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ABSTRACT 

 

Dust control research in the Department of Mining and Mineral Resources Engineering at 

Southern Illinois University Carbondale led to the development in late 2010 of a patent-

pending, scientifically-based, innovative water spray system for continuous miners.  It is 

an extension of the “second line of defense” concept for water spray systems developed 

earlier by the principal investigator, which was field tested on a limited scale at two 

Illinois mines and subsequently adopted for use at two Illinois Basin mines.  In addition 

to second line of defense sprays located on the cutting drum, outer bit ring, and chassis, 

the enhanced spray system includes a “third line of defense” consisting of chassis-

mounted sprays located about 10-15 feet behind the cutting drum that cover the area 

between the continuous miner chassis and the mine roof and ribs.  The system requires 

approximately the same volume of water as standard spray systems installed by original 

equipment manufacturers with similar operating pressures of 80-100 psi.   

 

Proof-of-concept studies were performed in the laboratory with a mock-up of the 

continuous miner spray system to evaluate spray coverage areas.  These studies indicated 

a significant improvement of about 30% reduction in exposure to both respirable coal and 

quartz dust.  A demonstration of the laboratory spray system to professionals from coal 

companies as well as state and federal regulatory officials convinced Knight Hawk Coal 

Company to agree to host a field demonstration in their Prairie Eagle Mine.  The field 

demonstration consisted of the project team designing commercial-scale spray blocks for 

installation during a continuous miner rebuild and scientifically evaluating dust control 

performance once the machine was returned to service.  The innovative spray system was 

installed such that the operator could disable it and use only conventional sprays.  From 

June through August of 2011, dust samples from more than 100 cuts were collected using 

gravimetric dust samplers and real-time personal dust monitors.  Three spray 

configurations were evaluated: a conventional spray system and the rebuilt continuous 

miner with and without innovative sprays operating. Results show that the innovative 

spray system was more effective for dust control as compared to the conventional system.   

It provided increased air velocity and air volume in the face area for improved dust and 

methane dilution, and air velocity distribution in the face area was more uniform 

increasing the residence time of dust near the face area for improved scrubber capture 

efficiency. 
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EXECUTIVE SUMMARY 

 

Dust control in underground coal mines has become a major operational issue since 

recent research by the National Institute for Occupational Safety and Health (NIOSH) has 

indicated that coal workers pneumoconiosis (CWP) incidence is on the rise over the last 

10 years. Furthermore, NIOSH has indicated that this may be mostly related to increased 

percentages of quartz in the respirable dust fraction. Recent analysis by the principal 

investigator of the dust sample database compiled by the Mine Safety and Health 

Administration (MSHA) for Illinois underground coal mines during the 2005-2009 time 

period found that quartz content in dust samples for the continuous miner (CM) operator 

has increased. More specifically, the data indicates that: 1) There is an upward trend in 

the number of samples that approach and exceed the threshold limit value (TLV) of 5% 

quartz content; 2) For the CM occupation, the number of samples in the quartz content 

range of 5% to 6% increased by 90%, indicating that the CM operator is being exposed to 

higher levels of quartz in the respirable dust; 3) The longwall shearer operator location 

also showed an increased number of samples in higher quartz content ranges; 4)  The 

percentage increase in quartz content ranges of 4% to 5% and 5% to 6% were 36% and 

63%, respectively (Chugh and Gurley, 2010). Furthermore, proposed MSHA dust rules 

may reduce the coal dust standard by half to 1 mg/m
3 

and implement a separate quartz 

dust standard, which will have a negative impact on mine productivity. Therefore, it is 

imperative that additional engineering controls be developed and implemented to meet 

the proposed standard while simultaneously enhancing productivity.   

 

To that end, the principal investigator’s research team in the Department of Mining and 

Mineral Resources Engineering at Southern Illinois University Carbondale (SIUC) 

developed an innovative water spray system for continuous miners that is scientifically 

founded.  It is an extension of the “second line of defense” concept for water spray 

systems previously developed and field tested as part of ICCI Project Number DEV08-2 

(Gurley, 2010).  The developed spray system includes sprays around the cutting drum, 

outer bit ring sprays, chassis sprays, and side sprays. About 10-15 feet behind these 

sprays are “third line of defense” sprays mounted on or recessed in the CM chassis that 

cover the area between the CM chassis and the mine roof and ribs. The research team 

developed a mock-up of the CM water spray system in the laboratory to evaluate spray 

coverage areas with results indicating a significant improvement of about 30% reduction 

in coal and quartz dust exposure.  This convinced Knight Hawk Coal Company to host a 

field demonstration of the technology in which commercial-scale spray blocks designed 

by the project team were installed during a CM rebuild.  The installation was such that 

the operator could disable it and use only conventional sprays.  Dust samples from more 

than 100 cuts were collected over a 3-month period using gravimetric dust samplers and 

real-time personal dust monitors.  Three spray configurations were evaluated: a 

conventional spray system and the rebuilt continuous miner with and without innovative 

sprays operating. Results show that the innovative spray system was more effective for 

dust control as compared to the conventional system.   It provided increased air velocity 

and air volume in the face area for improved dust and methane dilution, and air velocity 

distribution in the face area was more uniform increasing the residence time of dust near 

the face area for improved scrubber capture efficiency. 
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OBJECTIVES 

 

The goal of this cooperative study involving SIUC, Knight Hawk Coal Company, LLC 

(KHC), and Joy Global Technologies (JOY) was to develop and demonstrate an 

innovative water spray system for CMs that significantly improves respirable coal and 

quartz dust control in underground coal mines. The goal was accomplished with five 

tasks described as follows: 

 

Task 1: Characterize coal wettability and engineer the proposed spray system.  

Task 2: Design water sprays blocks and obtain approval for their use from the mine 

operator, the equipment manufacturer, and regulatory agencies.  

Task 3: Work with the CM manufacturer’s engineers and rebuild staff to implement 

proposed sprays designs. 

Task 4: Perform a comparative evaluation of the modified CM with and without the 

innovative spray system in operation. 

Task 5: Perform computational fluid dynamics (CFD) modeling of the proposed spray 

system.  

 

INTRODUCTION AND BACKGROUND 

 

Dust Characterization: In the dust wetting process, air from an air/solid interface is 

displaced to form a liquid/solid interface. Wetting behavior or wettability is essentially 

determined by forces at solid/fluid and fluid/fluid interfaces. The wetting process occurs 

in three distinct stages. The first stage, adhesional wetting, refers to the establishment of 

three-phase contact at the solid surface. The second stage, spreading wetting, involves 

displacement of one fluid by another at the solid surface. For coal dust, the solid surface 

is initially suspended in air.  When it comes in contact with a water droplet, the air/solid 

interface is displaced with a water/solid interface. Finally, immersional wetting represents 

transfer of a solid particle from one fluid phase to another. Wetting phenomenon is of 

critical significance for dust control since water is the most commonly used medium.  

 

Design and Development of Innovative Sprays Technology at SIUC’s Laboratory: 

Initial development was conducted at the SIUC/JOY Dust Control Laboratory in 

Carterville, IL. The first step in system development was to determine the interaction that 

occurs when spray cones intersect each other, especially at close proximity to their origin 

at the spray nozzle. It was observed that when individual spray cones intersect near spray 

nozzles, water droplets agglomerate and create larger droplets which have a tendency to 

lose energy and fall out quickly. Unfortunately, typical CM spray blocks locate sprays 

close together with their orientation such that spray cones intersect inches away from 

their origin. This is most frequently seen in spray blocks across the top of the cutter 

boom. One goal of the innovative spray system emphasized during the design phase was 

to minimize this phenomenon. To do so, a “dual angle” spray block was designed for use 

across the top of the cutter boom.  This also reduces dust “roll back” from over the top of 

the cutting drum, which occurs when the cutter boom is elevated and increases when 

cutting rock or shale above the coal seam. The dual angle spray block houses two rows of 

sprays with the top row oriented slightly upward from the plane of the bottom row, which 
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is directed at the tip of CM bits when at the apex of their cutting arc. This creates a 

hydraulic barrier or “second line of defense” (SLD) immediately behind the cutting drum 

to minimize roll back and improves the wetting of dust at the point of generation (see 

Figure 1). During earlier research on innovative sprays (Gurley, 2010), SLD sprays were 

described as located near the mid-length of the CM chassis. During this project, design of 

the innovative sprays dust control system was enhanced by the addition of these dual 

angle sprays, which are now described as SLD sprays and the mid-chassis sprays are now 

identified as “third line of defense” (TLD) sprays. As part of this project, TLD sprays 

were redesigned to minimize spray cone interaction. Side chassis TLD spray blocks were 

lengthened increasing separation between spray nozzles and top chassis TLD spray 

blocks were moved to the outboard sides and recessed flush with the top of the CM 

chassis to prevent damage. 

 

CFD Modeling: CFD modeling uses numerical methods to analyze and solve fluid flow 

problems. Computer software is used to perform the massive amount of calculations 

required to simulate interactions between liquids and/or gases within solid structures 

defined by boundary conditions.  It was used in this project to optimize the design of 

innovative spray systems for improved dust control by studying the effect of the 

innovative spray system on airflow patterns in the face area and analyzing spray coverage 

areas for different spatial locations of sprays both for innovative spray system designs 

and for conventional spray systems.  

 

EXPERIMENTAL PROCEDURES 

 

Dust Characterization: Bulk channel samples were collected from two locations near the 

mining face at KHC’s Prairie Eagle Mine (PEM) to determine wettability and to 

characterize physical, mineralogical, and elemental properties of mine dust. 

 

Wettability: Fixed-time wettability (FTW) tests developed as part of ongoing dust control 

research at SIUC (Chugh, 2011) were used to analyze the wettability of KHC coal dust 

and to study effects of contact time and spray water temperature.  These tests simulate 

wetting in underground mine environments, such as in the face area and at material dump 

points, where residence times for contact between dust and water or chemicals are 

generally low (10-20 seconds).  To study the effect of contact time, the FTW procedure 

was repeated at four different time intervals: 10, 15, 20, and 25 seconds. In addition, 

since it is known that the surface tension (σt in mN/m) of water decreases as temperature 

increases, experiments were conducted in the temperature range of 45-105
o
F that are 

typically found underground.  Inherent moisture in the filter paper used in this project to 

collect wetted dust introduces an error of 10%, which was factored into any test results in 

which aluminum pans were not used to eliminate that error.  

 

Physical, Mineralogical, and Elemental Characterization: To characterize physical, 

mineralogical, and elemental properties of KHC coal dust, samples were subjected to 

particle size distribution (PSD), x-ray diffraction (XRD), inductively coupled plasma – 

atomic emission spectroscopy (ICP-AES), scanning electron microscope (SEM), zeta 

potential (ZP), and MSHA P-7 quartz analyses.  Bulk samples crushed to -0.25-inch in 
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size were pulverized to -140-mesh in size. Samples were stored in an oxygen deficient 

atmosphere to minimize oxidation.  Laboratory PSD analyses were performed using wet 

and dry sieving methods and Microtrac. Cascade impactors were used for in-mine PSD 

analyses.  XRD analyses were performed with a Philips X'Pert Diffractometer (Model 

PW3040-PRO) operated at 45 kV and 40 mA. Samples were dry-mounted in aluminum 

holders and scanned from 7-90
o
 2θ at 0.0133 degrees/second with copper K-alpha 

radiation.  ICP-AES analyses were performed by measuring the wavelength and intensity 

of chemical elements present in samples based on the principle that elements emit energy 

at specific wavelengths and the intensity of the energy emitted at specific wavelength is 

proportional to the amount of that element. MSHA P-7 is an analytical technique used for 

the quantification of quartz content present in a sample using Fourier Transform Infrared 

Spectroscopy (FTIR). The fundamental principle of this technique is that molecular 

bonds vibrate at their natural frequency when supplied with a certain amount of energy. 

A graph is plotted between energy absorbed (absorbance or transmittance) and frequency.  

Thus, by determining the frequency and its absorbance, one can quantify the quartz 

content in a sample.  

 

Design and Development of Innovative Sprays Technology at SIUC’s Laboratory: To 

demonstrate these concepts, a near full-scale model of one segment of a CM cutting 

drum, cutter boom and loading pan was constructed in the SIUC/JOY Dust Control 

Laboratory (see Figure 2a). The model consisted of wooden cutting bits mounted onto a 

plastic barrel simulating a cutting drum with a diameter of 42 inches (see Figure 2b), 

which approximates the actual diameter of a JOY Model 14CM cutting drum.  The model 

drum could be raised and lowered to simulate different cutter boom positions during 

mining. Water sprays were mounted on and around the cutting drum to determine 

optimum orientation and location. Several size sprays typically used on CMs were tested 

over the normal operating pressure range of 70 to 100 psi.  

 

Dual angle SLD spray blocks for the model were initially fabricated by combining typical 

CM spray blocks separated by wedges of varying angles (see Figure 3). Spacing of sprays 

was achieved by using only select spray locations. As part of laboratory testing, sprays 

were operated at several spray pressures and mining heights to develop a system 

providing coverage of the roof and face area and to determine any induced air 

movements. TLD, cutter boom side sprays, and chassis side sprays were also tested.  

 

Design and Development of Innovative Sprays Technology at PEM: The second phase 

of spray system development involved underground visits to PEM to view the CM in 

operation and collect geometric and dimensional data.  Observations were made during 

different cut configurations such as mining straight ahead, turning crosscuts to the right, 

and mining crosscuts straight ahead. These observations were used to design and locate 

spray blocks for dust control and CM operator visibility.  KHC management, safety, 

engineering, and maintenance personnel were actively involved in this process. 

