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ABSTRACT 
 
Out-of-seam dilution (OSD) is the dilution of coal that occurs due to mining of strata 
above and below the coal seam.  Portions of dilution cannot be prevented.  However, 
there exist opportunities to reduce it significantly.  The cost impacts of dilution are not 
well understood or researched currently.  The contemporary view is that since dilution is 
rejected in coal processing, it does not have any impact on coal quality.  However, the 
authors have conducted studies on thirteen units of five Illinois coal mines and found that 
OSD profoundly impacts clean coal quality by increasing ash, sulfur, mercury and other 
trace-elements in the clean coal product.  The cost impact of this quality deterioration has 
been estimated to be approximately $5.63/ton of mined roof and $1.39/ton of mined floor 
material.  When the costs incurred in mining, processing and disposal are added, it has 
been estimated that costs related to OSD are $4.08/clean ton for an average Illinois coal 
mine.  Even if 50% of the OSD can be controlled, cost savings greater than $2.00/clean 
ton can be realized which will provide a much needed competitive edge to Illinois coal. 



EXECUTIVE SUMMARY 
 
Out-of-seam dilution (OSD) is the intentional and unintentional addition of strata above 
and below the coal seam into the mined coal.  An increased focus on improving 
productivity has led to higher advance rates with increasingly powerful machinery 
without heed to OSD.  The three most common reasons given by the industry for not 
paying attention to OSD are: 1) The machinery needs a certain height to operate which is 
more than the coal seam height, 2) Portions of the roof need to be taken down to prevent 
falls, and 3) The OSD gets rejected in the preparation plant anyway.  These reasons 
however do not explain why the mining height exceeds the required equipment height by 
as much as 1 foot, or why as much as 10 inches of dilution actually comes from the floor.  
There are other reasons for higher floor dilution that the authors as well as the mining 
companies realize but those do not support the lack of attention paid to OSD by the 
mines. 
 
Cost impacts of OSD are usually attributed to higher bit wear and increased maintenance 
on the continuous miner, the cost of transporting OSD to the surface and through the 
plant, and the cost of surface disposal of this reject material.  One major cost impact of 
OSD, which is ignored by almost everyone and which is not very well researched or 
understood, is the impact it has on clean coal quality and hence the cost.  The focus of 
this research was to quantify this cost in detail along with other costs attributable to OSD. 
 
Conventional wisdom suggests that OSD being heavier than coal gets rejected in the 
preparation plant and does not impact clean coal quality.  However, one must understand 
that density separation in preparation plants is not a 100% efficient process.  The 
probable error (Ep) values of typical density-based separators range from 0.02-0.05 for 
heavy-media separators and from 0.15-0.25 for water-only separators.  The Ep is a 
measure of the degree of imperfection of a density-based separator based on the amount 
of heavy material it misplaces to the float and the amount of light material it misplaces to 
the sink.  Even though the misplaced percentages are small for heavy-media systems, the 
high amount of OSD in the run-of-mine (ROM) coal still causes a significant amount of 
this material to report to the clean coal.  The impact is particularly severe when lighter 
OSD materials such as black-shale (S.G. ~1.8) are encountered.  Most separators have 
their cut-points (d50) set right around this density.  This implies that as much as 50% of 
this OSD material will report to the product.  On top of this, the OSD material is known 
to contain significantly higher amounts of pyrite, mercury and other trace elements 
(Gluskoter et al., 1977).  Hence, due to this misplaced OSD material reporting to the 
clean coal product, the impact on product quality and hence the cost can be very high.  
This aspect of the equation is not well understood and hence was studied in this research. 
 
In this research, 13 channel samples from different units of five (5) coal mines in Illinois 
were collected and analyzed for washability.  The channel samples were collected such 
that the coal seam and adjoining strata were collected and analyzed separately.  The 
washability size fractions were analyzed for ash, sulfur and trace element concentrations.  
Based on this data and available density separator partitioning models, the impact on 
product quality due to OSD was modeled.  When combined with the current and 



projected cost of allowances for sulfur and mercury, the cost impact of OSD due to its 
impact on product quality was determined.  When this was combined with mining, 
transportation, processing and disposal costs, the true cost impact of OSD emerged. 
 
Study results indicate that there is large variability in the impact of OSD on coal quality 
from mine to mine and in between different units of the same mine.  However, on an 
average it appears that the increase in ash, sulfur and trace elements in clean coal 
attributable to OSD are quite significant.  Ash, sulfur and mercury contents are seen to 
increase by 8%, 2% and 4% in the clean coal when an average (~20%) amount of OSD is 
present in the ROM.  It should be noted that an 8% increase in ash content also implies a 
corresponding reduction in heating value.  Other trace elements also increase 
substantially with Cd and Cr contents increasing by as much as 850% and 150%, 
respectively.  These results clearly establish the hypothesis that mining out-of-seam has a 
significant and negative impact on product quality in terms of ash content, heating value, 
sulfur content and most trace elements including Hg, As, Se, Pb and Cr. 
 
The cost impacts of OSD were also estimated in this research.  The authors identified 
four areas through which OSD has an impact on the utilization cost of coal.  These were: 
(a) Mining (face cost and outbye cost), (b) Processing (base cost, maintenance, rotary 
breaker, viscosity effects, flocculant usage), (c) Quality Impacts (penalties, allowances, 
mitigation and transportation), and (d) Waste Disposal (coarse and fine waste disposal). 

 
Estimates of cost impacts of OSD arising from the roof and floor were separately 
developed for each area.  These costs were estimated at $14.05/ton of the mined roof 
material and $9.41/ton of the mined floor material.  The cost impacts of quality 
deterioration due to OSD were also estimated as $5.63 and $1.69 for every ton of roof 
and floor material mined.  Thus, if mining height considerations require cutting out-of-
seam, the floor should be mined before the roof.  Computations of the overall impact of 
OSD on production cost of clean coal indicated that the loss in productivity from mining 
out-of-seam material is the single biggest contributor to the cost ($1.80/clean ton).  The 
second largest contributor to the OSD cost impact is the impact of deteriorating quality 
due to the presence of OSD in ROM ($1.34/clean ton).  This impact has largely been 
ignored before this study and is a new finding.  The processing cost impact of OSD is 
estimated at $0.64/clean ton.  This impact was also partially not understood till this study.  
The remaining is the disposal cost impact estimated at $0.30/clean ton.  This adds up to a 
total OSD cost impact of $4.08/clean ton.  Even considering that only half of the dilution 
is avoidable, the cost savings are still approximately $2.00/clean ton.  This is a substantial 
cost which can easily impact the competitiveness of the coal industry. 
 
