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CHAPTER 5

R645-301-500. ENGINEERING

510. INTRODUCTION.

The engineering section of the Mining and Reclamation Plan (MRP) is divided into the
operation plan, reclamation plan, design criteria, and performance standards. All of the
activities associated with the coal mining and reclamation operations are designed,
located, constructed, maintained, and reclaimed in accordance with the operation and
reclamation plan.

511. GENERAL REQUIREMENTS

511.100 - 511.300. Contents

The operation and reclamation permit application includes descriptions of the coal
mining and reclamation operations with attendant Drawings, plans, and cross sections.
and its potential impacts to the environment as well as methods and calculations utilized

to achieve compliance with design criteria.

All this information can be viewed in this section, Drawings 5-1 through 5-39 and
Appendices 5-1 through 5-5.

512. CERTIFICATIONS

512.100. Cross Sections and Drawings.

All cross sections and Drawings required under applicable portions of sections 512.100
through 512.150 have been prepared by, or under the direction of, and certified by: a
qualified, registered, professional engineer; a professional geologist; or a qualified,
registered, professional land surveyor, with assistance from experts in related fields such
as hydrology, geology and landscape architecture.

Compliance with this section has been completed and certifications are available on all
cross sections and Drawings.

512.200. Plans and Engineering Designs.

All plans for excess spoil, durable rock fills, coal mine waste, impoundments, primary
roads and variances from approximate original contour will be certified by a qualified
registered professional engineer.

Plans for excess spoil, sediment impoundments, primary roads, and a variance from
approximate original contour have been certified by a qualified registered professional
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engineer. These certifications can be viewed on Drawings 5-22 through 5-37. No coal
mine waste or durable rock fills are planned.

512.210 Excess Spoil Disposal Areas

A professional engineer experienced in the design and construction of earth and rock fills
will certify the design of Excess Spoil Disposal Areas according to 535.100.

A professional engineer with experience in design and construction of earth and rock fills
has certified the design of the Excess Spoil Disposal according to 535.100. An expert in
the field of slope stability and geotechnical analysis has provided a thorough review of
the design. This analysis can be viewed in Appendix 5-1.

512.220 - 230 Durable Rock Fills and Coal Mine Waste Structures

The MRP does not contemplate the construction of any permanent Durable Rock Fills or
Coal Mine Waste structures. If such structures become part of the plan, a professional
engineer experienced in the design of earth and rock fills and or disposal facilities will
certify the design according to 535.100 - 536.

512.240. Impoundments.

A professional engineer experienced in the design and construction of impoundments will
use current, prudent, engineering practices and will certify the design of the
impoundment according to 743.

A professional engineer experienced in the design and construction of impoundments
with assistance from a geotechnical expert has used current, prudent, engineering
practices to design the proposed impoundments. The plans have been certified and a
detailed geotechnical analysis has been provided. The certifications and drawings can be
viewed in Drawings 5-25 through 5-31 and Appendices 5-1 and 5-2.

512.250. Primary Roads.

A professional engineer will certify the design and construction or reconstruction of
primary roads as meeting the requirements of 742.420.

Designs of primary roads have been certified as meeting the requirements of 742.420.

512.260. Variance From Approximate Original Contour.

In areas of the MRP where a variance from the approximate original contour is required,
a professional engineer will certify the design for the proposed variance from the
approximate original contour, as described under 270, in conformance with professional

stanflards established to.assure the stability, drainage and configuration necessary }lr?\fCORPORATE D
the intended use of the site.
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A variance from the approximate original contour has been certified in conformance with

professional standards to assure the stability, drainage and configuration necessary for the
intended use of the site.

513. COMPLIANCE WITH MSHA REGULATIONS AND MSHA APPROVALS.

513.100. Coal Processing Waste Dams and Embankments

The MRP does not contemplate the construction of any coal processing waste dams and
embankments.

513.200. Impoundments and Sedimentation Ponds

No impoundments or sedimentation ponds meeting the size or other qualifying criteria of
MSHA, 30 CFR 77.216(a) exist or are planned within the proposed Mine Permit Area.
Should impoundments and sedimentation ponds meeting the size or other qualifying
criteria of MSHA, 30 CFR 77.216(a) become necessary, compliance with the
requirements of MSHA, 30 CFR 77.216 will be met.

513.300. Disposal of Underground Development Waste, Coal Processing Waste and
Excess Spoil in underground mine workings.

The MRP does not contemplate any underground development waste, coal processing
waste, or excess spoil being disposed of in underground mine workings.

513.400. Refuse Piles
The MRP does not contemplate the construction of any refuse piles.

513.500. Capping. Sealing and Backfilling Openings to the Surface from the
Underground.

Each shaft, drift, adit, tunnel, exploratory hole, entryway or other opening to the surface
from the underground will be capped, sealed, backfilled or otherwise properly managed
consistent with MSHA, 30 CFR 75.1711

All wells will be managed to comply with R645-301-748 and R645-301-765. Water
monitoring wells will be managed on a temporary basis according to R645-301-738.

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 Figure 7-11. Monitoring wells

will include a protective hydraulic seal immediately above the screened interval, an INCORPORATEL
annular seal plugging the borehole above the hydraulic seal to near the ground surface, OCT 152009
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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 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 R645-301-748.
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.

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.

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 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 abandonment procedures, a report will be

submitted to the 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. INCORPORATED
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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 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.

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

Boreholes will be backfilled to within 1 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.

513.600. Discharges into an underground mine

The MRP does not contemplate discharges into an underground mine.

513.700. Surface Mining Closer than 500 Feet to an Active Underground Mine

The MRP does not contemplate mining within 500 feet of an active underground mine.

513.800. Coal Mine Waste Fires

The MRP does not contemplate the generation of any coal mine waste.

514. INSPECTIONS

All engineering inspections, will be conducted by a qualified registered professiona}
engineer or other qualified professional specialist under the direction of the professional
engineer.

514.100 Excess Spoil.

The professional engineer or specialist will be experienced in the construction of earth
and rock fills and will periodically inspect the fill during construction. Regular '
inspections will also be conducted during placement and compaction of fill materials.

The construction method for the excess soil specified in 528.310 is expected to meet the
85% compaction standard. As verification, the fill compaction will be periodicallrl\}/ C%HP ORATED
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tested using method(s) as directed by the qualified registered professional engineer. A
description of the test method and the test results will be provided to the Division as part
of the quarterly inspection reports.

514.110. Such inspections will be made at least quarterly throughout construction and
during critical construction periods. Critical construction periods will include at

minimum;

514.111. Foundation preparation, including the removal of all organic material and
topsoil;

514.112. Placement of underdrains and protective filter systems.

No underdrains or protective filter systems are planned as part of the excess spoil.
514.113. Installation of final surface drain systems; and

514.114. The final graded and revegetated fill.

514.120. The qualified registered professional engineer will provide a certified report to
the Division promptly after each inspection that the fill has been constructed and
maintained as designed and in accordance with the approved plan and the R645-301 and
R645-302 Rules. The report will include appearances of instability, structural weakness,
and other hazardous conditions.

514.200 - 250. Refuse Piles.

The MRP does not contemplate the construction of any refuse piles.

514.300. Impoundments.

514.310-313. Certified Inspection.

A professional engineer or specialist experienced in the construction of impoundments
will inspect impoundments. Inspections will be made regularly during construction, upon
completion of construction, and at least yearly until removal of the structure or release of
the performance bond. The qualified registered professional engineer will promptly, after
each inspection, provide to the Division, a certified report that the impoundment has been
constructed and maintained as designed and in accordance with the approved plan and the
R645 Rules. The report will include discussion of any appearances of instability,
structural weakness or other hazardous conditions, depth and elevation of any impounded
waters, existing storage capacity, any existing or required monitoring procedures and
instrumentation and any other aspects of the structure affecting stability. A copy of the
report will be retained at or near the mine site. INCORPORATED
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514.320. Inspection Standard and Frequency

The MRP does not contemplate construction of any impoundments meeting the NRCS
Class B or C criteria for dams in TR-60, or the size or other criteria of 30 CFR Sec.
77.216. If such impoundments become necessary, they will be examined in accordance
with 30 CFR Sec. 77.216-3. Impoundments not meeting the NRCS Class B or C Criteria
for dams in TR-60, or subject to 30 CFR Sec. 77.216, will be examined at least quarterly.
A qualified person designated by Alton Coal Development LLC will examine
impoundments for the appearance of structural weakness and other hazardous conditions.

515. REPORTING AND EMERGENCY PROCEDURES

515.100. Slides

Any time a slide occurs which may have a potential adverse effect on public, prope.rt'y,.
health, safety, or the environment, Alton Coal Development LLC will notify the Division

by the fastest available means and comply with any remedial measures required by the
Division.

515.200. Impoundment Hazards.

If any examination or inspection of an impoundment discloses that a potential hazard
exists, the person who examined the impoundment will promptly inform the Division of
the finding and of the emergency procedures formulated for public protection and
remedial action. If adequate procedures cannot be formulated or implemented, the
Division will be notified immediately.

515.300. Temporary Cessation

515.312.

During a temporary cessation, surface facilities in areas in which there are no current
operations, but in which operations are to be resumed under an approved permit will be
effectively secured.

515.320.

Before temporary cessation of coal mining and reclamation operations for a period of 30
days or more, or as soon as it is known that a temporary cessation will extend beyond 30
days, a notice of intention to cease or abandon operations will be submitted to the
division. This notice will include:

e A statement of the exact number of acres which have been affected in the permit
area prior to such temporary cessation,
e The extent and kind of reclamation of those areas which has been accomplished,

and INCORPORATED
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e Identification of the backfilling, regrading, revegetation, environmental

monitoring, and water treatment activities that will continue during the temporary
cessation.

516. PREVENTION OF SLIDES

The moderate topography in the area of the planned Coal Hollow Mine will minimize the
potential for unplanned slides. A natural barrier will, however, be left undisturbed except
as necessary for roads, sedimentation control, temporary topsoil and spoil storage and
similar features, beginning at the elevation of the coal seam and extending from the
outslope for a distance of at least 50 ft. The barrier will be retained in place to prevent
slides and erosion.

520. OPERATION PLAN.
521. GENERAL.

The proposed Coal Hollow Mine is located approximately 2.5 miles south of Alton, Utah.
In order to maximize the use and conservation of the coal resource, coal will be recovered
using large hydraulic excavators or front end loaders and off-road trucks. Mined coal will
be hauled to a central coal area for crushing and placement into a stockpile. Coal from the
stockpile will be transferred into a bin and loaded into over the road trucks for transport.

The plan, with Drawings, cross sections, narrative, descriptions, and calculations
indicates how the relevant requirements will be met. The lands subject to coal mining and
reclamation operations over the estimated life of the operations are identified and briefly
described. All appropriate information is located in the subsequent sections and
Drawings 5-1 through 5-39 and Appendices 5-1 through 5-5. Topsoil piles and removal
sequencing is shown on Drawing 2-2.

521.100. Cross Sections and Drawings.

The application includes cross sections, Drawings and plans showing all the- relevan.t
information required by the Division. Appropriate information is provided in Drawings
and cross sections 5-1 through 5-39.

521.110. Previously Mined Areas.

Historically, there has been some underground mining of coal within the Al'ton '
Amphitheater. The following underground mines are known to have historically existed
within the Amphitheater:

. INCORPORATED
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e Silver Mine
There are not any known mines that existed or currently exist within the permit area or
the adjacent area as defined in R645-100-200. There is also not any active coal mining

operations in the area.

521.120. Existing Surface and Subsurface Facilities and Features.

521.121. Buildings

The location of all buildings in and within 1,000 feet of the proposed permit area, with
identification of the current use of the buildings is shown on Drawings 1-5 and 1-6.

521.122. Surface and Subsurface Man-Made Features

The only known surface and subsurface manmade features that exist within the permit
area are:

e County Road 136 ( location shown on Drawing 5-3)
e Water pipeline to Pond 20-1 (location shown on Drawing 7-7)

521.123. Public Roads

One Class B public road, Kane County Road 136 (K3900) is located in or within 100 feet
of the proposed permit area and is shown on Drawing 5-3. This road will be temporarily
relocated outside the permit area until mining is complete and then reconstructed._In
addition, Kane County has recently made a claim on the two-track road located adjacent
to Lower Robinson Creek which is also located within the permit boundary. This road
has mostly been closed to the public since it crosses private land and ACD has worked
with Kane County to develop an access agreement which includes access through the
permit area by mine personnel escort only. This agreement is included as Appendix 1-8
in Chapter 1. The County has named this Class D public road K3993.

The details for reestablishing road K3900 is shown on Drawings 5-22E. 5-22F and 5-
22H. The details related to reestablishing K3993 following mining is shown on Drawing
5-22C.

521.124. Existing areas of spoil. waste, coal development waste, and noncoal waste
disposal, dams, embankments, other impoundments. and water treatment and air pollution
control facilities.

There is one impoundment currently located within the permit area which is Pond 20-1
shown on Drawing 7-7. The area of this impoundment is approximately 3,400 square

feet. INCORPORATED
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There no other areas of existing spoils, waste, coal development waste, and noncoal
waste disposal, dams, embankments, other impoundments, and water treatment and air
pollution control facilities within the permit area.

521.125. Ponds and Other Impoundments

The MRP does not contemplate construction of any permanent water impoundments; coal
processing waste banks and coal processing waste dams or embankments. The planned
location of each sedimentation pond is shown on Drawing 5-3.

521.130. Landowners and Right of Entry and Public Interest Drawings.

All boundaries of lands and the names of present owners of record of both surface and
subsurface within the Mine Permit Area are shown on Drawing 1-3 (Surface) and
Drawing 1-4 (Subsurface).

521.132. Permit Boundary

The boundaries of land within the proposed permit area are shown on all applicable
Drawings.

521.133. Public Roads

No mining or reclamation operations are planned within 100 ft. of a public road.
However mine vehicles may cross the right-of-way of Kane County Road #136 for a
short period early in the operation’s life. Appropriate measures, including signage and
mine operating practices and training will be implemented to protect the public.

521.133.2 Relocating a Public Road:

The design of any relocated road will be approved by Kane County authorities, or such
other authorities as have jurisdiction. Appropriate measures will be taken to prevent
entrance into the mining area via the pre-existing road, and appropriate signage and
barriers will be installed to protect the public.

521.140. Mine Drawings and Permit Area Drawings.

521.141 The boundaries of all areas proposed to be affected over the estimated total life
of the coal mining and reclamation operations, with a description of size, sequence and
timing of the mining, the coal mining and reclamation operations to be conducted, the
lands to be affected throughout the operation, and changes in facilities or features to be
caused by the proposed operations;

INCORPORATED
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Two options are provided for final reclamation of the permit area. The Preferred option
is shown on Drawings 5-35 and 5-36. The anticipated time schedule for this option is
shown on Drawing 5-38. This option includes mining operations transitioning into the
adjacent federal coal reserves. In the case that these reserves are not acquired by ACD,
an alternative plan is provided in Drawing 5-37 and 5-37A which requires rehandling
much of the fill above original contour to fill in the final pits.

If a circumstance occurs where mining of the permit area is complete and ACD has
acquired the federal lease but permit approval has not yet been acquired to continue
mining in the federal coal reserves; ACD requests that the Division consider a temporary
cessation of operations at that time rather than requiring implementation of the alternate
reclamation scenario. This temporary cessation could be granted for a sufficient period
of time to allow ACD to acquire approval for transitioning mining operations into the
adjacent federal coal reserves. The Division does have the authority to grant such an
allowance based on R645-301-515.300. Should the alternative reclamation scenario be
implemented prematurely, reclamation along the western side and south end of the permit
area will either be excavated to recover coal or these coal reserves beneath and adjacent
to the reclamation will be unrecoverable. Also, an additional excess spoil structure will
have be constructed for the boxcut for the federal reserves. A detailed description of the
two reclamation scenarios and how each scenario would apply is provided in Section
528.200 Overburden and 553 Backfilling and Grading of this Chapter.

If ACD does not acquire the federal coal lease by the time that the final pit is complete,
ACD will then immediately transition the reclamation plan to the alternative scenario.

521.143 The proposed disposal sites for placing excess spoil generated at surface areas
affected by surface operations and facilities for the purposes COAL MINING and
RECLAMATION ACTIVITIES according to:

o R645-301-211: The applicant will present a description of the premining soil
resources as specified under R645-301-221. Topsoil and subsoil to be saved
under R645-301-232 will be separately removed and segregated from other
material.

The soil resources for the proposed excess spoil disposal area are described in
Appendix 2-1. A plan has been developed for removal of topsoil and suitable
subsoil based on the soil descriptions in this appendix. The handling plan can be
viewed on Drawing 2-2. Topsoil and acceptable subsoil will be separately
removed and segregated from other material prior to placement of any spoil.

o R645-301-212: After removal, topsoil will be immediately redistributed in
accordance with R645-301-242, stockpiled pending redistribution under R645-
301-234, or if demonstrated that an alternative procedure will provide equal or
more protection for the topsoil, the Division may, on a case-by case basis,

approve an alternative; INCORPORATED
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Excess spoil will have topsoil and subsoil redistributed in an approximately
uniform, stable thickness with the approved post mining land use, contours and
surface water drainage systems. Material handling practices will prevent excess
compaction of these materials. Handling practices will also protect the materials
from wind and water erosion before and after seeding and planting.

o R645-301-412.300: Criteria for Alternative Postmining Land Uses.
The MRP does not contemplate alternative postmining land uses.

o R645-301-512.210: Excess Spoil. The professional engineer experienced in the
design of earth and rock fills will certify the design according to R645-301-
535.100.

A professional engineer experienced in the design of earth and rock fills with
assistance from a geotechnical expert has certified the design according to R645-
301-535.100. These certifications can be viewed on Drawings 5-35, 5-36 and 5-
17 through 5-19.

o RG645-301-512.220: Durable Rock Fills

No durable rock fills are planned.

o R645-301-514.100: Excess Spoil. The professional engineer or specialist will be
experienced in the construction of earth and rock fills and will periodically
inspect the fill during construction. Regular inspections will also be conducted
during placement and compaction of fill materials.

A professional engineer or specialist that is experienced in the construction of '
earth and rock fills will inspect the fill during construction and regular inspections
will also be conducted during placement and compaction of fill materials.

o R645-301-528.310: Excess spoil will be placed in designated disposal areas
within the permit area, in a controllable manner to ensure mass stability and
prevent mass movement during and after construction. Excess spoil will meet the
design criteria of R645-301-535. For the purposes of SURFACE COAL MINING
AND RECLAMATION ACTIVITIES, the permit application must include a
description of the proposed disposal site and the design of the spoil disposal
structures according to R645-301-211, R645-301-212, R645-301-412.300, R645-
301-512.210, R645-528.310, R645-301-535.100 through R643-301-535.130,
R645-301-535.300 through R645-301-535.500, R645-536.300, R645-301-
542.720, R645-301-553.240, R645-301-745.100, R645-301-745.100, R645-301-
745.300, and R645-301-745.400.

Excess spoil will be placed in the area designated on Drawing 5-3 and 5-35. This
fill will be placed in lifts not to exceed 4 feet. The material will be transporttdCOR PORATED
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from the overburden removal area to the fill by end dump haul trucks and a
dozer(s) will spread the spoil to this lift thickness. The fill will meet at minimum
85% compaction as related to the standard Procter. Final slopes will be regraded
to a maximum slope of 3h:1v. The top of the fill will be sloped to approximately
2% to prevent pooling of water and to reestablish drainage similar to original flow
patterns. The excess spoil placed on the non-mined areas is approximately 32
acres and varies in height from 35 to 110 feet. The area of excess fill over mined
out areas (variance from approximate original contour) is an extension of the fill
placed on the non-mined area and is approximately 55 acres. Combined acreage
of the excess fill placed on mined and non-mined areas is 87 acres and varies in
height from 60 to 100 feet above original contour. Total excess fill is 8.6 million
yards. Design of this fill can be viewed in Drawings 5-35 through 5-36 and the
geotechnical study can be viewed in Appendix 5-1.

e R645-301-535.100 through R645-301-130: Disposal of Excess Spoil

A geotechnical analysis of the excess spoil structure design has been completed
by an expert in this field. The long term static safety factor for this structure
design is estimated at 1.6 to 1.7. Lifts will be placed in thicknesses not to exceed
4 feet. The lifts will meet 85% compaction by the standard Procter. The fill will
be graded to allow for drainage similar to original patterns and to prevent
excessive infiltration of water. Fill will be covered with subsoil and topsoil as
specified in Chapter 2 to provide conditions suitable for revegetation of the area.
The geotechnical study can be viewed in Appendix 5-1.

o R645-301-535.300 through R645-301-535.500: Disposal of Excess - Spoil
Durable Rock Fills.

No durable rock fills are planned.
e R645-301-536.300: Disposal of Coal Mine Waste in Excess Spoil
No coal mine waste is planned in the excess spoil area.

o RG645-301-542.720: Excess spoil will be placed in designated disposal areas
within the permit area, in a controlled manner to ensure that the final fill is
suitable for reclamation and revegetation compatible with the natural
surroundings and the approved postmining land use. Excess spoil that is
combustible will be adequately covered with noncombustible material to prevent
sustained combustion. The reclamation of excess spoil will comply with the
design criteria under R645-301-553.240.

The excess spoil as shown in Drawing 5-35 and 5-36 will be suitable to the
surrounding area and for the postmining land use of primarily grazing. No
combustible excess spoil will be placed in the proposed structure. The INCORPORATED

0CT 152009

' [ & Minin
Bigign e s



reclamation of the spoil does not include any terraces and the slopes will not
exceed 3h:1v.

o R645-301-553.240: The final fill configuration of the fill (excess spoil) will be
suitable for the approved postmining land use. Terraces may be constructed on
the outslope of the fill if required for stability, control of erosion, to conserve soil
moisture, or to facilitate the approved postmining land use. The grade of the
outslope between terrace benches will not be steeper than 2h.1v (50 percent).

The excess spoil as shown in Drawings 5-35 and 5-36 will be suitable to the
surrounding area and for the postmining land use of primarily grazing. The
reclamation of the spoil does not include any terraces and the slopes will not
exceed 3h:1v. The long term static safety factor for these slopes is estimated to
be 1.6 to 1.7.

e R645-301-745.100: General Requirements.

745.110: Excess Spoil will be placed in designated disposal areas within the
permit area, in a controlled manner to:

745.111: Minimize the adverse effects of leaching and surface water runojf. from
the fill on surface and underground water;

Reclamation of the excess spoil will include topsoil and a subsoil layer.
Infiltration through the reclamation is expected to be minimal based on the high
clay content of these soils. In addition, laboratory data for the overburden shows
that there is minimal potential for leaching of pollutants should infiltration rates
become higher than expected.

The foundation of the excess spoil area also has high clay content with minimal
potential for infiltration. This will provide an additional, natural barrier to protect
ground water present beneath the proposed structure.

745.112: Ensure permanent impoundments are not located on the completed Sill.
Small depressions may be allowed by the Division if they are needed to retain
moisture or minimize erosion, create and enhance wildlife habitat or assist
revegetation, and if they are not incompatible with the stability of the fill; and

Permanent impoundments are not planned on the excess spoil area. Small
depressions may be constructed as allowed by the Division to retain moisture,
minimize erosion, create and enhance wildlife habitat or assist revegetation.

745.113: Adequately cover or treat the excess spoil that is acid- and toxic
forming with nonacid nontoxic material to control the impact on the surface and
ground water in accordance with R645-301-731.300 and to minimize advenNCORPORATED
effects on plant growth and approved postmining land use. 3
OCT 15 2009

Chapter 5 514 Oy, 04 QY Gas & Mining




Laboratory data representative of the overburden planned for disposal in the
excess spoil area does not show acid- and toxic forming characteristics.

745.120: Drainage Control. If the disposal area contains springs, natural or
manmade water courses, or wet weather seeps, the fill design will include
diversions and underdrains as necessary to control erosion, prevent water
infiltration into the fill and ensure stability.

A spring and seep survey available in Chapter 7 has identified no springs or wet
weather seeps in the proposed excess spoil area. The final surface will be
regraded to a contour that will route water from snowmelt and rainfall around the
excess spoil as shown on the final contours Drawing 5-35. There are no
manmade water courses present in the excess spoil area. No underdrains are
planned for the excess spoil structure.

745.121: Diversions will comply with the requirements of R643-301-742.300
No diversions are planned in the excess spoil area.

745.122 : Underdrains

No underdrains are planned in the excess spoil area.

745.300: Durable Rock Fills

No durable rock fills are planned in the excess spoil area.

745.400: Preexisting Benches

Excess spoil will not be disposed of through placement on preexisting benches.

521.150. Land Surface Configuration Drawings.

Surface contours representing the existing land surface configuration of the proposed
permit area are shown on Drawing 5-1 and the post mining land configuration is shown
on 5-35. Cross sections with both these landforms are shown on Drawing 5-36.

521.160. Maps and Cross sections of the Proposed Features for the Proposed Permit
Area. These maps and cross sections will clearly show:

521.161 Buildings, utility corridors, and facilities to be used:
These items are shown on Drawings 5-3 through 5-8C.

521.162 The area of land to be affected within the proposed permit area, accordingidCORPORATED
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A yearly and overall disturbance sequence for the permit area is provided on Drawing 5-
2.

521.163 Each area of land for which a performance bond or other equivalent guarantee
will be posted under R645-301-512;

The area of land that will have a performance bond posted is shown on Drawing 5-3.

521.164 Each coal storage, cleaning and loading area. The map will be prepared and
certified according to R645-301-512;

These facilities can be viewed on Drawings 5-3 through 5-5.

521.165 Each topsoil, spoil, coal preparation waste, underground development waste,

and noncoal waste storage area. The maps will be prepared and certified according to
R645-301-512;

Topsoil storage areas and handling can be viewed on Drawing 2-2. Spoil placement and
the excess spoil structure can be viewed on Drawings 5-3, 5-17, 5-18, 5-19, 5-35 and 5-
36.

521.166 Each source of waste and each waste disposal area relating to coal processing
or pollution control;

Only sizing of the coal is proposed. This process will not produce any waste.
521.167 Each explosive storage and handling facility;

Need for these facilities are not anticipated at this time. Should these facilities become
necessary, appropriate drawings will be provided to the Division.

521.168 For the purposes of SURFACE COAL MINING AND RECLAMATION
ACTIVITIES, each air pollution collection and control facility; and

There are no specific air pollution collection or control facilities proposed.

521.169 Each proposed coal processing waste bank, dam or embankment. The map will
be prepared and certified according to R645-301-512.

The MRP does not contemplate processing of coal that will produce waste.

521.170. Transportation Facilities Drawings.

Transportation facilities for the Coal Hollow Mine include seven primary roads, a TED
conveyor system, and miscellaneous ancillary/temporary roads. Numerous drawinéNCORpORA
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detail the designs and specifications for each one of the proposed facilities. The
‘ following is a description of each facility and a reference for the associated drawings:

e Roads: Two primary mine haul roads are planned within the permit area. The first
road extends from the coal unloading area to the first series of pits along the west side
of the property. This road will be utilized for access to pits 1 through 15 (pits shown
on Drawing 5-10). This road will be approximately 2,600 feet in length and will be
utilized mainly during the first two years of mining. There will be three culverts
installed along this road all sized for a 100 year, 24 hour storm event. The first
culvert will be across a tributary of Lower Robinson Creek and will be a 36 inch
corrugated steel pipe. The second culvert is the main crossing over Lower Robinson
Creek and is a 96 inch corrugated steel pipe. Both of these culverts have been sized
based on analysis of the Lower Robinson Creek watershed. This analysis can be
viewed in Appendix A5-3. The third culvert is crossing over a diversion ditch that
will route water mainly from disturbed areas along the south side of Lower Robinson
Creek to a sediment impoundment. This culvert will be a 24 inch corrugated steel
pipe.

The second road extends from an intersection with the first road, located just south of

the Lower Robinson Creek crossing, and proceeds south to approximately pit 25.

This road is approximately 2,500 feet in length and will be used for the south pits 16

through 30. There is one culvert crossing along this road to cross a diversion ditch.

This culvert will be a 24 inch culvert sized for maximum anticipated flows in the
‘ diversion.

The following specifications apply to these Primary mine haul roads:
1) Roads will be approximately 80’ in width
2) Approximately a 2% crown
3) Approximately one foot deep cut ditches along shoulders for controlling storm
water
4) 18> of crushed rock or gravel for road surfacing
5) Cut and fill slopes of 1.5 h:1v
6) Minimum fill over each culvert will be 2 times diameter of culvert
7) Berms placed as necessary along fills

The ancillary roads will have similar specifications except surfacing will occur only
as needed and may be narrowed to a 40 foot road width. A typical cross section for
the ancillary roads can be viewed on Drawing 5-24.

The location and details for Primary Mine Haul roads can be viewed on Drawings 5-3
and 5-22 and 5-23.

In addition to the two roads primary Mine Haul roads, the road located within the

facilities area is also classified as a primary road. This road is planned to be 24 feet
. wide with 24 inches of compacted sub base and 8 inches of compacted 1 inqN@@RPOR ATED
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gravel as surfacing. This road is referred to as “Facilities Roadway” and more details
are described in 527.200 along with Drawings 5-22A and 5-22B.

In addition to the primary roads that will be present during active mining, four
additional roads are planned to exist postmining and are also classified as primary
roads for this reason.

Roads that will remain postmining are the following:
e Road to Water Well with details shown on Drawing 5-22D
e Road to east C. Burton Pugh property (K3993) with details shown on
Drawing 5-22C. Kane County has claimed this road as County Road
K3993.
e County Road 136 (K3900) with details on Drawing 5-22E, 5-22F and
5-22H. This County road will be reconstructed within the permit area by
Kane County. This reconstruction will occur concurrently with the final
stage of reclamation as scheduled on Drawing 5-38 and is expected to be
completed by the end of Year 4.
¢ Road to Swapp Ranch (same specification as the Water Well Road)
The location of these roads is shown on Drawings 5-35 and 5-37 along with the post
mining topography.

The ramps, benches and equipment travel paths within the active surface mining area
are temporary in nature and will be relocated frequently as mining progresses. These
temporary travelways are considered part of the pit due to their short term use, and
are not individually designed nor engineered. They will be built and maintained to
facilitate safe and efficient mine and reclamation operations.

Conveyors: A conveyor system will be used to stockpile coal and to load highway
approved haul trucks for transportation to market. The first conveyor is mainly a
stacker system for the coal stockpile which will be located at the coal unloading area
and will be approximately 451” in length. This conveyor is estimated to be a 48”
solid frame system.

The second conveyor is a coal reclaim belt that will be loaded by an above ground
reclaim feeder from the coal stockpile and will convey coal to the loadout chute
which will load the highway approved coal haulage trucks. This section will be
approximately 290" in length. Similar to the first section, this conveyor is estimated
to be a 48” solid frame system.

Drawings of this system can be viewed on Drawings 5-3 through 5-5.

521.180. Support facilities.

Description of the support facilities is provided in Section 526.220. Drawings 5-3, 5-4,
5-5, 5-6, 5-7, 5-8, 5-8A, 5-8B, and 5-8C provide the maps, appropriate cross sectio¥!
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design drawings and specifications to demonstrate compliance with R645-301-526.220
through R645-301-526.222 for each facility.

521.200. Signs and Markers Specifications.

Signs and markers will be posted, maintained, and removed by Alton Coal Development
LLC. Signs and markers will be a uniform design that can be easily seen and read; made
of durable material; conform to local laws and regulations, and be maintained during all
activities to which they pertain;

521.240. Mine and Permit Identification Signs.

Identification signs showing the name, business address, and telephone number of Alton
Coal Development LLC and the identification number of the permanent program permit
authorizing coal mining and reclamation operations will be displayed at each point of
access to the permit area from public roads, and will be retained and maintained until
after the release of all bonds for the permit area;

521.250. Perimeter Markers.

The perimeter of a permit area will be clearly marked before the beginning of surface
mining activities;

521.260. Buffer Zone Markers.

Buffer zones will be marked along their boundaries as required under 731.600

521.270. Topsoil Markers.

Markers will be erected to mark where topsoil or other vegetation - supporting material is
physically segregated and stockpiled.

522. COAL RECOVERY.

The MRP is designed to maximize recovery of the coal resource within technological,
safety and legal limitations. Coal will be recovered from the Smirl Seam which ranges in
thickness from 13.5 to 18.5 feet averaging approximately 16 feet in the planned mining
area. The Smirl Seam is the only surface mineable seam in the permit area. Isopach
maps of the coal thickness and strip ratio can be viewed on Drawings 5-13 and 5-14

Some coal along the boundaries of the mine area will not be recovered in conjunction
with the proposed operation. This includes coal underlying the pit highwalls and areas
where drainage or sedimentation control structures (diversions, ditches, ponds, etc). are
located. The mine is designed to minimize such losses by locating haulage ramps in the
spoil rather than on the pit wall, by oversteepening the coal face at the pit edges, and by RATED
minimizing the use of out of pit ancillary roads. Coal which is left in place in these JPJQORPO
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may be recovered in the future when adjacent property rights are secured. Current plans
are for a planned maximum mining depth of approximately 200 ft. and a strip ratio of
10:1; however, the ultimate mining depth will depend on cost related factors.

A detailed mine plan has been developed for the proposed permit area and the following
table along with Drawing 5-9 summarize the coal extraction for the permit area:

Description Extraction | Average Coal Average Strip Quantity
Status Thickness (ft) | Ratio* (yd*/Ton) | (**Ton)

Total Coal within Permit | N/A 16.3 7.7 9,159,000
Boundary
High Strip Ratio Area (NE | Not Mined 16.5 13.5 2,764,000
corner of permit area)
Coal under highwalls and | Not Mined 17.2 4.8 1,207,000
sedimentation structures
Coal under Robinson Not Mined 15.5 3.9 172,000
Creek Diversion
Recoverable Coal Mined 16.3 6.4 5,016,000

*All strip ratios are bank cubic yards of overburden to tons of coal
**All coal tons are based on a 95% recovery factor

Once approval is received to progress with mining on the adjacent federal coal reserves,
an additional 57% of the coal under the highwalls will be recovered as part of the
progression into these adjacent reserves.

The application of highly flexible, open pit truck/shovel techniques will minimize losses
of coal due to pit geometry or spoil support requirements, allowing the maximum
possible exposure of the coal resource. The full seam section will be loaded primarily
using large hydraulic backhoes. The backhoes, which can work from the top of the seam,
provide the ability to efficiently and cleanly excavate the lower part of the coal seam
without disturbing the pit floor. This, along with the machine’s high degree of bucket
horizon control will minimize floor losses. The backhoes can also work safely from the
top of the seam to oversteepen the loading face along the pit walls, thus recovering the
maximum amount of coal.

Where pit geometry or operational factors preclude the use of backhoes for loading, a
large rubber tire front end loader will be used. These machines provide similar horizon
control, can operate on the floor of the pit or on an intermediate bench, and can recover
coal from confined areas such as the ends of the pits.

Rear dump haul trucks, loaded by the backhoes or front end loader, will be used to move
the coal from the pit via inpit roads and the primary haulroad to the crusher and stockpile.
The trucks will be equipped with “combo” beds suitable for hauling both coal and
overburden, and configured to minimize coal spillage.

INCORPORATED
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A net recovery of 95% (including the effects of in-pit coal losses and out-of-seam
dilution) of the coal exposed in the pit is anticipated. Normal coal losses are expected
due to cleaning of the top of the seam, loading losses at the seam floor, and coal
oxidation near the outcrop.

No coal washing is contemplated at this time, thus there will be no coal processing losses.

Maps and cross sections providing detailed information related to coal recovery activities
can be viewed on Drawings 5-9 through 5-14.

523. MINING METHOD(s).

The Coal Hollow Mine will be a surface coal mining operation using open pit mining
methods to produce up to 2 million tons of coal per year. Primary mining equipment will
include hydraulic excavators and end-dump mining trucks. The coal will be crushed at
the mine site, and hauled to market in over-the-road coal trucks.

The mine is planned to produce approximately 5.02 million tons of coal over a life of
approximately 3 years. The estimated production schedule is summarized below:

Tons Produced
Year (000)
1 2,000
2 2,000
3 1,016
Total 5,016

Initial mine development will involve removal and storage of topsoil from mine
infrastructure locations. Facilities for equipment maintenance/warehouse, coal handling,
and offices will be constructed. During the development and initial mining period,
facilities temporary in nature may be used until permanent facilities can be built.
Construction of sedimentation ponds, diversion ditches, and mine roads accessing the
initial mining areas will also be ongoing.

Mining will employ typical open pit methods using truck/loader type equipment to
remove overburden and recover the coal. Mining will advance across the property in
successive cuts approximately 250 ft. in width and 800 to 1,300 ft. long (generally equal
to the width of the property less property barriers). Layout of these pits can be viewed
on Drawing 5-10. The overburden will be removed in layers or lifts approximately 20 to
40 feet deep. In practice, these overburden lifts are mined in a stairstep fashion ahead of
the coal removal operation to provide adequate working room for the equipment and
stable advancing slopes. Once mining is complete, excavated overburden (spoil) from a
successive cut is used to backfill the excavation. General cross sections of this process
can be viewed on Drawings 5-11 and 5-12.

Prior to beginning mining, the area will be cleared of vegetation, and the topsoil will SNCORPORATED
recovered and either stockpiled or live hauled to regraded areas. It is not anticipated thab CT 15 2009
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blasting of the overburden will be necessary based on drilling data. Should this process
become necessary, this is the phase where it would be implemented. Overburden will
then be removed using large hydraulic excavator(s) or front end loaders and off-road
trucks which will haul the spoil and place it in parts of the pit where the coal has been
removed, or in the excess spoil area shown on Drawings 5-3, 5-35 and 5-36. Overburden
is removed in successively deeper benches until the coal seam is exposed. Some
overburden in lower lifts may be moved by direct dozing into the mined out pit by large
bulldozers.

When overburden removal is finished in a particular pit, the top of the coal will be
cleaned (removal of any roof rock or other non-coal material on top of the seam) using a
motor grader, dozer or front end loader. The material removed will be placed in the
adjacent mined out pit. If necessary, the coal seam will be loosened by drilling and
blasting or ripping prior to loading. Drilling and blasting of the coal is not expected to be
necessary. The cleaned, exposed coal is then excavated by backhoe or front end loader
and placed into off-road rear dump trucks.

Once the coal is removed, the pit will be backfilled by spoil from adjacent mine pits.
Spoil will be placed in lifts and spread with a dozer. Once the pit is backfilled to the
planned final surface contour, suitable topsoil and subsoil will be replaced, and the area
reseeded. Revegetation work will proceed seasonally as appropriate for planting.

Overburden excavation and coal mining at Coal Hollow will begin near the subcrop of
the coal seam at the western end of the permit area in the NW % NE "4 of Section 30,
T39S, RSW. Topsoil will be removed and stored separately in topsoil stockpiles as shown
on Map 2-2. Overburden from the initial pits will be hauled to the excess spoil pile east of
the mining area. Once the initial pits are established, as much spoil as possible will be
placed directly in the pit backfill, allowing reclamation to closely follow mining. This
initial phase includes pits 1 through 8 as shown on Drawing 5-10. The mining and
reclamation process for this phase can be viewed on Drawing 5-17.

From the initial mining area, operations will proceed eastward through the NE V4 of
Section 30 to the NW Y of Section 29 (as shown on Drawing 5-10). The mining and
reclamation process for this phase can be viewed on Drawing 5-18. The pit will then turn
south, and advance to the north edge of Section 31 T39S, R5W. This mining and
reclamation phase can be viewed on Drawing 5-19. As shown on Drawing 5-19, the final
pits will not be backfilled at this stage. The proposed method for filling these pits back to
approximate original contour will be accomplished by utilizing overburden from the
pit(s) in the adjacent federal reserves located immediately west of this area. Alton Coal
Development, LLC is currently in the process of an Environmental Impact Study for
these reserves with the intent of acquiring the rights to mine. It is expected that these
rights will be acquired prior to the completion of the final phase in the proposed Permit
Area. The final landform for the Permit Area is shown on Drawings 5-35 and 5-36.

In the case that Alton Coal Development, LLC is not successful with acquiring the rights
to the adjacent federal coal reserves, spoil will be rehandled from the excess spoil and| NCORPORATED
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variance from the approximate original contour to fill the remaining pits. The final
landform for this alternate scenario is shown on Drawing 5-37 and 5-37A.

