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R645-301-600 GEOLOGY

R645-301.610 INTRODUCTION

This section describes the geologic conditions in the proposed Coal Hollow Mine permit and
adjacent areas.

61 1 GENERAL REQUIREMENTS

A charactenzation of the geology within and adjacent to the proposed Coal Hollow Mine permit
area is given in sections R645-301-621and R645-301-627. A description of the proposed operating
plan for the casing and sealing of exploration holes and boreholes is presented in R645-301-630.

612 CERTIFICATION OF CROSS SECTIONS, MAPS, AND PLANS

All cross sections, maps and plans as required by R645-301-622 have been prepared and certified as
described under R645-301-512.100. The cross sections and maps that are included inthis permit
application and are required to be certified have been prepared by or under the direction of a
qualified, registered, professional engineer or a professional geologist, with assistance from experts
in related fields such as hydrology, geology and landscape architecture.

R645.30 I.620 ENVIRONMENTAL DESCRIPTION

R64s-30 r-621 GENERAL REQUIREMENTS

Description of Regional Geology

The coal to be mined at the proposed Coal Hollow Mine permit rrea is of Cretaceous age and
resides in the Alton Coal Field of southwestern Utah. The Alton Coal Field is a roughly horseshoe-
shaped region that is situated between the Kaiparowits Coal Field to the east, and the Kolob Coal
Field to the west.

The topography in the Alton Coal Field is marked by bench and slope topography. Topographic
relief in the region is approximately 2,800 feet, with elevations ranging from about 9,300 feet ontop
of the Paunsaugunt Plateau, to about 6,500 feet in the valley bottoms. The economic coal seams are
located primarily along the western and southern flanks of the Paunsaugunt Plateau.

The geologic history, geology, stratigraphy, and structure of the Alton Coal Field have been
described by Doelling (1972) and Tilton (Appendix 6-3; 2001) and are summarized below. A map
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of geologic formations exposed at the surface in the proposed Coal Hollow Mine permit area is
shown in Drawing 6- 1 . A cross-section showing the regional geologic conditions in the Alton Coal
Field is presented in Drawing 6-9.

Geologic Historyt

During the Jurassic, sediment deposition into a slowly subsiding basin occurred, mostly by fluvial
or eolian mechanisms. Later, during the Upper Jurassic, the area was intermittently inundated by a
shallow, restrictive sea, with the accompanying deposition of sediments eroded from Mesozoic
rocks to the south and west. Subsequently, prior to the end of the Lower Cretaceous, a broad uplift
centered west of the Paunsaugunt area occurred, resulting in the erosion of the uplifted areas.
Subsequently, to the east, the rock sequence down to the Entrada Formation was eroded away. To
the west, the rock sequence down to the Carmel was eroded away. After additional erosion of the
region occurred, during the latest Cretaceous or earliest Upper Cretaceous, the land subsided and the
region was covered with sediments. The source of these sediments lay mostly to the west and
perhaps also to the south. As the Cretaceous Interior Seaway migrated westward, rock deposition
occurred in fluvial, paludal, lagoonal and perhaps nearshore marine environments during
transgressions and regressions of the seaway. This deposition resulted in the formation of the rocks
of the Dakota Formation, which include the economic coal seams of the Alton Coal Field. The two
principal coal seams of the Dakota Formation were formed during this period, one near the
beginning and the other near the end of Dakota time. After the deposition of the Dakota Formation,
the area experienced marine conditions as the Cretaceous Interior Seaway encroached westward
toward eastern Iron County, resulting in the deposition of the marine shales of the Tropic Shale.
After the subsequent eastward regression of the seaway, nearshore sand deposition occurred,
resulting in the deposition of the Straight Cliffs Formation. Deposition of the Wahweap and
Formation occurred as floodplains developed and an alternating sequence of sandstones and shales
was deposited. Subsidence then ceased for a time and uneven erosion of the region occurred.
Subsequent fluvial deposition resulted in the deposition of the Kaiparowits Formation on the
erosional surface. Later, in the early Tertiary period, the area subsided and was filled with a lake in
which the carbonate sediments of the Claron Formation were deposited. Thereafter, volcanism
became active to the west and spread to the margins of the Paunsaugunt. Various agglomerates and
volcanic breccias were deposited along the westem margin of the plateau. Late in the Tertiary
period, the Sevier and Paunsaugunt Fault systems became active. During the Pleistocene, several
cinder cones developed which extruded olivine basalts. These include Bald Knoll, Buck Knoll, and
others.

Stratigrapht

Stratigraphic units present in the Alton Coal Field area are described in ascending order below. A
stratigraphic column showing these geologic formations is shown in Drawing 6-10. A
diagrammatic correlation of Cretaceous units in southern and south-central Utah is shown in
Drawing 6-4.
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l,{avaj o Sandstone (Low er Jurassic.\

The Navajo Sandstone is a light gray to tan, locally cross-bedded massive eolian sandstone that
underlies the region. Where exposed south of the Alton area, it forms the regionally prominent
White Cliffs topographic feature. The Thousand Pockets Tongue of the Navajo Sandstone
intertongues with the overlying Carmel Formation. Thickness of the Navajo Sandstone exceeds
1,000 feet in the Paunsaugunt Plateau region. The Navajo Sandstone does not crop out in the
proposed Coal Hollow Mine permit area.

Carmel Formation (Upper Juras sic.\

The Carmel Formation unconformably overlies the Navajo Sandstone in the region. The Carmel
Formation is heterogeneous and consists of limestone, siltstone, sandstone, and gypsum beds. The
formation has been subdivided into several members by previous researchers. These include the
Wiggler Wash Member, the Winsor Member, the Paria River Member, the Crystal Peak Member,
and the Kolob Limestone Member. The thickness of the Carmel Formation ranges from about 650
to 800 feet in the Alton Coal Field area and the formation thickens to the west. The Winsor
Member of the Carmel Formation crops out in the bottom of the Kanab Creek drainage about one
mile south of the proposed Coal Hollow Mine permit area.

Entr ada Sandstone Upper Jur as s ic,\

The Entrada Sandstone, which may be as thick as 500 feet regionally, is present above the Carmel
Formation in the eastern portion of the Alton Coal Field. The formation consists predominantly of
siltstone and cross-bedded or fine-grained massive sandstone. The formation is not present in the
proposed Coal Hollow Mine permit area.

Dakota Formation (Cr etaceous.)

The Dakota Formation contains the economic coal seams in the Alton Coal Field. The formation
consists of fine- to medium-grained sandstone with interbedded gray shale, carbonaceous shale, and
coal. In most locations, shaley strata dominate the formation, comprising about 60 to 7 5 percent of
the formation. The unit characteristically forms ledge and slope topography. In the proposed Coal
Hollow Mine permit and adjacent area the Dakota Formation directly overlies the Carmel
Formation. Regionally, the outcrop of the Dakota Formation forms the Gray Cliffs topographic
feature. The economic coal seams in the Alton Coal Field are present near the base (Bald Knoll
coal zone) and near the top of the formation (Smirl coal zone). Local thinner coal seams that are not
of economic importance are present in the center of the formation. The thickness in the western
portion of the Alton Coal Field is about 450 feet. In the eastern portion of the Alton Coal Field, the
Dakota Formation is about 150 feet thick and rests on the Entrada Sandstone.
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Tropic Shale (Cre tace ous.\

The Tropic Shale consists predominantly of gray and carbonaceous silty shale and claystone with a
few marine sandstone beds located mostly in its upper part. The formation typically weathers at the
surface to a clayey soil that typically forms gentle, vegetated slopes. The Tropic Shale is present (in
some locations covered with shallow alluvial or colluvial deposits) at the land surface over most of
the proposed Coal Hollow Mine permit area. The formation was deposited in an open-marine
offshore environment during the maximum westward transgression of the Cretaceous Westem
Interior Seaway inthe Late Cretaceous (Tilton,2001). Nearthe top of the formation, more sandy
horizons are interbeddedwiththe mudstone units of the formation. These sandy units together with
the sandstone at the base of the overlying Straight Cliffs Formation reflect the initial sand influx
onto the marine environment of the Tropic Shale. The thickness of the Tropic Shale in the Alton

Quadrangle is about 700 feet. In areas planned for mining at the proposed Coal Hollow Mine
permit area, only the lower200to250 feet of the Tropic Shale is present. The middle and upper
portions of the formation having been removed from proposed mining areas by erosion in Sink
Valley.

Information obtained from continuous core drilling in the Tropic Shale in planned mining areas in
the proposed Coal Hollow Mine permit area indicates that the lower 200 to 250 feet of the
formation consists of a fairly uniform sequence of soft, dark gray silty shale or thinly bedded
claystone with occasional thin lenses of siltstone and occasional layers of bentonite-like clay being
present. Strong, competent rock strata that could be of consequence to surface mining operations
were not encountered in any of the boreholes. Drilling information obtained from the Tropic Shale
during the 2005 drilling program is presented in Appendix6-4. Physical and chemical information
from the Tropic Shale are presented in Appendix6-2. The locations of the2005 boreholes are
shown in Appendrx 6-4 and also on Drawing 6-5.

Straight Clffis Formation (Cretaceous.\

The Straight Cliffs Formation is approximately 7,200 feet thick in the Alton Quadrangle. The
formation is comprised predominantly of calcite-cemented sandstone and mudstone, with sandstone
composing about 75 percent of the total composition. The sandstones of the Straight Cliffs
Formation make up the lower two-thirds of the ledges radiating out from the southern Paunsaugunt
Plateau. Four members of the Straight Cliffs Formation have been identified in the Alton

Quadrangle by Tilton (2001). These include the Tibbet Canyon Member (orange-gray weathering
fine- to medium grained sandstone), the Smoky Hollow Member (interbedded sandstone, mudstone,
and thin coal), the John Henry Member (interbedded mudstone and fluvial sandstone), and Drip
Tank Member (light-gray cliff forming sandstone). The Straight Cliffs Formation outcrops on the
hillsides east and north of the proposed Coal Hollow Mine permit area.

Wahweap and Kaiparowits Formations (Cretaceous.\

The Wahweap Formation is composed of alternating sandy shales and thin- to thick-bedded
sandstones. The unit contains carbonaceous shale and thin coal beds that are not of economic
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importance in its lower part. The unit forms step-like topography. Regionally, the Wahweap
Formation is separated from the overlying Kaiparowits Formation by an unconformity. Erosion of
both the Wahweap and Straight Cliffs Formations prior to the deposition of the Kaiparowits
Formation may have locally reduced the thicknesses of these formations inthe vicinity of the
Paunsaugunt Plateau. The Kaiparowits Formation is composed of irregular beds of arkosic
sandstone. The sandstone is weakly cemented by calcite cement. Because of difficulties identiffing
mappable boundaries between the Wahweap and Kaiparowits Formations in the Alton Quadrangle,
the formations were mapped as an undivided unit (Tilton,2001). The total thickness of the
Wahweap and Kaiparowits Formations in the Alton Quadrangle ranges from about 600 to 800 feet.

C I ar on F or mat io n (f er ti ary\

The Claron Formation (also sometimes known as the Wasatch Formation, although the Utah
Geological Survey uses the name Claron Formation) forms the cap rock over much of the
Paunsaugunt Plateau. The formation is also present west of the Sevier Fault Zone west and north of
the town of Alton. The unit is subdivided into a lower pink (also known as red) member and an
upper white member, both consisting mostly of massive, fine-grained crystalline limestone of
fluvial and lacustrine origin. Resistance to erosion varies both vertically and horizontally in the
Claron Formation, resulting in a series of cliffs and steep joints. This condition, together with the
presence of closely spaced joints, produces the unique topography associated with the Claron
Formation. The Claron Formation is about 800 thick in the Alton Quadrangle. Also mappeC
together with the Claron Formation in the Alton Quadrangle is the Cretaceous Canaan Peak
Formation. The Canaan Peak is a thin, discontinuous formation consisting primarily of
conglomerate and conglomeratic sandstone with some mudstone interbeds sometimes present at the
base of the Claron Formation. Thickness of the Canaan Peak Formation locally ranses from 0 to 30
feet.

Brian Head Formation (fertiaryl\

The Brian Head Formation consists of interbedded pink and purplish-gray very fine-grained
sandstone, friable sandstone, conglomerate, siltstone, mudstone, and limey mudstone in its lower
part, and gray to white, fine- to medium-grained sandstone and calcarenite, in part with a
volcanically derived clay matrix. The formation includes rocks present above the underlying white
member of the Claron Formation and the overlying ash-flow tuff of the Needles Range Group. The
unit is not resistant to erosion and has been eroded away from the top of the Paunsaugunt Plateau in
the Alton Quadrangle. The formation is present inthe rugged hills west of the Sevier Fault Zone
near the town of Alton. The unit is about 200 feet thick in the Alton Quadrangle.

Ouaternaryt Deposits

Quaternary deposits present in the proposed Coal Hollow Mine permit area include pediment
alluvium, landslide deposits, mass-wasting debris, and alluvial fan deposits. Narrow deposits of
stream alluvium are present immediately adjacent to some stream channels.
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The pediment alluvium deposits inthe region consist of poorly sorted alluvial and colluvial silt,
sand, and gravel deposited on broad pediments. After deposition, the pediment surfaces were
abandoned as streams have cut down to lower levels.

Landslide deposits in the area are primarily gravity-transported hummocky deposits of mud, sand,
and occasional blocks of sandstone. Most of the landslide deposits originated from the lower
portion of the Straight Cliffs Formation and slid onto the underlying Tropic Shale, although
movement within the Tropic Shale has also occurred. A conspicuous series of progressively built
landslide deposits is present east of the Alton Amphitheater as a broad, rolling apron below the
lowest cliffs of the Straight Cliffs Formation. The thickness of the landslide deposits locally ranges
from a few feet to more than 100 feet.

Alluvium deposits in the region consist of unconsolidated clay, silt, sand, and gravel in and near
existing drainages. These deposits exist as stream and fan alluvium and terrace deposits. In the
headwaters of the mountain streams, the alluvial material consists predominantly of sand and gravel.
In downstream areas, the alluvial material consists mostly of mud derived from the Tropic Shale.
Alluvial thickness in the Alton Quadrangle typically ranges from a thin covering to about 10 feet or
more.

In the Sink Valley and Lower Robinson Creek drainages near the proposed Coal Hollow Mine
permit area, drilling information indicates that alluvial thicknesses are in some locations
considerably greater. Alluvial thicknesses measured in the permit and adjacent area range from a
thin veneer overlying bedrock formation in many areas to at least 140 feet in thickness along the
eastem margins of Sink Valley (see Drawing 6-3). Much of the land surface in the proposed Coal
Hollow Mine permit area consists of fan alluvium (mostly composed of clays, silts, and fine-grained
sands) derived largely from the highly erodable Tropic Shale in adjacent highland areas east of the
proposed permit area. Field investigations suggest that these fan deposits are associated with
sheetfloods, debris flows and mud flows. Additional geologic information on alluvial deposition in
the proposed Coal Hollow Mine permit and adjacent area is presented in AppendixT-L.

An igneous dike consisting of black, fine-grained porphyritic olivine basalt is present northeast of
Alton near Kanab Creek.

Structure

Rock strata in the region dip gently toward the north and north-east, generally from I to 5 degrees.
The Alton Coal Field is bounded on the east by the Paunsaugunt Fault and on the west by the Sevier
Fault. Regional displacements on these two faults are about 1,000 to 2,000 feet, and 100 to 800
feet, respectively. Additionally, several faults with lesser displacements have been mapped in the
region, including the Sand Pass Fault zone (about 400 feet of offset), the Bald Knoll Fault (about
650 feet of offset), and the Sink Valley Fault (likely a few tens of feet of offset). Most local faults
in the Alton Quadrangle trend in a northerly or north-westerly direction, are several miles long, and
are near vertical. A preminent north- to northwest-trending vertical joint set is present in the Upper
Cretaceous sandstone rocks in the region. Stratal dips vary appreciably near the fault zones.
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Description of Coal Seam Geology

The coal seams in the Alton Coal Field are located in the Smoky Hollow Member of the Straight
Cliffs Formation, and in the Dakota Formation. The coal seam in the Smoky Hollow Member,
which occurs within the lower 3 feet of the Member, is only a few inches in thickness and is not of
economic importance. Within the Dakota Formation, two regionally important coal zones are
present. These include the Smirl coal zone, which is located near the upper formational contact
with the Tropic Shale, and the Bald Knoll coal zone, which is located about 200 feet below the
Smirl coalzone near the base of the Dakota Formation. Doelling (1972) reported that the Smirl coal
zone is 14 to 18 feet thick without splits, while the Bald Knoll coal zone contains several coal seams
separated by thin splits, with the thickest seam being 4.8 feet thick. Doelling (1972) reports that
coal in the Alton area is a high-volatile Bituminous coal. Additional information on coal quality is
presented in Appendix 6-1 (confidential binder).

The coal seams in the Alton Coal Field are located in the Smoky Hollow Member of the Straight
Cliffs Formation, and in the Dakota Formation. The coal seam in the Smoky Hollow Member,
which occurs within the lower 3 feet of the Member, is only a few inches in thickness and is not of
economic importance. Within the Dakota Formation, two regionally important coal zones are
present. These include the Smirl coal zone, which is located near the upper formational contact
with the Tropic Shale, and the Bald Knoll coal zone, which is located about 200 feet below the
Smirl coal zone near the base of the Dakota Formation.

Within the Alton Quadrangle, five small mines and two prospects have been worked. Production
from these mines was small, with atotal production from all mines of 35,000 and 50,000 tons from
the late I 920s to 1969, when the last mine closed. The last operating mine in the Alton Coal Field
was the Smirl Mine, which was located about 1.5 miles south of the town of Alton. In its last year
of operation, a total of 7,597 tons of coal was produced. The Smirl Mine portal was sealed by the
Utah Division of Oil. Gas and Mining tn 1992.

622 CROSS.SECTIONS, MAPS AND PLANS

622.100
Elevations of the coal seam to be mined and locations of drill holes are listed in Table 6-1 and
shown in Drawing 6-5. Drill hole collar elevations and intervals cored and plugged are shown in
Table 6- 1 .

622.200
The depth andthickness of surrounding strata are shown on a stratigraphic column in Drawing 6-10.
Additional information regarding thicknesses of strata in the proposed Coal Hollow Mine permit
area from drilling information is given in Appendix 6-4. Information on the thickness of the Smirl
coal zone is listed in Table 6-1. A Smirl coalzone thickness isopach map is presented in Drawing
5-14. Two cross-sections through the proposed Coal Hollow Mine permit area, showing
stratigraphic relationships, approximate overburden thickness, and coal seam thickness, together
with a cross-section location map are presented in Drawings 6-6, 6-7, and 6-8. Two additional
cross-sections showing stratigraphic relationships, approximate overburden thicknesses, and
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approximate coal seam thicknesses are shown in Drawing 6-3. A geologic cross-section depicting
regional stratigraphic relationships is shown in Drawing 6-9. An overburden isopach map is
provided in Drawing 5-15.

Representative drill hole logs depicting the nature, depth and thickness of the coal seam to be mined
and rider seams inthe overlying strata and the nature of the Dakota Formation strata immediately
below the coal seam to be mined are presented in Appendix 6-4. No rider seams are present in the
overburden strata in the proposed coal mining area.

622.300
The outcrop line of the seam to be mined (Smirl coal zone) is shown on the geologic map in
Drawing 6- 1 . The strike and dip of the Smirl coal zone in the permit area is also shown on
Drawings 6-1 and 6-6.

622.400
No oil and gas wells exist within the proposed Coal Hollow Mine permit area.

623 GEOLOGIC INFORMATION

623 .100 Acid or Toxic-Forming Strata

No acid-forming or toxic-forming strata are present in strata overlying or in the stratum immediately
below the Smirl coal seam in planned mining areas in the proposed Coal Hollow Mine permit area.

Chemical information on the acid- and toxic-forming potential of earth materials naturally
present in the proposed permit area are presented in Appendrx 6-2. Chemical information on the
low-sulfur Smirl coal zone proposed for mining is presented in Appendix 6-1 (confidential
binder). Based on laboratory analytical data, it is apparent that acid-forming and toxic-forming
materials that could result in the contamination of surface-water or groundwater supplies in the
proposed Coal Hollow Mine permit and adjacent area are generally not present.

Selenium was not detected in any of the samples from the proposed Coal Hollow Mine permit
area. Likewise, concentrations of water-extractable boron were also low, being less than 3
mg/kg in all samples analyzed. The pH of groundwaters in and around the proposed Coal
Hollow Mine permit area are moderately alkaline. Data in Appendix 6-2likewise indicate
moderately alkaline conditions in sediments in the proposed permit area. The solubility of
dissolved trace metals is limited in waters with alkaline pH conditions. Consequently, high
concentrations of these metal constituents in groundwaters and surface waters with elevated pH
levels are not anticipated.

The neutralization potential greatly exceeded the acid potential in all samples analyzed, with the
neutralization potential commonly exceeding the acid potential by many times, suggesting that
acid-mine-drainage will not be a concern at the proposed Coal Hollow Mine. Acid-forming
materials in western coal mine environments often consist of sulfide minerals, commonly
including pyrite and marcasite, which, when exposed to air and water, are oxidized causing the
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liberation of H* ions (acid) into the water. Oxidation of sulfide minerals may occur in limited
amounts in the mine pits where oxygenated water encounters sulfide minerals. However, the acid
produced by pyrite oxidation is quickly consumed by dissolution of abundant, naturally
occurring carbonate minerals (Appendix 6-2). Dissolved iron is readily precipitated as iron-
hydroxide in well aerated waters, and consequently excess iron is not anticipated in mine
discharge water.

Other acid-forming materials or toxic-forming materials have not been identified in significant
concentrations nor are such suspected to exist in materials to be disturbed by mining.

Because of the overall low-permeability of the rock strata and sediments surrounding the mine
workings (primarily the shales and claystones of the lower Tropic Shale), the potential for
seepage of mine water into adjacent stratigraphic horizons is low. Additionally, because the
floors of the mine pits need to be accessible in order to extract the coal, the mining operations
will be carried out in such a manner that the accumulation of larqe amounts of water in the mine
pits will be avoided.

Based on the information in Appendix 6-2 there is no indication that appreciable potential for acid
or toxic formation is present.

It is anticipated that coal produced from the proposed Coal Hollow Mine will be shipped as a mine-
run product. Thus, no coal processing wastes are anticipated.

623.200 Reclamation Feasibility

Based on the proposed mine plan and the existing geologic and hydrogeologic conditions
encountered at the propose Coal Hollow Mine permit and adjacent area, it is anticipated that
successful reclamation of the site will be feasible. Additional information on the feasibility of
reclamation at the proposed Coal Hollow Mine permit area is given in Chapter 2 (soils) and Chapter
3 (biology) of this MRP. There are no special categories or circumstances associated with mining at
the proposed Coal Hollow Mine permit area that would render reclamation unfeasible.

