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Abstract 
 

Developing underground space can solve the space problems, but has an adverse impact on environment as 
it adds on to air pollutants such as dust and gases. During construction phase of underground projects, 
machineries such as tunnel boring machines, road headers, continuous miners, etc and other unit operations 
like drilling, blasting, crushing, loading and transportation of materials are carried out. These activities 
emits considerable amount of dust and gaseous pollutants which pollute the environment.  Mist of water 
and oil also contribute to air pollution. The constrained work environment arises due to use of different 
machineries in limited space affecting the dissipation of pollutants. Dust and gaseous sampling instruments 
can be used to monitor air pollutants. Real-time respirable dust monitors can collect real-time fugitive dust 
levels that relate to specific activities of underground operations. 
 
This paper focuses on the various elements that affect the air environment, caused by airborne dust particles 
and gaseous pollutants due to the subsurface mining activities. Various means to control dust and gaseous 
pollutants by water sprinkler patterns, use of high expansion foams during the machine operation, modern 
ventilation practice and use of personal protective equipment for underground excavations are explained in 
this paper.   
  
 
1.0  Introduction: 
 
As mining operations in the United States (US) have become more productive, 
controlling the dust exposure of mine workers has become more challenging. In response, 
US mining operations are applying basic controls at elevated levels and are looking to 
emerging control technologies in an effort to better control airborne respirable dust 
levels. 
 
Average longwall production as reported by mine operators during compliance dust 
sampling in 2006 was 4,800 tons (5,300 short tons) per shift (Niewiadomski 2007). This 
production has been achieved through improved machine reliability and improved 
operating practices. Average longwall panel size in 2002 was 287 m (940 ft) wide and 
nearly 3050 m (10,000 ft) long (Rider and Colinet 2007). These improvements in 
longwalls challenge dust control efforts. In 2006, 16% and 14% of compliance samples 
exceeded the applicable dust standard for the tailgate shearer operators and jacksetters, 
respectively.  
 
In addition to improvements and changes being realized on US longwalls, continuous 
mining operations have also seen dramatic changes. Average production on the 
approximately 780 continuous miner sections during compliance sampling reached 690 
tons (760 short tons) per shift in 2006 (Niewiadomski 2007).  
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The vast majority of continuous miners are now operating with flooded bed scrubbers 
and taking extended cuts that are greater than 6 m (20 ft). An increase in the number of 
mines utilizing super sections (sections with two continuous miners) has also occurred. 
However, utilization of super sections has increased the potential for roof bolter operators 
to work downwind of a continuous miner, resulting in increased dust exposure. A 
negative change that has occurred has been an increase in the quantity of rock that is 
being cut as seam conditions deteriorate. Cutting of this rock has the potential to add 
significant quantities of silica dust to the mine environment, resulting in 51% of mines 
operating on reduced dust standards. In 2005, 11% of continuous miner operator and 12% 
of roof bolter operator samples exceeded their applicable dust standard. This paper deals 
with various elements that affect the air environment during underground workings and 
means to control dust and gaseous pollutants.   
 
2.0  Dust generation in underground: 
 
In various underground projects, machineries such as tunnel boring machines, road 
headers, continuous miners, etc and other unit operations like drilling, blasting, crushing, 
loading and transportation of materials are carried out. These activities emits considerable 
amount of dust pollutants which pollute the environment. The machines that produce 
extraction dust are longwall shearers, continuous miners, tunnel boring machines, and 
road headers. For these, the deeper the cut and the larger the chips, the less the dust 
produced per pound of material removed (Ludlow and Wilson 1982). Of the factors that 
impact cut depth, the one under the control of the mine operator is the sharpness and the 
lacing pattern of the cutting tools. Lab studies on conical cutting bits have shown that 
significantly worn bits without their carbide tips produce much more dust (Organiscak et 
al. 1995). In removing and transporting mined material, the broken material is inevitably 
dropped. At longwall faces, the broken coal can fall 6 ft or more to the pan line. At tunnel 
boring machines, rock removed at the crown can drop 25 ft or more. At conveyor belts, 
the dropping of material from one belt to another can be a major dust source. The amount 
of explosive used for blasting also contributes to the dust source, the finer breaking of 
rocks produce more dust. 
 
