy t i p  load  exceeds 5  tons  a t  y i e l d .  

The base  c o n s i s t s  of two h a l v e s  and e x e r t s  a  f l o o r  p r e s s u r e  of 311 p s i  a t  y i e l d ,  
inc lud ing  t h e  35,000 pound weight of t h e  s h i e l d .  Each h a l f  can be l i f t e d  ind iv idua l -  
l y  by i ts double-act ing l e g  s o  t h a t  t h e  advancing s h i e l d  can overcome adLerse f l o o r  
cond i t ions  such a s  uneven o r  s o f t  f l o o r  and crushed o r  l o o s e  bottom rock o r  c o a l .  
The base  is designed t o  be s e l f - c l e a n i n g  i n  t h a t  space is provided f o r  s l a c k  c o a l  
o r  d e b r i s  t o  pass  through i n t o  t h e  gob when t h e  s h i e l d s  a r e  advanced i n  o rder  t o  
e l i m i n n t c  hand shoveling. 

The forward edge of  t h e  base is ahead of t h e  p r o j e c t i o n  of t h e  canopy h i n g e  
j o i n t  t o  coun te rac t  t h e  tendency of t h e  s h i e l d  base t o  d i g  i n t o  t h e  f l o o r .  For t h e  
same purpose. t h e  advancine ram is mounted i n  a n  i n c l i n e d  p o s i t i o n  t o  r a i s e  t h e  base 
s l i g h t l y  dur ing  t h e  forward s t r o k e .  The advancing ram a c t s  through r e v e r s e  l i n k a g e  
s o  t h a t  t h e  f u l l  f o r c e  of t h e  p i s t o n  end e x e r t s  t h e  p u l l  f o r  t h e , s h l e l d  advance. 

The hydrau l ic  c o n t r o l s  a r e  a r ranged  t o  a c t u a t e  t h e  o p e r a t i o n  of e a c h - s h i e l d  
from t h e  a d j a c e n t  u n i t .  An automated c o n t r o l  c i r c u i t  main ta ins  a  s o f t  roof c o n t a c t  
dur inn  t h e  s h i e l d  advance. The o b j e c t i v e  is t o  keep t h e  roof  i n t a c t  d i r e c t l y  a f t e r  
exposure.  A manual o v e r r i d e  is urovided t o  overcome roof  i r r e e u l a r i t i e s  bv r e t r a c t -  
ing  t h e  l e g s .  The r a t i o n a l e  f o r  c o n t r o l  automation is t o  make main ta in ine  roof con- 
t a c t  p r e f e r a b l e  t o  lowerine t h e  s h i e l d s  by manual c o n t r o l .  The sueed of s h i e l d  ad- 
vance is commensurate wi th  a  s h e a r e r  haulage speed of 25 f t f m i n  t o  minimize t h e  de- 
l a y  of s u ~ o o r t i n g  t h e  roof  a f t e r  exposure. Hydraul ic  p r e s s u r e  i n  each l e g  can be. 
m e a s u r e d  by a  load i n d i c a t o r  (Fig.  8) .  The power pack p rov ides  a  s e t t i n g  p r e s s u r e  
of 80% of  t h e  y i e l d  p ressure .  A medium-pressure supply powers fo l lowing  f u n c t i o n s :  
in-and-out movement of s i d e  p l a t e s ,  conveyor push, and a c t i v e .  lowering of l e g s .  

A s a f e t y  travelway is provided a long  t h e  f a c e .  However. i t  is somewhat re -  
s t r i c t e d  a f t e r  t h e  s h i e l d s  a r e  advanced t o  a  c losed  p o s i t i o n  r e l a t i v e  t o  the  convevor. 

S i d e p l a t e s  s e r v i n g  a s  s e a l s  a r e  f i t t e d  between the  s h i e l d s  and maintained by 
s p r i n g s  and h y d r a u l i c  c y l i n d e r s  t o  p reven t  t h e  d u s t  from e n t e r i n e  t h e  working space  
dur ing  s h i e l d  advance. Water s p r a y s  a r e  mounted on t h e  canopy i n  a  p r o t e c t e d  p o s i t i o n  
bu t  y e t  a r e  r e a d i l y  a c c e s s i b l e  f o r  i n s p e c t i o n  and maintenance. 

Permiss ib le  l i g h t i n g  f i x t u r e s  were being procured,  and a  t e s t  group of n i n e  
l i g h t s  was i n s t a l l e d .  The procurement i s  being held up pending l i f t i n g  of suspension 
of p e r m i s s i b i l i t y  f o r  t h e  lumina i res  t o  be purchased. 

Components and e n t i r e  p ro to types  were t e s t e d  a t  t h e  l a b o r a t o r y  of the  Research 
Center  f o r  Rock Mechanics and Roof Support  a t  Essen, Germany (Fig.  9) (4). Components 
a l s o  underwent t h e  t e s t s  mandatory f o r  a p p l i c a t i o n  i n  German mines a t  t h e  a p p r o p r i a t e  
c e n t e r .  



The t e s t i n g  program a t  t h e  Essen l a b o r a t o r y  inc luded  t h e  fo l lowing  i n v e s t i g a t i o n s :  
The f o r c e s  exer ted  on roof  and f l o o r ;  t h e  suppor t  r e s i s t a n c e  and t h e  bending moments i n  
t h e  f l o o r  s k i d s ;  the  p e n e t r a t i o n  of t h e  f l o o r  s k i d s  i n t o  t h e  f l o o r ;  t h e  s t r e n g t h  of  t h e  
s h i e l d  a t  one t o  t h r e e  load ing  c y c l e s ;  t h e  d u r a b i l i t y  of t h e  s h i e l d  under load c y c l i n g ;  
t h e  f u n c t i o n  and o p e r a t i o n  mode of t h e  canopy, t h e  canopy c y l i n d e r ,  and t h e  angu la r  
p o s i t i o n i n g  of t h e  canopy; t h e  s t a b i l i t y  of  t h e  roof suppor t ;  t h e  p r o t e c t i o n  a g a i n s t  
f l u s h i n g ;  t h e  t ravelway,  wid th ,  h e i g h t ,  and behavior  of s h i e l d  on uneven f l o o r ;  and 
t h e  sideways m o b i l i t y  of t h e  advancing ram. 

Face Equipment 

The Bureau of Mines funded procurement of t h e  fo l lowing  equipment: 

1. Nine ty- f ive  s h i e l d s  t o  form a  s h i e l d  l i n e  of 470 f t .  Three of t h e  s h i e l d  
a r e  a c r o s s  t h e  headgate and two i n  the, t a i l g a t e .  The s h i e l d s  are 
spaced a t  approximately 5-f t . (1.5m) c c n t c r s  t o  nccommodste t h e  5-f t - lone 
(1.5m) conveyor pans s o  t h a t  each advancing ram can be a t t a c h e d  t o  t h e  mid- 
d l e  of each conveyor pan. S t r e s s e s  a t  pan connect ions due t o  e c c e n t r i c  
l o a d i n s  aro thuc minimiaod. 

2. The power pack c o n s i s t i n g  of two high-pressure pumps, each supplying 25 gpm 
t o  a  dua l -p ressure  system, one emulsion p l a n t  t o  p repare  t h e  5% oi l- in-water  
emulsion which poweres t h e  hydrau l ic  system, aaU Cvo f i l ~ e r s .  

3. One hundred f i f t y  j acks  wi th  a  range of 84 t o  124 i n .  They a r e  extended by 
connect ing them t o  t h e  h y d r a u l i c  p r e s s u r e  system of t h e  s h i e l d s  v i a  hose 
and quick-connect p i s t o l - t y p e  coupling.  The j a c k s  can be s e t  t o  30 tons  of 
t h r u s t  and then  y i e l d  a t  44 tons .  They a r e  r e t r a c t e d  by b leed ing  t h e  f l u i d  
i n t o  t h e  open through a  v a l v e .  

These j a c k s  a r e  used f o r  reinforcement  of t h e  t h r e e  g a t e  roads near  t h e  f a c e  a s  
i n d i c a t e d  on  F igure  1 0  (3). They were placed i n  e n t r i e s  and c r o s s c u t s  l e s s  than 
80 f t  from t h e  f a c e  and remained i n  p l a c e  u n t i l  t h e  f a c e  approached w i t h i n  3 t o  5  f t  
(Fig.  1 1 ) .  Severa l  j a c k s  i n  t h e  supply g a t e  were instrumented w i t h  h y d r a u l i c  pres-  
s u r e  gages t o  p rov ide  e a r l y  warning of excess ive  abutment p r e s s u r e  ahead of the  f a c e ,  
which never occur red ;  two instrumented j acks  were s e t  i n  t h e  recovery room and y ie lded  
when t h e  f a c e  c u t  through (Fig.  1 2 ) .  F igure  1 3  shows a  view from supply g a t e  t o  
t a i l g a t e .  

Old Ben c o n t r i b u t e d  t h e  fo l lowing  equipment: 

2/ 1. A modified Eickhoff- EDW 2  x  100 L double-drum s h e a r e r  us ing  two a i r -  
cooled 100-kw motors salvaged from an o l d  s h e a r e r ;  54 by 24 i n .  drums 
w i t h  two-star t  s p i r a l  vanes t u r n i n g  a t  63 rpm; 4  i n .  p i c k s ,  26 on t h e  
v n n c s  and 24 on t h e  d16C; each drum equlpped with  a  cowl; i n t e g r a t e d  
wate r  s p r a y s  on  t h e  drums and sprays  on t h e  machine frame; 26-mm h a u l a ~ e  
cha in  wi th  cha in  t e n s i o n e r s  mounted on each of t h e  conveyor t e rmina l s .  
Keeping t h e  haulage cha in  i n  t ens ion  compensates f o r  t h e  e l a s t i c  s t r e t c h  
of  the cha in  r e g a r d l e s s  of t h e  p o s i t i o n  of t h e  s h e a r e r  a l o n ~  t h e  f a c e .  
The s h e a r e r  i s  t rapped by gu ide  tubes  on t h e  gobs ide  and is guided on t h e  
f a c e  s i d e  by r o l l e r s  which r u n  on t h e  ramp p l a t e .  

2. Halbach 6 Braun EKF 3-3-72 s ing le -cha in  f a c e  conveyor system with two 
150-hp d r i v e s ;  t h e  d r i v e s  a r e  on t h e  gobside and p a r a l l e l  t o  t h e  con- 
veyor;  30 by 108-mm cha in ;  180-ft/min speed. Emergency c u t o f f  pushbutton 
s t a t i o n s  a r e  l o c a t e d  every 50 f t  a long t h e  p a n l i n e .  

3. One s t a g e l o a d e r  system wi th  two two-speed motors ,  40-hp each,  and one 
40-hp motor f o r  t h e  chunk breaker .  The s t a g e l o a d e r  is made of two s h u t t l e -  
c a r  bodies  and uses  s h u t t l e  c a r  conveyor cha in  f o r  coa l  t r a n s p o r t ,  I t  ruus 

Z/Reference t o  s p e c i f i c  equipment does no t  imply endorsement by t h e  Rureau of  Yines - 



on f o u r  rubber  t i r e s :  the  inby end is  a t t a c h e d  t o  t h e  f a c e  conveyor head 
d r i v e ;  t h e  outby end swive l s  on t h e  b e l t  t a i l  p i e c e ,  which a l lows  r e t r a c t i o n  
of t h e  conveyor b e l t  i n  12- f t  increments .  

4. A 42-in. r e t r a c t a b l e  b e l t  conveyor. The o r i g i n a l  b e l t  ropes were rep laced  
wi th  s o l i d  frame s t r u c t u r e s  suspended from t h e  roof by cha ins .  

5. A power c e n t e r  f o r  440-V AC power. 

6. Two motors ,  75-hp each,  t o  power t h e  pumps of t h e  power pack. 

7. Communication by page phones l o c a t e d  a t  100-f t  i n t e r v a l s  a long t h e  
s h i e l d  l i n e .  

:e 1 n s t a l l . a t i o n  and Tra in ing  

, I n s t a l l a t i o n  of  t h e  f a c e  equipment began i n  June 1976 when the  armored f a c e  
conveyor wi th  i ts  f u r n i t u r e  of ramp p l a t e s  and s p i l l  p l a t e s  was assembled. A 12- f t  
high r i g g i n g  chamber was excavated a t  t h e  head of t h e  s t a g i n g  a r e a  i n  o r d e r  t o  as-  
semble t h e  s h i e l d s ,  which were t r a n s p o r t e d  from t h e  s u r f a c e  through t h e  s h a f t  a s  
they a r r i v e d  i n  t h e  c o n t a i n e r s  i n  f o u r  p a r t s :  each l e g  wi th  i ts  gob s h i e l d  and s k i d  
h a l f ,  t h e  canopy, and t h e  advancing ram. The s h i e l d s  were assembled by means of two 
overhead c ranes .  A t r a c k  of t h r e e  r a i l s  was l a i d  a long  t h e  s t a g i n g  room. A f t e r  
complet ion,  each s h i e l d  was skidded on thi 's t r a c k  by a  scoop t o  i ts  p l a c e  i n  t h e  
s h i e l d  l i n e  and connected t o  t h e  h y d r a u l i c  power c i r c u i t s .  The s h e a r e r  a r r i v e d  from 
Germany l a t e r  i n  J u l y  and was taken underground i n  p a r t s  t o  be assembled i n  t h e  under- 
ground shop and t aken  t o  t h e  f a c e  (Fig.  1 4 ) .  The conveyor head d r i v e  and the  s t age-  
l o a d e r  completed t h e  f a c e  i n s t a l l a t i o n .  A f t e r  de lays  due t o  miners '  v a c a t i o n s ,  a  
s t r i k e ,  and wai t ing  f o r  approva l  by t h e  Mining Enforcement and Safe ty  Admin is t ra t ion ,  
t h e  longwall  o p e r a t i o n  s t a r t e d  on September 3, 1976, a f t e r  i n t e n s i v e  t r a i n i n g  of 
crews and s u p e r v i s o r s  on t h e  s u r f a c e  and a t  t h e  f a c e .  

A t  t h e  nearby Rend Lake College,  management o f f i c i a l s  such a s  t h e  Vice 
President--Operat ions,  General  Manager, Corporate  S a f e t y  D i r e c t o r ,  and Manager of 
I n d u s t r i a l  Engineering had conducted t h e  i n t r o d u c t o r y  t r a i n i n g  of f a c e  crews, union 
o t t i c i a l s ,  and s u p e r v i s o r s .  They explained Old Ben's d e c i s i o n t o  r e i n t r o d u c e  longwall  
mining a f t e r  e a r l i e r  f a i l u r e s .  Hazards p e c u l i a r  t o  longwall  mining were i d e n t i f i e d .  
S l i d e s  were shown, and a  three-dimensional  model designed a s  a  t each ing  a i d  by t h e  
i n d u s t r i a l  eng ineer ing  s t a f f  was used t o  s i m u l a t e  f a c e  o p e r a t i o n s  i n  s e q u e n t i a l  o rder  
(F ig .  15) .  At t h e  f a c e ,  manufacturers '  s e r v i c e  personnel  a ided  hy i n d u s t r i a l  engi-  
neer ing  s t a f f  i n i t i a t e d  each crew member i n d i v i d u a l l y  i n  t h e  p roper  o p e r a t i o n  of each 
type  of f a c e  equipment whi le  slow produc t ion  runs  were made. 

Techn ica l  t r a i n i n g  of maintenance personne l  took p l a c e  a t  t h e  Old Ben c e n t r a l  
e l e c t r i c  shop and a t  t h e  Rend Lake College v o c a t i o n a l  f a c i l i t y ,  where. t h e  s h e a r e r  
manufacturer  had provided a  c u t t i n g  motor and a  haulage box wired f o r  hands-on t r a i n -  
ing  under gui-dance of  a  s e r v i c e  r e ~ r e s e n t a t i v e .  Face s u p e r v i s o r s  had s p e n t  two days 
i n  i n t e n s t i v e  t r a i n i n g  a t  t h e  longwall  f a c e s  of a  West V i r g i n i a  mine. Job s k i l l ,  
s a f e t y  t r a i n i n g ,  and r e t r a i n i n g  c l a s s e s  a r e  conducted cont inuously.  

c r  Operat ion 

The s tandard  crew c o n s i s t s  of 9:2 s h e a r e r  o p e r a t o r s ,  t h r e e  chockmen,  two 
u t i l i t y  men, one mechanic, and one foreman. The s h e a r e r  c u t s  t o  t h e  roof rock and 
l e a v e s  f l o o r  c o a l  t o  ach ieve  a  mining h e i g h t  of 7  f t  and t o  p reven t  exposure of t h e  
s o f t  underclay f l o o r .  The Blueband, a  ve ry  cons i s ten ' t  p a r t i n g ,  1-11.2 i n .  t h i c k  and 
1 8  i n .  above t h e  f l o o r ,  s e r v e s  a s  t h e  marker f o r  t h e  s h e a r e r  o p e r a t o r s ,  who endeavor 
t o  keep i t  l e v e l  wi th  t h e  top  of  t h e  conveyor pans.  F igure  1 6  shows t h e  un id i rec -  
t i o n a l  mode of o p e r a t i o n  a s  fo l lows :  

1. S t a r t :  Machine a t  t a i l g a t e .  

2. Cleanup: Machine t r a v e l s  from t a i l g a t e  t o  supply g a t e  a t  h igh . speed .  



The conveyor is  pushed up t o  the  f a c e  a s  soon a s  t h e  machine 
has  f l i t t e d  by. 

3. Cut t ing :  Machine c u t s  from supply g a t e  t o  headgate.  The s h i e l d s  a r e  
advanced a s  t h e  machine c u t s  by. 

4 .  Cleanup: Machine f l i t s  from headgate t o  supply g a t e .  Conveyor is 
advanced a s  t h e  machine c u t s  by (Fig.  1 7 ) .  

5. Cut t ing :  Machine c u t s  from supply g a t e  t o  t a i l g a t e .  S h i e l d s  a r e  
advanced a s  s h e a r e r  c u t s  by (:Fig. 1 8 ) .  

U n i d i r e c t i o n a l  c u t t i n g  h a s  t h e  fo l lowing  advantages:  

1. The s h i e l d s  a r e  moved forward a s  soon a s  t h e  s h e a r e r  has  c u t  by. 

2. The crew is i n  t h e  i n t a k e  a i r  whi le  c o a l  i s  c u t ,  s o  t h a t  exposure t o  
d u s t  i s  minimized. I n t a k e  a i r  a t  a  q u a n t i t y  of  25,000 cfm is con- 
ducted t o  t h e  f a c e  through t h e  supply g a t e .  It s p l i t s  a t  t h e  f a c e .  
One s p l i t  of 5,000 cfm moves t o  t h e  headgate,  from where one s u b s p l i t  
r eaches  t h e  b l e e d e r  v i a  t h e  gob and t h e  o t h e r  r e t u r l l s  through 21 North 
e n t r y .  The main s p l i t  of  20,000 cfm t r a v e l s  from t h e  supply g a t e  t o  
t h e  t a i l g a t e ,  where it s?lits a g a i n ,  one s p l i t  going through t h e  gob 
t o  t h e  b leeder  and t h e  o t h e r  r e t u r n i n g  through t h e  t a i l g a t e .  The 
s e n s o r  of  t h e  methane monitor  i s  mounted on t h e  t a i l g a t e  conveyor d r i v e .  
Power is c u t  o f f ,  should CR c o n c e n t r a t i o n  reach  1 percen t .  4 

3. The s h e a r e r  p a s s  is cleaned by t h e  machine p r i o r  t o  ramming t h e  con- 
veyor t o  t h e  f a c e .  

4. The t a i l - s i d e  drum is favored f o r  c u t t i n g  because t h e  t a i l - s i d e  motor 
d r i v e s  i t  exc1usivel.y. The head-side motor not  on ly  d r i v e s  t h e  head- 
s i d e  drum, b u t  a l s o  t h e  hydrauli 'c pumps whi'ch power t h e  haulage and 
a c t u a t e  t h e  rang ing  arms and o t h e r  c o n t r o l s .  

