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I.  INTRODUCTION  

BHP Navajo CoalNavajo Transitional Energy Company (BNCCNTEC) prepared a statistical analysis study 

on overburden samples collected from eight drill holes within the Pinabete permit area (permit area).  The 

first phase of drilling to sample overburden in the permit area took place in 1987 and consisted of four 

continuous core drill holes.  The second phase of drilling in the Pinabete permit area took place in 1998 and 

consisted of one continuous core drill hole.  The third phase of drilling in the permit area took place in 2007 

and consisted of three additional continuous core drill holes.  Details of the first phase are contained in the 

existing BNCC Navajo Mine permit application package (OSM Permit No NM-0003F) (BNCC 2009).  The 

details of the second phase are contained in “No Name Project Statistical Analysis of Phase I Interburden 

Sampling” prepared by John W. Kern, Ph.D. of Western EcoSystems Technology Inc. on 3 Aug 1998.  

This report is included as a separate appendix to Section 17 (Geologic Information).  The objective of the 

“Kern study” was to assess the adequacy of the drilling program, estimate the volume of suitable material 

available for reclamation, determine what interburden layers contain high proportions of materials not 

suitable for reclamation, investigate spatial patterns in material suitability, and estimate the total volume of 

suitable material in the overburden/interburden layers most likely to be used for reclamation.  This 

statistical analysis of the 1987, 1998, and 2007 drilling programs builds on the findings of the “Kern study” 

and modifies the analysis area to the lease extents of the Pinabete permit area.  The objectives of the study 

are to characterize the interburden layers, estimate the total volume of root zone suitable material in the 

interburden layers most likely to be used for reclamation, and characterize mixed material (spoil) 

suitability. 

 

The in-situ physical and chemical characteristics of each overburden/interburden horizon or geologic layer 

have been analyzed for each of the eight drill holes within the Pinabete permit area.  Each horizon was 

sampled at varying intervals during the core logging process and analyzed for the suite of physical 

parameters and chemical analytes listed in Table 17.E-1.  The data for each discrete sample were averaged, 

as described below in the Approach and Calculation Methods section, to provide a single value for each 

horizon in each drill hole.  This characterization was used to identify interburden layers that contain 

proportions of unsuitable material or potentially acid- or toxic-forming material (PATFM).  In addition, the 

characterization of interburdens from each drill hole are mathematically composited, as described in the 

Approach and Calculation Methods section, to model spoil quality and to determine if there are any areas 

(based on drill hole location) in the mined-out pit that contain proportions of unsuitable material or 

PATFM.  When characterizing the suitability of overburden/interburden layers and spoil material, two 

potential criteria limits were used: (1) Office of Surface Mining Reclamation and Enforcement (OSM) 

Southwestern U.S. criteria limits and (2) BNCC Navajo Mine site-specific criteria limits (Table 17.E-2).   
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II.  LITHOLOGY AND NAMING CONVENTIONS 

There are eight primary coal seams and eight corresponding overburden/interburden horizons within the 

permit area.  The Pictured Cliffs Sandstone (PCS) is the deepest unit described in these investigations, as it 

conformably underlies the coal-bearing units of the Fruitland Formation.  Comprehensive geologic cross-

sections and a detailed geologic description of the permit area are included in Section 17 (Geologic 

Information).  Throughout this report, each interburden layer is designated using the name of the coal seam 

directly below the interburden layer.  Coal seams are numbered from deepest to shallowest.  For example, 

the deepest coal seam to be mined is the No. 2 coal seam (S2) and the interburden above it and below the 

No. 3 coal seam (S3) is referred to as No. 2 interburden (I2).  Similarly, a parting in S2 would be referred to 

as P2.  In situations where the coal seam splits, the coal seam number is followed by an alphabetic 

designation (e.g., S2A and S2B).  For example, interburden and parting layers between splits in the No. 2 

coal seam are referred to as I2A and I2B or P2A and P2B.  Further, if interburden layers are composed of 

horizons of differing rock strata (e.g., sandstone and shale); the interburden number will be followed by 

numeric designation (e.g., I2-1 or I2A-1).  For example, if the bottom horizon in I2 is primarily sandstone 

and the upper primarily shale, then the bottom horizon within this interburden would be labeled I2-1 and 

the next horizon above would be I2-2.  Interburden names and the number of observations during the 1987, 

1998, and 2007 drilling programs are provided in Table 17.E-3.  Stratigraphic columns and geologic model 

cross-sections are presented in Section 17 (Geologic Information). 

 

III.  APPROACH AND CALCULATION METHODS 

The results from analysis of the in-situ characteristics of core samples are the basis for all discussions and 

calculations that follow.  As noted in Table 17.E-1, percent sulfate, percent organic sulfur, percent pyritic 

sulfur, pyritic sulfur acid-base, and pyritic sulfur acid-base potential were determined only for samples with 

total sulfur acid-base potential (ABP) less than zero.  A total sulfur ABP value greater than zero indicates 

that the pyritic sulfur ABP value is greater than zero.  The criteria limit presented in Table 17.E-2 is for 

pyritic sulfur ABP.  In this way, total sulfur ABP is used as a screening method to determine if further 

analysis is needed to characterize the acid-forming potential of the sample.   

 

In-situ Overburden/Interburden Characteristics 

Data resulting from the physical and chemical analysis of discrete samples from continuous core drilling 

provide the basis for calculations used to characterize the in-situ overburden/interburden (interburden) 

layers.  Analysis of the in-situ interburden required simplification of the data set through the calculation of 

an average value for each analyte for every interburden layer identified in the drill holes.  This average 

value is calculated as the weighted mean  x .  For purposes of calculation, values reported as below the 

detection limit were assigned values at one half the detection limit.  In some cases, a core length could not 

be recovered during drilling, thus no analytical values were determined.  The approach to fill the data gap 

and maintain the thickness of the interburden layer was to calculate the values for the missing core as a 
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weighted mean of the two adjacent core samples.  The weighted mean  x  was calculated as a function of 

thickness for each core length sampled.  The formula for weighted mean calculations follows: 

Equation 1:  
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 where  nxxx ,,, 21   is the analyte value and  nwww ,, ,21   is the thickness weighting factor for 

the sample 

 

This approach simplifies the data set for each drill hole and addresses the variations in analyte values 

within each set of interburden samples.  The weighted mean values are representative of each interburden 

layer within that drill hole and are used to compare interburden layer characteristics between holes across 

the permit area.   

 

When evaluating the variability of a particular interburden layer across the permit area, the arithmetic mean 

 a  and standard deviation   , along with the range maximum and minimum, were computed for each 

parameter.  The formula for  a  and   calculations follows: 

Equation 2:  
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 where  nxxx ,,, 21   is the analyte value and n  is the number of values in the data set 

 

In this approach, each weighted mean value for the interburden layer is treated as a discrete data point 

across the permit area and each weighted mean value has the same influence on the calculated values.  In 

conclusion, the weighted mean is used to calculate a representative value from analyte values for 

interburden samples taken within the same drill hole.  Arithmetic mean and standard deviation are used to 

determine the variability of interburdens between drill holes across the permit area. 

 

Suitable Root Zone Material 

The volume of suitable root zone material available within each mining area was estimated using the 

overburden/interburden above the uppermost coal seam to be mined.  This material can be practically 

handled and stockpiled for use in reclamation, if required.  Unlike in the “Kern report”, the volume does 

not come from any single interburden layer.  The weighted mean  x  for the analytes of interest from the 

uppermost interburden layer from each drill hole was calculated using the formula above.  In some cases, 

the entire thickness of the overburden was not used in the calculation if the lower samples negatively 

impacted material suitability.  This approach of neglecting the lower, less suitable material is in line with 

how the material would be recovered in the field.  The thickness was adjusted accordingly to reduce the 
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potential depth of recovery from the surface and the weighted mean was recalculated.  The average 

thickness  a  of suitable root zone material, determined by drill hole data, was extrapolated to the mining 

area boundary to develop a volume of in-situ suitable root zone material.   

 

The continuous core samples included material from the surface or very near the surface that could be 

salvaged as suitable topdressing.  Consequently, the volume of suitable root zone material estimated for the 

mining area  estimateV  was adjusted to account for the volume of topdressing  topdressV  to be salvaged.  The 

thickness and volume of available topdressing  topdressV  are discussed in Section 14 (Soil).  Volume 

adjustments were based on the following equation: 

 

Equation 4:  topdressestimatesuitable VVV   

 

Modeled Spoil Characteristics 

The in-situ overburden/interburden characteristics were used to model spoil characteristics by 

mathematically compositing all interburden layers within each drill hole.  This was done by calculating the 

weighted mean  X  of the  x  values for each interburden layer.  In this manner, all core samples within 

the drill hole are treated as a single mixed or composite sample, resulting in eight modeled spoil samples.  

The weighted mean  X  was calculated as a function of thickness for each interburden layer within the drill 

hole.  The formula for weighted mean  X  calculations follows: 

Equation 5:  
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where  278 ,,, III xxx   is the weighted mean for the analyte for each interburden layer and  

 278 ,,, III WWW   is the thickness weighting factor for the interburden layer 

 

As stated above, it is difficult to predict the thickness of topdressing to be removed at each drill hole 

location.  The topdressing material cannot be addressed in the same manner as used for determining the 

volume of suitable root zone material.  The approach taken in this case was to neglect sample data from the 

top 5 ft of the uppermost core in each drill hole.  This approach is appropriate because it removes the 

maximum depth of material that would be removed as topdressing.  As stated in Section 14 (Soil), soil 

classification and suitability of the baseline soils survey are limited to the upper 5 ft of unconsolidated 

material.  In addition, this approach adds a degree of conservatism since the uppermost layers of the 

overburden are typically suitable for use as root zone material as a result of weathering.  Equation 2 and 

Equation 3 were used to calculate the arithmetic average  a  of the weighted mean  X  for each analyte 

for spoil and the corresponding standard deviation   .  The range limits for the values were also 
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determined.  These descriptive statistics are used to compare the variability of the eight modeled spoil 

samples across the permit area. 

