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Deep cut: ground control
and worker safety in coal mines

Introduction

In the underground coal-mining
industry in the United States, the
use of extended cuts has been
steadily increasing. From 1988 to
1995, the number of mines approved
to mine extended cuts increased by
108% (Bauer, 1998). According to
the US Mine Safety and Health Ad-
ministration (MSHA). in 1995, ap-
proximately 45% of the producing
underground bituminous coal mines
had approval to mine extended cuts.

Extended cuts are taken during room-and-pillar mining,
retreat mining and for longwall gate-road development.
The popularity of extended-cut mining assures that
mines will continue to request approvals for the use of

this coal-extraction system.

There are safety concerns associated with the mining
of extended cuts. including ground control and remote-
control operation. The safety and health issues of

remote-control mining include op-
erator positioning during extended
cutting and human factors analysis
of remotely operated mining sys-
tems. These have been presented by
King and Frantz (1977), Love and
Randolph (1991), Steiner et al.
(1994) and Bauer et al. (1995). These
authors suggest that the safety of
workers engaged in extended-cut
mining can be enhanced through a
systems approach to ergonomic de-
sign of equipment. tasks and work
processes. Much of the research on
the ground-control aspects of ex-
tended-cut mining was conducted in
recent years (Bauer et al.. 1993;
Bauer et al., 1995; Bauer et al., 1997;
Grau and Bauer, 1997; Bauer, 1998).
These authors reported on the roof-
fall hazard potential of employing
extended cuts. Preliminary conclu-
sions, based only on whether a mine
had an extended-cut approval, indi-
cate that extended-cut mining was
no more hazardous than the mining
of 6-m (20-ft) deep cuts.

In addition, all MSHA coal
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mine roof-fall fatality reports for
1988 through 1996 were analyzed to
determine how often extended cut-
ting was a contributing factor. Ex-
tended-cut mining was considered a
contributing factor if the fatality oc-
curred at the active mining face and
the depth exceeded 6 m (20 ft). This
nine-year period was examined be-
cause all fatality reports were avail-
able and because the mines with
extended-cut approval were known
with a fair degree of certainty.

From 1988 through 1996, 106 roof-fall fatalities oc-
curred in underground bituminous coal mines in the
United States. Extended cutting was a possible contrib-
uting factor in 26 (24.5%) of the fatalities. To determine

if extended-cut mining causes more roof-fall fatalities,

|
Abstract

The trend in underground room-
and-pillar coal mining is to employ
remote-controlled, continuous-min-
ing machines and extended cuts to
depths of 12 m (40 ft) or more. This
system of coal extraction, adopted
by more than 435 mines, can create
additional worker safety hazards.
To address the ground-control-re-
lated safety hazards, a combination
of statistical analysis and numerical
modeling was used. Initially, the re-
ported roof-fall incidents and fatali-
ties were reviewed to delineate the
ground-control hazards. Then, the
application of the coal mine roof
rating (CMRR) for estimating safe
extended-cut depths was evaluated.
Finally, computer modeling was
completed to predict roof displace-
ments during extended-cut mining.
This paper describes the results of
these studies and their impacts on
the safety of extended-cut mining.
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the percent of extended-cut fatalities was compared to
the percent of mines approved to mine extended cuts.
For the period 1988-1996, the average percentage of

extended-cut, roof-fall fatalities
(24.5%) is slightly higher than the
percentage of mines with extended-
cut approval (23.2%). It is impor-
tant to note that this is comparable
to the nine-year average and that,
currcntly, nearly 50% of all mines
are approved to use cxtended cuts.
For example, in 1995, 47% of
the mines were approved to use
extended-cut mining, while only
37% of the fatalities involved ex-
tended cutting. In addition, because
mines with an extended-cut ap-
proval do not mine all cuts deeper
than 6 m (20 ft), the percentage at-
tributed to deep cuts could actually
be lower. This comparison suggests
that cxtended-cut mining is no more
hazardous to mine workers from a
roof-fall perspective than is the
mining of a nonextended cut.

Roof-fall fatality
characteristics

Fatality characteristics ex-
tracted from the reports included
geologic influences, fall location.
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victim location and action of the
victim. Many of the roof-fall fa-
talities occurred because of illegal
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Staged model (Bauer, 1998).

actions on the part of the victim.
For instance, 42% of the extend-
ed-cut fatalities occurred when
the MSHA -approved depth of cut
was being exceeded. In addition,
61% of the victims in extended-
cut and nearly 34% of the victims
in nonextended-cut. roof-fall fa-
talities were inby permanent sup-
ports when fatally injured (Bauer,
1998).