3.0  Underground dust control: 
 
Ventilating air, water sprays and water additives are the primary controls used for 
protecting workers from overexposure to respirable dust. Ventilation provides reduced 
dust levels through dilution of generated dust and through transporting dust away before 
it can migrate to the breathing zones of miners. As a result, efforts must be made to 
maximize the quantity and quality of ventilating air that reaches the face. This is achieved 
by ensuring that dust levels in the intake air steam are low, that stopping and curtains are 
tight, and that as much of the intake air is directed down the face as possible. Out by dust 
sources can be controlled by wetting roadways, minimizing out by dust-producing 
activities (unloading supplies, removing stopping), and ensuring that sufficient coal 
wetting occurs before being transported out the belt entry. In recent surveys of US 
longwalls, the average face airflow was found to be 3.4 m/sec (665 fpm) with an 
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estimated average air quantity of 31.6 m
3
/sec (67,000 cfm). This air quantity represents a 

65% increase in airflow from 10 years ago (Rider and Colinet 2007). 
 
3.1  Dust control by ventilation:   
 
Ventilation air reduces dust through both dilution and displacement. The dilution 
mechanism operates when workers are surrounded by a dust cloud and additional air 
serves to reduce the dust concentration by diluting the cloud. The displacement 
mechanism operates when workers are upwind of dust sources and the air velocity is high 
enough to reliably keep the dust downwind. 
 
3.1.1  Dilution Ventilation:  
 
The basic principle behind dilution ventilation is to provide more air and dilute the dust. 
Most of the time the dust is reduced roughly in proportion to the increase in airflow, but 
not always. The cost of and technical barriers to increased airflow can be substantial, 
particularly where air already moves through ventilation ductwork or shafts at velocities 
of 3,000 ft/min or more. 
 
3.1.2  Displacement Ventilation:  
 
The basic principle behind displacement ventilation is to use the airflow in a way that 
confines the dust source and keeps it away from workers by putting dust downwind of the 
workers. Every tunnel or mine passage with an airflow direction that puts dust downwind 
of workers uses displacement ventilation. In mines, continuous miner faces or tunnel 
boring machines on exhaust ventilation use displacement ventilation. Enclosure of a dust 
source, such as a conveyor belt transfer point, along with extraction of dusty air from the 
enclosure, is another example of displacement ventilation.  
 
Displacement ventilation can be hard to implement. However, if done well, it is the most 
effective dust control technique available, and it is worth considerable effort to get it 
right. The difficulty is that when workers are near a dust source, say, 10 to 20 ft from the 
source, keeping them upwind requires a substantial air velocity, typically between 60 and 
150 ft/min. There is not always enough air available to achieve these velocities. To 
compensate for the lack of air, two techniques are used. The first is to reduce the cross 
sectional area of the air course between the worker and the dust source. This confines the 
dust source by raising the air velocity. Second, the turbulence of the dust source is 
reduced. A turbulent dust source creates dusty eddy currents of air that back up against 
the airflow and push upwind toward the worker. When the dust source is less turbulent, 
less air is required to confine the dust cloud. The best way to illustrate displacement 
ventilation is to consider four specific mining examples. 
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Figure 1 Rollback of dust resulting from non uniform airflow. 
 
Example No. 1: Continuous miner faces on exhaust ventilation.—To confine the dust 
cloud at continuous miner faces, U.S. coal mine ventilation regulations require an 
average air velocity of 60 ft/min. This velocity is based on the entry cross-section without 
considering the area blocked by the equipment. However, 60 ft/min is a bare minimum, 
as it has been shown that 120 ft/min is required for good dust control (USBM 1985). This 
relatively high air velocity is required because a typical coal mine entry is about 18 ft 
wide, and over this width the air velocity is not uniform. The air velocity is much higher 
on the side next to the ventilation duct, as shown in figure 1. 
 
