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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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e Defining the major lithostratographic units;

e Determination of potentially acid- and/or toxic-forming strata;

e ldentifying potential strata that have physical and chemical properties that may adversely
affect a) post-mining ground water quality and b) surface reclamation efforts;

e ldentifying the total sulfur content of the coal;

e 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:

e Evaluation of Existing Data - Overburden lithologic, geophysical, and geochemical data
from exploration and related drill holes were evaluated.

e 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.

e 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.

o Identification of Overburden/Interburden Groups - Logical overburden units were defined
and characterized based on the mining and operations plans.

e 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 11-3 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 ).

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 11-3 (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 Laboratory Analysis

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
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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.

e pH
e Electrical Conductivity (EC)
e Saturation Percent (Sat %)
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e Texture

e Sodium Absorption Ratio (SAR)
e Total Sulfur

e Calcium Carbonate %

e Acid - Base Potential (ABP)

e Boron (B)

e 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
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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:

e Graphical comparison of CSU and IML data
e 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:

e The anticipated mining and overburden handling methods;

e Their relative position in the overburden sequence;

e 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 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:

e Acid- and Toxic-forming materials

e Plant root zone suitability

e Vegetative forage material quality

e 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 Il 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 11-3, 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 Il of this permit application.

3.1.3 General Stratigraphy

The regional geologic/stratigraphic characteristics of the area are discussed in detail in Chapter Il 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 11-4 through 11-10 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:
e Glacial Gravel
e Tsadaka Conglomerate
e Wishbone Hill Conglomerate
e Chickaloon Claystones and Shales
e Chickaloon Siltstones
e 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 O 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
mmbhos/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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11-3 in Chapter Il 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:

e Glacial Gravel

e Tsadaka Conglomerate

e Wishbone Conglomerate

e Jonesville

e Premier

e Midway

e Eska

e Sub Eska

e 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 1l 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 CaC0O3/1000
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.

111-21 WBH 2009 Update



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
mmbhos/cm), nitrate-nitrogen (0.3 mg/kg), boron (0.33 mg/kg) selenium (0.05 mg/kg) and ABP
(22.3 tons CaC03/1000 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

111-22 WBH 2009 Update



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 Qverburden/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:

e Plant Root Zone Suitability

e Vegetative Forage Quality

o 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
VCa+Mg
2
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 meg/l) and magnesium (0.01
meg/l). The soluble sodium (16.6 meq/l) is relatively high compared to the calcium and
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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:

e Climatic conditions

e Large volumes of lower SAR overburden materials

e Significant volumes of non-swelling material

e Mixing will reduce the high SAR values

e Weathering will result in lowering of SAR values

e 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 102 to 10 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
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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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6.0 RESPONSIBLE PARTIES

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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TABLES



TABLE 3-1

OVERBURDEN ANALYTICAL METHODS

Parameter Procedure - Reference

pH USDA Handbook 60, Method 2, page 84
and Method 2la, page 102.

Conductivity USDA Handbook 60, Method 3a, page 84 and

Method 4b, page 89-90.
Saturation % USDA Handbook 60, Method 27a, page 107.

Particle Size

Texture

Soluble Ca,
and Na

SAR

<

Carbonate %

Black (1965), Part 1, Method 43-5, pages
562 - 566,

USDA Handbook 18, pages 205, 223.

USDA Handbook 60, Method 3a, page 84. Mg,
Analysis by ICP

Calculated: USDA Handbook 60, page 26.

USDA Handbook 60, Method 23c, page 105.

Selenium Page (1982), Method 3-5.2.3, page 55;
Method 3-5.5.4 page 61, and Method 3-5.5.3
page 60. Analysis by ICP.

Boron Page (1982) Method 3-5.2.3 page 55 and
analysis by ICP.

Nitrate Page (1982), Method 33-3.2, page 649 and
Method 33-8.2, page 679.

Total S Sulfur furnace

ABP Calculated: ABP = (Carbonate % x 10) -

(Total § x 31.25) Sobek et al (1978).




TABLE 3-2
OVERBURDEN SCREENING CRITERIA

Parameters Unit Good Fair Poor
PH SU 5.5 - B.5 5.0 - 5.5 < 5.0
- 9.0 > 9.0
EC {mmhos/cm) 0 - 8.0 8.0 - 12.0 >12.0
SAR - 0 - 10 10 - 15 >15.0
Selenium mg/kg < 0.1 > 0.1 > 0.5
Boron mg/ kg < 5.0 - > 5.0
NO3-N mg/kg < 50.0 - >50.0
ABP Ton CaCO03 > =-5.0 - <-=5.0
1000 Tons
Note: Overburden screening criteria were developed from

Wyoming DEQ Guideline ©No. 1 (1984) and from
appropriate sections of Williams and Schuman (1987).



TABLE 3-3

MAJOR OVERBURDEN/INTERBURDEN SAMPLED LITHOTYPES

Lithotype Total Approxiﬁate
Lithologic Footage Overburden %
Gravei 701.5 17.9
Tsadaka Conglomerate 9G6.0 2.3
Wishbone Conglomerate 275.0 7.0
Shale 1478.9 37.7
Sandstone 760.0 . 19.4
Siltstone _ 577.1 14.7
Other * . _40.6 1.0
3923.1 100.0

* Other = Coal (39.4'), Bone (0.8') and Ironstone (0.4 ')



TABLE 3-4

LITHOLOGIC GEOCHEMISTRY SUMMARY STATISTICS

Parameter Overburden Lithotype
GG TC WC SH 88

SL
pH (SU) 8.0 8.8 8.7 8.8 9.0 8.6
EC (mmhos/cm) 0.5 1.0 1.3 1.5 1.2 1.5
SAR 5.66 13.7 41.4 34.1 31.8 36.4
NO3-N (mg/kg) 1.4 0.9 3.0 1.7 1.1 1.4
B (mg/kg) 0.25 0.21 0.50 0.33 0.33 0.35
Se (mg/kg) <0.01 <0.01 0.10 0.09 0.13 0.14
ABP (tons CacC03) 2.3 19.6 11.4 15.2 30.1 25.0

1000 tons
GG = Glacial Gravel
TC = Tsadaka Conglomerate
WC = Wishbone Conglomerate
SH = Shale
S8 = Sandstone
SL = Siltstone



TABLE 3-5
DRILL HOLE OVERBURDEN/INTERBURDEN GROUPING

Drill Hole ID Overburden/Interburden Unit
PB-60 Jonesville
PB-69A Midway - Eska - Sub Eska
PB-74 Eska - Sub Eska
PB~80 Premier
PB-84 Wishbone Conglomerate
PB~85 Premier - Midway
PB-87 Tsadaka Conglomerate
PB-92 ‘ Burning Bed

. PB-101 ' Premier
PB~105 Premier - Midway
PB-107 Premier
PB-108 Premier

PBE-109 Premier




TABLE 3-6

OVERBURDEN/INTERBURDEN UNITS

GEOCHEMICAL SUMMARY

Parameter Overburden/Interburden Unit

JV PR MW ES BE BB
pH (SU) 8.0 8.6 8.4 9.2 8.9 9.1
EC (mmhos/cm) 0.7 1.2 1.5 1.8 2.3 1.4
SAR 4.48 24.6 34.8 48.9 64.5 70.4
NO3-N (mg/kqg) 1.0 1.5 0.3 2.7 2.6 0.3
B (mg/kg) 0.27 0.36 0.33 0.34 0.15 0.32
Se (mg/kg) 0.11 0.07 0.05 0.12 0.18 0.19
ABP tons CaC03 22.5 23.7 22.3 16.5 49.5 17.9
1000 tons

JV = Jonesville

PR = Premier

MW = Midway

ES = Eska

'BE = Below Eska (Sub Eska)
BB = Burning Bed



TABLE 3-7

COAL CHEMICAL ANALYSIS

"Mean

Minimum
Maximum
Standard Dev.

trarsane ceeean T T .
Pyritic Sulfate Qrganic Total
0.05 0.00 0.27 0.31
0.01 0.00 0.13 0.15
0.39 0.00 0.62 1.01
0.07 0.00 0.11 0.17




