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ABSTRACT 

Roof bolter canopy air curtains are gaining acceptance as a 
respirable dust control device that can provide roof bolter operators 
with protection from overexposure to respirable coal mine dust. 
However, only about 50 mine operations in the U.S. with roof bolting 
equipment have canopy air curtains installed. Both lab and field studies 
on the effectiveness of roof bolter canopy air curtains have been 
published. Field studies, in particular, have shown the effectiveness of 
canopy air curtains to be variable. However, in all previous field 
studies, none have been conducted when the roof bolting machine 
operates downwind of the continuous miner (CM)—a scenario for 
which the canopy air curtain was designed to provide respirable dust 
control. This study, performed by researchers from the National 
Institute for Occupational Safety and Health (NIOSH), was conducted 
to test a canopy air curtain on a roof bolter machine operating 
downwind of the continuous miner. Results of testing demonstrated 
that the roof bolter canopy air curtain can effectively provide respirable 
dust protection for roof bolter operators with dust control efficiencies 
ranging from 11% to 40%.  

INTRODUCTION 

The roof bolter canopy air curtain (CAC) is integrated into the roof 
bolter canopy under which the bolter operator works when bolting a 6.1 
m to 12.2 m entry. The CAC provides filtered air, blown over the 
operator, through a plenum built into the roof bolter canopy. This 
filtered air serves as a curtain which is designed to protect the operator 
from elevated respirable dust levels by providing the filtered air to the 
operator and by redirecting contaminated ventilation airflow away from 
the bolter operator’s breathing zone. 

Roof bolter CACs have been tested in the lab to determine their 
dust control efficiencies. Only recently has testing of the CAC in the 
field occurred. During initial field testing by NIOSH researchers in 
2011, the reductions in respirable coal mine dust concentrations 
compared the operator under the CAC to an operator underneath an 
unmodified canopy. The reductions while using the CAC were 53% 
and 35% at the two roof bolter locations measured. No additional data 
was obtained due to maintenance issues of the CAC (1). 

A second round of field testing was completed by NIOSH 
researchers in 2016. The testing compared the respirable coal dust 
concentration at the roof bolter operator location under the CAC to a 
concentration obtained from an area sampling location at the rear of 
the bolter. The results showed reductions ranging from -150% to 52%. 
The negative percent reduction represents an increase in respirable 
coal mine dust concentration at the roof bolter location. However, the 
concentrations at the roof bolter operator locations ranged from 0.036 
to 0.424 mg/m3, which were very low concentrations. There were 
several issues which contributed to negative dust control efficiencies, 
including improper placement of samplers, movement of the operator 
in and out of the protection zone, large distances between CAC 
plenum and top of roof bolter’s hard hat (large distances reduce the 
ability of the CAC to provide protection), and low dust concentrations 
encountered at the site (2).  

Additional analysis of this second round of testing was conducted 
by comparing readings from samplers located directly underneath the 
CAC plenum and above the roof bolter operator with the sampling 
location at the rear of the roof bolter. Through this analysis, the CAC 
demonstrated respirable coal mine dust reductions ranging from 40% 
to 91% (2). This analysis represented a theoretical maximum 
protection when using the CAC.  However, during this second round of 
testing, the roof bolter never operated downwind of the continuous 
miner (CM). 

A third round of testing was completed later in 2016. The issues 
encountered previously were addressed during this testing, except for 
operator movement and the issue with low concentrations. Comparing 
the roof bolter operator samplers with a sampler located between the 
two roof bolter operators (left and right) yielded reductions ranging 
from 3% to 60% (3). Comparing the TWA concentration of samplers 
located directly underneath the CAC plenum and above the roof bolter 
with the sampling location at the middle of the roof bolter between the 
two operators, the CAC demonstrated respirable coal mine dust 
reductions ranging from 30% to 79% (3). Again, this analysis 
represented a theoretical maximum protection when using the CAC. 
Also, during this third round of testing, the roof bolter never operated 
downwind of the CM. Consequently, the dust measurements that were 
recorded in this test also had very low respirable coal dust 
concentrations. Therefore, the potential protection for roof bolter 
operators using the CAC while working in high dust concentrations or 
downwind of the continuous miner has not been documented.   