Most of the materials that will be handled as part of mining and reclamation activities in the
proposed Coal Hollow Mine area are of low hydraulic conductivity (i.e. clays, shales, siltstones,
claystones, etc.). Consequently, it is anticipated that groundwater seepage volumes through
backfilled and reclaimed land surfaces in reclaimed mine pit areas and excess spoils storage
areas will not be large. Additionally, reclaimed areas will be regraded, sloped, and otherwise
managed to minimrze Lhe potential for land erosion, to restore approximate surface-water
drainage patterns, and also to minimize the potential for ponding of surface waters on reclaimed
areas (other than "roughening" or "gouging" of some areas to enhance reclamation). Thus, the
potential for interactions between large amounts of disturbed earth materials and groundwaters
and surface waters, which could result in leaching of chemical constituents into groundwater and
surface-water resources, will be minimized.

Additionally, the mining plan calls for the emplacement of 40 inches of suitable cover material
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over backfilled areas made up of material types which could negatively impact vegetation
(materials with elevated SAR ratios or other physical or chemical characteristics that could cause
appreciable adverse impacts on vegetation).

Several investigations involving reclamation of surface disturbed areas in the vicinity have been
performed by other entities. These included the use of test plots to measure reclamation feasibility
and success. The results of these investigations have been presented in published documents
(Ferguson and Frischknecht 1985; USDI 1975). These investigations have demonstrated the
feasibility of successful reclamation in the area.

623-300 Subsidence Control Plan

The proposed mining in the proposed Coal Hollow Mine permit area does not include underground
coal mining activities. This section is not applicable.

624 GEOLOGIC DESCRIPTION

624.100 Regional and Structural Geology

The coal to be mined in the proposed Coal Hollow Mine permit area is of Cretaceous age and
resides in the Alton Coal Field of southwestern Utah. The Alton Coal Field is a roughly horseshoe-
shaped region that is situated between the Kaiparowits Coal Field to the east, and the Kolob Coal
Field to the west.

The topography in the Alton Coal Field is marked by bench and slope topography. Topographic
relief in the region is approximately 2,800 feet, with elevations ranging from about 9,300 feet on top
of the Paunsaugunt Plateau, to about 6,500 feet in the valley bottoms. The economic coal seams are
located primarily along the western and southern flanks of the Paunsaugunt Plateau.

The geologic history, geology, stratigraphy, and structure of the Alton Coal Field have been
described by Doelling (1972) and Tilton (Appendix 6-3 ;2001) and are summarized below. A map
of geologic formations exposed at the surface in the proposed Coal Hollow Mine permit area is
shown in Drawing 6-1. A cross-section showing the regional geologic conditions in the Alton Coal
Field is presented in Drawing 6-9.

Stratigraph:t

Stratigraphic units present in the Alton Coal Field area are described in ascending order below. A
stratigraphic column showingthese geologic formations is shown in Drawing 6-10. A
diagrammatic correlation of Cretaceous units in southern and south-central Utah is shown in
Drawing 6-4.
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lr{ av aj o Sands tone (Low er Jur as s ic.\

The Navajo Sandstone is a light gray to tan, locally cross-bedded, massive eolian sandstone that
underlies the region. Where exposed south of the Alton area, it forms the regionally prominent
White Cliffs topographic feature. The Thousand Pockets Tongue of the Navajo Sandstone
intertongues with the overlying Carmel Formation. Thickness of the Navajo Sandstone exceeds
1,000 feet in the Paunsaugunt Plateau region. The Navajo Sandstone does not crop out in the
proposed Coal Hollow Mine permit and adjacent area.

Carmel Formation (Upper Jurassic)

The Carmel Formation unconformably overlies the Navajo Sandstone in the region. The Carmel
Formation is heterogeneous and consists of limestone, siltstone, sandstone, and gypsum beds. The
formation has been subdivided into several members by previous researchers. These include the
Wiggler Wash Member, the Winsor Member, the Paria River Member, the Crystal Peak Member,
and the Kolob Limestone Member. The thickness of the Carmel Formation ranges from about 650
to 800 feet in the Alton Coal Field area and the formation thickens to the west. The Winsor
Member of the Carmel Formation crops out in the bottom of the Kanab Creek drainage about one
mile south of the proposed Coal Hollow Mine permit area.

Entrada Sandstone ((Jpper Jur as s ic.\

The Entrada Sandstone, which may be as thick as 500 feet regionally, is present above the Carmel
Formation in the eastern portion of the Alton Coal Field. The formation consists predominantly of
siltstone and cross-bedded or fine-grained massive sandstone. The formation is not present in the
proposed Coal Hollow Mine permit and adjacent area.

Dakota Formation (Cretaceous.\

The Dakota Formation contains the economic coal seams in the Alton Coal Field. The formation
consists of fine- to medium-grained sandstone with interbedded gray shale, carbonaceous shale, and
coal. In most locations, shaley strata dominate the formation, comprising about 60 to 75 percent of
the formation. The unit characteristically forms ledge and slope topography. In the proposed Coal
Hollow Mine permit areathe Dakota Formation directly overlies the Carmel Formation.
Regionally, the outcrop of the Dakota Formation forms the Gray Cliffs topographic feature. The
economic coal seurms in the Alton Coal Field are present near the base (Bald Knoll coal zone) and
near the top of the formation (Smirl coal zone). Local thinner coal seams that are not of economic
importance are present in the center of the formation. The thickness in the western portion of the
Alton Coal Field is about450 feet. Inthe easternportion of the Alton Coal Field, the Dakota
Formation is about 150 feet thick and rests on the Entrada Sandstone.
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Tropic Shale (Cretaceous\

The Tropic Shale consists predominantly of gray and carbonaceous silty shale and claystone with a
few marine sandstone beds located mostly in its upper part. The formation typically weathers at the
surface to a clayey soil that typically forms gentle, vegetated slopes. The Tropic Shale is present (in
some locations covered with shallow alluvial or colluvial deposits) at the land surface over most of
the proposed Coal Hollow Mine permit area. The formation was deposited in an open-marine
offshore environment during the maximum westward transgression of the Cretaceous Western
Interior Seaway in the Late Cretaceous (Tilton,2001). Near the top of the formation, more sandy
horizons are interbedded with the mudstone units of the formation. These sandy units together with
the sandstone at the base of the overlying Straight Cliffs Formation reflect the initial sand influx
onto the marine environment of the Tropic Shale. The thickness of the Tropic Shale in the Alton

Quadrangle is about 700 feet. In areas planned for mining at the proposed Coal Hollow Mine
permit area, only the lower 200 to 250 feet of the Tropic Shale is present. The middle and upper
portions of the formation having been removed from proposed mining areas by erosion in Sink
Valley.

Information obtained from continuous core drilling in the Tropic Shale in planned mining areas in
the proposed Coal Hollow Mine permit area indicates that the lower 200 to 250 feet of the
formation consists of a fairly uniform sequence of soft, dark gray silty shale or thinly bedded
claystone with occasional thin lenses of siltstone and occasional layers of bentonite-like clay being
present. Strong, competent rock strata that could be of consequence to surface mining operations
were not encountered in any of the boreholes. Drilling information obtained from the Tropic Shale
during the 2005 drilling program is presented in Appendix 6-4. Physical and chemical information
from the Tropic Shale are presented in Appendix 6-2. The locations of the 2005 boreholes are
shown in Appendix 6-4 and also on Drawing 6-5.

Str ai ght Cli-ffs Formation (Cr e tac e ous,\

The Straight Cliffs Formation is approximately 1,200 feet thick in the Alton Quadrangle. The
formation is comprised predominantly of calcite-cemented sandstone and mudstone, with sandstone
composing about 75 percent of the total composition. The sandstones of the Straight Cliffs
Formation make up the lower two-thirds of the ledges radiating out from the southern Paunsaugunt
Plateau. Four members of the Straight Cliffs Formation have been identified in the Alton

Quadrangle by Tilton (2001). These include the Tibbet Canyon Member (orange-gray weathering
fine- to medium grained sandstone), the Smoky Hollow Member (interbedded sandstone, mudstone,
and thin coal), the John Henry Member (interbedded mudstone and fluvial sandstone), and Drip
Tank Member (light-gray cliff forming sandstone). The Straight Cliffs Formation outcrops on the
hillsides east and north of the proposed Coal Hollow Mine permit area.

Wahweap and Kaiparowits Formations (Cretqceous\

The Wahweap Formation is composed of alternating sandy shales and thin- to thick-bedded
sandstones. The unit contains carbonaceous shale and thin coal beds that are not of economic
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importance in its lower part. The unit forms step-like topography. Regionally, the Wahweap
Formation is separated from the overlying Kaiparowits Formation by an unconformity. Erosion of
both the Wahweap and Straight Cliffs Formations prior to the deposition of the Kaiparowits
Formation may have locally reduced the thicknesses of these formations in the vicinity of the
Paunsaugunt Plateau. The Kaiparowits Formation is composed of irregular beds of arkosic
sandstone. The sandstone is weakly cemented by calcite cement. Because of difficulties identifoing
mappable boundaries between the Wahweap and Kaiparowits Formations in the Alton Quadrangle,
the formations were mapped as an undivided unit (Tilton, 2001). The total thickness of the
Wahweap and Kaiparowits Formations in the Alton Quadrangle ranges from about 600 to 800 feet.

Clar on Formation (fer tiaryt)

The Claron Formation (also sometimes known as the Wasatch Formation, although the Utah
Geological Survey uses the name Claron Formation) forms the cap rock over much of the
Paunsaugunt Plateau. The formation is also present west of the Sevier Fault Zone west and north of
the town of Alton. The unit is subdivided into a lower pink (also known as red) member and an
upper white member, both consisting mostly of massive, fine-grained crystalline limestone of
fluvial and lacustrine origin. Resistance to erosion varies both vertically and horizontally in the
Claron Formation, resulting in a series of cliffs and steep joints. This condition, together with the
presence of closely spaced joints, produces the unique topography associated with the Claron
Formation. The Claron Formation is about 800 thick in the Alton Quadrangle. Also mapped
together with the Claron Formation in the Alton Quadrangle is the Cretaceous Canaan Peak
Formation. The Canaan Peak is a thin, discontinuous formation consisting primarily of
conglomerate and conglomeratic sandstone with some mudstone interbeds sometimes present at the
base of the Claron Formation. Thickness of the Canaan Peak Formation locally ranges from 0 to 30
feet.

Brian Head Formation (Iertiarlt\

The Brian Head Formation consists of interbedded pink and purplish-gray very fine-grained
sandstone, friable sandstone, conglomerate, siltstone, mudstone, and limey mudstone in its lower
part, and gray to white, fine- to medium-grained sandstone and calcarenite, in part with a
volcanically derived clay matrix. The formation includes rocks present above the underlying white
member of the Claron Formation and the overlying ash-flow tuff of the Needles Range Group. The
unit is not resistant to erosion and has been eroded away from the top of the Paunsaugunt Plateau in
the Alton Quadrangle. The formation is present in the rugged hills west of the Sevier Fault zone
near the town of Alton. The unit is about 200 feet thick in the Alton Quadrangle.

Quaternary) Deposits

Quaternary deposits present in the area include pediment alluvium, landslide deposits, mass-wasting
debris, and alluvium.
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The pediment alluvium deposits in the region consist of poorly sorted alluvial and colluvial silt,
sand, and gravel deposited on broad pediments. After deposition, the pediment surfaces were
abandoned as streams have cut down to lower levels.

Landslide deposits in the area are primarily gravity-transported hummocky deposits of mud, sand,
and occasional blocks of sandstone. Most of the landslide deposits originated from the lower
portion of the Straight Cliffs Formation and slid onto the underlying Tropic Shale, although
movement within the Tropic Shale has also occurred. A conspicuous series of progressively built
landslide deposits is present east of the Alton Amphitheater as a broad, rolling apron below the
lowest cliffs of the Straight Cliffs Formation. The thickness of the landslide deposits locally ranges
from a few feet to more than 100 feet.

Alluvium deposits in the region consist of unconsolidated clay, silt, sand, ffid gravel in and near
existing drainages. These deposits exist as stream and fan alluvium and terrace deposits. In the
headwaters of the mountain streams, the alluvial material consists predominantly of sand and gravel.
In downstream areas, the alluvial material consists mostly of mud derived fromthe Tropic Shale.
Alluvial thickness in the Alton Quadrangle typically ranges from a thin covering to about 10 feet or
more.

In the Sink Valley and Lower Robinson Creek drainages near the proposed Coal Hollow Mine
permit area, drilling information indicates that alluvial thicknesses are in some locations
considerably greater. Alluvial thicknesses measured in the permit and adjacent area range from a
thin veneer overlying bedrock formation in many areas to at least 140 feet in thickness along the
eastern margins of Sink Valley (see Drawing 6-3). Much of the land surface in the proposed Coal
HollowMine permit areaconsists of fan alluvium (mostly composed of clays, silts, and fine-grained
sands) derived largely from the highly erodable Tropic Shale in adjacent highland areas east of the
proposed permit area. Field investigations suggest that these fan deposits are associated with
sheetfloods, debris flows and mud flows. Additional geologic information on alluvial deposition in
the proposed Coal Hollow Mine permit and adjacent area is presented in AppendixT-7.

An igneous dike consisting of black, fine-grained porphyritic olivine basalt is present northeast of
Alton near Kanab Creek.

Structure

Rock strata in the region dip gently toward the north and north-east, generally from 1 to 5 degrees.
The Alton Coal Field is bounded on the east by the Paunsaugunt Fault and on the west by the Sevier
Fault. Regional displacements on these two faults are about 1,000 to 2,000 feet, and 100 to 800
feet, respectively. Additionally, several faults with lesser displacements have been mapped in the
region, including the Sand Pass Fault zone (about 400 feet of offset), the Bald Knoll Fault (about
65 0 feet of offset), and the Sink Valley Fault (likely a few tens of feet of offset). Most local faults
in the Alton Quadrangle trend in a northerly or north-westerly direction, are several miles long, and
are near vertical. A prominent north- to northwest-trending vertical joint set is present in the Upper
Cretaceous sandstone rocks in the region. Stratal dips vary appreciably near the fault zones.
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The Sink Valley Fault extends in a roughly north-south direction through the proposed Coal Hollow
Mine permit area from upland areas north of the permit area southward through the c,entral part of
the proposed permit area subsequently further south near the eastern edge of the proposed permit
area (Drawing 6- 1 ; Appendix 6-3 ; Drawin g 6-9). The fault has down-dropped the strata on the west
side of the fault (Appendix 6-3). The offset on the Sink Valley Fault is not known precisely,
however based on drilling information from the proposed permit and adjacent area it is apparent that
offset on the fault in the vicinity of the proposed Coal Hollow Mine permit area is a few 10s of feet
or less.

Description of Coal Seam Geology

The coal seams in the Alton Coal Field are located in the Smoky Hollow Member of the Straight
Cliffs Formation, and in the Dakota Formation. The coal seam in the Smoky Hollow Member,
which occurs within the lower 3 feet of the Member, is only a few inches in thickness and is not of
economic importance. Within the Dakota Formation, two regionally important coal zones are
present. These include the Smirl coal zone, which is located near the upper formational contact
with the Tropic Shale, and the Bald Knoll coal zone, which is located about 200 feet below the
Smirl coal zone near the base of the Dakota Formation. Doelling (1972) reported that the Smirl coal
zone is 14 to 18 feet thick without splits, while the Bald Knoll coal zone contains several coal seams
separated by thin splits, with the thickest seam being 4.8 feet thick. Doelling (1972) reports that
coal in the Alton area is a high-volatile Bituminous coal. Additional information on coal quality is
presented in Appendix 6-1 (confidential binder).

The coal seams in the Alton Coal Field are located in the Smoky Hollow Member of the Straight
Cliffs Formation, and in the Dakota Formation. The coal seam in the Smoky Hollow Member,
which occurs within the lower 3 feet of the Member, is only a few inches in thickness and is not of
economic importance. Within the Dakota Formation, two regionally important coal zones are
present. These include the Smirl coal zone, which is located near the upper formational contact
with the Tropic Shale, and the Bald Knoll coal zone, which is located about 200 feet below the
Smirl coalzone near the base of the Dakota Formation.

Within the Alton Quadrangle, five small mines and two prospects have been worked. Production
from these mines was small, with a total production from all mines of 35,000 and 50,000 tons from
the late 1920s to 1969, whenthe lastmine closed. The last operating mine inthe Alton Coal Field
was the Smirl Mine, which was located about 1.5 miles south of the town of Alton. In its last year
of operation, a total of 1 ,597 tons of coal was produced. The Smirl Mine portal was sealed by the
Utah Division of Oil, Gas and Mining in 1992.

Groundwater

The depositional history of geologic formations in the proposed permit and adjacent area has
resulted in a heterogeneous sequence of rocks that have a profound effect on the movement and
availability of groundwater. The stratigraphic package located in the upland regions along the
Paunsaugunt Plateau lies well beyond the zone that could potentially be impacted by mining
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operations in the proposed Coal Hollow Mine permit area. With the exception of the Navajo
Sandstone, the rock formations present along the flanks of the Paunsaugunt Plateau area are
typically lenticular in nature. Although aquifer-quality rocks may be present in lenses within
individual geologic formations, the fact that the lenses are discontinuous in their extent and are
typically encased in a surrounding low-permeability matrix, regional type groundwater flow
regimes typically do not form. Additionally, because the geologic formations in the Paunsaugunt
Plateau overlying the Tropic Shale are truncated by the plateau esca{pment, long, regional Upe
groundwater flow paths typically cannot exist in the proposed permit area. In the immediate
vicinity of the proposed Coal Hollow Mine permit and adjacent area, the only bedrock formations
that crop out are the Tropic Shale and underlying Dakota Formation. The Windsor Member of the
Carmel Formation also crops out at the surface about one mile southwest of the proposed permit
area. The water-transmitting properties of the lower portion of the marine Tropic Shale unit that
overlies the Smirl coal seam in areas proposed for mining are poor.

Lithologrc data collected during continuous core drilling in the Tropic Shale indicate that the rocks
of the Tropic Shale in the proposed mining area are composed almost entirely of a fairly uniform
sequence of dark gray shale, silty shale, and claystone with high clay content. No appreciable water
was encountered during drilling activities in the Tropic Shale in the proposed mining areas and no
appreciable spring discharge from formation has been observed. The Tropic Shale in the proposed
permit area is underlain by the Dakota Formation, which crops out in the western portion of the
proposed permit area and in the bottoms of the Kanab Creek drainage (Drawing 6-1; Appendix 6-3).
Vertical recharge to the Dakota Formation through the overlying Tropic Shale is likely negligible
due to the poor groundwater transmitting properties of the Tropic Shale discussed above. In
addition to the lack of vertical recharge to the Dakota Formation, vertical and horizontal
groundwater flow in the formation is impeded because of the abundant presence of low-
permeability shaley strata that encase potentially permeable lenticular sandstone strata both
vertically and horizontally. Consequently, the potential for the transmission of appreciable
quantities of groundwater through the formation is limited (i.e., it is not a good aquifer).
Consequently, groundwater discharge from the rocks of the Dakota Formation in the proposed
permit area is not appreciable. Because vertical recharge to the Dakota Formation from the Tropic
Shale is minimal, the removal of the Tropic Shale from above the Dakota Formation during mining
operations followed shortly thereafter by the backfilling and reclamation of mine pits with low-
permeability materials would likely not detrimentally impact groundwater systems in the Dakota
Formation (i.e., the post-mining conditions will be similar to the pre-mining conditions) .

Shallow groundwater systems have been identified in alluvial sediments in the proposed Coal
Hollow Mine permit and adjacent area, most notably in Sink Valley. These shallow alluvial
groundwater systems exist in much of Sink Valley and in some locations in the Lower Robinson
Creek drainage. The alluvial groundwater systems are likely recharged along the flanks of the
Paunsaugunt Plateau through mountain-front-recharge processes. Groundwater flow directions in
these alluvial groundwater systems is generally from recharge areas east of the proposed permit area
toward lower elevation areas to the west and south. In most locations near the proposed Coal
Hollow Mine permit area, the alluvial groundwater systems are directly underlain by the low-
permeability Tropic Shale bedrock, which likely prevents appreciable downward migration of the
alluvial groundwater into deeper formations. Additional information on groundwater resources in
the proposed Coal Hollow Mine permit and adjacent area is provided in Chapter 7 of this MRP and
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in Appendix 7- l .

624.110

624.120

Cross Sections. Maps. Plans.

Information for this section is found in R645-301-624.200, R645-301-624.300 and
R645-301-625.

624.I30 Geologic Literature and Practices

The geologic literature utilized in preparing R645-301-600 is listed in the reference list presented at
the end of this chapter.

Additional geologic data were collected during field investigations conducted by qualified
personnel. Geologic analysis and geologic interpretations were performed by a registered
professional geologist in the State of Utah. All practices and procedures for obtaining geologic
information have been standard for the industrv.

624.200
Samples have been collected and analyzed from test borings in the proposed permit area. The
samples were collected from fresh, unweathered, uncontaminated drill cores. The samples were
collected and analyzed from the ground surface down to and including the first stratum immediately
below the Smirl coal zone to be mined. The laboratory analyical parameters analyzed were
comprehensive and as recornmended bythe Division of Oil, Gas and Mining. Results of the
analyses are presented in Appendtx 6-2. Additional information regarding the physical and
chemical characteristics of the Smirl coal zone to be mined are presented in Appendix 6-1
(confidential binder).

624.2r0
Geologic logs were prepared that show the lithologic characteristics including physical properties
and thickness of each stratum and locations of groundwater where occurring. The well logs are
presented in Appendix 6-1. Cross-sections prepared from geologic logs of drillholes in the
proposed permit and adjacent areaare provided in Drawing 6-3. Additional geologic logs are
presented in Appendix 5-1 and AppendixT-4. Additional lithologic charactenzarion is provided in
Appendix 7 -I .

624.220
Chemical analyses of strata overlying and immediately below the Smirl coal zane for acid- or toxic-
forming materials are presented in Appendix 6-2.

No acid-forming or toxic-forming strata are present in strata overlying or in the stratum immediately
below the Smirl coal seam in planned mining areas in the proposed Coal Hollow Mine permit area.