Air turbulence created by the machine water sprays causes the dust cloud at the cutting 
face to expand and back up against the weaker airflow on the side opposite the ventilation 
duct. In mining, this is called rollback. It is surprising how far dust can roll back to 
contaminate the incoming air breathed by mine workers. Rollback can be reduced by 
increasing the airflow. The air turbulence that causes rollback can be reduced by lowering 
the spray water pressure and aligning spray nozzles so that they are confined only to 
spray on the broken coal. 
 
Also, in high coal where the cross-sectional area is very large, a half-curtain in the entry 
is helpful. This curtain, shown in figure 2, is placed between the mining machine and the 
right or left rib, whichever is farthest from the mining machine (Jayaraman et al. 1986). A 
half-curtain reduces the cross-sectional area of the entry and raises the air velocity to 
confine the dust cloud. In addition to the half-curtain, there are many possible mining 
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applications where a temporary curtain or screen can be used to channel airflow or raise 
the air velocity to keep nearby workers upwind of a dust source. 
 

 
Figure 2 A half-curtain raises the air velocity to confine the dust cloud. 

 
Example No. 2: Closed-face tunnel boring machine (TBM).—Cutter heads of hard-rock 
tunnel boring machines operate in what most would regard as an enclosed space. 
However, Myran (1985) has published recommended air quantities needed to confine 
dust to the cutter head space, and they are high. For example, a 20-ft-diam TBM requires 
12,000 to 17,000 cfm. First, the stirring action of the large rotating cutter head creates a 
considerable amount of air turbulence. Second, there is far less enclosure of the cutter 
head than a casual inspection of a TBM would indicate. Depending on the TBM design, 
the entire belt conveyor access space can be open. Also, there is considerable open space 
when the grippers at the head expand to press out against the tunnel walls. Dust reduction 
efforts have focused on reducing the open space available for dust leakage by enclosing 
the conveyor tunnel and by installing single or even double sets of rubber dust seals 
between the grippers and TBM body.  
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Figure 3 Conveyor belt transfer point enclosure 

 
Example No. 3: Conveyor belt transfer point enclosure.—In addition to maintaining high 
airflow, sometimes it is necessary to extract the air at the right location in order to 
adequately confine dust. Figure 3 shows a conveyor transfer point enclosure. The design 
of this and similar enclosures used in materials transport has been well worked out 
(Goldbeck and Marti 1996; Swinderman et al. 1997). In principle, a high degree of 
enclosure is possible, so even moderate airflow extracted from the enclosure should keep 
dust inside. However, the falling material drags air with it, creating an unbalanced 
pressure in the enclosure that pushes dust out of the high pressure end of the enclosure. 
The most effective designs address this issue by locating the exhaust port at the high-
pressure end and exhausting sufficient air. Other designs incorporate steps to break the 
fall of the rock and thus diminish the amount of air moved. However, if the dust seals 
along the belt and the rubber flaps at the end of the enclosure are worn or missing, even 
the best designs available will leak dust. 
 
Example No. 4: Dust avoidance measures. Dust avoidance refers to moving either the 
dust cloud or the workers so that the workers are upwind of the dust. The use of remote 
control on coal mining machinery is the best example of dust avoidance in mining. On 
longwall shearers, remote control has enabled the shearer operators to move upwind 15-
20 ft and avoid direct contact with the dust cloud coming off the head gate-end shearer 
drum, which reduces their dust exposure by 68% (USBM 1984). On continuous miners, 
remote control has enabled the operator to step back toward the intake by about 12 ft and 
reduce the dust exposure level by 50% or more (Divers et al. 1982). 
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3.2  Dust control by water sprays:  
 
The role of water sprays in mining is a dual one: (1) wetting of the broken material being 
transported and (2) airborne capture. Of the two, wetting of the broken material is far 
more effective. 
 