Visibility during extended
cutting could be a problem for
continuous mining machine (CM)
operators because the added
depth may restrict their ability to
recognize changing roof and geo-
logic conditions, causing them to

travel inby permanent supports
for better visibility. Geology was reported as a contribut-
ing factor in 81% of the extended-cut and 76% of the
nonex-tended-cut roof-fall fatalities. The geologic
anomalies cited included slickensided slips, laminated
and unconsolidated shale roof, fractures, cutter roof, cap
coal, draw rock, horsebacks, hillseams and highly jointed
rock. The CM operator’s ability to detect changing geol-
ogy was only slightly reduced. This was because the re-
ports stated that the geologic influences went undetected
in 29% of the extended-cut and 21% of the nonextend-
ed-cut fatalities (Bauer, 1998).

Another concern of extended cutting is that, by ex-
posing a larger unsupported area. the falls will be more
likely to run out of the unsupported arca and ride over
the bolted areas. The reports indicated that, in more than
62% of the nonextended-cut and in only 46% of the
extended-cut fatalities, the fall rode over or in between
the roof bolts.

For extended cuts and nonext-ended cuts, where a
distance was reported, the falls rode past the bolts an av-
erage of 1.7 m (5.6 ft) and 3.8 m (12.4 ft). respectively. A
contributing factor to the lower incidence of falls run-
ning over the bolts for the extended-cut fatalities is the
occasional use of extra, and more substantial, supports
installed at the last row of bolts when extended cuts are
mined.

Finally, the fatality-report analysis was used to evalu-
ate whether mine workers performing certain job tasks
were more likely to be fatally in-
jured by a roof fall during extend-
ed-cut mining than during the
mining of nonextended cuts. Dur-
ing the remote-control mining of
extended cuts. workers either op-
erating or helping on the CM
were over three times more likely
to be involved in a roof-fall fatal-
ity than they would when mining
a nonextended cut (46% vs. 15%).
Workers involved with support
operations were only slightly
more likely to be a victim of a fa-
tal roof-fall incident during ex-

TABLE 1

Mine category
All?
Extended cut

Nonextended cut

tended cutting than during nonextended cutting (31% vs.
29%) (Bauer, 1998).

Reported roof-fall accidents

The reported roof-fall accidents were analyzed to
estimate the roof-fall potential of extended cutting. Mine
operators are required to report any fall of roof if certain
criteria are met, as specified in 30 CFR 75.223 (US Code
of Federal Regulations, 1994a). These roof falls are
termed “accidents” by MSHA and are reported by mine
operators on MSHA Mine Accident, Injury and Illness
Report Form 7000-1 (30 CFR 50.20) (US Code of Fed-
eral Regulations, 1994b). All reported roof-fall accidents
for 1989 through 1991, 1993 and 1995 were extracted
from MSHA’s Health and Safety Analysis Center
(HSAC) Accident Database. This is a compilation of all
the Form 7000-1 reports received by MSHA from mine
operators.

Data from these years were used because they rep-
resent the years that an accurate list of mines with
extended-cut approval was available. The data were cat-
egorized and compared by whether the mine had an
extended-cut approval. Then, incidence rates, normalized
with respect to employee-hours worked underground,
were calculated. Table 1 lists the reported roof-fall acci-
dent incidence rates for extended- and nonextended-cut
mines. It also shows that the incidence rate of reported
roof-fall accidents for ex-tended-cut mines is less than

Accident incidence rates based on underground
employee-hours worked, 1989-1991, 1993 and 1995.

Total underground hours worked
?2Includes only data for underground bituminous coal mines.

Total roof-fall Total underground Incidence
accidents hours worked rate’
13,666 571,701,998 4.78
7,479 314,250,741 4.76
6,187 257,451,257 4.81

1 ¥ ko -

Incidence rate = Number of roof-fall accidents X 200,000
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FIGURE 2

Joint-element model (Bauer, 1998).

tural competence of coal mine roof
and considers bedding most impor-
tant (Mark et al., 1994). CMRR

addresses the lithologic factors
that weaken bedded coal-measure
rocks, such as discontinuities, mois-
ture sensitivity and rock strength
rather than just the geologic char-
acteristics of the rock. CMRR also
includes a strongbed adjustment, a
moisture sensitivity factor, a sur-
charge adjustment when weaker
rocks overlay the bolted interval
and an adjustment for structurally
weak contact surfaces rather than
just for lithologic changes (Molin-
da and Mark, 1994).