 

Before the CM was shipped to JOY’s rebuild center in Duffield VA, full-scale wooden 

models of individual spray blocks were used to further refine location, orientation, and 

dimensional limitations of spray blocks on the CM (see Figures 4-6). Water supply 
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porting location requirements were also identified. Visualizing spatial coverage of sprays 

was accomplished using wooden dowels to illustrate the center line of individual sprays 

(see Figure 4). Spatial distribution of sprays is critical to minimize the intersection of 

spray cones and to maintain adequate coverage of sprays on the cutter drum and 

surrounding area. Dual angle spray locations can be seen in Figure 4 while TLD spray 

locations on the top and scrubber side of the CM chassis can be seen in Figure 5.  A 

representation of TLD spray coverage is shown in Figure 6. Limiting design factors 

included total water volume that can be delivered to the CM at an adequate pressure, total 

number of sprays that must be operational, and cooling requirements of the CM.  

 

Based on data collected during mine visits, a preliminary spray system design was 

developed as shown in Figures 7 and 8.  After it was presented to KHC and JOY 

personnel, KHC sought input from MSHA regarding approval of the innovative spray 

system before finalizing the spray system design. MSHA indicated that in order to satisfy 

the current dust control plan allowing for “deep” cuts with the end of the ventilating line 

curtain (LC) as far as 40 feet away from the mining face, the approved spray system must 

be maintained on the CM until the innovative spray system could be evaluated and 

approved. To avoid limiting cut depths during the approval process, a final spray system 

design that incorporated the existing system was agreed upon. This allowed KHC to 

quickly change between innovative and existing spray systems by relocating sprays 

within certain spray blocks and plugging ports unique to the innovative system. KHC also 

decided to retain spray blocks underneath and on the side of the cutter boom that were 

part of the existing system.  

 

The final spray system design required installation of seven innovative spray blocks on 

the CM as follows: 

  

 Three SLD spray blocks on top of cutter boom – right, left, and center. 

 Two TLD spray blocks on side of chassis – right- and left-sides. 

 Two TLD spray blocks on top of chassis – right- and left-sides. 

 

Technical drawings of each spray block were made to insure precise fabrication by a 

machine shop in southern Illinois. Fabricated spray blocks were tested at the SIUC/JOY 

Dust Control Laboratory prior to being delivered to the JOY rebuild center for 

installation as shown in Figure 9. TLD sprays located on the top of the CM chassis were 

recessed flush with the chassis top directly above side TLD chassis spray blocks on both 

sides.  The conventional spray system had limited side sprays located in roughly the same 

area as where TLD side chassis spray blocks were placed.   

 

Spraying Systems’ BD-2 sprays were used at the request of KHC although other sprays 

could be used.  Water spray specifications for conventional and modified CMs are given 

in Table 1. Water volume calculations using Spraying Systems data for BD-2 sprays 

operating at 85 psi indicate that the conventional spray system uses 25.2 gpm while the 

innovative spray system uses 28.2 gpm. This does not include sprays in the wet scrubber. 
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Dust Sampling Procedures: Equipment: Dust sampling was done with ELF Escort 

gravimetric sampling pumps, cyclone separators, and pre-weighed 32mm dust cassettes. 

Cassettes were supplied by MSHA and returned to them for post-test weighing. Before 

each sampling period, dust pumps were calibrated to a flow rate of 2.0 lpm using a Mine 

Safety Appliances (MSA) digital dust pump calibration kit.  Thermo-Electron 1000AN 

Personal Dust Monitors (PDMs) were used for data logging in conjunction with 

gravimetric sampling with the complete dust sampling package shown in Figure 10.  

Each package was suspended from a roof bolt plate with the cyclone inlet oriented so as 

not to be restricted.  

 

Sampling Locations: Dust samples were collected at five locations for each of six 

different cut configurations described below and shown in Figure 11.  These locations 

were the intake (IN), CM operator (CMO), haulage unit operator (HUO), return inby rib 

(RTI), and return outby rib (RTO). The IN dust pump was located in the immediate 

crosscut or entry supplying fresh air to the cut was being made. During sampling of the 

return side CM, two IN dust pumps were used with one pump located on each side of the 

crosscut or entry. The HUO dust pump was located near the haulage unit operator while 

loading and was moved toward the face periodically as the cut advanced. The CMO 

pump was located at the end of the LC and was moved as LC was added or removed. 

Return dust pumps were located in the immediate return entry or crosscut downwind of 

each cut. The six cut configurations shown in Figure 11 are described as follows:  

 

a) Straight initial cut in an entry where initial face is less than 10 feet inby LOXC. 

b) Straight deep cut in an entry where initial face is more than 10 but less than 40 feet 

inby LOXC. 

c) Straight deepest cut in an entry where initial face is more than 40 feet inby LOXC. 

d) Turning crosscut is first cut in a crosscut made by turning left or right out of an 

entry as cut progresses. 

e) Starting crosscut head-on is first cut in a crosscut CM positioned in an adjacent 

completed crosscut and mining perpendicular to direction of entry advance. 

f) Crosscut hole-through is final cut in a crosscut establishing an open air course 

between adjacent entries. 

 

Comparing Spray Systems: According to the data collection plan designed for this 

project, a baseline was established for the conventional CM spray system by sampling a 

minimum of 10 cuts for each cut type.  Baseline results were then used to design a 

sampling plan for the rebuilt CM with the innovative spray system that would achieve 

meaningful comparisons between conventional and innovative spray systems.  Three CM 

spray system configurations were sampled to provide the comparison.  They are 

designated in this report as follows: 

 

 CM-NIS: The rebuilt CM without SLD and TLD innovative sprays in use. It should 

be noted, however, that for this configuration lower chassis and chassis side sprays 

included innovative spray system concepts. 

 CM-IS: The rebuilt CM with all the innovative spray system fully operational. 

 CM-CON: An unmodified CM operating with a conventional spray system. 
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All configurations operated with spray pressures of 80-85 psi. TLD sprays on the CM-IS 

operated at 80-85 psi during the first day of sampling and at 95-100 psi for the remainder 

of sample collection period. 

 

Sampling Periods: Sampling of the modified CM using the conventional spray 

configuration (CM–NIS) collected data for 35 cuts in two increments over a 2-week 

period (June 27-29 and July 5-8). Sampling of the innovative spray system (CM-IS) 

collected data for 37 cuts in three 2-day increments spanning three weeks (July 14-15, 

July 18-19, and July 24-25). Preliminary results from these two sampling periods were 

reviewed by SIUC and KHC teams and it was decided to collect additional baseline data 

from the unmodified return side CM (CM–CON). Data for 29 cuts was collected on four 

different days between August 8 and August 16. The total number of cuts sampled and 

the number of each cut type for each sprays configuration are given in Table 2.  

Additional sampling was conducted on November 3 and 4 to collect data for quartz 

analysis. Five cuts made by the CM-NIS were sampled on November 3 and five cuts 

made by the CM-IS were sampled on November 4. 

 

Additional Procedures: In addition to dust samples, additional data were collected.  A 

pressure test gage was used to calibrate water pressures at spray nozzles with water 

pressure gages onboard the CM.  A Digitron Mistral AF200 digital anemometer was used 

to measure vacuum, in inches of water, at scrubber suction inlets on both sides of the CM 

as shown in Table A3.16. Air velocity and air volume data were measured with vane-type 

anemometers in the intake and return and at the end of the LC for each cut. Height, 

length, width, and out-of-seam dilution (OSD) from roof and floor strata along with the 

distance to the initial mining face from the last open crosscut (LOXC) were recorded for 

each cut. Time study data were collected by recording CM conveyor “on” and “off” times 

for use in determining loading times for each haulage unit, the CM loading rate, and 

unplanned downtime during each cut. 

 

Before each cut, the CM operator checked to insure that all water sprays were 

operational, replaced worn cutting bits, cleaned the scrubber screen, and removed any 

accumulation of material in front of the scrubber screen. SIUC personnel checked the 

onboard water spray pressure gage and measured the vacuum at the operator and scrubber 

side suction inlets to determine any changes in scrubber efficiency at least twice per 

sampling shift.  Once or twice a week during sampling, KHC personnel checked the 

scrubber volume using a pitot tube recording velocities in a 12-position grid pattern 

across the cross-section of the scrubber duct work. MSHA inspectors also checked the 

pressure of water sprays on the CM cutter boom, chassis, and in the scrubber. 

 

Data Analysis Techniques: Measured weight gains on dust cassettes and recorded run 

times for dust pumps were used to determine dust concentrations based on the following 

formula used by MSHA: 

 
dust concentration (mg/m

3
) = [weight gain (mg) x 1000 l/m

3
 x 1.38] / [2.0 lpm x pump run time] 

 



9 

 

PDM data was correlated with conveyor run times for each haulage unit to determine dust 

concentration peaks and trends during the mining cycle. Measured dust concentrations 

were corrected for dust present in the intake air and normalized to account for production 

variability (unplanned down time and haulage unit cycle times) and variability in air flow 

in the LOXC and behind the LC.  These data transformations are described below: 

 

 CMO, HUO, RTI, and RTO dust concentrations were corrected for dust in the 

intake by subtracting the IN dust concentration measured during each cut.  

 Cut times for cuts of the same dimensions may differ due to haulage delays as well 

as unexpected delays encountered. Dust concentrations were normalized to 

production by estimating the difference between cut time (pump run time) and the 

average time for mining cuts of particular volumes and adjusting each pump run 

time to an expected run time before calculating dust concentration. 

 Varying ventilation air flows at the face and in the LOXC directly impact measured 

dust concentrations by either diluting them with excess air flow or concentrated 

them with insufficient air flow. To correct for air flow variations, all measured dust 

concentrations were normalized to the mean air flow as measured at the end of the 

LC and in both intake and return LOXCs during each respective shift of sampling 

using the following formula: 

 
normalized dust concentration = dust concentration x [measured airflow / mean airflow] 

 

 CMO dust concentrations were normalized to LC air flow while RTI and RTO dust 

concentrations were normalized to LOXC air flows. If the HUO operator was 

positioned in the LOXC for most of the cut, the LOXC normalization was used. For 

cuts where the HUO operator was positioned in the entry inby the LOXC, the LC 

normalization was used. It is hypothesized that due to air recirculation in the face 

area, this normalization may not be applicable for CMO and possibly HUO 

locations; however, sampling locations in the return air flow are largely unaffected 

by recirculation at the face making the normalization more relevant. 

 Mean and standard deviation (SD) values were calculated for raw dust 

concentration, dust concentrations corrected for intake dust, and dust concentrations 

normalized to mean air volume. Dust concentrations exceeding two SD from the 

mean were ignored as outliers. 

 

The SIUC research team has been conducting field sampling studies and evaluating data 

using these protocols for six years and their accuracy has proven to be satisfactory. 

 

CFD Modeling: Model Set Up: Figure 12 illustrates a two-dimensional (2-D) schematic 

of a room-and-pillar mining layout for CFD modeling.  The layout shows a scrubber-

integrated CM set to make a straight deep cut. The lead end of the LC is about seven feet 

from the outby coal rib in the LOXC (DCW). The trailing end of the LC varies in position 

according to CM operator location with the objective being to keep it about five feet from 

the tail end of the CM. The distance between the coal rib and the end of the LC (DCR) is 

about four feet in order to achieve 7,000 cfm at the end of the LC. Length, height, and 

width of the CM are 35.0, 3.0, and 11.5 feet, respectively. The cutting drum diameter is 
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3.3 feet and the cutter boom length is 7.5 feet and assumed to be in the horizontal 

position. The CM scrubber has five suction inlets – two on the scrubber side, one in the 

center, and two on the operator side – and one discharge outlet. It is modeled to discharge 

air in the horizontal plane at a 450 angle towards the outflow region. The model includes 

the CM conveyor discharging coal.  The following assumptions were used: 

 

1. Steady airflow. 

2. Uniform inlet air velocity. 

3. Standard wall functions with no slip and shear conditions. 

4. No variation in temperature. 

5. Air entering domain has only one component of velocity normal to input boundary.  

6. The CM is a simple assemblage of blocks following actual dimensions. 

7. Incompressible flow.  

8. Spherical droplets. 

9. No droplet-droplet coalescence. 

10. Only drag and gravitational forces. 

 

Three models described as follows were constructed, meshed, and analyzed in 

commercial ANSYS FLUENT 13.0 CFD code (Fluent Inc., 2012): 

 

Model A: CM ready to make box cut with no sprays. 

Model B: CM ready to make box cut with conventional sprays. 

Model C: CM ready to make box cut with innovative sprays. 

 

Boundary Conditions: Boundary condition and wall roughness values for all models are 

shown in Table 3. In the continuous phase, wall boundaries are assumed to be “no slip.”  

A fan boundary condition was specified at the scrubber discharge outlet with a mass flow 

rate of 7,000 cfm and a scrubber pressure of 3,800 Pa. Model A simulated a mass 

boundary condition of 23,000 cfm.  Models B, C, and D simulated pressure boundary 

conditions with values obtained from Model A. To simulate underground conditions, 

density, atmospheric pressure, viscosity, and temperature of air were calculated at a 

mining depth of 500 feet (US Standard Atmosphere, 1976) and are shown in Table 4. For 

Models C and D in the discrete phase, spray injections were defined at specific locations 

on the CM.  Walls were specified as “trap” boundary conditions where droplets are 

trapped when they come into contact with the wall.  

 

Analytical Procedures: Continuous and discrete phases are solved separately in the 

software used.  For the continuous phase, a three-dimensional (3-D), steady state, 

segregated solver with velocity formulation was used. The k-ε realizable viscous 

constitutive model was used to model turbulence. Grid check was performed to ensure 

correct meshing. Turbulence intensity of 8% and hydraulic diameter of 10 feet were 

specified at the inlet boundary to initiate turbulence. For accuracy, a second-order upwind 

discretization method was used along with SIMPLEC for pressure-velocity coupling. The 

solution was initialized on the inlet side with default values. A convergence criterion for 

all parameters was set to 10e-04. 
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Once continuous phase, converged spray injections were defined, the discrete phase was 

modeled as unsteady conditions. Dispersion of droplets caused by the turbulence of 

continuous flow was modeled using a Stochastic Random Walk model.  This model 

includes the effect of instantaneous turbulence velocity fluctuations on particle 

trajectories through the use of stochastic methods. Droplet primary atomization is 

modeled using LISA and secondary atomization is modeled using TAB.  

