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ASSESSMENT OF AIRBORNE DUST GENERATED FROM SMALL
TRUCK-MOUNTED ROCK DRILLS

By J. A. Organiscak ‘and S. J. Page?

ABSTRACT

Dust surveys were conducted around small truck-mounted rifiskagherating at surface coal mines to assess
their airborne respirable dust generation and in-service dust control methods. Of four out afrilseven
sampled, respirable dust concentrations measured around the drill deck ranged from 8.68 to 95.15 mg/m with
concentrations ranging from 1.37 to 2.69 nig/m at distances 12.2 to 30.5 m downwind of these drills. The other
drills had noticeably lower respirable dust concentrations megasuound the drill deck at or below 1.30 mg/m .
Rotoclone-type dry dustollectors were commonly used with dust being emitted faomundthe drill deck
shroud, cdector exhaust, and collector fines dumping. Wind speed and direction was also a factor in the dust
concentrations measured on the bench.

Dust control modifications were made to three rock drills to reduce their airborne dust emissions. Dust
controls tested included water injection into the Rotoclone exhaust, Rotoclone exhaust extension, improved
sealing of drilling deck shroughrouding the Rotoclone hopper dump process, and wet drilling. These control
techniques showed noticeable improvement in dust concentrations measuredtheodrills. Finally,
repositioning the drill operat@howed that operator dust exposure can be improved by avoiding the dust cloud
around the drill.

IMining engineer..
’Research physicist.
Pittsburgh Research Center, U.S. Bureau of Mines, Pittsburgh PA.



INTRODUCTION

Silica dust continues to be an ongoing health concern in the  significant variable affecting the degree of dust control
coal mining industry. Exposure to crystallisiica dust can appeared to be operation of the systdjns Dry dust
cause serious or fatal respiratory disease. The three typesadfllectors usually had emission problems with collector
silicosis, depending on thefadrne concentration of crystalline dumping and cleaning, and dust leakage around the drill deck.
silica and length of exposure ac&ronic, occurring after 10 or  Wet drilling had problems with reduced bit life due to bearing
more years of exposure to relatively low concentrations; degradation and bit wear from operating in an abrasive rock
accelerated occurring 5 to 10 years of exposure to high dust-slurry environment. To improve the effectiveness of these
concentrations; andcute occurring after a few weeks to 5 dust control systems, the USBM identified several concepts to
years exposure to extremely high concentrations. rectify the problem areas identified with the existing systems

The Mine Safety and Health Administration's (MSHA) (5). Dust control methods that improved the effectiveness of
permissible dust standard fopal mine workers is a shift dry collection systems include a pin-type agglomerator for
average of 2.0 mg of airborne respirable coal mine dust petumping the collector cuttings and an air ring seal to contain
cubic meter of air (2.0 mgfn as defined by the Miningdust from escaping the drill deck. Water quantity guidelines
Research Establishment (MRE) Criteriay{ If the airborne and a water separator inside the bit stabilizer vievad to
respirable dust (ARD) sample contains more than 5 pct quarimprove dust capture aridcrease bit lifefor wet drilling
(crystalline silica), the dust standard is reduced to the quotiesystems. USBM research established that viable dust control
of 10 divided by the percentage of quartz in the dust, limitingechnology isavailable to control dust on large track-mounted
the respirable crystalline silica exposure to a maximum of 0.surface drills.
mg/m? (MRE equivalent). These respirable dust standards are The National Institute for Occupational Safety &iehlth
expected to significantly reduce a worker's risk to occupationgNIOSH) has recently issued an NIOSMert: Request for
lung disease throughout an averdife expectancy. The Assistance in Preventing Silicosis and Deaths in Rock Drillers
Occupational Safety and Health Administration (OSHA) also(6). In this report, NIOSH documentethses of acute,
reduces their dust standards for crystalkilea in mineral accelerated, and chronic silicosis in surface mine drill
dusts in nonmining occupation®) ( operators. The age of these workers start as low as 25 with

In the late1980's, surface mine highwall drill operators cases of workers in their 30's. Since many of these personnel
accounted for about 20 pctibie more stringent dust standardsworked on small rotary rock drill§\IOSH concluded that
issued by MSHA in the coal industry, and this occupation haéhadequate dust controls are being used on many small mobile
the lowest average reduced standard at 0.8 ing§ymMany of  rock drills and requested thitie USBM investigate these types
the highwall drill operators were on reduced standards belowf rock drills.