TABLE 3-8
COAL SLURRY CHEMISTRY

UmMhoS/CIM v eveeeevnrnsasaMg/l.oeenn... ceeras
Sample ID PH Cond. As cd Se Hg Pb B
Fresh * 8.0 387 0.001 <0.01 <0.001 <0.001 <0.05 0.02

Process * 8.0 ijgz 0.002 <0.01 <0.001 <0.001 <0.05 0.02

Fresh* = Pilot Plant Makeup Water (Fresh Water)
Process* = Process Water from Thickener Overflow



TABLE 3-9
COAL REFUSE CHEMISTRY

Parameter Coarse Reject Spiral Reject
pH 8.2 7.8
EC (mmhos/cm) 0.4 . 0.7
SAR 1.0 0.5
NO3-N (mg/kg) 1.4 0.8
B (mg/kg) 0.13 0.10
Se {(mg/kg) 0.09 0.05
Total S % 0.052 0.074
CacCo3 % 1.9 2.5
ABP * 17.4 22.7

ABP * = tons of CaC03/1000 tons of material
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FIGURE 3-1
GENERAL LOCATION MAP
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FIGURE 3-2
OVERBURDEN SAMPLE COMPOSITION BY LITHOTYPE

SH
37.7

CN = CONGLOMERATE

GR = GRAVEL
SH = SHALE

SL = SILTSTONE
S8 = SANDSTONE



FIGURE 3-3

APPROXIMATE LITHOLOGIC COMPOSITION
FOR DRILL HOLE PB-60, PB-80, PB-84, PB-85 AND PB-87
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FIGURE 3-4

APPROXIMATE LITHOLOGIC COMPOSITION
FOR DRILL. HOLE PB-69A, PB-74, PB-92, PB-101, AND PB-105
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FIGURE 3-5

APPROXIMATE LITHOLOGIC COMPOSITION
FOR DRILL HOLE PB-107, PB-108 AND PB-109
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FIGURE 3«6

DRILL HOLE STRATIGRAPHIC COVERAGE
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FIGURE 3-7

LITHOLOGIC COMPOSITION OF MAJCR
OVERBURDEN/INTERBURDEN UNITS
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FIGURE 3-8

MEAN SAR VALUES
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APPENDIX A
LITHOLOGIC LOGS

LITHOLOGIC CODES
BO Bone
CL Claystone
CN Conglomorate (Wishbone or Tsadaka)
co Coal
GR Glacial gravel
IR Tronstone
SH Shale
SL Siltstone
S5 Sandstone

COAL GROUP CODES
BB Burning Bed
BE Below Eska
BY Below Midway
ES Eska
Jv Jonesville
MY Midway

PR Premier



gz/12/89 Kishbone Hill
-~-briil Hule Lithology Dats---
Preparer: FIN

BIp = 39 Degrees DRILLED: Inclination (-70 Degrees)jAzismuth 2i2
Drill Hole Interval  Frow To Lithology Seas
1.D. Ro. Thickness  (Feet) {Feet) Code Code Comsenis
PB-&0 17.00 0.00 17.00 BR
PB-60 3.96 17,00 22,90 CL
PB-80 3,30 22.%0 26,20 SH
PB-60 3.10 26.20 29.30 CB SEAN ABOVE JV
PB-60 6,50 29.30 79.80 SH
#B-60 8,90 23.80 38.70 S
PB-R0 4.10 38.70 42,80 &5
PB-60 B8.50 42.80 31,30 SH
PR-60 28.70 51.30 B0.00 S5
FB-60 2.80 80.00 g2.80 SH
PB-60 3.20 §2.80 BE.00 BO N
PB-80 4.00 86.00 50.00 CO N
PE-60 0.30 90.00 §0.30 BD N
PB-60 1,40 90.30 91.70 C@ N
PE-60 0.80 91.70 97,50 SH N
PE-60 0.80 92,50 93.30 CO N
PB-50 0.70 §3.30 94,00 SH N
PB-60 £.20 94,00 100,20 5B N
FE-60 3.3 100,20 103.30 SH Y
PB-60 1,60 102,53  103.10 CO0 N
PB-60 1.40  105.10  106.50 BO N
PB-60 25,10 106,30 131.60 S N
PB-60 2,50 131,60 134,10 CDO N
PB-60 3.40 134,36 137.30 GH N
PB-60 0.40 137,50 137.%0 CD N
PB-60 1,00 137,90 138.9¢ RO A
PB-60 0.66 138,30  139.50 D N
PB-60 0.40 139,50  139.90 BD N
PE-ol 2,10 139,90 142.00 [0 N
PE-60 0.60 142,00 142,80 BO N
PB-£0 1,00 142,80  143.60 CO N
FB-60 0,60  143.60 144,20 SH N
PE-R0 .60 144.20 145.20 CO ALY
PB-60 1,30 145,20 146.50 BO N
PB-60 1.20 146,50  147.7¢ SH N
PB-60 3230 147,70 151,00 OO N
FB-60 1,50  151.00 152,50 BOD W



02/12/89 Wishbone Hill
---Drill Hole Lithology Data---
Preparer: FIN

DIP = 3% Degrees DRILLED: Inclination (-70 Degrees);Azimuth 312
Drill Hole Interval  From To Lithology Seas
1.0. No. Thickness  (Feet) (Feet) Code Code Cosaents

PB-B0 0.80 152,50  153.30 CB N

#B-60 1,60 153.30 154,90 BO N

FB-60 2,00 194,90 156,90 L0 W

fE-60 0.80  156.%¢ 157,70 BO N

PE-60 0.70 157,70 15B.40 CO N

PB-80 1,60 158,40  160.00 BO W

PB-60 1,20 160,00 161,20 CO v

PB-60 t.10 161,20 162,30 BO N

PB-E& 20,50  162.30  1BZ.BO 85

PB-69 12,30 182,80 195,10 GH

PR-60 15,00 195,10 210,10 B85

PB-60 .00 210,10 213.10 M

PB-60 4,40 213,10 217.50 85



04/29/8%

Freparer: #J¥

prill Hole Interval
I.D. ¥o. Thickness

PR-632
PB-69)
PR-6%)
PB-63)
PR-692
PB-691
PR-692
PB-692
PR-631
PB-691
PE-£92
PB-69
PB-£92
PR-69)
PB-63
PR-64)
PB-632
PE-§31
PB-631
PR-691
PE-692
PR-691
PB-632
PR-832
PBR-592
PB-634
PR-69)
PB-691
PB-63)

DiP =
Fron
{Feet)

145,00
152.00
111.50
238.50
254.00
266.00
786.00
303.00
3,00
320.00
323.30
325.10
356.50
353.00
1.0
379.00
383.20
38870
350,80
395.90

¥ishbone Bill
---Drill Hele Lithelegy Data---

36 Deqrees

To

154,00
266.00
286.00
303.40
318.00
320.04
313.30
325.2¢
356.50
355.00
377.00
379.00
3.0
148,70
390.40
395,00
415.00

Litholegy

Code

ES
BS
ES

Bg
BE
B
BE
BB
BE
BE

Seas
Code

Consents

Carbanaeous

Carbanaeous



04/29/83

Preparer: PJN

Drill Hole Iaterval
1.D. ¥o. Thickness

DIP =
Fron
{Feet)