 

Spray Characteristics and Locations: All sprays simulated were Spraying Systems BD-2 

hollow cone sprays and their specifications are presented in Table 5. Spray locations and 

3-D orientations for both conventional and innovative spray systems are described in 

Tables A4.1-8 of Appendix 4. The design of spray orientations (in 3-D) is based on 

intuition and practical knowledge of dust dispersion characteristics in the face area.  

 

RESULTS AND DISCUSSION 

 

Physical, Mineralogical, and Elemental Characterization: Bulk samples were collected 

and analyzed by horizon within the coal seam and surrounding layers.  Material 

designations followed throughout the report are shown in Table 4.  In-mine samples were 

also collected for various dust characterization analyses. 

 

Bulk Sample PSD Analysis: Results of bulk sample PSD analyses are shown in Figure 13.  

PSD for C-MB and C-BB are similar while C-TB is comparatively finer. About 30% of 

particles are within the respirable range (<10 µm) and about 80% are less than 20 µm.  

 

Bulk Sample XRD Analysis: Results of bulk sample XRD analyses for C-TB, C-MB, and 

C-BB samples are shown in Figure 14 and summarized as follows:  

 

1. Quartz (SiO2), illite (K,H3O)(Al,Mg,Fe)2(Si,Al)4O10[(OH)2,(H2O)], pyrite (FeS2), 

kaolinite (Al2Si2O5(OH)4), bassinite (2CaSO4)(H2O), and calcite (CaCO3) minerals 

were present. 

2. Quartz is common to all samples and its content is relatively high.  

3. The type and relative abundance of minerals is different in all samples. 

Furthermore, mineral composition varies considerably.  

4. It is more important to quantify the relative abundance of different minerals and 

their chemical association with each other since quartz is hypothesized to exist both 

in pure form and interlocked with other minerals.   

 

MSHA Quartz P-7 Procedure: Table 6 shows quartz data for PEM bulk samples. 

Interestingly, quartz content is higher for C-BB than for C-MB and C-TB.  

 

Bulk Sample ICP-AES: Results of bulk sample ICP-AES analyses are shown in Table 7. 

These analyses were performed without ashing samples since sample mass was typically 

very small. For elements with low values, data are presented as parts per million (ppm) 

instead of a percentage.  Iron (Fe) and silicon (Si) have the highest levels, which would 

indicate the presence of high silica or alumino-silicates, a primary component of quartz. 
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Bulk Sample Wettability Characterization: Wettability test results for -500-mesh 

(<25µm) and -400×500-mesh (25-37 µm) coal samples performed with tap water at 58
o
F 

and 20-second stirring time are presented in Figure 15.  They show that wettability of all 

coal samples is about 92% while wettability of -400+500-mesh samples is slightly higher 

than -500-mesh samples, as expected. 

  

Because contact time required is the reciprocal of wettability rate, tests were conducted 

on -500-mesh C-BB and C-TB samples for contact times of 10, 15, 20 and 25 seconds 

with results plotted in Figure 16(a).  This data indicates that the wetted fraction increased 

from 95 to 96% as contact time increased from 10 to 25 seconds. A significant increase 

was not observed since the unwetted fraction is small. These results substantiate data 

from other mines that show that contact time is an important variable affecting the 

wettability. Increasing contact time between water droplets and dust particles can be an 

important engineering control for better dust wetting efficiency. 

 

The water temperature of CM sprays changes since it is used to cool CM motors prior to 

being used for dust control. The effect of spray water temperature was studied by 

repeating the FTW procedure at four different water temperatures: 45, 65, 90, and 105
o
F. 

Tests were performed on -500-mesh C-BB material with results plotted in Figure 16(b). 

This data indicates that the wettability of samples increased from 95.5 to 97.5% as 

temperature increased from 45 to 105
o
F. Again, these results substantiate data from other 

mines and suggest the need for continued research.  

 

In-mine SEM Analysis: In-mine dust samples collected while holing through a crosscut 

left with the CM-IS were subjected to SEM analysis to identify differences in physical 

characteristics such as particle size and shape. Four of the many SEM images are shown 

in Figure 17 with observations summarized as follows:  

 

1. There appeared to be no significant difference in particle size and shape for dust 

collected at all sampling locations. 

2. A considerable fraction of particles were less than 1 µm as observed in Figures 

17(a) and (b). 

3. Particles have both spherical and non-spherical shapes as observed in Figure 17(c) 

and (d).  Particles at the CMO location were mostly spherical. 

4. Particle agglomeration is a regular occurrence. 

 

In-mine PSD Analysis: In-mine sampling characterized PSD as a function of distance 

from the source of dust generation. PSD data from cascade impactors (CI) located 

downwind of the CM at two locations were analyzed. The range of sampling time was 

28-57 minutes. Two CIs with differing particle size ranges were used to collect data.  One 

CI was a 6-stage impactor with a particle size range of 0.93-15 µm; the other CI was an 

8-stage impactor with a particle size range of 0.52-21.3 µm. Figure 18 shows PSD data 

collected on two different days.  The shift right and convergence in the finer particle size 

range indicate that coarser particles settle quickly while finer particles remain suspended 

in the air stream.  
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Comparative Field Evaluation of SIUC Innovative Spray System: Results of dust 

control performance achieved by the CM innovative spray system were measured in side-

by-side comparisons with conventional CM spray systems using gravimetric and PDM 

sampling equipment.  Results are reported on a cut-by-cut basis in Tables 8-23 and in 

Tables A3.1-16 of Appendix 3. Before discussing comparison results, critical 

observations made during sampling are summarized. These observations should be 

applicable to any improved CM spray systems.  

 

 SLD sprays are most effective when considerable amounts of OSD material are 

being mined from the roof rock above the coal seam. 

 When mining straight initial cuts, the CMO is typically located in the LOXC where 

the volume of ventilation air is large and characteristic of intake air. SIUC’s 

innovative TLD sprays are also located in the LOXC for the first part of both box 

and slab cuts and have very little impact on CMO dust exposure. During this same 

time, HUO is located in the entry outby the LOXC, an area characterized by low air 

circulation zones. With little exposure to the effect of sprays on the CM, haulage 

unit paths can have a significant effect on HUO dust exposure during this cut, as 

verified with PDM data and visual observations during sampling periods. 

Therefore, significant differences between CM-CON and CM-IS would not be 

anticipated and data can be expected to be erratic for this cut.  

 When mining straight deep and straight deepest cuts, TLD sprays are inby the 

LOXC where they would be expected to be most effective for the CMO and HUO 

since they form a hydraulic seal against ribs and roof. Significant improvements in 

dust concentration for CMO and HUO can be anticipated as long as the LC is 

extended at regular intervals. Dust concentrations at LOXC return locations are 

significantly affected by incoming and outgoing haulage units and the volume of air 

in the LOXC. Therefore, RTI and RTO comparison differences may be small. 

 When mining a right turn to start a crosscut, CMO and HUO locations as well as 

airflow patterns in the face area change rapidly and it is difficult to extend and 

maintain LC. TLD sprays do not maintain a good seal against the rib on the 

scrubber side of the CM due to the geometry of the excavation. Therefore, large 

comparison differences would not be expected. 

 When mining the hole-through cut in a crosscut turned to the right, the CM is 

cutting in the opposite direction of intake air flow once it has cut through to the 

adjacent entry. Unless box and slab cutting are appropriately sequenced and proper 

precautions are taken, such as isolating the crosscut from the intake air stream by 

installing a temporary check curtain, both CMO and HUO can be exposed to large 

dust concentrations, which will overshadow any positive effects of TLD sprays. 

 

Based on these observations, the impact of innovative sprays is expected to be most 

evident in straight deep and straight deepest cuts.  Furthermore, averaging data from all 

different cut types is expected to mask the true effectiveness of innovative sprays in any 

comparison of different spray configurations. 

 

Analysis of Gravimetric Sampling Data: General Overall Observations: Mean measured, 

corrected, and normalized dust concentrations at each sampling location for all cuts made 
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by each CM are presented in Table 9. Table 10 compares performance results of different 

spray configurations.  Summary findings of the overall comparison are as follows:  

 

1) Detailed operational performance results for CMs with different spray 

configurations are presented in Appendix 3 (see Tables A3.1-3). 

a) Mean percent out-of-seam dilution on a volume basis for NIS, IS, and CON CMs 

were 9.72, 8.03, and 7.12%, respectively. 

b) Mean loading rate during face advance for the same CMs were 13.60, 14.53, and 

14.56 tons per minute, respectively. 

c) From these results, it was concluded that average production rates were relatively 

similar for all three CM configurations during the sampled periods. The modified 

CM operated under slightly more adverse conditions than the unmodified CM, 

particularly in the amount of OSD mined. 

 

2) Dust control performance of different spray configurations. 

a) At the CMO location, measured dust concentrations were 34% lower for the CM-

IS versus the CM-CON and 29% lower for the CM-IS versus the CM-NIS. Thus, 

it can be stated with confidence that the SIUC innovative sprays reduced dust 

concentrations by about 30% at the CMO location. 

b) At the HUO location, measured dust concentrations were 18% lower for the CM-

IS versus the CM-CON, but when comparing the CM-IS and the CM-NIS, they 

were 13% lower for the CM-NIS, which is attributable to differences in cut 

geometries and haulage routes that were more favorable for the CM-NIS. 

c) At the LOXC return location, measured dust concentrations were 26% lower for 

the CM-IS versus the CM-NIS; however, when comparing the CM-IS and the 

CM-CON, they were 4% lower for the CM-CON due to the type of cuts that were 

sampled and a CM operator who meticulously operated the CM-CON in the best 

possible manner from a dust control point of view. Also, during CM-CON 

sampling, two cuts were made that intersected a return air course reversing the 

flow of air in the face area, similar to holing through a crosscut in the direction of 

ventilation air flow. 

d) According to CM and haulage unit operator reports, general visibility at the face 

and in outby areas significantly and immediately improved where the CM-IS was 

operating versus where both the CM-NIS and the CON-CM were operating.  CM 

operators had little trouble adjusting to the new CM-IS spray configuration and 

reported that TLD sprays did not impair their ability to see the CM cutter boom 

during standard operations. 

e) The moisture content of coal loaded into haulage units by the CM-IS was slightly 

higher than for coal loaded by the CM-NIS and the CON-CM. This helped reduce 

roadway dust as well as dust at the feeder on the CM-IS side of the section. 

f) Based on scientifically measured results and in-mine observations, mine 

personnel and the research team concluded that the innovative spray system 

significantly improved dust control in the face area. 

 

For a more concise and accurate comparison of dust control performance, sample results 

are compared based on type of cut.  Appendix 1 contains detailed drawings of different 
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variations in each cut configurations.  Figures A1.1-6 provide designations for each 

variation that are used throughout this report. 

 

Straight Initial Cuts: Table 11 presents corrected dust concentration data at each 

sampling location for all cuts made by each CM configuration for the straight initial cut 

type.  Within this cut type there are four variations that can significantly impact dust 

concentrations especially at the HUO and RT locations. These variations are illustrated in 

Figure A1.1. The distribution of sampled cuts by variation within the straight initial cut 

type for each CM configuration is given in Table A3.4. Table 11 indicates that for all cuts 

sampled, the CM-IS configuration significantly improved dust concentrations at the 

CMO location when compared to CM-CON.  When comparing CM-IS to CM-NIS for all 

cuts, there is no significant difference in dust concentrations.  The variability of dust 

concentration at the HUO location during straight initial cut type is very high due to 

several factors, such as where the HUO waits at the change-out point, the haulage unit 

path to the CM, and the HUO location with respect to the immediate return during 

loading. For example, during three Variation C cuts made by the CM-NIS, haulage units 

staged three crosscuts outby the LOXC resulting in a mean wait time between haulage 

units of 59.3 seconds. For the CM-IS, haulage units staged in the LOXC resulting in a 

mean wait time between haulage units of only 50.3 seconds. Thus, results in Table A3.5 

indicate that the CM-IS had higher dust concentrations at the HUO and RTO locations. 

For Variation D cuts, there was no significant difference at the CMO location but the 

CM-IS did improve dust concentrations at HUO and RT locations when compared to the 

CM-NIS (see Table A3.6). The CM-CON did not make any Variation C or D cuts.  

Summary results and observations for straight initial cuts are as follows: 

 

1. At the CMO location, using innovative sprays significantly improved dust control. 

2. At the HUO and LOXC return locations, data were similar for all configurations 

since these locations were unaffected by sprays. 

3. Several different cut geometries were mined by each of the CMs during sampling 

periods. These variations made performance comparisons across different spray 

systems very difficult. 

 

Straight Deep Cuts: Table 12 presents corrected dust concentration data at each sampling 

location for all cuts made by each CM configuration for the straight deep cut type.  

Within this cut type there were four variations that can significantly impact dust 

concentrations especially at the HUO and RT locations. These variations are illustrated in 

Figure A1.2. The distribution of sampled cuts by variation within the straight deep cut 

type for each CM configuration is given in Table A3.7. The straight deep cut type 

includes cuts where the initial face is only 11-25 feet inby the LOXC. For these cuts, the 

HUO location, which is approximately 54 feet from the face, is typically in or just outby 

the LOXC. If the initial face is more than 25 feet inby the LOXC, the HUO location 

moves inby the LOXC where the HUO is exposed to a combination of fresh intake air 

leaking through gaps in the LC as well as the gap between the outby end of the LC and 

the outby rib in the LOXC and air coming from the mining face via the LC and the CM 

scrubber. It is also noted that during sampling of two straight deep cuts on August 16, the 

CM-CON holed into the return bleeder entry causing air to flow over the CM into the 
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bleeder entry instead of reversing directions at the face and flowing toward the LOXC 

return.  Thus, anomalous data was gathered at RT and HUO locations for those two cuts 

and it was ignored in analyzing CM-CON dust control performance to gain a truer 

comparison of dust concentration at HUO and RT locations as shown by reported 

standard deviations. Interestingly, dust concentration for the CM-IS at the HUO location 

was 36% lower than dust concentration for the CM-CON despite the fact that operational 

data for Variation A straight deep cuts provided in Table A3.4 show that the CM-IS had 

the longest wait time between haulage units and the highest loading rate in cubic feet per 

minute during face advance. Summary results and observations for straight deep cuts are 

as follows: 

 

1. At the CMO location, CM-IS improved dust control performance by about 50% 

over CM-NIS and about 40% over CM-CON. 

