
FINAL TECHNICAL REPORT 
March 1, 2005, through August 31, 2006 

 
Project Title: A FIELD DEMONSTRATION OF A JOY WET-HEAD MINER IN 

ILLINOIS 
 
ICCI Project Number: 04-1/US-2 
Principal Investigator:  Dr. Yoginder P. Chugh, Southern Illinois University 
Other Investigators:  Amit Patwardhan, Harrold Gurley, Abinash Moharana, 

John Pulliam, Roshmik Saha, William Bell, SIUC 
Project Manager:  Dr. Ronald Carty, ICCI 
 

ABSTRACT 
 
A field demonstration of the JOY Wet-Head Miner (WHM) technology was performed at 
a Southern Illinois mine.  The WHM technology utilizes sprays mounted behind each bit 
to reduce ignition potential and increase bit life by quenching the "hot-spots" and cooling 
the bit itself and reduces respirable dust by controlling dust generation at the source.  The 
study was conducted in five phases.  In Phase I, limited pilot studies were conducted on 
the standard miner and the WHM to determine the variability in measurements and to 
formulate a scientific test plan for more elaborate studies in Phases II-V.  In Phase II 
studies, sampling was conducted to obtain statistically significant comparisons of the 
WHM with the standard miner.  Phase III and IV studies were aimed at improving the 
performance of the WHM by modifying the sprays on the miner with respect to the 
pressures, types and locations.  Bit usage and productivity of the WHM and the standard 
miner were also monitored throughout the testing.  In Phase IV testing, real-time methane 
concentration monitoring at the face area was also conducted.  Phase V testing involved 
testing the efficiency of SIU’s spray modifications on the standard miner. 
 
The statistical results of these studies indicate that the WHM technology in its current 
form is able to significantly reduce respirable dust at the return location of the face.  
Similar conclusions can not be drawn for the miner and haulage unit operator locations 
because of high variability in the data.  Based on physical observations, visibility in the 
face area is also significantly improved.  Bit usage and methane diffusion are however 
comparable to that of the standard miner.  However, the “hot-spot quenching” action of 
the WHM reported in other studies may contribute towards lower ignition potential with 
its use.  The industrial engineering studies found that there was no impact on productivity 
from WHM use.  Overall, the benefits from the WHM in terms of improved dust control, 
better visibility which may allow for improved horizon control, reduced ignition 
probabilities and the overall health and safety of the workforce must be considered in the 
decision making process for adoption of this technology.  Studies on SIU’s spray system 
also provided significant dust reductions when applied to the standard miner.  Hence, this 
option also deserves additional attention. 
 



EXECUTIVE SUMMARY 
 
With increased emphasis on high production rates in the coal industry, several Illinois 
operators are having difficulty meeting stipulated dust control standards.  In addition, 
high out-of-seam dilution mining with the associated quartz content has exacerbated the 
problem.  Recently, dust control in the face areas has become a bottleneck to achieve 
competitive coal production rates at several mines in Illinois.  The Wet Head Miner 
(WHM) offers a solution to this problem by more effectively controlling dust by 
suppressing it at the generation point itself.  In addition, WHM may also be effective in 
controlling methane ignitions which are a concern at some locations in Illinois. 
 
A WHM is a continuous mining machine developed by Joy in which water under 
pressure (~100 psi) is injected behind each bit on the cutting drum.  The water is directed 
at the cutting point to (a) minimize dust generation at the cutting point, (b) cool the bits to 
minimize potential for methane ignition and extend bit life, and, (c) more effectively wet 
the coal prior to loading by the miner conveyor to reduce dust during transport.  In 
addition, the WHM employs several boom and chassis sprays to aid dust capture.  A 
standard miner on the other hand exclusively uses chassis and boom sprays for dust 
capture.  The boom sprays are located on the top and bottom of the cutting head on the 
boom and apply water to the cutting area.  Sprays on the side of the boom and the chassis 
create a shroud around the pan to allow suction of dust into the scrubber.  Both the 
machines use flooded-bed scrubbers as additional dust capture devices. 
 
The WHM has been demonstrated at only 2-3 locations around the world since the early 
1990s.  The technology appears to have proven very effective of late after initial issues 
regarding water seals design were addressed.  In the USA, the first WHM demonstration 
was conducted in a West Virginia coal mine.  This demonstration indicated a significant 
improvement in visibility but was inconclusive in terms of the findings on dust 
reductions.  Comparative tests conducted by SIU on the wettability of coal from this 
West Virginia mine with different Illinois coals, including the coal from the mine 
selected for demonstration, indicated that the WHM would be much more effective in 
Illinois mines as a result of better coal wettability at these locations.  With this finding, a 
detailed demonstration, which is the subject of this report, was planned and accomplished 
at an Illinois coal mine.   
 
The WHM field demonstration program was developed to address the following 
questions. 

1. How does productivity and production capacity of the WHM compare with 
standard continuous miners currently in use at the demonstration mine? 

2. How does the dust control efficiency of the WHM compare with the standard 
miners currently being utilized? 

3. What is the impact of bit cooling in WHM on bit life? 
4. Does the WHM impact methane diffusion in the face area? 
5. What are the techno-economic benefits of WHM application? 

 
The overall study was structured into five phases.  In Phase I, limited pilot studies were 



conducted on the standard miner and the WHM to determine the variability in 
measurement and to formulate a scientific test plan for more elaborate Phase II studies.  
In Phase II studies, additional sampling of the standard miner and WHM was conducted 
to obtain statistically significant comparisons.  Phase III studies focused on improving the 
WHM performance by increasing the wet-head spray pressure and reorienting the boom 
sprays to increase water addition in the center of the drum at the expense of reduced 
water at the drum extremities by using lower volume, wider angle hollow cone sprays.  
The wet-head spray pressures were also increased to improve dust capture.  In Phase IV 
studies, additional spray modifications to the WHM suggested by JOY, which further 
increased the water in the center of the drum, were tested.  Phase IV studies also involved 
real-time methane concentration measurements in the face area for the WHM and the 
standard miner to determine if better methane diffusion was being achieved by the WHM.  
During this Phase, SIU's spray recommendation to improve WHM performance was also 
tested.  In Phase V studies, SIU’s spray modifications for the standard miner were tested 
for comparison with the dust suppression performance of the conventional spray system 
for the standard miner.  All the different miner configurations tested in these studies are 
summarized in Table 1.  The dust control performance achieved with all the tested miner 
configurations in all the testing phases is summarized in Figure 1. 
 
Table 1. Miner configurations descriptions and conditions as tested over different 

phases of this research project. 

Miner 

Bit Type 
Small/Larg

e Shank 
Diameter 

Boom/Chas
sis Spray 
Pressure 

(psi) 

Wet Head 
Spray 

Pressure 
(psi) 

Water 
Usage 
(gpm) 

Testing 
Phases 

REG Small 100 - 32 I, II, III 
WHM Large 100 80-110 40-42 I, II, IV 
DHM Large 100 - 32 III 

WHM-MOD Large 125 100 40-42 III 
WHM-MOD80 Large 125 100 41 III 

REGP4 Large 115 - 32 IV 
WHMAW Large 115 100 49-50 IV 
WHMSIU Large 115 100 42 IV 

REGP5 Large 115 - 30 V 
REGSIU Large 115 - 32 V 

• Standard Miner (REG) - A conventional continuous miner without wet-head spray cutting drum. 
• Wet-Head Miner (WHM) - A conventional continuous miner with wet-head spray cutting drum. 
• Dry-Head Miner (DHM) - Same as WHM but operated with the wet-head sprays turned off and boom 

and chassis sprays installed similar to the REG miner. 
• WHM-MOD - WHM operated with a higher wet-head spray pressure. 
• WHM-MOD80 - WHM operated with modified chassis and wet-head spray configuration 

recommended by JOY and higher wet-head spray pressure.  Twenty 80-degree hollow cone sprays on 
the end-ring were used in place of the 20-degree solid cone sprays as in the conventional design. 

• Standard Miner – Phase IV (REGP4) - A conventional continuous miner without wet-head spray 
cutting drum.  Used larger shank diameter bits which were the same as on the wet-head. 

• WHMAW – WHM operated with further modified spray types and configurations.  Used 32-deg solid 
cone sprays in the center of the cutting drum with much higher flow rate. 
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• SIUWHM – WHM was operated mainly with modifications to the chassis spray design based on 
similar designs which had indicated substantial improvements compared to the standard miner. 

• REGP5 – This was the wet-head miner machine with the standard miner head instead of the wet-head.  
Essentially, this was the standard miner with the same spray configuration. 

• REGSIU – This was the Phase V standard miner with SIU modified spray system utilizing sprays on 
top of the miner. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1. Summary dust performances achieved at the three targeted locations (MO - 

near miner operator, RC - near haulage unit operator during loading and RET 
- in the return side of the last open cross-cut), using different miner 
configurations over five phases of testing.  The dust concentrations are cut-by-
cut concentrations and are not reflective in magnitude of the regulatory full-
shift samples.  Mined roof height is also an indication of mining height as the 
two are correlated with a correlation coefficient of 0.82. 

 
As part of these studies, a new methodology for data analysis of underground dust 
sampling comparisons was devised.  Due to the inherently high variability of operations 
underground, it is very difficult to obtain good comparisons of tested technologies.  
However, SIU researchers have developed data analysis methodologies which normalize 
varying intake dust concentration, ventilation conditions, production, down times and 
delays to allow viable comparisons between the test subjects.  Details of this 
methodology are included in the following sections of this report. 
 
