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ABSTRACT 
 
In September 2008, an Illinois coal company sought assistance with modifying two of 
their continuous miners to improve coal and quartz dust control. The dust control 
research team of the Mining and Mineral Resources Engineering Department at Southern 
Illinois University developed this project to: 1) Document the performance of a 
continuous miner modified to better control both coal dust and quartz dust, 2) Identify 
and investigate additional modifications that might further improve coal and quartz dust 
control, 3) Assist the company with incorporating these modifications on additional 
continuous miners, and 4) Document the performance of continuous miners with 
additional modifications. 
 
Modifications made to the continuous miners were based on previous laboratory research 
and field demonstration studies performed by SIUC in Illinois mines. These included 
alternate designs for chassis sprays, alternate sprays in the loading pan to better wet and 
mix water with coal and coal dust, and a modified wet scrubber with two filter screens, 
two sets of vertical sprays, and screened side suction inlets. Several of these 
modifications were implemented during the continuous miner rebuild process.  
 
The rebuilt continuous miner was delivered to the mine in April 2009. A total of 46 cuts 
of sampling data were collected during three sampling periods, 16 from the unmodified 
continuous miner and 30 from the modified continuous miner. Underground field testing 
at the mine indicated that the modified continuous miner significantly reduced respirable 
dust concentrations at the continuous miner operator, ramcar operator, and return 
locations. Company management believes that these modifications have reduced overall 
dust exposure of their face personnel and made the mine environment much safer and 
healthier. Several coal companies have contacted SIUC concerning continuous miner 
modifications since this field demonstration was completed. Results of these studies were 
presented to industry groups in November 2009 and April 2010. 



  

EXECUTIVE SUMMARY 
 

This cooperative study among Southern Illinois University Carbondale (SIUC), ICG 
Viper Mine, and Bucyrus Mining Equipment was performed to develop and demonstrate 
an improved dust control system for a continuous miner (CM). In this project, CM 
modifications included sprays and filters within the wet scrubber, water spray systems on 
the chassis (including side sprays and installation of SIUC “second line of defense” 
sprays) and in the loading pan to improve respirable and quartz dust control. Four tasks 
were performed: Task 1 – Side-by-side testing of the unmodified and modified CMs; 
Task 2 – Identify, incorporate, and document additional modifications that would further 
improve coal and quartz dust control; Task 3 – Assist the company with modifying 
additional CMs based on proven concepts; and Task 4 – Information transfer workshop. 
 
Increased productivity and high out-of-seam dilution (25% to 30%) have led to dust 
control problems at Illinois Basin coal mines and prompted the need for additional dust 
control research. Identification of high quartz content in immediate roof and floor strata 
in several mines has also led to ongoing studies to control quartz dust. Over the last five 
years, SIUC has developed a holistic approach to dust control around mining areas to 
minimize health and safety risks. Controlling dust within the scrubber is just a small part 
of overall dust control around a CM. Other important control parts include face area, 
loading pan, loading of material into the haulage unit, haul roads, and feeder discharge 
location. The holistic approach considers water volume, location, type, and orientation of 
water sprays on the CM chassis, in the loading pan and chain conveyor, and at the feeder 
location.  
 
Overall approach: Modifications made to CM chassis water spray systems were 
previously tested by SIUC at a mine in Indiana. Improvements in respirable and quartz 
dust control at the Indiana mine prompted adaptation of similar chassis spray 
modifications to CMs used at the cooperating mine in Illinois. It consisted of modifying 
dust control systems on the CM (DBT Model 25M2).  Systems are in place on the cutter-
boom in the face area, within the loading pan, on the chain conveyor, and within the 
scrubber. Dust control water volume was increased from 34 gpm to about 41 gpm. About 
60% of this was used on the chassis, 30% in the loading pan and chain conveyor, and 
10% in the scrubber. Two sets of sprays were installed on the chassis.  The first set is 
called the “first line of defense” (FLD) sprays. The locations of existing sprays were 
maintained but with different orientation to better impact the tail end of cutting bits.  The 
second set is called the “second line of defense” (SLD) sprays. They are located 
approximately 13 feet behind FLD sprays. SLD sprays were designed to reach the roof 
line and act as an umbrella to wet dust escaping FLD sprays. Loading pan sprays 
included under-boom sprays and sprays on the sides of the loading pan. They were 
designed to wet and mix with the coal before it enters the chain conveyor. The scrubber 
water volume was reduced to about 4.5 gpm and the spray system modified to include 
pre-wetting and secondary vertical, hollow-cone sprays and two inclined filter screens. 
 
Recommended scrubber modifications were based on previous studies at SIUC and 
scrubber optimization studies performed in this study using pulverized coal and 



  

immediate roof and floor strata from the mine. A 10- and 20-layer screen combination 
with vertical water sprays (rather than horizontal sprays that are typically used) provided 
optimum respirable dust reduction. The performance of the modified CM alongside an 
unmodified CM in the same super-section of the mine was documented.  
 
Sample collection and preparation: The cooperating mine is located in central Illinois 
and uses the room-and-pillar mining method with a walk-between super-section to extract 
Springfield (#5) seam coal at a depth of 350 feet. Average seam thickness is 72 inches. 
Bulk samples of immediate roof and floor strata and coal seam from an active mining 
unit were collected and pulverized. Sieving results indicated that about 70% of the roof, 
100% of the coal, and 75% of the floor dust had particle sizes less than 25 microns. 
Analyses indicated quartz in the roof and floor strata to be 21% and 34%, respectively.  
 
Dust wettability studies: Wettability tests were conducted for coal, immediate roof strata, 
and immediate floor strata dust samples to characterize their wetting behavior with water. 
Un-wetted portions were subjected to X-ray diffraction studies. These led to a novel 
finding that the un-wetted dust is rich in pyrite and silica.  
 
Since temperature of the dust suppression water on a CM can vary with different 
cut/load/haul cycles, effects of temperature on wettability of dust were considered. Water 
is used for cooling electric motors and hydraulic systems prior to using it for dust control. 
Water temperature can reach in excess of 100°F when loading and wait times between 
haulage units are small. Results indicate that wettability improved as water temperature 
increased to around 86°F. This is important for mines with super-sections that use a 
single split of air and alternate CMs for mining on each side of the super-section. Idle 
periods for CMs between cuts allow cooling of electric motors and the hydraulic system. 
Therefore, spray water temperature is much lower during the initial portion of the next 
cut and it may not be as effective for wetting dust. 
 
Scrubber performance and optimization studies: These were conducted to determine the 
most effective scrubber configuration for coal and quartz dust control for this mine. 
Based on out-of-seam dilution data provided by the mine, pulverized dust from roof, coal, 
and floor materials was mixed in the weight ratio of 80% coal, 10% roof, and 10% floor 
for use in laboratory studies.  
 
A base case was established with performance data for the existing scrubber 
configuration used at the mine. It consisted of one 20-layer filter and two large-volume 
water sprays oriented horizontally to spray parallel to the direction of air flow. Next, 
SIUC scrubber designs involving two inclined screens spaced 18 to 24 inches apart with 
vertical, hollow-cone pre-wetting (PW) and secondary (SR) water sprays were tested. 
Water spray pressures of 40 psi and 60 psi were tested. PW sprays wet and clean the first 
filter screen and knock down larger dust particles. The second screen controls the finer 
fraction of coal and quartz dust within the limited space for wet scrubbing. SR sprays 
clean the second filter screen and knock down airborne dust particles. They also increase 
the residence time for dust particles and water to interact with each other.  
 



  

The optimized scrubber developed for the cooperating mine uses two screens of varying 
wire mesh layers and multiple vertically oriented hollow-cone sprays spaced across the 
scrubber duct. Using a combination of 10-layer and 20-layer screens with sprays 
operating at 60 psi resulted in 59% additional reduction in respirable dust. A 10-layer and 
30-layer screen combination indicated a 45% additional reduction in quartz compared to 
a conventional single 20-layer screen. 
 
Modifications made to CM during rebuild process: Previous testing of SIUC chassis 
spray configurations led to modifying the water spray distribution for this CM. 
Modifications included adding: 1) Two spray blocks in the loading pan near the top rear 
corners, 2) Spray blocks to each side of the cutter-boom, and 3) SLD spray blocks on top 
of the CM chassis, one on each side of the conveyor and inclined 45 degrees. SLD sprays 
were located 205 inches from the front of the cutting drum.  In addition, under-boom 
sprays were relocated and a water pressure regulator was installed for the chassis spray 
system.  
 