2. At the HUO location, dust concentrations were similar for all three CM 

configurations due to high data variability. 

3. In return locations, CM-IS improved dust control performance by about 20%. 

 

Straight Deepest Cuts: Table 13 presents corrected dust concentration data at each 

sampling location for all cuts made by each CM configuration for the straight deepest cut 

type.  Within this cut type there were three variations that can significantly impact dust 

concentrations especially at RTI and RTO locations.  These variations are illustrated in 

Figure A1.3. The distribution of sampled cuts by variation within the straight deepest cut 

type for each CM configuration is given in Table A3.11.  They are mostly concentrated in 

Variation A cuts. CMO and HUO locations are both inby the LOXC for this cut type with 

the CMO location mostly affected by LC air while the HUO location is affected by both 

the CM scrubber and LC air flow patterns. Results shown in Table A3.12 for Variation A 

when comparing CM-IS to CM-NIS and CM-CON indicate significant reductions at all 

locations: 80% and 25%, respectively for the CMO location; 50% and 31%, respectively 

for the HUO location; and 60% and 36%, respectively for return locations. For Variation 

D cuts, results given in Table A3.13 indicate that the CM-IS had much lower dust 

concentrations at CMO locations than the CM-NIS, but had higher concentrations at 

HUO and RTI locations. It should be noted that the CM-IS made two Variation D cuts, 

the first on July 15 loading 23 cars over 41 minutes with a mean wait time between cars 

of 57 seconds and a mean load time of 45 seconds, and the second on July 18 loading 20 

cars over 33 minutes with a mean wait time between cars of 51 seconds and a mean load 

time of 46 seconds. The CM-NIS made one Variation D cut on July 7 loading 21 cars 

over 45 minutes with a mean wait time between cars of 74 seconds and a mean load time 

of 45 seconds. The additional wait time of roughly 30 seconds between haulage units 

significantly impacted dust concentrations in a positive way for the CM-NIS allowing 

dilution and dissipation of dust at HUO locations.  Hence, dust concentrations at the 

HUO location were 42% lower for the CM-NIS than for the CM-IS.  Summary results 

and observations for straight deepest cuts are as follows: 

 

1. At the CMO location, the CM-IS dust control performance is 48% better than the 

CM-CON and 76% better than the CM-NIS. 
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2. At the HUO location, the CM-IS reduces dust concentration by about 20% as 

compared to the CM-CON and by about 34% as compared to the CM-NIS. 

3. At the LOXC return locations, the CM-IS reduces dust concentration by about 29% 

as compared to the CM-CON and by about 51% as compared to the CM-NIS. 

 

Turn Crosscut to the Right: Table 14 summarizes results at each sampling location for all 

first turning cuts in crosscuts made by each CM configuration. Only two variations were 

observed within this cut type as shown in Figure A1.4.  The CM-NIS and the CM-IS 

made four and five Variation A cuts, respectively. The CM-CON made only one 

Variation A cut and three Variation B cuts.  During CM-IS sampling, haulage units 

staged in the LOXC return location for two cuts; during CM-NIS sampling, haulage units 

staged one crosscut outby the LOXC; and during CM-CON sampling, haulage units 

staged in the LOXC on the intake side of the change-out point for three of the four cuts 

made. Results in Table 14 indicate a decrease in dust concentration at HUO and RT 

locations and a slight increase at the CMO location when haulage units stage outby the 

LOXC rather than in it.  Summary observations and results for turning crosscuts to the 

right are as follows: 

 

1. At the CMO location, the CM-IS experienced dust concentrations 200% higher than 

for the CM-NIS and the CM-CON; however, this comparison is not considered 

appropriate since staging of haulage units was more favorable for the CM-NIS and 

CM-CON. 

2. For the HUO location, no significant differences in dust concentration are observed 

for all three CM configurations. 

3. For LOXC return locations, no significant differences are observed although the 

CM-IS appears slightly better. 

 

Hole Through Crosscut Turned to the Right: Table 15 summarizes results at each 

sampling location for all hole-through cuts in crosscuts turned to the right by each CM 

configuration. Only two variations were observed within this cut type as depicted in 

Figure A1.5.  The CM-NIS made six Variation A cuts with the haulage units staging in 

the crosscut outby the LOXC for all cuts; the CM-IS made four Variation A cuts with 

haulage units staging in the crosscut outby the LOXC and one Variation A cut with 

haulage units staging in the LOXC return; and the CM-CON made one Variation A cut 

with haulage units staging in the crosscut outby the LOXC and two Variation B cuts with 

haulage units staging in the LOXC intake.  Summary observations and results for 

crosscuts holed through to the right are as follows: 

 

1. Dust concentrations at the CMO location are very similar for all three CM 

configurations. 

2. At the HUO location, the CM-IS shows about 15% improvement in dust 

concentration over the CM-NIS and the CM-CON. 

3. For the LOXC return location, there are no discernible differences between CM-

NIS and CM-IS. 
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4. For this type of cut, it is hypothesized that higher velocity air at the end of the LC 

that occurs while haulage units are staging on the intake side might be affecting 

dust concentration results. 

 

Crosscut Left Mined Head-on: Table 16 summarizes the results at each sampling location 

for all crosscuts mined head-on by each CM configuration.  There was only one variation 

of this cut type as shown in Figure A1.6. Only the CM-NIS and the CM-IS made cuts of 

this type. For the five cuts made by the CM-IS, haulage units used the adjoining entry as 

the staging point as soon as the CM conveyor allowed clearance for them to enter. This 

happened for only the last three haulage units of one cut made by the CM-NIS.  

Otherwise, haulage units travelled through the adjacent entry and crosscut. Summary 

observations and results for crosscuts mined head-on to the left are as follows: 

 

1. At the CMO location, dust concentrations for CM-IS are higher than for CM-NIS. 

2. At HUO locations, dust concentrations for the CM-IS are much lower than for the 

CM-NIS. 

3. At LOXC return locations, dust concentrations for CM-IS and CM-NIS are similar. 

 

Analysis of PDM Sampling Data: PDM data was collected at four locations during CM-

NIS sampling, but during the last week of CM-IS sampling, one PDM malfunctioned and 

could not be repaired resulting in PDM data being collected at only three locations 

(HUO, RTI, and RTO) for the remainder of CM-IS and all of CM-CON sampling. PDM 

sampling results are expressed as peak (Max) and time-weighted average (TWA) 

respirable dust concentrations. Peak values are the highest reading recorded by PDMs.  

They can be misleading due to spikes resulting from abnormal occurrences.  For 

example, an unexpected loss of power to the CM immediately shuts down water sprays 

and the scrubber causing the dust cloud being contained at the face to be carried off in the 

ventilation air.   

 

Mean values for all cuts made by all CM configurations are given in Table 18. The 

percent reduction in dust concentration achieved with the CM-IS versus CM-NIS and 

CM-CON based on PDM data is shown in Table 19.  Summary observations on these 

results are as follows: 

 

 At the CMO location, the CM-IS significantly reduced both peak and TWA dust 

concentration levels from those measured with the CM-NIS.  

 At the HUO location, the CM-IS achieved measurable improvement in both peak 

and TWA dust concentrations over levels measured for CM-NIS and CM-CON. 

 At the RTI location, the CM-IS showed clear improvement over the CM-NIS; 

however, in the CM-IS versus CM-CON comparison, an improvement in TWA was 

seen only during Week 2 due to the meticulous operator running the CM-CON 

during Week 1.   

 At the RTO location, the CM-IS again showed significant improvement over the 

CM-NIS and an overall improvement in TWA over the CM-CON. 
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Dust control performance as measured by PDMs for Variation A of straight deep and 

straight deepest cuts are described in Tables 20 and 21 and Figures 19-24.  It can be seen 

from Table 20 that for Variation A of straight deep cut type, when compared to CM-NIS, 

CM-IS significantly reduced both peak and TWA dust concentrations at HUO and RTO 

locations and had mixed results at the RTI location. This was also the case for CM-IS 

versus CM-CON at the HUO and RTO locations. Figures 19-21 show mean dust 

concentrations recorded by PDMs at 10-second intervals during each straight deep cut of 

Variation A with similar air volumes at the intake, return, and end of LC locations. Cuts 

with similar air volumes were chosen since these graphs represent data that has not been 

normalized for intake dust or air volume.  Figure 19 clearly shows CM-IS dust 

concentrations were significantly lower at the HUO location. At the RTI location shown 

in Figure 20, the CM-IS had only slightly lower or about the same results as CM-NIS and 

CM-CON. At the RTO location shown in Figure 21, CM-IS dust concentrations were 

significantly lower than CM-CON and somewhat lower than CM-NIS.  Table 21 presents 

similar data for Variation A of straight deepest cut type which again indicates that the 

CM-IS significantly improved dust concentrations over the CM-NIS at all four locations. 

CM-IS also significantly improved dust concentrations over CM-CON at the HUO 

location and slightly improved dust concentrations at the RTI location. At the RTO 

location, results were mixed. Figures 22-24 illustrate readings at 10-second intervals for 

this cut type showing that the CM-IS had somewhat lower dust concentrations than both 

CM-NIS and CM-CON.  Also noticeable is the consistent nature of peaks for the CM-IS. 

 

Observations on CM Operator Practices Affecting Dust Control: The SIUC research 

team observed that during CM-CON dust sampling, the CM operator during the first two 

weeks kept water sprays on and left the scrubber running throughout the duration of each 

cut and this had a significant positive impact on dust control.  CM-CON dust 

concentration data on a shift-by-shift and week-by-week basis show a difference between 

this operator and the CM operator during the third week of sampling (see Table A3.14). 

Consequently, dust concentrations at the CMO, HUO, and return locations were 53.2, 

9.5, and 27.7% lower during the first two weeks when comparing equal cut types (i.e., 

eliminating two cuts made on August 16 that mined into the bleeder entry). The 

distribution of cut types made by the CM-CON is given in Table A3.15. 

 

While sampling dust concentrations for each CM configuration, small grab samples were 

collected from the CM conveyor at about the midpoint of the first or second box cut. 

These samples were sealed in bags for transport to SIUC laboratories where moisture 

content was analyzed to determine if there were any significant changes in the amount of 

water being used or the amount entering the CM loading pan. Results shown in Table 17 

indicate a possible slight increase in water usage for the CM-CON sampled on August 8, 

11, and 12. 

 

Mining practices, such as cutting and sumping, haulage paths, and cutting OSD material, 

vary from operator to operator and must be factored into any comparison of CM spray 

system configurations. Operational data collected during dust sampling is presented in 

Tables A3.1-3. There appears to be little difference between CMs in terms of operational 

parameters, although the CM-NIS clearly has the lowest loading rate and the highest wait 
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time for haulage units. The latter is of particular concern due to the impact of “dead time” 

on dust concentrations. Measured haulage unit wait times for the CM-IS, the CM-NIS, 

and the CM-CON were 58.5, 70.7, and 58.6 seconds, respectively. If cleanup and reset 

wait times are ignored, wait times were 58.3, 70.0, and 58.4 seconds, respectively. This 

comes out to a 17% longer wait time for the CM-NIS versus the other two configurations.  

A longer interval between haulage units allows increased dilution and dissipation of dust, 

which is readily verifiable with real-time data collected using PDMs.  

 

Results of Quartz Analysis: Because quartz is present in such small amounts, cumulative 

dust samples for five cuts had to be collected to acquire sufficient sample on one cassette 

for quartz analysis. Even then, some samples collected for quartz analysis did not have 

sufficient amounts to be able to do the analysis.  Pumps collecting samples for quartz 

analysis were operated only while mining took place. Total pump run time was carefully 

monitored and recorded. Results indicated a 4.8% reduction in quartz concentration 

during CM-IS sampling at the return location. It should be noted that the HUO location 

for two of five cuts made during CM-NIS quartz dust sampling was favorably upwind of 

the CM and one cut positioned the HUO outby the LOXC resulting in low dust exposure. 

Dimensional data for all cuts included in quartz analysis sampling are shown in Table 22 

and indicate that the CM-IS mined 36% more OSD material (5.8 inches roof + 5.6 inches 

floor = 11.4 inches of OSD for the CM-IS; 1.5 inches roof + 6.9 inches floor = 8.4 inches 

of OSD for the CM-NIS). Since the CM-IS mined 36% more out-of-seam, the 4.8% 

decrease in quartz concentration may not be indicative of the true effectiveness of 

innovative sprays for quartz dust control. 

 

CFD Modeling Results: CFD modeling results are discussed in three parts. Part I 

discusses the effect of sprays on airflow patterns in the face area; Part II examines 

velocity contours are varying intervals from the face; and Part III analyzes spatial 

coverage and 3-D orientation of sprays for optimum dust control.  

 

Part I – Airflow Patterns: The approach taken was to plot velocity vectors in different 

horizontal planes in order to identify recirculation (RC) and low air velocity (LAV) 

zones, which should be avoided by mine personnel. 

 

Horizontal Plane at 5-ft Elevation above the Mine Floor:  For an adult human being of 

normal height, the breathing zone is about five feet above the floor on which he or she is 

standing.  This is the critical zone for designing dust control systems. 

 

 Model A: This is a baseline model. Figure A2.1 shows five zones (A, B, C, D, and 

E) that are either RC, LAV, or a combination of both. RC in Zone C 

may roll back to the CMO. Zone D, where the HUO is located during 

loading, has both RC and LAV. HUOs should avoid staging in Zone A 

due to RC and in Zone E due to RC and LAV. 

