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NIOSH research for controlling respirable dust and methane 
gas on continuous miner faces 
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The importance of controlling respirahk Just and methane gas levels in underground coal mining 
cannot be underestimated. While respirable dust can significantly affect the occupational health of 
underground coal miners. methane gas accumulations pose significant safety concerns for these 
same workers. Water sprays and machine mounted dust scrubbers offer effective control of 
respirable dust exposures and methane gas accumulations. Water must not only be applied carefully 
to avoid dust rollback to the machine operator but must create sufficient turbulence to remove dead 
zones that could contain high concentrations of methane gas. While the flooded-bed dust scrubber 
has been generally responsible for decreased worker exposures to respirable dusts. this device has 
proved effective in controlling methane levels at the face . This paper reviews practical applications 
of water sprays and dust scrubbers to control respirable dust and methane gas on continuous miner 
faces. 

NIOSH research to control respirable dust 
exposures 

The United States Federal Coal Mine Health and Safety Act 
of 1969 limits personal exposure to respirable dust to 2.0 
mg/m-1. This limit is measured gravimetrically as an 8-hour 
time weighted average concentration of the respirable coal 
dust'. ff the respirable dust sample contains more than five 
per cent silica by weight. the respirable dust standard is 
reduced according to the formula IO-;- (per cent silica). The 
2 mg/m.i standard with a silica per centage of five per cent 
corresponds to a personal exposure limit for silica of 100 
µg/m-'. Because the continuous miner operator is on or near 
the continuous mining machine. this person is frequently 
exposed to the greatest levels of respirable dust. fn the years 
1988 through 1991. nearly forty per cent of the continuous 
miner operator samples analysed contained more than five 
per cent respirable silica dust:! . Approximately eleven per 
cent of the continuous miner operator samples exceeded the 
Federal dust standard of 2.0 mg/m\ Thirty per cent of these 
samples exceeded I 00 µg/mJ of silica. 

Water sprays remain the most widely used technology for 
limiting exposures to respirable dust. Water sprays control 
dust exposure by suppressing airborne dust. inducing airflow 
to drive dust douds away from personnel, and preventing 
generation of airborne dust' . Much research by NIOSH and 
its predecessor. the U.S. Bureau of Mines. dealt with 
balancing these attributes to provide effective control of 
respirable coal and silica dusts. 

The earliest water sprays on a continuous miner were used 
for bit lubrication. bit cooling. and dust control. Although 
these sprays controlled respirable dust exposure to a limited 
extent. they created large quantities of dust rollback. 

To control rollback. sprays were situated atop and beneath 
the cutting drum ( Figure I ). The sprays operated at a 
pressure of approximately 690 kPa and a flow rate of 3.6 
litres/min per spray. Two large orifice. deluge-type. sprays 

were mounted on the left and right underside of the boom 
and directed to spray into the cutting bits. These sprays 
operated at a low pressure of roughly 48 kPa and a higher 

TOP 

Upper Spray Manifold 

Deluge Sprays 

SlDE 

1
-- Upper Spray Manifold 

I 

·~ 
; urr \~ 

', 
Underhoom ____.:.. 
Deluge Sprays 

Figure I. Sprnys to control dust rollhack 



tlow rate of I ~.lJ 1pm per sprayJ. Dust rollback dccn::ased 
becwse the spray droplets nHweJ only a short dista11<.:e 
hefore impacting on the cutting hits. The short Jistance also 
increaseJ coal surface wetting c:ipabilitics while minimizing 
turbult:ni;e. In-mine evaluations of these boom ~prays 
showed that miner operator <lust exposures were re<luce<l 
forty per cent compared to the factory-issued spray system. 

Half the respirable silica generateJ in underground coal 
mining has a size between 1.0 :ind 3.5 microns-'. The small 
sizes or these particles make their capture difficult with 
larger \\·atcr droplets produced by con vcntional water 
sprays . Higher-pressure sprays generate smaller water 
droplet sizes an<l increased spray velocities required to 
capture these smaller-sizeu particles. 

High-pressure sprays swept underboom <.lust hchind the 
return curtain when installed at the rear <.:orner or the shovel 
on the side opposite the curtain (Figure 2l. Extensive 
underground testing showed that the shovel sprays reduced 
rnal <lust exposures by sixty per cent at the miner operator· s 
location while virtually eliminating exposures to respirable 
silica <.lust-I. These sprays also were placed on top of the 
cutting boom and oriente<.l into the cutting hea<l to reduce 
<lust levels nearly sixty per cent with the most dramatic dust 
reuuctions occurring in the size range below 2.9 microns. In 
fact. the reduction more than doubled for 1.8 micron 
particles with the addition of high-pressure sprays. 

