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1.0 INTRODUCTION

Phelps Dodge Tyrone Inc. (Tyrone) operates an open-pit copper mine near Silver City, New Mexico
(Figure 1). Tyrone is engaged in mine reclamation and closure activities on selected facilities with the
intent of meeting pertinent applicable requirements of the New Mexico Water Quality Control Act
(WQA), the Water Quality Control Commission (WQCC) Regulations, and the New Mexico Mining Act
(NMMA). The New Mexico Mining and Minerals Division (MMD) regulates Tyrone as an existing mine
under Permit No. GRO10RE. The New Mexico Environment Department (NMED) issued Discharge
Permit 1341 (DP-1341) to Tyrone to regulate closure related activities.

Condition 76 (DP-1341) requires the development and interpretation of cover, erosion, and revegetation
test plots. The purpose of the test plots is to “evaluate: net infiltration [drainage] through the store and
release cover with differing cover thicknesses; feasibility of construction and construction techniques
required during cover placement; erosion rates of covered and uncovered slopes; vegetation success; and
the potential for upward migration of acidic solutions from the Tailing Impoundments, Waste Rock Piles

and Leach Ore Stockpiles”.

1.1 Background

The cover design for the Tyrone Stockpiles is part of a reclamation plan that includes complementary
surface and subsurface water control measures and water treatment. Tyrone identified the cover design
study as one of several studies supporting the closure/closeout plan (DBS&A, 1997). Through meetings
and discussions with the NMED and the MMD during the spring of 1998, Tyrone prepared and submitted
a cover design work plan for regulatory review on August 3, 1998. Based upon agency comments,
Tyrone submitted a revised work plan on October 23, 1998 and began work on the cover design study in

early November 1998.

Implementation of the initial work plan and subsequent work led to the development of the Cover Design
Study Status Report (CDSSR) for Tyrone (DBS&A, 1999). The CDSSR presented the results of the
materials characterization, soil water balance simulations, and technical reviews of various types of cover
systems. Based on this work and subsequent interactions with the NMED and MMD, a store and release

cover was selected as the most appropriate for use at Tyrone.

Tyrone submitted a work plan to address Condition 76 in December 2003 (Tetra Tech, 2003). The
original designs called for 2.5:1, 3:1, and top surface plots to be constructed with Gila Conglomerate

covers on the south side of the No. 1 Stockpile and 2:1 test plots to be built on the No. 1C Stockpile.
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Ultimately, alternative designs for reclamation of the No. 1C Stockpile resulted in the abandonment of the
2:1 Gila Conglomerate test plots, and the No. 1 Stockpile test plots were relocated to the west face of the
stockpile (Figure 2). The NMED conditionally approved the Tyrone Stockpile Test Plot work plan on
February 17, 2005. The MMD officially approved the test plot work plan including provisions associated
with compliance with Condition 9.L.1 (Permit GRO10RE) in February 2006.

1.2 Test Plots Goals and Objectives

The primary goal of the vadose zone monitoring program is to calibrate the existing soil water balance
models (UNSAT-H) for the Chino and Tyrone mines to predict long-term performance of the covers
based on the data collected during the cover performance period (Tetra Tech, 2003). Ultimately,
modeling is necessary to accommodate the natural variations in climate that characterize this region. The
primary objectives proposed as part of the cover, erosion, and revegetation test plot study include the

following:

o Determine if the covers described in Supplemental Discharge Plan DP-1341 and/or
alternative cover systems will ensure that the requirements of the WQA and WQCC
Regulations are met;

o Evaluate infiltration beneath the various cover systems;

o Evaluate the feasibility of limiting infiltration beneath the covers to less than one
percent of the mean annual precipitation;

o Evaluate the constructability of cover systems of variable thicknesses on slopes with
a range of gradients;

o Calibrate the existing water balance model with data obtained as part of this study
and in coordination with other pertinent permit conditions; and

o Verify field performance of the proposed and alternate covers.

1.3  As-Built Report

The various MMD and NMED permit conditions require that Tyrone provide as-built information within
90 days of the completion of the test plots. The test plots are substantively complete from an earthmoving
and revegetation perspective, although additional work is required to finalize the test plots. Outstanding

issues related to completion of the test plots are discussed at the end of this report.
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The intent of this report is to document:

o final configuration of the test plots

e Dbaseline cover and waste rock characterization

e vadose zone monitoring instrument installation, testing, and calibration;

o lysimeter materials, construction, and testing results;

e seed mixture and seeding rates; and

e meteorological station instrumentation testing and calibration.
This report also includes as-built diagrams of the test plots including location, number designation, and
size. The actual cover thickness data generated from the sampling of five excavations is included in this
report as well as information on borrow sources. Major deviations from the work plans are discussed in

appropriate sections of the report. Costs associated with construction of the test plots will be presented

once the test plots are finalized and costs are tabulated by Tyrone.
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2.0 MATERIALS CHARACTERIZATION

The cover and underlying materials in the test plots were sampled and analyzed to establish a
physiochemical baseline for each site. The field and laboratory characterization methods are discussed in
Section 2.1. The results of the physical and chemical characterizations are discussed in Sections 2.2, and

the hydraulic data are presented in Section 2.3.

2.1 Characterization Methods

2.1.1 Field Methods

Individual waste rock and cover samples were collected for physical and chemical analysis of the fine-
earth fraction (particles < 2mm in diameter). The fine-earth samples were 5 to 10 kg in size and the larger
rock fragments (> 75 mm) were removed. The samples collected for particle size analyses were placed
directly in gallon-size plastic bags, while the samples for soil-hydraulic analyses were placed in 5-gallon
airtight plastic buckets. The samples were shipped to the associated analytical laboratories at ambient

temperature.

Waste rock samples were collected prior to cover placement. Bulk waste rock samples were collected
from the upper two feet of the regraded surface and from various depths near the instrument nests for

laboratory analysis.

Following cover placement but before seeding, 5 test pits were excavated in the cover in each plot. The
entire interval of the exposed profile was described (Soil Survey Division Staff, 1993). The pits were
examined with emphasis on determining the spatial and volumetric relationships of the fine-earth and
rock fragments. Cover thickness was determined by examining the exposed faces of the pits. Cover
material samples were collected from the test pits (5 pits per test plot), and used to determine the final
cover thickness; one sample was collected from the surface to a depth of one foot; and the second sample

was collected from the one-foot interval above the basal contact with the waste rock.

