


tioning companies, and cab fileration
manufacturers. Many of these studies
have investigated retrofitting older cabs
with new filtration and pressurization sys-
tems. These studies have encompassed a
full spectrum of different types and con-
ditions of equipment and have included
evaluating enclosed cabs that were not
structurally sound, as well as ones that
were very sound.

From this research, we have identified
a number of significant factors that de-
termine how effective an enclosed cab will
be at protecting a worker. A term called
“protection facror” is commonly used for
comparing the cab effectiveness
and measures the ratio of outside
verses inside respirable dust lev-
els. The higher the protection
factor value, the more protection
afforded to the machine operator,
or the lower the worker’s personal
dust exposure.

A brief summary of some of
these studies highlights the im-
portance of these significant fac-
tors. One cab evaluated was a
very old Davey M8B surface drill,
in which it was not physically
possible to seal the cab.! This cab
had large holes in the enclosure
where control linkages entered
the cab, as well as a loose-fitring
bifold door that was on the drill
table side of the drill. A new air-
conditioning/heater pressuriza-
tion and filtration unit was
installed on the roof of the cab,
but because of the numerous
gaps and holes in the cab enclo-
sure, positive pressure was not achievable.
The discharge of the new filtration sys-
tem was directed down over the drill op-
erator in an attempt to provide him with
a clean-air zone within the cab. Dust
measurements taken before and afrer the
implementation of the new unit indicated
very minor changes to the drill operartor’s
respirable dust exposure.? Because of this,
we do not believe it is cost-effective to in-
stall an air cleaning unit on surface min-
ing equipment that is not capable of
being sealed to some minor level of pres-
surization.

If even a very minimal amount of pres-
surization is attainable inside these cabs,
totally different results can be achieved.
At this same operation, a substantial re-
duction to an enclosed cab operator’s res-
pirable dust exposure was achieved with
very  minimal  pressurization. A
CAT980B front-end loader was equipped
with a Red Dot Corp. and Clean Air
Filter unitlocated on top of the cab. Both
of the companies cost-shared this research
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effort with NIOSH.

In addition to the installation of the
new filcration unit, visible cab enclosure
cracks were sealed with silicon and the
door jams were sealed with dense foam
weather stripping. Because of these seal-
ing efforts, a positive static pressure of
0.01 w 0.015 inches water gauged
(in.w.g.) was achieved inside the enclosed
cab. The front-end loader operator’s pro-
tection factor went from 1:1.1 during
baseline testing to 1:10.1 with the new
dust filtration system and other improve-
ments to the cab integrity, allowing pres-
surization to be achieved. The cost for the
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this unit was approximately $10,000,
plus the cost for installation. Respirable
dust concentrations inside the cab went
from 0.64 mg/m?® during pre-testing to
0.05 mg/m? during post-testing with the
new system, representinga 92-percent re-
duction in respirable dust levels in the
drill cab. The average protection factor
measured with the new system was 1:52.

In addition to the above research, an-
other study is currently being performed
at a surface mine evaluating the perfor-
mance of a new pressurization system on
a DrilTech D40KII rotary percussion
drill. Baseline measurements were taken
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Job Description

Red Dot Corp. unit was $2,300, bur this
did not include the cost for the com-
pressor for the air conditioning unit. The
Clean Air Filter pressurization and filera-
tion component was an additional
$1,600.

A similar study was performed on an
Ingersol Rand DM45E drill at a different
operation. Three days of baseline testing
were performed, followed by the installa-
tion of a new Air International
Transiv/Sigma Air Conditioning Co. fil-
tration and pressurization unit. After de-
termining that the unit was working
properly, three additional days of post-
testing was performed. Sigma Air
Conditioning Co. cost-shared this re-
search effort. Their unit was comprised
of three different components: a
filter/heater/air conditioning main unir, a
condenser unit for air conditioning and a
pressurizer unit. This unit delivered up to
a maximum of 450 cfm and pressuriza-
tion inside the cab ranged from approxi-
mately 0.20 to 0.40 in.w.g. The cost for

Figure 1. Job Classification for Surface Mining Exceeding
MSHA'’s Dust Compliance Permission Exposure Limit (PEL)
for a 10-Year Period (1991-2001).

when outside temperatures ranged from
60 to 70° F. A new Clean Air Filter Co.y
cab filtration and pressurization system
was installed to an existing and older Red
Dot AC unit. Immediately after the in-
stallation, the static pressure inside the
cab was 0.01 in.w.g.

