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ABSTRACT

Identification of potential roof problems in coal mines
has long been a complex issue due to the wide variety of mining
and geological conditions. It is well known that mine roof fails
are related to many different factors such as roof strata properties,
sandstone channels, regional and localized horizontal stress,
vertical stress, and tectonic stress. Many times, a combination of
these factors causes roof problems. Through years of ground
control experiences, Keystone Mining Services LLC, (KMS) has
developed a Roof Instability Rating (RIR) system to predict
potential roof problems. The first RIR analysis was presented at
the 19" Ground Control Conference (Watts, et al., 2000). The
RIR system includes: quantifying each individual factor,
weighting each factor, combining individual factors, finalizing
the RIR, and setting the criteria for the areas where special
support is needed. In this paper, the application of the Roof
Instability Rating (RIR) system at Enlow Fork mine will be
presented.

INTRODUCTION

Enlow Fork mine is mining the Pittsburgh No. 8 seam.
The immediate roof typically consists of laminated shale with
coal streaks. The primary roof support system consists of an 8’
INST4L bolt with T3 roof channel. This system has been
successful under normal mining and geological conditions.
However, due to the changes in geology and mining conditions in
some areas, supplemental support, such as cable bolts and trusses,
is utilized. The key issue is how to accurately predict these areas
in order to control the roof effectively and economically. Based
on ground control experiences, a Roof Instability Rating (RIR)
was developed for Enlow Fork mine. This paper will detail the
RIR system and its application at Enlow Fork mine.

ROOF INSTABILITY RATING (RIR)

Ground control experiences have indicated that a mine
roof fall is often related to many factors such as roof strata types
and properties, overburden depth and surface conditions, and
geological structures. Many times, roof stability is a function of
a combination of these factors. In order to predict roof conditions,
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a Roof Instability Rating (RIR) system was developed. This
system includes five stages: 1) identification of influence factors
(Fi) that affect roof instability; 2) quantifying each individual
factor; 3) weighting each factor; 4) constructing the RIR by
combining all factors; 5) based on roof fall history and
experience, sctting criteria for the areas where the supplemental
support is needed. RIR is mathematically defined as:

RIR - > Wix FRi
> Wi

Where RIR is the Roof Instability Rating, which ranges from 0-
100. The higher the RIR, the more unstable the roof. FRi is each
individual factor rating. FRi ranges from 0-100. The higher the
FRi, the more unstable the roof. Wi is the weighting factor. Wi
is determined based on mine site experience.

Identification of Influence Factors and Individual Factor
Rating

Based on the ground control experiences and roof fall
history at Enlow Fork mine, four factors are identified as having
significant influence on roof stability: sandstone channel,
existence of mica in sandstone, tectonic stress, and stream
valleys. These factors are rated as follows:

Sandstone Rating (SR)

In the Pittsburgh seam, sandstone has significant
influence on roof stability. In the areas where sandstone exists,
localized horizontal stress is usually experienced. Roof problems
such as extensive cutter roof and falls are often encountered. The
degree of influence depends on the sandstone thickness and
proximity of sandstone to the coal seam. Generally speaking, the
thicker the sandstone and closer the sandstone is to the seam, the
more unstable the roof. Therefore, the sandst~nie rating includes
two parts: sandstone thickness and interval between the sandstone
and seam.
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Sandstone Thickness Rating (STR): Sandstone

thickness is determined by the following equations:

When T is equal to or less than 20 ft.:
STR=100 x T/20
When T is thicker than 20 ft. thick:
STR=100

T is the sandstone thickness. The value of STR ranges from 0 to
100. The higher the STR, the more unstable the roof.

Sandstone Interval Rating (SIR): Sandstone interval

is determined by the following equations:

SIR=100 x (20-1)/20, when [ is less than 20 ft.

SIR=0, when I is equal to or greater than 20 ft.

1 is the interval between the sandstone and coal seam. The value
of SIR ranges from 0 to 100. The higher the SIR, the more
unstable the roof.

Sandstone Rating (SR): Sandstone Rating (SR) is the

combination of sandstone thickness and interval. It is defined as:
SR=(STR x SIR )2

The value of SR ranges from 0 to 100. The higher the
SR, the more unstable the roof.