The scrubber was modified to include a second access door on the side of the scrubber 
body along with a frame to house a second filter screen 24 inches downwind from the 
existing front screen. A PW bar was installed six inches in front of the first screen and 
was mounted 2.75 inches below the top of the scrubber duct. The SR bar was also located 
approximately six inches in front of the second screen and 2.5 inches below the top of the 
scrubber duct. Scrubber suction inlets were modified by increasing the size of existing 
inlets underneath the cutter-boom and creating side suction inlets. The surface area of 
right- and left-side suction inlets underneath the cutter-boom was increased. The center 
suction inlet underneath the cutter-boom was not altered. Side suction inlets were created 
by cutting 2-inch diameter holes into the duct on both right and left sides. The left-side, 
center, and right-side suction inlets had effective open areas of 136.5, 81.7, and 188.5 
square inches, respectively.  
 
Field demonstration studies: Dust was sampled at four locations: 1) Intake (IN) air 
location upwind of the entry or crosscut being mined, 2) CM operator (MO) location 
during mining, 3) Haulage unit operator (HO) location while loading, and 4) Immediate 
return (RT) in the last open crosscut (LOXC) downwind of the CM. Dust sampling data 
was collected using gravimetric dust sampling techniques. ELF Escort dust sampling 
pumps calibrated to 2 lpm flow rate, cyclone separators, and 37mm cassettes were used. 
Since data was collected on a cut-by-cut basis, the entire room-and-pillar mining 
sequence was sub-divided into six cut types: 1) Straight – initial cut: Cut made in an entry 
with face location at start of cut less than 10 feet past the LOXC, 2) Straight – deep cut: 
Cut made in an entry with face location at start of cut between 10 and 40 feet past the 
LOXC, 3) Straight – deepest cut: Cut made in an entry with face location at start of cut 
over 40 feet past the LOXC, 4) Crosscut right or left – hole through: typically the second 
cut in a crosscut that intersects the adjacent entry, 5) Crosscut right or left – mined 
straight ahead: the first cut made in a crosscut by mining straight ahead perpendicular to 
the entry from adjacent crosscut, and 6) Crosscut right or left – turned: the first cut made 
in a crosscut by turning from an entry.  
 



  

Results: A total of 46 cuts were sampled; 16 from the unmodified CM and 30 from the 
modified CM during three periods: July 27-30, August 3-6 and August 26-28, 2009. Only 
23 cuts collected from the modified CM during the last two sampling periods were used 
for developing the following results.  
 

• The modified CM significantly reduced respirable dust concentrations at the MO 
and HO locations for all cut types and sampling locations. 

• Results for the modified CM show a significant reduction in quartz content for 
samples collected from MO, HO, and RT locations.  

• For the SIUC novel 30-layer screen, results indicate an overall reduction in 
respirable dust concentration at all locations for each cut type. When comparing 
dust concentrations at the MO, HO, and RT locations for the same sampling 
period, a 59%, 54%, and 64% reduction, respectively is observed. 

• The modified CM showed 85%, 59%, and 36% reduction, respectively, for the 
MO, HO, and RT locations during the second week of sampling.  

• Observations made after each of two sampled cuts where the SIUC novel screen 
was used indicate that it remained clean with minimal build-up of dust and coal 
particles.  

• The coal loading rate for the modified CM increased from 146 cu ft/min during 
the first week to 209 cu ft/min during the third week of sampling as the CM 
operator became more familiar with the machine. Most of this improvement 
occurred between the first and second week of sampling.  

• The positive impact of SLD sprays was clearly demonstrated through continuous 
monitoring using a personal dust monitor (PDM) of dust concentration at the HO 
and RT locations. Upon reaching the face line, SLD sprays provide a seal or 
curtain that contains airborne dust near the face area, increases wetting of the 
dust, and allows it to be pulled into the scrubber. At the HO location, dust 
concentration dropped from approximately 10 mg/m3 to less than 2 mg/m3 once 
the SLD sprays reached the face line. Similar reduction was also seen at the RT 
location. 

 
Conclusions: This project has clearly demonstrated in the field that engineered 
modifications implemented on the DBT CM at the cooperating mine significantly 
reduced coal dust as well as quartz dust concentrations. Additional field demonstrations 
at other mines within Illinois should be considered to put the developed concepts on a 
more solid foundation. Results of these studies were presented to two industry groups   in 
November 2009 and in April 2010. The project team has received several calls from 
industry for assistance with dust control.  



  

OBJECTIVES 
 

The overall goal of this cooperative study among SIUC, ICG Viper Mine, and Bucyrus 
Mining Equipment was to develop and demonstrate an improved dust control system for 
a continuous miner (CM). Modifications included wet scrubber, CM water spray systems 
on the chassis, loading pan, side sprays, and installation of SIUC “second line of defense” 
sprays to improve control of respirable and quartz dust.  
 
This study was performed as four tasks: 
 
Task 1 - Side-by-side testing of the unmodified and modified CMs: Collected dust 
samples from one unmodified and one modified CM operating on the same unit to 
determine the effectiveness of the modified CM for respirable dust and quartz reduction.  
 
Task 2 - Identify, incorporate, and document additional modifications that would 
further improve coal and quartz dust control: Analyzed data from Task 1 above to 
identify improvements to current and modified dust control systems such as optimum 
spray pressure, spray type, and scrubber configuration.  
 
Task 3 - Assist the company with incorporating additional modifications on CMs based 
on proven concepts: As modifications made to the first CM are adapted based on 
continued testing, assisted the company with incorporating modifications on those CMs 
currently operating underground and CMs that will be rebuilt in the future.  
 
Task 4 - Information transfer workshop: Presented test results to several coal mining 
operators who expressed interest in reducing dust and quartz exposure of underground 
personnel. 

 
INTRODUCTION AND BACKGROUND 

 
In September 2008, ICG Viper Mine in Illinois contacted the project team to assist with 
modifying their two DBT-25M2 CMs to improve coal and quartz dust control. These 
modifications were to be implemented during the rebuild process at the Bucyrus Rebuild 
Center in Carrier Mills, Illinois. The project team had previously performed dust control 
studies at this mine under ICCI grants. The project team had also demonstrated some of 
these developed dust control concepts at the mine in cooperation with mine staff. These 
studies were conducted during the June 2005 to June 2007 time period. Positive results 
from these studies prompted mine management to seek SIUC assistance on the project.  
 
Although a large amount of research has been done regarding dust control on CMs, most 
of it has emphasized wet scrubber and chassis water sprays. Increased productivity and 
high out-of-seam dilution in some Illinois mines (25% to 30%) have led to dust control 
problems and have identified the need for further dust control research. Over the last five 
years, the SIUC project team has developed a holistic approach to controlling dust around 
mining areas to minimize health and safety risks. Controlling dust within the scrubber is 
just a small part of overall dust control around a CM. Other important control parts 



  

include the face area, the loading pan, discharge of material into the haulage unit (HU), 
haul roads, and the feeder discharge location. The holistic approach considers water 
volume along with location, type, and orientation of water sprays on the CM chassis, in 
the loading pan and chain conveyor, and at the feeder location. Recent identification of 
high quartz content in immediate roof and floor strata in several Illinois and Indiana 
mines has also led to ongoing studies to control quartz dust. 
 

EXPERIMENTAL PROCEDURES 
 
Description of Cooperating Mine 
 
This study was a cooperative effort with a mine located in central Illinois that uses the 
room-and-pillar mining method to extract coal from the Springfield (#5) seam at an 
average depth of 350 feet. The mine operates walk-between super-sections and is 
ventilated by an exhausting fan system. The average seam thickness is 72 inches. The 
coal seam is overlain by shale and limestone in the immediate roof and thick claystone 
and shale in the immediate floor. Out-of-seam dilution mined during the study averaged 
6.5 inches.   
 
Field demonstration studies were done in the “7 Left South Rooms” of the 7RMS unit, 
which was located at GPS coordinates Northing 1,191,409.95 – Easting 686,573.68 with 
mining depth of 312 feet to the bottom of the coal seam.  This unit is a twelve entry walk-
between super-section with entries identified from left to right as #000 through #9.  The 
7RMS unit is adjacent and parallel to a mined out and abandoned mining unit, which is 
connected to 7RMS at each crosscut in entry #9 (Figure 1). Intake air is coursed to the 
LOXC through entries #7, #8, #9 as well as through adjacent unit entries and then 
returned through entries #0, #00 and #000. The belt conveyor and feeder-breaker are 
located in entry #3. The unit operates two CMs with the left-side CM operating in entries 
#000 through #3 and the right-side CM operating in entries #4 through #9. During the 
sampling period, the modified CM operated on the right side in entries #4 through #9 and 
the unmodified CM operated on the left in entries #3 to #000. The unit uses two roof 
bolters and three ramcar HUs. The roof is supported by 6-ft fully grouted bolts installed 
on 4-ft centers along and across an 18-ft wide entry. 
 