 Model B: Figure A2.2 shows the same five danger zones indicating that the effect 

of conventional sprays on airflow patterns is negligible at this horizon. 
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 Model C: Figure A2.3 paints a similar picture to Model B except that the potential 

for rollback due to RC in Zone C is reduced due to positive pressure 

created by innovative sprays. 

 

Horizontal Plane at 2-ft Elevation above the Mine Floor:  The macro-level effect of 

sprays on airflow patterns is small at the 5-ft horizon so additional horizons were 

examined. Figures A2.4-5 show velocity vectors for Models B and C at the 2-ft elevation.  

It can be seen that air velocity near the cutting drum in Model C is higher than in Model 

B due to the increased number of sprays in the innovative spray system.  

 

Horizontal Plane at 3-ft Elevation above the Mine Floor:  Figures A2.6-7 show velocity 

vectors for Models B and C at the 3-ft elevation.  It can be seen in Figure A2.7 that dust 

laden air leaving the face on the scrubber side of the CM is being directed toward TLD 

sprays due to negative pressure suggesting that dust particles not captured by cutter boom 

water sprays or the scrubber have a chance to be captured by TLD sprays.  In Figure 

A2.6, the same air exits the face area and travels straight toward the return. Additionally, 

more air volume is pulled into face area from the end of the LC in Model C due to 

positive pressure created by innovative sprays resulting in more dilution and reduced dust 

concentration in the face area.  

 

Horizontal Plane at 4-ft Elevation above the Mine Floor:  Figures A2.8-9 show velocity 

vectors for Models B and C at the 4-ft elevation.  It can be seen that air velocity near the 

cutting drum is lower in Model B (~150 fpm) than in Model C (~ 172fpm) and there is 

more roll-back from the face on the CM operator’s side in Model B.   

 

The conclusion of the Part I analysis is that innovative sprays do a better job of stopping 

dust roll-back toward the CMO, increasing contact time, and pushing additional fresh air 

into the face area. 

 

Part II – Velocity Contours: The approach taken was to plot velocity contours in vertical 

planes at 1-, 7-, 17-, 20-, 24-, 27-, and 35-ft intervals from the face for each model. 

Average air velocities calculated for each vertical plane are listed in Table 23.  

 

Vertical Plane at 1-ft Interval: Figures A2.10-11 show air velocity contours for Models B 

and C one foot from the face. It can be seen that air velocity is highest for Model C. This 

is due to negative pressure created by additional sprays in the innovative spray system. 

The scrubber side corner of the face area is better ventilated in Model C and air velocity 

distribution is more uniform in Model C than in Model B.  

 

Vertical Plane at 7-ft Interval: Figures A2.12-13 show air velocity contours for Models B 

and C seven feet from the face. It can be seen that air velocity distribution is more 

uniform in Model C. Model B has a LAV zone that is not present in Model C. This may 

be due to higher volumes of air reaching the face area in Model C, which provides better 

ventilation across the face.  
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Vertical Plane at 17-ft Interval: Figures A2.14-15 show air velocity contours for Models 

B and C seventeen feet from the face. This plane is located between SLD and TLD 

sprays. Intake air entering the face area from the end of the LC comes in contact with 

water sprays carrying the mist toward the face, which increases dust capture efficiency.   

 

Vertical Planes at 20-, 24-, and 35-ft Intervals: Velocity contours at 20, 24, and 35 feet 

from the face show negligible differences in the airflow patterns for both models.  The 

35-ft interval is outby the CM chassis where the air can occupy the full cross-sectional 

area of the entry resulting in lower velocities than at the 20- and 24- intervals where the 

cross-sectional area of the entry is constricted by the CM chassis. 

 

The only significant change in air velocity occurs at the 1-ft interval suggesting that TLD 

sprays do not interfere with airflow patterns in the face area. 

 

Part III – Spray Configurations: The approach taken was to plot spray patterns in order to 

identify spatial coverage for optimized dust control efficiency.  

 

Cutter Boom Sprays: Figures A2.16-17 show top and side views of cutter boom spray 

coverage including the orientation of conventional and innovative (SLD) sprays.  

Conventional sprays are angled 10° upward from the horizontal plane and toward the 

face. The angle of SLD sprays is 40°. The outermost spray on either side of the cutting 

drum is angled 30° away from the centerline of the CM and the one next to it is angled 5° 

away from the centerline of the CM. SLD sprays are installed at a higher angle to trap 

and further wet dust particles escaping conventional sprays by creating a hydraulic seal 

that extends to the mine roof. This phenomenon is most predominant when the CM is 

cutting the roof making SLD sprays extremely effective at controlling quartz.  

 

Sprays Under the Cutter Boom: Figure A2.18 shows the location, coverage, and 

orientation of sprays on the bottom side of the cutter boom.  These sprays wet dust 

generated when coal cut loose by the cutting drum falls into the loading pan. Since trap 

boundary conditions were applied for all sprays, droplets from these sprays were deleted 

from the computational domain and the spray was not fully formed, but in actual 

conditions droplets should slide along the surface it contacts with. These sprays may be 

more beneficial when the CM is cutting near the roof and there is a larger open area 

under the boom increasing the possibility of better dust capture efficiency.  

 

Bit Ring Sprays: Figures A2.19-20 show side and orthogonal views of bit ring spray 

coverage and orientation. These sprays (three sprays located on both sides of the CM) are 

designed to wet dust floating around either side of the cutting drum. Top and bottom 

sprays are oriented 30° upward and downward from the center spray, which is oriented 

parallel to the horizontal centerline of the cutting drum. In addition, these sprays are 

oriented 10° outward from the centerline of the CM on either side. These sprays together 

with cutter boom sprays create a hydraulic curtain across the CM cutter boom covering 

the mining horizon from roof to floor as seen in Figure A2.19; however, when the CM is 

positioned close to either rib, sprays formation is incomplete on that side as shown in 

Figure A2.21 and dust capture is ineffective.  The bottom bit ring spray on each side 
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covers an area that may not require too much dust suppression due to coal and water 

spray droplets from sprays above them falling through this area.  Acting on this 

hypothesis, these sprays were plugged in the innovative spray system.  Because 

interaction between these sprays is high as seen in Figure A2.20, CFD modeling was used 

to optimize the distance between them.  

 

Cutter Boom Side Sprays: Figures A2.22-23 show orthogonal views of cutter boom side 

spray coverage and orientation for conventional and innovative spray system, 

respectively. These sprays are oriented similar to bit ring sprays except spray direction is 

downward and they are designed to wet dust generated in and escaping the loading pan. 

Cutter boom side sprays were modified for the innovative spray system by relocating 

them to the bottom of the cutter boom and increasing the distance between sprays from 

two inches to about ten inches. These modifications, shown in Figure A2.24, increase 

dust capture efficiency, spray coverage area, and possibly eliminate the need for sprays 

under the cutter boom. 

 

TLD Sprays: TLD sprays are an integral part of the innovative spray system design and 

Figures A2.25-26 show their spray coverage and orientation.  TLD sprays on top of the 

CM chassis are located two inches apart along length of the CM chassis on both sides.  

They are oriented 45° upward and at 0°, 30°, and 50° toward the centerline of the CM 

creating a hydraulic curtain between the top of the CM chassis and the roof as seen in 

Figure A2.25. TLD sprays on either side of the CM chassis create a hydraulic curtain 

between the chassis and the rib. TLD side spray blocks house three sprays oriented 45° 

away from the CM chassis and 30° upward, horizontal,  and 10° downward as shown in 

Figure A2.26.  

 

CONCLUSIONS AND RECOMMENDATIONS 

 

Conclusions: 

 

 Overall, the innovative spray system was shown to be more effective for dust 

control than the conventional spray system by providing increased air velocity and 

air volume in the face area for improved dilution of dust and methane, more 

uniform air velocity distribution in the face area, and reduced dust roll-back 

particularly when cutting the roof. 

 SLD and TLD sprays offer good spray coverage increasing the overall dust capture 

efficiency of the innovative spray system.  

 Spray interaction, which is high for some sprays in the conventional system, was 

decreased in the innovative spray system by increasing the distance between sprays 

to an optimal value. 

 The innovative spray system increases the residence time of dust near the face area, 

which improves scrubber capture efficiency. 

 Results from this comparative study indicate that the innovative spray system 

developed by the dust control research team at SIUC is an inexpensive yet effective 

way to reduce exposure to dust for coal miners working in the face area of 

underground coal mines. 
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Recommendations: 

 

 Continue study of the innovative spray system over a longer time period 

incorporating both MSHA and mine operator dust sampling results. 

 Implement the complete innovative spray system developed at SIUC on a 

continuous miner and document control performance over an extended time period. 
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FIGURES 

  

 

Figure 1: Elevation view of innovative spray system coverage around CM cutting drum.  

 

   
 (a) (b) 

Figure 2: Simulated CM cutter boom and drum in SIUC/JOY Dust Control Laboratory. 

 

   

Figure 3: Development of dual angle spray blocks. 
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Figure 4: Spray block locations and spray orientations on top of CM cutter boom. 

 

                     

Figure 5: TLD spray block locations on top and scrubber side of CM chassis. 

 

                     

Figure 6: TLD and side chassis spray coverage. 

 

 

Figure 7: Plan view of innovative spray system for PEM CM. 
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Figure 8: Elevation views of innovative spray system for PEM CM. 

 

    

Figure 9: Installation of innovative spray system at JOY rebuild center on May 23, 2011. 

 

 

Figure 10: Dust sampling package. 
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 (a) (b) (c) 

 

   
 (d) (e) (f) 

Figure 11: Cut configurations: (a) straight initial, (b) straight deep, (c) straight deepest, 

(d) turning crosscut, (e) starting crosscut head-on, and (f) crosscut hole-through. 

 

 

Figure 12: 2-D schematic of CM ready to make box cut. 
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Figure 13: PSD of coal dust from bulk samples. 

 

 

   
 (a) (b) (c) 

Figure 14: XRD analysis for (a) C-TB, (b) C-MB, and C-BB. 

 

 

 

Figure 15: General wettability of PEM coal samples. 
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 (a) (b) 

Figure 16: Wettability as a function of (a) contact time and (b) temperature (-500-mesh). 

 

       
 (a) (b) 

       
    (c)    (d) 

Figure 17: Particles less than 1 µm magnified to (a) 39,000X and (b) 60,000X;             

and particles of different shapes magnified to (c) 30,000 X and (d) 14,000 X. 

 

    
 (a) (b) 

Figure 18: PSD downwind of CM (a) Day 1 and (b) Day 2. 
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Figure 19: PDM data at HUO location for straight deep cut. 

 

 

Figure 20: PDM data at RTI location for straight deep cut. 

 

 

Figure 21: PDM data at RTO location for straight deep cut. 
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Figure 22: PDM data at HUO location for straight deepest cut. 

 

 

Figure 23: PDM data at RTI location for straight deepest cut. 

 

 

Figure 24: PDM data at RTO location for straight deepest cut. 
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TABLES 

 

Table 1: Spray system configurations. 

Spray Location 
Conventional 

Spray System 

Innovative 

Spray System 

Across top of cutter head 14 17 

Under cutter head 8 6 

Outer bit rings 4 4 

Side cutter boom 6 6 

Side chassis 6 5 

TLD 0 5 

Conveyor throat 4 4 

Total 42 47 

Total water volume (GPM)* 25.2 28.2 

*Note: Water volume based on Spraying Systems data for BD-2 sprays @ 85 psi. 

 

 

Table 2: Boundary conditions for CFD models. 

Model At Inlet At Outlet 

A 13.1 kg/sec (23,000 cfm) 13.1 kg/sec (23,000 cfm) 

B 5.524 Pa  -0.023 pa  

C 5.524 Pa  -0.023 pa   

D 5.524 Pa   -0.023 pa   

 

 

Table 3: Air properties. 

Mass Density 1.243 kg/m
3
 

Temperature 289.14 K 

Atmospheric pressure 103169 Pa 

Viscosity 1.80E-05 kg/ m-s 

 

 

Table 4: Material designations for different seam horizons. 

Immediate roof top bench  IR-TB 

Immediate roof bottom bench  IR-BB 

Coal top bench C-TB 

Coal middle bench C-MB 

Coal bottom bench C-BB 

Immediate floor top bench  IF-TB 

Immediate floor bottom bench  IF-BB 
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Table 5: Spray characteristics of BD-3 hollow cone sprays used in CFD modeling. 

Parameter Value 

Mass flow rate (kg/sec) 3.87E-02 

Orifice diameter (m) 1.98E-03 

Spray half angle (degree) 3.90E+01 

Spray Operating Pressure  (Pa) 6.21E+05 

 

 

Table 6: Quartz analysis for coal seam benches. 

Material Type  Quartz (%) 

C-TB 1.3 

C-MB 1.5 

C-BB 5.7 

 

 

Table 7: Elemental analysis of coal samples. 

Sample 

ID 

Si  

(%) 

Al  

(%) 

Ba 

(ppm) 

Ca  

(%) 

Cu 

(ppm) 

Fe  

(%) 

Mg  

(%) 

Pb 

(ppm) 

Zn  

(ppm) 

C-TB 1.09 0.60 14 0.37 4.6 3.15 0.17 23.9 13.6 

C-MB 1.09 0.69 22 0.23 3.6 2.23 0.05 16.5 21.5 

C-BB 2.59 1.16 45 0.17 7.3 2.83 0.97 22.8 23.5 

 

 

Table 8: Distribution of sampled cuts. 

Cut type CM-NIS CM-IS CM-CON 

Straight initial 4 6 4 

Straight deep 13 9 9 

Straight deepest 3 5 6 

Turn XC right 4 5 4 

Hole thru XC right 6 6 3 

Crosscut left – head-on 5 5 0 

Crosscut right – head-on 0 1 3 

Total 35 37 29 
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Table 9: Gravimetric dust sampling results. 

