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ABSTRACT 
 

The overall goal of this project is to develop technologies that would reduce underground 
coal production cost by 20%. This report summarizes studies performed in Task 2: 
Development of Modified Wet Scrubber Systems for Improved Dust Control. The Coal 
Industry Research Steering Committee identified the above as a high priority area to 
achieve the desired cost reduction. 
 
This task involved 1) Testing the effectiveness of the modified wet scrubber concepts for 
varying input dust concentration, 2) Modifying the new experimental scrubber ductwork 
based on concepts developed in an earlier project, 3) Working with Joy to develop a 
modified scrubber and demonstrating it in the field, and 4) Making air quantity 
measurements in the modified sampling room. 
 
The new scrubber ductwork provided by Joy was modified to incorporate two-filter, two-
spray concept developed in a previous project. The dust control test results on the 
modified wet scrubber in the SIU-Joy Dust Control Laboratory (DCL) indicated about 
50% dust reduction similar to those performed on a Joy 12-CM commercial wet scrubber.  
The laboratory results indicated reduced dust concentrations from 3.58 mg/m3 to 1.9 
mg/m3 for input dust concentration of 280 mg/m3. These results were achieved with a 
smaller volume of water (5-gpm) at lower spray pressure (40-psi), and with only 50% of 
the surfactant concentration used in previous tests. For lower input dust concentrations in 
the range of 50-80 mg/m3

 
, the total spray volume can be further reduced. 

The laboratory proven concepts for wet scrubbers were then utilized to modify a wet 
scrubber in the field in cooperation with a mine and Joy professionals. In addition to 
modifications to the wet scrubber, sprays on the pan and suction inlets to the scrubber 
were also modified. Field demonstration included dust sampling for the modified as well 
as the unmodified miner in a super-section in a central Illinois coal mine. The results of 
field demonstration studies indicate significant improvement in the face visibility, and 
total and quartz respirable dust. The coal company characterized the overall field 
demonstration program a success. 

 



 

EXECUTIVE SUMMARY 
 
Due to high production rates, more and more mining operations are having difficulty 
maintaining respirable dust in the mining areas to be less than 2 mg/m3

 

. Since wet 
scrubbers on continuous miners represent the most common technology for dust control, 
an improved wet scrubber with or without the use of surfactants was considered an 
important research area. Substantial laboratory research in a previous ICCI project 
(Chugh et al, 2003) identified several significant enhancements to improve dust control 
efficiency of wet scrubbers. These included reduced spray pressure, and two-filter, two-
spray (water-only, and water-surfactant sprays) vertical sprays with hollow or solid cone 
sprays. This task focused efforts in the following areas: 1) Make enhancements to the 
SIU/Joy Dust Control Laboratory (DCL), including variable speed dust feeder and 
installation of new experimental duct work, 2) Continue testing of various screen and 
spray configurations with the new Joy experimental scrubber duct for design of an 
improved wet scrubber system, 3) Initiate field testing of the modified miner/scrubber 
system, and 4) Make air quantity measurements in the sampling room. The following 
paragraphs describe summary results for each of the tasks. 

Task 2.1: 

 

Make enhancements to the SIU/Joy Scrubber Laboratory including 
variable speed dust feed system and installation of new experimental 
duct from Joy 

Wet Scrubbers: In a previous project with ICCI, an 8000 cubic foot per minute (cfm) wet 
scrubber for model Joy 12 CM continuous miner had been set up in the DCL (Scrubber 
1).  The scrubber, (11 x 22 inches), was equipped with two 60-gallon drums and a two-
stage (1/2 HP + 3/4 HP) electric pump system to supply water at the maximum rate of 10 
gpm and  maximum pressure of 100 psi.   Modifications were made to this system by 
inserting a filter in front of the existing filter screen, which receives surfactant-water 
spray system. A pre-water only spray system (Spray 1) was installed ahead of the newly 
installed filter (Spray 1) to pre-wet the dust. The three-nozzle surfactant spray system 
(Spray 2) was moved closer to the preexisting filter screen (Filter 2). Therefore, the 
modified scrubber 1 system had pre-wet water-only spray system (Spray 1), Filter 1, 
three-nozzle surfactant spray system (Spray 2) and the Filter 2. 
 
The Scrubber 2 experimental duct (15 x 26 inches) for a Joy 14 CM miner, rated at 
10,000 cfm, replaced the Scrubber 1 in DCL. Most of the studies during this project were 
done using this scrubber.  It has uniform rectangular cross section with the Scrubber 1 
demister and the fan at one end, and axial air intake at the other end. The duct is fitted 
with plexi-glass doors across the spray locations for easy viewing of the behavior of 
water/dust  laden air stream during the actual testing.  
 
Sampling Room: In previous studies, the dimensions of the sampling room were 11 ft 
(high) x 12 ft (wide) resulting in a cross-sectional area of 132 ft2. The sampling room 
walls were made of rough particle board and one wall had 2 x 4 wall-studs exposed. 
Overall, walls were much smoother than a typical mine entry. The modified sampling 
room was designed based on a typical mine entry.  In the Illinois Basin, mine openings 



 

average 6 to 7 ft in height and 18 to 20 ft in width, with curtain on the intake side.  With 
the line curtain the scrubber discharge width is reduced to 15 to 16 ft.  This results in the 
cross-sectional area of 90 ft2. The sampling room height was reduced to 7 ft with the 
width of the room unchanged, giving an area of cross section of 84 ft2

 

. All exposed studs 
were taken out and the room was painted white for improved visibility. The entire area 
was subdivided into 40 square grids for conducting air velocity measurements. 

Auger screw feeder system:  The original dust feeder delivered only 274 mg/ m3 dust, 
which is much higher than typically encountered in the face area. Instead of purchasing 
an expensive variable speed controller for the motor, the feed auger was modified in two 
steps to lower the feed rate to 60 mg/m3

 
. 

Modification of the dust feed to the scrubber:  In previous studies, the dust feeder was set 
at the floor level of the laboratory at right angles to the main scrubber body. This was 
modified by relocating the position of the dust feeder into an extension room outside the 
main DCL so that dust enters into the duct axially.  
 
Task 2.2 – C

 

ontinue testing of various screen and spray configurations for design of 
a modified wet scrubber system with improved efficiency 

The overall goal of this task was to test if the dust control concepts developed in the 
earlier study were valid in the Scrubber 2 and the modified DCL.  Toward that goal, air 
velocity profiles in the modified sampling room were first used to identify  place for 
locating the dust pumps.  Air velocity measurements were also taken for different 
conditions namely, 1) with and without Spray 1 and Spray 2, 2) with and without Filter 1 
and Filter 2, and 3) with 10 and 20 layer- filters. These studies were done to assess the 
resistance offered to airflow by the filters and the sprays.  
 
Dust control studies using the Scrubber 2:  Studies were conducted under the same 
operating conditions as in the previous scrubber. Dust concentrations of 2.05 mg/m3 
could be achieved using 10-layer Filter 1, 2 gpm Spray 1, 20-layer Filter 2, and 3 gpm 
Spray 2. The surfactant concentration was maintained at 0.005% and spray pressure at 40 
psi. These tests were repeated several times and consistent results of less than 2.1 mg/m3 
were obtained in each case. All these tests were conducted with input dust concentration 
of 280 mg/m3

 

, as in previous studies. It was concluded that the hypothesis that a two-
filter design for a wet scrubber helps in dust reduction significantly is valid.  