241,50
243.20
176.00
271.50
271.00
781.56
313.00
366.50

¥ishbere Hill
---Brill Hele Lithology Data---

45 Degrees

to

1.5
.
210.00
272,50
217.04
181.56
33.00
366.50
400.00

Lithology

Code

ES
ES
ES
BS
| 4]
ES
B8

.14
BE
BE

Seam
Code

Coaments



02/12/89 Hishbone Hill
---brill Hole lithelogy Data---
Preparer: FIM

DIf = 10 Degrees
brill Hole Interval  Froe To Lithology Seas
I.D, No. Thickness (Feet} (Feel) Code Cude Comments
PB-80 55,00 0.00 S3.00 &R
FB-80 110,40 55,00 - 165.40 SH
PR-86 0.6¢  163.40  168.00 BB PR
PB-80 .60 1e6.0C  1a7.00 CD PR
PB-80 0,30 167.00  167.30 BOD PR
PB-GU 1.30 167,30  168.80 CO R
FB-80 1,20 168.60  169.80 BOD PR
?B-80 3.30  189.80 173,16 CO PR
PE-B0 .20 173.10 174,30 BO PR
PB-8{ 4,86 174,30 173,10 Y PR
PE-BO 1,99 175,10 177.00 €D PR
PB-80 0.8 177.00 177,80 BO PR
PB-80 2,60 I77.B0  179.80 CD PR
PB-80 2,10  179.86  1B1.30 BO PR
PB-80 1,50 1B1.9¢  1B3.40 LD PR
PB-80 2.00 183,40  185.40 SR PR
PE-B80 7.90 185,40 193.3¢ CO PR
PE-80 32,50 193,30 220.80 GH PR
PB-BO 0.70  225.B0 226,50 BO PR
PB-80 4,90 226,30 231.40 (O PR
PE-80 0,30  231.40 231,90 BO PR
PE-B0 .30 231,90 235.40 SH PR
PB-BO 1,76 235.40 237,10 IR PR
PB-80 4.50  237.16 241,60 SH M
FB-80 1.40 241,60  243.00 B0 PR
FB-80 0.60 243,00  243.60 L0 PR
PB-B0 2,00 243.60 245,60 BC R
PB-80 1.B0 245,60  247.40 L0 PR
PB-80 1,20 247.40 248,60 BO PR
PB-80 8.40 248,80  257.00 G&H PR
PB-BO LG 257.00 258,00 BC PR
PB-80 2,00 258.0¢ 260,00 OSH R
FE-80 1.5 260,00 261,50 (O PR
PB-80 33.50 261,50 295.00 SH



02/12/89
Preparer: FIN

Drill Hole Interval
1.D. Mo. Thickness

PB-B4 £0.00

PB-84 275,00

Wishbone Hill
--«Drill Hole Lithology Data---

Degrees
Lithology Seaw
Code Lode

60.00 GR
333,40 €N

Coaments

WISHBONE CONGLOMERATE



02712789 Nishbone Hill
-=-Driil Hole Lithology Data---
Preparer: FI

DIP = 16 Degrees
Drill Hole Interval  Fros To Lithalogy Sean
I.D. No. Thickness  (Feet) {Feet) Lode Code Comments
PB-83 £7.00 0.00 67.00 &R
PB-85 13.00 £7.00 80.00 SH
PB-B5 21,00 80,00 101,00 &8
PB-85 £.20 101,00  107.20 SH
PB-B5 0.80  107.20  108.00 BO PR
PB-85 160 108,00 109.60 LD Mm
PB-85 0.60 109,60 118,20 BO PR
PB-835 0,90 10,20 111,10 CO PR
FB-85 1,00 11,10 112,10 BO PR
PB-B5 0,70 1210 tiz.80 CO PR
PE-85 1,00 112,80  113.80 BO PR
PB-83 2,00 113,80  115.80 LB R
PB-85 1,40 115.80  117.20 ©SH R
PB-83 .60 117.20 118,80 CO PR
FB-85 0.60  11E,B0  119.40 GH PR
PB-85 $.60  119.40 120,00 BO PR
PB-B3 2.50 120,00 122,50 OO PR
PB-85 0.60 122,30 123,10 BO PR
PB-8S 0.90 123,10 124,00 SH PR
PB-8% 0.50 124,00 124,50 IR PR
PB-B5 2,06 124.5¢ 126,50 SR PR
PE-BT 210 126,50 180 GO ]
PB-83 0,80 128,60  129.50 SH PR
PB-8% 1,70 129,50 131,20 CO PR
PB-85 2,70 131,20 133.90 BO PR
PE-85 6,70 133.90  140.60 CO R
PB-BS 0.60 140,60  141.20 SR PR
PB-83 1,70 141,20 142,90 BO R
PB-B5 3.20 142,90  146.10 CO PR
PB-83 0.80  146.10  146.90 BO PR
PB-BS 1,60 146,90  148.50 CD PR
PE-85 0.50 148,50 148,00 BO PR
PB-83 2,40 149,00  151.40 CO PR
PB-85 0.8¢  151.40  152.20 BO PR
PB-B5 .60 152,20  1%6.00 O PR
PB-83 0.70 136,00 156,70 BO PR
PB-85 2,46 156,70 159.10 GH PR



02/12/89 Wishbone Hill
---brill Hole Lithology Data---
Preparer: FIN

BIP = 10 Degrees
Brill Hele Interval  Froa To Lithology Seas
I.D. Mo. Thickness (Feet) {Feet) Code Code Comments
PB-B3 1.60 159.10  160.70 BO P
PB-85 176 160,70 162,40 (O PR
PB-85 6,80  162.40  163.20 BOD PR
PB-85 0.46  162.20 183,60 CO PR
PB-B3 .70 163.60 185,30 BD PR
PR-B3 0,60 165,30 185,90 SH PR
PB-B5 0.90  185.90  166.B¢ BD PR
PB-83 3.90  186.80  170.70 SH R
PE-BE Leo 170,20 17130 BD PR
PE-BS L1¢ 172,30 173.40 GH 4]
FB-85 0.70 173.40 174,10 IR PR
PB-B3 0.90 174,10 175.00 SH PR
PB-B85 2,10 175,00 177,10 CO PR
PE-85 .70 177,10 177.80 BO P
PB-85 1.30  177.80  179.10 GA PR
PE-BS 0.5 179.10  179.60 BO PR
FB-85 f.10 179,60 180,70 CD PR
PE-83 0,80 180,70  181.5¢ BO FR
PB-BS 3.00 181,56  1B4.50 CD PR
Ph-85 0,50  1B4.50 185,00 BO PR
PE-B3 0.40 183,00  1B5.40 €O PR
PB-83 0.80  185.40  186.20 BO PR
PE-BS 0.60 186,20  1BG.BO CB PR
PE-85 0.80  186.80  1B7.60 BD FR
PB-B5 1,60 187.60  1B9.20 5H PR
PE-85 0.6 189.20  189.B0 BO PR
PB-85 2,20 189.80 192,00 5H FR
3R] 0.40 192,00 192,40 RO PR
PB-83 2,40 192,40 195.B0 SH FR
F-B% 2,70 195,8¢  198.50 (0 PR
PB-83 0.30  198.30  199.00 SH PR
PB-8S 0.40 199,00 199.40 BO PR
PE-B3 1.0 199,40 200.40 GSH PR
PE-B83 0,30 200,40  200.90 EO PR
PB-85 L3 200,30 202,20 CO PR
PB-83 0.8¢ 202,20 203.00 SH PR
PE-B5 0,30 203.00 203,30 CO PR
PB-83 0.50 203,30  203.80 BO PR
PE-B3 72,30 203.80  276.10 BSH
FB-83 4,30 276,00 040 IO HY
PB-B5 0.60  280.40  2Bi.00 SK Y
FB-85 0.80  281.00 2B1.80 CD HY
PB-85 0.40  ZBL1.B0 282,20 BO MY
PB-83 1,40 282,30 283.60 OO Y
PB-85 29,20 283,60  3i2.B0 GH
PE-B5 1,06 312.80  313.80 BO BY
rB-83 1,10 312.80 314,90 GH BY
PB-85 3.90 314,90 318,80 CO BY
PE-B3 £.00  318.80 219,80 GSH BY
PFB-85 2.00  319.80  321.80 CO - BY
PB-BY 283.20  3:21.80  605.60 SH



02/12/89 Hishbone Hill
---Drill Hole Lithology Data---
Preparer: FJK

DIp = ? Degrees
Brill Hole Interval  Fros To Lithology Seas
1.D. No, Thickness (Feet) {Feet} Code Code Comments
PB-87 30,00 0.00 30.00 BR
PB-87 80.00 30,00 90.00 CH TSADAKA CONGLOMERATE
PE-87 143,00 90.00 235,00 SH



04/29/89

Preparer: N

prill Hole Imterval
1.D. Bo. Thickness

DIP =
Fron
(Peet]