Time was spent improving cab in-
tegrity by installing new door gaskets and
plugging and sealing cracks and holes in
the shell of the cab. This increased the
cab pressure to approximately 0.1 in.w.g.
Since the post-testing on this cab was per-
formed in the winter months when out-
side air temperatures were low, a floor
heater in the cab was being used. The re-
sults from this study showed thar this ra-
diator type floor heater inside the cab
actually caused dust levels to be approxi-
mately 17 times higher during post-test-
ing than for pre-testing. It was believed
that baseline measurements were assisted
by the air-conditioning unit being used
during pre-testing, which lowered dust
levels as the re-circulated air in the cab
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traveled through the condenser unit.

Testing the drill verified that the floor
heater increased dust levels in the cab as
a result of dust from the drill operator’s
clothing and work boots, and from prod-
uct that had accumulated on the floor.
Because of the significant increase in dust
levels with the floor heater, NIOSH rec-
ommends that they not be used. Heaters
should be positioned high in the cab
where they are less prone to pick up dust
from the floor and operator’s clothing.

For an enclosed cab to be effective from
a dust control standpoint, there are wo
key components that are necessary: 1) ef-
fective filiratio, and 2) cab integrity.
From the various field evaluations, it was
obvious that both of these components
are vitally imporrant for the systems ef-
fectiveness.

For effective cab filtration, a system
should be composed of both a re-circula-
ton and clean ourside-air system.
Approximarely 75 percent of the air in-
side an enclosed cab should be re-circu-

Figure 2. Schematic for an effective filtration and pressurization system on an

enclosed cab.
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lated through a good grade filter. This al-
lows air to be conditioned to the cab op-
erator’s comfort without major air
changes that would significantly affect the
size and the cost for conditioning the cab
air. Another consideration is to have sep-
arate fans for makeup and recircularing
air. A major component in an effective
system is to have the makeup air posi-
tively pressurize the enclosed cab. This re-
sults in any system leakage to be from the
inside the cab to outside avoiding dusty
air from entering the cab. Itis also highly
recommended that the makeup air be
positively pressurized after being filtered
to eliminate any possibility of dust laden
air being drawn into the system.

Also, the inlet for the makeup air
should be located on the cab the furthest
distance from the dust sources (where
practical).® This reduces the amount of
loading on the filters and increases the
time berween cleaning and/or replace-
ment. The discharge for clean airinro an

enclosed cab should be high in the en-

recirculation air
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Drilling area

closure, preferably at the roof. This allows
the clean air to be blown down over the
equipment operator’s breathing zone
without becoming contaminated by any
in-cab dust sources.

Many systems have the intake and dis-
charge for the re-circulation air located in
the roof unit. Although this is acceptable,
the most beneficial design would be to
draw the re-circulated air from the bortom
of the cab. This would provide a one di-
rectional flow of clean air from the top to
the botrom of the cab. We do not recom-
mend the discharge of clean air low in the
cab because as we observed, this can en-
train a significant amount of dust from
soiled work clothes, bootsand a dirty floor.
Figure 2 is the recommended schematic
for an effective filtration and pressurization
system on an enclosed drill cab.

The second factor for dust control ef-
fectiveness in enclosed cabs is cab in-
tegrity. Cab integrity is necessary in order
to achieve some level of pressurization.
Field testing has shown installing new
door gaskets and plugging
and sealing cracks and holes
in the shell of the cab has a
major impact on increasing
cab pressurization. To pre-
vent dust laden air from in-
filcrating into the cab, the
cab’s static pressure must be
higher than the wind’s veloc-
ity pressure®  Although
higher static pressure re-
quirements have an advan-
tage for overcoming wind
speeds, a major drawback is
that this necessitates thar
more air must be delivered by
the outside air unit, and this
causes more loading on the
filters. Another drawback is
thar it creates more air con-
ditioning (hear and cooling)
requirements for operator
comfort which increase the
size and cost for this compo-
nent. We have a number of
field studies that provided
very good protection to the
cab operator with minimum
cab pressurization.