L i t t l e  would be  gained by b i d i r e c t i o n a l  c u t t i n g  on account  of delayed turnaround 
a t  t h e  f a c e  ends.  Also, t h e  crews would be exposed t o  d u s t .  A p r e r e q u i s i t e  f o r  b i -  
d i r e c t i o n a l  c u t t i n g  would be h y d r a u l i c  a c t u a t i o n  of  t h e  cowls. Such.a  system f a i l e d ,  
and t h e  f i r s t  pane l  was e x t r a c t e d  wi th  manual cowl c o n t r o l .  

P i l l a r  e x t r a c t i o n  by cont inuous miner of t h e  panel  a d j a c e n t  t o  t h e  longwall  
t a i l g a t e  preceded t h e  longwall  mining; i t  d id  no t  a f f e c t  roof c o n t r o l  a t  t h e  long- 
w a l l  f a c e  t o  any g r e a t  e x t e n t ,  though t h e  b a r r i e r  between longwall  and p i l l a r  ex- 
t r a c t i o n  c o n s i s t e d  of on ly  one row of  c h a i n  p i l l a r s  o r  86 f t  of c o a l  i n  width.  The 
t a i l g a t e  was s u b j e c t  t o  some p r e s s u r e ,  whfch was s u s t a i n e d  by t h e  hydrau l ic  j a c k s  i n  
a d d i t i o n  t o  t h e  two s h i e l d s  i n  t h e  t a i l g a t e  and hy c r i b b i n g  b u i l t  a c r o s s  t h e  c ross -  
c u t s .  

The g r e a t e s t  a d v e r s i t y  dur ing  t h e  mining o t  t h e  f i r s t  pane l  was t h e  occurrence 
of c o a l b a l l s ,  s i d e r i t i c  Li.mes.toneconcretions,ranging i n  s i z e  from go l f  b a l l s  t o  
f o o t b a l l s  (F ig .  19) .  They were f i r s t  encountered i n  two l a r g e  pods i n  t h e  t a i l  e n t l  
development and then  a t  t h e  longwall  f a c e ,  a t  f i r s t  near  t h e  t a i l g a t e  and l a t e r  a t  
t h e  cen te r .  A l l  through November and t h r e e  weeks i n  December, t h e  crews b a t t l e d  the 
massive pods wi th  d e v a s t a t i n g  e f f e c t  on p r o d u c t i v i t y .  It was necessary t o  b l a s t  a t  
s p o t s  where t h e  c o a l b a l l s  d i s p l a c e d  t h e  e n t i r e  coalbed o r  s t u c k  t o  t h e  f l o o r .  
I l l i n o i s  S t a t e  Law permi t s  b l a s t i n g  on ly  when nobody is i n  t h e  mine. Consumption of 
s h e a r e r  p i c k s  a t  $11 per  p i e c e  was very  h igh ,  and numerous b i t  b locks  on t h e  drums 
were cracked. The b i t  b locks  were welded t o  keep t h e  s h e a r e r  o p e r a t i n g  u n t i l  a  new 
t a i l  drum cou ld  t e  d e l i v e r e d .  Also,  t h e  s t a g e l o a d e r  w i t h  t h e  chunk breaker  and even 
t h e  Bradford Breaker on t h e  s u r f a c e  s u f f e r e d  s e v e r e  damage. 



Ground c o n t r o l  i n  longwall  depends on t h e  adequate load-bearing c a p a c i t y  and re -  
l i a b l e  f u n c t i o n  of t h e  roof  suppor t  (Fig.  20, 21, 22). A good r u l e  f o r  b r ing ing  t h e  
f u l l  h y d r a u l i c  pump p r e s s u r e  t o  bear  i s  t o  hold t h e  s e t t i n g  p r e s s u r e  f o r  1 minute a t  
each s h i e l d .  The s h i e l d s  maintained roof  c o n t r o l  even when t h e  f a c e  s t r u c k  a  r o l l  
which d i sp laced  t h e  e n t i r e  coalbed and caused rock f a l l s  20 f t  i n  h e i g h t ,  w e l l  above 
t h e  maximum s h i e l d  range  of 1 0  f t .  

Maintenance of t h e  s h i e l d s  was g e n e r a l l y  s a t i s f a c t o r y .  I tems repor ted  were 
deformation of  s i d e  p l a t e s  and c y l i n d e r s  and of some canopy t i p s .  The most f requen t  
d e f e c t ,  which involved a l l  s h i e l d s ,  was breaking of s h e a r  p i n s  i n  t h e  advancing arrange-  
ment. The manufacturer  came o u t  wi th  a  new v e r s i o n ,  and Old Ben has  a l s o  developed a  
more promising at tachment .  

To main ta in  t h e  a v a i l a b i l i t y  of t h e  s h i e l d s ,  t h e  h y d r a u l i c  system and p a r t i c u l a r l y  
le y i e l d  c a r t r i d g e s  have t o  be checked and a d j u s t e d  p e r i o d i c a l l y .  A pump wi th  gage 
I provided f o r  such f u n c t i o n a l  t e s t s .  As i n d i c a t e d  by mois tu re  around t h e  va lves ,  a  

rew s h i e l d s  have been y i e l d i n g  dur ing  a  pe r iod  of  i d l e n e s s  brought on  by a  w i l d c a t  
s t r i k e .  Numerous s h i e l d s  i n  themidsec t ion  and t a i l e n d  of t h e  f a c e  y i e l d e d  when t h e  
f a c e  c u t  through i n t o  t h e  recovery room a t  t h e  complet ion of  t h e  pane l  on May 11, 1977. 

The f i r s t  pane l  d e l i v e r e d  a  t o t a l  of  205,000 t o n s  of  c o a l  on a  l e n g t h  of 1,734 f t  
dur ing  162 working days.  The occgrrence of c o a l b a l l s  dur ing  7-112 weeks caused a  s e r -  
i o u s  s e t b a c k  on  p r o d u c t i v i t y  (Fig.  23). The o v e r a l l  u t i l i z a t i o n  f a c t o r  was 49% wi th  
t h e  fo l lowing  types  of de lays :  s h e a r e r  17%. o t h e r  longwal l  de lays  i n c l u d i n g  roof con- 
t r o l  13%, non-longwall o r  e x t e r n a l  de lays  11%, conveyor 6%. and s t a g e l o a d e r  4%. The 
c u t t i n g  web averaged 21.4 i n .  i n  depth w i t h  t h e  24-inch wide drums, and t h e  mean 
q u a n t i t y  p e r  c u t  was 211 tons  of c o a l .  Dai ly averages i n  A p r i l  were 8 .2  c u t s ,  14.5 f t  
of advance, and 1 ,708  tons.  At b e s t ,  t h e  s h e a r e r  achieved 15-112 c u t s  o r  3,317 tons  i n  
24 hours ,  which can be  considered t h e  p o t e n t i a l  f o r  t h i s  type  of o p e r a t i o n  under con- 
s t r a i n t s  such a s  24-in. drum wid th ,  u n i d i r e c t i o n a l  c u t t i n g ,  manual s h e a r e r  haulage con- 
t r o l ,  manual cowl a c t u a t i o n ,  cha in  p i l l a r  e x t r a c t i o n ,  and dependence on t h e  su rge  
c a p a c i t y  and a v a i l a b l i l i t y  of t h e  main b e l t  haulage.  

P repar ing  Panel-to-Panel Trans fe r  

Whlle e x t r a c t i o n  proceeded i n  panel  1, t h e  headgate development e n t r i e s  f o r  
panel  2, 22d, 23d, and 24th N ,  r r aversed  f a u l t y  ground accompanied by water  and gas  
f e e d e r s  and then s t r u c k  s e v e r a l  pods of c o a l b a l l s .  When t h e  new pane l  e n t r i e s  reached 
t h e  p o i n t  where t h e  s t a g i n g  room f o r  panel  2  was p r o j e c t e d ,  it appeared t h a t  t h e  cha in  
p i l l a r  t o  be e x t r a c t e d  f i r s t  c o n s i s t e d  of s o l i d  r i b  t o  r i b  c o a l b a l l s ,  There fore ,  t h e  
s t a g i n g  room was tu rned  80 f t  outby t h e  o r i g i n a l l y  planned l o c a t i o n .  

A f a u l t  wi th  5 - f t  throw and t rend ing  N-S appeared i n  t h e  s t a g i n g  room. Evident- 
l y ,  i t  is p a r t  of t h e  system t h a t  i n t e r s e c t s  t h e  main headings.  Th is  f a u l t  w i l l  s t a y  
i n  f a c e  2 from t h e  s t a r t  t o  complet ion,  and o p e r a t o r s  must pay a t t e n t i o n  t o  g rade  t h e  
s h e a r e r  pass  accord ing ly .  

Meantime, a  recovery a r e a  was read ied  f o r  t h e  move of t h e  f a c e  equipment a t  t h e  
completion of  t h e  pane l .  Recovery of  longwal l  roof suppor t  i s  always onerous and re -  
q u i r e s  circumspect  planning and execut ion.  A s h i e l d  move poses a  p a r t i c u l a r l y  thorny 

roblem because p a r t  of t h e  s t r u c t u r e  is under t h e  caved rock.  A h e i g h t  of 8  f t  6  i n .  
a s  provided i n  t h e  recovery room by tak ing  roof rock  6 i n .  i n  th ickness .  The roof 
a s  supported wi th  5-ft-long r e s i n  b o l t s  and 9-f t - long conven t iona l  b o l t s  on a  3-f t  

g r i d  and r e i n f o r c e d  wi th  No. 9 gage cha in  l i n k  fence-type wi re  mesh (Fig. 24) .  Pin- 
r a i l s  40 pounds i n  weight and 1 5  f t  i n  l e n g t h ,  were i n s t a l l e d  i n  t h e  roof  s h a l e  t o  
reach  over  t h e  longwall  block.  The inby end of  t h e s e  r a i l s  would come t o  r e s t  on t h e  
s h i e l d  canopies  a t  f a c e  approach p r i o r  t o  c u t t i n g  through,  and t h e  outby end was sup- 
por ted  by a  h y d r a u l i c  prop s e t  i n  t h e  recovery room (Fig.  25, 26) .  Track was l a i d  t o  
f a c i l i t a t e  removal of t h e  s h i e l d s .  

The t r a n s p o r t  r o u t e  f o r  t h e  panel-to-panel move was 21s t  N e n t r y ,  f u t u r e  t a i l -  
g a t e  of f a c e  2. The e n t r y  was graded t o  a  h e i g h t  of 8 f t ,  d ra ined ,  and t racked ,  and 
connect ion was made between t h i s  t r a c k  and t h e  be l t - t akeup  t r a c k  i n  t h e  b e l t  e n t r y  



v i a  a  s l a n t e d  breakthrough and a  t r a c k  swi tch  i n s t a l l e d  i n  t h e  b e l t  take-up. 

When t h e  f a c e  was w i t h i n  1 0  c u t s ,  o r  approximately 20 f t ,  from c u t t i n g  through 
i n t o  t h e  recovery room, wi re  mesh of t h e  cha in  l i n k  f e n c e - t y p e  i n  5-ft-wide s e c t i o n s  
was f e d  on t o p  of t h e  canopies  w i t h  ex tens ions  dropped. The w i r e  mesh s e c t i o n s  were 
s p l i c e d  t o g e t h e r  wi th  connectors  (hogrings)  and 3116-in. w i r e  rope ,  l e a v i n g  6-inch 
over laps .  As ~ l a n n e d .  t h e  p i n r a i l s ,  i n s t a l l e d  i n t o  t h e  roof s h a l e  and supported by 
h y d r a u l i c  j a c k s  a t  t h e  outby end, came t o  r e s t  on t h e  canopies  immediately be fore  
t h e  f a c e  c u t  through and secured  t h e  roof  dur ing  t h i s  c r i t i c a l  moments i n  t h e  even- 
i n g  of May 11, 1977. Most s h i e l d s  i n  t h e  midsect ion and t a i l e n d  from No. 20 t o  95 
y i e l d e d  a  l i t t l e  b u t  s u s t a i n e d  t h e  roof  p r e s s u r e ,  which l e v e l e d  o f f  and t r a n s f e r r e d  
t o  t h e  recovery  cha in  p i l l a r s  and t h e  b a r r i e r  p i l l a r  a s  i n d i c a t e d  by t h e  read ings  on 
t h e  s t r e s s m e t e r s  i n s t a l l e d  nearby. The f l o o r  heaved. Coal and rock s p i l l a g e  had t o  
be loaded o u t ,  and t h e  t r a c k  i n  t h e  recovery room had t o  be  removed t o  p rov ide  t h e  
c l e a r a n c e  necessa ry  f o r  t h e  passage of t h e  s h i e l d s  (Fig.  271. 

Panel-to-Panel Trans fe r  

The s h e a r e r ,  a f t e r  removal of drums and ranging arms, was plucked from t h e  con- 
veyor by two scoops.  Chains, c a b l e s ,  pan l i n e  i n  l e n g t h s  of t h r e e  pans,  and t h e  
d r i v e s  were removed from t h e  recovery room, and t h e  pan l i n e  was reassembled i n  t h e  
f a c e  2 s t a g i n g  room. Shearer  and conveyor d r i v e s  were taken t o  t h e  s u r f a c e  f o r  over- 
hau l .  The t r a c k  was then  r e l a i d  i n  t h e  recovery room f o r  t h e  removal of t h e  s h i e l d s .  
The heavy weight  of each s h i e l d ,  35,000 pounds, and t h e  need f o r  v e r t i c a l  c l e a r a n c e  
of 84  i n .  when u p r i g h t  and 72 i n .  when on i t s .  s i d e ,  i n c l u d i n g  t h e  r a i l  d o l l y ,  made 
t h e  move d i f f i c u l t  and slow. A minimum s i d e  c l e a r a n c e  of 9 f t  hetween canopy t i p  and 
r i p  had t o  b e  provided (Fig.  28, 29). 

Each s h i e l d ,  r e f i t t e d  wi th  longer  hoses and under a d j a c e n t  contro1,was moved 
ahead s t e p  by s t e p  under its own h y d r a u l i c  power. A beam he ld  down by h y d r a u l i c  j acks ,  
a  SLS Unatrack scoop, o r  even a  c a r h a u l  under very heavy roof  provided t h e  anchorage. 
Whenever a  s h i e l d  was lowered f o r  recovery,  f i v e  a d j a c e n t  s h i e l d s  y i e l d e d  somewhat. 
Once on t h e  t r a c k  i n  t h e  recovery room, t h e  s h i e l d  was s e t  on  a  s k i d  and p u l l e d  by S&S 
Unatrack t o  t h e  headgate where i t  was l a i d  on i ts  s f d e  on a  r a i l  d o l l y  by means of rope ,  
sheaves ,  and p u l l  by Unatrack. The f i r s t  s i x  s h i e l d s  were removed from t h e  t a i l  end 
under t h e  p r o t e c t i o n  of  t h r e e  c r i b s  b u i l t  a c r o s s  t h e  recovery room i n  p l a c e  of each 
s h i e l d  taken o u t .  Eventual ly,  roof  c o n t r o l  was maintained by forming a  moveable bulk- 
head c o n s i s t i n g  of two s h i e l d s  advancing s i d e  by s i d e  a long  t h e  r i b  s i d e  of t h e  recov- 
e r y  room (F ig .  30) .  A c r i b  was b u i l t  i n  p l a c e  of each s h i e l d  removed. Extremely heavy 
roof  p r e s s u r e s  had t o  be c o n t r o l l e d  i n  t h e  midsec t ion  of t h e  recovery room. The weight 
was on t h e  r i b  s i d e  and p a r t i c u l a r l y  heavy i n  i n t e r s e c t i o n s  where c r i b s  were b u i l t  
a c r o s s  breakthroughs.  A few sh ie lds .  y ie lded  e x t e n s i v e l y ,  and s h i e l d  52 y ie lded  t o  t h e  
extend t h a t  on ly  4-112 i n .  of t h e  l eng  t r a v e l  was l e f t .  

Each s h i e l d  l y i n g  on i ts  s i d e  on t h e  r a i l  d o l l y  was hauled on t h e  t r a c k  by Una- 
t r a c k  t o  t h e  t r a n s f e r  p o i n t  a t  t h e  t a i l  end of t h e  s t a g i n g  a r e a ,  where i t  was up- 
r i g h t e d  and s e t  on t h e  s t a g i n g  room t r a c k  under c o n t r o l  of ano ther  Unatrack. It was 
then  maneuvered t o  t a k e  i t s  p lace  i n  t h e  new s h i c l d  l i n e .  The s h i e l d s  were rnhosed 
and t emporar i ly  connected t o  an a u x i l i a r y  hydrau l ic  power supply pending t h e  move uf 
t h e  power pack. The s h e a r e r  was in t roduced  over  t h e  r a i l e n d  o1 11112 pan l ine .  Conncct- 
i n g  t h e  t a i l  d r i v e  wi th  t h e  conveyor concluded t h e  move. Operat ion s t a r t e d  on 
August 1 , 1977. 

Accident Expericncc 

Accident exper ience  i n  t h e  pe r iod  from Yay 1976 t o  June 1977 included i n s t a l l a -  
t i o n ,  o p e r a t i o n ,  and most of t h e  panel- to-panel  t r a n s f e r  and compared very favorab ly  
w i t h  t h e  o v e r a l l  a c c i d e n t  exper ience  i n  t h e  mine. I n t e n s i v e  t r a i n i n g  apparen t ly  pa id  
o f f .  Only one  los t - t ime  a c c i d e n t  occurred when a workman dropped a  prop on h i s  f o o t .  
Among 25 no-lost-time a c c i d e n t s ,  b r u i s e s  by equipment and b u r s t  hoses were most f r e -  
quen t .  The t a b l e  below shows t h e  acc iden t  a n a l y s i s ,  comparing t h e  longwall  wi th  t h e  
whole mine: 
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Accident Analysis: Longwall versus whole mine No. 24 during May 1976-June 1977 

Man-hours Severity Frequency 

Mine No. 24 1,224,624 837.81 32.60 

Longwall 57,096 262.82 17.50 

Ground Control Program 

The ground control program proposed and conducted by Dames 6 Moore was designed 
to provide information for evaluating the adequacy of the roof support system as 
ollows (Fig. 21): 

1. Strata movement by measuring.convergence in gate roads and differential 
rock and floor strata movement to detect bed separation. 

2. In situ pressure measurements by installing stressmeters of the vibrating 
wire-gage type in coal and floor of the longwall panel and the chain pillars. 

3. Loading profile in the roof support system by measuring hydraulic pressures 
with load indicators, gages, and recorders. 

4. Vertical extent of caving by borcholcs from surface to coalbed. 

Convergence of roof and floor seldom reached or surpassed 2 in. before the face 
passed. Only in the tailgate, a station showed a 4-in. convergence at face approach. 
Differential roof strata movementmeasurement did not indicate bed separation between 
shale and limestone. Differential floor movement readings showed slight heaving of 
the underclay (up to 2 in.) relative to the siltstone base. 

In situ pressures were measured by stressmeters at the indicated locations 
(Fig. 32). Near the staging area, the stressmeter readings showed a gradual rise in 
stress and a sudden drop when the face attained a distance of 150 ft and the first 
major roof cave occurred. Afterwards, the stress rose gradually. 

In midpanel, stressmeters sharply responded to the face approach, one of them 
indicating a gain of 1600 psi before destruction. 

Stressmeters in the siltstone floor under the longwall panel showed a small rise 
at face approach, a drop below setting pressure after the face rolled over then. and 
a slow gain back to setting pressure hilethe face moved away. 

Stressmeters indicated a sharp rise when the face cut through into the recovery 
room. 

Pressures in the hydraulic system of shfelds and props were measured to compute 
the roof loads. Shield loads increased during idle days (weekends) by approximately 
10 psi = 0.07 tonfsq ft. A sharp rise in canopy loads occurred immediately prior to 
~nd following the first major roof fal.ls, simultaneously with the stress relief 
ieasured by stressmeters near the staging area ('Fig. 33). 