An estimate of the primary mining equipment planned for use at the Coal Hollow Mine is
listed below:

Diesel - Hydraulic Excavators (15 to 38 cu. yd. capacity).
Rubber Tired Front End Loaders (8 to 20 cu. yd. capacity)
End Dump Trucks (100 to 240 ton capacity class)

Track Dozers (Caterpillar D7 through D11 Class)

Motor Graders (Caterpillar 16H to 24H Class)

Water Trucks (8,000 to 20,000 Gallon Class)

A variety of other equipment will also be used to support the mining operation.

Proposed engineering techniques for meeting the proposed mining methods will include:
e Design support for roads, pits, sediment impoundments etc...
¢ Field staking of designs utilizing high precision GPS survey systems.
e Weekly field engineering support to view and provide guidance related to designs
and environmental controls.
e Ongoing geotechnical support for ensuring highwall stability
As additional information becomes available, update geological models to ensure
full recovery of resource.
e Weekly mine plans that specify appropriate engineering and environmental
specifications.
There are no known underground mines within 500 feet of the permit boundary;
therefore, no surface mining or reclamation activities will take place within 500 feet of
any underground mine.

524. BLASTING AND EXPLOSIVES

As a result of the 2005 drilling program and overburden characterization, it was
determined that the soil over the coal seam is void of any solid structure and that the
overburden is extremely homogenous consisting of soft clay and soft shale. As results of
this cursory investigation, it is anticipated that there would be no need to drill and blast
the overburden to facilitate the removal of the spoil above the coal seam. Also, due to the
fact that the coal will have to be mined from on top of the seam due to wet clay zone
beneath the coal seam it is anticipated that there would be no need to drill and blast the
coal seam to facilitate coal removal.

As a safeguard or fallback position if mining condition should change, all blasting and
explosive criteria will be addressed.

Though not anticipated, explosives may be utilized as necessary at Coal Hollo.w Mine to
break the overburden over the coal and may be used to break the coal for loadlpg if '
necessary. In accordance with the requirements of this section, a blasting plan is proji¢edRPORATED
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to the Division in Appendix 5-4. Blasts that use more than five pounds of explosives or
blasting agents will be conducted according to the schedule provided in 524.400.

524.100 Blaster Certification

Alton Coal Development, LLC (ACD) will, prior to conducting any surface blasting
operations, ensure that all surface blasting incident to surface mining in Utah is
conducted under the direction of a Utah Certified Blaster. Certificates of blaster
certification will be carried by the blasters or will be on file at the mine permit area
during blasting operations. A blaster and at least one other person will be present at the
firing of a blast.

Persons responsible for blasting operations at a blasting site will be familiar with the
blasting plan and site-specific performance standards and give on-the-job training to
persons who are not certified and who are assigned to the blasting crew or assist in the
use of explosives.

524.200 Blast Design

There are no dwellings, public buildings, schools, churches, or community or institutional
building within 1,000 feet of the planned blasting area in the initial (year 1) mining
period. There are also no underground mines within 500 feet of the permit. The
anticipated blast design can not be reasonably estimated at this time since ACD is not
sure what geologic conditions exist that may require blasting. If conditions are
encountered that require blasting, ACD will provide the Division with the designed
pattern prior to conducting blasting.

Blasts conducted within 1000 ft. of a dwelling, public building, school, church, or
community or institutional building will be submitted for Division and MSHA approval,
prior to blasting. The blast design will contain sketches of the drill and delay patterns,
decking, type and amount of explosives required per blast, critical dimensions, design
factors utilized to protect the public, general location drawings of protected structures,
which meet the applicable airblast, flyrock, and ground vibration standards in 524.600.

The blast design will be prepared and signed by a Utah certified blaster.

524.300 - 350 Preblasting Survey

A preblasting survey will be conducted prior to commencement of blasting operations.
As part of the preblasting survey Alton Coal Development LLC will:

e Notify, in writing, all residents or owners of dwellings or other structures located
within one-half mile of the permit area how to request a preblasting survey at least
30 days before initiation of blasting.

e Prepare a written report of any preblasting survey. A resident or owner of a INCORPORATED
dwelling or structure within one-half mile of any part of the permit area may OCT 15 2009
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request a preblasting survey. This request will be made, in writing, directly to
Alton Coal Development LLC or to the Division, who will promptly notify Alton
Coal Development LLC. Alton Coal Development LLC will promptly conduct a
preblasting survey of the dwelling or structure and promptly prepare the written
report. An updated survey of any additions, modifications, or renovation will be
performed by Alton Coal Development LLC if requested by the resident or
owner.

e Determine the condition of the dwelling or structure and will document any
preblasting damage and other physical factors that could reasonably be affected
by the blasting. Structures such as pipelines, cables, transmission lines, and
cisterns, wells, and other water systems warrant special attention; however, the
assessment of these structures may be limited to surface conditions and other
readily available data.

e Require the written report of the survey be signed by the person who conducted
the survey. Copies of the report will be promptly provided to the Division and to
the person requesting the survey. If the person requesting the survey disagrees
with the contents and/or recommendations contained therein, he or she may
submit to both Alton Coal Development LLC and the Division a detailed
description of the specific areas of disagreement.

e Complete any survey requested more than ten days before the planned initiation
of blasting, before blasting occurs.

524.400 Blasting Schedule

524.420. Timing of Blasting

All blasting will be conducted between sunrise and sunset unless nighttime blasting is.
approved by the Division. Alton Coal Development LLC will conduct blasting operations
at times approved by the Division and announced in the blasting schedule.

524.410. Unscheduled Blasts

Unscheduled blasts will be conducted only where public or operator health and safety so
requires and for emergency blasting actions. When an unscheduled surface blast
incidental to coal mining and reclamation operations is conducted, Alton Coal
Development LLC, using audible signals, will notify residents within one-half mile of the
blasting site and document the reason in accordance with 524.760.

524.450 - 453. Blasting Schedule Publication and Distribution.

Alton Coal Development, LLC will: INCORPORATEN
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e Publish the blasting schedule in a newspaper of general circulation in the loca}ity
‘ of the blasting site at least ten days, but not more than 30 days, before beginning a
blasting program;

e Distribute copies of the schedule to local governments and public utilities aqd to
each local residence within one-half mile of the proposed blasting site described
in the schedule; and

e Republish and redistribute the schedule at least every 12 months and revise and
republish the schedule at least ten days, but not more than 30 days, before blasting
whenever the area covered by the schedule changes or actual time periods for
blasting significantly differ from the prior announcement; and

524.460 - 465. Blasting Schedule Contents.

The blasting schedule will contain, at a minimum:

e Name, address, and telephone number of operator;

e Identification of the specific areas in which blasting will take place;
e Dates and time periods when explosives are to be detonated;

e Methods to be used to control access to the blasting area; and

e Type and patterns of audible warning and all-clear signals to be used before and
. after blasting.

524.500 - 532 Blasting and Warning Signs, Access Control

Blasting signs will read “Blasting Area” and be conspicuously placed along the edge of
any blasting area that comes within 100 feet of any public right-of-way, and at the point
where any other road provides access to the blasting area. At all entrances to the mine
permit area from public roads or highways, signs will be conspicuously placed which
read “Warning! Explosives in Use”, clearly list and describe the meaning of the audible
blast warning and all-clear signals in use, and explain the identification of blasting areas
where charged holes await firing at the blasting site in the mine permit area.

Warning and all-clear signals of different character or pattern that are audible within a
range of one-half mile from the point of the blast will be given. Each person within the
permit area and each person who resides or works regularly within one-half mile of the
blast site in the mine permit area will be notified of the meaning of the signals in the
blasting schedule and notification.

Access within the blasting areas will be controlled to prevent presence of livestock or
unauthorized persons during blasting and until an authorized representative of Alton Coal
Development LLC has reasonably determined that no unusual hazards exist, such as

imminent slides or un-detonated charges; and access to and travel within the blasting area
. can be safely resumed. INCORPORATED
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524.600 - 610 Adverse Effects Of Blasting

Blasting will be conducted to prevent injury to persons, damage to public or private
property outside the mine permit area, and changes in the course, channels, or availability
of surface or ground water outside the mine permit area.

524.620 Airblast Limits

Airblast will not exceed the maximum limits listed below at the location of any dwelling,
public building, school, church, or community or institutional building outside the mine
permit area, except for those structures and facilities owned by Alton Coal Development
LLC as approved by the Division. Maximum airblast limits are as follows:

Lower Frequency Limit of Measuring Maximum Level
System, HZ (+3dB) dB

0.1 Hz or lower — flat response " 134 peak

2 Hz or lower — flat response 133 peak

6 Hz or lower — flat response 129 peak
C-weighed — slow response 105 peak dBC

(1) Only when approved by the Division.
524.630. Monitoring:

Periodic monitoring will be conducted to ensure compliance with the airblast standards.
Airblast measurements and will be taken as required by the Division at locations
specified by the Division. The measuring system used will have an upper-end flat
frequency response of at least 200 Hz.

524.633. Flyrock:
Flyrock traveling in the air or along the ground will not be cast from the blasting site
more than one-half the distance to the nearest dwelling or other occupied structure;

beyond the area of blasting access control or beyond the mine permit area boundary.

524.640 - 662. Ground Vibration.

In all blasting operations, except as otherwise authorized by the Division, the maximum

ground vibration will not exceed the values approved by the Division. The maximum

ground vibration for protected structures will be in accordance with either the maximum
peak-particle velocity limits, the scaled-distance equation, the blasting-level chart, or by

the Division. All other structures in the vicinity of the blasting area such as water towers,

pipelines and other utilities, tunnels, dams, impoundments, and underground mines will

be protected from damage by establishment of a maximum allowable limit on the ground

vibration. These limits will be submitted by Alton Coal Development LLC and approved

by the Division prior to blasting. A seismographic record will be provided for eacHBG@RPORATED
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Maximum Peak-Particle Velocity Method: The maximum ground vibration will not
exceed the following limits at the location of any dwelling, public building, school,
church, or community or institutional building outside the mine permit area in accordance
with the following:

Distance (D) from Blast Maximum allowable Scaled distance factor to be
Site in feet Particle Velocity (Vmax) applied without seismic
for ground vibration, in monitoring (Ds) )
inches/second ("
0 to 300 1.25 50
301 to 5,000 1.00 35
5,001 and beyond 0.75 65

(1) Ground vibration will be measured as the particle velocity. Particle velocity will
be recorded in three mutually perpendicular directions. The maximum allowable
peak particle velocity will apply to each of the three measurements.

(2) Applicable in the scale-distance equation of 524.651.

Scaled Distance Equation Method: Alton Coal Development LLC will use the scaled-
distance equation, W=(D/Ds)’, to determine the allowable charge weight of explosives to
be detonated in any eight-millisecond period, without seismic monitoring: where W = the
maximum weight of explosives, in pounds: D = the distance, in feet, from the blasting
site to the nearest protected structure: and Ds = the scaled-distance factor, which may

initially be approved by the Division using the values for scaled-distance factor listed in
524.642.

The development of a modified scaled-distance factor may be authorized by the Division
on receipt of a written request by Alton Coal Development LLC, supported by
seismographic records of blasting at the mine site. The modified scaled-distance factor of
the predicted ground vibration will not exceed the prescribed maximum allowable peak
particle velocity of 524.642 at a 95% confidence level.

Blasting-Level-Chart. Alton Coal Development LLC may use the ground-vibration
limits in Figure 1 (Figure 1, showing maximum allowable ground particle velocity at
specified frequencies, is incorporated by reference. Figure 1 may be viewed at 30 CFR
817.67 or at the Division of Oil, Gas and Mining State Office.) to determine the
maximum allowable ground vibration. If the Figure 1 limits are used, a seismographic
record including both particle velocity and vibration-frequency levels will be provided
for each blast. The method for the analysis of the predominant frequency contained in the
blasting records will be approved by the Division before application of this alternative
blasting criterion.

524.690. Standards not Applicable

The maximum airblast and ground-vibration standards of 524.620 through 524.632 and
524.640 through 524.680 will not apply at the following locations: At structures owned
by Alton Coal Development LLC and not leased to another person; and at structureslNCORPORATED
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owned by Alton Coal Development LLC and leased to another person, if a written waiver
by the lessee is submitted to the Division before blasting.

524.700 Records of Blasting Operations:

Blasting records will be maintained at the mine site for at least three years and upon
request, records will be available for inspection by the Division or the public. A blasting
record will contain the name of Alton Coal Development LLC; location, date, and time of
the blast; name, signature, and Utah certification number of the blaster conducting the
blast. It will also include the identification, direction, and distance, in feet, from the
nearest blast hole to the nearest dwelling, public building, school, church, community or
institutional building outside the permit area, except those described in 524.690 and
weather conditions, including those which may cause possible adverse blasting effects.

The blasting record will include: The type of material blasted; sketches of the blast
pattern including number of holes, burden, spacing, decks, and delay pattern; diameter
and depth of holes; types of explosives used; total weight of explosives detonated in an
eight-millisecond period; initiation system; type and length of stemming; and mats or
other protection used.

If required, a record of seismographic and airblast information will include: type of
instrument, sensitivity, and calibration signal or certification of annual calibration; exact
location of instrument and the date, time, and distance from the blast; name of the person
and firm analyzing the seismographic record; and the vibration and/or airblast level
recorded; and the reasons and conditions for each unscheduled blast.

524.800 Use of Explosives:

Alton Coal Development LLC will comply with all appropriate Utah and federal laws
and regulations in the use of explosives.

526. MINE FACILITIES:

526.110-115  Existing Structures.

There are no existing structures within the permit area.

526.116. Public Roads:

526.116.1. Operations Within 100 ft. of a Public Road

Initial mining operations at the Coal Hollow Mine will be on the western edge of the

property, and will require rerouting Kane County Road #136 (K3900) so that operations

do not come within 100 feet of this road. During the initial development phase (topsoil

removal, diversion construction, etc..), equipment traffic may cross the county road right-

of-way to access the necessary area. see Drawing 5-3. Details related to the road INCORPORATED
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relocation and reestablishment can be viewed on Drawings 5-3, 5-22E, 5-22F, 5-22H and
in Appendix 1-7.

In addition, the road adjacent to Lower Robinson Creek (K3993) has been claimed by
Kane County as a public road. An agreement has been developed with the County to
restrict access on this road to escort by mine personnel only. Details for the
reestablishment of this road following mining are provided on Drawing 5-22C.

526.116.2 Relocating a Public Road:

Following the initial development period, Kane County will temporarily relocate County
Road #136 (K3900) to federal lands located west of the permit area which are managed
by the BLM. This relocation will bypass the permit area for the duration of mining
operations and is shown on Drawing 5-3. Details of agreements and appropriate
approvals for this road relocation are located in Appendix 1-7. The relocated road is not
within 100 ft. of mining or reclamation operations. The design and route of the relocated
road has been approved by Kane County authorities and the BLM. Kane County will
continue to have sole jurisdiction and will maintain it as a public road. Following
completion of mining operations within the permit area, Kane County will reestablish the
road to the approximate original location and will also reclaim the temporary road as
required by the BLM. The existing road from the north relocation diversion point to the
permit boundary will also continue to be maintained as a public road by Kane County.
Once the road intersects the permit boundary, appropriate signs and barricades will be
installed to protect the public. This road will be reestablished following mining as
provided in the agreements in Appendix 1-7 and shown on Drawings 5-22E, 5-22F and 5-
22H.

526.200 Utility Installation and Support Facilities

526.210 Existing Utilities.

There are no known oil, gas, and water wells; oil, gas, and coal-slurry pipelines,
railroads; electric and telephone lines; and water and sewage lines passing over, under, or
through the permit area. Should such facilities be installed, mining and reclamation
operations will be conducted in a manner that minimizes damage, destruction, or
disruption of services provided by such facilities unless otherwise approved by the owner
of those facilities and the Division.

526.220 Support Facilities

The mine support facilities will include an office, shop, wash bay, oil containment, fuel

containment, coal stacking system, coal loadout system and an equipment parking area

These facilities will be constructed on an isolated section of the permit area that is

approximately 34 acres. This area is located immediately north of Lower Robinson

Creek, in Township 39 South, Range 5 West, Section 19. A diversion ditch will route

water from the upgradient area immediately east of the area around the facilities anN&t&RPOR ATED
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a tributary of Lower Robinson Creek as shown on Drawing 5-3. Storm water and snow

‘ melt that occurs within the facilities area will be routed to an impoundment that will
contain sediment. This impoundment will have a drop-pipe spillway installed that will
allow removal of any oil sheens that may result from parking lots or maintenance
activities by using absorbent materials to remove the sheen. In addition to this pond, an
additional small impoundment will also be located in the southwest corner of the
facilities area to control drainage from the mine access road. Details for these
impoundments can be viewed on Drawings 5-28 and 5-28B.

The following is a detailed description of each proposed facility and a reference to where
detailed drawings can be found:

e Office: The office will be located on the northwest corner of the facilities area,
immediately adjacent to the facilities access road. This building will be a steel
structure with concrete footers. This structure will be 150 feet long by 100 feet wide
and will be two stories in height. The office will provide working space for
administrative and technical personnel. Details for the office can be viewed of
Drawings 5-3 and 5-6.

o Shop: The shop will be located on the northeast side of the facilities area. This
building will be a steel structure with concrete floors and foundation. The structure
will be approximately 200 feet long by 100 feet wide and 50 feet high. This building
will be used for maintenance of equipment, parts storage, tool storage, and office
space for maintenance personnel. Details for this building can be viewed on

. Drawings 5-3 and 5-7.

e Wash Bay: The wash bay will be located immediately east of the shop. This building
will be a steel structure with a concrete foundation. The structure will be 50 feet long
by 60 feet wide and 50 feet high. Included will be a closed circuit water recycle
system. This system will eliminate and store water impurities and reroute water back
through the wash bay for cleaning equipment. Details for this structure can be
viewed on Drawings 5-3, 5-8, and 5-8A.

e Oil and Fuel Containments: The oil and fuel containments will be concrete structures
appropriately sized for containing metal tanks. The oil containment will contain 55
gallon barrels and up to 2,000 gallon totes. This containment will be 80 feet long by
30 feet wide and 3 feet deep. The fuel containment will store 3 fuel tanks. Included
will be a 4,000 gallon unleaded fuel tank and two 12,000 gallon diesel tanks. This
structure will 50 feet long by 30 feet wide and 3 feet deep. Details for this structure
can be viewed on Drawings 5-3 and 5-8.

e Coal Stacking System: The coal stacking system will be located in the central part of
the facilities area. This system will include a coal hopper, coal feeder breaker, feed
conveyor, crusher, and an inclined conveyor belt. Trucks will dump coal into the coal
hopper which will funnel coal through the feeder breaker onto a short feed conveyor
belt. This conveyor belt will transport the coal approximately 195 feet to a crusher
that will size the coal appropriately for market. Once the coal is sized through the
crusher it will enter an inclined stacker conveyor belt that is angled at approximately

. 16 degrees and is 186 feet long. This system will be a radial conveyor which will
INCORPORATED
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feed a coal stock pile with a live storage of approximately 50,000 tons. This system
can be viewed on Drawings 5-3 through 5-5.

e Coal Loadout System: The coal loadout system will be located in the central part of
the facilities area. This system will include an above ground reclaim feeder, a coal
reclaim conveyor and an inclined conveyor. The reclaim feeder will be loaded by a
dozer pushing the coal onto the feeder. One inclined conveyor that is approximately
290 feet in length will convey the coal from the feeder to the loadout hopper. This
loadout hopper will load highway approved haul trucks that transport coal to market.

e Minor Facilities: The minor facilities will include a septic vault at the office (Drawing
5-6), a power washing and water recycle system in the Wash Bay (Drawing 5-8A),
conduit with electrical lines running from generators to various facilities (Drawing
5-8B), Water System (Drawing 5-8C), an Equipment Hotstart Area (Drawing 5-3, 5-
8B) and a Field Hydrant (Drawing 5-4, 5-5, 5-8B).

e Electrical System: The electrical system for the facilities at Coal Hollow will consist
of two diesel fuel powered generators. One generator is a 750 KVA unit that will
provide electricity to all the buildings. The other generator is a 1200 KVA unit that
will be used to supply electricity to the coal conveying, sizing, stockpiling and
loading system. The anticipated layout of the electrical system is shown on Drawing
5-8B.

¢ Dust Control Structures: A water system will be constructed to provide water for
non-potable uses at the facilities and also for fugitive dust control measures. This
system will consist of a water well, 6 water transport pipe, and two 16,000 gallon
water tanks. The first water tank will be placed near the mining area and will be used
specifically to load the water truck which will spray water on the active roads within
the permit area to control dust. The second tank is located at the facilities area to
provide a water supply to the facilities for non-potable uses (cleaning equipment,
restrooms, etc...). Further details related to this water system can be viewed on
Drawing 5-8C.

During mine development and the initial mining period, some facilities of a temporary
nature such as mobile buildings and crusher/stacking conveyors may be utilized.

Support facilities to provide lighting at night will be kept to a minimum but will need to
be sufficient enough to provide safe operating conditions in the dark. The following
lighting equipment is anticipated to be used to provide safe working conditions:

e Two to three mobile light plants: Each light plant will have up to four
1,000 watt lights.

e Four to six exterior lights at the facilities area for lighting walkways and
miscellaneous work areas: Each of these is expected to be 250 watt lights.

e Lights on mobile mining equipment, support vehicles and building lights

The support facilities will be located, maintained, and used in a manner that prevent or

control erosion and siltation, water pollution, and damage to public or private property;

and to the extent possible use the best technology currently available to minimize damage

to fish, wildlife, and related environmental values; and minimize additional contributi€ORPORATED
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of suspended solids to stream flow or runoff outside the mine permit area. Any such
contributions will not be in excess of limitations of Utah or Federal law.

The facilities will be fully reclaimed at the end of mining operations with the exception
of the water well. The final contour for this area can be viewed on Drawing 5-35 and 5-

37 and an anticipated timetable is shown on Drawing 5-38.

526.300 Water Pollution Control Facilities:

Water pollution associated with mining and reclamation activities within the permit areas
will be controlled by:

e Construction of berms and/or diversion ditches to control runoff from all facilities
areas.

e Roads will be constructed with ditches to capture runoff

e Diversion ditches will be constructed as necessary around active mining and
reclamation areas to capture runoff from those areas.

¢ Sedimentation impoundments will be constructed to control discharges

e In areas where impoundments or diversions are not suitable to the surrounding
terrain, silt fence or other appropriate structures will be utilized to control
sediment discharge from the permit area.

In order to accomplish these objectives, watershed analysis of the permit and adjacent
areas has been completed and specific designs are established for each water pollution
control structure. Primary control structures include five sediment impoundments, four
diversion ditches and miscellaneous berms. The locations of these structures can be
viewed on Drawing 5-3. The detailed analysis for these structures and specific designs
can be viewed on Drawings 5-25 through 5-34. In addition, a geotechnical analysis of
the impoundments to ensure stability can be viewed in Appendix 5-1. The watershed and
structure sizing analysis can be viewed in Appendix 5-2.

In addition to these primary structures, temporary diversions and impoundments may also
be implemented, as necessary, in mining areas to further enhance pollution controls.

All these facilities will be reclaimed to approximate original contour. The reclamation
sequence and final landform can be viewed on Drawings 5-35 and 5-38.

526.400 Air Pollution Control Facilities:

Air pollution (fugitive dust) emissions from mining and reclamation operations in the
permit area will be controlled by a number of means, including:

e Haul roads will be maintained and will have water or other dust suppressants
applied as appropriate.

e Road surfaces will be graded to stabilize/remove dust-forming debris as required.

e Areas adjoining primary roads will be stabilized and vegetated as requirﬁqC()RPORATED
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‘ e Mobile equipment speeds will be controlled to minimize dusting conditions.

e Cleared vegetation debris within the mine area will be disposed of by placement
in pit backfills.

A water system will be constructed to provide water for non-potable uses at the facilities
and also for fugitive dust control measures. This system will consist of a water well, 67
water transport pipe, and two 16,000 gallon water tanks. The first water tank will be
placed near the mining area and will be used specifically to load the water truck which
will spray water on the active roads within the permit area to control dust. The second
tank is located at the facilities area to provide a water supply to the facilities for non-
potable uses (cleaning equipment, restrooms, etc...). Further details related to this water
system can be viewed on Drawing 5-8C.

For details related to air pollution control and monitoring, refer to Chapter 4 and
Appendix 4-2 and 4-5.

527. TRANSPORTATION FACILITIES

527.100 Classification of Roads

Primary roads are any road that is used to transport coal or spoil and is frequently used

‘ for access or other purposes for a period in excess of six months; or is to be retained for
an approved postmining land use. The following is the roads that meet the classification
of a primary road based on this standard:

Roads used to transport coal or spoil in excess of six months

There are two roads that will be used to transport coal or spoil in excess of six months
and are referred to as “Year 1 and 2 Mine Haul Road” and “Year 2 and 3 Mine Haul
Road”. These two roads will be the main accesses for the pits throughout the life of
the mine. Details for these two roads are provided in Section 527.200 and on
Drawings 5-22 and 5-23. In addition to these two roads, the road located within the
facilities area is also classified as a primary road. This road is referred to as
“Facilities Roadway” and details are described in 527.200 along with Drawings 5-
22A and 5-22B.

Roads retained for an approved postmining land use

Roads retained for an approved postmining land use include the following: Access to
East Pugh Property (K3993), County Road 136 (K3900), Access to Water Well and
Road to Swapp Ranch. Details and locations for these roads are shown on Drawings
5-35,5-37, 5-22A, 5-22B, 5-22C, 5-22D, 5-22E, 5-22F and 5-22H.

‘ INCORPORATED
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All other roads planned for construction within the permit area will be classified as
' ancillary. These will include temporary ramps, benches and equipment travel paths
within the active mining area.

527.200 Description of Roads

Roads for the Coal Hollow Mine include seven primary roads, a conveyor system, and
miscellaneous ancillary/temporary roads. Numerous drawings detail the designs and
specifications for each one of the proposed facilities. The following is a description of
each facility and a reference for the associated drawings:

e Roads: Two primary mine haul roads are planned within the permit area. The first
road extends from the coal unloading area to the first series of pits along the west side
of the property. This road will be utilized for access to pits 1 through 15 (pits shown
on Drawing 5-10). This road will be approximately 2,600 feet in length and will be
utilized mainly during the first two years of mining. There will be three culverts
installed along this road all sized for a 100 year, 24 hour storm event. The first
culvert will be across a tributary of Lower Robinson Creek and will be a 36 inch
corrugated steel pipe. The second culvert is the main crossing over Lower Robinson
Creek and is a 96 inch corrugated steel pipe. Both of these culverts have been sized
based on analysis of the Lower Robinson Creek watershed. This analysis can be
viewed in Appendix AS-3. The third culvert is crossing over a diversion ditch that
will route water mainly from disturbed areas along the south side of Lower Robinson

. Creek to a sediment impoundment. This culvert will be a 24 inch corrugated steel

pipe.

The second road extends from an intersection with the first road, located just south of
the Lower Robinson Creek crossing, and proceeds south to approximately pit 25.
This road is approximately 2,500 feet in length and will be used for the south pits 16
through 30. There is one culvert crossing along this road to cross a diversion ditch.
This culvert will be a 24 inch culvert sized for maximum anticipated flows in the
diversion.

The following specifications apply to these Primary mine haul roads:
1) Roads will be approximately 80" in width
2) Approximately a 2% crown
3) Approximately one foot deep cut ditches along shoulders for controlling storm
water
4) 18” of crushed rock or gravel for road surfacing
5) Cut and fill slopes of 1.5 h:1v
6) Minimum fill over each culvert will be 2 times diameter of culvert
7) Berms placed as necessary along fills

The ancillary roads will have similar specifications except surfacing will occur only
as needed and may be narrowed to a 40 foot road width. A typical cross section for
. the ancillary roads can be viewed on Drawing 5-24. INCORPORATED
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The location and details for Primary Mine Haul roads can be viewed on Drawings 5-3
and 5-22 and 5-23.

In addition to the two roads primary Mine Haul roads, the road located within the
facilities area is also classified as a primary road. This road is planned to be 24 feet
wide with 24 inches of compacted sub base and 8 inches of compacted 1 inch minus
gravel as surfacing. This road is referred to as “Facilities Roadway” and more details
are described in 527.200 along with Drawings 5-22A and 5-22B.

In addition to the primary roads that will be present during active mining, four
additional roads are planned to exist postmining and are also classified as primary
roads for this reason.

Roads that will remain postmining are the following:
e Road to Water Well with details shown on Drawing 5-22D
e Road to east C. Burton Pugh property (K3993) with details shown on
Drawing 5-22C
e County Road 136 (K3900) with details on Drawing 5-22E, 5-22F and
5-22G. This County road will be reconstructed within the permit area by
Kane County. This reconstruction will occur concurrently with the final
stage of reclamation as scheduled on Drawing 5-38 and is expected to be
completed by the end of Year 4.
e Road to Swapp Ranch (same specification as the Water Well Road)
The location of these roads is shown on Drawings 5-35 and 5-37 along with the post
mining topography.

The ramps, benches and equipment travel paths within the active surface mining area
are temporary in nature and will be relocated frequently as mining progresses. These
temporary travelways are considered part of the pit due to their short term use, and
are not individually designed nor engineered. They will be built and maintained to
facilitate safe and efficient mine and reclamation operations.

Conveyors: A conveyor system will be used to stockpile coal and to load highway
approved haul trucks for transportation to market. The first conveyor is mainly a
stacker system for the coal stockpile which will be located at the coal unloading area
and will be approximately 451" in length. This conveyor is estimated to be a 48”
solid frame system.

The second conveyor is a coal reclaim belt that will be loaded by an above ground
reclaim feeder from the coal stockpile and will convey coal to the loadout chute
which will load the highway approved coal haulage trucks. This section will be
approximately 290" in length. Similar to the first section, this conveyor is estimated
to be a 48” solid frame system.

Drawings of this system can be viewed on Drawings 5-3 through 5-5. INCORPORATED
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527.220  Alteration or Relocation of Natural Drainageways.

As currently planned, no natural drainageways will be altered or relocated due to road
construction, though a temporary diversion of Lower Robinson Creek will be constructed
to allow for maximum recovery of coal. This temporary diversion of Lower Robinson
Creek is not being constructed to facilitate road construction. If any other alterations or
relocations are necessary, appropriate measures will be taken to obtain Division approval
for such alterations or relocations.

Mine development work will include a temporary diversion of Lower Robinson Creek
away from the mining area. This diversion has been designed for a flow capacity of a
100 year, 24 hour storm event. The sides will be graded to a 3h:1v slope and rip-rap will
be appropriately placed to minimize erosion of the channel beyond current channel
conditions. All specifications required to meet the requirements for such a diversion have
been included in this diversion design. Appendix 5-2 details the analysis/specifications
for this diversion and Drawings 5-20 and 5-21 show the details of this design.

As part of the reclamation process, Lower Robinson Creek will be reconstructed to its
approximate original location. The design for this reconstruction is shown on Drawings
5-20A and 5-21A. This design includes considerable improvements to the channel
compared to the channel’s current condition. The current condition is such that less than
25% of the channel within the disturbed area has a flood plain present and most of the
slopes are near the angle of repose with fair to poor vegetative cover. The reconstructed
channel includes stable slope angles that will be revegetated with a flood plain on both
sides of the channel for the entire length reconstructed. Sharp corners in the original
alignment have been rounded to sinuous curve shapes and rip-rap will be installed in the
bottom section of the channel to minimize erosion. The flood plain will seeded and
covered with erosion matting to control erosion until a natural vegetative condition can
be attained.

527.230 Road Maintenance

All roads will be maintained on an as needed basis using motor graders, water trucks for
dust suppression, and other equipment as necessary. Crushed stone and/or gravel will be
used as a surface course for primary roads outside the active mining area, and may be
used as needed for ramps and travelways within the pit. Should the roads be damaged by
a catastrophic event, such as an earthquake or a flood, repairs will be made as soon as
possible after the damage has occurred or the road will be closed and reclaimed.

527.250. Geotechnical Analysis

No alternative specifications or steep cut slopes associated with roads are anticipated

outside the active mine area. A report of appropriate geotechnical analysis will be

provided should such alternative specifications or steep cut slopes where approval of the

Division is required, become necessary. INCORPORATED
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528. HANDLING AND DISPOSAL OF COAL, OVERBURDEN, EXCESS SPOIL,
AND COAL MINE WASTE:

528.100. Coal removal. handling. storage, cleaning. and transportation areas and
structures;

Coal handling activities are confined to the active pit, and the coal sizing/loading areas
located north of the pit. All areas and facilities will be designed and constructed, utilized
and maintained in conformance with industry standards and all applicable regulations. At
the conclusion of mining, the facilities will be removed as part of final mine reclamation
activities. Material from coal stockpile areas, and other areas of potential coal
accumulation will be excavated and the excavated material placed in the final mined out
pit.

528.200. Overburden;

Overburden will be excavated after the removal of topsoil and subsoil as defined in
Chapter 2. The overburden excavation will be accomplished by utilizing hydraulic
excavators with end dump haul trucks and dozers. This process will include excavating
this material in a stairstep fashion that will include benches approximately every 40 feet
in depth. These benches are planned to be approximately 40 feet in width and will create
an overall 2h:1v slope for the highwalls to create a stable and safe working area. This is
a conservative approach for initial mining and once mining begins, ongoing geotechnical
studies and monitoring will be used to further define the proper slope angle to ensure
slope stability while maximizing resource recovery.

Based on the overburden isopach map (Drawing 5-15), the overburden removal has been
separated into three major stages. The first stage of overburden removal is the initial
mining area, Pits 1-8. These pits have a relatively low strip ratio, approximately 5:1
(refer to Drawing 5-13). In order to efficiently remove overburden for this phase, spoil
from the first three pits will be placed in an excess spoil area. This excess spoil structure
will hold approximately 2.7 million loose cubic yards (LCY) of material. Once the
excess spoil pile is filled, overburden from Pits 4 through 8 can then be used as pit
backfill as the mining progresses through Pit 8. The completion of this phase is shown
on Drawing 5-17.

As mining progresses through Pits 9-15, the isopach (Drawing 5-15) shows that the

overburden significantly increases. This increase and the shape of the mining boundary

for the Permit Area requires a fill above approximate original contour. Material from Pits

9-15 significantly exceeds the backfill capacity available from the preceding pits (Pits 1-

8). The fill above approximate original contour blends in with the excess spoil structure

from Stage 1 and extends an additional 2,500 feet to the east as the mining sequence

proceeds to Pit 15. In this stage, the fill above original contour is approximately 5.8

million LCY. Drawing 5-18 (Stage 2) shows the details of this stage of the overburden

removal and resulting landform. iNCORPORATED
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Stage 3 overburden removal begins in Pit 16 and proceeds through Pit 30. During this
stage, the strip ratio reduces significantly from Stage 2 as mining progresses to the south
end of the property. As the strip ratio reduces to the south, significant backfill capacity is
available in the preceding pits. This results in the distance between the backfill and the
active coal face increasing. At the end of mining, an area will not be completely
backfilled that is approximately 2,000 feet in length and 1,300 feet wide and will require
6.8 million yards of fill to complete reclamation to approximate original contour. The
backfill configuration at the end of this stage is shown in Drawing 5-19.

The proposed plan for backfilling these final pits includes acquiring the right to mine the
adjacent federal coal reserves, located immediately west of this area. This plan provides
an efficient method for transitioning operations into the federal reserves. At the time that
this transition occurs, overburden will be removed from the federal reserves and placed in

the final pits to approximate original contour. This final landform can be viewed on
Drawing 5-35 and 5-36.

In the case that Alton Coal Development is not successful with acquiring the adjacent
federal coal reserves, all the fill above approximate original contour and part of the
excess spoil structure will be rehandled and placed back in the remaining backfill area.
The final landform for this scenario is shown on Drawing 5-37. This step requires

rehandle of approximately 6.8 million yards of spoil.

The following tables show the material balance during the different phases of overburden
removal for each scenario: '

Preferred Scenario (Adjacent Federal Reserves Acquired)

Phase Overburden | Available Backfill Excess Spoil Total Excess
(LCY) (LCY) (LCY) Spoil (LCY)

1 7,945,000 5,204,000 2,741,000 2,741,000

2 15,145,000 9,303,000 5,842,000 8,583,000

3 15,447,000 22,247,000 0 8,583,000

4 (Federal) 6,800,000 6,800,000 0 8,583,000

Total 45,337,000 36,754,000 8,583,000 8,583,000

*Loose Cubic Yards is estimated based on an overall 22% swell factor (Caterpillar
Performance Handbook)

Alternate Scenario (Adjacent Federal Reserves Not Acquired)
Phase Overburden | Available Backfill | Excess Spoil | Total Excess Spoil
(LCY) (LCY) (LCY) (LCY)
1 7,945,000 5,204,000 2,741,000 2,741,000
2 15,145,000 9,303,000 5,842,000 8,583,000
3 15,447,000 22,247,000 0 8,583,000
4 (Rehandle) 0 6,800,000 -6,800,000 1,783,000
3 3 3,000 1,783,000
Total 38,537,000 36,754,000 1,783,00 NGO RATED
0CT 1% 2009
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*Loose Cubic Yards is estimated based on an overall 22% swell factor (Caterpillar
Performance Handbook)

The Preferred scenario for overburden removal will minimize overall disturbance and
maximize resource recovery by providing a transition into the adjacent federal reserves
with minimal effect to existing reclamation and backfill in the Permit Area. This
scenario will also minimize variances from approximate original contour on the federal
lands by eliminating the need for an excess spoil structure from the initial boxcut once
operations are transitioned into these reserves.

During the course of mining, some additional excavated overburden may be placed
temporarily on mined over and backfilled areas due to operational considerations. This
material will be re-excavated and moved to it’s final placement location as operations
allow.

All maps related to the overburden removal process can be viewed on Drawings 5-15
through 5-19.

528.300. Spoil, coal processing waste, mine development waste, and noncoal waste
removal, handling, storage, transportation, and disposal areas and structures;

528.310. Excess Spoil. Excess spoil will be placed in designated disposal areas within
the permit areas, in a controllable manner to ensure mass stability and prevent mass
movement during and after construction. Excess spoil will meet the design criteria of
R645-301-535. For the purposes of SURFACE COAL MINING AND RECLAMATION
ACTIVITIES, the permit application must include a description of the proposed disposal
site and the design of the spoil disposal structures according to R645-301-211, R645-301-
212, R645-301-412.300, R645-301-512.210, R645-528.310, R645-301-535.100 through
R645-301-535.130, R645-301-535.300 through R645-301-535.500, R645-536.300,
R645-301-542.720, R645-301-553.240, R645-301-745.100, R645-301-745.100, R645-
301-745.300, and R645-301-745.400.

Excess spoil will be placed in the area designated on Drawing 5-3 and 5-35. This
fill will be placed in lifts not to exceed 4 feet in thickness. The material will be
transported from the overburden removal area to the fill by end dump haul trucks
and a dozer(s) will spread the spoil to this lift thickness. The fill will meet at
minimum 85% compaction as related to the standard Procter. Final slopes will be
regraded to a maximum slope of 3h:1v. The top of the fill will be sloped to
approximately 2% to prevent pooling of water and to reestablish drainage similar
to original flow patterns. The excess spoil placed on the non-mined areas is
approximately 32 acres and varies in height from 35 to 120 feet. The area of
excess fill over mined out areas (variance from approximate original contour) is
an extension of the fill placed on the non-mined area and is approximately 55
acres. Combined acreage of the excess fill placed on mined and non-mined areas

is 87 acres and varies in height from 60 to 100 feet above original contourl.N](':o(t)aFl{PORATED
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excess fill is 8.6 million yards. Design of this fill can be viewed in Drawings 5-35
through 5-36 and the geotechnical study can be viewed in Appendix 5-1.

o R645-301-211: The applicant will present a description of the premining soil
resources as specified under R645-301-221. Topsoil and subsoil to be saved
under R645-301-232 will be separately removed and segregated from other
material.

The soil resources for the proposed excess spoil disposal area are described in
Appendix 2-1. A plan has been developed for removal of topsoil and suitable
subsoil based on the soil descriptions in this appendices. The handling plan can
be viewed on Drawing 2-2. Topsoil and acceptable subsoil will be separately
removed and segregated from other material prior to placement of any spoil.

o R645-301-212: After removal, topsoil will be immediately redistributed in
accordance with R645-301-242, stockpiled pending redistribution under R645-
301-234, or if demonstrated that an alternative procedure will provide equal or
more protection for the topsoil, the Division may, on a case-by case basis,
approve an alternative;

Excess spoil will have topsoil and subsoil redistributed in an approximately
uniform, stable thickness with the approved post mining land use, contours and
surface water drainage systems. Material handling practices will prevent excess
compaction of these materials. Handling practices will also protect the materials
from wind and water erosion before and after seeding and planting. These
practices include seeding and grading stockpiles that will exist for more than year
to stabilize the soil.

o R645-301-412.300: Criteria for Alternative Postmining Land Uses.
The MRP does not contemplate Alternative Postmining Land Uses.

e R645-301-512.210: Excess Spoil. The professional engineer experienfed in the
design of earth and rock fills will certify the design according to R645-301-
535.100.