2.1.2 Chemical and Physical Analysis Methods

The chemical and physical analyses were conducted at Energy Laboratories in Billings, Montana. A total
of 40 waste rock and 84 cover samples were collected for chemical and physical analyses. The individual
sample locations are presented in Figure 3. The bulk samples were air-dried and passed through a 2 mm
sieve at the laboratory. The less than 2 mm soil fraction of the cover materials was analyzed for the

parameters listed in Table 1. Similar test were made on the waste rock, except that nitrogen,
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phosphorous, and organic carbon were not determined. These analyses were conducted using standard
methods that are consistent with the 1996 MMD Draft Closeout Plan Guidelines (MMD, 1996).

2.1.3 Soil Hydraulic Characterization Methods

The goal of the soil hydraulic analyses was to develop an understanding of the range of hydraulic
properties of the materials. A total of 8 waste rock and 7 cover samples were collected for soil hydraulic
analyses (Figure 3). The samples were analyzed at the Daniel B. Stephens & Associates (DBS&A)
Laboratory in Albuguerque, New Mexico. Because the waste rock and cover materials contain rock
fragments, the soil-hydraulic analyses were conducted on the less than 2 mm fraction. The fine-earth
fraction of the samples was packed to specified bulk densities based on well established soil textural
relationships (Soil Survey Division Staff, 1993). The soil hydraulic testing methods are summarized in
Table 2.

2.2 Chemical and Physical Characteristics

2.2.1 Cover

Cover materials were derived from a borrow area established for the test plot program (Figure 2). Field
descriptions of the cover materials are summarized in Table 3. The chemical and physical properties of
the cover materials are summarized in Table 4; the laboratory data are included in Appendix A. The
cover materials are moderately-coarse textured, represented mainly by sandy loams and sandy clay loams.
The cover samples contain moderate amounts rock fragments (Tables 3 and 4). The majority of the
samples were circumneutral ranging from slightly acid to moderately alkaline (pH 6.0 to 7.9). One
sample was strongly acid with a pH of 4.8. The cover materials were non- to slightly saline (0.4 to 3.3
deciSiemens per meter [dS/m]) and generally lacked CaCO;. The organic matter, phosphorous, and

nitrate contents are relatively low.

2.2.2 Waste Rock

The chemical and physical properties of the waste rock are summarized in Table 5; the laboratory reports
are in Appendix B. The characteristics of the waste rock samples were fairly consistent (Table 5). The
samples were mainly classified as sandy clay loams and loams with 20 to 27 percent clay. All the
samples were extremely acid (pH 2.0 to 3.4) and ranged from slightly- to moderately-saline (5.3 to 11.4
dS/m).
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2.3 Soil Hydraulic Characteristics

The soil hydraulic characterization was meant to provide site-specific information as well as to
complement the existing database for the Gila Conglomerate at Tyrone (DBS&A, 1999; Golder, 2005).
The hydraulic characterization data for the cover materials are summarized in Table 6; the laboratory
reports are included in Appendix C. The hydraulic characterization data for the waste rock are
summarized in Table 7; the laboratory reports are included in Appendix D. Pertinent data in Tables 6
and 7 were corrected to account for rock fragments contained in the samples submitted to the laboratory;
however, it should be noted that the samples were not fully reflective of the field conditions with respect
to rock fragments.
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3.0 TEST PLOT DESIGN AND CONSTRUCTION

The stockpile test plots were constructed using equipment and techniques representative of the methods
that will be applied in the normal course of reclamation at Tyrone. Section 3.1 provides an overview of
the construction practices that were applied at the stockpile test plots. The final configuration of the test
plots is represented in Section 3.2. Section 3.3 details the calibration and installation of the vadose zone
monitoring instruments, including the volumetric lysimeters. The erosion monitoring equipment is

detailed in Section 3.4. Finally, Section 3.5 discusses cost information pertinent to the test plots.

3.1 Construction Methods

3.1.1 Subgrade Preparation

The west slope of the No. 1 Stockpile was regraded using a push-down technique to construct the slopes
and a wide bench to represent a top surface. The regrading operation was primarily performed with D8R
and D11 dozers to build the 2.5:1 and 3:1 slopes. The ultimate configuration of the top surface plot was
different than the 2005 preliminary design. The top surface plot was smaller than the original design to
accommodate the mass balance of materials from the 3:1 slope and still avoid the power lines at the base
of the 2.5:1 slope. The computer aided earthmoving system (CAES) was used to assist in grade control

and equipment operations. This process was complemented by conventional GPS surveys.

3.1.2 Drainage Control

A surface drainage channel was constructed at the base of the 3:1 test plots to prevent runon to the top
surface plots. The trench was pre-excavated in the stockpile along the centerline of the ditch using an
excavator and the trench was backfilled with 3 feet of local borrow materials. Rip rap from the Wind
Canyon quarry was placed in the northern section of the channel and Copper Mountain leach cap rip rap
was placed in the southern section of the channel. Berms were constructed on the northern, southern, and

eastern perimeters to prevent runon from the adjacent uncovered stockpile materials.

3.1.3 Cover Placement

The cover materials were obtained from a local borrow area developed specifically for the test plots. The
borrow area was located northeast of the stockpile as shown on Figure 2. The cover materials were
spread using either 631 scrapers or staged at the crest and pushed down the slopes using dozers. The final

grade on the cover was achieved using a motor grader or dozer equipped with CAES.
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Cover thickness was initially assessed by excavating pits and measuring cover thickness during the
quality control process. Areas with overbuilt or underbuilt covers were graded to achieve the design
thickness. The locations of the 5 cover thickness confirmation test pits required by the MMD are shown
on Figure 3. The cover thickness for each test pit is listed in Table 3. Figures 4 through 6 illustrate the
mean cover thickness for the test plots. The thickness data indicate that the mean cover thickness

treatments are statistically different with 95 percent confidence.

3.14 Revegetation

The test plots were revegetated in a manner consistent with requirements of Appendix C of Permit
GRO10RE. The revegetation operations were performed by Rocky Mountain Reclamation in early
August 2005. Operationally, the revegetation procedures included: 1) scarification and seedbed
preparation, 2) seeding, and 3) mulching and crimping. Pertinent details of these operations are discussed

below.

3.14.1 Seedbed Preparation

During the seeding operation, Rocky Mountain Reclamation scarified to a depth of 8 to 12 inches using

tractor mounted steel shanks. These scarification procedures were performed on the contour.