It is very difficult to obtain data for the roof bolter operators’ CAC 
when downwind of the continuous miner. The main reason is the fact 
that the Mine Safety and Health Administration (MSHA) limits roof 
bolter operation downwind of the continuous miner to one time per 
shift, if it is allowed at all. Timing is another reason. During NIOSH field 
studies evaluating the roof bolter CAC, either the roof bolter never 
operated downwind of the continuous miner or the action occurred 
while the NIOSH team was preparing to conduct the study. Recently, a 
mine site expressed interest in conducting testing downwind of the CM 
in order to document the protection provided by the CAC.   

FIELD TESTING 

The roof bolter CAC was tested at the mine site to determine the 
ability of the CAC to protect the roof bolters from respirable coal mine 
dust overexposures while bolting downwind of the CM. Testing was 
conducted on a roof bolter equipped with the CAC for both bolter 
operators and when the bolter operated downwind of the continuous 
miner. During operation, the mine section followed their ventilation 
plan, using blowing face ventilation. The mine sections operated using 
12.2 m CM cuts. The ventilation plan specified that a minimum air 
quantity of 3.30 m3/s and a maximum allowable line curtain distance of 
1.5 m be maintained. During roof bolting, the minimum air quantity 
specified was 1.42 m3/s, and the line curtain was required to be 
maintained not more than 1.5 m from the rear bumper of the roof bolter 
machine. The roof bolter operators working downwind of the CM were 
limited to 24.4 m of coal production per shift per mechanized mining 
unit. 
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The ventilation data obtained during the testing is shown in 
Table 1 and Table 2. Table 1 (see APPENDIX) presents the ventilation 
information for the roof bolter entries, and Table 2 (see APPENDIX) 
presents the ventilation information for the CM entries. Light blue in 
Table 1 represents a “normal” entry where the roof bolter operator 
works in an entry with the blowing face ventilation setup and the 
continuous miner is upwind. Light yellow in the table represents the 
roof bolter machine is upwind of the continuous miner. Orange 
represents the roof bolter machine operating in an open crosscut 
where the ventilation airflow flows into the crosscut from the back of 
the roof bolter machine and exits the crosscut beyond the front of the 
bolter. In these crosscuts in orange, the roof bolting occurred 
downwind of the miner. 

DUST SAMPLING METHOD 

The sampling layout is shown in Figure 1. A combination of 
Continuous Personal Dust Monitors (CPDM) (Figure 2), Personal Data 
Ram 1000s (pDR), and gravimetric samplers were used for testing the 
CAC for respirable dust control. Gravimetric samplers consisted of 
Escort ELF pumps, Dorr-Oliver Cyclones, and 37-mm filters in coal 
cassettes. Each roof bolter operator wore a CPDM, and their locations 
are represented by green markers in Figure 1. The roof bolter 
operators also wore a pDR.  In addition, two NIOSH researchers who 
were located behind the roof bolter machine each wore a CPDM and a 
pDR and are represented by the yellow markers. These NIOSH 
researchers always positioned themselves behind a roof bolter 
operator at the end of the roof bolter (i.e., one NIOSH researcher 
positioned himself behind the left roof bolter, while the other positioned 
himself behind the right roof bolter). The CM operator also wore a 
CPDM as did the two NIOSH researchers accompanying him (not 
shown). 

 
Figure 1.  An example section showing the sampling locations in a 
blowing face ventilation system. In this example, the roof bolter is 
downwind of the continuous miner. 

 
Figure 2.  A CPDM 3700 respirable dust sampler. 

Other locations were sampled differently using sampling 
packages made up of one pDR in conjunction with two gravimetric 
samplers (Figure 3). These were used for the intake (blue markers) 
and return (red markers) samplers which were placed in their 

respective locations as shown in Figure 1. Additionally, several of 
these sampling packages (purple markers in Figure 1) were placed on 
the roof bolter near the operators, but outside the zone of influence of 
the CAC. 

 
Figure 3.  A typical sampling package consisting of a pDR and two 
gravimetric samplers. This package is typically hung from a roof bolt. 

TEST PROCEDURE 

Testing was completed at three different sections, each 
containing 14 entries using split or fishtail ventilation, with the intake in 
entries 8, 9, and 10. Return entries were #1, #2, #3, #4, #11, #12, #13, 
and #14. Figure 4 shows the typical 14-entry section. Testing occurred 
over four days, which was comprised of full-shift testing or more, 
except for day four which was approximately a half shift. It should be 
noted that the sample results of this study cannot be used for 
compliance sampling because the CPDMs were not prepared by 
MSHA-certified technicians, and the samples are not full-shift 
samples from a single location. 