0.5 mg/m , indicating that this occupation had silica exposure The USBM dust researcprogram, in response to the
risks. U.S. Bureau of Mines (USBM) research on surface mindlOSH Alert and request for investigation, recently studied
overburden drills irthe late1980's showethat dust controls small surface mine drills tassess their dust generation hazards
typically used on large track-mounted surface drills are eithexnd the effect of dust control technologies implemented. Most
a dry cyclone-filter type or avet suppression system that of these drills were truck-ounted andised Rotoclone dry-dust
injects small quantities of water into the bailing air. Both drycollection systems. This report describes the initial dust source
and wet dust collection systems were capable of achieving dustirveys and assessment of dust control enhancements for small
reductions of 95 pct, but the most mobile rock drills.

DUST SURVEY OF SMALL ROCK DRILLS

SAMPLING STRATEGY AND PRECISION drill deckand on the surface mine bench downstream of the
drill (see figure 1). Dust samplers were placed on tripods so
The USBM conducted dust sampliagound seven truck-  they could beifiosed 0.6 to 1.5 m (2 to 5 ft) off the ground.
mounted rock difs operating at small surface coal mines. The  Eaphdrhad aeal-time aerosol monitor, a RAM-1, (with a
dust sampling strategy encompassed sampling in the visible  data logger) and two personal respirable dust gravimetric

dust clouds around the samplers. Initially two sampling stations (tripods) were
positioned oreach side of the drill deck and one sampling
‘italic numbers in parentheses refer to items in the list of references at tisgation on the bench. Depending on the wind

end of this report.
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Plan view of dust sampling strategy.

direction, only one sampling station around the drill deck was
exposed to the dust cloud, so only one sampling station was
positioned on the immediate downstream side of the drill deck
with two sampling stations positioned downstream 12.2 to 30.5
m (40 to 100 ft) othe drill on the mine bench. Sampling
stations were moved with the drill, and sampling times ranged
from 2 to 4 h. The bench sampling stations were positioned at
varying distances from the drill to accommodate the bench
terrain and sample the Rotoclone exhaust dust cloud
descending onto the bench. Momentary RAM sampling was
also conducted in the dust cloud generated by dumping the
cuttings from the dust collector every few holes drillédl.the
dust concentrations measured are not worker dust exposures,
but indicate the respirable dust concentrations in the visible
dust clouds around ttdill. Also, all airborne respirable dust
concentrations measured by personal dust samplers (Atomic
Energy Commission (AEC) Criter{@)) in this study are not
reported as MRE equivalent concentrations. A MRE equivalent
concentration is a personal sampler concentration multiplied
by a constant factor prescribed by the Secretary of L&bor

The results of the dust surveys are shown in table 1. Initial
dust sampling results from the first two drills sampled (A and
B) showed a large variation between dust concentrations
measured by the two personal dust samplers on each tripod (see
table 1). Sampling at these two drills was conducieder
high gusty wind conditions with the personal sampler cyclones
(respirable dust classifiers) placed on each side of the RAM not