Based on all field demonstration studies conducted, the authors conclude the following: 
• WHM does appear to significantly reduce respirable dust concentration in the return 

location of the face area.  This is based on consistent trends emerging over three 
phases of dust sampling.  Averaged over three phases of testing, WHM achieved a 
reduction in dust by approximately 35% at the RET sampling location. 

• Dust comparison results are inconclusive for the MO and RC locations.  This is a 
result of the high variability associated with measurements at these locations.  



However, if the RET location dust is consistently lower, it is plausible that all 
occupations in the mine will benefit. 

• Face visibility is considerably improved with WHM use as reported by the miner 
operators, mine professionals and SIU research staff.  The potential benefit of this 
improved visibility is the ability of the miner operator to maintain good horizon 
control and reduce out-of-seam dilution if such a reduction is targeted. 

• Studies on modified spray systems for the WHM involving different types of wet-
head and chassis sprays indicated improvement in dust control compared to that from 
the standard miner.  However, improvements over and above those offered by the 
conventional WHM design could not be established. 

• SIU’s spray system performed very well on the standard miner reducing dust 
concentrations by about 30%.  Performances were similar to those achieved by the 
WHM when these sprays were tested on top of the WHM. 

• Based upon comparisons of wettability from the two mines where the WHM was 
tested (WV and IL mines), it appears that this factor may affect the efficiency of the 
WHM.  On a more wettable coal in this study, the WHM performance was superior. 

• Mining height/roof extraction emerged as an important factor in determining the 
efficiency of dust control.  The performance of the WHM was superior in lower 
mining height conditions. 

• Initial bit-usage studies comparing smaller bits on the standard miner with the larger 
bits on the WHM indicated a substantially lower bit usage with the WHM.  However, 
when same bits were used on both the miners, there was no difference in bit usage.  
Data collected by the miner manufacturer however indicated reductions in bit usage. 

• The production potential of the WHM was similar to that from the standard miner.  
This was concluded from industrial engineering studies on both miners and 
production simulations using the SIU-Suboleski Production Planning (SSP) model as 
well as stochastic simulations. 

• Studies on methane diffusion at the face did not indicate a better performance from 
the WHM as compared to the standard miner.  However, the “hot-spot quenching” 
effect reported by others (Allanson & Roxborough 2001) on other ‘pick back spray’ 
technologies may support the possibility of lower ignition incidence with the WHM. 

• Justification of the higher capital and possibly maintenance costs of the WHM would 
require higher production rates or lower operating costs.  The results of these studies 
indicate that these advantages do not exist.  However, there are several additional 
benefits which are difficult to quantify that may support the application of the WHM.  
These include the lower likelihood of regulatory action resulting from out-of-
compliance dust samples, the ability to de-bottleneck the dust constraint for 
increasing production, the potential ability to reduce out-of-seam dilution as a result 
of improved visibility, possibility of reduced ignition frequency with its negative 
implications and the ‘human’ factors from improved conditions for the workforce.  
These factors can carry a significant weight in the decision to adopt the WHM. 

 
Overall the demonstration was considered a success by the authors and has resulted in the 
introduction of this technology at the demonstration site mine which has placed several 
additional WHM units in operation and has orders in place for twenty-four (24) more 
units.  Other mines in Illinois have also expressed a significant interest in this technology. 
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OBJECTIVES 
 
The WHM field demonstration program was developed to answer the following major 
questions. 
 

1. How does productivity and production capacity of the WHM compare with 
standard continuous miners currently in use at the demonstration mine? This 
comparison was achieved through industrial engineering studies on the WHM and 
standard miners in a single super-section with relatively similar mining 
conditions.  The data was using in the SSP model and a stochastic simulator to 
compare productivity differences from the WHM and the standard miner. 

2. How does the dust control efficiency of the WHM compare with the standard 
miners currently being utilized? This comparison involved comparative dust 
measurements in the face area and out-bye areas as well as on selected 
occupations as required by the regulatory agencies. 

3. What is the impact of bit cooling by WHM on bit life? To evaluate this, a cut-by-
cut bit change count on all the sampled cuts was maintained and aggregated for 
comparisons. 

4. Does the WHM impact methane diffusion in the face area?  To determine this, 
methane data loggers were employed at three (3) locations near the face for the 
WHM as well as the standard miner.  Data collected over several cuts was 
compared. 

5. What are the techno-economic benefits of WHM application?  To determine this, 
an existing model of production cost developed by SIU researchers was modified 
to include the option for a WHM. 

 
More specifically, to achieve the abovementioned objectives, the research program was 
divided in four major tasks.  These tasks are described briefly below. 
 
Task 1:  Production Related Studies 
 
The goal of this task was to compare WHM production performance with that of the 
standard miner.  Towards achieving this goal, industrial engineering studies were 
conducted on the WHM and the standard miner to collect the necessary data for 
simulating the production system using the SIU–Suboleski production (SSP) model. 
 
Task 2:  Dust and Methane Research and Evaluation 
 
The goal of this task was to assess if WHM can significantly improve dust and methane 
control in the face area as compared to the use of a standard miner.  Extensive dust 
sampling on the WHM and the standard miner in multiple spray configurations was 
conducted.  Spatial distribution of methane in the face area was also recorded using data-
logging methanometers for the WHM as well as the standard miner.  The aggregated data 
over several cuts was compared to determine if the WHM offers any advantage in terms 
of better methane diffusion or dust reduction. 
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Task 3:  Techno-Economic Studies 
 
The goal of this task was to assess the technical and economic feasibility of utilizing the 
WHM mining system at the demonstration site mine and other mines in Illinois.  Towards 
achieving this goal, an existing face production cost model developed by the authors was 
modified for the WHM case.  Appropriate incremental costs, savings from lower bit-
usage and production related variables were incorporated in the model.  Comparisons 
were then made between the production cost from the standard miner with those from the 
WHM. 
 
Task 4:  Reporting 
 
Timely reports were submitted throughout the project duration.  Three steering committee 
and information transfer meetings were also convened at the demonstration mine which 
was attended by ICCI project management, SIU researchers, JOY professionals, mine 
professionals and representatives from several other Illinois coal mines. 
 
 

INTRODUCTION AND BACKGROUND 
 
With an increased emphasis on high production rates in the coal industry, more and more 
US coal operators are having difficulty meeting stipulated dust control standards.  The 
high out-of-seam dilution mining (20-25% of seam thickness), and associated quartz 
content have exacerbated the problem.  Recently, dust control in the face and out-bye 
areas has become a bottleneck to achieve competitive coal production rates at several 
mines in the USA. 
 
To reduce ignition potential, improve bit life and better control and suppress dust 
generation at the source itself, Joy Mining Machinery (JOY) developed a novel wet-head 
miner technology. A “wet head miner” (WHM) is a continuous mining machine in which 
water under pressure (~100 psi) is injected behind each bit on the cutting drum.  The 
water is directed at the cutting point to (a) minimize dust generation at the cutting point, 
(b) cool the bits to minimize potential for methane ignition and extend bit life, (c) quench 
any hot-spot trails left behind by the cutting bit, and, (d) more effectively wet the coal 
prior to loading by the miner conveyor to reduce dust during transport.  A WHM cutting 
bit with sprays is shown in Figure 2.  In addition, the WHM employs several boom and 
chassis sprays to aid dust capture.  A standard miner on the other hand exclusively uses 
chassis and boom sprays for dust capture.  The boom sprays are located on the top and 
bottom of the cutting head on the boom and apply water to the cutting area.  Sprays on 
the side of the boom and the chassis create a shroud around the pan to allow suction of 
dust into the scrubber.  Both the machines use flooded-bed scrubbers as additional dust 
capture devices. 
 
The WHM has been demonstrated at only 2-3 locations around the world since the early 
1990s.  The technology has proven very effective lately after initial issues regarding 
water seals design were addressed.  A recent study in South-Africa documented large 
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dust reductions using this technology (Zyl 2005).  These results were however not tested 
for statistical significance.  In the USA, a mine in West Virginia (WV) demonstrated the 
WHM technology with National Institute of Occupational Safety and Health (NIOSH) 
monitoring dust generation and control (NIOSH 2005).  The results indicated a 
qualitative but significantly improved visibility and limited improvement in respirable 
dust. 
(a) (b) 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2. (a) Joy Wet-Head Miner cutting head, (b) J35 bit and block spray. 
 
Comparative tests conducted by SIU on the wettability (Chugh et. al. 2004) of coal from 
WV mine with different Illinois coals indicated that the WHM should be much more 
effective in Illinois mines.  Hence, due to the interest of the Illinois coal industry a WHM 
demonstration was conducted at a Southern Illinois coal mine. 
 
 

EXPERIMENTAL PROCEDURES AND MODEL DEVELOPMENT 
 

Mine Description 
 
The WHM demonstration was conducted at a Southern Illinois mine extracting Illinois 
No. 5 seam coal.  This mine uses room-and-pillar mining system with an average mining 
height of approximately 6.5-ft and the average entry width of about 20-ft. The mining 
layout consists of a walk-between super-section with one intake and one return in a nine-
entry system being mined with two continuous miners.  A blowing face ventilation 
system with line curtains is used.  The ventilation plan requires minimum 7,500 cfm at 
the end of the line curtain when the scrubber is operational. The scrubber discharges air 
on the left hand side of the miner.  Typical airflow in the last open crosscut is 15,000 
cfm.  In the section sampled, mining is done using one JOY 14CM15 wet-head miner on 
the intake side of the section and another Joy 14CM15 conventional miner on the return 
side of the section. Both continuous miners are equipped with flooded-bed dust 
scrubbers. On the wet-head miner, chassis and boom sprays operated at about 100 psi and 
the wet-head sprays operated in the range of 80-110 psi depending on test conditions. On 
the standard miner, the plan required chassis/boom sprays to be operating at 100 psi. The 
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total water usage on the wet-head and standard miners was approximately 40-42 gpm and 
29-32 gpm, respectively.  Thirteen (13)-ton ram cars were used to haul coal from the face 
to the feeder/breaker. The ram car operator was located on the right hand side of the car. 
 