Past work showed that flooded-bed scrubbers effectively 
controlled occupational dust exposures when used with 
either blowing or exhausting face ventilation schemes. As of 
1997. approximately sixty per cent of the operating 
continuous mining machines used a flooded-bed dust 
scrubber to rnntrol occupational Just levels. The U.S. Mine 
Safety and Health Administration requires air quantities 
measured at the curtain mouth to be equal to or slightly 
greater than the rated capacity of the dust scrubber0 . 

Excessive airflow at the mouth of a blowing curtain is 
thought to overpower the scrubber and blow dust by the 
scrubber inlets. However. excessive airflow at the mouth of 
an exhausting curtain does not appear to significantly affect 
dust capture7. 

[ncreased emphasis on controlling occupational dust 
exposures led to increases in face airflow and scrubber 
airflow. Although physical constraints limit scrubber 
performance. scrubber airflow was increased by reducing 
the density of the scrubber filter. However, this reduction 
suggested lower dust collection efficiencies and thus 
increased occupational exposures to respirable coal and 
silica dusts. Recent work investigated silica collection 
efficiencies of tilters containing I 0. 15. 2.0. and 30 layers of 
stainless steel meshingx. The 20-layer scrubber tilter is the . 
most common tilter in use in the U.S. mining industry. Also 
investigated was a filter panel containing a non-woven 
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Figure 2. Shovel-mounted .~pniys control underboom dust 

synthetic fihn.: ;ind one <.:nntai11i11g an arr:1: 1if 11:,. 11111 hru..,hc,. 
Multiple scruhher duct \·elo<.:itic~ \\·ere tested. 

Over the range of velo<.:ities tested. n::~pirahle silica 
colk<.:tion efficiencies ranged from f,l) per <.:ent to X-l per cent 
for thi: stan<lar<l 20-layer scrubber filter. Efficiencies for the 
Jcnsi:r 30-layer an<l synthetic tihre filters \·aried from L) I to 
95 per cent. The I 0-laycr liltc::r panel ha<l the lmvest 
col le<.:tion efticiern.:ies ranging from 58 per cent to 76 per 
cent. All filter panels showeJ impnn:eJ silica i.:ollcction at 
higher scruhhcr velo<.:ities. 

Dust scruhbers are most e!Tei.:ti ve when Just is contained 
beneath the cutting hnom. allll\\:ing this cloud to he <lrawn 
intu the snuhher inlets. Howe\·er. movement of the 
continuous mining machine at the fa<.:e can sometimes cause 
Just to roll out from under the boom. Supplemental water 
sprays were placec..l along the sides nf the continuous miner 
to improve suppression and <.:ontinement of the dust clou<l 
beneath the cutting boom. Testing showe<l that these a<l<leu 
sprays not only improved dust suppression hut also 
redistributed the dust cloud beneath the cutting boom. This 
led to increased amounts of dust entering the scrubber inlets 
that reduced Just concentrations arnunJ the ma<.:hine. This 
work showed that the supplemental sprays were most 
effective at smaller ventilation curtain setback distances''. 

NIOSH research to control methane gas levels 
Federal regulations require that methane levels in the face 
area be maintaine<l below I per <.:ent. Methane readings 
obtaine<.l with a hand held methane monitor are usually taken 
as close to the face ·as practical although they cannot be 
taken closer than 0.3 m from the roof. face. ribs. an<l tloor 
(30 CFR*75.342)11l. Machine-mounteJ methane monitors 
are used to continuously monitor methane levels on the 
mining machine. Whenever methane rea<lings are I per cent 
or higher. mining must stop until concentrations are reduced 
below this level. 

Methane gas at the mining face is controlled by providing 
sufficient intake air to the face to maintain methane levels 
below I per cent. Although adequate air quantity may be 
available in the heading. a fraction of this intake air never 
reaches the face. Generally. the quantity of air reaching the 
face decreases as tubing or curtain setback distance 
increases. Although water sprays and scrubbers are <.lesigned 
primarily for dust control. research has shown that they also 
can be used to reduce methane levels by increasing the 
amount of intake air that reaches the face. They have been 
shown to be effective with either blowing or exhausting face 
ventilation schemes. 

Exhaust face ventilation systems. rather than blowing 
systems. are generally preferred for dust control because the 
dust is removed from the face area before it passes over the 
mining machine operator"s location. However. for given 
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setback distances anJ intake air quant1t1es . exhaust 
\·eniilation ge11erally supplies less airtlow to the face than 
blowing ventilation. This can lead to higher face mctham: 
co nee ntrations. 