Studies were then conducted to identify the effect of variable input dust concentration 
and reduced spray volume. A single filter with surfactant spray was used for these 
studies. The operating conditions were Filter 2 (10 and 20-layer), Spray 2 (2 and 3 gpm) 
at 40 psi, surfactant concentration at 0.01%, and input dust concentrations of 60 and 100 
mg/m3. Results indicated that with 20-layer filter, 3 gpm spray volume, 60 mg/m3 dust 
input, output dust concentration of 0.96 mg/m3 could be achieved. With 100 mg/m3 dust 
input, output dust concentration of 1.2 mg/m3 could be obtained. It was concluded that 
for lower input dust concentrations, spray volume could be reduced by approximately 
40%.   



 

 
Task 2.3 – 

 

Initiate field testing of the modified miner/scrubber system developed in 
Task 2.2 

The overall goal of this task was to develop a modified scrubber for field demonstration 
and substantiate excellent laboratory results with actual data from the field. Sampling 
protocols were designed, in concert with MSHA, to quantify the impact of the miner 
modifications while isolating extraneous sources (unmodified continuous miner, roof 
bolters, traveling ram cars, and scoop operations) of dust in the section. Five types of cuts 
were identified for dust sampling for advancing all faces in the mine super-section 
through a distance of four (4) pillars. Dust measurements were made using the standard 
MSHA approved dust pump and cyclone assembly.  Dust was sampled at five locations 
for the cut duration of approximately 30 minutes.  These included ambient air (Location 
1), on the continuous miner operator (Location 2), beside the ram car operator (Location 
3), return air (Location 4), and scrubber exhaust. 
 
Modification of wet scrubber and continuous miner in the field: A continuous miner and 
the associated wet scrubber operating in a super-section was modified to incorporate two 
inclined 10-layer filters and a set of vertical hollow-cone sprays in front of each of the 
filters. The sprays (Spray 1) in front of the first filter (Filter 1) were water-only sprays. 
The sprays (Spray 2) in front of the second filter (Filter 2) were water-surfactant sprays. 
Surfactant was fed into the Spray 2 (40 psi) using a venturi system. 
 
The left hand side and the right hand side suction inlets at the bottom of the scrubber 
were closed and new inlets, covered with ½-inch expanded metal screen, were developed.  
This was done to raise the suction vertically and to reduce the intake of coarser particles 
into the scrubber. The central suction inlet at the bottom was kept open for methane 
control. The existing water spray block on the corner of the gathering pan of the miner 
was raised by about 4 inches.  The sprays in these blocks were changed from 3 gpm to 5 
gpm sprays to better wet the mined coal. The sprays on the miner operated at 100 psi. 
 
Task 2.4 – 
 

Collaborate with Joy to improve demister performance 

The overall goal of this task was to examine demister design since the modified scrubber 
fan ejected more water into the sampling room than acceptable. Some of the design 
improvements considered were: 1) Extra hooks could be riveted or welded to the 
existing fins, 2) A baffle plate could be attached behind the second filter near the floor 
of the scrubber, and 3) A thin filter or a screen could be fitted just before the demister to 
reduce the velocity of the water-laden air. 

 
Task 2.5 – 

  

Collaborate with Joy on commercial design of a modified scrubber 
system incorporating the work done in Tasks 2.2, 2.3, and 2.4 

 The overall goal of this task was to keep Joy involved in demonstration studies so that 
the developed concepts can be incorporated into a modified commercial unit. Toward 
this goal, the project team made several presentations to Joy professionals, and Joy, 



 

MSHA, and NIOSH professionals. The last teleconference with Joy was held on June 
15, 2004 to discuss commercialization of the concepts. At this teleconference, Joy 
discussed intellectual property issues related to the commercialization of developed 
concepts. An additional teleconference was held on July 25, 2004. A meeting was also 
held with Joy professionals on August 09, 2004 at their Franklin office. 
 

Task 2.6 – 
 

Collect in-mine dust samples for #5 seam coal 

The overall goal of this task was to perform in-mine testing of the modified wet scrubber 
in Task 2.3. Wettability tests were first conducted on samples of coal, roof, and floor 
strata from Turris mine to assess surfactant concentration required for effective dust 
reduction. Previous wettability tests had been done only on pulverized coal samples. The 
results achieved were remarkably close to the earlier results.  
 
Initial field demonstration studies focused on comparing the performance of an 
unmodified miner and the modified miner. Four cuts were studied, one using the 
unmodified miner, and three using the modified miner. Comparisons of the results 
indicated that in a similar type of cut, and with the unmodified and the modified miner in 
the same entry, return side respirable dust concentration for the modified miner was less 
than that for the unmodified miner. The miner operator also commented very positively 
on the performance of the modified miner based on visual observations in the face area. 
  
The next series of field demonstration studies involved studying the modified miner and 
the unmodified miner in the section for an entire shift.  The modified miner performance 
was superior to that of the unmodified miner. With the modified miner, there was a 
reduction in dust level in the return air and on the miner and ram car operators. 
Furthermore, there was a significant improvement in quartz content in the output dust. 
Additional side by side sampling, with MSHA inspectors, indicated dust concentrations 
of less than 0.5 mg/m3

 
 in the return side, and also on the miner and ram car operators.  

Task 2.7 – Field evaluation and intuitive modeling of dust generation at the face
 

  

The overall goal of this task was to develop an intuitive model of dust generation in the 
face area. Visual observations of dust generation in the face area and an analysis of the 
wet scrubber design, in cooperation with industry professionals, led to the hypothesis that 
wet scrubber efficiency improvements in the field represent only one of the several dust 
control strategies that should be implemented. Historical dust data from Turris mine, 
collected by MSHA, was analyzed. A mathematical model was developed to identify the 
effect of increased production on respirable dust concentration. This was used to identify 
the effect of increased production on respirable dust generation and concentration in the 
face area. The model also gives an estimate of respirable dust generated per ton of coal 
produced. The average respirable dust generated per ton of coal production was estimated 
to be 2415 mg.  Assuming 7000 cfm (198.13m3/min) of air in the face area, average 
respirable dust concentration in the face area is 219.4 mg/m3. The numbers here represent 
an estimate based on assumptions made for the calculations. These numbers may, 
therefore, change slightly if the assumed vales are changed. 
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OBJECTIVES 

Area II:  Development and Demonstration of Improved Wet Scrubber Systems 
 
The overall goal here is to develop and demonstrate a commercial wet scrubber that is 
more efficient for dust control than current scrubbers. The specific objectives are to 1) 
Develop and test different filter arrangements, improved mist eliminators and other 
potential scrubber enhancements, 2) Collaborate with Joy Mining Machinery and an 
Illinois coal mine to develop and field test a commercial scrubber incorporating findings 
in the laboratory, and 3) Develop and demonstrate concepts for face area dust control. 
 

INTRODUCTION AND BACKGROUND 

In the last decade, the amount of coal produced from underground coal mines per 
employee hour in the United States increased from 2.54 tons to 3.99 tons.  As more coal 
is mined, greater quantities of respirable dust are generated, and the potential for worker 
overexposure to respirable dust increases.  These significant productivity gains have put a 
strain on mine operators to comply with the Federal dust standard of 2 mg/m3

Since the 2 mg/m

.  For mines 
already operating at or near the regulated limit, using new technology to achieve a 
desired productivity increase usually results in noncompliant dust samples.  This forces 
the mine operator to lower production levels, thereby negating the productivity increase. 

 
3 dust standard was established in 1977, considerable research led to 

improved ventilation and water spray systems, and the development of the wet scrubber, 
which was patented in 1983 (Campbell1).  However, in the twenty years since then, little 
has been done towards improving or optimizing scrubber performance.  Today, the push 
for productivity has several mines operating at or near the allowable limit for respirable 
dust. Therefore, optimizing existing dust control systems and finding new ones has 
become a top priority.  Towards that end, SIU and Joy Mining Machinery (hereinafter 
called Joy) collaborated to construct the SIU/Joy Dust Control Laboratory (DCL)2.  
During Phase 1 of the project, research recommendations regarding the use of surfactants 
were implemented during the high-voltage miner industrial engineering study with 
encouraging results3

                                                 
1 Campbell, J.A.L., Moynihan, D. J., Roper, W. D., and Willis, E. C., 1983 “Dust Control Systems and 
Method of Operation”, U.S. Patent 4,380,353. 
 