 
Figure 4.  Typical 14-entry section layout. 

The objective of the field study was to obtain respirable coal mine 
dust data for the roof bolting machine with the canopy air curtain 
operating as it operates downwind of the CM and compare the dust 
levels to unprotected samples. Attempts were made to obtain data for 
as many places downwind of the continuous miner as possible, which 
was accomplished by moving from section to section to conduct the 
sampling. For example, at the start of the shift NIOSH researchers 
traveled to a section where the roof bolter was planned to operate 
downwind of the miner. Once this roof bolter completed its task 
downwind of the miner, the NIOSH researchers then collected all 
samplers and traveled to the next section where that roof bolter was 
planned to operate downwind of the miner. However, during testing 
only two locations were able to be obtained for testing per day. 
However, August 22 was an exception, where three locations were 
obtained. 

During the study, the air velocity from the plenum was measured 
to ensure effective operation of the canopy air curtain. Table 3 shows 
the air velocity measurements from the plenum. These measurements 
were taken using a vane anemometer to measure the airflow under 
each bolter plenum. Measurements were not obtained on August 23. 
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Table 3.  Air velocity measurements directly underneath the canopy air 
curtain plenum. 

Date Right Plenum Airflow (m/s) Left Plenum Airflow (m/s) 
22-Aug 1.22 1.24 
23-Aug NA NA 
24-Aug 0.96 0.97 
25-Aug 1.84 1.92 

 
NIOSH researchers performed time studies of the CM and the 

roof bolter. Two persons were stationed at the CM who measured 
ventilation airflow and documented continuous miner cut times. Two 
persons were located at the roof bolter to conduct the time studies for 
each roof bolter operator—documenting when they were in/out of 
canopy protection zone. 

EVALUATION 

The evaluation of data is conducted by reviewing results through 
two methods: analyzing instantaneous data when the cuts and bolting 
actually occurred and analyzing the time-weighted-average (TWA) 
results for each day of the study. The instantaneous analysis is 
provided for information purposes to determine CAC operating dust 
reductions. The TWA analysis results would provide the best 
information for showing bolter operator dust exposure during each day 
of the study. 

Instantaneous results 
Instantaneous results were obtained by one of two methods 

dependent upon which sampler was used: the pDR-1000 or the 
CPDM. 

CM intake and return dust concentrations were measured using 
the pDR-1000 and gravimetric samplers. The average concentrations 
for each cut were calculated based on the time of the cut. The 
instantaneous concentrations recorded at 5-second intervals by the 
pDR-1000 required correction of the gravimetric concentration. This 
correction is required of all dust concentrations obtained using light-
scattering instruments (4), and the procedure has been well 
documented (5, 2). The corrected concentrations were used in all 
subsequent analyses for individual cuts. 

Dust concentrations at the roof bolter locations were measured 
using the CPDM, but a different method of calculating the average 
concentration per cut is required. The CPDM measures concentrations 
based upon mass. Therefore, no correction is required of the dust 
concentrations. The CPDM is a quasi-instantaneous dust 
measurement device that records at the cumulative mass of respirable 
dust collected in 1-minute intervals. NIOSH is able to download the 
data and evaluate the mass collected throughout the shift. To calculate 
the dust concentrations of a specific time interval, the cumulative mass 
at the beginning of the time interval and at the end of the time interval 
are used. The following equation is used to calculate the respirable 
dust concentration: 

 𝐶𝐶𝐶𝐶. =  (𝑀𝑀𝑀𝑀2−𝑀𝑀𝑀𝑀1)×1000
(2.2× 𝑇𝑇𝑇𝑇𝐼𝐼𝐼)

 (1) 

where  

Conc. = the concentration (mg/m3); 
Mass2 = the cumulative mass recorded at end time of 

time interval (mg); 
Mass1 = the cumulative mass recorded at begin time 

of time interval (mg); 
2.2 = flowrate of the CPDM (lpm); 
TimeInt = the total time of the time interval from 

beginning to ending (minutes); 

This method was used in the analyses where the CPDM was 
used to measure dust concentrations. A disadvantage using the CPDM 
for instantaneous analysis is the 1-minute recording interval. Dust 
concentrations of time study activities being evaluated using the CPDM 
can only be assessed to the nearest minute. The advantage of the 
CPDM is that it is a mass-based sampler. Therefore, no calibration is 
required to conduct comparisons among different samplers as with the 
pDR-1000. 