Location 
Continuous 

Miner 

Number 

of cuts 

Cut 

Time 

(min)                                   

Measured 

Weight 

(mg/m
3
) 

Corrected for 

Intake Dust  

(mg/m
3
)  

Corrected for 

Intake Dust, 

Normalized  

Air Volume 

(mg/m
3
) 

Corrected, 

Normalized,  

No Outliers 

(mg/m
3
) 

Mean Mean StDev Mean StDev Mean StDev Mean StDev 

Intake 

CM-NIS 35 39.3 0.232 0.125 

n/a CM-IS 37 36.7 0.335 0.140 

CM-CON 29 42.2 0.370 0.239 

CMO 

CM-NIS 35 38.7 0.521 0.416 0.310 0.419 0.335 0.493 0.235 0.262 

CM-IS 37 33.8 0.579 0.505 0.276 0.491 0.245 0.399 0.168 0.227 

CM-CON 29 30.6 0.778 0.668 0.387 0.558 0.449 0.659 0.254 0.319 

HUO 

CM-NIS 35 38.9 1.684 1.396 1.454 1.415 1.519 1.638 1.105 1.405 

CM-IS 36 33.6 1.612 0.847 1.276 0.868 1.249 0.867 1.249 0.867 

CM-CON 29 31.7 1.855 1.094 1.436 1.058 1.544 1.048 1.544 1.048 

RTI 

CM-NIS 35 39.0 2.156 0.845 1.924 0.853 1.841 0.895 1.633 0.724 

CM-IS 37 33.3 1.995 0.821 1.660 0.820 1.454 0.781 1.268 0.459 

CM-CON 29 33.0 1.738 0.676 1.319 0.595 1.398 0.549 1.348 0.549 

RTO 

CM-NIS 35 39.4 1.759 0.825 1.529 0.844 1.486 0.906 1.396 0.889 

CM-IS 37 33.7 1.666 0.911 1.339 0.905 1.149 0.862 0.990 0.503 

CM-CON 29 30.0 1.348 0.649 0.929 0.618 0.997 0.662 0.867 0.468 

 

Table 10: Performance comparison of spray systems. 

Location 

Percent (%) Improvement CM-IS over CM-NIS 

Measured 

Weight 

Corrected for 

Intake Dust 

Corrected for 

Intake Dust, 

Air Volume 

Normalized 

Corrected, 

Normalized,  

No Outliers 

Intake -44.4    

CMO -11.1 11.0 26.9 28.5 

HUO 4.3 12.0 17.8 -13.0 

RTI 7.5 13.0 21.0 22.4 

RTO 5.3 12.4 22.7 29.1 

Location 

Percent (%) Improvement CM-IS over CM-CON 

Measured 

Weight 

Corrected for 

Intake Dust 

Corrected for 

Intake Dust, 

Air Volume 

Normalized 

Corrected, 

Normalized,  

No Outliers 

Intake 9.5    

CMO 25.6 28.7 45.4 33.9 

HUO 13.1 11.1 17.8 17.8 

RTI -14.8 -25.9 -4.0 5.9 

RTO -23.6 -44.1 -15.2 -14.2 
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Table 11: Gravimetric sampling results for all “straight initial” cuts. 

Continuous Miner 
Dust concentration (mg/m

3
) 

 CMO HUO RT 

CM-NIS 
Mean 0.000 0.507 1.177 

StDev 0.000 0.231 0.367 

CM-IS 
Mean 0.049 0.598 1.249 

StDev 0.071 0.542 0.575 

CM-CON 
Mean 0.576 0.512 1.148 

StDev 1.003 0.527 0.298 

 

 

Table 12: Gravimetric sampling results for all “straight deep” cuts. 

Continuous Miner 
Dust concentration (mg/m

3
) 

 CMO HUO RT 

CM-NIS 
Mean 0.333 1.039 1.546 

StDev 0.197 0.790 0.607 

CM-IS 
Mean 0.165 1.201 1.134 

StDev 0.199 0.802 0.270 

CM-CON 
Mean 0.273 1.384 1.337 

StDev 0.359 1.218 0.629 

CM-CON – without 

bleeder cuts 

Mean 0.306 1.697 1.392 

StDev 0.374 1.210 0.651 

 

 

Table 13: Gravimetric sampling results for all “straight deepest” cuts. 

Continuous Miner 
Dust concentration (mg/m

3
) 

 CMO HUO RT 

CM-NIS 
Mean 0.830 3.020 1.832 

StDev 1.047 1.918 1.247 

CM-IS 
Mean 0.196 1.983 0.905 

StDev 0.199 0.768 0.396 

CM-CON 
Mean 0.375 2.457 1.271 

StDev 0.386 0.523 0.870 
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Table 14: Gravimetric sampling results for all “turn crosscut right” cuts. 

Continuous Miner 
Dust concentration (mg/m

3
) 

 CMO HUO RT 

CM-NIS 
Mean 0.084 1.412 1.352 

StDev 0.057 0.563 0.576 

CM-IS 
Mean 0.195 1.437 1.024 

StDev 0.384 0.355 0.616 

CM-IS 

with HUOs staging 

outby LOXC 

Mean 0.297 1.262 0.709 

StDev 0.504 0.223 0.413 

CM-CON 
Mean 0.093 1.642 1.024 

StDev 0.155 0.760 0.462 

 

 

Table 15: Gravimetric sampling results for all “crosscut right hole-through” cuts. 

Continuous Miner 
Dust concentration (mg/m

3
) 

 CMO HUO RT 

CM-NIS 
Mean 0.596 2.488 1.652 

StDev 0.304 1.808 1.015 

CM-IS 
Mean 0.523 2.022 1.618 

StDev 0.535 0.531 1.015 

CM-CON 
Mean 0.459 2.306 0.818 

StDev 0.401 1.030 0.423 

 

 

Table 16: Gravimetric sampling results for all “crosscut left head-on” cuts.  

Continuous Miner 
Dust concentration (mg/m

3
) 

 CMO HUO RT 

CM-NIS 
Mean 0.099 0.106 1.802 

StDev 0.058 0.101 0.567 

CM-IS 
Mean 0.181 0.066 1.614 

StDev 0.244 0.059 0.809 

CM-CON 
Mean 

n/a 
StDev 
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Table 17: Moisture content analysis of material on CM conveyor. 

Sample 

Date 

Continuous 

Miner 

Pan 

ID 

Pan 

Wt.  

(g) 

Wet Pan + 

Sample Wt. 

(g) 

Dry Pan + 

Sample Wt. 

(g) 

Net Wt. 

Loss  

(g) 

Moisture 

Content 

(%) 

7/5/2011 CM-NIS 1 189.14 509.48 474.88 34.60 12.11 

7/5/2011 CM-NIS 2 8.55 339.14 305.46 33.68 11.34 

7/6/2011 CM-NIS 3 8.20 180.20 161.31 18.89 12.34 

7/6/2011 CM-NIS 4 6.79 361.29 322.65 38.64 12.23 
        

7/21/2011 CM-IS 1 189.10 536.47 500.28 36.19 11.63 

7/21/2011 CM-IS E1 8.20 317.57 284.81 32.76 11.84 

7/21/2011 CM-IS F1 6.78 304.43 271.83 32.60 12.30 

7/21/2011 CM-IS A3 8.51 331.90 295.35 36.55 12.74 

7/21/2011 CM-IS 3 6.74 353.42 315.87 37.55 12.15 

7/28/2011 CM-IS G1 6.78 366.22 329.46 36.76 11.39 

7/28/2011 CM-IS A3 8.60 299.57 269.71 29.86 11.44 
        

8/8/2011 CM-CON 1 6.78 271.12 244.80 26.32 11.06 

8/11/2011 CM-CON A3 8.53 318.14 283.15 34.99 12.74 

8/12/2011 CM-CON E1 8.19 298.46 268.78 29.68 11.39 

8/15/2011 CM-CON 3 6.71 302.86 273.32 29.54 11.08 

8/16/2011 CM-CON F1 6.81 386.55 354.55 32.00 9.20 

 

Table 18: Results of all PDM sampling corrected for intake dust and air volume. 

Continuous Miner 
CMO (mg/m

3
) HUO (mg/m

3
) RTI (mg/m

3
) RTO (mg/m

3
) 

Max TWA Max TWA Max TWA Max TWA 

CM-NIS 
Mean 5.93 0.31 12.76 2.51 24.18 3.21 14.92 1.97 

StDev 5.719 0.417 9.592 2.424 30.024 1.615 18.739 1.183 

CM-IS 
Mean 3.20 0.15 9.45 1.68 14.38 2.55 8.58 1.27 

StDev 2.399 0.151 5.278 1.343 12.867 1.118 8.501 0.842 

CM-CON                   

Week 1 

Mean 
n/a 

13.25 2.72 9.08 1.87 6.86 1.30 

StDev 8.098 1.711 6.653 0.658 7.413 0.588 

CM-CON                     

Week 2 

Mean 
n/a 

10.91 2.16 12.89 2.92 8.91 2.06 

StDev 6.475 1.679 8.115 1.173 3.866 0.867 

CM-CON                     

All cuts 

Mean 
n/a 

12.33 2.50 10.53 2.27 7.64 1.59 

StDev 7.303 1.691 6.843 0.991 6.262 0.789 

 

Table 19: Percent reduction in dust concentrations indicated by PDM data. 

Comparison 
CMO HUO  RTI RTO 

Max TWA Max TWA Max TWA Max TWA 

CM-IS vs. CM-NIS 46 53 26 33 41 21 42 35 

CM-IS vs. CM-CON Week 1  

n/a 

29 38 -58 -36 -25 2 

CM-IS vs. CM-CON Week 2 13 23 -12 13 4 38 

CM-IS vs. CM-CON All cuts 23 33 -37 -12 -12 20 
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Table 20: Percent reduction in respirable dust concentrations indicated by PDM data for 

Variation A of straight deep cut type. 

Comparison 
HUO  RTI RTO  

Max TWA Max TWA Max TWA 

IS vs. NIS 29.62 23.67 15.04 -1.15 63.09 68.35 

IS vs. CON 46.19 65.37 -13.07 3.84 64.47 66.58 

 

Table 21: Percent reduction in respirable dust concentrations indicated by PDM data for 

Variation A of straight deepest cut type. 

Comparison 
CMO  HUO  RTI  RTO  

Max TWA Max TWA Max TWA Max TWA 

IS vs. NIS 59.4 80.7 31.6 48.3 63.6 55.1 21.8 21.4 

IS vs. CON n/a 23.9 50.1 9.9 6.8 -32.5 0.3 

Table 22: Cut type and dimensions during quartz sampling. 

CM Cut # Cut type 
Length 

(ft) 

Height 

(in) 

Width 

(in) 

Roof 

(in) 

Floor 

(in) 

CM-NIS 

1 XC right head-on 40 83.5 237 1.5 2.5 

2 XC left head-on 40 84 235 1.5 10 

3 Straight deep 38 81.5 224 1 7 

4 XC left head-on 40 84 218 1 10 

5 Straight initial 38 85 228 2.5 5 

 Mean 39.2 83.6 228.4 1.5 6.9 

CM-IS 

1 Straight initial 40 80 229 4 4 

2 Straight deepest 40 82 220 2.5 4 

3 
XC right head-on 

– partial cut 
26 92 219 6 7 

4 XC right hole thru 14 88 228 3.5 7 

5 Straight deep 26 93 224 13 6 

 Mean 29.2 87 224 5.8 5.6 

 

Table 23: Velocity distribution away from face. 

Distance from Face  

(ft) 

Model C Model B Model A 

Velocity (ft/min) 

1 160 141 108 

7 201 203 192 

17 1789 1724 1843 

20 1165 1128 1173 

24 1118 1075 1113 

27 1022 998 1021 

35 774 762 721 
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DISCLAIMER STATEMENT 

 

This report was prepared by Y.P. Chugh of Southern Illinois University Carbondale, with 

support, in part, by grants made possible by the Illinois Department of Commerce and 

Economic Opportunity through the Office of Coal Development and the Illinois Clean 

Coal Institute.  Neither Y.P Chugh, Southern Illinois University Carbondale, nor any of 

its subcontractors, nor the Illinois Department of Commerce and Economic Opportunity, 

Office of Coal Development, the Illinois Clean Coal Institute, nor any person acting on 

behalf of either: 

 

(A) Makes any warranty of representation, express or implied, with respect to the 

accuracy, completeness, or usefulness of the information contained in this report, 

or that the use of any information, apparatus, method, or process disclosed in this 

report may not infringe privately-owned rights; or 

 

(B) Assumes any liabilities with respect to the use of, or for damages resulting from 

the use of, any information, apparatus, method or process disclosed in this report. 

 

Reference herein to any specific commercial product, process, or service by trade name, 

trademark, manufacturer, or otherwise, does not necessarily constitute or imply its 

endorsement, recommendation, or favoring; nor do the views and opinions of authors 

expressed herein necessarily state or reflect those of the Illinois Department of 

Commerce and Economic Opportunity, Office of Coal Development, or the Illinois Clean 

Coal Institute.  

 

Notice to Journalists and Publishers:  If you borrow information from any part of this 

report, you must include a statement about the state of Illinois’ support of the project. 
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APPENDIX 1 – FIGURES SHOWING VARIATIONS IN CUT CONFIGURATIONS 

 

  
 (a) (b) 

  
 (c) (d) 

Figure A1.1: Four variations for straight initial cut: (a) Variation A,  

(b) Variation B, (c) Variation C, and (d) Variation D. 
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 (a) (b) 

  
 (c) (d) 

 Figure A1.2: Four variations of straight deep cut: (a) Variation A,  

(b) Variation B, (c) Variation C, and (d) Variation D. 
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(a) 

  
 (b) (c) 

Figure A1.3: Three variations of straight deepest cut: (a) Variation A,  

(b) Variation B, and (c) Variation C. 
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 (a) (b) 

Figure A1.4: Crosscut turned to the right: (a) Variation A and (b) Variation B. 

 

  
 (a) (b) 

Figure A1.5: Crosscut holed through to the right: (a) Variation A and (b) Variation B. 

 

 

Figure A1.6: Crosscut left mined head-on. 
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APPENDIX 2 – CFD MODELING FIGURES 

 

 

 

Figure A2.1: Model A 

velocity vectors  

5ft above floor. 

