
OPTIMUM MINE DESIGNS TO MINIMIZE COAL BUMPS: 
A REVIEW OF PAST AND PRESENT U.S. PRACTICES 

ABSTRACT 

Mr. Anthony T .  Iannacchione 
U.S. Bureau of Mines 

P . O .  Box 18070 
Pittsburgh, PA 15236 

and 

Mr. Matthew J .  DeMarco 
U.S. Bureau of Mines 

P . O .  Box 25086 
Denver Federal Center 

Denver, CO 80225 

Coal bumps have presented serious 
mining problems in the U.S. throughout 
the  20th Century. Fa t a l i t i e s  a n d  
i n ju r i e s  have resulted when these 
destruct ive events occur a t  the working 
face.  Pers is tent  bump problems can 
resul t in abandonment of 1 arge reserves 
or  lead t o  premature mine closure. 
Through the years,  a l ternat ive 
techniques such as a r t i f i c i a l  supports, 
extraction sequencing, destressing,  
p i l l a r  design changes and specif ic  
pi 11 a r  r e t r ea t  practices have been 
successfully implemented t o  mitigate 
coal mi ne bumps. Several techniques 
have evolved for  room-and-pillar 
operations t ha t  control the way the 
roof rock breaks, regul a t i  ng the manner 
in which s t r e s se s  are redistributed in 
the  mined section.  Special mine 
1 ayouts empl oyed i n 1 ongwall mines have 
also proved t o  be successful in safely  
red is t r ibu t ing  or containing excessive 
loadings. However, with ever 
i ncreasi ng producti on r a t e s ,  greater  
overburdens and new mining systems, the 

need to  evolve even more effective bump 
control designs will continue t o  
challenge the U.S. coal mine industry. 

INTRODUCTION 

An understanding of past bump 
control methods provides a useful , 
perspective for  eval u a t  i  ng present 
designs and may show how future 
innovative engineering sol utions will 
evolve. This paper reviews various 
design techniques in chronological 
order t o  i l l u s t r a t e  how the bump h a z a r d  
in the  U.S. has changed as mining 
methods have evolved and where the U.S. 
may d i r ec t  future bump hazard reducti on 
e f fo r t s .  In some cases the solutions 
have been s i t e  specif ic ;  while in other 
cases the  sol utions have been appl ied 
over a wide range of geologic and 
mining conditions. 

Background 

Almost a1 1 U .  S. coal mine bumps have 
occurred e i t he r  in the southern 
Appalachian Basin of West Virginia, 



Kentucky and V i r g i n i a  o r  t h e  U i n t a  and 
Piceance Creek Basins o f  Utah and 
Colorado as shown i n  F igu re  1. One o f  
t h e  p r i n c i p a l  m in ing  d i s t r i c t s  w i t h i n  
t h e  southern Appalachian Basin i s  t h e  
Pocahontas F i e l d  shown i n  F igure  2. 
Coalbeds w i t h i n  t h i s  f i e l d  occur  i n  t h e  
Pocahontas, Lee and New R i v e r  
Formations o f  t h e  Lower t o  M idd le  
Pennsylvanian System. Massive 
sandstone members, many w i t h  
compressive s t r eng ths  rang ing  from 140 
t o  210 MPa, a re  p r e v a l e n t .  Many o f  t h e  
coalbeds found i n  t h e  southern 
Appal ach i  an Basin a re  under 
cons iderab le  overburden and have h igh  
h o r i z o n t a l  and v e r t i c a l  s t r e s s  
c o n d i t i o n s .  Over t h e  l a s t  13 years,  
bumps have occurred a t  e i g h t  d i f f e r e n t  
mines w i t h  f o u r  f a t a l i t i e s  and severa l  
i n j u r i e s  i n  bo th  room-and -p i l l a r  and 
l ongwa l l  m in ing  systems. P r i o r  t o  t h i s  
p o i n t  i n  t ime,  most bump occurrences 
were r e s t r i c t e d  t o  t h r e e  l o c a t i o n s ,  t h e  
Gary min ing  d i s t r i c t  o f  West V i r g i n i a ,  
deep Pocahontas No.4 Coals near  Grundy, 
V i r g i n i a  and t h e  Cumberland min ing  
d i s t r i c t  o f  Kentucky and V i r g i n i a .  

Many o f  these same geo log i c  and 
min ing c o n d i t i o n s  occur  w i t h i n  t h e  
U i n t a  and Piceance Creek Basins i n  t h e  
western p o r t i o n  o f  t h e  U.S. shown i n  
F igure  1. Bumps have been p r i n c i p a l l y  
exper i  enced i n  severa l  coal  f i e l  ds 
w i t h i n  t h e  Book C l i f f s  and Grand 
Hogback s t r u c t u r e s  o f  Utah and Colorado 
(F igure  3 ) .  The Upper W i l l i ams  Fork 
and t h e  Blackhawk Format ions o f  t h e  
Mesaverde Group, Upper Cretaceous 
System c o n t a i n  t h e  p r i n c i p a l  bump prone 
coalbeds. Both o f  these areas have 
s i g n i f i c a n t  q u a n t i t i e s  o f  massive, 
s t i f f  sandstone, 1  arge and smal l  
d isplacement f a u l t s  and i n t r u s i o n s  
caused by igneous d i kes .  These 
geo log i c  s t r u c t u r e s  have been 
assoc ia ted w i t h  bumps which a re  r e l a t e d  
t o  pas t  f a t a l i t i e s  and i n j u r i e s .  The 
p o t e n t i  a1 f o r  f u r t h e r  bump problems 
from t h e  southern Appalachian, U in ta ,  
and Piceance Creek Coal Basins i s  
ext remely  h i gh  due t o  t h e  ex tens ive  
reserves o f  deep, h i g h  q u a l i t y  ( l ow  
s u l f u r )  coal  . 

H i s t o r i c a l  r ev i ew  

Watts r epo r ted  one o f  t h e  e a r l i e s t  
i n c i d e n t s  o f  bumps i n  t h e  U.S. (Watts,  
1918). These bumps occur red  a t  t h e  
Sunnyside No.1 Mine, Sunnyside F i e l d  i n  
t h e  s t a t e  o f  Utah, i n  development 
sec t i ons  under a  t h i c k  overburden o f  
p r i n c i p a l l y  sandstone. Watts i n d i c a t e d  
t h e  bumps were appa ren t l y  g r e a t l y  
i n f l u e n c e d  by f a u l t s ,  n o t  more than  
300 m away. 

Bryson (1936) i n d i c a t e s  t h a t  bumps 
occurred i n  t h e  Cumber1 and F i e l d  o f  
Kentucky and V i r g i n i a  as e a r l y  as 1923 
and became ve ry  t roublesome f rom 1930 
t o  1934. Rice (1934) c l a s s i f i e d  bumps 
as two genera l  types,  namely excess ive 
pressure bumps and shock bumps. 
According t o  R ice  (1934), pressure 
bumps are caused when p i  1  l a r  s t r e s s  
exceeds bea r i ng  s t r e n g t h .  Shock bumps 
a re  induced by t h e  b reak ing  o f  t h i c k ,  
massive s t r a t a  a t  a  cons ide rab le  
d i s tance  above t h e  coalbed, caus ing t he  
immediate r o o f  t o  t r a n s m i t  a  shock wave 
t o  t h e  coa l .  To t h i s  day, these 
ca tego r i es  s t i  11 p rov ide  a  p r a c t i c a l  
means o f  c l a s s i f y i n g  bumps. Rice a1 so 
designed a  r o c k  f i l l e d  c r i b  system t o  
c o n t r o l  t h e  f r a c t u r i n g  o f  t h e  r o o f  r ock  
~ h i c h  i n  t u r n  minimized t h e  occurrence 
o f  shock bumps. 