necessarily oriented (cyclone inlets)
Table 1.—Dust sampling data from small highwall drills
Sampler orientation
Drill Sample location Random Parallel Perpendicular IAif_
Dust conc., Coef. of Dust conc., Coef. of Dust conc., Coef. of velocity
mg/m® var. mg/m® var. mg/m® var.
A.. Downstream drillonbench .. 0.33+0.48 1.07 ND ND ND ND Est. @ >8.9m/s
Leftside ofdrill ............ 1.03+0.67 0.67 (20 mph)
Right side ofdrill . .......... 1.58+1.32 1.32
B.. Downstreamdrilonbench .. 1.79+3.18 1.28 ND ND ND ND Est. @ >8.9m/s
Downstream drillonbench ..  0.18 £0.09 0.36 (20 mph)
Leftside ofdrill ............ 0.54+0.31 0.42
C.. Downstream drill on bench . . ND ND 2.86 +0.17 0.04 2.26 +0.03 0.01 4.1-7.6m/s
Downstream drill on bench . . 2.98 +0.65 0.16 2.69 +0.01 0.00 (800-1,500 fpm)
Nexttodrillshroud ......... 11.44 +1.30 0.08 8.30 +1.22 0.11
D.. Downstream drill on bench . . ND ND 1.35 +0.09 0.05 1.78 +0.37 0.15 1.5-2.0m/s
Downstream drill on bench . . 221 +0.59 0.19 2.02 +0.76 0.27 (290-400 fpm)
Nextto drill shroud ... ...... 118.03  +30.89 0.19 72.28 +6.01 0.06
E.. Nexttodrillshroud ......... ND ND 1.23 +0.29 0.17 ND ND ND 1.5-2.0m/s
(290-400 fpm)
F.. Downstream drill on bench . . ND ND 247 0.26 1.0-1.7m/s
Downstream drill on bench . . 1.47 +0.26 0.13 2.50 +1.31 0.38 (200-326 fpm)
Next to drill shroud ... ...... 13.44 +0.25 0.01 10.09 +0.25 0.02
G . Downstream drill on bench . . ND ND 0.90 +0.30 0.24 0.83 +0.05 0.04 1.6-1.8m/s
Downstream drill on bench . . 3.02 +4.32 1.03 0.76 +0.10 0.09 (320-345 fpm)
Nexttodrillshroud ......... 8.62 +0.84 0.07 8.74 +0.74 0.48
Average 0.91 0.85  '14.07 '0.20 9.38 0.15
ND  Nodata.

*Drill E not in average because sampler orientation comparisons were not made at this drill.
NOTE:—Bold numbers identify significant differences between dust concentrations measured with different sampler orientations.



in the same direction with the wind. The average coefficientof  analysis showed aysiodfir with a model of ¥ =X (R

variation for these sampler pairs was@®$. When sampling = 0.90 (see figure 3). The fitted curshasvn with a dashed

drills C through G, two more personal samplers were addedto  line up to 10 mg/m and thieelattdte model extrapolation

each tipod, and a pair of cyclone inlet&re oriented reasonably ~ above the regression data rangeshaisa on figure 3 is the

into the wind (parallel) and 9qperpendicular) to the windinan  unity curve Y = X, assuming equal dust concentrations for
attempt to improve precision and identify a wind effect on  different sampler orientations. Both regression curves were
sampler orientation (see figure 2). Several 1-min air velocityound to be significantly differefitom the unityline (at 895-pct
measurements were taken with a vane anemometer during dust  confidence level) and these curves both bend toward the Y axi
sampling (reported in table 1). Results of this sampling  (parallel sampler), indicating that higher dust concentrations
modification showedhat sampling error was notably reduced  were measured with the parallel orientation. This sampling
with consistent sampler orientation and fouth&f sampler pairs  difference is metible ahigher dust concentrations. However,

had significant differences (at the 95 pct confidence level) in ~ smaller differences in dust conceftregEmepler orienta-

dust concentrations measured with the different sampler  tions are predicted by both regression models at lower dust
orientations (shown in bold print table 1). Nine out of the  concentratioRsr example, if the perpendicular oriented dust
eleven sampler pairs had higher concentrations oriented into the ~ sampler measured®2.0 mg/m , the regression models predict tha
wind. The average concentrations measured into the wind  the parallel concentrations would be between 2.1 and 2.2 mg/m
(parallel) was 14.07 mgfm and perpendicular to the wind wasnderthe air velocity conditions measured in this study, 1.0 to

9.38 mg/m . The average coefficient of variations for parallel m7s§200 to 1,500 fpm).

and perpendicular orientation pairs were 20 and 15 pct, Prior USBM researcthdas that respirable dust
respectively. It must be noted that some inconsistencies or errors ~ concentrations can be affected by cyclone dfjentation (
in the orientation study were introduced by some wind directio€yclone orientation into the airstream showed 20 pct
variations, but samplers were reasonably operated for a majority

of the time in the indicated sampler orientations. Figure 3
Regression analysis of the sampler inlet orientation data also
indicates that the samples oriented intowied tend to have 120 v T T T T T T

higher concentrations, particularly at high dusvels.

