
GATE DESIGN KEY 
TO B CONTROL 

Bump-related fatalities in the Appalachian coalfields 
spur investigation by U.S. Bureau of Mines 

Full extraction retreat mining, dur­
ing both longwall and room-and­

pillar operations, leads to the concen­
tration of stresses in nearby support 
pillars. When this occurs at great 
depth and between unyielding roof 
and Hoor strata, portions of these 
highly stressed pillars often fail rap­
idly and violently. Such failures, 
commonly referred to as bumps, vary 
from minor vibrations without signif­
icant strata movement, to notable 
earth tremors that may eject thou­
sands of tons of coal and rock into the 
workings. 

Following a rash of bump-related 
fatalities and injuries in the Southern 
Appalachian coal region in 1984 and 
1985, an investigation of the geology, 
mining methods and engineering pa­
rameters at five bump-prone sites in 
West Virginia and Virginia was con­
ducted by the U.S. Bureau of Mines. 
This study confirmed that stiff, com­
petent strata, together with the high 
stresses generated by retreat mining, 
were a common factor to all five 
operations.] 

This result was viewed in the light 
of a previously conducted evaluation 
on extraction sequences used to con­
trol bumps during room-and-pillar 
retreat mining at McDowell Co.'s 
Olga mine in West Virginia.' It was 
these combined findings that resulted 
in on-site investigations to determine 
if gate road design could be used to 
control bumps. 

Two different gate road designs, 
located within the Pocahontas No.3 

Author information 
Alan Campoli and Timothy Barton are mining 
engineers, and Fred Van Dyke is a mining­
engineering technician, at the U.s. Bureau of 
Mines, Pittsburgh; Michael Gauna is manager 
of planning engineering at Island Creek Coal 
Co., Oakwood. Va.; and Matthew DeMarco is 
supervisory mining engineer, U.S. Bureau of 
Mines, Denver. 

54 

Fig. 1-Borehole platened fiat jack conHguration equipment that ;s used to monitor 
rock movements which proceed bumps. 

seam on Island Creek Coal property, 
were evaluated using two detailed 
instrument arrays and in-mine obser­
vations. The state-of-the-art instru­
mentation arrays consisted of stain­
less-steel, borehole platened Hat jacks 
used to indicate changes in pillar 
stress, coal extensometers for mea­
suring pillar dilation, convergence 
stations for measuring roof-to-Hoor 
closure, a differential roof-sag indi­
cator, and a differential Hoor-heave 
indicator. A permissible data acqui­
sition system was employed to con­
tinuously monitor coal bed stress 
(Fig. I) and roof-to-Hoor conver­
gence in hazardous areas. 

ORIGINAL DESIGN FAILINGS 

The original design of gateways, as 
employed in the developments for 
panels 6 and 7, used a 218-ft-wide, 

yield-abutment-yield configuration 
with the yield pillars on 50-ft centers, 
the abutment pillars on 100-ft cen­
ters and all crosscuts on 100-ft cen­
ters (Fig. 2). By using this configura­
tion, the 80-ft by 30-ft pillars yielded 
on the head gate pass of the face, 
thereby eliminating their potential to 
bump. These yielded pillars then ef­
fectively shielded workmen from any 
coal thrown out from the 80-ft square 
tailgate abutment pillar, if they hap­
pened to bump during the subsequent 
tailgate pass. 

In the first study area, ahutment 
pillar bumps began to occur adjacent 
to the tail drive within the panel 6 
development gate road after 3,650 ft 
of the 6,000-ft-long panel had been 
extracted. Fig. 2 illustrates the loca­
tion of the bump area, labeled A, as 
well as the overburden depth, the 
thickness of the immediate siltstone 
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hg. 2 - Superjacent strata conditions over the 6, 7 and 8 development gate roads 
showing the location of bump. 

roof, and the thickness of the quart­
zite main roof over the 6, 7 and 8 
development gate roads. 

Only slight face instability was 
observed on the tailgate corner of the 
mined panel, and despite the fact 
that dramatic coal displacements 
were observed within the tailgate, no 
coal was disturbed in the actual 
headgates themselves- in this or any 
of the bumps investigated. 

When bump A occurred, the 
shearer was cutting coal near the tail 
side, and although the face crew felt 
the shock wave released by the bump, 
they were uninjured. Ventilation 
equipment located at the mouth of 
the panel 6 development over 2,000 ft 
away, however, was affected. 

7, thus initiating bumps on the tail­
gate corner of the longwall panel. 

Two of the face bumps, C and D, 
were significant events that affected 
normal operations. These events oc­
curred after panel 7 was extracted to 
4,240 ft and 4,430 ft, respectively. (A 
plan view of bump site C is presented 
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in Fig. 3.) In bump D, the panline 
was lifted and thrust toward the gob, 
while in the C and D bumps approxi­
mately 40 ft of the coal rib of panel 7 
was thrown into the tailgate. 

A visual inspection of pillar condi­
tions in the tailgate indicated that 
the load bearing capacity of abut­
ment pillars A to F had been de­
stroyed by bump B prior to the occur­
rence of face bump C (Fig. 3). The 
smoke-free entry between pillars B 
and I was completely closed by abut­
ment pillar B's bumping, thus mak­
ing travel a long this entry virtually 
impossible. 

