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1.0  INTRODUCTION 
 
This section presents the findings of the Overburden Characterization Program for the Wishbone 
Hill Coal Project.  These investigations were conducted to characterize the geochemistry of the 
overburden and interburden units so that the potential for impacting water quality and revegetation 
could be assessed.  All stratigraphic intervals that will be mined have been sampled and analyzed.   
 
1.1  Background 
 
All overburden characterization methods (including drilling, logging, sampling and analyses) were 
conducted in accordance with the applicable rules, regulations and recommendations of the State of 
Alaska Department of Natural Resources Division of Mining (Division) and the Department of 
Interior - Office of Surface Mining (OSM).   
 
The Division requires chemical analyses of each stratum within the overburden and each stratum 
immediately below the lowest coal seam to be mined.  In addition, the Division requires chemical 
analyses of the coal for total sulfur content.   
 
1.2  Objectives 
 
The primary objective of the overburden characterization program was to define the physical and 
chemical characteristics of the overburden units within the permit area so that successful 
reclamation plans could be developed.  Particular emphasis was placed on the identification of acid-
forming and toxic-forming zones or strata, and on those overburden chemical characteristics 
important to post mining revegetation. 
 
The geology of the proposed permit area is described down to and including the stratum 
immediately below the lowest coal seam to be mined.  This description includes the general 
geology of the permit area, overburden characteristics (including lithologic, physical and chemical 
properties) of each stratum, chemical analysis of the coal seam and coal group partings (refuse) for 
acid- and toxic-forming materials.  These descriptions and supportive data are submitted in 
sufficient detail to assist in: 
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• Defining the major lithostratographic units; 
• Determination of potentially acid- and/or toxic-forming strata; 
• Identifying potential strata that have physical and chemical properties that may adversely 

affect a) post-mining ground water quality and b) surface reclamation efforts; 
• Identifying the total sulfur content of the coal; 
• Development of operational and reclamation plans for handling toxic- and acid-forming 

materials. 
 
2.0  APPROACH 
 
The overburden characterization program was designed to make full use of existing overburden 
information to achieve the above objectives.  The key elements of the Wishbone Hill Overburden 
Characterization Program approach were: 
 

• Evaluation of Existing Data

• 

 - Overburden lithologic, geophysical, and geochemical data 
from exploration and related drill holes were evaluated.   
Phased Drilling and Sampling

• 

 - Phased drilling programs to provide additional overburden 
information were conducted in 1983, 1984, 1988 and 1989.  Sampling of overburden 
materials for chemical analyses was conducted during the 1988 and 1989 drilling programs. 
Combined Non-Statistical and Statistical Evaluation

• 

 - Lithologic and laboratory chemical 
data were analyzed  and evaluated using statistical and non-statistical approaches.  
Statistical methods were used to assess variance, minimum, maximum and mean values.  
The non-statistical elements included evaluation of the overburden based on suitability 
criteria for reclamation.  
Identification of Overburden/Interburden Groups

• 

 - Logical overburden units were defined 
and characterized based on the mining and operations plans. 
Screening of Overburden/Interburden Units

 
 
 

 - Each unit was screened on the basis of its 
geochemical characteristics to assess acid- and/or toxic-forming materials and its suitability 
for reclamation. 
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2.1  Drilling and Logging 
 
At the time this study was conducted, one hundred forty seven (147) exploration and related bore 
holes were drilled within the Wishbone Hill Coal Project area (Plate II-3 of the Geology Report).  
This represents a substantial data base from which to describe the geologic, stratigraphic, lithologic 
and geochemical characteristics of the overburden/interburden materials.  A more complete 
discussion of the drilling and logging is located in the Geology section of the mine permit 
application (Chapter II). 
 
A combination of rotary-drilled (chip sampled) and cored drill holes were used for the overburden 
characterization studies.  Each borehole was logged for detailed lithological description of core and 
cuttings by the site geologist.  Project geologists have spent considerable time and effort to obtain 
consistency between the geologic logs (lithologic descriptions used for each borehole record) 
collected by various geologists.  Lithologic logs were completed on standard forms, with 
appropriate headings information and scales.  Standard descriptions specifying depth interval and 
characterizing lithologic and mineralogic attributes were completed.  Appendix A presents the 
computerized lithologic logs for drill holes utilized in geochemical and lithologic characterization.  
Additional lithologic logs are kept on file in the project office in Palmer, Alaska. 
 
All major lithologic units that will be disposed of as spoil have been sampled.  Plate II-3 (Geology 
Report) identifies the drill holes that were sampled and subsequently analyzed for chemical 
parameters.  Drill hole samples were taken from the ground surface down to the first geological 
stratum below the lowest coal seam to be mined. 
 
In addition to lithologic logs, each borehole was geophysical logged under the supervision of the 
site geologist.  This included the acquisition of gamma caliper, resistivity (electric), and density 
logs.  Sufficient deflection was achieved to  adequately identify major lithologic units.  Geophysical 
logs (gamma, resistivity and density) for the 10 drill holes utilized in geochemical characterization 
are presented in Appendix E. Additional geophysical logs are kept on file in the project office in 
Palmer, Alaska. 
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2.2  Sampling 
 
Sampling procedures for cored and rotary-drilled holes followed the guidelines established by 
western surface coal mine regulatory agencies.  Specifically, these guidelines suggest that 10-foot 
split-core composite samples be obtained from ground to the first under burden unit; and that 
cuttings from rotary-drilled holes be composite and split-sampled at 5-foot intervals.  However, 
strict adherence to the 5- or 10-foot interval sampling/analysis procedure may actually result in loss 
of important data.  For example, regimented interval sampling may result in the inappropriate 
compositing of more than one lithotype under some circumstances, making lithologic/geochemical 
interpretation and correlation more difficult.  Similarly, if a sampled interval is lithologically 
consistent over a considerable depth, then that interval's geochemical attributes may be 
characterized by a fewer number of properly composite samples.  For these reasons, a modified 
lithologic control sampling technique was utilized to achieve a more accurate and cost-effective 
approach to the overburden sampling and characterization.  The maximum compositing interval 
was ten feet for cored holes.  However, sampling intervals for cored holes were based on lithologic 
breaks and are frequently less than ten feet.  All chip samples were composited over five foot 
intervals regardless of lithology.  Sampling quantities, preparation, and handling procedures 
followed recommended guidelines.  Core samples were composited over the entire sampling 
interval.  Cores were stored in standard core boxes and kept in a dry, cool environment to reduce 
any chemical or biological oxidation.  Chip samples were collected and quickly rinsed with water to 
remove any contamination from bentonitic drilling muds.  The entire chip sample was submitted for 
laboratory analysis.  All samples were ground and sieved through a 2 mm screen prior to 
conducting the laboratory analyses.  All overburden samples were obtained under the supervision of 
a site geologist. 
 