Chemical information on the acid- and toxic-forming potential of earth materials naturally
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present in the proposed permit area are presented in Appendtx 6-2. Chemical information on the
low-sulfur Smirl coal zone proposed for mining is presented in Appendix 6-1 (confidential
binder). Based on laboratory analyical data, it is apparent that acid-forming and toxic-forming
materials that could result in the contamination of surface-water or groundwater supplies in the
proposed Coal Hollow Mine permit and adjacent area are generally not present.

Selenium was not detected in any of the samples from the proposed Coal Hollow Mine permit
area. Likewise, concentrations of water-extractable boron were also low, being less than 3
mg/kg in all samples analyzed. The pH of groundwaters in and around the proposed Coal
Hollow Mine permit area are moderately alkaline. Data in Appendix 6-2likewise indicate
moderately alkaline conditions in sediments in the proposed permit area. The solubility of
dissolved trace metals is usually limited in waters with alkaline pH conditions. Consequently,
high concentrations of these metal constituents in groundwaters and surface waters with elevated
pH levels are not anticipated.

The neutralization potential greatly exceeded the acid potential in all samples analyzed, with the
neutralization potential commonly exceeding the acid potential by many times, suggesting that
acid-mine-drainage will not be a concern at the proposed Coal Hollow Mine. Acid-forming
materials in western coal mine environments often consist of sulfide minerals, commonly
including pyrite and marcasite, which, when exposed to air and water, are oxidized causing the
liberation of H* ions (acid) into the water. Oxidation of sulfide minerals may occur in limited
amounts in the mine pits where oxygenated water encounters sulfide minerals. However, the acid
produced by pyrite oxidation is quickly consumed by dissolution of abundant, naturally
occurring carbonate minerals (Appendix 6-2). Dissolved iron is readily precipitated as iron-
hydroxide in well aerated waters, and consequently excess iron is not anticipated in mine
discharge water.

Other acid-forming materials or toxic-forming materials have not been identified in significant
concentrations nor are such suspected to exist in materials to be disturbed by mining.

Because of the overall low-permeability of the rock strata and sediments surrounding the mine
workings (primarily the shales and claystones of the lower Tropic Shale), the potential for
seepage of mine water into adjacent stratigraphic horizons is low. Additionally, because the
floors of the mine pits need to be accessible in order to extract the coal, the mining operations
will be carried out in such a manner that the accumulation of larse amounts of water in the mine
pits will be avoided.

Based on the information in Appendix6-2 there is no indication that appreciable potential for acid
or toxic formation is present.

It is anticipated that coal produced from the proposed Coal Hollow Mine permit areawill be
shipped as a mine-nm product. Thus, no coal processing wastes are anticipated.

624.230
Chemical analyses of the Smirl coal seam for acid- or toxic-forming materials including total sulfur
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and pyritic sulfur are presented in Appendix 6-1 (confidential binder).

624.300
The proposed mining in the proposed Coal Hollow Mine permit area does not include underground
coal mining activities. This section is not applicable.

627 OVERBURDEN THICKNESS AND LITHOLOGY

The planned mining in the proposed Coal Hollow Mine permit area does not include underground
coal mining activities.

Overburden in planned mining areas in the proposed Coal Hollow Mine permit area consists of the
following.

Alluvium

Alluvial sediments are present at the surface in most areas proposed for mining. These sediments
consist primarily of clays, silts, and fine-grained sands. The thickness of the alluvium in proposed
mining areas ranges from a thin veneer to about 50 feet. The alluvial sediments in most areas are
not well sorted and are derived largely from weathering of the Tropic Shale in adjacentupland
areas.

Tropic Shale

In all proposed mining areas, the lower portion of the Tropic Shale overlies the Dakota Formation
Smirl coalzone to be mined. The thickness of the Tropic Shale overlying the coal seam inproposed
mining areas ranges from a few feet up to about 200 feet. The lower Tropic Shale consists
predominantly of soft shales, silty shales, and claystones, with occasional thin layers of siltstone and
bentonite-like clay layers up to about 2 feet in thickness. Strong, competent rock strata were not
encountered in exploration boreholes drilled during2005 in the proposed Coal Hollow Mine permit
area. Well logs graphically depicting this information are presented in Appendix 6-1. Cross-
sections prepared from geologic logs of drillholes in the proposed permit and adjacent area are
provided in Drawings 6-3, 6-7, and 6-8. Additional geologic logs are presented in Appendix 5-1
and Appendix 7-4. Additional lithologic characterization is provided in Appendix 7-1.

630 OPERATION PLAN

631 PLAN FOR CASING AND SEALING EXPLORATION HOLES
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Exploration holes and boreholes will be backfilled, plugged, cased, capped, sealed, or otherwise
managed to prevent acid or toxic contamination of water resources and to minimize disturbance to
the prevailing hydrologic balance. Exploration holes and boreholes will be managed to ensure the
safety of people, livestock, fish and wildlife, and machinery.

If any exploration boreholes are to be used as monitoring wells or water wells, these will meet the
provisions of R645-301 -731

Wells constructed for monitoring groundwater conditions in the proposed Coal Hollow Mine
permit and adjacent area, including exploration holes and boreholes used for water wells or
monitoring wells, will be designed to prevent contamination of groundwater and surface-water
resources and to protect the hydrologic balance. A diagram depicting typical monitoring well
construction methods is shown in Drawing 7-11. Monitoring wells will include a protective
hydraulic seal immediately above the screened interval, an annular seal plugging the borehole
above the hydraulic seal to near the ground surface, and a concrete surface seal extending from
the top of the hydraulic seal to the ground surface which is sloped away from the well casing to
prevent the entrance of surface flows into the borehole area. Well casings will protrude above the
ground surface a sufficient height so as to minimize the potential for the entrance of surface water or
other material into the well. A steel surface protector with a locking cover will be installed at
monitoring wells to prevent access by unauthorrzed personnel. Where there is potential for
damage to monitoring wells, the wells will be protected through the use of barricades, fences, or
other protective devices. These protective devices will be periodically inspected and maintained
in good operating conditions. Monitoring wells will be locked in a closed position between uses.

When no longer needed for monitoring or other use approved by the Division upon a finding of no
adverse environmental or health and safety effects, or unless approved for transfer as a water well
under R645-301-731.100 through R645-301-731.522 and R645-301-731.800, each well will be
capped, sealed, backfilled, or otherwise properly managed, as required by the Division in
accordance with R645-301-529.400, R645-301-631.100, and R645-301-748. Permanent closure
measures will be designed to prevent access to the mine workings by people, livestock, fish and
wildlife, machinery and to keep acid or other toxic drainage from entering ground or surface waters.

Permanent closure and abandonment of water wells greater than 30 feet in depth will be in
accordance withthe requirements of "Administrative Rules for Water Well Drillers", State of Utah,
Division of Water Rights or other applicable state regulations. Abandonment of wells will be
performed by a licensed water well driller. The wells to be abandoned will be completely filled
using neat cement grout, sand cement grout, unhydrated bentonite, or bentonite grout, or other
materials approved by the Utah State Engineer's office. Alternatively, the well may be abandoned
using a different procedure upon approval from the Utah State Engineer's office.

Abandonment materials will be introduced at the bottom of the well or required sealing interval and
placed progressively upward to the top of the well. The casing will be severed a minimum of 2 feet
below the ground surface. A minimum of 2 feet of compacted native material will be placed above
the abandoned well upon completion.

Within 30 days of the completion of well abandonmentprocedures, a reportwill be submitted to the
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State Engineer by the responsible licensed driller giving data related to the abandonment of the well.
This shall include the name of the licensed driller or other person(s) performing abandonment
procedures, name of well owner at the time of abandonment, the address or location of the well by
section, township, and range, abandonment materials and equipment used, water right or file
number covering the well, the final disposition of the well, and the date of completion.

Exploration holes and boreholes will be backfilled, plugged, cased, capped, sealed, or otherwise
managed to prevent acid or toxic contamination of water resources and to minimize disturbance to
the prevailing hydrologic balance. Exploration holes and boreholes will be managed to ensure the
safety of people, livestock, fish and wildlife, and machinery.

If a water well is exposed by coal mining and reclamation operations, it will be permanently closed
unless otherwise managed in a manner approved by the Division.

Boreholes will be backfilled to within I foot of the land surface with concrete or other materials
approved by the Division as necessary to prevent contamination of groundwater or surface-water
resources or to protect the prevailing hydrologic balance. The upper approximately I foot will be
backfilled with native materials to facilitate reclamation (see Drawing 6-11). Exploration holes and
boreholes that may be uncovered during mining and reclamation activities will be permanently
closed unless approved for water monitoring or otherwise managed in a manner approved by the
Division.

632 SUBSIDENCE MONITORING

The proposed mining in the proposed Coal Hollow Mine permit area does not include underground
coal mining activities. This section is not applicable.
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640 PERFORMANCE STANDARDS

641 ALL EXPLORATIOI\ HOLES AND BOREHOLES

All exploration holes and boreholes will be pennanently cased and sealed according to the
requirements of R645-30 l-631. 100 and R645-301 -631.200.

Exploration holes and boreholes will be backfilled, plugged, cased, capped, sealed, or otherwise
managed to prevent acid or toxic contamination of water resources and to minimize disturbance to
the prevailing hydrologic balance. Exploration holes and boreholes will be managed to ensure the
safety of people, livestock, fish and wildlife, and machinery.

If any exploration boreholes are to be used as monitoring wells or water wells, these will meet the
provisions of R645-3 0 I -7 3 |

Wells constructed for monitoring groundwater conditions in the proposed Coal Hollow Mine
permit and adjacent area, including exploration holes and boreholes used for water wells or
monitoring wells, will be designed to prevent contamination of groundwater and surface-water
resources and to protect the hydrologic balance. A diagram depicting typical monitoring well
construction methods is shown in Drawing 7-11. Monitoring wells will include a protective
hydraulic seal immediately above the screened interval, an annular seal plugging the borehole
above the hydraulic seal to near the ground surface, and a concrete surface seal extending from
the top of the hydraulic seal to the ground surface which is sloped away from the well casing to
prevent the entrance of surface flows into the borehole area. Well casings will protrude above the
ground surface a sufficient height so as to minimrze the potential for the entrance of surface water or
other material into the well. A steel surface protector with a locking cover will be installed at
monitoring wells to prevent access by unauthorized personnel. Where there is potential for
damage to monitoring wells, the wells will be protected through the use of barricades, fences, or
other protective devices. These protective devices will be periodically inspected and maintained
in good operating conditions. Monitoring wells will be locked in a closed position between uses.

When no longer needed for monitoring or other use approved by the Division upon a finding of no
adverse environmental or health and safety effects, or unless approved for transfer as a water well
under R645-301-731.100 through R645-301-731.522 and R645-301-731.800, each well will be
capped, sealed, backfilled, or otherwise properly managed, as required by the Division in
accordance with R645-301-529.400, R645-301-631.100, and R645-30I-748. Permanent closure
measures will be designed to prevent access to the mine workings by people, livestock, fish and
wildlife, machinery and to keep acid or other toxic drainage from entering ground or surface waters.

Permanent closure and abandonment of water wells greater than 30 feet in depth will be in
accordance with the requirements of "Administrative Rules for Water Well Drillers", State of Utah,
Division of Water Rights or other applicable state regulations. Abandonment of wells will be
performed by a licensed water well driller. The wells to be abandoned will be completely filled
using neat cement grout, sand cement grout, unhydrated bentonite, or bentonite grout, or other
materials approved by the Utah State Engineer's office. Alternatively, the well may be abandoned
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using a different procedure upon approval from the Utah State Engineer's offrce.

Abandonment materials will be introduced at the bottom of the well or required sealing interval and
placed progressively upward to the top of the well. The casing will be severed a minimum of 2 feet
below the ground surface. A minimum of 2 feet of compacted native material will be placed above
the abandoned well upon completion.

Within 30 days of the completion of well abandonment procedures, a report will be submitted to the
State Engineer by the responsible licensed driller giving datarelated to the abandonment of the well.
This shall include the name of the licensed driller or other person(s) performing abandonment
procedures, name of well owner at the time of abandonment, the address or location of the well by
section, township, and range, abandonment materials and equipment used, water right or file
number covering the well, the final disposition of the well, and the date of completion.

Exploration holes and boreholes will be backfilled, plugged, cased, capped, sealed, or otherwise
managed to prevent acid or toxic contamination of water resources and to minimize disturbance to
the prevailing hydrologic balance. Exploration holes and boreholes will be managed to ensure the
safety of people, livestock, fish and wildlife, and machinery.

If a water well is exposed by coal mining and reclamation operations, it will be permanently closed
unless otherwise managed in a manner approved by the Division.

Boreholes will be backfilled to within I foot of the land surface with concrete or other materials
approved by the Division as necessary to prevent contamination of groundwater or surface-water
resources or to protect the prevailing hydrologic balance. The upper approximately 1 foot will be
backfilled with native materials to facilitate reclamation (see Drawing 6-11). Exploration holes and
boreholes that may be uncovered during mining and reclamation activities will be permanently
closed unless approved for water monitoring or otherwise managed in a manner approved by the
Division.

642 MONUMENTS AND SURFACE MARKERS

All monuments and surface markers used as subsidence monitoring points and identified under
R645-301-632.200 will be reclaimed in accordance with R645-301-521.210.
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APPENDIX 6.2

Acid- and toxic-forming information
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ENERGY LABORATORTES, ,wC. * 1120 S 27th St * PO Box 30916 * Billings, MT 59107-0916
Toll Free 800.735./U89 * 406.252.6325 * FAX 406.252.6069 * eli@energylab.com

LABORATORY ANALYTICAL REPORT

Client: Patrick Collins

Project: Coal Hollow

Lab ID: 806030458-001

Client Sample ID: Box 1 CH-5 Overburden

Report Date:

Collection Date:

Date Received:

Matrix:

03130106

Not Provided

03t07t06

Soi l

MCL/
Analyses Result Units Qual RL QCL Metbod Analysis Date / By

PHYSICAL C HARACTERISTICS
Sand

si l t
Clay
Very Fine Sand
Texture

- C = Clay, S = Sand(y), Si = Si l t(y), L = Loam(y)

SATURATED PASTE
pH, sat. paste
Conductivity, sat. paste
Saturation
Calcium, sat. paste
Magnesium, sat. paste
Potassium, sat. paste
Sodium, sat. paste

Sodium Adsorption Ratio (SAR)

ACID.BASE ACCOUNTING
Neutralizati on Potential
Acid Potential
Acid/Base Potential

Lime as CaCO3
Organic Carbon
Nitrate as N, KCL Extract

METALS, WATER EXTRACTABLE
Boron

METALS, TOTAL . EPA SW845
Arsenic
Barium
Cadmium
Chromium
Copper
lron
Lead
Manganese
Mercury
Molybdenum

12 Yo
53 Yo
3 5 %
3 wt%

SiCL

8.60 s .u .
3.50 mmhos/cm
99.1 Yo
1.01 meqi l
0.58 meq/L
0.32 meq/L
32.9 meq/L
36.9 unit less

1
1
1

0 . 1 0
0.01
0 .1
0.05
0.08
0.03
0.07
0.01

1 . 0
1 . 0

0 .1
0.02

1

0 .1

5
5
4
I

5
5
5
5
5
1
5

ASA15.5
ASA15.5
ASA15-5
ASA15-5
ASA15-5

ASAMlO-3.2
ASAIO-3
USDA2Ta
SW6OlOB
SW6OlOB
SW6OlOB
SW6OlOB
Calculation

Sobek Modified
Sobek Modified
Sobek Modified

USDA23c
ASA29-3
ASA33-8.1

SW6OIOB

SW6OlOB
SW6OIOB
SW6OlOB
SW6O1OB
SW6OIOB
SW6OIOB
SW6OIOB
SW6OlOB
s\ n471A
SW6OIOB

03/16i06 08:32 / srm
03/16/06 08:32 / srm
03/16/06 08:32 i srm
03/30/06 09:23 / srm
03/16/06 08:32 / srm

03 /15 /06  11 :13 / s rm
03 /15 /06  11 :13 / s rm
03/15/06 11:13 /  s rm
03/1 5/06 18:1 5 / r lh
03/15/06 18:15 /  r lh
03/15/06 18:15 /  r lh
03/15/06 18:15 /  r lh
03/16/06 10:44 | srm

03/16/06 16:04 / srm
03/16/06 16:04 / srm
03/16/06 16:04 / srm

03/16/06 10:05 / srm
0311410614:52 | srm
03/15/06 13:59 / srm

031171A6 03:20 / rlh

03/13/06 22:23 | rlh
03/13/06 22'.23 | rlh
03/13/06 22:231 r lh
03/13/06 22:23 | rlh
03/13/06 22:231 r lh
03/13/06 22:23 | rlh
03/13/06 22:23 | rlh
03/13/06 22:23 | rlh
03/15/06 17:22 | jkc

03/13/06 22:231 r lh

220
1 2

210

22.0 %
1.32 ttv1.Yo

ND mg/kg

0.8 mg/kg

ukt
ukt
ukt

- The acid base ootential was calculated from non-sulfate sulfur.

CH EMICAL CHARACTERISTICS

ND mg/kg
53 mg/kg
ND mg/kg
8 mg/kg
16 mg/kg

9820 mg/kg
8 mg/kg

195 mg/kg
ND mg/kg
ND mg/kg

Report RL - Analyte reporting limit.
Definitions: eCL - euality control limit.

D - RL increased due to sample matrix interference.

MCL - Maximum contaminant level.

ND - Not detected at the reporting limit.
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ENERGY LABORATORTES, lNC. * 1120 S 27th St * PO Box 30916 * Billings, MT 59107-0916
Toll Free 800.735./U89 " 406.252.6325 " FAX 406.252.6069 * eli@energylab.com

LABORATORY ANALYTICAL REPORT

Client: Patrick Coll ins

Project: Coal Hollow

Lab ID: 806030458-001

Client Sample ID: Box 1 CH-5 Overburden

Report Date:

Collection Date:

Date Received:

Matrix:

03t30t06
Not Provided

03t07t06
Soil

MCI-,/
Analyses Result Units Qual RL QCL M€thod Analysis Date / By

METALS, TOTAL . EPA SW846
Selenium
Silver
Zinc

ND
ND
41

mg/kg
mg/kg
mg/kg

5
5
q

SW6OlOB
SW6OlOB
SW6OlOB

03/13/06 22:23 I rlh
03/13/06 22:23 | rlh
03/13/06 22'.23l tln

Report RL - Analyte reporting limit.
Definitions: eCL - euality control limit.

MCL - Maximum contaminant level.
ND - Not detected at the reporting limit.
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ENERGY LABORATORTES, lNC. * 1120 S 27th St * PO Box 30916 " Billings, MT 59107-0916
Toll Free 800.735./M89 " 406.252.6325 * FAX 406.252.6069 " eli@energylah.com

LABORATORY ANALYTICAL REPORT

Client: Patrick Collins

Project: Coal Hollow

Lab ID: 806030458-002

Client Sample ID: Box 2 CH-5 Overburden

Report Date: 03130106

Collection Date: Not Provided

Date Received: 03107 /06

Matrix: Soil

Analvses Result Units Qual

MCL/
RL QCL Method Analysis Date i By

PHYSICAL C HARACTERISTIGS
Sand

si l t
Clay
Very Fine Sand
Texture

- C = Clay, S = Sand(y), si = Silt(y), L= Loam(y)

SATURATED PASTE
pH, sat. paste
Conductivity, sat. paste
Saturation
Calcium, sat. paste

Magnesium, sat. paste
Potassium, sat. paste
Sodium, sat. paste

Sodium Adsorption Ratio (SAR)

ACID-BASE ACCOUNTING
Neutralization Potential
Acid Potential
Acid/Base Potential

Lime as CaCO3
Organic Carbon
Nitrate as N, KCL Extract

METALS, WATER EXTRACTABLE
Boron

METALS, TOTAL . EPA SW846
Arsenic
Barium
Cadmium
Chromium
Copper
lron
Lead
Manganese
Mercury
Molybdenum

14 To
5 6 %
30 o/o

11 tt'tt%

SiCL

8.80 s .u .
2.58 mmhos/cm
1 0 1  %
0.37 meq/L
0.11 meq/L
0.18 meq/L
23.6 meq/L
48.1 unitless

mg/kg

1
1
1

0 . 1 0
0.01
0 .1
0.05
0.08
0.03
0.07
0.01

1 . 0
1 . 0

0 . 1
0.02

1

0 .1

5
5
1
5
5
5
5
5
1
5

ASA15-5
ASA15-5
ASA15-5
ASA15-5
ASA15-5

ASAMlO-3.2
ASA1O-3
USDA2Ta
SW6OlOB
SW6OlOB
SW6OlOB
SW6OlOB
Calculation

Sobek Modified
Sobek Modified
Sobek Modified

USDA23c
ASA29-3
ASA33-8.1

SW6O1OB

SW6OIOB
SW6O1OB
SW6OlOB
SW6OlOB
SW6OIOB
SW6OIOB
SW6OlOB
SW6OlOB
s\ 7471A
SW6OIOB

03/16/06 08:32 i srm
03/16/06 08:32 i srm
03/16/06 08:32 / srm
03/30/06 09:23 / srm
03/16/06 08:32 / srm

03/15/06 11:13 /  s rm
03 /15 /06  11 :13 / s rm
03 /15 /06  11 :13 / s rm
03/15/06 18:20 i  r lh
03/15/06 18:20 / r lh
03/15/06 18:20 | rlh
03/15/06 18:20 I rlh
03/16/06 10:44 / srm

03/16/06 16:04 / srm
03/16/06 16:04 / srm
03/16/06 16:04 / srm

03/16/06 10:05 / srm
0311410614:52 | srm
03/15/06 14:00 / srm

03117106 03:29 / rlh

03/13/06 22:34 l r lh
03/13/06 22:34 | rlh
03/13/06 22:34 | rlh
03/13/06 22:34 l r lh
03/13/06 22:34 l r lh
03/13/06 22:34 l r lh
03/13/06 22:34 l r lh
03/13/06 22'.34 | rlh
03/15/06 17:28 t jkc
03/13/06 22:34 l r lh

210
1 3

200

2 1 . 2  %
1.10 tt'tto/o

1 mg/kg

ukt
ukt
ukt

- The acid base potential was calculated from non-sulfate sulfur.

CH EMICAL CHARACTERISTICS

1 . 0

N D
52
N D
6
1 2

9000
9

143
N D
N D

mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
mgikg
mg/kg
mgikg

Report RL - Analyte reporting limit.
Definitions: eCL - euality control limit.

D - RL increased due to sample matrix interference.