A professional engineer experienced in the design of earth and rock fills with
assistance from a geotechnical expert has certified the design according to R645-
301-535.100. These certifications can be viewed on Drawings 5-35, 5-36 and 5-
17 through 5-19.

o R645-301-512.220: Durable Rock Fills
INCORPORATED
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e R645-301-514.100: Excess Spoil. The professional engineer or specialist will be
experienced in the construction of earth and rock fills and will periodically
inspect the fill during construction. Regular inspections will also be conducted
during placement and compaction of fill materials.

A professional engineer or specialist that is experienced in the construction of
earth and rock fills will inspect the fill during construction and regular inspections
will also be conducted during placement and compaction of fill materials.

o R645-301-535.100 through R643-301-130: Disposal of Excess Spoil

A geotechnical analysis of the excess spoil structure design has been completed
by an expert in this field. The long term static safety factor for this structure
design is estimated at 1.6 to 1.7. Lifts will be placed in thicknesses not to exceed
4 feet. The lifts will meet 85% compaction by the standard Procter. The fill will
be graded to allow for drainage similar to original patterns and to prevent
excessive infiltration of water. Fill will be covered with subsoil and topsoil as
specified in Chapter 2 to provide conditions suitable for revegetation of the area.
The geotechnical study can be viewed in Appendix A5-1.

e R645-301-535.300 through R645-301-535.500: Disposal of Excess - Spoil
Durable Rock Fills.

No durable rock fills are planned.

e R645-301-536.300: Disposal of Coal Mine Waste in Excess Spoil
No coal mine waste is planned in the excess spoil area.

e R645-301-542.720: Excess spoil will be placed in designated disposal areas
within the permit area, in a controlled manner to ensure that the final fill is
suitable for reclamation and revegetation compatible with the natural
surroundings and the approved postmining land use. Excess spoil that is
combustible will be adequately covered with noncombustible material to prevent
sustained combustion. The reclamation of excess spoil will comply with the
design criteria under R645-301-553.240.

The excess spoil as shown in Drawing 5-35 and 5-36 will be suitable to the
surrounding area and for the postmining land use of primarily grazing. No
combustible excess spoil will be placed in the proposed structure. The final
reclamation of the spoil does not include any terraces and the slopes will not
exceed 3h:1v.

o R645-301-553.240: The final fill configuration of the fill (excess spoil) will be
suitable for the approved postmining land use. Terraces may be construdd€@RPORATED
the outslope of the fill if required for stability, control of erosion, to conserve sgil
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moisture, or to facilitate the approved postmining land use. The grade of the
outslope between terrace benches will not be steeper than 2h:1v (50 percent).

The excess spoil as shown in Drawings 5-35 and 5-36 will be suitable to the
surrounding area and for the postmining land use of primarily grazing. .The
reclamation of the spoil does not include any terraces and the slopes will not

exceed 3h:1v. The long term static safety factor for these slopes is estimated to
be 1.6to 1.7.

R645-301-745.100: General Requirements.

745.110: Excess Spoil will be placed in designated disposal areas within the
permit area, in a controlled manner to:

745.111: Minimize the adverse effects of leaching and surface water runoff from
the fill on surface and underground water,

Reclamation of the excess spoil will include a topsoil cover and subsoil layer.
Infiltration through the reclamation is expected to be minimal based on the high
clay content of these soils. In addition, laboratory data for the overburden shows
that there is minimal potential for leaching of pollutants should infiltration rates
become higher than expected.

The foundation of the excess spoil area also has high clay content with minimal
potential for infiltration. This will provide an additional, natural barrier to protect
ground water present beneath the proposed structure.

745.112: Ensure permanent impoundments are not located on the completed fill.
Small depressions may be allowed by the Division if they are needed to retain
moisture or minimize erosion, create and enhance wildlife habitat or assist
revegetation, and if they are not incompatible with the stability of the fill; and

Permanent impoundments are not planned on the excess spoil area. Small
depressions may be constructed as allowed by the Division to retain moisture,
minimize erosion, create and enhance wildlife habitat or assist revegetation.

745.113: Adequately cover or treat the excess spoil that is acid- and toxic
forming with nonacid nontoxic material to control the impact on the surface and
ground water in accordance with R645-301-731.300 and to minimize adverse
effects on plant growth and approved postmining land use.

Laboratory data representative of the overburden planned for disposal in the
excess spoil area does not show acid- and toxic forming characteristics.

745.120: Drainage Control. If the disposal area contains springs, natural JNCORPORATED
manmade water courses, or wet weather seeps, the fill design will include 0CT 15 2009
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diversions and underdrains as necessary to control erosion, prevent water
infiltration into the fill and ensure stability.

A spring and seep survey available in Chapter 7 has identified no springs or wet
weather seeps in the proposed excess spoil area. The final surface will be
regraded to a contour that will route water from snowmelt and rainfall around the
excess spoil as shown on the final contours Drawing 5-35. There are no
manmade water courses present in the excess spoil area. No underdrains are
planned for the excess spoil structure.

745.121: Diversions will comply with the requirements of R645-301-742.300
No diversions are planned in the excess spoil area.

745.122 : Underdrains

No underdrains are planned in the excess spoil area.

745.300: Durable Rock Fills

No durable rock fills are planned.

745.400: Preexisting Benches

The MRP does not contemplate disposal of excess spoil on preexisting benches.

528.320. Coal Mine Waste.

The MRP does not contemplate processing coal that would produce coal mine
waste.

528.322. Refuse Piles.
The MRP does not contemplate the construction of any refuse piles,

528.323. Burning and Burned Waste Utilization.

The MRP does not contemplate processing coal that would produce coal mine
waste, eliminating the any potential for coal mine waste fires.

528.330. Noncoal Mine Waste.

Noncoal mine wastes including, but not limited to, grease, lubricants, paints, ﬂamma'ble
liquids, garbage, abandoned mining machinery, lumber and other combustible ma.tenals
generated during mining activities will be temporarily stored in appropriate containgigiCORPORATED
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and removed from the permit area and will be properly disposed of according to
applicable State and Federal regulations.

528.332.

Final disposal of noncoal mine wastes will be in a State-approved solid waste disposal
site not located within the permit area.

528.333.

At no time will any noncoal mine waste be deposited in a refuse pile or impounding
structure, nor will any excavation for a noncoal mine waste disposal site be located
within eight feet of any coal outcrop or coal storage area.

528.334.

Notwithstanding any other provision to the R645 Rules, any noncoal mine waste defined
as "hazardous" under 3001 of the Resource Conservation and Recovery Act (RCRA)
(Pub. L. 94-580, as amended) and 40 CFR Part 261 will be handled in accordance with
the requirements of Subtitle C of RCRA and any implementing regulations.

528.350. Acid-Forming and Toxic Materials

Debris, acid-forming, toxic-forming materials and materials constituting a fire hazard will
be identified and disposed of in accordance with R645-301-528.330, R645-301-537.200,
R645-301-542.740, R645-301-553.100 through R645-301-553.600, R645-301-553.900,
and R645-301-747. Appropriate measures will be implemented to preclude sustained
combustion of such materials; and

528.400. Dams. embankments and other impoundments.

Plans do not include using dams, embankments or other impoundments for disposal of coal,
overburden, excess spoil or coal mine waste

529. MANAGEMENT OF MINE OPENINGS.

All wells will be managed to comply with R645-301-748 and R645-301-765. Water
monitoring wells will be managed on a temporary basis according to R645-301-738.

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. Mgnitoring1
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 sur%Q,ORPORATED
and a concrete surface seal extending from the top of the hydraulic seal to the groundoc-l- 15 2009
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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 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 R645-301-7438.
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.

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.

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 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 abandonment procedures, a report will be
submitted to the 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 {fycORPORATED
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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.

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

Boreholes will be backfilled to within 1 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.

530 OPERATIONAL DESIGN CRITERIA AND PLANS:

531 GENERAL:

There are five sediment impoundments proposed for the permit area. These structures
will be constructed using a combination of dozers and backhoes. The structures have
been designed to contain the required storm events as specified in Appendix 5-2. The
structures will have sediment removed as necessary to ensure the required capacities.
Details for these structures can be viewed on Drawings 5-25, 5-26 and 5-28 through 5-32.
Calculations and supporting text can be viewed in Appendix 5-2.

There are no other coal processing waste banks, dams or embankments proposed within
the permit area.

Underground mining has not occurred within the permit area.

532 SEDIMENT CONTROL:

Four diversion ditches along with five sediment impoundments are proposed for the
permit area. In addition, miscellaneous controls such as silt fence and berms are also
proposed for specific areas. The proposed locations for these structures are shown on
Drawing 5-3. Details associated with these structures can be viewed on Drawings 5-25
through 5-34 and Appendix 5-2.

Mulch will be placed on the seedbed surface once soil amendments have been

incorporated and seeding has been accomplished in areas that will be reclaimed to

native plant communities. The mulch should control erosion by wind and water,

decrc?ase e.vaporation E.md seed predation, anq increase.survi‘vability f)f the seedec.i Hél CORPOR ATED
species. Like the seeding methods, mulch will be applied with a variety of techniqics
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and materials depending on the reclaimed area.
532.100 Disturbed Area:

The smallest practicable area, consistent with reasonable and safe mine operational .
practices will be disturbed at any one time during the mining operation and reclamation
phases. This will be accomplished through progressive backfilling, grading, and prompt

revegetation of disturbed areas. An estimated reclamation schedule is shown on Drawing
5-38.

532.200 Backfill Stabilization:

The backfilled material will be stabilized by grading to promote a reduction of the rate
and volume of runoff in accordance with the applicable requirements. The excess spoil
and fill above approximate original contour will be graded to a maximum angle 3h:1v
slope and revegetated to minimize erosion. This area is designed with concave slopes
and slope irregularities that will also assist in minimizing erosion. A geotechnical
analysis of this configuration has been completed and the factor of safety is estimated at
1.6 to 1.7. This analysis can be viewed in Appendix AS-1. The remaining backfill will
be placed in the mined out pit, and thus confined on all sides. The backfill will be
inherently stable.

Mulch will be placed on the seedbed surface once soil amendments have been
incorporated and seeding has been accomplished in areas that will be reclaimed to
native plant communities. The mulch should control erosion by wind and water,
decrease evaporation and seed predation, and increase survivability of the seeded
species. Like the seeding methods, mulch will be applied with a variety of techniques
and materials depending on the reclaimed area.

533. IMPOUNDMENTS.

533.100.

No impoundments meeting the NRCS Class B or C criteria for dams in TR-6Q, or the size
or other criteria of 30 CFR Sec. 77.216(a) are planned for the Coal Hollow Mine.

533.110

Impoundments not included in 533.100, will be designed and constructed with a minimum
static safety factor of 1.3 for a normal pool with steady state seepage saturation
conditions or meet the requirements of R645-301-733.210.

The proposed sediment impoundments are expected to impound seasonal water and
storms. A geotechnical analysis of these designs has been performed and can be

reviewed in Appendix 5-1. Static safety factors for the proposed designs range from 2.2
to 5.3. PP ’ INC:ORPORATED
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533.200. Foundations.
Foundations for temporary and permanent impoundments will be designed so that

e Foundations and abutments for the impounding structure are stable during all
phases of construction and operation. Such foundations for temporary and
permanent impoundments will be designed based on adequate and accurate
information on the foundation conditions

Refer to Appendix 5-1 for information related to foundations of the proposed
impounding structures. No permanent impoundments are proposed.

o All vegetative and organic materials will be removed and foundations excavated
and prepared to resist failure. Cutoff trenches will be installed if necessary to
ensure stability.

All vegetation, topsoil and subsoil as identified in Chapter 2 will be removed from
the impoundment areas prior to construction. Cutoff trenches will not be
necessary for stability.

e Slope protection will be provided to protect against surface erosion at the site and
protect against sudden drawdown.

Slopes of impoundments will be seeded and sloped to protect against erosion at
the site. The high clay content and compaction characteristics of the material
present at the impoundments will also assist with minimizing erosion of the
slopes.

e Faces of embankments and surrounding areas will be vegetated except that faces
where water is impounded may be riprapped or otherwise stabilized in
accordance with accepted design practices.

Faces of embankments will be vegetated to minimize erosion. Standing water in
the ponds is expected to be minimal and therefore these faces will also be seeded
for erosion control.

o The vertical portion of any remaining highwall will be located far enough below
the low- water line along the full extent of highwall to provide adequate safety
and access for the proposed water users.

All highwalls will be fully covered following active use and backfilling of pits.

533.300

A rapid drawdown analysis was completed assuming the spillways are plugged, the basin
fills to top of the embankments and then the water is released or pumped down to the
base of basins. The soil strengths utilized were based on total stress conditions as
determined from the triaxial shear tests completed for this project. It should be noted that
rapid drawdown is highly unlikely since spillway and outlet piping will be no more than

4-feet below the top of embankments. The resulting safety factors under theﬁgé@ﬁﬁigﬁATED

range from 1.2 to 1.9. Based on this analysis, no additional protection measures are
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needed for the impoundments in relation to rapid drawdown. Details for this analysis are
‘ provided in Appendix 5-1, pages 6 through 7 in the main section of the report.

533.600.

The MRP does not contemplate construction of impoundments that meet the criteria of
MSHA, 30 CFR 77.216(a).

533.700 - 714. Plans.

Each detailed design plan for structures not included in 533.610 shall:

e Be prepared by, or under the direction of and certified by a qualified, registered,
professional engineer, except that all coal processing waste dams and
embankments covered by R645-301-536 and R645-301- 746.200 shall be certified
by a qualified, registered, professional engineer;

Designs for the proposed impoundments have been prepared by a qualified,
registered, professional engineer, with assistance from a geotechnical expert.
These certifications can be viewed on Drawings 5-28 through 5-31.

e Include any design and construction requirements for the structure, including any
required geotechnical information;

A geotechnical analysis of the impoundments has been prepared by an expert in
. this field. This analysis can be viewed in Appendix 5-1. Embankments will be
constructed in 2 foot lifts as recommended by the analysis.

e Describe the operation and maintenance requirements for each structure; and

The proposed impoundments are designed to temporarily store water from storm
events and snow melt. Long term standing water in the impoundments is
anticipated to be seasonal and sediment will be removed as necessary to provide
the required storage capacities. Emergency spillways have been included in the
designs to provide a non-destructive discharge route should the capacities ever be
exceeded. Surveys of these impoundments will be regularly conducted to ensure
that design capacities are available.

e Describe the timetable and plans to remove each structure, if appropriate.

All impoundments will be reclaimed at the end of operations. The estimated
timeline for removal of these structures are shown on Drawing 5-38. Expected
removal is year four of the mining and reclamation process. In areas where soils
are not stabilized following the removal of these sediment impoundments, silt
fence will be appropriately installed and maintained to provide sediment control
until stable conditions are met.

Detailed designs of impoundments can be viewed on Drawings 5-28 through 5-31.
Locations can be viewed on Drawing 5-3 and 5-25.

. INCORPORATED
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534. ROADS

534.100-200 Roads will be located, designed, constructed, reconstructed. used,
maintained. and reclaimed so as to:

e Prevent or control damage to public or private property;

All roads will be reclaimed to approximate original contour as shown on
Drawings 5-35, 5-36 and 5-38. These roads are designed to control damage to
public and private property.

e  Use nonacid - or nontoxic-forming substances in road surfacing; and
There will be no acid or toxic forming substances used in road surfacing.

e Have, at a minimum, a static safety factor of 1.3 for all embankments.
All embankments are designed with static safety factors that exceed 1.3.

e Have a schedule and plan to remove and reclaim each road that would not be
retained under an approved postmining land use.

All roads not planned to remain postmining will be removed and reclaimed
according to Drawings 5-35 and 5-36. The estimated timetable for removing
these roads is shown on Drawing 5-38.

e Control or prevent erosion, siltation and the air pollution attendant to erosion by
vegetating or otherwise stabilizing all exposed surfaces in accordance with
current, prudent engineering practices.

Cut ditches will be established on the shoulders of all primary roads to control
drainage and erosion. Cut and fill slopes along the primary roads will be minimal
and are not expected to cause significant erosion. In locations where there are
culvert crossings (i.e. Lower Robinson Creek), the fills slopes will be stabilized
by utilizing standard methods such as grass matting or straw wattles.

e To ensure environmental protection and safety appropriate for their planned
duration and use, including consideration of the type and size of equipment used,
the design and reconstruction of roads will incorporate appropriate limits for
grade, width, surface materials, and any necessary design criteria established by
the Division.

The following specifications apply to the Primary Mine Haul roads:
1) Roads will be approximately 80’ in width
2) Approximately a 2% crown
3) Approximately one foot deep cut ditches along shoulders for controlling storm
water
4) 18” of crushed rock or gravel for road surfacing
5) Cutand fill slopes of 1.5 h:1v
6) Minimum fill over each culvert will be 2 times diameter of culvert

7) Berms placed as necessary along fills INCORPORATED
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The ancillary roads will have similar specifications except surfacing will occur only
as needed and may be narrowed to a 40 foot road width. A typical cross section for
the ancillary roads can be viewed on Drawing 5-24.

The location and details for Primary Mine Haul roads can be viewed on Drawings 5-3
and 5-22 and 5-23.

In addition to the two roads primary Mine Haul roads, the road located within the
facilities area is also classified as a primary road. This road is planned to be 24 feet
wide with 24 inches of compacted sub base and 8 inches of compacted 1 inch minus
gravel as surfacing. This road is referred to as “Facilities Roadway” and more details
are described in 527.200 along with Drawings 5-22A and 5-22B.

In addition to the primary roads that will be present during active mining, four
additional roads are planned to exist postmining and are also classified as primary
roads for this reason.

Roads that will remain postmining are the following:
e Road to Water Well with details shown on Drawing 5-22D
e Road to east C. Burton Pugh property (K3993) with details shown on
Drawing 5-22C
¢ County Road 136 (K3900) with details on Drawing 5-22E, 5-22F and
5-22G. This County road will be reconstructed within the permit area by
Kane County. This reconstruction will occur concurrently with the final
stage of reclamation as scheduled on Drawing 5-38 and is expected to be
completed by the end of Year 4.
¢ Road to Swapp Ranch (same specification as the Water Well Road)
The location of these roads is shown on Drawings 5-35 and 5-37 along with the post
mining topography.

The ramps, benches and equipment travel paths within the active surface mining area
are temporary in nature and will be relocated frequently as mining progresses. These
temporary travelways are considered part of the pit due to their short term use, and
are not individually designed nor engineered. They will be built and maintained to
facilitate safe and efficient mine and reclamation operations.

534.300-340. Primary Roads.

Primary roads will:

e Belocated, insofar as practical, on the most stable available surfaces;
These roads are designed on the most practicable, stable surfaces.

e Be surfaced with rock, crushed gravel, asphalt, or other material approved by the
Division as being sufficiently durable for the anticipated volume of traffic and the
weight and speed of vehicles using the road; INCORPORATED
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535.

Primary roads haul roads will be surfaced with approximately 18” of crushed rock
or gravel to provide a durable surface for the anticipated volume of traffic and
equipment.

Be routinely maintained to include repairs to the road surface, blading, filling
potholes and adding replacement gravel or asphalt. It will also include
revegetation, brush removal, and minor reconstruction of road segments as
necessary; and

All roads will be maintained on an as needed basis using motor graders, water
trucks for dust suppression, and other equipment as necessary. Crushed stone
and/or gravel will be used as a surface course for primary roads outside the active
mining area, and may be used as needed for ramps and travelways within the pit.
Should the roads be damaged by a catastrophic event, such as an earthquake or a
flood, repairs will be made as soon as possible after the damage has occurred or
the road will be closed and reclaimed. Roads will be reclaimed once they are no
longer needed for their intended use.

Have culverts that are designed, installed, and maintained to sustain the vertical
soil pressure, the passive resistance of the foundation, and the weight of vehicles
using the road.

Road fill over culverts will be at minimum two times the diameter of the culvert.
This is a conservative standard that has been effectively utilized at mining
operations with similar equipment and mining practices.

SPOIL

535.100 -150 Disposal of Excess Spoil. Excess spoil will be placed in designated
disposal areas within the permit area in a controlled manner. The fill and appurtent
structures will be designed using current, prudent engineering practices and will meet
any design criteria established by the Division.

The fill will be designed to attain a minimum long-term static safety factor of 1.5.
The foundation and abutments of the fill must be stable under all conditions of
construction.

A geotechnical analysis has been completed for the proposed excess spoil
structure. This analysis estimates the long-term safety factor to be 1.6 to 1.7
based on the proposed design. Following proper construction practices of
building the structure in maximum four foot lifts and meeting 85% compaction
based on the standard Procter will ensure that the structure will be stable under all
conditions of construction. The following earthwork specifications will be
followed:

1) Areas to receive fill will be stripped of all vegetation, organic material,
and debris. Any existing undocumented or non-structural ﬁll/ba.ckﬁll‘
materials and other unsuitable materials will be e)ﬁ%é@@}m’&mﬂety,
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All areas that are to receive fill will be observed by a professional
engineer experienced in the design of earth and rock fills prior to
placement of fill.

2) Fill will be compacted to 85% of the maximum density as compared to
ASTM D 698 (standard proctor) for the spoil.

3) Individual lift thickness will not exceed 4 feet, unless approved by both
the Division and the professional engineer based on compaction test
results during field verification.

4) Saturated soils will be placed in an area that will have minimal effect on
the performance of slopes.

5) A qualified professional engineer with experience in the design of earth
and rock fills will periodically observe the placement of fill and conduct
in-place field density tests on the fill to check for adequate moisture and
relative compaction. The compaction tests will be conducted as part of the
periodic inspections required in R645-301-514.100, 514.311, and R645-
301-514.120. These compaction tests will be conducted using nuclear
density (ASTM D2292-9) or equivalent method. If less than the specified
relative compaction is obtained, additional compactive effort will be
applied and the fill moisture-conditioned as necessary until the specified
relative compaction is attained.

6) Wherever, in the opinion of the ACD’s representatives, an unstable
condition is being created, the work will not proceed in that area until an
evaluation has been made and the grading operations revised, if necessary.

7) During unfavorable weather conditions, construction of the fill will not
proceed without confirmation from the professional engineer experienced
in the design of earth and rock fills.

This construction will occur only in the designated excess spoil area as shown on
Drawing 5-3 and 5-35. The fill will be placed with end dump haul trucks and lifts
will be constructed using dozers. High precision GPS systems will be regularly
utilized to check grades and appropriate lift thickness. The geotechnical analysis
for this structure can be viewed in Appendix 5-1.

Be located on the most moderately sloping and naturally stable areas available,
as approved by the Division, and placed, where possible, upon or above a natural
terrace, bench or berm, if such placement provides additional stability and
prevents mass movement;

The excess spoil is planned to be placed in an area where natural grades range TED
from 0 to 5%. This is one of the most moderately sloping locations in the PertdCORPORA
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Area. Stability of this structure is estimated to be 1.6 to 1.7 based on the
Appendix 5-1.

e Be subject of sufficient foundation investigations. Any necessary laboratory
testing of foundation material, will be performed in order to determine the design
requirements for foundation stability. The analyses of foundation conditions will
take into consideration the effect of underground mine workings, if any, upon the
stability of the fill and appurtent structures; and

Geotechnical borings were completed in the foundation of the proposed disposal
area. Laboratory analysis of these borings has also been completed. Details of
this analysis can be viewed in Appendix 5-1.

e Incorporate keyway cuts (excavations to bedrock) or rock butiresses to ensure
stability where the slope in the disposal area is in excess of 2.8h:1v (36 percent),
or such lesser slope as may be designated by the Division based on local
conditions. Where the toe of the spoil rests on a downslope, stability analyses will
be performed in accordance with R645-301-535.150 to determine the size of rock
toe buttresses and keyway cuts

Permanent slopes for the proposed excess spoil will not exceed 3h:1v (33
percent), therefore no keyway cuts have been proposed in the design. Appendix 5-
1 details the stability analysis for the proposed structure.

e Excess spoil may be disposed of in underground mine workings,..
Excess spoil will not be disposed of in underground mine workings.

o Placement of Excess Spoil. Excess spoil will be transported and placed in a
controlled manner in horizontal lifts not exceeding four feet in thickness;
concurrently compacted as necessary to ensure mass stability and to prevent mass
movement during and after construction; graded so that surface and subsurface
drainage is compatible with the natural surroundings: and covered with topsoil
or substitute material in accordance with R645-301-232.100 through R645-301-
232.600, R645-301-234, R645-301-242, and R645-301-243. The Division may
approve a design which incorporates placement of excess spoil in horizontal lifts
other than four feet in thickness when it is demonstrated by the operator and
certified by a professional engineer that the design will ensure the stability of the
fill and will meet all other applicable requirements.

Horizontal lifts will not exceed four feet in thickness unless otherwise approved

by the Division. The lifts will be concurrently compacted to meet 85% of the

standard Procter. The geotechnical analysis (Appendix 5-1), provides information

showing that these construction standards will provide mass stability and will

prevent mass movement during and after construction. The excess spoil will be

graded to provide drainage similar to original flow patterns. Topsoil and sq]gm'(bRPORATED
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as designated in Chapter 2 will be removed and separated from other materials
prior to placement of spoil.

For the purposes of SURFACE COAL MINING AND RECLMATION
ACTIVITIES the design of the spoil disposal structures will include the results of
geotechnical investigations as follows:

1) The Character of the bedrock and any adverse geologic conditions in the
disposal area;

Refer to Appendix 5-1.

2) A survey identifying all springs, seepage, and ground water flow observed or
anticipated during wet periods in the area of the disposal site;

Spring and seep survey information is provided on Drawing 7-1. There are no
springs or seeps identified in the excess spoil area.

3) A survey of the potential effects of subsidence of the subsurface strata due to
past and future mining operations,

There no historical underground mining operations in the proposed excess
spoil area. There are also no future underground operations proposed.

4) A technical description of the rock material to be utilized in the construction
of those disposal structures containing rock chimney cores or underlain by a
rock drainage blanket; and

There are no rock chimneys or drainage blankets proposed.

5) A stability analysis including, but not limited to, strength paramelters, pore
pressures and long-term seepage conditions. These data will be accompanied
by a description of all engineering design assumptions and calculations and
the alternative considered in selecting the specific design specifications and
methods.

The stability analysis and all supporting data are available in Appendix 5-1.

If for the purposes of SURFACE COAL MINING AND RECLAMATION
ACTIVITIES, under R645-301-535.112 and R645-301-535.113, rock-toe
buttresses or key-way cuts are required, the will include the following:

Neither rock-toe buttresses or key-way cuts are required under R645-301-535.112
or R645-301-535.113. INCORPORATED
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535.200. Disposal of Excess Spoil: Valley Fills/Head-of-Hollow Fills.

The MRP does not contemplate disposal of excess spoil as valley fill or head-of-hollow
fills.

535.300. Disposal of Excess Spoil: Durable Rock Fills.

The MRP does not contemplate disposal of excess spoil as durable rock fill.

535.400. Disposal of Excess Spoil: Preexisting Benches.

The MRP does not contemplate disposal of excess spoil on preexisting benches.

536. Coal Mine Waste.

The MRP does not contemplate processing of coal that would produce coal mine waste.

537 REGRADED SLOPES:

537.100 Geotechnical Analysis:

The excess spoil structure and fill above approximate original contour are the only
alternative specifications proposed. A geotechnical analysis has been completed for this
proposal and can be viewed in Appendix 5-1. All other mined areas will be restored to
approximate original contour.

540 RECLAMATION PLAN:

541.100 - 400  General

When coal mining is completed, all pits will be backfilled and reclaimed in accordance
with the R645 rules and this permit. All equipment, structures, and other facilities, unless
approved by the Division as suitable for the postmining land use or environmental
monitoring, will be removed and the affected land reclaimed.

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.

INCORPORATED
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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.

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 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 abandonment procedures, a report will be
submitted to the 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.

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

Boreholes will be backfilled to within 1 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.
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542 NARRATIVE, DRAWINGS AND PLANS:

542-100 through 600 Plan and Timetable.

Reclamation at the Coal Hollow Mine includes both ongoing reclamation and final
reclamation activities. Ongoing reclamation will follow mining operations as closely as
practicable during the mine production phase. Major steps in the ongoing reclamation
process are:

e Backfilling and Grading. The planned backfilling and grading operations are
described more fully under section 553 below.

e Topsoil and Subsoil Replacement. Following grading, suitable topsoil and subsoil
will be replaced on the regraded area. Topsoil may be direct placed from areas
ahead of the mine, or may be taken from available stockpiled material. The
planned topsoil operation will have topsoil ahead of the operation dozed into
windrows, and loaded into trucks by a front end loader. The trucks will haul the
topsoil to the regraded area, or to a temporary topsoil stockpile. Subsoil will be
handled similar to topsoil. Once dumped on the regraded area, topsoil and
subsoil layers will be dozed to a consistent thickness. Approximately 8 inches of
topsoil is expected to be removed ahead of mining and replaced over the regraded
area. Subsoil removed and replaced will average 40 inches thick and will be
placed between the topsoil layer and run of mine spoil. The total profile thickness
of topsoil and subsoil in mined areas will average 48 inches. Once in place, the
area will be fine graded to remove small erosion features and depressions.

e Revegetation. Following replacement of topsoil the area will be revegetated by
seeding. Mulch will be placed on the seedbed surface once soil amendments
have been incorporated and seeding has been accomplished in areas that will be
reclaimed to native plant communities. The mulch should control erosion by
wind and water, decrease evaporation and seed predation, and increase
survivability of the seeded species. Like the seeding methods, mulch will be
applied with a variety of techniques and materials depending on the reclaimed
area.

Generally, mined areas will be backfilled and graded within approximately 180 days
following coal removal, or 1,500 feet of the active coal removal face. One exception to
this standard is during mining and backfilling of the final pits in the south end of the
permit area. During this phase of mining, backfilling will follow approximately 2,000
feet from the active coal face. A detailed description of the reason for this variation are
fully described in section 528 (Overburden) and the major steps can be viewed on
Drawings 5-17 through 5-19. Areas needed for in-pit roads, ramps, drainage controls or
areas which must be left open temporarily for operational reasons will be backfilled and
graded when they are no longer needed. The rate of backfilling will depend on the
availability of mined out pit areas for backfilling, and the rate of production at the mine.
Based on anticipated production rates, Drawing 5-38 provides an estimated seqlﬁ:@ﬁl;qp@g ATED
timing for reclamation.
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Topsoil will be replaced on the graded areas as soon as operationally practicable. This
work will depend on weather and soil conditions in the removal and replacement areas,
but is generally anticipated to occur within 90 days of completion of regrading.

Revegetation activities will be seasonal in nature. As currently planned, initial seeding
will occur at the first planting opportunity following replacement of topsoil.
Supplemental seeding may be done subsequently as needed.

Some delay is unavoidable in reclamation of the initial mining areas due to the time
required to establish the initial working pit and backfill area, and to achieve a steady state
excavation/backfill operation. As currently planned the initial mining areas will be
backfilled to the planned post mining contour, graded, and the topsoil replaced by late in
the first year or in the first half of the second year of mining. Reclamation activities will
proceed at the regular planned rate thereafter. Proposed final reclamation contours and
cross sections can be viewed on Drawings 5-35 and 5-36.

The sequence and timing of reclamation activities is dependent on the coal production
rate. Should that rate differ significantly from the current plan, the reclamation schedule
will also vary.

Final reclamation includes the following:

e Backfilling and Grading. Backfilling of all final pits will commence at the
conclusion of coal production. All highwalls, spoil piles, and depressions will be
removed, except that small depressions may be constructed if they are needed to
retain moisture, minimize erosion, create and enhance wildlife habitat, or assist
revegetation. No permanent final pit impoundments are currently planned. The
excess spoil structure will remain. All exposed coal seams, and acidic or toxic-
forming strata will be covered with at least five feet of noncombustible material.

e Topsoil and Subsoil Replacement. 8 inches of topsoil underlain by 40 inches of
subsoil will be placed on the backfilled pits and excess spoil. Other disturbed
areas will have topsoil replaced (including facilities sites, roads etc.).

e Removal of Structures. Before abandoning the permit area or seeking bond
release, all structures not needed for the approved post mining land use will be
removed and reclaimed. The Lower Robinson Creek diversion is proposed to be
temporary. Material from the coal stockpile base area and other areas where coal
spillage may accumulate will be excavated and placed in a controlled manner in
the final pit and covered with noncombustible material to prevent sustained
combustion. The only structure planned to exist postmining is the water well
with details shown in Drawing 5-8C and location shown on 5-3, 5-35 and 5-37.

e Removal of Roads. Roads not retained for use under an approved postmining
land use will be reclaimed immediately after they are no longer needed for mining

and reclamation operations. Roads that t listed as postmining roads in this
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section, will be closed to traffic; and all bridges and culverts removed. Prior to
reclamation, surface material that is incompatible with the postmining land use
and revegetation requirements will be removed from the roads and properly
disposed of at the mine site. The roadbeds will be scarified or ripped to break up
the surface. Topsoil will be replaced on the roadbed and the surface revegetated in
accordance with the standards set forth in R645.

Roads that will remain postmining are the following:
¢ Road to Water Well with details shown on Drawing 5-22D
e Road to east C. Burton Pugh property (K3993) with details shown on
Drawing  5-22C
e County Road 136 (K3900) with details on Drawing 5-22E, 5-22F and
5-22G. This County road will be reconstructed within the permit area by
Kane County. This reconstruction will occur concurrently with the final
stage of reclamation as scheduled on Drawing 5-38 and is expected to be
completed by the end of Year 4.
e Road to Swapp Ranch (same specification as the Water Well Road)
The location of these roads is shown on Drawings 5-35 and 5-37 along with the
post mining topography.

e Removal of Water Control Structures. All sedimentation control structures,
including ditches, berms and sedimentation ponds not retained as part of the
approved post-mining land use will be removed, the areas regraded, topsoiled, and
revegetated. All water control structures will be removed at final reclamation.

Final pit backfilling, removal of buildings, roads and other facilities, along with

replacement of topsoil is expected to require approximately 15 months after the last coal
is removed. In the alternate reclamation scenario (Drawing 5-37), the bulk of this period
will be required to backfill the final pits. '

542.700. Final Abandonment of Mine Openings and Disposal Areas.

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.

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.

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 wilNEEORPORATED
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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 abandonment procedures, a report will be
submitted to the 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.

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

Boreholes will be backfilled to within 1 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.

542.720. Disposal of Excess Spoil.

A geotechnical analysis has been completed for the proposed excess spoil structure. This

analysis estimates the long-term safety factor to be 1.6 to 1.7 based on the proposed

design. Following proper construction practices of building the structure in maximum

four foot lifts and meeting 85% compaction based on the standard Procter will ensure that

the structure will be stable under all conditions of construction. This construction will

occur only in the designated excess spoil area as shown on Drawing 5-3 and 5-35. The

fill will be placed with end dump haul trucks and lifts will be constructed using dozerﬁN CORPORATED
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High precision GPS systems will be regularly utilized to check grades and appropriate lift
thickness. The geotechnical analysis for this structure can be viewed in Appendix 5-1.

Excess spoil that is combustible will be adequately covered with noncombustible material
to prevent sustained combustion.

542.730. Disposal of Coal Mine Waste.

The MRP does not contemplate processing of coal that would produce coal mine waste.

542.740. Disposal of Noncoal Mine Wastes.

Noncoal mine waste including, but not limited to grease, lubricants, paints, flammable
liquids, garbage, abandoned mining machinery, lumber and other combustible materials
generated during mining activities will be placed and temporarily stored in a controlled
manner in a designated portion of the permit area and hauled offsite to a state approved
recycling or solid waste disposal site. Final disposal of noncoal mine waste will not take
place within the permit area.

542.800. Reclamation Cost.

The amount of the bond will depend upon the requirements of the approved permit and
reclamation plan (R645-830.120).

A preliminary estimate of reclamation costs is included in Appendix 8-1. This est-imate is
based upon the proposed plan. A final bond estimate will be provided by the applicant to
the Division upon completion of the approved permit and reclamation plan.

550. RECLAMATION DESIGN CRITERIA AND PLANS
551.  SEALING AND CASING OF UNDERGROUND OPENINGS

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.

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.

Permanent closure and abandonment of water wells greater than 30 feet in dep?h will be in
accordance with the requirements of “Administrative Rules for Water Well Drillers”, ﬁ@&‘bRPQR ATED

0CT 15 2009

5 5-63 10/12/09 .
Chapter Div. of Oil, Gas & Mining



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 abandonment procedures, a report will be
submitted to the 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.

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

Boreholes will be backfilled to within 1 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.

552.  PERMANENT FEATURES.

552.100

Small depressions may be constructed if they are needed to retain moisture, minimize
erosion, create and enhance wildlife habitat, or assist revegetation.

INCORPORATED
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552.200

All impoundments will be reclaimed, no permanent impoundments are proposed.
553 BACKFILLING AND GRADING:

Backfilling and Grading of the mined area will proceed in conjunction with coal recovery
operations.

The planned mine will recover approximately 5.02 million tons of coal, and remove
approximately 31.6 million Bank Cubic Yards (BCY) of overburden. The following is a
description of the overburden removal and backfilling process:

Based on the overburden isopach map (Drawing 5-15), the overburden removal and
backfilling process has been separated into three major stages. The first stage of this
process is for the initial mining area, Pits 1-8. These pits have a relatively low strip ratio,
approximately 5:1 (refer to Drawing 5-13). In order to efficiently remove overburden for
this phase, spoil from the first three pits, including Pit 2 the boxcut, will be placed in an
excess spoil area located immediately west of Pit 1. This excess spoil structure will hold
approximately 2.7 million loose cubic yards (LCY) of material and is shown on Drawing
5-17. Once the excess spoil pile is filled, overburden from Pits 4 through 8 can then be
used as pit backfill as the mining progresses through Pit 8. The completion of this phase
is shown on Drawing 5-17.

As mining progresses through Pits 9-15, the isopach (Drawing 5-15) shows that the
overburden significantly increases. This increase and the shape of the mining boundary
for the Permit Area require a fill above approximate original contour that is an extension
of the excess spoil pile. Material from Pits 9-15 significantly exceeds the backfill
capacity available from the preceding pits (Pits 1-8). The fill above approximate
original contour blends in with the excess spoil structure from Stage 1 and extends an
additional 2,500 feet to the east as the mining sequence proceeds to Pit 15. In this stage,
the fill above original contour is approximately 5.8 million LCY. Drawing 5-18 (Stage 2)
shows the details of this stage of the overburden removal and resulting landform.

Stage 3 overburden removal begins in Pit 16 and proceeds through Pit 30. During this
stage, the strip ratio reduces significantly from Stage 2 as mining progresses to the south
end of the property. As the strip ratio reduces to the south, significant backfill capacity is
available in the preceding Pit 15. This results in the distance between the backfill and the
active coal face increasing because there is a lack of spoil in the lower ratio pits as
mining proceeds south to fill the preceding higher ratio area. At the end of mining this
phase, an area will not be completely backfilled that is approximately 2,000 feet in length
and 1,300 feet wide and will require 6.8 million yards of fill to complete reclamation to
approximate original contour. This remaining pit provides an open pit adjacent to the
federal coal reserves for backfilling of overburden so that a smooth transition can be
made without developing another boxcut and an excess spoil area. The backfill
configuration at the end of this stage is shown in Drawing 5-19. INCORPORATED
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The proposed plan (Preferred Scenario) for backfilling the final pits is based on the
assumption that Alton Coal Development, LLC will be successful with acquiring the
adjacent federal coal reserves, located immediately to the west of the project area. This
Preferred scenario for backfilling will minimize overall disturbance, and maximize
resource recovery by providing a transition into the adjacent federal reserves with
minimal effect to existing reclamation and backfill in the Permit Area. This scenario will
also minimize variances from approximate original contour on the federal lands by
eliminating the need for an excess spoil structure from the initial box cut as operations
are transitioned into these reserves. In addition, this scenario provides a method for
implementing concurrent reclamation during the project by eliminating temporary
stockpiles of spoil that can not be reclaimed and have to be placed in backfilled areas at a
later time. Use of temporary spoil stockpiles significantly delay reclamation and this plan
eliminates the need for these type of temporary structures.