Miner Configurations Tested 
 
The following different miner configurations were tested in this study. 
 

1. Standard Miner (REG) - A conventional continuous miner without wet-head spray 
cutting drum.  Used smaller shank diameter bits at this mine.  Had only boom and 
chassis sprays.  Used about 32 gpm water for dust control.  The exact spray 
configuration for this option is presented in Table 2.  A diagram indicating the 
addressed spray locations on the continuous miner is presented as Figure 3a. 

2. Wet-Head Miner (WHM) - A conventional continuous miner with wet-head spray 
cutting drum.  At this mine, it used larger shank diameter bits.  Had wet-head 
sprays in addition to the boom and chassis sprays.  Used 40-42 gpm water for dust 
control.  Boom/Chassis sprays operated at about 100 psi, while wet-head sprays 
operated in the 80-110 psi range depending on test conditions.  The exact spray 
configuration for this option is presented in Table 3.  A diagram indicating the 
addressed spray locations on the continuous miner is presented as Figure 3b. 

3. Dry-Head Miner (DHM) - Same as WHM but operated with the wet-head sprays 
turned off and boom and chassis sprays installed similar to the REG miner.  
Tested in Phase III of this study only. 

4. Wet-Head Miner - Modified (WHMMOD) - WHM operated with modified 
chassis spray configuration and higher wet-head spray pressure.  Used 40-42 gpm 
water for dust control. Boom sprays operate at about 100 psi, while wet-head 
sprays operate at about 100-110 psi. Tested in Phase III of this study only. 

5. Wet-Head Miner – 80-deg Hollow cone sprays (WHMMOD80) - WHM operated 
with modified chassis and wet-head spray configuration recommended by JOY 
and higher wet-head spray pressure.  Twenty 80-degree hollow cone sprays on the 
end-ring were used in place of the 20-degree solid cone sprays as in the 
conventional design.  Used 40-41 gpm water for dust control.  Boom sprays 
operate at about 100 psi, while wet-head sprays operate at about 100-110 psi.  
Tested in Phase III of this study only. The exact spray configuration for this 
option is presented in Table 4. 

6. Standard Miner – Phase IV (REGP4) - A conventional continuous miner without 
wet-head spray cutting drum.  Used larger shank diameter bits which were the 
same as on the wet-head.  Had only boom and chassis sprays operating at ~115 
psi.  Used about 32 gpm water for dust control.  Tested in Phase IV of this study 
only for side-by-side comparison with the WHM. 

7. Wet-Head Miner – Joy Phase 4 spray modifications (WHMAW) – WHM 
operated with further modified spray types and configurations.  Used 49-50 gpm 
of water for dust control.  Chassis sprays operated at 115 psi and the wet-head 
sprays at 100 psi.  Tested in Phase IV of this study only.  The exact spray 
configuration for this option is presented in Table 5. 
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Table 2. Spray configuration for a standard miner - REG.  Same configuration also 
employed on DHM and REGP4. 

 

Location No. Spray No. GPM Total GPM* 

Top Boom Sprays - RT side 5 3/8 BD 2 0.7 3.5 
Bottom Boom Sprays - RT side 5 3/8 BD 2 0.7 3.5 
Top Boom Sprays - Center 5 3/8 BD 2 0.7 3.5 
Top Boom Sprays - LT side 5 3/8 BD 2 0.7 3.5 
Bottom Boom Sprays - LT side 5 3/8 BD 2 0.7 3.5 
End Ring Sprays - RT side 3 3/8 BD 2 0.7 2.1 
End Ring Sprays - LT side 3 3/8 BD 2 0.7 2.1 
Cutter Motor Side Cover- RT side 3 3/8 BD 2 0.7 2.1 
Cutter Motor Side Cover- LT side 3 3/8 BD 2 0.7 2.1 
Side (LH) 2 3/8 BD 2 0.7 1.4 
Throat Spray 4 3/8 BD 2 0.7 2.8 
Scrubber 1   6.4 
Duct 2 3/8 BD 2 0.7 1.4 
Total 46   37.9 

* Actual delivered flow rate measured with an inline flow meter was 32 gpm. 
 
Table 3. Spray configuration for a wet-head miner - WHM. 
 

Location No. Spray No. GPM Total 
GPM*,+ 

Top & Bottom Boom Sprays - RT side 2 3/8 BD 2 0.7 1.4 
Top Boom Sprays - Center 2 3/8 BD 2 0.7 1.4 
Top & Bottom Boom Sprays - LT side 2 3/8 BD 2 0.7 1.4 
End Ring Sprays - RT side 3 3/8 BD 2 0.7 2.1 
End Ring Sprays - LT side 3 3/8 BD 2 0.7 2.1 
Cutter Motor Side Cover- RT side 3 3/8 BD 2 0.7 2.1 
Cutter Motor Side Cover- LT side 3 3/8 BD 2 0.7 2.1 
Throat Spray 4 3/8 BD 2 0.7 2.8 
Scrubber 1   6.4 
Duct 2 3/8 BD 2 0.7 1.4 
Side (LH) 2 3/8 BD 2 0.7 1.4 
End Drum (Wet-Head Sprays) 44 20o solid cone 0.4 17.6 
Drum Main (Wet-Head Sprays) 19 20o solid cone 0.4 7.6 
Total 90    49.8 

* Actual delivered flow rate measured with an inline flow meter was 40-42 gpm. 
+ Cutter motor cooling water flow rate of 8 gpm per side is required. 
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(a) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
(b) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3. Spray location on the (a) standard miner and (b) WHM, at the demonstration 

mine.  This figure is provided only as an indication to the location of sprays 
referred to in the corresponding tables which list the exact number, nature and 
location of sprays. 
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Table 4. Spray configuration for a wet-head miner – MOD80 (Joy modifications Phase 
III). 

 

Location No. Spray No. GPM Total 
GPM*,+ 

Top & Bottom Boom Sprays - RT side 10 3/8 BD 2 0.7 7.0 
Top Boom Sprays - Center 5 3/8 BD 2 0.7 3.5 
Top & Bottom Boom Sprays - LT side 10 3/8 BD 2 0.7 7.0 
End Ring Sprays - RT side 3 3/8 BD 1 0.4 1.2 
End Ring Sprays - LT side 3 3/8 BD 1 0.4 1.2 
Cutter Motor Side Cover- RT side 3 3/8 BD 1 0.4 1.2 
Cutter Motor Side Cover- LT side 3 3/8 BD 1 0.4 1.2 
Throat Spray 4 3/8 BD 1 0.4 1.6 
Scrubber 1   4.4 
Duct 2 3/8 BD 2 0.7 1.4 
Drum End Ring (Wet-Head Sprays) 20# 80o hollow cone 0.2 4.0 
Drum Main (Wet-Head Sprays) 43 20o solid cone 0.4 17.2 
Total 107    50.9 

* Actual delivered flow rate measured with an inline flow meter was 40-42 gpm. 
+ Cutter motor cooling water flow rate of 8 gpm per side is required. 
 
Table 5. Spray configuration for a wet-head miner – WHMAW (Joy modifications 

Phase IV). 
 
Location No. Spray No. GPM Total GPM*,+ 

Top Boom Sprays - RT side 5 3/8 BD 1 0.4 2.0 
Top Boom Sprays - Center 5 3/8 BD 1 0.4 2.0 
Top Boom Sprays - LT side 5 3/8 BD 1 0.4 2.0 
End Ring Sprays - RT side 3 3/8 BD 2 0.7 2.1 
End Ring Sprays - LT side 3 3/8 BD 2 0.7 2.1 
Cutter Motor Side Cover- RT side 3 3/8 BD 2 0.7 2.1 
Cutter Motor Side Cover- LT side 3 3/8 BD 2 0.7 2.1 
Throat Spray 4 3/8 BD 2 0.7 2.8 
Scrubber 1   6.4 
Duct 2 3/8 BD 2 0.7 1.4 
Side (LH) 2 3/8 BD 2 0.7 1.4 
End Drum (Wet-Head Sprays) 44 20o solid cone 0.4 17.6 
Drum Main (Wet-Head Sprays) 19 32o solid cone 1.1 20.9 
Total 99    64.9 

* Actual delivered flow rate measured with an inline flow meter was 49-50 gpm. 
+ Cutter motor cooling water flow rate of 8 gpm per side is required. 
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8. Wet-Head Miner – SIU spray modifications (SIUWHM) – WHM was operated 
mainly with modifications to the chassis spray design based on similar designs 
which had indicated substantial improvements compared to the standard miner.  
Used 42 gpm of water for dust control.  Chassis sprays operated at 115 psi and the 
wet-head sprays operated at 100 psi.  Tested in Phase IV of this study only.  The 
exact spray configuration for this option is not disclosed here due to intellectual 
property considerations. 

9. Standard Miner – Phase V – (REGP5) – This was the wet-head miner machine 
with the standard miner head instead of the wet-head.  Essentially, this was the 
standard miner with the same spray configuration. 