MCL - Maximum contaminant level.
ND - Not detected at the reporting limit.
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ENERGY LABORATORTES, lNC. " 1120 S 27th St * PO Box 30916 * Billings, MT 59107-0916
Toll Free 800.735./t489 " 406.252.6325 * FAX 406.252.6069 * eli@energylab.com

LABORATORY ANALYTICAL REPORT

Client: Patrick Collins

Project: CoalHollow

Lab ID: 806030458-002

Client Sample ID: Box 2 CH-5 Overburden

Report Date:

Collection Date:

Date Received:

Matrix:

03130/06
Not Provided

03107106
Soil

Analyses Result Units Qual

MCL/
RL QCL Method Analvsis Date / Bv

METALS, TOTAL . EPA SW846
Selenium
Silver

Zinc

ND
ND
38

mg/kg
mg/kg
mg/kg

A

5
5

SW6OlOB
SW6OlOB
SW6OlOB

03/13/06 22:34 | rlh
03/13/06 22:34 I rlh
03/13/06 22:34 | rlh

Report RL - Analyte reporting limit.
Definitions: eCL - euality control l imit.

MCL -  Maximum contaminant level .

ND - Not detected at the reporting limit.
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LABORATORY ANALYTICAL REPORT

Client: Patrick Collins

Project: CoalHollow

Lab ID: B06030458-003

Client Sample ID: Box 3 CH-5 Overburden

Report Date: 03130106

Collection Date: Not Provided

Date Received: 03107 106

Matrix: Soil

Analyses Result Units Qual

MCL/
RL QCL Method Analvsis Date / Bv

PHYSICAL CHARACTERISTICS
Sand

silt
Clay
Very Fine Sand
Texture

-C = Clay, S = Sand(y), Si = Si l t(y), L = Loam(y)

SATURATED PASTE
pH, sat. paste
Conductivity, sat. paste
Saturation
Calcium, sat. paste
Magnesium, sat. paste
Potassium, sat. paste

Sodium, sat. paste
Sodium Adsorption Ratio (SAR)

ACID-BASE ACCOUNTING
Neutralization Potential
Acid Potential
Acid/Base Potential

6 o/o

61 o/o

33 Yo
6 wt%

SiCL

9.30 s .u .
1.74 mmhos/cm
144 o/o

0.21 meq/L
ND meq/L
0.10 meq/L
15.9 meq/L
43.1 unitless

89 Ukt
13 Ukt
76 Ukt

1 . 4

ND
53
N D
N D
I

8040
9
83
N D
N D

mg/kg

4

1

1

0 . 1 0
0.01
0 .1
0.05
0.08
0.03
0.04
0.01

1 . 0
1 . 0

0 .1
0.02

1

0 .1

5
5
1
5
5
5
5
5
1
5

ASA15-5
ASA15-5
ASA15-5
ASA15-5
ASA15-5

ASAMlO-3.2
ASA1O-3
USDA2Ta
SW6OlOB
SW6OIOB
SW6OlOB
SW6OlOB
Calculation

Sobek Modified
Sobek Modified
Sobek Modified

USDA23c
ASA29-3
ASA33-8.1

SW6OlOB

SW6OlOB
SW6O1OB
SW6OlOB
SW6OIOB
SW6OlOB
SW6OIOB
SW6O1OB
SW6OIOB
s\ /7471A
SW6O1OB

03/16/06 08:32 / srm
03/16/06 08:32 / srm
03/16/06 08:32 / srm
03/30/06 09:23 / srm
03/16/06 08:32 / srm

03/15/06 11:13 /  s rm
03/15/06 11:13 /  s rm
03/15/06 11:13 /  s rm
03/15/06 18:24lr lh
03/15/06 18:241 rlh
03/15/06 18:24 lrlh
03/15/06 18:24lr lh
03/16/06 10:44 / srm

03/16/06 16:04 / srm
03/16/06 16:04 / srm
03/16/06 16:04 / srm

03i16/06 10:05 / srm
0311410614:52 | srm
03/15/06 14:01 / srm

03117106 03:38 / rlh

03/13/06 22:42 | rlh
03/13/06 22:42 | rlh
03/13/06 22:42 | rlh
03/13/06 22:421 r lh
03/13/06 22:421 r lh
03/13/06 22:42 | rlh
03/13/06 22:42 | rlh
03/13/06 22:42 | rlh
03/15/06 17:30l jkc
03/13/06 22:42 | rlh

- The acid base potential was calculated from non-sulfate sulfur.

CH EMICAL CHARACTERISTICS
Lime as CaCO3
Organic Carbon
Nitrate as N, KCL Extract

METALS, WATER EXTRACTABLE
Boron

METALS, TOTAL . EPA SW846
Arsenic
Barium
Cadmium
Chromium
Copper
lron
Lead
Manganese
Mercury
Molybdenum

8.9 Yo
1.18 wt%

1 mg/kg

mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg

Report RL - Analyte reporting limit.
Definitions: eCL - euality control limit.

MCL - Maximum contaminant level.
ND - Not detected at the reporting limit.
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ENERGY LABORATORTES, INC. * 1120 S 27th St" PO Box 30916 * Billings, MT 59107-0916
Toll Free 800.735.489 " 406.252.6325 * FAX 406.252.6069 * eli@energylab.com

LABORATORY ANALYTICAL REPORT

Client: Patrick Collins

Project: Coal Hollow

Lab ID: B06030458-003

Client Sample ID: Box 3 CH-5 Overburden

Report Date:

Collect ion Date:

Date Received:

Matrix:

03t30t06
Not Provided

03t07t06
Soil

Analyses Result Units Qual

MCL/
RL QCL Method Analysis Date / By

METALS, TOTAL - EPA SW846
Selenium
Silver

Zinc

ND mg/kg
ND mg/kg
42 mg/kg

5
5
5

SW6OlOB
SW6OlOB
SW6OIOB

03/13/06 22:421 r lh
03/13/06 22:421 r lh
03/13/06 22:42 | rlh

Report RL - Analyte reporting limit.
Definitions: eCL - euality control limit.

MCL - Maximum contaminant level.

ND - Not detected at the reporting limit.



ENERGY LABORATORTES, lNC. * 1120 S 27th St " PO Box 30916 * Billings, MT 59107-0916
Toll Free 800.735.489 * 406.252.6325 * FAX 406.252.6069 * eli@energylab.com

LABORATORY ANALYTICAL REPORT

Client: Patrick Collins

Project: CoalHollow

Lab ID: 806030458-004

Client Sample ID: Box 4 CH-5 Overburden

Report Date:

Collect ion Date:

Date Received:

Matrix:

03130106

Not Provided

03107106

Soi l

Analyses Result Units Qual
MCL/

RL QCL Method Analysis Date / By

PHYSICAL CHARACTERISTICS

Sand
sitt
Clay
Very Fine Sand
Texture

- C = Clay, S = Sand(y), Si = Si l t(y), L = Loam(y)

SATURATED PASTE
pH, sat. paste
Conductivity, sat. paste
Saturation
Calcium, sat. paste
Magnesium, sat. paste
Potassium, sat. paste
Sodium, sat. paste
Sodium Adsorption Ratio (SAR)

ACID.BASE ACCOUNTING
Neutralization Potenti al
Acid Potential
Acid/Base Potential

Lime as CaCO3
Organic Carbon
Nitrate as N, KCL Extract

METALS, WATER EXTRACTABLE
Boron

METALS, TOTAL . EPA SW846
Arsenic
Barium
Cadmium
Chromium
Copper
lron
Lead
Manganese
Mercury
Molybdenum

B %
53 o/o

3 9 %
6 wt%

SiCL

9.50 s .u .
0.91 mmhos/cm
162 Yo
0.10 meq/L
ND meq/L
0.05 meq/L
8.20 meq/L
33.4 unitless

ASA15-5
ASA15.5
ASA15-5
ASA15-5
ASA15-5

ASAMlO-3.2
ASA1O.3
USDA2Ta
SW6OIOB
SW6OlOB
SW6OlOB
SW6OlOB
Calculation

Sobek Modified
Sobek Modified
Sobek Modified

USDA23c
ASA29.3
ASA33.B.1

SW6OlOB

SW6OlOB
SW6OlOB
SW6OlOB
SW6OlOB
SW6OlOB
SW6OlOB
SW6OlOB
SW6OlOB
s\ n471A
SW6OlOB

03/16/06 08:32 / srm
03/16/06 08:32 / srm
03/16/06 08:32 / srm
03/30/06 09:23 / srm
03/16/06 08:32 / srm

03/15/06 11:13 /  s rm
03 /15 /06  11 :13 / s rm
03 i15 /06  11 :13 / s rm
03/15/06 19:05 / r lh
03/15/06 19:05 / r lh
03i15/06 19:05 / r lh
03/15/06 19:05 / r lh
03/16/06 10:44 | srm

03/16/06 16:04 / srm
03i16/06 16:04 / srm
03/16/06 16:04 / srm

03/16/06 10:05 / srm
0311410614:52 | srm
03/15/06 14:01 /srm

03117106 04:15 / r lh

03/13/06 22'.45 | tlh
03/13/06 22:45 | rlh
03/13/06 22:45 | rlh
03/13/06 22:451 r lh
03/13/06 22:45 | rlh
03/13/06 22:451 r lh
03/13/06 22:451 r lh
03/13/06 22:451 r lh
03/15/06 17:33 I jkc

03/13/06 22:451 r lh

100
1 0
95

10.5 o/o

0.96 rut%o

1 mg/kg

1 . 4 mg/kg

ukt
vkt
vkt

0 . 1 0
0.01
0 .1
0.05
0.08
0.03
0.04
0.01

1 . 0
1 . 0

0 .1
0.02

I
I

0 .1

5
5
I

5
5
5
5
5
4

I

5

- The acid base ootential was calculated from non-sulfate sulfur.

CHEMICAL CHARAGTERISTICS

ND mg/kg
46 mg/kg
ND mg/kg
ND mg/kg
7 mg/kg

6480 mg/kg
10 mg/kg
74 mg/kg
ND mg/kg
ND mg/kg

Report RL - Analyte reporting limit.
Definitions: eCL - euality control limit.

MCL - Maximum contaminant level.
ND - Not detected at the reporting limit.



ENERGY LABORATORTES, lNC. * 1120 S 27th St * PO Box 30916 " Billings, MT 59107-0916
Toll Free 800.735.489. 406.252.6325 * FAX 406.252.6069 * eli@energylab.com

LABORATORY ANALYTICAL REPORT

Client: Patrick Collins

Project: CoalHollow

Lab ID: B06030458-004

Client Sample ID: Box 4 CH-5 Overburden

Report Date:

Collection Date:

Date Received:

Matrix:

03130106
Not Provided

03t07 t06
Soil

Analyses Result Units Qual

MCL/
RL QCL Method Analvsis Date / Bv

METALS, TOTAL . EPA SW846
Selenium
Silver
Zinc

ND mg/kg
ND mg/kg
32 mg/kg

5
5
5

SW6OlOB
SW6OlOB
SW6OlOB

03i 13/06 22:45 | rlh
03/13/06 22:45 | rlh
03/13/06 22:45 | rlh

Report RL - Analyte reporting limit.
Definitions: eCL - euality control limit.

MCL - Maximum contaminant level.

ND - Not detected at the reporting limit.



ENERGY LABORATORTES, lNC. * 1120 S 27th St* PO Box 30916 * Billings, MT 59107-0916
Toll Free 800.735.489 * 406.252.6325 " FAX 406.252.6069 * eli@energylab.com

LABORATORY ANALYTICAL REPORT

Client: Patrick Collins

Project: Coal Hollow

Lab ID: 806030458-005

Client Sample ID: Box 5 CH-5 Overburden

Report Date:

Collection Date:

Date Received:

Matrix:

03/30/06

Not Provided

03t07t06
Soi l

Analvses Result Units Qual

MCL/
RL QCL Method Analvsis Date / Bv

PHYSICAL CHARACTERISTICS
Sand

si l t
Clay
Very Fine Sand
Texture

- C = Clay, S = Sand(y), Si = Si l t(y), L = Loam(y)

SATURATED PASTE
pH, sat. paste
Conductivity, sat. paste
Saturation
Calcium, sat. paste
Magnesium, sat. paste
Potassium, sat. paste
Sodium, sat. paste
Sodium Adsorption Ratio (SAR)

ACID-BASE ACCOUNTING
Neutralization Potential
Acid Potential
Acid/Base Potential

Lime as CaCO3
Organic Carbon
Nitrate as N, KCL Extract

METALS, WATER EXTRACTABLE
Boron

METALS, TOTAL - EPA SW846
Arsenic
Barium
Cadmium
Chromium
Copper
lron
Lead
Manganese
Mercury
Molybdenum

18 Yo
47 Yo
3 5 %
8 wt%

SiCL

9.30 s .u .
1.28 mmhos/cm
144 %
0.18 meq/L
ND meq/L
0.08 meq/L
11.6 meq/L
35.8 unit less

1
1
1

0 . 1 0
0.01
0 .1
0.05
0.08
0.03
0.04
0.01

1 . 0
1 . 0

0 .1
0.02

1

0 .1

5
5
1
5
5
5
5
5
1
5

ASA15-5
ASA15-5
ASA15-5
ASA15-5
ASA15-5

ASAM1O.3.2
ASAIO-3
USDA2Ta
sw6010B
SW6OlOB
SW6OlOB
SW6OlOB
Calculation

Sobek Modified
Sobek Modified
Sobek Modifled

USDA23c
ASA29-3
ASA33-8.1

SW6OlOB

SW6OlOB
SW6OlOB
SW6OIOB
SW6OlOB
SW6OIOB
SW6OIOB
SW6OIOB
SW6O1OB
s!^u471A
SW6OIOB

03/16/06 08:32 i srm
03/16/06 08:32 / srm
03/16/06 08:32 / srm
03/30/06 09:23 / srm
03/16/06 08:32 / srm

03 /15 i06  11 :13 i  s rm
03/15 i06 11:13 i  s rm
03/15 i06 11:13 i  s rm
03/15/06 19:09 / r lh
03/15/06 19:09 / r lh
03/15/06 19:09 / r lh
03/15/06 19:09 / r lh
03/16/06 10:44 | srm

03/16/06 16:04 / srm
03/16/06 16:04 / srm
03/16/06 16:04 / srm

03/16/06 10:05 / srm
03/14106 14:52 / srm
03/15/06 14:02 | srm

03117106 04:20 | rlh

03/13/06 22:49 | rlh
03/13/06 22:491 r lh
03/13/06 22:491 r lh
03/13/06 22:49 l r lh
03/13/06 22:491 r lh
03/13/06 22:49 | rlh
03/13/06 22:49 l r lh
03/13/06 22:49 | rlh
03/15/06 17:35 l jkc
03/13/06 22:49 | rlh

160
9.0
140

15.5 Yo
0.86 tdo/o

1 mg/kg

1 . 4 mg/kg

ukt
vkt
vkt

- The acid base potential was calculated from non-sulfate sulfur.

CHEMICAL CHARACTERISTICS

ND mg/kg
55 mg/kg
ND mg/kg
ND mg/kg
7 mg/kg

5730 mg/kg
12 mg/kg

825 mg/kg
ND mg/kg
ND mg/kg

Report RL - Analyte reporting limit.
Definitions: eCL - euality controllimit.

MCL - Maximum contaminant level.
ND - Not detected at the reporting limit.



ENERGY LABORATORTES, ,/VC. * 1120 S 27th St * PO Box 30916 * Billings, MT 59107-0916
Toll Free 800.735.489 " 406.252.6325 " FAX 406.252.6069 " eli@energylab.com

LABORATORY ANALYTICAL REPORT

Client: Patrick Collins

Project: CoalHollow

Lab ID: 806030458-005

Client Sample ID: Box 5 CH-5 Overburden

Report Date:

Collection Date:

Date Received:

Matrix:

03t30t06

Not Provided

03107106

Soi l

Analvses Result Units Qual

MCL/
RL QCL Method AnalYsis Date / Bv

METALS, TOTAL . EPA SW845
Selenium
Silver

Zinc

ND mg/kg
ND mg/kg
41 mg/kg

5
6

6

SW6OlOB
SW6OlOB
SW6OlOB

03/13/06 22:49 I rlh
03/13/06 22:491 r lh
03/13/06 22:49 | rlh

Report RL - Analyte reporting limit.
Definitions: eCL - euality control l imit.

MCL - Maximum contaminant level.

ND - Not detected at the reporting limit.
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ENERGY LABORATORTES, IwC. * 1120 S 27th St * PO Box 30916 * Billings, MT 59107-0916
Toll Free 800.735./t489. 406.252.6325. FAX 406.252.6069 " eli@energylab.com

LABORATORY ANALYTICAL REPORT

Client: Patrick Collins

Project: Coal Hollow

Lab ID: 806030458-006

Client Sample ID: Box 6 CH-5 Overburden

Report Date:

Collection Date:

Date Received:

Matrix:

03t30t06
Not Provided

03t07t06

Soi l

MCI,/
Analyses Result Units Qual RL QCL Method Analysis Date / By

PHYSICAL CHARACTERISTICS
Sand
sil t
Clay
Very Fine Sand
Texture

- C = Clay, S = Sand(y), Si = Si l t(y), L = Loam(y)

SATURATED PASTE
pH, sat. paste
Conductivity, sat. paste
Saturation
Calcium, sat. paste
Magnesium, sat. paste
Potassium, sat. paste
Sodium, sat. paste
Sodium Adsorption Ratio (SAR)

ACID-BASE ACCOUNTING
Neutralization Potenti al
Acid Potential
Acid/Base Potential

B %
6 3 %
29 o/o

8 wt%
SiCL

8.80 s .u .
2.87 mmhos/cm
85.0 o/o

0.42 meq/L
0.19 meq/L
0.24 meq/L
26.8 meq/L
48.6 unit less

1 ASA15-5
1 ASA15-5
1 ASA15-5

ASA15.5
ASA15-5

03/16/06 08:32 i srm
03/16/06 08:32 / srm
03/16/06 08:32 / srm
03/30/06 09:23 / srm
03/16/06 08:32 / srm

03 i15 /06  11 :13 i  s rm
03 /15 /06  11 :13 / s rm
03 /15 /06  11 :13 / s rm
03/15i06 19:13 / r lh
03/15/06 19:13 / r lh
03 i15/06 19:13 /  r lh
03/15/06 19:13 / r lh
03/16/06 10:44 | srm

03/16/06 16:04 / srm
03/16/06 16:04 / srm
03/16/06 16:04 / srm

03/16/06 10:05 / srm
0311410614:52 | srm
03/15/06 14:06 / srm

03117106 04:24 | rlh

03/13/06 22:52 I rlh
03/13/06 22'.52 I rlh
03/13/06 22:52 | rlh
03/13/06 22:52 | rlh
03/13/06 22:521 r lh
03/13/06 22:52 | rlh
03/13/06 22:52 | rlh
03/13/06 22:52 I rlh
03/15/06 17:41 t jkc
03/13/06 22:52 | rlh

1 0 0
1 1
91

10.2 %
1.28 wl%
ND mg/kg

1 . 3 mg/kg

ukt
vkt
ukt

0 . 1 0
0 .01
0 .1
0.05
0.08
0.03
0.07
0 .01

1 . 0
1 . 0

0 . 1
0.02

1

0 .1

5
5
1
5
5
5
5
5
1
5

ASAMlO-3.2
ASAIO-3
USDA2Ta
SW6OlOB
SW6OlOB
SW6OlOB
SW6OlOB
Calculation

Sobek Modified
Sobek Modifled
Sobek Modified

USDA23c
ASA29-3
ASA33-8.1

SW6OlOB

SW6OlOB
SW6OlOB
SW6OlOB
SW6OlOB
SW6OlOB
SW6OlOB
SW6OlOB
SW6OlOB
SVW471A
SW6OlOB

- The acid base potential was calculated from non-sulfate sulfur.

CHEMICAL CHARACTERISTICS
Lime as CaCO3
Organic Carbon
Nitrate as N, KCL Extract

METALS, WATER EXTRACTABLE
Boron

METALS, TOTAL . EPA SW846
Arsenic
Barium
Cadmium
Chromium
Copper
lron
Lead
Manganese
Mercury
Molybdenum

ND mg/kg
76 mg/kg
ND mg/kg
11 mg/kg
14 mg/kg

7990 mg/kg
7 mg/kg
64 mg/kg
ND mg/kg
ND mg/kg

Report RL - Analyte reporting limit.
Definitions: eCL - euality control limit.

D - RL increased due to sample matrix interference.

MCL - Maximum contaminant level.

ND - Not detected at the reporting limit.
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ENERGY LABORATORIES, l,VC. * 1120 S 27th St' PO Box 30916 * Billings, MT 59107-0916
Toll Free 800.735.489 " 406.252.6325 " FAX 406.252.6069 * eli@energylab.com

LABORATORY ANALYTICAL REPORT

Client: Patrick Collins

Project: Coal Hollow

Lab ID: B06030458-006

Client Sample ID: Box 6 CH-5 Overburden

Report Date:

Collection Date:

Date Received:

Matrix:

03130106

Not Provided

03t07t06

Soi l

Analyses Result Units Qual

MCL/
RL QCL Method Analysis Date / Bv

METALS, TOTAL . EPA SW846
Selenium
Silver

Zinc

ND mg/kg
ND mg/kg
43 mg/kg

5
5
5

SW6OlOB
SW6O1OB
SW6OlOB

03/13/06 22:52 | rlh
03/13/06 22:521 rlh
03/13/06 22:52 | rlh

Report RL - Analyte reporting limit.
Definitions: eCL - euality control limit.

MCL - Maximum contaminant level.
ND - Not detected at the reporting limit.