Regression analysis of the perpendicular sampler (X) and
parallel sampler (Y) data showed the modgl Y =X * (R =0.99)¢ 100k
to be a goodit (see figure 3). Since one data point in this &
analysis is significantly higher than the other point and can? i
notably influence the regression model, another regression anaf?

ysis was conducted with the highest data point removed. Thi% 80}
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over-sampling at air velocities of 6.1 m/s (1,200 fom) and in-  ambient wind orilltherthwill carry away the emitted dust.
creased to over 30 pct at 10.2 ni2s000 fpm). Cyclone  The dust cuttings removedheycollector are accumulated in
orientation perpendicular to the airstream showed 20 pd¢toppers and have to be manually dumped or emptied
undersampling at air velocitieslasv as 2.0 m/¢400 fom) and  periodically. One tifie seven drills studied (drill E) used a
increased to 30 pct at 6.1 {15200 fpm) and 4fct at 10.2 m/s  Donaldsoitidr-type dust collectanstead of the Rotoclone that
(2,000 fpm). These results indicate that cyclone orientation  eliminated the dust emissionfsarite collectorexhaust.
sampling error, depending on air velocity, can produce either  This type of dust collector also had an adtonpajeutt
over sampling or under sampling when the cyclone orientations  close to the bench surface, eliminating the dust cloud generated
vary by 90. Since most of the air velocities measured inthe  from emptying the collector cuttings.
above study were under 6.1 m/s (1,808), the most influential The two primary and constant dust emission sources from the
effect was probably undersampling with the samplers oriented  Rotoclone collector were from the dfitdedlandhe dust
perpendicular to the wind. However, air velocities alidz@  collector discharge exhaust. Figure 4 visibly shbese two
m/s (2,000 fpm) mayimpact lower dust concentration  emission sources when a drill is operating. Table 2 shows the
measurements as theorized from ploer sampling precision  average dust concentration amt: qaatent of all theamplers
measured under high gustynd conditions observed at drills A (oriented parallel and perpendicular to the wind) lacated
and B. the sloud and on the dribench for eachrill sampled. As can
be seen from this table, the highest dust concentrations measured
DUST EMISSION SOURCES were usually aroundhe drilling deck with lower dust
concentrations measured 12.2 m to 30.5 m (40 to 100 ft) away
The dust generated at these drills was a result of poor  from the Hollr of the seven drills had average dust

containment of the dust by the collector. These drills typically ~ concentrations greater than or equal to 8.68augfhthe
use a Rotoclone dust collector. This dust collector is basicallya  drill deck shroud. These drills usuallyrtiad with gaps
dry centrifugal fan separator, equipped with a pre-separatorong ile adjoining seamsexdch side or rge gap between the
The intake of the Rotoclone is ducted from the drill deck which ~ ground and shroud, allowing dust to escape thentetlector
is enclosed or shrouded with beltingaterial. Although the  Also, some of the operators would leave one side sfitbad
Rotoclone is effective in removirigtal airborne dust material ~ pulled up to shovel cuttings. Drills A, B, and E had well-
from the intake, it stilldischarges significant quantities of  constructedwths with smallegaps, contributing to the lower
respirable dust to the atmosphere. The exhaust of the Rotoclone  dust concentrations rmeasui¢iae drill deck £1.30
is usually directed vertically upwards with the intentioat the ~ mg/rh ).

Figure 4

Rotoclone
exhaust

Drill deck
shroud leakage

Drill with dust emissions arround the drill deck shroud and the exhaust of the Rotoclone dust collector.



Table 2.—Drill area dust sample averages from 0.33 to 2.69 mg/in, averaging 1.53 myg/m . Although
these dust concentrations are a lot lower #rannd some of the
Drill Sampler location Mean conc., Mean drill decks sampled, they are not insignificant when the quartz
. mg/m quartzl’ B content of the dust is high. Quartz content or the dust clouds
A 3?;“,:?2}3?2} 3::” o benCh : g:gg 8 sampled at each drill were similar at the bench and drill deck
B..  Downstream drill on bench . 0.98 A location, indicating that the quartz content of the dust is similar
Left side of drill .......... 0.54 ®) regardless of where it is emitted by the drill. The measurable
C..  Downstream drill on bench . 2.69 12.3 quartz content ddll thedust clouds sampled in this study were
Next to drill shroud .. .. .. .. 9.87 10.4 between 5.3 to 13.7 pct, which would reduce the dust standard
D.. Downstream drill on bench . 1.84 114 .
Next to drill shroud . . . . . . .. 9515 137 for mine workers exposed to these dust clouds to somewhere
E.. Nexttodrilshroud........ 1.23 8.1 between 2.0 and 0.8 mgim .
F..  Downstream drill on bench . 1.98 7.1 Aless frequent, although stilignificant, third source of dust
Next to drill shroud ... . .. .. 11.76 53 is the dumping of the Rotoclone hopper(s). The hoppers retain
.. Downstream drill onbench . 137 65 the dust removed by the Rotoclone and must be periodically and
Next to drill shroud . . . . . ... 8.68 6.9