Other mine-specific informa-
tion that was used in the analyses
included entry width, average safe/
successful cut depth, extended-cut

the rate for nonextended-cut mines and all underground
coal mines. This suggests that there is no significant dif-
ference in potential for worker injury from roof-falls be-
tween the two mine types.

Depth determination using CMRR

Although the maximum depth of cut is specified in a
mines’ approved roof-control plan, determination of the
safe depth of cut, on a cut-by-cut basis. is usually the re-
sponsibility of the CM operator or section foreman.
Their decisions are based on cxperience, how they per-
ceive the roof is behaving and the visual signs of roof in-
stability if present. Because this decision process is
subjective in nature, there is some inherent error that
could prove disastrous if an unsafe depth is selected and
a roof failure occurs. To improve the depth-decision pro-
cess, the coal mine roof rating (CMRR) was evaluated as
a possible depth-determination alternative.

CMRR was selected because it estimates the struc-
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status and overburden. This infor-
mation was collected during underground mine visits in
approximately 40 mines. An example of the mine-spe-
cific data is listed in Table 2. Entry width was included
because research has shown that the entry width.
width-to-height ratio and opening shape can influence
the stability of the mine roof (Obert et al., 1960;
Stefanko, 1983). Combined with the overburden thick-
ness, the stresses around an opening will influence the
stability of the mine roof. The average cut depth and
extended-cut status are two parameters that are deter-
mined after the mining of extended cuts has commenced.
Extended-cut status is an estimate of a mine’s ability to
extract extended cuts based on the percentage of cuts
mined that are extended cuts. The scale is listed as a foot-
note to Table 2. The average cut depth is either the depth
of a majority of the cuts mined or the extended-cut
depth when extended cuts are routinely mined.
Regression analysis using the statistical software
package MINITAB, Release 10Xtra, was completed to

TABLE 2

Example of mine-specific information used for estimating safe extended-cut depths (Mark,

1998).

Average Extended
Entry width, cut depth cut Overburden

Coal seam State CMRR m (ft) m (ft) status’ m (ft)
Blue Creek AL 50 6.2 (20.3) 7.6 (25) 2 549 (1,800)
Wadge CcO 55 6.1 (20.0) 12.2 (40) 1 549 (1,800)
Herrin No. 6 IL 72 5.5 (18.0) 12.2 (40) 1 305 (1,000)
Springfield No. 5 IL 50 5.9 (19.5) 12.2 (40) 1 183 (600)
Springfield No. 5 IN 29 5.7 (18.8) 4.6 (15) 2] 76 (250)
Harlan KY 63 5.5 (18.0) 12.2 (40) 1 549(1,800)
Lower Freeport OH 68 5.9 (19.5) 12.2 (40) 1 183 (600)
Pittsburgh PA 40 5.2 (17.0) 9.1 (30) 2 46 (150)
Hiawatha UT 70 6.1 (20.0) 12.2 (40) 1 457 (1,500)
Powellton WV 34 5.6 (18.3) 5.2(17) 3 122 (400)
Hanna WY 43 5.6 (18.3) 12.2 (40) 1 213 (700)

Status 1 = always extended cuts (approximately 75% to 100% of the time).
Status 2 = sometimes extended cuts (approximately 25% to 75% of the time).
Status 3 = almost never extended cuts (under 25% of the time).
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Best-fit equations for estimating safe depths of cut (Bauer, 1998).

Best fit equation
(using English units
of measure)

Mining stage

Design Cut depth = 10.1 + 0.442(CMRR)
Preapproval Cut depth = 10.1 + 0.442(CMRR)
Postapproval Cut depth = 35.4 + 0.164(CMRR)

6.64(Status) or
Cut depth = 47.0 — 18.56(Status)

evaluate the relationship between depth of cut and one
or all of the five variables listed in Table 2. Regression
analysis determines which of the five variables best pre-
dicts the cut depth and provides the best-fit equation for
estimating safe cut depths. The equation for the simple
linear regression model that was used to represent this
statistical relationship is

Y. =B, +BX (1)
where
Y, is the response (dependent) variable,

depth’-of-cut;
B, is the y-intercept of the regression line;
B; is the slope of the regression line; and
X, is the predictor (independent) variable.