ENERGY LABORATORTES, ,rVC. * 1120 S 27th St * PO Box 30916 * Billings, MT 59107-0916
Toll Free 800.735.489 * 406.252.6325 * FAX 406.252.6069 * eli@energylah.com

LABORATORY ANALYTICAL REPORT

Client: Patrick Collins

Project: Coal Hollow

Lab ID: 806030458-007

Client Sample ID: Box 7 CH-5 Overburden

Report Date:

Collection Date:

Date Received:

Matrix:

03130106

Not Provided

03107106

Soi l

Analyses Result Units Qual

MCL/
RL QCL Method Analysis Date / By

PHYSICAL CHARACTERISTICS
Sand

sit t
Clay
Very Fine Sand
Texture

- C = Clay, S = Sand(y), Si = Si l t(y), L = Loam(y)

SATURATED PASTE
pH, sat. paste
Conductivity, sat. paste
Saturation
Calcium, sat. paste
Magnesium, sat. paste
Potassium, sat. paste
Sodium, sat. paste

Sodium Adsorption Ratio (SAR)

ACID.BASE ACCOUNTING
Neutralization Potential
Acid Potential
Acid/Base Potential

18 o/o

57 o/o

25 Yo
1 6 tt'tlo/o

SiL

8.60 s .u .
3.39 mmhos/cm
72.9 Yo
0.65 meq/L
0.34 meq/L
0.29 meq/L
31.8 meq/L
45.3 unit less

I

1
1

0 . 1 0
0.01
0 .1
0.07
0.08
0.03
0.07
0.01

1 . 0
1 . 0

0 .1
0.02

1

0 . 1

A

E

1
tr

5
6

5
A

1
A

ASA15-5
ASA15-5
ASA15-5
ASA15-5
ASA15-5

ASAMlO-3.2
ASA1O.3
USDA2Ta
SW6OlOB
SW6OlOB
SW6OlOB
SW6OlOB
Calculat ion

Sobek Modified
Sobek Modified
Sobek Modified

USDA23c
ASA29-3
ASA33-8.1

SW6OlOB

SW6OlOB
SW6O1OB
SW6O1OB
SW6OIOB
SW6O1OB
SW6OIOB
SW6OIOB
SW6OlOB
s\ /74714
SW6OlOB

03/16/06 08:32 / srm
03/16/06 08:32 / srm
03/16/06 08:32 / srm
03/30/06 09:23 / srm
03/16/06 08:32 / srm

03 /15 /06  11 :13 / s rm
03 /15 /06  11 :13 / s rm
03 /15 /06  11 :13 / s rm
03/15/06 19:22 | rlh
03/15/06 19:22 | rlh
03/15/06 19:22 | rlh
03/15/06 19:22 | rlh
03/16/06 10:44 / srm

03/16/06 16:04 / srm
03/16/06 16:04 / srm
03/16/06 16:04 / srm

03/16/06 10:05 / srm
03114/06 '14:52 | srm
03/15/06 14:06 / srm

03117106 04:29 | rlh

03/13/06 23:04 I rlh
03/13/06 23:041 rlh
03/13/06 23:04lr lh
03/13/06 23:041 rlh
03/13/06 23:04 | rlh
03i13/06 23:04 | rlh
03/13/06 23:04 | rlh
03/13/06 23:04 t rlh
03/15/06 17:44 | jkc

03i 13/06 23:04 | rlh

130
1 1
120

13.4 o/o

0.Bg tt'ttYo

ND mg/kg

1 . 1 mg/kg

ukt
ukt
ukt

- The acid base potential was calculated from non-sulfate sulfur

CHEMICAL CHARACTERISTICS
Lime as CaCO3
Organic Carbon
Nitrate as N, KCL Extract

METALS, WATER EXTRACTABLE
Boron

METALS, TOTAL . EPA SW846
Arsenic
Barium
Cadmium
Chromium
Copper
lron
Lead
Manganese
Mercury
Molybdenum

ND mg/kg
61 mg/kg
ND mg/kg
8 mg/kg
10 mg/kg

9060 mg/kg
6 mg/kg

319 mg/kg
ND mg/kg
ND mg/kg

Report RL - Analyte reporting limit.
Definitions: eCL - euality control limit.

D - RL increased due to sample matrix interference.

MCL - Maximum contaminant level.

ND - Not detected at the reporting limit.



ENERGY LABORATORTES, lNC. " 1120 S 27th St' PO Box 30916 * Billings, MT 59107-0916
Toll Free 800.735./U89 * 406.252.6325 * FAX 406.252.6069' eli@energylab.com

LABORATORY ANALYTICAL REPORT

Client: Patrick Collins

Project: CoalHollow

Lab ID: 806030458-007

Client Sample ID: Box 7 CH-5 Overburden

Report Date:

Collection Date:

Date Received:

Matrix:

03130106

Not Provided

03t07t06

Soi l

Analyses Result Units Qual

MCL/
RL QCL Method Analysis Date / By

METALS, TOTAL . EPA SW845
Selenium
Silver

Zinc

ND mg/kg
ND mg/kg
33 mg/kg

5
5
5

SW6O1OB
SW6O1OB
SW6O1OB

03/13/06 23:04 I rlh
03/13/06 23:04 | rlh
03/13/06 23:04lrlh

Report RL - Analyte reporting limit.
Definitions: QcL - Quality control limit.

MCL - Maximum contaminant level.

ND - Not detected at the reporting limit.



w
IAEEETEEE

ENERGY LABORATOR ES, lNC. * 1 120 S 27th St * PO Box 3091 6 * Billings, MT 591 07-091 6
Toll Free 800.735.489 " 406.252.6325 * FAX 406.252.6069 * eli@energylab.com

LABORATORY ANALYTICAL REPORT

Client: Patrick Collins

Project: Coal Hollow

Lab ID: 806030458-008

Client Sample ID: Box 8 CH-5 Overburden

Report Date: 03130106

Collection Date: Not Provided

Date Received: 03/07i06

Matrix: Soil

Analyses Result Units Qual

MCLI
RL QCL Method Analvsis Date / Bv

PHYSICAL C HARACTERISTICS
Sand

si l t
Clay
Very Fine Sand
Texture

- C = Clay, S = Sand(y), Si = Si l t(y), L = Loam(y)

SATURATED PASTE
pH, sat. paste
Conductivity, sat. paste

Saturation
Calcium, sat. paste
Magnesium, sat. paste
Potassium, sat. paste

Sodium, sat. paste
Sodium Adsorption Ratio (SAR)

ACID-BASE ACCOUNTING
Neutralization Potenti al
Acid Potential
Acid/Base Potential

Lime as CaCO3
Organic Carbon
Nitrate as N, KCL Extract

METALS, WATER EXTRAGTABLE
Boron

METALS, TOTAL . EPA SW845
Arsenic
Barium
Cadmium
Chromium
Copper
lron
Lead
Manganese
Mercury
Molybdenum

12 Yo
59 o/o

2 9 %
12 tt'tto/o

SiCL

9.30 s .u .
1.81 mmhos/cm
142 o/o

0.15 meq/L
ND meq/L
0.11 meq/L
16.5 meq/L
52.4 unitless

ASA15-5
ASA15-5
ASA15.5
ASA15-5
ASA15-5

ASAMlO-3.2
ASA1O.3
USDA2Ta
SW6O1OB
SW6OIOB
SW6O1OB
SW6OlOB
Calculat ion

Sobek Modified
Sobek Modified
Sobek Modified

USDA23c
AS429-3
ASA33-8.1

SW6OlOB

SW6OlOB
SW6OlOB
SW6OlOB
SW6OlOB
SW6OlOB
SW6OlOB
SW6OlOB
SW6OlOB
s\ r471A
SW6OlOB

03/16/06 08:32 / srm
03/16/06 08:32 / srm
03/16/06 08:32 / srm
03/30/06 09:23 / srm
03/16/06 08:32 / srm

03 /15 /06  11 :13 / s rm
03/15/06 11:13 /  s rm
03/15/06 11 :13 I srm
03i 15/06 19:26 | rlh
03/15/06 19:26 | rlh
03i 15/06 19:26 / r lh
03i 15/06 19:26 / r lh
03/16/06 10:44 / srm

03/16/06 16:04 / srm
03/16/06 16:04 / srm
03/16/06 16:04 / srm

03/16/06 10:05 / srm
03114106 14:52 l srm
03/15/06 14:20 I srm

03117106 04:33 / rlh

03i 13/06 23:08 / r lh
03/13/06 23:08 / rlh
03/13/06 23:08 / rlh
03/13/06 23:08 / rlh
03/13/06 23:08 / r lh
03/13/06 23:08 i  r lh
03/13/06 23:08 / r lh
03/13/06 23:08 i  r lh
03/15/06 17:46 l jkc
03/13/06 23:08 / r lh

60
23
37

6.0 Yo

0.96 wto/o

ND mg/kg

2.2 mg/kg

ND mg/kg
106 mg/kg
ND mg/kg
15 mg/kg
17 mg/kg

11800 mg/kg
8 mg/kg
94 mg/kg
ND mg/kg
ND mg/kg

ukt
ukr
ukt

0 . 1 0
0.01
0.1
0.05
0.08
0.03
0.04
0.01

1 . 0
1 . 0

0 .1
0.02

1

0 .1

5
5
1
5
5
5
5
5
1
5

- The acid base potential was calculated from non-sulfate sulfur.

C HEMICAL CHARACTERISTICS

Report RL - Analyte reporting limit.
Definitions: eCL - euality control limit.

MCL - Maximum contaminant level.
ND - Not detected at the reporting limit.



IEIWI
IZEEEZIEIEH

ENERGY LABORATOR/ES, ,wC. * 1120 S 27th Sf * PO Box 30916 * Billings, MT 59107-0916
Toll Free 800.735.489 * 406.252.6325 * FAX 406.252.6069 * eli@energylab.com

LABORATORY ANALYTICAL REPORT

Client: Patrick Collins

Project: Coal Hollow

Lab ID: 806030458-008

Client Sample ID: Box 8 CH-5 Overburden

Report Date:

Collection Date:

Date Received:

Matrix:

03130106

Not Provided

03107106

Soil

Analyses Result Units Qual

MCL/
RL QCL Method Analysis Date / By

METALS, TOTAL . EPA SW846
Selenium
Silver

Zinc

ND mg/kg
ND mg/kg
38 mg/kg

5
5
5

SW6OlOB
SW6OlOB
SW6OIOB

03/13/06 23:08 / rlh
03/13/06 23:08 / rlh
03/13/06 23:08 / rlh

Report RL - Analyte reporting limit.
Definitions: QcL - Quality control l imit.

MCL - Maximum contaminant level.
ND - Not detected at the reporting limit.



EW
IA@TEIEE

ENERGY LABORATORTES, INC. * 1120 S 27th St' PO Box 30916 * Billings, MT 59107-0916
Toll Free 800.735.489 * 406.252.6325 * FAX 406.252.6069 * eli@energylab.com

LABORATORY ANALYTICAL REPORT

Client: Patrick Collins

Project: Coal Hollow

Lab ID: 806030458-009

Client Sample ID: Box 9 CH-5 Overburden

Report Date: B13A106

Collection Date: Not Provided

Date Received: 03107 106

Matrix: Soil

Analyses Result Units Qual

MCL/
RL QCL Method Analysis Date / By

PHYSICAL C HARACTERISTICS
Sand

si lr
Clay
Very Fine Sand
Texture

- C = Clay, S = Sand(y), Si = Si l t(y), L = Loam(y)

SATURATED PASTE
pH, sat. paste
Conductivity, sat. paste
Saturation
Calcium, sat. paste
Magnesium, sat. paste
Potassium, sat. paste
Sodium, sat. paste
Sodium Adsorption Ratio (SAR)

ACID.BASE ACCOUNTING
Neutralization Potential
Acid Potential
Acid/Base Potential

12 Yo
5 3 %
3 5 %
10 wt%

SiCL

9.30 s .u .
1.30 mmhos/cm
163 Yo
0.11 meq/L
ND meq/L
0.09 meq/L
12.3 meq/L
46.9 unitless

34 Ukt
21 Ukt
13 Ukt

0 . 1 0
0.01
0 .1
0.05
0.08
0.03
0.04
0 .01

1 . 0
1 . 0

0 .1
0.02

1

0 .1

5
5
4

I

5
5
5
5
5
1
5

ASA15-5
ASA15.5
ASA15-5
ASA15-5
ASA15-5

ASAMlO-3.2
ASAIO-3
USDA2Ta
SW6OlOB
SW6OlOB
SW6OlOB
SW6OlOB
Calculation

Sobek Modified
Sobek Modified
Sobek Modified

USDA23c
ASA29-3
ASA33-8.1

SW6OlOB

SW6OlOB
SW6OlOB
SW6OlOB
SW6OlOB
SW6OlOB
SW6OlOB
SW6OlOB
SW6O1OB
s\ n471A
SW6OlOB

03/16/06 08:32 / srm
03/16/06 08:32 / srm
03/16/06 08:32 / srm
03/30/06 09:23 / srm
03/16/06 08:32 / srm

0 3 / 1 5 / 0 6 1 1 : 1 3 / s r m
03/15/06 11:13 /  s rm
03 /15 /06  11 :13 / s rm
03/15/06 19:31 / r lh
03/15/06 19:31 / r lh
03/15/06 19:31 / r lh
03/15/06 19:31 / r lh
03/16/06 10:44 / srm

03/16/06 16:04 / srm
03i 16/06 16:04 / srm
03/16/06 16:04 / srm

03/16/06 10:05 / srm
0311410614:521 srm
03/15/06 14:08 / srm

03117106 04:38 / rlh

03/13/06 23:11 l r lh
03/13/06 23:11 lr lh
03/13/06 23:11 lr lh
03/13/06 23:11 lr lh
03/13/06 23:11 lr lh
03/13/06 23:11 lr lh
03/13/06 23:11 I rlh
03/13/06 23:11 | rlh
03/15/06 17:48l jkc
03/13/06 23:11 | r lh

- The acid base potential was calculated from non-sulfate sulfur

CHEMICAL CHARACTERISTICS
Lime as CaCO3
Organic Carbon
Nitrate as N, KCL Extract

METALS, WATER EXTRACTABLE
Boron

METALS, TOTAL . EPA SW846
Arsenic
Barium
Cadmium
Chromium
Copper
l ron
Lead
Manganese
Mercury
Molybdenum

3.4 %
0.BO wt%

1 mg/kg

1 . 9 mg/kg

ND mg/kg
118 mg/kg
ND mg/kg
11 mg/kg
12 mg/kg

10700 mg/kg
10 mg/kg
73 mg/kg
ND mg/kg
ND mg/kg

Report RL - Analyte reporting limit.
Definitions: QcL - Quality control limit.

MCL -  Maximum contaminant level .

ND - Not detected at the reporting limit.



EffretF,ailI
IAEEEZTEEIH

ENERGY LABORATOR ES, ,rVC. * 1120 S 27th Sf * PO Box 30916 * Billings, MT 59107-0916
Toll Free 800.735./U89 " 406.252.6325 " FAX 406.252.6069 * eli@energylab.com

LABORATORY ANALYTICAL REPORT

Client: Patrick Collins

Project: Coal Hollow

Lab ID: 806030458-009

Client Sample ID: Box 9 CH-5 Overburden

Report Date:

Collection Date:

Date Received:

Matrix:

03130/06

Not Provided

03107106

Soi l

Analyses Result Units Qual

MCL/
RL QCL Method Analysis Date / By

METALS, TOTAL . EPA SW846
Selenium
Silver

Zinc

ND mg/kg
ND mg/kg
41 mg/kg

5
5
5

SW6OlOB
SW6OlOB
SW6OlOB

03/13/06 23:11 lr lh
03/13/06 23:11 lrlh
03/13/06 23:11 lr lh

Report RL - Analyte reporting limit.
Definitions: eCL - euality control limit.

MCL - Maximum contaminant level.
ND - Not detected at the reporting limit.



ENERGYLABORATORTES, INC."1120S27thSt"POBox30916*Bi l l ings,MT59107-0916
Toll Free 800.735.489 " 406.252.6325 * FAX 406.252.6069 * eli@energylab.com

LABORATORY ANALYTICAL REPORT

Client: Patrick Collins

Project: Coal Hollow

Lab ID:  806030458-010

Client Sample ID: Box l0 CH-5 Overburden

Report Date:

Collection Date:

Date Received:

Matrix:

03t30t06
Not Provided

03t07 t06

Soi l

Analyses Result Units Qual

MCL/
RL QCL Method Analvsis Date / Bv

PHYSICAL CHARAGTERISTICS
Sand

sit t
Clay
Very Fine Sand
Texture

- C = Clay, S = Sand(y), Si = Si l t(y), L = Loam(y)

SATURATED PASTE
pH, sat. paste
Conductivity, sat. paste
Saturation
Calcium, sat. paste

Magnesium, sat. paste
Potassium, sat. paste
Sodium, sat. paste
Sodium Adsorption Ratio (SAR)

ACID.BASE ACCOUNTING
Neutralization Potential
Acid Potential
Acid/Base Potential

Lime as CaCO3
Organic Carbon
Nitrate as N, KCL Extract

METALS, WATER EXTRACTABLE
Boron

METALS, TOTAL - EPA SW846
Arsenic
Barium
Cadmium
Chromium
Copper
lron
Lead
Manganese
Mercury
Molybdenum

3 2 %
4 3 0
2 5 %
27 wt%
L

8.30 s .u .
5.42 mmhos/cm
76.7 %
2.24 meq/L
1.14 meq/L
0.46 meq/L
54.2 meq/L
41.7 unitless

23 Ukt
15 Ukt
I Ukt

1
1
1

0 . 1 0
0.01
0 .1
0.05
0.08
0.03
0 .1
0.01

1 . 0
1 . 0

0.1
o.o2

1

0 . 1

4

6

1
tr

6

6

6

6

1
6

ASA15-5
ASA15-5
ASA15.5
ASA15-5
ASA15-5

ASAMlO-3.2
ASA1O.3
USDA2Ta
SW6OIOB
SW6O1OB
SW6O1OB
SW6O1OB
Calculat ion

Sobek Modified
Sobek Modified
Sobek Modified

USDA23c
ASA29.3
ASA33-8.1

SW6OlOB

SW6OlOB
SW6OlOB
SW6OlOB
SW6OlOB
SW6OlOB
SW6OlOB
SW6O1OB
SW6OlOB
s\ n471A
SW6OlOB

03/16/06 08:32 / srm
03/16/06 08:32 / srm
03/16/06 08:32 / srm
03/30/06 09:23 / srm
03/16/06 08:32 / srm

03 /15 /06  11 :13 i  s rm
03 /15 /06  11 :13 / s rm
03 /15 /06  11 :13 / s rm
03/15/06 19:35 i  r lh
03i15/06 19:35 i  r lh
03/15/06 19:35 / r lh
03/15/06 19:35 / r lh
03i16/06 10:441 srm

03/16/06 16:04 / srm
03i16/06 16:04 / srm
03/16/06 16:04 / srm

03/16/06 10:05 / srm
0311410614:52 | srm
03/15/06 14:08 / srm

03117lOG 04:42 | rlh

03/13/06 23:15 I rlh
03/13/06 23:151 dh
03/13/06 23:15 | rlh
03/13/06 23:15 | rlh
03/13/06 23:15 | rlh
03/13/06 23:151 rlh
03i 13/06 23:15 | rlh
03/13/06 23:15 | rlh
03i 15/06 17:50 | jkc

03/13/06 23:15 | rlh

- The acid base potential was calculated from non-sulfate sulfur.

CHEMICAL CHARACTERISTICS
2.3 %
2.92 \t'tt%
ND mg/kg

1 . 5 mg/kg

ND mg/kg
70 mg/kg
ND mg/kg
6 mg/kg
7 mg/kg

6720 mg/kg
8 mg/kg
68 mg/kg
ND mg/kg
ND mg/kg

Report RL - Analyte reporting limit.
Definitions: eCL - euality control limit.

D - RL increased due to samole matrix interference.

MCL - Maximum contaminant level.
ND - Not detected at the reporting limit.



EIW
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ENERGY LABORATORTES, lNC. * 1120 S 27th St" PO Box 30916 * Billings, MT 59107-0916
Toll Free 800.735.489 " 406.252.6325 * FAX 406.252.6069 * eli@energylab.com

LABORATORY ANALYTICAL REPORT

Client: Patrick Collins

Project: CoalHollow

Lab ID: 806030458-010

Client Sample ID: Box 10 CH-5 Overburden

Report Date:

Collection Date:

Date Received:

Matrix:

03t30t06
Not Provided

03107106
Soil

Analyses Result Units Qual

MCL/
RL QCL Method Analvsis Date / Bv

METALS, TOTAL . EPA SW846
Selenium
Silver

Zinc

ND mg/kg
ND mg/kg
29 mg/kg

5
5
5

SW6O1OB
SW6O1OB
SW6O1OB

03/13/06 23:15 | rlh
03/13/06 23:15 / r lh
03/13/06 23:15 / r lh

Report RL - Analyte reporting limit.
Definitions: eCL - euality control limit.

MCL - Maximum contaminant level.
ND - Not detected at the reporting limit.



ffi
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ENERGY LABORATORTES, lNC. * 1120 S 27th St* PO Box 30916 * Billings, MT 59107-0916
Toll Free 800.735..U89 . 406.252.6325 * FAX 406.252.6069' el i@energylab.com

LABORATORY ANALYTICAL REPORT

Client: Patrick Collins

Project: Coal Hollow

Lab ID: 806030458-01 I

Client Sample ID: Box 13 CH-5 Below

Report Date:

Collection Date:

Date Received:

Matrix:

03t30t06
Not Provided

03t07t06
Soil

MCI,/
Analyses Result Units Qual RL QCL Method Analysis Date / By

PHYSICAL CHARACTERISTICS
Sand

sit t
Clay
Very Fine Sand
Texture

- C = Clay, S = Sand(y), Si = Si l t(y), L = Loam(y)

SATURATED PASTE
pH, sat. paste
Conductivity, sat. paste

Saturation
Calcium, sat. paste
Magnesium, sat. paste
Potassium, sat. paste

Sodium, sat. paste

Sodium Adsorption Ratio (SAR)

ACID.BASE ACCOUNTING
Neutralization Potential
Acid Potential
Acid/Base Potential

Lime as CaCO3
Organic Carbon
Nitrate as N, KCL Extract

METALS, WATER EXTRACTABLE
Boron

METALS, TOTAL - EPA SW845
Arsenic
Barium
Cadmium
Chromium
Copper
lron
Lead
Manganese
Mercury
Molybdenum

6 o/o

56 o/o

3 8 %
6 wt%

SiCL

9.00 s .u .
1.66 mmhos/cm
49.0 o/o

0.23 meq/L
ND meq/L
0.18 meq/L
18.1 meq/L
46.3 unit less

51 Vkt
2.0 Ukt
49 Ukt

1 . 8

N D
2 1
N D
1 B
24

5700
1 9
59
N D
N D

mg/kg

1
I

1
1

0 . 1 0
0.01
0 . 1

0.05
0.08
0.03
0.04
0 .01

1 . 0
1 . 0

0 .1
0.02

1

0 .1

5
5
1
5
5
5
5
5
1
5

ASA15-5
ASA15-5
ASA15-5
ASA15-5
ASA15-5

ASAM1O.3.2
ASAIO-3
USDA2Ta
SW6OIOB
SW6OIOB
SW6OIOB
SW6O1OB
Calculat ion

Sobek Modified
Sobek Modified
Sobek Modified

USDA23c
ASA29-3
ASA33-8.1

SW6OIOB

SW6O1OB
SW6O1OB
SW6OIOB
SW6OIOB
SW6OlOB
SW6OlOB
SW6OIOB
SW6OIOB
SVW471A
SW6OIOB

03/16/06 08:32 / srm
03/16/06 08:32 / srm
03i16/06 08:32 / srm
03/30/06 09:23 / srm
03i16/06 08:32 / srm

03/15/06 11:13 /  s rm
03/15/06 11:13 /  s rm
03/15/06 11:13 /  s rm
03/15/06 19:39 / r lh
03/15/06 19:39 / r lh
03/15/06 19:39 i  r lh
03/15/06 19:39 / r lh
03/16/06 10:44 | srm

03/16/06 16:04 / srm
03i16/06 16:04 / srm
03/16/06 16:04 i  srm

03/16/06 10:05 / srm
0311410614:52 | srm
03/15/06 14:09 / srm

03117106 04:47 I rlh

03/13/06 23:19 | rlh
03/13/06 23:191 r lh
03/13/06 23:19 | rlh
03/13/06 23:19 / r lh
03/13/06 23:19 i  r lh
03/13/06 23:19 / r lh
03/13/06 23:19 / r lh
03/13/06 23:19 i  r lh
03/15/06 17:52 | jkc

03/13/06 23:19 I rlh

- The acid base potential was calculated from non-sulfate sulfur.