manually emptied. This is accomplished by opening two trap
doors and l#ing the material falbut to theground, a distance of
0.9to 1.2 m (3 to 4 ft). Impact of the material andsequent

The Rotoclone exhaust stream is directed verticgdlyards  dispersion by wirateates a substantial airborne dust problem.
above the drill so the windill dilute and/or carry away the  Figure 5 visibly shows the dust cloud that can be gefrerated
emitted dust. However, on sl benches in the hilly terrain - emptying the Rotocltiepper and figure 6 shows a graph of
of the Appalachian Mountains, the wind commohiygs the  theypical respirable dust concentrations while emptying the
terrain, passing over the drill and swirling back onto the drill  dustcollector. As can be seen in these two figures, the airborne
bench. The bench sampler locations downstream of the drill  dust concentrations are high but occur during short intervals (a
were positioned in the visible dust swirling from the Rotoclone  few minutes) every couple of holes. Althdatgipgbetion
exhaust back onto the bench, meastitgxgpntribution to dust  of timeposed to this dust source is small,lifgh level of dust
concentrations on the bench. These bench dust concentrations,  concentration genestiltéaficeemcedust exposure.
12.2 mto 30.5 m (40 to 100 ft) downstreantief drill, ranged

Not enough weight fOF quartz analysis.

Figure 6
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Dust cloud generated during Rotoclone dust collector
dumping. Graph of instantaneous dust levels during a typical dust
collector dumping.



IMPROVED DUST CONTROLS FOR SMALL TRUCK-MOUNTED DRILLS

Poor containment of the dust by the Rotoclone collector ABATEMENT DUST CONTROLS
system was the most common problem associated with small
truck-mounted rock drills. The USBM evaluated several drill
modifications and operating practices to identify improved dust
control techniques for thesenall truck-mounted rock drills.
The dust control methods studied were either abatement or
avoidance techniques. Abatement techniques contain or capture
the dust before it becomes airborne in the worker's environment,
avoidance technigues involvedgng the worker out of the dust ~ during one operating shift, half of shift with the baseline
cloud that is emitted. andition(s) and the other half of the shift with controlled
Assessment of dust control techniques was conducted at thremndition(s). Results of these field studiessdrewn intable 3.
different drill operations. Some of these controls were studied
individually and some were studied in combination. Dust
sampling was conducted with RAM and gravimetric samplers
mounted on a tripod, similar to the source identification study, Wet suppression of the dust in the Rotoclone exhaust was
except that three gravimetric samplers were oriented into oonducted by injecting small quiies ofwater into an extended
parallel to theairflow on the bench. Prior USBM research Rotoclone discharge duct on drill H. The Rotoclone discharge
concluded that this sampler orientation is less susceptible toair ~ port was rotated so that the discharge is horizontal or
velocity effects, especially under 10n2's (2,000 fpm) air  downward. Approximately 6.1 m (20 ftflekible tubing that
speeds. These samplers were placed downwitied @mission is approximately the same diameter as the discharge port, was
source before and after the modifications were made to the drill  coupled to the port. Although not tested, a shorter length may
during the same operating shift. Again, these samplers were possitidyaswell. The duct was mounted alawnward-
moved with the drill and commonly operated for 1 to 3.5 h of  sloping angle tilerside of the drill so that the exit remains
sampling during eactest conditionand cannot be used for  above ¢neund approximately 0.3 m {t).
compliance purposes. Quartz analyses were conducted on the
samples that containethough weight for analysis.