Ho l land  and Thomas (1954) examined 
177 ins tances  o f  bumps f rom t h e  s t a t e s  
o f  West V i r g i n i a ,  Kentucky, U t a h  and 
V i r g i n i a  t h a t  occurred between 1925 t o  
1950. They deduced t h a t  t h e  p r imary  
cause o f  bumps was un favorab le  min ing  
p r a c t i c e s  i n  abutment areas. They a1 so 
noted t h e  importance o f  a  s t r ong  f l o o r  
rock ,  which does no t  heave r e a d i l y .  

Peperakis (1958) no ted  t h e  
occurrence o f  bumps i n  t h e  Sunnyside 
F i e l d  o f  Utah between 1944 and 1957. 
I n  p a r t i c u l a r ,  t h e  Sunnyside No.1-2-3 
Mines had severa l  l a r g e  bumps w h i l e  
advancing under cover  deeper than 600 m 
w i t h  mu1 t i p l e - e n t r y  sysle~ii:, a s h o c ~ a i c d  
w i t h  room-and-p i l  1  ir !~ . ; i? i r ig .  Sevzra I 
o f  these bumps occurr?;l < n 4 ; ) ~  e l  ;p~r:~~t.  
s e c t i  ons as f aul  t s werat. zpprvacl. .~? I 

Unique c o n t r o l  des iqqs a t t e m p t e f f  d i r r i n g  
t h i s  e ra  inc luded :  v ~ l e v  f i r i n q  t o  



d e s t r e s s  t h e  c o a l ,  y i e l d i n g  a r c h  
s u p p o r t s  t o  m i n i m i z e  a s s o c i  a t e d  r o o f  
f a l l  damage and h y d r a u l i c  b a c k f i l l  t o  
s u p p o r t  t h e  main r o o f  above t h e  gob. 

D u r i n g  t h i s  same p e r i o d  a  nove l  
b a r r i e r  p i l l a r  s p l i t t i n g  t e c h n i q u e  
c a l l e d  t h e  t h i n - p i l l a r  method (Talman 
and Schroder ,  1958) and an auger 
d r i l l i n g  dest.res;lng t e c h n i q u e  (Talman, 
1955) were i n t r a d u c e d  i n  t h e  Gary 
M i n i n g  D i s t r i c t  c f  s o u t h e r n  West 
V i r g i n i a .  The t h i n - p i l l a r  method i s  a  
d e s i g n  concep t  k ~ h i c h  segments t h e  
b a r r i e r  i n t o  a s e r i e s  o f  y i e l d  p i l l a r s  
t o o  sma l l  t o  i i d 3  s i g n i f i c a n t  s t r e s s  
1 eve1 s  (>  10 Mpa; . The p i  11 a r  
d e s t t s e s s i n g  p r a c t i c e  c o n s i s t e d  o f  
d r i l l i n g  61  cm a.ugcr h o l e s  f r o m  one 
s i d e  o f  t h e  s t r e s s e d  p i l l a r  t o  t h e  
o t h e r .  The use o f  t h i s  system was 
c w t a i  1  ed whcn s e v z r d l  m i n e r s  were 
i n j u r e d  by  a  bump induced  d u r i n g  a  
d e s t r z s s i n g  c t w r 3 5  i on .  

302" eet a l  . 11983) ana lyzed  t h e  
r e c c r d s  G F  S ~ m p  e v e n 3  'rom 1950 u n t i '  

1984 and found t h a t  bumps were s t i l l  
o c c u r r i n g  a t  d i s t u r b i n g  r a t e s .  Twenty- 
e i g h t  f a t a l i t i e s  o c c u r r e d  d u r i n g  t h i s  
t i m e :  f o u r t e e n  i n  t h e  e a s t e r n  U . S .  and 
a n o t h e r  f o u r t e e n  i n  t h e  wes t .  
C o n t i n u e d  bump prob lems were p r o b a b l y  
due t o  t h e  same u n f a v o r a b l e  m i n i n g  
c o n d i t i o n s  and p r a c t i c e s  d i  scussed by 
H o l l a n d  and Thomas (1954) ;  however, t h e  
adven t  o f  t h e  c o n t i n u o u s  m i n i n g  machine 
b r o u g h t  abou t  d i f f e r e n t  p rob lems wh ich  
r e q u i  r e d  new c o n t r o l  s o l  u t i  ons. The 
mobi 1  i t y  and v e r s a t i  1  i t y  o f  t h e  
c o n t i n u o u s  m i n e r  l e d  t o  t h e  developnient  
o f  nove l  p i  11  a r  s p l  i tti ng and 
e x t r a c t i o n  sequenc ing d e s i g n s  f o r  bump 
c o n t r o l .  

W i t h  t h e  w idespread u t i l  i z a t i o n  o f  
t h e  l o n g w a l l  m i n i n g  t e c h n i q u e  o v e r  t h e  
l a s t  15 y e a r s ,  bump prob lems have a g a i n  
s u r f a c e d  t o  t h r e a t e n  t h e  s a f e  and 
e f f i c i e n t  m i n i n g  o f  c o a l .  One f a t a l i t y  
on a  advanc ing l o n g w a l l  f a c e ,  s e v e r a l  
i n j u r i e s  on r e t r e a t i n g  1  ongwal 1  f a c e s  
and a t  l e a s t  one mine c l o s u r e  have been 
a t t r i b u t e d  t o  bumps. However, 
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Figure 2 .  - Location of past and present bump prone areas  in the  southern 
Appalachian Basin. 

ingenuity and experience have prevailed 
and several innovative designs f o r  
control 1 i  ng bumps i  n 1 ongwal 1 mi nes 
have been developed. One technique i s  
the  advancing longwall method which was 
f i r s t  used a t  the  Mid-Continent Coal 
Mines in the  1970's. In coalbeds where 
bump problems occur on development of 
gate  e n t r i e s ,  the  advancing longwal l 
design can be e f f e c t i v e .  Two other 
designs a r e  centered around a l t e r i n g  
the  s i z e  and shape of the  gate  ent ry  
p i l l a r s .  One method cons i s t s  of 
increasing the  gate  ent ry  p i l l a r  s i z e ,  
so t h a t  the  p i l l a r s  wil l  prevent 
abutment load r ide-over onto the  ac t ive  
longwall face .  The other  method 
cons i s t s  of reducing the  gate ent ry  
p i l l a r  s i z e ,  so t h a t  p i l l a r s  will  y ie ld  
in a control led  fashion,  aiding in the  
control led  f rac tu r ing  of the main roof 
rock. All of these  methods have some 
drawbacks but in  general represent 
innovative design phi 1 osophies f o r  
control 1 i  ng bumps. 

In the  U . S . ,  coal p i l l a r  bumps have 
been associated with several primary 

c h a r a c t e r i s t i c s :  1) s t i f f ,  massive 
s t r a t a ,  2 )  high overburden s t r e s s e s ,  3) 
f u l l  ex t rac t ion  mining, 4 )  multi-seam 
mining, and 5)  mining near geologic 
s t r u c t u r e s  such as  f a u l t s ,  igneous 
di  kes and sandstone channel s  . Unique 
combinations of geol ogy and mining 
systems have required many s i t e  
s p e c i f i c  bump control  designs.  
Therefore, a  continual development of 
improved bump control  designs i s  needed 
as  new geologic and mining scenarios 
a r e  encountered. Each of these  new 
challenges can be overcome by 
evaluating pas t  experiences, analyzing 
current  and projected condit ions and 
inves t iga t ing  new design techniques in 
t h e  f i e l d .  This paper wil l  discuss 
past  and present experiences in r e t r e a t  
mining, b a r r i e r  s p l i t t i n g ,  chain pi1 l a r  
ex t rac t ion  and 1 ongwall mining methods. 