The instrumented hydraulic props were adequately blocked by wood headers and 
steel plates so that they could sustain high loads; consequently, the only two jacks 
that yielded were the instrumented ones in the recovery room when the face cut through. 

The successive caving of roof strata over the mined out area was monitored by 
Time Domaine Reflectometry. A ?/&in. coaxial cable was grouted into a NA size (3-in.) 
borehole to a depth of 670 ft. A Tectronix 1502 Time Domaine Reflectometry cable 
tester was used to monitor the condition of the cable. The instrument detects cable 
faults and breaks by radar. Prior to installation, the cable is crimped at 10-ft in- 
tervals as an aid to calibration and measurement. Figure 34 shows the progress of 



cav ing  i n  terms of f a c e  advance u n t i l  t h e  read ing  s t a b i l i z e d  a t  410 f t  above t h e  coa l -  
bed. 

Af te r  a  l i c e n s e  of right-of-way was secured from t h e  Army Corps of Engineers ,  
who hold t h e  s u r f a c e  r i g h t s ,  Old Ben and Bureau personnel  of t h e  Denver Mining 
Research Center  i n i t i a t e d  s u r f a c e  subsidence s t u d i e s  over  t h e  longwall  mining a r e a  t o  
measure v e r t i c a l  and h o r i z o n t a l  s u r f a c e  movements inc lud ing  t i l t i n g  of monuments. 
Sur face  s t r a i n s  between s e l e c t e d  monuments a r e  measured by extensometer  o r  s t r a i n  
gages.  The shape of t h e  subsidence t rough and t h e  a n g l e  of draw a r e  t o  be determined 
t o  i n d i c a t e  whether t h e  mining w i l l  a f f e c t  s u r f a c e  s t r u c t u r e s  such a s  t h e  Rend Lake 
Dam. A t o t a l  of 196 monuments were i n s t a l l e d  i n  t h r e e  l i n e s .  Two of them were N-S 
c e n t e r  l i n e s  over  two a d j a c e n t  longwall  pane l s ,  and one is a n  E-W c r o s s l i n e .  The 
monuments c o n s i s t  of s t e e l  p ipes  d r i v e n  i n t o  t h e  ground. However, s e v e r a l  monuments 
had t o  be i n s t a l l e d  i n  boggy ground and were s p e c i a l l y  designed f o r  t h e  purpose 
(F ig .  35). 

The maximum v e r t i c a l  s u r f a c e  displacement  was 4.39, which is equa l  t o  62% of 
7 f t  of mining h e i g h t .  An a n g l e  of draw of 230 was measured a t  t h e  N o r  i f ~ b y  boundary. 
F u l l  subsidence occurred when t h e  f a c e  d i s t a n c e  approximated t h e  overburden depth.  

The I l l i n o i s  S t a t e  Geolog ica l  Survey mapped t h e  longwall  pane l  a r e a  a s  i t  was 
developed and mined and explored t h e  a d j a c e n t  s t r a t a  by v e r t i c a l  boreholes  up t o  40 f t  
i n  he igh t .  

c o n f ~ u s i o n s  

The fo l lowing  mi les tones  mark t h e  p rogress  of  t h i s  coopera t ive  e f f o r t :  

1. Premining s tudy  a s  a  b a s i s  f o r  eautpment s e l e c t i o n .  

2.  Roof suppor t  designed t o  c o n t r o l  hazardous ground. 

3. Mining equipment wi th  many sa feguards .  

4. Opera t ion  mode t o  minimize d u s t  exposure and t o  provide adequaue f a c e  
clean-up. 

5. Panel-to-panel t r a n s f e r  invo lv ing  recovery ,  move, and r e i n s t a l l a t i o n  of 
heavy and bulky e q u i p m e ~ ~ t  . 

6. Ground c o n t r o l  and subsidence program t o  monitor t h e  e f f e c t  of mining on 
r o c k  s t r a t a  and si1rfar.e. 

This  is an i n t e r i m  r e p o r t .  Time w i l l  t e l l  whether t h e  sub jecc  demonstral iuu 01 
longwall  mining w i l l  be a  success  a f t e r  t h e  t h i r d  panel  comes t o  c o m p l e ~ l u u .  Tllr 
i n i t i a l  f a c e  m o b i l i z a t i o n  and t h e  panel-to-panel t r a n s f e r  must be included 111 plu- 
d u c t i v i t y  and c o s t  account  t o  s t r i k e  a  f a i r  ba lance  between p i l l a r  e x t r a c t i o n  and 
I n n p a l l  minine. As of now. a f t e r  t h e  f a c e  move, t h e  c o s t  p i c t u r e d o e s  no t  f avor  
longwall .  However, a  v a r i e t y  of adverse  c o n d i t i o n s  occur  a t  t h i s  p a r t i c u l a r  s i t e ,  
and i n s t a l l a t i o n  and panel-to-panel move of t h e  bulky and heavy equipment posed 
formidable c h a l l e n g e s  t o  novice crews. The long  range payoff of t h i s  demonstrat ion 
i f  s u c c e s s f u l ,  would be  t o  show t h a t  Her r in  No. 6 could be mined s a f e l y  and e f -  
f i c i e n t l y  w i t h  a  high degree of  recovery .  The demonstrat ion is an inva luab le  t e s t -  
ing  ground f o r  equipment and o f f e r s  a  t r a i n i n g  oppor tun i ty  f o r  workmen and super-  
v i s o r s  f o r  f u t u r e  e f f o r t s  i n  b r ing ing  longwall  mining t o  t h e  I l l i n o i s  c o a l f i e l d .  
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FIGJRE 18. - Shearer Cutting S q l y  Gate ta Tailgate 



a Anna sh& 
Brereton limestone 

FIGURE 19. - Map by Illinois State Geologic Survey 



FIGURE 20. - Gob Eefcvre the First loaf F a l l  



h". - I  A 

FIGURE 21. - Gob at Headgate 
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FIGURE 28. - Reeovery Room Prior to Shield Recovery 
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FIGURE 31. - Rock Mechanics Instrumentation 
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WESTMORELAND COAL COMPANY 'S 
APPROACH TO MINE ILLUMINATION 

Randolph E. Slone 
Elect r ica l  Engineer 

Westmorel and Coal Company 
Big Stone Gap, Vi rg in ia  

The task o f  achieving compliance with the underground i l luminat ion 
regulations i s  a very complex and d i f f i c u l t  problem f o r  any coal operator. This 
task i s  fur ther  complicated by the many d i f fe ren t  types o f  machines i n  use and 
the varying thicknesses o f  coal seams mined. 

A t  Westmoreland we have over 100 working sections on which i l luminat ion 
w i l l  be required, and our coal seams range from 30 inches t o  18 feet  with most 
seams averaging 4 to 6 feet  thick. This represents a considerable amount o f  
capital  t o  meet compliance. Because o f  th i s  investment, an overal l  plan o f  
design and ins ta l la t ion  was required t o  insure that  safe maintainable 1 ight ing 
systems would be ins ta l led  on our equipment. 

Methods o f  Compl i aEc. 

When an advance copy o f  the regulations was published on Apr i l  1, 1976, 
our engineering s t a f f  reviewed the law t o  determine what approach should be 
taken to insure compliance, A coal operator has two methods t o  meet compliance 
with the regulations. The f irst method i s  t o  purchase l i g h t s  and place them 
on a machine and wait  f o r  an inspection. During an inspection o f  a working 
section, each piece o f  equipment would have t o  be shut down and placed i n  the 
middle o f  the entry f o r  l i g h t i n g  measurements. 

If the equipment were i n  compliance, you would be allowed t o  continue. I f  
not, the equipment would be i n  v io la t ion  and would have to be pul led out o f  
service u n t i l  modifications were made that  would meet the regulations. With 
t h i s  method, downtime could become very costly, and there i s  no real acceptance 
of your l i g h t i n g  system i n  tha t  i t  can be remeasured during any inspection. 

The second method i s  t o  obtain a "Statement o f  Test and Evaluation (STE)" 
l e t t e r  from MESA. 

The approaches f o r  obtainin a STE l e t t e r  are: (1) in-mine test ing by 
MESA Technical Support Group; (zQ MESA simulated working place laboratory test; 
(3) equipment o r  l i g h t i n g  manufacturer's simulated laboratory testing; o r  
(4) mine operator's own simulated laboratory testing. Each o f  these approaches 
require a wr i t ten  request f o r  testing, complete drawings, specifications o f  the 
l i g h t i n g  system, prepayment o f  a l l  MESA required fees, and test ing as required. 

A1 though mine operators o r  equipment and 1 i gh t ing  f i x tu re  manufacturers 
are not required t o  submit l i g h t i n g  systems f o r  MESA approval, t h i s  method can 
help to assure compliance. 

An approval p la te o r  label i s  not issued by the government agency, but 
a f te r  examination o f  the design o f  a l i g h t i n g  system o r  a system ins ta l led  on a 
piece o f  equipment, MESA w i l l  issue a Statement o f  Test and Evaluation. This 
statement, i n  l e t t e r  form, defines the maximum height o f  the working place, 
the maximum width o f  the working place, the type and model o f  machine, and 
locat ion and orientat ion o f  l i g h t  f ixtures, and other conditions under which 
the equipment may be operated t o  provide required l i g h t .  

Light ing systems tha t  have been tested and evaluated by MESA shal l  be 



considered as being i n  compliance wi th  a l l  requirements o f  the i l luminat ion 
regulations, provided that the l i g h t i n g  system i s  operated wi th in  the parameters 
specified. Normally, when MESA inspectors encounter a l i g h t i n g  system under- 
ground tha t  has been tested and evaluated by MESA, no measurements w i l l  be 
necessary; however, the inspector w i l l  take measurements t o  determine compl iance 
i f  conditions such as the fol lowing are found t o  exist:  

(1) One o r  more l i g h t i n g  f ixtures not operating; 
(2) Light ing f ix tures not properly oriented o r  maintained; 
(3) Excessive coal dust and d i r t  accumulated on l i g h t i n g  

f ixtures; or, 
(4) Light ing f ix tures operated outside the parameters specified. 

O f  the approaches available, we f e l t  tha t  our own i l luminat ion laboratory 
would be the best way t o  comply with the regulations. Thls allows us complete 
control over the design o f  our 1 ight ing systems and does not t i e  us t o  any 
one manufacturer. This procedure i s  also useful i n  predict ing performance o f  
l i g h t i n g  systems and allows f o r  changes t o  be made t o  correct deficiencies p r i o r  
t o  insta l la t ion.  

Westmoreland uses a unique method to  determine adequacy o f  1 ight ing 
systems t o  meet federal standards f o r  underground face i l luminat ion. 
Chains are suspended ver t i ca l l y  and horizontal l y  t o  simulate coal 
seam height and width. The 2 - f t  sq gr ids on which Tight measurements 
are taken can be seen on the laboratory f loor .  



Laboratory Constr.ucti~n 

Westmoreland launched their planning and projections to institute the 
laboratory shortly after April 1, 1976. Company allocation of funds for the 
project followed itmnediately, and construction was launched on the simulated 
mine. The illumination laboratory became fully operational within six weeks 
and has received verbal approval from MESA Technlcal Support Group. 

The laboratory was constructed in our Research and Developmnt Center 
a t  Andover, Virginia, only a few miles from Eastern OperatSans headquarters 
a t  Big Stone Gap, Virginia. A steel frame was assernbled on which corrugated 
steel sheets were attached to provide an irregular surface, and then sprayed 
with concrete sealant approximately 1/2 inch thick to exclude exterior light. 
The final step was to apply low reflectance black paint such as i s  used in 
photographic processing dark rooms. 

The final result was a reflectance value of 2 112 pet-cent, half the 
reflectance reconniended by MESA for such testing installations. The purpose 
of thls "dark room" i s  to simulate a coal mine entry by means of various grid 
systems, thus providing capability of simulating wide ranges of coal mine 
seam heights and entry widths. 

The size of the "dark room" - 44 feet long, 30 feet wide, and 16 feet high - 
enables us to tram any machine into the lab for lcsting. Provisions have been 
made at  the research center to truck machines to the s i t e  for unloading, with 
equipment connected to the electric power supply and moved into the laboratory. 

Design of Westmoreland's illumination laboratory represents a unique 
approach i n  that it differs from the lnethod utilized by MESA'S Technical 
Support Group a t  i t s  lighting laboratory in Beckley, West Virginia. MESA uses 
movable ceiling and sides to simulate seam height and seam width. The pub1 ication 
of standards in the Federal Register also specifies that "the ceilings and sides 
of the simulated working place shall be adjusted to their max~muln height and 
width, or to the height and width specified by the applicant. 

After considerable research, we decided on a simpler, mare effective 
approach to the problem instead of movable ceilings and walls. First, the 
horizontal and vertical surfaces of the lighting laboratory were divided into 
2-foot-square grids. Vertically suspended 1 ink chains, similar to those used 
i n  mine bathhouses, were suspended a t  the intersection of the 2-foot-square 
grids to simulate entry width, w i t h  the ability to move these chains in 1 foot 
increments. These chains are marked w i t h  luminous paint i n  2 foot jncrements 
to simulate height. Seam height i s  simulated by horizontally suspended chains, 
movable i n  1 fnot incrpmntz, 

For actual testing of lighting systems, the horizontal and vertical chains 
are adjusted to the min im seam height in which the machine operates and then 
mnvrd in 2 foot, lncre nts to determine the maximum hei h t  and width a t  which 
the lighting i s  effeczve and compliance can be obtainef Llght rC&PIDgs 
obtained a t  these height and width variations determine the parameters a t  which 
the lighting system i s  approved. Light level readings a t  the various measuring 
points are taken by a Tektronic digital photometer that provides instant, 
accurate Indication of the amount of light. 



, h 3 , - A  . , . fluorescent l i g h t i n g  f ixtures have been temporarily i ns ta l led  on t h i s  
I ' + .continuous mining machine to  check posit ioning o f  l i g h t s  and to f ind 
1 ,, - i f  lumen output i s  su f f i c ien t  t o  meet MESA standards. 

Testing Procedure 

The procedure f o r  designing an i l luminat ion system would begin by using 
the actual machine. By using the f u l l  s ize machine instead o f  a mock-up, the 
exact number and locat ion o f  luminaires o r  l i g h t i n g  f ix tures can be determined, 
as wel l  as wi r ing and associated components. A1 though most o f  the mining 
machines used by our company are basical ly the same, i t  i s  planned t o  br ing 

r i n  one o f  each model o f  continuous miner, roof  bolter,  scoop-tractor, loader, p cutter, and face d r i l l  and design two o r  three l i g h t i n g  systems t o  fit various 
seam conditions and height restr ict ions. A l l  i l luminat ion systems are designed 
f o r  the worst case condition with safety the main consideration. 

' 

A prime factor tha t  must be taken i n t o  consideration i s  the e f fec t  o f  the 
l i g h t i n g  on a person's vision. Through placement o f  the 1 ights  and use o f  
diffusers, we w i l l  great ly reduce the problem o f  momentary blindness caused 
by looking i n t o  the l i g h t  and then away i n t o  the darkness o f  the mine. The 

a problem o f  glare i s  the most d i f f i c u l t  design parameter we have t o  avercome. 

Af ter  determination o f  the proper l i g h t i n g  system, detai led drawings 
L w i l l  be prepared o f  the individual machine layout showing luminaire placement, 

or ientat ion and associated wiring. Since we operate our own laboratory, we must 
submit additional data showing l i g h t  measurements a t  approximately 500 d i f fe ren t  

I locations on the g r i d  system around the machine. These readings require four 
, z 8  ,,: t o  s i x  hours f o r  two men. 
I L 

8 n.7 1: - , >. .--, Af ter  a l l  data has been submitted and MESA has granted the Statement o f  
,f , -  Test and Evaluation, the ins ta l la t ion  drawings w i l l  be sent t o  each o f  the - " company's four divisions f o r  actual insta l la t ion.  The VPEO engineering s t a f f  .-. "-4- ? w i l l  help coordinate ins ta l  1 at ion o f  the 1 ight ing systems on individual equipment 



Illumination Cost 

The herculean task of insialling systems on all  face machines a t  
Westmoreland's mines i s  enphasized by the estimates for illuminatim equipment 
only. The init ial  installation cost has been estimated as outlined on Table 1. 

The total cost has been estimated at  $1,635,030.00, o f  whTch $1,345,408.00 
will be spent for hardware or  1 ighting fixtures and $289,680.00 for installation 
labor. Instal lation 1 abor estimates probably fa1 1 below actual costs Incurred 
in mine installations, but that for estimating purposes a certain percentage 
of hardware cost was adopted as a criteria for labor cost. The costs l isted 
above do not include research costs, MESA fees, equipment maintertance, replace- 
ment part cost, power cost increase, or  miscellaneous other factors. 

For most machines an average of six to efght lighting fixtures w i t  l 
probably include mercqry vapor or s~dium vapor head1 ights to fllumlnate the 
face, with ~ r y  high output fluorescent machine lights to illuminate roof, 
floor and rib. 

Required illumination for shuttle cars i s  a relatively simple matter since 
the same amount of illumination for machines operated in the face continuously 
i s  not required for these haulage vehicles. Compliance achievement for shuttle 
cars may require installation of only two fncandescent headlights in addition 
to the two headlqws furnished as standard equ+plllent an the machine. This 
would place two headlights a t  e a ~ h  end of the shuttle car, i f  needed. 

Equipment (number and 
ty pel 

80 Continuous Miners 
140 Roof Bolters 
52 Scoop-Tractors 
40 Loading Machines 
30 Cutting Machines 
5 Face Drill s 
200 Shuttle Cars 

Hardware Cost 
Each Machine 

Instal lation Labor 
Each Machine 

Testing Results 

The f i r s t  Statement of Test and Evaluation let ter ,  based on data and tests 
submitted by our company, was issued October 15, 1976, on a Lee-Morse TO-2-34 
doubleam roof bolting machine. The let ter  specified i t s  use within the 
Parameten o f  8 ~QQ! haiqht mQ 22 fpot entry width. The all-fluorescent system 
utilizes ten very h~gh output fluorescent fixtures and clears the way for i t s  
application on 27 such bolters purchased by our company. This system was also 
the f i r s t  one we installed underground. 

A t  present, we have over ten "STE" let ters and are regularly making a 
applications for others. We now have four continuous miners and one roof bolter 
illuminated underground. These installations are i n  seams of five to  eighteen 
feet  high. The correlation between our lab and underground installations have 
confinned the simulated surface approach. With this approach, a1 1 systems 
installed have more than met compliance. 



Lee Norse TD-34 Roof Drill I n  laboratorv dt~rina testina. 

Lee Norse TD-34 Roof Drill in laboratory during testing. 



Lee Norse TD-34 Roof D r i l l  i n  opera t ion  underground. 

Lee Norse TU-34 Roof D r i l l  i n  opera t ion  underground 



I n s t a l l a t i o n  and Maintenance 

We have i n s t a l l e d  l i g h t i n g  systems on t h r e e  continuous miners i n  o u r  shop 
and l i g h t i n g  systems on a continuous miner  and a r o o f  b o l t e r  underground. The 
systems i n s t a l l e d  underground r e q u i r e  2 t o  3 t imes more l a b o r  than those done i n  
o u r  shop. Those systems i n s t a l l e d  i n  o u r  shop were f a r  s u p e r i o r  t o  those 
i n s t a l l e d  underground i n  terms o f  p r o t e c t i n g  w i r i n g ,  power supply and lumina i res .  

Dur ing t h r e e  months o f  opera t ion  on a Lee Norse Model 455 continuous miner, 
we have encountered f o u r  ( 4 )  lamp f a i l u r e s  and one (1)  b a l l a s t  f a i l u r e  due t o  
v i b r a t i o n  and improper w i r i n g .  I n  t h a t  same s e c t i o n  we have had t h r e e  (3 )  
premature lamp f a i l u r e s  on a Lee Norse Model TO-2 Twin Head r o o f  b o l t e r .  