Results of the continuous miner cuts were analyzed to show the 
average respirable coal mine dust concentration of the CM intake and 
return areas of the individual cuts.  These results were calculated using 
instantaneous data from the pDR-1000, corrected with the 
corresponding gravimetric data. 

Analyzing the results in Table 4 (see APPENDIX), the average 
continuous miner cuts were approximately 30 minutes in duration with 
the longest being 52 minutes and the shortest 14 minutes. The highest 
respirable dust concentrations in the return from cutting was 2.690 
mg/m3 with the lowest being 0.444 mg/m3. There were no high 
concentrations (>4.00 mg/m3) as have been documented in previous 
studies conducted at other mines (6, 7). This data provides an 
indication of the amount of coal mine respirable dust that could 
potentially reach the downwind roof bolters. 

Table 5 shows the average respirable coal mine dust 
concentrations, using CPDM data, for the roof bolter operators and 
NIOSH researcher locations. The roof bolter intake was calculated 
using instantaneous pDR-1000 data. Again, light blue in the table 
represents a “normal” entry as previously defined. Light yellow in the 
table represents the bolter is upwind of the continuous miner. Orange 
represents the bolter operating in the open crosscut. It should be noted 
that during the Aug 23rd Entry 2 and Aug 24th Entry 8 right, the 
continuous miner did not operate in these bolting locations. These are 
recorded as upwind of the continuous miner, even though it did not 
operate. Figures depicting these two locations are not included in the 
“Locations” section.  

The results in Table 5 only evaluate the times that the roof bolter 
operators were operating the roof bolter machine, which represent the 
times that the operator should be underneath the CAC. The percent 
reductions in Table 5 were calculated using the following equation: 

 % 𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟 = �1 − �𝑎𝑎𝑎 𝑙𝑙𝑙𝑙 & 𝑟𝑟𝑟ℎ𝑡 𝑏𝑏𝑏𝑏𝑏𝑏
𝑎𝑎𝑎 𝑁𝑁𝑁𝑁𝑁 𝐴 & 𝐵

�� × 100 (2) 

where  

% reduction = the reduction of respirable coal 
mine dust exposure to the roof 
bolter by using the canopy air 
curtain (%); 

avg left and right bolter = the average of the concentrations 
of the left and right roof bolter 
operators (mg/m3); 

avg NIOSH A & B = the average of the concentrations 
of NIOSH researcher A & B 
(mg/m3); 

In reviewing Table 5, the use of the canopy air curtain reduced 
respirable coal mine dust exposure to the roof bolter operators ranging 
from 11% to 40 %. Aug 24th was an exception where the reduction was 
approximately -73% when bolting in Entry 8 right. Because the 
reduction was negative, it represents an increase in exposure as seen 
in the table. Once the roof bolters completed their roof bolting on this 
day, the JH Fletcher representative found that the canopy air curtains 
were being operated at their lowest setting with the air supply valve 
throttled down. This explains the reason for the lower plenum air 
velocities on this day. The canopy air curtain was not providing the 
protection for respirable dust exposure due to the bolter operators 
setting the canopy air curtain flow at a low level. Another possible 
reason for the reduction of -73% was that the bolter machine was in an 
entry upwind of the CM, and the dust concentrations were very low. A 
prior study showed that there can be difficulty achieving reductions 
with the CAC in low concentrations (2). Additionally, the reduction 
when bolting in Entry 10 right was low (6%). Higher respirable dust 
concentrations were encountered in this entry. Even with the CAC set 
on low, it provided some amount of protection, although low, from 
respirable coal mine dust. Therefore, Aug 24th results are an exception 
to normal operating conditions of the canopy air curtain. 

Another exception is on Aug 25th for roof bolting Entry 13 right. 
The right roof bolter concentration was 0.175 mg/m3, which is much 
lower than the left roof bolter concentration of 0.877 mg/m3. The 
calculations and data for the 0.175 mg/m3 concentration were double-
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checked to ensure accuracy. If this data point is omitted, then the 
canopy air curtain reduction for this cut is -2.9%. However, in reviewing 
all the entry right crosscuts, the right bolter operator concentration is 
always less than the left bolter operator. In Table 5, the right bolter 
concentration is 44% (Entry 11 right), 40% (Entry 8 right), and 7% 
(Entry 11 right) lower than the left bolter concentration. It is not 
understood what phenomena is causing this effect, but it seems 
consistent throughout this study. Although, 0.175mg/m3 compared with 
0.877 mg/m3 is 80% lower, it was left in the calculations as is. 

