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ASSESSMENT AND RECOMMENDATIONS FOR SOLVING ASH DEPOSITION 
PROBLEMS AT ENTERGY’S WHITE BLUFF STATION 

 
 
INTRODUCTION AND BACKGROUND 
 
 The Energy & Environmental Research Center (EERC) established a project with 
Entergy’s White Bluff power station to perform coal analyses and Predictive Coal Quality 
Effects Screening Tool (PCQUESTK) calculations, examine boiler-operating information, and 
make recommendations for solving problematic fouling deposits occurring at the White Bluff 
plant. Seven coals were screened using PCQUEST to aid in ascertaining which would be 
potentially problematic. The coals screened are coals that Entergy’s White Bluff plant currently 
fires or has the potential to fire. The U.S. Department of Energy and EPRI were cosponsors of 
the project. 
 
 
GOAL 
 
 The goal of the work was to provide information to plant personnel at the White Bluff 
facility to help them solve ash deposition problems and aid them in judiciously purchasing coals. 
Information gathered during this project along with a Guidelines to Solving Ash Deposition 
presentation were to be presented to the White Bluff staff. 
 
 
EXPERIMENTAL 
 
 The EERC obtained from White Bluff samples of coal currently being fired. Several other 
coal samples used in this study were obtained directly from the mines. The coals analyzed in this 
study were Caballo (CA), Cordero (CO), Caballo Rojo (CR), North Antelope (NA), Antelope 
(AN), Black Thunder (BT), and Jacob’s Ranch (JR). The samples were characterized at the 
EERC for mineral and chemical composition using the advanced analysis techniques of 
computer-controlled scanning electron microscopy (CCSEM) and chemical fractionation (CHF) 
as well as standard techniques of proximate, ultimate, and bulk ash analysis. These data were 
then used as input to the PCQUEST and Facility for the Analysis of Chemical Thermodynamics 
(FACT) modeling codes which produce relative rankings of a coal’s handling and combustion 
characteristics. 
 
 PCQUEST calculates eight indices: grindability, high-temperature fouling, low-
temperature fouling, slagging, slag tapping, sootblowing, erosion, and opacity, either for a 
specific power station using the input boiler parameters or for a generic boiler. 
 
 The predicted grindability corresponds to the Hardgrove grindability and was developed 
for western subbituminous coals. Grindability of western coals is especially susceptible to 
moisture, and the predicted values may not reflect actual determined grindabilities well. The 
grindability index is best used as an indication of relative changes in grindability rather than as 
actual Hardgrove values. The high-temperature fouling index is a measure of fouling occurring at 
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the front part of the convective pass in the secondary superheater (SH) and reheater (RH) region. 
Such fouling is primarily silicate based and is strongly dependent on the furnace exit gas 
temperature (FEGT). The low-temperature fouling index is a measure of fouling occurring in the 
primary SH and economizer region of the convective pass. Such deposition is primarily calcium-
based, forming smooth, very hard calcium sulfate deposits. The sootblowing index is related to 
the high-temperature fouling index and is an indication of the ease of removal of the high-
temperature deposits. The slagging index is a measure of slagging propensity on walls in the 
radiant section of the boiler. Depending on the FEGT, the slagging region may extend to include 
platen SH and RH surfaces suspended over the furnace box and surfaces at the entrance to the 
convective pass. The slag-tapping index gives an estimation of the ease of slag flow from the 
cyclone barrels of a cyclone-fired boiler. The tube erosion index provides a relative indication of 
the ash abrasiveness based on the ash hardness and kinetic energy, which is dependent on the gas 
velocity selected as input in the boiler parameters. This index value reflects the abundance of 
large, hard quartz and pyrite mineral particles in the coals, but has not been calibrated against 
actual field observations of erosion. The opacity index provides an indication of the difficulty of 
ash collectibility, based on the relative abundance of fine hard-to-collect minerals and 
organically bound minerals in the coal. This value is indicative only of the difficulty of collecting 
fine ash, in this case reflecting the resistivity of the ash. A well-functioning collection device 
may effectively control even apparently fine particulate emissions. 
 
 The indices, except for the grindability index, are on a scale of 0B100, with 0B33 being 
low, 34B66 being medium, and 67B100 being a high or severe value. The resolution of the 
calculations is such that differences of 2B3 index units indicate effectively the same performance. 
PCQUEST is best used to evaluate the relative performance of coals and is most effective if a 
coal with known fireside performance is included as a “benchmark.” 
 
 The PCQUEST model input requires a standard American Society for Testing and 
Materials (ASTM) as-received proximate analysis (% moisture, volatile matter, fixed carbon, and 
ash), as-received ultimate analysis (% hydrogen, carbon, nitrogen, sulfur, oxygen, and ash), and 
bulk ash chemistry (% SiO2, Al2O3, Fe2O3, TiO2, P2O5, CaO, MgO, Na2O, K2O, and SO3). The 
FACT model requires only the as-received ultimate and the bulk ash chemistry analyses.  
 
 The PCQUEST calculations also require CCSEM analysis, image analysis (IMA), and 
CHF analysis as well as proximate, ultimate, and bulk ash chemistry analysis of the coal. The 
IMA is automatically performed as part of the CCSEM analysis.  
 
 The CCSEM analysis is used to determine the size and composition of the mineral grains 
in a fuel that are greater than 1 μm in diameter, along with IMA analysis to determine the 
association of the mineral grains, i.e., whether mineral grains are embedded in the coal particles 
(included minerals) or are free grains not attached to the coal particles (excluded minerals). This 
association of mineral grains has a significant effect on the formation of fly ash and ash deposits, 
with included mineral grains much more likely to combine with each other than the free 
excluded mineral grains. 
 
 The CHF analysis is a series of selective chemical leachings that quantifies organically 
bound inorganics and minerals that are less than 1 μm in size. Organically bound inorganics are 
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found only in low-rank fuels and comprise the bulk of the inorganics that are less than 1 μm in 
size. Low-rank subbituminous and lignite coals act as ion-exchange materials, with alkali and 
alkaline-earth elements such as Ca++, Na+, and K+ attaching to carboxylic acid groups in the coal. 
Up to half the calcium and all of the sodium and potassium present in the coal ash may be bound 
in this way. When the coal is burned, these highly dispersed elements have a high propensity to 
interact with other minerals present as well as form very fine ash. 
 

Boiler Inputs 
 
 In addition to fuel analyses, the PCQUEST model requires some rudimentary boiler 
information. These inputs are generally provided by the client; however, the program does have 
default values for these based on several boiler types. The boiler inputs are as follows (ESP = 
electrostatic precipitator, pc = pulverized coal): 
 

Flue gas velocity (m/s, convective pass)  
Average _______ Maximum _______ 
Particulate collection device, indicate one of the following: 
Baghouse _____ 
Cold-side ESP _____, av operating temp. _______ °C 
Hot-side ESP _____, av operating temp. _______ °C 
Scrubber _____ 
Furnace box cross-sectional area (ft2) _______ 
Design maximum continuous rating (MCR) firing rate (lb/hr) _______ 
Design coal heating value (Btu/lb) _______ 
Design coal ash content (% of coal) _______ 
Burner design, pick one of the following: 
Conventional burners _____ 
Low-NOx burners _____ 
pc-fired _____ or Cyclone-fired _____ 

 
 
FACT MODELING 
 
 FACT is an integrated thermodynamic database coupled to programs developed to 
calculate multicomponent, multiphase equilibria based on a minimization of Gibbs free energy. 
Once the initial system composition and pressure are set, FACT determines equilibrium 
concentrations of solid, liquid, and gas species over a specified temperature range. It should be 
noted that FACT calculates equilibrium concentrations independently at each temperature. 
Depending on the kinetics of the reactions occurring, these equilibrium concentrations may or 
may not be achieved. FACT is also constrained by the number of elements selected as input and 
by the compounds available and selected to be considered in the calculations from the 
thermodynamic database. The sample analyses used in the FACT calculations consisted of the 
bulk ash chemistry analyses and as-received ultimate analysis. FACT may also be used on 
blends, with the input being a calculated blend ultimate and ash chemistry analysis. Because the 
FACT calculations and postprocessing of the results are quite labor-intensive, only a limited 
number of blend scenarios are performed. 
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 FACT determines the equilibrium amounts of gas, liquid, and solid compounds as a 
function of temperature. Calculations are normally performed at 45°F (25°C) intervals from 932° 
to 2732°F (500° to 1500°C). Note that the calculation at each temperature is independent of the 
previous or subsequent calculations and that each calculation represents an equilibrium condition 
which may not be kinetically or physically achieved. The compounds considered are 
approximately 30 major and minor gas species of highest concentration (FACT needs about this 
many gas species to allow the matrices to converge), a silicate-based liquid slag, and a solid 
calciumBmagnesium sulfate solution which is indicative of potential low-temperature calcium-
based fouling, and all pure solid species in the FACT database. 
 
 Calculations are performed on a weight basis to determine the percentage of liquid phases 
present as a function of temperature. A second calculation is performed on a mole basis to 
provide input for viscosity calculations. Viscosities for the liquid-phase material as a function of 
temperature are subsequently calculated using a modified form of the Urbain equation in a 
spreadsheet for each sample. 
 
 Both the viscosity and the amount of liquid phases present are important in predicting the 
amount of slagging and fouling that can occur. For example, at a given temperature, a coal with a 
higher percentage of liquid phases with lower viscosity would be expected to show more severe 
fouling behavior relative to a baseline coal. Although these calculated rates may not accurately 
reflect the actual magnitude of deposition experienced in a full-scale boiler, they give an 
indication of the relative fouling behavior. 
 
 The PCQUEST and FACT models complement each other, together providing a 
reasonable prediction of relative fireside performance. The advantage of PCQUEST is that ash 
partitioning between bottom ash and fly ash is accounted for in the model algorithms, while 
FACT uses the bulk coal ash composition. However, FACT provides predictions as a function of 
temperature, while the PCQUEST model implicitly assumes a “typical” boiler with an FEGT of 
approximately 2200°F. 
 
 The PCQUEST results indicate that all coals and blends would have similar fireside 
performance characteristics in a full-scale boiler. All coals can be expected to exhibit good 
performance in terms of grindability, low-temperature fouling, and tube erosion. With some 
differences noted below, high-temperature fouling, furnace wall slagging, and opacity are in the 
mid to high moderate range (index between 33 and 67), with the CO exhibiting borderline severe 
fouling and slagging behavior. All of the coals and blends, with the exception of CR and BT, 
exhibit the propensity for hard, difficult to remove deposits (sootblowing index of 100). CR is 
the only coal predicted to have weaker deposits, in the moderate range, with an index of 49. BT 
deposits are predicted in the high range at 75. The indices for all coals and blends can be seen in 
Figures 1 and 2.  
 
 Of the indices predicted, high-temperature fouling, furnace wall slagging, and sootblowing 
are considered to be of the most interest to Entergy. Within these categories, CA exhibits the 
lowest fouling index at 47 and the lowest slagging index at 53 for the coals normally in use by 
Entergy. CR exhibits the lowest sootblowing index at 49, indicating the most easily removed 
deposit. CO exhibits the highest fouling index, the highest slagging index, and matches all other 



 

 5

 
 

Figure 1. PCQUEST results. 
 
 
 
 
 
 

 
 

Figure 2. PCQUEST results of coal blends. 
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coals (except CR) and blends with the highest sootblowing index. Of all coals analyzed, BT and 
JR indicate the lowest high-temperature fouling index at 39 and also the lowest slagging index at 
38 and 35, respectively. The sootblowing index for the BT is in the lower end of the severe range 
at 75, while JR has a sootblowing index of 100.  
 
 Analyses from each of the coals of interest were also analyzed by the FACT 
thermodynamic model. These results are provided in Figures 3, 4, and 5. The FACT output 
predicts fireside behavior of fuels as a function of temperature, using the Gibbs free energy to 
predict the most stable compounds at a given temperature. While solids and gases may also be 
present, it is the liquid phase that is of most interest to understand fouling and slagging behavior 
of fly ash species in utility boilers. First of all, the percentage of liquid phases (Figure 3) present 
is important to determine the propensity for ash to collect on heat-transfer surfaces; the more 
liquids present, the higher the likelihood of these species forming deposits. However, the 
viscosity of the liquid phase (Figure 4) is also important in determining the likelihood of these 
deposits to both stick and form hard, dense, difficult to remove deposits. 
 
 The analysis indicates that the percentage of liquid phases present increases gradually until 
the temperature exceeds 2000°F. The percentage increases rapidly for all coals between 2000° 
and 2100°F, roughly from 30% to 70%. Over this temperature range, CA has the highest 
percentage of liquid phases and CO has the lowest percentage. The liquid-phase viscosity is 
virtually identical for all coals in this temperature range. Above 2100°F, the percentage of liquid 
phases in the CO fly ash increases most rapidly and also exhibits the lowest viscosity of all coals 
considered here. This is consistent with the PCQUEST predictions above that indicate the 
highest fouling and slagging indices for the CO fly ash at temperatures normally associated with  
 
 

 
 

Figure 3. Predicted percentage of liquid phases as a function of FEGT. 
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Figure 4. Liquid-phase viscosity of fly ash as a function of temperature. 
 
 
 
 
 
 
 

 
 

Figure 5. FACT predicted deposition rate index. 
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the furnace exit in utility boilers firing subbituminous coals. In the range from about 2100° to 
2300°F, the liquid phases present in the fly ash are predicted to go from about 70% to 90% for 
all coals, while the viscosity drops from 250 to below 100 poise; 250 poise is the viscosity at 
which a liquid is to exhibit good flow characteristics. This is not good for fly ash. The liquid 
phase can be expected to coat the fly ash grains, creating a sticky surface that is easily captured 
by heat-transfer surfaces and deposits. However, in this temperature range, the coals can be 
ranked from best to worst as follows: CR, NA, CA, and CO. The deposition index, Figure 5, 
indicates the progression from best to worst at NA, CR, CA, and CO. 
 