 

IV.  RESULTS 

Characterization of In-situ Overburden/Interburden Layers 

The physical and chemical characteristics of each overburden/interburden layer are compared to OSM and 

Navajo Mine root zone suitability criteria listed in Table 17.E-2.  Results for all interburden layers above 

the major coal seam (e.g., S8) are presented and discussed together (e.g., I8A, I8B, etc.).  The various 

interburden layers between major coal seams were not delineated by lithology for the purposes of this 

analysis since the objective was to understand average physicochemical properties by 

overburden/interburden layer.  The weighted mean  x , maximum value, and minimum value for each 

analyte by interburden layer along with arithmetic mean  a  and standard deviation    of weighted 

values for interburden layers I8, I7, I6, I4, I3, and I2 are shown in Table 17.E-4, Table 17.E-5, Table 17.E-

6, Table 17.E-7, Table 17.E-8, and Table 17.E-9, respectively.   

 

Interburden Above Number 8 Coal Seam 

The I8 interburden in the Pinabete permit area is characterized by five layers identified in six drill holes 

(Table 17.E-4).  Average saturation percent in the I8 interburden is within OSM and Navajo Mine 

suitability criteria, although five of the nine measured values exceeded the OSM suitability criteria and four 

of the nine measured values exceeded Navajo Mine site specific suitability criteria presented in Table 17.E-

2.  The average clay percent in the I8 interburden is within OSM and Navajo Mine suitability criteria, 

although one value measured in layer I8A exceeded OSM suitability criteria by 1%.  Total sulfur ABP 

values within I8 are above both OSM and Navajo Mine suitability criteria, indicating that pyritic sulfur 

ABP is also above both suitability criterias, suggesting alkaline or neutralizing rock strata.  The average 

soluble selenium (SSe) concentration in I8 is below OSM and Navajo Mine suitability criteria, although 

one measured value in I8A1 exceeded OSM suitability criteria by 0.033 parts per million (ppm).  The 

average total selenium (TSe) concentration in I8 is below OSM and Navajo Mine suitability criteria, 

although one measured value in I8A1 exceeded OSM suitability criteria by 0.142 ppm.  Sodium adsorption 

ratio (SAR) values vary widely in I8 but the average SAR value is below OSM and Navajo Mine suitability 

criteria.  Five of the nine measured values for SAR in I8 exceeded OSM suitability criteria and four of the 

nine measured values exceeded Navajo Mine suitability criteria.  Values for all other parameters, including 

pH and boron, are within the appropriate criteria for suitable root zone material.     

 

Interburden Above Number 7 Coal Seam 

The I7 interburden in the Pinabete permit area is characterized by two layers identified in eight drill holes 

(Table 17.E-5).  Average saturation percent in the I7 interburden is within OSM and Navajo Mine 

suitability criteria, although two of the nine measured values exceeded OSM and Navajo Mine suitability 
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criteria limits.  The average clay percent in the I7 interburden is within OSM and Navajo Mine suitability 

criteria, although three measured values exceeded OSM suitability criteria by up to 14% and one measured 

value exceeded Navajo Mine suitability criteria by 9%.  Total sulfur ABP values in I7 average well above 

the OSM and Navajo Mine suitability criteria, indicating that pyritic sulfur ABP is also above both 

suitability criterias, suggesting alkaline or neutralizing rock strata.  One total sulfur ABP value was 

measured 0.1 t/kt below OSM and Navajo Mine suitability criteria in I7.  The average SSe concentration in 

I7 is below OSM and Navajo Mine suitability criteria, although two measured values exceeded OSM 

suitability criteria and one measured value exceeded Navajo Mine suitability criteria.  The average SAR 

value measured in I7 was within OSM and Navajo Mine suitability criteria, although five of the nine 

measured values exceeded both Navajo Mine and OSM criteria.  Values for all other parameters, including 

conductivity (EC) and TSe, are within the appropriate criteria for suitable root zone material.   

 

Interburden Above Number 6 Coal Seam 

In the Pinabete permit area, I6 is characterized by three layers identified in eight drill holes (Table 17.E-6).  

The range of pH values in the I6 interburden is outside the OSM and Navajo Mine suitability criteria 

outlined in Table 17.E-2, with only four of the nine measured values falling within both suitability criterias.  

The majority of saturation percent values exceed Navajo Mine and OSM suitability criteria although the 

average saturation percent is within OSM suitability criteria.  The average saturation percent in I6 is 88.5 

%, which exceeds Navajo Mine site specific suitability criteria by approximately 3.5% but is within the 

OSM suitability criteria limit of 90%.  The average clay percent in the I6 interburden is within OSM and 

Navajo Mine suitability criteria, although one measured value exceeded OSM suitability criteria by 10% 

and Navajo Mine suitability criteria by 5%.  Total sulfur ABP values in I6 range from -37.8 t/kt to 152.3 

t/kt, with the average value being 16.2 t/kt which is well above the OSM and Navajo Mine suitability 

criteria.  The average total sulfur ABP in I6 indicates that the pyritic sulfur ABP is also above both the 

OSM and Navajo Mine suitability criterias, suggesting alkaline or neutralizing rock strata.  Seven of the 

nine measured SAR values exceeded OSM and Navajo Mine criteria limits in I6, although the average 

value was within both criterias.  SAR values ranged from 9.2 to 51.2 with an average value of 9.1 

(calculated from the arithmetic mean values for calcium, magnesium, and sodium).  The average TSe value 

in I6 is within both OSM and Navajo Mine suitability criteria, although three of the four measured TSe 

values exceeded OSM suitability criteria by up to 0.200 ppm.  The average SSe value in I6 is below Navajo 

Mine site specific suitability criteria, but outside OSM suitability criteria.  The average SSe value in I6 is 

approximately 0.019 ppm above the OSM suitability criteria of 0.15 ppm.  Values for all other parameters, 

including EC and boron, are within the appropriate criteria for suitable root zone material.   

 

Interburden Above Number 4 Coal Seam 

The I4 interburden in the Pinabete permit area is characterized by one layer identified in seven drill holes 

(Table 17.E-7).  The range of pH values in the I4 interburden is 8.1 standard units (s.u.) to 9.6 s.u.  The 
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majority of pH values are outside the OSM and Navajo Mine suitability criteria by up to 0.6 s.u.  Five of 

the seven measured values for saturation percent in I4 exceed OSM suitability criteria and four of the seven 

measured values exceed Navajo Mine suitability criteria.  The average saturation percent for I4 exceeds 

OSM suitability criteria by 15.6% and Navajo Mine suitability criteria by 20.6%.  The average clay percent 

in the I4 interburden is within OSM and Navajo Mine suitability criterias, although one measured value 

exceeded Navajo Mine suitability criteria and two measured values exceeded OSM suitability criteria.  

Total sulfur ABP values in I4 average well above the OSM and Navajo Mine suitability criteria, indicating 

that pyritic sulfur ABP is also above both suitability criterias, suggesting alkaline or neutralizing rock 

strata.  One total sulfur ABP value was measured 2.0 t/kt below OSM and Navajo Mine suitability criteria 

in I4.  The average SSe value in I4 was within OSM and Navajo Mine suitability criteria, although one 

measured value exceeded OSM suitability criteria by 0.080 ppm.  Every measured SAR value in I4, as well 

as the average value, exceeded OSM suitability criteria, although one value was within Navajo Mine 

suitability criteria.  Values for all other parameters, including TSe and boron, are within the appropriate 

criteria for suitable root zone material.   

 

Interburden Above Number 3 Coal Seam 

In the Pinabete permit area, I3 is characterized by three layers identified in eight drill holes (Table 17.E-8).  

The majority of pH values measured in I3, including the average, exceeded OSM and Navajo Mine 

suitability criteria by up to 0.8 s.u.  Every measured saturation percent value in I3, except for one, exceeded 

OSM and Navajo Mine suitability criteria.  The average saturation percent in I3 is approximately 15.4% 

above OSM suitability criteria and 20.4% above Navajo Mine suitability criteria.  The average clay percent 

in the I3 interburden is within OSM and Navajo Mine suitability criteria, although one measured value 

exceeded OSM suitability criteria by 14% and Navajo Mine suitability criteria by 9%.  The average total 

sulfur ABP value in I3 is within OSM and Navajo Mine suitability criteria, indicating that pyritic sulfur 

ABP is also above both suitability criteria, although four of the 11 measured values were below both 

criteria.  The majority of SAR values measured in I3, including the average, exceeded Navajo Mine 

suitability criteria.  The average TSe value in I3 is within both OSM and Navajo Mine suitability criteria, 

although one of the 11 measured values exceeded OSM suitability criteria by approximately 0.100 ppm.  

Values for all other parameters, including EC and SSe, are within the appropriate criteria for suitable root 

zone material.  