3.14.2 Seeding

The seed was drilled and broadcast simultaneously using a modified rangeland drill with depth control
bands, packer wheels, agitators and augers, and picker wheels. The light and fluffy seeds were allowed to
fall freely behind the drill and were covered using chain drags pulled behind the drill. Compact seeds
were drilled to promote proper seed placement. Seeding on the No. 1 Stockpile test plots was completed

by the second week in August 2005.

3.1.4.3 Seed Mix

The seed mix applied on the stockpile test plots is listed in Table 8. Seed was procured by Rocky
Mountain Reclamation from Granite Seed Company. The seed mix deviated slightly from the primary
seed mix (Appendix C of Permit GRO10RE) to accommodate requests from the New Mexico Game and

Fish Department and the MMD, and because seed availability issues.
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3.1.4.4 Mulching and Crimping

Certified weed-free, long-stem, native hay was supplied by Rocky Mountain Reclamation and used to
mulch the test plots. The mulch was delivered in cylindrical bales originating from Kansas and
Oklahoma. Specially-adapted mulch-spreading equipment pulled behind a 4-wheel drive tractor was used
to uniformly spread the mulch at the rate of about 2.0 tons per acre. The mulch was then crimped 3 to 4
inches into the cover using a disc harrow with straight coulter discs spaced approximately 6 to 8 inches
apart. The crimping operation was performed on the contour on the 3:1 and top surface test plots. On the

2.5:1 plots, the mulch was not crimped because the equipment was unable to stay on the contour.

3.145 Chemical Amendments

No chemical amendments were applied to the test plots. Fertilization of a portion of the test plots was
proposed in the work plan and this oversight by Golder represents a data gap in the completion of the test
plots. A schedule for rectifying this oversight is presented in Section 4.0.

3.2  Test Plot Configurations

Test plots were constructed on the No. 1 Stockpile at the Tyrone Mine in accordance with Condition 76 of
DP-1341. A total of 9 large-scale test plots representing different cover thickness treatments (2, 3, and
4 feet) and slopes angles of 2.5:1, 3:1, and nearly level (top surface) were built to emulate the expected
construction operations of a full-scale reclamation effort. Plate 1 illustrates the final configuration of the

stockpile test plots.

The test plots were constructed on the west face of the No. 1 Stockpile consistent with the design
submitted in January 2005. The test plots ranged from 0.96 to 1.8 acres and total about 12 acres. As
indicated earlier, the top surface plots are smaller than the original design to accommodate the mass
balance of materials from the 3:1 slope and still avoid the power lines at the base of the 2.5:1 slope.
Furthermore, because the No. 1 Stockpile is now scheduled for full closure, the angle-of-repose and top
surface control plots were not established. An alternative location for the control plots is being evaluated

by Tyrone.

Top surface slope gradients averaged 2.5 percent and slope length averaged about 180 feet in length.
Slope lengths and gradients for the slope plots generally conformed to the permit requirements: the 2.5:1
slopes are about 175 feet long and the 3:1 slopes have 300-foot slope lengths (Plate 1).
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3.3 Vadose Zone Monitoring Instrumentation

Numerous types of instrumentation are commercially available to measure in-situ soil water content, and
matric potential. The relative advantages and limitations of soil water potential and water content
measuring devices were discussed in the original work plan (Tetra Tech, 2003) and subsequent
correspondence. The vadose zone monitoring system installed at the No. 1 Stockpile test plots was
designed to evaluate the performance and applicability of instrumentation in measuring soil matric
potentials, soil water contents, soil temperatures, and fluid levels in the lysimeter reservoirs with the
ultimate objective of evaluating drainage from reclaimed stockpiles. Three replicate vadose zone
monitoring nests were installed on the primary test plots, which included the 2- and 4-foot cover thickness
treatments for the stockpile top surface test plots. As requested by the NMED, single monitoring nests
were installed in the remaining test plots. The vadose zone instruments are all connected to data loggers,

which allow for continuous monitoring and storage of data from the various instruments.

Data stored on the loggers are currently being downloaded on a weekly basis and then incorporated into a
master database. The vadose-zone monitoring network will be monitored with the automated systems for
a period of at least seven years. Volumetric drainage lysimeters were also installed in the 2- and 4-foot
cover treatment top surface test plots and the 3-foot cover treatment on the 3:1 slope test plot to
accommodate a request from the NMED. The specific number, type, and placement of instruments in the
nests are listed in Table 9. The vadose zone monitoring systems for the individual test plots include
instrumentation nests consisting of a combination of heat dissipations sensors (HDS) and gypsum blocks
(electrical resistance sensors [ERS]) for estimating soil matric potentials, frequency domain
reflectometers (FDR) sensors for estimating water content within the cover materials and underlying
waste materials. Pressure transducers were installed to measure fluid levels in the lysimeter reservoirs.
The HDS also provide measurements of soil temperatures within the covers and underlying waste

materials.

3.3.1 Calibration

Soil matric potential is required to determine both the gradient and direction of soil-water movement
within the vadose zone. There are a variety of commercially available instruments for measuring soil
matric potential, including tensiometers, psychrometers, ERSs, and HDSs. With the exception of
tensiometers, all of these instruments measure some geophysical property that is related to the soil water
or matric potential through a calibration curve. As such, it is imperative that the instruments selected for
monitoring the test plots be carefully calibrated. The development of water retention characteristics for

the heat dissipation sensors and test plot materials along with calibration of the FDR sensors to the site
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materials will allow for more accurate measurement of the soil water content and matric potential within

the test plots.

The HDS were calibrated in the laboratory according to the standards methods developed by Scanlon
etal. (2002) including compensation for ambient temperature variations (Flint et al., 2002). The HDS
calibrations included five point HDS measurements at varying suctions for each sensor. Individual water
characteristic curves were subsequently developed for each sensor (van Genuchten, 1980). The van
Genuchten coefficients for the individual sensors installed at the stockpile test plots are summarized in

Table 10 and the laboratory calibration reports provided by DBS&A are included in Appendix E.

Delmhorst model 227 ERSs were also installed in selected instrumentation nests for measurement of soil
matric potentials. The manufacturer’s standard polynomial equation for converting sensor resistance to

soil matric potential has been applied to the individual ERS as part of the test plot study.