2.3  

The success of any overburden characterization program is  dependent on the quality of the 
analytical work performed on the samples.  Picking a laboratory that is cost-effective, and highly  
regarded for quality analytical work among peers, industry and regulatory agencies is essential.  
Two laboratories which have worked with us on a number of projects including the quality control 
section of the BHP-Utah International Alton coal project are Colorado State University Soil Testing 

Laboratory Analysis 
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Laboratory (CSU) and Inter-Mountain Laboratories, Inc. (IML).  Both of these laboratories have the 
qualifications listed above.  CSU was chosen for the routine overburden 
analytical work, while IML was utilized for the QA/QC portion of the overburden characterization 
program. 
 
CSU is one of the premier soil and overburden testing facilities in the United States.  It has been 
responsible for the development of numerous analytical procedures for soils and overburden, 
including the DTPA (diethylenetriaminepentaacetic acid) and AB-DTPA (ammonium bicarbonate-
DTPA) extraction procedures which have been used in Alaska soil and overburden projects.  In 
addition, CSU is the recognized authority on soil and overburden analyses utilizing an inductively 
coupled plasma - atomic emission spectrometry (ICP) system and are the authors of the ICP chapter 
in "Methods of Soil Analysis" (Page, 1986).  The lab has invaluable experience with analysis of 
western soils and overburden and is often utilized by industry, academia, and regulatory agencies.  
CSU is routinely involved in Quality Assurance/Quality Control (QA/QC) programs and is one of 
only a few laboratories in the United States which has passed the State of California Water Quality 
Control Board's QA/QC for selenium.   
 
2.3.1  Parameters 
 
Review of previous overburden work for Alaska coal mines indicates an extensive laboratory 
parameter list.  However, these past overburden characterization studies have been targeted at 
topsoil substitution.  That is not the intent of the Wishbone Hill overburden characterization 
program.  Therefore, a more traditional parameter list has been developed to accurately define acid-
forming  and toxic-forming zones or strata.   
 
The following parameters were analyzed on all overburden, interburden, and floor (under burden) 
samples collected for the overburden characterization program.   
 
 

• pH 
• Electrical Conductivity (EC) 
• Saturation Percent (Sat %) 
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• Texture 
• Sodium Absorption Ratio (SAR) 
• Total Sulfur 
• Calcium Carbonate % 
• Acid - Base Potential (ABP) 
• Boron (B) 
• Selenium (Se) 
• Nitrate - Nitrogen 

 
These parameters were selected based on review of current practices, comparison with other 
western states overburden guidelines, and discussions with the Division and Dr. C. L. Ping (June 
20, 1988).  Some samples from the 1989 drilling program contained insufficient volumes for a 
complete laboratory analysis.  Therefore, some of these samples lack texture, selenium, boron and 
nitrate-nitrogen analyses.  All of the samples were analyzed for acid and toxic forming materials as 
required by both state and federal regulations. 
 
In addition to the parameters listed above, the Division (Mr. Sam Dunaway, June 17, 1988 scoping 
meeting) recommended that additional parameters be evaluated to get a more complete 
"geochemical picture" for the overburden.  Discussions during the June scoping meeting indicated 
that total elemental analysis would only be necessary on representative samples of each major 
lithologic unit.   
The following parameters were analyzed for total elemental analysis on representative samples 
from each major lithologic unit. 
 Al Cr Mn Se 
 As Cu Mo Sr 
 B Fe Na Ti 
 Ba Hg Ni Zn 
 Ca K P 
 Cd Mg Pb 
Representative samples chosen for these analyses included Wishbone Conglomerate (3990), 
Tsadaka Conglomerate (4043), glacial gravel (4027), shale (4002), siltstone (3965) and sandstone 
(3970).  These intervals were chosen due to their close proximity to the calculated mean value for 



 
 

 

 III-7 WBH 2009 Update 

 

that lithologic or overburden/interburden unit.  In addition, total elemental analysis was also 
conducted on both coarse (4821) and spiral (4822) reject materials.   
 
2.3.2  Analytical Methods 
 
The recommended analytical procedures for the overburden characterization study are those 
recommended by the Wyoming Department of Environmental Quality - Land Quality Division 
(Guideline No. 1, 1984).  These procedures were discussed with the Division and with Dr. C. L. 
Ping.  The procedures are outlined in Table 3-1.   
 
The procedure for total elemental analysis utilized nitric-perchloric acid digestion followed by ICP 
analysis.  All elements except As, Se and Hg were analyzed by direct nebulization into an ICP.  
Arsenic and selenium were concentrated using hydride generation.  Mercury was analyzed by cold-
vapor ICP.  Total boron analysis was rerun using teflon digestion tubes due to boron contamination 
from the pyrex digestion equipment.   
 
2.3.3  Laboratory QA/QC 
 
The analytical laboratory provides geochemical data for use in overburden characterization.  To be 
valuable, the data must be both accurate and precise. 
 
The most common method for determining the accuracy of an analytical procedure is the use of 
standard reference materials.  However, there are few commercially available standard reference 
materials for overburden.  Twenty one (21) overburden sample splits were sent to IML as a check 
on analytical performance.  A variety of statistical methods were used to evaluate the analytical 
data.  These methods included: 
 
  

• Graphical comparison of CSU and IML data 
• Calculation of correlation coefficients for each parameter between the CSU and IML data 

 
Currently, no state or federal regulatory agency requires laboratory QA/QC programs for 
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overburden characterization studies.  However, to insure the validity of the overburden analytical 
data and to assist in evaluation and interpretation of the potential impacts from any apparent 
adverse overburden geochemical conditions, a laboratory QA/QC program was included.   
 
The results of this interlaboratory comparisons of the Wishbone Hill sample splits are shown in 
Appendix C.  In general, the results indicate that the data between laboratories are comparable and 
demonstrate the accuracy (validity) of the overburden chemical data presented in this report.   
 
There is analytical consistency throughout most of the results as indicated by the high correlation 
coefficients (r) for the data (Appendix C-2).  The correlation coefficients (r) values were poor for 
sand (0.505), silt (0.549), clay (0.183), nitrate-nitrogen (0.498), boron (0.195) and selenium (0.596). 
 All other r values are highly significant:  pH (0.916), electrical conductivity (0.839), saturation 
percent (0.978), calcium (0.978), magnesium (0.994), sodium (0.911), sodium absorption ratio 
(0.801), total sulfur (0.907), calcium carbonate percent (0.709) and acid-base potential (0.721).  The 
trends of poor analytical performance with selenium, boron and nitrate-nitrogen are consistent with 
findings of the Western Soil and Overburden Task Force Round Robin Soil and Overburden 
Analysis Programs (Severson and Fisher 1985; 1986; and 1987).  However, the analytical 
performance presented in this report is superior to that reported by Severson and Fisher (1985, 1986 
and 1987). 
 
Although the data are correlated, the IML data for calcium, magnesium, acid-base potential (ABP) 
and percent sand are consistently higher than CSU.  The IML data for pH, sodium absorption ratio 
(SAR) and clay are consistently lower than CSU.  These differences in the data are consistent and 
relatively easy to explain.  IML extracted more bases (calcium, magnesium and calcium carbonate) 
from the samples.  The exact reason for this increase is not known.   
 