C HEMICAL CHARACTERISTICS
5 .1  %
0.75 rutYo

ND mg/kg

mg/kg

mg/kg

mg/kg

mg/kg

mg/kg

mg/kg

mg/kg

mg/kg

mg/kg

mg/kg

Report RL - Analyte reporting limit.
Definitions: eCL - euality control limit.

MCL -  Maximum contaminant level .

ND - Not detected at the reporting limit.



ffi
IZE@IEEH

ENERGY LABORATORTES, INC. * 1 120 S 27th St * PO Box 3091 6 " Billings, MT 591 07-091 6
Toll Free 800.735./t489 * 406.252.6325 * FAX 406.252.6069 " eli@energylab.com

LABORATORY ANALYTICAL REPORT

Client: Patrick Collins

Project: Coal Hollow

Lab ID:  806030458-011

Client Sample ID: Box 13 CH-5 Below

Report Date:

Collection Date:

Date Received:

Matrix:

03130106
Not Provided

03107/06
Soil

MCL/
Analyses Result Units Qual RL QCL Method Analysis Date / By

METALS, TOTAL - EPA SW846
Selenium
Silver

Zinc

ND mg/kg
ND mg/kg
75 mg/kg

5
5
5

SW6OlOB
SW6OlOB
SW6OlOB

03/13/06 23:19 | rlh
03/13/06 23:19 / r lh
03/13/06 23:19 | rlh

Report RL - Analyte reporting limit.
Definitions: eCL - euality control limit.

MCL - Maximum contaminant level.
ND - Not detected at the reporting limit.



EW
IZEEItrTEEE

ENERGY LABORATOR/ES, lNC. " 1120 S 27th St * PO Box 30916 * Billings, MT 59107-0916
Toll Free 800.735.489 * 406.252.6325. FAX 406.252.6069 * eli@energylab.com

LABORATORY ANALYTICAL REPORT

Client: Patrick Collins

Project: Coal Hollow

Lab ID: 806030458-012

Client Sample ID: CH 3 Below Underburden

Report Date:

Collection Date:

Date Received:

Matrix:

03130106

Not Provided

03t07t06

Soil

Analyses Result Units Qual

I/ICLI
RL QCL Method Analysis Date / By

PHYSICAL CHARAGTERISTICS
Sand
silt
Clay
Very Fine Sand
Texture

- C = Clay, S = Sand(y), Si = Si l t(y), L = Loam(y)

SATURATED PASTE
pH, sat. paste
Conductivity, sat. paste
Saturation
Calcium, sat. paste
Magnesium, sat. paste
Potassium, sat. paste
Sodium, sat. paste

Sodium Adsorption Ratio (SAR)

ACID-BASE ACCOUNTING
Neutralization Potential
Acid Potential
Acid/Base Potential

Lime as CaCO3
Organic Carbon
Nitrate as N, KCL Extract

METALS, WATER EXTRACTABLE
Boron

METALS, TOTAL - EPA SW846
Arsenic
Barium
Cadmium
Chromium
Copper
lron
Lead
Manganese
Mercury
Molybdenum

8 %
4 5 %
4 7 %
5 wt%

SiC

8.20 s .u .
1.BB mmhos/cm
60.0 %
1.80 meq/L
1.20 meq/L
0.46 meq/L
15.3 meq/L
12.5 unit less

1

1

1

0 . 1 0
0.01
0 . 1

0.05
0.08
0.03
0.04
0.01

1 . 0
1 . 0

0 .1
0.02

1

0 .1

5
q

1
6

q

5
5
5
1
5

ASA15-5
ASA15.5
ASA15-5
ASA15-5
ASA15-5

ASAMlO-3.2
ASA1O.3
USDA2Ta
SW6OlOB
SW6OlOB
SW6OlOB
SW6OlOB
Calculation

Sobek Modified
Sobek Modified
Sobek Modified

USDA23c
ASA29-3
ASA33-8.1

SW6OlOB

SW6OlOB
SW6OlOB
SW6OlOB
SW6OlOB
SW6OlOB
SW6OlOB
SW6O1OB
SW6OlOB
s\ /74714
SW6OlOB

03/16/06 08:32 / srm
03/16/06 08:32 / srm
03/16/06 08:32 / srm
03/30/06 09:23 / srm
03/16/06 08:32 / srm

03/15/06 11:13 /  s rm
03/15/06 11:13 /  s rm
03/15/06 11:13 /  s rm
03/15/06 19:44 I rlh
03/15/06 19:44 | rlh
03/15/06 19:44 / rlh
03/15/06 19:44 | rlh
03/16/06 10:44 | srm

03/16/06 16:04 / srm
03/16/06 16:04 / srm
03/16/06 16:04 / srm

03/16/06 10:05 / srm
03114106 14:52 | srm
03/15/06 14:10 /  s rm

03117106 04:56 / rlh

03/13/06 23:22 I rlh
03/13/06 23:22 | rlh
03/13i06 23:22 | rlh
03/13/06 23:22 I rlh
03i13/06 23:22 | rlh
03/13/06 23:221 rlh
03i13106 23:221 rlh
03/13/06 23:22 | rlh
03/15/06 17:54l jkc
03/13/06 23:221 rlh

78
2 .O
75

7.8 o/o

0.78 wto/o

ND mg/kg

3.0 mg/kg

ND mg/kg
21 mg/kg
ND mg/kg
19 mg/kg
27 mg/kg

6820 mg/kg
20 mg/kg
89 mg/kg
ND mg/kg
ND mg/kg

ukt
ukt
vkt

- The acid base potential was calculated from non-sulfate sulfur.

CHEMICAL CHARACTERISTICS

Report RL - Analyte reporting limit.
Definitions: eCL - euality control limit.

MCL - Maximum contaminant level.

ND - Not detected at the reporting limit.
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ENERGYLABORATORTES, lNC.*1120S27thSt*POBox30916*Bi l l ings,MT59107-0916
Toll Free 800.735.&89 * 406.252.6325 " FAX 406.252.6069 * eli@energylab.com

LABORATORY ANALYTICAL REPORT

Client: Patrick Collins

Project: CoalHollow

Lab ID: 806030458-012

Client Sample ID: CH 3 Below Underburden

Report Date:

Collection Date:

Date Received:

Matrix:

03130106
Not Provided
03t07t06
Soil

Analyses Result Units Qual

MCL/
RL QCL Method Analysis Date / By

METALS, TOTAL . EPA SW846
Selenium
Silver

Zinc

ND mg/kg
ND mg/kg
122 mg/kg

E

5
6

SW6OIOB
SW6OlOB
SW6OlOB

03/13/06 23:22 | rlh
03/13/06 23:22 I rlh
03/13/06 23:22 | rlh

Report RL - Analyte reporting limit.
Definitions: eCL - euality control limit.

MCL - Maximum contaminant level.
ND - Not detected at the reporting limit.
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ENERGYLABORATORTES, lNC."1120S27thSt*POBox30916*Bi l l ings,MT59107-0916
Toll Free 800.735./U89. 406.252.6325 * FAX 406.252.6069 * eli@energylab.com

LABORATORY ANALYTICAL REPORT

Client: Patrick Collins

Project: CoalHollow

Lab ID:  806030458-013

Client Sample ID: CH 3 Above Overburden

Report Date:

Collect ion Date:

Date Received:

Matrix:

03t30t06

Not Provided

03t07t06

Soi l

Analyses Result Units Qual

MCL/
RL QCL Method Analysis Date i By

PHYSICAL CHARACTERISTICS
Sand

sit t
Clay
Very Fine Sand
Texture

- C = Clay, S = Sand(y), Si = Si l t(y), L = Loam(y)

SATURATED PASTE
pH, sat. paste
Conductivity, sat. paste
Saturation
Calcium, sat. paste
Magnesium, sat. paste
Potassium, sat. paste
Sodium, sat. paste
Sodium Adsorption Ratio (SAR)

ACID.BASE ACCOUNTING
Neutralization Potenti al
Acid Potential
Acid/Base Potential

Lime as CaCO3
Organic Carbon
Nitrate as N, KCL Extract

METALS, WATE R EXTRACTABLE
Boron

METALS, TOTAL . EPA SW846
Arsenic
Barium
Cadmium
Chromium
Copper
lron
Lead
Manganese
Mercury
Molybdenum

B Y o
59 Yo
33 Yo
8 tutYo

SiCL

7.80 s .u .
3.25 mmhos/cm
88.5 %
9.16 meq/L
10.3 meq/L
0.86 meq/L
16.0 meq/L
5.14 unit less

1
1
1

0 . 1 0
0.01
0 .1
0.07
0.08
0.03
0.07
0.01

1 . 0
1 . 0

0 .1
0.02

1

0 .1

5
5
1
5
5
5
5
5
1
5

ASA15-5
ASA15-5
ASA15-5
ASA15-5
ASA15-5

ASAMlO-3.2
ASA1O-3
USDA2Ta
SW6OlOB
SW6OlOB
SW6OlOB
SW6OlOB
Calculat ion

Sobek Modified
Sobek Modified
Sobek Modified

USDA23c
ASA29.3
ASA33-8.1

SW6OlOB

SW6O1OB
SW6OlOB
SW6OlOB
SW6O1OB
SW6OlOB
SW6OlOB
SW6O1OB
SW6OlOB
s! 74714
SW6OlOB

03/16/06 08:32 / srm
03/16/06 08:32 / srm
03/16/06 08:32 / srm
03/30/06 09:23 / srm
03/16/06 08:32 / srm

03/15/06 11:13 /  s rm
03/15/06 11:13 /  s rm
03/15/06 11:13 /  s rm
03/15/06 20:00 / r lh
03/15/06 20:00 / r lh
03/15/06 20:00 / rlh
03/15/06 20:00 / rlh
03/16/06 10:44 / srm

03/16/06 16:04 / srm
03/16/06 16:04 / srm
03/16/06 16:04 i  srm

03/16/06 10:05 / srm
0311410614:521 srm
03/15/06 14:11 /  s rm

03117106 05:13 / r lh

03/13/06 23:26 | rlh
03/13/06 23:261 rlh
03/13/06 23:261 r lh
03/13/06 23:26 | rlh
03/13/06 23:261 rlh
03/13/06 23:261 rlh
03/13/06 23:261 rlh
03/13/06 23:26 | rlh
03/15/06 17:56 / jkc
03/13/06 23:26 | rlh

100
1 0
90

1 0 %
0.95 wt%
ND mg/kg

1 . 6 mg/kg

12 mg/kg
41 mg/kg
ND mg/kg
6 mg/kg
10 mg/kg

11600 mg/kg
I mg/kg

124 mg/kg
ND mg/kg
ND mg/kg

ukt
ukt
vkt

- The acid base potential was calculated from non-sulfate sulfur.

C HEMICAL CHARACTERISTICS

Report RL - Analyte reporting limit.
Definitions: eCL - euality control limit.

D - RL increased due to sample matrix interference.

MCL - Maximum contaminant level.
ND - Not detected at the reporting limit.
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ENERGY LABORATORTES, INC. * 1120 S 27th St * PO Box 30916 * Billings, MT 59107-0916
Toll Free 800.735.489 * 406.252.6325 * FAX 406.252.6069 * eli@energylab.com

LABORATORY ANALYTICAL REPORT

Client: Patrick Coll ins

Project: Coal Hollow

Lab ID: 806030458-013

Client Sample ID: CH 3 Above Overburden

Report Date:

Collection Date:

Date Received:

Matrix:

03t30t06

Not Provided

03t07t06
Soil

l{cu
Analyses Result Units Qual RL QCL Method Analysis Date / By

METALS, TOTAL - EPA SW846
Selenium
Silver

Zinc

ND mg/kg
ND mg/kg
41 mg/kg

5
A

tr

SW6OlOB
SW6OlOB
SW6OlOB

03/13/06 23:26 | rlh
03/13/06 23:26 | rlh
03/13/06 23'.26 | rlh

Report RL - Analyte reporting limit.
Definitions: QcL - Quality control limit.

MCL - Maximum contaminant level.
ND - Not detected at the reporting limit.



APPENDIX 6.3

Geologic map of the Alton, IJtah 7.5 minute
quadrangle (Tilton, 200 1)
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ẑ
l r

-
f=l
\ r

;

z
-
L l

o
Av
.z
Fi

-ts
-
J
>
t-t

(-
c
=

_&

t'\)
(-!

a

F

: i :
F i t

t : {
\  \  A '

\  ^ - - :  j] \
1  :  = ' - l

! =  3  i  : -. - = - :  . :
: i S . r
: i  \ .  \ :

l ' >  c .  =
- l - . ) ^
z  - : . <

r '  j  *

?o
n

- i .

-

:F

hr

,1

: .
"4
i-

3
ar
(/)

t-

-
q

j

- =  - 1  - z
r -

l j  = : ! -

: y I . D C n
- ( . , + . 6
I  l :  *  a
V : F
r ; - a t ^ l -
- )  , -  r r  I
! - - = ' ' l  t s\ . 1
: A {
=  v F

1  - z
X  A s
) V !^_l-  ^ -

t / v:
"̂  / \  

! <

z  l ' 7 )
! r  F + .
- v
( - t / -

-  A + , ,
L -= \

:  ?-  =
a =:- :
=  1 4
- : l
e A
. D \ j
t. ,7

4

fr
t -

+i :-n
f

Z

i
,J\

:jn

<
! a

].
5
.J\

y'
I

6





== j 4=l z iZ =E L= 7ZZ=+:,t i=-Z=i i= i=
i , . 4 -  . '  = ' ; , 2 ^ -  = a !  =  = =  = : v , i =  =  :  = ,  ? = Z  :
=7,- t=:E'z i  2 = -: ; :  E j  +1?,4. = a l
7r.':", = Z e;i;= l i=;,,1=,4;;iz =:=7
1=.7; ==t ,==i i: = 1-' i ' 'Z i '  i '  '  = 1 z

7= !: = * t 7 a ; 2 I il E=iEii:vii'Si
:Iat,i:i;t '.+ :==:E+>-2, 1i =,,=i:a1==i=; r?= :i=,142= t'Zi= = +:
2 t , ,J= == 7=1= = i  -  :  : :==z2i= =,  = 22 =1 =1
= 11== := ; i  = I 1i - i : :=-i r,=7== z l=:,
==az,; iaaEj==,azi1 t 271 2'= 1!3
= '  ? t '  =  - -  7 , ,  z t ,  = ?  . =  =  t  : '  T  : r ' _ ,  =  =  = '  ?  V  ;  7 V
- . = Z C 5 ' = =  2 ; 3  - ;  = i  z = = =  =  =  J t . a Z  i  =

=i ',=,2,i i =, = 2= -/= t==:=-Atlt==lt 1=1,
1? i;;=Z ',4a77 z'i = :=E! =,. zz = =; ; '|==; 

,_7=; =.=.= i';:====2';j:=taia t==i z ==7i =;;ii zr2|lz:: . ? :i,,. ;.= E =a - ,  
e=7. :  i  - ->= a  = i '=_- :=7 Z += = == -  i  i

= - :=z== t  = ;= . ;  : t? i= l : i1== ' - -  2 ,z -  , , -=- -Z  = ,  7?==,? .  = . . .? .=- ,= 'a=;=z= i  = t
2=t ai==- - ==:rZV, 

-1ioJi===_i==7i=l; 
=a

;= !1i=Z = :1=:; -2.,o*,,. :=,===5 7j?-= ..2=== -, 1==j=Z 1=,=2=_12=-r=: :tZi: i =!,:=a _==:==,,_.2==:=1=,r=
= ' ,  7 - , 7 ?  ! -  v

E= ! ; ' " : ' )  
-  

"7!3. : .  "h4;=a: ' ;z=7-=283e

i- =;E=+1 ? ;;2+t:i=:i1t=t==:=i7:::= =a=-=r ,,=d-..t=7====?i1"=iVZ:i=Ztiz , ; = 7 il*i i, =:;=;=;-,; !,= t ?,I ja=tIi,+-=:
,1 .t= 7=z i=== ==i 1= aaz ! z :==1= .y e ?.= i= :v= iZ ==i ??-r; = = 1!z: *=: l=: ==rEai?:===J =;;z; ;;aat =:==='-iia====-ZE =,

. \

R  i o > .
. \ N !

' .  > - .  :

: - : =
N \ v -

. :  . : - \  <
\ \ ! >

3 . 1  ( =
l - . = :

f - - : - 2

f i r- t
s5 :u
{ . <  \  : -

, \ \ !: \ \ ^
-Q -:- - *l
' - - - : ! -

1  \  -  : .

. \ : : 5. - - - -  
i  *

: S : : r . .
. ! \ \ . ' \

. -  t r  * : . L
,_ _> \ _+_
v  - ^ :  * :

\
: = . :\ \ .
\  1 : \

g  ; i  -
\  i ' . =  i
:- . i  I  r

\  S ' i  -_ - -: ' - : - -
i J - > : -

i :  s ;
^  ! \  . -

= S ' - J  *
\ 9 1

S  - - :  . ' :
> \ _ - ' t
i ^ \ v \-  = >  t :
l . :  < S  =
^ F -  t  - . -
!  \ <  !

: :  i  - .  1 <
r \ \ ^

j  = i :s
!

^ :  - : - : \ J' - \ - - : - =
i  = :  = T .
! \ . . v \

i - . - - =  i  :

\  > =  = ;

2i?+!2=+=t2  . t taE,z==2 ' t  a= ? . )==zt+= ==a
a=j=:E;nzt= 2aa=i==z;a =z i '?, 1,:_..-a ==i' -- { ;a212 iZZZ;iZ:ti zt :Zi;=:z Z?Z€ e 3'=: E'{1
-=:i=,it=,='r! 727;2ir:;* Ei i=:=r;i =:z=  t  a=  *  a  - c
7 . - . t -  = - -  f ,

Tit=*iz+Ti =il: Et:l*1? z=i ll+zi?+?#1i
E;;E;{raisE EiE:l:;ii* il lli*llz5if ;
tiaz:;tzi:=? i;i3,tr=:ii,Ea, : Ez zlzlz z E = =
irEziTi = t', = 

",-i'?i rElttz zezl iati :== aii i2 i' 1 : = l==l\t?=€ i EZIZE : Z E=i';i:21, Ei=i u : = 2=' i?i* z=.? zz= E==i zti zz;i= Ez| + ;,; EIi i= EE

- + ^ = + Y N a ^ = +
- :t ..r a.; a.l -

a.l tc
r a \o q n

j ctt

r r E

a a

. at)

. F

:  :  :  .  :  :  :  :  :  :  :  .  .  :  :  :  :  :  :  :  :  :  :  :  :  :  :  o  i  I  .  : ! !  :  :  :  :  :  :  :  :  :  E  :  :  :  :  :  :  :  :  : 9  :  :u  l a .  ,  .
a F E I o

J

: . : : : : : : . : : : : : i : : : : : ' : : : : : :  I  i?, tE.:  : : : : : : :  € : : : : : : : : : i : : :

..ii.ri.i.i'.i:..:.:'::i:ii ! fiE",t." .:':..: t ::'i'ii.'€ i.i

..i'i'''i.,..,i'.i...:.'i': i g? iiE .i i,i,'ii : .i:.':::::..:
: : : :4 : : : : : : : : : : : : : : : : : : : : : :  ; ,  iEt ,E*, ,  Et , i , , ,  g  , ' : : : i : : : , i , , ,.  . z :  .  :  :  :  .  .  :  :  : 3  :  :  :  i  :  :  :  :  :  :  :  :  : a  :  :  :

::::!::::::::::,,,,8::::::: [ 5E:*E,, *,,fi i, ' E ::',, ', t,.o=,"', ',,,i::..:,::,.l ' l lE::.::.: 
?= EttlEi,, 

=412Er,,, E :..:::.,l=E',' .  ' .  ' .  ' .  
;  :  :  :  :  3  :  :  :  :  t .  :  i  *  :  E  :  :  : :  :  9 - ;  2? :E ! . :  !  e=  c9

: : : :E : : : :E : : : : : ' .5 , i . : : : : : : :  -<9 '  i+ :s l : :  t ' : "  :  =  : : : :E : : : :E l t : :

:.::€l::.E.'''i..E.i":i=.'l e€ i2,-ee',, i:i:'.ii !: ::'.E,t,,9';',,'  >  . !  . E  . . : - d -  6::i:€::::r:::j:,,?,iI ,*-E,,, 'zE Ei:f;:: EEEi',,:, Z: ,,, t ::4E'--
.  . . =  =  . : : = :E : . : 5a : . :  ?=  a : : d i ! :  P ' e \ .  2v1  : :F : : : : 3 ; ; ;
: . : : € ' . ' . . ' . = : : : : : ' . ' . = ' .Eg : -g : : :  i =  9e :? t r . .  ! + i= : : :  Eg  : : : , ; : : : : = - ; " : ,
: . . : i : : : : y . . : . : : . 8 : y j :E ! : : :  ag  EE i3 ! : :  a==? , : . :  EF  . : ' . :Y : : : . ; i 1 .