3.2.1  Wetting: 
 
Adequate wetting is extremely important for dust control. The vast majority of dust 
particles created during breakage is not released into the air, but stay attached to the 
surface of the broken material (Cheng and Zukovich 1973). Wetting this broken material 
ensures that the dust particles stay attached. As a result, adding more water can usually 
(but not always) be counted on to reduce dust (Jankowski and Organiscak 1983; Ruggieri 
and Jankowski 1983; Zimmer et al. 1987). For example, coal mine operators have been 
able to reduce the dust from higher longwall production levels by raising the shearer 
water flow rate to an average of 100 gpm  (Colinet et al. 1997). Compared to the amount 
of coal mined, on a weight basis, this 100 gpm is equivalent to 1.9% added moisture from 
the shearer alone. Unfortunately, excessive moisture levels can also result in a host of 
materials handling problems, operational headaches, and product quality issues, so an 
upper limit on water use is sometimes reached rather quickly. As a result, an alternative 
to simply adding more water is to ensure that the broken material is being wetted 
uniformly. Uniformity of wetting was recognized as an important issue long ago by 
Hamilton and Knight (1957), who measured the amount of dust generated by dropping 
coal. By far the best dust reductions came from pre spraying the coal with water and then 
mechanically mixing the coal and water together to achieve a uniformity of wetting. 
Subsequent mining experience has confirmed this. For example, releasing water at the 
cutting picks of rotating shearer drums has proven to be far more effective at suppressing 
longwall dust than using external sprays on the shearer body. This is because water 
released at the cutting picks gets mixed in with the broken coal, whereas water from 
external sprays usually provides just surface wetting. Increasing the number of sprays is 
another way to promote uniformity of wetting. Bazzanella et al. (1986) showed that dust 
suppression is improved by increasing the number of sprays on a shearer drum even when 
the total water flow and nozzle pressure were held constant with the use of smaller orifice 
nozzles. When 46 smaller orifice nozzles were substituted for the 17 original nozzles, 
dust was reduced by 60%. This is better than the dust reduction given by most dust 
control techniques. The benefits of improved mixing and uniformity of wetting have also 
been obtained with foam, with far greater effectiveness when the foam was mechanically 
mixed in with the coal [Mukherjee and Singh 1984] or mechanically mixed with silica 
sand (Volkwein et al. 1983).  
 
The use of water for dust control is twofold. First, it is best to wet the material fully 
during the breakage process. This is when most mechanical mixing is likely to take place. 
Wetting during breakage ensures that the benefits will carry over to any downstream 
secondary handling operation. Second, uniformity of wetting is best achieved by using 
more nozzles at lower flow rates and ensuring that the nozzles are aimed at the broken 
material rather than just spraying into the air and wetting an adjacent metal or rock 
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surface. While it is always best to aim sprays at broken material, circumstances dictate 
the impracticality of locating spray nozzles where they might be easily damaged. For 
example, spray nozzles under the boom of a continuous miner are more effective than 
those on the top of the boom (Matta 1976). However, top nozzles are more commonly 
used because sprays under the boom are damaged more often and are harder to maintain. 
 
3.2.2  Airborne capture:  
 
Under actual mining conditions, the typical water spray operating at 100 psi and 1-2 gpm 
gives no more than 30% airborne capture of respirable dust water blast sprays in metal 
mines. This is done using a combination of water and compressed air, were first used 
many years ago to reduce dust in metal mine headings after blasting. Brown and Schrenk 
(1938) saw dust reductions of 90%-99% from water blast sprays within 15 min after 
blasting. The reason for the difference (90%-99% instead of 30%) is that the water blast 
sprays had 15 min to work on a single-event dust cloud confined to the end of the 
heading. Most of the dust in the cloud re-circulated through the sprays again and again, 
whereas in most modern mining applications the dust cloud is generated continuously, 
and the dust only gets one pass of a few seconds through the sprays. This explains the 
30% spray effectiveness in modern mining applications. In more recent years, McCoy et 
al. (1985) measured the effectiveness of water spray nozzles using a closed chamber in 
which a single-event dust cloud was re-circulated again and again through a spray. In a 
few minutes, the dust level was reduced by 90%, confirming the earlier observations of 
Brown and Schrenk, and others (Van der Bank 1977). (Courtney and Cheng, 1977). This 
is not as good as lab tests (Tomb et al. 1972) would lead one to believe. In lab tests, the 
sprays were usually confined in a duct, and all of the dust was forced to pass through the 
spray. However, under actual mining conditions, dust clouds are unconfined. In all 
sprays, the moving droplets exert drag on the adjacent air; thus, sprays act to move the 
air. Because of this air entrainment effect, if a spray is aimed at an unconfined dust cloud, 
it will carry in air that spreads the cloud, thus making capture by the spray less efficient. 
Aside from making sprays less efficient, the air entrainment of sprays can create other 
problems. 
 