In summary, the results of this study bring to the forefront the importance of OSD control 
which has been overlooked for too long.  This is particularly important when aggressive 
reductions in mercury are being mandated by EPA as well as the state legislature.  It is 
clear that to enhance the competitiveness of the coal industry, efforts need to be devoted 
to reducing OSD.  This accomplishment can improve the marketability of Illinois coal 
through lower production cost and better product quality. 
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OBJECTIVES 
 
Project Objectives 
 
The goal of this project was to quantify the impacts due to OSD on product coal quality 
and cost.  The specific objectives of this project included: 
 

1. Estimate the cost of OSD mining and transportation. 
2. Estimate the incremental cost of OSD processing. 
3. Estimate incremental impacts on coal quality (ash, sulfur, mercury and other trace 

elements), and hence cost, due to OSD. 
 
Overall Approach 
 
The proposed study was divided into three major tasks.  Task 1 involved collection of 
samples from five coal mines in Illinois and performing washability analyses on these 
samples.  The washability fractions were then analyzed for ash, sulfur, and a panel of 
trace elements including mercury.  Task 2 involved simulations of different levels of 
OSD in mining scenarios encountered at different mines to determine the product 
qualities achieved in each case.  The focus of Task 3 was to conduct economic 
evaluations on the cost of OSD mining with a particular emphasis on the coal quality 
impacts of OSD.  The study was designed with the goal of providing results that would 
guide future research into controlling OSD at mines by education and development of 
new technologies so that Illinois coal can be a cleaner, cheaper and more environmentally 
acceptable fuel of choice. 

 
INTRODUCTION AND BACKGROUND 

 
Out-of-Seam Dilution 
 
As mechanization developed in the coal industry, the productivity of the coal miner 
increased dramatically.  However, the quality of the product mined at the face has 
steadily declined.  Part of the reason is that mines are working lower quality seams as 
better reserves are depleted.  But it is also true that a higher percentage of out-of-seam 
material (roof and floor) is mined than before.  Some of this increase is related to creating 
operating head room while mining thinner seams.  However, the push for higher 
production levels has also, in many cases, caused operations to lose their focus on the 
quality of the material being mined.   
 
The lower quality of the mined coal is due to dilution which can be from various sources 
as classified by Noppe (2003): 

 
(a) Primary Dilution - cutting of the immediate floor or roof strata (accidental or 

planned) by the continuous miner,  
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(b) Secondary Dilution - includes slabbing or break-up of the roof or floor during 
mining and the subsequent loading of this material together with the coal (rather 
than hauling it to mined-out areas), and  

(c) Tertiary Dilution - includes waste material loaded with the coal during section-
cleaning operations. 

 
In addition to Noppe’s classifications, construction projects such as cutting overcasts and 
cleaning up roof falls outbye the face also contribute to the total dilution. 
 
The important factors affecting OSD include geologic factors (structural topography, 
seam height, roof and floor strata characteristics), engineering and planning factors 
(mining height, mine layout, cut depth, equipment selection), and operational factors 
(training of miners, rate of face advance, cut sequence) (Chugh et al., 2005a).  Despite 
each mining operation facing a unique set of conditions explaining OSD, in most cases 
there exist opportunities to significantly improve mine profitability through moderately 
small reductions in OSD. 
 
Impact of Dilution on the Mining System 
 
As shown in Figure 1, dilution has a pervasive impact on each step of the coal production 
process.  In addition to the more obvious impact of dilution on face production cost, 
dilution also negatively impacts the cost of all downstream processes.  Dilution arising 
from mining the roof is typically much harder than coal.  It results in an increased power 
cost as well as increased maintenance and wear cost on all the downstream equipment.  
Dilution affects mine transportation cost by decreasing the belt life and increasing power 
usage on belts for transporting waste material.  Processing cost is also impacted as a 
result of the added dilution material flowing through the processing plant which is 
eventually rejected, again, at an additional cost of increased capital and labor expenditure 
on construction, maintenance and reclamation of disposal areas. 
 
Some less obvious, but nevertheless significant, impacts of dilution on coal processing 
are related to the clays from floor and the carbonaceous black shale roofs.  The clays 
from the floor impact the processing operation in three different ways.  These are: 
 

(i) Increased clay flowing through the processing plant can increase the viscosity 
of the medium in dense media circuits.  This can aid media stability at low 
gravities.  However, for higher gravity cut points, increased viscosity is 
detrimental as it decreases separation efficiency;  

(ii) Increased clay also implies higher thickening and dewatering cost along with 
correspondingly higher flocculant costs for water clarification; and  

(iii) Higher clay content also impairs the ability to clean and dewater ultra-fine 
coal which is a potentially recoverable resource to the order of about 5% of 
the raw coal production.   
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Figure 1. Impact of dilution on different operations of the mining cycle. 
 
Possibly, the most expensive dilution arises from some carbonaceous black shales which 
are characterized in Illinois by specific gravities near the typical gravity cut point in 
gravity-based circuits.  Hence, a portion of high sulfur, mercury and trace element 
content material reports to the product lowering its heating value and increasing sulfur 
dioxide and mercury discharges upon combustion.  This material is also associated with 
high levels of arsenic and most other trace elements. 
 
Other costs related to OSD have been highlighted by Luttrell et al. (1994).  In that study, 
an effort was made to estimate the cost of OSD from a blending operation point of view.  
It was argued that approximately 3 tons of 35-40% ash middlings can replace a ton of 
pure rock without changing the total mass of ash in the coal product.  Thus, in coal 
blending operations, middlings from an existing coal preparation plant can be added by 
increasing the separator cut-points if OSD is reduced.  Assuming a selling price of 
$25/ton, and 7 tons of OSD pure rock rejection possible from 100 tons of ROM coal, the 
analysis predicted that 21 tons of middlings can be substituted for a 7-ton reduction in 
OSD.  This net gain of 14 tons per 100 tons of feed coal translates to an approximate 
increase in profitability of $14 million per year for a 1,000 ton/hour operation. 
 