10. Standard Miner - SIU Spray Modifications – (REGSIU) – This was the Phase V 
standard miner with SIU modified spray system utilizing misting sprays on top of 
the miner.  Water usage was 2 gpm more than the standard miner. 

 
Data Collection and Analysis 
 
Industrial Engineering Studies 
 
Industrial engineering studies were performed on both the WHM and the standard miner 
to compare the production potential of WHM vis-à-vis the standard miner.  Comparison 
of production potential of the two miners required the collection of production 
characteristics of both the miners and haulage system, geologic and panel characteristics.  
Both the miners were placed in the same super section with WHM as the intake miner 
and the standard miner as the return miner.  This allowed calculation of the variability in 
production potential due to the miners while assuming similar geologic and panel 
characteristics. 
 
Collection of equipment performance data (production characteristics) was done by 
continuous watch time study of the miner-haulage system.  A two-person time study was 
planned with one person near the miner and the other near the feeder.  Data was collected 
on time study forms such that all the time during a shift could be accounted.  The 
following times were collected (a) Load time, (b) Haulage travel time from (i) Face 
Change Out to Face, (ii) Face to Face Change Out, (iii) Face Change Out to Feeder 
Change Out, (iv) Feeder Change Out to Feeder, and (v) Feeder to Face Change Out, (c) 
Dump time, and (d) Delays due to breakdowns.  Simultaneously, haulage paths for the 
ram cars were collected for each cut and haulage distances were computed.  Apart from 
the above time study, a time study on the roof bolters was also conducted during initial 
phase of the study.  However, since the data indicated that roof bolters were not a 
bottleneck in the production system, the study was later discontinued. 
 
The above collected data was statistically analyzed to compare the production potential of 
the standard miner and WHM.  Data analyzed consisted of the loading capacity of the 
ram car, loading rate (haulage capacity/load time) of the continuous miner, and haulage 
unit travel speeds. 
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Bit Usage Data Collection 
 
A bit usage study was conducted on all the sampled cuts.  A record was kept of the 
number of bits replaced after every cut for the standard and the wet-head miner.  Even 
though the number of bit changes after a particular cut is not related to that cut itself, it 
does represent an aggregate of several previous cuts made by that miner.  Hence, after 
data was collected for a sufficiently large number of cuts, averages and standard 
deviations were computed and the bit usage/cut data was statistically compared for the 
standard and the wet-head miner. 
 
Dust Data Collection 
 
Since, only one miner in the section was the WHM, a cut-by-cut sampling strategy was 
adopted to study the dust control impact of the WHM.  The data was grouped into one of 
7-different type of cuts which are typical in continuous miner mining.  These were, initial 
straight (starting at 0-10 ft from the face), deep straight (starting at 11-40 ft from the 
face), deeper straight (starting at 40+ ft from the face), right turn, right blow-through, left 
turn and left blow-through.  Figure 4 depicts these cuts with positions of dust sampling 
locations in each cut.  A picture of sampling pumps at one of these locations is shown in 
Figure 5.  Comparisons were made between the standard miner and the WHM and also 
between types of cuts. 
 
The pump locations for dust sampling were as follows: 
 

1. Intake - IN, Location 1 
2. Near Miner Operator - MO, Location 2 
3. Near Ram Car Operator - RC, Location 3 
4. Return - RET, Location 4 

 
Other measurements taken for all the cuts included the following: 

 
1. Line Curtain (LC) Air 
2. Last Open Cross-Cut (LOXC) Air 
3. Car Count 
4. Cut Dimensions (Height, Width, Depth) 
5. Cut cross-section (Roof, Seam, Floor) 
6. Cut Time 
7. Water Pressure and Water Volume 

 
Mine Safety and Health Administration (MSHA) approved gravimetric sampling 
equipment and procedures were utilized for dust sampling. 
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(e) (f) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 (g) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 4. Typical cut-types encountered in a mining sequence; (a) Straight Initial, (b) 

Straight Deep, (c) Straight Deeper, (d) Right Turn, (e) Left Turn, (f) Right 
Blow-through, (g) Left Blow-through. Dust sampling locations for each cut-
type are indicated by 1, 2, 3, 4.  Locations 1 and 4 are the intake and the 
return.  Location 2 and 3 are near the miner operator and the ram car operator 
at the face.  Diagrams are not to scale. 
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Figure 5. Gravimetric dust sampling and instantaneous dust measurements using 

Personal Data Rams. 
 
Data Measurements and Transformations 
 
The filter cassettes from the dust pumps were sent to MSHA for weighing at a resolution 
of 1 microgram.  The weight gain of the cassettes and the pump operation time were used 
to compute the raw dust concentrations at the four sampled locations.  These dust 
measurements were then transformed to isolate the impacts of cut-time variability (down-
time during cuts), varying LC and LOXC air flows and the differences in intake dust 
concentrations.  The transformations were accomplished using the following 
methodology. 

− To correct for different intake air dust concentrations, the Location 1 measurement 
was subtracted from the measurements for the other three locations. 

− The cut-times for cuts of same dimensions may differ due to haulage delays as well 
as unexpected delays encountered during the cuts.  These downtimes (delays) were 
estimated as the difference between cut time (pump run time) less average time for 
mining the particular cut volume.  The Location 2, 3, and 4 dust concentration 
numbers were then adjusted for this down-time for changing the divisor time for the 
dust data from the actual pump run time to the expected run time. In effect, this 
adjustment accounts for varying production. 

− Varying ventilation air flows to the face and in the LOXC directly impact the 
measured dust concentrations as the generated dust is either diluted by excess air or 
concentrated at lesser airflow.  To correct for these variations, all the measured dust 
concentrations were normalized for 8,000 cfm of LC air and 15,000 cfm of LOXC 
air.  The LC normalization was applied to the Location 2 sample while the LOXC 
normalization was applied to the Location 3 and Location 4 samples.  It is noted 
here that the normalization of Location 3 data is actually cut dependent.  Depending 
on the type of cut, this data should be normalized with LC or LOXC air.  Also, air 
flow corrections on Location 2 samples may not be completely accurate due to 
recirculation of line curtain air prevalent when fresh air intake is lower than the 
scrubber capacity.  Hence for the sake of robustness, subsequent statistical analyses 
were performed on both the corrected and uncorrected measurements. The authors 
believe that Location 4 (Return) sampling position and the corrections on it are free 
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of any major shortcoming and the measurements at this location are the best 
indicator of the efficiency of the employed dust control system.  This assessment is 
further validated by the low variance of measurements encountered at this particular 
location. 

 
Data Diagnostics and Screening 
 
The data diagnostics involved Post-Hoc comparisons between the measured dust 
concentrations and the cut-types.  These comparisons indicated no statistically significant 
difference between cut types.  To eliminate the extreme observations from skewing mean 
computations, the means and standard deviations of dust concentrations were calculated 
separately for Locations 2, 3 and 4.  Observations lying outside the +/- 2 Standard 
Deviations range were eliminated as outliers. 
 
Statistical Data Analysis 
 
Two approaches of statistical evaluation were used in this analysis on the screened data.  
The first approach involved computation of the means and standard deviations of the data 
for Locations 2, 3 and 4 separately for the standard and the wet-head miners.  For each 
location, "t-tests" were conducted comparing the means of the standard and the wet-head 
miner under the null-hypothesis that the means were the same.  The significance level for 
a two-tailed test was established at 0.10 and the null hypothesis was rejected for t-values 
lower than the significance level. 
 
Bivariate and partial correlations between the dependent and independent variables were 
also computed to gain better insight on the true factors affecting the measured dust 
concentrations. 
 
Methane Sampling Procedures 
 
The methane data collection involved the use of Industrial Scientific Model TMX-412 
data-logging methanometer with a remote sampling Model SP-402 pump.  This set-up is 
suitable for remote sampling up to about 100-ft.  The data collection was carried out on a 
cut-by-cut basis over several cuts for the standard miner and the WHM.  All the 
methanometers were rental units from the manufacturer which were calibrated prior to 
shipment.  Additional ‘bump tests’ were conducted at the mine site to verify the 
calibration of these instruments.  One of these methanometers was mounted on the 
machine itself and a 3/16-in. tubing was run along the side of the miner all the way up to 
the point where the sniffer head of the built-in machine methanometer is located.  The 
remote sampling pump sucked the air from this location and passed it over the sensor unit 
where the data was recorded with time-stamps.  One additional methanometer was placed 
for recording methane concentrations in the top left corner of the face at a distance of 
approximately 1-ft from the roof, face and the left rib.  A tubing was placed at this 
location and run along the rib suspended from the roof with the help of tie-wires to the 
last open cross-cut where the pump and sensor were located.  The data that this unit 
recorded while the miner was making box-cuts (Figure 6a) was extracted from the data 
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logs based upon the data-log time-stamps and the time record of miner movements 
maintained by the testing staff.  When the miner reset to make a slab cut, the sniffing end 
of the tube was pulled back several feet to clear enough room for the miner to make the 
slab cut without damaging the tubing.  As the miner was making the slab cut, methane 
concentration readings were recorded on the right side in the excavated box (Figure 6b) 
by holding out an extensible pole on which the methane collection tubing was wrapped.  
Again as the miner moved over to make the second box cut, the methanometer on the left 
side was activated and as the miner moved to finish the cut with a second slab, the 
methanometer on the right side was activated.  The machine mounted methanometer unit 
recorded methane concentrations through-out the cut.  The two box and slab cuts referred 
to here are shown in Figure 7.  Additional methane sampling was also conducted in the 
intake and return of the cut.  However, due to the large air volume in the last open cross-
cut, the intake measurements were below instrument measurement threshold and the 
return measurements were too low to differentiate between cuts.  Hence, this collected 
data was not used in any subsequent analysis. 
 