Water spray systellls JesigneJ for use with exhaust face 
ventilation schemt:s can maintain anJ improve !"ace airflow 
at longer setback distances'' · The nozzles in the spray 
svstelll are urienteJ to move air frolll the intake to return side 
o·f the emry. Each spray nozzle acts as a small fan and the 
systelll is referreJ to as a spray fan system. T ..:sts showed 
chat increasing water pressure aml flow rate increased the air 
moved by the sprays. Although typical flow pressure for the 
spray fan systclll was at least 6:-llJ kPa. high water pressure 
1ifte11 createJ turbulence that led to dust roll back. This can 
result in higher dust exposures for the lllining machine 
operator 12. 

The orientation and location of spray nozzles on the 
mining machine are also important factors in determining 
face airtlO\v . Nozzles on the mining machine boom should 
be directed coward the return side to maintain airflow across 
the face. Nozzles on the intake side of the machine should be 
oriented to maintain intake airflow to the face. The best 
design for a particular mining face is the one that provides 
the greatest airflow quantity with consistent flow patterns 
(intake to return) at the face. Smoke or discharge from a fire 
extinguisher can identify face airflow patterns to compare 
effects of sprays on face airflow. Test results show that. 
when compared to a 3-m primary ventilation brattice. the 
spray fan system consistently provided better face 
ventilation up to and including a 13-m brattice setback 1:;_ 
Use of the spray fan system allowed increases in curtain 
setback distances while maintaining the effectiveness of the 
exhausting face ventilation system. 

When used with a blowing face ventilation scheme. early 
studies indicated that water spray systems had little effect on 
face methane levelsl-1. Spray systems usually were directed 
toward the face and were not intended. as with the spray fan 
system. to direct air from the intake to return side of the face. 

Using a dust scrubber with exhausting face ventilation 
reduced face methane levels and these reductions increased 
as scrubber flow increasedl5. The mouth of the exhaust 
curtain must be positioned outby the exhaust of the scrubber. 
With the curtain mouth inby the scrubber exhaust. air 
recirculation to the face increases and. more importantly, 
intake air reaching the face is reduced. This can lead to 
increases in face methane levels. 

For a given ventilation setback distance, blowing face . 
ventilation systems typically provide more airflow to the 
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Figure 4. Face airtlow patterns with and without scrubber 

m111111g face than exhausting systems. Thus. blowing 
systems are more effective controllers of face methane 
concentrations. Scrubbers are used with most blowinu 
systems to reduce the amount of dust that passes over th; 
mining ·machine operator·s work location. Dust control and 
ventilation plans approved by the U.S. Mine Safety and 
Health Administration typically permit blowing curtain 
ventilation flows to exceed the rated capacity of the dust 
scrubber by no more than 0.50 m.1/sec. This additional face 
airflow helps control face methane levels . 

Methane levels at the face were lower with blowinu 
schemes than exhausting schemes due to the higher intak~ 
air velocities createJ by the blowing system. Greater 
reductions in face methane levels were also seen at hinher 
scrubber flows. With blowing curtain ventilation. analysis of 
face airflow patterns indicated that the scrubber maintaineJ 
intake airflow on the curtain side of the entry ( Figure 4). 

Test results showeJ that the scrubber sustained intake 
airflow reaching the face as curtain ·setback distance 
increased from 7.5 to 15 metres 16. Not surprisingly. intake 
air velocities measured at the end of the blowing curtain 
increased with the scrubber operating. These increases were 
greater at the higher scrubber flows and lower intake flows. 
Face methane levels decreased with increasing scrubber 
flow, even when scrubber flow was greater than intake flow 
(Figure 5J17. 
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Figure 5. Face methane levels with varying intake and scrubber 
tlows 

Summary 
Water sprays remain the most widely used method for 
controlling respirable dust exposures. NIOSH research has 
evaluated sprays to reduce dust rollback from the cutting 
head. high-pressure sprays to control exposures to respirable 
silica dust. and sprays to improve performance of a flooded­
bed Just scrubber. The dust capture properties of various 
wetted screens used in the dust scrubber have been 
evaluated. 

Face methane concentrations at the cutting face have been 
reduced using water sprays and flooded-bed scrubbers. 
NIOSH research has shown that water sprays can be used to 
maintain and improve face airflow at longer setback 
distances with exhaust face ventilation systems. This work 
has also shown that dust scrubbers increase intake airflow 
with either blowing or exhausting face ventilation systems. 
Higher face ventilation flows are needed to control face 
methane concentrations. 
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