Abatement dust control techniques that were studied included
water injected (trickled) into the Rotoclone exhaust, improved
dust capture at thieddrck shraid, shrouded Rotoclone hopper
discharge, and wet drilling. These techniques were evaluated at
two drilling sites on three different drills. Evaluation of each
control technique was conducted on the same drilling bench

Wet Dust Suppression of Rotoclone Exhaust

Table 3.—Dust control evaluation data for small highwall drills

Controls OFF Controls ON Efficiency
Drill Dust control method Sampler location Dust Quartz Dust Quartz  Dust Quartz
conc., content, conc., content, conc., content,
mg/m® pct mg/m® pct mg/m® pct
H.. Wet dust suppression of Roto- Next to Rotoclone ex- 27.20 21.1 2.14 18.5 -92.1 -12.3
clone exhaust. haust.
I Extended Rotoclone exhaust and Downstream drill on 1.22 9.9 0.46 7.8 -62.3 -21.1
closed drill shroud. bench.
Extended Rotoclone exhaust and Next to drill shroud. 2.34 10.0 0.86 11.0 -63.2 10.2
closed drill shroud.
Rotoclone discharge hopper en- Next to discharge hop- 25.42 ® 4.94 ® -80.6 ®
closed. per.
Sampler location—on drill vs on Drill control panel and 1.56 14.0 151 11.6 -3.2 -17.1
operator. operator.
Operator location—standing back Next to and away from 151 11.6 0.47 ® -68.9 ®
from drill. shroud.
J.... Wetdrilling® .................... Next to drill shroud. 1.18 12.1 0.84 10.1 -28.8 -16.8

Not enough weight fO quartz analysis.

2Efficiency is a comparison with drill | using all controls operating on the same drilling bench.



A water tank of approximately 378 L (100 gedjpacity was  airflows that can be obtained on a given size of Rotoclone due to
mounted at a location and elevattbat is suitabléor gravity-  the RPM of operation, the amount of watesed must be
feeding a small amount of water into the Rotoclone discharge  determined individuabpdorapplication. One simple
port. The drill operator using this system used an old truck fuel ~ guideline is to slowly increase the trickle flowrate until the
saddle tank. Itis estimated tI38 L (100 gal) oless will be  visible emissions are significantly reduced. It wifdamdthat
sufficientfor 8 h of continuous drilling, using 0.76 Lpm (0.2  the duct interior becomes wetted, the dust reduction will
gpm) flowratefor most Rotoclonsizes typically used on small ~ improve witime.
drills. Due to the low flowrate, the water from the tank was Also, the down-sloping of the discharge duct is important to
supplied through 6.35-mm (1/4-in) tubing. Any variety of  allowcess water to drain from thHime. Actual extended
fittings suitable can be mounted in teetal dischargport of ~ operation of the system showethat some material
the Rotoclone. It is recommended that two valves be used to  agglomeration will occur within the first foot of duct length
control the water flow, one as a flow regulator and the second  duri®dpahilling period. Howevethis material is easily
valve as the on/off control. removed by disconnecting the duct from the Roteglitnk

In tests to compare the effectiveness of the water trickle in  the duct is connected with a standard hose clamp, cleaning can
reducing dust emissions from the Rotoclone dischdezts  beerformed in a few minutes.
were performed on the same drédizh with and without the use
of water. The results of dust sampling approximately 3.0 m (10 Improved Dust Capture at the Drill Deck Shroud
ft) directly downwind of the Rotoclone discharge, showed 92 pct
reduction of respirable dust and the elimination of all visibiet The existing drill deckhroud orthe drill tested (drill ) was
emissions. Analysis of the dust samples shaWwatthe quartz generally found to be igood condition. In order imulate an
content of the respirable samples decreased slightly from 21 poferior shroud, one lower corner of the fraifiroud flap was
guartz without using water to 18 mptartz with the water trickle fixed to a chain and hookedtime"up" position forthe duration
system (a negligible difference). Figures 7 and 8 show thef the test segment labeled "controf§'. This practice was
effectiveness of the trickle system on eliminating visibleemployed by the drillers occasionally so that they could shovel
emissions from the Rotoclone discharge. First-hand visualut some of the cuttings. However, during the "conalsest
observation of the discharge while using water could not detesegment the flap was immediately lowered after shoveling.
any emissions. Testing showedhat reducing the leakage of thkroud area

Operationally, it is critical not to use too much water tosimply by maintaining a shroud good condition reduced the
prevent clogging problems. Because of the wide range ofust emissions by approximately 63 pct. Leakage watiild

