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me 1987 through 1996, 13 fatalities
occurrad at underground operations in
the 1.5, stone mining indusiry. A review
of the underground limestone ming 1n-
jury data for this 10-year period indicaed
a high fatality concentralion in One area:
ground farlures, As shown in Table 1, ap-
proxamately 92 percent (12 of 13) of the
operator fatalities mvolved falls of face,
rib, pillar. side, highwall, roof or back.
Further, more than | | percent (34 of 771}
of the operator non-fatal days Tast inc
dents reported dunng this period were
classified as ground control accidents.

Becanze underground Imesione min-
g operalions ane becoming more com-
mon, particalasly in the central and
eastern states, this fatality and accident
trend cowld continue or perhaps even
WOTSen.”

It is hypothesized that the number of in-
juries to ynderground  imestiong miners
can be reduced through improved training
that focuses on greater recognition of vi-

sual cues for evaluanng roof and nb con-
ditions, To this end,
Mational Institute for Occupational Safecy
and Health's  (NIOSH)  Fausburgh
Research Laborwory have developed a
training module specifically designed for
improving the hazard recognition skills of
miners in this segment of the indusiry, The
instructional matenals combine two train-
im_ ands. 3-1% slides and the concept of de
racled images that have been shown to be
'.l.,r'. effective mine raimng instruments.
Sterenscopic slides have been reported
in stndies by the former U.S. Burean of
Mines (LUSBM) to be effective for teach-
ing miners o recognize vanous geologic
and mining-induced irregularitics that
may cause ground failures'™ ™ During
_\..J.[{:I_‘. .tr.,.:||'|||'|_L classes, miners can vicar-
iously expenence w urk|1l.|c': conditions
because the slides realistically portray
the natural mine environment. As such,
they serve as an cxcellent proxy for train-
ing miners o recognize cues that distin-
guish various 1vpes of hazands
The “degraded image” concept
originally developed and used for military

investigators at the
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Mined limestone can be hauled o the surfoce
gsing frucks av wndergroand con
Entries are aften more than 30 fi

s {lefl

| targer detection tramning. Military research

| has showm that pilots who were trained
with less than ideal (or degraded) pictures
were more successful in subsequent iden
tification of targeis than those wained us
ing ideal (or highlighted) pictures ol
argets. Dy R aded  im: e SCCnes
where the subjects are partially badder
from view, ohserved from an eccentnd an-
gle, viewed through laee or dost. inade
gquately  illuminaed or  otherwise
ohstructed so as to camouflage the arget

Tao investigate this congept for training

miners, USBM researchers developed :
prototvpe  hazard recognition  fraining
module using  traditional  (two-dimen-
sional) slides of degmded miming scenes
A control program based on tradiional
highlighted mining scemes was also de
veloped. Both were applied to subjects m
a field experiment. Results indicated that
miners trained with the degraded shdes
performed significantly better on a folkow-
up test of hazard recognition.™ In effect
the degraded image hazard recognenon
program teaches subects 1o ook for har
ards in g more haolisne manner within the
inumediate imine environment.

NIOSH ‘s rraiming modile (above)
descritves hazard recognition lechiicues
G PREcices, iddennifies specific
wndergrennd limeitomne gravred aned
dISCUSIES GpEropricte STeps o coviecs
hazards,
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TRAINING REQUIREMENTS
The Federal Mine Safery and Health
Act of 1977 (Public Law 95-164) man-
dates thal mine aperaters provide health
and <afery training for ther emplovees
T'his regulation applies to all sepments of
the mining industry, including  under-
arowind limestone mines. The porpose.
subject and content of the reguired 1ram-
g are detailed in ) CFR Par 48
The standard includes specific insiruc-
tomal guidelines For topics such s es-
cape. groand control, work environmeni,
explosives, health, electrical. first wid

This highfighted traiming slide, Stide
A2 thaws rock in the rravelway ard
SR ITEs CORVErSation (i3 CHISESs
ernied proventicn! hazireds

nazard recognition and other areas “as
may be requined by the district manager
based on crrcumstances and conditions ot
the mme.” These are requinsd compo
nents m e (Faming progrms apdvocated
for all coal and noncoal mmers, bodh un
dergremind and surface: for new miners;
newly emplived, but expenienced min-
ers: ond those reguired 1o have eigh
hours o wnowal  refresher training
Hazard recogniinon traming, m addition
1w being broken oot as & separate n-
structional arei. 15 also included in the
electrical, ground control and explosives
coprses noded above

Hazand recognition tramning is defined
by the Mine Safety and Health Admin-
istration (MSHA ), simply. a8 training for
the recoznition and avordance of hozards
present in the mine. This instroction is
typically delivered either by having a
verbal  exchange regarding  specific,
known hazards or by showing traditional
(2-[) viswals ol potential hazards, Then.
discussions of their locatons in the mine
and. perhaps, what to do il an employee
encounters @ similar hazardous condition
ar siteation may Tollow. 1t is assumed
that this approach will have a positive
safery impact days or weeks later if the
worker happens to see a particular haz-
ard and reacts as trained.