The results for boron, selenium and nitrate-nitrogen show increased analytical variability and 
corresponding lower r values.  The reason for the lack of accuracy in these results is due to the low 
concentration of these parameters.  All are near the detection limits of the instruments, thus the 
increased variability in results is expected.  However, it should be pointed out that the results for 
these parameters (both for the QA/QC results and all of the overburden analyses) are well below the 
suitability levels outlined in Section 2.5.  Therefore, the poor comparability of results for these 
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parameters is of no concern. 
 
The poor results for clay percentage may be due to a lack of adequate dispersion on the part of IML. 
 This would result in a lower clay percentage and a resultant increase in the sand percentage.  This 
is consistent with the reported results.   
 
2.4  Data Grouping 
 
Initially, the individual lithologic units within the overburden were identified.  Secondly, each drill 
hole was evaluated for its lithologic and geochemical characteristics.  This characterization 
provided the basis for understanding the extent and geochemistry of the various lithologic units that 
comprise the overburden.  The third categorization was then evaluated in context with the 
anticipated mining and overburden handling operations.  To facilitate this subsequent aspect of the 
overburden evaluation, anticipated mining and overburden handling plans were reviewed.  This 
allowed the development of "overburden/interburden units" that reflect lithologic and geochemical 
attributes, as well as operational considerations.   
These data are then used to develop appropriate plans for handling of the overburden materials 
during mining and reclamation.   
 
2.4.1  Lithologic 
 
Drill hole geologic logs were used to define the lithologic units within the overburden.  Initially, 
each distinct lithologic unit was evaluated separately.  This provided a basis for stratigraphic 
correlation with the geophysical logs, establishment of lithotypes for overburden/interburden 
characterization, and a logical basis for the subsequent assignment and interpretation of 
geochemical data.  This evaluation was conducted for drill holes with geochemical data.  Lithologic 
comparisons were also conducted for each distinct overburden/interburden unit. 
 
In addition, representative samples from each lithologic group were submitted for total elemental 
analyses to get a more "complete" geochemical characterization of the overburden/interburden 
materials.  These representative samples were taken from the following lithotypes:  Glacial Gravel, 
Tsadaka Conglomerate, Wishbone Conglomerate, Chickaloon Shale, Chickaloon Sandstone and 
Chickaloon Siltstone. 
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2.4.2  Drill Hole 
 
Thirteen (13) drill holes were evaluated for both lithologic and geochemical characteristics.  These 
drill holes included:  PB-60, PB-69A, PB-74, PB-80, PB-84, PB-85, PB-87, PB-92, PB-101, PB-
105, PB-107, PB-108, and PB-109. 
  
2.4.3  Overburden/Interburden Unit 
 
Drill holes were then grouped by their appropriate overburden/interburden units.  These units 
include:  Glacial Gravel, Tsadaka Conglomerate, Wishbone Conglomerate, Jonesville, Premier, 
Midway, Eska, Sub Eska, and Burning Bed.   
 
The "overburden/interburden units" were developed on the basis of the following considerations: 

• The anticipated mining and overburden handling methods; 
• Their relative position in the overburden sequence; 
• Their geochemical characteristics with regard to a) surface reclamation/revegetation, and b) 

 post mining water quality 
These overburden/interburden units thus not only represent an assemblage of lithotypes (with 
corresponding physical and geochemical characteristics), but the general means by which they will 
be handled during the anticipated mining activities.   
 
Because the purpose of this overburden characterization program is oriented primarily towards 
surface and subsurface reclamation, the focus of the overburden/interburden unit designation 
approach was on (1) their relative "suitability" for reclamation, and (2) their anticipated fate in the 
backfill spoils.  For example, if the upper 40 feet of the overburden materials (glacial gravel) 
represent an operational unit of generally suitable materials and will be handled via truck/shovel 
mining methods, they will tend to be placed in the same relative position in the backfill (i.e., at the 
surface).   Geochemical data from drill holes from the same overburden/interburden group were 
combined to determine the chemical characteristics of that group.   
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2.5  

• Acid- and Toxic-forming materials 

Suitability Screening Criteria 
 
Using the overburden/interburden units described in the previous section, a further evaluation was 
conducted to determine the suitability of these various materials for reclamation.  The screening 
evaluation was based on a variety of criteria, including: 

• Plant root zone suitability 
• Vegetative forage material quality 
• Backfill water quality 

 
These criteria were reviewed to determine their applicability and appropriateness for screening the 
quality of the overburden/interburden units.  The results of this review, as well as the applicability 
of these criteria to the Wishbone Hill Coal Project are provided in Table 3-2 and described in 
subsequent sections. 
 
2.5.1  Acid- and Toxic-Forming Potential 
 
Those chemical parameters indicative of potentially acid- or toxic-forming conditions include low 
pH (<5), low acid-base potential (ABP < -5 tons CaCO3/1000 tons material), and elevated 
extractable boron (> 5 mg/kg). 
Low pH facilitates potentially phytotoxic conditions due to increased metal availability, especially 
aluminum.  Low acid-base potential is an indicator of acid-forming potential or the lack of 
neutralization capacity of the spoil materials.  Boron in extractable concentrations greater than 5 
mg/kg is considered phytotoxic to certain agronomic plant species.   
 
2.5.2  Plant Root Zone Suitability 
 
Chemical parameters that address root zone suitability include the ones listed above as well as high 
SAR, high pH, and elevated electrical conductivity (EC).  Sodium absorption ration (SAR) is an 
indirect measurement of potential sodium hazard.  SAR values greater than approximately 15 can 
result in unsuitable soil conditions through dispersion and swelling of clays and decreased water 
infiltration, unless mitigating factors are present.  Similarly, high pH (>9.0) is considered an 
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indication of potential sodic conditions.   Electrical conductivity (EC) is an indicator of soil salinity 
with potential adverse conditions resulting from interferences with the plant-water osmotic 
potential.  Electrical conductivities greater than 12 mmhos/cm are considered detrimental to plant 
growth. 
 
2.5.3  Vegetative Forage Quality 
 
The importance of selenium (Se) in mine reclamation and revegetation relates primarily to its 
uptake and accumulation by plants and the resultant toxicity to animals feeding on the plant 
material.  Western states have routinely used extractable selenium values ranging from 0.1 to 2.0 
mg/kg as a suitability limit.  No suitability values were recommended for selenium in the recent 
publication on reclaiming mine soils and overburden in the western United States (Fisher et al 
1987).  Based on the overburden geological/geochemical conditions, the environmental conditions 
within the Wishbone Hill project area, and a review of existing mining and reclamation practices, a 
value of < 0.5 mg/kg has been chosen for a suitability limit for this project. 
 
2.5.4  Backfill Water Quality 
 
Several of the above parameters that relate to potential water quality impacts due to mining, include 
ABP, pH, and EC.   In addition, nitrate-nitrogen present in overburden materials can contribute to 
elevated nitrate conditions in the backfill spoil water.  Nitrate-nitrogen values of greater than 50 
mg/kg are commonly utilized as a screening value for predicting overburden conditions which 
potentially may impact the post mining ground water quality. 
 
