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Several studies were lucted (o assess respivable coal
mine dust Jevels and evalunte the environmental dust
controls used in conjunction with rotary blasthole drills ut
surface coul mines. Because the quartz content of the
material being drilled is often greater thar five percent,
operators wust maintain respirable dust concentrations
belaw i dust standard bused on (he quartz content of the
dust. As a result specialized dust collection equipment is
often required to maintain compliance with the applicable
standard,

Dust was controtbed on vach of the drild uuits evaluated
hy usc of two independent dust control systems. One system
used a dust collector to capture and remove dust generated
from the drill hole, while the other system, an
envivonmentally controlled cab enclosure, was wsed fn
conteol e amaont of respivable dust te which the drill
aperator was exposed. Dust siouples were eotlected inside
the cab enclosure and near the air inlet on the outside of the
cah enclosure. While the efliviency of the deill steed dust
coilection system wis ot evalaled, the systcms were being
property maintaiped and outside dust concentrations were
below 2.0 mg/m”. Study resulls indicate that with the
additionnl control nbiainvd from i properly maintained cab
cucloswre, respirable dust evels at the deill operalor
position inside the cab could be maintained at or below 0.4
mglma.

introduction

Among the health hazards associated with the mining in-
dustry is the occurreace of several fung discases known as
precumoconiosis. The lwo most prominent forms of the dis-
case include coal workers pneumoconiosis (CWP) caused
by the inhalation and deposition of coal dust in the lungs, and
silivusic, caused by inhalation and deposition of crystalline
sifica {quanrtz) in the lunge. Qace the dust is deposited within
tie lungs a process oceurs which inhibits the exchange of
uxygen and carbon dioxide in the Jungs. As this process
progresses, disability or cven death to the individual can
OLCUE.

Since there is wo cuse lor preumoconiosis the primary
iucus has been 1o control the cxposurc to which an individual
is subjected.

Part 71 of Title 30, Code of Federal Regulations sets forth
Mandatory Health Standards for Surface Coal Mines and

Surface Work Arcas of Underground Coal Mincs, Part
71.100 sets a respirable dust standard of 2.0 mg/m® and Part
71.101 reduces Lhat standard when quartz is present. When
the respirable dust in the mine atmesphere of the active
workings contains morc than 5 percent quartz, the respirable
dust standard is computed by dividing the percent quarty
into the number 10. This procedure esseatially pravides for
2100 u(ym3 standard for exposure o quartz,

As part of routine mine inspeetion procedurcs, respirable
dust samples arc collected on various surface mine occupa-
tions. After determining the respirable dust concentration
of the sample at the local Ming Safety and Health Ad-
winistration (MSFA) oflice, the samples are forwarded (o
a central laboratory lor quartz analysis.

Figure 1shows information for ocoupations on which data
was aobtained for surface mine operations. The aumber of
samples analyzed on cach occupation ranged from o low of
14 on the road grade operator occupations (o a high of 222
on the bulldozer operator occupation. The solid bar depicts
the percent of samples that contained greater than 50 ug/m
of quartz amd the hitehed bar depicts the peveent that es-
ceudud 100 ug/md of quartz, Thirty-one percent of all the
samples (719) analyzed in this program contained more than
50 ug/m” of quartz (National Institute for Occupational
Safety and Health {NIOSHs| recommended standard for
quartz cxpossre), and approximalely 18 percent contained
more than 100 wg/m?® (MSHA's curreat standard for quariz
exposurc). The data also shows that the occupations of
bulldozer operator, highwall dsill operator and highwall drill
helper had the highest quartz exposure. Approximately 40
pereent ol the samples analyzed on these occupations had a
quartz content that exceeded 100 ug/m

Thisinformation indicates the potential for excessive dust
cxposures containing high levels of quartz for selective sur-
facc mining occupalions. As a sesult, the Dust Division
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FIGURE 1, Information for surface mine occupations.
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FIGURE 2. Typical dust collector system.

began a program to evaluate the technology that was cusrent-
ly available to control respirable dust cxposures for these oc-
cupations.

Dust control measures for bulldozers generally are
limited to cab enclosurcs. Dust Control measures lor high-
wall deill operations mclude bath cab enclosures and drill
steel enclosures with collectors. Shown in Figure 2 is a typi-
cal dust collcetor system with basic components. Since high-
wall drills incorporate two dust collection systems, they were
sclected for evaluation. Through input from various MSTIA
District Offices, operations were selected for evaluation
which used various staic-of-the-art dust collection systems.
The operations sclected were on reduced respirable dust
standards. Based on the quartz content of the dust, the stand-
ards ranged from 0.5 mg/m3 (o 0.8 mg,/m']. The purpose of
these studies was o evaluate the cfficiency of the environ-
mental dust controls used in conjunction wilh rotary blas-
thale drills at surface coal mines.