FDR sensor calibrations were performed in the Golder laboratory using samples of representative cover
and waste rock samples obtained from the No. 1 Stockpile. Work published by Whalley (1993) and
White, et al. (1994) show an almost linear correlation between the square root of the soil dielectric
constant (related to the DC voltage measured with the FDR sensors) and soil volumetric moisture content.
The material-specific calibrations were conducted in accordance with the manufacturer’s specifications
(Dynamax, 1999). Specifically, the calibrations were developed by measuring the soil dielectric constant
(from the FDR sensors) at varying water contents (determined gravimetrically at the DBS&A laboratory).
Calibration equations for each material type were then developed that relate the DC voltage from the FDR
sensors with in-situ soil volumetric moisture content. The individual calibration equations and calibration

plots associated with the cover and waste rock are presented in Appendix F.

Manufacturer's calibration curves relating neutron counts to soil water content are supplied with neutron
probes. However, it is important to develop site-specific calibrations to account for the type of access
tube (PVC, aluminum, or steel pipe) and the material being monitored. Neutron probes are considered
among the most accurate methods for measuring soil water content when properly calibrated. Special
licensing, operator training, handling, shipping, and storage procedures are required because of the
potential radiation safety hazards associated with neutron probes. The permits for this equipment have
not been finalized and the calibrations for this equipment are still outstanding (see Section 4.0).

Factory calibrations were provided for each of the Druck model CS-420 pressure transducers installed
within the lysimeter reservoirs at the No. 1 Stockpile test plots. These calibration certificates are provided
in Appendix H.
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3.3.2 Installation

The HDS, ERS, and FDR sensors were installed using a downhole emplacement and profile
reconstruction method developed for this project. This method resulted in the installation of instruments
with minimal disturbance of the cover. Specifically, this method involved installing a 4-inch diameter,
schedule 40, PVC pipe vertically in the waste rock material following grading. The pipe was installed so
that the terminal depth was about 220 cm in a covered condition. Following cover placement and seeding
operations, the vadose zone instruments were lowered into the PVC pipe annulus to the target depths in a
step wise manner. A section of the pipe was then lifted out of the hole and the void space was backfilled
with either waste rock or cover as appropriate depending on the depth of the instrument, and the material
was then compacted. At completion the entire length of pipe was removed. The waste rock and cover
soil used as backfill was tamped using a closed end 1-inch PVC pipe to ensure good contact with the
instruments. The waste rock and cover soils were screened (-1/4 inch) to eliminate the potential for

bridging around the instruments.

The ERSs were installed at about 10 inches (25 cm) bgs directly in the pit or auger hole walls. The soils
in the immediate vicinity of the block was saturated to improve the soil-instrument block contact. The

holes were then backfilled with cover materials and lightly compacted.

The instrument cables were then routed through 1.5-inch diameter schedule 40 PVC pipes to the tripods
used to secure and house the data loggers and solar panels. These pipes were then buried to protect the

PVC from solar degradation.

3.3.3 Volumetric Lysimeters

At the request of the NMED, volumetric lysimeters were installed in 3 test plots at the No. 1 Stockpile
(Plate 1). The lysimeters will allow measurement of cumulative drainage and provide confirmation of the
drainage estimates obtained from the vadose zone monitoring nests. Lysimeters were installed in the 2-

and 4-foot cover treatment top surface test plots and the 3-foot cover treatment on the 3:1 slope test plot.

The lysimeters consist of polyethylene cone bottom tanks (84-inch diameter and 48-inch height) with a
2-inch diameter Schedule 80 HDPE discharge pipe connected to the bottom of the tank. The as-built

designs for the top surface and side slope lysimeters are presented in Plate 2.

Prior to commencing construction, each lysimeter location was surveyed using GPS survey equipment. A
track hoe was used to excavate the waste rock to create an opening for placement of the lysimeter tank

and discharge reservoir. The overall slopes of the excavation were maintained at gradients flatter than
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about 2.5:1 to provide a safe working environment. During construction the excavation was benched in
2-foot cuts. Selected locations on these benches were cleared and leveled by hand using a shovel. Soil
density was measured at a minimum of 3 locations using a nuclear density gauge. All density
measurements were completed by a licensed technician provide by Summit Technical of Hurley, New
Mexico. The soil density data are summarized in Table 11 and the laboratory reports are summarized in

Appendix G.

The excavated waste rock was segregated by discrete depth increments and stored in piles adjacent to the
excavation. In general, the piles represented materials from distinct 2-foot increments. As the excavation
was advanced, each pile of material was covered with a plastic sheet to reduce the loss of moisture from
the materials. The intent of the segregation and covering was to allow backfilling of the excavation with

materials similar to those excavated.

Upon reaching the terminal depth of the excavation for the lysimeter tank, the base depth was measured.
The depth of the excavation was determined by the cover thickness for the given test plot, such that the
top of the lysimeter would be approximately 7 to 8 feet below the final cover grade. The area for the base
of the lysimeter tank was compacted and molded to the conical geometry of the lysimeter base. The
lysimeter tank was then set into place and leveled. Native materials were pushed into the open space
between the lysimeter and the ground surface and compacted. A small trench was excavated for the

discharge pipe and the lysimeter was set into place. Final leveling of the lysimeter was then performed.

A 55-gallon closed-top polyethylene drum was installed at the end of the trench in an excavation
completed by the track hoe. The material beneath the drum was compacted and the drum was placed such
that the grade on the discharge pipe between the lysimeter tank and the drum (storage reservoir) was at
least 4 percent. The 55-gal drum, piping, and the lysimeter were backfilled until level with the 1-ft mark
above the base of the lysimeter. Filter fabric and 10/20 silica sand (700 Ibs) were placed into the
lysimeter and spread out such that a level top surface was formed. Backfilling of the excavation was then
completed in 2-foot lifts using materials from the depth appropriate stockpiles. As each sequential lift
was completed, three in-situ density measurements were collected on the backfilled material. If the
measurements indicated that further compaction was necessary to be within 10 percent of the average
bulk density for the lift measured during excavation, additional compaction was completed using a hand
tamper and/or the track hoe bucket. If the measurements indicated that the material was within 10 percent
of the original measurements or greater than the original average density, no additional compacting of the
materials was conducted. Material samples were collected at the midpoint and the top of the lysimeter for

laboratory analysis.

Final_Stockpile Test Plot_As-Built.doc Golder Associates



September 2006 -14 - 053-2377

Upon completion of the backfilling, the site was regraded using a grader to the extent practical without
damaging the underlying or exposed pipes. Final grade at the center of the lysimeter was surveyed using

GPS equipment.