2 Chugh, Y.P., Hirschi, J., Saha, A., and Mohanty, M., 2002 “Evaluating the Use of Surfactants to Enhance 
Dust Control Efficiency of Wet Scrubbers for Illinois Coal Seams”, U.S. Mine Ventilation Symposium, 
2002. 
 
3 Saha, A., 2002 “An Assessment of the Effectiveness of Surfactants on Dust Control using a Continuous 
Miner Wet Scrubber”, M.S. Thesis, Dept. of Mining and Mineral Resources Engineering, SIUC, 77 pp. 

. In the Phase 2 study (2002-2003), laboratory testing of samples 
from three coal seams was conducted in the DCL to determine optimum scrubber 
strategies for mines throughout the State. While the DCL testing has produced significant 
results, the bottom line is that developed strategies must be proven underground before 
they can be implemented to achieve desired production levels while maintaining 
compliance with regulatory standards. 
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EXPERIMENTAL PROCEDURES 
 
Area II:  
 

Development and Demonstration of Improved Wet Scrubber Systems 

Design factors 
 
Factors which can improve the dust control efficiency of a continuous miner scrubber 
are:  
  
a) Filter Layers: The filter medium in the wet scrubber consists of layers of stainless 
steel wire mesh secured in a flat filter panel.  Filters containing 5, 10, 15, 20, 30 and 40 
layers of wire mesh are commercially available.  The 20-layer panel is the most common 
filter used throughout the industry.  For this study, 5-, 10-, and 20-layer filters were used.  
b) Spray Type: Full-cone and hollow-cone spray nozzles, and horizontal and vertical 
sprays were tested to evaluate their effectiveness for dust control.  
c) Spray Volume: Multiple low gpm (gallons-per-minute) spray nozzles were used 
instead of a single high gpm spray nozzle to improve the interaction between dust-laden 
air and spray water. Full-cone and hollow-cone spray nozzles with spray volumes of 0.5-, 
0.67, 1-, 2-, 3- and 4-gpm at 40-psi spray pressure were used.  
d) Surfactant Concentration: Surfactants were added to increase the wetting 
characteristics of plain water. Most tests were conducted using 0.005% concentration.  A 
limited number of tests were conducted using 0.006% and 0.007% surfactant 
concentrations. 
e) Type of surfactants: Different types of commercially available surfactants were tested 
to find out their suitability for wetting fine coal dust particles. 
 
Test facility  
 
Chugh2

 

 developed the SIU dust control laboratory in collaboration with Joy Mining 
Machinery.  As shown in Figure 1, the laboratory consists of the scrubber system, a 
controllable dust feeder, and a sampling room modeled after a mine entry or tunnel. 

 

 

 

 

 

 

Figure 1: Layout of the SIU-Joy Dust Control Laboratory (not to scale). 
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Coals and surfactants studied 
 
Three different coal samples from various companies were used.  The coals are: 1) Mine 
1 (#6 Coal), Northern Illinois, 2) Mine 2 (#6 Coal), Southwestern Illinois, and 3) Mine 3 
(#5 Coal), Central Illinois. Most studies were conducted using coal from Mine #3.  
 
The coal samples were collected in 55-gallon (210 liters) barrels and transferred to the 
DCL.  The barrels were sealed airtight to minimize the effect of oxidation. Raw coal was 
first ground in a Gundlach hammer mill and then fed into a Jetamiser compressed air 
pulverizer.  The pulverized coal dust was stored in drums and sealed airtight. The ground 
coal dust was sieved and only – 200 mesh size dust was used for the small-scale 
laboratory experiments. For the large-scale scrubber tests pulverized coal dust from 
Jetamiser was used. Four different nonionic surfactants were used in this study. The 
surfactants used, their solubility in water and specific gravity are shown in Table 1.  

 
Table 1: Properties of surfactants used for the study. 

 

Surfactant Ingredients Solubility in 
water 

Specific 
gravity 

1 Alcohols, C9-11, ethoxylated Complete 0.984 

2 
Alkyl phenol ethoxylate, Dipropylene glycol 

monomethyl ether and Sodium cocyl 
isethionate 

Complete 1.219 

3 Alkyl phenol, sodium stearate Complete > 1 
4 Not mentioned Complete 1.016 

 
 

RESULTS AND DISCUSSION 
 

Task 2.1: 

• Old wet scrubber system for a 12 CM (11 x 22 inches)  – Scrubber 1 

Make enhancements to the SIU/Joy Scrubber Laboratory including 
variable speed dust feeding and installation of new experimental duct 
work 

 
The overall goal of this task is to investigate potential enhancements or modifications to 
the scrubber system. These include the concepts of multiple filter screens, multiple 
sprays, and the use of a variable dust concentration feeder. A new experimental duct from 
Joy will also be installed and tested. The following terminology is used here. 

• Experimental  wet scrubber system for a 14 CM (15 x 26 inches) – Scrubber 2 
 
Installation of Scrubber 2 provided by Joy 
Scrubber 1: A 8000 cubic foot per minute (cfm) flooded-bed scrubber system 
manufactured by Joy for a model 12 CM continuous miner was set up in the DCL at the 
Illinois Coal Development Park in Carterville, Illinois (Figure 1).  The scrubber was 
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equipped with two 60-gallon drums and a two-stage (1/2 HP + 3/4 HP) electric pump 
system to supply water to the scrubber at a maximum rate of 10 gallons per minute at 
maximum pressure of 100 psi.  Amount of surfactant to achieve the desired concentration 
was mixed with water in the two tanks as they were filled.  A 3-HP gasoline-powered 
sump pump removed water and “scrubbed” dust from the bottom of the demister 
chamber.  The demister chamber is the rectangular box located on the right hand side of 
Figure 1 adjacent to the round fan housing. Modifications were made to the scrubber 
system by inserting a filter in front of the existing filter screen (Filter 1), which receives 
surfactant-water spray system. A water-only spray system (Spray 1) was installed ahead 
of the newly installed filter (Spray 2) to pre-wet the dust. The three-nozzle surfactant 
spray system (Spray 2) was moved closer to the preexisting filter screen (Filter 2). 
Therefore, the scrubber system now has water-only spray system (Spray 1), Filter 1, 
three-nozzle surfactant spray system (Spray 2) and the Filter 2. 

 

 
Figure 1: Old wet scrubber (Scrubber 1) system.             Figure 2: New wet scrubber                                              

                                                                                 (Scrubber 2) provided by Joy 
 

Scrubber 2:  The Scrubber 2 provided by Joy, duct rated at 10,000 cfm, replaces the 
Scrubber 1 (Figure 2.). It has a straight body with rectangular cross section ductwork 
fitted at the fan end with the old demister and the fan, and scrubber with axial intake for 
laboratory testing. The scrubber framework is fitted with plexi-glass doors across the 
spray locations for easy viewing of the behavior of water laden air stream during the 
actual testing. The Scrubber 2 has the dimensions of 15 in. x 26 in. compared to the 11 in. 
x 22 in. for existing Scrubber 1. The spray system redesigned for Scrubber 2 is shown in 
Figure 2. An electric positive displacement self-priming pump is used for clearing the 
coal dust-water slurry collected in the demister sink. 