¥ishbone Rill
-~-Drill Bole Lithology Data---

64 Deqrees

To
{Peet)}

$0.00
121,
131,
13,
1.
1n.
1.
13,
169,
2.
1.
m.
182,50
340
230,66
1%0.4¢
292.20
305.5¢
310.80
I4.3¢
3480
115.50
311,50
nnA
121.5¢
311,00
X)W
33130
H1.50
348.00
H3.50
350.00
351.20
353.08
364.50
369.0¢
NN

Lithology

GR
138
3 8L
188
¢ 5L
6 Co
¢ BO
g 38
5 8L
13K
5 BO
5 8§

co

B0

L]

B0

co

L

B0

|

co

]

B0

co

BO

K]

B0

SE

5L

5B

B0

ct

B0

$H

8L
sH

B0

Code

DRILLBD: Inclination (-70 Degrees);Azimuth 2%

BB
BB
BB
BB
BB
BB
BB
BB
BB
BB
BB
BB
BB
BS
BB
Be
BB
BB
BB
1
BB
BB
BB
BB
BB
2B
BB

Sean
Code

Conaents



§2/12/89 Wishbone Hill
~~-Drill Hele Lithology Data---
Preparer: FIN

DIP = b4 Degrees DAILLED: Inclination {-70 Degrees)jAzimuthk 298
Brill Hole Interval  Fros To Lithology Sean
1.D. No. Thickness  (Feet) {Feet) Code fode Comments
PB-92 2,50 371,50 374,00 SH BR
PB-92 1,50 374,00 373,50 SL BB
PR-92 0.30 375.50  375.80 GH Bh
PE-92 1.10 375,80 376,90 CO BE
PB-9Z 1,060 276,90  377.90 SH BE
PE-92 9.6  377.%0 38330 &l BB
PB-92 0.70 383,30 384,20 SH BB
Pi-92 0.80 384,20 285,00 CO BB
PB-32 0.70 385,00 385,70 BB BB
PR-92 3.80 385.70  389.30 GH BB
PB-92 I.530  389.5¢  391.00 CO BB
PB-92 0.70  391.00 391,70 5H
PB-92 29,90 391,70 421,60 5L
PB-92 8.80 421,60 430,40 CL
PB-92 36,90  430.40 467,30 5l
PB-92 4,60  467.30  471.9C CL
PB-92 370 471,90 475,60 5L



02/12/89 Wishbone Hil}
---Drill Hole Litholegy Data---
Preparer: FIN

DipP = 30 Degrees
Drill Hole interval  Fros To Litholegy Seas
I.D. Mo, Thickness {Feet) {(Feet) Code Code Comments
PB-101 £3.00 0.00 63.00 BR
PE-101 13.10 £3.00 76,10 SH
PE-101 24,40 76.10 100,50 58
PB-101 J.60 100,30  106.10 SH
PB-101 1,36 106,10  107.40 CO
PB-101 0.80  107.40  108.20 BOD
FB-104 12,90 108,20  121.10 &L
PB-161 £.30 121,10 127.60 &S
PB-101 3.9% 127,60 131,50 Sl
PB-101 7.30 131,50 138,80 55
PB-101 5,3¢ 136.80 144,10 8L
PB-101 1.40  144,1¢ 143,50 SH
PE-101 1,16 145.5¢  146.60 BO PR
PB-101 1,50 146,60 148,10 SH PR
PB-101 0,80  14B.10  149.00 BO PR
rB-101 2,50 145,00 131,30 S&H PR
PB-101 2,40 151,50 193,90 CD PR
PE-101 1,50  153.90  135.4¢ BH PR
PB-101 2,00 1535.40  §57.40 BD PR
PE-101 2.4 157.40  139.8¢ &M PR
PB-101 0.60  159.B0  160.40 BO PR
PB-101 2,60 180,40  163.00 CO PR
PE-101 2.B0  163.00  165.80 S5H PR
PB-101 0.80 169,80  1RE.60 SL PR
FB-101 1.80  1e6.60  168.40 GSH PR
PB-104 0.90  1eB.40 169,30 CO PR
PB-101 1,60 169.30  170.30 BOD PR
PB-101 2,200 170,30 172,90 SH PR
PR-10t 0.8¢ 172,50  173.30 CD PR
PR-101 3.10 173,30  178.40 SH PR
PB-101 £.60 178,40 1B5.00 CD PR
PE-101 1,30 185.00  18B6.30 5H PR
PB-101 2.00 166,30  1BB.30 €D PR
PB-i01 {1,200 188.30  187.10 BO PR
PE-101 £.20  1B7,10 193,30 85 PR
PE-101 3.60 193,30 196,90 L0 PR

PB-i01 3.70  196.90  200.6G SH R



02/12/8% Wishbone Hill
---Drill Hoie Lithology Bata---
Preparer: FIN

PIP = 30 Degrees
Brill Hole Interval  Fros To Lithoiogy Sean
I.D. No. Thickness {Feet) (Feet) Code Code Comsents
PB-101 0,50 200.80 200,10 BB PR
PB-101 L7 201,10 202.80 SH PR
PR-101 3.80 202,80  206.60 CD R
PE-10! 13.30  206.60  219.90 BH PR
PB-191 .90 21856 221,90 CO P
PB-101 1.1g 221.90 223,00 BO PR
PB-101 2.00 223,00 225,00 GSH R
PB-10t 2,060 225.00 227,00 CO PR
PE-101 2,20 227,00 229.20 BO FR
PB-101 4.80 279,20 734.00 SH PR
PB-10% 1,00 234.00  235.00 BO PR
PB-101 4,00 235,00 239.00 SL PR
PR-101 2,40 239,00 241,40 (B PR
PB-101 2,70 241,40 244,10 GH PR
PB-101 1,20 244,10 245,30 CO FR
FB-101 0.30  245.30  245.60 BOD PR
PB-101 1,00 245,60  246.60 L0 PR
PB-101 1,80 246,60  24B.40 SH
PB-101 33.10  248.4¢ 281,50 GL
PB-101 15,60 281,50  297.10 8§
PR-101 8.90  297.1¢  305.6¢ &L
PE-10t 2.60 305.60  308.20 S
PB-101 1,90 308,20  310.10 CD MY
PR-101 0.70 310,10 310.80 GH Y
PB-10t 1.5¢ 310,80 312,70 CO 1y
PB-101 1,26 342.70 313,90 BG Y
PB-101 .70 313,90 31560 © Y
PB-101 1,26 315,60  316.80 SK
PB-101 2.00  316.80  31B.8¢ &L
PB-101 4,20 318.80  323.00 SH
PB-101 £.70 323.00 329.7¢ 5L
FB-101 370 329.70 133.40 SH
PB-101 3,70 333.46  337.1¢ EL
PB-101 4.7¢  337.10  341.80 S5
PB-104 15,10 341.BC  332.9¢ GSH
PE-10t 1,406  352.90 354,30 CO BY
PB-101 .70  354.30  35B.00 SBH BY
PE-101 2.7¢ 358,00 360,70 €O BY
PB-101 0.40  360.70  361.10 5H

PB-101 10,16 3ei.10 371,20 S8



02/12/839 Kishbone Hill
~--Drili Hele Lithology Data---
Preparer: FJM

bIf = 10 Degrees
Drill Hole Interval  Fros To Lithology Seaa
1.D. Mo. Thickeess  (Feet) (Feet) Lode Code Comaents
PB-103 37.50 0.00 57.50 GR
PB-103 1.80 97,36 39,30 U0 PR
PB-105 2,20 59.30 61.5C SH PR
PE-103 3.00 61.50 §4,50 5L PR
PE-105 1.1 64,30 pA.6¢ BD R
PE-105 0.70 63.60 86,30 SH PR
PB-105 0.20 66.30 p6.50 CO PR
PB-103 2.30 $6.50 68.80 SH PR
PB-103 0.40 68.80 69.20 LO PR
PB-105 8.30 69.20 77.5¢ SH R
FB-103 5.70 77.50 83.20 BD PR
PB-105 (.80 83.20 84.00 8L PR
PE-105 0.76 84.00 84.70 BO PR
PR-103 2,30 84.70 87.20 CO PR
PE-105 6.50 87.20 B7.70 SH PR
PB-105 3.80 B7.70 90.70 €0 PR
PB-103 3.80 9¢.70 94,50 5H PR
PB-105 0.40 94,30 94.90 IR ]
PB-105 2,30 94.90 97.20 SsL PR
PB-103 2.30 57.20 99.50 €D PR
FB-105 3.10 99.50  102.6¢ SH PR
PB-103 ¢.70  10z.66 103,30 GO PR
PB-103 4.20 103.30  107.50 OH PR
PE-105 5.10  107.50  liz.e0 BO PR
PB-103 1,70 112.60 114,30 BK PR
Po-103 10 114,30 f17.40 CO BR
PB-105 0.80  117.40 1iB.20 SH FR
PR-105 1,90 118,20 120.10 CO FR
PE-10%5 0.60 120,10 120,70 SH PR
PB-103 1,70 120,70 122.40 CO R
PB-105 3,20 122,40 (25,60 SH PR
PB-103 4,80 125.60 130,40 €0 R
PB-105 1,50 130.40  {31.90 GH PR
PB-105 300 131,90 134,90 8L FR
PH-105 3.80 124,50  138.70 SH PR
PB-103 940 138.7¢ 144,10 CD PR