(a) (b)  
 
 
 
 
 
 
 
 
 
 
 
Figure 6. Methane sampling and data-logging locations, indicated by ‘M’, as the miner 

made (a) box cuts and (b) slab cuts. 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 7. Typical box and slab cuts made by the continuous miner during the course of 

a cut.  One methane sampling location was switched from left to right as the 
miner moved from making the box cut towards making a slab cut. 
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Additional records of the machine built-in methanometer readouts were kept at regular 
intervals corresponding with the loading and departure of each car during the course of 
the cut. 
 
 

RESULTS AND DISCUSSION 
 
Industrial Engineering Studies (Task 1) 
 
The load and dump times and haulage tram speeds for the ram cars were collected for 
both the WHM and standard miner.  These compiled results are presented in Table 6.  
Statistical comparisons indicated lower loading times and higher dump times for WHM 
as compared to the standard miner.  It should be noted here that statistical significance 
here is due to the very large number of data points collected.  This does not necessarily 
indicate a practical difference of significant magnitude between the two.  In any case, the 
lower loading times (higher loading rates) may be attributed to better visibility and 
somewhat better dust control which might have allowed the miner operator to cut and 
load more effectively.  This may also have allowed the ram car operator to position his 
car behind the miner conveyor more easily.  The higher dump time of WHM could be 
due to higher water content of coal thus slowing down the dump process.  The observed 
unit haulage speeds were also statistically significantly different and lower with the 
WHM.  This may have been due to the slightly wetter floor conditions with the WHM 
observed in portions of the panel where the WHM operated.  These wetter floor 
conditions were a result of higher water used by the WHM for dust control.  Particularly 
at this mine where the floor is relatively weak and moisture sensitive, the tram speeds of 
the haulage units may have been affected.  However, these slower speeds did not impact 
productivity as 4 haulage units were in use which provided ample haulage capacity. 
 
Table 6. Summarized industrial engineering study findings.  The average values were 

used in the SSP model while both the average and standard deviation values 
were used as inputs in the stochastic simulation. 

 
Measurement  WHM REG 

Average 45 47 
S.D. 10 13 Load Time 

(seconds) 
N 507 469 
Average 31 30 
S.D. 8 6 Dump Time 

(seconds) 
N 417 401 
Average 239.6 284.0 
S.D. 68.3 89.6 

Haulage Unit 
Tram Speed 
(feet per minute) N 414 151 
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The above data was modeled using SIU-Suboleski Production (SSP) model (Chugh et. al. 
2005) assuming no difference in haulage unit speed over shorter distances (feeder 
change-out to feeder and face to face change-out).  The results indicated ROM unit 
production of 2,221 tons for conventional miner and 2,195 tons for WHM.  The 
difference is very small to be significant.  The collected data was also used in a stochastic 
production planning model (Moharana, 2004) to assess production in the mining cut 
sequence.  The production comparison outputs are indicated in Figure 8 and summarized 
in Table 7.  Statistical tests on the average and standard deviation of the two miners 
indicates no difference between the production from the two miners.  However, the 
variability in production with the WHM is lower.  One reason explaining this finding is 
related to the lower variability in loading rates encountered with the WHM.  This may 
have been possible due to improved visibility at the face consistently observed with the 
WHM which may have helped the miner operator perform more consistently. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 8. Comparison of expected production of Standard miner and Wet Head Miner. 
 
Table 7. Production comparisons between the standard miner and the WHM using 100 

stochastic simulations and the SSP deterministic model. 
 

Stochastic Production 
(RTPUS) Miner 

Mean SD 

SSP Model 
Production 
(RTPUS) 

Standard 2,481 108 2,221 
WHM 2,478 75 2,195 
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Dust Control Studies (Task 2) 
 
Phase I Studies 
 
The Phase I dust sampling program involved limited pilot tests on the standard miner and 
the WHM to determine the variability in measurements and to formulate a scientific test 
plan for more elaborate studies in Phase II and Phase III.  Phase I data as such was 
however excluded from subsequent comparative analyses. 
 
Phase II Studies 
 
In Phase II studies, sampling of standard miner and WHM was done to obtain statistically 
significant comparisons.  Fifty-eight (58) cuts were sampled using the WHM and thirty-
four (34) cuts with the standard miner. The cut geometries for standard miner and WHM 
sampled cuts are compared in Table 8.  The data indicates that geometry of sampled cuts 
was very similar for the two types of miners.  The impact of WHM in reducing respirable 
dust at different sampling locations is summarized in Table 9. The results indicate that 
Location 2 experienced slightly less average dust concentration with WHM compared to 
the standard miner.  The difference however is not statistically significant.  Higher 
average dust concentration was recorded with the WHM at Location 3 which was 
statistically significant.  However when measurements not corrected for air-flow 
variations were considered (Table 10), the difference between the two miners was not 
statistically significant.  Location 4 experienced 17% - 26% lower dust concentrations 
with WHM.  This difference was significant both for the corrected (17%) and uncorrected 
(26%) comparisons.  Also, it must be noted that the minimum sample size requirements 
were marginally satisfied only for Location 4 measurements. 
 
As also observed in Phase I studies, WHM significantly improved wetting of fugitive 
dust that contributes to the visibility in the face area.  Most workers in the face area 
commented favorably on WHM based on visibility. 
 
Phase III Studies 
 
Phase III dust control studies were designed to improve the dust control performance of 
the WHM by rearrangement of the boom sprays and increasing the wet-head spray 
pressures from approximately 80 psi to 100 psi. JOY professionals and the authors 
identified and utilized three hypotheses for improving WHM dust control performance 
during this phase. 
 

− Operate WHM bit sprays at higher pressure of 100 psi.  This should result in 
reduced gas ignition potential and increased dust reduction potential. JOY has 
recommended this pressure in the past based on studies done in UK (Hole 2000) 
and Australia (Allanson & Roxborough 2001). 

− WHM dust reduction potential should be improved through increasing the amount 
of water in the center portion of the drum/cutting area where the miner intercepts 
larger amount of coal. 
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− 80-deg hollow cone wet-head sprays may be better than the 20-deg solid cone 
sprays. 

 
Table 8. Cut cross-section comparisons between REG and WHM during Phase II 

studies. 
 

Standard (REG) WHM  
Avg. (inches) No. of samples Avg. (inches) No. of samples 

Cut Height 78.3 31 78.3 48 
Rock Height 20.9 22 21.6 47 

Floor 6.5 2 4.3 27 
 
Table 9. Summary PHASE II Results. Comparison of transformed and corrected dust 

measurements. 
 

Sample Size 
Requirement* Location REG WHM p-value** 

Total Sampled
Mean 1.99 1.43 

SD 1.68 1.58 2 (MO) 
Samples 11 36 

0.32 438 47 

Mean 1.35 2.66 
SD 1.67 1.77 3 (RC) 

Samples 7 34 
0.08 355 41 

Mean 4.41 3.65 
SD 2.02 1.62 4 (RET) 

Samples 34 58 
0.05 100 92 

*  Sample size required to resolve a difference of 15% between WHM and REG at 90% 
confidence. 
** Values lower than 0.10 indicate statistical significance for at-least 90% confidence. 

 
Ninety-three (93) additional cuts were sampled in Phase III of which forty-six (46) were 
on the modified WHM (MOD) at a higher pressure, thirteen (13) on the standard miner 
(REG) to allow a side-by-side comparison and thirteen (13) on the Dry-Head Miner 
(DHM) which involved operation of the WHM machine as a standard miner by turning 
off the wet-head sprays and installing chassis/boom sprays similar to the standard miner.  
Twenty-one (21) cuts were also sampled on the WHM (MOD80) which used 80-deg 
hollow cone sprays instead of the conventional 20-deg solid cone sprays and used 
reoriented chassis sprays.  The results of all these studies, tabulated in Table 10, indicate 
the following. 
 

− Performances of REG and DHM were not statistically different.  This supports the 
comparisons between WHM and REG in Phase II where REG was considered as 
the baseline. 
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− Comparison of REG with MOD indicated that the MOD configuration provided 
better dust control at a statistically significant 95% confidence level at both the RET 
and RC sampling locations.  Dust concentrations in the MOD configuration were 
21% and 27% lower at the RC and RET location compared to the REG 
configuration.  At 90% statistical confidence, these translate to about 9% and 11% 
reductions, respectively.  The differences in performances at the MO sampling 
location were not statistically significant for any of the tested configurations.  This 
is due to higher variability typically encountered while sampling this location.  
There are reasons explaining this variability which are discussed later. 

− The performance of MOD was found to be significantly better than the WHM 
performance in Phase II studies (35% dust reduction; 23% reduction at 90% 
confidence).  However, this result should be accepted with some trepidation as the 
time frames of the two series of testing were different and the mining height with 
MOD was lower at 69.7-inches compared to 78.3-inches for the WHM (Phase II).  
This stresses the importance of side-by-side testing as in Phase II studies, which had 
indicated improved performance with the WHM, albeit, at a much smaller 
significance. 

− The comparison between MOD and MOD80 revealed no statistically significant 
difference in dust suppression.  Hence, it appears that 20-deg solid cone sprays may 
be a better choice for ignition control and bit cooling. 