 

Interburden Above Number 2 Coal Seam 

The I2 interburden in the Pinabete permit area is characterized by four layers identified in seven drill holes 

(Table 17.E-9).  I2 pH values range from 8.5 s.u. to 9.8 s.u., with the majority of measured values 

exceeding OSM and Navajo Mine suitability criteria.  Every measured saturation percent value in I2, 

except for one, exceeded OSM and Navajo Mine suitability criteria.  The average saturation percent in I2 

exceeds OSM suitability criteria by 25.6% and Navajo Mine suitability criteria by 30.6%.  The average clay 
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percent in I2 is within OSM and Navajo Mine suitability criteria, although two measured values exceed 

OSM suitability criteria and one value exceeds Navajo Mine suitability criteria.  Total sulfur ABP values in 

I2 range from -43 t/kt to 50.4 t/kt.  The average total sulfur ABP is 2 t/kt below the OSM and Navajo Mine 

suitability criteria.  I2 is characterized by 16 samples in the Pinabete permit area, 13 of which contain total 

sulfur ABP below the suitability criteria.  These 13 samples were collected among four of the eight drill 

holes.  The pyritic sulfur ABP of two of these samples is above the suitability criteria.  The pyritic sulfur 

ABP for the remainder of the samples ranges from -89.0 t/kt to -5.0 t/kt (Table 17.E-10).  The length of 

core represented by the samples with pyritic sulfur ABP values less than the suitability criteria range from 

0.3 feet to 4.6 feet or 0.27% to 4.14% of the in-situ interburden thickness for the respective drill holes 

(Table 17.E-10).  The average TSe concentration in I2 is within OSM and Navajo Mine suitability criteria, 

although one measure value exceeded OSM suitability criteria by approximately 0.213 ppm.  The average 

SSe concentration in I2 is within OSM and Navajo Mine suitability criteria, although four of the eight 

measured values exceed OSM suitability criteria by up to 0.060 ppm.  Values for all other parameters, 

including boron and EC, are within the appropriate criteria for suitable root zone material.  

 

Estimated Volume of Suitable Root Zone Material 

If needed, suitable root zone material is available from overburden strata above the first seam to be mined.  

Suitable root zone thickness for each drill hole was determined by comparing the  x of analytical results to 

both OSM and Navajo Mine criteria.  In cases where the  x of the entire core above the uppermost seam 

was not suitable, the thickness was mathematically reduced by removing core sample data from the lowest 

portion of the core until  x  met the criteria limits.  The results of suitable thickness calculations are 

summarized in Table 17.E-11.  The suitable thickness ranges from 0.0 ft in drill holes 487-01 and 487-04 to 

52.3 ft in drill hole 407-34 in the Pinabete permit area.  The average thickness  a over the permit area, 

based on drill holes, is 30.8 ft.  This thickness is much greater than the 4 ft. of root zone material that would 

be replaced during reclamation of mined areas.   

 

The volume of suitable root zone material available, based on the average thickness over the permit area 

and taking into account the material removed for topdressing, is approximately 276 million bank cubic 

yards (Mbcy).  Assuming the projected disturbance area requires 4 ft of suitable material, the Pinabete 

Permit Area requires 35.9 Mbcy.  The results suggest the amount of suitable root zone material available in 

the Pinabete Permit Area exceeds potential requirements by a factor of 7.7.   

 

Characterization of Spoil Material 

Spoil material quality was modeled by computing the weighted mean  X  of all layers for each analyte 

within each drill hole.  These data are used to characterize spoil at each drill hole location and estimate 

spoil variability within and among each operational area.  The results of these computations are included in 
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Table 17.E-12.  The pH values in spoil material in the Pinabete permit area range from 7.5 s.u. to 9.1 s.u.  

The pH values in spoil material associated with drill holes 487-01 and 487-04 exceed OSM and Navajo 

Mine suitability criteria by 0.1 s.u.  The saturation percent values in spoil material in the Pinabete permit 

area range from 70.7% to 125.3%, with an average value that exceeds both OSM and Navajo Mine criteria 

by 4.8% and 9.8%, respectively.  The majority of SAR values for spoil material in the Pinabete permit area 

exceed OSM and Navajo Mine suitability criteria, but the average value (calculated from the arithmetic 

mean values of calcium, magnesium, and sodium) is below both criteria.  Drill holes 407-33, 407-34, 487-

01, 487-02, 487-03, and 487-04 have spoil material SAR values which exceed Navajo Mine suitability 

criteria.  Total sulfur ABP values for the modeled spoil material in the Pinabete permit area range from 

30.6 t/kt to 102.7 t/kt.  The level of total sulfur ABP in the spoil material from the Pinabete permit area 

indicates the pyritic sulfur ABP will also be above criteria limits, suggesting the modeled spoil material 

represents alkaline or neutralizing rock strata.  The average clay percent for all modeled spoil material in 

the Pinabete permit area was within OSM and Navajo Mine suitability criteria, although modeled spoil 

material from drill hole 487-04 indicates a clay percent value which exceeds OSM suitability criteria by 

1%.  Values for all other parameters, including SSe and EC, are within the appropriate criteria for suitable 

root zone material.  

 

In summary, the modeled spoil material in the Pinabete permit area meets all Navajo Mine suitable root 

zone criteria with the exception of pH, saturation percent, and SAR.    

 

V.  CONCLUSIONS 

In conclusion, there is no widespread occurrence of PATFM within the Pinabete permit area.  

Characterization of the in-situ interburden above each coal seam suggests that the materials present in I6 in 

the Pinabete permit area possess SSe values that are outside OSM suitability criteria, but below Navajo 

Mine suitability criteria and thus are of limited concern.  Acid-base potential characterization suggests a net 

alkaline environment across the geologic column in the Pinabete permit area.  One interburden layer in the 

Pinabete permit area (I2) possesses pyritic sulfur APB values that are outside criteria for several samples.  

This layer is thin compared to the total thickness of interburden to be excavated during mining, constituting 

less than 6% of the in-situ interburden thickness at each drill hole location.  Characterization of the in-situ 

interburden also suggests that the materials present in I6, I4, I3, and I2 in the Pinabete permit area possess 

saturation percent (>85%) and pH (>9.0) (and SAR [>18] in I4, I3, and I2) values, that are outside criteria 

established by OSM and Navajo Mine for root zone suitability.  These characteristics are common of 

alkaline subsurface environments where weathering has not altered the rock strata.   

 

When analyzed as a composite to model mine spoil conditions, the influence of these layer characteristics is 

attenuated and the overall values for physical and chemical analytes, with the exception of pH, SAR, and 

saturation percent, for the spoil material are within suitability limits and PATFM is not a concern.  Despite 
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containing these thin layers of low pyritic sulfur ABP interburden, all modeled spoil columns have net 

alkaline values.  In addition, there is substantially more material present in the overburden of the uppermost 

seam to be mined than is necessary to provide 4 ft of suitable root zone.  The Pinabete Permit Area contains 

approximately 276 Mbcy of suitable material compared to the 35.9 Mbcy required to provide 4 ft of 

suitable root zone across the mined area.   

 

VI. REFERENCES 

BHP Navajo Coal Company (BNCC). 2009. Navajo Mine Permit Application Package. OSM Permit No. 

NM-0003F. On file at Office of Surface Mining Reclamation and Enforcement- Western Region 

Technical Office. Denver, Colorado. 
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Table 17.E-1  Physical and Chemical Properties Analyzed or Calculated for Overburden/Interburden 

Samples from 1987, 1998, and 2007 Drilling Program 

 

pH (s.u.) 

Conductivity (mmhos/cm)  

ESP (Exchangeable Sodium Percentage) 1 

Saturation (%) 

Calcium (meq/L) 

Magnesium (meq/L) 

Sodium (meq/L) 

SAR 

Sand (%), silt (%), clay (%) 2 

USDA soil texture  

Organic Carbon 1 

CaCO3 (%) 

Total sulfur (%) 2 

Acid potential total sulfur (t/kt) 2 

Neutralization potential   (t/kt) 2g 

Acid-base potential total sulfur (t/kt) 

Sulfate (%) * 

Organic sulfur (%) * 

Pyritic sulfur (%)  * 

Acid-base pyritic sulfur (t/kt) * 2  

Acid-base potential pyritic sulfur (t/kt) * 2  

Boron (ppm) 

Total selenium (ppm) 2  

Soluble selenium (ppm) 

* analysis performed only if total sulfur acid-base potential is less than zero t/kt 
1  analysis performed only on samples from 1987 drilling program 
2  analysis performed only on samples from 1998 and 2007 drilling programs 
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Table 17.E-2  Potential Root Zone Suitability Criteria and PATFM Characteristic Analytes 

 

Characteristic Analytes 
OSM Southwestern 

U. S. Criteria 

Navajo Mine Site Specific 

Criteria3 

Boron 10 ppm 

 

na 

Total Selenium 0.8 ppm 

 

2.5 ppm 

 

Soluble Selenium 0.15 ppm 

 

0.26 ppm 

 

pH 5.5 and 9.0 

 

5.0 and 9.0 

Acid-Base Account 
(Acid-Base Potential1) 

>-5 t CaCO3/1000 t 

 

-5 t CaCO3/1000 t 

Saturation  20% and 90% 

 

 

 

85% OR 

100% only if EC4 

mmhos/cm 

EC 12 mmhos/cm 

 

16 mmhos/cm 

SAR sandy loam 20 

loam, clay loam 16 

40% clay 14 

 

18 OR 

40 only if EC 4 mmhos/cm 

Texture 45% clay 

 