Achieving OSD Control in Coal Mines 
 
Recently, due to increased competition and the focus on reducing the cost of production, 
some mines have realized the cost impacts of OSD related to production.  The authors 
have been leading efforts in this area to educate the industry about these cost impacts and 
to demonstrate the feasibility of reducing OSD.  In one study by the authors, a reduction 
in OSD by 2.5-inches was demonstrated after the mine management and the project team 
educated the face crew on the impacts of OSD (Chugh et al., 2004).  This was despite the 
contrary view that OSD is a necessary evil of coal mining which can hardly be controlled.  
Data collected during that study also demonstrated that on an average, desired OSD 
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levels were inadvertently achieved about 15% of the time even in the current practice.  
This supports the view that if conscious efforts are made, substantial reductions in OSD 
are possible. 
 
The advent of sulfur regulations in the previous decade changed the utility of Illinois coal 
in the national coal scenario.  Similar radical changes in the market are expected due to 
mercury regulations which will come into force in the very near future.  Hence, the 
industry needs to be prepared in advance to comply.  The ideas developed in this research 
will not only aid reductions in mercury and other trace elements but will in fact do so at a 
higher productivity and lower cost.   
 

EXPERIMENTAL PROCEDURES AND MODELING 
 
Sample Collection (Task 1.1) 
 
In this project, channel samples of roof and floor strata, and coal samples from three 
horizons within the seam (i.e. top 3-inches, bottom 3-inches and the rest of the coal seam) 
were collected from five Illinois coal mines (Figure 2).  At a few locations where a rock 
parting was present, a sample of the same was also obtained.  At each mine, samples 
were collected from multiple units.  The channel sampling roughly followed USGS 
Circular 735 (Swanson and Huffman, 1976).  The samples were collected by exposing a 
fresh face of coal on the pillar by chipping with a chisel and hammer.  Then, a longwall 
hammer was used to cut a 5-inch wide x 3-inch deep channel into the cross-section of the 
face being sampled.  A brattice curtain was laid on the floor to collect the chippings of 
material.  Approximately 10 pounds of sample were collected covering the entire height 
of the sampled area for the coal seam.  For the roof, floor and the top and bottom 3-inch 
samples, approximately 2 pounds of sample were collected.  These 2-lb samples were 
placed in ZiplocTM bags and sealed and labeled.  The 10-lb samples were placed in 5-
gallon buckets and sealed with tight lids.  These samples were then transported to the 
laboratory and processed for washability as described below.  The total number of 
channels collected was thirteen as summarized in Table 1. 
 
Sample Preparation (Task 1.2) 
 
Each of the 57 samples listed in Table 1 was prepared by crushing in a jaw crusher and 
screening at 1 mm and 100 mesh sizes to extract the 1mm x 100 mesh size fraction for 
washability analysis.  A Jones Riffler was used to obtain a representative split of the 
sample of about 100-150 g for conducting the washability analysis. 
 
Washability Analyses (Task 1.3) 
 
The washability analysis involved gravity fractionation of each sample at 1.4, 1.5, 1.6, 
1.7, 1.8, 1.9 and 2.0 specific gravity fractions.  The fractionation was achieved by 
preparing liquids of desired density using a mixture of three organic liquids; 
perchloroethylene, dibromomethane and percut.  The samples were placed in the liquid of 
desired density.  Portions of the sample lighter than the density of the liquid medium 
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floated to the top as the heavier portions sunk.  The floated and sank portions were re-
fractionated at a lighter or heavier gravity.  Essentially, a fractionation of each sample in 
increments of particle densities was obtained.  Typically, each of the 57 samples yielded 
7 fractions for a total of approximately 400 fractions.  If sufficient quantities of material 
required for analysis were not obtained in a particular gravity fraction of a sample, it was 
combined with the adjacent gravity fraction and the weighted average of densities of the 
combined sample was calculated.  For samples when all material sank at 2.0 specific 
gravity, an additional gravity cut was made at 2.2 specific gravity to fractionate the 
sample. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 2.  Channel sampling of face at different heights and horizons. 
 
 Table 1. Inventory of channel samples collected for analysis and evaluation of out-

of-seam dilution impacts on coal quality. 
 

Mine Illinois Coal 
Seam 

No. of Units 
Sampled Total Samples 

Crown III No. 6 2 8 
Willow Lake No. 5 4 12 
White County No. 6 3 17 
American Coal No. 6 1 4 

Gateway No. 6 3 16 
Total   13 57 

 
It is to be noted here that the average gravity of material in a particular fraction is 
calculated as the arithmetic mean of the upper and lower gravities.  For example, it is 
generally assumed that the material lying within the 1.4 x 1.5 specific gravity fraction 
will have an average specific gravity of 1.45.  Here, it can be argued that all the material 
within the 1.4 x 1.5 density fraction may actually be lying in the 1.4 x 1.45 gravity 
fraction.  Hence, the average specific gravity of this material would be closer to 1.425 
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which again is only an approximation.  This argument is not far-fetched and is very likely 
when dealing with a lot of samples such as ones that are very liberated.  This is the reason 
why maximizing the number of fractions by narrowing the fraction ranges is the 
recommended practice.  This is however expensive and is still only an approximation.  To 
obtain accurate subsequent analysis, it is critical to obtain the precise specific gravity of 
the fraction being considered.  Hence, an alternate approach developed by the PI was 
adopted in this study.  In this approach, analyses are conducted in a traditional fashion.  
The gravity fractions are then subjected to ash analysis.  The ash content in coal is known 
to be function of the mineral matter content in the coal and hence is a function of its 
specific gravity.  Hence, the ash contents of the different gravity fractions can be 
regressed against the average specific gravity as determined using the traditional 
approach.  The resultant regression equation can then be used to calculate the corrected 
average specific gravity of the fraction based on its ash content.  In the experience of the 
PI, this approach is very reliable, particularly when the regression is applied to samples 
from one location.  Another advantage of this approach is its ability to correct errors in 
washability analysis which are relatively frequent when working with fine size fractions. 
 
Sample Analysis (Task 1.4) 
 
Each of the gravity fractions obtained in the above fashion were collected, rinsed, dried, 
weighed and bagged for analyses of ash, sulfur, and fifty-one trace elements.  The ash 
analysis was conducted at SIUC in a muffle furnace according to the ASTM standards.  
The trace element analyses, which included analysis for sulfur, were conducted by a 
commercial laboratory using aqua-regia digestion followed by ICP-MS (Inductively 
Coupled Plasma Mass Spectrometry) and ICP-AES (Inductively Coupled Plasma Atomic 
Emission Spectroscopy).  Table 2 lists the 51 trace elements analyzed with the detection 
ranges for each element. 
 