 
Modifications to the Scrubber 2 
 
The Scrubber 2 was modified to incorporate a filter screen after the pre-wet water spray 
system to remove the coarse particles allowing the second surfactant spray to treat the 
fine particles prior to the second filter. The following terminology is used here: 
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• Water only spray system – Spray 1 
• Filter after Spray 1 – Filter 1 
• Surfactant spray system after Filter 1 – Spray 2 
• Filter after Spray 2 – Filter 2 

 
The two-filter design for a vertical surfactant spray system is shown in Figure 3. Both 
sprays were designed to be 7-nozzle system to facilitate changes in spray nozzles (full-
cone or hollow-cone) and number of nozzles to be used in the scrubber tests. Spray 1 and 
Spray 2 are shown in Figures 4 and 5, respectively. 
 
The gasoline discharge pump for the wet scrubber was changed to an electric pump. This 
helps in reducing fuel and maintenance costs, and makes it easier to operate. Two 300-
gallon tanks shown in Figure 6 were installed to continuously feed water to the 50-gallon 
surfactant tanks that will help automate the process of filling the tanks without 
interrupting the scrubber tests. The overall laboratory setup is shown in Figure 7. 
 

  
Figure 3: Two-filter design for the wet scrubber. 

 

 
Figure 4: Spray 1. 

 
Figure 5: Spray 2. 
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Figure 6: Two 300-gallon water tanks. 

 

 
Figure 7: The modified SIU-Joy Dust Control Laboratory. 

 
Modification of the sampling room  
 
Old Sampling Room: The dimensions of the sampling room shown in Figure 8 were 11 ft 
x 12 ft resulting in a cross-sectional area of 132 ft2. The sampling room walls were made 
of rough particle board and one wall had 2 x 4 wall-studs exposed. Overall, they were 
much smoother than a typical mine entry. 
 
Modified Sampling Room: The modified sampling room was designed based on a typical 
mine entry.  In the Illinois Basin, mine openings average 6 to 7 ft in height and 18 to 20 ft 
in width.  When a line curtain is hung in the entry, the entry width into which the 
scrubber discharges is reduced to 15 to 16 ft.  For a mining height of 6 feet and an entry 
width of 15 ft, the cross-sectional area is 90 ft2. To simulate a similar condition the 
sampling room height was reduced to 7 ft keeping the width of the room unchanged, 
giving an area of cross section of 84 ft2. The modified sampling room shown in Figure 9 
was painted and properly lighted to visualize the airflow and the movement of the dust 
laden air in the sampling room.  
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Figure 8: Old sampling room. 

 
Figure 9: Modified sampling room. 

 
Modification of the auger screw feeder system 
 
The original dust feeder was modified to shorten the distance between flights from 2 inch 
to ¼ inch. This reduced the dust concentration at 20% motor speed from 274 mg/m3 to 
157 mg/m3. The space between flights was taped to make the shaft thicker to lower the 
feed rate to 60 mg/m3. Table 2 shows the dust concentrations achieved with the modified 
dust feeder at different motor speeds. Figure 10 shows the modified screw feeder. 
 

Table 2: Dust concentration with the variable feed rate dust feeder (mg/m3

Motor Speed 

). 
 

Old Auger  New Auger  New Modified Auger  
(% full speed) Flight Distance 

 2 inch ¼ inch ¼ inch with taped shaft 
20 274.7 157.0 60.0 
30 706.3 353.1 100.0 
40 1157.5 549.3   
50 1549.9 745.5   
60 1981.5 902.5   
70   1177.2   
80   1373.3   
90   1569.5   
100   2629.0   

 

  
Figure 10: New auger screw feeder. 

Duct tape wrapped around 
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Modification of the dust feed to the scrubber  
 
Old System: The dust feeder was set at the floor level of the laboratory at right angles to 
the main scrubber body. An extended rectangular wooden ductwork of the same cross-
section connected the feeder outlet to the scrubber inlet as shown in Figure 11. 
   
New System: After installation of the Scrubber 2, the dust feeder system was initially kept 
unchanged to test the validity of scrubber modeling concepts developed earlier using 
Scrubber 1. Upon establishing the validity of the developed concepts with the Scrubber 2, 
the DCL was modified to incorporate: 1) Variable dust feed system, and 2) Change in 
spatial location of the feeder so that dust enters the duct axially.  The DCL was modified, 
shown in Figure 12, by relocating the position of the dust feeder into an extension room 
outside the main DCL. The extension has two doors. The first door located inside the 
main DCL laboratory gives access to the dust feeder while the second door is located 
outside so that the scrubber can obtain air from the atmosphere. The dust feeder is located 
inside the extension and it feeds dust through an extended duct work. The advantages of 
this modification are: 1) Reduces dust and noise in the DCL, 2) Prevents the fan from 
sucking the heated air during winter, and 3) Allows storage of coal sample barrels in the 
extension room. Scrubber studies were conducted to identify the effect of change in 
location of the dust feeder. Results indicated that location of dust feeder did not affect the 
experimental results. 

 
Figure 11: Old dust feeder system. 

 
Figure 12: New dust feeder system. 

 
Task 2.2 – 

Air velocity profiles in the modified sampling room were performed to identify the best 
locations for placing the dust samplers in the room. Air velocity readings were taken in 

Continue testing of various screen and spray configurations with the new 
Joy experimental scrubber duct for design of a modified wet scrubber 
system with improved efficiency 

 
The overall goal of this task is to test if the developed dust control concepts work equally 
well in the Scrubber 2 and the modified DCL. Testing is also required to develop optimal 
design parameters that can be universally applied throughout the industry.  
 
Air velocity measurements in the modified sampling room 
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40 vertical grids (~ 2 ft2

 

) at different distances from the scrubber exhaust. Air velocity 
measurements were taken at 10, 15 and 17 feet along the length of the tunnel to 
determine the region(s) where the airflow was most uniform and to identify the best 
location for placing the dust pumps. The data was plotted as velocity contours in each 
vertical cross-section. The plots are shown in Figures 13, 14 and 15. The result for one 
such cross section is shown in Table 3. 
 
The results suggest a change in spatial positioning of the samplers when compared to 
their location in the unmodified sampling room. The air velocity profiles at 17 feet from 
the scrubber discharge were found to be relatively uniform and were therefore identified 
as the best place for locating the dust pumps. The spatial positions of the samplers in this 
plane are between grids 3 to 6 in the horizontal direction and grid 3 in the vertical 
direction. 

 
 

 
 
 
 

 
 
 
 
 
 
 
 

Figure 13: Air velocity profile at 10 ft (without filters) from scrubber discharge. 
 

 
Figure 14: Air velocity profile at 15 ft (without filters) from scrubber discharge. 
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Figure 15: Air velocity profile at 17 ft (with filters) from scrubber discharge. 

 
Table 3: Air velocity readings at 17 ft with 10 and 20 layer filters. 