50% clay 

CaCO3  % No Criteria 

Neutralization Potential t CaCO3/1000 t No Criteria 

Total Sulfur % No Criteria 

Total Sulfur Acid Potential  t CaCO3/1000 t No Criteria 

Sulfate2 

Organic Sulfur2 

Pyritic Sulfur2 

% 

% 

% 

No Criteria 

No Criteria 

No Criteria 

Acid-Base Pyritic Sulfur2 t CaCO3/1000 t No Criteria 

 
1  Total sulfur and pyritic sulfur acid-base potential are considered under this criteria. 
2  These analytes including pyritic sulfur acid-base potential are analyzed when total sulfur acid-base 
potential is less than zero. 
3  Navajo Mine site specific criteria are found in Navajo Mine Permit NM-0003F. 
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Table 17.E-3  Interburden Name and Number of Layer Observations from 1987, 1998, and 2007 
Drilling Programs 
 
 
Interburden name Number of observations in   

Area 4 

I8 1 

I8A 4 

I8A1 1 

I8A2 1 

I8B 2 

I7 8 

I7-R 1 

I6 4 

I6A 1 

I6B 4 

I4 7 

I3 4 

I3A 3 

I3B 4 

I2 2 

I2A 1 

I2B 2 

I2B/2A 2 

I2B1 1 

 



Table 17.E-4  Weighted Mean of Physical and Chemical Properties by Interburden Layer for I8

Pinabete Permit Application Package

Area 4 Interburden layer pH (s.u.)
Conductivity 
(mmhos/cm)

Saturation (%) Calcium (meq/L)
Magnesium 

(meq/L)
Sodium (meq/L) SAR Sand (%) Silt (%)

407-33 I8A1 8.5 2.0 83.8 0.52 0.13 17.51 30.8 13 53
407-33 I8A2 8.6 2.0 72.8 0.40 0.16 16.81 31.7 24 45
407-33 I8B 8.7 2.4 98.3 2.28 0.64 19.11 15.8 32 42
407-34 I8A 8.8 1.4 95.2 0.24 0.09 13.31 32.8 16 57
407-34 I8B 7.5 5.1 96.8 5.54 2.81 45.33 22.2 24 44
487-01 I8A 7.7 4.7 119.9 17.36 4.75 48.50 17.5 12 43
487-03 I8A 8.4 0.9 39.6 1.23 1.57 6.94 6.7 17 62
487-04 I8A 9.0 2.4 112.7 1.68 0.56 24.00 36.7 8 48
498-06 I8 6.8 4.2 44.1 24.58 13.49 9.27 2.1 51 26

Minimum 6.8 0.9 39.6 0.2 0.1 6.9 2.1 7.6 26.4
Maximum 9.0 5.1 119.9 24.6 13.5 48.5 36.7 50.7 62.5
Arithmetic mean* - 2.8 84.8 6.0 2.7 22.3 10.7 21.8 46.7
Standard dev - 1.5 28.0 8.8 4.3 14.9 - 13.2 10.3

*  Arithmetic mean of the weighted mean values for parameters for each interburden layer except 
SAR.  Arithmetic mean of SAR is calculated from the arithmetic mean values for calcium, 
magnesium, and sodium.
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Table 17.E-4  (Contined)

Pinabete Permit Application Package

Area 4

407-33
407-33
407-33
407-34
407-34
487-01
487-03
487-04
498-06

Minimum
Maximum
Arithmetic mean*
Standard dev

Clay (%) CaCO3 (%) Total sulfur (%)
Acid potential total 

sulfur (t/kt)
Neutralization 

potential   (t/kt)

Acid-base 
potential total 
sulfur (t/kt)

Boron (ppm)
Total selenium 

(ppm)
Soluble selenium 

(ppm)

34 7.48 0.896 28.0 74.8 46.8 2.20 0.942 0.188
30 10.11 0.627 19.6 101.1 81.6 1.80 0.653 0.116
26 8.58 0.212 6.6 85.8 79.2 1.22 0.276 0.057
28 8.39 0.377 11.8 83.9 72.1 1.19 0.423 0.083
32 4.76 0.218 6.8 47.6 40.7 1.15 0.262 0.086
45 4.58 1.053 12.9 1.36 0.136
20 23.34 0.034 232.5 0.46 0.023
46 9.45 0.215 87.7 0.73 0.127
23 6.26 0.462 14.5 64.6 50.2 0.54 0.461 0.019

20.4 4.6 0.0 6.6 47.6 12.9 0.5 0.3 0.0
45.6 23.3 1.1 28.0 101.1 232.5 2.2 0.9 0.2
31.6 9.2 0.5 14.5 76.3 78.2 1.2 0.5 0.09
8.9 5.6 0.3 8.2 18.6 62.6 0.6 0.3 0.1

*  Arithmetic mean of the weighted mean values for parameters for each interburden layer except 
SAR.  Arithmetic mean of SAR is calculated from the arithmetic mean values for calcium, 
magnesium, and sodium.
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Table 17.E-5  Weighted Mean of Physical and Chemical Properties by Interburden Layer for I7

Pinabete Permit Application Package

Area 4 South Interburden layer pH (s.u.)
Conductivity 
(mmhos/cm)

Saturation (%) Calcium (meq/L)
Magnesium 

(meq/L)
Sodium (meq/L) SAR Sand (%) Silt (%)

407-32 I7 8.2 2.5 35.4 2.77 1.43 22.49 15.5 59 26
407-33 I7 9.0 2.0 61.4 0.15 0.07 17.51 52.1 31 45
407-34 I7 8.9 2.0 78.4 0.23 0.13 20.08 47.0 25 51
487-01 I7 8.1 1.8 65.1 3.90 2.63 18.62 14.2 18 46
487-02 I7 8.3 0.5 38.4 0.88 0.69 4.99 7.2 33 48
487-03 I7 9.0 1.4 177.6 0.15 0.05 13.99 38.0 5 46
487-04 I7 8.3 1.7 80.1 0.25 0.01 18.35 44.2 5 36
487-04 I7R 8.9 1.4 120.1 0.28 0.00 13.99 32.7 2 52
498-06 I7 6.9 8.3 41.3 29.36 49.91 33.48 5.3 44 28

Minimum 6.9 0.5 35.4 0.2 0.0 5.0 5.3 1.6 26.1
Maximum 9.0 8.3 177.6 29.4 49.9 33.5 52.1 59.5 52.2
Arithmetic mean* - 2.4 77.5 4.2 6.1 18.2 8.0 24.7 42.0
Standard dev - 2.3 45.9 9.5 16.5 7.6 - 19.6 9.6

*  Arithmetic mean of the weighted mean values for parameters for each interburden layer except 
SAR.  Arithmetic mean of SAR is calculated from the arithmetic mean values for calcium, 
magnesium, and sodium.
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Table 17.E-5  (Continued)

Pinabete Permit Application Package

Area 4 South

407-32
407-33
407-34
487-01
487-02
487-03
487-04
487-04
498-06

Minimum
Maximum
Arithmetic mean*
Standard dev

Clay (%) CaCO3 (%) Total sulfur (%)
Acid potential total 

sulfur (t/kt)
Neutralization 
potential (t/kt)

Acid-base 
potential total 
sulfur (t/kt)

Boron (ppm)
Total selenium 

(ppm)
Soluble selenium 

(ppm)

14 12.95 0.225 7.0 129.5 122.5 0.82 0.676 0.061
24 16.16 0.542 16.9 161.6 144.7 1.62 0.620 0.092
23 9.38 0.590 18.4 93.8 75.4 1.28 0.509 0.076
36 14.82 0.252 140.2 1.02 0.129
19 9.91 0.021 100.5 0.50 0.021
49 2.93 0.162 24.5 1.04 0.119
59 2.96 1.113 -5.1 1.40 0.285
46 3.63 0.442 21.4 0.85 0.151
28 8.32 0.424 13.1 76.6 63.4 0.54 0.227 0.066

14.4 2.9 0.0 7.0 76.6 -5.1 0.5 0.2 0.021
58.8 16.2 1.1 18.4 161.6 144.7 1.6 0.7 0.285
33.3 9.0 0.4 13.9 115.4 76.4 1.0 0.5 0.111
15.2 5.1 0.3 5.1 37.9 54.7 0.4 0.2 0.1

*  Arithmetic mean of the weighted mean values for parameters for each interburden layer except 
SAR.  Arithmetic mean of SAR is calculated from the arithmetic mean values for calcium, 
magnesium, and sodium.
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Table 17.E-6  Weighted Mean of Physical and Chemical Properties by Interburden Layer for I6

Pinabete Permit Application Package

Area 4 South Interburden layer pH (s.u.)
Conductivity 
(mmhos/cm)

Saturation (%) Calcium (meq/L)
Magnesium 

(meq/L)
Sodium (meq/L) SAR Sand (%) Silt (%)

407-32 I6 9.1 1.5 95.9 0.19 0.19 18.39 42.3 8 57
407-33 I6 9.3 1.8 85.0 0.13 0.05 15.31 51.2 6 60
407-34 I6 8.9 1.2 94.9 0.20 0.12 12.22 30.6 15 55
487-01 I6B 9.1 1.0 85.6 0.69 5.66 13.78 11.8 8 58
487-02 I6B 9.2 1.0 122.5 0.13 0.17 11.89 31.9 3 73
487-03 I6B 9.0 1.4 90.8 0.11 0.00 13.78 42.9 5 55
487-04 I6B 9.0 0.9 48.7 0.14 0.00 9.84 29.1 5 66
487-04 I6A 9.0 1.3 93.0 0.10 0.00 13.10 41.4 1 44
498-06 I6 4.8 10.5 80.0 22.00 37.00 50.00 9.2 22 38