 
BOILER-RELATED DIAGNOSTIC TESTS, MEASUREMENTS, OR ADJUSTMENTS 
 
 Recommended boiler adjustments, measurements, and other parameters that should be 
considered to get to the root cause of boiler impacts on fouling and slagging problems are as 
follows: 
 

1. It is important to have a good quantified understanding of boiler operation prior to 
making any adjustments so that the changes brought about by the adjustments in 
operations can be fully documented and understood. It is advised that a comprehensive 
boiler tuning and continual monitoring of O2, attemperation, and tempering air should 
be done. Balancing and tuning of coal lines and coal flow should be done. EPRI has 
documented operating procedures that can aid in this undertaking in tuning guidelines 
published in 1995. Boiler inspection sheets are recommended to quantify ash deposition 
and correlate to coal analysis (per trainload at least), with boiler-recorded data 
summarized by days or weeks and extending preferably for several months. Types of 
boiler parameters that are deemed important (see Guidelines, Full-Scale Field Testing, 
Chapter 18) should to be chronicled, especially over the time before and after an ash 
deposition event. Boiler inspection sheets are recommended as a very good 
experimental tool for this situation. The utility is advised to use the sheets for 1–
6 months, followed by correlation and comparison of fuel data (even at trainload detail), 
major boiler parameters, and quantified averages of deposit severity from inspection 
sheets. It is suggested that numbers be assigned to assess the severity of fouling. This 
will aid in quantifying the fouling problem over time and correlating it to other 
exacerbating events. The information may also help to discern any boiler parameters 
that could alleviate ash deposition problems. 

 
2. Measurement and calibration of O2 levels are recommended in order to check for 

reducing environment hot spots and to find out if O2 monitors may be malfunctioning. 
Measuring the O2 levels at the site of the deposition should be used to verify the 
calculated values. Damper position checks and tuning are also recommended. 

 
3. Mill performances may impact coal particle and resulting entrained fly ash particle 

sizes, allowing more slag deposition on water walls, SH pendants, and the RH front 
face. It might be necessary for the utility to check ASTM sizing of coal grinds in each 
mill and mill fineness at the standard operating tonnage. Mill fineness testing should be 
conducted at all the mills to see if there is a difference in the grind. Changes in fineness 
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may change coal particle sizes being injected into the boiler, which, in turn, affects 
particle burnout, char residence time, and the chemistry of fly ash that may impact 
water wall and heat exchanger surfaces. 

 
4. Boiler tilts do go up during boiler deposition events in order to maintain SH steam. It is 

advised that the position of the burner tilts be verified and a correlation of impacts of 
tilts to ash deposition be done.  

 
5. Finally, it is strongly urged that an FEGT monitoring device be verified with high-

velocity thermocouples. FEGTs calculated from the economizer outlet should not be 
relied upon. Temperatures of flue gas in excess of 2400°F going into the leading edge of 
the secondary SH will always create ash deposition to some degree. Spikes above this 
temperature, even for just an hour, may initiate unrecoverable ash deposition. 

 
Ash Deposit-Related Diagnostic Analyses 

 
1. It is recommended that ash deposits be collected directly off of tubes in the critical ash 

deposition regions, either by using online collection probes or during unit shutdowns. 
An outage provides an excellent opportunity. Pint- or quart-sized samples should be 
collected. Instructions on deposit collection were given during the Guidelines 
presentation to determine when the deposits formed (what date); label the deposits with 
respect to location (what region of the boiler, RH, SH, etc.), location on the tube bank 
(left side, right side, top, bottom, or middle), position on the tube (back, front), and 
physical characteristics of deposits (color, texture, density, bands, hardness, etc.). By 
analyzing collected ash deposit samples, specific mineral phases or amorphous molten-
phase chemistries (glass deposit material) can be identified, which may give clues to the 
origin or root causes of the deposit formation. It is suggested that deposits be acquired 
and analyzed using advanced methods: 1) compare molten-phase chemistry with 
eutectics to determine by temperatures, 2) temperature spikes need to be determined or 
measured, 3) viscosity of liquid phases in deposits can be calculated with these deposit 
or coal ash chemistry data. Scanning electron microscopy (SEM) morphology is 
recommended (to discern liquid bonding or gluing phases) and SEM point count 
analysis with x-ray diffraction to confirm crystalline phases in order to quantify what 
different types of phases are present and what temperatures were achieved in the deposit 
to compare with recorded FEGT levels and coal chemistry. 

 
Formulation and Maintenance of an Ash Deposition Team 

 
 A formal ash deposition team should be formed specific to this plant: 
 

1. Gather team – The meeting between the EERC and Entergy’s White Bluff staff was an 
excellent start toward putting together a team to focus on solving fouling and slagging 
problems. A team should be officially assembled and continue to meet regularly to 
discuss ash deposition impacts on costs and solutions. This team should be expanded to 
include upper management and personnel from other plants that belong to the same 
utility. An important part of acquiring management support for this team would be a 
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more definitive assessment of the cost of the problem, both at this plant and 
systemwide. This figure would not need to be exact, but presumably it would become 
more accurate as the effort moved forward.  

 
2. Summarize known deposition and boiler information. Historical boiler operational data 

need to be gathered and analyzed to determine contributions of boiler operation changes 
to fouling problems. Plans should be made to acquire financial resources to put toward 
diagnostic testing. 

 
3. The ash deposition team can recommend further diagnostics and prioritize what other 

information is needed to establish root causes by following the Guideline approach 
presented at Entergy’s White Bluff Station. A host of plant information, coal 
information, and ash deposit information remains to be collected for root cause 
determination. Once diagnostic analyses and information are gathered, then an updated 
prioritized list of potential remedial measures can be drawn up. These remedial 
measures will be implemented with assigned milestones. The team will continue to 
monitor applications of remedial measures with regular meetings, plant inspection 
plans, and installation of monitoring equipment. They will also continue to hold team 
(plant and corporate) meetings to address these issues. 

 
 
CONCLUSIONS 
 
 This report serves to define ash deposition problems and recommend steps forward to 
solve these ash deposition problems. Most of these steps are not actual fixes, but diagnostic tests 
that serve to pinpoint the root cause of ash deposition. Without taking these steps and perhaps 
investing time and money, smart decisions in fuel selection, boiler modifications, new 
sootblowing schemes, and new boiler operation methods will be fruitless. 
 
 The Guidelines has a listing of laboratories, vendors, and other resources that may be 
useful in the application and performance of these recommended steps.  
 
 The following summarizes the recommended steps forward: 
 

• Establish an ash deposition team – An official team needs to be established, with 
members from all appropriate areas including but not limited to operations, 
maintenance, and fuel purchasing. An important part of this team will be plant 
management that can provide the financial resources necessary to carry out 
recommended solutions. 

 
• Determine root cause bad actors in deposits – Advanced analyses of ash deposits can 

give evidence to root cause bad actors and FEGT set points. 
 
• Establish a consistent boiler ash-fouling and slagging monitoring system – The White 

Bluff plant already does a form of deposit monitoring. We suggest putting a numerical 
rating system to this monitoring system and tracking it for 6 to 12 months, correlating 
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the rating system with other boiler recorded data (cleanliness factors, SOx, CO, O2, load, 
FEGT, etc.). 

 
• Establish a maximum FEGT – Using some of the diagnostic testing above and 

calibrating the current FEGT, a maximum FEGT should be determined and operators 
trained to stay under it. 

 
• Perform a comprehensive boiler tuning. 
 
• Measurement and calibration of O2 levels – This exercise is recommended in order to 

check for reducing environment hot spots and to find out if O2 monitors may be 
malfunctioning.  

 
• Mill performance check – This may be important to evaluate the impact of coal particle 

size on slag deposition. 
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COAL ANALYSIS INFORMATION 



 

 A-1

Antelope Coal    
    
    
Chemfraction Analysis % Removed by H2O % Removed by NH4OAc % Removed by HCL 
Silicon 1 1 0
Aluminum 0 0 47
Iron 4 5 84
Titanium 0 2 0
Phosphorus 0 0 2
Calcium 0 61 39
Magnesium 0 83 16
Sodium 41 59 0
Potassium 15 58 0
 
     
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    

 



 

 A-2

 
PRB Coal Caballo-Rojo    
    
Chemfraction Analysis: % Removed by H2O % Removed by NH4OAc % Removed by HCL 
Silicon 2 0 0
Aluminum 0 0 29
Iron 4 0 72
Titanium 4 0 0
Phosphorus 5 0 92
Calcium 2 59 36
Magnesium 4 74 16
Sodium 18 82 0
Potassium 1 22 0
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Black Thunder PRB Coal    
    
Chemfraction Analysis % Removed by H2O % Removed by NH4OAc % Removed by HCL 
Silicon 3 0 0
Aluminum 2 0 29
Iron 3 1 70
Titanium 2 3 0
Phosphorus 4 5 89
Calcium 1 59 38
Magnesium 3 73 18
Sodium 29 71 0
Potassium 8 2 8
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Jacob's Ranch PRB Coal    
    
Chemfraction Analysis: % Removed by H2O % Removed by NH4OAc % Removed by HCL 
Silicon 9 0 1
Aluminum 8 0 31
Iron 8 0 71
Titanium 6 0 0
Phosphorus 8 0 93
Calcium 3 57 38
Magnesium 3 73 18
Sodium                 4 76 0
Potassium              1 0 1
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PRB Coal Cordero    
    
Chemfraction Analysis: % Removed by H2O % Removed by NH4OAc % Removed by HCL 
Silicon 6 0 0
Aluminum 10 0 38
Iron 8 0 76
Titanium 9 0 1
Phosphorus 13 0 86
Calcium 9 56 33
Magnesium 13 69 15
Sodium 21 79 0
Potassium 7 5 0
 
     
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    



 

 A-6

 
PRB Coal Caballo    
    
Chemfraction Analysis % Removed by H2O % Removed by NH4OAc % Removed by HCL 
Silicon 4 0 49
Aluminum 2 0 61
Iron 4 0 59
Titanium 4 0 55
Phosphorus 4 0 59
Calcium 3 57 0
Magnesium 4 74 0
Sodium 16 84 0
Potassium 19 24 0
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PRB Coal North Antelope    
    
Chemfraction Analysis: % Removed by H2O % Removed by NH4OAc % Removed by HCL 
Silicon 4 0 0
Aluminum 4 0 29
Iron 0 10 79
Titanium 3 6 0
Phosphorus 5 5 87
Calcium 0 67 31
Magnesium 4 78 13
Sodium 22 78 0
Potassium 2 24 1
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 Antelope 
Black 
Thunder 

Jacobs 
Ranch Caballo 

Caballo 
Rojo Cordero North Antelope 

SiO2 31.7 31.35 29.22 25.85 31.8 26.69 31.15  
Al2O3 15.55 16.83 19.38 16.56 18.47 19.13 19.79  
Fe2O3 6.1 7.05 7.19 5.47 4.88 5.74 6.38  
TiO2 1.22 1.34 1.35 1.43 1.44 1.7 1.4  
P2O5 1.66 0.98 1.61 0.84 0.82 1.44 1.47  
CaO 23.7 21.84 22.01 24.94 22.92 26.82 23.44  
MgO 5.6 4.9 4.84 4.13 4.38 5.73 6.35  
Na2O 1.56 0.79 1.01 1.47 1.22 0.89 0.99  
K2O 0.33 0.49 0.33 0.26 0.39 0.31 0.34  
SO3 13.29 14.41 13.05 18.99 13.63 9.61 8.71  
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SAMPLE DESCRIPTION ---> Antelope Coal                                                    
 SUBMITTER          ---> Bruce Folkedahl                                                  
 ICC # AND FUND #   ---> 47740777                                                         
 RUN DATE AND TIME  --->  10 15 2003  10:20 
   
 SUMMARY OF PARAMETERS  
   
 PERCENT EPOXY USED                          =        66.2 
 TOTAL MINERAL AREA ANALYZED AT  800.0 MAG   =      2195.8 
 NORMALIZED AREA ANALYZED AT  800.0 MAG      =    539583.6 
 MINERAL AREA ANALYZED  250.0 MAG            =     27022.6 
 NORMALIZED AREA ANALYZED  250.0 MAG         =    675463.9 
 TOTAL MINERAL AREA ANALYZED AT   50.0 MAG   =    227056.0 
 NUMBER OF FRAMES AT  800.0 MAG              =         100 
 NUMBER OF FRAMES AT  250.0 MAG              =         100 
 NUMBER OF FRAMES AT   50.0 MAG              =          99 
 TOTAL MINERAL WGHT % ON A COAL BASIS        =       2.059 
 TOTAL NUMBER OF POINTS ANALYZED             =        1302 
 NUMBER OF POINTS UNDER THRESHOLD            =          56 
      