FB-103 4,30 144,10  14B.40¢ GH PR



G2/12/89 Kishbone Hill
---Drill Hole Lithology Data---
Preparer: FJA

DIP = 1¢ Degrees
Drill Hole Interval  Froa Teo Lithology Sean
I.D. No. Thickness  (Feei) (Feet) Code Code Comments

PB-105 0.30  14B.40  [48.70 5L PR
PB-105 10.00  148.70 158,70 SH R
PB-103 0.8¢  158.70  159.50 &L FR
PB-1035 .70 13930 16120 CO PR
PB-105 0.30  161.20  161.50 BOD PR
PB-103 1,10 161.50  162.60 SH PR
PB-105 0.B0  162.60  183.40 &L PR
PB-105 1,30 163,40 184.70¢ SH PR
PB-100 7.5 164.70 172.20 CD PR
PB-105 6,30 172,20 178.70 SH FR
PB-1035 4.00 178,70  1BZ.70 &L PR
PB-103 0,50 18B2.7¢  1B3.20 &R PR
PB-1035 2,80 1B3.20  1BE.OO CB PR
PB-105 2,60 188.00  1B8B.00 SH PR
PB-105 .40 188,00 150,40 LB PR
PB-103 24,10 130,40 214,30 GH

PB-105 970 214,50  224.20 5L

PB-105 .76 224,20 225.%0 GSH

PB-105 1,00 225.90 226,90 LL

PB-103 0.40 226,90  227.30 IR

Fo-105 5.40  227.30  236.70 GH

PB-105 16,30 236.70  253.2¢ S5

PB-1035 14,40  253.20  267.60 SH

BB-105 .50 267.60  271.1C CO MY
PB~103 0.40  27L.10 275,50 CL Y
PB-103 .10 271,30 274,60 CO Y
PB-103 B.96  274.60 83,30 5H



08/18/88

Freparer: FJK

Drill Hole Interval
1.0, ¥o. Thickness

PB-107
PB-107
PB-107
PB-107
PB-107
PB-107
PB-107
PB-107
PB-107
PB-107
PB-107
PB-107
PB-167
PB-107
PB-107
PB-107
PB-107
PB-107
PB-107
PB-107
PB-101
PB-107
PB-107
PB-101
PB-107
PB-107
PB-107
PB-101
PB-107
PB-107
PB-141
PB-107
PB-107
PB-107
PB-107
PB-107
PB-107
PB-107
PB-107
PB-107
PB-107
PB-107
PB-10T
PB-1407
PB-147
EB-107

1.20
£.80
.40
1.50
2.30
1.10
2.3%
170
3.20
2.80
LY
0.70
b.60
T.20
1.80

Bif -
Frop
{Beat)

Yighbone Hill

---Drili Hele hithology Duts---

50 Degrees
Te  Lith Seam BIEE Yrue
{Feet) Gode Code 00D Thick

42.00 GR
215.00 3L
230.00 CL
255.00 SL
300.00 55
305.00 SL
$10.00 55
315,00 5L
345.00 SH
336.00 €0
342.00 58
343.20 BO

. 343.80 SH

344.60 BO
346.00 CO
350.00 B0
351.80 €O
356.20 BO
368.50 5H
359.40 B0
361.00 SH
363.00 €0
366.00 51
374.20 00
375.80 BO
379.70 5B
381.00 CO
362.20 BO
383.50 58
384,90 IR
388.20 GO
387.20 BO
387.90 8
389,10 BO
393.50 &F
397.30 €0
395.80 58
£01.10 €O
402.20 SH
£04.50 CO
£06.20 B0
405,40 SH
£12.20 C0
£13.5¢ IR
§14.20 Co
414,80 BO
£22.00 5B
£23.80 CO

Frh P P WP P A Tl RRD b Ea3 hed A3 bt e a3 A W o e e e e DD A CaR . G BN G B3 = D e D CAF D e e

1.48
0.58
1.08
1.28
1.93
8.21
1.03
2.8
0.84
.11
0.84
0.90
0.84
0.84
0.45
0.17
3.08
2.19
0.96
1.48
0.7l
1.4¢
1,08
2.06
1.80
0.84
0.45
.38
4.63
1.63

Co:!eﬁts



PB-107
PB-107
E3-107
PB-107
PB-107
PE-107
PB-107
PB-107
PB-107
PB-107
PB-107
EB-107

1.88
1.00
L1
25.50
§.00
AR
1.1
0.60
.40
0.80
0.80
24,40

425,60
425.46
£26.40
427.50
£51.00
460.00
487.10
488.20
£88.80
469.20
489.50
490.60

425,40 B0
426.40 CO
£27.50 BO
451.00 SE
460.66 S5
487.10 S
468.20 CO
488.80 5B
489.20 BO
469.80 o8
480.60 CO
915.00 5E

PR
Pk
PR

Kt
LA
L.\
Kt

1.16
0.64
0.7
15.11
5.78
17.4
0.7
0.39
0.2
0.3%
§.51
15.68



08/18/88
Preparer: BJ¥

Prill Hole Interval

iH g
Froz
{Feet)

Kighbone Hill
---Brill Eole Lithology Date---

bt Degrees
To Lith Seas HINE Yrue

..........................................

I.D. Ko. Yhickness
PE-108 80.50
PB-108 18.50
PE-108 35.00
PE-188 5.00
PB-108 50.00
PB-108 5.00
PB-108 15,00
PB-108 .10
PB-168 6.50
PB-108 1.4
PE-108 6.90
PR-108 1.1
PB-108 6.70
PB-108 £.10
EB-108 .60
PB-108 2.40
PB-108 2.00
PB-108 §.70
PB-108 ¢.50
PB-108 2.08
PB-108 6.60
PB-108 .98
FB-108 1.90
PB-108 1.60
PE-108 7.50
PB-108 32.50
PB-108 10.90
PB-148 5.00
PB-108 30.09
PB-108 25.00
PB-168 £.00
PB-108 - £5.00

{¥eet) Code Code CODE Thick
§6.50 gR 80.50
106.00 58 11.18
135.00 Sk 20.08
140.00 5§ 2.87
180.00 SE 28.68
185.00 85 2.87
210,00 5L 8.60
212,10 B0 J¥ i1 1.2
216.60 SE J¥ {4 N
22000 B0 ¥ 7 0.8
220,90 C0 J¥ 1 0.52
21200 B0 OV 7 0.83
22,7080 9 0.4
226.80 GO J¥ 1 2.%
227.40 B0 Y 2 0.3
220.80 58 O¥ 3 1.3
231,80 BG OV 7 L.i5
232,50 60 OV i 0.4
233,00 BO JV 7 0.28
2/B065E W 3 L
235.60 B0 J¥ 7 1u
238,50 50 &V 3 0.52
2384030 W 2 1.0
4000 C0 O 1 0.92
247,50 5B 4.30
280.00 S§ 18.64
280.00 85 5.4
285.00 5L 2.87
325.00 58 17.21
356.00 85 C14.3
355.00 L 2.87
400.00 GR 25.81