Figure 7 Figure 8

= o2 BT b : No visible dust in the exhaust from a drill equipped with the
Visible dust in the Rotoclone exhaust of a coal mine drill.  water-trickle system.




occur along the seams occasionally, resulting in the measured  calculated to determine the speed of operation or measurec
dust concentration of 0.86 mg/m during the "contooistest.  directly with a strobe tachometer.
The changes in quartz content in the dust between the control

condition was negligible (18ct with open shroud, 11 pct with Shrouded Rotoclone Hopper Discharge
closed shroud).
Figure 9 shows a conceptual diagram of an impretedud Figure 10 shows a temporanstallation of ashroud around

design that may provide significantly better sealing of the corner hotbyer discharge doors on drilided fortestpurposes. The
seams while maintaining the necessary flexibility. This design oushonsisted of brattice material and was mounted by large
has not been tester has it been found to be previously used  magnets for ease of installation and removadstiningrwo
or described in the literature. However, it is the opinion of the  flaps were cutshritied taallow the operator access to the
authorsthat it may be a design suitabier reducing dust  hopper doors for opening and closing. ARD concentrations
emissions from thehroud used on both dry amet drilling  were reduced by an average of 80dacing the testing. Since
operations. gravimetric dust samples were collected over short periods of
Important to the testing of tl#hroud ighe fact that priorto  time (minutesluring the Rotoclone dumping, nethough
testing, the drill operator increased the operating speed of the  weight was collected for quartz analysis. The $oteireason
Rotoclone close to the maximum recommended val@e080  measurement of any dust preselmite using theshroud was
RPM. According to the operator, the Rotoclone had been leakage at the open vertical seashriouthe Although
runningsignificantly slower and the increased speed made a  leakage was minimized by overlaggpirgguthendafter the
noticeable difference to dust capture in the shroud. fabiss  wrap-aound, it could not beliminated. A more permanent
important if many existing Rotoclones in operationrareing irstallation would have a sealed seam and would certainly be
slower in comparison, resulting in a preferential increase inthe  expected to provide better control of the dust.
amount of dust escaping a shrath@t is not in very good

condtion. Thus, maintainingood shroud condition is more Wet Drilling
important at slower collector operating speeds. Previous
research on larger track-mounted rock drills shivat as dust During the testing of dust controls on drill I, another identical

collector airflow to bailing airflow ratio increases from 2:1to  truakumted ditl (drill J) operating on the same mining bench

8:1, the dust leakage from thhroud is significantly reduced usedhter injection down-the-hole instead of a Rotoclone

(5). Therefore, increasing the speed of the Rotoclone should be  collector. This drill was also dust sampled downstream of the
advantageous to reducing dust leakage from the shroud. Sirdrdll deck shoud, theeby providing identicaiest conditions for

they are usually belt-driven with pulleys, it can either bean ideal comparison between wet drilling and the modified

Figure 9

Dritl deck

Bracket
“—Face flaps typical
; A typical
Corner flaps
A typical Face flap
WV typical
PLAN VIEW

Brackets not shown

An improved drill deck shroud arrangement.
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Rotoclone system. Compared to the Rotoclone collector with ~ bench (figure 10). Testing was performed with and without this
the multiple improvementtiscussed above, wet drilling was 29  exhaust extedsiting the evaluation period. Adawnwind
pct better in reducing ARD levels in the immediate drill vicinity  distance of approximately 3Q@0ft), the exhaust extension
where the operator would typically be located. In addition, the  lowered ARD concentrations by an average of 62 pct. This
dust emission problem of the Rotoclone exhaust was eliminated. reduction was visually observed to be due to the effect of
discharging the visibly emittetuist higher in the air. Because of
DUST AVOIDANCE TECHNIQUES this, the air currents were not able to downdraft the dust
significantly with the result that the dust remairaorne
Avoidance dust control techniques that were studied included  higihex bach levelfor a much longer distance. Although
extended Rotoclone exhaust port and worker positioning. These  this technique does not "clean" the dust from the exhaust, it
techniques were also evaluated at drill I, concurrently with the  appears to significantly reduce dust levels on the drill bench and
other controls being evaluated. Evaluation of each control may possibly be suitable for use when other mine personnel are
technigue was conducted on the same drilling bench during one not [doatedind ofthe drilling bench.
operating shift, half of the shift with the baseline condition(s)
and the other half of the shift with controlled condition(s). Worker Positioning
Results of these field studies ateown intable 3.
Dust sampling was conducted at several locations at various
Extended Rotoclone Exhaust Port distances from the drilling deck of drill | to identify the
significance of worker positioning aroutttk drill deckduring
The exhaust port of the Rotoclone was fitted witha 2.4 m (8  its operation. One set of samplers (three gravimetric personal
ft) vertical section ofl.52-mm (6-in) PVC pipe tdest the  samplers) were mounted on the drill near the operator control
effectiveness in lowering the dust concentrations on the drill  panel. Two other sets of samplers (two gravimetric samplers)