Description of Operations

The Highwall Drill Systcms cvaluated included a Dril-
tech, Reedrill and o Bueyrus Eric Drills (Reference o
specific makes of equipment for identification purposes only
and does nat constitute endorsement by the Mine Safety and
Heal.l. Administration.) Each of the three drills had an
enclosed cab, cquipped with an air conditioning/(Htration
unit and additionaily, a dust collection system which sur-
rounded the drill sieel and exhausted the dust [rom around
the blasthole, The cab enclosure and air conditioning/filtra-
lion systems along with the drill steel and blasthole dust col-
feetion systems were oplional cquipment designed for
compatibility with the drills.

The dust collection systems for the drill steel and drilthole
of the Driltech and Reedrill were a Kentucky Road
Lquipments’ Electronic Dust Collector and a Mctroplex “L"

Series Dust Collector, respectively, These collcctors draw
dust through ducting from a bonnet-hood type apparatus
centered around the hole, to an automatic self-cleaning dust
collector. The dust collector contains filter elements which
are cleancd by an electronically controlled backflushing
operation, Dust from the backflushing opcration is
deposited into a dropout hopper. The dust in the dropout
hopper is manually dumped {rom a remote location after
each hole is drilled. Airflow through the collection system is
maintaincd by a fan powered by a hydraulic motor,

The Bucyrus Erie Drill was equipped with an Amerpulse
dust control system. The Amerpulse is a continuous clean-
ing pulsc jet dust collector. A duct leads from the dust
enclosurc over the drilthole to the dust control unit, Dust lad-
den air is drawn {rom the blasthole enclosure into the dust
collection unit. Air is cleaned in two stages. The first stage is
a skimmer which removes the larger particles, the second
stage is a dilluser where the smaller particles are filtered.
Particles removed in both the skimmer and diffuser arca
drop into the skimmer hopper. The dump gales on the hop-
per are air operated and the air cylinders are connected to
the same air linc as the hoist clutch for the drill stcel. When
the hoist clutch is activated 1o remove the drill [rom the hole,
the cullings are automatically dumped beside the machine.

The cab enclosure on the Driltech and Reedrill bad com-
bined air conditioning/filtration units. The cab enclosure on
the Bucyrus Erie Drill had scparate air conditioning and
liltration systems, These systems were designed to condition
and filter air entering the cab and at the same time maintain
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TABLE |
Results of Gravimetric Sampling of Operators Cab of Various Drills Studies

Respirab(lc Dust Concentration, mg/m”

MRE Equivalcnt)
Make/Model of Drill Soncag Inside Cab® Outside Cab
Driltech Modcl D40-K Baseline 132 1.06
Operator did not smoke 0.56 1.94
Installation of ncw filters 020 1.69
Reedrill Model SK-35 Basclinc 030° 179
Installation of new [ilters 029 0.79
Bucyrus Eric Model 45R Bascline 0322° 0.67
Installation of new filters 031 0.57

a

Average of (wo respirable dust $

b . . . .
Average of concentration blained on two sampling shits.

the cab under a positive pressure to prevent dust eatering
the cabr through apenings in the caby.

Sampling Procedures

Respirable dust samples were collected with approved
Minc Safety Applicances (MSA) coal mine dust personal
sampler units. The dust samplers were calibrated and
operated at & flowrate of 2.0 Ipm. The MSA cquipment with
the 10 mm nylon eyclone removed, was used Lo Lake total air-
borne dust samples, Samplus were pre- and paost-weighed to
(01 mg on an clectronic analytical balance, Concentrations
fur the respirable samples were converled to Mining
Research Establishment tnstrument (MRE) mwivulcnl con-
centrations by multiplying by the factor 138 Respirable
dust samples were analyzed for quartz contenl by infrared
spectroscopy. Total dust sam?lcs were particle sized with a
Model TA Il Coulter Counter? using a 50 um aperiurce tube
lo classily particles, ranging in size from .79 (0 25.41 um,
into 16 size intervals. ’

Ta evaluate the performance of the dust collection sys-
tums on the various highwall drills, respirable dust samples
were collected inside and outside the operators’ cab.
Sumples collected inside the cab included two respirable
dust samples and a totad dust sample. One respirable sample
amd & total sample were collected at a fixed point ap-
proximately twa feet from the operators controls. This loca-
tion was typical of the position used when collecting samples
for compliance purpuses. The other respirable sample col-
lected inside the cab was collected at a fixed point near the
discharge of the air conditioning/filtration unit. Respirable
and total dust samples were also colleeted at two locations
oulside the cab. QOne set of samples was collected ncar the

drill stecl. The other sct of samples was collected near the
inlet of the cab air conditioning unit, The relative locations
of the samples arc shown in Figure 3. All respirable dust
samples were collected for eight hours of the ten-hour work
shift.