3.0  RESULTS 
 
The drilling, sampling and laboratory analysis programs provided sufficient data for geological and 
geochemical evaluations of the overburden materials.  These evaluations aided in the identification 
of acid- and toxic-forming materials and the development of appropriate mining and reclamation 
plans.  These studies were conducted in accordance with recommended overburden guidelines and 
the applicable rules and recommendations of the Division.  The results of the overburden 
investigations are presented in Sections 3.1 through 3.5.  The conceptual geologic framework for 
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the Wishbone Hill Permit Area (Section 3.1) includes a description of the specific lithologic units 
that comprise the overburden materials.  The geochemical characteristics of these units are 
discussed in Section 3.2. 
 
3.1  Site Geology 
 
The geology of the Wishbone Hill coal district has been discussed in detail in previous publications 
(Germer, 1986;  Conwell et al, 1982; Barnes, 1967; Warfield, 1962; Barnes and Payne, 1956; 
Barnes and Ford, 1952; Apell, 1944; Waring, 1934; Martin and Katz, 1912) and in Chapter II of 
this permit application. 
 
The descriptive geologic "model" for the Wishbone Hill Permit Area consists principally of a 
technical narrative and geologic cross sections that characterize the stratigraphic, structural, and 
lithologic attributes of the overburden materials.  Based on an extensive drill hole data set, the 
model forms a physical framework that defines not only the geologic characteristics of the 
overburden materials, but also correlates the key lithotypes.  The model also describes the textural 
attributes of the key lithotypes, and forms the basis for the geochemical characterizations presented 
in Section 3.2. 
 
3.1.1  Existing Data 
 
The one hundred forty seven (147) exploration and related drill holes, from recent drilling 
programs, represent a substantial data base from which to describe the geologic, stratigraphic, and 
lithologic characteristics of the overburden materials.  The available geologic drill hole data set 
consist of the following: field lithologic descriptions and geophysical logs 
 
The location of these drill holes are presented on the Geologic Cross Section Index and Drill  Hole 
Locations Map (Plate II-3, Geology).  This represents a relative drill hole density of approximately 
one hole per ten acres.  The majority of these exploration drill holes penetrated the primary 
overburden units, and in some cases, deeper geologic units.   
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3.1.2  General Geologic Setting 
 
The Wishbone Hill coal district is one of four coal districts of the Matanuska coal field.  It is 
located in the lower Matanuska Valley of south central Alaska, approximately 45 miles northeast of 
Anchorage (Figure 3-1).  The district is approximately 2 miles wide and 8 miles long and takes its 
name from the prominent conglomerate-capped hill that occupies its central part.  The location of 
the Wishbone Hill district is determined by the known extent of the coal-bearing Chickaloon 
Formation and extends eastward from Moose Creek to the head of Knob Creek.  Its northern extent 
is limited by the Castle Mountain fault.  The southern boundary of the district is generally masked 
by glacial gravel, but lies a few miles north of the Glenn Highway.  A more complete description of 
the geology of the Wishbone Hill Project area is contained in Chapter II of this permit application. 
 
3.1.3  General Stratigraphy 
 
The regional geologic/stratigraphic characteristics of the area are discussed in detail in Chapter II of 
this permit application.  For the purpose of this section on overburden characterization, only a brief 
summary of the major regional stratigraphic units is given.  
 
The predominant overburden units are of the tertiary Chickaloon Formation.  Overlying units in 
ascending order, consist of Glacial Gravel, Tsadaka Conglomerate or Wishbone Hill Conglomerate. 
 The general stratigraphy is briefly described in the following paragraphs.  Geological cross-
sections (Plates II-4 through II-10 in Chapter II, Geology) for the proposed mined area provide 
additional information regarding the stratigraphy of the permit area. 
 
 3.1.3.1  Glacial Gravel 
 
Glacial deposits of various types and thicknesses cover nearly the entire district.  At most points the 
bedrock is concealed by a mantle of poorly sorted mixture of clay, sand, gravel, and boulders.  This 
mantle ranges from zero to over one hundred feet in thickness over the Wishbone Hill Project area. 
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 3.1.3.2  Tsadaka Formation 
 
The Tsadaka Formation consists of poorly indurated coarse conglomerate characterized by boulders 
and cobbles of granite and diorite in a matrix of granitic debris.   
 
 3.1.3.3  Wishbone Hill Formation 
 
The Wishbone Hill Formation consists predominantly of conglomerate composed of pebbles, 
cobbles, and a few boulders in a sandy matrix but it also includes numerous lenticular beds of 
sandstone and silty claystone. 
 
 3.1.3.4  Chickaloon Formation 
 
The upper Chickaloon Formation contains the only known economic coal deposits.  Five coal 
groups are present and include the Jonesville, Premier, Midway, Eska, and the Burning Bed.  The 
predominant lithologic units found in the upper Chickaloon Formation are dark gray shale, 
carbonaceous black shale, gray claystone, bone, thick coal zones, gray siltstone, tan and light gray 
fine- to coarse-grain sandstone, and pebble conglomerate.  Siderite (ironstone) and calcium 
carbonate concretions are common within every lithologic unit. 
 
3.2  Overburden Characteristics 
 
Section 2.4 described the general data groupings which include lithologic, drill hole, and 
overburden/interburden units.  Each of these specific groups are described in further detail in the 
following sections. 
 
3.2.1  Lithologic Characterization 
 
Before detailed evaluation could be performed on the geochemical data, distinct groups of data had 
to be defined.  The most obvious distinctions of groups of similar data are the various lithologic 
units. 
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This evaluation resulted in a total of six (6) major lithologic groups which include: 
• Glacial Gravel 
• Tsadaka Conglomerate 
• Wishbone Hill Conglomerate 
• Chickaloon Claystones and Shales 
• Chickaloon Siltstones 
• Chickaloon Sandstones 

 
Some of the drill hole sample intervals for the rotary drilled holes (chip samples) contained more 
than one of the major lithologic units.  In order to evaluate lithologic and geochemical 
characteristics, it was necessary to remove from consideration the sampling intervals that contained 
more than one lithologic unit.  This helped eliminate complexities caused by the differing chemical 
characteristics of separate lithologies. 
 
Using this approach, a total of 3983.1 feet of drill hole lithologies were derived from the Wishbone 
Hill data base and were used to determine the six major lithotypes.  The percent of the overburden 
samples that these represent is presented in Table 3-3.  Their sampling percentage is depicted 
graphically in Figure 3-2.  This total does not include twenty three sampled intervals with mixed 
lithologic units.  However, included in the total are eight sample intervals of coal, one of bone and 
one other interval was composed of ironstone.  These minor inclusions (coal, bone and ironstone) 
are not considered major lithologic units.  
 