Table 2.  Analyzed trace elements within the specified detection ranges in ppm or %. 
 

No. Element Range No. Element Range No. Element Range 
1 Ag 0.01-100 19 Hf 0.02-500 37 Sc 0.1-10000 
2 Al 0.01%-25% 20 Hg 0.01-10000 38 Se 0.2-1000 
3 As 0.1-10000 21 In 0.005-500 39 Sn 0.5-500 
4 Au 0.2-25 22 K 0.01%-10% 40 Sr 0.2-10000 
5 B 10-10000 23 La 0.2-10000 41 Ta 0.01-500 
6 Ba 10-10000 24 Li 0.1-10000 42 Te 0.01-500 
7 Be 0.05-1000 25 Mg 0.01%-25% 43 Th 0.2-10000 
8 Bi 0.01-10000 26 Mn 5-50000 44 Ti 0.005%-10% 
9 Ca 0.01%-25% 27 Mo 0.05-10000 45 Tl 0.02-10000 
10 Cd 0.01-1000 28 Na 0.01%-10% 46 U 0.05-10000 
11 Ce 0.02-500 29 Nb 0.05-500 47 V 1-10000 
12 Co 0.1-10000 30 Ni 0.2-10000 48 W 0.05-10000 
13 Cr 1-10000 31 P 10-10000 49 Y 0.05-500 
14 Cs 0.05-500 32 Pb 0.2-10000 50 Zn 2-10000 
15 Cu 0.2-10000 33 Rb 0.1-10000 51 Zr 0.5-500 
16 Fe 0.01%-50% 34 Re 0.001-50    
17 Ga 0.05-10000 35 S 0.01%-10%    
18 Ge 0.05-500 36 Sb 0.05-10000    
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Modeling 
 
A density cut was simulated on this run-of-mine material of 1.9 with a corresponding 
probable error (Ep) value of 0.057.  Partition numbers were calculated using this 
information in the Whiten’s equation, which is; 
 
Partition Number = 100/(1+exp(1.0986*(sg-sg50)/Ep)) 
 
The partition number here represents the percentage of the density fraction ‘sg’ reporting 
to the product when a density cut of ‘sg50’ is made.  Using the partition information in 
conjunction with the washability information, the product quantity and quality was 
estimated. 
 
Cost Impacts of Dilution 

 
The authors have identified the following cost impacts of OSD: 
 

• Mining (face cost and outbye cost) 
• Processing 
• Quality (penalties, allowances, mitigation and transportation) 
• Waste Disposal 

 
The mining cost impact arises from the fact that mined OSD material is of no value and is 
discarded in the coal preparation step.  Mining this material results in an effective clean 
coal productivity loss.  This material also incurs all the outbye costs as it is transported to 
the surface.  The face production cost itself of this material is higher (for Roof OSD) than 
mining the much softer coal strata.  The impact of OSD on mining cost was computed in 
this study using the SIU-Suboleski Production Cost model.  Details of this model are 
presented elsewhere (Chugh et al., 2005a and b). 
 
The processing cost impact of OSD involves additional maintenance costs in the rotary 
breaker and throughout the plant as the waste material flows through the entire circuit.  
Additional processing cost related impacts of OSD relate to the increased thickening 
costs which include larger thickener sizes for settling the extremely fine clay material 
arising from floor dilution and increased flocculant and flotation chemicals cost.  In 
addition, the clay material also has an impact on media viscosity in heavy media 
operations which has a negative impact on the separation efficiency of these circuits.  The 
cost estimates generated in a previous study by the authors (Chugh et al., 2005) for these 
effects were utilized in this study. 
 
Quality impacts of dilution arise from the misplacement of near-gravity material in OSD 
to the clean coal product.  Misplacement occurs in all physical separation devices as no 
device is perfect.  The amount of misplacement is lower for efficient heavy-media 
cleaning as compared to the older water-only systems.  This misplaced material is often 
significantly higher in unwanted trace elements which has an impact on product quality 
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and hence can result in reduced heating value, lower yield, and increased ash, sulfur and 
trace elements.  If these pollutants are capped, there are costs for mitigation or purchase 
of allowances.  To estimate the cost impacts of quality deterioration, a SO2 allowance 
price of $600/ton of SO2 (Average July 2007 Spot Price) was used.  An average 
transportation cost of $7 per clean ton for Illinois coal was used based upon the 
previously referenced study.  The selling price of coal used in the computations was 
assumed to be $1.50/mmbtu.  Even though the debate continues on the use of a cap-and-
trade program versus the Maximum Achievable Control Technology (MACT) for 
mercury control, the cap-and-trade scenario was utilized to estimate the cost of mercury 
arising from OSD.  This is despite the fact that several states including Illinois have not 
agreed to the cap-and-trade mechanism proposed by the EPA in the Clean Air Mercury 
Rule (CAMR).  Based upon Integrated Planning Model (IPM) modeling runs from July 
2006, assuming national participation in the mercury cap-and-trade program, the 
allowances are expected to trade for approximately $2,000/oz ($32,000/lb) over the 2012-
2013 time frame.  This value was used to determine the cost impacts of increased 
mercury due to mining of OSD. 
 
As most of the OSD material is rejected in the processing plant, this material has to be 
disposed in surface gob piles or in refuse ponds at a significant cost.  The authors have 
previously developed disposal cost estimates for the coarse and fine refuse (Chugh and 
Patwardhan, 2002) which have been used in this study. 

 
RESULTS AND DISCUSSION 

 
Task 1.  Laboratory analysis of Illinois basin coals 
 
As described above in the experimental section, channel samples were collected, 
prepared and subjected to washability analyses which was followed by proximate and 
trace element analyses on the individual gravity fractions.  The obtained results were 
compiled and used in the subsequent modeling task. 
 
Task 2.  Modeling Product Quality Impacts of OSD 
 
An example of the analysis conducted on data obtained for one sampled unit at one mine 
is provided. 
 