ROOM-AND-PILLAR MINING 

When coal p i l l a r  bumps f i r s t  began 
t o  occur in eas tern  Kentucky (Bryson, 
1936), local  mine o f f i c i a l s ,  workmen, 
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Figure 3. - L o c a t i o n  o f  p a s t  and p r e s e n t  bump p rone  areas i n  t h e  U i n t a  and Piceance 
Creek Basi  ns . 

m i n i n g  eng ineers  and many o t h e r s  
o f f e r e d  many i d e a s  as t o  t h e i r  cause. 
Numerous methods o f  p r e v e n t i o n  were 
suggested and t r i e d  w i t h o u t  success.  
Most o f  t h e  bumps were o c c u r r i n g  a long  
t h e  r e t r e a t i n g  p i l l a r  l i n e  where 
s e v e r a l  o f  t h e  f o l l  owing c o n d i t i o n s  
e x i s t e d :  1)  uneven p i l l a r  l i n e s ,  2)  
i r r e g u l a r  p i l l a r  s i z e s ,  3 )  overburden 
i n  excess o f  300 m, 4) s t r o n g  r o o f  and 
f l o o r  s t r a t a ,  and 5 )  overhanging o r  
c a n t i  1  e v e r i  ng gob. Severa l  prom-i nen t  
m i  n i  ng personnel  were i n f l  u e n t  i a1 i n 
d e v e l o p i n g  recommendations which l e d  t o  
a  s e r i e s  o f  r u l e s  used t o  m i t i g a t e  t h e  
bump hazards i n  r o o m - a n d - p i l l a r  m in ing .  

R i c e ' s  recornniendati ons 

R i c e  (1934) deve loped t h e  premise 
t h a t  two t y p e s  o f  bumps, te rmed 
p r e s s u r e  and shock bumps, caused t h e  
observed m i n i n g  problems. Pressure 
bumps a r e  caused by s t r e s s  on moderate 
s i z e d  p i l l a r s  t o o  g r e a t  f o r  t h e i r  
b e a r i n g  s t r e n g t h .  Shock bumps a r e  

induced  by b r e a k i n g  o f  t h i c k ,  massive 
s t r a t a  above t h e  coa lbed,  which 
t r a n s m i t s  a  shock wave t h r o u g h  t h e  r o ~ i  
t o  t h e  s t r e s s e d  c o a l  p i l l a r s .  F a u l t y  
m i n i n g  methods were t h e n  i d e n t i f i e d  
which i n c l u d e d :  1 )  p i l l a r s  t o o  s m a l l ,  
2) l e a v i n g  p r o j e c t i n g  p i l l a r s  beh ind  
r e t r e a t  1  i n e ,  3)  n a r r o w i n g  p i l l a r s  t o  
p o i n t s ,  and 4)  e x t r a c t i n g  p i l l a r s  i n  
s e p a r a t e  groups w i t h o u t  any a t t e n t i o n  
t o  a  l o n g  con t inuous  r e t r e a t  l i n e .  

Based on t h e s e  o b s e r v a t i o n s ,  R i c e  
recommended two o p e r a t i o n a l  methods f o r  
c o n t r o l l i n g  bumps: 1)  s t r a i g h t  r e t r e a t  
l i n e s  and 2)  r o c k - f i l l e d  c r i b s .  
Keeping r e t r e a t i n g  p i  11 a r  1  i nes 
s t r a i g h t  e l i m i n a t e d  p i l l a r  p o i n t s  
p r o j e c t i n g  i n t o  t h e  gob. T h i s  p r a c t i c e  
was f a i r l y  easy t o  i n i t i a t e  and had 
f a v o r a b l e  r e s u l t s .  R o c k - f i l l e d  c r i b s ,  
f o r  a  cush ioned s u p p o r t  o f  t h e  r o o f  
r o c k ,  were a l s o  t r i e d  w i t h  p o s i t i v e  
r e s u l t s .  General l y  t h e  c r i b s  were 
compri  sed o f  o r d i  n a r y  mine p o s t  
t i m b e r s .  These were 1.1 m l o n g ,  n o t  



l e s s  than 0.2 m t h i c k  and g e n e r a l l y  s e t  
on 6  m cen te rs .  A  t i g h t  pack ing o f  
each c r i b  was ob ta ined  w i t h  a  f i l l  o f  
r o c k  m a t e r i a l  . The c r i b s  were designed 
and p laced i n  such a  manner so t h a t  t h e  
r o o f  was a l lowed t o  converge g e n t l y  
w i t h o u t  r u p t u r e  o f  t h e  immediate 
s t r a t a .  Th is  a c t i o n  lessened t h e  
p o t e n t i a l  f o r  sandstone breaks w i t h i n  
t h e  gob which were thought  t o  be t h e  
cause o f  so many shock bumps. 

Bryson (1936) d e s c r i  bed a  d e t a i  1  ed 
f i e l d  t e s t  o f  t h i s  des ign  method a t  a  
deep mine i n  t h e  Ha r l  an Coal bed, 
Cumberland Min ing  D i s t r i c t  under 430 m 
o f  cover.  Bumps had k i l l e d  f i v e  men a t  
t h i s  p a r t i c u l a r  s i t e .  F i gu re  4  shows 
t h e  t e s t  area l o c a t e d  o f f  two suppor t  
e n t r i e s ,  approx imate ly  210 m wide, 
ad jacent  t o  a  1  arge gob area. Rooms 
were d r i v e n  approx imate ly  91 m between 
t h e  suppor t  e n t r i e s  about 10.7 m wide. 
P r i o r  t o  t h e  e x t r a c t i o n  phase, t h e  
s tudy area was comprised o f  a  s e r i e s  o f  
narrow (10.7 m wide) and l a r g e  (43 m 
wide) p i l l a r s .  As t h e  s e c t i o n  was 
mined, s i x t e e n  r o o f - t o - f l o o r  
convergence s t a t i o n s  and s i x t y - f o u r  
r o c k  f i l l e d  c r i b s  were i n s t a l  l e d .  

Once t h e  area was ex t rac ted ,  
convergence began and con t inued  almost 
con t inuous ly  (F igu re  4 ) .  Bryson 
repo r ted  t h a t  a  few r o o f  rock  cracks 
g r a d u a l l y  widened t o  as much as 41 cm 
w i t h o u t  caus ing r o o f  co l l apse .  
Convergence con t inued  u n t i l  t h e  r o o f  
and f l o o r  came almost i n  con tac t .  I n  
genera l  t h e  s t r a t a  s e t t l e d  by c rack ing  
and g r i n d i n g  w i t h  much no i se  b u t  
w i t h o u t  develop ing many l a r g e  breaks. 
Bumps d i d  n o t  occur  d u r i n g  t h e  
e x t r a c t i o n  o f  coa l  f rom t h i s  s e c t i o n  
except f o r  one i n c i d e n t  when t h e  p i l l a r  
l i n e  was no t  kep t  s t r a i g h t .  