The results in Table 5 demonstrate that the canopy air curtain can 
provide protection for roof bolter operator exposures to respirable coal 
mine dust. 

Locations 
The following figures (Figure 5 through Figure 12) show the 

locations of the roof bolter and the continuous miner during operations 
in the study. 

 
Figure 5.  Location of roof bolter downwind of continuous miner on 
Aug 22nd. First cut with roof bolter in entry 1 and miner in entry 4. 
Section 2nd Main East 2nd Main North. 

 
Figure 6.  Location of roof bolter with respect to continuous miner on 
Aug 22nd.  Second cut with roof bolter in entry 4 left and miner in entry 
8 right. Bolter is not downwind for this cut. Section 2nd Main East 2nd 
Main North. 

 
Figure 7. Location of roof bolter downwind of continuous miner on Aug 
22nd. Third cut with roof bolter in entry 11 right x-cut 75 and miner in 
entry 11.  Section 2nd Main East 2nd Main North. 

 
Figure 8.  Location of roof bolter downwind of continuous miner on 
Aug 23rd. Second cut with roof bolter in entry 1 and miner in entry 5 
left. Section 1st Main East 1st South. 

 
Figure 9.  Location of roof bolter downwind of continuous miner on 
Aug 24th. Second cut with roof bolter in entry 10 right x-cut 1+80 and 
miner in entry 9. Section 1st Main East 1st North. 
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Figure 10.  Location of roof bolter downwind of continuous miner on 
Aug 24th. Third cut with roof bolter in entry 10 right x-cut 1+80 and 
miner in entry 10. Section 1st Main East 1st North. 

 
Figure 11. Location of roof bolter downwind of continuous miner on 
Aug 25th. First cut with roof bolter in entry 13 right x-cut 1+80 and 
miner in entry 10. Section 1st Main East 1st South. 

 
Figure 12.  Location of roof bolter downwind of continuous miner on 
Aug 25th. Second cut with roof bolter in entry 13 right x-cut 101 and 
miner in entry 11. Section 1st Main East 1st South. 

TWA analysis 
Evaluation of TWA dust concentration measurements was 

conducted. The following tables show the information for the 
continuous miner locations. 

Table 6 (see APPENDIX) shows the TWA concentration of dust 
generated from the continuous miner for the entire time the study was 
conducted during each day. These results are the dust concentrations 
calculated from the gravimetric filters in the CM intake and CM return. 
Sampling times are shorter than CPDM times due to gravimetric 
samplers not being started until the CM started cutting coal in the 
section. The table shows that the return concentrations from the miner 
ranged from 0.218 to 0.825 mg/m3. 

Table 6.  Area respirable coal mine TWA dust concentrations of 
continuous miner intake and return. 

Date CM Intake Avg 
(mg/m3) 

Time 
(Min.) 

CM Return Avg 
(mg/m3) 

Time 
(Min.) 

22-Aug 0.176 232 0.825 381 
23-Aug 0.103 163 0.218 220 
24-Aug 0.011 100 0.648 95 
25-Aug 0.037 81 0.720 79 

 
Table 7 shows the TWA respirable coal mine dust concentrations 

for the continuous miner operator and the NIOSH researchers who 
wore the CPDMs. The table shows that the continuous miner operator 
and NIOSH researchers were able to remain in locations to avoid high 
exposures to the respirable coal mine dust generated during cutting 
operations. There were several issues with the CPDMs on Aug 24th 
and Aug 25th. On Aug 24th, the CPDMs, denoted, quit working due to 
battery failure. On Aug 25th, the data from the CPDM of the continuous 
miner and NIOSH Researcher C was lost. 

Table 7.  Respirable coal mine dust concentrations at continuous 
miner locations. Data from CPDM. 

  NIOSH Researchers  Date CM Op C D Time (Min.) 
22-Aug 0.412 0.437 0.439 606 
23-Aug 0.387 0.266 0.331 513 
24-Aug 0.097* 0.330 0.306** 511 
25-Aug NA NA 0.570 254 

*CPDM only operated 15 min 
**CPDM quit at 12:06 pm 
 

Table 8 displays the TWA concentration of respirable coal mine 
dust measured at the roof bolter intake and return for the entire time 
the study was conducted during each day. These results are the dust 
concentrations calculated from the gravimetric filters in the roof bolter 
intake and roof bolter return. Sampling times are shorter than CPDM 
times due to gravimetric samplers not being started until the roof bolter 
started bolting the entry. The intake concentrations from the roof bolter 
averaged 0.496 mg/m3, with the return concentrations averaging 0.577 
mg/m3. 