Minimum 4.8 0.9 48.7 0.1 0.0 9.8 9.2 1.0 38.0
Maximum 9.3 10.5 122.5 22.0 37.0 50.0 51.2 22.0 73.3
Arithmetic mean* - 2.3 88.5 2.6 4.8 17.6 9.1 8.2 56.2
Standard dev - 3.1 19.2 7.3 12.2 12.4 - 6.5 10.5

*  Arithmetic mean of the weighted mean values for parameters for each interburden layer except 
SAR.  Arithmetic mean of SAR is calculated from the arithmetic mean values for calcium, 
magnesium, and sodium.
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Table 17.E-6  (Continued)
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Area 4 South

407-32
407-33
407-34
487-01
487-02
487-03
487-04
487-04
498-06

Minimum
Maximum
Arithmetic mean*
Standard dev

Clay (%) CaCO3 (%) Total sulfur (%)
Acid potential total 

sulfur (t/kt)
Neutralization 
potential (t/kt)

Acid-base 
potential total 
sulfur (t/kt)

Boron (ppm)
Total selenium 

(ppm)
Soluble selenium 

(ppm)

35 0.55 0.883 27.6 5.5 -22.1 1.91 0.839 0.198
34 0.64 1.125 35.1 6.4 -28.8 1.90 1.000 0.210
30 0.66 1.423 44.5 6.6 -37.8 1.95 0.875 0.195
34 0.25 0.602 -16.5 1.29 0.134
24 3.26 0.493 17.4 0.62 0.067
40 11.63 0.265 87.3 1.06 0.087
29 20.69 0.306 152.3 0.81 0.058
55 0.30 0.820 -1.0 1.60 0.210
40 0.61 0.380 12.0 7.0 -5.3 0.90 0.450 0.360

24.0 0.2 0.3 12.0 5.5 -37.8 0.6 0.450 0.058
55.0 20.7 1.4 44.5 7.0 152.3 2.0 1.000 0.360
35.6 4.3 0.7 29.8 6.4 16.2 1.3 0.791 0.169
8.9 7.2 0.4 13.7 0.6 63.1 0.5 0.2 0.1

*  Arithmetic mean of the weighted mean values for parameters for each interburden layer except 
SAR.  Arithmetic mean of SAR is calculated from the arithmetic mean values for calcium, 
magnesium, and sodium.
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Table 17.E-7  Weighted Mean of Physical and Chemical Properties by Interburden Layer for I4

Pinabete Permit Application Package

Area 4 South Interburden layer pH (s.u.)
Conductivity 
(mmhos/cm)

Saturation (%) Calcium (meq/L)
Magnesium 

(meq/L)
Sodium (meq/L) SAR Sand (%) Silt (%)

407-32 I4 9.3 1.1 79.1 0.18 0.20 11.49 26.4 50 32
407-33 I4 9.2 1.5 61.3 0.14 0.08 12.64 37.5 42 40
407-34 I4 9.0 1.1 111.8 0.14 0.07 11.11 35.0 12 55
487-02 I4 9.2 1.8 165.0 0.20 0.50 20.40 34.5 4 36
487-03 I4 9.2 1.2 105.0 0.10 0.03 12.06 38.1 5 56
487-04 I4 9.6 1.1 123.2 0.06 0.01 11.83 36.5 4 49
498-06 I4 8.1 4.7 94.0 3.16 1.51 51.21 33.5 27 39

Minimum 8.1 1.1 61.3 0.1 0.0 11.1 26.4 4.0 31.9
Maximum 9.6 4.7 165.0 3.2 1.5 51.2 38.1 50.1 55.9
Arithmetic mean* - 1.8 105.6 0.6 0.3 18.7 27.6 20.5 43.8
Standard dev - 1.3 33.4 1.1 0.5 14.7 - 19.3 9.5

*  Arithmetic mean of the weighted mean values for parameters for each interburden layer except 
SAR.  Arithmetic mean of SAR is calculated from the arithmetic mean values for calcium, 
magnesium, and sodium.
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Table 17.E-7  (Continued)
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Area 4 South

407-32
407-33
407-34
487-02
487-03
487-04
498-06

Minimum
Maximum
Arithmetic mean*
Standard dev

Clay (%) CaCO3 (%) Total sulfur (%)
Acid potential total 

sulfur (t/kt)
Neutralization 
potential (t/kt)

Acid-base 
potential total 
sulfur (t/kt)

Boron (ppm)
Total selenium 

(ppm)
Soluble selenium 

(ppm)

18 7.74 0.096 3.0 77.4 74.4 0.62 0.148 0.029
19 7.61 0.139 4.3 76.1 71.8 0.96 0.211 0.087
34 7.11 0.317 9.9 71.1 61.2 1.42 0.394 0.109
60 0.30 0.310 -7.0 1.40 0.230
40 12.02 2.453 113.8 0.89 0.072
47 7.93 0.206 68.4 1.31 0.063
34 4.50 0.091 2.9 44.8 41.9 0.26 0.198 0.049

18.0 0.3 0.1 2.9 44.8 -7.0 0.3 0.1 0.029
60.0 12.0 2.5 9.9 77.4 113.8 1.4 0.4 0.230
35.7 6.7 0.5 5.0 67.3 60.6 1.0 0.2 0.091
14.9 3.6 0.9 3.3 15.3 36.8 0.4 0.1 0.1

*  Arithmetic mean of the weighted mean values for parameters for each interburden layer except 
SAR.  Arithmetic mean of SAR is calculated from the arithmetic mean values for calcium, 
magnesium, and sodium.
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Table 17.E-8  Weighted Mean of Physical and Chemical Properties by Interburden Layer for I3

Pinabete Permit Application Package

Area 4 South Interburden layer pH (s.u.)
Conductivity 
(mmhos/cm)

Saturation (%) Calcium (meq/L)
Magnesium 

(meq/L)
Sodium (meq/L) SAR Sand (%) Silt (%)

407-32 I3 9.6 0.8 109.2 0.08 0.05 9.16 35.6 19 48
407-33 I3 9.4 1.0 96.2 0.13 0.21 8.50 20.5 27 39
407-34 I3 9.4 1.1 99.8 0.12 0.10 11.28 34.1 20 49
487-01 I3B 9.6 0.9 144.6 0.35 0.53 10.99 21.2 21 46
487-01 I3A 9.8 0.7 111.0 0.10 0.10 8.60 27.2 0 41
487-02 I3B 9.5 1.6 143.0 0.14 0.06 17.24 49.7 2 61
487-03 I3B 9.5 1.3 143.5 0.10 0.03 14.15 44.7 3 56
487-03 I3A 9.2 1.2 116.0 0.10 0.10 12.50 39.5 5 50
487-04 I3 9.5 1.4 78.4 0.16 0.00 16.25 44.1 4 52
498-06 I3A 9.2 1.0 104.0 0.62 1.10 13.00 14.0 30 38
498-06 I3B 7.9 5.8 123.7 7.49 3.80 57.27 24.1 26 43

Minimum 7.9 0.7 78.4 0.1 0.0 8.5 14.0 0.0 38.0
Maximum 9.8 5.8 144.6 7.5 3.8 57.3 49.7 30.0 61.0
Arithmetic mean* - 1.5 115.4 0.9 0.6 16.3 19.4 14.1 47.6
Standard dev - 1.4 21.5 2.2 1.1 13.9 - 11.6 7.2

*  Arithmetic mean of the weighted mean values for parameters for each interburden layer except 
SAR.  Arithmetic mean of SAR is calculated from the arithmetic mean values for calcium, 
magnesium, and sodium.

Table 17.E-8-1 3/12



Table 17.E-8  (Continued)
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Area 4 South

407-32
407-33
407-34
487-01
487-01
487-02
487-03
487-03
487-04
498-06
498-06

Minimum
Maximum
Arithmetic mean*
Standard dev

Clay (%) CaCO3 (%) Total sulfur (%)
Acid potential total 

sulfur (t/kt)
Neutralization 
potential (t/kt)

Acid-base 
potential total 
sulfur (t/kt)

Boron (ppm)
Total selenium 

(ppm)
Soluble selenium 

(ppm)

34 3.06 1.547 48.3 30.6 -17.7 1.61 0.703 0.051
34 3.56 1.685 52.6 35.6 -17.0 1.60 0.900 0.036
31 2.62 1.540 48.1 26.2 -21.9 1.87 0.609 0.074
33 4.94 0.369 37.9 2.13 0.075
59 0.20 0.150 -3.0 2.30 0.120
31 4.44 1.073 8.4 1.19 0.097
41 4.51 1.135 9.5 1.01 0.045
45 0.10 0.360 -10.0 1.10 0.130
44 5.48 1.200 16.4 1.48 0.000 0.101
32 1.60 0.280 8.8 14.0 5.7 1.40 0.600 0.120
31 2.86 1.001 31.4 27.1 -4.2 0.60 0.299 0.010

30.6 0.1 0.2 8.8 14.0 -21.9 0.6 0.0 0.010
59.0 5.5 1.7 52.6 35.6 37.9 2.3 0.9 0.130
37.7 3.0 0.9 37.9 26.7 0.4 1.5 0.5 0.078
8.9 1.8 0.6 18.2 8.0 17.6 0.5 0.3 0.0

*  Arithmetic mean of the weighted mean values for parameters for each interburden layer except 
SAR.  Arithmetic mean of SAR is calculated from the arithmetic mean values for calcium, 
magnesium, and sodium.
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Table 17.E-9  Weighted Mean of Physical and Chemical Properties by Interburden Layer for I2