 WEIGHT PERCENT ON A MINERAL BASIS 
                    1.0    2.2    4.6   10.0   22.0   46.0      
                     TO     TO     TO     TO     TO     TO TOTALS 
                    2.2    4.6   10.0   22.0   46.0  100.0        % EXCLUDED  
 --------------------------------------------------------------------------- 
 QUARTZ             4.1    6.4    5.7    9.4    5.1    2.1   32.7   37.1 
 IRON OXIDE          .1    1.3     .5    1.2    1.0    1.3    5.4   77.7 
 PERICLASE           .0     .0     .0     .0     .0     .0     .0     .0 
 RUTILE              .4     .1     .2     .0     .0     .0     .7   33.9 
 ALUMINA             .0     .0     .0     .0     .0     .0     .0     .0 
 CALCITE             .0     .0     .0     .0     .1     .0     .2   89.5 
 DOLOMITE            .0     .0     .1     .0     .0     .0     .1  100.0 
 ANKERITE            .0     .0     .0     .0     .0     .0     .0     .0 
 KAOLINITE          3.1    5.8    5.5    8.1    2.8    1.7   26.9   33.9 
 MONTMORILLONITE    1.2    2.1     .9    2.3     .2     .4    7.1   28.3 
 K AL-SILICATE       .0     .1     .1     .0     .0     .0     .2     .0 
 FE AL-SILICATE      .6     .5     .3     .0     .1     .0    1.3   10.7 
 CA AL-SILICATE      .1     .1     .8    1.4     .1     .0    2.6   27.2 
 NA AL-SILICATE      .0     .0     .0     .2     .0     .0     .2     .0 
 ALUMINOSILICATE     .1     .0     .0     .0     .0     .0     .1     .0 
 MIXED AL-SILICA     .0     .0     .4    1.6     .0     .0    2.1    3.5 
 FE SILICATE         .0     .0     .0     .0     .1     .0     .1   71.2 
 CA SILICATE         .1     .0     .0     .0     .0     .0     .2   28.0 
 CA ALUMINATE        .0     .0     .0     .0     .0     .0     .0     .0 
 PYRITE              .0     .0     .0     .0     .0     .0     .0     .0 
 PYRRHOTITE          .2     .0     .1     .3     .5     .7    1.9   94.1 
 OXIDIZED PYRRHO     .0     .0     .0     .0     .0     .3     .3   88.8 
 GYPSUM              .0     .2     .1     .0     .1     .0     .4  100.0 
 BARITE              .0     .0     .0     .0     .0     .0     .0  100.0 
 APATITE             .1     .0     .0     .0     .0     .0     .1  100.0 
 CA AL-P            2.1    4.3    2.1    1.4     .2     .0   10.1    4.6 
 KCL                 .0     .0     .0     .0     .0     .0     .0     .0 
 GYPSUM/BARITE       .0     .0     .0     .0     .0     .0     .0     .0 
 GYPSUM/AL-SILIC     .1     .3     .0     .0     .0     .0     .4     .0 
 SI-RICH             .2     .1     .4     .2     .0     .0    1.0   14.2 
 CA-RICH             .0     .0     .0     .0     .0     .0     .0     .0 
 CA-SI RICH          .0     .0     .0     .0     .0     .0     .0     .0 
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 UNCLASSIFIED        .9    2.2    1.2    1.4     .1     .0    5.9   25.4 
 --------------------------------------------------------------------------- 
  TOTALS           13.6   23.5   18.4   27.5   10.5    6.5  100.0 
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  SAMPLE DESCRIPTION ---> Antelope Coal                                                   
 SUBMITTER          ---> Bruce Folkedahl                                                  
 ICC # AND FUND #   ---> 47740777                                                         
 RUN DATE AND TIME  --->  10 15 2003  10:20 
      
      
 Percent excluded as a function of particle 
 size and phase. 
      
      
                    1.0    2.2    4.6   10.0   22.0   46.0      
                     TO     TO     TO     TO     TO     TO 
                    2.2    4.6   10.0   22.0   46.0  100.0  
 ---------------------------------------------------------- 
 QUARTZ             4.2    1.6   32.7   55.7   53.7  100.0 
 IRON OXIDE        39.4   35.3  100.0   75.0  100.0  100.0 
 PERICLASE           .0     .0     .0     .0     .0     .0 
 RUTILE              .0  100.0   59.2     .0     .0     .0 
 ALUMINA             .0     .0     .0     .0     .0     .0 
 CALCITE             .0     .0  100.0     .0  100.0     .0 
 DOLOMITE            .0     .0  100.0     .0     .0     .0 
 ANKERITE            .0     .0     .0     .0     .0     .0 
 KAOLINITE          4.9   15.9   21.9   51.4   59.8   59.4 
 MONTMORILLONITE    9.2   23.9   33.3   25.8   68.9  100.0 
 K AL-SILICATE       .0     .0     .0     .0     .0     .0 
 FE AL-SILICATE    10.1     .0   12.6     .0  100.0     .0 
 CA AL-SILICATE      .0     .0    5.2   43.9   36.0     .0 
 NA AL-SILICATE      .0     .0     .0     .0     .0     .0 
 ALUMINOSILICATE     .0     .0     .0     .0     .0     .0 
 MIXED AL-SILICA     .0     .0   16.7     .0     .0     .0 
 FE SILICATE         .0     .0     .0     .0  100.0     .0 
 CA SILICATE         .0     .0     .0     .0  100.0     .0 
 CA ALUMINATE        .0     .0     .0     .0     .0     .0 
 PYRITE              .0     .0     .0     .0     .0     .0 
 PYRRHOTITE        70.5     .0   56.7  100.0  100.0  100.0 
 OXIDIZED PYRRHO     .0     .0     .0     .0     .0  100.0 
 GYPSUM              .0  100.0  100.0     .0  100.0     .0 
 BARITE           100.0     .0     .0     .0     .0     .0 
 APATITE          100.0     .0     .0     .0     .0     .0 
 CA AL-P            1.1     .0   11.2   14.7     .0     .0 
 KCL                 .0     .0     .0     .0     .0     .0 
 GYPSUM/BARITE       .0     .0     .0     .0     .0     .0 
 GYPSUM/AL-SILIC     .0     .0     .0     .0     .0     .0 
 SI-RICH           11.5     .0   19.4     .0  100.0     .0 
 CA-RICH             .0     .0     .0     .0     .0     .0 
 CA-SI RICH          .0     .0     .0     .0     .0     .0 
 UNCLASSIFIED       6.3     .0   38.8   66.4   41.4     .0 
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 SAMPLE DESCRIPTION ---> Antelope Coal                                                    
 SUBMITTER          ---> Bruce Folkedahl                                                  
 ICC # AND FUND #   ---> 47740777                                                         
 RUN DATE AND TIME  --->  10 15 2003  10:20 
      
      
 Average phase composition. 
 (Percent Relative X-ray Intensity) 
      
      
                   SI   AL   FE   TI    P   CA   MG   NA    K    S   BA   CL  
 
-----------------------------------------------------------------------------
--  
 QUARTZ          95.4   .5   .8   .3   .3   .9   .2   .2   .2   .5   .4   .3 
 IRON OXIDE        .4   .3 97.3   .1   .1   .4   .2   .3   .1   .4   .3   .2 
 PERICLASE         .0   .0   .0   .0   .0   .0   .0   .0   .0   .0   .0   .0 
 RUTILE           1.2   .8  2.6 91.7   .1  1.6   .3   .1   .2   .4   .8   .1 
 ALUMINA           .0   .0   .0   .0   .0   .0   .0   .0   .0   .0   .0   .0 
 CALCITE           .5   .3  1.4   .1   .4 94.1   .3   .4   .1   .8  1.3   .3 
 DOLOMITE          .8   .8 11.9   .0   .0 63.9 22.1   .0   .0   .1   .0   .3 
 ANKERITE          .0   .0   .0   .0   .0   .0   .0   .0   .0   .0   .0   .0 
 KAOLINITE       54.8 40.6   .9   .3   .4   .9   .2   .1   .4   .5   .6   .4 
 MONTMORILLONITE 56.4 33.0  2.0   .8   .4  1.9   .6   .3  1.8  1.6   .8   .4 
 K AL-SILICATE   50.7 30.0  2.2   .4   .8  1.9  1.1   .3 10.1  1.3   .7   .3 
 FE AL-SILICATE  53.7 30.6  6.9   .5   .5  2.3   .7   .3  2.0  1.8   .3   .5 
 CA AL-SILICATE  45.9 33.4  1.6   .4  4.8  7.4   .5   .3  1.8  1.5  1.7   .6 
 NA AL-SILICATE  63.5 26.5   .4   .0   .0   .2   .0  7.8   .5   .0  1.1   .3 
 ALUMINOSILICATE 65.2 23.4  2.5   .4   .0  2.8   .9   .2  1.3  1.9  1.4   .0 
 MIXED AL-SILICA 42.1 30.9  3.9   .6  6.6  5.7  1.1   .6  3.2  1.1  3.6   .5 
 FE SILICATE     59.0   .3 36.9   .0   .2   .2   .2   .2   .0  2.6   .2   .1 
 CA SILICATE     72.3   .7  1.8  2.0   .3 15.7   .9   .6   .4  2.8   .4  2.1 
 CA ALUMINATE      .0   .0   .0   .0   .0   .0   .0   .0   .0   .0   .0   .0 
 PYRITE            .0   .0   .0   .0   .0   .0   .0   .0   .0   .0   .0   .0 
 PYRRHOTITE        .8   .7 49.4   .1   .2  1.4   .2   .3   .2 46.4   .2   .1 
 OXIDIZED PYRRHO  2.9  2.3 54.1   .6   .5  1.6   .1   .8  1.6 34.8   .5   .2 
 GYPSUM            .0   .1   .5   .0   .0 58.2   .2   .1   .0 40.0   .6   .3 
 BARITE            .0  1.0  1.4  2.9   .0  4.7   .2  1.4   .8 20.3 67.2   .1 
 APATITE          1.6   .5  2.8   .0 21.0 65.5  1.3  2.0  1.0  3.3   .0  1.2 
 CA AL-P           .7 35.7  1.6   .6 23.4 27.2   .8   .3   .4   .9  7.8   .7 
 KCL               .0   .0   .0   .0   .0   .0   .0   .0   .0   .0   .0   .0 
 GYPSUM/BARITE     .0   .0   .0   .0   .0   .0   .0   .0   .0   .0   .0   .0 
 GYPSUM/AL-SILIC 46.9 28.1  3.8   .6   .4  7.5  1.0   .6  2.5  7.0   .2  1.4 
 SI-RICH         72.4  9.8  2.3  2.9   .8  4.6  1.0   .7  1.9  2.3   .7   .6 
 CA-RICH           .0   .0   .0   .0   .0   .0   .0   .0   .0   .0   .0   .0 
 CA-SI RICH        .0   .0   .0   .0   .0   .0   .0   .0   .0   .0   .0   .0 
 UNCLASSIFIED    25.6 19.6  4.6  2.4 11.2 13.9  1.3   .9  2.2  5.7 12.0   .6 
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SAMPLE DESCRIPTION ---> Jacob's Ranch PRB Coal                                           
 SUBMITTER          ---> Bruce Folkedahl                                                  
 ICC # AND FUND #   ---> 49560818                                                         
 RUN DATE AND TIME  --->  10 24 2003   9:25 
   
 SUMMARY OF PARAMETERS  
   
 PERCENT EPOXY USED                          =        78.9 
 TOTAL MINERAL AREA ANALYZED AT  800.0 MAG   =      1955.7 
 NORMALIZED AREA ANALYZED AT  800.0 MAG      =    933493.3 
 MINERAL AREA ANALYZED  250.0 MAG            =     50483.0 
 NORMALIZED AREA ANALYZED  250.0 MAG         =   1274635.0 
 TOTAL MINERAL AREA ANALYZED AT   50.0 MAG   =    945793.6 
 NUMBER OF FRAMES AT  800.0 MAG              =          52 
 NUMBER OF FRAMES AT  250.0 MAG              =         100 
 NUMBER OF FRAMES AT   50.0 MAG              =         100 
 TOTAL MINERAL WGHT % ON A COAL BASIS        =       7.072 
 TOTAL NUMBER OF POINTS ANALYZED             =        2139 
 NUMBER OF POINTS UNDER THRESHOLD            =         717 
      
 WEIGHT PERCENT ON A MINERAL BASIS 
                    1.0    2.2    4.6   10.0   22.0   46.0      
                     TO     TO     TO     TO     TO     TO TOTALS 
                    2.2    4.6   10.0   22.0   46.0  100.0        % EXCLUDED  
 --------------------------------------------------------------------------- 
 QUARTZ              .8    2.5    2.8    4.5    3.1    1.1   14.9   63.8 
 IRON OXIDE          .1     .2     .1     .9     .3     .6    2.2   97.4 
 PERICLASE           .0     .0     .0     .0     .0     .0     .0     .0 
 RUTILE              .1     .0     .1     .0     .0     .0     .1  100.0 
 ALUMINA             .0     .0     .1     .0     .1     .0     .1   54.7 
 CALCITE             .0     .0     .0     .0     .0     .0     .1  100.0 
 DOLOMITE            .0     .0     .0     .0     .0     .0     .0     .0 
 ANKERITE            .0     .1     .0     .0     .0     .0     .1     .0 
 KAOLINITE          2.0    4.2    3.4    6.1    2.6    2.7   21.0   60.7 
 MONTMORILLONITE     .4    1.0    1.9    2.9    1.8    3.1   11.2   81.3 
 K AL-SILICATE       .0     .2     .4     .5     .2     .2    1.5   58.7 
 FE AL-SILICATE      .3     .5     .7    1.1     .5    1.0    4.2   67.9 
 CA AL-SILICATE      .7    1.8     .9     .7     .3    1.0    5.5   45.9 
 NA AL-SILICATE      .0     .0     .0     .0     .0     .0     .0     .0 
 ALUMINOSILICATE     .0     .2     .3     .4     .3     .1    1.3   69.7 
 MIXED AL-SILICA     .5     .3     .4     .6     .3     .3    2.4   63.6 
 FE SILICATE         .0     .0     .0     .0     .0     .0     .0     .0 
 CA SILICATE         .0     .0     .0     .0     .0     .0     .0   43.3 
 CA ALUMINATE        .0     .0     .0     .0     .0     .0     .0     .0 
 PYRITE              .0     .0     .0     .0     .0     .0     .0     .0 
 PYRRHOTITE          .2     .0    1.1    2.4    2.9    4.2   10.8   89.6 
 OXIDIZED PYRRHO     .1     .0     .1     .0     .1     .0     .3   83.2 
 GYPSUM              .0     .0     .0     .0     .0     .0     .0  100.0 
 BARITE              .0     .0     .0     .0     .0     .0     .0     .0 
 APATITE             .0     .0     .0     .0     .0     .0     .0     .0 
 CA AL-P             .4     .6    1.1    1.7     .3     .1    4.2   34.7 
 KCL                 .0     .0     .0     .0     .0     .0     .0     .0 
 GYPSUM/BARITE       .0     .0     .0     .0     .0     .0     .0     .0 
 GYPSUM/AL-SILIC    1.4    1.2     .1     .0     .1     .0    2.9   25.9 
 SI-RICH             .2     .2     .5     .5     .4     .4    2.2   73.7 
 CA-RICH             .0     .0     .0     .2     .0     .0     .2  100.0 
 CA-SI RICH          .0     .0     .0     .0     .0     .0     .0     .0 
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 UNCLASSIFIED       5.5    2.3    1.5    2.0    1.1    2.4   14.8   41.7 
 --------------------------------------------------------------------------- 
  TOTALS           13.0   15.3   15.5   24.6   14.4   17.2  100.0 
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 SAMPLE DESCRIPTION ---> Jacob's Ranch PRB Coal                                           
 SUBMITTER          ---> Bruce Folkedahl                                                  
 ICC # AND FUND #   ---> 49560818                                                         
 RUN DATE AND TIME  --->  10 24 2003   9:25 
      
      
 Percent excluded as a function of particle 
 size and phase. 
      