 
Grid No. In  

Readings 

Grid Number in Horizontal Direction   
Vertical Direction 1 2 3 4 5 6 7 8 

Average velocity  
at vertical grid 1 

1 -437 -379 -38 276 274 346 199 -22 

2 -443 -305 -27 280 300 341 204 38 

3 -441 -390 -20 283 286 347 200 -30 

4 -439 -338 -25 281 301 345 209 5 
Average Reading -440 -353 -28 280 290.25 344.75 203 -2.25 36.90625 

2 

1 -490 -101 412 679 931 887 552 147 

  

2 -466 -110 505 723 909 900 579 146 

3 -500 -121 465 712 925 878 568 143 

4 -487 -133 458 734 927 890 573 140 
Average Reading -485.75 -116.25 460 712 923 888.75 568 144 386.71875 

3 

1 -480 62 706 983 1028 955 569 177 

  

2 -433 67 703 990 1041 970 528 179 

3 -446 69 751 1049 1035 915 561 180 

4 -500 65 712 998 1030 980 546 178 
Average Reading -464.75 65.75 718 1005 1033.5 955 551 178.5 505.25 

4 

1 -294 117 637 877 649 453 278 -210 

  

2 -341 117 723 881 720 442 300 -183 

3 -334 119 648 1005 683 511 312 -179 

4 -330 133 655 893 667 525 295 -190 
Average Reading -324.75 121.5 666 914 679.75 482.75 296.25 -190.5 330.59375 

5 

1 -183 -158 205 365 361 48 -140 -386 

  

2 -203 -210 189 350 360 71 -115 -220 

3 -199 -189 195 339 359 -51 -110 -337 

4 -197 -195 199 340 348 30 -119 -325 
Average Reading -195.5 -188 197 348.5 357 24.5 -121 -317 13.1875 

    Average Velocity over the entire Cross Section of the gallery 254.5313 
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Air velocity measurements in the modified scrubber 
 

Air velocity measurements were also conducted using the Scrubber 2. These 
measurements were taken for different conditions namely, 1) with and without Spray 1 
and Spray 2, 2) with and without Filter 1 and Filter 2, and 3) with 10 and 20 layer- filters. 
These studies were done to assess the resistance offered to airflow by the filters and the 
sprays. The results are shown in Table 4. 
 

Table 4: Air velocity measurements in the Scrubber 2. 
 

Filter 1 
(layers) 

Filter 2 
(layers) 

Spray 1 
(gpm) 

Spray 2 
(gpm) 

Air velocity 
(fpm) 

None None 0 0 2486 
 20   0 2367 

20  2 0 2319 
20  3 0 2285 
 20  0 2 x 0.4 2321 

Note: 2x.4 means two sprays of 0.4gpm each. 
 

Fan motor current during Scrubber 2 operation 
 

Current drawn by the fan was measured for different operating conditions of the Scrubber 
2 such as without any filter, with different combinations of filters, with sprays only and 
with combinations of sprays and filters. With the available current measuring instrument, 
a maximum difference of 2.5% in current drawn was found among the combinations of 
factors. The results are shown in Table 5. 
 

Table 5: Fan motor current measurements in the modified scrubber. 
 

Filter 1 
(layers) 

Filter 2 
(layers) 

Spray 1 
(gpm) 

Spray 2 
(gpm) 

Current 
(A) 

10 20 0 0 26.26 
10 20 2 3 26.01 
 20 0 2 26.6 
 20 0 3 26.61 
 20 2 3 26.59 

 
Dust control studies using the Scrubber 2 
 
Phase I studies (Mine 1): To establish the validity of the simplified scrubber modeling 
concepts for the new modified wet scrubber, scrubber studies were conducted keeping the 
same operating conditions as the previous scrubber. Results indicated that dust 
concentrations of 2.05 mg/m3 can be achieved using 10-layer Filter 1, 2 gpm Spray 1, 20-
layer Filter 2, and 3 gpm Spray 2. The surfactant concentration was maintained at 0.005% 
and spray pressure at 40 psi. These tests were repeated several times and consistent 
results of less than 2.1 mg/m3 were obtained in each case. All these tests were conducted 
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with input dust concentration of 280 mg/m3, as in previous studies. It was concluded that 
the hypothesis that a two-filter design for a wet scrubber helps in dust reduction 
significantly is valid.  
 
Phase II studies (Mine 1): Phase II studies were conducted to identify the effect of 
variable input dust concentration and reduced spray volume. A single filter with 
surfactant spray was used for these studies. The operating conditions were Filter 2 (10 
and 20-layer), Spray 2 (2 and 3 gpm) at 40 psi, surfactant concentration at 0.01%, and 
input dust concentrations of 60 and 100 mg/m3

Input Dust 
Conc. 

. The results are summarized in Table 6. 
 

Table 6: Phase II scrubber studies results. 
 

Filter 2 Spray 2 Spray 
Pressure 

Surfactant 
Conc. 

Dust 
Conc. 

(mg/m3 (#) ) (gpm) (psi) (%) (mg/m3) 
60 20 2 40 0.01 1.10 
60 20 3 40 0.01 0.93 
            

100 20 2 40 0.01 1.95 
100 20 3 40 0.01 1.29 

            
100 10 2 40 0.01 2.50 
100 10 3 40 0.01 2.45 

  
Results indicate that with 20-layer filter, 3 gpm spray volume, 60 mg/m3 dust input, 
output dust concentration of 0.96 mg/m3 can be achieved. With 100 mg/m3 dust input, 
output dust concentration of 1.2 mg/m3 can be obtained. It was concluded that for lower 
input dust concentrations, spray volume can be reduced by approximately 40% while 
achieving the same output dust concentration. Furthermore, a single filter will provide 
more airflow and less pressure drop. 
 
Task 2.3 – 

1. Develop a dust sampling strategy to evaluate effectiveness of the modified system. 

Initiate field testing of the modified miner/scrubber system developed in 
Task 2.2 

 
The overall goal of this task is to develop a modified scrubber for field demonstration and 
substantiate excellent laboratory results with actual data from the field. The specific 
objectives were to 1) evaluate the effectiveness of the modified dust control system 
(scrubber and miner), and 2) identify further design modifications. This task was 
completed using the following steps: 
 

2. Modify one in-use continuous miner in cooperation with the selected mine 
management. 

3. Perform side by side dust sampling for the modified and unmodified miners for 
several types of identified cuts on the same day. 
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4. Repeat the same dust sampling procedure on modified and unmodified miners on 
several different days. 

5. Analyze the results to evaluate the effectiveness of the modified system. 
6. Perform further modifications based on discussion of achieved results. 
 
Dust sampling strategies 
                                  
 The sampling protocols were designed to quantify the impact of the miner 

modifications while isolating extraneous sources (unmodified continuous miner, 
roof bolters, traveling ram cars, and scoop operations) of dust in the section.   

 Dust samples were collected for each cut to identify the effect of the 
modifications on dust control for different types of cuts that are described in the 
following sections. 

 Identical sampling programs were conducted on both the modified and 
unmodified miners to obtain side-by-side comparisons and quantify the impacts of 
the different dust control strategies. 

 Subsequent to the testing and sampling program above, a separate sampling 
program was designed in concert with MSHA professionals to allow for more 
data collection for each cut and on an 8-hour shift basis. 

 Sampling was conducted on the continuous miner (modified and unmodified) 
upstream from the other miner in the super-section. 

 During sampling, the cut sequence was advanced towards the return air side with 
the roof bolters remaining downstream of the continuous miner. This should 
eliminate the dust from the roof bolter to influence measurements for the miner 
being sampled. 

 
The developed strategies included air quantity measurements, identification of types of 
cuts and locations, and sampling methodology. 
 
Air Quantity Measurements 
Air quantity measurements were made at the following locations for all the sampled cuts.   

 Intake air in the last open cross-cut. 
 Line curtain air to the face. 
 Scrubber inlet air (measurement was made before cutting begins). 
 Scrubber outlet air (measurement was made before cutting begins). 
 Return air in the last open cross-cut. 

All measurements were conducted using an anemometer over the entire cross-section. 
 
Types of cuts 
 
Five types of cuts were identified for the dust sampling program for advancing all faces 
in the supersection through a distance of four (4) pillars. Dust sampling locations were 
identified for each type of cut and are shown in Figures 16, 17, 18, 19 and 20.  The five 
cut types are: 1) initial cut, 2) deep cut, 3) deeper cut, 4) right turn, and 5) cross-cut. 
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Dust Measurement Locations 
 
Dust measurements were made using the standard MSHA approved dust pump and 
cyclone assembly.  Dust was sampled at the locations identified below for every cut for 
approximately 30 minutes.  The following dust measurement locations were identified to 
obtain data consistent with the sampling program developed earlier.   