3.34 Meteorological Station

A fully automated meteorological (met) station was assembled and installed at the No. 1 Stockpile (Plate
1). The met station consists of a tipping bucket rain gage (Texas Electronic model TE525); relative
humidity/air temperature probe (Vaisala model HMP45AC); wind speed and direction sensor (R.M.
Young model 05103); and silicon pyranometer for measuring solar radiation (Kipp & Zonen SP-LITE).
The sensors are mounted on a 10-foot tripod anchored in place. The sensors and gauges are connected to
a Campbell Scientific, Inc. CR-1000 data logger that is powered by an 86 amp-hour battery and charged
by a 40W solar panel. Calibration certificates for the met station instruments are included in Appendix H.

3.4 Soil Erosion Monitoring

Soil erosion will be measured in the field using a portable erosionometer. Fabrication of the
erosionometer was recently completed; however, the field measuring stations have not been constructed.
Ground conditions associated with above normal precipitation in late August and early September
prevented construction of the monitoring points. The erosion monitoring stations will be finalized in the

fall as ground conditions permit (see Section 4).

3.5 Test Plot Costs

Costs associated with the construction and instrumentation of the test plots will be presented when the test

plots are finalized and all costs are tabulated by Tyrone.
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4.0 SCHEDULE FOR FUTURE WORK

The stockpile test plots were constructed and seeded in the summer of 2005. Subsequent work involved
the installation of the vadose zone monitoring instruments. Outstanding items that need to be finalized

prior to completion of the test plots include:
1) Selection of control plots,
2) Installation of the erosion monitoring points,
3) Fertilization of a section of the top surface plots,
4) Acquisition of the neutron probe certifications and licenses,
5) Neutron probe calibration, and
6) Cost summary.

Recent plans for the No.1 Stockpile, which involve complete reclamation of the facility, have eliminated
the option of using this area for an uncovered control plot. An alternative site must be located for the
uncovered control plots for the stockpiles. Tyrone is currently evaluating options with respect to the
reclamation planning for the entire mine. The erosion transect locations for the stockpile test plots have
not been approved. These features will be constructed in the fall of 2006 when the ground conditions are
acceptable to avoid undo disturbance of the test plots. Fertilization of the plots will be completed in the
early spring prior to the on-set of plant growth. Acquisition of a neutron probe license should be
completed within the next 60 days. The probe will be calibrated within 120 days. Cost information will
be finalized by Tyrone pending the installation of the erosion equipment and neutron access probe

calibrations, but no later than December 15, 2006.
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TABLE 1

CHEMICAL AND PHYSICAL CHARACTERIZATION METHODS

053-2377

Analysis

Source-Method

Saturated Paste pH

SLS 1954 - Method 2 and 21a

Electrical Conductivity

SLS 1954 - Method 3a and 4b

Saturation Percentage

SLS 1954 - Method 2, 3a, 27a, & 27b

Particle Size Distribution

Gee and Bauder (1986)

Rock Fragment

Dry sieve/gravimetric

Organic Carbon

Walkley-Black Method (Dichromate oxidation)

Nitrate

1:2 - Cd reduction (Agron 9, 1982; Method 10-2.3.2)

Phosphorous

Sodium Bicarbonate (Agron 9, 1982; Method 24-5.4)
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TABLE 2
SOIL-HYDRAULIC CHARACTERIZATION METHODS
Analysis Method
Saturated hydraulic conductivity (Ke) ASTM 2434-68
Moisture retention curves ASTM D2325-68 (94)
Antecedent water content Gardner (1986)
van Genuchten parameters (RETC4) van Genuchten et al. (1997)
Rock fragment content ASTM D2487-90
Particle density Blake and Hartge (1986)
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TABLE 3
DESCRIPTIVE SUMMARY OF COVER MATERIALS
. . Surface Foot Basal Foot
TeTtDP't Thickness = el | Cobble | Gravel | Cobble Notes
(inches) o
o vol
Test Plot 1 - 24" Top Surface Cover
1A 30 50% 5% 25% trace stones 1% in 0-1" interval
1B 24 60% 5% 40% 5% stones 2% in 0-1' interval
1C 28 50% 5% 25% trace stones 1% in 0-1' interval
1D 27 60% 5% 30% 2%
1E 21 50% 5% 55% 5% stones 1% in whole pit
Test Plot 2 - 36" Top Surface Cover
2A 42 50% 5% 20% -
2B 37 50% 2% 50% -
2C 42 45% 1% 20% - stones-trace in 0-1' interval
2D 35 55% 5% 20% - stones-trace in 0-1' interval
2E 42 55% <2% 45% -
Test Plot 3 - 48" Top Surface Cover
3A 54 55% 1% 20% -
3B 48 50% 2% 40% -
3C 52 50% 5% 40% trace
3D 55 45% trace 15% -
3E 51 50% 27% 50% trace
Test Plot 4 - 2.5:1 Slope 24" cover
4A 33 45% - 50% -
4Bi 19 35% - 45% trace
4C 27 55% - 55% trace
4D 20 45% - 50% -
4E 22 55% - 45% -
Test Plot 5 - 2.5:1 Slope 36" cover
5A 46 50% - 50% trace
5Bi 41 55% - 55% 2%
5C 34 45% - 50% -
5D 39 50% - 50% 2%
5E 32 45% - 55% trace
Test Plot 6 - 2.5:1 Slope 48" Cover
6A 49 45% - 45% trace
6B 51 50% trace 50% 20%
6C 56 50% 2% 50% 5%
6D 50 50% - 55% -
6E 58 45% trace 45% trace
Test Plot 7 - 3:1 Slope 24™ Cover
7A 29 40% 1% - -
7B 25 45% 1% 40% -
7C 28 55% 2% 35% 1%
7D 27 45% 1% 55% 1%
7E 24 55% 2% 45% 5%
Test Plot 8 - 3:1 Slope 36™ Cover
8A 38 55% - 45% 2%
8B 37 45% trace 55% 15%
8C 47 55% trace 50% -
8D 37 40% trace 40% -
8E 39 50% - 40% - 4" layer of gravel @ 1.5'
Test Plot 9 - 3:1 Slope 48™ Cover
9A 55 45% 2% 55% 5%
9B 51 50% 2% 50% trace
9C 51 50% - 50% 20%
9D 59 55% trace 50% 2%
9E 46 45% 2% 50% 10%
Notes:

% vol = percent by volume

ND = not determined
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TABLE 4
CHEMICAL AND PHYSICAL PROPERTIES OF COVER MATERIALS
Particle Size Distribution (%) Rock e USDA Saturated Paste Organic Phosphorus | Nitrate
Sample ID Fragments | Percentage a Carbon
sand Silt Clay Wtoo) | (owater) | TXWUrE T OnT TEC (dsim)| (wit%e) mg/kg

No. 1A-1, (0-12") 73 16 11 56 19.7 SL 7.1 0.66 0.07 5 <1
No. 1 1A-2, (17-29") 69 12 19 29 26.7 SL 7.4 1.76 0.17 3 3

No. 1 1B-1, (0-12") 79 8 13 49 19.8 SL 6.9 0.58 0.04 5 <1
No. 1 1B-2, (13-25") 79 10 11 59 21.5 SL 7.2 0.59 0.04 4 <1
No. 1 1C-1, (0-12") 71 14 15 52 22.9 SL 7.2 0.92 0.17 4 <1
No. 1 1C-2, (15-27") 65 12 23 24 27.7 SCL 7.3 2.29 0.20 3 1

No. 1 1D-1, (0-12") 75 13 12 59 21.1 SL 7.2 0.86 0.06 4 <1
No. 1 1D-2, (15-27") 67 12 21 31 27.0 SCL 7.4 2.65 0.14 4 2

No. 1 1E-1, (0-12") 69 16 15 61 26.0 SL 4.8 3.34 0.17 5 <1
No. 1 1E-2, (12-23") 75 10 15 64 24.4 SL 7.0 0.68 0.07 4 <1
No. 1 2A-1, (0-12") 70 15 15 58 24.1 SL 7.1 0.80 0.15 5 <1
No. 1 2A-2, (30-42") 67 13 20 30 26.9 SCL 7.2 1.82 0.18 3 7

No. 1 2B-1, (0-12") 75 13 12 60 22.9 SL 7.7 0.84 0.05 4 <1
No. 1 2B-2, (25-37") 75 12 13 61 21.5 SL 7.3 0.95 0.08 4 <1
No. 1 2C-1, (0-12") 71 14 15 59 24.2 SL 7.0 1.50 0.17 4 <1
No. 1 2C-2, (31-43") 55 16 29 22 29.4 SCL 7.2 1.60 0.31 3 2

No. 1 2D-1, (0-12") 67 12 21 27 23.2 SCL 7.0 2.50 0.17 4 17
No. 1 2D-2, (26-38") 70 15 15 60 22.9 SL 6.2 0.78 0.15 4 <1
No. 1 2E-1, (0-12") 73 12 15 51 22.5 SL 7.1 1.41 0.11 4 <1
No. 1 2E-2, (30-42") 75 16 9 56 20.0 SL 6.9 0.65 0.06 4 <1
No. 1 3A-1, (0-12") 72 17 11 62 20.9 SL 7.2 0.83 0.10 4 <1
No. 1 3A-2, (43-55") 73 9 18 35 19.0 SL 7.4 2.58 0.08 3 1

No. 1 3B-1, (0-12") 71 15 14 60 26.5 SL 7.1 1.34 0.21 4 <1
No. 1 3B-2, (36-48") 70 16 14 51 26.4 SL 7.3 1.36 0.19 4 <1
No. 1 3C-1, (0-12") 73 13 14 60 22.0 SL 7.4 1.24 0.09 4 <1
No. 1 3C-2, (41-53") 68 16 16 46 28.6 SL 7.4 1.83 0.16 3 <1
No. 1 3D-1, (0-12") 77 11 12 60 23.2 SL 7.2 1.38 0.12 4 <1
No. 1 3D-2, (39-51") 35 23 42 41 50.5 C 6.1 2.16 0.66 3 100
No. 1 3E-1, (0-12") 72 16 12 61 22.7 SL 7.3 1.29 0.16 4 1

No. 1 3E-2, (40-52") 78 12 10 54 20.7 SL 7.1 0.42 0.08 4 <1
No. 1 4A-1 (0-12") 70 17 13 47 25.5 SL 7.4 1.52 0.19 4 <1
No. 1 4A-2, (21-33") 77 11 12 49 21.8 SL 7.6 1.04 0.10 4 <1
No. 1 4B-1, (0-12") 74 10 16 47 26.5 SL 7.5 2.31 0.18 4 1

