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ABSTRACT 

The demographics and safety record of the pillar retreat segment of the U.S. coal industry was analyzed 
using statistics collected by the Mine Safety and Health Administration. Pillar recovery is practiced primarily 
by mines in Appalachia and the Midwest. Using 1993 data, the accident rates and productivity of a large 
sample of pillar retreat mines were found to be similar to other room-and-pillar mines in the same geographic 
areas. Pillar recovery apparently accounts for about 10% of all U.S. underground production, but has been 
associated with about 25% of the roof and rib fatalities during 1989-96. However, of the 28 fatalities that were 
analyzed, only 4 occurred for which no citations were issued for violations of mining law. Nearly one-half of 
the fatal incidents occurred during the mining of the last lift or pushout. All four no-citation incidents occurred 
during the removal of the last lift during a "Christmas tree" extraction sequence. 

'Mining engineer. 
'Civil engineer. 
Pittsburgh Research Center, National Institute for Occupational Safety and Health, Pittsburgh, PA. 



INTRODUCTION 

Pillar recovery has always been an integral part of U.S. 
underground coal mining. It can be a less capital-intensive, 
more flexible alternative to longwall mining for small. 
irregular reserves [Blaiklock 19921. It'is often employed in 
deeper, high-value seams where recovery rates would be 
unacceptably low if only development room-and-pillar mining 
was conducted. 

The process of pillar recovery removes the main support to 
the overburden and allows the ground to cave. As a result, the 
pillar line is an extremely complex and high-stress rock 
mechanics environment. Historically, retreat mining has 
accounted for a large number of fatal roof fall accidents. 
During 1978-86, 67 roof fall fatalities were attributed to 
retreat mining, representing 29% of the total. Of the pillaring 
fatalities, 49% occurred during the mining of the final stump 
[Montague 19881. Nevertheless, there has apparently never 
been a detailed study of the demographics and safety record of 
pillar retreat mining. This study attempts to fill the gap. 

The overview presented here is based almost entirely on 
information collected by the Mine Safety and Health 
Administration (MSHA). Three primary sources were used: 

MSHA Accident and Employment Data Base: This data 
base contains information on the employment and production 

of all U.S. operating coal mines. It also contains information 
on all accidents reported to MSHA. 

Data Base of Retreat Mines: In 1993, M S H A  formed the 
Mine Ventilation Bleeder and Gob Training Committee. Part 
of the committee's work was to survey the nine bituminous 
coal MSHA health and safety districts about the practices of 
their mines. The survey identified 186 nonlongwall mines that 
were maintaining an active gob and that produced more than 
4,500 t (5,000 st) in 1993 [Urosek et al. 19951. These mines 
were approximately evenly divided between those that 
practiced full-pillar recovery and those that were limited to 
partial pillar extraction. An additional 181 mines had 
ventilated, inactive gobs. Some had permanently ceased 
retreat mining, others were developing for pillar recovery 
operations when they were surveyed. Therefore, the 186 
active gob mines represent a large sample of the total retreat 
mine population. The identification numbers of these mines 
were the key to making comparisons using the MSHA 
Accident and Employment Data Base. 

Fatal Accident Reports: Since 1988, a total of 25 ac- 
cidents resulting in 33 fatalities have occurred during pillar 
recovery operations. MSHA prepared detailed Reports of 
Investigation on all but the most recent of these fatal incidents, 
and the reports were subjected to in-depth analyses. 