 Ambient air (Location 1) 
 On the continuous miner operator (Location 2) 
 Beside the ram car operator (Location 3) 
 Return air (Location 4) 

 

 
Figure 16: Initial Cut. 

 

 
Figure 17: Deep Cut. 
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Figure 18: Deeper Cut. 

 

 
 

Figure 19: Right Turn. 
 

 
Figure 20: Cross Cut. 
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Sampling Procedure 
 
The following sampling procedure was followed for every cut. 

1. Measure scrubber intake and exhaust air flow rates. 
2. Start the dust pumps placed at appropriate locations as per the type of the cut. 
3. Start timing period of the cut when cyclone pumps have been started. 
4. Measure air flow rates in the crosscut, in the line curtain and in the return.  
5. Stop the cyclone pumps after the miner has completed the cut. 
6. Record the time at the end of the cut. 
7. Replace dust cassettes and prepare pumps for the next cut. 
8. Repeat 1-7 for every cut. 
9. Send samples for weighing to MSHA laboratory in Pittsburgh. 

 
Modification of a continuous miner 
 
A continuous miner operating in Turris mine was selected by the mine management for 
modification. The scrubber was modified to incorporate two inclined 10-layer filters and 
a set of vertical hollow cone sprays in front of each of the filters. The sprays (Spray 1) in 
front of the first filter (Filter 1) were water-only sprays. The sprays (Spray 2) in front of 
the second filter (Filter 2) were water-surfactant sprays. The filters and sprays are shown 
in Figures 21 and 22. A pre-determined concentration of surfactant was fed into the Spray 
2 from a surfactant reservoir shown in Figures 23(a) and (b). A laboratory tested venturi 
system was used to dispense the surfactant. The sprays inside the scrubber were operated 
at 40 psi, the optimum spray pressure, determined earlier from the laboratory tests. 
 

 
Figure 21: Filter 1. 

 
Figure 22: Filter 1 frame, Spray 2 and Filter 2. 

 
The existing suction inlets to the scrubber shown in Figure 24 were modified. The left 
hand side and the right hand side suction inlets at the bottom of the scrubber were closed 
and new inlets, covered with ½” expanded metal screen, were designed on both sides as 
shown in Figures 25 and 26. This was done to raise the suction position vertically and to 
reduce the intake of coarser particles into the scrubber.  Elimination of coarser particles at 
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the suction points would eliminate filter blinding and reduce the wear on the filters. The 
central suction inlet at the bottom was not closed because the mine operations managers 
wanted to keep it open for methane control. The suction inlets areas were adjustable to 
vary the amount of air intake from the fresh air and return sides of the miner. This 
allowed more effective air intakes for different types of cuts in a mining sequence.  
 
The existing water spray block on the corner of the gathering pan of the miner tends to 
get clogged very quickly. To avoid this problem, the spray block level was raised by 
about 4 inches as shown in Figure 27. Also, the sprays in these blocks were changed from 
No. 3 (3 gpm) to No. 5 (5 gpm) sprays to better wet the mined coal. This would help to 
reduce dust generated during ram car loading and dust exposure to ram car operator.  
 
The Surfactant Dispensing System 
 
A commercial chemical injection system was procured for dispensing measured amount 
of surfactant to the water sprays.  This surfactant dispenser operates on the venture 
principle.  The motive fluid (water) was forced through a variable opening orifice.  The 
resultant pressure difference due to venturi effect creates a vacuum which sucks the 
surfactant solution into the motive fluid stream. The surfactant solution flow is controlled 
through a valve on the surfactant solution line. This arrangement ensures turbulent 
conditions which result in proper mixing of the surfactant in the water stream. The 
surfactant dispensing system design is shown in Figure 23a.  The design was based on 
calibration tests to adjust the surfactant flow for the desired water flow rate. A 10.5 liter 
surfactant tank, which held surfactant sufficient for one operating shift, was fabricated 
and attached unobtrusively to the continuous miner. Suitable piping arrangements were 
made to divert the spray water through the dispenser and back to the sprays. The overall 
surfactant dispenser system is shown in Figure 23b. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 23(a): Surfactant dispensing system mounted on the miner and used for field 

testing of the modified scrubber with surfactant sprays. 
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Figure 23(b): Surfactant dispenser system. 

 

 
Figure 24: Existing scrubber (1, 2 and 3 suction ports). 

 

1 

2 

3 
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Figure 25: Metal screen – Operator side. 

 
Figure 26: Metal screen – Scrubber side. 

 

 
Figure 27: Increased height of 

sprays. 

 
Figure 28: Side sprays to reduce dust. 

 
Task 2.4 – 

1. The demister used with the Scrubber 2 was not designed for it. The demister from 
the Scrubber 1 was fitted to the Scrubber 2. The difference in performance was 
attributed to the fact that a demister suitable for a small area tapered scrubber does 
not perform well for a large area straight scrubber duct. 

Collaborate with Joy to improve demister performance 
 
The overall goal of this task is to examine demister design. Laboratory testing identified 
the demister component of the scrubber system as an area that needs further examination.  
Blow-by moisture can negatively affect weak mine floor and accelerate equipment 
corrosion as well as reduce the dust control efficiency of the scrubber. A demister 
typically consists of several rows of fins with hooks as shown in Figure 29. When water-
laden air passes through these fins or the hooks they capture the water and forces it to 
flow down to the sump. During testing of the modified scrubber, the exhaust fan ejected 
some moisture with air making the sampling room wet. Theoretically, relatively 
moisture-free air would be expected. The reasons identified were: 
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2. Increase in air velocity through the Scrubber 2 forces the water-laden air through 
the demister. There is not enough residence time for the water to drop down to the 
sump. 

 
Some of the design improvements considered, in cooperation with Joy, are given below: 
 

1. Extra hooks could be riveted or welded to the existing fins so that more water 
could be captured down to the sump. A sample hook is shown in Figure 30. 

2. A baffle plate can be attached behind the second filter near the floor of the 
scrubber. This will help to prevent water traveling on the floor of the scrubber to 
rise when it hits the bottom of the filter. 

3. A thin filter or a screen can be fitted just before the demister to reduce the 
velocity of the water-laden air moving through the demister. 

 

 
Figure 29: Fins of a demister.  

Figure 30: Hook in a demister. 
 
 
Task 2.5 – 

1. Joy professionals at Franklin, PA (August, 2003 and February, 2004). 

Collaborate with Joy on commercial design of a modified scrubber 
system incorporating the work done in Tasks 2.2, 2.3, and 2.4 

 
The overall goal of this task is to keep Joy personnel up-to-date on the laboratory and 
field demonstration studies so that these can be incorporated into a commercial unit. 
Without a commercial system, the dust control concepts developed in the laboratory have 
little meaning and of no benefit to the industry. Therefore, the project team made the 
following presentations to: 
 

2. Dust Control Steering Committee, SIUC (October, 2003 and March, 2004). 
3. MSHA representatives, SIUC (January, 2004). 
4. NIOSH, MSHA and Joy professionals at Pittsburgh, PA (February, 2004). 
5. Teleconferencing with the Joy professional on June 15, 2004 to discuss 

commercialization of the concepts. 
6. Teleconference with the Joy professionals on July 25, 2004. 
7. Meeting with Joy professionals on August 09, 2004 at their Franklin, PA office. 
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All these presentations provided a detailed discussion of the laboratory and field studies, 
data analysis and results to seek valuable input from the industry professionals. The 
future directions for studies were decided on the input received and requirements 
essential for improving dust control in mines. In the teleconference in June, Joy discussed 
intellectual property issues related to the commercialization. At the August meeting, 
cooperative field studies of modified scrubber were discussed. 
 