Table 8.  TWA area respirable coal mine dust concentrations of roof 
bolter intake and return. 

Date 
Roof Bolter 

Intake 
(mg/m3) 

Time 
(Min.) 

Roof Bolter 
Return 
(mg/m3) 

Time 
(Min.) 

22-Aug 0.702 323 0.645 330 
23-Aug 0.364 137 0.500 140 
24-Aug 0.352 277 0..472 271 
25-Aug 0.565 62 0.692 60 

 
Table 9 (see APPENDIX) compares the CPDM TWA respirable 

coal mine dust concentrations of the roof bolters with the CPDM TWA 
concentrations of the NIOSH researchers, who were stationed outside 
the canopy air curtain behind the roof bolter. The bolter CPDMs and 
NIOSH researcher CPDMs are comparable. Both were started at the 
same time, and generally followed each other (i.e., the bolter CPDMs 
were always in the same general vicinity as the NIOSH researcher 
CPDM). The only exception is Aug 22 where the CPDMs were outfitted 
on two different crews. The NIOSH researchers generally followed 
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Crew A until the second cut. Then, the NIOSH researchers moved to 
Crew B. The Crew A continued working with their CPDMs, but it is not 
known the tasks that they completed after the 2nd cut. Conversely, 
Crew B worked with their CPDMs throughout the day, but it is not 
known the tasks that they completed before NIOSH arrived after the 
2nd cut of Crew A. However, using the CPDM allowed a review of the 
data to isolate similar time frames to permit comparison of dust 
concentrations. On the other days, the NIOSH researchers always 
gathered the bolter CPDMs when moving to a new crew. Therefore, on 
the other days, the bolter CPDMs were always within observational 
distance of the NIOSH researchers. 

The comparisons show that the NIOSH research CPDMs 
recorded higher respirable dust concentrations than were measured at 
the roof bolter CPDMs. The lower concentrations are attributable to the 
use of the canopy air curtain while bolting. The range of respirable dust 
reductions was 12% to 39%. The average roof bolter CPDM 
concentration was 0.462 mg/m3 (both left and right) over the entire 
sampling period (excluding the Aug 25 measurement due to a shorter 
sampling time). The average NIOSH researcher CPDM concentration 
was 0.565 mg/m3. The results comparing the average bolter 
concentration to the average research concentration show that the 
data are statistically significant at 90% using the t-test. The left and 
right roof bolter respirable coal mine dust reductions provided by the 
canopy air curtain ranged from 6.4% to 39% for the left bolter and 
ranged from 11% to 39% for the right bolter. 

SUMMARY AND CONCLUSIONS 

The objective of this study was to obtain as much information as 
possible of the respirable coal mine dust concentrations surrounding 
and underneath the CAC when the roof bolter machine is operating 
downwind of the continuous miner. Methods of evaluating the results 
were conducted two ways, using instantaneous data and TWA data of 
the shift. Again, it is reiterated that these results cannot be used for 
compliance sampling. Out of the 8 bolting locations sampled, only 5 
were downwind of the CM and three of those were in open crosscuts 
which are a special case due to the higher ventilation airflow quantities 
encountered.   

The evaluation using the CPDM instantaneous concentrations of 
only the times when the roof bolter machine was operating 
demonstrated that during roof bolting operations, the respirable coal 
mine dust concentrations of the roof bolter operators were generally 
lower than those of NIOSH researchers who tailed the roof bolter 
operators. The roof bolter operators worked underneath the canopy air 
curtain, while the NIOSH researchers were close by outside the 
canopy air curtain (generally at the end of the roof bolter machine). 
The dust concentration reductions attributable to using the canopy air 
curtain ranged from 11% to 40% (Table 5). In reviewing the roof bolter 
and continuous miner locations (Figures 5 through 12), lower percent 
reductions seemed to be related to large downwind distances between 
the roof bolter and continuous miner. There was an exception, such as 
on the third day (Aug 24) where the dust concentration percent 
reduction was negative, approximately -74% exhibiting an increase in 
the dust concentrations at the roof bolter operator position. Further 
investigation revealed that on that day (Aug 24), the canopy air 
curtain’s airflow velocity was set lower as the roof bolter operators had 
adjusted the canopy air curtain air-flow velocity to be on the lowest 
setting. Therefore, the canopy air curtain was not providing sufficient 
protection due to the low velocity setting. Additionally, this location 
encountered lower respirable dust concentrations as it was not 
downwind of the CM. This illustrates the importance of the CAC 
maintenance and operation to ensure it is a protective tool to reduce 
bolter operator dust exposures. This evaluation of instantaneous 
respirable coal mine dust concentrations demonstrates that the canopy 
air curtain can be an effective dust control device for the roof bolter 
operator.  