WL #2 Sample 
 
The WL #2 channel sample was collected and included separate samples of Roof, Seam 
and Floor.  The measured heights of the three fractions were 10.2, 58.9 and 5.0 inches, 
respectively.  Based on specific gravities for these materials of 2.1, 1.4 and 2.6, the 
percentage of these fractions in the run-of-mine coal were calculated at 17.99%, 71.22% 
and 10.79%.  A 1.9 density cut was simulated on this run-of-mine material and the 
product quantity and quality were estimated.  Table 3 indicates all of this information for 
the WL #2 sample.  The results indicate that a yield of 66.72% was achieved at a 1.9 
specific gravity cut point at an ash content of 7.69%.  The sulfur and mercury contents 
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were 0.87% and 0.092 ppm.  If only the in-seam material was mined, the mass yield 
would have been 66.0% at an ash content of 7.14% with sulfur and mercury contents at 
0.87% and 0.087 ppm, respectively.  Hence, it is clear that the additional 0.72% mass 
yield came with a 7.6% increase in ash content and a 5.99% increase in mercury content 
in the clean coal.  Correspondingly, the As, Cr, Pb and Se contents also increased by 
7.45%, 194%, 1.5% and 64.3%, respectively. 
 
Summary Results for all Samples 
 
Table 4 lists the ash, sulfur and trace element contents for all the sampled units and 
within each of the sampled strata.  It can be seen that typically the roof strata and the 
‘blue band’ (a prominent shale parting often found near the bottom of the No. 6 coal 
seam), if present, contain significantly higher concentrations of trace elements compared 
to either the coal seam or the floor strata.  The mercury content in the roof is almost three 
times that of the coal seam.  The mercury content in the floor is slightly higher than that 
in the coal seam.  For trace elements like Cr, Cd, Sb and Se, the concentrations in the roof 
strata are one to two orders of magnitude higher than those in the coal seam.  These 
higher concentrations of trace elements in the roof strata are higher than those in the floor 
despite the fact that the floor ash content is somewhat higher than the ash content of the 
roof material.  These results establish that the concentrations of unwanted constituents in 
coal such as ash, sulfur and trace elements are significantly higher in OSD and in the roof 
strata in particular.  The concentrations are also significantly higher in the ‘blue band’ (if 
present).  However, due to the in-seam position of this band, selective elimination of this 
during mining is not practical.  However, the results indicate that OSD should be 
minimized to the extent possible. 
 
The results from simulated cleaning of this ROM material are presented in Table 5.  Even 
though there is large variability in results, on an average it appears that the increase in 
ash, sulfur and trace elements in clean coal attributable to OSD are quite significant.  
Ash, sulfur and mercury contents are seen to increase by 8%, 2% and 4% in the clean 
coal when OSD is present in the ROM.  It should be noted that an 8% increase in ash 
content also implies a corresponding reduction in heating value.  Other trace elements 
also increase substantially with Cd and Cr contents increasing by as much as 850% and 
150%, respectively.  These results clearly establish the hypothesis that mining out-of-
seam has a significant and negative impact on product quality in terms of ash content, 
heating value, sulfur content and most trace elements including Hg, As, Se, Pb and Cr. 
 
However, contrary to the authors’ expectations, the impact of OSD on clean coal quality 
is very variable across different mines and units.  This is particularly true for mercury.  
The increase in mercury content from OSD varied from as low as only a fraction of a 
percent to as high as 33%.  For some locations, the mercury content actually reduced 
fractionally when OSD was mined.  Closer examination of the results provided an 
explanation for this finding.  It was seen that for lower gravity OSD, particularly from the 
roof strata, the impacts were higher.  This is expected since lower or near gravity OSD 
strata rich in mercury and other trace elements will result in a higher misplacement of this 
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Table 3. Data analysis for WL #2 channel sample.  Cut Point – 1.9 s.g. 
 

Roof 17.99%              

S.G. Wt (%) Ash 
(%) PN* As 

ppm 
B 

ppm 
Be 

ppm 
Cd 

ppm 
Cr 

ppm 
Hg 

Ppm 
Pb 

ppm 
S 

ppm 
Sb 

ppm 
Se 

ppm 
Wt. 
Rec. 

1.96 5.4 52.22 23.2 25.6 20 1.14 112 188 0.6 43 1.68 22.1 146 0.226 
2.08 80.3 59.81 3.3 23.3 20 1.23 95.1 191 0.55 40.9 1.6 19.05 137.5 0.475 
2.20 14.3 68.32 0.3 21.9 20 1.24 86.7 181 0.68 37.3 1.56 13.8 121 0.007 

Cumulative  57.48  24.0 20.0 1.20 100.4 189.9 0.567 41.5 1.6 20.0 140.0 0.71 
               

Seam 71.22%              

1.28 88.5 6.29 100.
0 2.7 50 0.11 0.03 1 0.08 15.2 0.73 0.67 2.2 63.04 

1.48 2.4 19.88 100.
0 12.8 40 0.4 0.08 1 0.27 101 2.93 1.53 3.9 1.73 

1.55 0.7 24.53 99.9 3.6 160 0.56 0.19 4 0.11 4.6 2.81 0.13 3 0.48 
1.72 0.6 35.97 97.0 4.8 110 0.53 1.25 4 0.16 8 4.86 0.19 6.1 0.40 
1.76 0.5 38.98 93.2 6.9 90 0.38 1.65 3 0.23 14.2 7.65 0.23 7.3 0.32 
2.19 7.3 67.18 0.4 81.4 10 0.52 0.86 1 0.46 266 10 2.72 6.5 0.02 

Cumulative  7.14  3.03 51.10 0.12 0.05 1.05 0.087 17.41 0.87 0.68 2.30 66.00 
               

Floor 10.79%              
2.02 1.3 56.39 8.3 20.6 20 1.41 29.4 173 0.55 37.4 1.63 16.7 104 0.012 
2.57 98.7 92.74 0.0 2.6 10 1.8 0.32 4 0.05 23.3 0.76 0.46 0.6 0.00 

Cumulative  56.47  20.56 19.98 1.41 29.33 172.6 0.549 37.37 1.63 16.66 103.8 0.01 
               

Total  7.69  3.26 50.76 0.14 1.12 3.09 0.092 17.67 0.87 0.89 3.78 66.72 
% Incr.  7.60  7.45 -0.66 9.33 2222 193.8 5.99 1.49 0.95 30.32 64.31 0.72 

* Partition Number calculated from Whiten’s equation. 
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Table 4. Ash, sulfur and nine trace element contents in the seam and adjoining strata in Illinois mines. 
 

Mine 
and Unit Strata Wt. 