On a Lee Norse Model 265 continuous miner  we have had t o  rep lace  t h r e e  (3 )  
head l igh ts  and two ( 2 )  f l u o r e s c e n t  lumina i res  i n  o n l y  f i v e  weeks o f  opera t ion .  
These f i x t u r e s  were destroyed by r o o f  f a l l s  and r i b  r o l l s .  The l i g h t i n g  system 
on t h i s  machine cons is ts  o f  two mercury vapor h e a d l i g h t s  and s i x  f l u o r e s c e n t  
1 urn1 n a l  re$ .  

Based on these p r e l i m i n a r y  r e s u l t s ,  an o p e r a t o r ' s  replacement and 
maintenance cos ts  cou ld  be 100% o f  t h e  i n s t a l l a t i o n  cos ts  y e a r l y .  Operat ing 
cos ts  such as these cou ld  become stagger ing.  

Concl uslons 

It i s  r e a d i l y  e v i d e n t  t o  any person w i t h  p r a c t i c a l  knowledge o f  mdern-day 
coal  m in ing  t h a t  t h e  task  o f  p r o v i d i n g  t h e  r e q u i r e d  l e v e l s  o f  i l l u m i n a t i o n  i s  
n o t  an easy one. R e t r o f i t t i n g  many o f  t h e  e x i s t i n g  machines w i t h  permiss ib le  
l i g h t i n g  w i l l  r e q u i r e  custom i n s t a l l a t i o n s .  Specia l  i l l u m i n a t i o n  systems w i l l  
be requ i red  f o r  c e r t a i n  types o f  mining. 

It i s  a phys ica l  i m p o s s i b i l i t y  t o  have a l l  Westmoreland's machines on a l l  
100 work ing sec t ions  equipped w i t h  l i g h t i n g  systems by t h e  r e q u i r e d  da te  of  
A p r i l  1, 1978, b u t  we f e e l  we w i l l  be a b l e  t o  ge t  a l l  o f  t h e  l i g h t i n g  systems . 
designed and approved w i t h i n  the  r e q u i r e d  t ime.  

The task o f  ach iev ing  these goals requ i res  a concer ted e f f o r t ,  b u t  
u t i l i z a t i o n  o f  o u r  i l l u m i n a t i o n  l a b o r a t o r y ,  we f e e l ,  g ives us a b e t t e r  chance 
o f  meeting compliance. 



ILLUMINATION EXPERIENCES AT PENNSYLVANIA MINES CORPORATION 

Joseph Kreutzberger 
Vice President-Safety & Training 

Pennsylvania Mines Corporation 
ELal~sLuly, Peiulsylvu~llu 

At the inception of the proposed illumination regulations, an Illuminating Com- 
mittee consisting of personnel from the Safety, Maintenance, and Electrical Depart- 
ments was formed to decide on a standard system of illumination compatible with al l  
of the Corporation mines. 

The results of this Illuminating Committee's indepth study indicated that a t  
this time there are two ways of illuminating a working section and complying with 
Section 317(e) of the Coal Mine Health and Safety Act of 1969 and 75.1719 of the 
regulations: 

1 . Arca Lighting, 
2 .  Machine-Mounted Lighting. 

Area Lighting 

Area lighting consists primarily of stationary type of luminaires positioned in 
such a manner that light would be directed to the surfaces required by law. These 
luminaires would then be advanced a s  the mining equipment went through i t s  cycle. 
This type of light would appear to be more appealing in extremely low coal mining, 
such a s  machines of the augering type and longwall mining. It does not appear to 
be appealing in continuous mining sections where the equipment is mobile and 
moves repeatedly. It would require additional cables in the face area, and also 
additional personnel would be required to position the lights and maintain them in . 
their proper position. 

Machine-Mounted Lighting 

~achine-mounted lighting involves mounting the luminaires on the machine 
itself. This would then make the lighting a s  mobile a s  the machine. No additional 
personnel would be required to maintain the luminaires to fulfill the requirements of 
the law regarding luminaire positions. 

A decision therefore had to be made between area lighting or machine-mounted 
systems. It  was decided to approach the problem by following the concept of ma- 
chine-mounted liphting because of the following reasons: 

1.  Area lighting systems are more cumbersome. 
2.  Additional stationary equipment. 
3 .  Additional cabling in the face area. 
4 .  Restricts the movement of mobile face equipment. 

The machine-mounted lighting developed for use a t  the time of the study was: 

1. Complete fluorescent. 
2.  Complete mercury vapor. 
3 .  Complete sodium vapor. 
4. A combination of any two. 

In order to obtain experience with the different types of hardware and fixtures 
available, i t  was decided to acquire a system of each type for test  and evaluation. 
Therefore, testing was instituted on the following: 

1. Continuous miner with mercury vapor. 



2 .  Continuous miner with fluorescent, mercury headlight combination. 
3 .  Continuous miner with fluorescent, standard headlight combination. 
4. Roof bolter with mercury vapor. 
5. Roof bolter with fluorescent, mercury vapor combination. 

The purpose of these installations were to evaluate the type of system (mer- 
cury vapor or fluorescent) that would be most suitable for the seam height and min- 
ing procedures applicable to the various Corporation mines. The outcome of this 
portion of the evaluation was that more attention would be directed to a system con- 
sisting primarily fluorescent with a s  lit t le mercury vapor a s  possible. The reason- 
ing was the potential glare problem; and although mercury vapor luminaires have an 
exceptionally high output, i t  was felt that the quantity of light i s  not required in the 
l e s s  than four-foot to five-foot seam heights encountered in the Corporation mines. 

The Illuminating Committee was of the opinion that the design criteria must 
meet the following standards: 

1. Provide a certifiable system that would be acceptable to the machine 
operator and those personnel in close proximity of the machine, such a s  the helper 
and shuttle car operator. 

2 .  The position of the fixtures must not be susceptible to abuse from 
the adverse conditions involved in coal mining. 

3 .  The fixtures must not interfere with the outline of the machine, 
which meant that the fixtures did not increase the overall machine height or width 
to a point that these additional dimensions would hinder safety or production. 

The various systems would need testing to evaluate the following: 

1 . Durability (Shock and vibration). 

Tamp failure due to vibration and shock have been minimal although 
problems have been encountered with respect to blasting of coal and rock in long- 
wall applications. 

2 .  Light Outpct (Capable of providing enough lumens to bring the ma- 
chines into compliance). 

It i s  felt with proper placement, most luminaires would be capable 
of providing enough lumens to bring machines into compliance. 

3 .  Cage Construction (Impact withstandability). 

Care must be taken in cage selection. It should be able to with- 
stand abusive conditions and show imagination in design to le t  light out. A rub 
rail was extended two inches on both sides of the continuous miner. This was done 
with the intention of protecting the luminaires by the physical layout of the machim?.. 
The theory was the rub rail extended beyond the luminaires, thus providing the pri- 
mary protection and the protective cage providing the secondary protection. The 
decision for this alteration was based on past experience of protruding parts on 
mining machines. 

4. Ease of Installation (Wiring). 

In the initial installation and maintenance of the lighting system, it  
was felt  the system should have a s  few packing glands a s  possible and incorporate 
the quick disconnect principle. 

In January 1 9  75, i t  was decided to attempt to illuminate a longwall in a thin 
seam with a Cooperative Agreement with the Bureau of Mines. 



At the time of the first attempt to illuminate a longwall face, there were two 
types of chocks in service, the four-leg and six-leg chock. There was a restricted 
area between the legs of the four-leg chocks; therefore, i t  was necessary to mount 
the luminaires in some position in front of the legs,  preferably a s  close to the con- 
veyor panline a s  possible. The average height in the travelway was approximately 
34 inches to 36 inches and this influenced the final decision to mount the luminaires 
on the armored face conveyor. The clearance area over the conveyor panline tor the 
shearing machine must not be interfered with, that i s ,  the area in which the shear- 
ing machine travels. There are  occasions when the shearing machine clears the 
underside of the canopies by inches. The mounting of the luminaires to the convey- 
or panline had to be of a design that would flex and not be mounted in a rigid posi- 
tion. Little concern a t  the first installation was given to the position of the lumi- 
naires. The only concern a t  this time was to mount the luminaires to the conveyor 
panline in such a manner that they would not hinder the passage of light to the coal 
face and walkway. However, the design of the brackets had to be canted 23 degrees 
for operator's comfort. The Industrial Engineer's Report of June 9,  1975 stated com- 
plaints had been registered by several of the shearer operators. They felt  the direc- 
tional intensity of the lights should be cas t  almost entirely towards the face. The 
justification for their complaints is a s  follows: Tn the normal progression ot his j6b 
duties, the shearer operator moves along the panline operating the shearing machine. 
When he moves, he looks down, crawls several feet and then looks up to the roof 
to s e e  where his bits a re  cutting. During this process of looking up and then down 
again, the operator's eyes pass through a partial intensity of the light each time. 
This causes a semi-blind condition which interferes with the pmper operarlon of the 
shearing machine. 

The approach to the problem of illuminating the headgate and tailgate was 
accomplished by the use of luminaires mounted on pogo sticks. In our view, this 
method presented several undesirable conditions; such a s ,  extra cabling in the tail- 
gate and headgate entries; on the occasion of blasting, they would have to be re- 
moved; and rough usage caused premature failure of the springs in the pogo sticks. 
In the headgate and tailgate, the pogo sticks with luminaires were removed and lu- 
minaires were mounted in a fixed position on the stageloader and on the tail piece 
of the fane conveyor. 

The first longwall installation produced the following results: 

1. The first attempt of mounting luminaires by the use of flexible 
springs was initially acceptable, but failed after they were-stressed beyond their 
elastic limits. 

2. The outer covering of the luminaire appears to be of sufficient 
strength. But on the occasion of blasting and even if the luminaires are removed 
from their brackets and placed on the floor in a secure position, damage does occur 
to the internal parts. 

3 .  Alignment of the face is improvcd. You can v i ~ u a l l y  look down the 
luminaires and readily observe face alignment. 

4.  If one light goes out, do we shut down the longwall section? Do we 
include overkill? A practical answer to this dilemma would be a definite time period 
such a s  2 4  o r  48 production hours to replace luminaires. 

5. More emphasis should be placed on the lighting of the coal face. 
The .06 lamphents should only be required on the coal face. At this time, little 
safety value appears to be derived from illumination of the walkway. 

6. It i s  felt  that one additional maintenance man would be required to 
maintain the lighting system. 

Second Longwall Illumination (Six-leg Chock1 



From the experience gained in the first attempt to illuminate a longwall in a 
thin seam with primarily four-leg chocks, certain changes would need to be imple- 
mented to illuminate a longwall face utilizing the six-leg chock. 

Since the walkway was between the legs,  this area must not be utilized for 
mounting any fixtures or cables. The luminaires should be mounted in some posi- 
tion between the forward legs of the chock and the coal face. A system of prevent- 
ing the power lines from being stressed beyond their limits by the physical move- 
ment of the chocks and armored face conveyor should be developed. The luminaires 
should be mounted in such a manner that the employees should not have to look 
through the luminaires to perform their job functions. Maintenance should be re- 
duced; and where possible, the wiring should be simplified. With the above cri- 
teria in mind, the following changes were made in the illumination of the second 
longwall face. The luminaires were mounted under the canopy forward of the front 
legs.  This location should illuminate the work area and reduce the operator's glare. 
All necessary lighting components were mounted in positions in which the employees 
do not normally come in contact. A 1-1/4 inch staple-lock hose, double s teel ,  
braided in 30-foot lengths, i s  used a s  a protective covering or conduit to provide 
primary protection for the 1 -1/8 inch, 6/3 GGC cable which provides 11 0 volt, 
three phase, AC power. It has been determined by experimentation that 36 feet of 
1-1/4 inch staple-lock hose and 36 feet of 1-1/8 inch trunk power line provides a 
lineal distance of 24 feet. This appears to provide sufficient slack for chock move- 
ment. Initially, the 110 volt, three phase, AC power was derived from a source 
approximately 300 feet outby the longwall face. This, therefore, made the working 
on the illumination system cumbersome. This three phase, 110 volt power was 
moved to a source near the stageloader where an employee i s  on duty a t  a l l  times 
with telephone communication and can facilitate the necessary repairs of the illum- 
ination system. 

A Cooperative Agreement was received from the Bureau of Mines to illuminate 
a continuous mining machine and roof bolting machine. The lighting systems for 
these machines were designed to meet MESA standards of .06 foot lamberts. The 
luminaires were positioned in such a fashion that the light would be directed to the 
required surfaces a s  indicated by Section 75.1 719 of the regulations. Attempts 
were 111adu d l  Ll~is stage to invision the operator's functions and correct a s  neces- 
sary. The machines were then put in service and monitored. Operators' comments 
and recommendations were considered and every attempt was made to fulfill their 
recommendations. If luminaires were bothersome, attempts were made to correct 
the situation through relocation or guarding. In most situations, the required foot 
candle level would drop in those areas where guarding or relocation was necessary. 
If selected areas are causing operator discomfort and cannot be illuminated to the 
required levels without objections, is the light in these areas increasing or decreas  
ing the accident probability. A luminaire was placed near the operator's compart- 
ment to bring the floor area into compliance. The operators and helpers complained 
that this luminaire interferes with their viewing of the trailing cable. This lumi- 
naire was repositioned. The mercury headlights on the continuous miners were 
canted upward to offset the operator's complaints that the immediate face did not 
have enough illumination. The machine operators prefer to have the face area flood- 
ed with light. To ease maintenance and provide access  to the various panels and 
compartments, the luminaires were mounted with a hinge mechanism so they could 
be flipped up and the necessary work completed in the panels. 

In conclusion, the passage of any regulation should be preceded by exhaus- 
tive experimentation in both low coal and high coal applications. The operating 
coal companies should not be forced into a position where in an attempt to meet the 
deadlines of new regulations begin a hit or miss program and not know if their 
attempts will meet standards set  up by the regulatory agencies. What will MESA 
instructions be to their inspectors on illumination standards? When does he write 
a violation? Will the operating companies have to install the illumination systems 
and then hope MESA does not add requirements that will require extensive field 
changes. 



CONTINUOUS MINER ILLUMl NATION SYSTEM 
WITHOUT CANOPY 
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LOCATION OF D. C. JUNCTION BOX 
A pprox, S i ze 4"x 4"x 3" 

LOCAT.ION OF A.C. POWER SUPPLY BOX 
Approx. Size l f x y x  7" 



LOCATION OF A.C. JUNCTION BOX 
A pprox. Size 7"x 3"x 5" 

LOCATION OF LIGHT ASSEMBLY 
Approx. Size 3 ' ~ i a . x  24" 
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ROOF BOLTER ILLUMINATION SYSTEM Wl TH CANOPY 



RESULTS OF CONSOL'S ONGOING PROGRAM ON MINE ILLUMINATION 

L. D. P a t t s  
Environmental & M e t a l l u r g i c a l  Engineer 

Lee Engineer ing D iv i s ion .  
Conznl i d a t i n n  t n a l  Companv 

200 Hidden Va l ley  Road 
McMurray, PA 15317 

Conzn l ida t inn  Coal Company. i n  co-operat ion w i t h  t h e  U n i t e d  S ta tes  Bureau of 
Mines, began exper imentat ion w i t h  machine mounted underground face  i l luminat ton 
systems i n  e a r l y  1972. Al though i l l u m i n a t i o n  requirements, hardware s p e c i f i c a -  
t i o n s  and l i g h t  measuring techniques were n o t  y e t  establ ished,  we f e l t  t h a t  
e x p e r t i s e  and exper ience i n  t h i s  f i e l d  would become i n c r e a s i n g l y  impor tan t  t o  
o u r  Company. 

I n i t i a l  E f f o r t s  Aimed a t  P r a c t i c a l i t y  

Our i n i t i a l  e f f o r t s  i n  coal  mine i l l u m i n a t i o n  were aimed a t  i n v e s t i g a t i n g  
p r a c t i c a l  l i g h t i n g  systems f o r  face  equipment. We were concerned w i t h  i n -  
s t a l l i n g  unob t rus ive  l i g h t s  which prov ided s u f f i c i e n t  face i l l u m i n a t i o n  f o r  
s a f e t y ,  b u t  a t  t h e  same t ime were r e a d i l y  mainta inable,  e l e c t r i c a l l y  r e l i a b l e  
and p h y s i c a l l y  she l te red  f rom damaqe. .We b e l i e v e  t h a t  our  i n i t i a l  l i g h t i n g  
systems p rov ided  s u f f i c i e n t  face i luminat1on f o r  sa fe ty ,  b u t  because o n l y  
p ro to type  l i g h t i n g  components were a v a i l a b l e  t h e  r e s u l t a n t  poor  system r e l i a -  
b i l i t y  and m a i n t a i n a b i l i t y  necess i ta ted  d r a s t i c  improvement b e f o r e  face 
l i g h t i n g  cou ld  become p r a c t i c a l .  

When MESA'S f i n a l  i 1 lumina t ion  standards were announced a r ~ d  1 i g h t  measuring 
techniques were def ined,  Consol checked t h e i r  l i g h t i n g  systems underground and 
determined t h a t  t h e i r  i n i t i a l  l i g h t i n g  systems were n o t  i n  compliance w i t h  t h e  
proposed i l l u m i n a t i o n  standards. A f t e r  determin ing t h a t  our  face l i g h t i n g  
systems were n o t  i n  compliance, we began adding a d d i t i o n a l  l i g h t i n g  hardware 
t o  meet compliance. Th is  a d d i t i o n a l  l i g h t i n g  hardware, w i t h  i t s  increased 
v u l n e r a b i l i t y  and decreased r e l i a b i l i t y ,  rendered t h e  l i g h t i n g  systems im- 
p r a c t i c a l ,  i f  n o t  imposs ib le  t o  ma in ta in .  

Extensive F i e l d  T e s t i n g  

Since 1972 Consol has i n s t a l l e d  every a v a i l a b l e  v a r i e t y  o f  machine mounted 
mine i l l u m i n a t i o n  hardware. A l l  hardware i n s t a l l e d  has been f i e l d  t e s t e d  under 
a c t u a l  m in ing  cond i t i ons  t o  eva lua te  i t s  p r a c t i c a l i t y  f o r  use underground. 

Dur ing t h e  p a s t  6 years Consol has i n s t a l l e d  face i l l u m i n a t i o n  systems on over 
40 p ieces o f  underground face  equipment. The f o l l o w i n g  c h a r t s  o f f e r  a b r i e f  
d e s c r i p t i o n  o f  ou r  i l l u m i n a t i o n  hardware f i e l d  t e s t i n g  program. 
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Experience Gained by F i e l d  T e s t i n g  

We b e l i e v e  t h a t  we have gained cons iderab le  i n s i g h t  i n t o  t h e  l i g h t  d i s t r i b u t i o n ,  
ruggedness, m a i n t a i n a b i l i t y  and opera to r  r e a c t i o n  o f  a l l  major  brands o f  mine 
i l l u m i n a t i o n  hardware. 

There a r e  p r e s e n t l y  t h r e e  major types o f  i l l u m i n a t i o n  hardware approved f o r  
underground use: Mercury Vapor, F luorescen t  and Sodium Vapor. Our f i e l d  
t e s t i n g  program has inc luded  the  i n s t a l l a t i o n  o f  hardware f rom each of  t h e  
major  l i g h t i n g  manufacturers. We have drawn t h e  f o l l o w i n g  conclus ions f o r  
each type  o f  l i g h t i n g  hardware f rom o u r  f i e l d  t e s t s :  

Mercury Vapor (HgV) - 
There a r e  p r e s e n t l y  two d i f f e r e n t  methods o f  packaging Mercury Vapor lamps f o r  
underaround min ina use; t h e  HaV h e a d l i a h t  and t h e  HqV machine mounted l i g h t .  
~ e r c u i ~  Vapor h e a d l i g h t s  have-proven far s u p e r i o r  t o  e x i s t i n g  incandescent 
h e a d l i g h t s  w i t h  reyard t o  l i g h t  o u t p u t  and d u r a b i l i t y ;  however, they  possess a 
l o n g  h o t  r e s t r i k e  t ime  and sometimes r e f l e c t  l i g h t  f rom f i n e  water  m i s t s  and 
coa l  dust .  The l i g h t  r e f l e c t i o n s  r a i s e  severe o b j e c t i o n s  from machine opera to rs .  
Mercury Vapor head l igh ts  have found l i m i t e d  a p p l i c a t i o n  as machine l i g h t s  be- 
cause o f  t h e i r  i n t e n s e  and d i r e c t i o n a l  l i g h t  b l i n d i n g  anyone who may be i n b y  
t h i s  l i g h t  source. 