At the time that the transition occurs into the federal reserves, overburden will be
removed from the federal reserves and placed in the final pits to approximate original
contour. This final landform can be viewed on Drawings 5-35 and 5-36.

The following is an overburden and backfill balance for this scenario:

Preferred Scenario (Adjacent Federal Reserves Acquired)

Phase Overburden | Available Backfill Excess Spoil Total Excess
(LCY) (LCY) (LCY) Spoil (LCY)
1 7,945,000 5,204,000 2,741,000 2,741,000
2 15,145,000 9,303,000 5,842,000 8,583,000
3 15,447,000 22,247,000 0 8,583,000
4 (Federal) 6,800,000 6,800,000 0 8,583,000
Total 45,337,000 36,754,000 8,583,000 8,583,000

*Loose Cubic Yards is estimated based on an overall 22% swell factor (Caterpillar
Performance Handbook)

In the case that Alton Coal Development is not successful with acquiring the adjacent
federal coal reserves, an alternate scenario has been developed. The Alternate scenario
requires that all fill above approximate original contour and part of the excess spoil
structure will be rehandled and placed in the remaining backfill area. The final landform
for this scenario is shown on Drawing 5-37. This step requires rehandle of approximately
6.8 million yards of spoil. In this scenario, reclamation of the project area will be
significantly delayed and the transition into adjacent federal coal reserves at a later date
will disturb additional backfill along the west permit boundary approximately 2,000 feet
in length by 230 feet wide (10 acres). An additional excess spoil structure would then
need to be constructed on the federal lands to place spoil from the initial boxcut. Part of
the excess spoil would likely be material removed from the Permit Area to access the
coal beneath the Permit Area highwalls and provide the proper layback of the backfill
material along the Permit boundary.

The following table summarizes the overburden and backfill bala
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Alternate Scenario (Adjacent Federal Reserves Not Acquired)

Phase Overburden | Available Backfill | Excess Spoil | Total Excess Spoil
(LCY) (LCY) (LCY) (LCY)
1 7,945,000 5,204,000 2,741,000 2,741,000
2 15,145,000 9,303,000 5,842,000 8,583,000
3 15,447,000 22,247,000 0 8,583,000
4 (Rehandle) 0 6,800,000 -6,800,000 1,783,000
Total 38,537,000 36,754,000 1,783,000 1,783,000

In both scenarios (Preferred and Alternate), Rough backfilling and grading operations
will follow coal removal by not more than 60 days or 1500 linear feet except for the
exemption in the south end of the mining area (Pits 24 through 30), which is described
above in a step by step manner in the Stage 3 overburden removal process, the above
tables and Drawings 5-17 through 5-19. This exemption is expected to take place in Year
3 of the mining process.

Major steps in the backfilling and grading process are:

e Backfilling of the Mined Out Pit. Material from active pits will be used to
backfill mined out pits as mining progresses. Material will be placed in the in-pit
backfill in lifts, until the approximate planned final elevation is reached. Working
stability in the backfill will be achieved by placement of the material, and control
of the overall spoil face slope at stable angles. The mined out area will be filled to
its planned post-mining elevation, which approximates the pre-mining land
contour. The backfill will be inherently stable because the exposed surface will
have shallow slopes, and the backfill surface will not be significantly higher than
the surrounding undisturbed ground with the exception of the variance shown on
Drawing 5-3.

e Backfilling of Ramps. Ramps and travelways within the active mining will be
moved as necessary for safe operation and efficient hauling of overburden and
coal. When a particular ramp or travelway is no longer needed, it will be
backfilled with excavated overburden from the advancing pit.

e Grading. After backfilling is complete in each mined out area, the area will be
graded using dozers and motor graders to achieve the planned post-mining
contour, facilitate stable positive drainage patterns, and to blend in with the
surrounding topography. Postmining slopes will not exceed either the angle of
repose or such lesser slope as is necessary to achieve a minimum long-term static
safety factor of 1.3 and prevent slides. A geotechnical analysis has been
completed for the excess spoil structure and can be found in Appendix 5-1.

Timing of backfilling and grading operations will depend on the rate of mine advance and
the availability of backfill space and material. It is planned that mined areas will be

backfilled and graded within approximately 60 days following coal removal, or 1,500 feet
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of the active coal removal face. As described in the previous text and shown on Drawing
5-19, there will be a variance from this standard in the final pits. Areas needed for in-pit
roads, ramps, drainage controls or areas which must be left open temporarily for
operational reasons will be backfilled and graded as they become available.

In the initial mining area, spoil from Pit 2 and part of Pit 3 will be permanently placed in
the excess spoil area and pit 1. Part of Pit 3 and all of Pit 4 spoil is placed as backfill in
Pit 2, beginning the sequential pit backfilling process. By the time coal recovery is
complete in Pit 6, rough backfilling and grading will be complete in Pits 2 and 3.

553.110

All areas except for the excess spoil pile and the variance from AOC (approximately 85
acres), will be restored to approximate original contour as shown on Drawing 5-35.
R645-301-553.800 (Thick Overburden) does apply to this surface mine. In areas where
excess spoil and variance from approximate original contour occur, the slopes will be
regraded to a maximum angle of 3h:1v and most slopes are flatter as shown on Drawing
5-35 and 5-36. A geotechnical analysis has been completed to verify that the spoil
material will be stable long term. This analysis can be viewed in Appendix 5-1.

553.120

All highwalls will be eliminated in the final landform. Small depressions may be
constructed as needed to retain moisture, minimize erosion, create and enhance wildlife
habitat or assist vegetation. All spoil piles will be eliminated with the exception of the
planned excess spoil and variance from original contour as shown on Drawing 5-35.

553.130

Postmining slopes will not exceed the angle of repose which is expected to be
approximately 1.5h:1v as described in Appendix 5-5. This appendix is an analysis by Dr.
Ben Seegmiller addressing the safety factor for the post mining slope with the lowest
safety factor outside the excess spoil area. This analysis concludes that a minimum safety
factor of these slopes will be 1.7 which exceeds the requirement of 1.3. The excess spoil
slopes have been analyzed by Alan Taylor, P.E., an expert in geotechnical engineering.
These slopes also significantly exceed the required 1.3 safety factor. Details for this
analysis by Mr. Taylor can be viewed in Appendix 5-1.

553.140

Slopes will be regraded and vegetated to minimize erosion and water pollution on and off
the site.

553.150

Backfilling and gradi ill b ducted t rt the approved postmini d use.
ing and grading will be conducted to suppo pp [NC%RPORR%EB
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553.200 Spoil and Waste.

Spoil located in the excess spoil area and the variance from approximate original contour
will be compacted to 85% of the standard Procter to provide long term stability of these
structures. Remaining backfill in mined out areas will be confined and regraded to
approximate original contour and will therefore not require compaction for long term
stability. Subsoil will be placed over spoils and waste prior to placement of topsoil. This
subsoil layer will provide a covering with minimal infiltration rate to prevent leaching of
toxic materials.

553.210

Excess spoil from surface mining activities will be disposed of according to R645-301-
211, R645-301-212, R645-301-412.300, R645-301-512.210, R645-528.310, R645-301-
535.100 through R645-301-535.130, R645-301-535.300 through R645-301-535.500,
R645-536.300, R645-301-542.720, R645-301-553.240, R645-301-745.100, R645-301-
745.100, R645-301-745.300, and R645-301-745.400. Detail for meeting these standards
can be reviewed in the corresponding sections.

553.220

The MRP does not contemplate placing spoil on areas outside the mined-out surface area
for the purposes of restoring the approximate original contour.

553.300. Covering of Exposed Coal Seams, and Acid- and Toxic-Forming Materials.

Exposed coal seams, acid- and toxic-forming materials, and combustible materials
exposed, used, or produced during mining will be adequately covered with nontoxic and
noncombustible materials, or treated, to control the impact on surface and ground water
in accordance with R645-301-731.100 through R645-301-731.522 and R645-301-
731.800, to prevent sustained combustion, and to minimize adverse effects on plant
growth and on the approved postmining land use.

553.400. Cut and Fill Terraces

The MRP does not contemplate constructing cut and fill terraces.

553.500. Previously Mined Areas (PMA's) and Continuously Mined Areas (CMA's).

The MRP does not contemplate operations associated with PMA’s, CMA'’s, or areas with
remaining highwalls.

553.600. Highwall Management

The MRP does not contemplate operations associated with PMA’s, CMA’s, or areas with
remaining highwalls.

INCORPORATED
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553.700. Backfilling and Grading: Thin Overburden.

The Coal Hollow project is expected to have approximately 1.8 million loose cubic yards
of excess spoil; therefore R645-301-800 applies rather than R645-301-553.700.

553.800. Backfilling and Grading: Thick Overburden.

553.810

The spoil will be placed to attain the lowest practicable grade, and will not exceed the
angle of repose for the material. A sequence of the steps for practicable movement of the
excess spoil is shown on Drawings 5-17 through 5-19. The slopes on the excess spoil
and variance from the approximate original contour will not exceed 3h:1v or flatter,
which will provide a long-term, stable structure. The general design of the tall (60°+
vertically) excess spoil slopes is Sh:1v to 4h:1v to 3h:1v, bottom to top. This design
creates a concave shape slope that resembles naturally occurring hills in the area and will
minimize erosion. In addition, irregularities (flatter areas) have been added to break up
long slopes. The overall shape of the pile is also irregular to be similar to hills in the
surrounding area. The final configuration of this excess spoil can be viewed in Drawings
5-35 and 5-36. The rough grading of the excess spoil outlsopes will follow by not more
than 60 days after completed construction. The angle of repose for the spoil material is
expected to be 1.5h:1v as provided in Appendix 5-5 in the Introductory Overview (page
1) by Dr. Ben Seegmiller, an expert in the field of rock mechanics and slope stability.
The design slopes are significantly flatter than the angle of repose expected for the spoil.

553.820 - 553.830
Backfilling and Grading of thick overburden will meet the following requirements:

o RG645-301-211: The applicant will present a description of the premining soil
resources as specified under R645-301-221. Topsoil and subsoil to be saved
under R645-301-232 will be separately removed and segregated from other
material.

The soil resources for the proposed excess spoil disposal area are described in 2-1.
A plan has been developed for removal of topsoil and suitable subsoil based on
the soil descriptions in this appendices. The handling plan can be viewed on
Drawing 2-2. Topsoil and acceptable subsoil will be separately removed and
segregated from other material prior to placement of any spoil.

o RG645-301-212: After removal, topsoil will be immediately redistributed in
accordance with R645-301-242, stockpiled pending redistribution under R645-
301-234, or if demonstrated that an alternative procedure will provide equal or
more protection for the topsoil, the Division may, on a case-by case basis,

l : ;
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Excess spoil will have topsoil and subsoil redistributed in an approximately
uniform, stable thickness with the approved post mining land use, contours and
surface water drainage systems. Material handling practices will prevent excess
compaction of these materials. Handling practices will also protect the materials
from wind and water erosion before and after seeding and planting.

e R645-301-412.300: Criteria for Alternative Postmining Land Uses.

Not Applicable

e R645-301-512.210: Excess Spoil. The professional engineer experienced in the
design of earth and rock fills will certify the design according to R645-301-
335.100.

A professional engineer experienced in the design of earth and rock fills with
assistance from a geotechnical expert has certified the design according to R645-
301-535.100. These certifications can be viewed on Drawings 5-35, 5-36 and 5-
17 through 5-19.

e R645-301-512.220: Durable Rock Fills

No durable rock fills are planned.

o R645-301-514.100: Excess Spoil. The professional engineer or specialist will be
experienced in the construction of earth and rock fills and will periodically
inspect the fill during construction. Regular inspections will also be conducted
during placement and compaction of fill materials.

A professional engineer or specialist that is experienced in the construction of
earth and rock fills will inspect the fill during construction and regular inspections
will also be conducted during placement and compaction of fill materials.

o R645-301-528.310: Excess spoil will be placed in designated disposal areas
within the permit areas within the permit area, in a controllable manner to ensure
mass stability and prevent mass movement during and after construction. Excess
spoil will meet the design criteria of R645-301-535. For the purposes of
SURFACE COAL MINING AND RECLAMATION ACTIVITIES, the permit
application must include a description of the proposed disposal site and the
design of the spoil disposal structures according to R645-301-211, R645-301-
212, R645-301-412.300, R645-301-512.210, R645-528.310, R645-301-535.100
through R645-301-535.130, R645-301-535.300 through R645-301-535.500,
R645-536.300, R645-301-542.720, R643-301-553.240, R643-301-745.100, R645-
301-745.100, R645-301-743.300, and R645-301-745.400.

Excess spoil will be placed in the area designated on Drawing 5-3 and 5-35. This
fill will be placed in lifts not to exceed 4 feet. The mateI'ﬁbBiH Fb&ﬁemsggted
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from the overburden removal area to the fill by end dump haul trucks and a
dozer(s) will spread the spoil to this lift thickness. The fill will meet at minimum
85% compaction as related to the standard Procter. Final slopes will be regraded
to a maximum slope of 3h:1v. The top of the fill will sloped to approximately 2%
to prevent pooling of water and to reestablish drainage similar to the original flow
patterns. The excess spoil placed on the non-mined areas is approximately 32
acres and varies in height from 35 to 110 feet. The area of excess fill over mined
out areas (variance from approximate original contour) is an extension of the fill
placed on the non-mined area and is approximately 55 acres. Combined acreage
of the excess fill placed on mined and non-mined areas is 87 acres and varies in
height from 60 to 100 feet above original contour. Total excess fill is 8.6 million
yards. Design of this fill can be viewed in Drawings 5-35 through 5-36 and the
geotechnical study can be viewed in Appendix 5-1.

®  R645-301-535.100 through R645-301-130: Disposal of Excess Spoil

A geotechnical analysis of the excess spoil structure design has been completed
by an expert in this field. The long term static safety factor for this structure
design is estimated at 1.6 to 1.7. Lifts will be placed in thicknesses not to exceed
4 feet. The lifts will meet 85% compaction by the standard Procter. The fill will
be graded to allow for drainage similar to original patterns and to prevent
excessive infiltration of water. Fill will be covered with subsoil and topsoil as
specified in Chapter 2 to provide conditions suitable for revegetation of the area.
The geotechnical study can be viewed in Appendix AS5-1.

® R645-301-535.300 through R645-301-535.500: Disposal of Excess - Spoil
Durable Rock Fills.

Not Applicable

e R645-301-536.300: Disposal of Coal Mine Waste in Excess Spoil
No coal mine waste is planned in the excess spoil area.

® RG645-301-542.720: Excess spoil will be placed in designated disposal areas
within the permit area, in a controlled manner to ensure that the final fill is
suitable for reclamation and revegetation compatible with the natural
surroundings and the approved postmining land use. Excess spoil that is
combustible will be adequately covered with noncombustible material to prevent
sustained combustion. The reclamation of excess spoil will comply with the
design criteria under R645-301-553.240.

The excess spoil as shown in Drawing 5-35 and 5-36 will be suitable to the
surrounding area and for the postmining land use of primarily grazing. No
combustible excess spoil will be placed in the proposed structure. The
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reclamation of the spoil does not include any terraces and the slopes will not
exceed 3h:1v.

o R645-301-553.240: The final fill configuration of the fill (excess spoil) will be
suitable for the approved postmining land use. Terraces may be consiructed on
the outslope of the fill if required for stability, control of erosion, to conserve soil
moisture, or to facilitate the approved postmining land use. The grade of the
outslope between terrace benches will not be steeper than 2h:1v (50 percent).

The excess spoil as shown in Drawings 5-35 and 5-36 will be suitable to the
surrounding area and for the postmining land use of primarily grazing. The
reclamation of the spoil does not include any terraces and the slopes will not
exceed 3h:1v. This slope angle has been utilized at similar mining operations and
found to be suitable for erosion control and revegetation of reclaim slopes. The
long term static safety factor for these slopes is estimated to be 1.6 to 1.7.

o R645-301-745.100: General Requirements.

745.110: Excess Spoil will be placed in designated disposal areas within the
permit area, in a controlled manner to:

745.111: Minimize the adverse effects of leaching and surface water runoff from
the fill on surface and underground water,

Reclamation of the excess spoil will include a topsoil cover and subsoil layer.
Infiltration through the reclamation is expected to be minimal based on the high
clay content of these soils. In addition, laboratory data for the overburden shows
that there is minimal potential for leaching of pollutants should infiltration rates
become higher than expected.

The foundation of the excess spoil area also has high clay content with minimal
potential for infiltration. This will provide an additional, natural barrier to protect
ground water present beneath the proposed structure.

745.112: Ensure permanent impoundments are not located on the completed fill.
Small depressions may be allowed by the Division if they are needed to retain
moisture or minimize erosion, create and enhance wildlife habitat or assist
revegetation, and if they are not incompatible with the stability of the fill; and

Permanent impoundments are not planned on the excess spoil area. Small
depressions are also not planned in the excess spoil and are not viewed as a
necessary enhancement to final reclamation based on average annual moisture
data and the proposed slope configuration of the pile.

745.113: Adequately cover or treat the excess spoil that is acid- and toxic
j ith id ] jal t trol the impact rface and
forming with nonacid nontoxic material to contro l I\e!C djnﬁ('gﬁ A\% /e
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ground water in accordance with R645-301-731.300 and to minimize adverse
effects on plant growth and approved postmining land use.

Laboratory data representative of the overburden planned for disposal in the
excess spoil area does not show acid- and toxic forming characteristics.

745.120: Drainage Control. If the disposal area contains springs, natural or
manmade water courses, or wet weather seeps, the fill design will include
diversions and underdrains as necessary to control erosion, prevent water
infiltration into the fill and ensure stability.

A spring and seep survey available in Chapter 7 has identified no springs or wet
weather seeps in the proposed excess spoil area. The final surface will be
appropriately regraded to a contour that will route natural water from snowmelt
and rainfall around the excess spoil as shown on the final contours Drawing 5-35.
There are no manmade water courses present in the excess spoil area. No
underdrains are planned for the excess spoil structure.

745.121: Diversions will comply with the requirements of R645-301-742.300

No diversions are planned in the excess spoil area.

745.122 : Underdrains

No underdrains are planned in the excess spoil area.

745.300: Durable Rock Fills

No Durable Rock fills are planned.

745.400: Preexisting Benches

The MRP does not contemplate disposal of excess spoil on preexisting benches.
Alton Coal Development, LLC will provide the Division, as part of the annual report for
each calendar year, a plan view outline of the coal recovery, a 5” interval contour map of
backﬁlltErogress and a reclamation progress map. This information will be submitted by

June 30™ of each calendar year.

560. Performance Standards

Coal mining and reclamation operations will be conducted in accordance with the
approved permit and requirements of R645-301-510 through R645-301-553.
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APPENDIX 5-1

Geotechnical Analysis- Sediment Impoundments
and Excess Spoil Structure

By: Taylor Geo-Engineering, LLC
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‘ TAYLOR GEO-ENGINEERING, LLC
2650 NORTH 180 EAST
LEHI, UTAH 84043
TELEPHONE NUMBER 801-400-9784
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December 15, 2008

Mr. Chris McCourt

Alton Coal Development
463 North 100 West, Suite 1
Cedar City, Utah 84721

Subject: Slope Stability Analyses - REVISED
Proposed Excess Spoil Structure and Sediment Impoundments

Alton Coal Development Coal Hollow Project
Alton, Utah
TGE Project No. 307001

Original Document - April 23, 2007

Dear Mr. McCourt,

Enclosed are the findings of the slope stability study performed for the proposed Alton Coal
Mine Excess Spoil Structure and mining related sediment impoundments. The purpose of the
study was to verify the stability of the proposed spoil structure and impoundment slopes as
designed by Alton Coal Development. The accompanying report describes the methods used in
the study and our conclusions and recommendations.

Based on the results of our analyses, the proposed spoil structure may be constructed with 3:1
slopes up to a height of 90 feet above adjacent grade on the eastern 1/3 of the spoil pile and 120
feet above adjacent grade on the western 2/3 portion of the spoil pile. The proposed sediment
embankments may be constructed with 2:1 slopes to a height of 15 feet. The owner should
review the report in its entirety and specific recommendations.

If you have any questions, please feel free to contact the undersigned. The opportunity to be of
service on this project is appreciated.

Respectfully submitted,
TAYLOR GEO-ENGINEERING, LLC

/%’“’“ (ﬁ ) 21 INCORPORATED
lanson O. Taylor, P.E.

. Principal OCT 15 2009
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December 15, 2008 Taylor Geo-Engineering Project No. 307001

1.0 INTRODUCTION

This report presents the results of the geotechnical engineering study performed at the subject
property. The proposed Alton Coal Mine is located within Township 40 South, Range 5 West
Salt Lake Base and Meridian. As shown on Figure 1, Vicinity Map and Figure 2, Site Plan
(Appendix A), the area investigated is located on the west side of State Highway 10,
approximately 3 miles south of Alton, Utah.

The proposed Coal Hollow Mine will be an open pit coal mine approximately 440 acres in size
with the portion addressed in this report comprising 80 acres. It is anticipated that during
operation of the mine, approximately 2,000,000 cubic yards of coal will be mined per year with
approximately 14,000,000 cubic yards of overburden moved per year. The mining equipment
hauling the material is expected to range in weight from 100 tons to 240 tons. They will dump
large piles up to 15 feet in height and large dozers (D10 to D11 in size) will spread the material,
which will require tracking over the fill material several times during placement to four foot lifts.

For the initial 80 acres of the project, an excess spoil pile and 4 sedimentation poqu will be
constructed. The purpose of the study was to verify the stability of the proposed spoil structure
and impoundment slopes as designed by Alton Coal Development.

2.0 PREVIOUS STUDIES

Previous investigations have been conducted prior to this study. Several borings were drilled in
2005 by Petersen Hydraulic for a hydraulic study of the proposed mine. Prior to 2005, several
test pits and borings were completed as part of an economical geologic study of the area to study
overburden thickness and coal stratum thickness.

Test Pits SP-13, SP-15, SP-16 and CH-32, and borings CH-1-05, CH-3-05, CH-5-05 are relevant
to this study. The location of the test pits and borings are shown on Figure 2. Borings logs were
provided to TGE by Peterson Hydraulic for borings CH-1-05, CH-3-05 and CH-5-05. Logs of
the Test Pits were not provided to TGE.

The following samples from the previous subsurface investigations by others were provided by
Alton Coal Development to TGE:

ALTON COAL DEVELOPMENT SAMPLE
TEST PIT AND BORING NUMBER | DESCRIPTION DEPTH
SP-13 Sandy Clay (CL) 24748

SP-13 Silty Sand (SM) 737 84"

SP-15 Silty Clay (CL-ML) 20737

SP-15 Silty Sand (SM) 57773

INCORPORATED
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December 15, 2008 Taylor Geo-Engineering Project No. 307001

SP-16 Clay (CL) 36” - 56”
SP-16 Sandy Silt (ML) 56” - 68”
SP-16 Silt (ML) 68” - 90”
CH-32 (Coal Hollow) Clay (CL) 317 - 547
CH-32 Clay (CL) 547 -172
CH-1-05 (Rock Core) V‘;‘z&:ﬂé?:;d(g}ge 40° - 55°
CH-3-05 (Rock Core) Shale 41’ -44.5
CH-5-05 (Rock Core) Shale 48’ - 55’
CH-5-05 (Rock Core) Shale 98’ - 108’

Samples SP-13, SP-15, SP-16 and CH 32, were combined to make a sample representative of the
upper soil profile which TGE labelled SP-16-13. Samples CH-1-05 and CH-3-05 were hand
crushed and combined to create sample CH-1-3. The remaining core samples were hand crushed
and labelled CH-5-48 for the 48-55 ft. core and CH-5-98 for the 98-108 ft. core.

3.0 SCOPE OF WORK
This study included the following scope of work.
3.1 Site reconnaissance

A site reconnaissance was conducted by TGE on February 22, 2007. The purpose of the visit
was to observe existing site conditions, determine boring locations, and pick up subsurface
samples from the previous investigations that have been in storage.

3.2 Subsurface Exploration

Five (5) exploratory borings were drilled on February 28, 2007 and March 1, 2007, at the site to
evaluate subsurface conditions. The borings were drilled with a hollow stem auger drill rig, to
depths of 5 to 41 feet below the surface. As shown on Figure 2, 3 borings were located within
the proposed mining area, one boring was located on the western point of the proposed excess

spoil structure, and one boring was located near the proposed Sedimentation Pond #3
embankment.

Subsurface conditions observed in the exploratory boring were carefully documented at the time
of drilling by TGE field personnel. Samples of representative soils were obtained from the
borings for laboratory testing and visual classification. A description of the field exploration
program and the logs of exploratory borings are presented on Figures 3 through 7 in Appendix B,
Field Exploration.

INCORPORATED

Page 2 of 9 OCT 15 2009

Div. of Qil, Gas & Mining




December 15, 2008 Taylor Geo-Engineering Project No. 307001

3.3  Laboratory Testing

The representative samples obtained from the TGE field investigation and previous
investigations were tested in the laboratory to aid in classification and to determine pertinent
engineering properties. These tests included natural dry density and moisture content; Atterberg
Limits, grain size analysis and unconfined compression shear tests, hydrometer analysis, and
consolidated undrained triaxial shear tests with pore pressure measurement. A description of the
laboratory test methods and test results are presented in Appendix C, Laboratory Testing Data
Sheets. Results of the laboratory testing are presented on the boring logs, Table 1 and attached
data sheets in Appendix C.

3.4  Engineering Analyses and Report

Data obtained from the exploratory borings and the laboratory testing program was eYaluated.
Geotechnical engineering analyses were performed which included preparation of this report
presenting the findings and recommendations developed during the study.

4.0 SITE CONDITIONS
4.1 General

The area investigated consist of open range land vegetated with field grass, sage brush, pinions,
and cedar trees. The surface of the area is fairly level with a gentle slope to the west. Relatively
large drainage ravines, 1 tol5 feet deep, traverse the northern portion of the property. Two small
knolls are located on the west side of the property. The knolls appear to be comprised of
weathered sandstone and alluvial deposits. A shallow ravine is also located between the knolls
and south of Borings GT-4 and GT- 5. Topographic conditions are shown on Figure 2.

Snowmelt was observed seeping into the deep ravine from various locations. Snowmelt was also
observed draining into a shallow ravine between the two knolls.

4.2 Subsurface Conditions

Alluvial/colluvial sediments were documented in the exploratory boring to depths of about 5 to
30 feet below existing ground surface. The alluvial/colluvial sediments consist of silty sand
(SM), sandy silt (ML) and lean clay (CL). The sediments are underlain by highly weathered
shale (fat clay, CH) and slightly to moderately weathered shale, which was documented by
others to a maximum depth 41 feet. The shale is underlain by a coal deposits.

Detailed descriptions of subsurface conditions documented at the site are presented on the TGE
Boring Logs Figures 3 through 7, and Boring Logs 8 through 10, Peterson Hydraulic logs
redrawn with permission by Taylor Geo-Engineering (Appendix B).

INCCRPORATED
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‘ 4.3

Subsurface water was documented in the borings at a depth of 10+ feet (recorded at the time of
drilling) in borings GT-1, GT-2 and GT-3. Subsurface water was also observed at a depth of
about 15 feet in GT-5. Boring GT-4 terminated at 5 feet below the surface on sandstone bedrock
and was free of water.

Subsurface Water

Flowing sands were documented in the exploratory borings at a depth of 15 to 25 feeti. . "{‘he
flowing sands likely denote a zone of very loose sands that act as a liquid during drilling
activities.

The subsurface investigation was performed during a period of high snowmelt which could add
to the groundwater table at the time of the investigation. Seasonal fluctuations in groundwater
conditions do occur, and groundwater fluctuations of several feet are not unusual. Numerous
factors contribute to groundwater fluctuations such as seasonal recharge, regional and local
irrigation, and periods of heavy precipitation. The detailed evaluation of these and other factors
which may be responsible for groundwater fluctuations is beyond the scope of this study.

4.4 Subsurface Variations

Based on the results of the subsurface exploration and our experience, variations in the

. continuity and nature of subsurface conditions should be anticipated. Due to the nature and
depositional characteristics of soils documented at the site, care should be taken in interpolating
or extrapolating subsurface conditions between or beyond the exploratory borings.

5.0 SLOPE STABILITY ANALYSIS

Slope stability analyses were performed for the proposed excess spoil structure, for the interior
slopes of the proposed sedimentation Ponds #1 through #4. Stability analyses were performed
using GSTABLY7 software and safety factors were calculated by the Modified Bishop Method.

Site ground acceleration for the pseudo-static stability analysis was based on the peak ground
acceleration with a 2 percent probability of being exceeded in a 50-year period. ! The peak
bedrock ground acceleration (PGA) for the site with a 2 percent probability of being exceeded in
50 years is 0.29g. In accordance with industry standards, the pga was reduced by 50 percent and
a value of 0.145g was used in the analyses.

Based on the information provided, TGE understands that the spoil pile will be constructed in
thick lifts using large mining equipment; therefore, laboratory testing of the proposed fill
materials was completed at 90 percent of the standard Proctor. The engineering characteristics
obtained from laboratory testing were utilized in the stability analyses. Since the excess spoil

. 1 USGS, 2002, U.S. Geological Survey seismic hazard maps: http://eqhazmap_usgﬁ_RSbRPORATED
roeedol? 0CT 15 2009
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pile will consist of soils from above the coal layer, the strength characteristics of the sandy clay,
and fat clay from CH-1-3 and CH-5-48 were averaged to verify the stability of the slopes under
static and seismic conditions. The average strength characteristics were reduced 10 percent to
account for weakened strengths of materials placed to 85 percent of the standard Proctor.

Slope stability analyses for proposed Sedimentation Ponds #1, #1B, #2, and #4 used strength
parameters obtained from sample SP-16-13, since the pond embankments in those areas will be
constructed of soils representative of SP-16-13. The analyses considered a maximum slope
height of 15 feet, even though not all the ponds will have slopes extending to 15 in height.

The slope stability analysis for the sedimentation Pond #3 embankment was completed using the
soil unconfined compression strengths from samples obtained from boring GT-5. Laboratory
testing indicated unconfined compressive strength of 9429 psf or a cohesive strength of 4700 psf.
For stability purposes a cohesion of 700 psf and a friction angle (@) of 10 degrees was utilized for
static and seismic analyses. The strength values were conservatively reduced to assumed total
stress parameters of 300 psf and 8 degrees for the rapid drawdown analysis.

Locations from which the cross-sections for the each of the slope analyses were taken from are
shown on Figures 11 through 15, Appendix D. Lines A1-Al, A2-A2, B1-B1 and B2-B2 for the
excess spoil pile are shown on Figure 11, Line F-F for the sedimentation ponds is shown on
Figure 15, and Line E-E for Pond #3 is shown Figure 14. Profile views with the accompanying
output files for each of the static and seismic slope stability analyses are shown on, Figures 16
through 37, in Appendix E, Profile Views and Output Files of Static and Pseudo-static Slope
Stability Analyses.

5.1 Excess Spoil Structure

Based on the information provided, TGE understands the excess spoil structure will be a
permanent structure after mining operations are complete. The proposed structure has been
designed with maximum 3:1 (horizontal: vertical) slopes. As shown on Figure 11, Proposed
Embankment Design, embankment height will vary from 75 feet at the east end to 120 feet at the
west end.. The top of the embankment will descend to the northwest at a 2.2 percent grade.

The embankment will be comprised of soil deposits that overlie the coal bed to be removed
during mining operations. Although the soils will likely consist of a mixture of silt, clay, sand,
and shale, the stability analyses considered the materials separately. The analyses assume the
materials will be compacted to at least 85 percent of the standard Proctor.

The subsurface information indicates that the subsurface profile varies between the area of GT-
2/GT-3 and GT-5. Therefore, four stability analyses were performed representing Line Al-Al,
A2-A2. Line B1-B1 and Line B2-B2, Figure 11. Additionally, TGE analyzed the spoil pile
having a finished height of 120 feet in the area of the west end of the structure and 100 feet for
the central portion of the structure and 75 to 86 feet for the east end of the structure.
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Generally, the subgrade in the area of Lines A1-Al and A2-A2 will be comprised of all backfill
with the depth of backfill decreasing from east to west. The subgrade in the area of Lines B1-B1
and B2-B2 contains loose sand 10-feet to 20-feet in depth underlain by stiff clay then shale. It is
anticipated that the groundwater elevation could be different after mining operations. TGE
attempted to predict long term groundwater elevations after mining is complete with the depth of
water shown on the attached stability profiles Figures 16 through 23.

Representative Factors of Safety of the stability analyses with the respective soil parameters used
are tabulated below.

SLOPE SET PHI, COHESION STATIC PSEUDO-STATIC
Al-Al 19 240 1.6 1.1
A2-A2 19 240 1.6 1.1
B1-B1 19 240 1.7 1.1
B2-B2 19 240 1.6 1.1

SOIL STRENGTHS USED BELOW THE FILL

SAMPLE SET PHI, COHESION

SP-16-13 29.6 94

CH-1-3 21.6 319
CH-5-48 20.1 321
CH-5-98 25.4 216

5.2 Sediment Impoundments #1, #2 and #4

Sediment Impoundments 1, 1B, 2 and 4 vary in size from 1.7 to 6.28 acre/feet. The proposed
basin areas will be derived from digging into the original grades and constructing a portion of the
embankments with the spoils. The depth of each sedimentation pond varies but the maximum
depth shown on the attached plan sheets is 15 feet, Figures 12, 12B, 13 and 15. The profile
obtained for this analysis is based upon Line F-F of Pond #4, Figure 15. The soils associated
with the side slopes and dikes for the detention ponds will be similar to sample SP-16-13. The
proposed ponds are intended to detain runoff from a major storm event. The slope analyses
considered the basis full to spillway level for static and pseudo-static conditions.

A rapid drawdown analysis was completed assuming the spillways are plugged, the basin fills to
top of the embankments and then the water is released or pumped down to the base of basins.
The soil strengths utilized were based on total stress conditions as determined from the triaxial
shear tests completed for this project. It should be noted that rapid drawdown is highly unlikely
since spillway and outlet piping will be no more than 4-feet below the top of embankments.

The results of the stability analyses are tabulated below and graphically provided on Figures 24
through 26 in Appendix E. INCORPORATED
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LINE F-F
SEDIMENT | MAXIMUM | HEIGHT | STATIC | PSEUDO- RAPID
IMPOUNDMENT | HEIGHT | OF FREE STATIC | DRAWDOWN
BOARD
Pond #1, 1B, 2 & 4 15 feet 4 feet 2.2 1.3 1.2

5.3 Sediment Impoundment #3, Valley Pond

Based on the information provided, TGE understands that Valley View Pond will be a
sedimentation pond located at the western most point of the mining area and at the base of the
tailings embankment between the two knolls spoken of earlier in this report. The base of the
pond will be cut 10 feet into the native stiff clay soils and the remainder of the embankment will
constructed from soils derived from the excavation of the interior of the pond. The height of the
fill for the pond embankment will be approximately 14-feet. The soils associated with the slopes
and embankment for the pond will be similar to soils analyzed for samples from GT-5.

A rapid drawdown analysis was completed assuming the spillway is plugged, the basin fills to
top of the embankment and then the water is released or pumped down to the base of basin. The
soil strengths utilized were based on the stress conditions as previously discussed in section 5.0.
It should be noted that rapid drawdown is highly unlikely since the spillway will be no more than
4-feet below the top of embankment.

The results are tabulated below and graphically provided on Figures 27 through 29 in Appendix
E.

SEDIMENT MAXIMUM | HEIGHT | STATIC | PSEUDO- RAPID
IMPOUNDMENT HEIGHT OF FREE STATIC DRAWDOWN
BOARD
Pond #3 14 feet 4 feet 5.3 3.2 1.9

For temporary structures, such as Sedimentation Ponds #1, 1B, 2 , and 4, a static Factor of Safety
of 1.3, 1.0 and 1.2 for Static, Pseudo-static and Rapid Drawdown conditions is considered
adequate. For permanent structures such as the excess spoil structure and the sediment
impoundment Pond #3, a static Factor of Safety of 1.5 and 1.0 for Static and Seismic conditions
is considered adequate. Long Term rapid drawdown should be at least 1.2.

6.0 SETTLEMENT

The existing subgrade that will not be mined but will be supporting the 100 to 120 feet of spoil.s
will potentially consolidate under the 13,000 psf to 14,000 psf loads assoc1atec}N“6% é%e@ssggl‘lED
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December 15, 2008 Taylor Geo-Engineering Project No. 307001

pile. Additionally, as the spoil pile is constructed, the spoil materials placed near the base of the
spoil pile will consolidate to densities greater than densities at the time of initial placement.

Consolidation of the native materials in the area of GT-3 under the 110 foot embankment could
be on the order of 4 to 5 feet. Consolidation of the native materials in the area of GT-4 and GT-5
will be negligible based on the stiffness of the clay soils and the presence of sandstone bedrock.

Consolidation of the spoil materials after placement will be on the order of 0 to 15 percent,
depending the depth below finish grade the spoil is located. In all cases, since the spoil pile will
be constructed over a period of several years, the effects of the differential settlement across the
structure is anticipated to be minimal and should not affect the short term or long term
performance of the spoil pile.

7.0 BULKING

During mass excavation operations of dense materials, the placement of spoils generally requires
more volume of space during placement than that originally occupied by the same soil mass in its
native state. Based on dry densities of the shale materials in their intact state and the standard
Proctors conducted for this project, the shale spoils will have a a volume approximately 30
percent higher after mining than prior to mining. The silty sand and clay soils will have minimal
bulking with an average of approximately 10 percent. However, as indicated in section 5.0
SETTLEMENT, the overall apparent bulking may be lower after the fill pile is complete due to
post placement consolidation.

8.0 RECOMMENDATIONS

The proposed excess spoil structure and sediment ponds may be constructed as designed by
Alton Coal Development. The laboratory shear tests were conducted on materials compacted to
at least 90 percent of the standard Proctor. Analysis of the spoil pile was based on reduce
strengths to account for lighter compaction. Therefore, fill materials should be placed and
compacted to at least 85 percent of the standard Proctor (ASTM test method 698) for the spoil
pile and 90 percent for the sedimentation embankments. An engineer from TGE or his
representative should be present periodically to verify that the placement of fill materials are
being completed properly and that testing inspection is taking place in accordance with
Appendix F of this document and the State of Utah R645 — Coal Mining Rules.

It is anticipated that the large mining equipment used to haul and doze the spoil pile material will
provide the required loading to achieve 85 percent compaction. The fill used to construct the
embankments for the sedimentation ponds may require vibratory compaction during placement
to achieve the 90 percent compaction as required.

INCORPORATED
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December 15, 2008 Taylor Geo-Engineering Project No. 307001

Based on the presence of groundwater (see Section 4.3), a dewatering plan will likely need to be
implemented during excavation operations. The satiability of the cut walls of the strip mining
area will be dependent on temporarily diverting groundwater seepage from the excavation. The
design of a dewatering plan was beyond the scope of this study.

If a dewatering plan is properly implemented and the temporary cut slopes are kept dry, TGE
recommends that temporary cuts in the stiff clay and shale may be no greater than 1H:1V
(horizontal:vertical), and temporary cuts in the lean clay and sand layers my no greater than
2H:1V. If after inspection of the shale formation and additional groundwater observations are
made, the cut slopes may be steepened as directed by TGE.

Based on the information provided, TGE’s understands that the spoil pile is not intended to be
constructed for the future support of structures. The recommendations for fill placement as
provided in Appendix F, Recommended Earthwork Specifications, are based on this
understanding. Therefore, TGE does not recommend that the excess spoil pile be used in the
future for the support of structures since the material is being placed with a moderate level of
compaction (at best) and long term differential settlement of the pile will occur.

90 CLOSURE

The findings and recommendations of this report were prepared in accordance with generally
accepted professional geotechnical engineering principles and practice in this area of Utah at this
time. There is no other warranty, either express or implied.

The conclusions and recommendations presented herein are based on the results of limited
subsurface exploration and laboratory testing, combined with interpolation and extrapolation of
subsurface conditions between and beyond exploration locations. As the project evolves, TGE’s
continued consultation and construction monitoring should be considered an extension of the
services performed to date. Subsurface conditions may differ in some locations from the
conditions observed in the explorations, and may require additional analyses and possibly
modified recommendations.