(%) 
Ash 
(%) 

As 
ppm 

B 
ppm 

Be 
ppm 

Cd 
ppm 

Cr 
ppm 

Hg 
ppm 

Pb 
ppm 

S 
(%) 

Sb 
ppm 

Se 
ppm 

WL  Roof 17.99 89.24 25.3 10.0 0.62 0.4 14.0 0.140 32.8 5.3 1.8 3.1
#1 Coal Seam 71.22 16.86 12.17 34.64 0.10 0.10 1.08 0.128 19.26 2.63 0.32 2.71
 Floor 10.79 87.66 12.49 10.38 1.06 0.02 4.96 0.280 260.9 6.94 0.47 1.12
   

WL  Roof 17.99 60.61 23.2 20.0 1.23 94.8 189.4 0.571 40.5 1.6 18.5 135.6
#2 Coal Seam 71.22 11.53 8.73 48.13 0.15 0.11 1.05 0.114 35.48 1.53 0.83 2.61
 Floor 10.79 92.25 2.84 10.13 1.79 0.71 6.26 0.057 23.49 0.77 0.68 1.98
   

WL  Roof 17.99 80.51 45.30 37.68 1.88 19.77 216.0 0.35 122.3 3.72 9.78 82.03
#4 Coal Seam 71.22 12.12 4.00 47.46 0.21 1.08 8.59 0.15 19.66 1.67 0.41 5.42
 Floor 10.79 92.64 2.90 10.50 1.26 0.28 13.84 0.06 12.29 0.67 0.20 1.13
   

WL  Roof 17.99 90.21 21.6 10 0.4 0.55 11 0.17 34 3.73 3.71 4.5
#5 Coal Seam 71.22 9.18 6.05 38.44 0.07 0.07 2.14 0.12 38.82 1.25 0.22 2.03
 Floor 10.79 93.29 1.5 10 1.86 0.03 9 0.03 14.6 0.58 0.39 0.4
    

WC  Roof 7.70 72.45 15.20 10.00 0.02 3.77 44.00 0.330 14.50 2.92 3.70 35.70
#1 Top3" Seam 3.08 5.43 1.20 97.25 0.05 0.51 1.06 0.02 1.55 0.61 0.11 1.51
 Coal Seam - Mid 73.90 11.29 3.83 63.16 0.10 0.09 1.19 0.079 3.04 1.55 0.12 1.72
 Blue Band 4.94 56.56 3.73 33.62 0.22 0.12 10.97 0.09 27.09 1.14 0.26 7.34
 Bottom 3" Seam 3.22 9.21 3.71 115.4 0.46 0.04 1.02 0.07 1.94 2.78 0.05 1.63
 Floor 7.17 57.81 9.25 30.31 0.51 0.08 5.29 0.14 9.56 5.73 0.21 3.66
   

WC  Roof 10.17 57.77 28.24 30.77 1.01 140.3 236.2 0.414 27.25 1.28 9.11 154.1
#3 Top3" Seam 3.08 8.90 3.75 97.29 0.12 1.14 2.04 0.07 3.51 0.83 0.42 5.28
 Coal Seam - Mid 73.90 8.45 7.87 85.73 0.23 0.97 2.48 0.206 4.07 3.68 0.26 5.62
 Bottom 3" Seam 3.22 6.51 4.09 88.34 0.29 0.08 1.18 0.03 1.56 1.44 0.06 2.93
 Floor 9.64 53.32 18.27 36.69 0.13 0.48 2.24 0.26 9.64 7.03 0.30 5.86
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Mine 
and Unit Strata  Ash 

(%) 
As 

ppm 
B 

ppm 
Be 

ppm 
Cd 

ppm 
Cr 

ppm 
Hg 

ppm 
Pb 

ppm 
S 

(%) 
Sb 

ppm 
Se 

ppm 
WC Roof 17.99 52.17 20.55 17.17 0.25 33.51 77.96 0.31 8.34 1.12 5.09 74.37
#4 Top3" Seam 3.56 4.26 1.90 160.0 0.19 0.03 4.00 0.08 3.00 0.96 0.83 4.80
 Coal Seam - Mid 64.10 9.45 5.37 129.7 0.22 0.14 1.00 0.13 2.54 2.02 0.17 2.35
 Bottom 3" Seam 3.56 10.41 12.16 129.1 0.45 15.45 1.73 0.170 1.88 4.49 0.11 2.22
 Floor 10.79 82.63 14.55 12.93 1.25 0.13 6.90 0.177 22.80 3.78 0.18 1.56
   

Crown  Top3" Seam 4.12 17.36 1.24 206.3 0.43 0.07 2.09 0.064 4.29 1.52 0.12 3.05
#W Coal Seam - Mid 90.91 12.75 1.51 210.8 0.44 2.40 2.19 0.07 4.41 1.95 0.10 2.93

 Bottom 3" Seam 3.93 12.92 1.91 234.0 0.78 13.15 4.97 0.055 4.05 1.59 0.15 1.68
 Floor 1.04 67.10 3.16 47.75 0.62 1.35 10.31 0.04 12.57 1.85 0.48 1.24
   

Crown  Top3" Seam 3.99 15.39 0.96 193.2 0.39 1.05 2.42 0.05 3.97 0.76 0.09 2.19
#2 Coal Seam - Mid 88.57 10.73 1.87 194.5 0.55 0.37 3.76 0.07 3.35 1.73 0.06 2.39
 Bottom 3" Seam 4.07 17.27 2.26 176.5 0.56 18.36 4.93 0.060 6.96 1.85 0.11 2.80
 Floor 3.36 79.87 1.90 48.82 0.50 1.61 17.83 0.101 17.43 4.05 0.55 3.08
   

AmCoal  Roof 18.90 75.88 26.73 30.00 2.28 0.76 120.7 0.18 45.25 3.65 3.63 68.92
#EHG Coal Seam 72.43 10.93 2.09 46.09 0.13 0.05 1.22 0.088 13.69 1.20 0.08 2.11

 Blue Band 4.71 49.64 16.81 14.95 0.16 0.21 1.19 0.682 229.5 8.35 0.17 2.85
 Floor 3.96 83.03 7.44 22.32 0.98 0.02 8.21 0.053 28.71 1.55 0.49 1.17
   