      
                    1.0    2.2    4.6   10.0   22.0   46.0      
                     TO     TO     TO     TO     TO     TO 
                    2.2    4.6   10.0   22.0   46.0  100.0  
 ---------------------------------------------------------- 
 QUARTZ            23.2   39.9   55.5   72.4   75.4  100.0 
 IRON OXIDE        51.7  100.0  100.0  100.0  100.0  100.0 
 PERICLASE           .0     .0     .0     .0     .0     .0 
 RUTILE           100.0     .0  100.0     .0     .0     .0 
 ALUMINA             .0     .0     .0     .0  100.0     .0 
 CALCITE          100.0     .0  100.0     .0  100.0     .0 
 DOLOMITE            .0     .0     .0     .0     .0     .0 
 ANKERITE            .0     .0     .0     .0     .0     .0 
 KAOLINITE         54.5   40.6   40.1   67.9   70.1   97.9 
 MONTMORILLONITE   44.9   84.5   70.2   76.0   76.9  100.0 
 K AL-SILICATE       .0  100.0   36.8   61.9   73.3   57.1 
 FE AL-SILICATE    34.6   68.1   40.8   59.7   78.8  100.0 
 CA AL-SILICATE     8.9   25.4   48.2   70.0   64.4   85.6 
 NA AL-SILICATE      .0     .0     .0     .0     .0     .0 
 ALUMINOSILICATE  100.0     .0   34.4  100.0   76.6  100.0 
 MIXED AL-SILICA   22.4   69.1   63.6  100.0   44.2   67.5 
 FE SILICATE         .0     .0     .0     .0     .0     .0 
 CA SILICATE       43.3     .0     .0     .0     .0     .0 
 CA ALUMINATE        .0     .0     .0     .0     .0     .0 
 PYRITE              .0     .0     .0     .0     .0     .0 
 PYRRHOTITE        62.5     .0   53.0   80.4   98.1  100.0 
 OXIDIZED PYRRHO  100.0     .0  100.0     .0   60.6     .0 
 GYPSUM              .0     .0  100.0     .0     .0     .0 
 BARITE              .0     .0     .0     .0     .0     .0 
 APATITE             .0     .0     .0     .0     .0     .0 
 CA AL-P           28.5   32.2    4.2   50.9   47.0  100.0 
 KCL                 .0     .0     .0     .0     .0     .0 
 GYPSUM/BARITE       .0     .0     .0     .0     .0     .0 
 GYPSUM/AL-SILIC    4.5   47.6   14.7     .0   68.3     .0 
 SI-RICH             .0  100.0   69.3   76.5   73.9  100.0 
 CA-RICH             .0     .0     .0  100.0     .0     .0 
 CA-SI RICH          .0     .0     .0     .0     .0     .0 
 UNCLASSIFIED      14.3   20.0   57.1   66.8   83.3   76.3 
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 SAMPLE DESCRIPTION ---> Jacob's Ranch PRB Coal                                           
 SUBMITTER          ---> Bruce Folkedahl                                                  
 ICC # AND FUND #   ---> 49560818                                                         
 RUN DATE AND TIME  --->  10 24 2003   9:25 
      
      
 Average phase composition. 
 (Percent Relative X-ray Intensity) 
      
      
                   SI   AL   FE   TI    P   CA   MG   NA    K    S   BA   CL  
 
-----------------------------------------------------------------------------
--  
 QUARTZ          95.5   .5   .8   .3   .3   .8   .2   .2   .3   .4   .5   .2 
 IRON OXIDE        .2   .3 92.3   .2   .2  1.3  1.6  1.9   .2   .9   .5   .3 
 PERICLASE         .0   .0   .0   .0   .0   .0   .0   .0   .0   .0   .0   .0 
 RUTILE           1.1   .8  3.2 92.9   .2  1.4   .0   .1   .0   .2   .0   .0 
 ALUMINA          1.6 89.4  1.7   .5   .2  1.0   .6   .1   .5  3.4   .3   .7 
 CALCITE           .6   .2   .6   .0   .3 95.9   .5   .0   .4   .9   .4   .2 
 DOLOMITE          .0  7.0   .0   .0   .0 67.0 13.6   .0  5.1  7.3   .0   .0 
 ANKERITE         1.1  2.8 22.1   .0   .0 48.1 13.4  3.4   .7  6.8   .0  1.5 
 KAOLINITE       53.9 40.2  1.1   .3   .8  1.1   .2   .2   .5   .6   .7   .3 
 MONTMORILLONITE 57.0 31.2  2.2  1.2   .6  1.6   .7   .3  2.5  1.1  1.2   .4 
 K AL-SILICATE   55.2 29.1  2.3  1.1   .6  1.8   .9   .4  6.4  1.0   .9   .4 
 FE AL-SILICATE  53.0 29.5  6.4  1.5   .7  1.9   .7   .4  2.5  1.3  1.5   .5 
 CA AL-SILICATE  46.5 33.6  1.4   .8  3.3  7.8   .8   .4  1.0  2.3  1.5   .6 
 NA AL-SILICATE    .0   .0   .0   .0   .0   .0   .0   .0   .0   .0   .0   .0 
 ALUMINOSILICATE 65.5 23.9  1.9   .9   .4  1.8   .6   .2  2.4   .8  1.5   .1 
 MIXED AL-SILICA 46.1 30.0  4.5  1.5  2.8  5.2   .9   .7  2.9  2.2  2.6   .8 
 FE SILICATE       .0   .0   .0   .0   .0   .0   .0   .0   .0   .0   .0   .0 
 CA SILICATE     73.5  2.2  2.9   .0  1.1 12.6  1.9   .9   .0  3.6  1.5   .0 
 CA ALUMINATE      .0   .0   .0   .0   .0   .0   .0   .0   .0   .0   .0   .0 
 PYRITE            .0   .0   .0   .0   .0   .0   .0   .0   .0   .0   .0   .0 
 PYRRHOTITE        .4   .4 49.8   .1   .1   .5   .1   .2   .1 47.6   .4   .1 
 OXIDIZED PYRRHO  2.7   .8 67.1   .2   .3  1.6   .3   .6   .3 25.0   .6   .4 
 GYPSUM           3.0  2.7  2.3   .0   .6 45.8  1.3  1.3   .9 40.8   .0  1.3 
 BARITE            .0   .0   .0   .0   .0   .0   .0   .0   .0   .0   .0   .0 
 APATITE           .0   .0   .0   .0   .0   .0   .0   .0   .0   .0   .0   .0 
 CA AL-P           .7 35.7  1.9   .6 23.9 26.6   .6   .6   .4  1.4  6.9   .5 
 KCL               .0   .0   .0   .0   .0   .0   .0   .0   .0   .0   .0   .0 
 GYPSUM/BARITE     .0   .0   .0   .0   .0   .0   .0   .0   .0   .0   .0   .0 
 GYPSUM/AL-SILIC 36.8 26.3  3.0  1.0  1.1 16.0  2.1   .9  1.7  8.9  1.3  1.0 
 SI-RICH         72.5 13.4  2.3  1.1   .6  3.3   .8   .6  2.3  1.6  1.2   .4 
 CA-RICH         10.5  9.6  2.6   .0   .4 73.0   .0   .0  1.4   .5  1.8   .3 
 CA-SI RICH        .0   .0   .0   .0   .0   .0   .0   .0   .0   .0   .0   .0 
 UNCLASSIFIED    20.1 17.5 11.1  2.4  6.0 18.1  3.6  3.1  2.2  8.5  5.6  2.0 
 



 

 A-17

SAMPLE DESCRIPTION ---> Black Thunder PRB Coal                                           
 SUBMITTER          ---> Bruce Folkedahl                                                  
 ICC # AND FUND #   ---> 49560823                                                         
 RUN DATE AND TIME  --->  10 20 2003  15:28 
   
 SUMMARY OF PARAMETERS  
   
 PERCENT EPOXY USED                          =        64.9 
 TOTAL MINERAL AREA ANALYZED AT  800.0 MAG   =      2165.5 
 NORMALIZED AREA ANALYZED AT  800.0 MAG      =   1014164.0 
 MINERAL AREA ANALYZED  250.0 MAG            =     58219.0 
 NORMALIZED AREA ANALYZED  250.0 MAG         =   1580601.0 
 TOTAL MINERAL AREA ANALYZED AT   50.0 MAG   =   1250886.0 
 NUMBER OF FRAMES AT  800.0 MAG              =          53 
 NUMBER OF FRAMES AT  250.0 MAG              =          93 
 NUMBER OF FRAMES AT   50.0 MAG              =         100 
 TOTAL MINERAL WGHT % ON A COAL BASIS        =       5.156 
 TOTAL NUMBER OF POINTS ANALYZED             =        2434 
 NUMBER OF POINTS UNDER THRESHOLD            =         904 
      
 WEIGHT PERCENT ON A MINERAL BASIS 
                    1.0    2.2    4.6   10.0   22.0   46.0      
                     TO     TO     TO     TO     TO     TO TOTALS 
                    2.2    4.6   10.0   22.0   46.0  100.0        % EXCLUDED  
 --------------------------------------------------------------------------- 
 QUARTZ             3.0    4.6    5.8    7.1    5.2    3.1   28.7   60.9 
 IRON OXIDE          .0     .2     .0     .0     .0     .6     .8  100.0 
 PERICLASE           .0     .0     .0     .0     .0     .0     .0     .0 
 RUTILE              .1     .0     .1     .7     .1     .0     .9   10.7 
 ALUMINA             .0     .0     .0     .0     .0     .0     .0   56.5 
 CALCITE             .0     .0     .0     .0     .0     .0     .0     .0 
 DOLOMITE            .0     .0     .0     .0     .0     .0     .0  100.0 
 ANKERITE            .0     .0     .0     .0     .0     .0     .0     .0 
 KAOLINITE          1.9    4.1    5.5    4.6    2.1    2.1   20.2   63.4 
 MONTMORILLONITE     .5     .9     .7    1.0     .7    1.1    5.0   84.4 
 K AL-SILICATE       .4     .5     .8     .3     .7     .9    3.6   91.3 
 FE AL-SILICATE      .4     .4     .8    1.1     .9    5.7    9.3   92.0 
 CA AL-SILICATE      .2     .0     .3     .4     .1     .2    1.2   67.4 
 NA AL-SILICATE      .0     .0     .0     .2     .0     .1     .4   94.0 
 ALUMINOSILICATE     .1     .4     .3     .2     .5     .4    1.8   89.2 
 MIXED AL-SILICA     .3     .2     .5     .5     .5     .3    2.3   63.8 
 FE SILICATE         .0     .0     .0     .0     .0     .0     .0     .0 
 CA SILICATE         .0     .1     .1     .0     .0     .0     .2   10.1 
 CA ALUMINATE        .0     .0     .0     .0     .0     .0     .0     .0 
 PYRITE              .0     .0     .1     .0     .0     .0     .1   39.0 
 PYRRHOTITE          .8     .6     .7    1.0    1.2    2.5    6.7   88.3 
 OXIDIZED PYRRHO     .0     .0     .0     .0     .0     .0     .0  100.0 
 GYPSUM              .0     .0     .0     .0     .0     .0     .0     .0 
 BARITE              .0     .0     .0     .0     .0     .0     .0     .0 
 APATITE             .0     .0     .1     .2     .0     .0     .3  100.0 
 CA AL-P             .4    3.5    1.7     .5     .0     .3    6.5   30.1 
 KCL                 .0     .0     .0     .0     .0     .0     .0     .0 
 GYPSUM/BARITE       .0     .0     .0     .0     .0     .0     .0     .0 
 GYPSUM/AL-SILIC     .1     .1     .0     .0     .1     .4     .7   91.0 
 SI-RICH             .3     .2     .7    1.4     .2     .7    3.5   84.3 
 CA-RICH             .0     .0     .0     .0     .0     .0     .0     .0 
 CA-SI RICH          .0     .0     .0     .0     .0     .0     .0     .0 



 

 A-18

 UNCLASSIFIED        .6    1.3    1.7    1.6     .8    1.7    7.6   75.0 
 --------------------------------------------------------------------------- 
  TOTALS            9.0   17.1   19.9   20.7   13.1   20.2  100.0 
   
  
 



 

 A-19

 SAMPLE DESCRIPTION ---> Black Thunder PRB Coal                                           
 SUBMITTER          ---> Bruce Folkedahl                                                  
 ICC # AND FUND #   ---> 49560823                                                         
 RUN DATE AND TIME  --->  10 20 2003  15:28 
      
      
 Percent excluded as a function of particle 
 size and phase. 
      