The visuals used in these classes are
generally two dimensional highlighed

seenes thal reveal only imponant details
of the actual hazards. However, related
cues that [y be associated with, ar a
consequence of, the hazard are usually
not apperent. This, in mem. may dimin-
ish the elfectiveness of this type of haz-
ard rECOgnition raining- The
Underground Limestone Hazard
Hr_-cu:_l;nll_i_un Tn[i|'|||1g Module advances
this traditional appreach by including 3-
[degraded visuals and instructar s nites
that, along with a review exercise, pro-
widke @ |_rp|_1|,3r||_||:|i;[} for a much more in
depth and comprehensive discussion of
mine hazards.

UNDERGROUND LIMESTONE
HAZARD RECOGHNITION
TRAINING MODULE

The training module was designed 1o
accomplish three learning objectives: (1)
b describe  hazand recognition tech-
nigues and practices thal can be used in
the workplace, (2 to identify specific un
derground limestone ground hazards and
{3) 1o discuss appropriate steps (o cormect
the hazards. These objectives are collec-
tively addressed as both the instructor
amnd the entire class, inferactively, pro-
ceed throngh an underground limestone
mine. The latier 15 accomplished as par-
ticipants view 3-D slides of recf and rib
conditions while “traveling through™ the
entries and crosscuts.




The instructor leads the
participants in discussions as
they consider the key points
depicted in each slide scene,
The trainer, of course, has the
option of following the de-
scriptive data provided in the
instructoes” notes as well as
incorporating hisfher own in-
formation into the exchanges
The tme required o com-
plete the exercise 15 approx-
mately one hour, depending
on the amount of discussion
generated, The nuthors” ex
peniences in field evaluations
of the module have shown
that the level of enthusiasm
from the participans is ex
remely high, and & class
could easly be extended for
well over one hour,

The instructor initiaies the
training session by explan-
ing o the class:

« We will conduct an evaluation of an
underground limestone mine by
looking at 3-1D slide reels amd
discussing those cucs that alert you to
potential hazards,

We will work together by tollowing a
story line and looking at each scene as
& group.

« You will receive four 5-1 rezls (a
total of 28 slides) and a viewer.

You are Lo look at a particular scene
and the class will discuss what
potential hazards may be present. Do
not advance to the next scene until
instructed Lo do 5o,

Together, we will discuss hazard
recognition techniques and corrective
actions.

len key ground control congepls are
presented in the four 3-D slide reels
Some of these concepls are presented in
a derraded formar; others are high
lighted, The topics are:

TRAINING MODULE
COMPOMNENTS

The following five components com-
prise the training modile:

Stereoscopic (3-13) slide reels. The
four recls are labeled A, B, C and D.
Each reel contains seven 3-D slides. The
slides must be wviewed through a
Viewhiaster Viewer or similar viewer,
Viewears are pot included in the module
package: they may be purchased a dis-
count Loy slones

Instructor’s notes. This segment of the
modile contains 16 pages of subject infor-
mation aboul sach scene on the 3-D reels.

Stide €24, which is degraded, illustrates o sand channel
Funming through rock and promotes discussion afvil the
sseciaied danpers.

Also included in the notes are questions de-
sipned to prompt discussion among the
participanis in the trmming chiss.

Master sheets from which overheads
can be made. These are altached w e
module package as appendices. They in-
clude fatality and lost time data for un-
derground limestone mines from 198Y 10
1995 and a summary/review of key con
cepis discussed i the class.

Review exercise consisting of 26
true/false guestions. FParticipants can
self-assess knowledge gamed in the
iraining class. Answers are also pro
vided, (Awhor's Moe: Thit review ex-
ercise generated significant discussion in
field evaluation classes.)