Figure 4 shows how some sprays on a longwall shearer actually raise the shearer 
operators dust level. For many years, it was a common practice to discharge the motor-
cooling water by aiming it at the coal face under the theory that it would capture some 
airborne dust. Although some dust was captured, a considerable airflow toward the coal 
face was also created. That airflow, upon reaching the coal face, simply turned around 
and carried the rest of the dust cloud, formerly confined to the face, back over the 
operator. Perhaps one-fourth of the cloud was captured, but the remaining three-fourths 
were blown back over the operator, raising the operator’s dust level threefold (USBM 
1981). 
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Figure 4: Spray-generated airflow carries dust back to the shearer operator. 

 
Air entrainment of sprays can also lead to overrating their effectiveness. Figure 5 shows a 
conceptual example. A dust cloud is generated by a dust source, such as a belt transfer 
point, and the cloud surrounds much of the dust source (figure 5, left). A water spray is 
aimed at the cloud, and a dust sampler located on or near the source shows a substantial 
dust reduction when the spray is turned on. Most of this dust reduction is actually caused 
by the air currents induced by the water spray, which dilute and blow away much of the 
dust cloud (figure 5, right). Normally, this dust reduction would be misinterpreted as 
airborne capture by the spray droplets. 
 

 
Figure 5 Water spray test that can lead to overrating spray effectiveness. 

 
Attempts to improve the airborne capture efficiency of sprays have not met with practical 
success. One approach has been to reduce droplet size, based on the notion that capture 
by smaller droplets is more efficient. This effort has included atomizing or fog sprays, 
steam, sonically atomized sprays, compressed air-atomized sprays, and electrically 
charged atomized sprays (Bigu and Grenier 1989; McCoy et al. 1983). These methods 
usually offer somewhat better dust capture and some economy in the use of water, but 
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have many disadvantages that prevent their use in mining. Nozzles with very small 
orifices are more prone to clogging. Fine droplets are likely to evaporate quickly and 
release captured dust along with the minerals that had been dissolved in the water 
(McCoy et al. 1983).  
 
Despite the limitations of sprays, proper nozzle selection can enhance their use. Figure 6 
shows the airborne capture performance of some common spray nozzle types at different 
pressures. Atomizing sprays are the most efficient. Hollow-cone sprays are a close 
second and are the best choice for practical mining applications because they have larger 
orifice nozzles and are less likely to clog. Flat fan sprays are more appropriate for 
spraying into a narrow rectangular space because less water is wasted by spraying against 
an adjacent rock or metal surface. 
 
High-pressure sprays, one way to improve sprays is to raise the water pressure. This 
raises the efficiency per unit use of water, as shown in figure 6. Jayaraman and 
Jankowski [1988] tested the airborne capture of both conventional and high-pressure 
sprays at a full-scale model continuous miner face. A conventional spray system on the 
miner (100 psi, 19 gpm) gave 30% respirable dust reduction. A high-pressure system 
(2,500 psi, 3 gpm) gave the same reduction, but with much less water. 

 
Figure 6: Airborne capture performance of four types of spray nozzles. 
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The two systems operating together (22 gpm) gave 59% dust reduction. The dual system 
would be the choice for underground use, providing both airborne capture and sufficient 
wetting of the broken material. 
 
A marked disadvantage of high-pressure sprays is that they entrain large volumes of air, 
often leading to more dispersal of dust than is captured. Because of this secondary 
dispersal, their application is limited to enclosed or semi enclosed spaces, such as under 
the boom of a continuous mining machine. 
 