Pinabete Permit Application Package

Area 4 South Interburden layer pH (s.u.)
Conductivity 
(mmhos/cm)

Saturation (%) Calcium (meq/L)
Magnesium 

(meq/L)
Sodium (meq/L) SAR Sand (%) Silt (%)

407-32 I2B1 9.3 0.9 115.6 0.08 0.05 10.67 40.7 24 42
407-33 I2 9.3 0.9 82.8 0.12 0.06 11.00 37.0 18 53
407-34 I2 9.3 1.0 95.8 0.08 0.07 9.92 36.1 10 58
487-01 I2B 9.8 0.7 122.4 0.12 0.72 9.20 20.1 2 37
487-02 I2B 9.3 1.7 138.7 0.06 0.01 17.52 54.4 9 55
487-02 I2A 8.5 2.4 134.0 0.10 0.05 23.00 72.7 14 49
487-03 I2B/2A 9.5 1.2 103.8 0.04 0.01 12.91 40.5 6 51
498-06 I2B/2A 9.3 1.4 132.0 0.38 0.41 17.00 27.0 28 24

Minimum 8.5 0.7 82.8 0.0 0.0 9.2 20.1 2.5 24.0
Maximum 9.8 2.4 138.7 0.4 0.7 23.0 72.7 28.0 57.5
Arithmetic mean* - 1.3 115.6 0.1 0.2 13.9 36.2 13.9 46.0
Standard dev - 0.6 20.0 0.1 0.3 4.8 - 8.8 11.2

*  Arithmetic mean of the weighted mean values for parameters for each interburden layer except 
SAR.  Arithmetic mean of SAR is calculated from the arithmetic mean values for calcium, 
magnesium, and sodium.
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Table 17.E-9  (Continued)

Pinabete Permit Application Package

Area 4 South

407-32
407-33
407-34
487-01
487-02
487-02
487-03
498-06

Minimum
Maximum
Arithmetic mean*
Standard dev

Clay (%) CaCO3 (%) Total sulfur (%)
Acid potential total 

sulfur (t/kt)
Neutralization 
potential (t/kt)

Acid-base 
potential total 
sulfur (t/kt)

Boron (ppm)
Total selenium 

(ppm)
Soluble selenium 

(ppm)

34 0.93 0.496 15.5 9.3 -6.2 2.33 1.013 0.189
30 0.58 0.208 6.5 5.8 -0.7 1.35 0.700 0.017
33 0.66 0.141 4.4 6.6 2.2 1.20 0.550 0.210
60 0.20 0.170 -3.5 3.00 0.166
36 0.41 1.487 -42.5 2.02 0.182
38 0.90 1.670 -43.0 1.60 0.075
42 5.72 0.219 50.4 1.28 0.123
48 1.00 0.680 21.0 8.0 -13.2 1.50 0.700 0.010

30.0 0.2 0.1 4.4 5.8 -43.0 1.2 0.550 0.010
60.4 5.7 1.7 21.0 9.3 50.4 3.0 1.013 0.210
40.1 1.3 0.6 11.8 7.4 -7.0 1.8 0.741 0.121
10.0 1.8 0.6 7.8 1.5 29.4 0.6 0.2 0.1

*  Arithmetic mean of the weighted mean values for parameters for each interburden layer except 
SAR.  Arithmetic mean of SAR is calculated from the arithmetic mean values for calcium, 
magnesium, and sodium.
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Table 17.E-10  Summary of Sulfur Analysis for Interburden Samples with Total Sulfur Acid-Base Potential Values Less Than Zero t/kt.

Pinabete Permit Application Package

Interburden name Sample ID Date sampled Thickness (ft) OB core thickness (ft)
Sample of OB core 

(%)
Rock type pH (s.u.) Total Sulfur (%)

Total Organic Carbon 
(%)

Sulfate Sulfur (%) Pyritic Sulfur (%) Organic Sulfur (%)

I8A 487-01 10.0 127.2 7.86% 7.5 1.73 1.2 1.7 0.05 0.03

I8A 487-04 3.4 168.5 2.02% 9.2 0.20 1.2

I8A 487-04 1.3 168.5 0.77% 8.3 0.98 14.5 0.0 0.63 0.34

I8A 487-04 3.9 168.5 2.31% 8.1 0.82 4.4 0.1 0.50 0.18

I8A 487-04 3.4 168.5 2.02% 9.0 0.39 4.9

Average 4.4 8.4 0.8 5.2 0.6 0.4 0.2

Minimum 1.3 7.5 0.2 1.2 0.0 0.1 0.0

Maximum 10.0 9.2 1.7 14.5 1.7 0.6 0.3

I7 487-04 1.2 168.5 0.71% 8 1.150 17.100 0.110 0.580 0.460

I7 487-04 1.3 168.5 0.77% 7.3 2.060 33.900 0.060 1.120 0.860

I7 487-04 3.7 168.5 2.20% 8.3 1.360 6.600 0.290 0.880 0.210

I7 487-04 3.7 168.5 2.20% 8.6 0.660 3.400 0.060 0.450 0.100

I7 487-04 4.0 168.5 2.37% 8 1.660 14.500 0.160 0.990 0.510

I7-R 487-04 1.1 168.5 0.65% 8.9 0.110 5.600

I7-R 487-04 1.4 168.5 0.83% 9.3 0.230 0.500

I7 487-01 1.3 127.2 1.02% 4 0.410 2.200 0.260 0.020 0.130

I7 487-01 0.3 127.2 0.24% 8.5 1.530 6.300 0.260 1.030 0.240

Average 2.0 7.9 1.0 10.0 0.2 0.7 0.4

Minimum 0.3 4.0 0.1 0.5 0.1 0.0 0.1

Maximum 4.0 9.3 2.1 33.9 0.3 1.1 0.9

I6B 487-03 0.6 124.9 0.48% 7 1.840 12.700 0.000 1.660 0.270

I6B 487-03 0.5 124.9 0.40% 8.4 1.780 5.500 0.140 1.460 0.180

I6B 487-03 4.4 124.9 3.52% 9 0.220 1.000 0.000 0.160 0.060

I6B 487-03 4.4 124.9 3.52% 8.8 0.430 1.600

I6B 487-03 0.9 124.9 0.72% 8.8 0.360 2.800 0.000 0.260 0.100

I6B 487-03 4.9 124.9 3.92% 8.8 0.240 3.000

I6B 487-04 3.8 168.5 2.26% 9 0.820 2.400

I6A 487-04 3.3 168.5 1.96% 9 0.820 4.600 0.030 0.640 0.150

I6B 487-02 4.8 111.0 4.32% 8.7 1.050 3.100 0.110 0.800 0.140

I6B 487-02 4.5 111.0 4.05% 8.8 1.890 1.000 1.540 0.260 0.090

I6B 487-02 1.6 111.0 1.44% 8.8 0.320 1.700 0.020 0.270 0.030

I6B 487-01 3.9 127.2 3.07% 9.1 0.560 2.400 0.090 0.360 0.110

I6B 487-01 3.4 127.2 2.67% 9 0.650 4.500 0.180 0.360 0.110

I6 498-06 #14 4/17/1998 4.1 110.8 3.70% SH 4.8 0.38

I6 407-32 S-546 4/14/2007 0.85 113.8 0.75% CSH 8.65 1.686

I6 407-32 S-547 4/14/2007 3.15 113.8 2.77% SH/ST 9.26 0.666

I6 407-33 S-606 4/16/2007 3.9 190.3 2.05% SH 9.29 1.125

I6 407-34 S-669 4/18/2007 2.9 185.8 1.59% CSH/SH 8.87 1.423

Average 3.1 8.6 0.9 3.6 0.2 0.6 0.1

Minimum 0.5 4.8 0.2 1.0 0.0 0.2 0.0

Maximum 4.9 9.3 1.9 12.7 1.5 1.7 0.3

I4 487-02 4.5 111.0 4.05% 9.20 0.310 1.400 0.010 0.180 0.120

I4 487-03 0.7 124.9 0.56% 9.10 1.060 7.400 0.000 0.880 0.160

I4 487-03 1.0 124.9 0.80% 9.10 0.350 5.400 0.000 0.230 0.120
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Table 17.E-10  (Continued)

Pinabete Permit Application Package

Interburden name Sample ID

I8A 487-01

I8A 487-04

I8A 487-04

I8A 487-04

I8A 487-04

Average

Minimum

Maximum

I7 487-04

I7 487-04

I7 487-04

I7 487-04

I7 487-04

I7-R 487-04

I7-R 487-04

I7 487-01

I7 487-01

Average

Minimum

Maximum

I6B 487-03

I6B 487-03

I6B 487-03

I6B 487-03

I6B 487-03

I6B 487-03

I6B 487-04

I6A 487-04

I6B 487-02

I6B 487-02

I6B 487-02

I6B 487-01

I6B 487-01

I6 498-06 #14

I6 407-32 S-546

I6 407-32 S-547

I6 407-33 S-606

I6 407-34 S-669

Average

Minimum

Maximum

I4 487-02

I4 487-03

I4 487-03

Acid potential total 
sulfur (t/kt)

Neutralization 
potential   (t/kt)

Acid-base potential 
total sulfur (t/kt)

Sulfate (%) Organic sulfur (%) Pyritic sulfur (%)
Acid-base pyritic 

sulfur (t/kt)
Acid-base potential 
pyritic sulfur (t/kt)