,,,,i",', '2,,,,, :'?:Zg''-:::: ii irE"tE,, E:ii,,, i{',,,E::::le;;
: : : : ; : : : : : : : : : : : : ! :Ep:E=: : := i .  EEgI i l : :  Z ' t t i t  t  eE i : : : t :  : ;v  :
: : . : F . . : : -Q : : . : : : : e iE i : - -  : :  ; -  c3E1* : :  ; €EE ' : :E :  :  : : = : : : : =E
'  '  = '=. ! . i  ?ea::  za 9o! i ; : ,  gEEE"'E: ""E""!9"g;n+$++;g+s;g+g$=+e;  ? ; :g l  ,  ,  e  j  s .  FE Fs :  :  :e^ j1a1!  + i  e :a$o - :  o - :^ : ;1^=

ii=iiiiiiiiiiEi=E=iieisE+i= i; E i?:nq:, tEE;EEE i7 ;,2EiEAEEEIeEE
4  *  ' i  4  " -  { '  ' d  4  4  4  4  a  4  4  " d  *  4  e  A  4  ! K ! 5 ! : i  ? E  E  s G 4 E 2 , B  i g , : € H , 6 A i K  z ;  4 4 " i 4 4 E * 4 8 2 4 ? 4

,EE|'EEEEFEFi'E:EEEEEE HEiE=$ +E 5 Ei;iE+IS EilFtE|Et ;3 g;TEIEEe.-E-."E:;
EEEEEzrEztEEEzEEzzl"!zizzEti E! f ggiZgs;F Tvzczexe E= HiEEEzEEzytrz
TEEE=EE1=E*\E3E=E=E3EFE=:E 4E E *;=t!i€"F E=EE#EE 1? ESEtEEEEi=Ess
ess;earnen;; ; ; ;$srss+++=sEE : i  5s sE E €ssxrr i ;e !  anFFKxRsi-f tg=r%









t s =

E ^
! 9  +  - z =
=  ' e  

i ?
+ G . : l

g - .

F  9  A 5
! = i
c a a

-  a =

Z  n =
'.  '<.  

d

a 7

' =

a )

\ < =
* 5
a
p =

= r

l e
a r
' J
_ a

- c

-
t

=.
7i

o=
4

o

w
I

>(,/)
-n
;
o
a

-=
I!

=
o

i

:-
-
a^ -

x 6
5 o

u i ! c p ? t
I JP J r7 ' J  U )  -

! t J u t
.c .c

a

o

HVr:l  'AJ.N]Ol ENVX 'g' I t)NVUOVno NOrMlH,l, . ' IO dvr\ l  :) I lX) ' IOgDi-Ig-dl{ iarrn5 1e:r1Fo1oai) qetn

=gJ,
c i  - ?
F i a t =
) > , r - )

a  i / a
V : F

. D - ^ r r

E+ i i i -
i  A {
1  9 U
=  l d - z .
{  A -P V t ^ l

/ r '
- l / v
;- l-1 t-

N f =
- v- \

:  c r *
P - w

i - !
4  f t -

a  / -
:  ; >
-  ; ' l
t  : -
O ^
't 

2l

5 a

z
l-

!

l-
o\

o'

A
l r
-
L - l

v̂
-

v̂
A
l - r
t-
A
\ l

=

FF
v

A
v
I

L)

ri
F
)q
f+l

F
! r
t-
^
vz

,-\ee
v
H
^/

z
A
l r

-
f=l

;

z
t+'t
L j

o
Av

.z
Fl
j<
e
I
>
F
f{

t--
a
: F
. i t

.  ! : N

i \  a \ :  - :

=!  i  r - ,. - F \ ]  , ;

: : \ H
i  >  % =
\ - ^ .  Ia  a \ : ' .  <

^ -  j  -

c
=

.F

N)
a
a

{ .

I

fr
a\
'v)

3

.?

a\
c
-
.)
s
a-
-:
i ;



- l  =

a !

: *
+ =

! >
;11 ?
, \ -
- ?'/ ,{.

=
= 2

= =

-

l =
s /

= =
' 2 =

2 ' )
I .

1 t

= =
- <
= a= -
- -
z2
7 , -

't) --:

z :
Y > ,
' 7 :

4 ;
v ,

z ?
H A

--; ta)

't e.

a ( a
Y : -

F -
't) .

r-' ta. \C

-

1o.L
4

o-

.E
f r l

. '9

!

a
;

! . = - i  7 , - ? .1 i :  i  ;  l j : i  4= -
i  = , -  - - - t . =  =  t ; - , .  !  2  =  =  L _
C ' - 1 1 ' ' -  - ' _ =  = ' .  =  - .  a .
= t . Z  1 =  a  r -  :  

- - ?  
I  2  

-  
= =  - = _  r '  -

= ' - ' t - ; = . , = = = = = - =

=  t  I  - - l = =  
=  =  =  t  l .  1  -  J  =  =  , - , 2

:_-= Z i -= i 1 + : = t=E : I : =, : :=
= :  - t .  :  i  :  :=  =-  a  =  1  = :  :  Z  : :  =  = '
a = . = = = =  

- " - ! / 1 : i ' '

i  z = = i  ; , ; ; :  i1=-=.11 - I  ' .1= a i =i : = =: a t: = z; : i: -
=  !  =  1  i  i ' , ' , - - - . ' _  =  :  a .  :  !  

- _ -  1 _
- = -  =  - . . '  : ' y =  = =  =  = -  =  ! , : - =  -
a : = = ' = - - = - - - - = = : = -=-  i  7  =  zZ  4 .  =_= ._ -  =7  I  =  I  =  ;  :i  t  !  7<: ;  l ;  t=-  = = :  ;  :  l ' ,  :
== 1i  , -z= :=.  =,  1-  i , t  z - i  i : '=- :

7 z=t 
"t 

? ! 1: i1-' z :1 :1;1,=
: t=-= zl=:=-a i t=- i === : t t
I  ;a ;  z )  i :== i  z  =  =  7= i ,= i=-
7 ;i==!=aaLi=;.7= 

=;i :{ a =. -r j  =r ==!a-z=-_z t iai i= ;7 :,,2:i:==a+Z-:;i==rr1 =; 1zt1Si1==tr=it1'ra7:; i
5 ' ;1 1=r=a!'=i i i=;-: ;===J: =
- :  " i ' a - = =  = - ^  = =  :  - s  = = ;  = -  )  : ! :

i  = ' - ,=, i=: i= : :=3' :7 i l= i  t :
-  

- z  j ' i = , ; t 1 i . i , ' 7 ' = = t =

v  . : !  :  = :  ; : a  =  r :  ? . . =  2  ;  T  t . j '

4 iZ;  := : : . '= 
i '=== :  . ia=f .  i ,=  :  j , . - ,  r7===7 r= -7  =  = -  =

-  ' . ' .2 /= 7: i==;=2,_;a!=-' r ' :=a , ,  -= i - -  7 , !== :a  + t . , . .=3 : a :  = t)  =:= a := : i -= =. a ;=
< , 7 = 7 .  = - . ' ' , -  = =  <  . t  =  1 . .  i  /  ;  - '
i 2  :  i ' = -  ? t  

=  i  i  ==z  ; :  ;  :  : :
- r i 7  ?  . : , .==7  = , : :  i  j  == ,  j11 = Z' t  i '  Z '7 i  ; . t l  = '  z t  = :  7 = = -
=-, - 1,-, i.4= t =? a t_: ; : a :, i)  i a  ) . ;  i ) : ' _ : , ,2  i -  -  : '  ;  a  -=  =
v a a : = 1 t '

- i:-: =i= = t = ,: tz z'+ =-i
- :  7 1=':  2, )-  -r= :  = i  ?,,=, ;=-,  -  a :
7=. 

'= - .  i  := ? z :  ? -  =; = l '  -  = '. - : - . i  =  ==- -1  = ! :  a  i  =  i (  l ' ' .
:  ;_z t  . :>  += :  ; -  z ' , '  :  . i :  = ,
= =,- = '= i  1= z =. 

i , :  a !: :=: a= :  -  = v  '  7  - ) =  . - .  =  t .
a ' = t - = ^ = - ! - X - - -

= : = t : y , j = ' = 7 { ; = a ) - i
t  = : / . =  2 -  ' . = ' -  t  - , : -  -  = - t ,

J

r , i

-!l

t+

u

.)

.J

=
U

../t)

;

,J

L

aD

i - l

t
a

-

Y

i:
a|
. =

3 d ^

'* =.

-
a)

. =

=

a

=

\
5

1))
a
;

'r

a

-,
t ' t

>\

. :
v

J

a)
:.4

a.)

-

7.
-,! 

)

' -

)
a)
=
t

;
l r l

:
: ) J

- L

. )  =
. , U

a ) u
\) .a

-c

, 4

2. v.



,* ti :; 1 : ti :lz2rZ i=zi z :: t : +=i;:7 t i:1i!::;+iizi.1t1:=T=1:ir,=zz1:1*zEj1t,r1,1z4z;12
':Z?E=i =
1?4=zz=z?+i;il4i1zti;11
ztzEi17.:11'tit\iTz*=z#'111l7iij:zrlii$i:*,= !?iii,i

=l-  i ;  i7=,  === t  =4'=a,= =Z =12=F7-,  =7 i ,= =2.1 7= Z!=l '=Z z1

i :: i; e i i rul := zi: !z=i+t =,i:z|t faia : z t+|tv=z=,
71:1===: ' :=== =7 = 

: -:a =:i=r1.1=+,t, Evri=:=i7,i/,==1=;1
= = ;:=l eZ i =+Z:a:)i=t t zztt= : zi :1 +ii i!:a:ai:: :,
= ,;+iz=jltzzz!aizi=27=;1Z1i1t1it=i,:1=1t1{|+z=:zjzi=

:1? 1!::z=:,i22=Ei-itat7=r 7-: =ivz-. =r712i- n'-riz== 1=:ZizE= t i'i=;a==i=1:7+:iit i =:=iittl:iilit:

-.
-
-
r A

Z
4
tv-
-̂r

1 -

J* t
-l jr :
Y - 1 ,  '

Z- :
,A '--\ :'-
\-i tJ ir -:
L  .  - - -  =
- 7
- 1  -  < ;\ .

7  - . : - :
r Y \ 7 -  a . ,  - :  -  . i
- . - - - f - - l l <
- J
; L ' ^  I  - - : : -  z

i v  : : - .
!  

' \

-  J  : - :
l J r i " : :
/ A  

' - l  :  - -

- - 7 . :
A Z - -- -
4 \* ' y '
< r r  :
2 ;
/ - )
f-r
r F

-\
-

-
r i

.  a l

c.l .l l. .a '-l c cl -
a l  . l  - l  -  c l  - +

' . . . -  C l  C t  c . , . - .  C  *  a l  -  a i  - , . t  C )  C : . 1  a l
: n  :  :  :  .  :  :  :  :  :  : , t - . t  , . :

i a ,  -  - t

J  - l  - l \at _.
- f -

.  . z
' . . t

' _ c

-  - ]
. a
. . t' -
. r -' =

. -

. I

' =

. .  . . . ?

. ] :

' 5

. v.  . =
' . t  

t t )' - : -  ,, {  i' + =
t - =

t 4

j  ! -

. =  > ,  = '

- c v

\ " ' . !

' = ' 2  i

o i

' a

, .

. !

. =

_ - =. = -
t , =  t

-  
J -

: -  =
2  - - '

- - r 9
. , '  > ,

> . -  -

r  =  
- t

! = ,

-  , .  -
. ' .  r -  i "
= L  =

- t a , =

r : i

> , =  ; ,

? = +

2 - ' r
air - aJ)

Y Y

>1 =. >-,

2 t 2

. . ;  r .= * . -
,J) /4. A

a .

t . ,  1  . . ,  c l  -  C  5  %  r  c , r ,  i . . ,  c i  -  : :  : r
t., \r. \., t., t., v -a -t -:t J J J J -t J -t -,



-q

c

i . F '

= G
{ \

a l

? -

- . :
1 1 .

d :

- \
s i
i r

\ \
d R

+s

d,c

s >

e ^
* :
, i \
\ \

: - -

= >

\ > r
: r ^
a : -

a <
i : .. < :

\ -
,Y -:

> ;

.'{+

a
. >

^:
. :

l-

@ ?

7  a J

.ra i

, 2  ) .
t -

a

a

fr

c

a -

rlq

a

c . :

,,]^
:

. : :

: :

: : :

: : .
: : .
: : :
: : :

: : :

: : .
: : :
: . :

. : .
: : :
: : .

v ) 7

= .

o - o
a

= t

: v; -
= T

2-
c-

^ '
T

: : .

a=

re
'a

u ) 4

c -

o '
v . =
+ = '
= a

-
a
1

.

:
:

:

i
:
.
:

.

:

:

:
:

t = ?

* >  t

I  z , -

J = :

= a ,

,  . ,  [ e

. - 8 .

.  T X

- L a

.  o - -

. € . .

. a =

' ^ . c

. < 4

.  _ o'  9 . <'  j a

. a <

. ,:- O-

. . E t

l ' <  = '

. = )

.  c -

. x Y

' .  
= <

.  : : ! <

.  i -

a !

. . ' ' 6

.  4 , , ' .

' - c -. - "

+ u O . {o.. O\ 5 C\ { \) { { -l { -l { \l \l Co
9 ! ? o I I - I ! P f . i g : r g c I I

c \ o f J a
t J f J - c )  { + : f J f J  J : c

b . ! i ! .  :  - i : i : : - i r L i  i : l
u l C , + '  o . O C C a C U t ' r t - -



1, ta!2i z: ; 2 : = :+! r!1 iZ':1=ia
1t;;= =1=i t z ;2 z iz ;i ;jz1= 11
,*7;*,/ai=l=;!111:,t:21;,:1
:iiz1:1t;?il'r1,Tit::iz!zi
= = lE ;?z !,= =1 zt, r z zi ! = i,z=t=

,,? liZi, ziiz=i |z1i2,{=r;:I:=zi7 =t
tJ z=?i z 7- = = z i: -i=. ; ++ ==== i! EE
7= ==a2= =_;;.=1 ZzZ-t i==:7=1:,=:7 =-= ; := < : i =l; lz i|2, iEi; :12ziI; ; =
== ==Ei;  t  =a'= ' - ,  ;= ia=a: '= =r:-r '  'v

:i, i:t== ; Z:=1, lJi;2;+Z!=zaE? li
== z-==1 a j=r,i i +z;t;;=sz<?'=i=z_,1=; ===,; = :ir=1 -Z:=t=a,;i.=i=z;2=Zzt;== ; j  :=  1 ,  =  2==i ,=  =  t  ==;=a3. -  t ,=  j , : .== : ,  =
z: ===; t=, ? :+=ail:Zi===ta!+ViiE'Zzi'+
i ;  z=l === i .=n-===i=-.=!t-_-=4,1t==;=ZZy
E= ,=iizi Zz:ziEt==tia2?,Zr;i;!='+;=:
i= =t=:itt i-=iitEl1=?ac:,;:-=7E;eE^= . 1r-,7- : =2 ilri?.=?,! i 1?Zl+=ii_:-r=.E-===tiZ== !:iE: j?-1i Eez==t'E+zi=:?lE ==,

\  = : s
z . i  q :
{ = :
i v : 5
:  - >  -

.: .: -r--.":

= * : < =
f - > >

- : - N

- ! - :

: :  
L V

{ . q \ :

- q >  - - 1

- " - , - . - l - - -

. : : : s
* . - i <

. ' l :  -

J  
- : t i  

- :

t !  i ;
S  i : -
r < ; ' * :
\  !  . -  -a.

a \ r , :
:s  r  - . -: * : - -

= S - \ J  J

t : i . :  i
:  ! t \  i  !
i . i  = S  F
- F  ' -  

- . :

i :  : > , :_  : :  - \

i  sJ:F
^ :  :  : -  -  v' \  _  :  -  {
!  -  _ r : <
L i : - - : {

i " : " :  s  i
c ' r ;  i ;

27 ' ; i . t 2  5+a t2  . !  t  t€ 'E ,Z== ' t2  LZ  =+  =Z ' t  +  ;  ==_ ' i
a=t-i=; i | i . .  ta==E==i;;  =2 9!,, t_' i ;=? :2=

E:1Ei==!tit Ez1=i:1'=, 1i liEi;*i =Ez
Zltt;1i{tlzi!13?i:;:iliii=ili:=,i7=i

:iii,z+i!1Eltz:;ii;112'l:T2=,+zz:Elt1i

d O = J € F - C = f- - J - , -  a l -
n v ) o J - o t - - o o n t - * € r a
d ? - : -  : = q n  : - : c l - l  :  .  :

e t €tr-  J -  ^ l  C \a C\ n - i -  -  cr *  a!  € La,a - ,  O n I--  \O - C'  n - , .+ 5
.  : c t - - I  :  : - q  . . 1 - - :  :  :  : . - - : - : - - :  :  :  :  :  :  . 1 t r € - f

|.|'i,| ||.|:||:|:|,|,|.|i:! ii',',Ei .l:j jit l.l jil|i| ]|
::::.:,:.:l:il:r:.l::::l:.i E iE..gii ili.:ii i :l.:.::i:ri::
::,:::l::,::,,,,,,.:l::::.: i ?7"8": l,llli.; ,l.li::.:::::
...,,.::....:... .l.lll,l'.? ei i,! i: r:.::.,i ,.....,,,ci,,

: : : : : : : : :  €  9* i : : ! :  :  : : : :  : :  :  g  : : : : :  :  .  . .2 . .  .

,,,,,,.....:,,,,,,..:.... '. 6. i|tti,. .l.l.. '; ,l... '.:.;...

.,i:iii.ii....i.ii...:i..iii gi..g.: :i:ii..i i...i',..g:..
,,,it,,,',,,,,,',.,;,,,,,t'/ :+'ii.. !.l-3.'iE,,,,,,,,::,,,
: :  : : : : : : : : :  :  : : :  : : : :  : : : :  : :  ' l  F i :  E : :  ; : : y  t : :  2  : : : : : : : : : ; : : :
: : : :5::: : : : : : : : : : : : : : : : : , ' , : .  :E,"*E:, E.,E,,, f  : : : : : : , , , ;- , ,
: :  |  :  4 ,  :  :  :  :  :  :  :  :  :  :  :  :  :  :  E :  :  :  :  : :  9E gA t "  : :  : :  .  =4 . .: ::!::::::i i i i:: ,E,,,, ',,: t i i5,tg,, 1,2E,,', i , ,,,,.,,;E,,
:  :  |  |  Z  :  :  :  .  I  :  :  :  :  :  :  :  .q  :  9 -  :  :  :  :  ;  :  ,  - *  1  t4 .+y : :  s : i : :  : :  :  : :P : : : :E ; : :
| | : : - | : : :€: : : : : : :=:E:: : : :>E|t : '1 j : .B}EE:: :zv
:  :  :  :  i  :  :  :  :  E  :  :  :  :  :  :  :  . i !  i .  '  ?L  1o  ;c :  E ; :+ : : :E , -  :  : :E : : : : - ! l : - ,: . 9 ; :  ; . - . . :  . : =  R : :: : : :E:: : :4:: : : : : : l :€5:*. : : . :  ES :; :81,,  HEEi,t ,  i " ,  :  :E:: : :3E::
.  . .E  . 5  : : : : : .E  EJ : s i i , : : :  E ;  ; " . ;  

' i 0 : :  e ; : : : : "  ! ! ;  :  : : g : : : : 3F : :
. :  . !  |  i  :  :  :  :  .  |  .  i  .  E  E :  F  I  :  :  :  lE  l : ' t3 , :  Eg.8=r : :  Ee '  ' .  

, , i , , , , . : f  , ,
: :  :  E  :  :  :  :  E  :  :  :  :  :  :  :  g  :  g  4  :  ?  E t  :  :  a" -  =9: :5  4 ' -a  ; - j  : :E  . . :1E: .,,,,E.',,',F":::::F iia,ii,"', !| ;;g$E., E::.8\:..i: ' ,,E, .:.t:..: : : . 2 . : : : !  . : . : : : : ! , : : h : 3 i  . : :  = t  c _ g:  :  :  :  :  :  :  :  :  i  :  :  i  :  :  :  :  i  :  :  ;  :  -*E :  :  :  Etr"  EIEEi: :  9g=:, ] :  :E :  : :E: : : : .1E,:: :E:F: : : :  - i  ;+" i i i , ,  : ; i ; : : :  ! !  :  : : i : : : :E; : ::  :  :  :  !  :  :  :  :  .E  :  :  :  :  :  :  :  .E  :  e  j .  :  ; ,  t  ^  :  :  f , i  b lFa : : :  .?z?? ' .  t ' .  a '  ,  . . i ,  ey: e  I ' . F  X ? l  > . 9 '

+  +  6  s  +  s  +  v  €  n  +  +  +  n  +  +  €  {  -  +  (  ;  +  k i  4  :  :  E -  r ^ - s :  FE  i  I  Eg tg : s :  F -> -  g : sS .9  1 ' - 9 . r  - , " 1  :

=EEEriEs5i;=;===;;;=aEFiFis a: i i E;i*iti ;===;=; i ', =c=iz$E=Erg;=
i  i  2  4  e  4  a  a  A  A  (  2  A  A  e  A  A  a  A  A  E  e  a  +  E :E  FE i  . .5=4E? rE  t  hs ; *686  b i  6  (aeeEeees i - . ,AA

HSFEEFEEFFEHEHEEFEHEEFE*E,F *g E tI;!E;g; iFFgHH;g g.E FEHFFEEEEEg;E
EE'i'ilzEEEEEzEiuiEEE€!;!8;'; i ; €; i g; gf ?E €E€i; i ;A €E €i;E;g€i€ J€;E;i;3;i:E:E:A:E;i; E +q
i  3 i  ;  ? s r  :  s n f i  ;  i l  ;  ;  c € s € $ $ I  r  ;  s l i  E i  ;Ec qr P Egssrr:s 2 F,rRsnrar-ReEi

E
d

'(f

d
U)

F-



eliEligEsEi:iEEs:igaE*EiseiElaEaii*giEiE:gts

I
N
O
O

=

E=.,=

-
i

T

=
a '

= .
a

.l -l rJ)

r

:  / \ I  = i ' -  -  t - ) = ,  =  7
a ' =  t  4  3 =  - 1  E . - - - ' -
= ' q ' - 2 ' : t * - e 3
!  a i  a  = ;  + Q : -? - - l U a

2? ' . 3o7 "?= ' -
' - € :  7 7 = n = ' -' i r  -  a  r  ^ +

j " - 1 ,  i l !

:  -? ; :E Tavc=
i  ? . ! , :  l : : , * r . d .
t - , 9 : a a : ' ? ' =
L  = : .  4  ' ,  =  ' t a - t r

: - L _ .  ; -  n - :  _ i . _ =
"  - ) - ^  t J a  y : '

" - , - ! ' d  

' ^ : = :  =  = '

i = - : y 7  t = a :
= , ; . 4 ,  \ - t  n , 5
= ; -  = = :  C c ' . a

a ' ^ e  - r  = :

< =  = . =  - : 3
q =

*  : a  v -
7
> A  /

7 A  
' < a  a L g

a  a  ' ,  |  - 7 ' r .
= /  ( t - a  ! .