Student handouts. This segment of the

Reel 1D
{11 Loose rock in
raadway/root cavities
{21 Beduced visibility
{31 Scaling tracks
(41 Pillar integrily
(51 Slipsfractures
in the roatfrik
(&) Different vantape points
(7 Different vantage points
{continued)
() Roof holts providse
IrTRpOrlant Cues
191 Sand channelvclay veins
(10} Sand channelclay veins
(continued)
[11) Memwly exposed face area
i12) Basic physicarocks fall
fast and hit hard
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madule is a summary of spe
cific information discussed.
Trainees can use them as ne-
munders in the fubure.

EXAMPLES

Iwo examples of the vi-
suals and relmed instruc
or's discussion noles are
excerpted  below, Hecause
the pictures are not shown in
[3-13), detanls are less obvi
ous than what appears in the
module’s slide reels. The
first example (A2) 1= a high-
lipghted scene; the second
ane (C21) is degraded.
Slide A2—Rock in
travelway.

As we enler the mine, we
see foose rock in the wravel
WHY.

What  should wou
voursell when you see rock
in the roadway?
¢ Where could these rocks have

come from”!

« Whiar hazards do rogks on the
roadway pose?

Potential answers include:

= Loose rock on roadw ay
potential hazards

+ Rocks may have fallen from haulage
ks

« Riocks may have fallen [mom rool or
nh

o Rocks may indicate hazardous
rocf/rib conditions

= Rocks may contribute o

Irnsportation-relaled socadents
» Rocks may contribute o tmip'fall

acvidents.

» Rocks may indicate potential for rood
fanlure,

Rocks in the roadway muy result from
pigces falling from the rooffrib or from a
haulage truck: they may indicate that =
darea has been sealed or rescabed or that
roofirib condinons  are  deterioning
When rocks are in the moadway, we should
ask ourselves whene they came from amd
recosnize that they are potentinl hazards
Evervone should pay atiention B looss
rocks and investigate their source, Repon
any accumulation of rocks i the roadwar
1o vour supervisar. Do pol work nan arca
W i'll,"'l'l_" |h‘._"|l_' 1% A e Eanom l"‘..!'t:‘!.'k L]
til & cavse has been deiermined amd oo
rective action has been tuken, if negessar

Shide ' 21—Sand channel runmning
through rock.

Out by the bolied face that we jusl
looked al, we see the reasoning behind
the decizion to bolt the face area (refer-

the
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ence 1o previous slide—C20).

» Why are sand channels/clay veins
signals of weakened strata?

» How would a sand channel or clay

vein weaken rock strata?

What hazards are associated with sand

channels or clay veins?

Why should scalers be extra cautious

when removing loose rock in these

areas?

Potential answers include:

+ Sand channels/clay veins indicate a

weakness in the rock.

The integrity of the rock is lost when

sand channels/clay veins are present.

Special attention when examining

these areas is crucial.

Scalers should pay particular attention

to these areas and ensure that all loose

rock is pulled down and/or secured by

bolting.

Large sand channels are extremely

dangerous and should be called to the

attention of mapagement.

Sand channels and clay veins are a ‘

concern to limestone miners. They usu-
ally indicate that the potential for loose
rock is high. The stability of the rock is
compromised when these conditions are
present. Sand or clay mixed within the

rock strata increases the potential for roof

and rib falls. Use extra caution when
working in areas that have these condi-
tions and communicate to coworkers and
management any concerns so that the
problem can be corrected and monitored.

AVAILABILITY

The module will be distributed through
MSHA’s National Mine Health and Safety
Academy, Beckley, W.Va. It will be listed
in the MSHA Catalog of Training
Products for the Mining Industry. The cat-
alog contains an order form for products
listed. Catalogs are available by writing to
the MSHA National Mine Health and
Safety - Academy, Attention: Office of
Academy Services, P.O. Box

may be called in (304) 256-3257 or faxed
to (304) 256-3299. Costs are expected to
be $1 for the Instructor’s Guide and $1 for
each 3-D slide reel. A class of 20 trainees,
for example, would require 20 sets of reels
(380) plus one instructor’s guide, for a to-
tal cost of $81. These, of course, are one-
time expenses, as are the cost of viewers,
since all materials in the module are
reusable. A

Edward A. Barrett, mining engineer,
and Lynn L. Rethi, safety engineer, are
employed by NIOSH at the Pittsburgh
Research Laborarory, Pittsburgh, Pa.

1166, :
Beckley, WV 25802-1166. Orders also ‘
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