DEMOGRAPHICS AND ACCIDENT RATES 

Table 1 compares basic statistics for 1993 for three Table 1 and figures 1-2 show that the sample of retreat 
segments of the U.S. underground coal industry: (1) longwall mines employed 9,129 miners and produced 56 million t (61.7 
mines, (2) all room-and-pillar mines, and (3) the sample of million st) in 1993, representing 18% of the total underground 
186 room-and-pillar retreat mines. production. The 56 million t (61.7 million st) includes both 

Table 1 .- Demographics and accident statistics for U.S. underground coal mines by mine type' 

Average 
No. of 

No. of 
mine Tons' Productivity, 

Total Rooflrib Total Rooflrib 
Mine type em- thousand 

st/h 
accident accident days lost days lost 

mines size (em- 
ployees ~lovees) 

st rate rate rate rate 

Room-and-pillar ' . . . 1,014 33,073 33 214,299 3.45 15.92 1.44 45 1 4 1 

Retreat . . . . . . . . . . 186 9.129 49 61,701 3.27 15.58 1.14 432 29 

Longwall . . . . . . . . . . 69 15,419 223 133,132 4.16 13.39 1 .OO 410 29 

Entire industry . . . . . 1,083 48,491 45 347,430 3.69 15.06 1.29 437 37 
'Excludes anthracite mines and mines producing less than 5,000 st. 
'Accident rates are calculated as the total number of injury accidents (severity 1-6) per 200,000 hours worked. 
3Days lost rates are calculated as the total number of days lost due to injury per 200,000 hours worked. 
'Room-and-pillar mines include all nonlongwall mines. 
'Retreat mines are the 186 nonlongwall mines with active gobs identified by Urosek et al. [1995]. 

Source: MSHA Accident and Employment Data Base for 1993. 
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Figure 1 .-Employment at U.S. underground coal mines in 1993, by mine type. 
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Figure 2.-Production at U.S. underground coal mines in 1993, by mine type. 



development and retreat tonnage. A reasonable estimate is 
that pillar recovery operations account for about one-third of 
coal production from retreat mines [Reese et al. 19781. 
Including some contribution from the mines with inactive 
ventilated gobs, it appears that pillar recovery may have 
accounted for about 10% of the 315 million t (347 million st) 
mined underground in 1993. 

An average of 49 miners were employed at each pillar 
retreat mine, slightly more than at the typical room-and-pillar 
mine, but much less than at a longwall mine. The accident 
statistics in figure 3 show that, overall, the injury record of 
retreat mines was similar to that of other mining methods. 
Surprisingly, roof and rib accident rates in figure 4 were 21% 
lower at retreat mines than at other room-and-pillar mines. 
One possible explanation is that roof bolting, which is a 
significant source of roof fall injuries, is seldom employed 
during retreat mining. The rates for days lost from all ac- 
cidents closely paralleled the overall accident rates. 

Some regional trends are shown in table 2 and figures 5-6. 
It appears that retreat mining was widely practiced throughout 
the Appalachian and midwestern U.S. coal mining areas. The 
only MSHA districts with few active pillar recovery 
operations were District 3 (northern West Virginia), District 
9 (primarily Colorado, Wyoming, and Utah), and District 10 
(western Kentucky). 

The largest number of retreat mines were found in the 
southern Appalachian coalfields (MSHA District 4 in southern 
West Virginia; District 5 in Virginia; District 6 in eastern 
Kentucky; and District 7 in eastern Kentucky and Alabama). 
These four MSHA districts accounted for 156 mines, or 85% 
of the sample. The retreat mines in this region were typically 
smaller than those in other districts, averaging 40 employees 
each, compared with 83 in the average mine outside the 
region. 

Accident rates vary from MSHA district to district, as 
shown in figure 7. Within each district, they tend to be similar 
between the retreat mine sample and all room-and-pillar 
mines. Roof and rib accident rates were lower in 1993 at the 
retreat mines in six of the eight districts. 

Table 3 and figure 8 show that retreat mines tended to be 
larger than the average room-and-pillar mines. Only 15% of 
all small mines were conducting active pillar recovery 
operations, whereas about 40% of all medium and large mines 
were recovering pi l~ars .~  Accident rates did not show any 
significant trends with regard to mine size. 

- - 
3~&ill  mines are those employing fewer than 50 workers; medium mines 
employ 50 to 150 workers; large mines employ more than 150 workers. 
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Figure 3.-Accident rate at U.S. underground coal mines in 1993, by mine type, 



ALL ROOM 8 PILLAR MINES RETREAT MINE SAMPLE LONGWALL MINES 

MINE TYPE 

Figure 4.-Rooflrib accident rates at U.S. underground coal mines in 1993, by mine type. 