Geochemical summary statistics for each of the major lithologic units are given in Table 3-4.  
Complete statistical evaluations, which included minimum, maximum, mean, standard  
deviation, and number of observations, are included in Appendix D-2.  The general lithologic 
percentages and geochemical characteristics of the six major lithotypes are discussed in detail in the 
following sections. 
 
 3.2.1.1  Glacial Gravel 
 
Glacial gravel occurs throughout the project area with depths ranging from 0 to over 100 feet.  
Glacial gravel comprise approximately 18 % of the overburden materials sampled (Table 3.3).  
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These materials are located below the topsoil and above all other overburden units. 
 
Geochemically, this lithotype is very distinct from the others.  The materials are coarse grained 
(82.2 % sand) and contain the lowest calcium carbonate percentage (0.28 %) of all the overburden 
lithotypes.  Because of this low percentage of calcium carbonate, the glacial gravel also typically 
have the lowest acid-base potential (2.3).  When compared to other lithotypes (Table 3.4), these 
materials also contain the lowest mean pH (8.0), EC (0.5 mmhos/cm) and SAR (5.66) values.  
Mean nitrate-nitrogen (1.4 mg/kg), boron (0.25 mg/kg) and selenium (<0.01 mg/kg) are all well 
below established suitability criteria.   
 
 3.2.1.2  Tsadaka Conglomerate 
 
The Tsadaka Conglomerate underlies the glacial gravel in some of the project area and comprises 
2.3 % of the overburden material sampled.  This conglomerate contains coarse (74.0 % sand) 
grained materials and exhibits the second lowest EC (1.0 mmhos/cm) and SAR (13.7) values.  The 
mean pH value is higher than in the glacial gravel (8.8) but still within the suitable range.  These 
materials contain the lowest nitrate-nitrogen (0.9 mg/kg) and boron (0.21 mg/kg) values.  Selenium 
values (<0.01 mg/kg) are below detection for most of the sampled intervals.  The mean calcium 
carbonate percentage is 2.0 % with a resultant high ABP (19.6). 
 
 3.2.1.3  Wishbone Hill Conglomerate 
 
The Wishbone Conglomerate also underlies the glacial gravel in certain areas within the project 
areas and comprises 7.0 % of the overburden materials sampled.  This conglomerate exhibits 
relatively fine grained material (53.1 % clay).  The pH (8.7) and EC (1.3 mmhos/cm) are within 
suitable limits.  These materials contain the highest nitrate-nitrogen (3.0 mg/kg) and extractable 
boron (0.50 mg/kg) values of all major lithologic units but these values are still well within 
suitability guidelines.  Mean selenium values are 0.10 mg/kg.  Only SAR values (41.4) exceed the 
suitability criteria listed in Table 3-2.  These apparently high SAR values are discussed in more 
detail in Section 4.1 (Overburden/Interburden Suitability). 
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 3.2.1.4  Chickaloon Shales and Claystone 
 
The vast majority of the overburden within the project area is shale material from the Chickaloon 
Formation.  These shale and claystone lithologic units comprise 37.7% of the Wishbone Hill 
overburden material sampled.  Geochemically, these materials are similar in composition (pH, EC, 
nitrate-nitrogen, and boron) to the sandstones and siltstones.  The mean pH is 8.8, EC is 1.5 
mmhos/cm, nitrate-nitrogen value is 1.7 mg/kg, and the extractable boron is 0.33 mg/kg.  All these 
values are within the suitability values listed in Table 3-2.  Extractable selenium is 0.09 mg/kg and 
the calcium carbonate is 1.69 %.  The ABP is 15.2 tons CaCO3/1000 tons which demonstrates the 
high neutralization capacity of these materials.  Sodium absorption ration (SAR) values are 
relatively high (34.1) and are discussed in more detail in Section 4.1. 
 
  
 3.2.1.5  Chickaloon Siltstone 
 
Siltstones from the Chickaloon Formation comprise approximately fourteen (14.7%) percent of the 
overburden materials sampled.  These materials contain a relatively high apparent SAR value 
(34.1).  All other parameters; pH (8.6), EC (1.5 mmhos/cm), nitrate-nitrogen (1.4 mg/kg) boron 
(0.35 mg/kg), selenium (0.14 mg/kg), and ABP (25.0 tons CaCO3/1000 tons) are all well within 
suitability limits.   
 
 3.2.1.6  Chickaloon Sandstone 
 
Sandstones comprise approximately nineteen percent (19.4%) of the overburden materials sampled. 
 As discussed above, these materials are geochemically similar to the shales and siltstones.  The 
mean values are:  pH (9.0), EC (1.2 mmhos/cm), nitrate-nitrogen (1.1 mg/kg), boron (0.33 mg/kg), 
and selenium (0.13 mg/kg).  These materials contain the highest calcium carbonate percentage 
(3.08%) and a resultant high ABP (30.1 tons CaCO3/1000 tons)  These materials contain a 
relatively high SAR (31.8) value.   
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3.2.2  Drill Hole Characterization 
 
Thirteen drill holes were utilized for geochemical characterizations.  These drill holes included 
three core holes (PB-60, PB-92, and PB-105) and ten rotary (chip sample) drilled holes (PB-69A, 
PB-74, PB-80, PB-84, PB-85, PB-87, PB-101, PB-107, PB-108 and PB-109).  There are  no federal 
regulations regarding drill hole intensity.  However, a number of state regulatory programs have set 
minimum requirements for drill hole coverage.  Drill hole coverage in the western United States 
ranges from a minimum  coverage of 1 hole/640 acres to a maximum of 1 hole/40 acres.  Colorado 
has the minimum standard of 1 hole/640 acres (three hole minimum) followed by New Mexico 
with 1 hole/150 acres.  The most intense drill hole coverage in the United States is 1 hole/40 acres 
which includes the states of Montana, North Dakota and Wyoming. 
 
Within the Wishbone Hill Mine area 1, a total of 6 drill holes have been utilized for geochemcial 
characterizations.  The approximate area of  Mine Area 1 is 81 acres which brings the drill hole 
intensity to 1 hole/13.5 acres.  A total of 7 drill holes have been used for geochemcial 
characterization in Mine Area 2.  The approximate area of Mine Area 2 is 251 acres bringing the 
coverage to 1 hole/35.8 acres. 
 
Both mine areas have drill hole intensities greater than those recommended by all regulatory 
agencies (state and federal).  In addition, a significant number of drill holes with lithologic and 
geophysical logs are also within the limits of Mine Areas 1 and 2.  Results from these drill holes 
indicate that the lithologies are relatively consistent throughout the overburden/interburden 
materials.  Thus the approximate 150 drill holes with lithologic and geophysical descriptions 
provide sufficient documentation and predictability of the geological characteristics of the 
overburden materials. 
 
The lithologic characterization of each of these drill holes is graphically shown in Figure 3-3 
through 3-5.  Geochemistry summary statistics are given in Appendix D-1.   
 