The independent variables (X,;) were CMRR, entry
width, average cut depth, extended-cut status and over-
burden. The regression models were completed using the
independent variables that were
available for three different mining
situations:

FIGURE 3

Standard Coefficient of
deviation determination
+ ft (m) R2
7:(2-1)) 0.455
7.(2.1) 0.455
5.5-6 (1.7-1.8) 0.641

0.609

tions and cannot be used to determine an exact, safe
depth of cut. They can be used as a starting point for
mine operators and regulatory agencies to estimate a
range of cut depths that could possibly be safely mined
(Bauer, 1998).

Numerical modeling

Two-dimensional, finite-element numerical model-
ing of roof-and-pillar reactions during extended-cut min-
ing was completed using the computer program Phase’
(Rock Engineering Group, 1997). Roof displacement
was predicted as the depth of cut increased from 6 to 12
m (20 to 40 ft) to evaluate where maximum displacement
would be expected and to determine if the area where
the remote operator is most likely to be positioned is
safe. The effect of discontinuities on mine roof stability
was modeled using joint eclements to simulate geologic
discontinuities in the mine roof. Awareness of how
discontinuities affect mine roof stability can lead to an

Premining staged model output of plastic total displace-

e During the design stage (prior

ment (Bauer, 1998).

to opening a mine).

* Pre-extended-cut approval (af-
ter mining has commenced but
before applying for an extend-
ed-cut approval).

e Post-approval (after mining ex-
tended cuts when a change in
the approved depth is desired).

Table 3 provides the best-fit
equations, as determined by the re-
gression analyses for the three min-
ing stages. In all three situations,
CMRR was the best predictor of cut
depth, while, in the postapproval
stage, extended-cut status was also a
significant predictor of the depth of
cut. The coefficients of determina-
tion (R?) for the best-fit equations

Roof bolts

Location of
maximum displacement

Main roof

range from 0.455 to 0.641. These R?
values are considered low by stan-
dard statistical methods. But they
are reasonable for a mining-based
analysis, where the environment is

highly variable, uncontrollable and

@6 @.08069 8015 ©.090818 6.08021

unpredictable. Ultimately, these

9.08000 4.e063 a.
I

> Maximum displacem

e _Eman e

equations are not “design” equa-
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FIGURE 4
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Plastic total displacement for 12-m (40-ft) cut, staged

model (Bauer, 1998).

main roof and main floor were from
an actual mine site (when available)
and from representative values ex-
tracted from the literature (Table 4).

The bolt parameters used are listed
in Table 5. Initially. linear elastic

; material properties were used to es-
Tiu timate the strength factors of the
roof, coal and floor and to predict
where elements were failing. Then,

Roof bolts

T 18I IERERE)

Location of
maximum displacement

Main

Sandy
coal

e ————

plastic material properties were
used to evaluate strata displace-
ments as the cut was extended from
6to 12 m (20 to 40 ft) deep. The field
stresses used were gravitational,
based on an overburden of 152.4 m
(500 ft), and unit weight of overbur-

roof

shale"

hale

Floor

den of 0.022 MN/m? (175 pcf). This
resulted in a vertical stress of ap-
proximately 3.85 MPa (550 psi) us-
ing the relationship that 6, = 1.1 x
overburden depth in m (ft). In addi-
tion, studies at the mine in question

indicated a higher-than-normal hor-
izontal stress (Campoli et al., 1996).
Thus, the vertical and horizontal
stresses were assumed equal. The
horizontal stress (0,,) was also 3.85
MPa (550 psi).

> Maximum displacement = 8.0882521 m

B8.0000 0.0P004 ©.0DGE ©.0V12 0.00616 0.06020 ©.0024 0.0028
R ==

The plastic modeling followed
the elastic modeling and was used to

increased level of safety during extended-cut mining,.
To analyze strata displacements as the depth of cut

increases, a side-elevation-view staged model was con-
structed (Fig. 1). The staged model represented the ex-
traction sequence of a typical 6-m- (20-ft-) deep, 1.5-m-
(5-ft-) high cut of coal that was extended to 12 m (40 ft)
in successive 3-m- (10-ft-) deep cuts. Strata displace-
ments were predicted along the centerline of the entry.
The effect of geologic discontinuities was investigated by
adding joint elements in the roof and overburden to the
original model (Fig. 2). For both models, the material
properties for the coal seam, immediate roof and floor,

TABLE 4

predict the location of the maximum

displacement. For the premining
stage, which included a bolted roof area, the plastic mod-
eling predicted a maximum displacement in the immedi-
ate roof of 2 mm (0.07 in.) (Fig. 3). As the depth of cut
increased, the predicted displacement also increased, fi-
nally reaching 2.5 mm (0.098 in.) at a cut depth of 12 m
(40 ft) (Fig. 4).