This report was written for the exclusive use of Alton Coal Development and only for the
proposed project described herein. TGE is not responsible for technical interpretations by others
or exploratory information which has not been described or documented in this report. Specific
questions or interpretations concerning the findings and conclusions presented herein may
require written clarification to avoid possible misunderstandings. The opportunity to be of
service is appreciated.
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APPENDIX A

VICINITY MAP AND SITE PLAN
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APPENDIX B

FIELD EXPLORATION
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APPENDIX B
FIELD EXPLORATION

The program of subsurface exploration consisted of drilling five (5) borings to explore
subsurface conditions in the vicinity of the proposed structures and to obtain samples for
laboratory testing. Subsurface conditions observed in the borings were carefully documented by
experienced TGE field personnel. Subsurface materials were classified in accordance with
Unified Soil Classification System (ASTM Method D 2488).

Boring locations are shown on Figure 2, Site Plan (Appendix A). Borings were located by TGE
field personnel using surveyed property corners, and information shown on a Figure 2.

Exploratory borings were drilled to depths of about 5 to 41 feet below existing ground surface.
The borings were advanced with a truck mounted drill rig using 8-inch outside diameter hollow-
stem augers.

Relatively undisturbed and bulk samples of representative soils were obtained from the borings
at frequent intervals for laboratory testing and visual classification. Relatively undisturbed
samples were obtained using either a 1.4-inch inside diameter (ID) split-spoon sampler (Standard
Penetration Test Sampler), a 2-inch ID "Modified California" sampler (lined with 4-inch brass
sleeves), or a Shelby Tube sampler.

A sampler was advanced a maximum of 18 inches by successive drops ("blows") from a 140-
pound hammer falling 30 inches. The number of blows required to advance the sampler three
successive 6-inch increments was recorded. The total number of blows required to advance a
sampler the second and third 6-inch increment represents the penetration resistance value (N-
value). For the 1.4-inch sampler, this test constitutes the Standard Penetration Test (SPT) as
described by ASTM Method D 1586.

A description of soils observed in the borings, the sample types, depths at which the samples
were taken, and N-values are shown on the Logs of Exploratory Borings included in this
appendix. A legend of boring symbols and the Unified Soil Classification System is also
included herein.

INCORPORATED
0CT 15 2009

Div. of Qil, Gas & Mining



DRILL LOG TAYLOR GEO-ENGINEERING Figure No. 3
Boring No. GT-1 Date of Drilling: February 28, 2007

Project:  Alton Hollow Project Drilling Company: GTS
Project No.: 307001 Equipment: Mobile B-80
|Location: Alton, Utah Logged By: A.T.
Elevation: 6900 feet

GWT: 10 feet

JDepth

(ft.) | Graphic|UsSCS Description Laboratory Test Results Other Data

Sample

o

S [TOPSOIL: Light brown, moist, loose, 6" thick.
LEAN CLAY: Very stiff, moist to wet, greenish brown.

2" ID Sampler
29, 53, 50/5"

VIR IN|v|Bd|WIN|=

CL

2" ID Sampler
WC =12.6% 21, 56, 50/3"

DD = 111.6 pcf
LL=47 Pi=31

2" ID Sampler
20, 37, 50/5"

<l X<I X

21 WC=14.4 2" ID Sampler
22 12, 26, 40

23 FAT CLAY: Stiff, moist to wet, probable perched water

24 between 22 and 25 feet, some pebbies and gravel, gray with
tan specs.

WC = 28.6% 2" 1D Sampler
DD =95.0 pcf 18, 16, 25
LL=69 PI=52
UC = 4777 psf

28 CH

2" ID Sampler
7,24, 26

NININ
Ny »n

2" |D Sampler
37 Boring Terminated at 36 Feet. 17, 50/5"

35 ;1} 51} i] I ] SHALE SHALE: Weathered, hard, moist, brownish gray to gray.
1t

Notes: 140 Ib sampler using drive cable. Low Efficiency.
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DRILL LOG TAYLOR GEO-ENGINEERING Figure No. 4
Boring No.: GT-2 Date of Drilling: March 1, 2007

Project : Alton Hollow Project Drilling Company: GTS
Project No.: 307001 Equipment: Mobile B-80
Location:  Alton, Utah Logged By: A.T.
Elevation: 6900 feet

GWT: 10 feet

JOepth
(ft.) | GraphicjUSCS
0

Description Laboratory Test Results Other Data

Sample

ITOPSOIL: Light brown, moist, loose, 6" thick.
SILTY SAND: Medium dense to loose, moist to wet, gray to
tan.

Standard Spoon
11,10, 13

WR|N|OUV[&TWIN|-

SM

[
(==}

2" ID Sampler

WC = 10.6% 5,87
-200=33.3%

[y
-

(=
N

-
w

[y
k-

[y
wv

[ory
o2}

No Recovery Due to GWT and Loose Sand. 2" {D Sampler
3, 5,8

-
~

[y
00

[ury
w

|CLAYEY SAND: Very loose, wet, tan.

~N
Q

SC

N
thrd

2" ID Sampler
LEAN CLAY: Some sand, very soft, wet, tannish gray. 2,3,5

N
N

N
w

N
o

CL

N
(%3]

N
(o]

flL=37 P1=19 2,6,9

N
~

[
oo

N
w

w
Q

2"ID Sampler
FAT CLAY: With sand, medium stiff, moist, bluish gray with JWC=18.5% 3,6,8
CH dark gray seams.

w
fury

X Liquified with vibration. WC =27.8% 2" ID Sampler

w
N

w
w

w
»

i
1
i
i
I

w
(0]

i ! [} snaie ] JSHALE: Weathered, hard, moist, light gray to dark gray.
ittt

it H
i

il

w
oM

2" ID Sampler
|Boring Terminated at 35.5 Feet. 50/5"

w
~

w
oo

w
w0

&

H
[y

Y
N

S
w

kS

45
INotes: 140 Ib sampler using drive cable. Low Efficiency.
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. DRILL LOG TAYLOR GEO-ENGINEERING Figure No. 5
Boring No.: GT-3 Date of Drilling: February 28, 2007
Project : Alton Hollow Project Drilling Company: GTS
Project No.: 307001 Equipment: Mobile B-80
Location:  Alton, Utah Logged By: A.T.
Elevation: 6900 feet

GWT: 15 feet
{Depth K
tft.) |Graphicjuscs| & Description Laboratory Test Results Other Data
0 8
1 TOPSOIL: Light brown, moist, loose, 6" thick.
2 SILTY SAND: Mediumn dense to loose, moist to wet, gray to
3 tan.
4
5
6 2" |D Sampler
7 12,20, 16
8
9
10 2" D Sampler
11 WC=11.0% 5, 6,11
12 -200=37.5%
13
14 SM
15
16 No Recovery Due to GWT and Loose Sand. 2" 1D Sampler
17 XI B,3.3
18
19 CLAYEY SAND: Very loose, wet, tan.
20
21 2" ID Sampler
22 JLEAN CLAY: Some sand, very soft, wet, tannish gray. 5, 5.8
23
24
25
26 JLiquified with vibration. 2" |D Sampler
27 X 6, 26, 75/55"
28
HIGH PLASTICITY SILT: Very Stiff, wet, dark gray to black. WC=37.3%
DD = 76.6 pcf 2" ID Sampler
LL=74 PI=38 16, 18,30
UC = 1956 psf
IFAT CLAY: Very Stiff, moist, gray. Sampling terminated due
to water intrusion into hole from above layers.
36 CH Z 2" ID Sampler
37 18, 25, -
38
39
40 JiHIR (fsnae | JSHALE: Weathered, hard, moist, light gray to dark gray. 2" ID Sampler
n | I iv 13,50/5"
42 |Boring Terminated at 41 Feet.
43
44
45
FNotes: 140 Ib sampler using drive cable. Low Efficiency.
. INCOBPQHATED
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Boring No.: GT-4

Project:  Alton Hollow Project
Project No.: 307001

Location:  Alton, Utah
Elevation: 6900 feet

DRILL LOG TAYLOR GEO-ENGINEERING Figure No. 6

Date of Drilling: March 1, 2007
Drilling Company: GTS
Equipment: Mobile B-80
Logged By: A.T.

GWT: NA

Dept

h {ft.)| Graphicj USCS Description

Sample

Laboratory Test Results Other Data

TOPSOIL: Light brown, maoist, loose, 6" thick.

SILTY SAND: Medium dense, moist, tan.

v
ES

Standard Spoon
50/0"

Wle|N||uv|diw
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N
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44

45

Boring Terminated at 5 Feet on sandstone bedrock.

Notes: 140 Ib sampler using drive cable. Low Efficiency.
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DRILL LOG TAYLOR GEO-ENGINEERING
Boring No.: GT-5 Date of Drilling:

Project : Alton Hollow Project Drilling Company:
Project No.: 307001 Equipment:

Location:  Alton, Utah Logged By:
Elevation: 6900 feet

Figure No. 7

GWT:

March 1, 2007
GTS

Mobile B-80
AT.

15 feet

{Depth

(ft.) | GraphicjUSCS Description , Laboratory Test Results

Sample

(=]

Other Data

TOPSOIL: Light brown, moist, loose, 6" thick.

FAT CLAY: Very Stiff, moist, dark brown with tan specs.
Some pebbles at 15 feet and saturated sand layers at 15
feet. Potential perched water.

WC = 18.7%
DD = 108.3 pcf
LL=63 Pl=44

CH

WO |IN[OIU & | WIN |-

-
o

WC=17.1%
DD = 102.0 pcf
LL=63 PI=45
UC = 9429 psf

<] X

oy
N

[y
w

-
k-3

=
w

oy
-2}

WC=17.2%
DD = 120.0 pcf

[y
~

IStandard Sampler
12, 26, 32

2%" ID Sampler

14, 50, 50/5"

2" ID Sampler
20, 40, 50/5"

-
]

|Boring Terminated at 16.5 feet.
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INotes: 140 Ib sampler using drive cable. Low Efficiency.
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DRILL LOG PETERSON HYDRAULIC Figure No. 8
Boring No.: CH-01-05 Date of Drilling: Nov. 9-10, 2005
Project:  Alton Hollow Project Drilling Company: DA Smith Drillers
Project No.: 307001 Equipment:
Location:  Alton, Utah Logged By: Eric Peterson
Elevation: 6900 feet
GWT: Not Indicated
Dept o
h (ft.)| Graphicj USCS g Description Laboratory Test Results Other Data
0 wvi
2 TOPSOIL: Light brown, moist, loose, 6" thick.
4 rO—B Soil
6
8 8-40 Clay, gray (auger drilled)
10
12
14
16 CL
18
20
22
24
26
28
30
32
34
36
38
40 40-55 Siity clay, gray, dense, and 0.5 bentonite layer, ¢=216
42 white to orange cohesion = 319 psf
a4 OM =205
46 CH MDD =101.9
48 LL=53 PI=32
50
52
54 ke =
56 SHALE 55-56 Silty shale, gray.
58 56-58 Carbonaceous shale, dark gray.
60 58-59.2 Low-grade Coal and organic shale, dark gray to
62 black, some fossiliferous intervals
64 CoAl
66 59.2-73 Coal, black with some brown mottled zones.
68
70
72
74 73-75.8 Siltstone, gray, clayey.
76 SHALE 75.8-76.0 Shale, gray; 76-76.3 Siltstone, gray, clayey,
78 |laminated; 76.3-76.6 Shale, gray
80 76.6-80 Organic siltstone/shale, highly taminated, dark gray
82
84
86
88
90
INotes: Auger (0-40 feet), Continous NQ core (40-80 feet)
This boring is close to GT-1
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DRILL LOG

Boring No.: CH-03-05

PETERSON HYDRAULIC

Project:  Alton Hollow Project
Project No.: 307001

Location:  Alton, Utah
Elevation: 6900 feet

Date of Drilling:
Drilling Company:
Equipment:

Logged By:

GWT:

Figure No. 9

Nov. 12, 2005

DA Smith Drillers

Eric Peterson

Not Indicated

h (ft.)| Graphicj USCS

Sample

Description

Laboratory Test Results

Other Data

TOPSOIL: Light brown, moist, loose, 6" thick.

No Core (Auger hole)

41-44.5 Carbonaceous shale, waxy, soft, dark gray to black

54 COAL

44.5-46 Low-grade coal, cabonaceous silty shale
46-61 Coal, black, monor brownish coal, minor pyrite

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

61-61.5 Low-grade coal, carbonaceous shale, some fairly
dissembinted pyrite

SHALE

61.5-63.5 Silty shale, waxy, gray

b B B

70
72 |
74
76
78
80
82
84
86
88

90

{Notes: Auger (0-41 feet), Continous NQ core {41-63.5 feet)
This boring is close to GT-2
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DRILL LOG PETERSON HYDRAULIC Figure No. 10-A
ﬂBoring No.: CH-01-05 Date of Drilling: Nov. 8, 2005
Project : Alton Hollow Project Drilling Company: DA Smith Drillers
Project No.: 307001 Equipment:
Location:  Alton, Utah Logged By: Eric Peterson
Elevation: 6900 feet
GWT: 15 feet
peee n
(ft.) |GraphicjusCS| € Description Laboratory Test Results Other Data
0 3
2 R TOPSOIL: Light brown, moist, loose, 6" thick.
4 CL 0-5 Soil, Clayey
6 5-14 Gravel with sand and silt, reddish
8 GM
10
12
14
16 14-16.6 Clayey silt, wet
18 16.5-20 Clay, moist, wet
20
22 20-34 Silty clay, dark gray, less dense than above
24 CL
26
28
30
32
34 34-48 Clay, stiff, medium gray
36
38
40 CH
42
a4
46
48
50 li!] I I” [ 48-55 Dark gray silty carbonaceous shale, soft, waxy texture
52 m!i” ! W some minor interbedded shaley siltstone, iron-stained ¢=20.1
54 ” \ ‘l fracture zone at 50-51 feet cohesion = 321 psf
56 g!” !i I I |55-68 Carbonaceous shale with minor silt, dark gray to OM =20
0 | black, mare competent than above MDD =99.5
60 LL=61 PI=38
62|l
64 Jutihi
I
Cl |
68 ”| I | 68-69.5 Fractured/broken carbonaceous shale, dark gray to
70 I’! I swace black
72 !“ i H ’ 69.5-88.5 Carbonaceous shale, dark gray to black, soft, waxy
74 texture
76 P
I
o [
it
82 “ I
84 i
t il
86 T
e |
50 QL |88.5-89.5 Medium gray siltstone
[Notes: Auger (0-40 feet), Continous NQ core (40-175 feet)
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DRILL LOG

PETERSON HYDRAULIC

Figure No. 10-B

waxy texture

110-115 Siltstone and cabonaceous shale, interbedded,
thinly laminated, dark gray

115-121.5 Carbonaceous shale, dark gray to black, soft,
waxy texture, (poor core recovery)

121.5-122 Limey claystone, dark gray, fossiliferous, (small,
open fracture in this interval)

122-125 Little or no recovery in this zone

125-127.5 Carbonaceous shale, dark gray to black, soft,
waxy texture

|Boring No.: CH-01-05 Date of Drilling: Nowv. 8, 2005
2
ro(efr ;h Graphic| USCS g Description Laboratory Test Results Other Data
(%)
|89.5-92 Bentonite, medium to dark gray, pure
92-92.5 Siltstone, medium gray
92.5-107 Cabonaceous shale, dark gray to black, soft, waxy
texture @=25.4
cohesion = 216 psf
107-109.5 Siltstone and cabonaceous shale, interbedded, |OM=17.0
|thinly laminated, dark gray MDD = 108.4
109.5-110 Carbonaceous shale, dark gray to biack, soft, LL=53 PI=31

127.5-128 Bentonite, medium to light gray

128-135 Carbonaceous shale, dark gray to black, soft, waxy
texture

135-137 Carbonaceousw shale, harder than above

137-138 Bentonite and interbedded carbonaceous shale,

dark and medium gray, thinly laminated

138-143.5 Carbonaceous shale, dark gray to black, soft
143.5-144 Bentonite and interbedded carbonaceous shale,
dark and medium gray, thinly laminated

144-146 Carbonaceous shale and thin interbeds of siltstone,
146-152.5 Siltstone with minor thin interbeds of
cabonaceous shale, mottied gray to black

152.5-154.7 Coal, low grade or highly carbonaceous shale,
|black, abundant white fossils/fossil hash

154.7-171.5 Coal, black with some brown mottled 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

178
180
182
184
186
188
190
192

carbonaceous shale

[Notes: Auger (0-40 feet), Continous NQ core (40-175 feet)
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December 15, 2008 Taylor Geo-Engineering Project No. 307001

APPENDIX C
LABORATORY TESTING PROGRAM

Laboratory tests were conducted on representative soil samples obtained from the exploratory
borings for the purpose of evaluating specific engineering properties and to aid in classification.
Laboratory testing was performed at IGES Geotechnical Laboratory (Murray, Utah). A
summary of the various laboratory tests, conducted in accordance with ASTM or other approved
procedures follows:

Tests Conducted: To Determine:

Natural Moisture Content Moisture content representative of field conditions at

ASTM D 2216 the time samples were taken.

Natural Dry Density Dry unit weight of samples, representative of in-place

ASTM D 2922 conditions at the time samples were taken.

Grain Size Analysis Size and distribution of soil particles (i.e. gravel,

ASTM D 422 sand, and the combined percentage of clay and silt)
within a soil sample.

Hydrometer Size and distribution of soil particles (i.e. gravel,

ASTM D 422 sand, clay, and silt) within a soil sample.

Atterberg Limits Effect of varying water content on the consistency of

ASTM D 423 and D 424 fine-grained soils.

Standard Proctor Determine the maximum density and optimum

ASTM D 698 moisture for fill compaction effort.

Unconfined Compressive Strength Compressive strength of sample, determined without

ASTM D 2166 a confining pressure.

Triaxial Shear Test Angle of friction and cohesion under a confining
pressure.

Results of the laboratory tests are summarized on Table-1, Summary of Laboratory Test Results.
Laboratory data sheets are provided in Appendix C-1 and C-2.

INCORPORATED
OCT 15 2009

Div. of Qil, Gas & Mining



Butuiw g sev ‘N0 Jo°Nd

6002 6 1 130
a3.LvuaolHPINI

TAYLOR GEO-ENGINEERING, 1.1.C TABLE 1
Alton Coal Hollow Project TGE Project No. 307001
Summary of Laboratory Test Results
Sample Location Karural 1 Natorsi Gradation Atterberg Limits Clkeonfid Standard Pro<':t0r CU Triaxial Test
. Moisture Dry : Liquid | Plasticity | Compressive | Optimum pABsaU : Effective
Boring Depth Content | Density Grnavei S::nd Sollt C:ay Limit Index Strength Moisture DrY Effective Cohesion USEs
No. (ft.) (%) (pcf) (%) (%) (%) (%) (%) (%) (psf) (%) Density (2) (psf)
(pcf)

GT-1 10-11.5 12.6 111.6 47.0 31.0 CL

GT-1 20-21.5 14.4 CL

GT-1 25-26.5 28.6 95.0 69.0 52.0 4777.0 CH

GT-2 10-11.5 10.6 333 SM

GT-2 25-26.5 27.8 37.0 19.0 CL

GT-2 30-31.5 18.5 Cl

GT-3 10-11.5 110 37.5 SM

GT-3 30-31.5 373 76.6 74.0 38.0 1956.0 MH

GT-5 5-6.5 18.7 108.3 63.0 44.0 CH

GT-5 10-11,5 171 102.0 63.0 45.0 9429.0 CH

GT-5 15-16.5 17.2 120.0 CH
SP-16-13 | 39120.0 0.0 20.5 51.1 284 31.0 15.0 17.0 110.4 29.6 94.0 CL
CH-1-3 | 40-445 11 4.4 57.8 37.8 53.0 32.0 20.5 101.9 216 319.0 CH
CH-5-48 | 48-55 5.7 132.9 13.2 40.7 46.1 61.0 38.0 20.0 99.5 20.1 321.0 SC
CH-5-98 | 98 - 108 7.4 29.7 62.9 53.0 36.0 17.0 108.4 254 216.0 CH




December 15, 2008 Taylor Geo-Engineering Project No. 307001

APPENDIX C-1

LABORATORY TESTING DATA for BORINGS GT-1 through GT-5

INCORPORATED

. 0CT 15 2009
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Moisture Content and Unit Weight of Soil % IGES

(In General Accordance with ASTM D2937 and D2216) © IGES 2004
Project: Taylor Geo-Engineering
’ No: M00991-602
Location:
Date: 3/9/2007
By: NB
% S Boring No.} G1-1 GT-1 GT-2 GT-2 GT-2 GT-3 GT-5 G1T-5
E =S Sample:
- Depth:§ 10-11.5" | 20.21.5' § 10-11.5' ] 25-26.5' § 30-31.5"§ 10-11.5 5-6.5' 15-16.5
. Sample height, H (in)} 1.110 4.449 2.430
“g Sample diameter, D (in)]  1.890 1:373 1.824
= | Sample volume, v (f*)] 0.0018 0.0038 | 0.0037
5 |_Wt. rings + wet soil (z)] 102,47 92243 | 23472
i Wi, rings/tare ( | o0.00 0.00 0.00
5 Moist soil, Ws (g)] 102.87 22243 | 234.72
Moist unit wt., v, (pcf)] 125.73 128.53 140.70
5 Wet soil +tare (g)f 29245 | 670.40 | 43887 § 295.22 | 38060 § 49221 | 28341 | 385.29
%’ Dry soil + tare (g)] 276.79 603.47 410.17 264.26 345.01 457.38 262.52 350.82
b Tari(g) 152.92 140.21 140.53 152.70 152.72 139.84 150.75 150.62
Moisture Content, w (%)} 12.6 14.4 10.6 27.8 18.5 11.0 18.7 17.2
Dry Unit Wt., yq (pef)] 111.6 108.3 120.0
. Entered by:
Reviewed: z:wummswmmxlfd@masn
OCT 15 2009
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Liquid Limit, Plastic Limit, and Plasticity Index of Soils w IGES

(ASTM D4318) © IGES 2004
Project: Taylor Geo-Engineering Boring No.: GT-1
No: M00991-002 Sample:
Location: Depth: 10-11.5
Date: 3/13/2007 Description: Not Requested
By: BRR

Preparation method: Air Dry
Liquid limit test method: Multipoint

Plastic Limit
Determination No 1 2
Wet Soil + Tare (g)] 9.48 10.49
Dry Soil + Tare (g)] 8.37 9.24
Moisture Loss (g) 1.11 1.25

Tare (g) 1.39 1.39

Dry Soil (g)] 6.98 7.85
Moisture Content, w (%)| 15.90 1592

Liquid Limit
Determination No 1 2 3
Number of Drops, N 35 27 18
Wet Soil + Tare (g)] 10.04 11.88 10.87
Dry Soil + Tare (g) 7.36 8.53 7.75
Moisture Loss (g)|  2.68 335 3.12

Tare (g) 1.37 1.39 1.39

Dry Soil (g)]  5.99 7.14 6.36
Moisture Content, w (%)| 44.74 46.92 49.06
One-Point LL (%) 47

Liquid Limit, LL (%)| 47
Plastic Limit, PL (%)| 16
Plasticity Index, PI (%)| 31

95 — — 60 ’
5 & Flow Curve Plasticity Chart ]
4 50 A-Lipe
48.5
g 8 = 40
£475 &
Rt * x
o (3]
8 47 \; E 30 X
= :
2465 g MH
g = 20
S 46 \ | o
45.5 i
\x 10
45 . M1
CL-M ¥
@ |
445 i 0 : "
10 100 4 50 60 70 80 90 100
Number of drops, N B Liq(l).lid Limit (LL)
ORPORATED
Entered by: INCOR
Reviewed: ZAPROJECTS\M00991 _Taylor_GUf;\girTe?%ﬁg«mxlsu
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Liquid Limit, Plastic Limit, and Plasticity Index of Soils

w IGES

(ASTM D4318)

Project: Taylor Geo-Engineering
No: M00991-002

© IGES 2004
Boring No.: GT-1
Sample:

Location: Depth: 25-26.5
Date: 3/15/2007 Description: Not Requested
By: NB
Preparation method: Air Dry
Liquid limit test method: Multipoint
Plastic Limit -
Determination No 1 2
Wet Soil + Tare (g) 4.1 4.23
Dry Soil + Tare (g) Ei 3.81
Moisture Loss (g) 0.4 0.42
Tare (g)]  1.38 1.38
~ Dry Soil (g)] 2.32 243
Moisture Content, w (%)| 17.24 17.28
Liquid Limit -
Determination No 1 2 3
Number of Drops, N ¥ 30 23
Wet Soil + Tare (g) 8.66 7.73 Fi
Dry Soil + Tare (g)] 5.76 5.16 4.7
Moisture Loss (g) 2.9 297 2.3
Tare (g) 1.39 1.39 1.4
Dry Soil (g)] 4.37 3.717 3.30
Moisture Content, w (%)| 66.36 68.17 69.70
One-Point LL (%) 70 69
~ Liquid Limit, LL (%)| 69
Plastic Limit, PL (%)| 17
Plasticity Index, PI (%) 52
70— 60
- & Flow Curve Plasticity Chart
¢ 50
oAb
= 5 3 i =40
£68.5 &
b3 : v
@2 H o
§ 675 Z 2
i =¥
= 67 : '1 Cl
| \ 10
6631 <i> CLML /7 M
66 l P 0 T T
M e ol drops, N 100 0 10 20 30 Li?;?;id 150 (LE()) 70 80 90 100
Entered by: INCORPORATED
Reviewed: Z\PROJECTS\MO00991 Taylor Geo-Engineering\002\[ALv1.xls}2
OCT 15 2009
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Liquid Limit, Plastic Limit, and Plasticity Index of Soils wIGES
(ASTM D4318)

© IGES 2004
Project: Taylor Geo-Engineering Boring No.: GT-2
No: M00991-002 Sample:
Location: Depth: 25-26.5 -
Date: 3/13/2007 Description: Not Requested
By: BRR

Preparation method: Air Dry
Liquid limit test method: Multipoint

Plastic Limit
Determination No 1 2
Wet Soil + Tare (g) 9.63 9.76
Dry Soil + Tare (g) 8.35 8.47
Moisture Loss (g) 1.28 1.29
Tare (g) 1.39 1.4
Dry Soil (g) 6.96 7.07
Moisture Content, w (%) 18.39 18.25
Liquid Limit
Determination No 1 2 3
Number of Drops, N 30 20 13
Wet Soil + Tare (g) 11 11.9 10.25
Dry Soil + Tare (g) 8.43 9.02 1.72
Moisture Loss (g)] 2.57 2.88 2.55
Tare (g) 1.4 1.39 1:.39
Dry Soil (g)] 7.03 7.63 6.33
Moisture Content, w (%)| 36.56 37.75 39.97
One-Point LL (%) 37 37
Liquid Limit, LL (%)| 37
Plastic Limit, PL (%)| 18
Plasticity Index, PI (%)| 19
40.5 [ — ———— 60
il i & Flow Curve Plasticity Chart
| 50
39.5 4
£ 39 = 40
g ., 230
g 38 ]r 2
g S, %
§37.5 i \ A 20 X
| = L,
o X t
; 10
709 \9 | CLML /7 M
36 - 0
80 90 100
19 Number of drops, N e M 02, B Liﬁgid Lisrgit (uﬁf)) &
Enteredby: INCORPORATED
Reviewed: z:\PROJECTS\MOO991_Taylor_GwEnginﬁE'T\O(iz\guiﬁﬁlé]3
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Liquid Limit, Plastic Limit, and Plasticity Index of Soils wIGES

(ASTM D4318) © IGES 2004
Project: Taylor Geo-Engineering Boring No.: GT-3
No: M00991-002 Sample:
Location: Depth: 30-31.5
Date: 3/15/2007 Description: Not Requested
By: NB

Preparation method: Air Dry
Liquid limit test method: Multipoint

Plastic Limit i
Determination No 1 2
Wet Soil + Tare (g) 4.54 4.32
Dry Soil + Tare (g)| ot 3.55
Moisture Loss (g)]  0.84 0.77
Tare (g) 1.39 1.39
Dry Soil (g)] 2.31 2.16 N

Moisture Content, w (%)| 36.36 35.65
Liquid Limit

Determination No 1 2 3
Number of Drops, N 34 23 15
Wet Soil + Tare (g)]  7.02 8.35 8.2
Dry Soil + Tare (g) 4.67 5.36 5.23
Moisture Loss (g)]  2.35 2.99 297
Tare (g)] 1.38 1.39 1.39
Dry Soil (g)] 3.29 3.97 3.84
Moisture Content, w (%)| 71.43 75.31 77.34
One-Point LL (%) 75

Liquid Limit, LL (%)| 74
Plastic Limit, PL (%)| 36

Plasticity Index, PI (%)| 38

g |

P —
é Flow Curve Plasticity Chart
7T % 50
<76 | .
S s S
375 - 4 w
8 i 5
S 4 : £ 30
£74 | X |LL=74 2 MH
z |\ 8
=) 3 2 20
=73 i ‘\ Cl
{ \ ¢
7 l \ 10
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71 i 0
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Number of drops, N - R Liquid Limit (LL)
Entered by: ~ARDAL
Reviewed: z:\PROJECTS\M00991_Taylor_GeJHEv}kegﬁﬁé@as’gﬂﬁ =)
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Liquid Limit, Plastic Limit, and Plasticity Index of Soils wIGES

(ASTM D4318) © IGES 2004
Project: Taylor Geo-Engineering Boring No.: GT-5
No: M00991-002 Sample:
Location: Depth: 5-6.5
Date: 3/13/2007 Description: Not Requested
By: BRR

Preparation method: Air Dry
Liquid limit test method: Multipoint

Plastic Limit
Determination No 1 2
Wet Soil + Tare (g)]  8.32 8.38 )
Dry Soil + Tare (g) 7.22 7.28
Moisture Loss (g) 1.1 1.1
Tare (g) 1.39 1.38
Dry Soil (g)] 5.83 5.90
Moisture Content, w (%)| 18.87 18.64
Liquid Limit 3
Determination No 1 7 3
Number of Drops, N 28 22 i
Wet Soil + Tare (g)] 9.23 8.43 10.49
Dry Soil + Tare (g)] 6.25 5.68 6.82
Moisture Loss (g) 2.98 2.75 3.67
B Tare (g) 1.39 1.39 1.38
Dry Soil (g)|  4.86 4.29 5.44
Moisture Content, w (%)| 61.32 64.10 | 67.46
One-Point LL (%) 62 63 '
Liquid Limit, LL (%)| 63
Plastic Limit, PL (%)| 19
Plasticity Index, PI (%)| 44

68 — 60
® Flow Curve Plasticity Chart
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66 -
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Entered by: INCCRPORATED
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Liquid Limit, Plastic Limit, and Plasticity Index of Soils wIGES

(ASTM D4318) © IGES 2004
Project: . Boring No.: GT-5
No: M00991-002 Sample:
Location: Depth: 10-11.5
Date: 3/15/2007 Description: Not Requested
By: NB

Preparation method: Air Dry
Liquid limit test method: Multipoint

Plastic Limit
Determination No 1 2
Wet Soil + Tare (g) 5.3 5.18
Dry Soil + Tare (g)| 4.7 4.61
Moisture Loss (g) 0.6 0.57

Tare (g) 1.35 1.33

Dry Soil (g)] 3.35 3.26
Moisture Content, w (%)| 17.91 17.48

Liquid Limit
Determination No 1 2 3
Number of Drops, N 34 25 13
Wet Soil + Tare (g) 8.93 8.19 10.32
Dry Soil + Tare (g)] 6.05 5.54 6.72
Moisture Loss (g)]  2.88 2.65 3.6

Tare (g) 1.38 1.35 1.39

Dry Soil (g)] 4.67 4.19 5.33
Moisture Content, w (%)| 61.67 63.25 67.54
One-Point LL (%) 63

Liquid Limit, LL (%)| 63
Plastic Limit, PL (%)| 18
Plasticity Index, PI (%)| 45

68 = w¢ il . :
@ Flow Curve Plasticity Chart
67 - b 50 ipe
] U-Line
, X
$66 - CH
S ] = 40
2 B
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Entered by: 3
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Amount of Material in Soil

Finer than the No. 200 (75um) Sieve

¢ IGES

(ASTM D1140) © IGES 2004
Project: Taylor Geo-Engineering
No: M00991-002
Location:
Date: 3/12/2007
By: NB
B Boring No.} GT-2 GT-3
= Sample
= Depth] 10-11.5 § 10-11.5
5 spli] o No
Split Sieve*
Moist total sample wt. (g)] 29834 | 352.37
Maoist coarse fraction (g)
Dry split fraction (g)
No. 200 Dry wt. retained (g)} 179.78 198.58
Split sieve* Dry wt. retained (g)
Dry total sample wt. ()] 269.64 | 317.54
o Moist soil + tare (g)
g g Dry soil + tare (g)
o E Tare (g)
Moisture content (%)
a Moist soil + tare (g)] 438.87 | 492.2]
= .2 soil + tare 410.17 | 457.38
@ g =4 Tare4((§;1 140.53 139.84
&
Moisture content (%)} 10.64 10.97
Percent passing split sieve* (%)
Percent passing No. 200 sieve (%)| 33.3 315
INCCRPORATED
Entered by:
Revi ewed = ZAPROJECTS\M00991 _qungvl xls]1
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Unconfined Compressive Strength of Cohesive Soils e IGES

(ASTM D2166)

Project: Taylor Geo-Engineering

No: M00991-002

Location:
Date: 3/13/2007
By: DS
Sample height, H (in.)
Sample diameter, D (in.)
Sample volume, V (ﬂ:3 )
Wt. rings + wet soil (g)
‘Wt. rings/tare (g)
Moist soil, Ws (g)
Moist unit wt., v, (pcf)
Dl'y unit m*a Ya (Pcﬂ
Axial od Q
Strain cl-a3 12 od
(%) (psf) (psH
0.00 0.0 0.0
0.05 258 129
0.10 451 2.6
015 70.9 355
020 1160 580
0.26 1353 676
031 1803 901
0.35 2382 119.1
0.40 296.0 148.0
0.46 392.4 196.2
0.70 9245 4623
095 1517.9 759.0
1.20 1974.2 987.1
1.46 2306.7 11534
1.70 2599.6 1299.8
1.95 2865.6 1432.8
220 3085.8 1542.9
245 32733 1636.7
270 3422.1 17111
2.95 3538.6 1769.3
3.20 3654.4 18272
3.45 37322 1866.1
37 3802.9 1901.5
3.95 3849.0 19245
420 39132 1956 6
445 39459 19730
4.70 3984.5 19923
495 4017.0 20085
546 4080.6 20403
595 4137.8 2068.9
6.45 41818 20909
6.95 42312 21156
7.46 42794 21397
7.96 43268 2163.4
845 4356.5 21783
8.96 4390.9 21955
9.45 44133 22067
9.95 44409 22205
10.45 44734 22367
10.96 4499 5 2249.8
1146 45195 22598
11.95 45335 2266.8
12.45 4558.1 2279.1
1295 4582.0 22910
1345 4600.0 23000
13.95 4611.5 23058
14.45 46285 23143
14.95 4644.9 23225
15.46 4654.9 23275
15.96 4675.1 23379
16.45 4680.0 23400
16.96 46938 23469
17.45 47027 23514
17.95 47108 2355.4
18.45 4723.6 2361.8
18.96 4735.4 2367.7
19.45 47426 23713
19.96 4753.5 2376 8
20.46 47592 23796
20.96 4759.2 23796
21.45 4764.2 23821
2195 47687 23844
2245 47773 2388.7

© IGES 2005
Boring No.: GT-1
Sample:
Depth: 25-26.5 feet
Sample Description: Brown clay
Sample type: Undisturbed
4250
1.930
0.0072 Wet soil + tare (g) 58 32
398 84 Dry soil +tare (g) 5202
0.00 Tare(g) 3000
398.84 Moisture content, w (%)  28.6
122.2 Strain rate (%/min) 2.0
95.0 Strain at failure, g (%) 22.45
Deviator stress at failure, (c1-03)¢ (psf) 4777
Shear stress at failure, g= (61-63¢)/2 (psf) 2389
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5000 . S SN . .
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Entered by: -
Y=1s =
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Liquid Limit, Plastic Limit, and Plasticity Index of Soils

(ASTM D4318)

Project: Taylor Geo-Engineering

No: M00991-001

wIGES

© IGES 2004

Boring No.: _

Sample: CH-5-98

Location: Depth: _
Date: 3/8/2007 Description: Gray Weathered Claystone
By: DKS
Preparation method: Air Dry
Liquid limit test method: Multipoint
Plastic Limit
Determination No 1 2
Wet Soil + Tare (g)]  8.38 12.66
Dry Soil + Tare (g)]  7.37 10.99
Moisture Loss (g) 1.01 1.67
Tare (g) 1.39 [.38
Dry Soil (g) 5.98 9.61 _
Moisture Content, w (%) 16.89 17.38
Liquid Limit
Determination No | 2 3 =
Number of Drops, N 36 26 16
Wet Soil + Tare (g) V.22 12.94 45T
Dry Soil + Tare (g) 7.85 8.92 7.95
Moisture Loss (g) 3311 4.02 3.62
Tare (g) .39 135 1.39
Dry Soil (g) 6.46 7.57 6.56
Moisture Content, w (%)| 52.17 53.10 55.18
One-Point LL (%) 53
Liquid Limit, LL (%)| 53
Plastic Limit, PL (%)| 17
Plasticity Index, PI (%)| 36
55.5 60 ; "
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Liquid Limit, Plastic Limit, and Plasticity Index of Soils

(ASTM D4318)

Project:
No:
Location:
Date:
By:

M00991-001

3/8/2007
BRR

Taylor Geo-Engineering

wIGES

© IGES 2004

Boring No.: _
Sample: SP-16-13
Depth:
Description: Not Requested

Preparation method: Air Dry

Liquid limit test method: Multipoint

Plastic Limit
Determination No 1 2
Wet Soil + Tare (g) 12 12.16
Dry Soil + Tare (g)]  10.53 10.66
Moisture Loss (g) 1.47 13
Tare (g) 1.4 .39
Dry Soil (g)]  9.13 9.27
Moisture Content, w (%) 16.10 16.18
Liquid Limit
Determination No 1 2 3
Number of Drops. N 33 23 18
Wet Soil + Tare (g)]  9.64 10.95 10.77
Dry Soil + Tare (g) 7.76 8.68 8.48
Moisture Loss (g) 1.88 2.27 2.29
Tare (g) 1.39 1.37 1.35
Dry Soil (g) 6.37 7.31 7.13
Moisture Content, w (%) 29.51 31.05 32.12
One-Point LL (%) 31
Liquid Limit, LL (%)| 31
Plastic Limit, PL (%)| 16
Plasticity Index, PI (%)| 15
325 I 60
i Flow Curve Plasticity Chart
32 @
11 t 50
%\? 315 .._.: 0
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Liguid Limit, Plastic Limit, and Plasticity Index of Soils

(ASTM D4318)

wIGES

© IGES 2004

Project: Taylor Geo-Engineering Boring No.:
No: M00991-001 Sample: CH-1-3
Location: Depth:
Date: 3/12/2007 Description: Not Requested
By: NB
Preparation method: Air Dry
Liquid limit test method: Multipoint
Plastic Limit
Determination No 1 2
Wet Soil + Tare (g) 6.44 6.43
Dry Soil + Tare (g) 5.57 3.57
Moisture Loss (g)]  0.87 0.86
Tare (g) 1.38 1.39
Dry Soil (g) 4.19 4.18
Moisture Content, w (%)| 20.76 20.57
Liquid Limit
Determination No 1 2 3
Number of Drops. N 35 27 20
Wet Soil + Tare (g) 8.47 8.11 10.61
Dry Soil + Tare (g) 6.09 5.8 1.35
Moisture Loss (g)]  2.38 2.31 3.26
Tare (g) 1.38 1.39 1.4
Dry Soil (g)] 4.71 4.41 5.95
Moisture Content, w (%)| 50.53 52.38 54.79
One-Point LL (%) 53 53
Liquid Limit, LL (%)| 53
Plastic Limit, PL (%)| 21
Plasticity Index, PI (%)| 32
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Liquid Limit, Plastic Limit, and Plasticity Index of Soils w IGES

(ASTM D4318) © IGES 2004
‘ Project: Taylor Geo-Engineering Boring No.:
No: M00991-001 Sample: CH-5-48
Location: Depth:
Date: 3/12/2007 Description: Not Requested
By: NB