No. 1 4B-2, (7-19") 72 10 18 50 27.9 SL 7.2 3.11 0.13 4 <1
No. 1 4C-1, (0-12") 76 13 11 60 22.2 SL 7.6 0.98 0.07 4 <1
No. 1 4C-2, (15-27") 76 13 11 61 20.9 SL 7.5 0.65 0.05 4 <1
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TABLE 4
CHEMICAL AND PHYSICAL PROPERTIES OF COVER MATERIALS
Particle Size Distribution (%) Rock e USDA Saturated Paste Organic Phosphorus | Nitrate
Sample ID Fragments | Percentage a Carbon
sand Silt Clay Wtoo) | (owater) | TXWUE T OnTTEC (dsim)| (wit%e) mg/kg
No. 1 4D-1, (0-12") 76 11 13 55 24.1 SL 7.6 1.04 0.11 5 1
No. 1 4D-2, ( 8-20") 76 10 14 54 22.7 SL 7.5 1.68 0.09 4 1
No. 1 4E-1, (0-12") 70 17 13 55 24.6 SL 7.4 1.26 0.24 4 1
No. 1 4E-2, (10-22") 68 14 18 53 27.0 SL 7.3 1.96 0.15 3 1
No. 1 5A-1, (0-12") 72 12 16 53 24.9 SL 7.5 1.54 0.12 4 1
No. 1 5A-2, (34-46") 70 14 16 53 23.9 SL 7.5 1.31 0.16 5 1
No. 1 5B-1, (0-12") 72 14 14 53 23.1 SL 7.5 1.21 0.12 4 1
No. 1 5B-2, (29-41") 72 11 17 38 26.1 SL 7.3 1.81 0.16 4 2
No. 1 5C-1, (0-12") 74 12 14 55 25.1 SL 7.4 1.32 0.14 4 1
No. 1 5C-2, (22-34") 68 18 14 51 25.7 SL 7.4 1.42 0.15 4 1
No. 15D-1, (0-12") 72 15 13 55 23.2 SL 7.4 1.45 0.16 5 <1
No. 1 5D-2, (27-39") 72 14 14 53 24.0 SL 7.4 1.18 0.15 4 1
No. 1 5E-1, (0-12") 74 14 12 54 23.3 SL 7.3 1.34 0.15 4 <1
No. 1 5E-2 (20-32") 72 16 12 56 23.3 SL 7.8 1.21 0.13 4 <1
No. 1 6A-1, (0-12") 74 15 11 53 23.4 SL 7.5 1.24 0.15 4 <1
No. 1 6A-2, (37-49") 75 13 12 49 24.4 SL 7.7 1.54 0.11 4 <1
No. 1 6B-1, (0-12") 73 15 12 54 22.2 SL 7.6 1.12 0.20 4 1
No. 1 6B-2 76 14 10 62 214 SL 7.1 0.86 0.07 4 <1
No. 1 6C-1, (0-12") 68 16 16 53 27.6 SL 7.4 1.26 0.31 3 2
No. 1 6C-2, (44-56") 72 15 13 53 25.1 SL 7.6 1.87 0.13 4 <1
No. 1 6D-1, (0-12") 70 17 13 51 24.1 SL 7.8 1.58 0.12 4 <1
No. 1 6D-2, (38-50") 74 14 12 50 22.8 SL 7.7 1.43 0.06 4 1
No. 1 6E-1, (0-12") 70 16 14 49 22.6 SL 7.6 1.59 0.20 4 <1
No. 1 6E-2, (46-58") 74 9 17 33 25.5 SL 7.5 2.34 0.15 4 3
No. 1 7A-1, (0-12") 68 18 14 50 25.2 SL 7.5 1.36 0.32 4 2
No. 1 7A-2, (17-29") 72 14 14 49 26.0 SL 6.7 1.18 0.24 3 1
No. 1 7B-1, (0-12") 69 17 14 55 24.3 SL 7.4 2.19 0.22 4 <1
No. 1 7B-2, (13-25") 70 15 15 49 27.0 SL 7.5 1.02 0.19 3 2
No. 1 7C-1, (0-12") 70 16 14 55 24.4 SL 7.5 1.48 0.21 4 1
No. 1 7C-2, (16-28") 70 16 14 53 23.9 SL 7.7 0.90 0.13 4 1
No. 1 7D-1, (0-12") 72 16 12 56 23.0 SL 7.5 1.25 0.10 4 1
No. 1 7D-2, (15-27") 76 12 12 63 22.1 SL 7.7 1.07 0.05 4 <1
No. 1 7E-1, (0-12") 70 16 14 51 23.0 SL 6.0 0.70 0.25 4 <1
No. 1 7E-2, (12-24") 74 14 12 54 23.8 SL 6.7 1.02 0.15 4 1
No. 1 8A-1, (0-12") 70 18 12 50 25.2 SL 7.7 1.08 0.15 4 2
No. 1 8A-2, (26-38") 72 15 13 45 22.7 SL 7.6 1.29 0.14 4 2
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TABLE 4
CHEMICAL AND PHYSICAL PROPERTIES OF COVER MATERIALS
Particle Size Distribution (%) Rock e USDA Saturated Paste Organic Phosphorus | Nitrate
Sample ID Fragments | Percentage a Carbon
sand Silt Clay Wtoo) | (owater) | TXWUE T OnTTEC (dsim)| (wit%e) mg/kg
No. 1 8B-1, (0-12") 72 17 11 54 22.6 SL 7.8 142 0.09 4 2
No. 1 8B-2, (25-37") 72 17 11 58 23.0 SL 7.9 1.20 0.12 4 2
No. 1 8C-1, (0-12") 70 19 11 59 26.6 SL 7.8 142 0.16 4 3
No. 1 8C-2, (35-47") 74 14 12 59 24.2 SL 7.9 1.08 0.15 4 2
No. 1 9A-2, (26-38") 70 17 13 60 25.7 SL 7.6 1.35 0.20 4 2
No. 1 9B-1, (0-12") 72 16 12 62 26.8 SL 7.7 1.50 0.16 4 2
No. 1 9C-1, (0-12") 70 18 12 61 23.8 SL 7.7 1.04 0.17 4 2
No. 1 9C-2, (35-47") 74 14 12 64 24.1 SL 7.8 1.20 0.17 3 2
No. 19D-1, (0-12") 73 12 15 58 25.2 SL 7.8 1.02 0.14 4 2
No. 1 9D-2, (35-47") 74 13 13 61 25.7 SL 7.8 1.38 0.11 4 1
No. 1 9E-1, (0-12") 69 15 16 65 25.2 SL 7.9 1.07 0.12 4 2
No. 1 9E-2, (42-54") 70 15 15 59 24.5 SL 7.8 1.08 0.21 4 2
Notes:
a) USDA Texture = texture class according to Soil Survey Division Staff (1993)
wt % = percent by weight
dS/m = deciSiemens per meter
mg/kg = milligrams per kilogram
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TABLES
CHEMICAL AND PHYSICAL PROPERTIES OF WASTE ROCK SAMPLES