Mica Rating (MR)

Mining experience has indicated that existence of fine
mica layers in the sandstone makes it more prone to
delamination.  Mica, which is difficult to detect in normal
stratascoping, also weakens the sandstone. In the area where the
mica exists, MR=100. When mica is not present, MR=0.

Stream Valley Rating (SVR)

Historically, a majority of roof falls at Enlow Fork have
been related to localized horizontal stress associated with stream
valleys. The influence zone of stream valleys at Enlow Fork is
500 ft. from.the valley bottom. Therefore, SR=100 is within the
influence zone and SR=0 is out of the influence zone.

Tectonic Stress Rating (TSR)

Tectonic stress is the stress induced by geological
structure such as syncline, anticline, and seam elevation change.
Ground control history at Enlow Fork mine indicates that roof
usually is more unstable in the influence area of a geological
structure. The influence area of tectonic stress can be determined
by finite element analysis utilizing the JFEA system (Stankus and
Guo, 1996). Within the tectonic stress influence area, TSR=100 is
within the influence zone, while TSR=0 is out of the influence

area.
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Roof Instability Rating (RIR) System for Enlow Fork

The RIR for Enlow Fork is determined from the
following equation:

3 WixSR+W2x MR+W3xSVR+WA4xTSR
W1+ W2+W3+W4

RIR

Where W is a weighting factor. Generally speaking, the SR plays
more of a role in roof instability so Wi=2. W2, W3, and W4= 1.

RIR FOR E-PANELS

Shown in Fig. | is the E-panel layout. Longwall panel
El is mined out. Longwall Panel E2 is retreating. E3 gate-road
is being developed.  Roof problems have been experienced
during E3 development. Roof falls occurred in the area between
Crosscuts 15 and 20. To predict the roof conditions and design
proper supplemental support for the E-panels, the RIR is applied.
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Fig. Mine map showing F-panels

This model covers E1-E5 panels. The seam elevation is then input

into the model. Fig. 3 shows the tectonic stress and its influence
To determine the tectonic stress induced by geological areas.

structure, finite element model is constructed as shown in Fig. 2.

Tectonic Stress

Crosscut# 5 0 15 20 35 30 35 40 45 55 &0

TTITITITTOITTTTTT :

Seam elevatvon {ft) |

410 S

423.333 H :

436.667 T ok E3
450 uy
463,333 T 3

476.667 i E2
490 : T
503,333

516.667
530 : 1 i

PO I

|
E
|

i

17

ITTTh Y
BN EEW

AR

i .-
Tt

TTTrTrTIrr I rtTrrTrrr P rr T roes

BOU0EEEEN
E

Fig. 2 Finite element model
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Fig. 3 Tectonic stress and its influence area
RIR for E3 ¢ In the medium RIR zone (Crosscuts 4-9, 12-17), the

Based on the previously mentioned four factors, the
generated RIR E3 is shown in Fig. 4. Based on the RIR, E3 can be
divided into three distinctive zones:

High RIR zone (RIR>60): Crosscut 17-22,

Medium RIR zone (RIR=50-60), Crosscuts 4-9, 12-
17, and 27-32,

o Low RIR zone (RIR<50): other areas.

An extensive underground examination was conducted in
E3 to correlate the RIR with roof conditions. At the time of
examination, E3 was developed to crosscut 25. It was concluded:

In the high RIR zone (Crosscut 17-22), several roof
falls occurred during development. The roof was
generally in bad condition.

roof was in bad condition but no roof falls occurred
during development.

In the low RIR zone, the roof is generally in very
good condition.

Based on this correlation, it was recommended:

In the low RIR zone, supplemental support is not
necessary except in intersections.

In the medium RIR zone, supplemental support
should be implemented before longwall retreating.

In the high RIR area, supplemental support should
be implemented as soon as possible.

Supplemental support as recommended was implemented
outby Crosscut 25 in E3. However, in the moderate RIR zone
(Crosscuts 27-32), supplemental support was not implemented. A

roof fall occurred in this area during longwall retreat.
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Fig. 4 RIR for E3
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