3.3  Dust control by foam:  
 
For dust control, foam works better than water. It provides dust reductions of 20% to 
60% compared to water. Foam also can produce similar results at lower water use, that is, 
the amount of water needed to make the foam is less than the equivalent water spray. 
Seibel (1976) compared high-expansion foam to water sprays at a belt transfer point. 
Compared to water, the foam averaged an additional 30% dust reduction. Mukherjee and 
Singh (1984) found that foam released from a longwall shearer drum cut the dust an 
additional 50% compared to conventional water sprays on the drum. Also, the system 
used one-half the water of the conventional sprays. The drawback of the foam was high 
cost. Like water, foam works best when it is mechanically mixed with the broken 
material. A comprehensive review of foam for dust control in mining and minerals 
processing has been given by Page and Volkwein (1986). 
 
3.4  Dust control by wet agents:  
 
Wetting agents receive a disproportionate amount of attention, perhaps because they 
seem to offer an easy fix to dust problems. Most interest has been in coal mining because 
of the hydrophobic nature of coal. The effectiveness of wetting agents has been the 
subject of considerable research over the years, without much of a definitive answer on 
how well they work. Various studies have shown a respirable dust control effectiveness 
compared to plain water, averaging about 25% and ranging from zero (MRDE 1981; 
Chander et al. 1991) to 25%-30% (Kost et al. 1980) to more than 40% (Meets and 
Neethling 1987). It seems that wetting agent effectiveness depends on the type of wetting 
agent, type of coal, dust particle size, dust concentration, water pH, and water mineralogy 
(Hu et al. 1992; Kim and Tien 1994; Tien and Kim 1997). However, no general formula 
or methodology has emerged that would allow a mine operator to select a wetting agent 
appropriate for its specific coal (or rock) type. The only alternative is to try out a 
prospective wetting agent and discontinue its use if there is no clear benefit. However, 
given that the average effectiveness of a wetting agent is 25%, about the same as the 
accuracy of dust sampling methods, a wetting agent choice is never easy. 
 
 
 
 
 
 



66

Journal of Engineering Geology
A bi-annual journal of ISEG

Volume XXXIX, No. 2, 
December 2014

3.5  Dust control by various mining operations:  
 
3.5.1  Extraction: 
 
In machineries like tunnel boring machines, road headers, continuous miners, drilling 
machines, etc Aside from using sharper cutting bits, water can be applied as described 
above. Another application of water that reduces cutting dust is water infusion of coal 
seams. Although it has been largely abandoned because of high cost, water infusion of 
coal seams will reduce dust by about 50%. To infuse a coal seam, boreholes are drilled 
into the coal seam ahead of mining and large volumes of water are pumped in under high 
pressure to wet the coal (McClelland et al. 1987). Somewhat analogous to cutting is the 
grinding action of longwall shields as they are pressed against the coal mine roof. This 
dust is released into the air as the shields are lowered and moved forward. The factors 
affecting dust generated by longwall shields and the methods used to control this dust 
have been discussed by Organiscak et al. (1985). 
 
3.5.2  Drilling:  
 
In coal mines, the most common method of drill dust control is a dry collector with the 
intake at the tip of the drill bit. This arrangement provides excellent dust control if the 
collector is maintained properly (Divers and Jankowski 1987). In hard-rock mines and 
tunnels, water injection through the drill steel has been effectively used to control dust for 
many years (ILO 1965; Page 1982). Foam injection through the drill steel also can be 
used in those applications where excessive water can create a problem (Page 1982). 
Problems with wet drills usually result from maintenance difficulties such as failure to 
clean out clogged lines or refill water tanks. Dry dust collectors with the inlet located at 
the collar of the drill hole have also worked (Page and Folk 1984), but not as well as 
water or foam. 
 
3.5.3  Blasting:  
 
Blasting is done at a time when workers are not expected to enter the affected area of the 
mine for the next hour or so (Knight 1980). This allows some dust to settle out and the 
rest to be carried away by the ventilation system. Water can help control dust by wetting 
down the blast area. 
  