 
Phase IV Studies 
 
Phase IV dust control studies were primarily geared towards methane sampling.  
However, simultaneous dust studies were also conducted to study the impact of added 
water along with a new spray configuration provided by JOY.  Another chassis spray 
configuration developed by SIU which has had success in reducing dust over the standard 
miner, was tested and compared with the conventional WHM design.  The Phase IV 
studies were conducted after a long hiatus in testing due to operational problems with the 
WHM and were conducted on a different WHM unit in a different section than all other 
tests.  Hence, to establish a baseline, sampling was also conducted on the standard miner. 
 
Seventy-eight (78) additional cuts were sampled in this round of testing of which 
nineteen (19) cuts were on REGP4, seventeen (17) cuts on WHM, twenty-four (24) cust 
on WHMAW and eighteen (18) cuts on SIUWHM.  The results of these studies, tabulated 
in Table 11, indicate the following. 
 

− The REGP4 and WHM testing, which was conducted side-by-side was in very 
similar conditions in terms of mining height and roof extraction.  The conditions for 
WHMAW and SIUWHM were also very comparable.  Overall, WHMAW and 
SIUWHM involved somewhat higher mining height and roof extraction than the 
other two by about 4.5-inches each. 

− Comparison of REGP4 with WHM indicated that the WHM provided significantly 
better dust control at RET location.  The WHM dust concentration measured at this 
location was 2.38 mg/m3 compared to 4.47 mg/m3 measured with the standard 
miner.  There was however no statistical difference in dust measurements at the MO 
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and RC locations.  This does not mean that the WHM was not effective at the MO 
and RC locations.  This is more a reflection of the higher variances in 
measurements encountered at these locations which makes comparisons difficult 
unless a very large number of observations are recorded. 

− WHMAW and SIUWHM provided very comparable performances.  However, it is 
to be noted that SIUWHM involved the use of significantly less water.  Both of 
these comparisons however did not provide improvements in dust reduction at the 
RET location over those provided by the WHM.  However, the differences between 
the three were not statistically significant. 

− SIUWHM provided the lowest dust concentration at the MO measurement location.  
However, again as a result of the high measurement variance at this location, 
statistical comparisons with other miner configurations were not productive. 

 
Overall, the results of Phase IV testing indicated that the WHM performed better that the 
regular miner configuration in this phase also.  This round of testing provided the most 
concrete comparison between the two in the entire study.  The modifications to the WHM 
spray proposed by JOY and SIU also performed well.  However, given the already 
superior performance provided by the WHM, their application was not indicated to be 
warranted. 
 
Phase V Studies 
 
Phase V studies involved testing of the SIU designed spray system to ascertain the dust 
control improvement that can be achieved on a standard miner.  To accomplish this, 15 
cuts were sampled on the standard miner and 6 cuts on the SIU-spray system applied to 
the standard miner.  The obtained results are included in Table 11.  A statistically 
significant reduction in dust was achieved with the SIU-spray system.  The SIU-spray 
system reduced dust at the return location from 4.97 to 3.62 mg/m3, a reduction of 27%.  
Reductions of similar magnitude were also observed at the RC location.  It should be 
noted that these reductions were achieved with about 8-10 gpm less water than WHM. 
 
Summary Dust Control Comparisons and Investigation of Parametric Effects 
 
The studies on the WHM and the standard miner conducted during Phases II-V involved 
testing the following miner configurations in different phases. 
 

1. REG (Phase II) 
2. WHM (Phase II) 
3. REG (Phase III) 
4. DHM (Phase III) 
5. MOD (Phase III) 
6. MOD80 (Phase III) 

7. REG (Phase IV) 
8. WHM (Phase IV) 
9. WHMAW (Phase IV) 
10. SIUWHM (Phase IV) 
11. REG (Phase V) 
12. REGSIU (Phase V) 

 
Phase I testing was excluded in these comparisons as the testing and sampling 
methodologies were being formulated during that time.  The comparisons between all 
combinations of the tested configurations in Phase II and III along with selected 
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comparisons from Phases IV and V are presented in Table 12.  Only comparisons at the 
RET location are presented as these observations were found to be the most reliable in 
terms of lower variability and also satisfied sample size requirements for the desired 
resolution.  In addition to summarizing the results, the influence of parametric effects 
emerge based on the presented remarks in Table 13.  These parametric effects are 
indicated by the following: 
 

− From Table 12, it appears that the controlling factors for improved dust reduction 
performance at the RET location may be lower mining height and higher water 
usage or the WHM technology.  The available data does not permit differentiation 
of the contributions of higher water usage from that of the WHM technology since 
the higher water use was only associated with WHM technology.  When even 
higher water was used with WHMAW in Phase IV, additional benefits of water 
usage were not present.  Hence, it is possible that additional water upto a certain 
extent is a controlling factor in dust suppression.  Of course, the water needs to be 
applied sensibly for this to hold true. 

− Table 13 supports the previous observation indicating strong correlations of 
mining height, water usage and wet-head spray pressure with dust concentration.  
The correlation of dust however is strongest with mining height followed by the 
water use (GPM) or the WHM technology. 

− Within the WHM observations, it appears that higher wet-head spray pressure is 
negatively and significantly correlated with dust concentration.  However, there 
happens to be a significant correlation between wet-head spray pressure and 
mining height as the conducted experiments were not orthogonal.  Hence, to 
evaluate the effect of wet-head spray pressure on dust reduction, partial 
correlations between dust concentration and wet-head spray pressure are estimated 
while controlling for mining height (Table 14).  The partial correlations indicate 
that higher wet-head pressure (within the measurement range) does reduce dust. 

 
Another potentially important variable is the wettability of the coal.  The WHM 
demonstration studies have been conducted at two locations in the US.  The first 
demonstration was at the WV mine where coal wettability was extremely poor (0.021).  
At the demonstration site of this project, the coal wettability was better (0.01).  
Correspondingly, the WHM did not deliver as good a dust reduction performance 
compared to the standard miner at the WV mine as it did in this demonstration.  Hence, 
wettability may be a key factor determining the applicability of the WHM.  This finding 
should however only be considered preliminary as it is based on only two data points 
which are available for comparison.  Additional wettability tests have been conducted in 
this study on coals from several other mines in Illinois.  These wettabilities are in general 
superior to the wettability of the coal encountered in this study (Table 15).  Hence, if this 
hypothesis is true, the WHM may have several more applications in Illinois coal mines. 
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Table 10. Dust Control Results from five configurations/phases of testing on the conventional miner and wet-head miner at three 
different sampling locations in the face area.  Raw respirable dust concentration data has been corrected for intake dust 
concentration and production.  Impact of varying ventilation conditions has been ignored at this time.  MO - Near Miner 
Operator Location, RC - Near Ram Car Location, RET - Return Location. 

Dust Concentration (mg/m3) 

MO RC RET 
Miner 

Type & 
Phase 

Height 
(inches) 

Water 
(gpm) 

Chassis 
Spray 

Pressure 
(psi) 

WH 
Sprays 

Pressure 
(psi) Avg. Std. 

Dev. N Avg. Std. 
Dev. N Avg. Std. 

Dev. N 

REG PII 78.3 32 100 - 1.51 1.33 11 1.98 3.24 7 4.91 2.23 34 
WHM 

PII 78.3 41 100 80 1.22 1.34 36 2.88 2.05 34 3.65 1.69 58 

REG PIII 72.4 32 100 - 0.51 0.53 12 2.52 1.74 12 3.28 1.05 13 
DHM III 74.9 41 100 - 0.99 1.11 13 1.60 0.99 13 2.86 1.20 13 
MOD III 69.7 41 100 105 0.66 0.69 44 1.36 0.99 43 2.38 1.03 46 
MOD80 71.9 40 100 105 1.51 1.25 20 2.45 1.65 21 2.97 1.43 21 

 
Table 11. Dust sampling results from Phase IV and V of testing.  Raw respirable dust concentration data has been corrected for 

intake dust concentration, ventilation conditions and production. 
Dust Concentration (mg/m3) 

MO RC RET 
Miner 

Configura-
tion 

Height 
(in.) 

Roof 
(in.) 

Floor 
(in.) 

Water 
(gpm) 

Avg. Std. 
Dev. N Avg. Std. 

Dev. N Avg. Std. 
Dev. N 

REGP4 72.6 7.0 2.8 35.0 0.96 1.26 14 1.02 1.62 16 4.47 2.06 18 
WHM 74.5 9.2 0.7 42.5 1.29 1.20 11 0.84 1.23 11 2.38 2.25 17 

WHMAW 78.1 12.1 2.2 49.2 0.57 0.75 19 0.95 0.94 23 2.97 2.69 23 
SIUWHM 77.3 13.1 1.5 42.0 0.42 0.69 12 1.00 0.97 13 3.01 2.08 18 

REGP5 74.5 10.3 7.2 30 1.42 1.59 15 3.48 1.99 15 4.97 2.15 15 
REGSIU 72.6 11.6 6.6 32 1.20 1.38 6 2.25 2.30 4 3.62 1.18 6 
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Table 12. Statistical comparisons of the differences in dust concentration at the return sampling location for the five different 
configurations/phases of sampling on the conventional miner and the wet-head miner.  Impact of varying ventilation 
conditions has been ignored in Phase II and Phase III comparisons. 