Overall Approach 
 
The overall approach consisted of reviewing and modifying CM dust control systems on 
the cutter-boom in the face area, within the loading pan and chain conveyor, and within 
the scrubber. Dust control water volume was increased from 34 gpm to about 41 gpm. 
About 60% of this was used on the chassis, 30% in the loading pan and chain conveyor, 
and 10% in the scrubber. Two sets of sprays were installed on the CM chassis.  The first 
set is called the “first line of defense” (FLD) sprays.  Locations of existing sprays were 
maintained but with slightly different orientation to better impact the tail end of cutting 
bits.  The second set is called the “second line of defense” (SLD) sprays.  They are 
located about 13 feet behind FLD sprays. SLD sprays were designed to reach the roof 
line and act to wet dust escaping FLD sprays. The design of SLD sprays is intellectual 



  

property (IP) of SIUC and may not be practiced without prior approval in writing. 
Loading pan sprays included under-boom sprays and sprays on both sides of the loading 
pan. They are designed to wet and mix with coal before it enters the chain conveyor. The 
design of under-boom sprays is also IP of SIUC and may not be practiced without prior 
approval. Within the scrubber, the volume of water was reduced to about 4.5 gpm and the 
spray system was modified to include pre-wetting vertical sprays and two inclined filter 
screens. This design was disclosed in 2003 and it remains the IP of SIUC. 
 
Review of Current Practice and Preliminary Recommendations 
 
The first DBT Model 25M2 CM to be modified was delivered to the Bucyrus Rebuild 
Center near Carrier Mills, Illinois in October 2008. The project team along with mine 
maintenance and safety department professionals visited the Rebuild Center to assess 
current scrubber and chassis spray orientations. The existing spray distribution included 
fifteen sprays across the top of the cutter-boom, four outer bit ring sprays, four vertical 
cutter-boom sprays, three conveyor throat sprays, two left-side chassis sprays, and one 
horizontal scrubber duct spray. Since the CM was disassembled for transport, pre-
modification scrubber air flow and spray pressures could not be determined.  
 
During this visit, several CM chassis and wet scrubber modifications were suggested to 
the mining company. Suggested chassis improvements included: 1) Increasing water 
volume and relocating water sprays in the loading pan to improve their effectiveness for 
dust control, 2) Installing a SLD spray system on the CM chassis, 3) Reorienting chassis 
FLD sprays to contact bit tips, 4) Relocating left-side chassis sprays to create a better 
hydraulic curtain. Some of these modifications had been demonstrated during an earlier 
study (Chugh et al., 2007).  
 
Recommended scrubber modifications were based on previous studies at SIUC (Chugh et 
al., 2004a) and scrubber performance and optimization studies at the SIUC/Joy dust 
control laboratory using pulverized coal and immediate roof and floor strata from the 
mine. These studies indicated that a combination of 10- and 20-layer screens with vertical 
water sprays, rather than horizontal sprays typically used, provided optimum respirable 
dust reduction. It was therefore recommended that a two-screen vertical spray system 
should be utilized in the CM scrubber.  
 
Collection and Characterization of Immediate Roof, Floor, and Coal Seam Samples 
 
Immediate roof, floor, and coal strata samples from an active mining unit were collected 
by the company and shipped to SIUC for dust control studies. These samples were dried, 
pulverized, and analyzed for particle size distribution using standard sieving and 
Microtrac analysis techniques. Portions of these pulverized samples were sent to MSHA 
Technical Support in Pittsburgh, PA for quartz analysis.   
 
Wettability tests (Chugh et al., 2004b) were conducted for coal, immediate roof strata, 
and immediate floor strata to characterize wetting behavior with water and to determine 
the effect of stirring methods and water temperature on wettability. It was thought that 



  

effects of different stirring methods used in wettability testing may give insight into the 
required residence time and turbulence of the respirable dust/water mixture in the face 
area to achieve improved dust control. The two types of stirring methods used were 
magnetic stirring and manually stirring with glass stirring rods.  
 
Since water temperature of dust suppression sprays on the CM varies considerably with 
different cut/load/haul cycles, it was decided to study the effect of water temperature on 
the wettability of respirable dust. Water on the CM is used for cooling of electric motors 
and the hydraulic system prior to using it in water sprays for dust control. The water 
temperature at spray nozzles can reach temperatures in excess of 100°F when loading is 
continuous and wait times between HUs are minimal. The temperature can be 
significantly lower when loading is sporadic and wait times are increased. 
  
Scrubber Optimization Laboratory Studies 
 
Data collected during scrubber optimization studies included air velocity, air volume, and 
pressure drop data for each attempted scrubber configuration. Air velocity data was 
collected using a Digitron Mistral AF200 digital anemometer from twelve measurement 
points taken in a grid pattern across the cross-section of the scrubber duct upstream of 
filter screens and pre-wetting (PW) water sprays (Figure 2). The mean air velocity was 
calculated from these data. Pressure drops across filter screens and water sprays were 
measured by an Aynor AXD 560 micro-manometer. The composite dust consisting of 
coal, roof strata, and floor strata was metered into the scrubber with compressed air and 
an auger system. The auger system was calibrated before each testing cycle by collecting 
the total dust delivered over a 15-minute period and weighing it to 0.01 gram. Input dust 
concentration was determined by dividing the dust weight per unit time by the air flow 
rate in cubic meters per unit time. 
 
Water spray volume was determined by an in-line flow meter with resolution of 0.01 
gpm. The flow meter was periodically calibrated. Dust sampling was done using 
gravimetric ELF Escort dust sampling pumps and cyclone separators calibrated for a 
volumetric flow rate of 2 lpm. Dust samples were collected using 37mm cassettes that 
were weighed at SIUC before and after testing to a resolution of 10 micrograms (mg).  
 
Scrubber optimization studies were conducted to determine the most effective scrubber 
configuration for coal and quartz dust control. Scrubber optimization testing was initiated 
on November 20, 2008 using a composite dust consisting of pulverized roof, coal, and 
floor materials mixed in weight ratios of 80% coal, 10% roof and 10% floor based on 
out-of-seam dilution data provided by the mine. The mixed dust was dried in an oven at 
90o C prior to testing to ensure consistent input dust concentrations.  
 
Baseline sampling data was established using the scrubber configuration currently used at 
the mine. This configuration consisted of using one 20-layer filter and two large-volume 
water sprays (Spraying Systems #10 Whirl-jet hollow cone) oriented to spray (horizontal) 
parallel to the direction of air flow (Figure 3). Sprays were located near the vertical center 



  

and evenly spaced across the cross-section of the scrubber duct work. Spray nozzles were 
positioned 14 inches from the center of the inclined filter screen and operated at 40 psi.  
 
After establishing baseline data, scrubber optimization testing began using the SIUC 
modified scrubber concept. This concept uses two inclined screens of varying wire mesh 
layers spaced 18 to 24 inches apart with multiple, vertically oriented hollow-cone water 
sprays spaced across the scrubber duct and located in front of each screen. Several 
combinations of 10-layer, 20-layer, and 30-layer screens were tested. Two sets of sprays, 
pre-wetting and secondary, were oriented to spray vertically downward (Figure 4). The 
SIUC modified scrubber used Spraying Systems BD-3 hollow cone sprays, three sprays 
in the first or “pre-wetting” (PW) row and four sprays in the second or secondary row 
(SR). Sprays were located near the top and spaced evenly across the width of the scrubber 
duct. PW and SR sprays were located 18 inches and 14 inches away from the center point 
of their respective screens. The two water spray pressures tested during optimization 
studies were 40 psi and 60 psi. PW sprays have two major functions: 1) Wet and clean 
the first filter screen, and 2) Knock down larger dust particles in the air stream. The 
second filter screen contains the finer fraction of coal and quartz dust within the limited 
space for wet scrubbing. Water sprays between the two screens also clean the second 
filter screen and suppress airborne dust particles. They also have a third important 
function of increasing the residence time so that dust particles and water can interact with 
each other.  
 
Actual CM Modifications for Field Evaluation 
 
Scrubber modifications: The scrubber on the DBT CM was specifically modified by 
installing a second access door on the side of the scrubber body along with a frame to 
house a second filter screen. The second filter screen was located 24 inches upwind from 
the existing filter screen. A PW spray bar was installed six inches in front of the new 
filter screen and was mounted 2.75 inches below the top of the scrubber duct. Four spray 
nozzles were inserted into NPT couplings in the spray bar thus locating spray nozzle 
openings 5.25 inches below the top of the scrubber duct. The existing back flush spray 
system now located behind the first screen was modified to become the secondary spray 
(SR) bar. Both SR and PW spray bars were connected to the same water supply. The SR 
bar was also located approximately six inches in front of the second screen and 2.5 inches 
below top of the scrubber duct. NPT couplings in conjunction with the length of spray 
nozzles located SR nozzle openings five inches below top of the scrubber duct. SR and 
PW spray bars were evenly spaced across the duct cross-section and oriented to spray 
vertically downward (Figure 5). 
 