3.5.4  Dropping:  
 
In removing and transporting mined material, the broken material is inevitably dropped. 
At longwall faces, the broken coal can fall 6 ft or more to the pan line. At tunnel boring 
machines, rock removed at the crown can drop 25 ft or more. At conveyor belts, the 
dropping of material from one belt to another can be a major dust source. Where it is 
possible to do so, dust from falling material, whether at ore passes or at conveyor transfer 
points, is usually controlled by enclosure and exhaust ventilation (Marshall 1964).  
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3.5.5  Crushing:  
 
Crushers in mines range from small roll types used in coal mines to large gyratory types 
used in hard-rock mines and mills. Whatever the size and method of crushing, dust is 
controlled by water sprays and local exhaust ventilation. The amount of water and air 
needed to do the job is hard to specify. It depends on the type of material being crushed 
and the degree to which the crusher can be enclosed. Jayaraman et al. (1992a) obtained 
substantial reductions in crusher dust at a longwall by enclosing the entire stage loader-
crusher unit, using 18 gpm of water inside the enclosure, and extracting 2,500 cfm of air 
from the enclosure. Rodgers et al. (1978) described how dust from a 5-ft gyratory crusher 
was reduced by using a 75,000-cfm exhaust ventilation system and a control booth for the 
operators.  
 
3.5.6  Conveying:  
 
Conveying by railcar usually generates little dust. Rubber-tired vehicles will kick up dust 
if the mine floor is dry. This dust from the floor can be reduced by wetting, by calcium 
chloride, or by any of the chemical preparations used to control dust at surface mines 
(ILO 1965; Kissell 1992). 
 
A conveyor belt can generate large amounts of dust from several sources. Dust originates 
at transfer points. It is also shaken from the belt as the belt passes over the idlers. Spillage 
of material from the belt can also be a big contributor. Further, a high velocity of 
ventilation air will assist the release of dust by drying the material and releasing settled 
particulate.  
 
3.6  Dust Collectors:  
 
Dust collectors can play a valuable role in dust reduction, if space is available to locate 
the collector and if the collector efficiency is high. Dust collectors range from low-
volume filtration systems used in the cabs of mining equipment (Organiscak et al. 2000) 
to high-volume wet collectors used on continuous miners in coal mines (Volkwein et al. 
1985). 
 
The most difficult dust collector application occurs when the dust has a high percentage 
of silica and the air passing through the collector is reused. Then, any minor collector 
malfunction or design flaw will lead to excessive dust levels. 
 
It is important to recognize that the efficiency of a dust collector is the filtration 
efficiency of the unit times the capture efficiency of its inlet. For collectors properly 
designed to trap respirable dust, the filtration efficiency is usually quite high, in the 90%-
95% range. The inlet capture efficiency is much more variable. The inlet capture 
efficiency is high, 80% or better, when the collector extracts air from an enclosed or semi 
enclosed space, such as the cutter head space of a hard-rock TBM or the crusher on a 
longwall stage loader. If the coal bed is not too high, capture efficiency is also reasonable 
at continuous miner faces, which are dead-end spaces crammed with equipment. 
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However, where there is less enclosure, such as in continuous miner faces in high coal, 
road header faces, or longwall shearer faces, inlet capture efficiency is poor, 50% or less, 
unless the collector air quantity is unreasonably high. Collectors also exhibit many design 
and maintenance problems, as follows: 
 
3.6.1  Design Problems:  
 
The designers of dust collection systems take many shortcuts to cut costs and reduce the 
amount of maintenance required, some of which also reduce the efficiency. For example, 
some of the fiber filters on cab filtration systems (Organiscak et al. 2000) and the 
flooded-bed panels on continuous miners (Colinet and Jankowski 2000) have been found 
to be too porous. A porous filter permits more airflow and allows for a smaller fan, but 
exhibits poor collection efficiency for hard-to-trap respirable dust. Also, in recent years, 
continuous miner booms have been redesigned to move the collector inlets from the 
boom to the hinge point. This has had many benefits in cost and maintenance, but this 
location is farther from the dust source and thus has lowered the inlet capture efficiency 
(Jayaraman et al. 1992b).  
 