Table 2.-Demographics and accident statistics for U.S. underground coal mines by MSHA district' 

Average 
MSHA No. of No. of mine Tons, 

Total Rooflrib Total . Rooflrib 

District No. mines employees size thousand st 
Productivity' accident accident days lost days lost 

s t .  
(emplovees) 

rate ' rate ' rate rate 

RETREAT 

10 . . . . . . . 0 0 0 0 0 0 0 0 0 
ROOM-AND-PILLAR 

2 . . . . . . . .  52 2,122 4 1 11,134 2.66 26.34 1.15 785 31 
3 . . . . . . . .  60 1,720 29 11,093 3.38 1 1.50 0.85 306 33 
4 . . . . . . . .  256 7,490 29 49,797 3.80 16.31 1.64 564 56 

5 . . . . . . . . 164 4,090 25 21,465 2.82 12.97 1.24 456 37 
6 . . . . . . . .  228 5,447 24 34,356 3.65 16.42 1.82 400 50 
7 . . . . . . . . 192 6,069 32 37,087 3.08 14.34 1.11 309 20 
8 . . . . . . . .  23 3,443 150 25,435 3.75 17.27 1.41 466 37 
9 . . . . . . . .  20 836 42 8,061 4.37 10.30 1.08 31 7 36 
10 . . . . . . .  19 1,856 98 15,685 4.07 16.88 2.29 41 3 65 

'Excludes anthracite mines and mines producing less than 5,000 st. 
'Accident rates are calculated as the total number of injury accidents (severity 1-6) per 200,000 hours worked. 
'Days lost rates are calculated as the total number of days lost due to injury per 200,000 hours worked. 
'%etreat mines are the 186 nonlongwall mines with active gobs identified by Urosek et al. [1995]. 
5Room-and-pillar mines include all nonlongwall mines. 

Source: MSHA Accident and Employment Data Base for 1993. 
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Figure 5.-Employment at sample retreat mines, by MSHA district. 
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Figure 6.-Number of sample retreat mines, by MSHA district. 
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Figure 7.-Employment at retreat and all room-and-pillar mines, by mine size. 
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Figure 8.-Rooflrib accident rates at retreat and all room-and pillar mines, by MSHA district. 



Table 3.-Demographics and accident statistics for U.S. underground coal mines by mine size' 

Average 
No. of No. of 

Tons, Total Rooflrib Total Rooflri b 
Mine size mine thousand 

mines employees size (em- 
Productivity' accident accident days lost days lost 

st 
still 

plovees) 
rate rate rate rate 

RETREAT 
Small . . . . . . . . . 133 2,892 22 20,376 3.50 13.18 1.20 305 27 
Medium . . . . . . . 41 3,481 85 23,785 3.25 17.30 1.04 466 26 
Large ' . . . . . . . . . 12 2,756 230 17,539 3.06 15.83 1.22 519 35 

ROOM-AND-PILLAR 
Small . . . . . . . . . 873 17,253 20 103,912 3.50 14.76 1.44 353 37 
Medium . . . . . . . 113 9,166 81 67,299 3.57 17.07 1.45 54 1 46 
Large ' . . . . . . . . . 28 6,653 238 43,087 3.17 16.84 i .43 539 4 1 

'Excludes anthracite mines and mines producing less than 5,000 st. 
'Accident rates are calculated as the total number of injury accidents (severity 1-6) per 200,000 hours worked. 
3Days lost rates are calculated as the total number of days lost due to injury per 200,000 hours worked. 
4Retreat mines are the 186 nonlongwall mines with active gobs identified by Urosek el al. [1995]. 
5Smali mines are those employing fewer than 50 workers. 
6Medium mines are those employing 50 to 150 workers 
'~arge mines are those employing more than 150 workers. 
aRoom-and-pillar mines include all nonlongwall mines. 