Gateway  Roof 7.85 72.84 17.51 40.00 1.13 8.16 343.0 0.25 17.91 1.36 4.23 129.3
#2 Top3" Seam 3.23 8.04 1.46 207.7 0.25 0.83 15.70 0.059 2.76 0.60 0.55 8.53
 Coal Seam - Mid 76.86 13.32 2.05 193.6 0.22 0.24 3.10 0.086 3.86 1.71 0.08 1.85
 Bottom 3" Seam 3.68 20.30 1.61 130.8 0.50 0.67 1.43 0.04 10.52 3.85 0.06 1.44
 Floor 8.38 78.30 4.82 37.64 0.95 1.09 8.63 0.11 55.26 4.39 0.24 3.06
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Mine 
and Unit Strata  Ash 

(%) 
As 

ppm 
B 

ppm 
Be 

ppm 
Cd 

ppm 
Cr 

ppm 
Hg 

ppm 
Pb 

ppm 
S 

(%) 
Sb 

ppm 
Se 

ppm 
Gateway  Roof 7.25 83.80 41.80 30.00 0.67 1.31 70.00 0.11 23.50 4.00 2.32 60.50

#W Top3" Seam 2.82 9.37 1.61 185.9 0.14 2.98 1.28 0.123 2.36 1.99 0.23 6.88
 Coal Seam - Mid 78.96 31.10 5.42 112.5 0.24 0.20 4.82 0.082 6.20 3.74 0.20 4.59
 Bottom 3" Seam 3.60 33.55 4.24 133.4 0.57 4.73 3.52 0.05 14.01 2.88 0.08 2.40
 Floor 7.37 81.63 5.80 44.96 0.84 0.31 11.87 0.20 18.37 2.93 0.33 4.04
   

Gateway  Roof 6.98 51.57 18.08 32.25 0.69 83.97 177.2 0.41 18.34 1.83 6.42 127.4
#MS Top3" Seam 3.33 6.62 1.99 186.9 0.25 0.04 4.15 0.119 2.11 1.15 0.44 6.12

 Coal Seam - Mid 77.03 10.50 1.07 176.8 0.25 0.05 1.41 0.044 2.42 1.40 0.08 1.76
 Bottom 3" Seam 3.77 19.36 3.33 148.7 0.66 0.15 1.32 0.17 19.74 5.43 0.09 1.90
 Floor 8.89 82.44 2.84 28.09 0.71 0.03 10.02 0.06 18.67 1.98 0.16 1.40
   

Average Roof 13.53 71.55 25.77 24.35 0.93 35.21 136.3 0.29 34.97 2.77 6.21 79.59
 Top3" Seam 3.40 9.42 1.76 166.8 0.23 0.83 4.09 0.07 2.94 1.05 0.35 4.80
 Coal Seam - Mid 75.50 12.94 4.77 106.3 0.22 0.45 2.62 0.11 12.06 2.00 0.23 2.93
 Blue Band 4.83 53.10 10.27 24.29 0.19 0.17 6.08 0.39 128.3 4.75 0.22 5.10
 Bottom 3" Seam 3.63 16.19 4.16 144.5 0.53 6.58 2.51 0.08 7.58 3.04 0.09 2.13
 Floor 7.98 79.38 6.75 26.96 0.96 0.47 8.87 0.12 38.79 3.25 0.36 2.28
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Table 5. Summary of ash, sulfur and nine trace elements increase due to mining OSD and cleaning at a cut point of 1.9 
specific gravity. 

 

Mine and Unit Yield 
Increase Ash S As B Be Cd Cr Hg Pb Sb Se 

WL #1 0.23 0.11 0.33 0.68 0.01 0.11 0.28 0.19 0.55 1.39 0.33 0.05 
WL #2 1.09 7.60 0.95 7.45 -0.66 9.33 2222 194 5.99 1.49 0.95 30.32 
WL #4 0.56 1.59 0.54 3.31 -0.22 1.14 62.22 14.25 0.77 1.01 0.24 13.51 
WL #5 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

             
WC #1 5.33 22.51 17.66 24.78 -1.56 13.71 3.84 18.95 3.76 6.62 17.66 4.70 
WC #3 10.09 44.29 -0.29 15.51 -4.03 8.78 708 344 2.71 23.77 -0.29 143 
WC #4 7.03 4.73 -0.96 23.40 -4.51 -2.63 78.02 506 -0.67 6.12 -0.96 118 

             
Crown #W 0.18 0.06 0.03 0.61 -0.03 0.07 -0.13 0.37 0.01 0.13 0.03 2.06 
Crown #2 0.46 0.13 -0.05 0.30 -0.09 -0.12 3.27 0.07 -0.09 -0.07 -0.05 0.23 

             
AmCoal #EHG 2.86 3.90 1.29 10.46 -0.90 17.16 137.4 364 3.04 1.08 1.29 19.64 

             
Gateway #2 1.08 0.62 1.05 2.04 -0.04 1.12 19.48 2.44 0.08 1.12 1.05 1.97 
Gateway #W 5.38 17.84 3.05 63.71 -3.35 5.40 7772 451 32.59 24.44 3.05 258 
Gateway #MS 1.18 0.12 0.91 1.37 0.24 1.45 0.30 -0.13 0.59 2.53 0.91 0.06 

             
Average 2.7 8.0 1.9 11.8 -1.2 4.3 846.7 145.8 3.8 5.4 1.9 45.5 
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material to the clean coal product.  The reason for reduction on impacts at some locations 
was found to be due to local roof qualities which contained lesser concentrations of trace 
elements, particularly in the floor, as compared to that in the coal seam.  Also, some mine 
locations (Crown locations) left top coal unmined and hence, the OSD from these 
locations did not have any roof dilution. 
 
Overall, it appears that even though the trace element reductions from eliminating OSD 
do not drastically reduce some very undesirable trace elements such as mercury, their 
concentration is definitely reduced nevertheless.  Due to extremely high mitigation and 
credits costs projected for these elements, even small reductions translate into large cost 
savings.  The associated reductions in heating value also amount to significant penalties.  
When these are combined with a host of other cost savings from eliminating OSD as 
discussed in the next section, OSD control does appear to provide a significant incentive. 
 