      
                    1.0    2.2    4.6   10.0   22.0   46.0      
                     TO     TO     TO     TO     TO     TO 
                    2.2    4.6   10.0   22.0   46.0  100.0  
 ---------------------------------------------------------- 
 QUARTZ            29.9   60.0   39.7   54.8   88.7  100.0 
 IRON OXIDE          .0  100.0     .0     .0     .0  100.0 
 PERICLASE           .0     .0     .0     .0     .0     .0 
 RUTILE           100.0     .0   32.5     .0     .0     .0 
 ALUMINA             .0     .0  100.0     .0     .0     .0 
 CALCITE             .0     .0     .0     .0     .0     .0 
 DOLOMITE            .0     .0  100.0     .0     .0     .0 
 ANKERITE            .0     .0     .0     .0     .0     .0 
 KAOLINITE         48.6   62.4   51.1   66.9   80.8   86.1 
 MONTMORILLONITE   42.3   92.5   73.3  100.0   89.3   87.8 
 K AL-SILICATE     48.6   87.6   92.0  100.0  100.0  100.0 
 FE AL-SILICATE    51.7   70.4   84.6   94.1  100.0   96.2 
 CA AL-SILICATE    11.1     .0   48.8   79.6  100.0  100.0 
 NA AL-SILICATE      .0     .0     .0  100.0  100.0  100.0 
 ALUMINOSILICATE   77.8  100.0  100.0   30.3   89.8  100.0 
 MIXED AL-SILICA   18.3   18.9   52.3   73.8   97.8  100.0 
 FE SILICATE         .0     .0     .0     .0     .0     .0 
 CA SILICATE         .0     .0   25.4     .0     .0     .0 
 CA ALUMINATE        .0     .0     .0     .0     .0     .0 
 PYRITE              .0     .0     .0     .0  100.0     .0 
 PYRRHOTITE        58.6  100.0   59.2   82.6  100.0  100.0 
 OXIDIZED PYRRHO     .0     .0     .0     .0  100.0     .0 
 GYPSUM              .0     .0     .0     .0     .0     .0 
 BARITE              .0     .0     .0     .0     .0     .0 
 APATITE             .0     .0  100.0  100.0     .0     .0 
 CA AL-P           12.6   26.9   24.1   58.7  100.0   66.6 
 KCL                 .0     .0     .0     .0     .0     .0 
 GYPSUM/BARITE       .0     .0     .0     .0     .0     .0 
 GYPSUM/AL-SILIC   47.7  100.0   56.9     .0   88.4  100.0 
 SI-RICH           35.4   79.0   66.3   95.1   94.0  100.0 
 CA-RICH             .0     .0     .0     .0     .0     .0 
 CA-SI RICH          .0     .0     .0     .0     .0     .0 
 UNCLASSIFIED      38.2   62.3   78.1   78.1   95.3   80.5 
      
      
      
      
      
      
  



 

 A-20

 SAMPLE DESCRIPTION ---> Black Thunder PRB Coal                                           
 SUBMITTER          ---> Bruce Folkedahl                                                  
 ICC # AND FUND #   ---> 49560823                                                         
 RUN DATE AND TIME  --->  10 20 2003  15:28 
      
      
 Average phase composition. 
 (Percent Relative X-ray Intensity) 
      
      
                   SI   AL   FE   TI    P   CA   MG   NA    K    S   BA   CL  
 
-----------------------------------------------------------------------------
--  
 QUARTZ          94.6   .5   .9   .4   .4  1.0   .3   .2   .4   .5   .7   .3 
 IRON OXIDE       2.9  2.1 88.2   .3   .1  2.2  2.8   .2   .6   .3   .2   .2 
 PERICLASE         .0   .0   .0   .0   .0   .0   .0   .0   .0   .0   .0   .0 
 RUTILE            .8  1.5  1.6 90.3   .2  1.0   .2   .2   .2   .2  3.6   .2 
 ALUMINA           .2 94.1   .0   .8   .3   .2   .0   .4   .6  1.5  1.0  1.0 
 CALCITE           .0   .0   .0   .0   .0   .0   .0   .0   .0   .0   .0   .0 
 DOLOMITE          .0  1.3  1.2   .0   .0 63.6 32.8   .1   .0   .0   .3   .7 
 ANKERITE          .0   .0   .0   .0   .0   .0   .0   .0   .0   .0   .0   .0 
 KAOLINITE       54.6 40.6  1.0   .3   .3   .8   .2   .2   .5   .5   .7   .3 
 MONTMORILLONITE 57.6 31.5  2.2   .9   .4  1.4   .7   .2  2.5  1.2  1.0   .4 
 K AL-SILICATE   57.6 24.9  2.0   .6   .3  1.1   .9   .4 10.3   .5  1.1   .3 
 FE AL-SILICATE  56.5 26.5  7.8  1.0   .3  1.6  1.0   .3  2.8   .9   .9   .3 
 CA AL-SILICATE  52.0 32.3  1.5   .9   .5  6.6   .6   .5  1.3  2.2  1.0   .6 
 NA AL-SILICATE  62.7 22.1  1.0   .3   .1  1.6   .2 10.3   .7   .7   .0   .2 
 ALUMINOSILICATE 66.0 22.8  2.7   .8   .3  1.1   .8   .2  3.1  1.0  1.0   .2 
 MIXED AL-SILICA 53.2 26.6  6.1  1.4   .5  2.3  1.2   .4  5.4  1.1  1.5   .4 
 FE SILICATE       .0   .0   .0   .0   .0   .0   .0   .0   .0   .0   .0   .0 
 CA SILICATE     73.2  1.0  2.6  1.0   .6 15.3  1.7   .5   .5  2.5   .5   .8 
 CA ALUMINATE      .0   .0   .0   .0   .0   .0   .0   .0   .0   .0   .0   .0 
 PYRITE            .1   .8 35.5  1.1   .1  2.1   .6   .3   .6 58.4   .0   .5 
 PYRRHOTITE        .2   .2 50.4   .1   .0   .5   .1   .2   .2 47.7   .2   .1 
 OXIDIZED PYRRHO   .3   .2 57.1   .0   .0   .4   .0   .4   .8 37.6  2.3   .9 
 GYPSUM            .0   .0   .0   .0   .0   .0   .0   .0   .0   .0   .0   .0 
 BARITE            .0   .0   .0   .0   .0   .0   .0   .0   .0   .0   .0   .0 
 APATITE           .0   .0   .5   .2 25.0 69.6   .2  1.0   .6   .6  2.0   .4 
 CA AL-P           .5 36.9  1.4   .7 23.6 26.9   .7   .6   .5  1.0  6.5   .6 
 KCL               .2   .2   .0   .0   .0  1.3   .2   .4 55.3  2.2   .0 40.3 
 GYPSUM/BARITE     .0   .0   .0   .0   .0   .0   .0   .0   .0   .0   .0   .0 
 GYPSUM/AL-SILIC 46.8 24.3  2.8  1.7  1.0  8.2  1.2   .6  2.0  8.6  1.8  1.0 
 SI-RICH         74.0 10.4  3.5  1.7   .7  2.8   .8   .3  2.7  1.6  1.1   .4 
 CA-RICH           .0   .0   .0   .0   .0   .0   .0   .0   .0   .0   .0   .0 
 CA-SI RICH        .0   .0   .0   .0   .0   .0   .0   .0   .0   .0   .0   .0 
 UNCLASSIFIED    51.4 16.3  7.4  3.5  3.9  4.8  1.3   .7  5.3  2.6  2.4   .5 
 



 

 A-21

SAMPLE DESCRIPTION ---> PRB Coal Caballo                                                 
 SUBMITTER          ---> Bruce Folkedahl                                                  
 ICC # AND FUND #   ---> 49560833                                                         
 RUN DATE AND TIME  --->  10  7 2003  13:52 
   
 SUMMARY OF PARAMETERS  
   
 PERCENT EPOXY USED                          =        66.7 
 TOTAL MINERAL AREA ANALYZED AT  800.0 MAG   =      2259.7 
 NORMALIZED AREA ANALYZED AT  800.0 MAG      =    560878.9 
 MINERAL AREA ANALYZED  250.0 MAG            =     26859.8 
 NORMALIZED AREA ANALYZED  250.0 MAG         =    678177.5 
 TOTAL MINERAL AREA ANALYZED AT   50.0 MAG   =    787842.5 
 NUMBER OF FRAMES AT  800.0 MAG              =         100 
 NUMBER OF FRAMES AT  250.0 MAG              =         100 
 NUMBER OF FRAMES AT   50.0 MAG              =         100 
 TOTAL MINERAL WGHT % ON A COAL BASIS        =       2.918 
 TOTAL NUMBER OF POINTS ANALYZED             =        1524 
 NUMBER OF POINTS UNDER THRESHOLD            =         249 
      
 WEIGHT PERCENT ON A MINERAL BASIS 
                    1.0    2.2    4.6   10.0   22.0   46.0      
                     TO     TO     TO     TO     TO     TO TOTALS 
                    2.2    4.6   10.0   22.0   46.0  100.0        % EXCLUDED  
 --------------------------------------------------------------------------- 
 QUARTZ             2.2    5.6    4.4    7.4    4.6    1.6   25.9   44.0 
 IRON OXIDE          .0     .0     .2     .0     .0     .0     .2   79.0 
 PERICLASE           .0     .0     .0     .0     .0     .0     .0     .0 
 RUTILE              .1     .1     .5     .0     .0     .0     .7   35.9 
 ALUMINA             .0     .0     .0     .0     .0     .0     .0  100.0 
 CALCITE             .0     .0     .0     .0     .0     .0     .0     .0 
 DOLOMITE            .0     .0     .0     .0     .0     .0     .0     .0 
 ANKERITE            .0     .0     .0     .0     .0     .0     .0     .0 
 KAOLINITE          2.8    3.1    4.0    6.4    4.0    7.3   27.6   60.0 
 MONTMORILLONITE     .7    1.5    1.0    1.1    1.4    5.7   11.4   45.5 
 K AL-SILICATE       .1     .3     .1     .3     .1     .0     .9   50.1 
 FE AL-SILICATE      .1     .3     .4     .4     .6    3.4    5.3   43.1 
 CA AL-SILICATE      .3     .8     .3     .2     .1     .0    1.7    4.0 
 NA AL-SILICATE      .0     .0     .0     .0     .0     .0     .0     .0 
 ALUMINOSILICATE     .1     .1     .1     .2     .3     .0     .7   51.8 
 MIXED AL-SILICA     .2     .2     .1     .0     .2     .0     .7   30.4 
 FE SILICATE         .0     .0     .0     .3     .0     .0     .3  100.0 
 CA SILICATE         .0     .0     .0     .0     .1     .0     .1   84.9 
 CA ALUMINATE        .0     .0     .0     .0     .0     .0     .0     .0 
 PYRITE              .0     .0     .1     .0     .1     .0     .2  100.0 
 PYRRHOTITE         1.3     .6     .9    2.3    3.2    1.8   10.1   84.9 
 OXIDIZED PYRRHO     .0     .2     .0     .0     .0     .0     .2   59.7 
 GYPSUM              .0     .0     .0     .0     .0     .0     .0     .0 
 BARITE              .0     .2     .1     .0     .0     .0     .2   23.5 
 APATITE             .0     .0     .0     .1     .0     .0     .1  100.0 
 CA AL-P             .7    2.5     .3     .2     .0     .0    3.7   10.8 
 KCL                 .0     .0     .0     .0     .0     .0     .0     .0 
 GYPSUM/BARITE       .0     .0     .0     .0     .0     .0     .0     .0 
 GYPSUM/AL-SILIC     .3     .3     .0     .0     .0     .0     .5     .0 
 SI-RICH             .2     .2     .1     .3     .2    1.2    2.2   50.7 
 CA-RICH             .0     .0     .0     .0     .0     .0     .0     .0 
 CA-SI RICH          .0     .0     .0     .0     .0     .0     .0     .0 



 

 A-22

 UNCLASSIFIED        .5    1.9     .9     .9     .6    2.5    7.2   66.6 
 --------------------------------------------------------------------------- 
  TOTALS            9.7   17.8   13.6   20.0   15.5   23.4  100.0 
   
  
 



 

 A-23

 SAMPLE DESCRIPTION ---> PRB Coal Caballo                                                 
 SUBMITTER          ---> Bruce Folkedahl                                                  
 ICC # AND FUND #   ---> 49560833                                                         
 RUN DATE AND TIME  --->  10  7 2003  13:52 
      
      
 Percent excluded as a function of particle 
 size and phase. 
      
      
                    1.0    2.2    4.6   10.0   22.0   46.0      
                     TO     TO     TO     TO     TO     TO 
                    2.2    4.6   10.0   22.0   46.0  100.0  
 ---------------------------------------------------------- 
 QUARTZ             9.8   18.9   32.0   60.2   74.1   50.1 
 IRON OXIDE          .0     .0  100.0     .0     .0     .0 
 PERICLASE           .0     .0     .0     .0     .0     .0 
 RUTILE              .0     .0   54.7     .0     .0     .0 
 ALUMINA          100.0     .0     .0     .0     .0     .0 
 CALCITE             .0     .0     .0     .0     .0     .0 
 DOLOMITE            .0     .0     .0     .0     .0     .0 
 ANKERITE            .0     .0     .0     .0     .0     .0 
 KAOLINITE         11.3   13.8   44.3   66.4   65.7   98.6 
 MONTMORILLONITE   10.9     .0   35.1   47.2   78.5   54.9 
 K AL-SILICATE       .0     .0   71.1  100.0  100.0     .0 
 FE AL-SILICATE      .0     .0   31.4   69.7   55.6   44.6 
 CA AL-SILICATE      .0     .0     .0     .0   54.2     .0 
 NA AL-SILICATE      .0     .0     .0     .0     .0     .0 
 ALUMINOSILICATE     .0     .0     .0  100.0   50.8     .0 
 MIXED AL-SILICA     .0   71.7   32.9     .0   23.4     .0 
 FE SILICATE         .0     .0     .0  100.0     .0     .0 
 CA SILICATE         .0     .0     .0     .0  100.0     .0 
 CA ALUMINATE        .0     .0     .0     .0     .0     .0 
 PYRITE              .0     .0  100.0     .0  100.0     .0 
 PYRRHOTITE        61.2   48.2   49.7  100.0   92.3  100.0 
 OXIDIZED PYRRHO  100.0   56.0     .0     .0     .0     .0 
 GYPSUM              .0     .0     .0     .0     .0     .0 
 BARITE              .0     .0  100.0     .0     .0     .0 
 APATITE             .0     .0     .0  100.0     .0     .0 
 CA AL-P            3.4    6.0   71.6     .0     .0     .0 
 KCL                 .0     .0     .0     .0     .0     .0 
 GYPSUM/BARITE       .0     .0     .0     .0     .0     .0 
 GYPSUM/AL-SILIC     .0     .0     .0     .0     .0     .0 
 SI-RICH             .0     .0     .0  100.0   45.9   61.2 
 CA-RICH             .0     .0     .0     .0     .0     .0 
 CA-SI RICH          .0     .0     .0     .0     .0     .0 
 UNCLASSIFIED       2.0   22.8   71.2  100.0   67.6  100.0 
      