Prior to modification, existing scrubber suction inlets consisted of 2-inch diameter holes 
cut into the body of the duct underneath the cutter-boom on both right and left sides and 
in the center. Modifications increased the size of existing underside inlets on both sides 
and created new side suction inlets (Figures 6 and 7). Underneath right- and left-side 
suction inlets were increased in area by adding more 2-inch diameter holes. The center 
underside suction inlet was not altered. New suction inlets were created on both sides of 
the cutter-boom duct by cutting 2-inch diameter holes in the sides of the duct. The 



  

modified left-side suction inlet has 20 side openings (Figure 6) and 22 full and two partial 
openings under the cutter-boom (Figure 7) for an effective open area of 136.5 sq in. The 
right-side (operator side) intake has 15 side openings and 45 openings underneath the 
cutter-boom for an effective open area of 188.5 sq in. The center intake inlet has 26 
openings for an effective open area of 81.7 sq in. These modifications increased total 
suction inlet area from to 407 sq in. 
 
Chassis sprays modifications: The chassis spray system installed by DBT before 
modification included sprays across the top of the cutter-boom, right- and left-side bit 
ring sprays, left-side chassis sprays, and under-boom sprays. Two spray manifolds 
located across the top of the cutter-boom housed 22 spray positions; 11 on each side. The 
outer two sprays on each bar were oriented outward towards either end of the cutting 
drum. Remaining sprays were directed perpendicular to the cutting drum. Bit ring spray 
blocks located on each side of the cutter-boom housed five spray positions oriented to 
spray toward the outer bit ring of the cutting drum. The left-side chassis spray block 
located on the left-side crawler guard housed three spray positions. 
 
Modifications made to the chassis spray system included adding: 1) Two spray blocks in 
the loading pan, 2) Spray blocks to each side of the cutter-boom, and 3) SLD sprays. In 
addition, under-boom sprays were relocated. Each spray block added to the CM housed 
three sprays, a center line spray and a spray on each side oriented to spray 45 degrees 
outward from the center. New spray blocks installed in the loading pan were located near 
the top, rear corner on both sides. These spray blocks were positioned 45 degrees to the 
centerline of the CM. The cutter-boom side spray blocks were located on each side of the 
cutter-boom and oriented to spray vertically downward. Two SLD spray blocks were 
located on top of the CM chassis, one on each side of the conveyor and inclined 45 
degrees. These sprays were located 205 inches from the front of the cutting drum. The 
under-boom spray bar was relocated to spray vertically downward onto the conveyor 
throat. These spray locations can be seen in Figures 8, 9, and 10. Water spray type and 
specifications for the modified CM are shown in Table10.  A water pressure regulator for 
the chassis spray system was also installed. 
 
Field Demonstration Studies 
 
Description of unmodified CM: The unmodified CM was a Joy Model 14CM. Chassis 
spray locations are shown in Figures 11, 12, and 13. Fifteen sprays (a combination of 
nine BD-5 and six BD 3-2W) were located across the top of the cutter-boom. Four sprays 
were located at the top rear corners of the loading pan, one BD-5 and one BD 3-2W on 
each side. The cutter-boom also had four outer bit ring sprays, two on each side and two 
side sprays oriented vertically downward, one on each side. The main chassis had two 
left-side sprays positioned to spray outward at 45 degrees. Unmodified CM spray 
specifications are listed in Table 11. The Joy CM wet scrubber used a single 20-layer 
filter screen and a horizontal spray operated at 45 psi with 6.4 gpm output. Air flow 
through the scrubber was 8,100 cfm. Right- (operator) and left-side suction inlets 
(Figures 14 and 15) operated at 1.8 in. and 0.8 in. of water gage, respectively. The center 
suction inlet was not accessible for measurement due to safety concerns. 



  

 
CM modifications made underground: After completion of modifications during the 
rebuild process, the CM was delivered to the mine in May, 2009. On June 24, 2009 the 
project team evaluated all modifications including air flow volume through the scrubber. 
A few modifications had not been made correctly. Left-side chassis sprays were 
positioned too low and were not effective. The pressure regulator for scrubber sprays was 
not installed and the mine maintenance staff installed a ball valve to regulate water 
pressure. Air flow tests through the scrubber showed about 11,000 cfm and water spray 
volume exceeded the scrubber demister capacity resulting in excessive water discharged 
through the scrubber exhaust.  
 
To solve these problems, scrubber water volume was reduced from 7 gpm to 4.5 gpm by 
reducing the number of sprays. This eliminated water in the scrubber exhaust air stream. 
However, this resulted in further increasing the scrubber air volume to over 12,000 cfm. 
This was a major concern since this would require minimum air flow at the end of line 
curtain to be larger than 12,000 cfm. Therefore, it was recommended to the company to 
reduce the air flow through the scrubber. The scrubber fan was removed from the CM 
and returned to Bucyrus for modification. Upon its return to the mine, the fan was re-
installed and tested using a single 20-mesh screen and water spray volume of 4.5 gpm.  
The result was a volumetric air flow rate of 9,500 cfm. 
 
Data gathering during field demonstration studies: Dust sampling data was collected 
using gravimetric dust sampling techniques and Thermo Electron personal dust monitors 
(PDM). Gravimetric samples were collected using ELF Escort sampling pumps, cyclone 
separators, and 37mm cassettes. Dust pumps were calibrated for 2 lpm flow rate prior to 
the start of field testing. Dust cassettes were pre-weighed by MSHA and returned to 
MSHA for post-test weight and quartz content analysis. Dust sampling was done at four 
locations: 1) Intake (IN) air location upwind of the entry or crosscut being mined, 2) CM 
operator (MO) location during mining, 3) Haulage unit operator (HO) location while 
loading, and 4) Immediate return (RT) in the last open crosscut (LOXC) downwind of the 
CM while mining. Air velocity and air volume data was collected in the intake in the 
LOXC, end of line curtain (LC), and in the return in the LOXC using vane type 
anemometers. The height, length and width dimensions of each cut were recorded as well 
as out-of-seam dilution from roof and floor strata. CM time studies were performed by 
noting conveyor “on” and conveyor “off” times. These data were used to determine 
loading time for each HU, loading rate, and unplanned down time during each cut. 
Scrubber velocity and ventilating pressure data was collected using a pitot-tube and 
Digitron digital pressure recorder. Velocity readings across the cross-section of the 
scrubber duct were taken using the 18-point grid approach. Ventilating pressure data was 
collected from the center of the velocity grid and at the right- and left-side suction inlets. 
Water volume was determined using a Sure Flow Series 4 in-line flow meter with a mid-
scale accuracy of +/-2.5%. 
 
Dust sampling data analysis techniques: Weight gain of individual cassettes and pump 
run times were used to determine dust concentrations. PDM data was correlated to 
conveyor run times for each HU to determine dust concentration peaks and trends during 



  

the mining cycle. Data transformations to isolate effects of cut time variability due to 
unplanned down time and HU cycle times, intake dust concentrations, and LOXC and LC 
air volume differences are described below. 
  

• Intake dust measurements were subtracted from the other three locations 
• Cut times for cuts of same dimensions may differ due to haulage delays as well as 

any unexpected delays encountered. These down times (delays) were estimated as 
the difference between cut time (pump run time) and average time for mining the 
particular cut volume. MO, HO, and RT dust concentration numbers were then 
adjusted for this down time by changing the divisor time for 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 
measured dust concentrations as the generated dust is either diluted by excess air 
or concentrated at lesser air flow. To correct for these variations, all measured 
dust concentrations were normalized for 7,000 cfm of LC air and 20,000 cfm of 
LOXC air. The LC normalization was applied to MO samples while the LOXC 
normalization was applied to RT samples. Depending on the type of cut, LC or 
LOXC normalization was applied to HU location. For shorter cuts where the HU 
operator was mostly in the LOXC, the LOXC normalization was used. For deeper 
cuts where the HU operator was mostly into the entry where the cut was being 
made, the LC normalization was applied. It is recognized that due to recirculation 
of air in the face, these applied corrections for MO and HU locations (particularly 
the MO location) are not truly indicative of conditions near the face. RT location 
readings are however largely unaffected by recirculation at the face 

 
Since data was collected on a cut-by-cut basis, the entire room-and-pillar mining 
sequence was sub-divided into nine cut types shown in Figures 16, 17, and 18. 
 