 
Comparison % Diff.+ p- value* % Diff. # Remarks 

REG PII - REG PIII 33.2 0.001 16.9 Lower Mining Height in Phase III 
REG PII - WHM PII 25.6 0.006 10.7 Higher Water Usage with WHM 
REG PII - DHM PIII 41.8 0.000 24.5 Lower Mining Height with DHM 
REG PII - MOD PIII 51.5 0.000 37.6 Lower Mining Height & Higher Water Usage with MOD 
REG PIII - WHM PII 10.1 0.321 -  
REG PIII - DHM PIII 12.9 0.350 -  
REG PIII - MOD PIII 27.5 0.007 10.9 Lower Mining Height & Higher Water Usage with MOD 
WHM PII - DHM PIII 21.7 0.060 2.9 Lower Mining Height with DHM 
WHM PII - MOD PIII 34.8 0.000 22.6 Lower Mining Height with MOD 
DHM PIII - MOD PIII 16.8 0.159 -  

MOD80 PIII - MOD PIII 19.9 0.100 0.0 Lower Mining Height with MOD 
REG PIV-WHM PIV 46.8 0.007 19.1 Higher Water Usage with WHM 

WHMAW - WHM PIV 19.9 0.743 -  
SIUWHM - WHM PIV 20.9 0.396 -  

REG PV - REGSIU 27.2 0.085 1.4**  
*  This column gives the likelihood that there is no statistical difference between the two comparisons (H0:µ1=µ2)  For example, 0.017 value means that there 

is no more than a 1.7% chance the REG(Phase II) and Reg (Phase III) results are not different.  Another way of presenting the same result is that we are 98.3% 
(100-1.7) confident that Phase II and Phase III result for REG (Standard Miner) are different. 

+  Percent difference between the second testing compared to the first testing.  Thus, in the first row, dust control in Phase III testing using the standard miner 
was 25.6% better in Phase II testing. 

#  Percent difference at 90% confidence. 
** This number is low due to the very small number of samples collected with REGSIU which resulted in a low resolution of the experimental design.  The 

significant difference with such a small sample on the contrary indicates that there is definite and probably large dust reduction with REGSIU over REG PV. 
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Table 13. Bivariate Correlations between important parameters affecting dust 
concentration in the RET location in the face area. 

 
 Height GPM Pressure 

 ρ + 1 -.095 -.475* 
Height Sig. (2-tailed)  .229 .000 

 N 164 164 104 
 ρ  1 (#) 

GPM Sig. (2-tailed)   .000 
 N  164 104 
 ρ .442* -.274* -.406* 

Dust Sig. (2-tailed) .000 .000 .000 
 N 164 164 104 

+ Pearson Correlation. 
* Correlation is significant at the 0.01 level (2-tailed). 
# Can not be computed because at least one of the variables is constant. 
 
Table 14. Partial Correlation between wet-head spray pressure and dust concentration 

(while controlling for mining height). 
 

  Dust 
 Correlation -0.237 * 

Pressure Sig. (2-tailed) 0.016 
 df 101 

* Correlation is significant at the 0.02 level (2-tailed). 
 
Table 15. Surfactant (Brady’s B/F101 P) requirements for complete wetting of the -500 

mesh (-25 microns) size fraction of coals from the West Virginia and Illinois 
mines where the WHM was demonstrated in comparison with the surfactant 
requirements for complete wetting of coals from several other Illinois mines. 

 

Coal Source Surfactant Concentration for 
Complete Wetting (%) 

West Virginia Mine (WHM Demonstration Site) 0.0210 
Southern Illinois Mine (WHM Demonstration Site) 0.0097 
Another Southern Illinois Mine 0.003 
A Central Illinois Mine 0.006 
A South-Eastern Illinois Mine 0.006 

 
Independent Studies by MSHA and NIOSH 
 
During the course of this project, NIOSH and MSHA closely collaborated with SIU 
research team in all aspects of the study.  MSHA (Schultz et. al., 2005) and NIOSH 
(NIOSH, 2005) also separately conducted their own sampling program over a short 
period of time.  These studies however did not find compelling evidence that WHM was 
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more effective in controlling dust than the standard miner.  The NIOSH study reported 
that differences in dust levels found between the wet-head and the standard regular 
mining machines could not be attributed solely to the performance of the wet-head drum.  
Variability in operating conditions between the two continuous mining machines 
confounded their analysis.  Hence, these studies were unable to discern the true 
effectiveness of the wet head cutting drum, particularly at the operator sampling 
locations.  The MSHA study also found that because of varying production, ventilation 
and operating conditions during the sampled shifts, the impact of the wet-head miner 
could not be quantitatively determined.  It was also reported that the wet-head miner did 
not appear to significantly impact dust control on the section sampled.  Variation in dust 
levels was attributed more to the variation in face ventilation, production and mining 
conditions than the operation of the wet-head miner. 
 
A possible reason why SIU studies were able to document dust reductions with WHM 
which other studies could not is that the SIU study was conducted over a much larger 
time period and consisted of a significantly larger sample size.  Also, SIU researchers 
developed methodologies to interpret the data after normalizing it for the varied 
ventilation, production and operating conditions encountered.  This methodology 
probably should be adopted as a standard as identical conditions doing comparative 
studies can almost never be achieved in actual mining conditions which are inherently 
highly variable. 
 
Bit Usage Studies (Task 2) 
 
The WHM technology uses sprays mounted behind each bit to suppress dust generation 
at the source.  This spray arrangement results in cooling of the bits which can improve bit 
life.  In this study, bit usage comparisons were conducted between the REG, WHM, 
DHM and MOD configurations described above.  The REG was a standard miner using 
smaller shank bits at this mine while DHM was essentially a standard miner but with 
larger shank bits as used on the WHM at this mine.  MOD was the WHM with larger 
shank bits but with a different boom spray arrangement than that used on the WHM.  The 
bit usage comparisons for these configurations during their test periods in Phase II and 
Phase III studies are provided in Tables 16 and 17. 
 
In Phase II, WHM bit usage was about 46% lower than the standard miner.  However, the 
two miners used different size bits making this comparison somewhat questionable.  
Hence, Phase III studies were conducted to obtain a more direct evaluation of the impact 
of wet-head sprays on bit usage where the WHM with the larger bits was operated with 
and without the wet-head sprays on. Due to the relatively small number of data points 
collected in Phase III studies, no concrete statistical analyses on bit usage could be 
conducted.  However, a few general observations could be made observing the trends of 
the bit usage.  These were: 

− The DHM and REG in Phase III studies have similar bit usages.  This indicates that 
the difference in bit usage observed between the WHM and REG in Phase I and II 
studies is due to the wet-head effect and not due to the different bit type used on the 
WHM. 
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− The bit usage for MOD is however not statistically different than the bit usage for 
REG or the DHM.  This could be possibly due to the reduced water usage on the 
Wet-Head in the MOD configuration compared to the original WHM configuration.  
The reduction in wet-head spray water from WHM to MOD was from 25.2 to 21.2 
gpm. 

 
Table 16. Bit usage data collected in Phase I and Phase II. 
 

 REG WHM 
Average Bit Usage/cut 5.10 2.73 

Std Dev 4.40 3.61 
Samples 49 77 

 
Table 17. Bit usage data collected in Phase III. 
 

 DHM REG MOD 
Average Bit Usage/cut 2.62 2.33 3.23 

Std Dev 3.97 3.94 3.39 
Samples 13 12 39 

 
Bit counts were also maintained during Phase IV studies.  The type of bits used during 
the entire study on all miner configurations was the same.  These bits were the larger 
shank diameter bits tested only on the WHM in the earlier testing phases.  The results are 
presented in Table 18.  During side-by-side comparison of the REG and WHM, the bit 
usage of both the miners was virtually identical.  The bit usage for WHMAW was lower 
than that for SIUWHM though the difference was not statistically significant.  The bit 
usage for WHMAW was however significantly lower than that for the WHM.  This 
difference was statistically significant at 95% confidence.  However, it is unclear if the 
difference was due to the spray configurations on the miners or the different conditions 
during the two rounds of testing.  Available data does not indicate that the conditions 
were much different during the two testing periods.  In fact, the conditions during the 
WHMAW testing were worse with higher mined height and higher roof extraction.  
However, the suspicion arises from the fact that the bit usage for SIUWHM was also 
much lower than the WHM as it followed the testing on WHMAW.  Hence, the results 
need to be accepted with some trepidation. 
 
Table 18. Bit usage data collected in Phase IV. 
 

 REG WHM WHMAW SIUWHM 
Average Bit Usage/cut 2.50 2.47 1.19 1.37 

Std Dev 3.38 2.10 1.63 2.22 
Samples 20 15 21 19 
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Methane Studies (Task 2) 
 
The purpose of this sampling program was to test the hypotheses that due to the presence 
of wet-head sprays on the WHM, there should be better methane diffusion compared to 
that with the standard miner.  There was also some anecdotal evidence based on the 
miner mounted methanometer read-outs that the WHM indicated lower methane 
concentrations than the standard miner.  In these tests to verify the hypothesis, data-
logging methanometers were used at designated locations as described in the previous 
sections.  The plotted data-logs for two similar types of cuts for the standard miner and 
the WHM are presented in Figures 9 and 10. 
 
(a) (b) 

 
 
 
 
 
 
 
 
 
 

Figure 9. Methane data-log in the face area mining a (a) deep cut and a (b) deeper cut, 
with a standard miner.  Average miner mounted methanometer reading was 
0.397% and 0.419% for the respective cuts. 

 
 (a) (b) 

 
 
 
 
 
 
 
 
 
 
 

Figure 10. Methane data-log in the face area mining a (a) deep cut and a (b) deeper cut, 
with a standard miner.  Average miner mounted methanometer reading was 
0.336% and 0.436% for the respective cuts. 