3.2.3  Overburden/Interburden Units Characterization 
 
All major overburden/interburden units that will be disposed of as spoil have been sampled.  Plate 
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II-3 in Chapter II  identifies the location of the thirteen (13) drill holes which were sampled and 
analyzed for geochemical characterization.  These drill holes represent all major lithologic units 
located within the overburden and interburden.  Table 3-5 gives the general overburden/interburden 
grouping of each of these drill holes.  Figure 3-6 graphically displays the stratigraphic coverage of 
these drill holes in relationship to the various overburden/interburden units. 
 
The focus of this overburden/interburden assessment is to correlate the average lithologic and 
geochemical attributes of the major overburden/interburden units located within the project area.   
The nine (9) major overburden/interburden units that were identified are listed below: 

• Glacial Gravel 
• Tsadaka Conglomerate 
• Wishbone Conglomerate 
• Jonesville 
• Premier 
• Midway 
• Eska  
• Sub Eska 
• Burning Bed 

 
Each of these overburden/interburden units are discussed in detail in the following sections.  The 
lithologic composition of six overburden/interburden units is shown in Figure 3-7.  The lithologic 
composition of glacial gravel, Wishbone Conglomerate and Tsadaka Conglomerate are 100% and 
are not shown in Figure 3-7.  Geochemical summary statistics are given in Table 3-6 for all but 
glacial gravel, Wishbone Hill Conglomerate and Tsadaka Conglomerate which are located in Table 
3-4. 
 
 3.2.3.1  Glacial Gravel 
 
The discussion on glacial gravel is contained in Section 3.2.1.1 above. 
 
 3.2.3.2  Tsadaka Conglomerate 
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The discussion on Tsadaka Conglomerate is contained in Section 3.2.1.2 above. 
 
 3.2.3.3  Wishbone Hill Conglomerate 
 
The discussion on Wishbone Hill conglomerate is contained in Section 3.2.1.3 above. 
 
 3.2.3.4  Jonesville 
 
The overburden material over the Jonesville Coal Group was penetrated by drill hole PB-60.   The 
Jonesville overburden material consists primarily of coarse grained material (62% sandstone).  
Geochemically, the Jonesville overburden contains the lowest pH (8.0), EC (0.7 mmhos/cm),  SAR 
(4.48), and boron (0.27 mg/kg) of all the overburden/interburden units.  Nitrate-nitrogen (1.0 
mg/kg), selenium (0.11 mg/kg) and ABP (22.5 tons CaCO3/1000 tons) are all within suitability 
limits.   
 
 3.2.3.5  Premier 
 
The Premier overburden material was characterized geochemically by samples from drill holes PB-
80, PB-85, PB-101, PB-105, PB-107, PB-108 and PB-109.  This unit represents the largest 
component of overburden to be removed during the mining process (Chapter II and Section D of 
the Mine Permit Application). 
 
The Premier overburden material is characterized by an approximate equal mixture of shale 
(33.2%), siltstone (28.1) and sandstone (38.7).  Geochemically, the Premier overburden has higher 
pH (8.6), EC (1.2 mmhos/cm) and SAR (24.6) values than the Jonesville overburden.  Boron (0.36 
mg/kg), selenium (0.07 mg/kg), nitrate-nitrogen (1.5 mg/kg) and ABP (23.7 tons CaCO3/1000 
tons) are all within suitability levels.  A trend of increasing SAR with depth of the stratigraphic 
units becomes apparent when comparing the data presented in Table 3-6.  This trend is graphically 
displayed in Figure 3-8 and holds true for all the remaining overburden/interburden units. 
 
 3.2.3.6  Midway 
The materials between the Premier and Midway Coal Groups are classified as Midway overburden. 
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 These overburden materials are characterized geochemically by samples from drill holes PB-69A, 
PB-80, PB-85, PB-101 and PB-105.  The predominant lithotype of this overburden/interburden unit 
is shale (87 %).   
 
Geochemically these materials are higher in SAR (34.8) than the glacial gravel, Jonesville or 
Premier overburdens (Figure 3-8).  The pH value (8.4) is within suitable levels.  Although the value 
for SAR exceeds the suitability guidelines listed in Table 3-2, impacts to reclamation are not 
anticipated.  This is discussed in more detail in Section 4.1.  All other values including pH, EC (1.5 
mmhos/cm), nitrate-nitrogen (0.3 mg/kg), boron (0.33 mg/kg) selenium (0.05 mg/kg) and ABP 
(22.3 tons CaCO3/1000 tons) are all within suitability levels. 
 3.2.3.7  Eska  
 
The Eska overburden materials are characterized by drill holes PB-69A and PB-74.  This 
overburden contains a high percentage of fine grained materials (78% shale).  Geochemically, these 
materials exhibits increased pH (9.2) and SAR (48.9) over the stratigraphically higher materials.  
These values fall outside the fair range of suitability listed in Table 3-2.  All other chemical 
parameters are well within suitable levels. 
 
 3.2.3.8  Sub Eska 
 
Drill holes PB-69A and PB-74 include materials from above the Sub Eska Coal Group.  The trend 
of increasing fine grained materials changes between the Eska and Sub Eska Coal Groups.  This 
material exhibits a higher percentage of coarse textured material (28% sandstone) than either the 
Eska or Midway overburden units.  Geochemically, the trend of increasing SAR (64.5) continues 
and the pH value is still relatively high (8.9).  All other chemical parameters are well within suitable 
ranges.  
 
 3.2.3.9  Burning Bed 
 
The Burning Bed overburden materials are characterized by drill hole PB-92.  In addition, the 
interval from directly below the lowest coal seam to be mined (391.0 to 391.5 feet) was also 
sampled and submitted for laboratory analyses in response to the Divisions requirements.  The 
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Burning Bed overburden consists of increasing coarse grained materials (33% sandstone) with 45% 
siltstone and 8% claystone.  The trend of increasing SAR (70.4) continues with a corresponding 
high pH (9.1).  All other chemical parameters are within suitability guidelines. 
 
3.3  Coal Chemistry 
 
Sulfur analysis is often required for high sulfur coals in humid climatic settings where acid 
production is an issue.  Although this is not a concern for Wishbone Hill coals, sulfur analyses have 
been included to satisfy the Division's requirements.  The coal groups within the overburden 
typically contain less than 0.5 percent sulfur with an average value of 0.31%.  Several reports in the 
literature also document the low sulfur percentages of the Wishbone Hill coals (Rao and Wolff, 
1980; Barnes, 1967; Barnes and Payne, 1956; Barnes and Ford, 1952). 
 
Thirty samples of coal representing six separate drill holes (PB-2A, PB-12A, PB-19, PB-23, PB-24, 
and PB-27) were submitted for chemical analyses for sulfur fractionation.  The results are presented 
in Table 3-7 and demonstrate that pyritic sulfur is present in relatively low percentages (12.7%) 
compared to the organic sulfur fraction (87.3%).  Therefore, acid production potential is extremely 
low.  This is supported by both the overburden geochemical data for ABP (Section 3.2) and the coal 
slurry water pH (Section 3.4).  Acid production from coaly materials is not anticipated within the 
Wishbone Hill project area. 
 