The area containing abutment pil­
lars G, F and E was found to have 
experienced floor heave (Photo I) 
between abutment pillars E and F. 
Since the posts were not broken, as 
would have been the case if roof-to­
floor convergence had occurred, it 
can be deduced that the main over­
burden load was supported by panel 
7, and consequently, that the abut­
ment pillars had not been deformed 
or forced into the floor. 

After the D bump, the tail of the 
face was kept 10ft in advance of the 
head in an attempt to decrease the 
stress concentra tion on the tail by 
redistributing stresses toward the 
head. Also after this bump, the 
shearer was operated remotely when 
mining near the tailgate corner of the 
panel. In this way the panel was com­
pleted without any further face bump 
delays. The absence of further inci­
dents in the panel could not be con­
clusively attributed to changes in 
procedures or on tailgate design. 

4,440 

Tailgate abutment pillar bumps, 
similar in magnitude to bump A, 
occurred during the extraction of 
panel 7 (Fig. 2). They began, howev­
er, approximately 450 ft earlier in 
the panel extraction with the occur­
rence of bump B. As the mining of 
panel 7 progressed, the tailgate abut­
ment pillars began bumping 500 ft in 
advance of the longwall face. These 
failures transferred load onto panel 
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Fig. 3 - Plan view of bump C within the panel 1 development gate road showing the 
extent and location of bumped coal. 
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Photo 1-Condition of crosscut be­
tween pillars E and F showing bump 
fall out. 

Bump E, which centered on the 
tailgate abutment pillar, occurred af­
ter 4,860 ft of panel 7 had been 
extracted. This bump is significant in 
that it marks the return to tailgate 
abutment-pillar failure adjacent to 
the longwall face, and the end of face 
bumps. This change in location and 
the magnitude of the bump events 
may have been due to the proximity 
of the barrier pillars that were left to 
protect the submain entries from gob 
abutment loading. 

DESIGN YIELDS IMPROVEMENTS 

Following the experiences suffered 
on the previous panels, the mine 
modified the yield-abutment-yield 
configuration for the panel 8 devel­
opment gate road in an attempt to 
improve ventilation between active 
and inactive gobs, to enhance entry 
stability and to control tailgate 
bumps. This new 238-ft-wide design 
consisted of yield pillars on 40-ft cen­
ters and abutment pillars on 140-ft 
centers. Between the yield pillars, the 
crosscuts were driven at 60 ' on 100-
ft centers, whereas between the abut­
ment pillars, the crosscuts were driv­
en at 90 ' on 2,OOO-ft centers. This 
layout resulted in 20-ft by 80-ft yield 
pillars on either side of a 120-ft by 
180-ft abutment pillar (Fig. 2). 

The larger abutment pillars in this 
new design were intended to carry 
the applied abutment loads, and thus 
to prevent ground stresses from over­
riding the longwall face. Gauna re­
ported that the new design required 
the mining of fewer entries per length 
of gate road and improved section 
advance rates, but slightly decreased 
the extraction ratio due to the leaving 
of a larger pillar in the gob.' Contin-

uous miner production rates were 
unaffected by the change. 

It has long been recognized that 
overburden thickness is a major fac­
tor in determining bump-proneness, 
and since this thickness is similar in 
the two study areas, the likelihood is 
that the tailgate bump problem 
would have developed during the 
mining of panel 8 if the gate road 
design had not been altered from the 
design that allowed bumps to occur 
in panels 6 and 7 (Fig. 2). 

The structural competence of the 
immediate roof and floor within the 
panel 8 development gate road was 
confirmed by the conditions at site F 
(Fig. 4), while good roof and minimal 
floor heave were encountered in the 
tailgate adjacent to the face (Photo 
2). Spalling of the panel 8 rib into the 
tailgate entry was evident over ap­
proximately the first 40 ft in advance 
of the face and minor instability was 
encountered during the mining of the 
face, in the area 20 to 40 ft from the 
panel 8 tailgate corner (Fig. 4). 

Coal cutting induced cracking and 
minor spalling of the face , indicating 
that stress readjustment had taken 
place, but this was slight when com­
pared to that encountered on face 
bumps C and D. The tailgate entry 
200 ft in advance of the face was 
undisturbed by the mining taking 
place in panel 8. 

Heaved floor occurred at and be-

hind the face in the smoke-free entry 
(Photo 3), as well as in the crosscut 
between abutment pillars A and B 
(Photo 4). In addition to this, bump­
ing of abutment pillar A occurred 
approximately 100 ft behind the face 
(Fig. 4). It therefore seems probable 
that the 120-ft by 180-ft abutment 
pillars, when subjected to high abut­
ment zone stresses, form a solid col­
umn that punch into the mine floor, 
causing the floor to fail in a brittle 
fashion (Photo 3). 