3.6.2  Maintenance Problems:  
 
Dust collectors in mines and tunnels can be high-maintenance equipment. Screens and 
filters clog often, sometimes more than once per shift. Gaskets disappear and access 
doors leak. Often, filters are not seated properly, and dusty air leaks around them. Filters 
also develop holes from mishandling and from abrasion by larger-sized particulate. 
Ductwork leading to the collector fills with coarse particulate, cutting off the airflow. 
Fans located on the inlet side of the collector suffer rapid erosion of their blades and are 
usually not designed for convenient blade replacement. High dust levels are the result. A 
major reason for excessive silica exposure during coal mine roof bolting is lack of 
maintenance on the bolting machine dust collector. 
 
3.7  Control of Diesel particulate:  
 
A detailed but readable review of diesel particulate controls has been written by 
Schakenberg and Bugarski (2000). Essentially, the technology selected depends on how 
much the particulate must be reduced. Moderate particulate reductions may be obtained 
by better engine maintenance, engine derating, biodiesel fuel, fuel-water emulsions, and 
oxidation catalysts in conjunction with low-sulfur fuels. Large particulate reductions 
(80% or better) can be obtained with ceramic particulate filters on the engine tailpipe. 
Also, new low-emissions engines are available. These new engines can lower the 
particulate level as much as 75% if the existing engine has an old design. Some reduction 
in diesel particulate levels can be achieved by running haulage trucks in return airways. 
However, since other equipment in the mine is also powered with diesel engines, the 
benefits of return haulage may be minimal. In many mines, the haulage truck horsepower 
is only a fraction of the installed diesel horsepower in the mine. Reduction in diesel 
particulate can be obtained with improvements in the ventilation, of jet fans and 
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stoppings. Head (2001 a,b,c) recently wrote three helpful articles on better ventilation and 
reducing diesel emissions in stone mines.  
 
4.0  Discussion:  
 
If controlling dust were a simple matter, dust problems in tunnels and mines would have 
been eradicated years ago. Unfortunately, most underground dust control methods yield 
only 25% to 50% reductions in respirable-sized dust. Often, 25% to 50% reductions are 
not enough to achieve compliance with dust standards. Thus, mine operators must use 
several methods simultaneously, usually without knowing for sure how well any 
individual method is working. In fact, given a 25% error in dust sampling and day-to-day 
variations in dust generation of 50% or more, certainty about which control methods are 
most effective can be wanting. Nevertheless, over the years, some consensus has emerged 
on the best dust control practices. (Kissell F.N.  2003). 
 

Dust Control Method Effectiveness 
Low – 10-30% 
Moderate – 30-50% 
High – 50-75% 

Cost and Drawbacks 

Dilution ventilation Moderate High – more air may not be 
Feasible 

Displacement ventilation, 
including enclosure with 
extraction of dusty air 

Moderate to high Moderate – can be difficult to 
implement well 

Wetting by sprays Moderate Low – too much water can be 
a problem 

Airborne capture by sprays Low Low – too much water can be 
a problem 

Airborne capture by high 
pressure sprays 

Moderate Moderate – can only be used 
in enclosed spaces 

Foam Moderate High 
Wetting agents Zero to low Moderate 
Dust collectors Moderate to high Moderate to high – possible 

noise problems 
Reducing generated dust Low to moderate Moderate 
Enclosure with sprays Low to moderate Moderate 
Dust avoidance Moderate Low to moderate 

 
Many methods have been tested to control dust in tunnels and underground mines. Poor 
results and difficult operating conditions have ruled out a high proportion. Those that 
have remained will reliably reduce dust if one makes a determined effort to deal with the 
problem. Inevitably, there is cost and inconvenience involved. However, the proper 
consideration and use of ventilation, water, and dust collectors can achieve a satisfactory 
result. The best practice to control dust subsurface is to control dust at the source. 
 
Statistical and Artificial neural network tools can be applied after collecting the data from 
various dust generation sources so that dust concentrations can be predicted and 
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mitigative measures can be planned well before the underground excavations. Innovative 
automatic dust samplers and suppression mechanism can be integrated to get the dust 
emissions suppressed at the source. 
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