Mercury Vapor machine mounted l i g h t s  p rov ide  e x c e l l e n t  l i g h t  o u t p u t  b u t  a l s o  
p rov ide  a source o f  g l a r e  f o r  m in ing  personnel i f  they  a r e  n o t  sh ie lded  com- 
p l e t e l y  f rom t h e  miner ' s  f i e l d  o f  v i s i o n .  Some Mercury Vapor machine lamps have 
been f r o s t e d  t o  reduce g la re ;  however, t h i s  d r a s t i c a l l y  reduces l i g h t  ou tpu t .  
As w i t h  HgV head l igh ts ,  HgV machine mounted luminar ies  possess an unacceptably 
l o n g  h o t  r e s t r i k e  t ime. Our f i e l d  t e s t i n g  has demonstarted t h a t  HgV lamps a r e  
most l i k e l y  employed i n  h igh  coal  mines where a l l  sources o f  l i g h t  can be com- 
p l e t e l y  sh ie lded  from an o p e r a t o r ' s  s i g h t  o r  on a cont inuous miner  as h e a d l i g h t s  
where minimal d u s t  and water  c o n d i t i o n s  e x i s t .  

Sodium Vapor (NaV) - 
High pressure Sodium Vapor l i g h t s  have r e c e n t l y  been in t roduced  i n t o  t h e  under- 
ground coa l  m in ing  i n d u s t r y  as machine mounted l u m i n a r i e s  and have been i n s t a l l e d  
on severa l  p ieces-o f  ~ o n s o i  face equipment f o r  f i e l d  eva lua t ion .  Our exper ience 
t o  da te  i n d i c a t e s  t h a t  a l though t h e  h o t  r e s t r i k e  t ime  f o r  Sodium Vapor l i g h t s  
i s  more favorab le  than t h a t  o f  HgV lamps (30 sec. f o r  NaV), NaV lamps a r e  an 
i n t e n s e  source o f  l i g h t  and must be complete ly  sh ie lded  from t h e  m i n e r ' s  f i e l d  
o f  v i s i o n .  Sodium Vapor l i g h t s  have found acceptance when mounted on min ing  
machines as head l igh ts  because o f  t h e i r  a b i l i t y  t o  pene t ra te  water  m i s t s  and 
coal  d u s t  b e t t e r  than HgV o r  incandescent head l igh ts .  

Standard Output F luorescent  - 
Standard o u t p u t  f l u o r e s c e n t  l i g h t s  have been used as face i l l u m i n a t i o n  sources 
i n  coa l  mines f o r  several  years.  The s o f t  w h i t e  l i g h t  c h a r a c t e r i s t i c  o f  
s tandard o u t p u t  f 1 uorescent  1 i g h t s  renders them acceptable t o  most underground 
employees. Unless t h e  l i g h t  source i s  d i r e c t l y  i n  t h e  v i s u a l  pa th  o f  a machine 
operator ,  few compla ints  concerning g l a r e  a r e  r e g i s t e r e d .  The u n f o r t u n a t e  f a c t  
i s  t h a t  t h e  o u t p u t  o f  s tandard f l u o r e s c e n t  l i g h t s  i s  r e l a t i v e l y  low and i t  i s  
p r a c t i c a l l y  imposs ib le  t o  mount enough standard o u t p u t  f l u o r e s c e n t  f i x t u r e s  
on a m in ing  machine t o  achieve compliance w i t h  MESA l i g h t i n g  r e g u l a t i o n s .  
Consol has i n s t a l l e d  as many as 13 standard o u t p u t  f l u o r e s c e n t  luminar ies  and 
2 HgV h e a d l i g h t s  on a cont inuous miner ,  b u t  has been unable t o  achieve compl i -  
ance w i t h  MESA l i g h t i n g  r e g u l a t i o n s .  

High Output F luorescen t  - 
High o u t p u t  f l u o r e s c e n t  l i g h t i n g  i s  now o f f e r e d  by most manufacturers o f  under- 
ground mine l i g h t i n g  hardware. High o u t p u t  f l u o r e s c e n t  l i g h t s  o f f e r  considera-  
b l y  more l i g h t  o u t p u t  p e r  l e n g t h  o f  l u m i n a r i e  than do standard o u t p u t  f l u o r e s c e n t  



l i g h t s .  Because a h i g h e r  l i g h t  o u t p u t  i s  achieved per  l e n g t h  o f  f i x t u r e ,  g l a r e  
problems a r e  o f t e n  encountered w i t h  t h e  use of  h i g h  o u t p u t  f l u o r e s c e n t  luminar ies  
unless t h e  l i g h t s  a r e  sh ie lded  from t h e  o p e r a t o r ' s  v i s u a l  path. Miner  opera to rs  
have conanented t h a t  they experience d i f f i c u l t y  when t r y i n g  t o  v iew o b j e c t s  o r  
persons i f  they must look  over  h i g h  o u t p u t  f l u o r e s c e n t  l i g h t s .  Our exper ience 
i n d i c a t e s  t h a t  face  personnel overwhelmingly p r e f e r  s tandard o u t p u t  f l u o r e s c e n t  
1 i g h t s  t o  h i g h  u u t p u l  f l uo rescen t  1 i g h t s .  

Problems S t i l l  Remain 

Consol 's  f i e l d  exper imentat ion w i t h  face  i l l u m i n a t i o n  systems has demonstrated 
t h a t  t h e  major  problem i n  meeting compliance w i t h  MESA i l l u m i n a t i o n  r e g u l a t i o n s  
i s  n o t  one o f  mounting enough l i g h t i n g  f i x t u r e s  on a g i v e n  p iece  o f  face equip- 
ment t o  generate t h e  necessary l i g h t  ou tpu t .  The problem i s  t o  i n s t a l l  l i g h t i n g  
hardware on equipment i n  a p r a c t i c a l  and ma in ta inab le  c o n f i g u r a t i o n  which w i l l  
enhance t h e  s a f e  and e f f i c i e n t  performance o f  t h e  m iner ' s  tasks i n  t h e  Worklng 
p lace.  

It has been s t a t e d  by MESA t h a t  t h e  i n t e n t  o f  t h e  i l l u m i n a t i o n  r e g u l a t i o n s  i s  
t o  r e q u i r e  an i l l u m i n a t i o n  system which w i l l :  

1, P rov ide  adequate l e v e l s  o f  i l l u m i n a t i o n  so t h a t  t h e  miner  can per form 
t h e  tasks invo lved  i n  underground min ing operar lons I r l  a sdfe 
manncr . 

2.  A l l o w  t h e  miner  t o  recognize i n c i p i e n t  hazards w i t h i n  h i s  f i e l d  o f  
v i s i o n .  

3 .  Not  i n t r o d u c e  o b j e c t i o n a b l e  g l a r e  sources i n t o  t h e  m i n e r ' s  working 
environment. 

4.  Require minimal maintenance so t h a t  a d d i t i o n a l  personnel a r e  n o t  r e -  
q u i r e d  i n  t h e  h i g h  r i s k  areas f o r  t h e  maintenance o f  l i g h t i n g  f i x -  
t u r e s  and assoc ia ted  c i r c u i t r y .  

Our f i e l d  t e s t i n g  s i n c e  e a r l y  1972 has demonstrated t h a t  the  above i n t e n t i o n s  of 
t h e  r e q u i r e d  i l l u m i n a t i o n  systems have n o t  been met by t h e  m a j o r i t y  o f  face i l l u m -  
i n a t i o n  systems. 

I l l u m i n a t i o n  Systems Must Be P r a c t i c a l  

I f  p r a c t i c a l  i l l u m i n a t i o n  systems a r e  t o  be i n s t a l l e d  i n  our  underground mines, 
many problems concerning i l l u m i n a t i o n  p r a c t i c a l i t y  and s a f e t y  must be resolved.  
It i s  n a i v e  t o  assume t h a t  underground l i g h t i n g  systems can be proven acceptable 
f o r  use s o l e l y  on t h e  bas is  o f  l a b o r a t o r y  t e s t i n g  and i n s t a l l a t i o n  on mockups 
of  m in ing  machines. It may be p o s s i b l e  t o  achieve compliance w i t h  i l l u m i n a t i o n  
r e g u l a t i o n s  by showing t h e  l o c a t i o n  o f  l u m i n a r i e s  on machine b l u e p r i n t s  and 
mo~rn t ing  t h i s  hardware an wooden machine mockups. I t i s  an e n t i r e l y  d i f f e r e n t  
under tak ing  t o  i n s t a l  1 t h i s  same 1 i g h t i n g  hardware on a c t u a l  m in ing  Machlnes 
i n  an o p e r a t i n g  coal  mine. I 1  lumina t ion  systems r e q u i r e  i n s t a l l a t i o n  and f i e l d  
t e s t i n g  on a c t u a l  m in ing  machines under.actua1 min ing  cond i t i ons .  Very few 
min ing machines which have been i n  s e r v i c e  f o r  any length,  o f  t i m e  remain un- 
modif ied; the re fo re ,  many l i g h t i n g  i n s t a l l a t i o n s  w i l l  r e q u i r e  custom f i t t i n g  o f  
1 i g h t i n g  hardware. 

The most favorab le  t ime  t o  i n s t a l l  l i g h t i n g  hardware i s  when t h e  face equipment 
i s  being f a b r i c a t e d  o r  when i t  i s  undergoing major  r e b u i l d  i n  an o u t s i d e  machine 
shop. I f  mounting i s  done i n  t h e  shop environment, l i g h t s  can be p r o p e r l y  
p r o t e c t e d  by mod i fy ing  t h e  machine cover  p l a t e s  o r  s t r u c t u r e  and l i g h t i n g  cables 
can be p r o p e r l y  guarded. It i s  u n f o r t u n a t e  t h a t  the  m a j o r i t y  o f  l i g h t i n g  i n -  
s t a l l a t i o n s  w i l l  o f  necess i t y  be done in-mine which i.s t h e  worst  circumstance 
i n  which t o  do custom i n s t a l l a t i o n .  



Even though t h e  e x i s t i n g  dead l ine  f o r  compliance w i t h  underground f a c e ' i l l u m i n a -  
t i o n  r e g u l a t i o n s  i s  l e s s  than 6 months away, many coal  companies possess 
l i m i t e d  experience w i t h  face i l l u m i n a t i o n  systems and t h e i r  l i g h t i n g  programs, 
i f  establ ished,  a r e  moving s low ly .  Th is  p a s t  summer MESA Approval and C e r t i f i c a -  
t i o n  suspended, revoked o r  resc inded  approvals on mine i 1 lurn inat ion hardware 
f o r  undergrounf use. Al though no one can take  i ssue  w i t h  such a c t i o n ,  many 
coa l  companies l i g h t i n g  programs have s u f f e r e d  a severe setback and i t  i s  ve ry  
u n l i k e l y  t h a t  a l l  face  equipment can be i l l u m i n a t e d  by t h e  A p r i l  1, 1978 com- 
p l  iance dead1 i n e .  

Summary 

Consol 's underground f i e l d  t e s t i n g  o f  face i l l u m i n a t i o n  hardware has demonstrated 
t h a t  t h e  requ i red  0.06 foo t - lamber t  ( f L )  r e f l e c t e d  l i g h t  l e v e l  i s  a convenient  
g u i d e l i n e  as a s t a r t i n g  p o i n t  f o r  face i l l u m i n a t i o n .  Th is  same f i e l d  t e s t i n g  
has shown t h a t  0.06 f L  su r face  b r igh tness  need n o t  be mainta ined f o r  every 4 
sq. ft. area o f  coa l  s u r f f c e  i n  t h e  face area haphazardly d e f i n e d  as t h e  "normal 
v i s u a l  f i e l d  o f  t h e  miner  . To i l l u m i n a t e  every 4 sq. ft. area t o  t h e  0.06 f L  
l e v e l  i s  o f t e n  imposs ib le  w i t h o u t  l o c a t i n g  luminar ies  i n  p o s i t i o n s  t o t a l l y  
unacceptable t o  machine operators o r  t o o  vu lnerab le  t o  damage. Severe l i g h t  
o v e r k i l l  i s  a l s o  r e a l i z e d  i n  t h e  m a j o r i t y  o f  instances when a t tempt ing  t o  
achieve 0.06 f L  on every 4 sq. ft. area o f  t h e  face. I t i s  our  b e l i e f  t h a t  the  
0.06 f L  l e v e l  need n o t  be mainta ined on every  4 sq. ft. g r i d  o f  the  face area 
f o r  personnel t o  work s a f e l y .  We have determined through p r a c t i c a l  example 
t h a t  t h e  f o l l o w i n g  areas need n o t  be i l l u m i n a t e d  t o  0.06 f L .  

A. The area o f  r o o f  d i r e c t l y  above t h e  machine o p e r a t o r ' s  canopy. 

0 .  The area o f  r i b  and bot tom oppos i te  t h e  o p e r a t o r ' s  s i d e  on 
cont inuous miners a longs ide  and i n b y  t h e  ga ther ing  head. 

C.  The area o f  bottom and r i b  on t h e  o p e r a t o r ' s  s i d e  o f  t h e  
cont inuous miner a longs ide  and i n b y  t h e  ga ther ing  head. 

I f  t h e  above mentioned coa'l su r face  areas were n o t  r e q u i r e d  t o  be i l luminated t o  
t h e  0.06 f L  l e v e l ,  f a c e  i l l u m i n a t i o n  cou ld  be achieved w i t h  l e s s  p o s s i b i l i t y  
o f  o v e r k i l l  and g la re .  

Consol has gained cons iderab le  experinece i n  t h e  i n s t a l l a t i o n  and f i e l d  main- 
tenance o f  face i l l u m i n a t i o n  systems d u r i n g  t h e  p a s t  several  years.  Our 
experience i n d i c a t e s  t h a t  more development and f i e l d  work i s  necessary on mine 
i l l u m i n a t i o n  systems, and t h a t  MESA i l l u m i n a t i o n  r e g u l a t i o n s  w i l l  have t o  be 
mod i f ied  be fo re  i t  w i l l  be p r a c t i c a l  f o r  coa l  opera to rs  t o  i n s t a l l  and s a t i s f a c -  
t o r i l y  m a i n t a i n  s a f e  i l l u m i n a t i o n  systems. 

If implemented p roper l y ,  face i l l u m i n a t i o n  cou ld  be an a i d  t o  conduct ing m in ing  
tasks i n  a s a f e r  manner; i t  w i l l  however be a de t r iment  t o  s a f e t y  if compliance 
w i t h  p resen t  i l l u m i n a t i o n  standards i s  t h e  o n l y  goal .  Mine workers should n o t  
be subjected t o  t h e  obvious s a f e t y  hazards associated w i t h  g la re ,  and they  need 
n o t  be i f  reasonable m o d i f i c a t i o n s  a r e  made t o  e x i s t i n g  i l l u m i n a t i o n  regu la t ions .  
The a p p l i c a t i o n  o f  face  i l l u m i n a t i o n  must be done i n  a safe, workable manner 
which w i l l  n o t  d e t r a c t  f rom an o p e r a t o r ' s  a b i l i t y  t o  work s a f e l y .  
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Purpose of Program 

In December 1976 the mining research staff of Bituminous Coal Research, Inc., 
das asked by its Board of Directors to determine the present status of the fed- 
erally legislated face machinery illumination program. With the deadline for 
:ompliance set for April 1, 1978, many BCK member companies were looking for guid- 
ance in planning the installation of lighting equipment in their mines. Most of 
them had no experience at all in this area. Suppliers were ready to sell hardware, 
but many prospective customers felt they did not have the knowledge required to 
make an intelligent choice. 

Regulations had been set by MESA, but few in the field knew precisely what 
they were. Many experiments had been conducted by the Bureau of Mines, but again 
the results were not widely known. Also, there were rumors about potential or ' 

imaginary harmful effects resulting from illuminating face machinery. Thus, the 
BCR directors felt that they needed a first-hand, up-to-date report on the true 
state of mine illumination and on current installation activities. With this in 
mind, BCR started establishing contacts with all groups concerned with mine 
illumination. 

The first to be contacted were the manufacturers of mine lighting equipment-- 
to find out what kind of hardware was available, and what kind of installation 
service was provided to the customer. Each manufacturer was also questioned about 
the problems encountered and about the difficulties still to be solved in satisfy- 
ing the federal regulations on illumination, in obtaining MESA approval of his 
equipment, and in applying his equipment to various types of mining machines and 
seam conditions. 

Contact was also made with the two groups in MESA which deal directly with the 
lighting program, the Illumination Group in Beckley and the Approval and Certifi- 
cation Center in Pittsburgh, in order to obtain background information on the 
procedures for approval and to discuss technical aid available to coal operators. 
MESA does organize seminars on mine illumination at the Academy in Beckley, and 
several members of BCR's staff attended sessions last May. 

Comments were obtained from the major mining-equipment manufacturers on the 
problems of integrating illumination in the design of machines. Of interest, too, 
was what their policy would be regarding the retrofitting of machines already in 
the field, and their time schedule for delivery'of machines with integrated 
lighting. 

The final task (and probably the most important) was to investigate the exper- 
ience of coal operators who had installed, or were in the process of installing, 
lighting systems in some of their sections. By June 1977, the BCR staff had 
visited 14 mines in Pennsylvania, Ohio, Virginia, and West Virginia, and observed 
23 machines with functioning lighting systems. The companies visited accounted for 
approximately 25 additional machines lighted with similar systems. Four manufac- 
turers were responsible for illuminating these 50 machines, which were either 
continuous miners or roof bolters. 

Rather than describe individually the various installations visited, this 
paper will present some general remarks summarizing the experience of those inter- 
viewed during the course of our program. 



Hardware 

1. Type of Lamp 

Because of their high efficiency and long life, two types of lamps are in 
common use fpr machine lights (as opposed to headlights)--the high-intensity dis- 
charge (HID) and the fluorescent. These two types are basically very dlfPelei~L 
light sources, the former being almost a point source, very bright, while the lat- 
ter is a low-brightness, large-area- light source. At first it may appear odd that 
either type could be chosen for the same purpose on a face machine, except that 
neither one can satisfy all contradictory requirements of a lamp to be used under- 
ground. Coal has a very low reflectance, hence a large lumen output is needed. In 
addition, space is at a premium on any machine. Thus, HID is a good choice to pro- 
vide a large amount of light out of a relatively compact luminaire. On the other 
hand, since lamps are likely to be in the field of view at some time, a lamp with 
low surface brightness, such as a fluorescent, is desirable. So one is faced with 
having to choose between few luminaires, but very bright; or low brightness lumi- 
nai.res, but in larger number and/or of relatively larger size. 

Satisfactory installations have been achieved with each type of lamp, and 
it would be a mistake to simply dismiss the mercury or sodium HID as "too bright," 
or che fluoresce~~c as "L-uu lox in output." 

2. Mechanical Properties of Luminaires 

A luminaire has to remain functional and retain its explosion-proof 
characteristics under "normal" operating stresses. The problem faced by the de- 
signer is to estimate what is "normal" abuse. The stronger the luminaire, the 
heavier, bigger, and the more expensive it is. Also, the addition of steel for 
mechanical strength usually means fewer or smaller lenses, thus reducing light out- 
put and,consequently, more luminaires have to be used. 

The presently available luminaires are, perhaps, not strong enough in all 
cases, but sufficient for most applications. 

The critical factor in luminaire survival is its location on the machine. 
If it is somewhat "recessed" between existing frame members or other heavy parts of 
the machine, it may not even need the "cage" provided by many manufacturers. On 
the other hand, a luminaire mounted at the edge of a continuous miner requires a 
heavy guard rail in addition to the cage if experience indicates that the machine 
commonly hits the rib. Although such additional protective devices may be sug- 
gested by the luminaire manufacturer, these custom features are butter provided by 
the mine operators. 