     

                                    

 

Figure A2.4: Model B 

velocity vectors  

2ft above floor. 

 

 

 

Figure A2.7: Model C 

velocity vectors  

3ft above floor. 

 

Figure A2.2: Model B 

velocity vectors  

5ft above floor. 

 

 

 

Figure A2.5: Model C 

velocity vectors  

2ft above floor. 

 

 

 

Figure A2.8: Model B 

velocity vectors  

4ft above floor. 

 

Figure A2.3: Model C 

velocity vectors  

5ft above floor. 

 

 

 

Figure A2.6: Model B 

velocity vectors  

3ft above floor. 

 

 

 

Figure A2.9: Model C 

velocity vectors  

4ft above floor. 
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Figure A2.10: Model B velocity 

contours 1ft from face. 

 

 

Figure A2.12: Model B velocity 

contours 7ft from face. 

 

 

Figure A2.14: Model B velocity 

contours 17ft from face. 

 

Figure A2.11: Model C velocity 

contours 1ft from face. 

 

 

Figure A2.13: Model C velocity 

contours 7ft from face. 

 

 

Figure A2.15: Model C velocity 

contours 17ft from face. 
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Figure A2.16: Top view of 

cutter boom sprays. 

 

Figure A2.19: Side view  

of bit ring sprays. 

 

Figure A2.22: Left-side 

sprays on CM-CON  

cutter boom. 

 

Figure A2.17: Side view of 

cutter boom sprays. 

 

Figure A2.20: Bit ring 

sprays showing  

interaction and coverage. 

 

Figure A2.23: Left-side 

sprays on CM-IS  

cutter boom. 

 

Figure A2.18: Top view of 

sprays under cutter boom. 

 

Figure A2.21: Right-side bit 

ring sprays showing 

incomplete formation. 

 

Figure A2.24: Side view of 

left-side sprays on CM-IS 

cutter boom. 

 

Figure A2.25: TLD sprays  

on top of CM chassis. 

 

Figure A2.26: TLD sprays  

on side of CM chassis. 
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APPENDIX 3 – DETAILED OPERATIONAL AND DUST CONTROL PERFORMANCE DATA TABLES 

 

 

Table A3.1: Operational data for CM-NIS. 

Cut* 

Type 
 

Number 

of Cuts 

HUs 

Loaded 

Total Cut 

Time 

(minutes) 

Face 

Advance 

Load Time 

 (seconds) 

Wait Time     

All HUs 

(seconds) 

Face 

Advance 

Wait Time 

(seconds) 

Face 

Advance 

Load Rate 

(ft
3
/min) 

Face 

Advance 

Load Rate 

(tons/min) 

Tons 

per 

HU 

OSD  

Volume 

(%) 

Load Rate 

for Entire 

Cut 

(tons/min) 

SI 
Mean 

4 
21.0 37.1 46.8 59.8 56.0 293.5 13.13 10.12 9.08 5.83 

StDev 1.826 3.091 4.113 9.179 8.165 59.880 2.576 1.331 2.272 1.037 

SD 
Mean 

12 
20.8 37.4 45.7 61.5 60.8 311.3 13.96 10.66 11.14 5.94 

StDev 1.899 3.279 3.114 7.994 7.448 29.836 1.155 0.538 5.629 0.560 

SDT 
Mean 

4 
19.3 40.5 48.8 75.0 72.3 304.5 13.83 11.16 11.61 5.36 

StDev 3.500 9.119 4.031 10.231 6.292 32.919 1.546 0.395 5.849 0.417 

TXCR 
Mean 

4 
12.5 29.8 56.0 74.3 77.5      

StDev 3.109 11.839 4.899 15.457 19.140      

HXCR 
Mean 

6 
13.5 28.8 51.0 72.7 72.3 295.0 13.15 11.12 8.23 5.24 

StDev 0.837 3.553 4.980 14.855 15.983 57.359 2.611 2.174 3.795 1.045 

XCL 
Mean 

5 
24.0 52.4 46.5 81.0 80.8 312.0 13.95 10.76 8.55 5.02 

StDev 1.414 6.834 3.000 21.802 21.624 31.348 1.748 0.934 4.716 1.001 

*Cut Type:  SI – Straight Initial, SD – Straight Deep, SDT – Straight Deepest, TXCR – Turn Crosscut Right, 

HXCR – Hole Through Crosscut Right, XCL – Crosscut Left Mined Head-on. 
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Table A3.2: Operational data for CM-IS. 

Cut* 

Type 
 

Number 

of Cuts 

HUs 

Loaded 

Total Cut 

Time 

(minutes) 

Face 

Advance 

Load Time 

 (seconds) 

Wait Time     

All HUs 

(seconds) 

Face 

Advance 

Wait Time 

(seconds) 

Face 

Advance 

Load Rate 

(ft
3
/min) 

Face 

Advance 

Load Rate 

(tons/min) 

Tons 

per 

HU 

OSD  

Volume 

(%) 

Load Rate 

for Entire 

Cut 

(tons/min) 

SI 
Mean 

6 
21.8 37.3 43.8 53.2 50.0 333.8 14.72 11.26 7.68 6.41 

StDev 0.983 4.563 1.941 5.913 4.648 23.541 1.328 0.875 5.284 0.738 

SD 
Mean 

9 
20.3 34.6 44.0 56.7 56.1 336.7 14.89 11.43 8.34 6.49 

StDev 2.872 4.453 1.323 7.649 8.283 15.500 1.068 1.228 3.191 0.395 

SDT 
Mean 

5 
17.6 33.2 44.6 58.0 57.2 342.8 14.34 11.26 7.64 6.10 

StDev 5.225 7.838 2.608 4.899 5.119 35.074 2.428 0.644 2.352 1.559 

TXCR 
Mean 

5 
15.0 32.5 52.6 67.6 70.0    7.83  

StDev 1.000 2.158 3.362 11.589 13.096    3.565  

HXCR 
Mean 

6 
11.5 21.1 45.7 58.8 59.8 337.8 15.09 11.49 8.54 6.41 

StDev 1.643 3.325 5.241 8.612 9.283 30.288 1.336 1.689 2.493 1.248 

XCL 
Mean 

5 
21.8 42.8 49.0 56.4 56.4 309.4 13.61 11.88 8.14 5.92 

StDev 1.924 12.633 6.442 9.737 10.040 41.681 1.903 1.925 2.274 1.146 

*Cut Type:  SI – Straight Initial, SD – Straight Deep, SDT – Straight Deepest, TXCR – Turn Crosscut Right, 

HXCR – Hole Through Crosscut Right, XCL – Crosscut Left Mined Head-on. 

  

 

 

  



50 

 

 

 

 

 

Table A3.3: Operational data for CM-CON. 

Cut* 

Type 
 

Number 

of Cuts 

HUs 

Loaded 

Total Cut 

Time 

(minutes) 

Face 

Advance 

Load Time 

 (seconds) 

Wait Time     

All HUs 

(seconds) 

Face 

Advance 

Wait Time 

(seconds) 

Face 

Advance 

Load Rate 

(ft
3
/min) 

Face 

Advance 

Load Rate 

(tons/min) 

Tons 

per 

HU 

OSD  

Volume 

(%) 

Load Rate 

for Entire 

Cut 

(tons/min) 

SI 
Mean 

6 
19.8 33.6 46.5 52.5 50.8 322.2 14.21 10.97 6.51 6.40 

StDev 3.971 6.707 3.674 7.092 7.679 21.913 1.062 0.532 1.863 0.735 

SD 
Mean 

8 
17.1 27.7 45.9 52.3 50.8 332.4 14.95 11.29 10.09 6.94 

StDev 4.704 7.748 4.051 3.991 3.919 47.086 2.015 1.052 5.311 0.828 

SDT 
Mean 

5 
16.8 29.1 45.2 58.0 57.4 346.8 15.23 11.46 5.73 6.60 

StDev 3.962 5.828 2.168 10.173 12.759 29.287 1.284 0.920 1.441 0.798 

TXCR 
Mean 

4 
12.8 28.7 53.3 65.5 66.8      

StDev 0.957 6.897 5.795 15.264 15.521      

HXCR 
Mean 

3 
11.0 20.0 48.3 64.7 65.0 334.3 14.76 11.88 6.59 6.55 

StDev 1.000 0.826 1.155 8.386 8.718 19.140 0.730 0.548 2.973 0.782 

XCR 
Mean 

3 
22.3 40.3 47.3 58.3 59.7 309.3 13.66 10.77 6.66 5.99 

StDev 0.577 2.347 0.577 4.933 4.041 10.116 0.402 0.268 0.465 0.408 

*Cut Type:  SI – Straight Initial, SD – Straight Deep, SDT – Straight Deepest, TXCR – Turn Crosscut Right, 

HXCR – Hole Through Crosscut Right, XCL – Crosscut Left Mined Head-on. 
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Table A3.4: Operational data for Variation A of straight deep cut type. 

Continuous 

Miner 

HUs 

Loaded 

Total  

Cut 

Time 

(min) 

Face 

Advance 

Load 

Time (sec)               

Wait 

Time  

All   

HUs  

(sec)     

 Face 

Advance 

Wait 

Time (sec) 

Face 

Advance 

Load   

Rate           

(ft
3
/min)             

Face 

Advance 

Load    Rate 

(tons/min)  

OSD 

(%) 

Mean  Total   

Load    Rate 

(tons/min) 

CM-NIS 21.6 36.8 45.4 56.0 55.8 316.0 13.9 6.4 6.2 

CM-IS 21.0 36.6 43.8 59.3 59.3 346.8 15.5 8.5 6.5 

CM-CON* 17.8 29.6 46.0 54.4 52.8 344.6 15.5 10.7 6.9 

*Note: CM-CON data does not include one cut that holed through to bleeder entry. 

 

Table A3.5: Number of cuts by each CM for variations of the straight initial cut type. 

Continuous 

Miner 

Variation (see Figure A1.1) 

A B C D 

CM-NIS 0 0 3 1 

CM-IS 0 0 4 2 

CM-CON 3 1 0 0 

 

Table A3.6: Dust control performance for Variation C of straight initial cut type. 

Location 
Concentration / StDev (mg/m

3
) Percent (%) Improvement 

CM-IS CM-NIS CM-CON IS vs. NIS IS vs. CON 

CMO 
0.05 0.00 

n/a 

0.0 

n/a 

0.080 0.000 

HUO 
0.94 0.62 

-51.9 
0.384 0.064 

RTI 
1.09 1.17 

7.4 
0.475 0.411 

RTO 
1.50 1.05 

-42.6 
0.831 0.424 

 

Table A3.7: Dust control performance for Variation D of straight initial cut type. 

Location 
Concentration / StDev (mg/m

3
) Percent (%) Improvement 

CM-IS CM-NIS CM-CON IS vs. NIS IS vs. CON 

CMO 
0.05 0.00 

n/a 

0.00 

n/a 

0.076 0.000 

HUO 
0.08 0.15 

44.0 
0.040 0.000 

RTI 
1.45 1.82 

20.0 
0.496 0.000 

RTO 
0.98 1.46 

33.0 
0.372 0.000 
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Table A3.8: Number of cuts by each CM for variations of the straight deep cut type. 

Continuous 

Miner 

Variation (see Figure A1.2) 

A B C D 

CM-NIS 5 0 2 5 

CM-IS 4 0 0 5 

CM-CON 6 3 0 0 

 

 

Table A3.9: Dust control performance for Variation A of straight deep cut type.  

Location 
Concentration / StDev (mg/m

3
) Percent (%) Improvement 

CM-IS CM-NIS CM-CON* IS vs. NIS IS vs. CON 

CMO 
0.06 0.14 0.30 

60.4 81.2 
0.086 0.172 0.418 

HUO 
0.80 0.62 1.25 

-27.9 36.3 
0.676 0.459 1.072 

RTI 
1.35 1.64 1.53 

17.9 11.9 
0.193 0.230 0.570 

RTO 
0.88 1.22 1.53 

27.9 42.2 
0.394 0.174 0.736 

*Note: CM-CON data does not include one cut that holed through to bleeder entry. 

 

 

Table A3.10: Dust control performance for Variation D of straight deep cut type.  

Location 
Concentration / StDev (mg/m

3
) Percent (%) Improvement 

CM-IS CM-NIS CM-CON IS vs. NIS IS vs. CON 

CMO 
0.25 0.57 

n/a 

55.9 

n/a 

0.229 0.598 

HUO 
1.53 2.36 

35.5 
0.805 2.432 

RTI 
1.21 2.43 

50.2 
0.531 1.150 

RTO 
0.95 1.76 

46.0 
0.257 0.844 
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Table A3.11: Number of cuts by each CM for variations of the straight deepest cut type. 

Continuous 

Miner 

Variation (see Figure A1.2) 

A B C D 

CM-NIS 3 0 0 1 

CM-IS 3 0 0 2 

CM-CON 5 1 0 0 

 

 

Table A3.12: Dust control performance for Variation A of straight deepest cut type.   

Location 
Concentration / StDev (mg/m

3
) Percent (%) Improvement 

CM-IS CM-NIS CM-CON IS vs. NIS IS vs. CON 

CMO 
0.20 1.02 0.27 

79.8 25.2 
0.244 1.200 0.330 

HUO 
1.74 3.48 2.54 

49.8 31.4 
0.969 2.067 0.536 

RTI 
0.80 2.52 1.55 

68.1 48.1 
0.723 1.395 0.856 

RTO 
0.82 1.77 1.08 

53.7 23.9 
0.187 1.224 1.058 

 

 

Table A3.13: Dust control performance for Variation D of straight deepest cut type.   

Location 
Concentration / StDev (mg/m

3
) Percent (%) Improvement 

CM-IS CM-NIS CM-CON IS vs. NIS IS vs. CON 

CMO 
0.18 0.28 

n/a 

34.2 

n/a 

0.197 0.000 

HUO 
2.34 1.65 

-41.9* 
0.230 0.000 

RTI 
1.35 0.91 

-48.0 
0.449 0.000 

RTO 
0.75 0.87 

14.3 
0.160 0.000 

*Note:  Mean wait time between haulage units for CM-IS was 45.5 seconds while 

mean wait time between haulage units for CM-NIS was 74 seconds. 
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Table A3.14: CM-CON sampling by date/week. 