Once an understanding of how “solid” mine roof
strata reacts during the mining of extended cuts was ob-
tained, the effects of geologic discontinuities on the sta-
bility of the roof during extended-cut mining could be
studied. This analysis was important because the review
of the roof-fall fatality reports revealed that geology was

e e S N R R e e T e e e e |
Failure criteria for Phase? modeling (Bauer, 1998).

Location Rock Thickness Unit Young's
type m (ft) weight modulus
MN/m® MPa
(pcf) (psi)
Main roof sandstone 12 0.022 28,000
(40) {(175) (4.0 x 10°)
Imm. roof sandy shale 3 0.0214 25,375
(10) (170) (3.6 x 10°)
Coal L. Kitt. 1.5 0.01 3,250
(5) (80) (4.6 x 10°)
Floor shale 2.75 0.0214 28,420
(9) (170) (4.1 x 10°)
Main floor sandstone 12 0.022 28,000
(40) (175) (4.0 x 10°)

114 JUNE 2000 # MINING ENGINEERING

Mohr-Coulomb
Poisson’s ¢, MPa phi, Tensile
ratio (psi) degree MPa
(psi)
0.18 2.8 25 20.0
(400) (2,857)
0.19 0.75) 20 14.9
(107) (2,133)
0.37 0.20 35 2.8
(28.57) (400)
0.14 1.5 19 37.4
(215) (5,335)
0.18 2.8 25 20.0
(400) (2,847)
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a contributing factor in 76% of the nonextended-cut
roof-fall fatalities and in 81% of the extended-cut
roof-fall fatalities. Joint elements were used to simulate
geologic discontinuities such as clay veins, slickensided
surfaces, cracks or fractures, fault planes, jointing, and
cutter roof and horizontal stress effects. These discon-
tinuities affect the roof similarly by scvering the strata
into discontinuous beams. The joint-element models
used the same material properties as before. The joints
were given properties that would simulate the worst-case
scenario. This included a joint aperture of 6.9 mm (0.027
in.). Normal and shear stiffness, joint tensile strength and
cohesion were all equal to 0.0 MPa (0.0 psi).

Slip along the joint was allowed, and the joint was
permitted to deform from both the far field stresses and
the induced stresses due to the excavation. A vertical
joint was placed approximately at the midpoint of each
stage, trending perpendicular to the direction of mining.
The joint-element staged models were completed using
the effects of the excavation and jointing as inputs to
each subsequent model. Figure 5 presents the initial
premining displacements.

As in the previous displacement models, the dis-
placement of the roof, floor and coal ribs into the exca-
vation, as represented by the deformed mesh, were
exaggerated for illustrative purposes. The result of plac-
ing joints in the mine roof is an initial displacement (slip
along the joint) of 3.4 mm (0. 13 in.), located along the
first joint just ahead of the face. The maximum displace-
ment in the bolted roof was 2.5 mm (0.1 in.), nearly 43%
more than what was predicted by the premin-ing, “solid”
roof model.

As the subsequent stages were
modeled, the maximum displace-
ment continued to increase until fi-
nally, after Stage 3 at a cut depth of
12 m (40 ft), the predicted maximum
displacement was 9.1 mm (0.36 in.)

TABLE 5

Bolt properties for phase? modeling (Bauer,
1998).

Bolt characteristic Value
Type Full-column resin
Length, m (ft) 1.52 (5)

Diameter, mm (in)
Modulus, MPa (psi)

15.875 (0.625)
205,800 (2.9 x 10")

Peak capacity, MN (Ibs) 0.2 (60,000)
Residual capacity, MN (Ibs) 0.02 (6,000)
Pretensioning, MN (Ibs) 0.0 (0.0)
In-plane spacing, m (ft) 11.22 (4)
Out-of-plane spacing, m (ft) 1.22 (4)

tended cuts was only 23%. A more reliable estimate of
the safety of extended cuts was obtained by calculating
roof-fall incidence rates.