3.4  Coal Slurry Chemistry 
 
The overburden materials found within the Premier Coal Group (shale partings) received additional 
geochemical characterization.  These materials were subjected to coal washing procedures which 
are described in more detail in Part D (Operation and Reclamation Plan) of the Permit Application. 
 During the coal washing procedure a sample of the slurry was obtained for chemical analyses.  The 
fresh (unprocessed) water utilized in the process was also analyzed to determine incoming water 
quality.  Throughout the process, the coal slurry pH was monitored and ranged from 8.3 to 8.8.  
This also demonstrates the relatively high buffering capacity (low acid production) of these 
materials. 
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The chemical results were evaluated for potential acid and toxic-forming materials which may 
impact reclamation.  The summary results of the coal slurry chemical analyses are included in Table 
3-8.  These results indicate that acid and toxic-forming materials are not present in the parting 
materials within the Premier Coal Group.  The complete chemical analyses for the coal slurry is 
located in Appendix B-3. 
 
3.5  Coal Refuse (Parting) Chemistry 
The coal parting materials were also subjected to geochemical analyses, following the coal washing 
procedure, which included both the standard overburden chemical parameters and total elemental 
analysis.  The specific coal washing process is outline in more detail in Part D (Operation and 
Reclamation Plans) of the Permit Application.  The purpose of the coarse and spiral refuse chemical 
analysis was to further define the geochemical characteristics of the overburden materials.  
Emphasis was placed on the identification of acid- and toxic-forming materials which may impact 
reclamation.   
 
These refuse materials were subjected to the same chemical parameters and analytical methods 
outline for the overburden in Section 2.3.1 and 2.3.2, respectively.  The summary results are 
provided in Table 3-9.  Appendix B-2 contains the standard overburden chemical analyses while 
Appendix B-4 contains total elemental analyses of the coal refuse (parting) materials. 
 
The results of the coarse refuse chemical analyses indicates that these materials do not contain acid 
or toxic-forming materials, and therefore, will not impact either surface reclamation or post-mining 
ground water quality. 
 
4.0  FINDINGS AND CONCLUSIONS 
 
The overburden of the proposed Wishbone Hill Permit area has been described down to and 
including the stratum immediately below the lowest coal seam (Burning Bed) to be mined.  This 
description includes the lithologic and geochemical characteristics of each overburden/interburden 
stratum in addition to chemical analyses of the coal.  Particular emphasis was placed on the 
identification of acid-forming and toxic-forming zones or strata, and on those overburden 
geochemical characteristics important to reclamation. 
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4.1  

• Plant Root Zone Suitability 

Overburden/Interburden Suitability 
 
All overburden/interburden materials have been sampled.  The geochemical results have been 
evaluated according to the suitability criteria outline in Section 2.5 (Suitability Criteria).  These 
criteria represent chemical parameters which identify acid- and toxic-forming materials.  In 
addition, the overburden materials were also assessed for their suitability for a variety of other 
important reclamation concerns including: 

• Vegetative Forage Quality 
• Backfill Water Quality 

The results of the overburden/interburden suitability criteria screening are discussed in the 
following sections. 
 
4.1.1  Acid- and Toxic-Forming Materials 
 
No acid- and/or toxic-forming materials were identified within the overburden with the exception 
of the 70.0 to 80.0 foot interval of drill hole PB-69A.  This interval contained an acid base potential 
(ABP) of -10.22.  This interval also contained 55 percent coal material (Appendix B-1, Overburden 
Chemical Data) which contributed a significant amount of organic sulfur to the total sulfur 
percentage.  The calculation of ABP utilizes pyritic sulfur content of the sample for determination 
of the acid producing potential.  The organic sulfur fraction is not considered to be acid forming.  
Therefore, the negative ABP (-10.22) for the 70-80 foot interval of PB-69A is an overestimation of 
the actual acid producing potential.  In addition, the surrounding intervals 60-70 and 80-90 have 
more than sufficient buffering capacity (4.88 and 12.34 ABP, respectively) to neutralize any acid 
produced by this isolated interval. 
 
The results of ABP for all other overburden/interburden units indicate a significant neutralization 
capacity.  Mean values for ABP range from 9.38 to 31.29 (Appendix D-1, Drill Hole Geochemical 
Summary Statistics).  These data indicate that there is sufficient high buffering capacity (9.38 to 
31.29 tons of calcium carbonate/1000 tons of material) to neutralize any potential acid production 
from the overburden/interburden units.  In addition, results from baseline groundwater monitoring 
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and historical mining in this district all indicate that acid- and toxic forming materials are not of 
concern.  Therefore, no impacts from acid-forming materials are anticipated for surface 
reclamation, surface water or groundwater systems. 
 
 
4.1.2  Plant Root Zone suitability 
 
Chemical parameters which typically produce root zones which are not suitable for plant growth 
include pH, EC, boron, selenium, and SAR.  Electrical conductivity (EC) and boron values are all 
well below levels expected of producing unsuitable root zones.  The highest EC value reported for 
all overburden/interburden materials was 3.5 mmhos/cm (PB-69A) which is well within the 
suitability limits.  High boron values (> 5.0 mg/kg) can be phytotoxic to certain agronomic plant 
species.  The highest boron value reported for the overburden/interburden materials was 0.85 mg/kg 
which occurred in drill hole PB-105.  The highest reported selenium value (0.39 mg/kg) occurred in 
drill hole PB-92 which is below the suggested suitable value listed in Table 3-2.   
 
High pH and SAR values were observed in some overburden/interburden materials.  High pH and 
high SAR are not considered indicative of toxic conditions.  High pH values are indicative of a 
potential sodic condition which impacts the physical characteristics of the root zone material.  The 
geochemical data supports the conclusion that high pH and high SAR values will not impact 
reclamation which is discussed in the following paragraphs. 
 
The equation for calculation of SAR is given below: 
 SAR =     Na    
     √ 

A relatively low amount of calcium (Ca) and magnesium (Mg) can result in high SAR value.  Upon 
closer inspection of the overburden data it appears that the relatively high SAR values are caused, 
not by excessive sodium but, by a relatively low concentration of other soluble cations (calcium and 
magnesium).  For instance, the highest reported SAR value (105.4) came from interval 210 to 220 
in drill hole PB-74.  The high SAR is a result of low calcium (0.04 meq/l) and magnesium (0.01 
meq/l).  The soluble sodium (16.6 meq/l) is relatively high compared to the calcium and 

Ca + Mg 
 2 
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magnesium values, but this material does not exhibit an overall salt problem as demonstrated by the 
EC (1.5 mmhos/cm).   
 
It should be pointed out that the applicability of western soil and overburden suitability criteria for 
sodicity (SAR) may not be directly applicable to Alaska.  High SAR overburden materials are 
common to many western mining operations.  These areas are typically low in precipitation and 
have an abundance of bentonitic or 2:1 type swelling clay materials. 
 