H o l l  and and Thomas's recornmendati ons 

Hol 1  and and Thomas (1954) expanded 
on R ice 's  genera l  recommendations 
concern ing p i l l a r  e x t r a c t i o n  procedures 
and produced t h e  f o l l o w i n g  t e n  r u l e s  t o  
min imize p i l l a r  bumps: 1) Recover a l l  
coa l  i n  a  p i l l a r  opera t ion ;  2 )  Avoid 
p i l l a r - l i n e  p o i n t s ;  3) Keep r o o f  spans 
p r o j e c t i n g  over  t h e  gob as s h o r t  as 
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F i g u r e  4. - Loca t i on  o f  r o o f - t o - f l o o r  
convergence s t a t i o n s  and r o c k - f i l l  ed 
c r i b s  p laced  d u r i n g  r e t r e a t  m in ing .  
Graph shows t h e  convergence t r e n d  from 
one s t a t i o n .  

poss i  b l  e  o r  e l  se p r o v i d e  suppor t  so 
t h a t  t h e  r o o f  beds do no t  f r a c t u r e ;  4) 
Do n o t  do development work i n  abutment 
areas; 5 )  Do n o t  s p l i t  p i l l a r s  on o r  
near  t h e  e x t r a c t i o n  l i n e ;  
6) Use t h e  open-ending e x t r a c t i o n  
technique w i t h  l i f t s  o f  n o t  more than 
4.3 m; 7)  Leave one t o  two rows o f  
p i l l a r s  ad jacen t  t o  o l d  gob areas; 8) 
M a i n t a i n  p i l l a r s  t h e  same s i z e  and 
shape; 9)  Keep development e n t r i e s  
narrow, approx imate ly  4.3 m; and 10) 
Note areas o f  r o l l s ,  change i n  d i p ,  
change i n  coal  t h i ckness  and hardness. 
Use t h i s  i n f o r m a t i o n  i n  des ign ing  t h e  
min ing  system. 



A l t h o u g h  many o f  t h e  r u l e s  s t i l l  
a p p l y  t o  modern room-and-p i  11 a r  
o p e r a t  i ons , s e v e r a l  r u l  es no 1  onger 
a p p l y  by t o d a y ' s  s t a n d a r d s  b u t  may 
a g a i n  be u s e f u l  as new m i n i n g  methods 
a r e  deve loped.  F o r  i n s t a n c e ,  
c o n t i n u o u s  m i n i n g  machines r e q u i r e  
r e g u l a r  m i n i n g  p a t t e r n s  and e n t r i e s  
l a r g e r  t h a n  4.3 m t o  o p e r a t e .  I t i s  
a l s o  necessa ry  t o  conduct  development 
work i n  abutment a reas  d u r i n g  t h e  f i n a l  
s tages o f  a  mines l i f e .  T h i s  i s  a  
necessary  p rocedure  as t h e  mine p u l l s  
back a l o n g  main  e n t r i e s ,  e x t r a c t i n g  t h e  
r e m a i n i n g  l a r g e  b a r r i e r s .  The p r a c t i c e  
o f  a  r e t r e a t i n g  l o n g w a l l  t h r o u g h  
e x i s t i n g  open ings may change t h i s  
assumpt i on. 

Peperak i s ' s  recommendations 

Peperak i s  (1958) summarized t h e  
c u m u l a t i v e  e x p e r i e n c e  u t  i 1  i z i  ng nove l  
e n g i n e e r i n g  d e s i g n s  a t  t h e  Sunnyside 
Mines p r i o r  t o  t h e  i n t r o d u c t i o n  o f  
l o n g w a l l  m i n i n g  t e c h n i q u e s  i n  t h e  e a r l y  
1960's.  Many o f  Sunnys ide 's  bumps 
i n i t i a t e d  r o o f  f a l l s  o f  t h e  immediate 
sha les  and t h i n  l a m i n a t e d  sandstones 
beneath t h e  mass ive  main  sandstone r o o f  
r o c k .  Bumps i n i  t i  a t e d  on development 
were a s s o c i a t e d  w i t h  a  s e r i e s  o f  f a u l t s  
t r e n d i n g  a l o n g  s t r i k e  w i t h  
d i sp lacemen ts  r a n g i n g  f r o m  1 t o  8 m. 
Peperak i s  i d e n t i f i e d  t h e  f o l l o w i n g  
seven measures t a k e n  t o  m i  n in i i  ze t h e  
bump hazards :  1 )  1  ong h o l e  s h o o t i n g ;  2) 
c u t t i n g  up l a r g e  b l o c k s  i n t o  s m a l l e r  
more u n i f o r m  p i l l a r s  ahead o f  t h e  
r e t r e a t i n g  p i l l a r  l i n e ;  3 )  do n o t  s p l i t  
1  a rge  b l  oc ks  on deve l  opment ; 
4) b r e a k  1  a r g e  development b l o c k s  ahead 
o f  r e t r e a t  p i l l a r  1  i n e s  i n t o  u n i f o r m  
s i z e  b l o c k s ;  5)  s u b s t a n t i  a1 
supp lementa l  s u p p o r t  can reduce  t h e  
s e v e r i t y  o f  bumps; 
6)  s t e e l  y i e l d a b l e  a r c h  s u p p o r t s  
m i n i m i z e  r o o f  f a 1  1  s  f o l l  owing bumps; 
and 7)  h y d r a u l  i c  b a c k f  i 11 reduces 
s t r e s s  t r a n s f e r  d u r i n g  bump e v e n t s .  

O s t e r w a l d  (1962) n o t e d  t h a t  many 
o t h e r  o r i e n t e d  s t r u c t u r a l  f e a t u r e s ,  
such as s h a t t e r  zones, c leavage ,  p y r i t e  
v e i n s ,  and c y l  i n d r i c a l  and smooth 
f r a c t u r e s ,  were found  i n  t h e  bump p rone  
areas.  He suggested t h a t  mine l a y o u t s  

c o u l d  t a k e  advantage o f  t h e s e  f e a t u r e s  
t o  reduce s t r e s s  c o n c e n t r a t i o n s  t h e r e b y  
d e c r e a s i n g  t h e  i n c i d e n c e  o f  bumps. 

BARRIER SPLITTING OPERATIONS 

Coal bumps can o f t e n  o c c u r  d u r i n g  
e x t r a c t i o n  o f  t h e  l a r g e  b a r r i e r s  
a d j a c e n t  t o  t h e  main e n t r i e s .  V i o l e n t  
bumps d u r i n g  b a r r i e r  s p l i t t i n g  appeared 
t o  be e s p e c i a l l y  t roub lesome d u r i n g  t h e  
1950's i n  s o u t h e r n  West V i r g i n i a .  
Eng ineers  w o r k i n g  f o r  t h e  US S t e e l  Coal 
Corp. ,  a  m a j o r  c o a l  p roducer  i n  t h e  
r e g i o n ,  deve loped a  method o f  s p l i t t i n g  
l a r g e  b a r r i e r s  a d j a c e n t  t o  main e n t r y  
systems (Talman and Schroder ,  1958).  
They had found  t h r o u g h  e x p e r i e n c e  t h a t  
p i l l a r s  s m a l l e r  t h a n  14 ni o r  l a r g e r  
t h a n  49 m a lmos t  n e v e r  bumped. An 
e x t r a c t i o n  method known as t h i n - p i l l a r  
m i n i n g  was deve loped wh ich  
s y s t e m a t i c a l l y  c u t s  t h e  l a r g e  b a r r i e r s  
i n t o  p i l l a r s  w i t h  w i d t h s  s m a l l e r  t h a n  
14 m, l e a v i n g  a  b a r r i e r  p i l l a r  remnant,  
wh ich  was e i t h e r  d e s t r e s s e d  o r  l e f t  i n  
p l a c e .  