550.00 55 B6.04

Copmants



e

g

08/18/8¢ Kishbone Hill

---Prill Bole Lithology Data---

Preparer: BJ¥
BIP = 5 Degrees
Prill Hole Interval Frow To Lith Seae True
I.D. Ho. Thickness (Feet) {Feet) (ode Jode Thick

---------------------------------------

PB-108 76.60  6.00 76.00 GR 76.00
PB-108 $.00 76.00 85.00 CL 5.16
PB-108 32.00  85.00 117.00 SS 18.35

PB-10% 83.00 117.00 206.00¢ 5L 47.61

Comsents



APPENDIX B

CHEMICAL DATA



APPENDIX B-1
OVERBURDEN CHEMICAL DATA
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APPENDIX B-2
TOTAL CHEMICAL ANALYSES
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APPENDIX B-3
COAL SLURRY CHEMISTRY
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APPENDIX B-4
COAL REFUSE CHEMISTRY
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APPENDIX B-5
MINERCLOGY ANALYSIS



B. Boone Clay Mineralogy Results Roger Kopper B/11/8%
Kote: These values should be used only as & guids
in cosparing the cozposition of the szsples. ]
The abeolute valuee eay vary 10-13% in sose cases.
S ———— i e e e —————————— L
Interstrat
Gample Wo. Seectite & Illite  Bmectite Vermiculite Chlorite [ilite  Kaplinite Bueriz
R37Z% 0 27 3 1 H U Z
k3953 0 § ¢ § & £5 £
R3%a63 0 ¢ 1 4 3 b1 4
R3Y7& { 75 { & £ 1o I
RaG14 g 35 13 i 10 e I
k4021 0 & 2 13 3 37 5
R5332 ] 10 b 10 2t 4 4
k5333 { 30 6 10 tg 26 4
5342 0 B b 7 : ? &
RETAE { 0 0 i 22 82 i
I, Bocne Clay Mineralogy Resulis floger Hopper 8/11/88
Yery Hich LRy
High 49 - 851
Hoderzte 157 - 40
Lok oho- L
Trac {51
Interctratificd
Gagple Ko, Seech: ite Gaectite Versituiite Lhlorite iiiite Kaslinite guaris
R332% Koderzte Trace Lok Boderate Hieh Trece
SHE Lok - Low Hoderate High Trace
R3TL3 - Trate Trece Koderete High Trace
(3§76 Very High - Low Low Los Trace
kasi Kogerate Low Low Low Mocerate Trace
R4G21 Low Traze Low Moderate  Moderate Trace
k&332 Low Lo Low Enderaie High Trace
RSN High - Low Lok Koderete Trace
R3IE2 Very High - Low Trace Trece Trace
RES4A - - Lew Mogerate High Trace




APPENDIX B-6
EXCHANGEABLE SODIUM PERCENT



Dave Boon C8U Soil Testing Lab
Room 6, Voc. Ed. Bldg.
Fort Collins, CO 80523

303~491-5061
Date:
Billing:
Research Soil Analysis
: Exch
Lab Sample Na CEC
# ID # meq/100g meq/100g ESP
R 3829 7.5 15.4 48.8
3953 7.3 13.0 55.9
3963 3.9 11.6 34.0
3976 10.1 27.8 36.3
4014 5.3 12.2 43.4
4021 3.2 13.8 23.2
5332 9.8 17.3 656.8
5333 16.7 21.2 74.1
5342 25.7 33.3 77.2
3.3 12.3 26.6



APPENDIX C
LABORATORY QA/QC



APPENDIX C-1
IML LABORATORY DATA
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mertnountain Latoratofries, Inc.

COLORADOC STATE UNIVERSITY

Sample Site: Wishbone Hills Process Water (clarified) from
Thickener Cverflow Test #2
Lab No: 897591

Date Sampled:
Date Received: 02/15/89

Lab PH, S.U. .. ittt ittt C e 8.2C
Lab Conductivity, umhos/cm @ 25C.......... 330C
Total Dissolved Solids (180), mg/l........ 244
Total Dissolved Scolids (calc), mg/l....... 213
Boron, MG/ l. . . . e e e 0.26
Fluoride, mg/l. ..t innni it .30
Ammonia Nitrogen as N, mg/l... ... .. ..., 0.16
Total Kjeldahl Nitrogen, mg/l........ e 0.6
Ortho Phosphorus as P, mg/l....... e e <0.001
Total Organic Phosphorus as P, mg/l....... C.196
Total Phosphorus as P, mg/l.......... e 0.305
Tetal Alkalinity as CaCC3, mog/l. . oo, . 124
Total Acidity as CaCO03, mg/l........ e <1
Total EHardness as CaC03, mg/l............. i83
Sodium Adsorption Ratio.............couv..v.. 0.19
Color, €ttt i et it it e e e e <1
Total Suspended Solids, mg/l... ... .... 258
Settleable Solids, ml/1l. ... i 1.5
mg/l meg/l
Bicarbonate as HCOZ3..... e i51 2.48
Carbonate as CC3.............. o 0.00C
Chloride. .. ittt 3.2 0.08
Nitrate as N, mg/l............ 0.058 <0.0:1
Nitrite as N, mg/l............ <0.01 <0.01
Sulfate. ittt e e e e 64 1.33
Calcium. .. ittt v e 49 2.44
Magnesium., . o v o v it i i e 5 1.22
Potassium............ e e . 2.0 0.05
Yoo BTk 1 6.0 0.26
Major AnionsS. . . v ittt i e 3.90
Major Cations. ... ..ttt i 3.97
Cation/Anion Difference......... ... 0.89 %
Trace Metals (Dissclived Concentrations), mg/l
Aluminum. ............. 0.1 Iron.............. . <0.05
Arsenic............... <0.005 Lead. . . i i, <0, 0
Baritm, . v« v i i v vnn o, <0.5 Manganese,........ v <0.02
Cadmium....... ..., ..., <0.002 o o ol T <0, 001
Chromiut......vvvuuu.. <0.02 Selenium.............. <0.005
CODPEr . . v e e . <0.C2 2inC . e e <0,03

Trace Metals (Total Concentrations), mg/l
Chromium, mg/l. . oo C.C4
Iron, MG/ . o e e e e e e 2.64
Manganese, mg/l........ ..., 0.05
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COLORADD STATE UNIVERSITY QUALITY ASSURAN
ATOMIC ABSORPTICON TRACE METAL ANALYSIS

Identification: EPA QC WS378-5,12,18, WP287-1

CE

{Analyzed concurrently with Wishbone Hills samples)

=]

Analyzed: February 16 - February 24, 1989
True 88% Confidence
Parameter Result Value Interveal
Arsenic, ug/l. .. . i i e 56.0 51.0 41.6-58.
Cadmium, ug/l... ... i, 8.0 7.4 5.3-8.8
Lead, ug/1...... e e e e e 36.0 34.0 27.6~39.
Mercury, ug/l.. ..., 3.1 3.0 2.16-3.8
Selenium, ug/l..... . i 23.0 25.0 17.4-28.