1. Straight – initial cut: Cut made in an entry with face location at start of cut less 
than 10 feet past the LOXC. 

2. Straight – deep cut: Cut made in an entry with face location at start of cut between 
10 and 40 feet past the LOXC. 

3. Straight – deepest cut: Cut made in an entry with face location at start of cut over 
40 feet past the LOXC. 

4. Crosscut right or left – hole through: Typically the second cut in a crosscut that 
intersects the adjacent entry. 

5. Crosscut right or left – mined straight ahead: The first cut made in a crosscut by 
mining straight ahead perpendicular to the entry from an adjacent crosscut. 

6. Crosscut right or left – turned: Turning a crosscut from an entry. 
 
The distribution of cut types made by each CM is presented in Table 12. From previous 
dust studies it is known that deep and deepest straight cuts, crosscuts that are turned 
either right or left, and crosscuts that are holed through to the right are dustier cuts for 
CM and HU operators. During these cuts, both CM and HU operators are located in areas 
that are exposed to only LC ventilation or air that sweeps across the CM. When mining 



  

crosscuts left straight ahead, both CM and HU operators are exposed to intake ventilation 
since they are upwind of the CM. During crosscuts right mined straight ahead, only the 
CM operator is in intake air. It can be noted from Table 12 that the modified CM data 
includes three “turn crosscut right” type cuts which have typically proven to be the 
dustiest type of cut. The unmodified CM did not make any of this cut type. This 
difference is offset by the unmodified CM making seven “straight deepest” cuts to only 
three by the modified CM. Straight deepest cuts are typically the second dustiest type of 
cut. The distribution of cut types by each CM is comparable. 
 
Underground sampling periods: Dust sampling began July 27, 2009 during second shift 
and continued for four consecutive days. During the initial trial sampling period, data was 
collected from both modified and unmodified CMs. The modified CM encountered 
several mechanical problems during this period and therefore this data was not included 
in the final analysis. These problems included insufficient spray pressure, continual spray 
malfunction due to debris in the water spray system, omission of left-side chassis sprays, 
and missing cover over loading conveyor. Electrical problems included the cutting drum, 
water sprays, and scrubber inadvertently stopping during the cutting process. This initial 
sampling period also served as a training period for the CM operator to become familiar 
with the modified CM. During this period, ten cuts made by the unmodified CM and 
seven cuts made by the modified CM were sampled.  
 
The second sampling period began on August 3, 2009 day shift and continued for four 
consecutive days. The modified CM experienced maintenance problems on August 3 
with water sprays and the loading conveyor cover. Sprays were cleaned and the system 
flushed before each cut to minimize problems. On August 4, a temporary cover was 
installed over the loading conveyor opening that leads to the loading pan. Water spray 
problems slowly subsided with fewer sprays becoming inoperable during each cut. On 
August 5 and 6 water spray operation significantly improved with only one or two sprays 
becoming plugged during each cut. Thirteen cuts made by the modified CM and three 
baseline cuts made by the unmodified CM were sampled during this period. These data 
were analyzed before resuming dust sampling to determine the effectiveness of 
modifications and to identify any needed improvements. Dust cassettes were sent to 
MSHA for weighing and quartz analysis.  
 
Dust sampling resumed on August 26, 2009 and continued for three consecutive days. 
During the two weeks between the second and third sampling periods, mine maintenance 
staff installed the left-side chassis spray in its proper location, added a permanent 
conveyor throat cover, cleaned the water spray system, and increased SLD spray pressure 
on the modified CM. The problem with CM shut-down (the cutting drum, scrubber, and 
water sprays inadvertently stopping while cutting) continued. On August 26 second shift, 
the scrubber duct work mounted on the cutter-boom was dislodged from its mounted 
position. This prevented access to the front scrubber filter screen and making it 
impossible to use dual screens for the remainder of testing. During this period, ten cuts 
made by the modified CM and three baseline cuts made by the unmodified CM were 
sampled.  
 



  

RESULTS AND DISCUSSION 
 
Dust Characterization Studies 
 
Size and content characterization studies: Results are summarized in Tables 1 and 2. 
Sieving results indicated that about 70% of roof, 100% of coal, and 75% of floor samples 
had particle sizes less than 25 microns. Microtrac (laser-based instrument) analyses were 
performed for particles less than 25 microns in size and results are summarized in Figures 
19, 20, and 21. Quartz analyses revealed that the highest percentage of the quartz was in 
the roof and floor strata (Table 2). 
  
Dust wettability studies: The agitation induced by magnetic stirrers is typically greater 
than when manually stirring with glass rods. Table 3 shows that wettability is very 
similar for both stirring methods. Thus, wettability of roof, coal, or floor dust seems to be 
unaffected by mixing turbulence or agitation that may be typically found near the cutting 
drum and loading pan areas of the CM. Rather, it was thought that increased residence 
time in the face area and confinement of dust near scrubber suction inlets by “second line 
of defense” sprays should provided good dust capture. 
 
Water temperature studies: Tables 4 and 5 show wettability is increased when water 
temperature is 86°F versus 50°F. This can be an important variable for super-section 
mining units that have a single split ventilation system and alternate mining between 
CMs on each side of the super-section versus super-section mining units with dual split 
ventilation where both CMs mine simultaneously. The typical 45- to 60-minute idle 
periods for CMs between cuts on a single split system allows cooling of electric motors 
and the hydraulic system. When mining is resumed, spray water temperature is much 
lower during the initial portion of the cut and therefore it is not as effective for wetting 
respirable dust. 
 
X-ray diffraction studies: In both wettability and water temperature studies, un-wetted 
portions of dust were subjected to X-ray diffraction analysis. Results suggest a surprise 
finding that un-wetted dust is rich in pyrite and silica. This is a novel finding and is being 
investigated further. 
 
Laboratory Scrubber Studies 
 
Scrubber performance studies: Results of these studies shown in Tables 6 and 7 indicate 
that using two screens with multiple, vertical pre-wetting sprays and vertical sprays 
located between the two screens is more effective than the current practice. These results 
correlate well with previous testing conducted at the Viper Mine in 2007 (Chugh et al., 
2007). Using a combination of 10-layer and 20-layer screens with sprays operating at 60 
psi resulted in 59% additional reduction in respirable dust. A 10-layer and 30-layer screen 
combination indicated a 45% reduction in quartz when compared to a conventional single 
20-layer screen (Table 6).  
 



  

Table 6 data are based on a limited number of tests with outside weather conditions 
affecting velocities somewhat due to the configuration of the scrubber test facility in 
Carterville, IL. Data does indicate that as the number and density of filters increase, the 
air volume through the scrubber decreases. Data in Table 7 indicate that a combination of 
10- and 30-layer filters results in the highest ventilation pressure increase. 
 
Results of scrubber optimization: Results summarized in Table 8 indicate that a 10-layer 
first filter and 20-layer second filter using PW and SR sprays operating at 60 psi is 
optimum for dust reduction when compared to the current system used at the mine. Dust 
sampling data for the current scrubber system, consisting of single 20-layer filter with 
sprays operating at 60 psi, could not be collected due to excessive amounts of water in 
the scrubber exhaust. Water volume for the current system at 40 psi was 4.8 gpm and it 
increased to over 6 gpm at 60 psi, which exceeded the capacity of the demister. Due to 
limited time and after reviewing previous test results for a 10/20-layer filter screen 
combination at 60 psi, additional testing of dual screens at 40 psi was considered to be 
unnecessary. 
 
Table 9 presents quartz content of dust collected using gravimetric sampling techniques 
for different scrubber configurations. For these tests, input dust concentrations for the 
current 20-layer single filter system and the proposed 10/20-layer dual filter system 
(when injecting a composite 80% coal/10% roof/10% floor dust into the scrubber) were 
57.87 mg/m3 and 62.32 mg/m3, respectively. Mean respirable coal dust concentrations in 
the exhaust for these two configurations were 0.892 mg/m3 and 0.494 mg/m3

, 
respectively. This represents 45% increased dust capture for the dual 10/20-layer filter 
system over the currently used single 20-layer filter configuration, even with 8% higher 
input concentration.  
 
Table 9 shows that quartz content for a 20-layer single filter configuration sample was 
6.0%. For the proposed 10/20-layer dual filter configuration, sampled quartz content was 
11.1%. Although, total respirable coal dust is smaller for this configuration, quartz 
content is higher suggesting that a high percentage of uncaptured dust is quartz. Table 9 
also shows that a 10/30-layer dual filter combination provided 43% improvement in 
quartz dust control over a single 20-layer system.  
 