      
      
      
      



 

 A-24

 SAMPLE DESCRIPTION ---> PRB Coal Caballo                                                 
 SUBMITTER          ---> Bruce Folkedahl                                                  
 ICC # AND FUND #   ---> 49560833                                                         
 RUN DATE AND TIME  --->  10  7 2003  13:52 
      
      
 Average phase composition. 
 (Percent Relative X-ray Intensity) 
      
      
                   SI   AL   FE   TI    P   CA   MG   NA    K    S   BA   CL  
 
-----------------------------------------------------------------------------
--  
 QUARTZ          95.4   .3   .7   .4   .4   .9   .2   .2   .3   .5   .6   .2 
 IRON OXIDE        .8   .4 94.8   .0   .4   .3   .1   .6   .0  1.5   .7   .3 
 PERICLASE         .0   .0   .0   .0   .0   .0   .0   .0   .0   .0   .0   .0 
 RUTILE           3.0  1.4  1.9 87.1   .1  1.3   .2   .4   .2   .5  3.8   .1 
 ALUMINA           .0 96.4   .0   .0   .0  1.3   .0   .5   .0   .0   .9   .9 
 CALCITE           .0   .0   .0   .0   .0   .0   .0   .0   .0   .0   .0   .0 
 DOLOMITE          .5   .0   .0   .0   .1 67.7 30.1   .4   .0  1.0   .0   .2 
 ANKERITE          .0   .0   .0   .0   .0   .0   .0   .0   .0   .0   .0   .0 
 KAOLINITE       54.4 40.8   .8   .3   .5   .9   .1   .2   .4   .6   .7   .3 
 MONTMORILLONITE 56.4 31.6  2.2  1.6   .4  1.9   .5   .3  2.4  1.5  1.0   .4 
 K AL-SILICATE   55.9 27.8  2.2  1.0   .5  1.1   .6   .6  8.4   .8   .5   .5 
 FE AL-SILICATE  52.0 31.0  7.2  1.7   .5  1.9   .7   .4  1.7  1.5  1.3   .2 
 CA AL-SILICATE  46.2 34.2   .9  1.0  3.9  8.0   .4   .5   .9  2.1  1.3   .5 
 NA AL-SILICATE    .0   .0   .0   .0   .0   .0   .0   .0   .0   .0   .0   .0 
 ALUMINOSILICATE 66.0 23.4  1.8  1.4   .2  1.5   .7   .3  2.4  1.4   .7   .2 
 MIXED AL-SILICA 48.2 29.7  5.0  2.1  2.3  4.0   .8   .5  3.5  2.1  1.6   .2 
 FE SILICATE     36.5   .7 61.6   .1   .2   .6   .0   .2   .0   .0   .0   .0 
 CA SILICATE     64.9  2.1  1.3  4.6   .8 20.8  1.9   .1   .1  1.6   .6  1.1 
 CA ALUMINATE      .0   .0   .0   .0   .0   .0   .0   .0   .0   .0   .0   .0 
 PYRITE            .6  2.6 33.6   .5   .1  1.6   .5  1.7   .2 56.8  1.9   .0 
 PYRRHOTITE        .3   .3 50.6   .2   .1   .6   .2   .2   .1 47.2   .2   .1 
 OXIDIZED PYRRHO   .2   .2 60.9   .0   .0   .7   .0   .0   .1 37.2   .5   .0 
 GYPSUM            .0   .0   .0   .0   .0   .0   .0   .0   .0   .0   .0   .0 
 BARITE           1.2   .5   .0   .0   .0  2.7   .1  1.3   .2 22.2 70.9   .8 
 APATITE           .0   .2  1.2   .0 26.0 72.1   .0   .1   .0   .0   .4   .0 
 CA AL-P           .7 36.1  1.9   .7 24.1 26.4   .5   .5   .4  1.5  6.8   .4 
 KCL               .0   .0   .0   .0   .0   .0   .0   .0   .0   .0   .0   .0 
 GYPSUM/BARITE     .0   .0   .0   .0   .0   .0   .0   .0   .0   .0   .0   .0 
 GYPSUM/AL-SILIC 46.7 28.6  2.7  1.1  2.3  7.8   .5   .6  1.2  7.4   .7   .6 
 SI-RICH         74.2  8.8  2.3  4.0   .8  3.0   .4   .4  1.6  2.5  1.5   .5 
 CA-RICH           .0   .0   .0   .0   .0   .0   .0   .0   .0   .0   .0   .0 
 CA-SI RICH      55.9   .0  1.8  2.0  1.4 26.2   .7  2.0  1.4  6.3  2.0   .4 
 UNCLASSIFIED    38.1 19.4  5.4  5.7  6.1  9.7  1.5  1.0  2.8  4.2  5.6   .5 
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SAMPLE DESCRIPTION ---> PRB Coal Caballo-Rojo                                            
 SUBMITTER          ---> Bruce Folkedahl                                                  
 ICC # AND FUND #   ---> 49560838                                                         
 RUN DATE AND TIME  --->  10  8 2003   9: 7 
   
 SUMMARY OF PARAMETERS  
   
 PERCENT EPOXY USED                          =        70.9 
 TOTAL MINERAL AREA ANALYZED AT  800.0 MAG   =      2722.6 
 NORMALIZED AREA ANALYZED AT  800.0 MAG      =    675793.9 
 MINERAL AREA ANALYZED  250.0 MAG            =     39000.7 
 NORMALIZED AREA ANALYZED  250.0 MAG         =    984720.9 
 TOTAL MINERAL AREA ANALYZED AT   50.0 MAG   =    703392.6 
 NUMBER OF FRAMES AT  800.0 MAG              =         100 
 NUMBER OF FRAMES AT  250.0 MAG              =         100 
 NUMBER OF FRAMES AT   50.0 MAG              =         100 
 TOTAL MINERAL WGHT % ON A COAL BASIS        =       3.821 
 TOTAL NUMBER OF POINTS ANALYZED             =        1909 
 NUMBER OF POINTS UNDER THRESHOLD            =         152 
      
 WEIGHT PERCENT ON A MINERAL BASIS 
                    1.0    2.2    4.6   10.0   22.0   46.0      
                     TO     TO     TO     TO     TO     TO TOTALS 
                    2.2    4.6   10.0   22.0   46.0  100.0        % EXCLUDED  
 --------------------------------------------------------------------------- 
 QUARTZ             4.0    6.2    5.8    9.3    4.9    3.3   33.4   53.8 
 IRON OXIDE          .0     .2     .0     .0     .0     .0     .2  100.0 
 PERICLASE           .0     .0     .0     .0     .0     .0     .0     .0 
 RUTILE              .1     .5     .2     .0     .2     .0    1.0   36.1 
 ALUMINA             .0     .0     .0     .1     .0     .0     .1   91.7 
 CALCITE             .0     .3     .0     .0     .0     .0     .3    6.4 
 DOLOMITE            .0     .0     .0     .0     .0     .0     .0     .0 
 ANKERITE            .0     .0     .0     .0     .0     .0     .0     .0 
 KAOLINITE          2.3    3.4    3.0    4.7    2.0    2.7   18.2   54.8 
 MONTMORILLONITE     .9    2.1    1.9    3.6    2.0    2.8   13.3   49.4 
 K AL-SILICATE       .2     .1     .3    1.1     .1     .6    2.5   45.7 
 FE AL-SILICATE      .5     .8     .9    1.3     .7    2.7    6.8   55.0 
 CA AL-SILICATE      .3     .1     .1     .1     .1     .2     .9   13.9 
 NA AL-SILICATE      .0     .1     .0     .0     .0     .0     .1   73.0 
 ALUMINOSILICATE     .1     .6     .6     .9     .3    2.2    4.7   66.1 
 MIXED AL-SILICA     .2     .1     .3     .5     .1     .1    1.5   38.5 
 FE SILICATE         .0     .0     .0     .0     .0     .0     .0     .0 
 CA SILICATE         .0     .0     .0     .0     .0     .0     .0   74.1 
 CA ALUMINATE        .0     .0     .0     .0     .0     .0     .0     .0 
 PYRITE              .0     .0     .0     .0     .0     .0     .0  100.0 
 PYRRHOTITE         1.0     .6    1.1    2.0    1.8     .8    7.3   80.7 
 OXIDIZED PYRRHO     .0     .3     .1     .0     .0     .0     .5   30.6 
 GYPSUM              .0     .0     .0     .0     .0     .0     .0     .0 
 BARITE              .0     .0     .0     .0     .0     .0     .1   54.4 
 APATITE             .0     .0     .0     .0     .0     .0     .0     .0 
 CA AL-P             .3     .2     .3     .4     .0     .0    1.3   11.7 
 KCL                 .0     .0     .0     .0     .0     .0     .0     .0 
 GYPSUM/BARITE       .0     .0     .0     .0     .0     .0     .0     .0 
 GYPSUM/AL-SILIC     .1     .2     .0     .0     .0     .1     .4   36.9 
 SI-RICH             .4     .8     .3     .7     .3     .4    3.0   38.8 
 CA-RICH             .0     .0     .0     .0     .0     .0     .0     .0 
 CA-SI RICH          .0     .0     .0     .0     .0     .0     .0     .0 
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 UNCLASSIFIED        .8     .7     .4    1.2     .5     .7    4.3   44.2 
 --------------------------------------------------------------------------- 
  TOTALS           11.5   17.3   15.5   26.0   13.2   16.5  100.0 
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 SAMPLE DESCRIPTION ---> PRB Coal Caballo-Rojo                                            
 SUBMITTER          ---> Bruce Folkedahl                                                  
 ICC # AND FUND #   ---> 49560838                                                         
 RUN DATE AND TIME  --->  10  8 2003   9: 7 
      
      
 Percent excluded as a function of particle 
 size and phase. 
      
      
                    1.0    2.2    4.6   10.0   22.0   46.0      
                     TO     TO     TO     TO     TO     TO 
                    2.2    4.6   10.0   22.0   46.0  100.0  
 ---------------------------------------------------------- 
 QUARTZ            16.9   22.5   39.2   71.9   75.8  100.0 
 IRON OXIDE       100.0  100.0     .0     .0     .0     .0 
 PERICLASE           .0     .0     .0     .0     .0     .0 
 RUTILE            18.8   29.5   19.2     .0  100.0     .0 
 ALUMINA             .0     .0     .0  100.0     .0     .0 
 CALCITE          100.0     .0     .0     .0     .0     .0 
 DOLOMITE            .0     .0     .0     .0     .0     .0 
 ANKERITE            .0     .0     .0     .0     .0     .0 
 KAOLINITE         10.4   22.0   54.0   69.0   75.5   94.7 
 MONTMORILLONITE    2.3   18.8   29.5   73.1   35.6   79.9 
 K AL-SILICATE      3.3     .0   64.1   24.0   25.0  100.0 
 FE AL-SILICATE     3.0    6.9   21.4   72.5   51.6   81.1 
 CA AL-SILICATE      .0     .0     .0     .0   87.5     .0 
 NA AL-SILICATE      .0  100.0     .0     .0     .0     .0 
 ALUMINOSILICATE   26.6   19.0   46.0   90.1   54.6   79.1 
 MIXED AL-SILICA   14.3   64.0     .0   60.6     .0  100.0 
 FE SILICATE         .0     .0     .0     .0     .0     .0 
 CA SILICATE         .0     .0  100.0     .0     .0     .0 
 CA ALUMINATE        .0     .0     .0     .0     .0     .0 
 PYRITE              .0     .0     .0     .0  100.0     .0 
 PYRRHOTITE        51.4   44.2   45.0  100.0  100.0  100.0 
 OXIDIZED PYRRHO     .0     .0  100.0     .0  100.0     .0 
 GYPSUM              .0     .0     .0     .0     .0     .0 
 BARITE              .0     .0  100.0     .0     .0     .0 
 APATITE             .0     .0     .0     .0     .0     .0 
 CA AL-P             .0   27.1   27.7     .0     .0     .0 
 KCL                 .0     .0     .0     .0     .0     .0 
 GYPSUM/BARITE       .0     .0     .0     .0     .0     .0 
 GYPSUM/AL-SILIC     .0     .0     .0     .0     .0  100.0 
 SI-RICH           17.1   19.4   32.2   75.3   23.8   56.0 
 CA-RICH             .0     .0     .0     .0     .0     .0 
 CA-SI RICH          .0     .0     .0     .0     .0     .0 
 UNCLASSIFIED      25.1   34.3   39.7   65.0   52.1   37.0 
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 SAMPLE DESCRIPTION ---> PRB Coal Caballo-Rojo                                            
 SUBMITTER          ---> Bruce Folkedahl                                                  
 ICC # AND FUND #   ---> 49560838                                                         
 RUN DATE AND TIME  --->  10  8 2003   9: 7 
      
      
 Average phase composition. 
 (Percent Relative X-ray Intensity) 
      