Task 3.  Cost Impacts of OSD 
 
In this task, the effect of OSD on mine economics for a typical Illinois coal mine was 
modeled with a particular emphasis on product quality impacts.  The ‘typical’ Illinois 
mine used average OSD mining characteristics, average OSD quality and average product 
quality changes due to OSD as presented in Tables 4 and 5.  Quality impacts of the OSD 
originating from the roof and floor strata were separately estimated.  The results are 
presented in Table 6.  The ‘Quality Impact’ in Table 6 included the impact of reduced 
heating value, increased sulfur and mercury contents and increased transportation cost on 
a mmbtu basis.  The computations involved in determining these impacts are presented 
below. 
 

Table 6. Incremental cost impacts ($/ton) of OSD. 
 

 Roof Dilution Floor Dilution Total OSD Cost 
clean ton basis 

Face Production* $4.69 $4.69 $1.55  
Outbye Activities $0.75 $0.75 $0.25  

Base Processing Cost $1.40 $1.40 $0.46  
Rotary Breaker $0.15 - $0.03  
Maintenance $0.30 - $0.06  

Viscosity Effect - $0.21 $0.03  
Flocculant Usage - $0.43 $0.05  
Quality Impact $5.63 $1.39 $1.34  
Disposal Cost $1.13 $0.54 $0.30  

Total $14.05 $9.41 $4.08 
*This analysis assumes that face production cost is the same for all sources of dilution.  In reality, these 
costs will be slightly different for reasons such as higher bit replacement cost while mining the harder roof.  
Such costs have been ignored in this analysis. 
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Impact of Higher Ash Content (Lower Heating Value) 
 
Cleaned Seam-only Ash Content – 10% (12960 Btu/lb) 
Increase in Ash Content due to OSD – 8% 
Ash Content with OSD = 10 x 1.08 = 10.8% (12845 Btu/lb) 
Btu Reduction in 1 ton of clean coal = 2000 x (12960-12845)/106 = 0.23 mmbtu 
Cost of Btu Reduction = 0.23 x $1.50 = $0.34/ton of clean coal. 
 
Increase in ash content in 1 ton of clean coal – 0.008 tons 
Increased cost of transportation = 0.008 tons x $7/ton = $0.06/ton of clean coal. 
 
Impact of Higher Sulfur Content 
 
Cleaned Seam-only Sulfur Content – 2% 
Increase in Sulfur Content due to OSD – 1.9% 
Sulfur Content with OSD = 2 x 1.019 = 2.038% 
Sulfur increase in 1 ton of clean coal = 0.00038 tons 
Cost of Sulfur increase = 0.00038 x $600 = $0.23/ton of clean coal. 
 
Impact of Higher Mercury Content 
 
Cleaned Seam-only Hg Content – 0.10 ppm 
Increase in Hg Content due to OSD – 3.8% 
Hg Content with OSD = 0.1 x 1.038 = 0.1038 ppm 
Hg increase in 1 ton of clean coal = 2000 x (0.1038-0.1)/106 = 0.0000076 lbs 
Cost of Hg increase = 0.0000076 x $32,000 = $0.24/ton of clean coal. 
 
TOTAL QUALITY IMPACTS ON COST = $0.87/ton of clean coal. 
 
The average recovery in Illinois coal preparation plants is 65%.  Hence, the above cost 
translates into $1.35/ton of ROM coal.  To express this cost in terms of tons of roof and 
floor mined, it needs to be realized that the ash and transportation related impacts are 
applicable to both the dilutions arising from the roof and the floor.  The sulfur and 
mercury related impacts are however primarily related to roof dilution.  Given that the 
average mined roof and floor strata form 13.5% and 8% of the ROM, respectively, the 
cost impacts translate into $5.63/ton of roof material and $1.39/ton of floor material 
mined.  Thus, if mining height considerations require cutting out-of-seam, the floor 
should be mined before the roof.  The overall cost of dilution based upon the above OSD 
mining and recovery assumption is $4.08/clean ton.  This number however assumes that 
all of the dilution is avoidable.  Considering that only half of the dilution can be avoided, 
the cost savings are still approximately $2.00/clean ton.  This is a substantial cost which 
can easily impact the competitiveness of the coal industry.  Hence, it is clear that efforts 
are required to reduce OSD. 
 
Figure 3 presents the detailed sources of costs incurred due to mining OSD.  It can be 
seen that the loss in productivity from mining out-of-seam material is the single biggest 
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contributor to the cost.  This cost is somewhat understood by the industry.  The second 
largest contributor to the OSD cost impact is the impact of deteriorating quality due to the 
presence of OSD in ROM.  This impact has largely been ignored before this study.  
Additional costs incurred due to OSD in order of importance are in the processing and 
disposal operations. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

Figure 3.  Cost impacts of OSD in total and broken down by components. 
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CONCLUSIONS AND RECOMMENDATIONS 
 
The authors believe that this study takes a pioneering look at the impact of OSD on clean 
coal quality and the costs associated with the discovered negative impacts on quality.  
Additional estimates of cost impacts of OSD have also been developed to arrive at the 
following conclusions. 
 

1. OSD has a significant impact on clean coal product quality.  Even though the 
impacts are quite variable, the study found that the average impact on the clean 
coal product quality for a sampling of five Illinois mines was 8% increase in ash 
content, 2% increase in sulfur content and 4% increase in mercury content.  There 
was also an increase in most other trace element concentrations with Cd and Cr 
registering 850% and 150% increases. 

2. Analysis of channel samples revealed that the floor strata contained almost three 
times the mercury content compared to that in the coal seam.  The floor strata also 
contained higher mercury and other trace element contents compared to the coal 
seam. 

3. The quality impacts of mining the roof and floor strata were estimated at $5.63 
and $1.69 per ton of the mined roof and floor materials respectively.  When all 
other OSD related costs were included, the costs of mining the roof and floor 
strata were estimated to be $14.05 and $9.41 per ton of the mined material.  
Hence, it is clear that if out-of-seam extraction is required for height or any other 
reason, floor should be mined instead of the roof. 

4. The total cost impact of OSD on clean coal cost was estimated at $4.08 per ton of 
clean coal.  Hence, even if 50% of the OSD can be avoided, a cost savings of 
more than $2.00 per ton of clean coal will result. 

 
In summary, the results of this study bring to the forefront the importance of OSD control 
which has been overlooked for too long.  This is particularly important when aggressive 
reductions in mercury are being mandated by EPA as well as the state legislature.  It is 
clear that to enhance the competitiveness of the coal industry, efforts need to be devoted 
to reducing OSD.  This accomplishment can improve the marketability of Illinois coal 
through lower production cost and better product quality. 
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