Based on these scrubber laboratory studies, a combination 10/20-layer dual filter system 
was found to be optimum in wet scrubber. In comparison to the current practice of using 
a single 20-layer filter, this combination improved dust control within the scrubber by 
57% from about 1.2 mg/m3 to 0.49 mg/m3. 
 
Field Demonstration Studies 
 
Respirable dust reduction: A total of 46 cuts were sampled during three periods, 16 from 
the unmodified CM and 30 from the modified CM. Sampling periods were July 27-30, 
August 3-6, and August 26-28, 2009. Only 23 cuts made by the modified CM during the 
last two sampling periods were used for analysis. The modified CM encountered several 
maintenance problems with water spray and electrical systems during the initial week of 



  

sampling. Water spray nozzles clogged with debris from the water delivery system and as 
many as half became inoperable during each cut.  
 
Table 13 shows the modified CM significantly reduced respirable dust concentrations at 
the MO and HO locations. In that regard, the modified CM outperformed the unmodified 
CM for each cut type and sampling location except for the RT location while holing 
through crosscuts to the right. However, this may not be a good indication of the 
modified CM’s effectiveness even when using corrected data. The unmodified CM made 
only two cuts of this type with one being only nine feet in length, loading four ramcars 
and lasting only 9.5 minutes. During the second cut, the HU got stuck behind the CM and 
data was collected only during the initial box cut. The modified CM data for this cut type 
was based on four cuts with an average cut depth of 32 feet. One of the four cuts made by 
the modified CM included a 38-ft deep cut that holed through a crosscut turned to the 
right. The opposite crosscut was not mined through in that entry creating a “dead end” 
type cut. Air flow to the face was 6,226 cfm behind the LC. The cut time for this cut was 
38 minutes with 17 ramcars loaded. This cut was compared to a similar cut made by the 
unmodified CM that was 9-ft deep, lasted nine minutes during which four ramcars were 
loaded. 
 
Quartz reduction: Dust cassettes used to determine respirable dust concentrations were 
also analyzed for quartz content. Quartz analysis was provided by MSHA and is 
presented in Tables 14 and 15 for various CM configurations. MSHA requires a 
minimum 0.2 mg of dust weight on each cassette for quartz content analysis. Since dust 
samples were collected on a cut-by-cut basis, the amount of dust on each cassette was 
small. Therefore, cassettes were separated into groups per each CM configuration and 
sampling location so that quartz analysis could be performed. Within each group, 
cassettes were combined into sub-groups to meet minimum weight requirements. Data in 
Table 14 represents the mean for each group. The individual cumulative weight for six 
groups failed to meet minimum weight requirements and therefore could not be analyzed. 
 
Results shown in Table 15 indicate a significant reduction in quartz content for samples 
collected from MO, HO and RT locations for the modified CM using the two screen/two 
spray row concept versus either modified or unmodified CMs using the one screen/one 
spray configuration. Results for the modified CM using the SIUC novel 30-layer screen 
combination show even further improvement in quartz content at the RT location. Total 
combined weight of dust sampled on cassettes for MO and HO location groups with the 
SIUC novel 30-layer screen combination was not sufficient for further analysis due to the 
effectiveness of this filter system.  
 
Performance evaluation of SIUC novel screen: On August 26, during the last sampling 
period, two cuts were sampled using the novel SIUC 30-mesh screen combination in the 
modified CM scrubber. Only two cuts could be sampled using the SIUC novel screen due 
to damage to the scrubber duct work. During mining on the second shift of August 26, the 
scrubber duct was dislodged from its mounting and prevented access to the front screen. 
Dust sampling on August 27 and 28 was collected using one 30-mesh screen.  



  

Two types of cuts were sampled using the SIUC novel screen, a “deep” cut and a 
“deepest” cut. To make a viable performance assessment of the novel SIUC 30-mesh 
screen combination, these cuts were compared to similar types of cuts. Cuts used for 
comparison were made by the modified CM using a single or dual 30-mesh screen during 
both the second week and the last week sampling periods. The number of scrubber water 
sprays, their orientation, and spray pressures remained constant for all tests using the 
novel SIUC 30-mesh screen as well as for the conventional screen. Results were 
separated into respective sampling periods to eliminate effects of modifications made to 
the CM between sampling periods. Dust concentrations for all sampling periods and each 
scrubber screen configuration of the modified CM are shown in Table 16. Results 
indicate an overall reduction in respirable dust concentration at all locations for each cut 
type when using the SIUC 30-mesh screen combination. When comparing dust 
concentrations at the MO, HO and RT locations from the same sampling period, a 59%, 
54%, and 64% reduction, respectively can be seen. Also, an 85%, 59%, and 36% 
respective reduction for these locations can be seen when compared to the second week 
sampling period before modifications to the CM were completed.  
 
Due to insufficient weight of dust deposition on cassettes during sampling of two cuts 
using the novel SIUC 30-mesh screen combination, quartz analysis could not be done. 
Again, this may be a good indicator of the performance for this filter screen system. 
Observations made after each of the two sampled cuts indicated the novel screen 
remained clean with minimal build-up of dust and coal particles adhering to the screen. 
 
Comparison of Loading Rate for Modified vs. Unmodified CM 
 
Loading rates were determined from the conveyor run time per HU and the cut volume 
that was calculated from measured cut dimensions. Only conveyor run times for ramcars 
loaded while advancing the mining face, i.e. making box cuts and slab cuts, were used for 
load rate calculation. Conveyor run times for ramcars that were involved in non-face 
advance operations such as clean-up and cutting corners were not included in mean 
loading rate calculations. This data is presented in Table 17. It indicates that loading rate 
for the modified CM increased from 146 cu ft/min during the first week to 209 cu ft/min 
during the third week of sampling. This was due to the CM operator becoming familiar 
with the machine. This improvement is primarily seen between the first and second week 
of sampling when loading rate increased by 60 cu ft/min. The mean HU load time 
decreased from 86 seconds to 66 seconds during this period as well. Cut volume of the 
modified CM increased due to increasing numbers of straight cuts made during the 
second and third week of sampling. Roof conditions during this period were very good 
allowing for full length cuts to be made. Table 18 indicates very comparable cut 
dimensions and volumes for each CM.  
 
Effects of SLD Sprays 
 
PDMs were used to collect real-time dust concentration data at HO and RT locations 
during most cuts. Dust concentration values were then plotted on a graph as a function of 
time. This data was correlated to each HU loaded during the cut. Each PDM was 



  

synchronized to the timing device used to record “conveyor on” and “conveyor off” 
times. Conveyor on/off times for each HU were overlain on the dust concentration/time 
graph from the PDM. The impact of SLD sprays can be clearly seen in Figures 22, 23, 
24, and 25. SLD sprays typically reach the face line while loading the fourth or fifth 
ramcar during box cut development. Once reaching the face line, SLD sprays provide a 
seal or curtain that contains airborne dust near the face area and allows it to be pulled into 
the scrubber. In Figure 22 at the HO location, it can be seen that dust concentration 
dropped from approximately 10 mg/m3 to less than 2 mg/m3 once the SLD sprays reached 
the face line during loading the fourth car. This reduction can also be seen at the RT 
location (Figure 23). This reduction is not seen in Figures 24 and 25 for the unmodified 
CM at HO or RT locations. Dust concentrations at those locations for the unmodified CM 
remain elevated during the entire cut cycle. Gravimetric sampling also indicates a 
significant reduction in respirable dust when comparing these two cuts. At HU and RT 
locations, the modified CM had concentrations of 0.69 mg/m3 and 1.89 mg/m3 and the 
unmodified CM had concentrations of 4.10 mg/m3 and 4.82 mg/m3, respectively.  
 
Incorporating previous study results: Success from testing some dust control concepts 
during a study at an Indiana mine prompted the project team and mine management to 
adapt those concepts for this study. At the Indiana mine, modifications were made only to 
the chassis water spray system on the CM. These modifications included the addition of 
sprays in the loading pan, chassis side sprays, and SLD sprays as well as re-orientation of 
cutter-boom sprays. Water volume of the CM chassis spray system was increased from 
28gpm to 40gpm. Results of testing are presented in Table 19.  They indicate a 
significant reduction in respirable dust at CM operator (MO) and return (RT) locations of 
86% and 33%, respectively.  
 