When imp lemen t ing  a  t h - i n - p i l l a r  
m i n i n g  system f o r  b a r r i e r  e x t r a c t i o n ,  
m u l t i p l e  e n t r i e s  a r e  f i r s t  d r i v e n  
w i t h i n  t h e  b a r r i e r  d i r e c t l y  a d j a c e n t  t o  
t h e  main  e n t r i e s .  The r e m a i n i n g  s o l  i d  
b a r r i e r  l o c a t e d  between t h e  newly  
advanced head ings and t h e  s t a b i  1  i z e d  

I Old gob B a r r ~ e r  L 

I Old gob 

Figure 5 .  - T y p i c a l  m i n i n g  sequence 
u t i l i z i n g  t h e  t h i n - p i l l a r  method. 
Numbers i n d i c a t e  c u t  sequence o r d e r .  



gob. M in ing  o f  b a r r i e r  and 
predeveloped cha in  p i l l a r s  proceed 
s imu l taneous ly  (F igu re  5 ) .  S p l i t t i n g  
o f  t h e  b a r r i e r s  occurs f rom t h e  
r e c e n t l y  d r i v e n  headings ad jacen t  t o  
t h e  a c t i v e  gob and back towards t h e  
nex t  s o l i d  b a r r i e r .  These headings a re  
very  c l  ose t oge the r ,  i so l  a t  i ng y i  e l  d  
p i l l a r s , a b o u t  6 .1  m wide. These y i e l d  
p i l l a r s  f a i l  i n  a  c o n t r o l l e d  manner, 
shedding t h e  h i g h  s t r esses  bo th  t o  t h e  
a c t i v e  gob areas and f u r t h e r  i n t o  t h e  
s o l i d  b a r r i e r .  When t h e  remain ing 
b a r r i e r  approaches 49 by 49 m, a  
c r i t i c a l  s i z e  p i l l a r  i s  formed. Th i s  
l a r g e  abutment p i l l a r  i s  c a l l e d  a  bump 
b l o c k  and l e f t  t o  avo id  a  p o t e n t i a l  
bump. These 1  arge b locks  a i d  i n  
b reak ing  t h e  r o o f  a t  t h e  p i l l a r  l i n e  
and p r o t e c t  t h e  remainder o f  t h e  
s e c t i o n  f rom excess ive convergence. 

The t h i n  p i l l a r  m in ing  system has 
many forms b u t  i s  g e n e r a l l y  employed 
when e x t r a c t i n g  t h e  b a r r i e r s  l e f t  t o  
p r o t e c t  main e n t r i e s .  The sma l l e r  
p i l l a r s  tended t o  y i e l d  t o  t h e  h i gh  
s t resses  imposed on them by t h e  
overburden and normal min ing.  The 
adopt ion  o f  t h i s  techn ique  g r e a t l y  
reduced t h e  occurrence o f  bumps. 

CHAIN PILLAR EXTRACTION 

Even w i t h  t h e  p r e v i o u s l y  d iscussed 
designs, numerous bumps occur red  i n  
room-and-p i l l a r  sec t i ons  throughout  t h e  
1980's (Campol i e t  a1 , 1988). Many 
recen t  bump occurrences have occurred 
on cont inuous miner  sec t i ons  where rows 
o f  cha in  p i l l a r s  (15 t o  30 m wide) a re  
e x t r a c t e d  n e x t  t o  t h e  gob. I n d i v i d u a l  
cha in  p i l l a r s  a re  e x t r a c t e d  ve ry  
r a p i d l y ,  caus ing t h e  loads  t o  s h i f t  
s w i f t l y  w i t h o u t  a l l o w i n g  t h e  ad jacen t  
p i l l a r s  t o  r e d i s t r i b u t e  t h e  l o a d  i n  a  
c o n t r o l l e d  f ash ion .  These p i l l a r s  have 
d i f f i c u l t l y  accommodating excess ive 
amounts o f  s t r a i n  energy, i n c r e a s i n g  
t h e i r  p o t e n t i a l  t o  bump. I n  response 
t o  t h i s  problem, a  novel  p i l l a r  
s p l i t t i n g  method u t i l i z i n g  t h e  s t r e s s -  
r e d u c t i o n  p r i n c i p l e s  o f  t h i n - p i l l a r  
m in ing  was dev ised  by t h e  ope ra t i ons  
s t a f f  a t  t h e  Olga Coal Company, near 
Welch, West V i r g i n i a .  

enter  so l i t t ing 
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Figure  6 .  - I d e a l  i z e d  p i 1  1  a r  e x t r a c t i o n  
sequence f o r  bump c o n t r o l  d u r i n g  room- 
a n d - p i l l a r  m in ing .  

Th i s  novel  r e t r e a t  m in ing  technique 
i nvo l ves  t h e  sequen t i a l  m in ing  o f  
numerous p laces over  t h r e e  t o  f o u r  rows 
o f  p i l l a r s  i n  o r d e r  t o  gradual  l y  d i r e c t  
t h e  overburden loads  away f rom t h e  
p i l l a r  l i n e ,  where most o f  t h e  men and 
machines a re  l oca ted .  An i d e a l i z e d  
schematic o f  t h e  e x t r a c t i o n  sequence i s  
shown i n  f i g u r e  6. By design, a l l  coal  
p i 1  1  ars  t h r e e  rows away f rom t h e  
r e t r e a t i n g  p i l l a r  l i n e  have a t  l e a s t  a  
"bump" c u t .  Th i s  bump c u t  i s  a  6 . 1  by 
6.1 m c u t  o f  coa l  taken  f rom a  r e g u l a r  
s i zed  cha in  p i l l a r  (18.3 by 21.3 m ) .  
The f requent  occurrence o f  a u d i b l e  
events  o r  thumps d u r i n g  e x t r a c t i o n  are 
respons ib l e  f o r  t h e  te rmino logy .  Two 
pi 11 a r  m n 1 . 1 ~  

-1 - P A P +  t o  t he  gob l ine are 
s p l i t  i n  h a l f  by ex tend ing  t h e  bump c u t  
e n t i r e l y  th rough  t h e  p i l l a r .  F i n a l l y ,  
t h e  p i l l a r  wings o r  fenders a r e  
e x t r a c t e d  i n  t h e  row c l o s e s t  t o  t h e  gob 
1  i n e .  

Th i s  novel  des ign  was f u r t h e r  
eva luated by t h e  Bureau o f  Mines w i t h  
an ex tens i ve  r o c k  mechanics 
i ns t rumen ta t i on  a r ray  t o  determine how 
t h e  s t r a t a  responded d u r i n g  min ing  
(Campoli e t  a l ,  1989). The response o f  
t h e  s t r a t a  was measured by 44 coal  
c e l l  s  (Borehol e  P l  atened F l  a t  j acks) and 
over  70 convergence s t a t i o n s .  
Observat ions f rom t h i s  f i e l d  s i t e  
i n d i c a t e d  t h e  techn ique  d i d  indeed 
r e d i s t r i b u t e  s t r e s s  i n  an e f f e c t i v e  
manner (F igure  7 ) .  The pressures were 



t r a n s f e r r e d  g r e a t e r  d i s t a n c e  t h a n  
n o r m a l l y  expected,  up t o  e i g h t  p i l l a r  
rows away f r o m  t h e  p i l l a r  l i n e .  T h i s  
r e d i s t r i b u t i o n  e f f e c t i v e l y  t r a n s f e r r e d  
t h e  l o a d  o v e r  a  v e r y  l a r g e  area,  
g r e a t l y  m i n i m i z i n g  t h e  bump hazard .  
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Figure 7 .  - I sopach  map o f  t h e  p r e s s u r e  
changes around an i n s t r u m e n t e d  p o r t i o n  
o f  a  m u l t i - p l a c e  r e t r e a t i n g  p i l l a r  l i n e  
o v e r  a  f o u r  week p e r i o d .  