Another factor is local conditions and methods of operation. For example, 
deck-mounted luminaires can easily be damaged against the roof in an undulating or 
irregular seam, while they may never even be scratchcd in a regular seem. Operator 
procedures and habits are also factors which affecL lu~~li~~aire survivnl. 

3. Maintenance of Lighting Systems 

Ease of lighting system maintenance varies greatly with the design of the 
luminaire, the construction of the power supply, and the wiring arrangement uti- 
lized. Machine maintenance is affected, also, because it is often necessary to re- 
move luminaires to gain access to other parts of the machine. For these reasons 
the mine maintenance personnel should be given a large say in the choice and in- 
stallation of luminaires. They know how to judge equipment from the maintenance 
standpoint and they will install the lighting systems so as to retain sufficient 
accessibility to the parts of their machines which require frequent maintenance. 



I l l u m i n a t i o n  Requirements 

1. Minimum Light  Level 

The main l e g a l  requirement  (and t h e  on ly  one def ined  by a  number) i s  t o  
ach ieve  a  minimum b r i g h t n e s s  of 0.06 fL on s p e c i f i e d  s u r f a c e s  surrounding t h e  
machine. General ly speaking,  t h i s  is no t  a  d i f f i c u l t  l e v e l  t o  achieve.  However, 
t h e r e  e x i s t  around almost  every machine some smal l  a r e a s  which a r e  ve ry  d i f f i c u l t  
t o  i l l u m i n a t e  t o  t h a t  l e v e l  wi thou t  p lac ing  lumina i res  i n  l o c a t i o n s  unacceptable  t o  
t h e  o p e r a t o r s  o r  too  vu lnerab le  t o  damage. Attempting t o  r a i s e  t h e  i l l u m i n a t i o n  
l e v e l  i n  those  smal l  a r e a s  u s u a l l y  r e s u l t s  i n  l a r g e  l i g h t  o v e r k i l l  i n  a l l  o t h e r  
a r e a s .  It is ques t ionab le  whether t h e s e  l i m i t e d ,  somewhat da rker ,  a r e a s  do,  i n  
f a c t ,  p r e s e n t  a  s a f e t y  hazard. The q u e s t i o n  m e r i t s  s tudy  i f  only because a n  exces- 
s i v e  o v e r a l l  l i g h t  ou tpu t  compounds t h e  nex t  problem, t h a t  of g l a r e .  

I f  o b t a i n i n g  t h e  r e q u i r e d  l i g h t  l e v e l  i s  u s u a l l y  no t  a  problem, o b t a i n i n g  
i t  wi thou t  g l a r e  is. "Glare" is  a d i f f i c u l t  problem because i t  is very s u b j e c t i v e ;  
i t  does no t  a f f e c t  a l l  i n d i v i d u a l s  t o  t h e  same e x t e n t ,  and s o  f a r  i t  has  n o t  been 
amenable t o  a  s imple measurement. 

The r e g u l a t i o n s  s t a t e  on ly  t h a t  " l i g h t i n g  f i x t u r e s  s h a l l  be  designed and 
i n s t a l l e d  t o  minimize discomfort  g l a r e "  [ 7 5 ,  1719-2(g)]. Without a  d e f i n i t e  numer- 
i c a l  v a l u e  t o  ach ieve ,  e a r l y  i n s t a l l a t i o n s  perhaps tended t o  somewhat ignore  g l a r e ,  
c o n c e n t r a t i n g  on ly  on ach iev ing  a  0.06 fL  l e v e l .  La te r  i t  was recognized t h a t  
avo id ing  g l a r e  was a t  l e a s t  a s  important  a s  ach iev ing  t h e  proper  l i g h t  l e v e l .  

There is a l s o  an acc l imat ion  per iod  which comes i n t o  p lay ,  i n  t h a t  one 
t r a i n s  onese l f  t o  l i m i t  t h e  e f f e c t  of g l a r e  by no t  looking d i r e c t l y  i n t o  a  l i g h t  
source .  Th is  comes a f t e r  a  pe r iod  of unconscious a d a p t a t i o n  t o  t h e  machine and i ts  
arrangement of lumina i res .  

Whether us ing  HID o r  f l u o r e s c e n t  lamps, t h e  most e f f e c t i v e  way t o  e l imi -  
n a t e  o r  reduce t h e  undes i rab le  e f f e c t s  of g l a r e  i s  t o  l o c a t e  t h e  lumina i res  o u t  of 
t h e  f i e l d  of view of t h e  men working wi th  t h e  machine. I n  a d d i t i o n ,  s o l i d  o r  
t r a n s l u c e n t  s h i e l d s  can be placed between lumina i re  and o p e r a t o r ,  o r  t a p e s  used 
over t h e  l e n s e s  t o  reduce t h e  b r i g h t n e s s  i n  t h e  o f f e n s i v e  d i r e c t i o n .  - 

.,/" 
Lamps of low s u r f a c e  b r i g h t n e s s ,  such a s - f i u o r e s c e n t ,  obviously cause 

l e s s  g l a r e  problems than  HID. However, even low-brightness ,  s t andard  f l u o r e s c e n t  
lamps a r e  o b j e c t i o n a b l e  when l o c a t e d  too near  a  t a s k  t o  be done. An i l l u s t r a t i o n  
of t h i s  i s  t h e  lumina i res  mounted on top of roof b o l t e r s  which s h i n e  i n  t h e  f a c e  of 
t h e  o p e r a t o r  assembling b o l t s  on t h e  deck of t h e  machines. Even when us ing  f luo-  
r e s c e n t  lumina i res  t h e  p o s i t i o n i n g  is very impor tan t ,  and s h i e l d s  should be  used i f  
necessary.  Th is  can be more d i f f i c u l t  than wi th  HID lamps because of t h e  l a r g e  
s i z e  and/or  number of  lumina i res .  

The l i t e r a t u r e  d i s t i n g u i s h e s  between d i s a b i l i t y  g l a r e  and d i scomfor t  
g l a r e .  D i s a b i l i t y  g l a r e  is def ined  a s  t h a t  which causes a c t u a l  damage t o  t h e  eye,  
and i t  does no t  appear  t h a t ' t h i s  is t h e  problem h e r e .  However, even i n  d i scomfor t  
g l a r e ,  such a s  when approaching a  c a r  with high beams on, t h e r e  is a n  element of 
d i s a b i l i t y  i n  t h a t  our  a b i l i t y  t o  s e e  i n  t h e  darkness is temporar i ly  ,impaired. The 
same a p p l i e s  when an HID source  is  i n  t h e  f i e l d  of view. The e f f e c t  i s  much l e s s  
ev iden t  wi th  f l u o r e s c e n t  lamps; however, i t  is s t i l l  t h e r e .  More r e s e a r c h  is  
needed i n  t h e  a r e a  of eye  response t o  t h e  l i g h t  l e v e l  and l i g h t  c o n t r a s t  p r e v a l e n t  
a t  t h e  face ,  i n  o r d e r  t o  determine t h e  c o n d i t i o n s  most conducive t o  workers '  aware- 
ness  of hazards .  



React ion of Personnel  

( React ion of t h e  men t o  i l l u m i n a t i o n  was found t o  vary from t o t a l  r e j e c t i o n  t o  
' wholehearted acceptance.  Beyond t h i s  genera l  s t a tement  i t  is very d i f f i c u l t  t o  

e v a l u a t e  t h e  r e a c t i o n  of personnel  i n  any p a r t i c u l a r  case .  Some i n s t a l l a t i o n s  were 
found which were poor ly  designed o r  maintained,  and r e j e c t i o n  would be expected.  
However, i t  is a l s o  p o s s i b l e  t o  have i d e n t i c a l  machines wi th  i d e n t i c a l  lumina i res  
w i t h  s i m i l a r  cond i t ions  and g e t  oppos i t e  r e a c t i o n s  from t h e  o p e r a t o r s .  

A s  a  h e l p  i n  judging t h e  men's comments, s e v e r a l  obse rva t ions  can be  made: 

1. Anything new, whether machine o r  procedure o r  o r g a n i z a t i o n ,  r e q u i r e s  some 
a d a p t a t i o n  per iod .  Everyone needs some t r a i n i n g  wi th  a  new t o o l  b e f o r e  h e  can make 
e f f i c i e n t  u s e  of i t .  I l l u m i n a t i o n  a t  t h e  f a c e  is  something new, and a s  such,  re-  
q u i r e s  a  t r a i n i n g  per iod .  

2. The normal human response  is t o  r e s i s t  any change. E f f o r t s  should be  
made t o  b u i l d  up a  r e c e p t i v e  a t t i t u d e  w e l l  i n  advance of i n t r o d u c t i o n  of i l lumina-  
t i o n .  Most personnel  a p p r e c i a t e  be ing  "in" on p r o j e c t s  a f f e c t i n g  t h e i r  t a sks .  
P a r t i c u l a r l y  when conf ron ted  ~ 5 t h  such a  s u b j e c t i v e  m a t t e r  a s  t h e  e f f e c t  of g l a r e ,  
which i s  n o t  measurable,  i t  is important  t o  cons ider  t h e  r e a c t i o n s  and sugges t ions  
of  those  d i r e c t l y  affected; ;  

3 .  The reason  f o r  a  nega t ive  r e a c t i o n  should be c a r e f u l l y  examined. It was 
observed s e v e r a l  times t h a t  an o p e r a t o r ' s  o b j e c t i o n  was no t  d i r e c t e d  a t  t h e  i d e a  of 
i l l u m i n a t i n g  t h e  working p lace ,  b u t  was t o  a  s p e c i f i c  lumina i re  p a r t i c u l a r l y  annoy- 
i n g  t o  him. 

4. Acceptance of i l l u m i n a t i o n  has  t o  be  t e s t e d  bo th  ways, i . e . ,  what is t h e  
r e a c t i o n  of  a  crew which has  worked wi th  a n  i l l u m i n a t e d  machine f o r  a  pe r iod  of  
t ime,  and then has  t o  r e t u r n  t o  a  non-illuminated one,  a s  w e l l  a s  vice-versa.  
Often the  "old days" look good on ly  u n t i l  one has  t o  r e t u r n  t o  them. 

Conclusion 

During t h e s e  p a s t  few months we have been i n  c o n t a c t  wi th  c o a l  o p e r a t o r s ,  
l i g h t i n g  equipment s u p p l i e r s ,  and government agenc ies ,  each group concerned wi th  a  
d i f f e r e n t  a s p e c t  of mine i l l u m i n a t i o n .  We have found many people among these  
groups who a r e  ve ry  knowledgeable, have good eng ineer ing  sense ,  a r e  open t o  new 
viewpoints ,  and w i l l i n g  t o  l i s t e n  t o  and l e a r n  from each o t h e r  i n  s p i t e  of c h e i r  
d i f f e r e n t  a f f i l i a t i o n s  and sometimes c o n f l i c t i n g  i n t e r e s t s .  

From what we have seen  we b e l i e v e  t h a t  inc reased  i l l u m i n a t i o n  a t  t h e  face I S  
b e n e f i c i a l  and p o s s i b l e .  However, t h e  technology is p r e s e n t l y  a t  t h e  c r i t i c a l  
s t a g e  of expanding from a few demonstrat ion u n i t s  t o  widespread use of i l lumina t ion ;  
problems a r e  bound t o  s u r f a c e ,  whether i n  i n t e r p r e t a t i o n  of t h e  law, o r  r e l i a b i l i t y  
of t h e  m a t e r i a l s  and des igns  used, o r  even i n  new hazards u n w i t t i n g l y  in t roduced .  
We b e l i e v e  t h e s e  problems can be so lved  i f  s t u d i e d  c a r e f u l l y  and coopera t ive ly  by 
a l l  concerned and no one adop ts  a n  "I know bes t "  i n t r a n s i g e n t  a r r i r u d e .  Our exper- 
i e n c e  i n d i c a t e s  t h e r e  a r e  capab le  people i n  a l l  phases of t h e  f i e l d  of mine i l l u -  
mina t ion  who can reasonab ly  r e s o l v e  these  problems i f  pe rmi t t ed  t o  work toge ther  
p r o t e c t e d  from o u t s i d e ,  u n q u a l i f i e d ,  s e l f - s e r v i n g  p ressures .  For t h e  sake  of 
s a f e t y ,  l e t  us a l l  coopera te  i n  t h a t  e f f o r t  wi th  a n  open mind. 



Mine Il lumination 

Kenneth Klouse 
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In the Federal Coal Mine Health and Safety Act of 1969, Congress empowered 
the Secretary of the In t e r io r  t o  develop standards tha t  vrould require i l lumination 
-f a l l  working places in a mine. Only now, is there  enough data,  experimentation, 
~d equipment avai lable  t o  promulgate a p rac t i ca l  and enforceable regulation.  

Mine i l lumination did not s t a r t  j u s t  s i x  years ago. Since 1938, numerottn 
papers have been presented on i l lumination i n  underground coal  mines i n  the  
United States.  In a 1950 meeting of the  Coal Mine Lighting Clinic,  which included 
representatives of industry,  the UMWA, and S ta t e  and Federal agencies, one of t he  
conclusions reached was tha t  improving seeing conditions a t  the  face  was the  most 
crucia l  problem. The Mining Development Committee of the  Bitminous Coal Research, 
Inc., has been conducting t e s t s  s ince  1953 i n  underground i l lumination.  Technical 
data is  a lso  avai lable  from some European countries where underground l i gh t ing  has 
been compulsory s ince  the  1940's. From these countries,  the  e f f ec t  of l i gh t ing  
on safe ty  has been demonstrated. 

In  a paper published in 1954 by A. Roberts, a l ec tu re r  i n  mining a t  t he  
University of Nottingham, the  corre la t ion  between accidents,  v i s i b i l i t y ,  and 
l ight ing  i s  discussed. The accident investigation eove rd - . a  12-,year span during 
which l ight ing  became mandatory in ce r t a in  areas of underground mines midway 
through the  period. The death r a t e  and serious in jury  r a t e  s ign i f i can t ly  declined 
in the second half  of the sample period i n  areas requiring l ight ing .  In other 
words, the second six-year period showed a 27 percent lower death r a t e  than the  
f i r s t  six-year period and correspondingly. an 11 percent lower serious in jury  
ra te .  Serious accidents because of haulage runaways showed a decrease of 40 
percent between the two six-year periods. These numbers show a de f in i t e  re la t ion-  
sh ip  between underground sa fe ty  and underground l ight ing .  Mr. A. Roberts s t a t ed  
tha t  "while it is not possible t o  deduce any simple relationship'between such 
accidents (mining accidents) and the  l i gh t ing  environment, ye t  there is evidence 
tha t  i n  ce r t a in  types of accidents,  where v i s i b i l i t y  is an obviously important 
fac tor ,  the  e f f ec t s  of improved l i gh t ing  a r e  ref lec ted  i n  f a l l i n g  accident 
trends. . ." 

More d i f f i c u l t  i s  the corre la t ion  between production and i l lumination.  
In s t a l l a t i ons  i n  the United Sta tes  tend to  show an increase i n  production i n  
longwall mining; however, the increase is not s t a t i s t i c a l l y  s igni f icant .  Ihen 
more i l lumination systems a r e  introduced undergroundand operational time is 
extended, de f in i t e  trends in the  industry w i l l  become apparent. 

Mining produces unique problems tha t  make production comparisons almost 
mpossible. Even between adjacent sec t ions  of the  same mine, conditions usually 
,ary. The only way t o  develop s t a t i s t i c s ,  when the  var iables  cannot be held 

constant,  is t o  acquire a l a rge  data  base. The number of i l lumination systems 
underground do not have su f f i c i en t  working time t o  supply us with t h i s  data 
base. However, in other indust r ies  good l ight ing  has been shown t o  increase 
both safe ty  and production. This should be applicable i n  a l imited respect 
to  the  mining industry. 
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Compliance with the illumination regulations will not be easy to achieve. It 
will require a concentrated effort by the coal industry, manufacturers, and MESA. 

I 

The Technical Support division of MESA is offering services to the coal industry 
so that compliance can be achieved. These services can be broken down into three 
areas. 

The first and most important area is technical assistance. Technical 
assistance is available to coal mine operators and equipment manufacturers to 
enable them to comply with the illumination regulations. In the area of illumina- 
tion, the Beckley Electrical Testing Project (BETP) will be available to assist 
in laying out illumination systems. This assistance will be for machines that 
cannot be handled by the normal test and evaluation procedure. This service is 
free but does not result in a Statement of Test and Evaluation. 

The Statement of Test and Evaluation is the second area that service is 
offered to the coal industry. The statement is an evaluation of an illumination 
system that states that the system will be in compliance with the Federal regu- 
lations when used within certain operational parameters. It is not mandatory 
to obtain a Statement of Test and Evaluation; however, this service has many 
advantages : 

1. Testing is accomplished in surface facilities which will not interfere 
with mining operations. 

2 .  Operators can purchase illumination systems for equipment and be assured 
that the system will be in compliance when installed and operated 
according to the Statement of Test and Evaluation. 

3. Systems can be installed at maintenance or rebuild shops which will 
assure a better installation in a shorter time. 

4. Part of the Statement of Test and Evaluation is a one-line diagram 
approved by Pittsburgh Approval and Certification Center. This one-line 
diagram can be used to supply much of the information required for the 
field change. This will save a lot of paperwork by coal mine operators. 

The Statement of Test and Evaluation is issued only through BETP; however. 
there are presently available ten laboratories where the actual work can be 
performed. These laboratories have been certified by BETP as capable of supplying 
data comparable to Technical Support's facilities. 

There are five lighting equipment manufacturers' laboratories: 

1. General Energy Development Corporation 

2. Ocenco, Incorporated 

3. McJunkin Corporation 

4. National Mine Service 

5 .  Bacharach Instrument Company 

Three mining equipment manufacturers' laboratories: 

1. Lee-Norse Company 

2. Joy Manufacturing Company 

3. YMC Corporation 



Two coal company laboratories: 

1. North American Coal Corporation 

2. Vestmoreland Coal Company 

This is quite a list of laboratories available to service the industry in 
underground illumination and provide a means of achieving compliance. Already more 
than two hundred Statements of Test and Evaluation have been issued on a wide range 
of mining machines. These Statements can be used by anyone in the mining industry 

! as long as the operational parameters are observed. Some of these parameters are: 

1. Machine model, type, and optional equipment 

2. Height and width constraints 

3. Equipment function 

A catalog of these Statements of Test and Evaluation is being assembled by 
Bituminous Coal Research, Incorporated (BCR) for the coal industry. This wlll be 
a center where a coal operator can contact BCR and obtain a listing of illumination 
systems that have been tested for his machines. All an operator will have to do 
is tell BCR the machine type or model and the maximum height and width the machine 
will be working. BCR can then send the coal operator a copy of all Statements of 
Test and Evaluation that cover his mining conditions. 

The third area is in support functions. MESA is able to calibrate meters for 
coal mine health and safety inspections and the coal industry. This will assure 
that all meters used in illumination measurements underground give reliable results 
and are traceable to the National Bureau of Standards. Test equipment is also 
available to analyze individual luminaires and/or systems. 

As I said earlier, compliance with the regulations wlll not be an easy task 
to achieve; but with the support services available to the coal industry from MESA, 
compliance ic n ronliotic goal. 

Coal mine operators are not required to use the services offered by MESA 
Technical Support for a Statement of Test and Evaluation. Operators can illuminate 
working places using the Illumination regulations, 30 CFR, Section 75.1719 through 
75.1719-4, and compliance will be determined by MESA inspectors. The underground 
illumination regulations can be broken down into four main areas. They are: 
(1) areas to be illuminated; (2) power requirements to luminaires; (3) methods 
of determining compliance; and (4) procedures in taking light measurements. 