As a result of the initial testing, management at the Indiana mine modified all CMs 
operating at their mine. To substantiate results of the initial study, it was decided to 
analyze respirable dust data collected by MSHA inspectors for an 18-month period prior 
to modifying CMs and for a 16-month period following modifications. Data from March 
1, 2007 to August 31, 2008 and from September 1, 2008 through December 31, 2009 
were collected from the MSHA Data Retrieval System. All voided samples were deleted 
before analysis.  Results are presented in Table 20. This data indicates a substantial 
reduction in respirable dust concentrations during the period after all CMs were modified. 
Quartz data collected during these same time periods indicate a reduction in quartz 
content of dust samples collected. This data is presented in Table 21 which shows a 26% 
decrease in quartz during the period from September 2008 through December 2009.  
 
Information Transfer Workshops 
 
An information transfer workshop was held under the leadership of the Illinois Coal 
Association in April 2010. It was held at SIUC and was attended by 15 high-level 
representatives from coal companies within the region.  Response from industry 
professionals was very positive and the SIUC project team has been responsive to 
industry needs since the workshop was held. 



  

CONCLUSIONS AND RECOMMENDATIONS 
 
Conclusions 
 

• The modified CM significantly reduced respirable dust concentrations at the MO 
and HO locations for all cut types and sampling locations. 

• Results also show a significant reduction in quartz content for samples collected 
from MO, HO, and RT locations for the modified CM.  

• For the SIUC novel 30-layer screen, results indicate an overall reduction in 
respirable dust concentration at all locations for each cut type. When comparing 
dust concentrations at the MO, HO, and RT locations for the same sampling 
period, a 59%, 54%, and 64% reduction, respectively, is observed. 

• The modified CM showed 85%, 59%, and 36% reduction, respectively, for the 
MO, HO, and RT locations during the second week of sampling.  

• Observations made after each of the two sampled cuts indicated the novel screen 
remained clean with minimal build-up of dust and coal particles adhering to the 
screen.  

• The loading rate for the modified CM increased from 146 cu ft/min during the 
first week to 209 cu ft/min the third week of sampling as the CM operator became 
more familiar with the machine. Most of this improvement occurred between the 
first and second week of sampling.  

• The positive impact of SLD sprays was clearly demonstrated through continuous 
monitoring of dust concentration at HO and RT locations. Upon reaching the face 
line, SLD sprays provide a seal or curtain that contains airborne dust near the face 
area, increases wetting of dust, and allows it to be pulled into the scrubber. At the 
HO location, dust concentration dropped from approximately 10 mg/m3 to less 
than 2 mg/m3 once SLD sprays reached the face line. Similar reductions were also 
seen at the RT location. 

 
Recommendations 
 

• Additional field demonstrations at other mines within Illinois should be 
considered to put concepts developed during this project on a more solid 
foundation. 

• A best practices document for dust control should be developed in cooperation 
with coal companies, MSHA, and NIOSH.  



  

TABLES 
 

Table 1: Modified CM spray system specifications. 

Color 
 code Spray location Spray size Number 

sprays 
Orifice 

size (inch) 

Water volume 
per spray (gpm) 

Total water 
volume (gpm) 

80psi 100psi 80psi 100psi 

  
  
  

Across top of 
head 

3/8 BD    
3-5W 16 0.125 1.0 1.1 15.4 17.6 

Loading pan 3/8 BD    
3-5W 4 0.125 1.0 1.1 3.8 4.4 

Throat 3/8 BD    
3-5W 3 0.125 1.0 1.1 2.9 3.3 

  
  

Outer bit ring 3/8 BD    
3-2W 6 0.094 0.6 0.7 3.7 4.2 

Side of head 
verticals 

3/8 BD    
3-2W 6 0.094 0.6 0.7 3.7 4.2 

  
Side of main 

chassis 
3/8 BD    
3-2W 2 0.78 0.6 0.6 1.1 1.3 

  
Second line of 

defense 
1/4 LNN 

18 5 0.76 0.4 0.5 2.1 2.4 

  Scrubber 3/8 BD    
3-2W 6 0.094 0.6 0.7 3.7 4.2 

Note: Water spray specifications are from spray manufacturer Total volume 
(gpm) 36.5 41.6 

 
Table 2: Unmodified CM spray system specifications. 

Color 
code Spray location Spray size Number 

sprays 
Orifice 

size (inch) 

Water volume per 
spray (gpm) 

Total water 
volume (gpm) 

80psi 100psi 80psi 100psi 

 Across top of 
head 3/8 BD - 5 9 0.125 1.0 1.1 8.6 9.9 

 Across top of 
head 

3/8 BD      
3-2W 6 0.094 0.6 0.7 3.7 4.2 

 Loading pan 3/8 BD      
3-2W 2 0.094 0.6 0.7 1.2 1.4 

 Loading pan 3/8 BD - 5 2 0.125 1.0 1.1 1.9 2.2 

 Throat 3/8 BD - 5 3 0.125 1.0 1.1 2.9 3.3 

 Outer bit ring 3/8 BD      
3-2W 4 0.094 0.6 0.7 2.5 2.8 

 Side of head 
verticals 3/8 BD - 5 2 0.125 1.0 1.1 1.9 2.2 

 Left side of 
main chassis 3/8 BD - 2 2 0.78 0.6 0.6 1.1 1.3 

 Scrubber 
Joy 

01566237-
0040 

1 0.234 6.4 @ 
45psi n/a 6.4 6.4 

Note: Spray specifications are from spray manufacturer Total volume 
(gpm) 30.3 33.7 

 



  

Table 3: Cut type distribution. 

Cut type Unmodified 
CM 

Modified 
CM 

Crosscut right – hole through 2 4 

Crosscut left straight on – initial cut 1 0 

Turn crosscut right 0 3 

Crosscut right straight on – initial cut 0 1 

Straight – initial cut 3 4 

Straight – deep 3 8 
Straight – deepest 7 3 

 

Table 4: Particle size distribution of dust used in scrubber optimization studies. 

Tyler mesh 
size Micron 

Percent finer 
Roof strata Coal Floor strata 

100 149 94 100 96 
200 74 89 100 92 
325 44 83 100 87 
400 37 78 100 81 
500 25 70 100 75 

 
Table 5: Quartz content analysis results performed by MSHA. 

Sample origin % quartz  

Roof 21 
Coal 4 
Floor 34 

 
Table 6: Wettability of Viper coal and roof/floor/coal mix. 

Type of dust 
material 

Weight 
of filter 
paper 

(grams) 
(1) 

Weight 
of filter 

paper after 
drying 
(grams)                      

(2) 

Weight of filter 
paper  

+ un-wetted 
sample after 

drying 
(grams) 

(3) 

Weight of  
sample  

= (3) - (2) 
(grams) 

% of          
un-wetted 
particles 

% of      
wetted 

particles 

80:10:10 Mix* 
normal stirring 4.6 4.5 4.9 0.4 40 60 

80:10:10 Mix* 
magnetic stirring 4.8 4.6 5.0 0.4 40 60 

Coal 
magnetic stirring 4.6 4.5 4.8 0.3 30 70 

Coal 
normal stirring 4.5 4.4 4.7 0.3 30 70 

 * 80:10:10 Mix = Dust is mix of 80% coal seam, 10% roof strata, and 10% floor strata. 



  

 
Table 7: Wettability of dust material using 50°F water. 

Trial number 
Weight filter 

paper             
(grams) 

Weight filter   
paper with                    

un-wetted sample  
(grams) 

Weight           
un-wetted 

sample  
(grams) 

% of                 
un-wetted 

sample 

% of         
wetted sample 

1 4.8 4.9 0.1 10 90 
2 4.7 4.8 0.1 10 90 
3 4.6 4.8 0.2 20 80 

Mean value       13.33 86.66 
 

Table 8: Wettability of Viper coal using 86°F water. 

Trial 
number 

Weight filter 
paper             

(grams) 

Weight filter 
paper with                 
un-wetted 

sample  
(grams) 

Weight     
un-wetted 

sample  
(grams) 

% of                 
un-wetted 

sample 

% of        
wetted 
sample 

1 4.8 4.9 0.1 10 90 
2 4.8 4.9 0.1 10 90 
3 4.6 4.7 0.1 10 90 

Mean value       10 90 
 

Table 9: Air flow through scrubber. 

 Mean air volume (cfm) 

Operating 
conditions 

Filter configuration 
Single            

20-layer 
filter 

1st filter – 10-layer                
2nd filter – 20-layer 

1st filter – 10-layer                  
2nd filter – 30-layer 

1st filter – 20-layer                   
2nd filter – 20-layer  

Sprays off 6,532 6,842 6,463 6,809 
40 psi 6,783 6,636 6,073 6,121 
60 psi 6,095 6,408 6,088 6,048 

 
Table 10: Wet scrubber pressure drop data. 