Task 2.6 – 

Surfactant 

Collect in-mine dust samples for #5 seam coal 
 
The overall goal of this task is to perform in-mine testing at Turris Coal Company’s 
Elkhart Mine in #5 seam based on the sampling methodology and design modifications 
discussed earlier. The operating conditions were Spray 1 – 2 gpm, Filter 1 – 10 layer, 
Spray 2 – 3 gpm, Filter 2 – 10 layer, surfactant concentration – 0.02%, and spray pressure 
– 40 psi.  
 
Wettability tests were conducted to assess the average amount of surfactant concentration 
required for effective dust reduction in Turris mine during the field testing. Previous 
wettability tests were done only on pulverized coal samples from different mines. The 
current tests concentrated on coal, floor and roof materials collected from Turris mine. 
The results shown in Table 7 on coal dust collected in the mine were remarkably close to 
the earlier results. This demonstrated repeatability of the tests, within the experimental 
limits, with different operators. 
 

Table 7: Wettability test results on Turris coal, floor and roof samples 
 

Dust Type 
% Concentration of surfactant for complete wetting 

using mine water 
2 Coal 0.0036 
3 Coal 0.0039 
1 Coal 0.0034 
 Floor All the material except coal gets wet in mine water 
2 Roof 0.0032 
1 Roof 0.0034 

 
The cut sequence at this mine for 11 entry walk between supersection and crosscut 
advanced between belt moves is shown in Figure 31. 
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Figure 31: Cut sequence for 11 entry supersection. 

 
Initial field demonstration studies focused on comparing the performance of an 
unmodified miner and the modified miner. Four cuts were studied, one using the 
unmodified miner, and three using the modified miner. The modified miner studies were 
conducted in different entries. The results are shown in Tables 8, 9, 10 and 11. 
 

Table 8: Field demonstration results - Unmodified miner in # 3 entry. 
 

  Unmodified Miner (in #3 Entry)   

Cassette 
No. Location 

Sampling 
Time (min) 

Dust 
Conc. 

(mg/m3
% 

Quartz ) 
Bolter 

Upstream Cut Type 
370939 Ambient Air/Intake 26  0.345 - No Initial Cut 
370658 CM Operator 26  0.929 - No Initial Cut 
370845 Ram Car 26  0.425 - No Initial Cut 
370689 Return 26  5.095 6.3 No Initial Cut 

 
Table 9: Field demonstration results - Modified miner in # 3 entry. 

 
  Modified Miner (in #3Entry)   

Cassette 
No. Location 

Sampling 
Time 
(min) 

Dust  
Conc. 

(mg/m3
% 

Quartz ) Bolter Upstream Cut Type 
378000 Ambient Air/Intake 36 1.495 - Yes, in #4 entry Initial Cut 
378302 CM Operator 36 3.086 5.00 Yes, in #4 entry Initial Cut 
378299 Ram Car 36 1.821 6.30 Yes, in #4 entry Initial Cut 
378773 Return 36 4.178 3.70 Yes, in #4 entry Initial Cut 
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Table 10: Field demonstration results - Modified miner in # 5 entry. 
 

  Modified Miner (in #5 Entry)   

Cassette 
No. Location 

Sampling 
Time 
(min) 

Dust 
Conc. 

(mg/m3
% 

Quartz ) 
Bolter 

Upstream Cut Type 
343429 Ambient Air/Intake 45 1.901 0.8 No Deep Cut 
343474 CM Operator 45 0.537 - No Deep Cut 
370540 Ram Car 45 1.027 - No Deep Cut 
370372 Return 45 2.775 3.3 No Deep Cut 

 
Table 11: Field demonstration results - Modified miner in # 4 entry. 

 
  Modified Miner (in #4 Entry)   

Cassette 
No. Location 

Sampling 
Time 
(min) 

Dust 
Conc. 

(mg/m3
% 

Quartz ) Bolter Upstream Cut Type 
370905 Ambient Air/Intake 38 1.289 - Yes, in #5 entry Deeper Cut 
372411 CM Operator 38 1.961 9.3 Yes, in #5 entry Deeper Cut 
370814 Ram Car 38 2.061 8.1 Yes, in #5 entry Deeper Cut 
372442 Return 38 4.776 10.6 Yes, in #5 entry Deeper Cut 

 
Comparison of the results indicate that in a similar type of cut, and with the unmodified 
and the modified miner in the same entry, return side respirable dust concentration for the 
modified miner was less than that for the unmodified miner. High respirable dust 
concentration of 4.178 mg/m3 in the return side of the modified miner is attributed to the 
presence of a bolter upstream and rock dusting activity being carried out during the time 
of sampling. Major part of the dust laden intake air (1.495mg/m3) directly reaches the 
dust sampler in the return side without going through the modified scrubber. Results here 
indicate that a modified miner performs better than an unmodified miner. The miner 
operator also commented very positively on the performance of the modified miner based 
on visual observations in the face area. The mine described the overall field 
demonstration a success. 
 
The next series of field demonstration studies involved studying the modified miner and 
the unmodified miner in the section for an entire shift. These studies were conducted in 
different entries and cuts. The results are shown in Tables 12 and 13. 
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Table 12: Field demonstration results - Modified miner. 

 
Cut # 1 

Miner position #  4 Entry Intake air 23,283 cfm 
Cut type Straight cut 60 ft Line curtain air 7,056 cfm 

Cut length 25 ft Cars loaded 15 
Cassette # Cassette Position Dust Conc. (mg/m3 % Quartz ) 

378774 Intake Side 0.069 0.0 
378297 CM Operator 1.690 0.0 
378294 Car Driver 4.347 8.7 
378775 Return Side 4.451 10.7 

 
Cut # 2 

Miner position #  3 Entry Intake air 23,283 cfm 
Cut type Straight cut 50 ft Line curtain air 9,900 cfm 

Cut length 40 ft Cars loaded 20 
Cassette # Cassette Position Dust Conc. (mg/m3 % Quartz ) 

343374 Intake Side 0.973 0.0 
370369 CM Operator 3.503 3.5 
370464 Car Driver 5.290 3.7 
370507 Return Side 5.856 3.3 

 
Table 13: Field demonstration results - Unmodified miner. 

 
Cut # 3 

Miner position #  0 Entry Intake air 23,283 cfm 
Cut type Straight cut 20 ft Line curtain air 6,500 cfm 

Cut length 25 ft Cars loaded 14 
Cassette # Cassette Position Dust Conc. (mg/m3 % Quartz ) 

378298 Intake Side 2.967 4.7 
378295 CM Operator 2.277 5.1 
378303 Car Driver 4.071 4.5 
378771 Return Side 2.484 4.6 

 
Cut # 4 

Miner position #  1 Entry Intake air 23,283 cfm 
Cut Type Straight cut 60 ft Line curtain air 7,812 cfm 
Cut length 20 ft Cars loaded 14 
Cassette # Cassette Position Dust Conc. (mg/m3 % Quartz ) 

370782 Intake Side 0.575  
370752 CM Operator 1.533  
372378 Car Driver 1.725  
372330 Return Side 2.338  
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Intake  Air 
Respirable 

Dust 
Concentration 

(mg/m

The results indicated that the modified miner performance was superior to the unmodified 
miner. With the modified miner, there was a reduction in dust level in the return air and 
on the miner and ram car operators. Furthermore, there was a significant improvement in 
quartz content in the output dust. The project team visited the mine to do additional dust 
sampling, side by side with MSHA inspectors, to assess the validity of effectiveness of 
the modified miner for dust control. The results obtained are shown in Table 14. 

 
Table 14: Field demonstration results – Modified miner (Project team and MSHA). 