2 =  ; d  - - ^ 6

H F  
' - ; =

r =  - Y . Y  c : ^

= =  - =  : t l ' -  r

i  , '  Y i  ' ? ' / :  
r

U
c

T

=

a

Htilmm

r- - 
'J: 't Eit .

= ! = = -
= r *

- v

! - - ; l F D
? = 1 " a 5
= ' ; F i

! -

ffiHHt]
i: \r

> ; l
? : _

: i '

- . -
> t
t i .

>

; 3

> i -

t ,

,=. .!

\ :

O I
o,

? l
oo o)
O O
O O
=6-

= t

/ a

=
a
7
=.

!

=
=-
?
:
T
C
=
a
7 '

7

t
N)
O
O

=.
=
-=
T

a

=
.r:

=
a

a'=

I
N
O
o
=

I
o)
!
O

l r :
O :

5 0 ,
O n l

=

c n  q @  N  i o
o h'M -- l  Yf

I
!
O
O

=
!- '
=
I

a

:/
i
*l

*
=.:
=
J

f

-
+
"rl
a

a

a

.l

=
C

=
+

;
-z

q

-l
q
j

-
=

a

-
a

: a

a :

^ l :
u i

- 3
e \

c - ^

- , =
, ' G

= c

a .
fr

:

:

.

:
:

:

.

.

:
.

:
.

:
C

@ x
3 J '
a 7
a i

- ' t

; v ,: '  -
u a  - ,

= . o

1 a *

':. 

"2 .

a

a
=
a .

=
4 .

c-

E

c .

=
o

: :
. .
: :
: :
: :

: :
. :
. :
: :
: :

: :
: :
: :

x
P
()
a

5-=
o

-o

E

-
c
a
=
C
5
J
a

=
c

a
q

o

-

:

=

=
Y

d

:
..

:

:

.

:

:

:

=  1  ' l  6 6
f 1

: E - : . -
!

E  7  : - ? 7
- e = a ! =
. t .  E  A - ! , =  ) -

? =  ' / : 6 ?

=  =  ^ - ,  =
a ^ ,

. .  3  - ; E  = '
=  - . - 9 =

- -  - 1

7 " e, e,,-

- - = . := - + . 7.  - : _ :
'  o  ; -  = '

> = =

.  A , - /  t ,
L

' ' A ' r :

, - = t

.  
, , _  O  ! 2

'  ' : - a  q

' 4 =

V ) ?' t t < .
. ! . - ,

. < o

F =

a' \-
' i
.  ' f t 5

: 0

. c L .

. c i

.  f  > . .

a
' - a
. t .

c

. a

c' a '

. o
o-
d

. ! .

- l

(,1)

=
a

9
)
a

=
= .
!

iJ
e

f

5
o

3
a

F

c

o

: '

1 .
=

?

=
ya

E

o

e
=

c,

2
6
T
a

p

.  t J  i
t !  P -  f J ,  a  + , U  \ C  - t  U O
O 1  l l J { G C l t J U l J | J U r l J  ' . J t - ' J C  \ . ) - l  - J 3 \ C C a

TER-fIARYC]RETAC]EOUSI L IR  ASSIC- i

l ^

) o

[dj

5

I
r l

x x
@
@

r j  : : ) :

1: l1: : / ;

x
. @ .

' ' : ' 1

: :  .  :  i  :  : :  : .  : :  : : . 1
[ .1 . ,  . , ;1,+.,r. l f  ,A,I ' , ,J.;::: ll|i

x
@
o

x
€

-u() |
R q  I
- o l  o
r D t  o:  - /- / /

llll I lLl iitf l.i'l
t t  I  L t : . t t  . _ t i

JI ;=  i f ,
II  : 1 , : : ;  : :  .

|  l 'J , l ' , .  I  r .  i

:

I

= '
a

3

J

a

7)

a:=
=.
2



t=11E!1:=,i11xi111=z:tz:r'1"- 
ji:1l11iE?:11144,12t21

zzl*izz:li1zzti=izt*?liz+7t1*:,llzzztzlti:iizt*zEztE
,11Ei41a1ti,z1j:1+* ji+ilzitiz,11ltlzfilli,lt11iax,12=t*l11te

,1;i:;tretizzizlz,'iiiiziilill:,iili7i:11lr4i11iit:;=11!i1l

tl 
,ili,tit'rlE111zi!T;'i+,1i1trl,iil;i,:;i; iii,i z,1i,1ii,,fiz.;tlttii

iisiiriilalisliiii iiiilsisisiii iialiggtu iaiisiiarassi tisitls iila



liE eiii$rg+glis *g gEEEE igaEg e*E r;zi

= = = - -'' =' 
.i =:='=l = ==ii =71?:=,+=;i\a

i? =i= ; !=t? = ;7,i7; ii =: z !I?
:11i :*!ii_e;i ? 7 ??. = ! :; i i i?1!?ll?!ilg1azZie{i3i1
iTi;e ;1?7 i :T "= i =r i? = =* 7
17:z?' =i=; = =i +izi 2 ilE ̂= 1
.7. 23f;  j  z7l  i? 1z+ 3= z;a7? ;

1#tzEltEz?ziEE{l1i??tEl{rlEElzir, jTttz
?i1*f*i4{71,+:,a,11271121+a?:},,'ui7i
t1:1i11t':ii11!i1#tElEl{e1l41{=;111+ii

= ? \

R f r '
{ >
i - :  i
i  > :
^ >:i-
3 i :
: x :

l = $
z f i
Y \:i

- / a  a

= :  i

l  : <
- 1 - .

i ! s
= i l
i : . >
: . :  -
i - :

a  \ , : .

. -s
{ . -
i i

: - :

q _

: +

EiTTETI:{!7ii7Tlt5{;rz?i;2"3{1T+?rz
q 1:;lltii = =1i7+ tZi = ==?121== s 5 i 1E7 ; :V7=
==;i==1t=-Z7ti==;:27'z=!r=1jl1-lt1t*:
1 1=z;1= a=;=:i====; =:;?72? t.= ?i= =1+=i:
i=Ttfzt:=!1!:'tr!=Zizli,liaei:i1?+tttz
; 1;:7t;?tVi7, =rii;|?,8::=Z = l;t=:+iii

|fiill| AEit*t1z!zE{tsizi#;1t7,2! ;iz?t
Et*t*e:?Et*,2:,r?FE?12?ilagf**=zt{:7

z

a

w r t ,

t ; ! - = + ' -

?=-7 : : !  = - . i= : ' 1  P 'z - -?  P== '=
+ .  t  = tT ' t ,== .  = ,= -  = t -7=  Z=7?' 7  ;  t  - ^ .  = i = ' ' E ' - ' ;  t  t T  = ' + 1 ' ; _' == ' -  

= ' -  Z7== 
' t -=  ==?  7  +  .? '1 .=  : -

i7 ' .  i !  := ;7 : '= zl  .= ='_l :7
t = ^ j . i : = = - t = = L-_== .Z  1 ;=  ;  r_ l - : . '= -  t  =-?

- - ^ t  
- . ; -  

' :  ' !  7 .  . ' = - -

: = = = j  , ; = - : {  : ' t - = -  ? = == 7 =  < =  / = = . -  - = =  ^ - l

zi:;= i i==7 '=-?: 1r=' ,=7?-  i . -?=i  -=- :  7 : : ;
* -  -  . :  |  =  -  _  - ' a  7 =  ;  ^

, . := i l  ==,+ !=  :7= - -===
1 1  .  = . .  = , :  

7 Z z  i ) i; i r : !  1 := r t  -=c  = .= .= .
-  =  -  T  -  - -  -  !  -  J .  ^ =  : . r -

' :  1 ;=l  t )  7 =1. =: i
= -  1  7 , . 3 a  t . t  

' - - =  
: . t ' == t  7 .  ; , ! ' 2 7  3 , ' '  l = =

-l = :=7l7_ a'"'1 a,-- _ =  ^  >  .  :  =  = =  t  . - = :

-=  .  ' i i3  =  =?= iZ :
.  -  =  = a -  =  : - : =  ? . . : - =

= : : a z .
l '  !  = ' 7 .  3 =  =  =  l J ' .  = .  !  a  - - 1 , r 1 - ' t  / '

77:;  :1< .71 n ;  1 '  = '  ? t_=1
.--,= =-t= + 7 . ":7 - 7' 7 

=: +- i  72 -
, . . 1  _ i  : _ i '  - ^ . - :  .  t  -  /  t  =  Iz;- i  z r==; --  ,  i iE;: i= t=a-=  j  =  a  -=  a  . .  az  I  = .7  ̂  = r -  . "  ^ . ,7 , ' . t

? ^ . ^  7  7 :  i  i  ^  3  i ' , '  ;  : .  ?  :  :  : .i=V?' 7i: ;V'- =:: tli -i77.  t7  , : .L ' ;  :  =  i  -  - ' ;  : -  :7 .  .27 ' ; .
=-a i  a7-_ : , . - ,  _=a rZ=:_ j=z  : 7  z  ̂ . 4  7 -= -  ^ -= ,  =_ - ,  =  71
l - : ; -==-=: / . i= i7==i=
= _  =  ?  = . -  -  l " ' _ z  i ,  ^ =  |  - =  t -  - -

:  ? .=  =  ;  7 -  ! .  =  V7-  2 :  - -= '=  f  = .  - ,

i7== t=  :  =  i j - -  - : :  ' .  - !=^ . ]  =
:=;  i := ,7 

' i? 7 ? 'n1 t==-a
=  = =  ,  -  - ;  = - - =  , -  I  ;  ,
.  = '  7  ^ =  ^ -  r  :  =' .  i  -  -  !  =  

' ' 1  
:  .1  t -z  7  F  : .  |  -' -7 - : ; :  

' -_ -_ =, = =' ;  = l ' ,
:= i , : ,? -=  !=^  ;=  :1 :1 t
=74 ' ; , - . .  =?
_!: ,?=i  t - t  7= : ;v- i_
: z l  / -  ? ' =  = i  : . =  , ' --  :  =  1  = - .  -  _  ' -  r  i ;



;s?sliiiiiaa:asisis€sltailiiiissirisligaiiisgslsizl;j+t111i21

. s i :giliiiillltlls sEiagiisisii iisis ti:a ri*iliriaiiilslit

iliiiagiilx?lElElliiiirli*izt*lElzz,;iiii#iillzilltli'lll.i

r81tr2111alEll':Efil1zuiiziZ1:lvl'E1,zz1gz,?a171g4E:gilr,



1+!t11e111"2;=zEtt11t11tEtlE111+!11111iiii;:;'itt+zi1tfii=77

iiiE;:g E TsiiiEEgiEsEs;siligEsisie ilEiii;iiiaaEEsaEigrETi

EglE lEEiiiia ;gi;iilgig ;laSgggggggg 
gigiiiEgIEiigig*iiegEig 

:

*iii?iiEiEiEigFiIEiiFiiEEiiEIEIEEiIiliiEg, 
= AlEgiFilEigEFE

tltlltitttttltzltllxllzil:tz,l:'1'ttlfti;zztlllllEti|a



1z:E\zztiiii:lsii1i:l3zzz711EzE1{lli1ltiilx1iitiiigiErE

: iiaiiiiiii isiraii iiaisiisiiiiiiiiiiisiaiisiii igiiiiita:iilr

a=zi1={g+,;+llalztxiiiiif i;tlt+1z1E11a1117zilt1#tiiE1Z:z

!zllii=;1Zii1l,z=1=i1x,=12111i+llilttzlzliill;l1l=tl!#liiEr

Ei: l i i i i iiiiF;F iii;iE : gilii i igE i i: ii?iE iiEi iiE i : iiiEi ilz=z r

tl;;*ili;iii:ii,i:19;;:g;;l!ti:lg*is!4tz;tl,t*zEllfuei|t:lii j



tazEEli'i1'11z'|EziE1;gEgEgEiiiEiEggEIEEE;giEaisEElEigEE

iaiiEgEiE 
gAEi 

EIggigEElaggiEgg 
E gAEiiEEEgAEgEEgitEIgEgEgg

E*?1,:E 1E;ZI!TI1E;?=! 
EEi7,i==i

A;/ias'
Elis! !lli! 

7;111ate ; l*1*; 
i

-!t?j i=t77 "ii=7i?1 =7it,_
?=,=,=E ciFzl==Tl;=iE-C =!l=i

7  =  O - ; : O - = r r "  =  = A - <  =  = =  O = -
n  - - 9 6 = l d ; ; ! . 2 d 2 i = > 9 ?

q ??==<Zi=+Q;i i ;=?'-
< i ;4+=0 f t - t  =^=?- ;3
F  o  -  - ^  

: . i . <  > =  = ; = 6 7 ? . *  s
7 ' -=J6=l  - l -  =^-=ZVZ?
- i  l izE7i-=,2 =o;7tZ! t=3 7;V"rZ=:*-e:3ie==lL
t s '  c -9  - - . 7= ,  7 : '  =  v= .73 *  4
i  

- =  
= = : = = ; < = . ; 1 . = j : = '

=.  77 = i . . - t2  = i  !=?Vl+- ;27
- . ' ;  . 1  . -  ;  ?  = j  7 .  =  i  L =  =  

- = _

9 7i=i=t '1 ?.  = =, i ' ' ;a z:7= Z:=_?7E 7 '; ,, .1=; = = = 71 =_  7  _ =  -  - 3 S . i  o  d  _  = T - ;= '_ ' i , j  : ,  =  1=8 ,  7  o??E =  ; .-  : -
= '_ =i='=i l. =i + =l_= 7= 3
Z a  =  a  ? . ,n  -  .  = '  = ,  r t  =  6  v ,nc ,  c t
i  2  +  =  i .Z  *  : ' : := '# -  oez  i  i ' : ''  - :  =  : :  7 4  -  !  ; ' -  -  = . =  = o i  - l

l+ i  E 3 e.q i  i leg +;3+r

- ' =  n i  ( . 1  ;  *
= o - H I +
A . - = = t

-  = <  u ,  a
7  = . . ? '  P  j '
i - r f :  ^ w P - g
= = _ i u i . , Q
= .2 t  ^  z ;

^ J J

J <  -

c  x  = r  -
t  ;  a - - ( t - -  =.=2==e

. , ,  /  J  <  
-

- ^ ; = ^ -
F : *  {  

' t ,  -L . ,
a f ! I . -t

r  g =  c  a '''i i. !D F-r ;-, :1
< q' =' Yrt? =
!  r  a  d ' 5 'F
= :  o  f , . D  a
=  + l ' "  = ' dr r c i i = 6 i
-  = ' - X  . D
ii-.: i  ;.1 +..

! " : ; . ' i  d  {
; , { 7 : 3 = .
= ' .  \  n  a a
-  = a r  A  a t  a

= i : 3 o a
r  9  3 ; Y .

= u i  =^ 'z  =o
a Z ; . i j , = =
= ; { = - $ l

? + 5 eaT

;il+lallEii;t iig6firy; i lica;iE*;r3 z?1i; EEii; {!L=a iaEV
;EEE5iEEE {Tli=7 Eli;E Z!I? 11'':Ag1=z!7?Ei'= i;llztlE= ={1
iieri* llgl*i tittFllE ?f+

t r - l
6 iF
C -

+ e  D

= ^YCtc

d ? a  O
3 F . : t l
g q . r  P  

I

i e ( D  ^ )

i l ; i . 7  '  l
=  = ; !  ( 1

xxs F
X : o  l = l
o o

F _ o g  a
; ! r D. ,  ;  <
-  ! i

o o 6: .3X
d" i

:8 -3
i i t  ?
P  + = t t
3 ; e q

o v <

- . + . -  V ,- + =  +
Z - ' ^ -

^ - ' )
s 1 = *
^ a  -  -  ' t

' < 2 = 4
J . <  = .

+ l - . v -

: ( r a  '  ^
e - = = '
- _ J J
= + - .

. )  f  - U Q

- -  ^  >
- F  v  *

V:

r -  ^  ^ -
- - v P

r . :  
"  

r

= CrA
4 S= :
c q

a d

l :
- :
\ ^

* . s

t - a

- :
d = .

- \
Q ^

c
> f
o- s-

> +
= !

R \

* $

(+ 
:1

o '

; 3



APPENDIX 6.4

Core drillitrg results and borehole locations
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:  I  E  I  =  r E n =  f  =  l :
t l -  r l !  t l .  B - -  H :  l l :
: + E t * r E x 6 f , = t :
t l .  i l : 1 1 .  [ :  n .  i l :
i  r  -  i l  -  r E  x t  x E  r :

: x =  I  E  r =  !  5 l  E  r  i
u =  u :  d 1  H :  i l :  n :
; ! . e = t = t + l E ! :
l ;  [ !  D .  l :  r -  F -

r r E s - 1 = t . r = l :

cH-06-05

0

10

0-5 Soil, hard, clayey

5-10 Soil, si lty, sandy, clayey, moist, with white stringers

10-42 Clay, dense, moist, gray-green to grayish brown (auger dri l lec.

42-49 Clay, wet, bluish gray

49-50.2 Carbonaceous shale, black, waxy, soft
50.2-51.2 Bentonite, gray at top, white at base

51.2-56 Carbonaceous shale, black, minor interbedded siltstone

56-62.3 Clayey siltstone, dark gray, mottled

62.3-79.5 Coal, black with some brown motlled zones

79.5-81 Clayey siltstone, gray
81-81.5 Carbonaceous shale. dark qrav
81.5-83.5 Organic siltstone/shale, highly laminated, dark gray

Project: Alton Coal Development, LLC
Borehole: CH-06-05
Location (UTM, NAD 27) Northing: 4138401

Easting: 371434
Date Dri l led: 11 November2005
Geologist: Erik Petersen, P.G.
Dri l l ing Company: DA Smith Dri l lers

Grand Junction, CO

Drilling Method. Auger (0-40 feet)
Continuous NQ core (40-83.5 feet)20
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ffi

cH-05-05

0-5 Soil, Clayey

5-14 Gravel with sand and silt, reddish

14-16.5 Clayey silt, wet

16.5-20 Clay, moist, t ight

20-34 Silty clay, dark gray, less dense than above

34-48 Clay, stiff, medium gray

48-55 Dark gray silty carbonaceous shale, soft waxy texture, some minor interbedded
shaley siltstone, iron-stained fracture zone at 50-51 feet

55-68 Carbonaceous shale with minor silt, dark gray to black, more competent that above

68-69.5 Fractured/broken carbonaceous shale, dark gray to black

69.5-88.5 Carbonaceous shale, dark gray to black, sofi, waxy texture

88.5-89.5 Medium gray siltstone

89.5-92 Bentonite, medium to dark gray, pure
92-92.5 Siltstone, medium gray

92.5-107 Carbonaeous shale, dark gray to black, soft, wary texture

107-109.5 Siltstone and carbonaceous shale, interbedded, thinly laminated, dark gray
109.5-110 Carbonaceous shale, dark gray to black, soft, waxy texture

'1 10-115 Siltstone and carbonaceous shale, interbedded, thinly laminated, dark gray

'l15-121.5 Carbonaceous shale, dark gray to black, sofl, waxy texture, (poor core recovery)

121.5-122 Limey claystone, dark gray, fossil i ferous, (small, open fracture in this interual)

122-125 Lillle or no recovery in this zone

125-127.5 Carbonaceous shale, dark gray to black, soft, waxy texture
127.5-128 Bentonite, medium to l ight drai

'1 28-1 35 Carbonaceous shale, dark gray to black, soft, wary texture

1 35-1 37 Carbonaceous shale, dark gray to black, harder than above
137-138 Bentonite, medium to l ight gray

138-143.5 Carbonaceous shale, dark gray to black, soft, waxy texture

143.5-'144 Bentonite and interbedded carbonaceous shale, dark and medium gray, thinly laminated
144-146 Cahonaceous shale and thin interbeds of siltstone, dark gray to black

146-152.3 Siltstone with minor thin interbeds of carbonaceous shale, mottled gray to black

'152.3-154.7 Coal, low grade or highly carbonaceous shale, black, abundant white fossils/fossil hash

154.7-'171.5 Coal, black, some brown moltled zones

171.5-171.7 Coal, low grade, brown and black
171.7-173.5 Carbonaceous shale, dark gray to black

173.5-175 Siltstone, gray, interbedded with minor carbonaeous shale

Erik C. Petersen, P.G.
Utah PG #5373615-2250
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Project: Alton Coal Development, LLC
Borehole: CH-05-05
Location (UTM, NAD 27) Northing: 4139608

East ing:  371651
Date Dri l led: 8 November 2005
Geologist: Erik Petersen, P. G.
Dri l l ing Company: DA Smith Dri l lers

Grand Junction, CO

Drilling Method: Auger (0-40 feet)
Continuous NQ core (40-175 feet)

PETERSEN HYDROLOGIC, LLC
CoNSULTANTS IN HVpnOCEOLOGY
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cH-03-05

Project: Alton Coal Development, LLC
Borehole: CH-West-OS
Location (UTM, NAD 27) Northing: 4139608

Easting: 370977
Date Dri l led: 12 November 2005
Core logged by: Erik Petersen, P. G.
Dri l l ing Company: DA Smith Dri l lers

Grand Junction, CO

Drilling Method. Auger (0-41 feet)
Continuous HQ core (41-63.5 feet)

No core (auger hole)

41-44.5 Carbonaceous shale, wary, sofi, dark gray to black

44.5-46 Low-grade coal, carbonaceous silty shale

46-61 Coal, black, minor brownish coal, minor pyrite

61-61.5 Low-grade coal, carbonaceous shale, some finely disseminated pyrite
61.5-63.5 Silty shale, waxy, gray

/  , l  I

_ ____3[tr/-ct _

Erik C. Petersen, P.G.
Utah PG #5373615-2250
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cH-01-05

8-40 Clay, gray (auger dri l led)

40-55 Silty clay, gray, dense, and 0.5'bentonite layer, white to orange

55-56 Silty shale, gray
56-58 Carbonaceous shale, dark gray

58-59.2 Low-grade coal and organic shale, dark gray to black, some fossil iferous intervals

59.2-73 Coal, bla6k with some brown mottled zones

73-75.8 Siltstone, gray, clayey

75.8-76.0 Shale, gray; 76.0-76.3 Siltstone, gray, clayey, laminated; 76.3-76.6 Shale, gray

76.6-80 Organic siltstone/shale, highly laminated, dark gray

Project: Alton Coal Development, LLC
Borehole: CH-01-05
Location (UTM, NAD 27) Northing. 4139959

Easting: 371167
Date Dri l led: 9-10 November 2005
Geologist: Erik Petersen, P. G.
Dri l l ing Company: DA Smith Dri l lers

Grand Junction. CO

Drilling Method: Auger (0-40 feet)
Continuous NQ core (40-180 feet)
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