Although some of the overburden materials do exhibit elevated SAR values, these materials are not 
expected to impact reclamation efforts.  Reasons for a reduced severity for the high SAR material 
include: 

• Climatic conditions 
• Large volumes of lower SAR overburden materials 
• Significant volumes of non-swelling material 
• Mixing will reduce the high SAR values 
• Weathering will result in lowering of SAR values 
• No infiltration problems exist within the high SAR overburden 

 
The climatic conditions (low evaporation) in the Wishbone Hill area are not indicative of those 
conditions which result in upward migration of sodium as seen in many western states. 
 
Based on the sampling that was done, only a small portion of the overburden materials exhibit 
excessively high SAR values and have the potential to exhibit expansive characteristics.  The 
majority of the overburden to be mined is of lower SAR (glacial gravel, Jonesville) and has only 
limited amounts of 2:1 type clays (Premier).   
 
The Premier overburden units comprise the greatest volume of overburden to be removed by 
mining.   Within these units, only 33.2 percent is shale material capable of exhibiting expansive 2:1 
type clay mineralogy.  Based on saturation percentage data, very little of this materials has the 
potential to exhibit expansive properties as explained below. 
 
Because saturation percentage is an excellent practical indicator of one of the most important 
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physical manifestations of sodic hazard, soil swelling, it should be used along with SAR to assess 
sodic hazard (Merrill et al 1987).  A saturation percentage of 80 to 95 should be used as an 
indicator for swelling tendency associated with sodic hazard.  Carlstrom et al (1987) recommend 
that a saturation percentage equal to or greater than 90 be used to screen for materials that may 
contain reactive (expansive) clays.  Only 9.2% of the Premier shale materials (8 of 87 samples) 
exhibits saturation percentages of equal to or greater than 90.  Therefore, the total amount of 
Premier overburden materials that have the potential for expansive problems is very limited. 
 
No bentonite was identified during the drilling and logging activities.  In addition, the saturation 
percentage values of the overburden materials are relatively low compared to saturation percents 
typical for bentonite (> 100%).  The mineralogical analyses (Appendix B-5) indicate that some 
minor amounts of smectite type clays do exist in five of the high SAR samples.  However, the 
majority is kaolinite which is a non-swelling type clay. 
 
Infiltration rates were conducted as part of the hydrological investigations.  The slowest infiltration 
rates for the overburden materials ranged from 10-2 to 10-4 cm/sec which demonstrates rapid 
infiltration and the lack of bentonitic type materials.   
 
The lowest stratigraphic overburden/interburden unit (Burning Bed) exhibits the highest SAR 
values but are primarily sandstones (54%) as demonstrated by the lithologic percentages.  High 
SAR values will not cause adverse growth conditions when the textural material is sand or silt or 
when the material is a non-swelling clay.  Although the Midway, Eska, and Sub-Eska overburden 
materials do contain high percentages of shale (87%, 78% and 72%, respectively) only minor 
occurrences of saturation percentages exceed 100% occur in these materials.  Therefore, bentonite 
and bentonitic type materials (swelling 2:1 clays) are present in only limited amounts.   
 
Recent mixing studies conducted with truck/shovel operations in Wyoming demonstrate that 
mixing occurs to a much greater extent that originally anticipated (more than 20%).  Although 
small volumes of excessively high SAR materials do exist, the mixing that occurs with normal 
truck/shovel mining is expected to reduce high SAR values to more suitable levels. 
 
Although some overburden materials do exhibit a high pH and SAR, these values will decrease 



 
 

 

 III-29 WBH 2009 Update 

 

with time due to solubilization of calcite (calcium carbonate) which occurs within the majority of 
the overburden materials.   
 
In addition to the points presented above, the post-mining land use is primarily wildlife habitat with 
shrub utilization for moose browse.  Shrubs like a more basic soil condition and would benefit from 
a more basic soil condition.   
 
High pH spoil material has been reported for this coal district.  A revegetation demonstration area 
was established at the abandoned Omlin Strip Mine Pit which is located within the Wishbone Hill 
project area.  Reclamation efforts do not appear to be significantly affected by high pH and SAR 
spoils, based on the observations on these reclaimed spoils and previous reclamation work in this 
coal district (Mitchell et al 1980). 
 
The problem with revegetation of high SAR materials is not one of toxicity but rather a physical 
problem associated with a lack of water infiltration.  If water can infiltrate into high SAR materials 
revegetation can be easily accomplished.  For instance, excellent revegetation has been 
accomplished on raw, abandoned bentonite mine spoils in Wyoming.  These raw spoils are 
typically high pH 9.0-10.5), have very high saturation percentages (> 100%) and have SAR values 
exceeding 100.  Successful reclamation was easily accomplished by simply applying wood chips 
and nitrogen fertilizer (Smith, 1984; Schuman et al 1984).  The wood chips break up the surface 
and allow water to infiltrate while the fertilizer creates a better balance of the carbon:nitrogen ratio. 
 
The overburden materials should not hamper revegetation efforts at the Wishbone Hill mine site 
due to the coarse textured nature of the overburden coupled with the low evaporation of the area 
and the lack of bentonitic or 2:1 type swelling clay materials.  The reapplication of topsoil material 
will further enhance the reestablishment of native vegetation. 
 
4.1.3  Vegetative Forage Materials Quality 
 
No overburden/interburden materials were identified which could produce vegetation toxic to 
wildlife and/or livestock.  Geochemical results indicate that average selenium values are well below 
levels expected of producing toxic vegetation.  In addition, the environmental conditions 
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(precipitation) present within the Wishbone Hill project area are not conducive to producing 
selenium toxic vegetation.  No occurrences of selenium toxicity have been reported for Alaska.  
 
4.1.4  Backfill Water Quality 
 
Those parameters which typically impact water quality at surface coal mines include low pH, low 
ABP, EC, selenium and nitrates.  All of these parameters are well below levels suspected of 
producing environmental impacts to post mining water quality.  The highest reported nitrate-
nitrogen value (11.0 mg/kg for drill hole PB-84) is well below values expected of producing water 
quality impacts from mining. 
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Mr. David Y. Boon was the principal investigator for the Wishbone Hill Overburden 
Characterization Project.  Prior to forming his own company Environmental Monitoring Services, 
Inc. (EMS), Mr. Boon served as a soil scientist and overburden chemist for the Wyoming 
Department of Environmental Quality -Land Quality Division (DEQ) for over three years.  In this 
capacity, Mr. Boon evaluated soil and overburden sections of permit applications for coal mines 
throughout Wyoming.  He was responsible for revising the DEQ Soil and Overburden Guidelines 
(Guideline No. 1).  He also conducted technical reviews of soil and overburden guidelines for the 
following state regulatory programs:  Utah, Montana, New Mexico and Kansas.  He also conducted 
technical reviews of various manuscripts for the Office of Surface Mining and was on the editorial 
review committee for the book; Reclaiming Mine Soils and Overburden in the Western United 
States:  Analytical Parameters and Procedures (Williams and Schuman, 1987).  Mr. Boon is 
currently the Chairman of the Soil and Overburden Technical Division of the American Society of 
Surface Mining and Reclamation. 
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