Preparation method: Air Dry
Liquid limit test method: Multipoint

Plastic Limit
Determination No 1 2
Wet Soil + Tare (g)]  8.38 10.39
Dry Soil + Tare (g)] 7.22 8.71
Moisture Loss (g) 1.36 1.68
Tare(g)] 14 1.39
Dry Soil (g) 5.82 7.32
Moisture Content, w (%)| 23.37 22.95
Liquid Limit
Determination No 1 2 3
Number of Drops, N 38 23 18
Wet Soil + Tare (g) 8.69 9 955
Dry Soil + Tare (g) 6.04 6.13 6.33
, Moisture Loss (g) 2.65 2.87 3.22
Tare (g) 1.39 .39 1.38
‘ Dry Soil (g) 4.65 4.74 4.95
Moisture Content, w (%)| 56.99 60.55 65.05
One-Point LL (%) 61
Liquid Limit, LL (%)| 61
Plastic Limit, PL (%)| 23
Plasticity Index, PI (%)| 38
66 60
65 & Flow Curve Plasticity Chart
64 : 0
363 =40
£62 &
=z 5
Sel é 230
260 E
g & 20
259 \ i
3
58 \.\, 10
57 @ CL-MI / ML
56 0
. = Number of drops, N il 0 10 20 30 Liﬁ?ﬁd Lljxgit (LE()) 7INCORPORATED
Entered by: OCT 15 2009
Reviewed: Z\PROJECTS\M00991_ Taylor_Geo-Engineering\001\[ALy1 xIs}4

Div. of Oil, Gas & Mining



Particle-Size Analysis of Soils

wIGES

(ASTM D422) © IGES 2004
Project: Taylor Geo-Engineering Boring No.:
No: M00991-001 Sample: CH-5-98
Location: Depth:
Date: 3/6/2007 Description: Gray Weathered Claystone
By: DKS
Moisture data C.F.(+3/8") S.F.(-3/8")
Split: Yes Moist soil + tare (g):  629.80 I§6 1.40
Split sieve: 3/8" Dry soil +tare (g): 616.32 1619.40
Moist Dry Tare (g): 220.90 391.30
Total sample wt. (g):  7142.6 6906.5 Moisture content (%): 3.4 3.4
+3/8" Coarse fraction (g):  523.1 505.9
-3/8" Split fraction (g):  1270.1 1228.10
Split fraction:  0.927
Accum. | Grain Size | Percent
Sieve Wt Ret. (g)]  (mm) Finer
12" - 300 -
8" 200 -
6" 150 -
4" 100 -
3 75 -
1.5 37.5 -
3/4" - 19 100.0
3/8" 505.90 9.5 92.7  |—Split
No.4 1.40 4.75 92.6
No.10 18.10 2 91.3
No.20 102.50 0.85 84.9
No.40 176.30 0.425 79.4
No.60 227.20 0.25 75.5
No.100 289.00 0.15 70.9
No0.200 394.40 0.075 62.9
Jin 3/4 in No.4 No.l0 No.40 No.200
100 T fd T T
| ' : Il
90 | . : —HE— Mechanical
| ' | "
80 | i [ |
- | ] I . |
£ 70 |1 : [ . I
o] | : | H
2 60 | | ; | :
o | ¢ | ' |
5 501 1 v | ' |
£ [ : | : [
E 40 | | : I - I
g | K I : :
° 30 { | : ' ;
B | ; | v |
“ 11l ; | : |
10| : : : :
o 1L : I . I INCORPORATED
100 10 I 0.1 001 oCT 15 2009
Entered by: Grain size (mm)
Reviewed:

Z\PROJECTS\M00991 b{v’, ﬁvw‘:ﬂggl&'ﬁmilnh}fg



Particle-Size Analysis of Soils

(ASTM D422)

wIGES

© IGES 2004

Project: Taylor Geo-Engineering Boring No.:
No: M00991-001 Sample: CH-5-48
Location: Depth:
Date: 3/6/2007 Description: Gray Weathered Claystone
By: DKS
Moisture data C.F.(+3/8") S.F.(-3/8")
Split: Yes Moist soil + tare (g):  440.80 646.60
Split sieve: 3/8" Dry soil + tare (g):  426.29 621.60
Moist Dry Tare (g): 175.80 182.20
Total sample wt. (g):  5766.1 5455.0 Moisture content (%): 5.8 5.7
+3/8" Coarse fraction (g):  760.6 719.0
-3/8" Split fraction (g):  464.4 439.40
Split fraction:  0.868
Accum. | Grain Size | Percent
Sieve Wt. Ret. (g)] (mm) Finer
2" - 300 -
8" 200 -
6" 150 -
4" 100 -
3! 7S -
1.5 - 375 100.0
3/4" 27.60 19 99.5
38 719.00 9.5 86.8 |—Split
No.4 0.20 4.75 86.8
No.10 11.10 2 84.6
No.20 38.60 0.85 79.2
No.40 67.70 0.425 73.4
No.60 96.10 0.25 67.8
No.100 136.70 0.15 59.8
N0.200 205.90 0.075 46.1
Jin 3/4 in No.4 No.10 No.40 No.200
I : | : ,
90 | |l ' —&— Mechanical
I i '
80 | I ' | I
- 1| i | |
£ 70| : | |
E I ’ I I
= 60 | 1 : | |
) | ; | |
’fg 50 | | : | [
= I ' I '
E 40| I a | ' I
2 ! : ! : !
¢ 30 {1 : | ; '
¥ | : | - |
I ' I ! |
2041 : | : |
o | | ; i : :
o L : | 1 | INCORPORATED
100 10 I 0.1 001 oCT 15 2009
Entered by: 4 Grain size (mm)
Reviewed:

ZAPROJECTS'M00991 T ﬂ?ﬁ/%fﬁ'}f‘“@&“{s‘ﬁ% m!;n g



Particle-Size Analysis of Soils with hydrometer v |GES
(ASTM D422) © IGES 2004
. Project: Taylor Geo-Engineering Boring No.:
No: M00991-001 Sample: CH-1-3
Location: Depth:
Date: 3/12/2007 Description: Description
By: BRR
Moisture data C.F.(+3/8") S.F.(-3/8") Hyd.(-No.10)
Split sieve: Yes Moist soil + tare (g):  224.40 92.06 61.75
Split sieve: 3/8" Dry soil + tare (g):  220.60 89.05 60.70
Moist Dry Tare (g):  141.00 30.00 30.04
Total sample wt. (g): 7774 7397.19 Moisture content (%): 4.77 5.10 342
+3/8" Coarse fraction (g):  83.4 79.60 Hydrometer data Slope:  -0.164
-3/8" Split fraction (g):  356.60 339.30 Hyd. split: ~ No.l0 Intercept: 16.3
Hydrometer fraction (g):  62.26 60.20 Gs: 2.65  Assumed (o' 1.00
Split fraction: ~ 0.989 Composite corr.: 6 Hyd. fraction:  98.81
Dispersion period (min): 15 Dispersion device:  Air-jet
Accum. | Grain Size| Percent Elapsed timd Temp. |Hydrometer Grain Size | % Soil in
Sieve  [Wt.Ret. (g)] (mm) Finer (min) (9] Reading (mm) | Suspension
12" - 300 - 0.5 16.5 59 0.05190 86.99
8" - 200 - 1 16.5 55 0.03847 80.43
6" = 150 - 2 16.5 50 0.02870 72.22
i - 100 - 5 16.5 46 0.01887 65.65
3 \ - 75 - 15 17 43 0.01112 60.73
5" ‘ - | 375 - 34 17.5 40 0.00754 55.81
3/4" - 19 100.0 64 18 3 0.00557 51.70
3/8" 79.60 9.5 98.9  |<=Split 160 19 34.5 0.00357 46.78
. No.4 - 4.75 98.9 258 20 32 0.00282 42.68
No.10 0.40 2 98.8 <=Split hyd. 521 21.5 29 0.00199 37.75
No.20 0.10 0.85 98.6 1396 27 26 0.00125 32.83
No.40 0.25 0.425 98.4
No.60 0.40 0.25 98.2
No.100 0.75 0.15 97.6
No.200 2.63 0.075 94.5 =
3in 3/4.in No.4 No.10 No.40 No.200
100 e A
i | I 6 ] ~E+—Mechanical
90 | | i | ' :! | —&— Hydrometer
| ; I : e
80 || . I X IR
[ i I ' |
:En 70 : i | : ] }Q
3 : l : ! \9\&
2 60 || ' | y | L
2 | : ' : | ®
& 50 | . | | ®\
g | ; | : [
£ 40| : ' 3 ' ‘
2 ' . I . I
s | ' | ' |
& 30y . | ; (i
I i | : |
20 1/ : I ; |
| ; | i |
101 : I ; I
. o Lu 1 : INCORPORATED
100 10 1 0.1 0.01 0.001 0CT 15 2009

Entered by:

x = Grain size (mm)
Reviewed: (

Z\PROJECTSMD099]_Taylor_Gg ?‘f}gu&ﬁflmwl @Qg\&- iﬁﬁ%\“ng



Particle-Size Analysis of Soils with hydrometer

wIGES

(ASTM D422) © IGES 2004
. Project: Taylor Geo-Engineering Boring No.:
No: M00991-001 Sample: SP-16-13
Location: Depth:
Date: 3/12/2007 Description: Description
By: BRR
Moisture data C.F.(+3/8") S.F.(-3/8") Hyd.(-No.10)
Split sieve: Yes Moist soil + tare (g): - 680.10 05.73
Split sieve: 3/8" Dry soil + tare (g): - 669.71 95.04
Moist Dry Tare (g): - 154.40 30.00
Total sample wt. (g): 10597.4  10387.95 | Moisture content (%): 0.00 2.02 1.06
+3/8" Coarse fraction (g): 0.00 Hydrometer data Slope:  -0.164
-3/8" Split fraction (g):  511.30 501.19 Hyd. split: ~ No.10 Intercept: 16.3
Hydrometer fraction (g):  49.63 49.11 Gs: 2.65 Assumed o 1.00
Split fraction: ~ 1.000 Composite corr.: 6 Hyd. fraction:  99.67
Dispersion period (min): 15 Dispersion device:  Air-jet
Accum. | Grain Size| Percent Elapsed timq Temp. |Hydrometed Grain Size | % Soil in
Sieve Wt. Ret. (g)]  (mm) Finer (min) (°C) Reading (mm) | Suspension
12" - 300 - 0.5 17 44 0.06039 | 77.13
8" - 200 - | 17 42 0.04347 73.07
6" 150 - 2 17 39.5 0.03140 67.99
4" 100 - 5 17 36 0.02043 60.89
3" - 75 - 15 17 33 0.01207 54.80
15" 37:5 - 30 17.5 31 0.00861 50.74
3/4" 19 - 76 18 2lf/ 0.00553 42.62
3/8" - 9.5 - <=Split 123 19 25.5 0.00434 39.58
. No.4 - 4.75 100.0 266 20 23 0.00296 34.50
No.10 1.63 2 99.7  |<=Split hyd. 538 21.5 20 0.00208 28.42
No.20 0.14 0.85 99.4 1413 21 19 0.00130 26.39
No.40 0.55 0.425 98.6
No.60 1.98 0.25 95.7
No.100 5.36 0.15 88.8
No.200 9.94 0.075 79.5
100 3in 3/4 in No.4 Ne.JO  _ No.40 No.200
| s o = == ] !
T | I ‘ ’ ‘I‘ —HE—Mechanical
90 | | " I : I ‘ —&— Hydrometer
I : i ‘ '
80 | |I " 1 i
| ‘ [ : I
5 70! ) | : 1 R
; 60 | |l : ‘: : ‘ :
= I 5 I ? [ ,
5 50 | : ‘| q | )
& i " | q |
8 Ul E il 5 |
e | ' ;
& 30 : : : ; :
i i | ¢ 1
20 {14 : | : [
! : | ; I
& L ! ; i 0CT 15 2008
=L b1;)0 10 1 0.1 0.01 0.001 Div. of Oil, Gas & Mining
; o P Grain size (mm)
Reviewed:

Z\PROJECTS\M00991_Taylor_Geo-Engineering\001\[GSDHYDv1 xls]2



Laboratory Compaction Characteristics of Soil

(ASTM D698 / D1557)
Project: Taylor Geo-Engineering Boring No.:
No: M00991-001 Sample:
Location: Depth:
Date: 3/1/2007 Sample Description:
By: NB Engineering Classification:

As-received moisture content (%):
Preparation method:

Rammer:

Rock Correction:

Method: ASTM D698 B
Mold volume (ft*): 0.0333

Optimum moisture content (%): 17
Maximum dry unit weight (pef): 110.4

wIGES

© IGES 2004

SP-16-13

Not requested

2.02

Moist
Mechanical-circular face
No

Point Number| +10 | +12 | +14 | +16 | +I8
Wt. Sample + Mold (g)| 5962.0 | 6033.3| 6106.0 | 6120.3 | 6075.2
Wt. of Mold (g)| 4181.8 | 4181.8 | 4181.8 [ 4181.8 | 4181.8
Wet Unit Wt., v, (pef)| 117.7 | 122.5 | 127.3 | 128.2 | 125.2
Wet Soil + Tare (g)] 738.9 | 593.5 | 820.4 | 685.7 | 719
Dry Soil + Tare (g)| 674.85 | 538.79 | 728.12 | 602.71 | 620.21
Tare (g)| 140 150.7 | 1533 | 1524 | 152.7

Moisture Content, w ("70) 12.0 14.1 16.1 18.4 21.1

Dry Unit Wt., v, (pcf)| 105.1 | 107.3 | 109.7 | 108.3 | 103.4

120 —
X Maximum dry unit weight and
optimum moisture content
115 —n
Maxirhqm dry unit
g weight = 11(‘):4‘(13?0
= 110 % 0 >
oo N | ZAVLGs=27
) [
= L X
= < ZAVLGs=26
g 105 RS
t} - %
= 3
100 | |
95 INCORPORATED
5 10 15 20 25 30 OCT 133009
Entered by: Moisture content (%)
Reviewed:

Z\PROJECTSMO0991_Taylor_Geo-Engirii 0/ 90k CmiSdk Mining



Laboratory Compaction Characteristics of Soil i IGES

(ASTM D698 / D1557) © IGES 2004
' Project: Taylor Geo-Engineering Boring No.:
No: M00991-001 Sample: CH-1-3
Location: Depth:
Date: 3/7/2007 Sample Description:
By: DKS Engineering Classification: Not requested
As-received moisture content (%): 5.
Method: ASTM D698 B Preparation method: Moist
Mold volume (ft): 0.0333 Rammer: Mechanical-circular face

Rock Correction: No
Optimum moisture content (%): 20.5
Maximum dry unit weight (pef): 101.9
Point Number| +18 +20 +15 412
Wt. Sample + Mold (g)| 6110.0| 6102.8 | 6092.8 | 5905.3
Wt. of Mold (g)| 4256.2 | 4256.2 | 4256.2 | 4181.7
Wet Unit Wt., y,, (pef)| 122.6 | 122.1 | 121.5 | 114.0
Wet Soil + Tare (g)| 518.1 | 584.4 | 626.4 | 659.3
Dry Soil + Tare (g)| 455.42| 511.67 | 559.49 | 586.02
Tare (g)] 1779 | 2246 | 222 150.7
Moisture Content, w (%) 22.6 | 25.3 | 19.8 | 1.1
Dry Unit Wt., vs (pcf)] 100.0 | 97.4 | 101.4 | 97.3

110
X Maximum dry unit weight and
optimum moisture content
105 - “Maximunr ‘dr)‘r‘upit* — ! =
weight = 1013 (pcf)
= " ZAVL Gs=27
< 100 1%
) *. ZAVL Gs=26
ns . ‘.
2
h—
E 95 —
2 R
= L
. > \
90 , A | ta
. 85 ~—fCORPORATED
10 15 20 25 30 35 OCT 1 3}02009
Enteredby: Moisture content (%)
Reviewed: z ‘.anﬁnsx\luow,rav|u:,r;m-ﬁngmmn\fw6i‘ Ly %:fté‘asﬂsg Minin g



Laboratory Compaction Characteristics of Soil e IGES

(ASTM D698 / D1557) © IGES 2004
‘ Project: Taylor Geo-Engineering Boring No.:
No: M00991-001 Sample: CH-5-48
Location: Depth:
Date: 3/7/2007 Sample Description:
By: DKS Engineering Classification: Not requested
As-received moisture content (%): 5.7
Method: ASTM D698 B Preparation method: Moist
Mold volume (ft*): 0.0333 Rammer: Mechanical-circular face

Rock Correction: No
Optimum moisture content (%): 20
Maximum dry unit weight (pef): 99.5
Point Number| +10 +12 +14 +16 +18 +20
Wt. Sample + Mold (g)| 5890.6 | 5946.0 | 5981.3 | 5995.8 | 6002.4 | 6002.8
Wt. of Mold (g)| 4174.8 | 4174.8 | 4174.8 | 4174.8 | 4174.8 | 4174.8
Wet Unit Wt., v, (pef)| 113.5 | 117.1 | 119.5 | 120.4 | 120.9 | 120.9
Wet Soil + Tare (g)| 360.7 | 316.6 | 348.1 | 376.2 | 414.5 | 450.5
Dry Soil + Tare (g)| 331.24 | 288.78 | 313.48 | 335.73 | 364.49 | 391.25
Tare (g)] 141.8 | 139.8 | 140.6 153 1543 | 152.8
Moisture Content, w (%)| 15.6 18.7 20.0 221 23.8 248
Dry Unit Wt., y, (pcf)| 98.2 98.7 99.5 98.6 97.6 96.8

110 3
X Maximum dry unit weight and
optimum moisture content

105
= Maximum dry uitit "~ ZAVL Gs=27
=) weight =99.5 (pef) . "
= 100 ~ + ZAVL Gs=26 —
80 A
= M M. “‘
5 95 | | = o
[ "\ LN
Q A}

00 | | ! [ "5y -

‘ 85 “INCORPORATED
10 15 20 25 30 35 0CT 1 5 ?&]g
Enteredby: Moisture content (%)

Reviewed: Z\PROJECTS'MO0991_Taylor_ mfﬁwngmﬁkﬁggxglﬁln | n g



Laboratory Compaction Characteristics of Soil

(ASTM D698 / D1557)

Project: Taylor Geo-Engineering

No: M00991-001
Location:
Date: 3/7/2007
By: DKS

Method: ASTM D698 B
Mold volume (ft): 0.0333

Optimum moisture content (%):
Maximum dry unit weight (pef):

wIGES
© IGES 2004
Boring No.:
Sample: CH-5-98
Depth:
Sample Description:
Engineering Classification: Not requested
As-received moisture content (%): 3.42
Preparation method: Moist
Rammer: Mechanical-circular face
Rock Correction: No
17
108.4

Point Number| +14
Wt. Sample + Mold (g)| 6091.4
Wt. of Mold (g)| 4175.3
Wet Unit Wt., y,, (pcf)| 126.7
Wet Soil + Tare (g)| 452.1
Dry Soil + Tare (g)| 415.64
Tare (g)] 211.3

+16 +10 +12
6075.0 | 5952.8 ] 6033.8
4175.314175.3 (41753
125.6 | 117.6 | 122.9
583.3 | 536.3 | 481.8
525.49(490.64 | 437.31

2225 | 156.2 | 150.7

Moisture Content, w (%) 17.8

19.1 13.7 15.5

Dry Unit Wt., v, (pef)] 107.5 | 105.5 | 103.4 | 106.4
120 Y
X Maximum dry unit weight and
optimum moisture content
115 o
= Maximum.c_iry‘upit
= 110 weight = 108 4. (pef) - —
20 “. [nzavLGs=27
) s | 5
= + ZAVL Gs =26
g 105 ' '
& NN
=
100
95 INCORPORATED
5 10 15 20 25 3
Entered by: Moisture content (%) OCT 1 g 2003
Reviewed:

Z'PROJECTS\MO0991 _Taylor_ Ga)-h)glneﬁrirsgjﬂg‘iyé(}f'avalglsg M|ﬂlﬂg



Isotropically Consolidated Undrained with Pore Pressure (CIU/PP) v IGES
Project Name: Taylor Geo-Engineering
‘ Project Number: M00991-001
Sample: CH-1-3
Comments: Samples were compacted to 90% of ASTM D698 at

OMC.
Test Number S1 S2 S3
Height, H (in) 5.44 5.85 5.19
Diameter, D (in) 2.42 2.42 2.42
-§ Moisture Content, w (%) 21.0 21.0 20.2
= Dry Unit Weight, yd (pcf)]  91.0 90.9 91.4
Saturation (%) 66.6 66.3 64.7
Void Ratio, e 0.85 0.85 0.84
= Moisture Content, w (%) 26.5 25.1 21.2
= Dry Unit Weight, yd (pcf)]  96.4 99.3 105.8
o Saturation (%) 100.0 100.0 100.0
- Void Ratio,e] ~ 0.72 0.68 0.57
L Bl 0.95 0.95 0.95
Back pressure (psf)] 6193 5161 5474
Strain rate (%/min)]  0.033 0.033 0.033
Time to Failure (min) 606.1 606.1 460.6
Strain at Failure, €f (%)] 20.00 20.00 15.20
2 o3 (psf)] 2878 5760 11518
. & cl-63 (psH)] 2393 3460 7111
= o1 (psf) 5271 9220 18629
= q=(c1-63)2 (psH)] 1197 1730 3556
p=(cl+a3)/2 (psHl 4075 7490 15073
u (psf) 1473 3782 6184
® c'3 (psf) 1405 1978 5334
§ c'1-6'3 (psf)] 2393 3460 7111
3 o'l (psf) 3798 5438 12445
Bs q = (c'1-6"3)/2 (psf) 1197 1730 3556
2 p' = (c'1+c'3)/2 (psf) 2602 | 3708 8889
b o'1/s3| 2.70 2.75 2.33
A=u(ol-c3)l 0.616 1.093 0.870
Estimated Specific Gravity 2.70 T
Plastic Limit (%) 21
Liquid Limit (%) 53
Plasticity Index (%) 32
Total Effective
Summary of Strength Paramaters| Stress Stress
® c(psh| 223 319
¢ (deg) 12.6 21.6
. tan |  0.224 0.396
" Saturation set to 100% for phase calculations INCCi’T' PORATED
Tested by: . OCT 15 2009
Reviewed: Z:\PROJECTS\M00991_Taylor_Geo-Engineering\00\[GTXCU3v!_CH-1-3 xls]Summary

Div. of Qil, Gas & Mining



Isotropically Consolidated Undrained with Pore Pressure (CIU/PP)

Project Name: Taylor Geo-Engineering
Project Number: M00991-001
Sample: CH-1-3

wIGES

Comments:
Total Effective
Summary of Strength Paramaters] Stress Stress
¢ (psf) 223 319
¢ (deg) 12.6 21.6
tan ¢| 0.224 0.396
8000 10000
7111
7000 9000 -
8000
= 6000 Z
2z = 7000 6184
6 5000 95, 6000
% 4000 % 5000
5 2
2 23000
2 2000 S
= 2000
1000 1000
0 = 0
0 5 10 15 20 0 5 10 15 20
Axial strain (%) Axial strain (%)
=S 1. 2878 psf
6000 w82, 5760 psf
= —S3, 11518 psf
&
o
©4000
3
22000
5]
0 ) NOORPORATED
0 2000 4000 6000 8000 10000 12000 146)@? 15 2009

Normal stress, o, / p' (psf)

Div. of Qil, Gas & Mining




Project Name: Taylor Geo-Engineering
Project Number: M00991-001
Sample: CH-1-3
Comments: Samples were compacted to 90% of ASTM D698 at
Test Number: S1

Z\PROJECTS\M00991 Taylor Geo-Engineeringi001\[GTXCU3v1 CH-1-3 xls]s1

Axial ad A pore Effective Effective q P p

strain, £ (ol-a3) press.. Au a'3 o'l ol-03)2 (o1+63)/2 (o' 1+0'3)/2 o'l/o'3
(%) (psh) (pst) (psf) (psf) (psf) (psf) (psf)
0.00 -10 0 2878 2868 -5 2873 2873 1.004
002 125 56 2822 2947 62 2941 2885 1.044
004 133 67 2812 2945 67 2945 2878 1047
0.06 138 73 2807 2945 69 2948 2876 1.049
008 151 78 2800 2950 75 2954 2875 1054
0.10 259 122 2757 3016 130 3008 2886 1.094
020 572 294 2584 3156 286 3164 2870 1221
030 731 409 2470 3201 366 3244 2835 1296
0.40 843 498 2381 3223 421 3300 2802 1354
0.50 937 584 2295 3232 468 3348 2764 1.408
0.60 1018 658 2220 3238 509 3387 2729 1458
0.70 1086 718 2160 3246 543 3421 2703 1.502
0.80 1149 775 2103 3252 574 3453 2678 1.546
090 1203 829 2050 3254 602 3481 2652 1587
1.00 1253 876 2002 3256 627 3505 2629 1626
1.10 1299 919 1960 3259 650 3529 2610 1 663
120 1345 960 1918 3263 672 3551 2590 1.701
1.30 1382 994 1884 3266 691 3569 2575 15733
140 1418 1031 1849 3267 709 3589 2558 1.767
1.50 1451 1062 1816 3267 725 3604 2542 1.799
1.60 1483 1093 1786 3269 742 3620 2527 1.831
1.70 1511 1122 1756 3268 756 3634 2512 1.860
1.80 1539 1148 1731 3270 770 3648 2500 1.889
190 1563 11372 1706 3269 782 3660 2488 1916
2.00 1587 1197 1681 3268 793 3672 2475 1944
2.10 1610 1218 1660 3271 805 3683 2465 1.970
220 1629 1239 1639 3269 815 3693 2454 1.994
2.30 1653 1259 1619 3272 826 3705 2446 2021
240 1672 1279 1601 3273 836 3716 2437 2045
2.50 1687 1297 1582 3269 843 3722 2425 2 066
2.60 1706 1313 1566 3271 853 3731 2418 2.090
2.70 1725 1329 1549 3274 862 3741 2412 2113
2.80 1735 1345 1534 3269 868 3746 2402 2131
290 1750 1359 1521 3271 875 3755 2396 2.151
3.00 1765 1373 1506 3271 882 3761 2388 2172
3.10 1775 1386 1493 3268 888 3766 2380 2189
320 1786 1397 1481 3267 893 3771 2374 2206
330 1800 1409 1469 3270 900 3778 2370 2225
3.40 1806 1421 1458 3264 903 3782 2361 2239
3.50 1821 1431 1447 3268 910 3789 2358 2258
3.60 1831 1442 1437 3268 916 3794 2352 22275
3.70 1837 1451 1427 3264 919 3797 2346 2287
3.80 1847 1461 1419 3267 924 3803 2343 2.302
3.90 1858 1469 1410 3267 929 3807 2339 2318
4.00 1864 1478 1400 3264 932 3810 2332 2331
410 1865 1485 1393 3259 933 3811 2326 2.339
420 1880 1494 1384 3264 940 3818 2324 2358
430 1886 1502 1377 3263 943 3821 2320 2.370
440 1892 1507 1371 3263 946 3824 2317 2380
4.50 1898 1514 1365 3263 949 3828 2314 2390
4.60 1908 1521 1357 3265 954 3832 2311 2 406
470 1918 1527 1351 3269 959 3837 2310 2419
480 1515 1533 1345 3265 960 3838 2305 2427
490 1929 1539 1339 3269 965 3843 2304 2441
5.00 1939 1545 1334 3273 970 3848 2303 2454
5.10 1945 1550 1329 3274 973 3851 2302 2464
520 1951 1555 1323 3274 976 3854 2299 N, Cfl)‘u'?’ﬁm? 5 ATED

15 2009
OCT 3/14

Div. of Oil, Gas & Mining



ORATED

Axial od A pore Effective Effective q p ;

strain, £ (c1-63) press., Au o'3 a'l (ol—a3)2 (o1+a3)/2 (o'1+a'3)/2 a'l/o'3
(%) (psf) (psf) (psf) (psf) (psf) (psf) (psf)

530 1957 1559 1320 3276 978 3857 2298 2483
540 1967 1565 1314 3280 983 3862 2297 2497
5.50 1972 1569 1309 3281 986 3865 2295 2507
560 1978 1573 1306 3284 989 3867 2295 2515
570 1984 1576 1303 3287 992 3871 2295 2522
580 1990 1580 1298 3288 995 3873 2293 2532
5.90 1995 1583 1295 3290 998 3876 2293 2541
6.00 2001 1587 1291 3292 1001 3879 2292 2549
6.10 2011 1591 1288 3299 1005 3884 2293 2561
620 2012 1593 1286 3298 1006 3884 2292 2.565
6.30 2022 1596 1282 3304 1011 3889 2293 2577
6 40 2027 1599 1280 3307 1014 3892 2293 2584
6.50 2037 1602 1276 3313 1019 3897 2295 2.596
6.60 2039 1605 1275 3314 1019 3899 2294 2.599
6.70 2048 1607 1272 3320 1024 3903 2296 2611
6.80 2050 1609 1269 3319 1025 3903 2294 2615
6.90 2055 1612 1267 3322 1028 3906 2294 2622
7.00 2061 1614 1265 3325 1030 3909 2295 2630
7.10 2062 1616 1262 3324 1031 3909 2293 2634
7.20 2068 1617 1261 3329 1034 3912 2295 2640
7.30 2073 1620 1259 3332 1037 3915 2295 2647
7.40 2074 1621 1257 3332 1037 3916 2295 2650
7.50 2080 1622 1256 3336 1040 3918 2296 2656
7.60 2081 1623 1256 3337 1041 3920 2297 2657
7.70 2087 1624 1254 3341 1043 3922 2297 2.664
7.80 2088 1626 1253 3341 1044 3922 2297 2667
7.90 2093 1628 1250 3344 1047 3925 2297 2674
8.00 2095 1628 1252 3346 1047 3927 2299 2674
8.10 2100 1630 1248 3348 1050 3928 2298 2683
820 2101 1630 1248 3349 1051 3929 2299 2684
8.30 2107 1630 1248 3355 1053 3932 2301 2688
8.40 2104 1632 1247 3351 1052 3930 2299 2.687
8.50 2117 1633 1247 3364 1059 3938 2305 2698
8.60 2118 1634 1245 3363 1059 3938 2304 2702
8.70 2120 1634 1245 3364 1060 3938 2304 2.703
8.80 2121 1634 1245 3366 1060 3939 2305 2704
890 2130 1634 1245 3375 1065 3943 2310 2711
9.00 2131 1635 1243 3375 1066 3944 2309 2714
9.10 2133 1634 1245 3377 1066 3945 2311 2713
920 2138 1634 1245 3382 1069 3947 2313 2718
9.30 2143 1635 1243 3386 1071 3950 2315 2723
9.40 2148 1636 1243 3391 1074 3954 2317 2.727
9.50 2157 1635 1243 3400 1079 3957 2322 2735
9.60 2154 1635 1243 3398 1077 3956 2321 2733
9.70 2163 1635 1243 3407 1082 3960 2325 2740
9.80 2164 1634 1245 3409 1082 3961 2327 2739
9.90 2169 1634 1245 3414 1085 3963 2329 2743
10 00 2174 1634 1246 3420 1087 3967 2333 2746
10.10 2179 1634 1246 3425 1090 3969 2336 2750
1020 2185 1634 1245 3429 1092 3971 2337 2755
10 30 2190 1633 1246 3435 1095 3973 2341 2758
10 40 2195 1633 1246 3440 1097 3976 2343 2762
10.50 2196 1633 1246 3441 1098 3976 2344 2762
10.60 2201 1633 1246 3446 1100 3979 2346 2766
10.70 2205 1632 1248 3454 1103 3982 2351 2767
10 80 2206 1632 1247 3453 1103 3982 2350 2.770
1090 2208 1632 1247 3454 1104 3982 2351 2770
11.00 2209 1630 1248 3457 1104 3983 2352 2770
11.10 2209 1630 1249 3459 1105 3984 2354 2769
11.20 2214 1629 1249 3464 1107 3986 2356 2773
1130 215 1628 1250 3466 1108 3986 2358 2772
1140 2220 1627 1253 3473 1110 3990 2363 N gﬂﬁp‘ o
11.50 2221 1628 1252 3473 1111 3990 2362 s
11.60 2230 1627 1253 3483 1115 3995 2368 2780

ocT |
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Axial
strain, £
(")
11.70
11 .80
11.90
12.00
12.10
1220
12 30
12 40
12.50
12.60
12.70
12 .80
12 90
13.00
13.10
13.20
13 30
13 40
13.50
13.60
13.70
13.80
13.90
14 00
1410
14 20
14.30
14.40
1450
14 60
1470
14 80
14 90
1500
1510
1520
1530
1540
15.50
1560
15.70
15.80
1590
16.00
1610
16.20
16.30
16 40
16 50
16 60
16.70
16 .80
16 90
17.00
17.10
1720
1730
17 40
17.50
17 60
17.70
17 80
1790
18 00

l"iL!
(ol-a3)
(psf)

223]
2228
2233
2234
2238
2239
2244
2245
2249
2254
2259
2260
2264
2273
2273
2278
2282
2291
2295
2296
2301
2305
2306
2306
2311
2315
2316
2320
2321
2322
2322
2323
2331
2328
2328
2329
2329
2334
2334
2335
2338
2340
2340
2341
2345
2345
2349
2350
2354
2358
2358
2363
2367
2367
2371
2371
2375
2376
2376
2376
2377
2381
2381
2381

A pore
press.. Au
(psh)

1624
1623
1623
1622
1621
1620
1619
1617
1616
1615
1614
1613
1610
1609
1607
1606
1605
1603
1601
1600
1598
1595
1594
1592
1591
1588
1587
1585
1582
1581
1579
1576
1575
1573
1572
1569
1567
1566
1564
1561
1559
1558
1555
1553
1552
1550
1548
1546
1544
1542
1541
1538
1535
1534
1532
1530
1527
1526
1524
1521
1520
1518
1516
1514

Effective
o3
(psf)

1254
1256
1255
1256
1257
1259
1260
1261
1262
1263
1266
1266
1268
1269
1272
1274
1274
1275
1277
1279
1281
1283
1284
1287
1288
1290
1293
1294
1296
1297
1300
1302
1303
1306
1307
1309
1311
1313
1315
1317
1320
1321
1323
1327
1327
1329
1330
1334
1334
1337
1338
1341
1343
1344
1347
1349
1351
1352
1355
1357
1358
1361
1363
1365

Effective
a'l

(psf)

3485
3484
3488
3490
3496
3498
3504
3506
3512
3517
3524
3525
3532
3542
3545
3552
3556
3566
3573
3575
3581
3588
3590
3593
3599
3606
3609
3614
3617
3619
3622
3625
3634
3633
3635
3638
3641
3646
3649
3652
3655
3660
3663
3667
3671
3674
3679
3683
3688
3695
3697
3703
3710
3711
3717
3720
3727
3728
3731
3733
3735
3741
3744
3747

q
(ol-63)2
(psf)

1115
1114
1116
1117
1119
1120
1122
1122
1125
1127
1129
1130
1132
1136
1137
1139
1141
1145
1148
1148
1150
1153
1153
1153
1155
1158
1158
1160
1161
1161
1161
1161
1165
1164
1164
1164
1165
1167
1167
1167
1168
1170
1170
1170
1172
1173
1175
1175
1177
1179
1179
1181
1183
1184
1186
1186
1188
1188
1188
1188
1188
1190
1191
1191

(o1+53)/2

(psf)

3994
3994
3995
3995
3998
3998
4000
4001
4003
4006
4009
4008
4011
4015
4015
4019
4020
4024
4026
4026
4029
4031
4031
4032
4034
4036
4037
4039
4039
4039
4040
4040
4044
4042
4043
4043
4043
4045
4046
4046
4046
4048
4048
4050
4051
4051
4053
4055
4054
4059
4059
4060
4062
4062
4064
4064
4066
4066
4066
4067
4067
4069
4069
4070

(o'1+0'3)/2
(psf)

2360
2370
2371
2373
2377
2378
2382
2383
2387
2390
2395
2395
2400
2405
2408
2413
2415
2420
2425
2427
2431
2436
2437
2440
2443
2448
2451
2454
2457
2458
2461
2463
2469
2469
2471
2473
2476
2479
2482
2485
2487
2491
2493
2497
2499
2502
2505
2509
2511
2516
2518
2522
2526
2528
2532
2535
2539
2540
2543
2545
2547
2551
2553
2556

o'l/a'3

2779
2:173
2719
2778
2780
2779
2.781
2780
2782
2784
2785
27785
2786
2.791
2788
2788
2.792
2.797
2,997
2796
2.796
2.796
2,795
2792
2.794
2.794
2792
2793
2791
2.790
2787
27784
2789
2783
2782
2.779
2.776
2778
2775
2773
2770
2771
2.769
2.764
2.768
2.765
2.766
2762
2.765
2764
2.762
2.762
2.762
2761
2761
2758
27758
2:757
27754
2751
2750
2750
2.747

IRCOI

RPORATED
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Axial ad A pore Effective Effective q P P

strain. g (61-53) press., Au '3 51 (o1-a3)2 (61+63)/2 (c'140'3)2 a'l/o'3
(%) (psf) (psf) (psf) (psf) (psf) (psf) (psf)
18.10 2382 1512 1366 3748 1191 4069 2557 2743
1820 2382 1510 1369 3751 1191 4069 2560 2.740
18.30 2382 1507 1371 3753 1191 4070 2562 2.738
18 40 2383 1506 1372 3755 1191 4070 2564 2736
18.50 2383 1504 1375 3757 1191 4070 2566 2733
18 60 2387 1502 1377 3764 1193 4072 2570 2733
1870 2383 1499 1379 3763 1192 4070 2571 2.728
18 .80 2383 1498 1382 3765 1192 4071 2573 2.725
18 90 2384 1496 1383 3767 1192 4070 2575 2724
19.00 2384 1493 1385 3769 1192 4070 2577 25921
19.10 2384 1491 1387 3772 1192 4071 2580 2718
19.20 2384 1490 1389 3773 1192 4071 2581 2.NM7
19.30 2385 1487 1391 3776 1192 4071 2583 2.714
19 40 2388 1486 1392 3781 1194 4073 2586 2716
19.50 2389 1484 1395 3783 1194 4073 2589 2,713
19.60 2392 1482 1397 3789 1196 4075 2593 2713
19.70 2389 1480 1398 3787 1195 4073 2593 2709
19 .80 2393 1478 1400 3793 1196 4075 2597 2709
19.90 2393 1477 1402 3794 1196 4075 2598 2,707
20.00 2393 1473 1405 3798 1197 4075 2602 2703

INCORPORATED
OCT 15 2009
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Z:\PROJECTS\MO00991 Taylor Geo-Engineering\00 \[GTXCU3v1_CH-1-3 xIs]s2