R e c e n t l y ,  an a t t e m p t  has been made 
t o  e v a l u a t e  t h i s  e x t r a c t i o n  ph i losophy  
u s i n g  n u m e r i c a l  m o d e l i n g  t e c h n i q u e s  
( Z i p f  and Heas ley ,  1990).  Severa l  
i d e a l i z e d  m i n i n g  s c e n a r i o s  were modeled 
by  a  boundary  e lement  program deve loped 
by  t h e  Bureau o f  Mines w i t h  n o n - l i n e a r  
m a t e r i a l  t y p e s  and an energy  r e l e a s e  
r a t e  s u b r o u t i n e .  The s t u d y  found  t h i s  

g a t e  systems and, i n  some i n s t a n c e s ,  
a l o n g  t h e  f a c e s  o f  s e v e r a l  U.S. 
l o n g w a l l  s. C u r r e n t l y ,  s e v e r a l  h i g h  
p r o d u c t i o n ,  deep 1  ongwa l l  mines ( t w o  i n  
V i r g i n i a ,  two i n  Utah,  one i n  Co lo rado  
and one mine i n  Ken tucky )  have 
exper ienced  bumps. I n  s e v e r a l  cases 
t h e s e  bumps have o c c u r r e d  where t h e  
g a t e  e n t r y  p i l l a r s  were u n a b l e  t o  
p r e v e n t  abutment l o a d s  f r o m  " r i d i n g -  
o v e r "  o n t o  t h e  mined l o n g w a l l  pane l  
( Iannacch ione,  1988).  I n  o t h e r  cases,  
t h e  burr~ps o c c u r r e d  i n  response t o  
e i t h e r  gob c a v i n g  c h a r a c t e r i s t i c s  
a d j a c e n t  t o  t h e  l o n g w a l l  f a c e  o r  i n  
a s s o c i a t i o n  w i t h  e x c e s s i v e  gas 
p ressu res .  It s h o u l d  a1 so be n o t e d  
h e r e  t h a t  a t  one m ine  t h e  bump prob lems 
on development were seve re  enough t o  
w a r r a n t  t h e  e l i m i n a t i o n  o f  g a t e  e n t r i e s  
by empl o y i  ng t h e  advanc ing  1  ongwa l l  
system. 

As a  r e s u l t  o f  t h e  g a t e  e n t r y  bump 
problems, two d i f f e r e n t  d e s i g n  
p h i l o s o p h i e s  have emerged i n  t h e  U. S. 
based p r i m a r i l y  upon r e g i o n a l  g e o l o g i c  
c o n d i t i o n s  and mi n i n g  p r e f e r e n c e s ,  t o  
address t h e s e  1  a r g e l y  s t r e s s - r e 1  a t e d  
p r o b l  ems. S tandard  g a t e  e n t r y  d e s i g n s  
i n  t h e  s o u t h e r n  Appa lach ian  Coal Bas ins  
c o n s i s t  o f  t h r e e  o r  Inore e n t r i e s  w i t h  
a t  l e a s t  one row o f  abutment p i l l a r s ;  
whereas, two and t h r e e  e n t r y  systems 
w i t h  y i e l d  p i l l a r s  a r e  a  more common 
g a t e  e n t r y  d e s i g n  i n  t h e  U i n t a  and 
~ i c e a n c e  c r e e k  Bas ins .  Many o f  t h e  
mines i n  t h e  s o u t h e r n  Appa lach ian  B a s i n  
r e q u i r e  mu1 t i p 1  e  g a t e  e n t r i e s  because 
o f  methane e m i s s i o n  prob lems.  Th ree  o f  
t h e  bump p rone  l o n g w a l l  mines o p e r a t i n g  
i n  t h e  s o u t h e r n  Appal a c h i  an B a s i n  
employ t h r e e  and f o u r  e n t r y  d e s i g n s  
w i t h  a  c o m b i n a t i o n  o f  y i e l d  and 
abutment p i l l a r s .  The most  common 

nove l  p i  11 a r  s p l  i t t i n g  and- e x t r a c t i o n  d e s i g n s  used i n  t h e  U i n t a  and P iceance 
sequencing method s u p e r i o r  i n  r e d u c i n g  Creek Bas ins  c o n s i s t  o f  one o r  two  
t h e  p o t e n t i a l  f o r  bump occu r rence  t h a n  y i e l d  p i l l a r s .  
more t r a d i t i o n a l  t e c h n i q u e s  such as 
s i n g l e  s p l  i t - a n d - f e n d e r ,  pocke t -and -  Abutment g a t e  e n t r y  d e s i g n  
wing and open-end ing.  

A w e l l  des igned  abutment g a t e  e n t r y  
d e s i g n  w i l l  s u p p o r t  a  c o n s i d e r a b l e  

LONGWALL GATE ENTRY DESIGN amount o f  t h e  abutment l o a d s  genera ted  
f rom b o t h  t h e  a d j a c e n t  gob and t h e  

More r e c e n t l y ,  c o a l  bumps have approach ing l o n g w a l l  f a c e .  T h i s  method 
o c c u r r e d  w i t h i n  t h e  m u l t i p l e  e n t r y  t a i l  i s  w e l l  s u i t e d  f o r  l o n g w a l l s  o f  
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Figure 8 .  - Examples o f  abutment g a t e  e n t r y  l a y o u t s :  a)  exper ienced  bumps ahead o f  
t h e  passage o f  t h e  face ,  b )  exper ienced  bumps as t h e  f a c e  passed, w h i l e  c )  d i d  n o t  
e x p e r i e n c e  bumps u n t i l  a f t e r  t h e  f a c e  had passed. 

moderate d e p t h  (300 t o  600 m) w i t h  
s u b s t a n t i a l  gas emiss ion  problems. I n  
bump p rone  ground mass ive s t r a t a  o f t e n  
cause e x c e s s i v e  s t r e s s  1  eve1 s, caus ing  
t h e  g a t e  e n t r y  p i l l a r s  t o  f a i l  p r i o r  t o  
t h e  passage o f  t h e  l o n g w a l l  m i n i n g  
face .  As a  means o f  c o n t r o l l i n g  t h e  
abutment l o a d  r i d e - o v e r  problem, 
eng ineers  a t  t h e  I s l a n d  Creek Coal 
Company i n  sou thwes te rn  V i r g i n i a  
r e d e s i g n e d  t h e  g a t e  e n t r y  pillars so 
t h a t  t h e y  would n o t  f a i l  d u r i n g  panel  
e x t r a c t i o n .  Redesign o f  t h e  g a t e  e n t r y  
was accompl ished by i n c r e a s i n g  t h e  
w i d t h  o f  t h e  c e n t e r  abutment p i l l a r  
f r o m  25 t o  36.6 m ( F i g u r e  8 ) .  An 
e x t e n s i v e  f i e l d  s t u d y  was conducted by 
t h e  Bureau o f  Mines a t  t h i s  mine t o  
i d e n t i f y  t h e  e f f e c t s  o f  d i f f e r e n t  
p i l l a r  s i z e s  and c o n f i g u r a t i o n s  on t h e  
occur rence  o f  bumps (Campol i e t  a l .  
1990). Rock mechanics i n s t r u m e n t a t i o n  
p l a c e d  i n  t h e  g a t e  e n t r i e s  showed t h e  
redes igned  p i l l a r s  had reduced t h e  
s t r e s s  l e v e l s .  T h i s  caused t h e  
abutment p i l l a r s  t o  f a i l  a t  a  much 
l a t e r  p o i n t  i n  t h e  m i n i n g  sequence 
(Heasl ey and Barron,  1988).  
O b s e r v a t i o n s  have shown t h i s  d e s i g n  
e l i m i n a t e d  abutment l o a d  r i d e - o v e r s  

f r o m  t h e  a d j a c e n t  gob p a n e l s  o n t o  t h e  
a c t i v e l y  mined pane l  . As a  r e s u l t  o f  
t h i s  imp lementa t ion ,  t h e  i n c i d e n c e  o f  
bumps a t  t h e  mine has been g r e a t l y  
reduced. A1 though t h i s  method has 
proven s u c c e s s f u l  a t  t h i s  mine,  i , t  may 
have l i m i t a t i o n s  when t h e  overburden i s  
extreme o r  when t h e  coa lbed  i s  t h i c k .  
These c o n d i t i o n s  may r e q u i r e  ex t reme ly  
1  arge abutment p i l l a r s  which may n o t  be 
... ." p r - a c t i c a l  . 