Operating 
conditions 

Filter configurations 

Single  20-
layer filter 

1st filter – 10-layer  
2nd filter –20-layer 

1st filter – 10-layer  
2nd filter – 30-layer  

1st filter – 20-layer   
2nd filter – 20-layer  

Sprays off 2.621 4.214 5.844 4.831 
40psi 3.533 5.336 7.166 6.101 

40psi + dust 3.565 5.395 7.330 6.219 
60psi 3.744 5.334 6.997 6.246 

60psi + dust 3.785 5.349 7.012 6.287 
 



  

 
Table 11: Scrubber optimization studies: coal dust concentration 

Filter configuration and spray pressure 
Water 
spray 

pressure 
(psi) 

Single 20-
layer filter  

1st filter – 10-layer        
2nd filter – 20-layer 

1st filter – 10-layer                 
2nd filter – 30-layer  

1st filter – 20-layer   
2nd filter – 20-layer  

Mean coal dust concentration (mg/m3) 

40 1.22 1.15 n/a n/a 
60 n/a 0.49 0.98 0.86 

 
Table 12: Scrubber optimization studies: quartz dust concentration. 

Dust media 
Single 20-
layer filter 

1st filter – 10-layer                 
2nd filter – 20-layer 

1st filter – 10-layer   
2nd filter – 30-layer 

Percent (%) quartz content 
Roof only 12.9 9.35 7.75 

Coal, floor, roof 
mix (80:10:10) 6.0* 11.1 3.4 

* Analysis of one dust cassette. Other cassettes were returned with negative weight gains. 
 

Table 13: Dust sampling results from in-mine sampling. 

Cut type Location Unmodified CM Modified CM % 
reduction Corrected* dust concentration (mg/m3) 

Hole through crosscut right 
IN 0.42 0.11  

MO 1.90 0.79 58.5 
HO 2.05 1.66 18.9 
RT 1.12 1.27 -13.0 

Crosscut left straight on – 
initial cut 

 

IN 0.09 
No cut data MO 1.24 

HO 0.49 
RT 5.65 

Turn crosscut right 

 

IN 
No cut data 

0.13 
No cut data MO 0.80 

HO 6.74 
RT 2.34 

Crosscut right straight on – 
initial cut 

 

IN 
No cut data 

0.62 
No cut data MO 0.00 

HO 1.92 
RT 2.74 

Straight – initial cut 

 

IN 0.14 0.37  
MO 0.35 0.03 91.6 
HO 0.76 0.64 15.7 
RT 2.16 1.64 24.0 

Straight – deep 

 

IN 0.22 0.39  
MO 1.01 0.33 67.8 
HO 2.27 0.79 65.2 
RT 1.71 1.39 18.4 

Straight – deepest 

 
 

IN 0.12 0.04  
MO 1.97 1.49 24.3 
HO 2.91 2.17 25.7 
RT 2.50 1.04 58.5 

* Corrected for intake dust, production delays during cutting cycle, and air volume. 
 



  

Table 14: Quartz content analysis from in-mine sampling. 

CM configuration 
Mean percent (%) quartz content 

MO location HO location RT location 

Modified CM using two screens 2.10 2.30 2.25 

Modified CM using one screen 3.35 2.95 2.93 

Unmodified CM 3.30 2.50 2.70 

Modified CM using SIUC novel 
screen + 30-mesh screen n/a n/a 1.20 

 
Table 15: Quartz reduction results from in-mine sampling. 

Quartz reduction (%) 

CM configuration  MO location  HO location RT location 

Modified CM/dual screens vs.           
unmodified CM 36 8 17 

Modified CM/single screen vs.  
unmodified CM -2 -15 -8 

Modified CM/dual screen vs.  
modified CM/single screen 37 22 23 

Modified CM/SIUC novel + 30-mesh screen 
vs. unmodified CM n/a n/a 56 

Modified CM/SIUC novel + 30-mesh screen 
vs. modified CM/dual screens n/a n/a 47 

Modified CM/SIUC novel + 30-mesh screen 
vs. modified CM/single screen n/a n/a 60 

 
Table 16: Results of novel screen in-mine testing. 

Mean corrected dust concentration (mg/m3) 

Cut type Location 
SIUC + 30-
mesh screen 
combination 

One 30-mesh screen Two 30-mesh screens 
First two 
sampling 
periods 

Last 
sampling 

period 
Last sampling period 

Deep                  
(face 10-40 ft  
past LOXC) 

IN 0.09 0.07 0.02 0.28 
MO 0.09 0.62 0.22 0.00 
HO 0.35 0.86 0.76 0.00 
RT 0.70 1.09 1.95 0.91 

Deepest                            
(face > 40 ft 
past LOXC) 

IN 0.09 0.01 

n/a n/a 
MO 0.88 1.80 
HO 2.11 2.19 
RT 1.00 1.06 

 



  

Table 17: Loading rate comparison – modified vs. unmodified CM. 

CM type Mean load time 
(min:sec) 

Cut volume  
(cu ft) 

Mean loading rate               
(cu ft/min) 

Unmodified CM – all cuts 1:02 2,730 206 
Modified CM – all cuts 1:09 3,257 207 

Modified CM – first week 1:26 2,755 146 
Modified CM – second week 1:06 3,297 206 
Modified CM – third week 1:04 3,367 209 

 
Table 18: Mean cut dimensions and volume for all sampled cuts. 

CM 
Cut 

depth 
(ft) 

Cut 
width 
(in) 

Coal 
seam 

thickness       
(in) 

Roof 
mined       

(in) 

Floor 
mined      

(in) 

Cut    
height      

(in) 

Cut 
volume 
(cu ft) 

 Unmodified  27.7 213 70 2 3 76 3,112 
Modified  27.6 208 72 1.7 5.2 79 3,147 

 
Table 19: Comparison of sampling results for unmodified and modified CMs. 

Sampling 
location 

Dust concentration (mg/m3) Percent (%)        
reduction Unmodified CM Modified CM 

CM operator 1.64 0.23 86 
HU operator n/a 1.15 n/a 

Return 3.63 2.44 33 
 

Table 20: Mean dust concentration prior to and after all CM modifications. 

Sampling location 

March 2007 
through                      

August 2008 

September 2008 
through               

December 2009 
Percent 

(%) 
reduction 

Dust concentration (mg/m3) 
CM operator 1.37 0.81 41 
HU operator 1.23 0.77 37 
Return side  
roof bolter 1.70 0.65 62 

Intake side  
roof bolter 0.68 0.54 21 

  
Table 21: Quartz content of MSHA dust samples prior to and after all CM modifications. 

CM (036) occupation   March 2007 to 
August 2008 

 September  2008 to 
December 2009 

Mean quartz content 4.2% 3.1% 



  

FIGURES 
 

 
Figure 1: Mine Plan of 7RMS unit. 

 

 
Figure 2: Scrubber air velocity data collection points. 

 
 
 
 
 
 
 
 

Figure 3: Wet scrubber – conventional system. 
 

 
Figure 4: Wet scrubber – modified system. 
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Figure 5: Modified scrubber PW and SR spray locations. 

 
 

 
Figure 6: Left-side suction inlet of modified CM. 

 
 

 
Figure 7: Left-side under-boom suction inlet of modified CM. 

 



  

 
Figure 8: Modified CM – chassis spray locations (plan view). 

 
 

 
Figure 9: Modified CM – chassis spray locations (right-side elevation view). 

 
 

 
Figure 10: Modified CM – chassis spray locations (left-side elevation view). 

 



  

 
Figure 11: Unmodified CM – chassis spray locations (plan view). 

 
 

 
Figure 12: Unmodified CM – chassis spray locations (right-side elevation view). 

 
 

 
Figure 13: Unmodified CM – chassis spray locations (left-side elevation view). 

 



  

 
Figure 14: Unmodified CM suction inlet – left side. 

 

 
Figure 15: Unmodified CM suction inlet – right side. 

 

 
Figure 16: Sampling points for initial and deep straight cuts. 

 



  

 
Figure 17: Sampling points for deepest straight cuts and turning crosscut right. 

 
 

 
Figure 18: Sampling points for crosscut left – initial cut and mine hole through. 

 



  

 
Figure 19: Microtrac analysis of Viper floor used in scrubber optimization studies. 

 
 

 
Figure 20: Microtrac analysis of Viper coal used in scrubber optimization studies. 

 



  

 
Figure 21: Microtrac analysis of Viper roof used in scrubber optimization studies. 

 
 

 
Figure 22: PDM data HO location for modified CM cut B2 on August 26, 2009. 

 



  

 
Figure 23: PDM data – RT location for modified CM cut B2 on August 26, 2009. 

 

 
Figure 24: PDM data – HO location for unmodified CM cut J1 on August 27, 2009.  

 

 
Figure 25: PDM data – RT location for unmodified CM cut J1 on August 27, 2009. 
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