Areas to be Illuminated 

Illumination shall be provided in each working place of underground coal mines 
while self-propelled mining equipment is being operated in the working place. This 
Lllumination shall be in addition to that provided by personal cap lamps and will 
require all surfaces in the miner's normal field of vision to have a surface 
brightness of at least 0.06 foot-lamberts. 

The surfaces in a miner's normal field of vision varies with the types of 
equipment being operated. When continuous miners and coal-loading equipment are 
operating, the face, ribs, roof, floor, and machine surfaces from the conveying 
equipment to the face, are required to be illuminated. For self-loading haulage 
equipment and cutting and drilling equipment, all exposed coal and machine surfaces 
from five feet outby the equipment to the face are required to be illuminated. 
Shortwall and longwall mining equipment require illumination from the gob side 
of the travelway to, and including, the block of coal being extracted for the 
entire length of the self-advancing roof support system. In addition, illumination 



shall be provided for the headpiece, tailpieces, and control stations and roof 
and floor, for a horizontal distance of five feet from these areas. Whenever 
roof-bolting equipment is operated, all surfaces to the sides and front of the 
machine must be illuminated when they fall within a horizontal distance, from 
the machine, equal to the mining height or five feet, whichever is greater. In 
addition, for roof-bolting equipment, all surfaces from the machine to a point 
five feet outby the machine must be illuminated. All other self-propelled equip- 
ment must provide sufficient illumination to illuminate a coal surface equal 
to the height and width of the machine and located 10 feet to the front and rear 
of the machine. 

Power Requirements to Illuminaires 

Luminaires used to illuminate the surfaces mentioned above must be permissibl 
whether they are mounted on the machine or stationary fixtures. Stationary 
lighting fixtures cannot be energized by conductors at alternating-current 
voltages greater than 70 volts to ground or direct-current voltages in excess of 
a nominal voltage of 300 volts. The cables containing these conductors for 
stationary lighting fixtures (other than intrinsically safe fixtures) are 
considered trailing cables and must meet the requirements of Subpart G of the 
Federal Coal Mine Health and Safety Act of 1969. They must be protected against 
overloads and short circuits. In addition, resistance grounded lighting circuits 
must be protected against ground faults. Alternating-current circuits, energized 
at 100 volts or more and used to supply power to stationary lighting fixtures, 
must originate at a transformer having a center or neutral tap grounded to earth 
through a proper resistor, designed to limit fault current to not more than 5 
amperes. A grounding conductor from the grounded terminal of the grounding 
resistor shall extend along with the power conductors and serve as the grounding 
conductor for all equipment receiving power from the circuit. Grounding conductors 
are also required to electrically ground machine-mounted lighting fixtures. 

Nethods of Determining Compliance 

MESA inspectors will determine if the surface brightness level of 0.06 
footlamberts is present by using a CO/NO Go 27' photometer. The photometer will 
be held approximately five feet from the surface being measured. If the brightness 
of that surface is greater than 0.06 footlamberts, a green light wlll glow, and if 
the brightness is less than 0.06 footlamberts, a red light will glow. The surface 
area being measured will be approximately four square feet when the photometer is 
at a distance of five feet. When clearances do not permit a five-foot distance 
from a surface, one reading will be taken in each corner of a square, two fcct by 
two feet. Each reading will not exceed 100 square inches, and if any one of the 
readings create a green indication on the photometer, that area will be considered 
in compliance. If the MESA inspector selects the darkest surface area, and that 
area is in comaliance, then all of the brighter surface areas are in compliance. 

Procedures in Taking Light Heasurements 

Readings will be taken with continuous miners, coal-loading equipment, cuttin, 
equipment, drilling equipment, and self-loading haulage equipment, located in the 
center of the working place, not more than three feet from the face. The equip- 
ment will be idle while being measured. Measurements can be made on longwall and 
short-wall equipment while it is being operated, except when measurements are made 
in the vicinity of shearers, plows, or continuous miners. Roof-bolting equipment 
will be positioned so that face or rib surfaces are at a distance equal to the 
mining height or five feet, whichever is greater, from the front and one side of 
the machine. After measurements are taken, the equipment will be repositioned so 
the face and other rib surface is at a distance equal to the mining height, or 



five feet, whichever is greater. If the roof-bolting equipment can be positioned 
in the center of the working place, and the ribs fall within the mining height, 
or five feet from the sides of the machine, then rib measurements can be made 
without repositioning. The roof-bolting machine will be idle while being measured. 
All other equipment will be positioned at a distance not less than nine feet 
from a coal surface and will be idle while measurements are being taken. 

Inspectors will not take measurements where shadows are cast by roof-control 
posts or ventilation equipment. When machine-mounted light fixtures are used, 
except on self-advancing roof-support systems, measurements will not be made within 
one foot of machine surfaces. The illumination regulations also specify that paint 
used on exterior surfaces of mining machines have a minimum reflectance of 30 
percent, that reflectors be used on machines when stationary lighting systems are 
being used, and that hard hats have a minimum of six square inches of reflecting 
tape or p a i n t  on each side and back. 

The Federal Coal Mine Health and Safety Act of 1969 reads, ". . . the 
Secretary shall propose the standards under which all working places in a mine 
shall be illuminated by permissible lighting, within 18 months after the promul- 
gation of such standards, while persons are working in such places.'' The Act 
provj.des an 18-month period for compliance which cnds on April 1, 1978. 
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The Federal Coal Mine Health and Safety Act 6f 1969 pruvidad f u ~  the formu. 
lation of illumination standards for underground coal mines; such s~andards werc 
promulgated on October 1, 1976. 'I'he Bureau's p.rugram of research on mine illum- 
ination, which has evolved supportive data for standards and the technology 
necessary for their implementation, is presently directed toward demonstrating 
cost effective and reliable means to provide underground illumination, providing 
the technological means by which these standards can be expeditiously realized, 
and insuring that the industry 1s aware of exlsril~y 11dlduai-a and also po&sossos 
the o~cpcrtico needed apply i t  efficiently. The realization of a thoroughly 
informed industry and the existence of readily available, mineworthy hardware 
will enable the implementation of tilt: standards to progrcss in a reasonable 
manner. The current work of the Bureau of Mines on mine illumination is herein 
described. 

Introduction 

Federal illumination standards for underground coal mines were promulgated 
on October 1, 1976, as parts 75.1719 and 75.1719-1 through 75.1719-4, Title 30, 
Code of Federal Regulations. The Bureau of Mines research efforts have recently 
been directed toward providing appropriate hardware and insuring thnt the indus- 
try is aware of the existence of the hardware and possesses the expertise needed 
to efficiently apply it. These objectives are manifest in continuing projects 
designed to demonstrate the feasibility and benefits of supplying additional 
illumination in even the most demanding mining environments. The means by 
which this is to be accomplished will be described through a discussion of the 
Bureau's ongoing activities in this area. 

In-Mine Demonstrations of Illumination Hardware 

In demonstrating the feasibility and be~ieriLs of providing additional 
illumination in the working places of underground coal mines, the Bureau of 
Mines has illuminated 38 machines and 4 longwall faces in a total of 22 mines. 
These installations provided guidelines by which most of the machillas utilized 
by the industry r.0111d be illuminated. Representative demonstrations will be 
briefly discussed. 

Two recent installations are in use at the Greenwich Collieries mining 
complex, near Cookport, Pa. The mines are operating in the lower Freeport 
seam, which is approximately 48 inches thick in this area. Both continuous 
and longwall mining produces approximately 1.7 million tons of coal per year 

Initial efforts illuminated a longwall face which consisted of 72 Joy* 
RB 4-legged chock supports and 35 Gullick Dobson 6-legged chock supports. 

* Use of brand names is for identification purposes only and does not imply 
alldorsement by the Burcau of Mines. 



The 6-legged supports were located in the center of the face, providing improved 
roof control in this area. An Eickhoff EW170L shearer is utilized for coal 
cutting. 

The illumination system includes one model 1513 (21-watt) fluorescent 
luminaire mounted on each pan section, nineteen 14-amp power supplies, and one 
120-vac power-distribution box manufactured by Ocenco Inc. The general location 

,,'-'of the luminaires is shown in Figure 1. The power supply and all cabling were 
also located on the panline. This arrangement provided good protection for all 
components and eliminated relative movement complications associated with support- 
mounted hardware. 

Analysis of performance over a 3-month period showed that the component 
reliability of the illumination system was excellent. However, tight clearances 
between the 6-legged supports and the panline demanded the relocation of the 
illumination hardware in this area. In addition, severe roof control problems 
forced Greenwich to replace the complement of 4-legged supports with the Gullick 
Dobson 6-legged supports. 

In view of the past clearance difficulties experienced on the section of the 
face supported by the 6-legged chocks and the.better equipment protection afforded 
by these units, it was decided to redesign the illumination system. The final 
design places all illumination hardware on the supports. Figure 2 illustrates 
the new mounting location of the luminaires. System installation will be com- 
pleted during March 1977 and its performance will be monitored. 

A continuous miner section consisting of a Lee-Norse 265HH miner and a Fletcher 
LTDO roof bolter was also illuminated at the Greenwich Collieries. This installa- 
tion requjres special consideration because of the low clearance generated by 
seam conditions and the use of rails for roof support. In addition, the rails were 
slid along the top of the miner during roof support installation. These restric- 
tions required that the top of the miner remain as unobstructed as possible. 

The machine was illuminated to meet the requirements of the Federal Coal Mine 
Illumination regulations, utilizing seven VHO, 55-watt Mine Safety Appliances 
fluorescent luminaires and three 100-watt Control Products mercury vapor head- 
lights. As shown in Figure 3, the only hardware protruding above the machine 
main frame is one fluorescent luminaire, located beside the operator, and one 
headlight, located opposite the operator. All hardware is well protected from 
external forces. 

The performance of this illumination system was monitored for 3 months, 
during which time there was no hardware failure. 

The Fletcher LTDO roof bolter utilized in conjunction with the 265HH miner 
was also equipped with a similar illumination system. The layout of this system 
is illustrated in Figure 4. A noteworthy innovation incorporated in this design 
is the hinged mounting of the fluorescent luminaire located over the boom of 
the machine. This allows the unit to remain in a proper position for all seam 
heights encountered in this mine. 

Continuing and future efforts in this area will be directed toward the more 
difficult mine illumination problems. Current work includes the designing of 
systems for use on diesel and battery-powered LHD's, slope and shaft sinking 
operations, and 600-vdc machines. In addition, newly developed illumination 
systems will be evaluated with both reliability and efficiency being noted. 



Factory Integration of Illumination Hardware Into Mining Machinery 

The continuing evaluation of mine illumination systems has shown that the 
major cause of illumination system downtime is physical damage due to machine 
collisions with coal surfaces or other machines. The protection of this additional 
hardware requires the good utilization of machine architecture, as shown in 
Figure 5, for only the massive machine main frames can withstand these extra- 
ordinarily large contact forces. Although existing machines have been success- 
fully modified on the section or during a major overhaul, the most efficient time 
to build in an illumination system is during the early design of the machine, at 
the factory. 

Present Bureau efforts have resulted in the integration of illumination 
systems into a Galis 300 roof bolter and a Long-Airdox coal drill. These machines 
have been redesigned to accept an illumination system and the manufacturers plan 
to offer the illumination system as an option in the near future. Work has also 
begun to modify a Marietta drum lsir~ar. 

The availability of new, illuminated mining machines will provide the indus- 
try with excellently protected illumination systems, which will drastically 
reduce the maintenance costs associated with this additional hardware. 

Information Dissemination and Training 

The required introduction of additional illumination in the coal mines has 
found much of the industry lacking the expertise necessary to implement effective 
programs, thus forcing the operators to rely entirely on externally designed 
illumination systems that do not always fulfill the specific needs of their mines 

This endeavor, which has been continuing since the conception of the mine 
illumination program, has taken on increased importance and activity because of 
renewed interest within the industry sparked by the recent promulgation of reg- 
ulations. In reaction to the industry's need, the Bureau has initiated a two- 
part program designed to inform the industry. 

A program has begun to formulate a one-day seminar which will present the 
history of mine illumination, an explanation of the new regulations and photometry, 
design procedures for laying out an illumination system to meet the requirements 
of the regulations, and other pertinent data. The program is to be taken into 
the mine fields and presented throughout the country during approximately 40 
seminars. The seminars are directed toward the people at the mine level who will 
be "living" with the lights and, as such, are designed to minimize the time such 
personnel would need to spend away from the job. A second meeting or workshop 
wlll Ire cul~sllla~ arl i C i ~~l.elasL wairant3. 

In addition, the Mining Enforcement and Safety Administration (MESA) has 
initiated a means by which mine operators and equipment manufacturers can obtain 
a Statement of Test and Evaluation (Y'l't) for any given n~lrlt! illul~i~~aLiu~i > Y ' > t ~ i l i .  
The STE is issued by MESA and enables the operator to forego any inmine measure- 
ment of luminous intensities by local MESA inspectors while the illumination 
system is in adequate repair and the machine is being operated within the speci- 
fications stated in the STE. Although anyone can apply for an STE, the majority of 
applications are presently being submitted by manufacturers of mine lighting 
equipment and each manufacturer is presently completing a set of STE's. These 
files are not cross-referenced, making it very difficult for a mine operator to 
find existing STE's that apply to his particular mining conditions. The time 
expended in these endeavors could seriously affect the speed by which the mining 
sections will be illuminated. The Bureau has initiated the formation of an STE 
"library" through which an interested party could obtain a list of all tested 
illumination systems for a given machine. 



The realization of this program will enable the industry to quickly determine 
what systems are available and to efficiently evaluate their applicability to 
specific conditions. 

Computer Evaluation of Mine Illumination Systems 

The method of test and evaluation of illumination systems that is presently 
being used by MESA'S Technical Support Electrical Testing Project located at 
Beckley, West Virginia, utilizes a simulated mine entry and requires the construc- 
tion or alteration of a "mock-up" mining machine for each type of equipment to 
be evaluated. Due to the multitude of machine and luminaire types and combina- 
tions, this present technique becomes a time-consuming process affecting industry 
as well as Government. 

The Bureau of Mines is developing a computerized system by which mining 
machines and luminaires can be mathematically modeled and displayed on a TV-type 
monitor.. A typical display is shown in Figure 6. The computer evaluation of 
illumination systems would enable anyone with access to a computer terminal and 
telephone to quickly, inexpensively, and accurately determine the luminous intensity 
levels associated with any hardware configuration. Thus, in addition to reducing 
evaluation costs, the computer simulation will drastically reduce system design 
time. . - 

Conclusions 

The Federal Coal Mine Health and Safety Act of 1969 provided for the formu- 
lation of illumination standards for underground coal mines. The Bure'au's 
program of research on mine illumination, which has evolved data for standards 
and the technology necessary for their implementation, is presently pursuing 
an overall major objective of demonstrating cost effective and reliable means 
to provide the illumination required by the newly promulgated underground 
standards and to provide technological means by which these standards can be 
expeditiously implemented. 
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Figure 1. A cross section of the longwall system in use at the Greenwich 
Collieries, showing a 6-legged support and the general location 
of the luminaire. 
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Figure 2. A cross section of the Greenwich Collieriest longwall illustrating 
the location of luminaire in the revised illumination system design. 
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Figure 5. Layout drawing of a Greenwich Collieries 2 6 m  miner, equipped with 
an illumination system which is well adapted to the low coal seam 
in which it is operated. 
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Figure 4. General layout of an illumination system for a Fletcher L T W  
roof bolter. 



Figure 5. A well protected lmsinaire, mounted on a Long-Airdox coal drill 
Machine architecture is utilized here to protect the unit from 
external forces. 

Figure 6 .  A computt?l. gwerated line draw in^ of a continuous miner. 



FACTORY INTEGRATION OF AN ILLUMINATION 
SYSTEM INTO A CONTINUOUS MINING MACHINE 

Stephen W. Corbitt 
Project Engineer - Drum Miners 
National Mine Service Company 

Introduction 

With the approaching deadline date on lighting requirements for 
underground mining by the federal government, there has been some 
activity and concern by the industry, as to obtaining the lighting 
goal on their equipment. National Mine Service Company has hean 
involved in an extensive test and design program to comply with the 
~ondicions of u. S. Bureau of Mines Contract Number H0366066 
Factory Integration of an Illumination System into a Continuous 

Miner." This symposium is one method to share the progress and 
problems encountered in this project. 

The contract, as the title implies, is basically aimed at light 
systems installed at the original equipment manufacturer of new 
machines, notat the add-on systems to equipment in the field. How- 
ever, much of the information to be presented could be of use to 
those attempting to add lights to existing equipment. 

Requirement 

The federal requirements are known to most people involved in 
underground mining; however, as a refresher and in case someone may 
not be acquainted with the required amount of light, areas to be 
illuminated, and methods of measuring the light, we will briefly 
mention these pertinent itcmo. 

The proposed standards state in part that the minimum luminous 
intensity shall be 0.06 ft-L required within the visual field of 
miners on rib, floor exposed equipment, and work areas where self- 
propelled equipment is employed during cutting, loading, or mining 
of coal up to and including the outby end of such machines. 

There are two basic techniques by which one can measure illumi- 
nation-either by incident light or by reflected light. For incident 
light, the unit of measure is the foot-candle (ft-c); for reflected 
light, the foot-lambert (ft-L). The relationship between the two is: 

RedLected l i g h t  ( 6 t - 1 )  = i n c i d e n t  ( 6 t - c )  x 
h e d t e c t i v i t y  (%I  

Although either method is usable for the problem under considera- 
tion, the Bureau finds that the reflected light measurements are 
preferable for three reasons: They can be conducted remotely from 
the specific surface that is being measured; they take into considera- 
tion the actual reflectivity of the surfaces; and from a visual view- 
point, one sees by reflected light, not by incident light. 

However, instruments to measure reflected light are not comon 
and tricky to use. National Mine Service Company elected to use an 
incident light meter, the Gossen Panlux Electronic Foot-candle Meter, 
and conducted our test as per the criteria on page 14110 of the 
1 April 1976 Federal Register, which reads as follows: 



"CRITERIA FOR TESTING AND EVALUATION OF ILLUMINATION SYSTEMS 
IN A SIMULATED WORKING PLACE AND IN WORKING PLACES OF UNDERGROUND 
COAL MINES USING INCIDENT PHOTOMETERS 

A. Geneha t .  A simulated working place shall be constructed 
in such.a manner so as to exclude all exterior light, and 
the surface of the interior ceiling, walis, and Eluur uf 
a simulated working place shall have reflectance value of 
not greater than five percent. The ceiling and sides may 
be constructed so that they are adjustable. 

B. T e b t i n g  and E v a t u a t i o n  0 6  Machine-Mounted oh StatLonahy 
I t t u r n i n a t i o n  Systems us ing  I n c i d e n t  L i g h t  Measunernenth . 
1. The illumination system shall be installed In rh@ 
simulated working place or in a working place of an 
underground coal.mine in accordance with the drawings 
and specifications submitted in the application for 
testing and evaluation. . 

2. The illumination system shall be energized and allowed 
a warm-up period. 

3. Incident light for each 4-square-TuuL field shall be 
considered as the average of four uniformly spaced measure- 
ments taken at the corners of the field. 

4. Measurements will be taken for all areas to be illumi- 
nated, using an incident photometer. Foot-candle averages 
for each field shall be adjusted by the following formula: 

Average foot-candle measurement for a field 
x ~ i ~ g t  loss factor (0.77) x Reflectance of underground 
aurfnce (0.02) 0.00 f-L 

5. The luminous intensity of all surfaces required co be 
illuminated by 30 CFR 75.1719-1 shall be at least 0.06 foot- 
lamberts when adjusted by the formula in B.4 of these 
criteria." 

Using this formula, the minimum average foot-candle measurement 
is 3.89 foot-candles. One requirement as yet not mentioned is the 
date of compliance, which is 1 April 1978. 

In addition to these regulations, the following requirements 
were included as conditions in the USBM Contract H0366066: 

1. It must comply with all applicable MESA illumination 
and permissibility regulaelons. 

2. All illumination hardware shall be incorporated into 
the machine mainframe such that it cannot be damaged by 
usually expected external forces caused by machine colli- 
sions and minor roof falls. 