Y i e l d i n g  g a t e  e n t r y  d e s i g n  

Y i e l d  p i l l a r  d e s i g n s  a l l o w  t h e  g a t e  
e n t r y  system t o  deform under t h e  we igh t  
o f  t h e  approach ing  pane l  abutments,  
t h e r e b y  d i v e r t i n g  s u b s t a n t i a l  l o a d  t o  
t h e  nearby s o l  i d  c o a l  p a n e l .  T h i s  
method o f  s t r e s s  c o n t r o l  f o r  g a t e  
e n t r i e s  i s  we1 1  - s u i t e d  f o r  t w o - e n t r y  
des igns .  The f i r s t  U.S. a p p l i c a t i o n s  
o f  wh ich were p i o n e e r e d  i n  t h e  e a r l y  
1960's a t  t h e  Sunnys ide Mine, U i n t a  
Bas in  (Huntsman and Pearce, 1981) .  
Longwal l  m i n i n g  had j u s t  been 
i n t r o d u c e d  t o  t h e  U.S. coa l  i n d u s t r y  a t  
t h a t  t i m e ,  and e n t r y  d e s i g n  methods f o r  
bump-prone ground were n o t  w e l l  
deve loped.  Perhaps w i t h o u t  f u l l y  



r e a l i z i n g  t h e  advantages o f  a  two- 
ve rsus  mu1 t i p l e - e n t r y  y i e l d i n g  system, 
t h e  d e c i s i o n  t o  d e v e l o p  o n l y  two 
e n t r i e s  was p r i m a r i l y  based on l i m i t i n g  
t h e  amount o f  g round  t o  be opened-up 
p r i o r  t o  pane l  r e t r e a t .  N e a r l y  t h i r t y  
y e a r s  l a t e r ,  t h i s  system has c o n t i n u e d  
t o  s u c c e s s f u l l y  e l i m i n a t e  e n t r y  p i l l a r  
bumps d u r i  ng pane l  deve l  opment and 
r e t r e a t  o p e r a t i o n s ,  e s p e c i a l l y  i n  areas 
o f  t h e  o p e r a t i o n  o v e r l a i n  by up t o  610 
m  o f  mesa- forming sed iments .  

A l t h o u g h  a  y i e l d  p i l l a r  d e s i g n  has 
worked v e r y  w e l l  a t  t h e  Sunnyside 
o p e r a t i o n ,  n o t  a l l  mines have 
exper ienced  t h i s  l e v e l  o f  success.  A  
nearby  mine a t t e m p t i n g  t o  emula te  t h e  
v e r y  p r o f i t a b l e  y i e l d  p i l l a r  d e s i g n  had 
d i f f i c u l t i e s  i n  d e v e l o p i n g  sma l l  
p i  11 a r s  w i t h o u t  s e r i o u s  bumps 
o c c u r r i n g ,  and r o u t i n e l y  l o s t  
s i g n i f i c a n t  p o r t i o n s  o f  t a i l g a t e  
e n t r i e s  t o  l a r g e  bump even ts .  I t soon 
became c l e a r  t h a t  t h e  s u c c e s s f u l  
a p p l i c a t i o n  o f  y i e l d i n g  d e s i g n s  was 
dependent,  i n  p a r t ,  on t h e  immediate 
geo logy  s u r r o u n d i n g  t h e  p i  11 a r  system. 
S o f t  r o o f  and f l o o r  u n i t s  agg rava te  
ground c o n d i t i o n s  i n  y i e l d i n g  systems 
because 1) t h e  r o o f  canno t  s u s t a i n  t h e  
1  a rge  d e f o r m a t i o n s  t h a t  accompany 
p i l l a r  y i e l d i n g ,  and 2)  t h e  f l o o r  
cannot  w i t h s t a n d  t h e  a d d i t i o n a l  b e a r i n g  
1  oad o f  supp l  emental  s u p p o r t  r e q u i r e d  
t o  h o l d  t h e  e n t r y .  Competent r o o f  and 
f l o o r  c o n d i t i o n s  a r e  necessary  t o  
m a i n t a i n  s t a b i l i t y  d u r i n g  e n t r y  c l o s u r e  
and n o t  impa i  r subsequen t l y  i n s t a l  1  ed 
secondary s u p p o r t .  On t h e  o t h e r  hand, 
s t r o n g  r o o f  and f l o o r  c o n d i t i o n s ,  l i k e  
those  a t  t h e  n e i g h b o r i n g  mine d e s c r i b e d  
above, enhance t h e  s t r e n g t h  
c h a r a c t e r i s t i c s  o f  t h e  c o a l  by o f f e r i n g  
h i g h  degrees o f  con f inemen t  a t  t h e  
coa lbed  i n t e r f a c e .  T h i s  may i n  t u r n  
r e q u i r e  a  v e r y  n a r r o w  p i l l a r  d e s i g n  t o  
i n i t i a t e  y i e l d i n g .  I t  may a l s o  n o t  be 
p o s s i b l e  t o  d e v e l o p  such a  na r row 
s t r u c t u r e  under  h i g h l y  s t r e s s e d  
c o n d i t i o n s  w i t h o u t  some f o r m  o f  c o s t l y  
ground p r e c o n d i t i o n i n g .  

An a d d i t i o n a l  c o n s i d e r a t i o n  when 
emp loy ing  y i e l d  p i l l a r  d e s i g n s  concerns  
t h e  e f f e c t  t h a t  r e d i s t r i b u t i n g  s t r e s s  
f rom t h e  g a t e  e n t r i e s  o n t o  t h e  a c t i v e  

l o n g w a l l  may have on f a c e  c u t t i n g  
o p e r a t i o n s ,  p a r t i  c u l  a r l y  n e a r  t h e  
t a i l g a t e .  ~ m p l o y i n g  a  y i e l d i n g  e n t r y  
system may e l i m i n a t e  bumps i n  t h e  g a t e  
e n t r i e s ,  b u t  may a l s o  e s c a l a t e  t h e  
i n c i d e n c e  o f  bumping d u r i n g  f a c e  
s h e a r i n g  due t o  i n c r e a s e d  abutment 
l o a d i n g .  Coal s t r e s s  measurements a t  
t h e  Sunnyside No.1 Mine showed t h e  peak 
f a c e  abutment t o  commonly r e s i d e  w i t h i n  
3  t o  6  m  o f  t h e  s t a n d i n g  l o n g w a l l  
(Haramy and McDonnell  , 1988) . The 
e x t e n t  o f  y i e l d i n g  was even g r e a t e r  
a l o n g  t h e  pane l  r i b - l i n e ,  e x t e n d i n g  t o  
n e a r l y  15 m  a t  two  measurement 
l o c a t i o n s .  T h i s  c h a r a c t e r i s t i c  o f  s i d e  
and f r o n t  abutment s t r e s s  d i s t r i b u t i o n  
about  t h e  pane l  e x p l a i n s  why bumps a r e  
v e r y  i n f r e q u e n t  a t  t h i s  o p e r a t i o n .  
M o d e r a t e l y  s t i f f  immedia te  r o o f  and 
f l o o r  u n i t s ,  i n  c o n j u n c t i o n  w i t h  a  l o w -  
to -modera te  s t r e n g t h  c o a l ,  d o  n o t  a l l o w  
c o a l  bed c o n f i  nement t o  g e n e r a t e  h i g h ,  
b u m p - i n i t i a t i n g  s t r e s s e s  n e a r  t h e  f a c e .  
I n  c o n t r a s t ,  measurements a t  t h e  
n e i g h b o r i n g  C a s t l e g a t e  Mine,  wh ich  
employed a  n o n - y i e l d i n g  t w o - e n t r y  g a t e  
d e s i g n ,  showed peak f a c e  abutments t o  
e x i s t  w i t h i n  0.3 t o  0.7 m  o f  t h e  
s t a n d i n g  w a l l  (Ba r ron ,  1990) .  Bumps 
were common t o  t h i s  o p e r a t i o n ,  
r e q u i r i n g  r o u t i n e  f a c e  d e s t r e s s i n g  t o  
a v o i d  s e r i o u s  i n j u r y  t o  mine personne l  
and damage t o  t h e  l o n g w a l l  equ ipment .  
Employing a  y i e l d i n g  d e s i g n  wou ld  
a lmos t  c e r t a i n l y  have aggrava ted  t h e  
o c c u r r e n c e  o f  bumps i n  b o t h  t h e  
headgate and t a i l g a t e  e n t r i e s ?  as 
c o r r o b o r a t e d  by  p r e v i o u s  a t t e m p t s  t o  
implement y i e l d  d e s i g n s  on e a r l i e r  
pane l  ga tes .  T h i  s  mine was e v e n t u a l  l y  
f o r c e d  t o  c l o s e ,  1  a r g e l y  due t o  c o a l  
bump c o m p l i c a t i o n s .  