ICAP TRACE METAL ANALYSIS

Identification: EPA QC WP1083 ICAP-19, ICAP-7

W om0

{Analyzed concurrently with Wishbone Hills samples)

Analyzed: February 17, 198%
True

Parameter Result Value %¥ Recovery
Aluminum, g/ I.. .. i, 101 87.0 104,12
Barium, ug/l.. . i 101 87.0 104,12
Chromium, ug/l.. ... .. 100 103 97.1
Copper, g/ 1. ...ty 89g8.5 1C3 96.6
Iron, UG/ 1. it e e e 98.5 i02 96.6
Manganese, Ug/l. ... i, 98.0 102 96.1
Zinc, ug/i....... e et e 97.1 101 96.1
NUTRIENT ANALYSIS

Identification: EPA QC WP284, WP486, WS378

{Analyzed concurrently with Wishbone Hills samples)
Analvzed: February 16 - 22, 1989
True 95% Confidence

Parameter Result Valiue Interval
Ammonia as N, mg/1.... .. ... 2.09 2.00 1.78 ~ 2.1&
Nitrate as N, mg/l. . ..... ... ... .. 0.09 0.1 0.06 - .18
Total Kjeldahl as N, mg/i........ C.54 G.5&0 0.31 - .70
Orthophosphate as P, mg/1........ 0.497 0.50 0.46 ~ 0.54¢



APPENDIX C-2

INTERLABORATORY SPLIT SAMPLE ANALYSES
CORRELATION COEFFICIENTS



Simple Regression Xq{: CSU-PH  Yq: IML-PH

Count: R: R-sguared: Adj. R-squared: RMS Residual;
| 20 {.916 | 838 829 236
Analysis of Variance Table
Source DF: Sum Squares: Mean Square: F-test:
REGRESSION 1 5.205 5.205 93.241
RESIDUAL 18 1.005 056 p = .0001
TOTAL 19 6.21
No Residual Statistics Computed
Simple Regression Xy: CSU-PH  Y1:IML-PH
Beta Coefficient Table
Variable: Coefficient: Std. Err.; Std. Coeff.: {-Value: Probability:
INTERCEPT -1.795
SLOPE 1.183 123 916 §.656 .0001
Confidence Intervals Table
Variable: 95% Lower: 95% tpper: 90% Lower: 90% Upper:
MEAN (XY} 8.044 8.268 8.063 B.247
SLOPE 926 1.441 971 1,396




Simpie Regression Xq: CSU-EC  ¥q: IML-EC

Count: R: R-squared: Adj. R-squared: RMS Residual:
[20 l .B39 704 .687 .251
Analysis of Variance Table
Source DF: Sum Squares: Mean Square: F-test:
REGRESSION 1 2.684 2.684 42.729
RESIDUAL 18 1.131 063 p=.0001
TOTAL 19 3.815
No Residual Statistics Computed
Simple Regression Xq: CSU-EC  Yy: IML-EC
Beta Coefficient Table
Variable: Coefficient: Std. Err.: Std, Coeff. t-Value: Probability:
INTERCEPT 214
SLOPE .75 115 .8358 6.537 0001
Confidence Intervals Table
Variable: 895% Lower: 95% Upper: 90% Lower: 90% Upper:
MEAN (X,Y) 1 1.236 1.021 1.215
SLOPE 500 991 551 949




Simple Regression X1: CSU-SAT Yq: IML-SAT

Couni: R: R-sguared: Adj. R-squared: RMS Residual:
20 .978 958 854 4.3
Analysis of Variance Table
Source DF: Sum Sguares: Mean Square: F-test:
REGRESSION 1 7295.469 7295.469 384.481
RESIDUAL 18 332.889 18.404 p = .0001
TOTAL 19 7628.358
No Residual Statistics Computed
Simple Regression Xq: CSU-SAT Y4: IML-SAT
Beta Coefficient Table
Variable: Coefficient: Std. Err.: Std, Coefi.: t-Value: Probability:
INTERCEPT -8.8
SLOPE 1.13 .057 .978 19.862 0001
Confidence Intervals Table
Variable: 95% Lower: 95% Upper: 90% Lower: 90% Upper:
MEAN (X,Y) 32.27 36.31 32.622 35.958
SLOPE 1.01 1.25 1.031 1.229




Simple Regression X4: CSU-Ca Yq: IML-Ca

Count: R: R-squared: Adj. R-squared: RMS Residual:
20 l .878 .858 .953 A24
Analysis of Variance Table
Source DF: Sum Squares: Mean Square: F-test;
REGRESSION 1 89.428 69.428 386.608
RESIDUAL 18 3.232 .18 = 0001
TOTAL 19 72.68
No Residual Statistics Computed
Simple Regression X1: CSU-Ca Yq:IML-Ca
Beta Ceefiicient Table
Variable: Coefficient: Std. Err.. Std. Coeff.: t-Value: Probability:
INTERCEPT .324
SLCPE 1.174 .06 .978 19.662 .0001
Confidence Intervals Table
Variable: 95% Lower: 95% LUpper: 90% Lower: 90% Upper:
MEAN (X.Y) 1.552 1.851 1.587 1.916
SLOPE 1,048 1.299 1.07 1.277




Simple Regression Xq: CSU-Mg  Y1: IML-Mg

Count: g R-squared: Adj. R-squared: RMS Residual:
20 894 .989 .988 .132
Analysis of Variance Table
Source DF: Sum Sqguares: Mean Square: F-test;
REGRESSION 1 27.816 27.816 1587.377
RESIDUAL 18 315 .018 p = .0001
TOTAL 19 28.132
No Residual Statistics Computed
Simple Regression Xy: CSU-Mg  Yq: IML-Mg
Beta Coeflicient Table
Variable: Coefficient: Std. Err.; Std. Coeff.: t-Value: Probability:
INTERCEPT .071
SLOPE 1.098 .028 994 35.842 .0001%
Confidence Intervals Table
Variable; 85% Lower: 95% Upper:; 50% Lower: 80% Upper:
MEAN (X.Y} 642 766 653 755
SLOPE 1.039 1.154 1.049 1.144




Simple Regression X1: CSU-Na Yq:IML-Na

Count: R: R-squared: Adl. R-squared: RMS Residual:
20 I 911 .829 .82 l 3.304
Analysis of Variance Table
Source DF: Sum Squares: Mean Square: F-iest:
REGRESSION 1 953.246 953.246 87.325
RESIDUAL 18 196.49 10.916 p = .0001
TOTAL 19 1149.736
No Residual Statistics Computed
Simple Regression X1: CSU-Na  Y4:IML-Na
Beta Coefficient Table
Variable: Coefficient: Std. Err.: Sid. Coeff.; t-Value; Probability:
INTERCEPT .028
SLOPE 1,143 122 811 9.345 .0001
Confidence Intervals Table
Variable: 95% Lower: 95% Upper: 90% Lower: 9C% Upper:
MEAN (X.Y) 10.565 13.67 10.836 13.399
SLOPE .886 1.4 .931 1.355




Simple Regression X{: CSU-SAR Yq:IML-SAR

Count: R: B-squared: Adi. R-squared: BMS Residual:
[20 i 801 1.642 | 622 {8.847
Analysis of Variance Table
Scurce DF: Sum Squares: Mean Square; F-test:
REGRESSION 1 2525513 2525.513 32.27
RESIDUAL 18 1408.708 78.261 p =.0001
TOTAL 19 3834.219
No Residual Statistics Computed
Simple Regression Xq: CSU-SAR  Yq:IML-SAR
Beta Coefficient Table
Variable: Coefficient: Std. Err.: Std. Coefi.: t-Value: Probability:
INTERCEPT 5.553
SLOPE .392 .069 .801 5.681 0001
Confidence Intervals Table
Variable; 95% Lower: 85% Upper: 90% Lower; 90% Upper:
MEAN (X,Y) 13.342 21.655 14.068 20.829
SLOPE 247 537 272 511




Simple Regression Xq: CSU-SAND  Yy: IML-SAND

Count: R R-squared: Adj. R-squared: RMS Residual;
20 505 255 214 l 13.203 ]
Analysis of Variance Table
Source DF: Sum Sguares: Mezan Square: F-test:
REGRESSION 1 1076.712 1076.712 B8.177
RESIDUAL 18 3137,797 174.322 p =.023
TOTAL 18 4214.51
No Residual Statistics Computed
Simple Regression Xq: CSU-SAND  Yq: IML-SAND
Beta Coefficient Table
Variable: Coefficient; Std. Err.: Std. Coefi.: t-Value; Probability:
INTERCEPT 50.024
SLOPE 482 .186 505 2.485 .023
Cenfidence intervals Table
Variable: 95% Lower: 95% Upper: 90% Lower: 90% Upper:
MEAN (XY} 64.852 77.298 65.875 76.215
SLOPE 071 .853 .14 .785




Simple Regression X4: CSU-SILT  Y4: IML-SILT

Count: R: R-squared: Adj. R-squared: BMS Residual:
20 .549 l .301 262 9.279
Analysis of Variance Table
Source DF: Sum Sguares: Mean Square: F-tast:
REGRESSION 1 667.958 667.958 7.758
RESIDUAL 18 1548.782 86.1 p=.0122
TOTAL 19 2217.75
No Residual Statistics Computed
Note: 1 case deleted with missing values.
Simple Regression Xy: CSU-SILT  Yq: IML-SILT
Beta Coefficient Table
Variable: Coefficient: Siud, Err.: Std. Coeff.: t-Value: Probability:
INTERCEPT 11.797
471 169 549 2.785 .0122
Cenfidence Intervals Table
Variable: 95% Lower: 95% Upper: 90% Lower: S90% Upper:
MEAN (X,Y) 16.89 25.81 17.652 24.848
SLOPE 118 .827 178 .765