The smoke-free entry and the 
abutment pillar crosscut located 200 
ft in advance of the face, were undis­
turbed by the mining of panel 8. 
Good strata conditions, essentially 
unchanged since the completion of 
panel 7, were observed in the smoke­
free entry between abutment pillar C 
and yield pillar G. Roof-to-floor con­
vergence data confirmed that, de­
spite the abutment pillar bumping, 
the smoke-free entry was still open 
200 ft behind the face. 

The majority of the crosscuts be­
tween abutment pillars Band C 
remained unchanged since the com­
pletion of panel 7 and displayed min­
imal floor heave. The last 15 to 20 ft 
of the crosscut on the gob side experi­
enced approximately 15 in. of floor 
heave during the mining of panel 7. 
Remarkably enough, similar floor­
heave behavior was noted in the track 
entry and the yield pillar crosscuts. 

Fig. 4 - Plan view of conditions at site F, within the panel 8 development gate road 
showing the extent and location of disturbance. 
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Photo 2 - Good roof and floor conditions at tail shield 
following alteration of the gate design. 

Photo 3 - Brittle failure of bottom in smoke-free entry 
adjacent to mining of panel 8. 

The good roof conditions directly ad­
jacent to the panel 7 gob were repre­
sentative of the entire study area. 

INSTRUMENTATION RESPONSE 

Analysis of the changes in coalbed 
stress revealed that the yield pillars 
in both designs failed during the 
extraction of the headgate panel. 
Roof-to-Hoor convergence, coal ex­
tensometer response and changes in 
coal bed stress effectively isolated the 
timing of abutment pillar failure in 
both gate road designs. The 80-ft 
square abutment pillars within the 
panel 7 development study area, 
which partially failed after the head­
gate pass was completed, reached 
their maximum load-bearing capac­
ity 1,000 ft in advance of the tailgate 
pass, and began bumping 500 ft in 
advance of the long wall face. This 
sudden transfer of load to panel 7 

resulted in further bumps on the tail­
gate corner of the longwall face. 

The 120-ft by 180-ft abutment pil­
lars within the panel 8 development 
study area reached their maximum 
load bearing capacity 200 ft in ad­
vance of the mining of the tailgate 
pass and did not bump until they 
were approximately 100 ft into the 
gob. Thus, the new design effectively 
shielded panel 8's working face from 
excessive loading. This was con­
firmed by analyzing the changes in 
coalbed stress that occurred at the 
tail side edge of panel 8, as well as 
the lack of face bumps during the 
panel's advancement. 

The average change in abutment 
pillar stress, as induced by the head­
gate pass monitors, was approxi­
mately 6,000 psi for both gate de­
signs. The yielding of the inner core 
of the 120-ft by 180-ft abutment pil­
lars, however, occurred long after the 
yielding of the 80-ft square abutment 
pillars. 

Coal extensometers demonstrated 
that the abutment pillars of both 
designs formed a 12- to 15-ft wide 
yield perimeter zone. Coalbed stress 
instrumentation also indicated that 
the depth of the yield zone was 15 ft. 
It is suggested by this study that 15 ft 
is the width of the yield zone in Poca­
hontas No.3 coalbed pillars at ulti­
mate strength, and that this width 
did not significantly change when the 
two-dimensional size was increased. 
Therefore, any increase in pillar size 
should result in a direct increase in 
confined core size. 

Based on the 15-ft-wide confine­
ment zone, the ratio of maximum 
stress core area to original pillar area 
for the 80-ft square and 120-ft by 
180-ft abutment pillars is 0.39 and 
0.63, respectively. This 62% increase 
in functional bearing area per foo­
tage of gate road, reduced abutment 
pillar stress and deformation, and 
mitigated load transfer to the tail­
gate corner of panel 8 has resulted in 

Photo 4 - Conditions in abutment pl1lar crosscut adjacent 
to mining of panel 8. 

Photo 5 - Good strata conditions at the edge of panel 7 
and gob 200 ft in advance of the mining of panelB. 
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the successful elimination of the face 
bumps that had occurred when using 
the original gate road design.' 

THE BOnOM LINE 

The superior performance of the 
panel 8 development gate road design 
compared to the previous design was 
confirmed by in-mine observation 
and instrumentation response. Under 
worst case conditions, the 120-ft by 
180·ft tailgate abutment pillars did 
not begin to bump until they were 
approximately 100 ft into the gob. 
The previously employed 80-ft 
square tailgate abutment pillars 
bumped 500 ft in advance of the face, 
thus allowing load transfer to the 
mined panel. Furthermore, the new 
design greatly reduced the intensity 
of tailgate abutment pillar bumps 
when they did occur. In this way, the 
120-ft by 180-ft abutment pillars, 
within the panel 8 development gate 
road, shielded panel 8 from the ex­
cess loads that caused the face bumps 
at the tailgate corner of panel 7. 

The improved gate road design 
will permit high extraction, retreat 
longwall mining through bump­
prone conditions, with the minimal 
risk of destructive face bumps. In­
sight into what determines the ulti­
mate strength of coal pillars and the 
effects of yield zone confinement at 
pillar failure have further advanced 
the current knowledge of bump pre­
vention based on longwall gate road 
design. 0 
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