SURFACE DRILL DUST
CONTROL RESEARCH
The following section pro-
vides control technology that
has been effective in reducing
the dust exposure of drill op-
erators, drll helpers and
other personnel working in
and around the drilling
process. There are typically
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three major dust sources associated with
these drills:
1) Dust generated from dust collec-
Tors;
2) Dust from drill skirt leakage; and
3) Dust from leakage around the
drill stem and drill table.

Controlling dust generated from the
dust collector dump cycle. This tech-
nique was developed by the Bureau of
Mines and is composed of a barrier or
shroud placed around the hopper dis-
charge doors extending to the ground.b
This shroud confines the dust collector
fines during dumping to an enclosed
space, thus reducing airborne dust en-
trainment into the surrounding work en-
vironment. Although this dust control
technique was developed for surface mine
drills, it can be applied to any mobile rock
drill.

During testing of this technique, a tem-
porary shroud was installed around the
hopper doors to measure respirable dust
reductions. The shroud was made of a
brattice material and mounted by large
magnets for easy installation and removal
during testing. Two flaps were cut in the
shroud to allow the operator access to
open and close the hopper doors. Average
airborne respirable dust concentrations at
the hopper discharge during dumping
were reduced by 81 percent when using
the shroud. Considering the very mini-
mal cost associated with the material, sup-
plies and manpower required to install
this brattice shrouding around the hop-
per discharge doors on the dust collector,
it should be implemented on all drills in
which this technique is applicable.

Controlling drill skirt dust leakage.
The use of an exhaust ventilation collec-
tor system to capture dust at the drill site
is a common control technique. This is
normally accomplished by enclosing the
area where the drill stem enters the
ground by hanging a rubber or cloth
“skirt” or “shroud” from the underside of
the drill deck. The dust is removed by the
collector filtering media and the clean air
is exhausted to the environment.

The integrity of the drill stem shroud,
including how well it seals to the ground,
is probably the single most important fac-
tor contributing to the effectiveness of a
dry collection system.”$ Generally, the
shroud volume should be 1.8 times the
volume of the hole and there should be
at least 0.2 in.w.g. of negative pressure in-
side the shroud. The length and width of
the shroud should be 2.5 times its height.
The air is ducted out of the drill stem
shroud either from the top of the shroud
near the outside edge or from the side of
the shroud near the top. The most com-

Air ring seal

Compressed~_

OPERATIONS

Bailing air

To exhauster
(dust chamber
exhauster)

Figure 3. Air Ring Seal (AIRRS) location and operation using
compressed air to produce high velocity jets along donut shaped ring.

mon open area in this shroud is the gap
berween the bottom of the device and the
ground, which is called the shroud height.
During field tests, the dust reductions
varied from 31 to 99 percent over a height
range of 27 in. down to 0 in. With a
shroud height of 6 to 9 in. or lower, it
was apparent that the dust control system
worked very well. However, as the height
increased, the control efficiencies de-
creased.

Most decks shrouds were rectangular
and constructed of four separate pieces of
rubber belting attached to the drill deck.’
Because of this design, there was a mea-
surable amount of dust escaping from the
open seams as well as the open area be-
tween the shroud and the ground. In ad-
ditional rtesting,® this technique was
further optimized. This work showed that
circular and slightly conical shroud de-

sign, without any seams, was superior t

the previous design. The shroud is capa-
ble of being hydraulically raised to nearly
flush with the drill deck and lowered to
make contact with the ground after lev-
eling the drill. The shroud has a small trap
door which can be manually raised/low-
ered so that the curtings can be shoveled
from inside the shroud without losing the
dust capture efficiency.

Testing on this technique consisted of
comparisons with the shroud in fully op-
erable condition and with the shroud par-
tially raised to simulate a leakage
condition. Respirable dust concentrations
were less than 0.5 mg/m? with the shroud
lowered and 52 mg/m? with the shroud
raised. Dust reduction efficiencies greater
than 99 percent were achieved. This com-
pares to typical efficiencies for square
shrouds in the 95-percent range. For the
minor changes to the shroud arrange-
ment, it only makes sense to use the im-
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proved circular design.

Controlling dust leakage around the
drill stem and drill table. Another sig-
nificant source of dust on a drill rig is the
dust leakage around the drill stem and
drill rable. The best technique found to
control this dust leakage is a device called
the Air Ring Seal (AIRRS), which has
been designed and tested by NIOSH.