An evaluation was conducted using CPDM TWA concentration 
data. Table 9 presents the results of the CPDM TWA data, comparing 
roof bolter operator concentrations to those of the NIOSH researchers 
who were close by outside the protection of the canopy air curtain. 
Again, the roof bolter operator respirable coal mine dust concentrations 

were lower than those of the NIOSH researchers. These lower 
concentrations are attributable to the protection provided by the 
canopy air curtain, which provided percent reductions of respirable 
dust concentrations ranging from 12% to 39%. Even the third day, Aug 
24, where the canopy air curtain was set to provide low airflow velocity, 
had a positive percent reduction of approximately 12%. This percent 
reduction may be due to the CPDM being relocated to areas of lower 
respirable dust concentrations, in addition to the protection provided by 
the CAC. From Table 9, the average roof bolter CPDM concentration 
during the study ranged from 0.429 to 0.483 mg/m3 over the entire shift 
(excluding the Aug 25 measurement due to a shorter shift time). The 
average NIOSH researcher CPDM concentration ranged from 0.533 to 
0.612 mg/m3. These respirable dust concentrations are well below the 
current respirable dust limit of 1.5 mg/m3 (8). 

Although this analysis was limited, only obtaining data from 4 
days where 5 roof bolter locations worked downwind of the miner, it 
illustrates the potential of the CAC system to provide roof bolter 
operators with additional protection from respirable coal mine dust. 
Additionally, the respirable dust concentrations encountered were low, 
with the highest CM TWA gravimetric concentration being 0.825 
mg/m3. The CAC has not been evaluated in the field in high respirable 
dust environments. Additional field studies evaluating the CAC in harsh 
respirable dust environments downwind of the CM that have been 
encountered in past studies should be conducted to evaluate the 
CAC’s full potential for respirable dust control. 

DISCLAIMER 

The findings and conclusions in this paper are those of the 
authors and do not necessarily represent the official position of the 
National Institute for Occupational Safety and Health, Centers for 
Disease Control and Prevention. Mention of any company or product 
does not constitute endorsement by NIOSH. 
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APPENDIX 

Table 1.  Ventilation information for roof bolter at bolter locations during testing. 
Date Start Time End Time Bolting Time Location Entry width (cm) Entry height (cm) Curtain width (cm) Velocity (m/s) Airflow (m3/s) 

22-Aug 10:39 11:16 0:37 Entry 1 569 226 94 1.22 2.59 
22-Aug 11:36 12:05 0:29 Entry 4 Left 640 246 NA 1.10 17.38 
22-Aug 2:55 3:40 0:45 Entry 11 Right 594 318 NA 0.89 16.78 
23-Aug 11:54 12:11 0:17 Entry 2 579 201 69 1.05 1.89 
23-Aug 12:36 13:06 0:30 Entry 1 533 213 109 1.49 3.48 
24-Aug 9:46 10:16 0:30 Entry 8 Right 582 208 193 1.71 6.88 
24-Aug 12:52 14:03 1:11 Entry 10 Right 574 244 NA 1.05 14.65 
25-Aug 9:04 10:02 0:58 Entry 13 Right 607 218 NA 0.68 9.03 

 Normal Entry 

 Open Crosscut 

 Bolter upwind of CM 
 
Table 2.  Ventilation information for continuous miner at miner locations during testing. 