3. Any necessary machine dimensional increase shall be 
minimized with possibly no dimension increase. 

4. The illumination hardware shall be reasonably accessible 
for maintenance activities. 



Light. Tests 

The single most important data required in order to engineer an 
effective illumination system into any machine is the light envelope 
(foot-candles vs. distance chart) of the light hardware to be used. 
Of the four light suppliers contacted, only National Mine Service had 
any light envelopes available and these were only completed on the 
38-watt and 65-watt fluorescent lights. It is surprising that such 
basic information is so lacking in the mining industry. 

Since this information is so essential, we ran a series of tests 
on all of our lights including the 150-watt incandescent headlight, 
the 75-watt mercury-vapor headlight, the 65-watt fluorescent, and the 
70-watt HID sodium-vapor lights. Scaled isointensity diagrams of all 
these lights are presented on the following pages. Each of these 
diagrams shows the 4 fooc-candle envelope produced by the various 
lights. 

These light envelopes were very useful in trying to develop a 
light package on paper. However, the most interesting side effect of 
these tests was the rejection of the mercury-vapor headlight from 
consideration on our light system. 

Originally, on the lighting plan, mercury-vapor headlights were 
to be used due to the assumed low light level of incandescent head- 
lights, which seems to be their reputation throughout the industry. 
However, our test showed that the 150-watt incandescent headlight pro- 
duced very good light. In fact, after the light test, it was decided 
to replace all planned mercury-vapor headlights with the incandescent. 
Not only did the incandescent produce satisfactory light, but it 
also reduced the space requirements in the ballast box since the 
mercury-vapor requires a ballast almost as big as the light itself. 
The incandescent headlight requires no ballast and therefore not only 
requires less space but also is the cheaper of the two lights. One 
more reason to abandon the mercury vapor light is its re-arc time, if 
the light is turned off or drops out due to low voltage. A mercury- 
vapor light that is hot will require three to five minutes to re-start 
whereas an incandescent re-arcs immediately and will not drop out due 
to low voltage. 

In order to be able to perform light tests not only on individual 
light, but also on mock-up of entire machine lighting systems, NMSC 
constructed a darkroom at their Greenup, Kentucky plant in compliance 
with the criteria as published in the 1 April 76 Federal Register. 
The darkroom is 12 feet high, 20 feet wide and 36 feet long with 
adjustable walls and roof. The interior is painted flat black with a 
reflectivity of less than 5%. Also, the interior is divided into 
areas of 2 feet x 2 feet with a mark on the inside surfaces to assist 
in taking the required measurements. The room was expensive, costing 
almost $6,000 to construct, but it has proved to be an absolute ne- 
cessity in order co engineer lighting systems on equipment mock-up. 

Another necessary item required to complete the light test is 
either the actual equipment being lighted, or as in this case, a mock- 
up of the machine. Again, the wooden mock-up was expensive, but 
valuable in testing. The NMSC mock-up was adjustable to match any 
configuration of miner manufactured by the Company to include at least 
one miner that is only in the early design stages. This mock-up pro- 
vided the platform on which to mount the actual light in position, so 
that the overall system could be checked for light output. 
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The mock-up and darkroom were utilized to run a series of tests 
involving six different setups of light system on the Marietta Drum 
Miner Model 5012s. The results of this test led to the prototype 1 
for which a Statement of Test and Evaluation (STE) was requested from 
MESA. 

Setup 41 proved to be excessive in light, especially on the 
face, and consisted of eight lights, as follow&r two 150-watt 
incandescent headlights, two TZi-watt mercury-vapor headlights, two 
IOO-wstt sodim-vapor, and two 70-watt eodim-vapor lights. 

This access of Ii@t led to setup #a, which required only six 
lights and removed all l&hoo £ram the cgzi~py, t b s  lowering overall 
machine heighx. The lights involved were two 150-watt incandescent 
headlights a d  foux 100-watt EXITID sodium lights w%th the rear li&Hts 
mwed femard several feet. !Ch*s setup proved to be satisfactory as 
far as the amount of light is concerned; &wevet, there was some 
dueation abo* glare due to the bright sodtwu l i w s  near the rear 
of the machhe. It was t h  suggested to put f l u ~ e s c a s  in place  
of e d & w  at the reBr of the  chin^, rud pilerally agrsod ehot it 
requires two 65-watt flwrsacente to replace each sadim. . 

Setup #3 was an attempt to satisfy fhe conditioas with replacing 
the two (rear) sodium lLgkts with only two 65-watt fluorescent lights 
Tkis setup seemed to be the bet-wit6 adeqwte light, minimum hard- 
Poare and cost, 'and reduced glare on the rear of the aachine. However. 
when the lf&bt leael reac2hgs were taken, the system could not satis- 
f y  the 4-foat-candle average an every 2-foot square. It should be 
pointed out t h a ~  chis setup 53 was preferred over the other systems 
due to the r e b e d  number of lights and the fact that the light out- 
put was sstisfactary to the observer. Actually, the 4-foot-candle 
average was satisfied in more than 92% oE the readings with the 
remaiaiag, mostly rear top, falling.in~~ tth 3- to 4-foot-candle 
range. 
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Setup #4 was a suggestion of the Pittsburgh Production Shop, the 
light manufacturer, which involved two 100-watt sodium, and four 65- 
watt fluorescents. This system did satisfy the light condition; how- 
ever, the sodium position was extremely open to damage due to its 
2 112 inch overhan . At the approximate point, the machine tends to 
rib when making a 800 turn. 

L 
Setup #5 was an attempt to use the smaller 38-watt fluorescent 

instead of the 65-watt fluorescent to light the machine. These 
smaller lights would not provide the proper amount of light at the 
required distance in order to be utilized on this machine. 

Setup f6, which is prototype1,is the system that has been sent 
to MESA for approval. It utilizes eight lights-two 150-watt incan- 
descent headlights, four 65-watt fluorescents, and two 100-watt HID 
sodium. 

Prototype 1 

On 31 Mav 1977 a Marietta Drum Miner SIN 7683 (Prototype 1) a 
L machine with ihe approximate proposed lighting system was delivered 

to a customer. This machine was not intended to-be the contract 
machine and, in fact, we were not really ready to manufacture an 
integrated light system, but due to customer insistance and our own 
sales department, a system similar to a factory integrated system was 
installed. 

This machine was inspected in the mine, after two weeks of ope- 
ration. This inspection resulted in the following facts and recom- 
mendations about this lighting system: 



1. The lights should be attached with at least 1/2" capscrew. 
The necessity of damper or "soft mount" has not yet been 
determined; therefore, we will bolt these lights up solid 
with 1/2-13 H.H.C.S. Grade 5. 

2. The rockfall type of protection is not sufficient for the 
two center-mounted fluorescent lights. 

3 .  Coal dust or dirt on globes drastically reduces output. i.a, 
a point on the floor was selected for a test and had a light 
meter reading of 6 foot-candles. The same point read 26 
foot-candles after the globe was cleaned. 

4. The operator complained of the light mounted on the canopy. 
It is suggested that, if at all possible, no lights be 
mounted on the canopy. 

5. After viewing the system in operation, it appears that, for 
a factory-mounted system, the best system would be a previ- 
ously-discussed arrangement of four 100-W HID and two 150-W 
incandescent headlights for the following reasons: 

A. Satisfies federal raqulrewe~~L 

B. Fewer lights 

C. Less space required for mounting 

D. Less expensive 

E. Less than 40% globe surface area to keep clean 

F. Glare did not appear excessive on test machine 

G. Remove objectionable light from canopy 

PROTOTYPE I SODIUM LIGHT ON B80M 



A second trip was taken to investigate complaints about the light 
system installed on the 5012s miner, S/N 7683, as mhtioned in the 
previous report. This trip uncovered some interesting aspects of 
underground lighting and some drawback or falacies of the proposed 
regulation, as published i n  the 1 April 1976 Federal Register. 

The requirment for .06 lumens reflected light or the MESA accep- 
tance of 4 foot-candles incandescent light on all surfaces (roof, 
face, ribs and floor) around the machine is not the best method to 
judge the effectiveness of a lightin system. The only factor that 
this proposed regulation has in its favor is that it is simple to 
understand and evidently easy to write, once the level of light was 
selected. But it does not really consider the actual use of the sys- 
tem by the operators, and the fact that light levels coming from a 
point source are inversely proportional to the square of the distance 
from that source, therefore requiring extra or overly bright light in 
order to comply with the regulation. 

As an example, refer to the light systemknown assetup #3 in this 
report. There are 455 areas of 4 square feet each, that by the regu- 
lation must average 4 foot-candles each. The light measurements show 
that some of these areas did not average 4 foot-candles, therefore 
this system would be unacceptable. However, there are only 32 areas 
or 7% unacceptable and they avera ed over 3 foot-candles. Because of 
this 7% with a 25% low light levef or actually an overall low light 
level of less than 2%, two more lights have to be added to the systan. 

Another interesting lighting problem was discovered when the 
miner operator complained about not being able to see the face on a 
machine that we had tested and know to be in compliance with the four 
foot-candle regulation. The problem was that although the face may 
show 4 foot-candles, the area 3 feet back from the face was reading 
40 to 50 foot-candles. which is evidently too much contrast. This 
was compounded by dust and fog-type water sprags which effectively 
concealed the face behind a brightly-lit clirud. 

The corrective measures taken to satisfy the customer on proto- 
type 1 were to (1) adjust reflector on the 65-watt fluorescent on the 
canopy to keep light out of operator's eyes, and (2) move the 100-W 
sodium vapor back and upon the machine and add reflectors to put the 
light on the face. 

The second change made the system an add-on type, as opposed to 
a factory integrated system. Any existing machine can be fitted with 
an "add-on" system to satisfy the lighting requirement, but their main 
problem is usually the susceptability to damage due to being placed 
on top or sides of the machine in such a manner that they cannot be 
protected. 

These examples point out some of the problems with the current 
requirements. The miner wants Zi ht on the face to see what he is 
cutting and he is not concerned atout light in other areas, and in 
fact is usually o posed to lights on the rear of the machine (i.e.. 
canopy) that may R i t a t e  him or his shuttle car operator. Why 
should the rear roof be required to have the same light level as the 
face? Why should extra lights, increasing sys~em cost by 20%-30%, be 
added for a 2% overall low light level, as in setup B?" 

Considering these factors, I feel that a much improved system on 
the MESA requiremezts would be as shown on the figure titled "Sugges- 
ted Light Pattern. This type of pattern would put the light where 
the miner wants it and give the manufacturer some option in light 
mounting on the machine s rear. 
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At a minimum, there should be some provision for a percentage of 
low level li ht to allm more flexibility in the li t location. A 
percenta e of 52 to 10% does not seem unreasonable n" or a lightin sya 
em. Thfs would not only solve the problem as stated in "setup 8'' 
but also make dark spots or shadings caused by heavier guards accept- 
able. 

A11 of the NMSC light work up to this point has been aimed at 
our 50125 Drum Miner for which we have re uested a Statement of Test 
and Evaluation from MESA. Huwever, all 02 our 5012s Drum Miner orders 
are either going to South Africa, or being put into service as rock 
machines. 

In April of '77, we introduced and delivered our first 5012N 
Drum Miner for which we now have a much greater sales order volume 
than for the 5012s. (The 5012E1, or narrow, has an 8'-6" fixed cutter 
head, while the 5012s. or standard, has a 10' to 11' retractable cut- 
ter head). Due to this shift in customer orders, the 5012N is the 
logical choice for the Continuous Miner to be equipped with a factory 
integrated illumination system. 

Prototype 2 

Prototype 2 is not only an integrated illumination system on a 
different model miner, but also a system based on the experience 
gained and the problem encountered on Prototype 1. 

In the design of Prototype 2 there were two main concepts that 
were considered to be the most important: 

LIGHT AREA-4' FT CAND.-- 
LIGHT AREA- 4 FT: CAND. 
LIGHT AREA- 4- FT. CAND. 

SUGGESTED LIGHT PATTERN 



(2) 38 WATT 
(4) 150 WATT FLUORESCEN 
INCANDESCENT 

NMS.C MARIETTA MINER 
MODEL 5012N 
PROTOTYPE 2 

1. Provide more light to the face than anywhere else, but 
maintain the mininum required light everywhere required. 

2.  Do not extend any light fixture up or out beyond the profile 
of the machine, and use heavier guards than originally provided 
by the light manufacturer. 

Concept #2 had one exception and that was the operator's canopy- 
mounted light. Although considerable integration and light protec- 
tion are incorporated into the new canopy design for this machine. it 
is apparent that this is an area of the miner that takes very little 
abuse. The operator may handle the machine with complete disregard 
for any area on it, with the exception of where he sits. The opera- 
tor simply will not rib or even get close to ribbin the canopy; 
therefore, the canopy can be widened considerably wfthout concern 
about overhanging the profile of the miner. 

A mockup of Prototype 2 has been constructed and tested in the 
NMSC darkroom at the Greenup, Kentucky plant. Again, as in PrototyF 
1, several setups were tested before the one shown as Prototype 2 was 
chosen. The system consisted of four 65-watt fluorescent, two 38-watt 
fluorescent, and four 150-watt incandescent headlights. An attempt 
was made to comply with the previously mentioned "Suggested Light 
Pattern" and due to this the face averaged 8.72 foot-candles, the 
ribs averaged 6.52 foot-candles and the roof averaged 4.87 foot- 
candles. This system should be more satisfactory to the miner ope- 
rators than one that averages 4 foot-candles overall, since more 
light is on the face where he wants it, and the remaining areas 
comply with federal requirements. 



Another attractive area of this machine is that all light fix- 
tures, with the exception of the canopy, are mounted within the pro- 
file of the machine. Experience shows that light fixtures are 
crushed by falling rocks and sheared off by rocks sliding down the 
boom or off of the conveyor. The intent of the design for the light 
fixture, as shown in the figure titled "Typical Cross Section - . 
Fluorescent Lamp" is an attempt to remove these lamps from the crush- 
ing or shearing problems that would be common in the add-on system: 
By being inside the miner profile and covered with a layer of tough 
Lexan supported by heavy metal guards, the fixtures are completely 
protected from the rock hazards. Also, this type of setup allows 
easy cleaning of the outside layer of Lexan with no outside cover to 
--emove. The problem of dirty globes with the associated light loss 
ras mentioned earlier in this paper. Another idea which may be tried 
In Prototype 2 is the possibility of providing a spray from the dust 
juppression system to be directed on the outside Lexan to keep .it 
clean. It seems that the only clean.areas on the miners are the 
areas around the water .sprays which have continuous-running, water on 
them. 

Prototype 2 has not yet been manufactured or field tested. Only 
the mockup work and darkroom light test have been completed. It is 
possible that some of the field testing will be completed by the oral 
presentation of this report. . 

One other item that is important to everyone is cost. A light 
system for any machine will not be cheap. Adding eight or ten lights, 
ballasts and ballasts box, cable, transformers, switches and accesso-, 
ries, all of which.are explosion-proof, cost money. Some of the 
initial estimates are in the $3,000-$3,500 range. Of course, this is 
only about 1% of the cost of a continuous miner, and in that respect 
the system does not seem overly expensive. 

TOP OF MACHINE r 
I r LEXAN COVER 

LEXAN- SUPPORT 

FLUORESCENT / 
LIGHT 



CONCLUSIONS 

The experience gained so far through NMSC work on illumination. 
for the most part, centers around light levels both required and 
desired. A l l  light systems will have to comply to the MESA require- 
ments, but for better customer acceptance, more light should be 
concentrated on the face or, in the case of other underground mining 
equipment, the area being worked. Also, the overall illumination 
requirement could be reviewed as to the possibility of reducing the 
required light level on the roof and rear ribs. In this same area, 
an allowable percentage of low level areas could considerably reduce 
design and cost of lighting systems. 

Second, only in importance to light level, is light fixture pro 
tection. The guards provided by light manufacturers are in general 
not heavy enough for continuous miner applications and basically any 
fixture that extends beyond the profile of the machine is in danger 
of either being crushed or sheared-off by falling or sliding rocks. 

Another conclusion was the advantages of incandescent headlights 
over the mercury-vapor type to the point of dropping the mercury- 
vapor from consideration on our lightin s stem. This is because of 
the extra cost and space requirements of! tKe ballast needed tor the 
mercury-vapors, and the surprisingly satisfactory light envelope of 
the incandescent. 

One final conclusion is the fact that the lights will have to be 
kept clean in order to stay in compliance with the requirements. 



USBM-SPONSORED MINE ILLUMINATION PROJECT 
AT BITUMINOUS,COAL RESEARCH, INC. 

Kenneth L. Whitehead 
Supervising Engineer 

Bituminous Coal Research, Inc. 
Monroeville, Pennsylvania 

The illumination program at Bituminous Coal Research, Inc., has included a 
BCR-sponsored project, discussed in an earlier session by Dr. Felix du Breuil, and 
second one funded by the U.S. Bureau of Mines. The Bureau project is designed to 
.ovide a means by which industry personoel may obtain information to assist them 
I specifying and maintaining illumination systems. This project includes three 

tasks: (1) the consolidation, maintenance, and distribution of MESA-evaluated mine 
illumination specifications; (2) the development and presentation of illumination 
training sessions; and (3) the determination of installation costs associated with 
mine lighting systems. 

The initial task involves the establishment of a file of Statements of Test 
and Evaluation (STE) issued by MESA to lighting system manufacturers, mining equip- 
ment manufacturers, and coal mine operators. These STE's are obtained by having 
lighting systems tested under actual or simulated mine conditions on a specific 
type of machine. If the light levels produced are in compliance with the 0.06 
footlambert requirements of the regulations, an STE is issued to approve use of the 
system on the type of machine and under the conditions specified in the STE without 
requiring an inspector to take underground light measurements. Copies of all STE's 
are being supplied to BCR by the manufacturers and operators or by MESA, with 
approval by the applicant. 

This file has been established; and the individual entries normally include 
the STE number, the machine specifications, the dimensions of the working place, a 
listing of the lighting hardware used, a diagram showing luminaire location on the 
machine, and a line diagram of the lighting system power circuit. Mine operators 
can request copies of this information by writing to BITUMINOUS COAL RESEARCH, INC., 
Attention: STE File, 350 Hochberg Road, Monroeville, Pennsylvania 15146, or tele- 
phoning 4121327-1600. Requests should include information on the type of machine 
to be equipped and description of the working place. It is intended that this file 
will provide the operators with easy access to information on all approved lighting 
systems available for specific machines to facilitate the selection of an appropri- 
ate lighting system. 

The second task involves the preparation and presentation of 40 to 50 one-day 
illumination seminars in all coal-producing regions. These seminars will cover: 

1. A brief history of the development of mine illumination hardware and re- 
sults of in-mine experience to date. 

2. An explanation of the requirements of the Federal Mine Illumination 
igulations. 

3. An explanation of relevant photometric terns and practices. 

4. Explanation of the procedure by which isointensity diagrams may be uti- 
lized to design an illumination system which will meet the requirements of the law. 

5. A summary and comparison of available mine illumination hardware. 

Each attendee at the seminars will receive a manual that will include more de- 
tailed information on the material covered by the oral presentation. 



In addition to the formal presentation, the attendees will be encouraged to 
participate in an informal discussion of their illumination experience to bring out 
problems they have encountered and solutions that have been tried. Any pertinent 
information developed during these discussions will be incorporated into the 
seminars. 

These seminars will provide operators with background information on the fun- 
damentals of illumination.and on the type of lighting systems that are available. 
This information should provide a basis for operators to make a more judicious 
choice of lighting systems for their equipment. 

The final phase requires BCR personnel to collect lighting system installation 
cost data. This is being done in two ways; first, by consulting the records of 
mines where the installation procedure was.wel1 documented, and, second, by 
actually monitoring typical new installations from start to finish. This sl~ould 
provide more reliable information on the economic aspect u1 illmination than is 
available at present. 

It is hoped that this program will help industry install lighting systems 
which not only comply with the federal regulations, but improve working conditions 
with a minimum of maintenance problems. 
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