Leakage around the drill stem most
likely occurs because of excessive wear in
the mechanical donut-type rubber seal
which is used on many drills. This rub-
ber seal is normally a high-maintenance
area because the drill stem is constandy
rotating against it. The AIRRS was de-
signed specifically to reduce respirable
dust emissions coming from the drill
stem, but a secondary benefir is the elim-
ination of a high-wear item on the drill.

The AIRRS is a donut-shaped com-
pressed air ring with closely spaced holes
along the inside perimeter of the ring,
(Figure 3). High-velociry air jets are pro-
duced as this compressed air exits through
these drill holes in the donut-shaped ring.
This AIRRS is located immediately be-
low the drill table with the air jets directed
downward around the drill steel to im-
pede movement of dust particles flowing
up through this opening.

In addition to the reduction in res-
pirable dust concentrations, there were
also a number of other benefits with the
AIRRS. The new system visually elimi-
nated all the large cuttings on this drill
from depositing on the drill table.
Second, it eliminated the use of a rubber
bushing underneath the deck that was fre-
quently damaged and required a lot time
and money to keep operating. The
AIRRS is a virtually maintenance-free,
non-mechanical seal. It was determined
through testing that using the AIRRS at
a lower bailing velocity should also im-
prove its performance.

The AIRRS was successfully field tested
and shown to be a low-maintenance,
nonmechanical seal to reduce dust emis-
sions from the drill pipe and deck bush-
ing gap. The low cost and simplicity of
the device provides a viable means to drill
operarors to reduce dust emissions as well
as reduce housekeeping requirements on

drills.

CONTROLLING DUST BY
WET SUPPRESSION

Previous tests conducted in the field at
U.S. surface coal mines showed that wet
suppression systems can significantly con-
trol respirable dust. The critical factor af-
fecting the efficiency of the wet systems
is the amount of water pumped into the
bail air. Since no data were available on
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opuimal water flow rates for wert suppres-
sion systems, a field study was designed
to examine the relationship of respirable
dust emission rate versus water flow rare,
Various water flow rates were tested for a
number of holes. Each hole was drilled at
a specific and constant water flow rare. A
flow meter equipped with a needle valve
was mounted in the cab of the drill. Flows
were controlled and recorded by one of
the test team members from inside the
cab. A recording flow meter was mounted
in the water line near the control system
pump. Uncontrolled emission rates
ranged from 3.8 ro 9.3 g/ft. and control
efficiencies ranged from 9 percent at a
flow of 0.2 gpm to 96 percent at a flow
of 1.2 gpm.

Very practical and simple operational
guidelines can be provided to all mine op-
erators who perform wet drilling and
which automarically accounts for various
operating conditions such as different
drills, changes in bit size and different
strata. In order to operate at close to the
optimum water flow rate, the operator
should slowly increase the amount of wa-
ter just to the point where visible dust
emissions are abated. Due to the initial
sharp increase of dust control effective-
ness, the visible dust abatement point will
be easy to identify. Addition of more wa-
ter beyond this point will not provide-any
significant improvement in dust control,
but will most likely create operational
problems. It is imporrant that the water
be increased slowly to account for the lag
time as the air/water/dust mixture travels
from the bottom to the top of the hole.

CONCLUSIONS

This article provides operators with a
number of methods and techniques to
lower respirable dust levels to workers at
surface operations. Many different types
of surface equipment use enclosed cabs to
house the equipment operators. These
enclosures have many advantages to pro-
tect workers from various health and
safety concerns at mine sites. Various fleld
studies have shown that operator’s res-
pirable dust exposure inside these en-
closed cabs can be significantly reduced
through improved air pressurization and
filtering systems, along with having a
competent cab structure with integrity to
achieve some level of pressurization. A
number of different commercial systems
have been shown to significantly lower
respirable dust levels inside these enclosed
cabs in a very economical manner. In ad-
dition to the enclosed cab research, a
number of other dust control techniques
were discussed to help lower dust levels
around drilling machines. This would

impacr lowering the drill operators, drill
helper, explosive crew and any other per-
sonnel working in and around this area.
Research is continuing in a number of
different areas to further improve designs
and control technology in this area to
lower worker exposure down to lowest
levels in a cost-effective manner. A
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