 

3

CM Operator 
Respirable 

Dust 
Concentration 

(mg/m) 3

SC operator 
Respirable 

Dust 
Concentration 

(mg/m) 3

Return Air 
Respirable 

Dust 
Concentration 

(mg/m) 3 Type of Cut ) 
0.027 0.428 0.477 0.428 Initial Cut 
0.161 0.358 0.332 0.270 Deep Cut 
0.024 0.052 0.254 0.178 Deeper Cut 
0.024 0.078 0.306 0.300 Deep Cut 2 
0.006 -0.001 0.161 0.218 Right Turn 
0.029 0.072 0.096 0.287 Initial Cut 
0.017 0.118 0.193 0.233 Deeper Cut 
0.020 0.160 0.191 0.158 Deeper Cut 2 
0.033 0.162 0.096 0.302 Deeper Cut 3 
0.016 0.378 0.427 0.427 Right Turn 

 
The results indicate measured dust concentrations of less than 0.5 mg/m3 in the return 
side, and also on the miner and ram car operators. The results validate the effectiveness 
of modified miner/scrubber for dust control. 
 
Task 2.7 – Field evaluation and intuitive modeling of dust generation at the face  
 
The overall goal of this task is to develop an intuitive model of dust generation in the face 
area. Visual observations of dust generation in the face area and an analysis of the wet 
scrubber design in cooperation with industry professionals led to the hypothesis that wet 
scrubber efficiency improvements in the field represent only one of the several dust 
control strategies that should be implemented for meeting dust standards in the face area. 
Historical dust data from Turris mine, collected by MSHA, was analyzed for different 
occupational exposure levels to adopt effective dust control strategies. A mathematical 
model was developed to identify the effect of increased production on respirable dust 
concentration. The model also estimates respirable dust generated per ton of coal 
produced. The historical data for return side roof bolter operator on different days is 
shown in Table 15.  
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Table 15: Data for return side roof bolter operator 

  

(Previous data form MSHA). 
 

Data for return side of roof bolting   

Code Tons mined 
Dust concentration 

(mg/m3 % Quartz ) µg/m Sampling date 3 
14 1472 1.20 8.90 111.30 07/31/2000 
14 2434 2.80 6.00 163.60 11/20/2000 
14  1769 1.50 0.00 0.00 01/03/2001 
14  2288 2.00 9.50 183.00 01/02/2001 
14  783 0.70 5.20 36.78 01/30/2001 
14 2147 1.40 5.70 76.45 02/26/2001 
14 2015 1.20 11.30 155.50 03/20/2001 
14 2560 1.60 7.50 124.80 05/08/2002 
14 790 0.60 0.00 0.00 05/14/2002 
14 1892 1.30 6.40 84.09 12/17/2003 
14 2077 1.30 0.00 0.00 01/13/2004 
14 1813 2.20 0.00 0.00 01/14/2004 

Average 1836.667 1.483 5.042 77.960   
Standard Dev 573.387 0.615 4.100 69.891   
Maximum 2560.000 2.800 11.300 183.000   
Minimum 783.000 0.600 0.000 0.000   
 
Figure 32 and statistical analysis below shows an estimate of respirable dust generated 
plotted against tons produced. The intercept of this curve (0.3-0.4 mg/m3

 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 

Figure 32: Respirable dust generated vs. tons produced (Previous data). 

) gives the 
expected average respirable dust concentration in the intake air for the historical data. 
These results are well supported by the sampling results of the project as shown in Table 
15. 
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Variance Analysis 

Source DF Sum of Squares Mean Square F Ratio Prob(F) 
Regression 1 2.181232814 2.181232814 11.0417912 0.00771 
Error 10 1.975433853 0.197543385     
Total 11 4.156666667       

 
A mathematical model was also developed to identify the effect of increased production 
on respirable dust generation and concentration in the face area. The model also gives an 
estimate of respirable dust generated per ton of coal produced. The model is described 
below: 
 
Let   
      X = Respirable dust generated /unit ton 
      T = Coal production/sampling duration 
      Ew = Efficiency of water sprays. 
      Es = Efficiency of the scrubber. 
      V = Volume of air at the MSHA compliance    sampling point. 
      Dc = Measured dust at MSHA compliance sampling point. 

Total respirable dust generated = X.T 
Total Dust leaving the face into the last open cross-cut = X.T(1-Ew)(1-Es) 
Calculated respirable dust concentration at MSHA compliance sampling point 

                         = X.T(1-Ew)(1-Es)/V 
 
Then, 
       Dc = X.T (1-Ew) (1-Es)/V  ------------------------------------------------------Equation 1. 
 
Therefore,   
       X = Dc*V/ T(1-Ew)(1-Es)  ----------------------------------------------------Equation 2. 
 
The model provides for improvement in efficiency of the scrubber and water spray 
system required.  Keeping other parameters at a constant level, the desired maximum 
level of dust concentration at the MSHA compliance sampling point can be estimated. 
The model also estimates needed amount of air behind the line curtain. Figure 33 gives an 
estimate of respirable dust generated per ton of coal produced. 
 
Based on the MSHA historical data an estimate of total respirable dust generated per ton 
of coal, out bye of bolter on the return side, was made from the mathematical model. The 
average respirable dust generated per ton of coal production was estimated to be 2415 
mg, assuming Ew = 0.3 and Es = 0.85. But, the respirable dust fraction reaching the return 
side sampling point is 2415*(1-0.85)*(1-0.3) = 254 mg/ton. Based on this estimate, 
average respirable dust concentration in the face was estimated as follows: 

 
Peak cutting rate for the miner: 18 tons/min 
Average respirable dust generated/ton: 2415 mg/ton 
Total respirable dust generated/min: 2415 x 18 mg/min 
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Assuming 7000 cfm (198.13m3/min) of air in the face area, average respirable dust 
concentration in the face area is 219.4 mg/m3

Respirable Dust Generated/Ton Vs Production

y = -0.0737x + 2550.9
R2 = 0.0049
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. The numbers here represent an estimate 
based on assumptions made for the calculations. These numbers may, therefore, change 
slightly if the assumed vales are changed. The visual observations of the scatter plot may 
reveal relatively constant value of total respirable dust generated per ton of coal mined. 
However, statistical analysis below indicates no correlation based on low coefficient of 
determination, low F-ratio, and high Prob(F). Additional data must be collected and 
analyzed prior to making any sound observations.  

 
Figure 33: SIU estimate of total respirable dust generated per ton coal produced. 

 
Variance Analysis 

Source DF Sum of Squares Mean Square F Ratio Prob(F) 
Regression 1 19626.22439 19626.22439 0.049717189 0.82804 
Error 10 3947573.194 394757.3194     
Total 11 3967199.418       
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CONCLUSIONS  
 
Area II:  

1. Two-filter concept validity was established in the laboratory. 

Development and Demonstration of Improved Wet Scrubber Systems 
 

2. Wettability test, as a valid repeatable test, was demonstrated. 
3. Two-filter concept validity in the field was established. 
4. The need to review other elements beyond scrubber for dust control was 

demonstrated in the field. 
5. A mathematical model, based on simplifying assumptions, seems to estimate 

reasonable values of total and respirable dust in the face area. It may have the 
potential to estimate air requirements for dust and methane control based on 
production rates. 

6. Changing scrubber suction inlets from the sides is a definite improvement over 
suction inlets from the bottom at this mine. 

 
RECOMMENDATIONS 

 
Area II:  
1. Perform a systematic real-time spatial evaluation of sources of dust in a super-section 

with associated real-time dust concentrations in a super-section mining layout.  

Development and Demonstration of Improved Wet Scrubber Systems 

2. Work collaboratively with Joy Mining Machinery, coal industry professionals, 
NIOSH and MSHA to develop concepts for modified sprays on continuous miners. 

3. Characterize quartz content of dusts generated while mining roof and floor strata. 
This will help us in knowing the contribution of quartz dust generated from roof and 
floor strata in Illinois mines.  
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