-49 1.65 0.03 0.05 3

-58

-29 0.01 0.34 0.63 -18

-23 0.14 0.18 0.50 -13

-2

-32.2 0.6 0.2 0.4 -9.3

-58.0 0.0 0.0 0.1 -18.0

-2.0 1.7 0.3 0.6 3.0

-32.0 0.110 0.460 0.580 -14.0

-61.0 0.060 0.860 1.120 -32.0

-41.0 0.290 0.210 0.880 -25.0

-5.0 0.060 0.100 0.450 0.0

-48.0 0.160 0.510 0.990 -27.0

-1.0

-16.0

-12.0 0.260 0.130 0.020 0.0

-46.0 0.260 0.240 1.030 -30.0

-29.1 0.2 0.4 0.7 -18.3

-61.0 0.1 0.1 0.0 -32.0

-1.0 0.3 0.9 1.1 0.0

-59.0 0.000 0.270 1.660 -51.0

-53.0 0.140 0.180 1.460 -43.0

-5.0 0.000 0.060 0.160 -3.0

-1.0

-9.0 0.000 0.100 0.260 -6.0

-42.0

-23.0

-1.0 0.030 0.150 0.640 -17.0

-31.0 0.110 0.140 0.800 -23.0

-53.0 1.540 0.090 0.260 -2.0

-8.0 0.020 0.030 0.270 -6.0

-16.0 0.090 0.110 0.360 -9.0

-17.0 0.180 0.110 0.360 -8.0

12 7 -5.3 0.3 0.06 0.07 2.2 4.4

52.7 6.38 -46.3 0.015 0.566 1.105 34.5 -28.1

20.8 5.26 -15.6 <0.001 0.176 0.510 15.9 -10.7

35.1 6.38 -28.8 0.101 0.192 0.832 26.0 -19.6

44.5 6.63 -37.8 0.029 0.220 1.175 36.7 -30.1

33.0 6.3 -25.1 0.2 0.2 0.7 23.1 -16.8

12.0 5.3 -59.0 0.0 0.0 0.1 2.2 -51.0

52.7 7.0 -1.0 1.5 0.6 1.7 36.7 4.4

-7.00 0.010 0.120 0.180 -3.00

-23.00 0.000 0.160 0.880 -18.00

-9.00 0.000 0.120 0.230 -5.00
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Table 17.E-10  (Continued)

Pinabete Permit Application Package

Interburden name Sample ID Date sampled Thickness (ft) OB core thickness (ft)
Sample of OB core 

(%)
Rock type pH (s.u.) Total Sulfur (%)

Total Organic Carbon 
(%)

Sulfate Sulfur (%) Pyritic Sulfur (%) Organic Sulfur (%)

I4 487-04 4.6 168.5 2.73% 9.70 0.110 2.400

Average 2.7 9.3 0.5 4.2 0.0 0.4 0.1

Minimum 0.7 9.1 0.1 1.4 0.0 0.2 0.1

Maximum 4.6 9.7 1.1 7.4 0.0 0.9 0.2

I3 487-04 1.6 168.5 0.95% 9.70 1.640 4.300 0.000 0.830 1.010

I3 487-04 3.8 168.5 2.26% 9.30 1.290 1.600 0.140 1.100 0.140

I3 487-04 3.5 168.5 2.08% 9.00 1.190 15.700 0.000 0.960 0.230

I3B 487-02 4.8 111.0 4.32% 9.50 0.670 2.200 0.140 0.420 0.110

I3B 487-02 4.5 111.0 4.05% 9.60 1.270 1.900 0.140 0.980 0.150

I3B 487-02 3.9 111.0 3.51% 8.70 2.030 5.200 0.270 1.650 0.110

I3B 487-03 2.8 124.9 2.24% 9.40 0.700 3.700

I3B 487-03 4.0 124.9 3.20% 9.40 1.520 2.500 0.040 1.340 0.140

I3A 487-03 1.6 124.9 1.28% 9.20 0.360 3.900 0.000 0.270 0.090

I3B 487-01 3.4 127.2 2.67% 9.00 0.510 3.600 0.030 0.350 0.130

I3B 487-01 5.0 127.2 3.93% 9.30 0.600 5.400 0.080 0.370 0.150

I3B 487-01 4.6 127.2 3.62% 10.10 1.500 3.200 0.000 1.300 0.200

I3B 487-01 4.7 127.2 3.69% 9.40 1.420 2.200 0.520 0.730 0.170

I3A 487-01 4.3 122.2 3.52% 9.80 0.150 2.400

I3 407-32 S-561 4/14/2007 2.7 113.8 2.37% SH 9.99 1.632

I3 407-32 S-562 4/14/2007 4 113.8 3.51% SH 9.54 1.690

I3 407-32 S-563 4/14/2007 2.45 113.8 2.15% SH 9.58 1.530

I3 407-32 S-564 4/14/2007 0.9 113.8 0.79% CSH 8.81 2.643

I3 407-33 S-619 4/16/2007 5.3 190.3 2.79% SH/ASH 9.59 1.807

I3 407-33 S-620 4/16/2007 4.8 190.3 2.52% SH 9.39 1.793

I3 407-33 S-623 4/16/2007 2.3 190.3 1.18% CSH 9.10 1.961

I3 407-34 S-676 4/18/2007 4.8 185.8 2.58% SH/CSH 9.60 1.658

I3 407-34 S-677 4/18/2007 3.9 185.8 2.10% SH 9.52 1.651

I3 407-34 S-678 4/18/2007 4.0 185.8 2.15% SH 9.17 1.205

I3 407-34 S-679 4/18/2007 4.4 185.8 2.37% SH/ST 9.35 1.442

I3 407-34 S-680 4/18/2007 1.3 185.8 0.73% CSH 9.17 2.107

Average 3.6 9.4 1.4 4.1 0.1 0.9 0.2

Minimum 0.9 8.7 0.2 1.6 0.0 0.3 0.1

Maximum 5.3 10.1 2.6 15.7 0.5 1.7 1.0

I2B 487-02 3.4 111.0 3.06% 9.70 0.280 3.800 0.110 0.140 0.030

I2B 487-02 0.3 111.0 0.27% 8.70 1.650 9.200 0.350 0.990 0.310

I2B 487-02 1.6 111.0 1.44% 9.80 0.290 1.700 0.040 0.119 0.060

I2B 487-02 4.6 111.0 4.14% 9.40 2.110 11.400 0.000 1.740 0.370

I2B 487-02 0.5 111.0 0.45% 8.30 3.410 25.800

I2B 487-02 3.0 111.0 2.70% 8.50 2.200 25.700 0.160 1.650 0.390

I2A 487-02 3.0 111.0 2.70% 9.00 1.670 4.600 0.120 1.350 0.200

I2A 487-02 3.0 111.0 2.70% 8.00 1.670 3.700 0.100 1.370 0.200

I2B 487-01 2.0 127.2 1.57% 9.60 0.220 8.600 0.010 0.070 0.140

I2B 487-01 3.4 127.2 2.67% 9.90 0.150 1.400

I2B 487-01 3.4 127.2 2.67% 9.90 0.160 4.200

I2B/I2A 487-03 2.9 124.9 2.32% 9.30 0.420 5.200 0.000 0.300 0.120

I2B/I2A 487-03 0.8 124.9 0.64% 9.50 0.550 34.000 0.000 0.190 0.360

I2B/2A 498-06 #30 4/17/1998 1.8 110.8 1.62% SH 9.3 0.68

S2B2 407-32 S-567 4/14/2007 0.6 113.8 0.53% CO 8.12 1.416
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Table 17.E-10  (Continued)

Pinabete Permit Application Package

Interburden name Sample ID

I4 487-04

Average

Minimum

Maximum

I3 487-04

I3 487-04

I3 487-04

I3B 487-02

I3B 487-02

I3B 487-02

I3B 487-03

I3B 487-03

I3A 487-03

I3B 487-01

I3B 487-01

I3B 487-01

I3B 487-01

I3A 487-01

I3 407-32 S-561

I3 407-32 S-562

I3 407-32 S-563

I3 407-32 S-564

I3 407-33 S-619

I3 407-33 S-620

I3 407-33 S-623

I3 407-34 S-676

I3 407-34 S-677

I3 407-34 S-678

I3 407-34 S-679

I3 407-34 S-680

Average

Minimum

Maximum

I2B 487-02

I2B 487-02

I2B 487-02

I2B 487-02

I2B 487-02

I2B 487-02

I2A 487-02

I2A 487-02

I2B 487-01

I2B 487-01

I2B 487-01

I2B/I2A 487-03

I2B/I2A 487-03

I2B/2A 498-06 #30

S2B2 407-32 S-567

Acid potential total 
sulfur (t/kt)

Neutralization 
potential   (t/kt)

Acid-base potential 
total sulfur (t/kt)

Sulfate (%) Organic sulfur (%) Pyritic sulfur (%)
Acid-base pyritic 

sulfur (t/kt)
Acid-base potential 
pyritic sulfur (t/kt)