A dilfereatial pressure measurcment was laken using a
Dwyer Magnchelic gavge to determine if a positive pressure
existed inside the cab. Chemical smoke Lubes were also util-
ized to determine il any air leaks were present in and around

TABLE Il

Respirable Dust Concentration at Various Times After
Cleaning of Dust Filtrauo?) $I\|!318m3 on Rotary Blasthole
rills

Respirable Dust Concentration, mglm3

Inside Cab Qutside Cab

Driltech Model D40-K

Basline 132 194

Afier Instaliation of

New Filters 0.20 169

Alter 30 working shifts 115 182
Recdrill Model SK-35

Basline 030 1.79

After Instadlation of

New Liiters 0.29 0.79

Aller 5 working shilts 0.36 1.55

After 10 working shifts 038 0.50

After 25 working shifts 0.25 241
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TABLE

:onaarison of Fixed Point Samples Collected Inside
1e Cab and Personal Samples Collected on the Drill
Operator

Respirable Dust Concentration, mp,:‘m3

Fixed Point Operator Sampie
Reedrili Model SK-35 0.24 027
037 0.36
029 0.30
0.36 037
0.35 0.46
023 0.3

door scals of the cab and the ducting ruaning Lo the dust
lector unit.

After each survey was completed, the dust samples were
ghed and the respirable dust concentrations computed
he ncar 001 mg/m”, These samples were then analyzed
quarlz,

'sults and Discussion

able I shows the gravimetric sampling results of
rators cabs of various drill studies. Samples were taken
de and outside the cab to establish a bascline so a com-
o ol the dust levels coubd be made helore and after the
allation of new filter, Initial dust levels inside the cab
ged from 0.30 mg/m? to 132 mg/m®. Dust levels, after
nging the filters, decreased in all the cabs, ranging from
) u\;',/1113 10 Q.31 myjm"’. The Reednll and the Bucyrus-
> dust concentrations inside the cab decreased by three
cent. The Driltech concentration decreased by 84 per-
t,
n addition to filker mainicnance, various work practices
y contributed to maintaining the dust levels. Good
sckeeping which includes keeping Lhe cab [ree of debris
periodic wet mopping of the cab can also contribute to
er dust levels inside the cab.
‘or these three drills, keeping doors and windows of Lhe

change, there was an 85 percent decrease in concentration,
However after 30 shifts, the concentration was seen to in-
crease indicating a deterioration of the filter. In an attempt
to determine more precisely when the system begins to
deteriorate additional incremental sampling was conducted
during the study of the Reedrill. As seea in Table II the
deterioration of the filter was not as clearly defined as the
study of the Driltech indicated.

In addition to evaluating dust levels inside and outside the
cab, a comparison was made between the fixed point sample
collected inside the cab and the personal sample worn by the
operator, The fixed point sample location was typical of the
location monitored for enforcement sampling and evalua-
tion of the dust collection system, Table IIf shows the results
of fixed point samples collected inside the cab and personal
samples collected on the drill operator. A comparison of the
fixed point samples and the personal samples collected on
the operator shows that the samples collected on the
opcrator were slightly higher than the fixed point sample.
This difference can possibly be attributed to the fact that the
operators’ duties require work outside the cab approximate-
ly 15 percent of the time.

While a fixed point sample inside the cab approximaltes
the operators’ dust cxposure, it may not be representative of
a helpers’ exposure if a helper is required to perform work
outside the cab. As evident from sample results, dust levels
outside the cab arc significantly higher than dust levels in-
side the cab.