      
                   SI   AL   FE   TI    P   CA   MG   NA    K    S   BA   CL  
 
-----------------------------------------------------------------------------
--  
 QUARTZ          95.6   .4   .7   .4   .3   .8   .2   .2   .3   .4   .5   .2 
 IRON OXIDE        .5   .3 96.6   .0   .1   .2   .2  1.0   .3   .3   .2   .3 
 PERICLASE         .0   .0   .0   .0   .0   .0   .0   .0   .0   .0   .0   .0 
 RUTILE           1.2   .7  2.6 89.2   .1  1.0   .2   .2   .2   .4  4.0   .2 
 ALUMINA          5.7 88.7  1.4   .8   .0   .4   .6   .0   .3   .3   .0  1.6 
 CALCITE           .3   .2  1.7   .3   .1 96.0   .1   .1   .1   .4   .4   .3 
 DOLOMITE          .0   .0   .0   .0   .0   .0   .0   .0   .0   .0   .0   .0 
 ANKERITE          .0   .0   .0   .0   .0   .0   .0   .0   .0   .0   .0   .0 
 KAOLINITE       54.7 40.6   .9   .3   .4   .8   .1   .2   .5   .6   .6   .3 
 MONTMORILLONITE 57.9 31.0  2.2  1.1   .4  1.6   .6   .3  2.4  1.0  1.2   .3 
 K AL-SILICATE   55.0 27.8  2.3   .9   .3  1.4   .7   .4  8.4  1.1  1.3   .3 
 FE AL-SILICATE  55.7 28.6  6.5  1.1   .3  1.5   .7   .3  2.7  1.1  1.1   .3 
 CA AL-SILICATE  50.1 30.8  2.2  1.2  1.8  6.7   .8   .7  2.0  2.1  1.3   .4 
 NA AL-SILICATE  57.1 27.1   .3   .1   .5   .2   .0 12.6  1.4   .0   .6   .2 
 ALUMINOSILICATE 66.9 23.2  1.8  1.1   .3  1.4   .5   .3  2.3  1.0   .7   .3 
 MIXED AL-SILICA 49.8 27.7  5.0  2.5   .8  4.1   .9   .4  4.0  2.1  2.2   .4 
 FE SILICATE       .0   .0   .0   .0   .0   .0   .0   .0   .0   .0   .0   .0 
 CA SILICATE     69.3  2.1  4.2   .2   .2 18.0  1.3   .9  1.7  1.3   .8   .1 
 CA ALUMINATE      .0   .0   .0   .0   .0   .0   .0   .0   .0   .0   .0   .0 
 PYRITE            .9   .8 26.6   .0   .4  1.5   .8   .8   .0 67.7   .5   .1 
 PYRRHOTITE        .2   .3 49.8   .1   .1   .7   .2   .3   .1 47.7   .3   .1 
 OXIDIZED PYRRHO   .3   .2 68.1   .3   .1   .6   .0   .6   .2 29.4   .2   .1 
 GYPSUM            .0   .0   .0   .0   .0   .0   .0   .0   .0   .0   .0   .0 
 BARITE            .2   .8   .3  3.1   .0  1.9   .0   .9   .0 21.5 71.2   .1 
 APATITE           .0   .0   .0   .0   .0   .0   .0   .0   .0   .0   .0   .0 
 CA AL-P           .6 36.6  1.4   .9 23.5 27.2   .6   .7   .6  1.0  6.4   .6 
 KCL               .0   .0   .0   .0   .0   .0   .0   .0   .0   .0   .0   .0 
 GYPSUM/BARITE     .0   .0   .0   .0   .0   .0   .0   .0   .0   .0   .0   .0 
 GYPSUM/AL-SILIC 49.2 23.1  2.8  2.2   .3  6.7  1.5  1.2  1.9  8.9  1.5   .7 
 SI-RICH         74.4 12.3  2.3  1.5   .5  2.7   .6   .4  1.8  1.6  1.7   .3 
 CA-RICH           .0   .0   .0   .0   .0   .0   .0   .0   .0   .0   .0   .0 
 CA-SI RICH        .0   .0   .0   .0   .0   .0   .0   .0   .0   .0   .0   .0 
 UNCLASSIFIED    52.0 13.9  5.3  5.7  3.5  7.0  1.6   .9  3.0  3.5  3.1   .5 
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SAMPLE DESCRIPTION ---> PRB Coal North Antelope                                          
 SUBMITTER          ---> Bruce Folkedahl                                                  
 ICC # AND FUND #   ---> 49560843                                                         
 RUN DATE AND TIME  --->  10 10 2003   9:17 
   
 SUMMARY OF PARAMETERS  
   
 PERCENT EPOXY USED                          =        64.8 
 TOTAL MINERAL AREA ANALYZED AT  800.0 MAG   =      2611.4 
 NORMALIZED AREA ANALYZED AT  800.0 MAG      =    648192.7 
 MINERAL AREA ANALYZED  250.0 MAG            =     30421.9 
 NORMALIZED AREA ANALYZED  250.0 MAG         =    768116.8 
 TOTAL MINERAL AREA ANALYZED AT   50.0 MAG   =    588562.8 
 NUMBER OF FRAMES AT  800.0 MAG              =         100 
 NUMBER OF FRAMES AT  250.0 MAG              =         100 
 NUMBER OF FRAMES AT   50.0 MAG              =         100 
 TOTAL MINERAL WGHT % ON A COAL BASIS        =       2.637 
 TOTAL NUMBER OF POINTS ANALYZED             =        1680 
 NUMBER OF POINTS UNDER THRESHOLD            =         151 
      
 WEIGHT PERCENT ON A MINERAL BASIS 
                    1.0    2.2    4.6   10.0   22.0   46.0      
                     TO     TO     TO     TO     TO     TO TOTALS 
                    2.2    4.6   10.0   22.0   46.0  100.0        % EXCLUDED  
 --------------------------------------------------------------------------- 
 QUARTZ             5.2    8.6    5.2    7.4    4.9     .5   31.9   40.6 
 IRON OXIDE          .0     .1     .0     .0     .0     .0     .2   23.2 
 PERICLASE           .0     .0     .0     .0     .0     .0     .0     .0 
 RUTILE              .2     .5     .4     .3     .0     .0    1.5   57.1 
 ALUMINA             .0     .0     .0     .0     .0     .0     .0     .0 
 CALCITE             .0     .0     .0     .0     .0     .0     .0   62.8 
 DOLOMITE            .0     .0     .0     .0     .0     .0     .0     .0 
 ANKERITE            .0     .0     .0     .0     .0     .0     .0     .0 
 KAOLINITE          2.8    5.1    4.8    8.8    3.7    7.4   32.7   56.8 
 MONTMORILLONITE     .7     .4     .9    1.7    1.2    5.1   10.0   84.0 
 K AL-SILICATE       .1     .3     .2     .6     .3     .0    1.4   33.3 
 FE AL-SILICATE      .1     .4     .4    1.0     .4     .9    3.3   67.0 
 CA AL-SILICATE      .2     .0     .0     .0     .1     .0     .2   20.6 
 NA AL-SILICATE      .0     .0     .0     .0     .0     .0     .0  100.0 
 ALUMINOSILICATE     .1     .0     .2     .2     .4     .3    1.2   81.9 
 MIXED AL-SILICA     .2     .1     .2     .2     .2     .0     .8   39.5 
 FE SILICATE         .0     .0     .0     .0     .0     .0     .0     .0 
 CA SILICATE         .0     .0     .0     .0     .0     .0     .0     .0 
 CA ALUMINATE        .0     .0     .0     .0     .0     .0     .0     .0 
 PYRITE              .0     .0     .0     .0     .0     .0     .0     .0 
 PYRRHOTITE          .8     .1     .4     .0     .2     .0    1.5   75.9 
 OXIDIZED PYRRHO     .0     .0     .0     .0     .0     .0     .0     .0 
 GYPSUM              .0     .0     .0     .0     .0     .0     .0     .0 
 BARITE              .0     .0     .0     .0     .0     .0     .0     .0 
 APATITE             .0     .0     .1     .0     .0     .0     .1     .0 
 CA AL-P            1.2    3.3    2.1    1.0     .4     .0    8.0    8.3 
 KCL                 .0     .0     .0     .0     .0     .0     .0     .0 
 GYPSUM/BARITE       .0     .0     .0     .0     .0     .0     .0     .0 
 GYPSUM/AL-SILIC     .0     .0     .0     .2     .0     .2     .3   46.0 
 SI-RICH             .4     .1     .2     .0     .2     .6    1.5   64.6 
 CA-RICH             .0     .0     .0     .0     .0     .0     .0     .0 
 CA-SI RICH          .0     .0     .0     .0     .0     .0     .0     .0 
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 UNCLASSIFIED        .8     .8     .8    1.1     .6    1.0    5.2   57.4 
 --------------------------------------------------------------------------- 
  TOTALS           13.0   19.9   16.0   22.4   12.7   16.1  100.0 
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  SAMPLE DESCRIPTION ---> PRB Coal North Antelope                                         
 SUBMITTER          ---> Bruce Folkedahl                                                  
 ICC # AND FUND #   ---> 49560843                                                         
 RUN DATE AND TIME  --->  10 10 2003   9:17 
      
      
 Percent excluded as a function of particle 
 size and phase. 
      
      
                    1.0    2.2    4.6   10.0   22.0   46.0      
                     TO     TO     TO     TO     TO     TO 
                    2.2    4.6   10.0   22.0   46.0  100.0  
 ---------------------------------------------------------- 
 QUARTZ            13.3   21.2   36.7   55.3   83.2   65.8 
 IRON OXIDE          .0     .0  100.0     .0     .0     .0 
 PERICLASE           .0     .0     .0     .0     .0     .0 
 RUTILE              .0   73.9   35.8  100.0     .0     .0 
 ALUMINA             .0     .0     .0     .0     .0     .0 
 CALCITE           62.8     .0     .0     .0     .0     .0 
 DOLOMITE            .0     .0     .0     .0     .0     .0 
 ANKERITE            .0     .0     .0     .0     .0     .0 
 KAOLINITE          8.9   16.1   37.5   67.8   66.8   97.4 
 MONTMORILLONITE    8.3     .0   69.6   90.2   92.4  100.0 
 K AL-SILICATE       .0   27.8   73.2     .0  100.0     .0 
 FE AL-SILICATE      .0   28.2   19.9   74.0   89.4  100.0 
 CA AL-SILICATE    10.3     .0     .0     .0   50.0     .0 
 NA AL-SILICATE   100.0     .0     .0     .0     .0     .0 
 ALUMINOSILICATE     .0     .0   38.8  100.0  100.0  100.0 
 MIXED AL-SILICA   13.5     .0  100.0     .0   62.9     .0 
 FE SILICATE         .0     .0     .0     .0     .0     .0 
 CA SILICATE         .0     .0     .0     .0     .0     .0 
 CA ALUMINATE        .0     .0     .0     .0     .0     .0 
 PYRITE              .0     .0     .0     .0     .0     .0 
 PYRRHOTITE        63.0  100.0   79.9     .0  100.0     .0 
 OXIDIZED PYRRHO     .0     .0     .0     .0     .0     .0 
 GYPSUM              .0     .0     .0     .0     .0     .0 
 BARITE              .0     .0     .0     .0     .0     .0 
 APATITE             .0     .0     .0     .0     .0     .0 
 CA AL-P             .0    2.4   17.6   12.7   22.0     .0 
 KCL                 .0     .0     .0     .0     .0     .0 
 GYPSUM/BARITE       .0     .0     .0     .0     .0     .0 
 GYPSUM/AL-SILIC     .0     .0     .0     .0     .0  100.0 
 SI-RICH           13.9     .0   36.3     .0  100.0  100.0 
 CA-RICH             .0     .0     .0     .0     .0     .0 
 CA-SI RICH          .0     .0     .0     .0     .0     .0 
 UNCLASSIFIED       5.3   23.2   54.1   91.1   75.5   78.6 
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 SAMPLE DESCRIPTION ---> PRB Coal North Antelope                                          
 SUBMITTER          ---> Bruce Folkedahl                                                  
 ICC # AND FUND #   ---> 49560843                                                         
 RUN DATE AND TIME  --->  10 10 2003   9:17 
      
      
 Average phase composition. 
 (Percent Relative X-ray Intensity) 
      
      
                   SI   AL   FE   TI    P   CA   MG   NA    K    S   BA   CL  
 
-----------------------------------------------------------------------------
--  
 QUARTZ          95.7   .3   .7   .3   .4   .9   .2   .2   .2   .5   .5   .2 
 IRON OXIDE       1.8  1.3 87.9   .3   .8  2.7   .9  1.7   .3  1.8   .1   .5 
 PERICLASE         .0   .0   .0   .0   .0   .0   .0   .0   .0   .0   .0   .0 
 RUTILE            .7  1.3  2.3 88.5   .3  1.8   .2   .5   .2   .7  3.4   .0 
 ALUMINA          4.1 88.8  5.4   .0   .0   .3   .0   .0   .0   .1   .1  1.1 
 CALCITE           .9   .5  6.6   .3   .6 87.6  1.2   .5   .2  1.1   .3   .2 
 DOLOMITE          .0   .0   .0   .0   .0   .0   .0   .0   .0   .0   .0   .0 
 ANKERITE          .0   .0   .0   .0   .0   .0   .0   .0   .0   .0   .0   .0 
 KAOLINITE       55.0 40.8   .9   .3   .4   .7   .1   .2   .3   .5   .5   .3 
 MONTMORILLONITE 57.4 33.3  2.3   .9   .4   .8   .4   .2  2.0   .8  1.2   .3 
 K AL-SILICATE   54.2 28.6  2.5  1.0   .4   .9   .7   .3  9.8   .5   .9   .3 
 FE AL-SILICATE  54.7 30.8  6.3   .8   .5  1.0   .5   .3  2.4   .7  1.7   .3 
 CA AL-SILICATE  45.1 33.5  1.6   .9  1.5 10.4  1.0   .4  1.1  2.0  1.7   .7 
 NA AL-SILICATE  41.9 34.4  2.7   .0   .5  1.3   .2 17.9   .0   .5   .0   .4 
 ALUMINOSILICATE 67.4 22.9  2.6   .9   .4   .6   .4   .2  2.3   .3  1.7   .3 
 MIXED AL-SILICA 51.2 28.2  4.9  1.8   .9  3.2   .9   .6  4.5  1.1  2.2   .6 
 FE SILICATE       .0   .0   .0   .0   .0   .0   .0   .0   .0   .0   .0   .0 
 CA SILICATE       .0   .0   .0   .0   .0   .0   .0   .0   .0   .0   .0   .0 
 CA ALUMINATE      .4 21.1  2.3   .1   .0 68.9   .2   .0   .0  3.7  2.9   .3 
 PYRITE            .0   .0   .0   .0   .0   .0   .0   .0   .0   .0   .0   .0 
 PYRRHOTITE        .4   .4 50.5   .1   .1   .6   .2   .3   .1 46.7   .4   .1 
 OXIDIZED PYRRHO   .0   .0   .0   .0   .0   .0   .0   .0   .0   .0   .0   .0 
 GYPSUM            .0   .0   .0   .0   .0   .0   .0   .0   .0   .0   .0   .0 
 BARITE            .0   .0   .0   .0   .0   .0   .0   .0   .0   .0   .0   .0 
 APATITE           .0   .3  2.1   .0 28.7 67.5  1.0   .1   .0   .4   .0   .0 
 CA AL-P           .4 37.2  1.5   .5 24.5 25.4   .7   .5   .4   .7  7.6   .5 
 KCL               .0   .0   .0   .0   .0   .0   .0   .0   .0   .0   .0   .0 
 GYPSUM/BARITE     .0   .0   .0   .0   .0   .0   .0   .0   .0   .0   .0   .0 
 GYPSUM/AL-SILIC 52.6 27.2  1.2  1.2  1.3  5.7   .4   .1  1.1  6.6  2.1   .5 
 SI-RICH         74.5 10.7  2.5  1.5   .6  2.8   .9   .8  1.5  2.2  1.5   .5 
 CA-RICH           .0   .0   .0   .0   .0   .0   .0   .0   .0   .0   .0   .0 
 CA-SI RICH        .0   .0   .0   .0   .0   .0   .0   .0   .0   .0   .0   .0 
 UNCLASSIFIED    34.6 19.3  5.1  5.0  7.8 11.0  1.6  2.5  2.4  5.2  4.9   .5 
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SAMPLE DESCRIPTION ---> PRB Coal Cordero                                                 
 SUBMITTER          ---> Bruce Folkedahl                                                  
 ICC # AND FUND #   ---> 49560848                                                         
 RUN DATE AND TIME  --->  10 14 2003   8:28 
   