I n  g e n e r a l ,  t w o - e n t r y  g a t e  e n t r y  
systems more common1 y empToy p i  11  a r  
d e s i g n s  t h a t  y i e l d  d u r i n g  o r  s h o r t l y  
a f t e r  deve lopment .  By d e s i g n ,  t h e  
n a r r o w e r  g a t e  e n t r i e s  t y p i c a l l y  
g e n e r a t e  s i g n i f i c a n t  s i d e  abutment 
s t r e s s e s ,  and t h e r e b y  l o w e r  t h e  r i s k  o f  
bump occu r rence .  I n  s i t u a t i o n s  where 
t w o - e n t r y  systems a r e  n o t  p r a c t i c a l ,  
y i e l d  p i  11 a r s  have been used 
e f f e c t i v e l y  i n  mu1 t i  - e n t r y  systems, b u t  
a r e  more commonly used i n  c o n j u n c t i o n  
w i t h  abutment p i l l a r  d e s i g n s ,  as shown 



i n  t h e  p rev ious  s e c t i o n .  I n  e i t h e r  
a p p l i c a t i o n ,  y i e l d  p i l l a r  des igns have 
proven t o  be an e f f e c t i v e  a l t e r n a t i v e  
i n  m i t i g a t i n g  bump hazards i n  deep U . S .  
coa l  mines. 

SUMMARY AND CONCLUSIONS 

I n  summary, many use fu l  des igns have 
been developed i n  t h e  U.S.  t o  reduce 
t h e  s e v e r i t y  and occurrence o f  coal  
mine bumps. Th i s  paper has l i s t e d  t h e  
most successfu l  o f  these designs i n  
ch rono log i ca l  o rde r  f o r  both room-and- 
p i l l a r  and l ongwa l l  min ing.  The 
f o l l o w i n g  i s  a  l i s t  o f  major  
observa t ions  and recommendations 
developed f rom min ing  i n  burnp prone 
s t r a t a :  

) The p o t e n t i a l  f o r  bump occurrence 
ncreases when min ing  i n  s t i f f  r o o f  and 
' l o o r  rock .  S t r a t a  o f  t h i s  na tu re  a re  

f r e q u e n t l y  found w i t h i n  t h e  southern 
Appal ach i  an, U i n t a  and P i  ceance Creek 
Basins.  

2 )  Bumps can occur  a) i n  development 
sec t i ons  when f a u l t s  and igneous d i k e s  
a re  approached, b) i n  r oom-and -p i l l a r  
sec t i ons  when c a n t i l e v e r i n g  gob i s  
encountered, c )  i n  l ongwa l l  sec t i ons  
when geo log i c  s t r u c t u r e s  are 
encountered, and d )  i n  e i t h e r  room-and- 
p i 1  l a r  o r  l ongwa l l  sec t i ons  when 
overburden, abutment o r  shock loads  a re  
excess ive.  

3)  Supplemental suppor t  has been u s e f u l  
i n  m in im iz i ng  bump damage. Rock- 
f i l l e d  c r i b s  a l l o w  gob t o  converge 
g e n t l y  w i t h o u t  r u p t u r e .  Combinations 
o f  c r i b s ,  crossbars and props reduce 
t h e  s e v e r i t y  o f  bumps i n  main e n t r i e s .  
Wood c r i b s  and y i e l d i n g  arches i n  
combinat ion w i t h  r o c k  b o l t s  helped 
suppor t  weak, immediate r o o f  d u r i n g  
bumps which reduce t h e  assoc i  a ted 
occurrence o f  r o o f  f a l l .  

4) The use o f  s t r a i g h t  r e t r e a t i n g  
p i l l a r  1  i nes  and t o t a l  e x t r a c t i o n  o f  
a l l  coa l  can e l  im ina te  p r o j e c t i o n s  o f  
bump prone m a t e r i a l  i n t o  t h e  gob. 

5 )  Developing o r  sp l  i t t i n g  1  arge b locks  
o f  coal  i n t o  sma l le r ,  un i f o rm  b locks  
ahead o f  t h e  r e t r e a t i n g  p i l l a r  l i n e ,  
causes t h e  coal  t o  y i e l d  i n  a  
c o n t r o l  1  ed f a s h i o n  p r i o r  t o  e x t r a c t i o n  
and a l l ows  t h e  r o o f  t o  bend g e n t l y .  

6) Sequent ia l  s p l i t t i n g  o f  p i l l a r s  away 
f rom t h e  r e t r e a t i n g  p i l l a r  l i n e  can 
e f f e c t i v e l y  move excess ive s t r e s s  
condi  t i o n r  i n  a c o n t r o l  l e d  manner away 
f rom t h e  work ing face.  

7 )  S i z i n g  ga te  e n t r y  p i l l a r s  1  arge 
enough t o  c o n t a i n  induced s t resses  can 
e f f e c t i v e l y  reduce bump occurrence. 

8) S i z i n g  ga te  e n t r y  p i l l a r s  t o  y i e l d  
i n  a  c o n t r o l l e d  f ash ion  can a s s i s t  
f r a c t u r i n g  o f  t h e  main r o o f  and i n  some 
cases lessens t h e  magnitude o f  abutment 
and/or shock loads  on to  the l ongwa l l  
face .  

Most o f  t h e  pas t  and present  U.S .  
bump c o n t r o l  designs have he lped t o  
c o n t r o l  t h e  way t h e  r o o f  r ock  breaks 
and r e g u l a t e d  t h e  manner i n  which 
s t resses  are r e d i s t r i b u t e d .  For  t h e  
most p a r t ,  these techniques have been 
very  success fu l ,  b u t  have n o t  been 
appl i ed over  a  wide range o f  geol  og i  c  
and min ing  c o n d i t i o n s .  As p roduc t i on  
r a t e s  and overburdens inc rease  and new 
m in ing  systems a re  developed, t h e  
min ing  i n d u s t r y  w i l l  be r e q u i r e d  t o  
develop new bump c o n t r o l  des igns.  
Eva lua t i ng  pas t  exper iences, ana lyz ing  
c u r r e n t  and p r o j e c t e d  c o n d i t i o n s  and 
i n v e s t i g a t i n g  i n n o v a t i v e  des ign 
techniques i n  t h e  f i e l d  w i l l  h e l p  
develop t h e  needed technology t o  keep 
bump prone U  .S .  mines sa fe  and 
p roduc t i ve .  
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