Figure 10

Rotoclone exhaust |
extension |

Shrouded Rotoclone
discharge hopper

No visible dust with the shrouded collector dumping operation and field installation of Rotoclone exhaust extended.
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were worn by two USBM personnel standing at two different  operator (1.51°mg/m). However, a 69 pct lower dust con-
locations away from the drill deck shroud. One mobile location  centration was obisertedemployee standing further back

was positioned near the drill operator close to the drill deck  from the drilling deck (0.47 mg/m ). These resultshiaticate
shroud. The other lation was about 3.0 m (10 ft) further away = a conscientinils operator can notably reduce his dust

from the drillwith the USBM employee trying to avoid the dust ~ exposure by standing away from the drill and only getting near
cloud. The dust sampling results showddt negligible  the drilvhen shoveling cuttings, making drill adjustments, or
difference was observed between the samplers mounted onthe  changsigalrill

drill (1.56 mg/nt) and the samplemgorn next tothe drill

CONCLUSIONS

Dust surveys conducted arousihall truck-mounted rock  similar drilling conditions. Since drilling operations were
drills operating at surface coal mines showet a significant  constant during the shift, these evaluations are expected to be
amount of airborne respirable dust is emitted from the fairly representative measurements of dust control effectiveness.
Rotoclone-type dust collector. Abur out of severdrills  The evaluation results indicate that—
sampled, respirable dust concentrations measured around the

drill deck ranged fron8.68 to 95.15 mg/fn with concentrations Adding a low flow of water 0.76 Lpm (0.2 gpm) to the
ranging from 1.37 to 2.69 mgfm at distances 12.2t0 30.5m (40  collector exhaust can reduce the dust emitted by 92 pct.

to 100 ft) downwind othese drills. Dust was emitted from * Increasing drill dduloud containment and increasing
aroundthe drill deck shroud, collector exhaust, and collector  the rotoclone speed may reduce respilabkdiogt63 pct.

fines dumping. The other three of these seven drills had notice- » Vertically extending the Rotoclone exhaust may reduce
ably lower respirable dust concentrations measured aroundthe  downwind respiraleletkiby 62 pct.

drill deck at or below 1.30 mgfin. These drills had well « Enclosing the Rotobloger discharge may reduce
constructed shrouds witsmaller gaps, contributing to their ~ respirable dust levels by 80 pct.

lower dust concentrations measured arctedrill deck. » Wetdrilling by injecting small amounts of water into the

Dust sampling around these drills also indicdteat wind  bailing air appears to be more effective than an improved
direction and speed were factors in the dust concentrations  Rotoclone driihdeal by 2®ct.
measured on the bench. Cyclones of the gravimetric samplers * Operaitiorépgsway from the drill during most of
oriented into the wind and perpendicular to the wind showed th#ts operation can keep him/haut of the dust cloud and reduce
the dust concentrations measured into the wind tended to be  dust levels by 69 pct.
higher than the perpendicular measurement, espeftalgry

high dust concentrations. PritdiSBM laboratory research These improvements are inexpensive and showed meas-
shows that this effect can be present with air speeds aslowas 2.0  ureable reductions of airborne respirable dust measured ¢
m/s(400 fpm). seeral locationgroundthe drill. In addition, this class of drill

Dust collector improvements were made on several drills to has a much more extensive use in the construction industry.
control dust from the emission sources. Dust measurements  Therefore, the results of this study are of direct benefit in
were made for part of the drilling shift with and without these reducing dust exposure to not only a small segment of the
improvements to evaluate their control effectivenesder  mining industry, buhe constructiomork force asvell.
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