Project Name
Project Number:
Sample
Comments

Test Number

: Taylor Geo-Engineering

: M00991-001
: CH-1-3

: Samples were compacted to 90% of ASTM D698 at

s 82

Axial ad A pore Effective Effective q p '
strain, & (o1-63) press.. Au o'3 o'l (61-63)2 (o1+03)12 (o'1+a'3)/2 a'lia'3
(%) (psf) (psf) (psf) (psf) (psf) o (psf)
0.00 -14 0 5760 5746 -7 5753 5753 1.002
0.02 225 59 5701 5927 113 5872 5814 1040
0.04 391 112 5647 6038 195 5955 5842 1.069
0.06 508 158 5602 6109 254 6014 5855 1.091
0.08 599 200 5559 6158 300 6059 5859 1.108
0.10 677 240 5520 6197 339 6098 5858 1.123
0.20 937 379 5380 6317 468 6228 5848 1.174
0.30 1113 500 5260 6373 557 6316 5816 1212
0.40 1254 625 5134 6389 627 6387 5761 1244
0.50 1370 743 5017 6387 685 6444 5702 1273
0.60 1467 856 4903 6371 734 6493 5637 1299
0.70 1556 957 4803 6359 778 6538 5581 1324
0.80 1636 1060 4699 6335 818 6577 5517 1348
0.90 1707 1158 4602 6310 854 6615 5456 1371
1.00 1779 1252 4508 6286 889 6649 5397 1.395
1.10 1841 1336 4423 6264 920 6680 5344 1416
1.20 1895 1417 4342 6237 947 6707 5290 1436
1.30 1944 1492 4268 6211 972 6731 5239 1 455
1.40 1993 1562 4198 6191 996 6757 5195 1475
1.50 2042 1630 4129 6171 1021 6781 5150 1.494
1.60 2086 1696 4064 6150 1043 6803 5107 Y514
1.70 2122 1754 4006 6129 1061 6822 5068 1530
1.80 2158 1808 3951 6110 1079 6839 5030 1.546
1.90 2198 1860 3901 6099 1099 6860 5000 1 564
2.00 2234 1910 3849 6083 1117 6877 4966 1 580
2.10 2279 1959 3800 6070 1135 6894 4935 1.597
220 2297 2007 3752 6049 1148 6908 4901 1612
230 2328 2054 3705 6033 1164 6924 4869 1628
240 2363 2100 3661 6024 1182 6942 4843 1646
2.50 2390 2142 3619 6009 1195 6956 4814 1661
260 2421 2183 3577 5998 1211 6970 4787 1677
270 2448 2221 3539 5987 1224 6984 4763 1692
280 2475 2256 3504 5979 1237 6997 4741 1.706
290 2493 2289 3471 5964 1246 7006 4718 1718
300 2519 2325 3435 5954 1260 7019 4695 1733
310 2546 2359 3401 5947 1273 7033 4674 1.749
320 2564 2389 3370 5934 1282 7042 4652 1761
330 2582 2423 3338 5919 1291 7052 4629 1774
340 2604 2456 3304 5908 1302 7062 4606 1.788
350 2622 2489 3271 5893 1311 7071 4582 1.802
360 2640 2522 3239 5879 1320 7081 4559 1815
370 2653 2551 3209 5862 1327 7086 4535 1827
380 2667 2588 3171 5838 1333 7093 4505 1.841
390 2685 2612 3149 5834 1342 7103 4491 1853
4.00 2694 2633 3127 5821 1347 7107 4474 1.862
410 2707 2657 3102 5810 1354 7113 4456 1873
420 217 2680 3080 5797 1358 7118 4438 1.882
430 2730 2702 3058 5788 1365 7125 4423 1893
440 2739 2725 3034 5774 1370 7129 4404 1903
450 2757 2745 3014 5771 1378 7138 4393 1915
460 2770 2768 2992 5762 1385 7145 4377 1926
470 2779 2786 2973 5753 1390 7149 4363 1935
480 2788 2799 2960 5749 1394 7154 4355 1.942
490 2802 2819 2941 5742 1401 7160 4341 1953
500 2806 2840 2920 5726 1403 7163 4323 1961
. 510 2820 2858 2902 5722 1410 7169 4312 : 3;2
520 2829 2876 2884 5713 1414 Z178 4299 i.‘“{ (‘EQ;, PORATED
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Axal ad A pore “Eftective Etfective q

strain, € (ol-063) press., Au o3 o'l (o1-03)/2 (g 1+03)2 (o'1+a'3)2 o'l/a’3
(%) (pst) (pst) (psf) (psf) (psf)

1.992
5.40 2846 2912 2849 5696 1423 7184 4272 1.999
550 2860 2930 2831 5690 1430 7191 4260 2.010
5.60 2873 2947 2813 5686 1436 7196 4249 2021
5.70 2886 2963 2797 5682 1443 7202 4239 2.032
580 2898 2978 2781 5680 1449 7209 4231 2042
590 2911 2995 2765 5676 1456 7215 4221 2.053
600 2924 3011 2749 5673 1462 7222 4211 2064
610 2933 3026 2732 5665 1467 7225 4199 2074
620 2946 3043 2718 5664 1473 7234 4191 2084
630 2959 3054 2705 5664 1479 7239 4184 2094
640 2971 3069 2691 5662 1486 7245 4177 2.104
6.50 2980 3080 2679 5659 1490 7250 4169 2.112
6.60 2988 3094 2667 5655 1494 7255 4161 2.121
6.70 3001 3108 2651 5652 1501 7260 4152 2.132
6.80 3010 3122 2638 5648 1505 7266 4143 2141
690 3018 3135 2624 5643 1509 7269 4133 2150
7.00 3027 3148 2611 5638 1513 7273 4125 2.159
7.10 3035 3162 2597 5633 1518 7277 4115 2.169
720 3044 3175 2585 5628 1522 7281 4106 2.178
730 3048 3188 2572 5620 1524 7284 4096 2185
740 3052 3201 2560 5612 1526 7287 4086 2192
7.50 3061 3213 2547 5608 1530 7290 4077 2202
760 3065 3223 2537 5602 1533 7292 4069 2208
770 3069 3235 2525 5594 1535 7294 4060 2216
780 3074 3247 2513 5587 1537 7296 4050 2223
790 3074 3257 2503 5577 1537 7297 4040 2228
8.00 3082 3270 2490 5572 1541 7301 4031 2238
810 3091 3281 2479 5570 1545 7305 4024 2247
820 3091 3290 2471 5562 1545 7306 4016 2251
830 3099 3300 2459 5558 1550 7309 4009 2260
840 3103 3311 2450 5553 1552 7312 4001 2267
850 3107 3320 2439 5547 1554 7313 3993 2274
8.60 3111 3330 2431 5543 1556 7317 3987 2280
8.70 3112 3339 2422 5533 1556 7317 3978 2.285
880 3120 3348 2411 5531 1560 7319 3971 2294
8.90 3128 3358 2403 5531 1564 7325 3967 2302
9.00 3132 3366 2394 5526 1566 7326 3960 2308
910 3140 3377 2383 5523 1570 7330 3953 2318
920 3148 3386 2374 5522 1574 7334 3948 2.326
930 3156 3394 2366 5522 1578 7338 3944 2334
940 3168 3402 2357 5525 1584 7344 3941 2344
950 3176 3412 2348 5524 1588 7347 3936 2353
960 3188 3421 2339 5526 1594 7353 3932 2363
970 3196 3429 2330 5526 1598 7357 3928 2371
980 3199 3437 2323 5523 1600 7360 3923 2377
990 3207 3446 2314 5521 1604 7363 3918 2386
10.00 3215 3453 2308 5523 1608 7368 3916 2.393
10 10 3219 3463 2296 5515 1610 7369 3906 2402
10.20 3231 3473 2287 5518 1615 7375 3902 2413
10 30 3234 3483 2277 5511 1617 7377 3894 2421
10.40 3238 3490 2270 5508 1619 7379 3889 2427
10.50 3242 3500 2260 5502 1621 7381 3881 2434
10.60 3246 3507 2253 5499 1623 7382 3876 2441
10.70 3250 3516 2244 5493 1625 7384 3868 2.448
10.80 3253 3524 2237 5490 1627 7387 3863 2454
10.90 3253 3532 2227 5480 1627 7386 3854 2461
11.00 3257 3539 2220 5477 1628 7388 3849 2467
11.10 3260 3548 2212 5473 1630 7390 3842 2474
1120 3260 3556 2205 5465 1630 7391 3835 2479
1130 3264 3564 2196 5460 1632 7392 3828 2487
1140 3268 3571 2189 5456 1634 7393 3822 2493
11.50 3267 3579 2180 5448 1634 7393 3814 2499
11.60 3271 3586 2175 5446 1636 7396 3810 MNEOH
oCT
Div. of Oil,
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Axial

ad

A pore Effective Effective q P
strain, & (zl-a3) press., Au '3 a'l (ol-03)2 (a1+a3)2 (a'1+0'3)/2 o'l/a’3
(%) (psf) (psh) (psf) (psf) (pst) (psf) (pst)
2,512
11.80 3274 3600 3797 2516
11.90 3278 3607 2152 5430 1639 7399 3791 2.523
12.00 3278 3614 2145 5423 1639 7399 3784 2528
12.10 3274 3621 2138 5412 1637 7396 3715 2.531
12 20 3277 3627 21132 5410 1639 7398 3771 2,537
12.30 3277 3634 2027 5403 1638 7399 3765 2.541
12.40 3284 3647 2114 5398 1642 7403 3756 2554
12.50 3284 3659 2101 5385 1642 7402 3743 2.563
12.60 3291 3665 2095 5386 1646 7405 3741 2,571
12.70 3295 3671 2089 5384 1647 7407 3736 2.577
12.80 3302 3676 2083 5385 1651 7410 3734 2.585
12.90 3305 3679 2081 5386 1653 7412 3734 2.588
13.00 3312 3679 2082 5394 1656 7417 3738 2.591
13.10 3320 3676 2083 5403 1660 7419 3743 2.593
13.20 3323 3676 2084 5407 1661 7422 3746 2.594
13.30 3330 3676 2084 5414 1665 7426 3749 2.598
13.40 3341 3680 2080 5421 1670 7430 3750 2.606
13.50 3344 3686 2074 5418 1672 7432 3746 2613
13 60 3347 3688 2072 5419 1674 7433 3745 2616
13.70 3351 3693 2067 5418 1675 7435 3742 2621
13.80 3358 3696 2065 5422 1679 7440 3743 2.626
1390 3361 3701 2059 5420 1681 7440 3739 2633
14.00 3364 3704 2055 5419 1682 7442 3737 2.637
1410 3364 3709 2052 5415 1682 7443 3733 2639
14 20 3367 3714 2047 5414 1683 7444 3730 2645
14 30 3374 3719 2041 5415 1687 7446 3728 2.653
14 40 3373 3723 2036 5410 1687 7446 3723 2656
14.50 3376 3728 2032 5408 1688 7448 3720 2662
14.60 3376 3731 2029 5405 1688 7449 3717 2663
14.70 3379 3735 2025 5403 1689 7449 3714 2 669
14 80 3378 3738 2021 5399 1689 7449 3710 2671
14 .90 3377 3743 2018 5395 1689 7450 3706 2.674
1500 3377 3747 2013 5390 1688 7448 3701 2678
15.10 3380 3749 2011 5391 1690 7450 3701 2 681
1520 3376 3753 2007 5383 1688 7447 3695 2.682
1530 3379 3755 2005 5383 1689 7449 3694 2685
1540 3374 3760 2000 5374 1687 7447 3687 2687
15,50 3374 3764 1997 5370 1687 7448 3683 2.690
15.60 3373 3768 1993 5366 1686 7447 3680 2.692
15.70 3372 3772 1988 5361 1686 7447 3674 2.696
1580 3368 3776 1984 5352 1684 7444 3668 2698
15.90 3367 3779 1981 5348 1684 7444 3665 2.699
16 00 3374 3783 1978 5352 1687 7448 3665 2.706
16.10 3377 3785 1974 5351 1688 7448 3663 2710
16 20 3380 3786 1974 5354 1690 7451 3664 2712
16 .30 3382 3790 1971 5353 1691 7452 3662 2,716
16 40 3385 3791 1969 5354 1693 7452 3661 2720
16.50 3392 3794 1966 5358 1696 7456 3662 2,725
16.60 3395 3796 1964 5358 1697 7457 3661 2,729
16.70 3397 3797 1963 5360 1699 7458 3661 2731
16 80 3404 3799 1960 5364 1702 7462 3662 2736
16 90 3407 3801 1959 5366 1703 7463 3662 2739
17.00 3413 3802 1958 5371 1707 7466 3664 2743
17.10 3419 3802 1959 5378 1710 7471 3669 2.745
17 20 3426 3804 1956 5381 1713 7472 3668 2752
17.30 3428 3806 1954 5383 1714 7475 3669 2.754
17 40 3435 3806 1953 5388 1717 7477 3671 2758
17.50 3437 3806 1953 5391 1719 7478 3672 2760
17.60 3436 3806 1953 5390 1718 7478 3672 2.759
17.70 3439 3808 1952 5391 1720 7479 3672 2762
17 80 3442 3808 1952 5394 1721 7480 3673 2763
17.90 3444 3809 1951 5395 1722 7482 3673 2.765
1800 3443 3810 1950 5393 1722 7481 3671 2.766
INCOR PORATE
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Axial ad A pore Effective Effective )
strain, & (al-a3) press., Au o'3 o'l (o 1-a3)12 (g 1+c3)/2 (o'1+0'3)/2 d'lla’3
(%) (psf) (psf) (psf) (pst) (psf)
18 .30 3440 3811 1949 5389 1720 7480 3669 2766
18.40 3439 3812 1947 5387 1720 7479 3667 2.766
18 .50 3438 3812 1947 5386 1719 7479 3667 2.766
18.60 3441 3813 1946 5387 1720 7480 3667 2.768
1870 3436 3811 1950 5386 1718 7479 3668 2762
18.80 3435 3810 1950 5385 1718 7477 3667 2.762
18.90 3431 3808 1952 5383 1715 7475 3667 2757
19.00 3433 3808 1952 5385 1717 7476 3669 2.759
1910 3432 3805 1954 5386 1716 7476 3670 2.756
1920 3434 3804 1956 5390 1717 7477 3673 2756
19 30 3430 3799 1961 5391 1715 7476 3676 2749
19 40 3436 3797 1963 5398 1718 7478 3681 2751
19.50 3442 3795 1966 5408 1721 7482 3687 2.750
19.60 3444 3791 1969 5413 1722 7482 3691 2.750
19.70 3446 3788 1972 5418 1723 7483 3695 2748
19.80 3449 3785 1974 5423 1724 7484 3699 2747
19 90 3455 3785 1974 5429 1727 7487 3702 2.750
2000 3460 3782 1978 5438 1730 7490 3708 2.750
T
INCORPORATFT
0CT 15 2008
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. Project Name: Taylor Geo-Engineering

Project Number: M00991-001
Sample: CH-1-3
Comments: Samples were compacted to 90% of ASTM D698 at
Test Number: S3

ZAPROJECTS\MO00991 Taylor Geo-Engineering\001\[GTXCU3v1 CH-1-3 xls}s3

Axial ad A pore Effective Effective q P )
strain, & (61-63) press., Au o3 a'l (51-53)/2 (o1+63)/2 (o'1+0'3)/2 a'l/a'3
(%) (psf) (psh) (psf) (psf) (psf) (psf) (psf)
(.00 -29 0 11518 11488 -15 11503 11503 1.003
0.02 344 61 11457 11801 172 11690 11629 1.030
0.04 614 124 11393 12008 307 11825 11701 1054
0.06 824 180 11337 12161 412 11929 11749 1.073
0.08 1011 238 11280 12290 505 12023 11785 1.090
0.10 1155 286 11232 12387 571 12095 11809 1.103
020 1689 511 11008 12697 845 12364 11853 1.153
\ 0.30 2055 718 10801 12855 1027 12546 11828 1.190
040 2350 946 10572 12922 1175 12693 11747 1222
050 2593 1160 10358 12951 1297 12815 11655 1.250
060 2808 1369 10149 12957 1404 12922 11553 1,277
0.70 2995 1564 9954 12949 1498 13016 11452 1.301
0.80 3182 1757 9761 12942 1591 13109 11352 1.326
090 3344 1940 9578 12923 1672 13190 11250 1.349
1.00 3493 2114 9404 12897 1747 13264 11150 1.371
1.10 3632 2283 9235 12867 1816 13334 11051 1.393
1.20 3762 2441 9078 12840 1881 13400 10959 1414
130 3882 2586 8932 12814 1941 13459 10873 1435
| 40 4002 2727 8791 12793 2001 13519 10792 1455
1.50 4108 2860 8658 12766 2054 13572 10712 1474
1.60 4209 2984 8532 12741 2105 13621 10637 1.493
1.70 4305 3103 8415 12720 2153 13671 10568 1512
. 1.80 4401 3184 8333 12734 2201 13718 10534 1.528
1.90 4492 3292 8227 12719 2246 13765 10473 1.546
2.00 4574 3406 8113 12687 2287 13806 10400 1.564
210 4661 3536 7982 12643 2330 13848 10312 1584
220 4738 3653 7865 12602 2369 13887 10234 1.602
230 4815 3760 7758 12573 2407 13925 10165 1621
240 4891 3858 7660 12551 2446 13963 10105 1.639
2.50 4959 3952 7566 12525 2479 13997 10045 1.655
260 5026 4039 7478 12504 2513 14031 9991 1672
270 5097 4123 7396 12494 2549 14068 9945 1689
2 80 5160 4205 7313 12473 2580 14098 9893 1.706
2.90 5222 4280 7238 12460 2611 14129 9849 1.721
3.00 5275 4350 7168 12443 2638 14155 9806 1.736
310 5328 4413 7105 12433 2664 14182 9769 1.750
320 5386 4473 7044 12429 2693 14209 9737 1.765
330 5438 4545 6972 12410 2719 14237 9691 1.780
340 5486 4612 6906 12392 2743 14261 9649 1.794
3.50 5530 4675 6843 12373 2765 14284 9608 1.808
360 5578 4739 6779 12357 2789 14306 9568 1.823
370 5616 4798 6721 12337 2808 14327 9529 1836
380 5659 4857 6661 12320 2830 14347 9490 1850
390 5698 4912 6606 12304 2849 14367 9455 1.863
400 5736 4964 6554 12291 2868 14386 9422 1.875
410 5775 5015 6503 12277 2887 14405 9390 1 888
420 5818 5065 6452 12270 2909 14426 9361 1.902
430 5851 5112 6405 12257 2926 14443 9331 1913
440 5885 5156 6362 12247 2943 14460 9305 1925
450 5918 5198 6320 12238 2959 14477 9279 1936
460 5956 5238 6280 12236 2978 14496 9258 1948
470 5985 5275 6243 12228 2993 14510 9235 1959
480 . 6023 5308 6210 12233 3012 14529 9221 1.970
490 6052 5341 6177 12229 3026 14544 9203 1980
500 6085 5371 6147 12232 3043 14560 gigg { ggg
510 6109 5400 6117 12226 3055 14572 P o e e |
. 520 6138 5426 6092 12229 3069 14587 9160 INE@RPPRATED
OCT 15 2009
11/14
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Axial od A pore Effective Effective q p p

strain, £ (o1-63) press.. Au o3 o'l (ol—03)2 (61+a33)2 (c'1+0'3)/2 a'lla’3
(%) (psh (psf) (psf) (pst) (psf) (psf) (psf)
530 6166 5464 6054 12220 3083 14601 9137 2019
540 6199 5498 6021 12220 3100 14618 9121 2.030
550 6227 5533 5984 12211 3114 14630 9097 2041
560 6256 5569 5949 12204 3128 14645 9076 2052
570 6284 5598 5919 12203 3142 14659 9061 2062
580 6312 5626 5891 12203 3156 14674 9047 2.071
590 6340 5653 5864 12204 3170 14688 9034 2081
600 6372 5680 5837 12210 3186 14704 9024 2.092
6.10 6400 5706 5812 12212 3200 14718 9012 2101
620 6419 5732 5786 12205 3210 14727 8995 2.109
630 6447 5752 5766 12213 3223 14741 8989 2118
6.40 6474 5774 5744 12218 3237 14755 8981 2,121
6.50 6498 5795 §723 12220 3249 14767 8972 2.135
6.60 6521 5816 5702 12222 3260 14778 8962 2144
6.70 6544 5835 5683 12227 3272 14790 8955 2,152
6.80 6567 5850 5668 12235 3284 14801 8951 2.159
690 6586 5866 5651 12237 3293 14810 8944 2165
7.00 6600 5881 5637 12237 3300 14818 8937 2171
710 6614 5895 5624 12238 3307 14826 8931 2.176
720 6632 5907 5610 12243 3316 14834 8926 2.182
7.30 6651 5920 5597 12248 3325 14843 8923 2.188
740 6665 5932 5586 12250 3332 14850 8918 2193
750 6679 5944 5575 12254 3339 14858 8914 2198
760 6693 5959 5560 12253 3346 14865 8906 2204
770 6707 5968 5549 12256 3353 14871 8903 2209
780 6721 5978 5540 12260 3360 14878 8900 2213
790 6734 5987 5531 12265 3367 14885 8898 2218
8.00 6748 5998 5520 12268 3374 14892 8894 2222
810 6757 5996 5521 12279 3379 14896 8900 2224
820 6763 5999 5519 12281 3381 14899 8900 2228
830 6772 6002 5515 12287 3386 14904 8901 2228
840 6785 6016 5502 12288 3393 14912 8895 2233
850 6795 6027 5491 12285 3397 14915 8888 2238
860 6804 6039 5479 12283 3402 14920 8881 2242
8.70 6813 6049 5470 12283 3407 14925 8876 2246
8.80 6827 6059 5459 12286 3413 14931 8872 2.250
890 6831 6068 5450 12281 3416 14933 8865 2254
9.00 6845 6077 5440 12285 3422 14940 8863 2258
9.10 6850 6083 5435 12284 3425 14942 8859 2260
9.20 6854 6090 5428 12282 3427 14945 8855 2263
9.30 6872 6096 5423 12295 3436 14955 8859 2267
9.40 6881 6101 5417 12298 3440 14958 8857 2270
9.50 6890 6108 5411 12301 3445 14964 8856 2273
9.60 6899 6114 5404 12303 3449 14967 8853 22077
9.70 6907 6118 5401 12308 3454 14972 8854 2279
980 6912 6122 5396 12308 3456 14974 8852 2281
990 6925 6122 5397 12322 3462 14981 8860 2283
10.00 6934 6126 5392 12326 3467 14986 8859 2286
10.10 6947 6129 5389 12335 3473 14991 8862 2289
10.20 6951 6129 5389 12340 3476 14993 8864 2290
10.30 6955 6129 5389 12344 3478 14995 8867 2.291
1040 6968 6131 5387 12355 3484 15002 8871 2294
10.50 6973 6132 5385 12358 3486 15004 8872 2295
10.60 6977 6126 5391 12368 3488 15006 8880 2294
10.70 6985 6125 5392 12378 3493 15010 8885 2295
10.80 6985 6122 5396 12381 3493 15010 8889 2295
10.90 6994 6130 5389 12383 3497 15016 8886 2298
11.00 6998 6136 5383 12381 3499 15018 8882 2300
1110 7002 6142 5377 12379 3501 15020 8878 2302
11.20 7006 6146 5371 12378 3503 15021 8874 2.304
11.30 7011 6155 5363 12374 3505 15023 8868 2307
1140 7015 6160 5357 12372 3507 15025 8865 2309
11.50 7010 6164 5354 12364 3505 15023 8859 2.309
1160 7015 6171 5347 12361 3507 15025 8854 2312

INCORPORATED
0CT 15 2009
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Axial
strain, €
(%)

11.80
11.90
12.00
12.10
12.20
12.30
12.40
12.50
12.60
12.70
12.80
12.90
13.00
13.10
13.20
13.30
13.40
13.50
13.60
13.70
13.80
13.90
14.00
14.10
1420
14.30
14.40
14.50
14.60
14.70
14 80
1490
15.00
15.10
1520
1530
1540
1550
1560
15.70
1580
15.90
16 .00
16.10
16 20
1630
16 40
1650
1660
16.70
16 80
16.90
17.00
17.10
1720
17.30
1740
17 50
17.60
17.70
17.80
17.90
18.00

ad
(o ]l—a3)

7023
7027
7031
7030
7030
7038
7034
7038
7046
7045
7045
7045
7048
7048
7056
7059
7059
7062
7070
7073
7073
7080
7088
7091
7091
7094
7093
7101
7100
7107
7106
7106
7105
7104
111
7102
7094
7101
7100
7103
7106
7101
7100
7103
7098
7097
7100
7095
7094
7092
7091
7086
7089
7092
7091
7086
7088
7087
7089
7092
7087
7093
7096

A pore
press., Au
(psf)

6178
6183
6186
6189
6191
6193
6197
6197
6197
6197
6196
6196
6196
6194
6196
6193
6193
6191
6190
6189
6189
6187
6184
6184
6183
6184
6178
6179
6180
6180
6183
6182
6182
6182
6184
6185
6183
6185
6187
6189
6189
6190
6192
6191
6193
6196
6198
6200
6204
6208
6211
6216
6219
6224
6230
6231
6234
6238
6241
6246
6247
6251
6252

Effective
o'3
(psf)

5341
5335
5331
5330
5327
5324
5321
5322
5321
5321
5322
5322
5322
5323
5323
5324
5324
5327
5328
5330
5329
5330
5334
5334
5336
5334
5340
5339
5337
5337
5335
5336
5336
5336
5334
5333
5335
5333
5331
5329
5329
5328
5326
5327
5324
5322
5320
$317
5314
5310
5307
5302
5300
5294
5288
5287
5283
5281
5276
5272
5271
5267
5267

Effective
o'l

(psf)

12363
12362
12362
12361
12357
12363
12355
12360
12366
12366
12367
12367
12370
12371
12379
12384
12383
12389
12398
12404
12402
12411
12422
12425
12427
12428
12433
12439
12437
12444
12441
12442
12441
12440
12445
12435
12429
12433
12431
12432
12435
12429
12425
12429
12422
12419
12419
12412
12407
12403
12398
12389
12389
12386
12379
12372
12372
12368
12366
12364
12357
12360
12363

(o1-a3)/2
(psf)

3511
3513
3515
3515
3515
3519
3517
3519
3523
3523
3522
3522
3524
3524
3528
3530
3529
3531
3535
3537
3537
3540
3544
3546
3545
3547
3547
3550
3550
3554
3553
3553
3552
3552
3556
3551
3547
3550
3550
3551
3553
3550
3550
3551
3549
3548
3550
3547
3547
3546
3546
3543
3545
3546
3545
3543
3544
3543
3545
3546
3543
3547
3548

P
(51+03)/2

(psf)

15030
15031
15033
15034
15033
15037
15035
15038
15040
15040
15040
15040
15042
15042
15047
15047
15047
15049
15053
15055
15054
15058
15062
15063
15064
15065
15064
15068
15068
15071
15071
15070
15070
15070
15073
15069
15064
15068
15069
15069
15070
15068
15068
15069
15067
15066
15067
15065
15064
15065
15063
15061
15063
15064
15063
15060
15062
15062
15062
15064
15061
15064
15067

@itena o'l/a'3
(psf)
8851 2314
8852 2315
8848 2317
8847 21319
8845 2319
8842 2320
8844 2322
8838 2322
8841 2322
8844 2324
8844 2324
8845 2304
8844 2324
8846 2.324
8847 2324
8851 2325
8854 2326
8854 2.326
8858 2.326
8863 e
8867 2327
8866 2397
8871 2.328
8878 2.329
8879 2.330
8881 2.329
8881 2.330
8886 2328
8889 2330
8887 2330
8891 2,332
8888 2332
8889 2,332
8889 2:331
8888 21331
8889 23333
8884 2332
8882 2.330
8883 2332
8881 2332
8880 2333
8882 2:333
8878 2333
8876 2333
8878 2,333
8873 2333
8871 2333
8870 2.335
8865 2334
8861 21335
8857 2336
8853 2336
8845 21337
8844 2338
8840 2.340
8833 2341
8830 2.340
8828 2342
8825 2342
8821 2.344
8818 2345
8814 2.345
8814 2347
8815 2.347
(NCORPORATED

OCT 152009 1«

Div. of Oil, Gas & Mining



Axial od A pore Effective Effective q p '

strain, & (61—o3) press., Au a'3 a'l (61—a3)/2 (1+a3)/2 (o' 14+0'3)/2 o'l/e'3
(%) (psf) (psh) (psh) (psf) (pst)
18.10 12360
1820 7097 6258 5260 12357 3548 15066 8808 2.349
1830 7095 6261 5257 12352 3548 15065 8804 2.350
18 40 7094 6264 5254 12348 3547 15065 8801 2.350
18.50 7096 6268 5250 12346 3548 15066 8798 2352
18.60 7091 6266 5252 12343 3546 15063 8797 2.350
1870 7090 6271 5247 12337 3545 15062 8792 2351
18 80 7092 6273 5245 12337 3546 15064 8791 2.352
18.90 7094 6276 5242 12336 3547 15066 8789 2353
19.00 7089 6280 5238 12326 3544 15062 8782 2353
19.10 7087 6285 5233 12320 3544 15061 8777 2354
1920 7082 6287 5232 12314 3541 15060 8773 2354
1930 7080 6317 5201 12282 3540 15059 8742 2361
19.40 7082 6327 5191 12273 3541 15059 8732 2.364
19.50 7081 6322 5197 12277 3540 15059 8737 2363
19.60 7075 6309 5210 12285 3538 15056 8747 2358
19.70 7074 6289 5228 12302 3537 15054 8765 2353
19.80 7064 6272 5247 12312 3532 15051 8779 2.346
19.90 7063 6258 5261 12324 3531 15050 8793 2342
20.00 7065 6249 5269 12334 3532 15051 8802 2341

INCORPORATED
0CT 15 2003
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Isotropically Consolidated Undrained with Pore Pressure (CIU/PP)

Project Name:
Project Number:

Taylor Geo-Engineering
M00991-001

Sample: CH-5-48

¢IGES

Comments: Samples were compacted to 90% of ASTM D698 at

OMC.
Test Number S1 S2 S3
Height, H (in) 4.21 4.10 4.08
Diameter, D (in) 1.93 1.93 1.93
= Moisture Content, w (%)]  19.8 19.8 19.8
£ Dry Unit Weight, yd (pef)] _ 90.1 89.9 90.1
Saturation (%) 66.1 67.1 69.2
Void Ratio, e 0.81 0.84 0.81
5 Moisture Content, w (%) 27.0 26.5 23.8
= Dry Unit Weight, yd (pcH)] ~ 96.4 97.1 101.4
o Saturation (%) 100.0 100.0 100.0
< Void Ratio,e|] ~ 0.73 0.72 0.64
= B 0.95 0.95 0.95
Back pressure (psf)] 17430 4434.1 4751.5
Strain rate (%/min)|  0.033 0.033 0.033
Time to Failure (min)]  590.9 509.1 584.8
Strain at Failure, &f (%) 19.50 16.80 19.30
2 o3 (psH| 2879 5763 11524
= ol-03 (psD| 2392 4023 7276
= ol (psf)] 5271 9786 18799
= q=(c1-63)2 (psD| 1196 2012 3638
p = (ol+c3)/2 (psf)] 4075 7775 15161
u (psf) 1332 3013 5413
@ c'3 (psf) 1547 2750 6110
= c'l-6'3 (psf)] 2392 4023 7276
o o' (psh| 3939 6773 13386
= q=(c'1-03)2 (psD| _ 1196 2012 3638
= p' = (c'1+c'3)/2 (psf) 2743 4761 9748
= c'1/63]  2.55 2.46 2.19
A=u/(cl-c3)]  0.557 0.749 0.744
Estimated Specific Gravity 2.10 N
Plastic Limit (%) 23
Liquid Limit (%) 61
Plasticity Index (%) 38
Total Effective
Summary of Strength Paramaters| Stress Stress
¢ (psf) 306 321
¢ (deg) 12.7 20.1
tand] 0226 | 03¢ ohrateD
" Saturation set to 100% for phase calculations -
Tested by: OCT 15 2009
Reviewed Ll Z:\PROJECTSIMO00991_Taylor_Geo-Engineering\001\[GTXCU3v1_CH-5-48 xls]Summary

Div. of Qil, Gas & Mining



Isotropically Consolidated Undrained with Pore Pressure (CIU/PP) 6 IGES
Project Name: Taylor Geo-Engineering

’ Project Number: M00991-001
Sample: CH-5-48
Comments:
Total Effective
Summary of Strength Paramaters| Stress Stress
¢ (psf) 306 321
¢ (deg) 12.7 20.1
tan ¢| 0.226 0.367
8000 276 10000
7000 9000
8000
~ 6000 g
k3 = 7000
(5 (5
g 4000 g 5000
5 =
2 3000 g 4000
2 2 3000
. 2 2000 3
= 2000
LoAg 1000 -
0 : 0
0 3 10 I's 20 0 5 10 15 20
Axial strain (%) Axial strain (%)

| —=S1, 2879 psf
6000 | =——82, 5763 psf
e S3, 11524 psf

Shear stress, L/ q (psf)
S
[

[
=
S
fo=]

. / NGORPORATED

0 2000 4000 6000 8000 10000 12000  146d 135 2009
Normal stress, 6, / p' (psf)
Div. of Oil, Gas & Mining



Project Name
Project Number:
Sample
Comments

Test Number

: Taylor Geo-Engineering

: M00991-001
: CH-5-48

: Samples were compacted to 90% of ASTM D698 at

] |

Z:\PROJECTS\M00991_Taylor_Geo-Engineering\001\[GTXCU3v1 CH-5-48 xls]s!

Axial od A pore Effective Effective q p P
strain, & (6l1-63) | press. Au o'3 o'l (61-63)2 (o1+63)/2 (c'140'3)/2 c'l/a'3
(%) (psf) (psf) (psf) (psh) (pst) (psh) {psf)
0.00 1.001
0.02 190 56 2823 3013 95 2974 2918 1.067
0.04 267 98 2782 3049 134 3014 2916 1.096
0.06 339 134 2746 3084 169 3048 2915 1.123
008 397 165 2714 3111 198 3077 2912 1.146
0.10 448 193 2686 3134 224 3103 2910 1.167
020 628 307 2572 3200 314 3193 2886 1.244
\ 030 749 399 2480 3229 375 3254 2854 1.302
040 851 483 2397 3248 426 3305 2822 1.355
050 933 560 2319 3253 467 3346 2786 1403
060 1016 629 2250 3266 508 3387 2758 1451
070 1085 698 2181 3266 542 3421 2723 1497
0.80 1141 751 2130 3270 570 3451 2700 1536
090 1197 799 2081 3278 598 3479 2680 1575
100 1246 843 2037 3283 623 3503 2660 1.612
110 1289 885 1995 3284 645 3525 2639 1646
120 1332 922 1959 3291 666 3546 2625 1.680
1.30 1375 957 1922 3298 688 3567 2610 1716
140 1412 963 1916 3328 706 3585 2622 1737
150 1448 956 1923 3371 724 3603 2647 1.753
1.60 1478 969 1910 3388 739 3618 2649 1.774
170 1514 990 1889 3403 757 3636 2646 1.801
180 1544 1013 1866 3410 772 3651 2638 1.827
190 1573 1035 1844 3417 787 3666 2630 1853
200 1597 1055 1824 3420 798 3677 2622 1875
2.10 1626 1078 1803 3429 813 3693 2616 1.902
220 1649 1097 1783 3432 825 3705 2607 1925
230 1672 1114 1766 3439 836 3716 2603 1.947
240 1689 1124 1755 3444 845 3724 2599 1963
250 1712 1133 1745 3458 856 3734 2602 1981
2 60 1735 1154 1725 3461 868 3747 2593 2006
270 1752 1170 1709 3461 876 3755 2585 2025
280 1768 1191 1689 3457 884 3764 2573 2047
2.90 1785 1204 1676 3461 892 3773 2569 2.065
3.00 1807 1218 1662 3470 904 3784 2566 2087
310 1818 1232 1647 3465 909 3788 2556 2104
320 1834 1247 1632 3466 917 3796 2549 2124
330 1851 1259 1620 3471 925 3804 2545 2142
3.40 1861 1272 1607 3468 930 3809 2538 2.158
350 1871 1285 1594 3465 935 3814 2530 2173
360 1887 1295 1584 3471 944 3823 2527 2192
370 1897 1305 1574 3471 949 3828 2523 2205
380 1907 1313 1566 3473 954 3833 2520 2218
390 1923 1322 1556 3479 962 3840 2517 2236
4.00 1933 1329 1550 3483 967 3846 2516 2247
4.10 1943 1336 1544 3487 971 3852 2515 2259
420 1953 1343 1536 3489 977 3856 2512 2272
430 1963 1350 1530 3493 981 3862 2511 2283
440 1973 1356 1523 3496 986 3865 2509 2295
450 1983 1361 1518 3501 991 3870 2509 2306
460 1992 1366 1513 3506 996 3875 2510 2316
470 2002 1370 1510 3512 1001 3881 2511 2.326
480 2012 1372 1508 3519 1006 3885 2514 2334
490 2015 1370 1509 3524 1008 3887 2516 2336
500 2025 1369 1510 3535 1013 3892 2522 2341
510 2035 1375 1505 3540 1017 3898 2523 INCDRH
520 2044 1381 1499 3544 1022 3902 2522 2363

0CT 1

ORATED
3 2009
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Axial ad A pore Effective Effective q p P

strain, € (ol-a3) press., Au a'3 a'l (o1-03)/2 (o1+a3)/2 (o'1+a'3)2 o'l/e'3
(%) (psf) (psf) (pst) (psf) (ps) (ps) (psf)
530 2048 1386 1495 3542 1024 3904 2519 2370
540 2051 1391 1489 3540 1026 3906 2514 2378
550 2061 1395 1484 3545 1031 3910 2515 2389
560 2064 1401 1478 3543 1032 3911 2511 2396
570 2074 1405 1474 3548 1037 3916 2511 2407
5.80 2077 1409 1470 3547 1039 3918 2509 2413
5.90 2081 1414 1467 3547 1040 3921 2507 2.419
6.00 2096 1416 1463 3559 1048 3927 2511 2433
6.10 2100 1420 1460 3559 1050 3929 2509 2439
6.20 2109 1423 1456 3565 1055 3934 2511 2449
6.30 2106 1424 1456 3562 1053 3933 2509 2447
6.40 2122 1427 1454 3575 1061 3941 2515 2.460
6.50 2125 1429 1450 3575 1063 3942 2513 2465
6.60 2128 1430 1450 3578 1064 3944 2514 2468
6.70 2132 1431 1449 3581 1066 3946 2515 2471
6.80 2135 | 1431 1449 3584 1067 3948 2516 2473
6.90 2138 1432 1447 3585 1069 3948 2516 2478
7.00 2147 1434 1447 3594 1074 3954 2520 2.484
710 2151 1434 1446 3596 1075 3954 2521 2.488
720 2154 1434 1447 3601 1077 3957 2524 2.489
730 2163 1434 1446 3609 1082 3961 2527 2497
7.40 2166 1434 1446 3612 1083 3962 2529 2.499
750 2170 1435 1444 3614 1085 3964 2529 2.502
7.60 2173 1435 1444 3617 1086 3965 2531 2.504
770 2176 1435 1444 3620 1088 3967 2532 2507
7.80 2185 1436 1443 3628 1093 3972 2536 2514
7.90 2188 1436 1443 3631 1094 3973 2537 2516
8.00 2185 1437 1442 3627 1093 3972 2535 2515
810 2188 1437 1442 3630 1094 3973 2536 2518
820 2197 1437 1443 3640 1099 3979 2542 2,523
830 2200 1437 1442 3642 1100 3979 2542 2.526
840 2204 1437 1442 3646 1102 3981 2544 2528
850 2206 1437 1443 3650 1103 3983 2546 2529
860 2210 1436 1443 3653 1105 3984 2548 2531
870 2219 1436 1443 3662 1109 3988 2552 2537
8 80 2216 1436 1443 3659 1108 3987 2551 2535
890 2219 1436 1444 3663 1109 3990 2554 2.536
900 2222 1435 1444 3666 111 3990 2555 2538
9.10 2231 1434 1446 3676 1115 3994 2561 2543
920 2228 1434 1446 3673 1114 3993 2559 2541
9.30 2231 1434 1446 3676 1115 3994 2561 2543
940 2233 1434 1447 3680 117 3997 2563 2544
950 2236 1432 1447 3683 1118 3997 2565 2546
9.60 2239 1432 1447 3686 1120 3999 2566 2.548
970 2236 1432 1447 3683 1118 3997 2565 2546
980 2245 1432 1448 3693 1123 4003 2570 2551
9.90 2248 1432 1448 3696 1124 4004 2572 2553
10.00 2251 1431 1449 3700 1125 4006 2574 2553
1010 2254 1430 1450 3704 1127 4007 2577 2.554
1020 2257 1430 1450 3707 1128 4008 2578 2.556
1030 2254 1429 1450 3704 1127 4006 2577 2554
10.40 2262 1430 1450 3712 1131 4011 2581 2.560
10.50 2265 1429 1450 3715 1133 4012 2583 2.562
10.60 2262 1429 1451 3713 1131 4011 2582 2559
10.70 2265 1429 1451 3716 1132 4013 2584 2,560
10 80 2268 1429 1451 3719 1134 4014 2585 2.562
10.90 2270 1429 1451 3722 1135 4015 2587 2.564
11.00 2273 1428 1451 375 1137 4016 2588 2566
11.10 2270 1428 1451 3722 1135 4014 2587 2564
1120 2273 1428 1451 3724 1137 4016 2588 2566
11.30 2276 1428 1451 37 1138 4017 2589 2568
1140 2278 1427 1453 3731 1139 4018 2592 2569
1150 2281 1425 1454 3735 1141 4020 2594 2569 |
1160 2284 1425 1454 3738 1142 4021 2596 |NCLSRPCQRATED
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Axial od A pore Effective TEilective q '
strain, € (ol-o3) press., Au a3 o'l (61—03)2 (c1+a3)2 (c'1+0'3)/2 c'l/c'3
(%) (psf) (psf) (psf) (psf) (psf)
2.568
11.80 2284 1424 1455 3738 1142 4021 2597 2.570
11.90 2286 1422 1457 3743 1143 4022 2600 2.569
12.00 2289 1420 1460 3748 1144 4024 2604 2.568
12.10 2286 1417 1462 3748 1143 4022 2605 2. 564
1220 2288 1415 1465 3754 1144 4024 2610 2.562
12.30 2291 1414 1465 3757 1146 4025 2611 2563
12.40 2294 1415 1464 3758 1147 4026 2611 2567
12.50 2296 1414 1465 3762 1148 4027 2614 2.567
12 60 2299 1414 1465 3764 1149 4028 2615 2.569
12.70 2296 1411 1468 3764 1148 4027 2616 2.564
12.80 2298 1407 1474 3772 1149 4029 2623 2.560
12.90 2301 1402 1477 3778 1151 4030 2628 2.558
13.00 2303 1402 1477 3781 1152 4031 2629 2.559
13.10 2312 1401 1478 3790 1156 4035 2634 2.564
1320 2309 1400 1479 3788 1154 4033 2634 2.560
1330 2305 1400 1481 3786 1153 4033 2633 2.557
13.40 2308 1398 1481 3789 1154 4033 2635 2559
13.50 2316 1397 1482 3798 1158 4037 2640 2.563
13.60 2319 1397 1482 3800 1159 4038 2641 2.565
1370 2315 1396 1484 3799 1158 4038 2642 2.560
13.80 2318 1395 1484 3802 1159 4038 2643 2.562
13.90 2320 1395 1484 3805 1160 4039 2644 2563
14 .00 2323 1393 1487 3809 1161 4040 2648 2563
1410 2325 1390 1490 3815 1163 4043 2653 2560
1420 2328 1390 1489 3816 1164 4043 2653 2563
14.30 2330 1389 1490 3820 1165 4044 2655 2564
14.40 2332 1388 1491 3824 1166 4045 2657 2.564
14.50 2329 1387 1494 3823 1165 4045 2658 2.559
14 60 2337 1386 1494 3831 1169 4048 2662 2.565
14.70 2334 1384 1495 3829 1167 4046 2662 2562
14 80 2342 1383 1496 3838 1171 4050 2667 2.566
14.90 2344 1383 1496 3840 1172 4051 2668 2.567
1500 2346 1382 1497 3844 1173 4052 2670 2.567
15.10 2349 1382 1498 3847 1174 4055 2673 2.568
1520 2345 1382 1498 3844 1173 4053 2671 2.566
1530 2348 1381 1499 3847 1174 4054 2673 2.566
1540 2350 1381 1498 3848 1175 4054 2673 2.569
15.50 2352 1380 1499 3852 1176 4055 2676 2.569
15.60 2355 1380 1499 3854 1177 4056 2677 2.570
1570 2351 1379 1501 3852 1176 4055 2676 2.567
15.80 2359 1379 1502 3861 1180 4060 2681 2.571
15.90 2356 1376 1503 3859 1178 4057 2681 2.568
16 00 2358 1375 1504 3862 1179 4058 2683 2.568
16.10 2360 1375 1505 3865 1180 4060 2685 2.568
1620 2362 1374 1505 3868 1181 4060 2687 2.570
16 .30 2365 1374 1506 3871 1182 4063 2689 2.570
16 40 2361 1372 1508 3869 1181 4060 2688 2.566
16 50 2358 1370 1509 3867 1179 4058 2688 2563
16 60 2360 1369 1510 3870 1180 4059 2690 2.563
1670 2368 1368 1511 3879 1184 4063 2695 2.567
16 80 2365 1367 1512 3877 1182 4061 2695 2.564
16 90 2372 1364 1515 3887 1186 4065 2701 2.566
17.00 2369 1363 1517 3886 1184 4065 2701 2561
17.10 2371 1362 1518 3889 1185 4066 2704 2.562
17.20 2367 1361 1519 3887 1184 4064 2703 2558
1730 2370 1359 1520 3890 1185 4064 2705 2559
1740 2372 1357 1522 3893 1186 4065 2708 2.559
17.50 2368 1356 1524 3892 1184 4064 2708 2554
1760 2371 1355 1524 3895 1185 4064 2709 2.556
17.70 2367 1354 1526 3893 1184 4064 2710 2551
17.80 2369 1352 1528 3897 1185 4064 2712 2.551
1790 2366 1352 1529 3895 1183 4063 2712 2548
18 00 2368 1350 1529 3897 1184 4063 2713 NCE‘,{QQD’W RATED
0CT 15 2009
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Axial
strain, &
(%)