-3.00

-10.5 0.0 0.1 0.4 -8.7

-23.0 0.0 0.1 0.2 -18.0

-3.0 0.0 0.2 0.9 -3.0

-50.0 0.000 1.010 0.830 -18.0

-7.0 0.140 0.140 1.100 1.0

-24.0 0.000 0.230 0.960 -17.0

-7.0 0.140 0.110 0.420 1.0

-26.0 0.140 0.150 0.980 -19.0

-62.0 0.270 0.110 1.650 -51.0

-2.0

-25.0 0.040 0.140 1.340 -19.0

-10.0 0.000 0.090 0.270 -7.0

-14.0 0.030 0.130 0.350 -9.0

-17.0 0.080 0.150 0.370 10.0

-31.0 0.000 0.200 1.300 -25.0

-33.0 0.520 0.170 0.730 -12.0

-3.0

51.0 13.1 -37.9 <0.001 0.220 1.479 46.2 -33.1

52.8 19.8 -33.0 0.060 0.183 1.447 45.2 -25.4

47.8 19.8 -28.0 <0.001 0.186 1.425 44.5 -24.7

82.6 5.26 -77.3 <0.001 0.416 2.457 76.8 -71.5

56.5 24.0 -32.5 0.108 0.183 1.516 47.4 -23.4

56.0 25.1 -30.9 0.112 0.197 1.484 46.4 -21.3

61.3 7.50 -53.8 0.203 0.329 1.430 44.7 -37.2

51.8 32.3 -19.5 <0.001 0.227 1.486 46.4 -14.1

51.6 22.2 -29.3 <0.001 0.182 1.506 47.0 -24.8

37.6 29.1 -8.58 <0.001 0.167 1.131 35.3 -6.27

45.0 24.6 -20.5 0.067 0.161 1.214 37.9 -13.3

65.8 12.2 -53.6 <0.001 0.285 1.944 60.7 -48.5

55.0 19.6 -28.3 0.1 0.2 1.2 48.2 -21.2

37.6 5.3 -77.3 0.0 0.1 0.3 35.3 -71.5

82.6 32.3 -2.0 0.5 1.0 2.5 76.8 10.0

-8.0 0.110 0.030 0.140 -3.0

-52.0 0.350 0.310 0.990 -31.0

-8.0 0.040 0.060 0.119 -5.0

-60.0 0.000 0.370 1.740 -48.0

-75.0

-67.0 0.160 0.390 1.650 -89.0

-49.0 0.120 0.200 1.350 -39.0

-37.0 0.100 0.200 1.370 -26.0

-5.0 0.010 0.140 0.070 1.0

-3.0

-3.0

-12.0 0.000 0.120 0.300 -8.0

-16.0 0.000 0.360 0.190 -5.0

21 8 -13.2 0 0.11 0.58 18.1 -10.1

44.2 6.38 -37.9 <0.001 0.761 1.354 42.3 -35.9
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Table 17.E-10  (Continued)

Pinabete Permit Application Package

Interburden name Sample ID Date sampled Thickness (ft) OB core thickness (ft)
Sample of OB core 

(%)
Rock type pH (s.u.) Total Sulfur (%)

Total Organic Carbon 
(%)

Sulfate Sulfur (%) Pyritic Sulfur (%) Organic Sulfur (%)

I2B1 407-32 S-568 4/14/2007 1.7 113.8 1.45% CSH 9.30 0.870

Average 2.2 9.1 1.1 10.7 0.1 0.8 0.2

Minimum 0.3 8.0 0.2 1.4 0.0 0.1 0.0

Maximum 4.6 9.9 3.4 34.0 0.4 1.7 0.4
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Table 17.E-10  (Continued)

Pinabete Permit Application Package

Interburden name Sample ID

I2B1 407-32 S-568

Average

Minimum

Maximum

Acid potential total 
sulfur (t/kt)

Neutralization 
potential   (t/kt)

Acid-base potential 
total sulfur (t/kt)

Sulfate (%) Organic sulfur (%) Pyritic sulfur (%)
Acid-base pyritic 

sulfur (t/kt)
Acid-base potential 
pyritic sulfur (t/kt)

27.2 17.6 -9.58 0.059 0.248 0.563 17.6 0.01

30.8 10.7 -28.5 0.1 0.3 0.8 26.0 -23.0

21.0 6.4 -75.0 0.0 0.0 0.1 17.6 -89.0

44.2 17.6 -3.0 0.4 0.8 1.7 42.3 1.0
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Table 17.E-11  Summary of Suitable Root Zone Thickness by Drill Hole for Area 4 South and Area 5

Pinabete Permit Application Package

Area 4 Thickness (ft) Interburden name pH (s.u.)
Conductivity 
(mmhos/cm)

Saturation (%) Calcium (meq/L)
Magnesium 

(meq/L)
Sodium (meq/L) SAR Sand (%) Silt (%) Clay (%)

498-06 42.6 I8 6.92 3.86 42.1 23.0 12.6 8.8 2.1 53.9 24.9 21.2

407-32 44.6 I7 7.91 2.26 34.0 2.4 1.2 20.7 15.3 58.9 23.6 13.5

407-33 37.6 I8B 8.26 3.40 83.7 5.7 1.3 26.6 14.3 54.9 25.9 19.2

407-34 52.3 I8B 6.66 4.54 80 5.6 2.4 39.8 19.9 24.6 37.5 26.8

487-01 0.0 - - - - - - - - - - -

487-02 37.2 I7 8.3 0.49 39 0.60 0.61 5.27 7.9 30 51 19

487-03 31.8 I8A 8.4 0.70 39 0.96 1.64 4.95 5.6 15 65 20

487-04 0.0 - - - - - - - - - - -

Minimum thickness 0.0

Maximum thickness 52.3

Average thickness 30.8
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Table 17.E-11  (Continued)

Pinabete Permit Application Package

Area 4

498-06

407-32

407-33

407-34

487-01

487-02

487-03

487-04

Minimum thickness

Maximum thickness

Average thickness

 
 

CaCO3 (%) Total sulfur (%)
Acid potential total 

sulfur (t/kt)
Neutralization 

potential   (t/kt)

Acid-base 
potential total 
sulfur (t/kt)

Boron (ppm)
Total selenium 

(ppm)
Soluble selenium 

(ppm)

6.847 0.389 12.2 70.8 58.7 0.51 0.393 0.017

11.862 0.203 6.33 118.6 112 0.79 0.582 0.055

9.339 0.102 3.20 93.4 90.2 1.09 0.098 0.019

4.40 0.174 5.45 44 38.5 0.95 0.227 0.068

- - - - - - - -

10.3 0.02 - - 105 0.52 - 0.02

24.8 0.02 - - 248 0.26 - 0.03

- - - - - - - -
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Table 17.E-12  Weighted Mean of Physical and Chemical Properties by Drill Hole for Mixed Material (Spoil)

Pinabete Permit Application Package

Area 4 Thickness (ft) pH (s.u.)
Conductivity 
(mmhos/cm)

Saturation (%) Calcium (meq/L)
Magnesium 

(meq/L)
Sodium (meq/L) SAR Sand (%) Silt (%)

498-06 110.8 7.5 5.2 77.7 14.39 12.54 34.95 9.5 37 34
407-32 113.8 9.0 1.5 70.7 1.06 0.60 15.21 16.7 46 33
407-33 190.3 8.9 1.9 81.5 0.96 0.31 15.82 19.9 31 43
407-34 185.8 8.6 2.4 96.1 1.56 0.78 21.75 20.1 18 52
487-01 127.2 9.1 1.6 125.3 3.30 1.72 17.43 19.4 16 45
487-02 111.0 9.0 1.1 104.3 0.36 0.30 12.33 32.4 13 58
487-03 124.9 9.0 1.2 100.0 0.36 0.37 12.00 33.5 7 55
487-04 168.5 9.1 1.7 102.6 0.73 0.22 17.49 37.4 6 49

Minimum 110.8 7.5 1.1 70.7 0.36 0.22 12.00 9.5 6 33
Maximum 190.3 9.1 5.2 125.3 14.39 12.54 34.95 37.4 46 58
Arithmetic mean* - 2.1 94.8 2.84 2.10 18.37 11.7 22 46
Standard dev - 1.2 16.4 4.45 3.97 6.91 - 14 9

*  Arithmetic mean of the weighted mean values for parameters for each interburden layer except 
SAR.  Arithmetic mean of SAR is calculated from the arithmetic mean values for calcium, 
magnesium, and sodium.
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Table 17.E-12  (Continued)

Pinabete Permit Application Package

Area 4

498-06
407-32
407-33
407-34
487-01
487-02
487-03
487-04

Minimum
Maximum
Arithmetic mean*
Standard dev

Clay (%) CaCO3 (%) Total sulfur (%)
Acid potential 

total sulfur (t/kt)
Neutralization 
potential (t/kt)

Acid-base 
potential total 
sulfur (t/kt)

Boron (ppm)
Total selenium 

(ppm)
Soluble selenium 

(ppm)

29 4.91 0.439 13.7 48.6 34.9 0.52 0.33 0.047
20 8.26 0.378 11.8 82.6 70.8 0.97 0.48 0.060
27 8.33 0.483 15.1 83.3 68.2 1.38 0.46 0.082
29 6.30 0.499 15.6 63.0 47.4 1.29 0.41 0.103
39 5.19 0.450 37.8 1.91 0.102
27 5.00 0.626 30.6 0.94 0.078
37 11.80 0.614 102.7 0.91 0.073
46 8.78 0.422 69.3 1.06 0.118

20 4.91 0.378 11.8 48.6 30.6 0.52 0.33 0.047
46 11.80 0.626 15.6 83.3 102.7 1.91 0.48 0.118
32 7.32 0.489 14.1 69.4 57.7 1.12 0.42 0.083
8 2.26 0.083 1.5 14.5 22.9 0.38 0.06 0.022

*  Arithmetic mean of the weighted mean values for parameters for each interburden layer except 
SAR.  Arithmetic mean of SAR is calculated from the arithmetic mean values for calcium, 
magnesium, and sodium.
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