Simple Hegression X1: CSU-CLAY ¥q: IML-CLAY

Count: R: R-squared: Adj. R-squared: BMS Residual:
20 ! 183 033 [ .02 4.427
Analysis of Variance Table
Source DF: Sum Squares: Mean Square: F-test:
REGRESSION 1 12.165 12.165 621
RESIDUAL 18 352.784 18.599 p =441
TOTAL 15 364.949
No Residual Statistics Computed
Simple Regression Xq: CSU-CLAY  Yq:IML-CLAY
Beta Coefficient Table
Variable: Cosfficient: Std. Err.: Std. Coeff.: t-Value: Probability:
INTERCEPT 4.704
SLOPE .086 .109 .183 .788 .441
Confidence Intervals Table
Variable: 95% Lower: 95% Upper: 90% Lower: 90% Upper:
MEAN (X.Y) 5.575 9.735 5.938 9,372
SLOPE -.143 315 - 103 .275




Simple Regression X1: CSU-TOTAL S Yq:IML-TOTAL S

Count: R: R-squared: Adj. R-squared: BMS Residual:
[ 20 | 907 | 823 813 {023
Analysis of Variance Table
Source DE: Sum Squares: Mean Square: F-test:
REGRESSION 1 .042 .042 83.451
RESIDUAL 18 .008 .001 p = .0001
TOTAL 19 051
No Residual Statistics Computed
Simple Regression Xq: CSU-TOTAL S Yq:IML-TOTAL S
Beta Coefficient Table
Variable: Coeflicient: Std. Err.; Std. Coeff.: -Value: Probability:
INTERCEPT 075
SLOPE 755 .083 807 8.135 0001
Confidence Infervals Table
Variable: 95% Lower: 95% Upper: 90% Lower; 90% Upper:
MEAN (X.Y) 105 126 107 124
SLOPE 582 .929 812 .899




Simple Regression Xq: CSU-CaC03  Yq:IML-CaCO3

Count: R: R-squared: Adj. R-squared: RMS Residual:
20 I 709 502 474 [ 1.84
Analysis of Variance Table
Source DF: Sum Squares: Mean Square: -test:
REGRESSION 1 61.402 61.402 18.143
RESIDUAL 18 60.916 3.384 p =.0005
TOTAL 19 122.321
Neo Residual Statistics Computed
Note: 1 case deleted with missing values.
Simple Regression Xq: C5U-CaC03  Yq: IML-CaCO3
Beta Coefficient Table
Variabla; Coefficient; Std. Err.: Std. Coeff.: t-Value: Probability:
INTERCEPT 2.664
SLOPE A78 J12 709 4.253 .0005
Confidence Intervals Table
Variable: 95% Lower: 95% Upper: 90% Lower: 90% Upper:
MEAN (X.Y) 3.12 4.848 3.271 4.687
SLOPE .242 713 283 672




Simple Regression Xq: CSU-ABP  Y4: IML-ABP

Count: R: R-squared: Adj. R-squared: BMS Residual:
{20 721 519 493 18.309 1
Analysis of Variance Table
Source DF: Sum Sqguares: Mean Square: F-test:
REGRESSION 1 6518.577 6518.577 19.447
RESIDUAL 18 6033.64 335.202 p =.0003
TOTAL 19 12552217
No Residual Statistics Computed
Simple Regression Xy: CSU-ABP  Y1: IML-ABP
Beta Coefficient Table
Variable: Coefficient: Std. Err.: Std. Coefi: 1-Value: Probability:
INTERCEPT 23.602
SLOPE .484 .11 721 4.41 .0003
Confidence Intervals Table
Variable: 95% l.ower: 85% Upper 90% Lower: 90% Upper:
MEAN (X.Y) 27.628 44831 29.13 43.329
SLOPE 253 714 294 674




Simple Regression Xq: CSU-NITRATE,NITROGEN Y4: IML-NITRATE,NITROGEN

Count: R: R-squared; Adi. R-squared; RMS Residual:
l20 498 248 .206 1.072
Analysis of Variance Table
Source DF: Sum Squares: Mean Sguare; F-test:
BEGRESSION 1 §.822 6.822 5.94
RESIDUAL 18 20.672 1.148 p =.0254
TOTAL 19 27.493

No Residual Statistics Computed

Simpie Regression Xq: CSU-NITRATE,NITROGEN  Yq: IML-NITRATE,NITROGEN

Beta Coefficient Table

Variable: Coefficien:: Std. Err.: Std. Coeff.: t-Value: Probability:
INTERCEPT 5.711
SLOPE 605 .248 498 2.437 0254

Confidence Intervals Table
Variable; 95% Lowaer:; 95% Upper: 90% Lower: 90% Upper:
MEAN (X,Y) 5.508 8.514 5.595 8.427
SLOPE .083 1.127 175 1.036




Simple Regression X1: CSU-BORON  Y1: IML-BORON

Count: R: RB-squared: Adj. R-squared: BMS Residual:
20 195 038 _016 L 119
Analysis of Variance Table
Source DF: Sum Sguares: Mean Square: F-test:
REGRESSION 1 .01 .01 .71
RESIDUAL 18 253 014 p =.4106
TOTAL 19 .263

No HResidual Statistics Computed

Simple Regression Xy: CSU-BORON  Yq: IML-BORON

Beta Caoefficient Table

Variable: Coefficient: Std. Err.: Std. Coeff.: t-Value: Probability:
INTERCEPT .344
SLOPE -.308 367 -.195 .842 4108

Confidence Intervals Table
Variable: 95% Lower: 95% Upper: 90% Lower: 90% Upper:
MEAN {X.Y) .2 .311 .21 .301
SLOPE -1.08 462 -.945 327




Simple Regression X1: CSU-SELENIUM  Yq: IML-SELENIUM

Count; R: R-sguared: Adj. R-squared: BMS Residual:
20 596 355 319 | 023
Analysis of Variance Table
Source DF: Sum Squares: Mean Square: F-test:
REGRESSION 1 .005 005 9.884
RESIDUAL 18 .009 .001 D = 0058
TOTAL 19 .014
No Residual Statistics Computed
Simple Regression X1: CSU-SELENIUM  Yq: IML-SELENIUM
Beta Coefficient Table
Variable: Coefficient: Std. Err.: Std. Coeff.: t-Value: Probability:
INTERCEPT .045
SLOPE 212 .067 .586 3.145 .0056
Confidence Intervals Table
Variable: 95% Lower: 95% Upper: 90% Lower: 80% Upper:
MEAN (X.Y) 056 077 .058 .075
SLOPE .07 .354 .095 329




APPENDIX C-3
INTERLABORATCORY CORRELATION PLOTS



y= 1.183x - 1.793, r2 = .838
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y =.75x + .214,r2 =.704
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IML-SAT
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y = 1.13x - 8.6, r2 = .956
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IML-Ca
QO = N W A ® N @ o

y = 1.174x + .324, 12 = .956
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IML-Mg

y = 1.096x + .071, r2 = .989
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y =1.143x + .028, r2 = .829
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IML-SAR

y = .392x + 5.553, 12 = .642
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IML-SAND

y = .462x + 50.024, 12 = .255
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APPENDIX E
GECPHYSICAL LOGS



Geophyslcal logs are included for

NOTE:

FPB~60
FB-69A
PB-T74
PB-80
FB-84
PB-~85
PB~-92
PB-101
PB~-107

the following borsholes:

pB-108
PB-1
PB~13rd
PB~19
PR~-48
PB-70
PE~T3A
PB-36
PE-100

Geophysical logs were not completed for boreholes PB-8T,
PE~105 and PB~109%: however, hole sample logs are inciuded
for PR~87 and PB-109. A core descripticn is included for

PB~105.
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