 SUMMARY OF PARAMETERS  
   
 PERCENT EPOXY USED                          =        60.0 
 TOTAL MINERAL AREA ANALYZED AT  800.0 MAG   =      3356.5 
 NORMALIZED AREA ANALYZED AT  800.0 MAG      =    925705.6 
 MINERAL AREA ANALYZED  250.0 MAG            =     55083.8 
 NORMALIZED AREA ANALYZED  250.0 MAG         =   1390798.0 
 TOTAL MINERAL AREA ANALYZED AT   50.0 MAG   =   1205919.0 
 NUMBER OF FRAMES AT  800.0 MAG              =          90 
 NUMBER OF FRAMES AT  250.0 MAG              =         100 
 NUMBER OF FRAMES AT   50.0 MAG              =         100 
 TOTAL MINERAL WGHT % ON A COAL BASIS        =       4.028 
 TOTAL NUMBER OF POINTS ANALYZED             =        2623 
 NUMBER OF POINTS UNDER THRESHOLD            =         346 
      
 WEIGHT PERCENT ON A MINERAL BASIS 
                    1.0    2.2    4.6   10.0   22.0   46.0      
                     TO     TO     TO     TO     TO     TO TOTALS 
                    2.2    4.6   10.0   22.0   46.0  100.0        % EXCLUDED  
 --------------------------------------------------------------------------- 
 QUARTZ             3.3    5.5    5.0    7.0    4.2    1.8   26.8   38.9 
 IRON OXIDE          .0     .0     .1     .0     .0     .0     .1  100.0 
 PERICLASE           .0     .0     .0     .0     .0     .0     .0     .0 
 RUTILE              .1     .1     .1     .0     .2     .0     .4   26.3 
 ALUMINA             .0     .0     .0     .0     .0     .0     .0     .0 
 CALCITE             .0     .0     .1     .0     .0    1.0    1.1   98.1 
 DOLOMITE            .0     .0     .0     .0     .0     .0     .0     .0 
 ANKERITE            .0     .0     .0     .0     .0     .0     .0     .0 
 KAOLINITE          1.6    3.5    4.4    5.3    2.9    4.2   22.0   40.7 
 MONTMORILLONITE     .2     .5    1.3    2.3    1.6    4.4   10.2   68.7 
 K AL-SILICATE       .1     .3     .3     .5     .4    2.2    3.8   71.7 
 FE AL-SILICATE      .1     .1     .5     .3     .6    2.7    4.3   65.0 
 CA AL-SILICATE      .4     .6    1.0     .8     .4     .1    3.3   21.3 
 NA AL-SILICATE      .0     .0     .0     .0     .0     .0     .0     .0 
 ALUMINOSILICATE     .0     .0     .1     .4     .3    1.4    2.2   69.0 
 MIXED AL-SILICA     .1     .6     .4     .2     .1    1.0    2.4   26.2 
 FE SILICATE         .0     .0     .0     .0     .0     .0     .0  100.0 
 CA SILICATE         .0     .1     .0     .0     .0     .0     .2     .0 
 CA ALUMINATE        .0     .0     .0     .0     .0     .0     .0     .0 
 PYRITE              .0     .0     .0     .0     .0     .0     .0     .0 
 PYRRHOTITE          .3     .1     .2     .3     .8     .0    1.7   59.6 
 OXIDIZED PYRRHO     .0     .0     .0     .0     .0     .0     .0     .0 
 GYPSUM              .0     .1     .0     .0     .0     .0     .1  100.0 
 BARITE              .0     .0     .0     .0     .0     .0     .0     .0 
 APATITE             .0     .0     .0     .0     .0     .0     .1   63.6 
 CA AL-P             .7    1.6    1.1    1.1     .2     .0    4.8   18.4 
 KCL                 .0     .0     .0     .0     .0     .0     .0     .0 
 GYPSUM/BARITE       .0     .0     .0     .0     .0     .0     .0     .0 
 GYPSUM/AL-SILIC     .8    1.1     .3     .5     .3     .0    3.0   18.3 
 SI-RICH             .3     .6     .4     .9     .2     .8    3.3   47.4 
 CA-RICH             .0     .0     .0     .0     .0     .0     .0     .0 
 CA-SI RICH          .0     .0     .0     .0     .0     .0     .0     .0 



 

 A-34

 UNCLASSIFIED       1.4    2.0    2.1    2.4     .6    1.7   10.3   40.4 
 --------------------------------------------------------------------------- 
  TOTALS            9.7   16.7   17.4   22.0   12.9   21.3  100.0 
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 SAMPLE DESCRIPTION ---> PRB Coal Cordero                                                 
 SUBMITTER          ---> Bruce Folkedahl                                                  
 ICC # AND FUND #   ---> 49560848                                                         
 RUN DATE AND TIME  --->  10 14 2003   8:28 
      
      
 Percent excluded as a function of particle 
 size and phase. 
      
      
                    1.0    2.2    4.6   10.0   22.0   46.0      
                     TO     TO     TO     TO     TO     TO 
                    2.2    4.6   10.0   22.0   46.0  100.0  
 ---------------------------------------------------------- 
 QUARTZ            11.0   20.7   36.6   42.0   58.5   94.0 
 IRON OXIDE          .0     .0  100.0     .0     .0     .0 
 PERICLASE           .0     .0     .0     .0     .0     .0 
 RUTILE              .0     .0     .0     .0   65.8     .0 
 ALUMINA             .0     .0     .0     .0     .0     .0 
 CALCITE             .0     .0  100.0     .0     .0  100.0 
 DOLOMITE            .0     .0     .0     .0     .0     .0 
 ANKERITE            .0     .0     .0     .0     .0     .0 
 KAOLINITE          1.8    3.7   21.9   46.6   59.4   86.0 
 MONTMORILLONITE    7.0   34.9   26.4   50.1   79.1   92.8 
 K AL-SILICATE       .0   37.4   61.0  100.0   82.0   73.0 
 FE AL-SILICATE      .0     .0   61.9     .0   90.0   73.8 
 CA AL-SILICATE     5.4     .0   12.6   32.1   52.0  100.0 
 NA AL-SILICATE      .0     .0     .0     .0     .0     .0 
 ALUMINOSILICATE     .0     .0   13.6   82.3   80.7   68.2 
 MIXED AL-SILICA     .0    8.2   15.0     .0   69.9   44.5 
 FE SILICATE      100.0     .0     .0     .0     .0     .0 
 CA SILICATE         .0     .0     .0     .0     .0     .0 
 CA ALUMINATE        .0     .0     .0     .0     .0     .0 
 PYRITE              .0     .0     .0     .0     .0     .0 
 PYRRHOTITE        27.9  100.0   52.9   41.8   78.1     .0 
 OXIDIZED PYRRHO     .0     .0     .0     .0     .0     .0 
 GYPSUM              .0  100.0     .0     .0     .0     .0 
 BARITE              .0     .0     .0     .0     .0     .0 
 APATITE             .0     .0  100.0     .0     .0     .0 
 CA AL-P             .0     .0   15.2   51.5   65.0     .0 
 KCL                 .0     .0     .0     .0     .0     .0 
 GYPSUM/BARITE       .0     .0     .0     .0     .0     .0 
 GYPSUM/AL-SILIC   14.8   28.0    8.9     .0   39.2     .0 
 SI-RICH            4.2   14.3   14.5   53.0   59.9  100.0 
 CA-RICH             .0     .0     .0     .0     .0     .0 
 CA-SI RICH          .0     .0     .0     .0     .0     .0 
 UNCLASSIFIED       5.3   19.2   25.5   47.0   56.9   96.1 
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 SAMPLE DESCRIPTION ---> PRB Coal Cordero                                                 
 SUBMITTER          ---> Bruce Folkedahl                                                  
 ICC # AND FUND #   ---> 49560848                                                         
 RUN DATE AND TIME  --->  10 14 2003   8:28 
      
      
 Average phase composition. 
 (Percent Relative X-ray Intensity) 
      
      
                   SI   AL   FE   TI    P   CA   MG   NA    K    S   BA   CL  
 
-----------------------------------------------------------------------------
--  
 QUARTZ          95.3   .5   .7   .3   .3  1.1   .2   .2   .2   .6   .5   .2 
 IRON OXIDE        .5   .4 88.8   .0   .0   .9   .0   .6  2.0  2.0   .0  4.9 
 PERICLASE         .0   .0   .0   .0   .0   .0   .0   .0   .0   .0   .0   .0 
 RUTILE            .9   .7  1.1 92.5   .2  1.8   .4   .3   .0   .6  1.5   .1 
 ALUMINA          2.7 90.8  2.7   .0   .4  1.1   .0   .1   .9   .6   .0   .6 
 CALCITE          1.0   .7  1.3   .1   .4 93.9   .7   .3   .3   .5   .4   .5 
 DOLOMITE          .0   .0   .0   .0   .0   .0   .0   .0   .0   .0   .0   .0 
 ANKERITE          .0   .0   .0   .0   .0   .0   .0   .0   .0   .0   .0   .0 
 KAOLINITE       53.9 40.2  1.0   .3   .6  1.3   .2   .2   .5   .8   .7   .3 
 MONTMORILLONITE 56.6 31.8  2.3  1.4   .4  1.6   .7   .3  2.5  1.2   .9   .3 
 K AL-SILICATE   56.9 27.2  2.4   .9   .3  1.0   .8   .3  8.5   .8   .7   .3 
 FE AL-SILICATE  54.0 30.1  6.2  1.4   .4  1.6   .8   .4  2.5  1.2  1.0   .3 
 CA AL-SILICATE  46.3 33.4  1.5   .8  2.9  8.7   .6   .5  1.0  2.3  1.3   .6 
 NA AL-SILICATE    .0   .0   .0   .0   .0   .0   .0   .0   .0   .0   .0   .0 
 ALUMINOSILICATE 65.6 22.6  2.6  1.5   .4  1.6   .7   .2  2.8  1.0   .9   .2 
 MIXED AL-SILICA 46.8 29.5  4.3  2.8  2.0  4.8  1.1   .6  2.9  2.7  2.2   .5 
 FE SILICATE     46.5  1.6 50.7   .0   .0   .4   .0   .2   .0   .5   .0   .0 
 CA SILICATE     73.0  1.1  1.1   .4   .2 13.6  2.0   .9   .5  3.5  2.0  1.4 
 CA ALUMINATE      .0   .0   .0   .0   .0   .0   .0   .0   .0   .0   .0   .0 
 PYRITE            .0   .0   .0   .0   .0   .0   .0   .0   .0   .0   .0   .0 
 PYRRHOTITE        .5   .3 50.5   .2   .1   .9   .2   .4   .1 46.3   .2   .2 
 OXIDIZED PYRRHO   .0   .0   .0   .0   .0   .0   .0   .0   .0   .0   .0   .0 
 GYPSUM            .5   .4  2.3   .2   .1 47.3 12.6   .0   .2 35.5   .6   .2 
 BARITE            .0   .0   .0   .0   .0   .0   .0   .0   .0   .0   .0   .0 
 APATITE           .4   .0   .6   .3 24.7 73.3   .2   .0   .0   .1   .0   .3 
 CA AL-P           .7 36.1  1.5   .6 22.8 27.7   .8   .6   .5  2.0  6.2   .5 
 KCL               .0   .0   .0   .0   .0   .0   .0   .0   .0   .0   .0   .0 
 GYPSUM/BARITE     .0   .0   .0   .0   .0   .0   .0   .0   .0   .0   .0   .0 
 GYPSUM/AL-SILIC 45.7 25.6  2.7  1.6   .9  9.4  1.3   .6  1.5  8.2  1.7   .9 
 SI-RICH         72.7 10.4  2.5  2.2   .6  4.1   .6   .5  1.8  3.0  1.1   .6 
 CA-RICH           .0   .0   .0   .0   .0   .0   .0   .0   .0   .0   .0   .0 
 CA-SI RICH      59.4  1.0   .0   .0  1.0 25.0   .0  2.1   .0  9.2   .0  2.3 
 UNCLASSIFIED    30.1 24.4  5.0  3.3 10.4 14.0  1.2   .8  2.2  4.1  3.9   .7 
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