 
No specific trends emerged from these records.  For comparing methane concentrations 
at the location of the built-in miner methanometer, the data from the corresponding 
methanometer was averaged for each sampled cut.  This data is provided in Table 19.  
Statistical tests comparing the observed methane concentrations for the WHM and the 
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standard miner indicated no difference in the two.  It is to be noted that the experiments 
here should have been able to resolve a methane concentration reduction of greater than 
16%.  Hence, it can be said with statistical confidence that the methane reduction, if any, 
with the WHM was no more than 16% over the standard miner. 
 
Table 19. Average methane concentrations recorded by the external miner mounted 

methanometer over different cuts on the standard miner and WHM. 
 

Miner Cut Type Methane Concentration (%) 
REG Straight Deep 0.5111 
REG Straight Deeper 0.4188 
REG Right Turn 0.4577 
REG Straight Deep 0.3969 
REG Straight Deep 0.4100 

REG Average Avg.: 0.4389       S.D.: 0.0463       N: 5 
WHM Right Blow Thru 0.5619 
WHM Straight Deep 0.3357 
WHM Straight Deeper 0.4357 
WHM Straight Initial 0.3314 
WHM Straight Deep 0.3867 
WHM Straight Initial 0.2933 
WHM Straight Initial - X-cut 0.3407 

WHM Average Avg.: 0.3836       S.D.: 0.0909       N: 7 
 
Techno-Economic Evaluation (Task 3) 

 
For comparison of the WHM system against a standard miner system, a production cost 
model previously developed by the authors was utilized to estimate the face production 
cost (up to the sub-main belt) of the standard miner system to be $6.78/ton of mined coal.  
The major cost components of this face production cost are presented in Table 20. 
 
In comparison, the WHM is a costlier machine than the standard miner.  Based upon 
pricing data provided by the manufacturer, the authors have estimated the life-cycle 
incremental capital cost of WHM over the standard miner at $0.09/mined ton and the 
total incremental cost at $0.14/mined ton (Table 21).  Hence, to justify the added cost of 
the machine, either an increase in production or a reduction in operating cost is necessary.  
If the WHM reduces dust better than the standard miner, the operating cost here must 
take due credit for the avoided cost due to regulatory actions.  In addition, the impact of 
lower ignition potential resulting from WHM use, though intangible, must be considered.  
Also, the ‘human cost’ of avoided dust exposure to the workforce should be considered. 
 
In this study, the industrial engineering data was used to simulate a super-section with 
two WHM’s against an identical super-section with two standard miners.  The simulation 
results indicated statistically insignificant differences in productions from the two super-
sections.  Also, the bit usage data collected by the authors failed to find significant 
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differences in the bit consumption patterns between the WHM and the standard miners 
(Note that independent data collected by the miner manufacturer indicated lower bit use 
with the WHM).  Hence, based on the findings of this study, the cost justifications for 
WHM do not come from the easily measured savings in operating costs or increase in 
productivity.  However, there appears to be a definite improvement in dust suppression at 
the return location of the face area and visibility with the use of the WHM.  Lower dust 
would imply lower probability of out-of-compliance dust samples and the probability of 
the resulting regulatory action.  Also, improved visibility may allow the miner operator to 
control out-of-seam dilution which may have a substantial impact on profitability.  Also, 
previous studies have indicated lower probabilities for ignitions due to the “hot-spot 
quenching” effect of the WHM.  Hence, these factors need to be considered in justifying 
the higher cost of WHM.  Overall, the demonstration site mine was satisfied enough with 
the performance of the WHM that it has introduced several additional units at the mine 
with several more to follow. 
 
Table 20. Break-down of major components of the face production cost for a standard 

miner super-section operating at the demonstration mine.  Cost is indicated as 
$/mined ton. 

 

Equipment/Unit 
Operation 

Capital 
Cost 

Operating 
Labor 
Cost 

Operating 
Supplies 

Maint. 
Labor 

Maint. 
Supplies 

Power 
Cost 

Total 
Cost 

Continuous 
Miner $0.19 $0.22 $0.02 $0.03 $0.07 $0.02 $0.56

Batch Haulage $0.75 $0.90 $0.20 $0.16 $0.20 $0.03 $2.24
Feeder $0.10 $0.00 $0.01 $0.01 $0.02 $0.03 $0.16
Section Belt to 
Submain Belt $0.26 $0.00 $0.02 $0.02 $0.02 $0.03 $0.35

Roof Bolter $0.06 $0.90 $0.61 $0.01 $0.01 $0.00 $1.58
 
 
Table 21. Incremental life-cycle capital and operating cost of WHM compared to the 

standard miner.  Cost savings from possibly lower bit usage is ignored.  Also, 
the intangibles of regulatory action avoidance cost and ignition related 
production loss savings costs are ignored.  Time value of money has been 
ignored as it is inconsequential here.  Also, reduced productivity or higher 
maintenance cost as the miner ages is ignored. 

 
Incremental Capital Cost (2 WHMs) - $340,000 
Booster Pump (1 per section) - $10,000 
Incremental First Rebuild Cost (2 WHMs) - $80,000 (Cost Escalation = Discount Rate) 
Incremental Second Rebuild Cost (2 WHMs) - $80,000 (Cost Escalation = Discount 
Rate) 
 
TOTAL INCREMENTAL CAPITAL COST - $510,000 
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Super-section production (SSP Simulated) – 2,200 RTPUS 
Production shifts per year – 600 
 
Time to rebuild – 1.5 years 
Production from 2 miners between rebuilds – 1,980,000 tons 
 
Total life of miners – 4.5 years 
Total production over the life of the miners – 5,940,000 tons 
 
Life-cycle incremental capital cost - $510,000/5,940,000 tons ~ $0.09 / mined ton. 
Additional maintenance cost (weekly filter changes, seal maintenance etc.) - $0.05 / 
mined ton. 
 
TOTAL INCREMENTAL COST - $0.14 / mined ton. 

 
 

CONCLUSIONS AND RECOMMENDATIONS 
 
Based on the field demonstration studies conducted on the JOY wet-head miner, the 
authors conclude the following: 
 
• WHM does appear to significantly reduce respirable dust concentration in the face 

area.  This is based on consistent trends emerging over three phases of dust sampling.  
Averaged over three phases of testing, WHM achieved a reduction in dust by 
approximately 35% at the RET sampling location. 

• Dust comparison results are inconclusive for the MO and RC locations.  This is a 
result of the high variability associated with measurements at these locations.  
However, if the RET location dust is consistently lower, it is plausible that all 
occupations in the mine will benefit. 

• Face visibility is considerably improved with WHM use as reported by the miner 
operators, mine professionals and SIU research staff.  The potential benefit of this 
improved visibility is the ability of the miner operator to maintain good horizon 
control and reduce out-of-seam dilution if such a reduction is targeted. 

• Studies on modified spray systems for the WHM involving different types of wet-
head and chassis sprays indicated improvement in dust control compared to that from 
the standard miner.  However, improvements over and above those offered by the 
conventional WHM design could not be established. 

• SIU’s spray system performed very well on the standard miner reducing dust 
concentrations by about 30%.  Performances were similar to those achieved by the 
WHM when these sprays were tested on top of the WHM. 

• Based upon comparisons of wettability from the two mines where the WHM was 
tested (WV and IL mines), it appears that this factor may affect the efficiency of the 
WHM.  On a more wettable coal in this study, the WHM performance was superior. 

• Mining height/roof extraction also emerged as an important factor in determining the 
efficiency of dust control.  The performance of the WHM was superior in lower 
mining height conditions. 
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• Initial bit-usage studies comparing smaller bits on the standard miner with the larger 
bits on the WHM indicated a substantially lower bit usage with the WHM.  However, 
when same bits were used on both the miners, there was no difference in bit usage.  
However, bit replacement on the WHM was observed to be significantly easier as the 
bits stayed cool during cutting and were freely rotating even when it was time to 
replace them.  Independent data collected by the miner manufacturer however 
indicated reductions in bit usage. 

• The production potential of the WHM was similar to that from the standard miner.  
This was concluded from industrial engineering studies on both miners and 
production simulations using the SIU-Suboleski Production Planning (SSP) model as 
well as stochastic simulations. 

• Studies on methane diffusion at the face did not indicate a better performance from 
the WHM as compared to the standard miner.  However, the “hot-spot quenching” 
effect reported by others (Allanson & Roxborough 2001) on other ‘pick back spray’ 
technologies may support the possibility of lower ignition incidence with the WHM. 

• Justification of the higher capital and possibly maintenance costs of the WHM would 
require higher production rates or lower operating costs.  The results of these studies 
indicate that these advantages do not exist.  However, there are several additional 
benefits which are difficult to quantify that may support the application of the WHM.  
These include the lower likelihood of regulatory action resulting from out-of-
compliance dust samples, the ability to de-bottleneck the dust constraint for 
increasing production, the potential ability to reduce out-of-seam dilution as a result 
of improved visibility, possibility of reduced ignition frequency with its negative 
implications and the ‘human’ factors from improved conditions for the workforce.  
These factors can carry a significant weight in the decision to adopt the WHM. 

 
Overall the demonstration was considered a success by the authors and has resulted in the 
introduction of this technology at the demonstration site mine which has placed several 
additional WHM units in operation and has orders in place for twenty-four (24) more 
units.  Other mines in Illinois have also expressed a significant interest in this technology. 

 
The authors realize that these studies did not directly address the issue of occupational 
dust exposures to the miner operator and the haulage unit operator.  Also, the 
performance of the WHM for reducing the dust exposures at these ‘human’ locations is 
mixed to inconclusive at best.  Hence, efforts need to be directed towards developing a 
better sampling methodology for these occupations and also improving the WHM design 
with specific attention to that.  The authors do have several ideas on accomplishing this 
task which should be developed further. 
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