1820
1830
18 40
1850
18.60
18.70
18 80
1890
19.00
19.10
19.20
19.30
1940
19.50
19.60
1970
19.80
19.90
20.00

ad

(ol-a3)
(psf)

2372
2379
2376
2383
2385
2387
2389
2385
2387
2389
2391
2388
2389
2392
2388
2390
2392
2388
2390

A pore
press., Au
(psf)

1349
1348
1347
1346
1345
1343
1341
1340
1339
1338
1336
1334
1333
1332
1331
1328
1326
1325
1323

Effective
o'3
(psf)

1530
1531
1533
1535
1536
1536
1538
1540
1542
1542
1543
1545
1547
1547
1549
1551
1554
1554
1556

Effective
o'l

(psf)

3902
3910
3909
3918
3921
3923
3927
3926
3929
3931
3934
3933
3937
3939
3937
3941
3946
3943
3946

q
(o1-53)/2
(psf)

1186
1190
1188
1192
1192
1194
1194
1193
1194
1195
1196
1194
1195
1196
1194
1195
1196
1194
1195

(o1+63)2
(psf)

4065
4069
4068
4072
4073
4073
4074
4073
4074
4074
4075
4073
4075
4075
4073
4074
4076
4073
4074

P

(o'1+6'3)2 o'lla'3

(psf)

2716 2550

2721 2.554

2721 2.549

2726 2.553

2728 2553

2729 2554

2733 2553

2733 2549

2735 2549

2736 2550

2738 2.550

2739 2545

2742 2544

2743 2.546

2743 2542

2746 2541

2750 2539

2749 2537

2751 2537

INCORPORATED
OCT 15 2009
Div. of Qil, Gas & Mining
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Project Name: Taylor Geo-Engineering
Project Number: M00991-001
Sample: CH-5-48
Comments: Samples were compacted to 90% of ASTM D698 at
Test Number: S2

Z:\PROJECTS\MO00991_Taylor_Geo-Engineering\001\[GTXCU3v1 CH-5-48 xls]s2

Axial ad A pore  Effective Effective q P §

strain, € (o1-03) press., Au a3 a'l (ol-03)2 (61+63)2 (o'1+0'3)2 o'l/o'3
(%) (pst) (psf) (psf) (pshH (psf) (psh) (psf)

1.005
0.02 270 45 5717 5987 135 5897 5852 1.047
0.04 450 85 5676 6127 225 5987 5902 1.079
0.06 587 123 5639 6226 294 6055 5933 1.104
0.08 695 155 5607 6303 348 6110 5955 1.124
0.10 782 184 5578 6360 391 6153 5969 1.140
020 1090 306 5456 6547 545 6307 6001 1.200
0.30 1298 391 5371 6668 649 6411 6020 1.242
0.40 1476 354 5408 6884 738 6500 6146 1273
0.50 1618 258 5504 7122 809 6571 6313 1.294
0.60 1745 289 5473 74l g 872 6634 6345 1.319
0.70 1857 362 5399 7256 929 6689 6328 1.344
0.80 1955 409 5353 7308 978 6739 6331 1365
090 2053 449 5313 7366 1026 6788 6340 1.386
1.00 2136 341 5421 7557 1068 6830 6489 1.3%
1.10 2219 390 5372 7591 1110 6871 6481 1413
120 2295 453 5309 7603 1147 6909 6456 1432
130 2370 512 5251 7621 1185 6948 6436 1451
140 2431 543 5220 7651 1216 6979 6435 1466
1.50 2493 565 5197 7690 1246 7008 6444 1480
1.60 2539 597 5165 7704 1270 7032 6434 1.492
1.70 2600 627 5134 7734 1300 7061 6434 1.506
1.80 2660 672 5091 7751 1330 7093 6421 1.523
1.90 2707 703 5059 7766 1354 7115 6413 1535
200 2760 734 5028 7788 1380 7142 6408 1.549
2.10 2799 766 4996 7795 1400 7162 6396 1.560
220 2845 801 4961 7806 1423 7185 6384 1574
230 2884 834 4929 7813 1442 7205 6371 1.585
2.40 2923 863 4899 7822 1462 7223 6360 1597
2.50 2955 898 4864 7819 1477 7239 6341 1.608
2.60 2986 940 4821 7808 1493 7255 6315 1619
2.70 3018 984 4779 7797 1509 7272 6288 1.631
2.80 3056 1034 4728 7784 1528 7290 6256 1.647
290 3088 1092 4670 7758 1544 7306 6214 1.661
3.00 3119 1163 4600 7719 1560 7323 6160 1.678
3.10 3143 1225 4537 7680 1572 7334 6109 1.693
3.20 3175 1287 4475 7649 1587 7349 6062 1.709
330 3206 1353 4409 7615 1603 7365 6012 1.727
340 3230 1421 4340 7570 1615 7376 5955 1744
3.50 3261 1494 4268 7528 1630 7392 5898 1.764
360 3278 1564 4198 7476 1639 7401 5837 1.781
370 3309 1630 4132 7440 1654 7416 5786 1.801
3.80 3332 1691 4071 7403 1666 7428 5737 1.819
390 3356 1743 4020 7376 1678 7441 5698 1.835
4.00 3380 1788 3974 7353 1690 7452 5664 1.851
410 3397 1826 3936 7333 1698 7460 5634 1.863
420 3413 1862 3900 7313 1707 7469 5606 1.875
430 3437 1909 3854 7291 1718 7481 5572 1.892
440 3446 1952 3811 7257 1723 7486 5534 1.904
450 3470 1996 3766 7236 1735 7497 5501 1.921
460 3487 2038 3724 7211 1743 7505 5467 1.936
470 3496 2074 3688 7184 1748 7510 5436 1.948
480 3513 2106 3656 7169 1756 7518 5412 1.961
490 3536 2137 3625 7160 1768 7530 5392 1.976
500 3545 2169 3593 7138 1773 7535 5366 1.987
5.10 3555 2197 3565 7120 1777 7539 5342 1.997
520 3571 2235 3529 7099 1785 7548 5314 NCORPARATED
OCT 15 2009
7/14

Div. of Oil, Gas & Mining



Axial ad A pore Effective Effective q '

strain, £ (c1-63) press., Au a3 a'l (o1-03)2 (o14+a3)2 (a'1+0'3)2 c'l/o'3
(%) (psf) (psf) (psf) (pst) (psf)
530 3587 2265 3498 7085 1794 7557 5292 2025
540 3597 2296 3466 7063 1798 7560 5265 2038
550 3613 2323 3439 7052 1806 7568 5246 2050
560 3629 2348 3414 7042 1814 7576 5228 2063
570 3638 2365 3397 7035 1819 7581 5216 2071
5.80 3647 2386 3376 7023 1824 7586 5200 2,080
590 3663 2406 3356 7020 1832 7594 5188 2091
6.00 3665 2427 3336 7002 1833 7596 5169 2099
6.10 3675 2451 3312 6986 1837 7600 5149 2110
6.20 3684 2476 3287 6971 1842 7605 5129 2121
630 3700 2499 3264 6963 1850 7613 5114 2134
640 3702 2520 3243 6945 1851 7614 5094 2.142
650 3718 2532 3230 6948 1859 7621 5089 2151
660 3720 2545 3217 6937 1860 7622 5077 2.156
670 3722 2557 3205 6928 1861 7623 5066 2.161
680 3738 2572 3190 6928 1869 7631 5059 2172
690 3740 2594 3169 6909 1870 7633 5039 2.180
700 3749 2613 3150 6899 1874 7638 5025 2190
710 3758 2629 3134 6892 1879 7642 5013 2199
720 3767 2643 3120 6886 1883 7646 5003 2207
730 3769 2655 3107 6876 1884 7646 4991 2218
740 3771 2661 3102 6873 1885 7648 4988 2216
750 3773 2669 3093 6866 1887 7648 4979 2220
7.60 3782 2680 3082 6864 1891 7653 4973 2227
7.70 3790 2690 3073 6863 1895 7658 4968 2233
7.80 3792 2705 3058 6850 1896 7659 4954 2240
7.90 3801 2722 3041 6842 1901 7664 4942 2250
8.00 3803 2738 3024 6827 1902 7664 4925 2258
8.10 3812 2752 3011 6823 1906 7669 4917 2266
820 3814 2756 3006 6820 1907 7669 4913 2269
830 3822 2761 3001 6824 1911 7673 4913 2274
8.40 3824 2766 2996 6820 1912 7674 4908 2277
8.50 3833 2773 2989 6821 1916 7678 4905 2283
8.60 3835 2785 2978 6813 1917 7680 4895 2288
8.70 3843 2799 2963 6806 1922 7684 4884 2297
8.80 3851 2806 2957 6808 1926 7689 4883 2303
8.90 3853 2814 2949 6802 1927 7690 4875 2307
9.00 3862 2821 2942 6804 1931 7694 4873 2313
910 3864 2828 2934 6797 1932 7694 4865 2317
9.20 3872 2831 2932 6804 1936 7699 4868 2320
930 3874 2828 2934 6807 1937 7699 4870 2321
940 3889 2833 2929 6818 1944 7706 4873 2328
9.50 3884 2840 2923 6807 1942 7705 4865 2329
960 3892 2852 2910 6802 1946 7708 4856 2338
9.70 3894 2866 2896 6790 1947 7709 4843 2345
980 3902 2875 2888 6790 1951 7714 4839 2351
990 3910 2886 2876 6786 1955 7717 4831 2360
10.00 3912 2894 2869 6781 1956 7719 4825 2363
10.10 3920 2902 2860 6780 1960 7722 4820 2371
1020 3915 2908 2854 6769 1958 7720 4812 2372
1030 3930 2914 2849 6779 1965 7728 4814 2379
10 40 3925 2916 2845 6770 1963 7723 4807 2380
10.50 3933 2921 2841 6774 1967 7728 4808 2384
10 60 3935 2915 2847 6781 1967 7729 4814 2382
10.70 3936 2913 2849 6785 1968 7730 4817 2381
10.80 3938 2913 2849 6787 1969 7731 4818 2382
10.90 3939 2921 2842 6781 1970 7733 4812 2386
11.00 3947 2929 2833 6780 1974 7735 4806 2393
11.10 3949 2935 2827 6776 1974 7736 4801 2397
1120 3943 2940 2823 6767 1972 7735 4795 2397
1130 3958 2946 2818 6775 1979 7742 4796 2405
1140 3953 2948 2815 6768 1976 7740 4792 2404
11.50 3961 2953 2809 6770 1980 7742 4790 2410
11.60 3956 2955 2807 6763 1978 7740 4185 INCCRPOHRATED

OCT 15 2009
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Axial ad A pare Effective Effective q p P

strain, £ (o1-63) press., Au a'3 a'l (c1-a3)/2 (o1+63)2 (o'1+0'3)/2 o'l/o'3
(%) (psf) (psf) (psf) (psf)
11.70 3964 2954 2808 6772 1982 7744 4790 2411
1180 3965 2955 2807 6772 1982 7744 4790 2413
11.90 3966 2957 2805 6771 1983 7745 4788 2414
12.00 3968 2962 2800 6768 1984 7746 4784 2417
12.10 3969 2951 2811 6780 1985 7746 4795 2412
1220 3970 2944 2818 6788 1985 7747 4803 2.409
1230 3971 2942 2821 6793 1986 7749 4807 2408
12.40 1973 2953 2809 6782 1987 7748 4796 2414
12,50 3974 2962 2800 6774 1987 7749 4787 2419
12.60 3976 2965 2797 6112 1988 7750 4784 2422
12.70 3977 2970 2792 6769 1988 7750 4780 2424
12.80 3972 2976 2786 6758 1986 7748 4772 2426
12.90 3973 2980 2784 6756 1986 7750 4770 2427
13.00 3974 2982 2781 6755 1987 7750 4768 2429
13.10 3975 2985 2777 6752 1988 7750 4764 2432
1320 3977 2985 2777 6753 1988 7750 4765 2432
1330 3978 2987 2777 6754 1989 7752 4765 2433
13.40 3979 2985 2778 6757 1989 7752 4767 2432
13.50 3974 2978 2784 6758 1987 7749 4771 2428
13.60 3975 2968 2793 6768 1988 7748 4781 2423
13.70 3976 2961 2800 6776 1988 7749 4788 2420
13.80 3977 2970 2792 6769 1989 7751 4781 2425
13.90 3985 2976 2786 6771 1992 7754 4778 2430
14.00 3986 2983 2780 6766 1993 7756 4773 2434
1410 3987 2985 2778 6765 1993 7756 4771 2435
1420 3988 2989 2773 6761 1994 7756 4767 2438
1430 3995 2991 2772 6767 1998 7761 4769 2441
14 40 3990 2994 2768 6758 1995 7757 4763 2441
14.50 3991 2994 2768 6760 1996 7757 4764 2442
14.60 3998 2997 2765 6763 1999 7761 4764 2.446
14.70 3999 2998 2764 6763 2000 7762 4763 2447
14 80 4000 2997 2765 6765 2000 7762 4765 2447
14.90 4007 2997 2766 6773 2004 7767 4770 2449
15.00 4008 2996 2766 6774 2004 7766 4770 2449
1510 4009 2987 2775 6785 2005 7767 4780 2445
1520 4010 2976 2786 6796 2005 7767 4791 2439
1530 4017 2974 2788 6306 2009 7771 4797 2441
15.40 4018 2983 2779 6797 2009 7771 4788 2446
15.50 4013 2991 2771 6784 2006 7768 4777 2448
15.60 4020 2997 2765 6785 2010 7772 4775 2.454
1570 4014 3001 2763 6777 2007 7770 4770 2453
15 80 4015 3006 2757 6772 2008 7771 4764 2457
15.90 4022 3010 2752 6774 2011 7773 4763 2462
16.00 4017 3015 2747 6764 2009 7770 4756 2462
16.10 4018 3017 2745 6763 2009 7771 4754 2.464
1620 4019 3018 2744 6763 2009 7771 4753 2.465
1630 4019 3017 2745 6764 2010 7172 4755 2.464
1640 4020 3018 2744 6764 2010 7172 4754 2465

1650 4021 3019 2743 6764 2011 7772 4753 2.466
16.60 4022 3015 2747 6769 2011 7773 4758 2464
1670 4016 3013 2748 6765 2008 7770 4757 2461
16 80 4023 3013 2750 6773 2012 7775 4761 2463
16.90 4018 3012 2750 6768 2009 7771 4759 2461
17.00 4013 3010 2752 6765 2006 7768 4758 2458
17.10 4019 2999 2763 6782 2010 7772 47 2455
1720 4014 2994 2768 6782 2007 7769 4775 2450
17.30 4009 2989 2773 6782 2004 7766 4777 2446
17.40 4009 2996 2766 6775 2005 7767 4771 2.449
1750 4010 3004 2758 6768 2005 7767 4763 2454
17,60 4011 3022 2740 6751 2005 7767 4746 2464
17.70 4011 3045 2718 6729 2006 7769 4724 2476
17.80 4012 3058 2704 6716 2006 7768 4710 2
17.90 4006 3052 2711 6717 2003 7766 anas 1N CO?Z%C RATED
18.00 4001 3046 2716 6717 2001 7762 4716 2473
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Axial
strain, €

(%)

18.10
18.20
18.30
1840
18.50
18.60
18.70
1880
1890
19.00
19.10
1920
19.30
1940
19.50
19.60
19.70
19.80
19.90
20.00

ad
(c1-63)
(psf)

3996
4002
4003
4003
3998
3998
3993
3999
4000
3995
4001
4007
4007
4008
4014
4020
4021
4021
4021
4022

A pore
press., Au
(psf)

3025
3012
2997
2985
2956
2939
2923
2912
2866
2833
2817
2810
2821
2834
2854
2871
2889
2907
2924
2943

Effective
o'3

I (psf)

2737
2750
2765
2977
2806
2823
2839
2850
2895
2929
2944
2951
2941
2929
2908
2893
2873
2855
2838

2819

Effective
o'l
(psh)

6732
6752
6768
6780
6804
6822
6832
6850
6895
6923
6945
6958
6948
6937
6922
6913
6893
6876
6859
6840

q
(o1-a3)/2
(psf)

1998
2001
2001
2002
1999
1999
1997
2000
2000
1997
2001
2004
2004
2004
2007
2010
2010
2011
2011
2011

p

(6 1+33)/2
(psf)

7760
7763
7763
7764
7761
7761
7758
7762
7761
7759
7761
7764
7766
7767
7769
7773
7792
7772
7773
7773

P

(c'1+0'3)/2 o'l/a'3
(psf)
4735 2.460
4751 2456
4766 2448
4778 2442
4805 2425
4823 2416
4835 2407
4850 2403
4895 2382
4926 2364
4945 2359
4955 2.358
4944 2363
4933 2.368
4915 2381
4903 2.390
4883 2400
4866 2.408
4848 2417
4830 2427

INCORPORATED
0CT 15 2009
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‘ Project Name: Taylor Geo-Engineering

Project Number: M00991-001
Sample: CH-5-48

Comments: Samples were compacted to 9% of ASTM D698 at
Test Number: S3

Z:\PROJECTS\M00991_Taylor Geo-Engineering\001\[GTXCU3v1 CH-5-48 xls]s3

Axial ad A pore Effective Effective q p P
strain, £ (c1-63) press.. Au a'3 o'l (o1-a3)2 (o1+53)2 (o'l+a'3)2 c'l/e'3
(%) (psf) (psf) (psf) (psh) (psf) (psf) (psf)
0.00 47 0 11524 11477 23 11500 11500 1.004
002 511 43 11480 11992 256 11779 11736 1045
0.04 829 82 11442 12271 415 11938 11856 1.072
0.06 1054 116 11408 12461 527 12050 11934 1.092
0.08 1247 150 11374 12621 624 12147 11997 1110
0.10 1394 179 11344 12738 697 12220 12041 1123
0.20 1949 307 11217 13166 975 12498 12191 1174
0.30 2333 328 11196 13529 1167 12690 12362 1208
040 2632 288 11235 13867 1316 12839 12551 1234
050 2891 391 11132 14023 1446 12969 12578 1.260
060 3119 519 11005 14124 1559 13083 12564 1283
0.70 3323 650 10875 14198 1662 13186 12536 1.306
0.80 3512 789 10734 14246 1756 13279 12490 1327
0.90 3684 922 10602 14286 1842 13366 12444 1.348
1.00 3857 1048 10475 14332 1928 13452 12404 1368
1.10 3998 1168 10356 14354 1999 13523 12355 1386
1.20 4139 1287 10236 14375 2069 13593 12306 1.404
130 07n 1402 10123 14395 2136 13661 12259 1422
1.40 4405 1505 10019 14423 2202 13726 12221 1.440
1.50 4514 1627 9897 14411 2257 13781 12154 1456
1.60 4631 1733 9790 14421 2316 13839 12106 1.473
1.70 4733 1846 9678 14410 2366 13890 12044 1.489
. 1.80 4834 1956 9568 14402 2417 13941 11985 1505
190 4935 2071 9453 14388 2468 13991 11920 1522
2.00 5021 2169 9355 14375 2510 14034 11865 1.537
2.10 5114 2259 9264 14378 2557 14080 11821 1.552
220 5199 2373 9151 14350 2599 14123 11750 1568
230 5276 2478 9045 14322 2638 14161 11683 1583
240 5354 2583 8941 14295 2677 14201 11618 1599
250 5431 2679 8846 14277 2715 14240 11561 1614
260 5493 2771 8753 14245 2746 14270 11499 1628
2.70 5562 2861 8664 14225 2781 14305 11444 1642
280 5623 2951 8572 14196 2812 14335 11384 1,656
290 5677 3035 8490 14167 2839 14364 11329 1669
3.00 5746 3113 8411 14157 2873 14397 11284 1.683
310 5800 3190 8333 14133 2900 14423 11233 1.696
320 5846 3269 8255 14101 2923 14447 11178 1.708
330 5899 3343 8181 14080 2950 14474 11131 1.721
340 5952 3416 8108 14061 2976 14500 11084 1.734
350 5991 3493 8031 14022 2995 14519 11026 1.746
3.60 6036 3566 7957 13994 3018 14541 10975 1.759
3.70 6082 3637 7887 13969 3041 14565 10928 1.771
3.80 6127 3706 7818 13945 3064 14587 10881 1.784
3.90 6165 3775 7749 13914 3082 14606 10831 1.796
400 6203 3839 7684 13887 3101 14625 10786 1.807
410 6240 3902 7621 13861 3120 14643 10741 1.819
420 6270 3961 7563 13833 3135 14659 10698 1.829
430 6308 4018 7505 13813 3154 14677 10659 1.840
440 6345 4078 7447 13791 3172 14697 10619 1.852
450 6375 4130 7395 13770 3187 14712 10582 1.862
460 6405 4179 7345 13749 3202 14726 10547 1.872
470 6442 4233 7291 13733 3221 14745 10512 1.884
480 6464 4283 7241 13704 3232 14755 10472 1.893
490 6486 4335 7189 13675 3243 14767 10432 1.902
5.00 6523 4384 7140 13663 3261 14785 10401 1914
. 510 6538 4434 7089 13627 3269 14792 }gggg : gii
2 4 3280 14803
520 6560 4483 7040 13600 NCORPO RATED
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Axial od A pore Effective Effective p '

straimn, € (s1-63) press., Au a3 o'l (ol-03)2 (51+63)2 (o' 1+a’3)2 o l/a3
(%) (psf) (psf) (psf) (psf) (psf) (ps) (psf)
530 6589 4534 6990 13579 3294 14818 10284 1.943
540 6611 4582 6942 13552 3305 14829 10247 1.952
550 6625 4627 6897 13522 3313 14837 10210 1960
560 6654 4672 6852 13506 3327 14851 10179 1971
570 6676 4715 6808 13484 3338 14861 10146 1.981
580 6690 4755 6769 13459 3345 14869 10114 1988
590 6711 4798 6726 13438 3356 14880 10082 1998
600 6733 4841 6684 13417 3366 14892 10051 2007
610 6747 4882 6643 13390 3374 14899 10017 2016
620 6769 4919 6605 13373 3384 14908 9989 2025
630 6782 4960 6565 13347 3391 14916 9956 2033
640 6797 4997 6526 13323 3398 14922 9924 2.041
650 6810 5033 6491 13301 3405 14929 9896 2049
6.60 6832 5067 6457 13289 3416 14939 9873 2058
670 6845 5098 6427 13272 3423 14947 9849 2.065
6.80 6852 5129 6395 13247 3426 14950 9821 2071
6.90 6866 5157 6368 13234 3433 14958 9801 2078
7.00 6879 5187 6338 13217 3440 14964 9777 2.085
710 6893 5219 6305 13198 3447 14970 9751 2093
720 6907 5246 6279 13186 3453 14978 9732 2100
730 6920 5273 6251 13171 3460 14984 9711 2107
740 6934 5297 6227 13161 3467 14992 9694 2113
7.50 6940 5322 6203 13143 3470 14995 9673 2119
7.60 6947 5345 6178 13125 3473 14997 9652 2124
770 6960 5371 6154 13113 3480 15005 9634 2131
7.80 6966 5393 6130 13096 3483 15007 9613 2136
7.90 6987 5421 6103 13090 3493 15018 9597 2145
8.00 6986 5444 6080 13066 3493 15016 9573 2.149
8.10 6999 5466 6058 13057 3500 15023 9557 2155
820 7005 5491 6033 13038 3503 15026 9536 2,161
830 7018 5512 6013 13031 3509 15034 9522 2167
8.40 7024 5533 5991 13015 3512 15036 9503 2172
8.50 7037 5554 5970 13007 3519 15042 9488 2179
8.60 7050 5575 5949 12999 3525 15049 9474 2185
8.70 7056 5597 5928 12984 3528 15053 9456 2190
8.80 7055 5618 5905 12960 3528 15051 9433 2195
8.90 7068 5638 5886 12953 3534 15058 9419 2201
9.00 7074 5659 5864 12938 3537 15060 9401 2206
9.10 7073 5680 5843 12916 3536 15060 9380 2210
9.20 7085 5699 5826 12911 3543 15067 9368 2216
9.30 7091 5718 5806 12897 3546 15069 9351 2221
9.40 7097 5736 5787 12884 3548 15072 9336 2226
9.50 7102 5755 5770 12872 3551 15076 9321 2231
9.60 7115 5770 5754 12869 3558 15082 9312 2236
9.70 7114 5787 5737 12850 3557 15080 9294 2240
9.80 7126 5803 5722 12848 3563 15088 9285 2245
9.90 7132 5817 5707 12839 3566 15091 9273 2250
10.00 7130 5829 5696 12826 3565 15090 9261 2252
10.10 7136 5841 5683 12819 3568 15092 9251 2256
1020 7141 5855 5669 12810 3571 15094 9239 2260
10.30 7140 5865 5659 12799 3570 15095 9229 2262
10.40 7145 5876 5648 12793 3573 15096 9220 2265
10.50 7151 5884 5640 12790 3575 15099 9215 2268
10.60 7156 5895 5629 12785 3578 15102 9207 227
10.70 7161 5903 5622 12783 3581 15105 9203 2274
10.80 7166 5913 5611 12778 3583 15108 9195 2277
1090 7172 5920 5604 12776 3586 15111 9190 2280
11.00 7170 5926 5597 12768 3585 15109 9183 2281
1110 7175 5932 5593 12768 3588 15112 9180 2283
1120 7174 5938 5586 12759 3587 15110 9173 2284
1130 7186 5944 5580 12765 3593 15116 9173 2288
1140 7191 5948 5576 12767 3595 15120 9172 el 2T
11.50 7189 5954 5569 12758 3595 15118 o164 INCGiHr O ATED
11.60 7194 5957 5568 12762 3597 15122 9165 2292 009
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Axial | A pore Effective Effective

p

strain, £ (c1-c63) press., Au a3 o'l (o1—a3)2 (ol+c3)2 (o'1+6'3)2 c'l/a’3
(%) (psf) (pst) (psf) (psf) (psh (pst) (psf)
11.70 7192 5961 3562 12755 3596 15120 9158 2293
1180 7197 5964 5560 12757 3599 15122 9159 2295
11.90 7202 5967 5556 12759 3601 15125 9158 2296
12.00 7207 5968 5555 12763 3604 15127 9159 2297
12.10 7205 5972 5552 12757 3603 15126 9154 2298
12.20 7210 5971 5554 12764 3605 15130 9159 2298
12.30 7215 5971 5553 12768 3608 15131 9160 2299
12.40 7220 5971 5553 12773 3610 15134 9163 2.300
12.50 7218 5971 5554 12772 3609 15134 9163 2.300
12.60 7223 5970 5555 12778 3611 15136 9167 2.300
12.70 7221 5967 5556 12777 3610 15134 9167 2.300
12.80 7219 5968 5555 12774 3609 15133 9165 2299
12.90 7224 5967 5556 12780 3612 15135 9168 2.300
13.00 7228 5966 5558 12786 3614 15138 9172 2.301
13.10 7226 5964 5561 12787 3613 15138 9174 2299
1320 7217 5963 5561 12778 3609 15132 9170 2298
1330 7215 5967 5556 12772 3608 15131 9164 2299
13.40 7227 5966 5558 12784 3613 15137 9171 2.300
13.50 7224 5963 5561 12785 3612 15136 9173 2299
13.60 7222 5961 5562 12784 3611 15135 9173 2298
1370 7233 5959 5566 12799 3617 15141 9182 2300
13.80 7231 5957 5567 12798 3616 15139 9183 2299
13.90 7235 5953 5572 12807 3618 15142 9189 2299
14.00 7240 5950 5574 12814 3620 15144 9194 2299
1410 7238 5945 5580 12817 3619 15144 9199 2297
1420 7242 5938 5587 12829 3621 15146 9208 2296
14.30 7240 5932 5590 12830 3620 15142 9210 2295
14.40 7237 5924 5601 12838 3619 15143 9220 2292
1450 7242 5915 5609 12851 3621 15145 9230 2291
1460 7246 5903 5621 12867 3623 15147 9244 2289
1470 7250 5891 5634 12884 3625 15150 9259 2287
14 80 7248 5878 5645 12893 3624 15148 9269 2284
14.90 7252 5863 5661 12913 3626 15150 9287 2281
15.00 7263 5849 5675 12938 3632 15155 9306 2280
1510 7260 5835 5690 12950 3630 15155 9320 2276
1520 7252 5820 5704 12955 3626 15149 9330 2971
1530 7255 5807 5718 12973 3628 15152 9346 2269
15.40 7259 5793 5732 12991 3630 15154 9362 2266
1550 7257 5780 5744 13001 3629 15152 9372 2263
15.60 7255 5767 5757 13011 3627 15151 9384 2260
1570 7259 5753 5771 13029 3629 15153 9400 2258
15.80 7256 5740 5785 13041 3628 15153 9413 2254
1590 7260 5727 5798 13057 3630 15155 9428 2252
16 00 7264 5713 5811 13074 3632 15155 9442 2250
16.10 7261 5700 5823 13084 3631 15154 9454 2247
1620 7259 5687 5836 13095 3629 15153 9466 2244
16.30 7269 5677 5847 13116 3634 15158 9481 2243
16.40 7266 5666 5857 13123 3633 15157 9490 2241
16.50 7263 5653 5870 13134 3632 15155 9502 2237
16.60 7261 5642 5882 13143 3630 15154 9512 2234
16.70 7258 5631 5893 13150 3629 15153 9522 2232
16 80 7262 5623 5901 13162 3631 15154 9532 2231
16 90 7265 5612 5912 13178 3633 15157 9545 2229
17.00 7262 5602 5923 13185 3631 15156 9554 2226
17.10 7253 5590 5934 13187 3627 15150 9560 2222
1720 7257 5578 5946 13203 3628 15153 9575 2220
17.30 7261 5569 5955 13215 3630 15154 9585 2219
1740 7264 5558 5965 13229 3632 15156 9597 2218
1750 7261 5549 5975 13236 3631 15154 9605 2215
17.60 7258 5540 5984 13242 3629 15153 9613 2213
17.70 7262 5535 5989 13250 3631 15154 9619 2213
17.80 7259 5525 5999 13258 3629 15153 9628 2210
17.90 7262 5513 6011 13273 3631 15155 9642, . A~ 3208 A TE
18.00 7259 5503 6021 13280 3630 15154 92@‘%i (@18 Lt T ATED

OCT 15 2009
Div. of Oil, Gas & Milhg




Axial od A pore Effective Effective P

strain, £ (c1-63) press., Au o'3 a'l (o1-63)2 (o1+c3)2 (c'140'3)12 d'lla’3
(%) (psf) (psf) (psf) (psf) (psf) (psf) (psh)

18.10 7256 5494 6031 13287 3628 15153 9659 2203
1820 7260 5485 6040 13300 3630 15154 9670 2202
1830 7263 5474 6051 13313 3631 15156 9682 2200
1840 7260 5465 6059 13319 3630 15153 9689 2.198
18.50 7263 5458 6066 13329 3632 15155 9697 2.197
18.60 7260 5451 6073 13333 3630 15154 9703 2.196
1870 7257 5444 6081 13338 3628 15153 9710 2193
18 80 7260 5439 6086 13346 3630 15155 9716 2193
18.90 7263 5432 6093 13356 3632 15156 9724 2192
19.00 7260 5428 6096 13356 3630 15155 9726 2.191
19.10 7270 5425 6099 13368 3635 15158 9733 2192
1920 7266 5417 6107 13373 3633 15157 9740 2.190
19.30 7276 5413 6110 13386 3638 15161 9748 2.191
1940 7266 5409 6115 13381 3633 15157 9748 2188
19.50 7269 5405 6119 13388 3635 15158 9753 2188
19 60 7266 5403 6121 13387 3633 15157 9754 2187
19.70 7269 5402 6122 13391 3634 15158 9757 2187
19 80 7272 5399 6124 13396 3636 15159 9760 2.187
19.90 7275 5396 6128 13403 3637 15161 9765 2.187
2000 271 5393 6130 13402 3636 15159 9766 2.186

INCORPORATED
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Isotropically Consolidated Undrained with Pore Pressure (CIU/PP) “’ IGES
Project Name: Taylor Geo-Engineering
Project Number: M00991-001
Sample: CH-5-98
Comments: Samples were compacted to 90% of ASTM D698 at

OMC.
Test Number ST S2 S3
Height, H (in) 422 422 4.05
Diameter, D (in)]  1.88 1.88 1.88
= Moisture Content, w (%)|  17.3 17.3 17.3
= Dry Unit Weight, yd (pcf)]  97.9 98.0 97.7
Saturation (%) 78.6 77.0 74.0
Void Ratio, e]  0.59 0.60 0.62
5 Moisture Content, w (%) 22.4 20.6 19.8
= Dry Unit Weight, yd (pcf)]  103.8 107.1 114.4
L Saturation (%) 100.0 100.0 100.0
= Void Ratio, e]  0.61 0.56 0.53
M ~ B| 09 0.95 0.97
Back pressure (psf)] 5431.9 15270 6916
Strain rate (%/min)|  0.033 0.033 0.033
Time to Failure (min)]  603.0 606.1 603.0
Strain at Failure, f (%)]  19.90 20.00 19.90
& o3 (psh| 2878 5754 11523
& cl-63 (psH)] 2994 5436 8088
= ol (psh] 5873 11190 19612
= q=(cl-63)2 (psH| 1497 2718 4044
p=(clte3)2 (pst)] 4375 8472 15568
u(psf)] 1353 2564 6606
% o3 (psH| 1526 3190 4918
% c'1-6'3 (psf)| 2994 5436 8088
° o'l (psH] 4520 8626 13006
5 q=(c'l1-6'3)/2 (psH)] 1497 2718 4044
2 p'=(c'l+6'3)2 (ps)| 3023 5908 8962
e s'1/c3| 296 2.70 2.64
A=u/(cl-c3)] 0.452 0.472 0.817
Estimated Specific Gravity 2.70 i
Plastic Limit (%) 17
Liquid Limit (%) 53
Plasticity Index (%) 36
Total Effective
Summary of Strength Paramaters| Stress Stress
~ c(psh| 657 216
o (deg)] 12.9 25.4
tan 9| 0229 0475 lINCORPORATE
" Saturation set to 100% for phase calculations

Testedby: 0CT 1 5 2003

Reviewed: Z:\PROJECTS\M00991_Taylor_Geo-Engineering\001\[GTXCU3vl_CH-5-98 xls]SummaB
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Isotropically Consolidated Undrained with Pore Pressure (CIU/PP)

Project Name
Project Number

wIGES

: Taylor Geo-Engineering
: M00991-001

Sample: CH-5-98
Comments:
Total Effective
Summary of Strength Paramaters| Stress Stress
c (psf) 657 216
¢ (deg) 12.9 254
tan ¢| 0.229 0.475
9000 -
2083 10000
8000 9000
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& ]
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= et
% 4000 e
2 8
2 3000 .
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Normal stress, o, / p' (psf)

4000



Axial
strain, €

10.00
10.10
1020
10.30
10.40
10.50
10.60
1070
10.80
10.90
11.00
11.10
1120
1130
11.40
11.50
11.60

od
(c1-03)

2362
2372
2389
2400
2410
2420
2437
2448
2458
2468
2478
2495
2492
2502
2505
2515
2525
2529
2538
2548
2552
2562
2572
2581
2585
2594
2598
2607
2617
2620
2630
2633
2636
2646
2649
2652
2655
2658
2654
2664
2661
2663
2673
2676
2685
2682
2697
2700
2710
2719
2715
2725
2727
2736
2746
2748
2751
2754
2750
2766
2768
2771
2774

A pore
press., Au
(psf)

1680
1678
1678
1677
1677
1674
1669
1664
1669
1669
1669
1668
1668
1661
1656
1654
1656
1655
1654
1654
1650
1649
1642
1637
1634
1636
1637
1635
1634
1630
1628
1626
1623
1621
1613
1608
1605
1606
1605
1603
1602
1600
1598
1595
1592
1588
1583
1578
1571
1572
1571
1569
1567
1565
1571
1562
1558
1553
1545
1538
1541
1540
1538

Effective
a'3
(psf)

1200
1200
1200
1201
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