Table IV summarizes the quartz determinations made on
respirable dust samples collected during these evaluations.
The quartz values for the samples collected inside and out-
side the caly are showa, Although, the quantity of dust col-
lected for some samples was less than normally utilized for
quartz analysis, the data indicates that the quartz content of
samples collected inside the cab were consistently less than
these collected owtside the cab, The data also indicate that
the filtration systcms werc selectively removing quartz from
the filtered air,

TABLE v

Comparison of Quartz Levels Inside and Qutside of
Cabs of Rotary Blasthole Drills

closed lilz);hlly did nut signilicantly cffect the dust levels Percent Quartz

dc the cab. This, however, was due to the fact that the air . )

ation systems did maintain a slight posilive pressure in- Inside Cab Qutside Cab

Abe cab. Prior to changing lillers the positive pressure iled :

de cach cab was upproxiﬁ]ulcly 0.01 ’inchcs (!f walcr, R"g:l::,lil"y()ddbl(':’s 3 7

:r changing the filters the positive pressurc inside the Bascline 6 1

sranged [vom 0.03 10 0.04 inches of water. This increased | After Installation of 4 3

itive pressure also indicates that after cleaning the cab /N\E:Emmmm of !

tration system more airflow is induced into the cab. New Fillers 13 15

In twa ol the drills, clforts were made 1o determine the ,Qx'i;li?fe‘,":’“"o" of 3 6

cxpectancy of the [iliers, Sampling was conducted at After Instailation of

ous intervals Tollowing Rlier replacement. Resulls of If“"""—‘“"?‘M del 9 16

¢ samples for the Driltech and Reedrill are given in Bu;{:zisnlcinu ode 13 2

le [1. [a this casc of the Driltcch, samples were collected Basaline 12 6

icdiately before and aller the installation of a new filter After lnsiallation of

then after 30 working shifts. Immediately aller the filter New Filiers u *
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TABLEV
Particle Size Distribution
Inside Cab Outside Cab
Par(l‘ilgci Size % Mass Cumulative % % Mass Cumulative %
1.00 501 501 101 1.01
1.26 591 10.93 130 231
1.59 7.11 18.05 178 4.10
2.00 9.12 2117 2.57 6.67
252 936 36.54 322 9.90
318 9273 46.27 3.84 13,74
401 10.84 57.12 5.19 18.94
508 8.5 05.17 0.0 24.96
6.36 10.19 7537 746 3242
8.01 11.78 87.15 8.27 40.70
10.09 8.56 95.72 8.36 49.06
1271 427 100.00 11.01 60.08
fol 0. 100.00 7.33 6741
2017 0. 100.00 9.77 93.48
2541 0. 100.00 6.51 100.00

Particle sive distribution of the samples inside and out-
side the cab, were analyzed on a Model TA 11 Coulter
Counter and the results are shown on Table V. The data gives
a fraction of the total number of particles in any size range.
The mass median diameter of the dustinside and outside the
cabis 3.5 uan and 10,0 um with standacd deviations of 2.1 and
2.9, respectively. This informalion indicates that in addition
1o selectively removing quartz, the filtration systems were
also removing the Jarger particles from the air.

Conclusions and Recommendations

Based on the sampling results obtained from cach study,
and observations made throughout the studies, several con-
clusions and rccommendations can be made.

1. For each study, compliance with a reduced dust
standard was achicved.

2. The dust collcction systems, air filtering systems and
scals on the door enclosures of the driﬁ cab
combincd with the operalors’ work practices can
maintain dust levels i the cab below the reduced
standards.

3. Air filicring systems should be checked and cleaned
and/or filicrs replaced on a regular basis.

4, Fixed point dust concentrations inside the cab may
not be indicative of the drill operalor’s helper
exposure since his duties require him (o perform
work outside the cab.

5. The cab or work enclosure should be maintained
under a positivc pressure to prevent dust from
enlcring from the outside cnvironment, Periodic
replaccment of air filters will increase the positive
pressure in the cab and permit maximum air delivery
of the filtration system

In addition to these conclusions and recommendations,
the fotlowing work practices obscrved should be followed to
minimize environmental contamination,

1. Excessive quantities of dust should not be allowed to
build up in an enclosed cab. The interior of the cab
zho.uld ¢ vacuumed or wet mopped on a regular

asis.

2. Scals on the doors and windows of the cab should be
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maintaincd, In addition to helping (o maintain a .
osilive pressure in the cab, good seals may result in
ower noise levels within the cab,

‘moking can contribute significantly to the respirable
lust determination of a confined arca such as an
:nclosed cab. This practice should be discouraged to
he extent possible.

Ainimize, to the cxtent practicable, the opening of
he doors of the cab,

4aintain a program (hat encompasses a check for
caks of the hose and duct system of the dust
‘ollector on the drill. Leaks'in the ducting results in
lowering of the air flow design factor of the
ollector resulting in the unit operating at less than
ls maximum capability.,
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