From an industry-wide perspective, the incidence
rate of reported roof-fall accidents was slightly less for
extended-cut mines (4.76) than for nonextended-cut
mines (4.81). These results could be partially attributed
to the presumption that mines approved to extract ex-
tended cuts would likely have stronger, more stable roof
conditions. In addition, the safety of extended cuts could
be more reliably estimated by taking into consideration
the number of working sections at each mine type and
converting this to an incidence rate based on production
or cuts mined.

In addition, it was demonstrated that the coal mine
roof rating (CMRR) and extended-cut status could be

R W S R R R R E N S R e N S A . e
Inititial premining displacements, joint-element staged
model (Bauer, 1998).

(Fig. 6).

The models predicted that only
the first joint had a significant im-
pact on roof displacement, while the
depth of cut and remaining two

joints had only a minimal influence.

Summary and conclusions

This research was conducted to
address the ground- control and
worker-safety concerns of extend-

Roof bolts

Joint elements
Main roof

ed-cut mining. Safer extended-cut

andy shale

2 C;al

mining will reduce mine -worker in-

Shale

juries associated with this extraction
system. The research efforts in-
cluded the following investigations:
roof-fall fatality and accident analy-
sis, determination of improved
methods of estimating safe depths-

Location of
maximum displacement

Floor

of-cut and numerical modeling.

The review of the roof-fall fatal-
ity reports from 1988 through 1996
indicated that extended-cut mining
was a possible contributing factor in

24.5% of the roof-fall fatalities. For

0.0000 0.0005 @.

o NG
the same years, the average percent > Maximum displacement = 6.803393 nm

B010 0.0015 0.0020 0.0025 B.0030 8.0035

of mines approved to extract ex-
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Stage 3 output, joint-element staged model, 12-m (40-ft)

cut (Bauer, 1998).
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Paper No. 302. 10 pp.

Bauer, E.R., Pappas, D.M., and Listak,
JM.,1993,*Ground control safety analysis of

extended cut mining,” US Bureau of Mines
1C 9372, 24 pp.

Bauer. E.R., Steiner, L.J., and Hamrick,
; C.A.. 1995, “Extended cut mining and
worker safety in underground coal mines,”

Joint elements

T

Roof bolts

Main roof

SME preprint 95-60, 7 pp.
AA.. et al. 1996,
“State-of-the-art room-and-pillar mining in

Campoli,

the Kittanning coalbed,” Proceedings of the
15th International Conf. On Ground Control
in Mining, Colorado School of Mines,

Sandy

shale

Golden, CO, August 13-15, pp. 269-285.

| Coal

Grau, R.H.. IIl. and Bauer, E.R., 1997,

/ Shale

Location of
maximum displacement

Floor

“Ground control worker safety during ex-
tended cut mining,” Proceedings, 16th Inter-
national Conference On Ground Control in
Mining. West  Virginia  University,
Morgantown, WV, August 5-7, pp. 283-288.
King. R.H., and Frantz, R.L.. 1977,
“Health and safety aspects of automated, re-

mote controlled, continuous underground
coal mining in the USA.” International Con-
ference on Remote Control and Monitoring
in Mining, Birmingham, England, Oct. 11-13,

0.0000 0.0015 0.0030 @.0045 0.0060 0.007

]

> Maximum displacement = B.809129 =

3 8.8090 0.081065

17 pp.
Love, A.C., and Randolph. R.F., 1991,
“Visibility and task demands for remote con-

used to estimate safe depths of cut on a mine-wide basis.
The best-fit equation determined for cut depth during
the design stage and preapproval stage was

Cut depth = 10. 1 + 0.442 (CMRR)

For the postapproval stage, either of the following
best-fit equations applies

Cut depth =354 + 0.164 (CMRR) - 6.64 (Status)

or

Cut depth = 47.0 - 8.56 (Status)

No method other than the experience of the CM
operator or section foreman was found to accurately
predict the safe cut depth on a cut-by-cut basis.Finally.
numerical modeling of roof-and-pillar reactions during
extended-cut mining predicted that a maximum roof dis-
placement of 2.5 mm (0.1 in.) would occur in the center
of the entry at the last row of bolts. In addition, when a
joint (geologic discontinuity) was present, nearly four
times the displacement would occur. The modeling indi-
cated that the area encompassing the second row of bolts
outby should remain stable, and the area should be a safe
place for the remote operator to be positioned while
mining an extended cut. W
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