ANALYSIS OF FATAL INCIDENTS 

A total of 25 fatal incidents, resulting in 33 deaths, have 
been attributed to retreat mining during 1989-96. These 
fatalities represent 25% of the I 11 roof and rib fatalities that 
occurred during this period (figure 9). Four of the retreat 
mining fatal incidents (comprising five fatalities) occurred 
during room development with no apparent influence of a gob. 
A report by MSHA has not been completed on the most recent 
incident, a double fatality in Kentucky. The appendix to this 
paper summarizes the information collected on the 20 fatal 
incidents available for analysis. 

Figure 10 shows that, in four incidents, no citations were 
issued for violations of mining law or the mine's roof control 
plan. The remaining 16 fatal incidents were divided into 2 
categories, or classes. Class 1 includes eight incidents where 
gross violation of mining law (and often common sense) was 
deemed to be the chief factor. Class 2 incidents were those 
where a violation contributed to the fatality, but where other 
factors appeared to have played an important role as well. 
Class 3 incidents were those for which no citations were 
issued. 

Figure 11 shows that the States of Kentucky, Tennessee, 
and West Virginia have accounted for 92% of all pillaring 
fatalities. Every incident in Kentucky and Tennessee involved 

a violation. All four of the no-citation incidents occurred in 
West Virginia. 

Geologic factors were cited in eight instances as 
contributing to the fatal incidents. Roof slips and slickensides 
were the most common features. The no-citation incidents 
involved a first fall, a geologic feature, and a multiple-seam 
interaction (figure 12). High vertical stress was a factor in 
three of the class 2 fatal incidents. The types of violations 
cited in the other incidents are shown in figure 13. Mining 
sequence violations were most frequently cited in the class 2 
fatal incidents. 

The mining techniques employed to extract pillars are 
shown in figure 14. All five fatalities during slabbing 
operations occurred on conventional mining sections. Partial 
pillaring or "Christmas tree" methods were used in 82% of the 
incidents where continuous miners were employed. 

In 45% of the fatal incidents, the pushout or last lift was 
being extracted at the time of the fall (figure 15). All four of 
the no-citation fatal incidents had two significant factors 
in common. All employed the Christmas tree extraction 
sequence, and in every case the continuous miner was 
extracting the last lift. 



ROOF AND RIB FATALITIES BY YEAR 

1989 1990 1991 1992 1993 1994 1995 1996 

YEAR 

Figure 9.-Rooflrib fatalities, 1989-96. 

NUMBER OF FATALI'TIES AND FATAL INCIDENTS 

CLASS 2 

FATALITIES FATAL INCIDENTS 

FATALITIES AND FATAL INCIDENTS 
Figure 10.-Fatal rooflrib incidents and fatalities associated with retreat mining, 1989-96. 



FATALITIES BY STATE 
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Figure 11 .-Retreat mining fatal incidents, by State. 

FACTORS INVOLVED IN FATAL INCIDENTS 
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Figure 12.-Contributing factors cited in the retreat mining fatal rooflrib incidents. 



NUMBER OF VIOLATIONS BY TYPE 

TYPE OF VIOLATION 
Figure 13.-Types of violations cited in the retreat mining fatal rooflrib incidents. 

FATALITIES BY MINING TECHNIQUE 
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Figure 14.-Pillar extraction techniques employed in the retreat mining fatal rooflrib incidents. 
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Figure 15.-Lift being extracted when fatal roof fall occurred. 

CONCLUSIONS 

Pillar recovery is employed in many U.S. coal regions. It operations can be largely attributed to violations of existing 
is practiced primarily at many medium and some small mines. mining law. Nearly 50% of fatal incidents have occurred 
The overall accident rates for retreat mines appear to be during the recovery of the final lift (or pushout). Other 
similar to those of other room-and-pillar mines. The number potential problem areas include high stressldeep cover, first 
of fatalities that have occurred during pillar recovery falls, geologic factors, mining sequence, and multiple-seam 
operations seems disproportionately high relative to coal interactions. 
production. Many fatalities that have occurred during retreat 
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