Date Start 
Time 

End 
Time 

CM Cutting 
Time Location Entry width 

(cm) 
Entry height 

(cm) 
Curtain width 

(cm) 
Velocity 

(m/s) 
Airflow 
(m3/s) 

22-Aug 10:33 11:25 0:52 Entry 4 to 3 (x-cut 76) 551 244 180 0.86 3.80 
22-Aug 11:47 12:01 0:14 Entry 8 to 9 622 239 NA 1.04 15.47 
22-Aug 2:55 3:45 0:50 Entry 11 594 318 107 0.89 16.78 
23-Aug NA NA 0:00 CM did not operate NA NA NA NA NA 
23-Aug 12:28 13:06 0:38 Entry 5 to 6 536 216 145 1.83 5.72 
24-Aug NA NA 0:00 CM did not operate NA NA NA NA NA 
24-Aug 12:52 13:24 0:32 Entry 9 569 244 NA 1.19 16.56 
24-Aug 13:35 14:09 0:34 Entry 10 559 244 NA 1.19 16.27 
25-Aug 9:04 9:29 0:25 Entry 10 589 206 114 0.96 11.70 
25-Aug 9:36 10:02 0:26 Entry 11 622 221 122 0.96 13.27 

 
Table 4.  Instantaneous data showing the average respirable coal mine dust concentration during each continuous miner cut. 

Date Start Time End Time CM Cutting Time 
(hh:mm) Location CM Intake Conc. 

(mg/m3) 
CM Return Conc. 

(mg/m3) 
22-Aug 10:33 11:25 0:52 Entry 4 to 3 (x-cut 76) 0.336 1.376 
22-Aug 11:47 12:01 0:14 Entry 8 to 9 0.206 2.690 
22-Aug 2:55 3:45 0:50 Entry 11 0.231 2.149 
23-Aug NA NA 0:00 CM did not operate NA NA 
23-Aug 12:28 13:06 0:38 Entry 5 to 6 0.061 0.444 
24-Aug NA NA 0:00 CM did not operate NA NA 
24-Aug 12:52 13:24 0:32 Entry 9 0.008 1.414 
24-Aug 13:35 14:09 0:34 Entry 10 0.014 0.333 
25-Aug 9:04 9:29 0:25 Entry 10 0.042 0.935 
25-Aug 9:36 10:02 0:26 Entry 11 0.045 0.931 

NA = Not available 
 
Table 5.  CPDM data showing the average respirable coal mine dust concentration for each roof bolter location. 

Date Start 
Time 

End 
Time 

Bolting Time 
(hh:mm) Location Left Bolter 

Conc. (mg/m3) 
Right Bolter 

Conc. (mg/m3) 
Bolter Intake 
conc. (mg/m3) 

Researcher A 
Conc. (mg/m3) 

Researcher B 
Conc. (mg/m3) 

Air-flow 
(cfm) % Reduction 

22-Aug 10:39 11:16 0:37 Entry #1 0.911 0.969 0.945 1.416 1.223 2.59 28.79 
22-Aug 11:36 12:05 0:29 Entry 4 Left 0.879 1.242 1.202 1.273 1.262 17.38 16.31 
22-Aug 2:55 3:40 0:45 Entry 11 Right 0.973 0.549 2.076 1.294 1.234 16.78 39.78 
23-Aug 11:54 12:11 0:17 Entry 2 0.463 0.345 0.296 0.351 0.557 1.89 10.98 
23-Aug 12:36 13:06 0:30 Entry 1 0.897 1.179 0.792 1.074 1.264 3.48 11.19 
24-Aug 9:46 10:16 0:30 Entry 8 Right 0.315 0.191 0.048 0.137 0.155 6.88 -73.48 
24-Aug 12:52 14:03 1:11 Entry 10 Right 1.499 1.318 0.493 1.608 1.382 14.65 5.77 
25-Aug 9:04 10:02 0:58 13 Right 0.877 0.175 0.600 0.805 0.899 9.03 38.26 

 Normal Entry 

 Open Crosscut 

 Bolter upwind of CM 
 
Table 9.  Respirable coal mine dust concentrations at continuous miner locations. Data from CPDM. 

Date Left Bolter 
Conc. (mg/m3) 

Right Bolter 
Conc. (mg/m3) 

Average Bolters 
(mg/m3) 

Average Researcher 
A & B 

Left  Bolter 
% Reduction 

Right Bolter 
% Reduction 

Average 
% Reduction Average Sampling Time 

22-Aug A 0.467 0.466 0.467 0.612 23.63 23.79 23.71 599 
B 0.441 0.417 0.429 0.612 27.88 31.81 29.84 599 

23-Aug 0.478 0.488 0.483 0.550 13.09 11.27 12.18 454 
24-Aug 0.499 0.434 0.467 0.533 6.38 18.57 12.48 510 
25-Aug 0.235 0.237 0.236 0.387 39.28 38.76 39.02 254 
A = Crew A, B= Crew B 
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