Sampling Date   
Dust Concentration (mg/m

3
) 

CMO HUO RTI RTO  RT 

8-Aug 

(6 cuts) 

Mean 0.311 1.752 1.645 0.920 1.283 

StDev 0.3943 0.9875 0.7040 0.4135 0.559 

11-Aug 

(7 cuts) 

Mean 0.432 1.565 1.339 1.031 1.185 

StDev 0.3759 0.8670 0.5562 0.9497 0.753 

12-Aug 

(5 cuts) 

Mean 0.091 1.353 0.838 0.587 0.712 

StDev 0.1247 0.8212 0.1361 0.2162 0.176 

Weeks 1 and 2 

(18 cuts) 

Mean 0.278 1.557 1.274 0.846 1.060 

StDev 0.2983 0.8919 0.4654 0.5265 0.4959 

  

15-Aug 

(5 cuts) 

Mean 0.627 2.339 1.608 1.003 1.305 

StDev 0.8535 1.3772 0.1417 0.3901 0.266 

16-Aug 

(6 cuts) 

Mean 0.759 0.808 1.510 1.370 1.440 

StDev 1.1002 0.9218 0.5818 0.8346 0.708 

16-Aug - without 2 

cuts holed thru to 

bleeder (4 cuts)  

Mean 0.562 1.100 1.5830 1.6750 1.629 

StDev 0.9882 1.0302 0.6621 0.8433 0.7527 

Week 3 

(11 cuts) 

Mean 0.693 1.574 1.559 1.186 1.373 

StDev 0.9768 1.1495 0.3617 0.6123 0.4870 

Week 3 - without 2 

cuts holed thru to 

bleeder (9 cuts) 

Mean 0.594 1.720 1.595 1.339 1.467 

StDev 0.5943 1.7196 1.5954 1.3388 1.4671 

 

 

Table A3.15: Distribution of cuts by cut type and date for CM-CON. 

Cut Type 8-Aug 11-Aug 12-Aug 15-Aug 16-Aug 

SI 1 0 1 1 1 

SD 0 3 2 2 2 (0)* 

SDT 2 2 1 0 1 

TXCR 1 1 1 1 0 

HXCR 1 1 0 1 0 

XCR-SO 1 0 0 0 2 

Total 6 7 5 5 6 (4) 

*Note:  Number of cuts in parenthesis does not include cuts holed 

through to bleeder entry. 
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Table A3.16: Scrubber suction inlet vacuum readings. 

Date 
Continuous 

Miner 

Before 

Cut # 

Suction (in/H2O) Pitot 

Volume  

(cfm) 

Remarks Operator 

Side 

Scrubber 

Side 

27-Jun CM-NIS 1 0.574 3.746 8400 Volume taken by MSHA inspector 

27-Jun CM-NIS 2 0.417 3.670   

Before adding plate to scrubber side 

bottom inlet 

27-Jun CM-NIS 2 0.330 5.100   

After adding plate to scrubber side 

bottom inlet 

27-Jun CM-NIS 4 0.276 4.670     

28-Jun CM-NIS 1 0.407 4.670     

28-Jun CM-NIS 2 0.407 4.760 7974 Volume taken by MSHA inspector 

29-Jun CM-NIS 2 0.274 4.275     

5-Jul CM-NIS 1 0.285 4.685     

5-Jul CM-NIS 3 0.184 5.185     

6-Jul CM-NIS 1 0.282 4.680     

7-Jul CM-NIS 4 0.320 4.850     

8-Jul CM-NIS 2 0.175 4.237   

Cleaned all suction inlet ducts across 

top of head prior to test 

  

Mean 0.328 4.544  

  StDev 0.1107 0.4765 

14-Jul CM-IS 1 0.185 4.250     

14-Jul CM-IS 6 0.143 4.350 8100 

3540 fpm x 2.31 sq. ft. - taken by 

Safety Dept. 

15-Jul CM-IS 2 0.184 4.315     

18-Jul CM-IS 3 0.217 4.227     

18-Jul CM-IS 6 0.225 4.410 8133 

3521 fpm x 2.31 sq. ft. - taken by 

Safety Dept. 

19-Jul CM-IS 2 0.170 4.100     

25-Jul CM-IS 1 0.1835 3.9185     

  

Mean 0.187 4.224   

  StDev 0.0278 0.1674 

8-Aug CM-CON 1 0.110 4.105     

11-Aug CM-CON 2 0.185 4.205     

15-Aug CM-CON 1 0.305 4.405 6782* 

2936 fpm x 2.31 sq. ft. - taken by 

Safety Dept.  

15-Aug CM-CON 3   4.302     

16-Aug CM-CON 1 0.245 4.306     

  

Mean 0.211 4.265     

StDev 0.0834 0.1139     

*Note:  Pull thru curtain partially blocking suction inlet on scrubber side during first 

part of test with pitot tube. 
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APPENDIX 4 – SPRAY LOCATION AND ORIENTATION FOR CFD MODELS 

 

Table A4.1: Cutter boom sprays – conventional spray system. 

Spray 

No 
Type 

Spatial Location (ft) 3-D Orientation (degree, vector) 

x y z x y z 

0 

Cutter boom 

sprays –   

center block 

2.31 45 4 0 (0) 10 (0.985) 80 (0.174) 

1 3.03 45 4 0 (0) 10 (0.985) 80 (0.174) 

2 3.74 45 4 0 (0) 10 (0.985) 80 (0.174) 

3 4.46 45 4 0 (0) 10 (0.985) 80 (0.174) 

4 5.18 45 4 0 (0) 10 (0.985) 80 (0.174) 

5 5.89 45 4 0 (0) 10 (0.985) 80 (0.174) 

6 
Cutter boom 

sprays –      

left block 

-0.77 45 4 - 30 (-0.5) 10 (0.985) 80 (0.174) 

7 -0.16 45 4 -5 (-0.09) 10 (0.985) 80 (0.174) 

8 0.45 45 4 0 (0) 10 (0.985) 80 (0.174) 

9 1.06 45 4 0 (0) 10 (0.985) 80 (0.174) 

10 
Cutter boom 

sprays –    

right block 

7.14 45 4 0 (0) 10 (0.985) 80 (0.174) 

11 7.75 45 4 0 (0) 10 (0.985) 80 (0.174) 

12 8.36 45 4 -5 (-0.09) 10 (0.985) 80 (0.174) 

13 8.97 45 4 - 30 (-0.5) 10 (0.985) 80 (0.174) 

 

Table A4.2: Sprays under the cutter boom – conventional spray system. 

Spray 

No 
Type 

Spatial Location (ft) 3-D Orientation (degree, vector) 

x y z x y z 

0 
Below left 

spray block on 

cutter boom 

-0.77 44.78 2.62 -15 (-0.26) 25 (0.9) -65 (-0.42) 

1 -0.16 44.78 2.62 0 25 (0.9) -65 (-0.42) 

2 0.45 44.78 2.62 0 25 (0.9) -65 (-0.42) 

3 1.06 44.78 2.62 15 (0.26) 25 (0.9) -65 (-0.42) 

4 
Below right 

spray block on 

cutter boom 

7.14 44.78 2.62 -15 (-0.26) 25 (0.9) -65 (-0.42) 

5 8.64 44.78 2.62 0 25 (0.9) -65 (-0.42) 

6 8.36 44.78 2.62 0 25 (0.9) -65 (-0.42) 

7 8.97 44.78 2.62 15 (0.26) 25 (0.9) -65 (-0.42) 

 

Table A4.3: Bit ring sprays – conventional spray system. 

Spray 

No 
Type 

Spatial Location (ft) 3-D Orientation (degree, vector) 

x y z x y z 

14 left side of 

cutting 

drum 

-2.36 45 3.77 -10 (-0.174) 50 (0.766) 40 (0.643) 

15 -2.36 45 3.60 -10 (-0.174) 90 (0.985) 0 (0) 

16 -2.36 45 3.44 -10 (-0.174) 50 (0.766) -40 (-0.643) 

17 right side 

of cutting 

drum 

9.51 45 3.77 10 (0.174) 50 (0.766) 40 (0.643) 

18 9.51 45 3.60 10 (0.174) 90 (0.985) 0 (0) 

19 9.51 45 3.44 10 (0.174) 50 (0.766) -40 (-0.643) 
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Table A4.4: Side sprays on cutter boom – conventional spray system. 

Spray 

No 
Type 

Spatial Location (ft) 3-D Orientation (degree, vector) 

x y z x y z 

20 
left side of 

cutter head 

-2.36 43.44 3.60 -10 (-0.173) 40 (0.643) -50 (-0.76) 

21 -2.36 43.31 3.60 -10 (-0.173) 0 -80 (-0.98) 

22 -2.36 43.11 3.60 -10 (-0.173) -40 (-0.643) -50 (-0.76) 

23 
right side of 

cutter head 

9.51 43.44 3.60 10 (0.173) 40 (0.643) -50 (-0.76) 

24 9.51 43.31 3.60 10 (0.173) 0 -80 (-0.98) 

25 9.51 43.11 3.60 10 (0.173) -40 (-0.643) -50 (-0.76) 

 

 

Table A4.5: Cutter boom sprays – innovative spray system. 

Spray 

No 
Type 

Spatial Location (ft) 3-D Orientation (degree, vector) 

x y z x y z 

0 

cutter boom 

sprays   –   

center  block 

2.67 45.00 4.23 0 (0) 40 (0.766) 50 (0.64278) 

1 3.38 45.00 4.23 0 (0) 40 (0.766) 50 (0.64278) 

2 4.82 45.00 4.23 0 (0) 40 (0.766) 50 (0.64278) 

3 5.53 45.00 4.23 0 (0) 40 (0.766) 50 (0.64278) 

4 3.03 45.00 4.07 0 (0) 40 (0.985) 50 (0.17365) 

5 4.10 45.00 4.07 0 (0) 40 (0.985) 50 (0.17365) 

6 5.17 45.00 4.07 0 (0) 40 (0.985) 50 (0.17365) 

7 

cutter boom 

sprays   –         

left  block 

-0.46 45.00 4.23 -15 (-0.258) 40 (0.766) 50 (0.64278) 

8 0.76 45.00 4.23 15 (0) 40 (0.766) 50 (0.64278) 

9 -0.77 45.00 4.07 -15 (-0.5) 40 (0.985) 50 (0.17365) 

10 0.15 45.00 4.07 -15 (-0.0871) 40 (0.985) 50 (0.17365) 

11 1.06 45.00 4.07 15 (0) 40 (0.985) 50 (0.17365) 

12 

cutter boom 

sprays   –     

right block  

7.44 45.00 4.23 15 (0) 40 (0.766) 50 (0.64278) 

13 8.66 45.00 4.23 15 (0.258) 40 (0.766) 50(0.64278) 

14 7.14 45.00 4.07 15 (0) 40 (0.985) 50(0.17365) 

15 8.05 45.00 4.07 15 (0.0871) 40 (0.985) 50(0.17365) 

16 8.97 45.00 4.07 15 (0.5) 40 (0.985) 50(0.17365) 

Note: Locations of bit ring sprays (No 17-20 on innovative spray system) are similar 

to locations of bit ring sprays (No 14-17) on conventional spray system. 

 

Table A4.6: Side sprays on cutter boom – innovative spray system. 

Spray 

No 
Type 

Spatial Location (ft) 3-D Orientation (degree, vector) 

x y z x y z 

21 left side of 

cutting 

drum 

-2.36 43.44 2.85 - 10 (-0.173) 40 (0.643) -50 (-0.76) 

22 -2.36 42.60 2.85 - 10 (-0.173) 0 -80 (-0.98) 

23 -2.36 41.77 2.85 - 10 (-0.173) -40 (-0.643) -50 (-0.76) 

24 right side 

of cutting 

drum 

9.51 43.44 2.85  10 (0.173) 40 (0.643) -50 (-0.76) 

25 9.51 42.60 2.85  10 (0.173) 0 -80 (-0.98) 

26 9.51 8.96 2.85  10 (0.173) -40 (-0.643) -50 (-0.76) 
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Table A4.7: TLD sprays on top of CM chassis – innovative spray system. 

Spray 

No 
Type 

Spatial Location (ft) 3-D Orientation (degree, vector) 

x y z x y z 

27 left side 

of CM 

chassis 

-2.36 32.58 3.22 0(0) 45(0.7070) 45(0.7070) 

28 -2.36 32.41 3.22 30(0.5 45(0.7070) 45(0.7070) 

29 -2.36 32.24 3.22 50(0.7660) 45(0.7070) 45(0.7070) 

30 right side 

of CM 

chassis 

9.51 32.58 3.22 0(0) 45(0.7070) 45(0.7070) 

31 9.51 32.41 3.22 -30(-0.5) 45(0.7070) 45(0.7070) 

32 9.51 32.24 3.22 -50(-0.7660) 45(0.7070) 45(0.7070) 

 

 

Table A4.8: TLD sprays on side of CM chassis – innovative spray system. 

Spray 

No 
Type 

Spatial Location (ft) 3-D Orientation (degree, vector) 

x y z x y z 

27 left side 

of CM 

chassis 

-2.07 28.53 2.60 -45(-0.707) 45(0.7070) 0(0) 

28 -2.07 28.53 2.45 -45(-0.707) 45(0.7070) 30(0.5) 

29 -2.07 28.53 2.31 -45(-0.707) 45(0.7070) -10(-0.1736) 

30 right side 

of CM 

chassis 

8.33 28.53 2.60 45(0.707) 45(0.707) 0(0) 

31 8.33 28.53 2.45 45(0.707) 45(0.7070) 30(0.5) 

32 8.33 28.53 2.31 45(0.707) 45(0.7070) -10(-0.1736) 

 

 

 

 