Particle Size Distribution (%) Rock Saturated Paste Saturation

Sample ID i | Fragments USDAb EC Percentage

Sand Silt Clay (%Wt)a Texture pH (ds/m) (% water)
No.l Lys 3-A, 0-2' 50 27 23 34 SCL 2.9 6.50 40.1
No. 1 Lys-3A, 2-3' 50 27 23 45 SCL 2.9 6.43 38.6
No. 1 8-A Lys Top, 6' bgs 52 25 23 51 SCL 2.5 6.32 36.7
No. 1 8-A Lys Mid 8' bgs 50 27 23 58 SCL 2.7 5.55 36.0
No. 1 TP-8, 4' bgs 52 25 23 46 SCL 2.7 5.75 35.9
No. 1 TP-8, 6' bgs 51 26 23 44 SCL 2.8 5.45 36.3
No. 1 TP-8, 8' bgs 51 26 23 52 SCL 2.8 5.27 35.2
No. 11-B, 0-2' 48 29 23 41 L 3.4 7.06 39.3
No.11-B, 2-3' 50 27 23 51 SCL 3.4 7.35 39.5
No. 11-B, 4-5' 48 30 22 42 L 3.6 7.28 39.0
No. 11-C, 0-2' 48 30 22 42 L 2.9 6.02 40.8
No.11-C, 2-3' 50 28 22 35 L 2.8 5.74 40.9
No. 11-C, 4-5' 42 34 24 32 L 2.9 5.43 42.8
No. 1 2-A, (0-2) 50 28 22 42 L 3.1 7.80 41.4
No. 1 2-A, (3-4) 50 28 22 49 L 3.0 8.17 38.7
No. 1 3-B, (0-2) 54 25 21 37 SCL 2.5 6.53 33.7
No. 1 3-B, (2-3) 48 29 23 45 L 2.7 6.01 32.8
No. 1 3-C, (0-2) 47 31 22 53 L 3.1 8.56 37.9
No. 1 3-C, (2-3) 50 25 25 52 SCL 3.2 8.44 39.2
No. 1 4-A, 0-2' 46 28 26 41 L 2.6 7.21 40.1
No. 1 4-A, 2-3' 46 29 25 36 L 2.5 7.21 39.4
No. 1 4-A, 4-5' 46 27 27 37 SCL 2.7 7.12 41.4
No. 1 5-A, 0-2' 47 27 26 47 SCL 2.8 5.75 42.3
No. 15-A, 3-4' 47 27 26 51 SCL 2.4 7.77 40.3
No. 1 6-A, 0-2' 47 28 25 45 L 2.8 6.30 40.3
No. 1 6-A, 2-3' 46 29 25 47 L 2.8 5.45 39.9
No. 17-A, 0-2' 52 25 23 51 SCL 2.0 9.41 30.8
No. 17-A, 2-3' 50 24 26 49 SCL 2.2 7.94 34.8
No. 17-A, 4-5' 50 24 26 53 SCL 2.4 6.86 34.6
No. 1 8-A, 0-2' 48 28 24 52 L 2.7 5.32 37.0
No. 1 8-A, 3-4' 46 29 25 46 L 2.8 5.74 39.6
No. 19-A, 0-2' 51 25 24 58 SCL 2.1 11.40 31.8
No. 19-A, 2-3' 58 22 20 60 SCL 3.2 10.30 27.7
No. 1 10-A, 0-2' 46 28 26 49 L 3.0 6.28 44.0
No. 110-A, 3-4' 48 28 24 47 L 2.9 6.70 43.2
No. 1 10-A, 4-5' 46 28 26 43 L 2.8 7.10 41.6
No. 1 10-A, 6-7' 51 27 22 46 SCL 2.8 6.51 40.5
No. 1 Lys 1-A, 0-2' 50 24 26 50 SCL 2.6 9.39 42.2
No. 1 Lys 1-A, 2-3' 50 24 26 41 SCL 2.5 10.80 411
No. 1 Lys 1-A, 4-5' 46 27 27 47 SCL 2.7 10.60 42.0

Notes:

a) Rock fragments based on laboratory measurements.
b) USDA Texture = texture class according to Soil Survey Division Staff (1993)
bgs = below ground surface

wt % = percent by weight

dS/m = deciSiemens per meter
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TABLE 6
SOIL HYDRAULIC PROPERTIES OF COVER MATERIALS
. .. Volumetric Water Content ..
Rock Particle Saturated Hydraulic Conductivity (cm¥lemd) van Genuchten Coefficients
Sample ID | Fragments® |  Density (G 0, 0, o N
3
(vol 9%0) (g/em’) <2mm whole soil <2mm | whole soil [ <2mm | whole soil 1/cm dimensionless

Nol-1-1 61.69 2.64 1.3E-02 3.3E-03 0.00 0.00 37.94 14.53 0.0632 1.2258
Nol-1-2 44.79 2.65 3.5E-02 1.4E-02 0.00 0.00 44.45 24.54 0.1454 1.2114
Nol-2-1 50.12 2.62 5.0E-03 1.7E-03 0.00 0.00 39.93 19.92 0.0775 1.2169
Nol-2-2 51.43 2.60 1.6E-02 5.4E-03 0.00 0.00 42.94 20.86 0.1465 1.2127
Nol-3-1 45.03 2.64 1.9E-02 7.3E-03 0.00 0.00 35.31 19.41 0.0119 1.2783
Nol-3-2 41.61 2.62 2.6E-02 1.1E-02 0.00 0.00 31.88 18.61 0.0213 1.2513
Nol-8-LY 49.83 2.59 1.1E-02 3.8E-03 0.00 0.00 39.00 19.57 0.0795 1.2128
Notes:

a) Rock fragment contents based on laboratory samples.

O, = residual moisture content

O, = saturated moisture content

whole soil = value corrected for lab gravel content
cm®/cm® = cubic centimeter per cubic centimeter

g/cm3 = grams per cubic centimeter
cm/s = centimeters per second

mm = millimeters

vol % = percent by volume
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TABLE 7
SOIL HYDRAULIC PROPERTIES OF WASTE ROCK SAMPLES
. Saturated Hydraulic Volumetric Water Content van Genuchten
Sample ID Rock GETED Conductivity (cm®cm?) Coefficients
(depth interval) Fragments | Density (cm/s) ) ) )
(vol %)* | (g/cm®) - s i a b
<2mm whole soil <2mm | whole soil | <2mm | whole soil | whole soil 1/cm dimensionless

1B (0-2) 54.6 2.67 1.6E-03 7.3E-04 0.0000 0.0000 0.4655 0.2111 0.0780 0.1509 1.1564
1B (2-3) 55.0 2.58 1.9E-03 8.5E-04 0.0000 0.0000 0.5106 0.2296 0.0800 0.1731 1.1751
1B (4-5" 35.2 2.58 7.9E-04 5.1E-04 0.0000 0.0000 0.4642 0.3008 0.1186 0.1006 1.1683
3C (0-2) 475 2.66 1.6E-03 8.4E-04 0.0000 0.0000 0.4924 0.2587 0.0809 0.1266 1.1746
3C (2-3) 44 4 2.61 2.5E-03 1.4E-03 0.0000 0.0000 0.4974 0.2764 0.1017 0.1369 1.1787
5A (3-4") 40.9 2.59 2.7E-04 1.6E-04 0.0000 0.0000 0.4576 0.2702 0.0998 0.0605 1.1964
7A (0-2) 62.8 2.64 1.9E-04 7.1E-05 0.0000 0.0000 0.4523 0.1683 0.0629 0.0455 1.1974
10A (6-7") 57.8 2.64 2.0E-04 8.5E-05 0.0000 0.0000 0.4288 0.1811 0.0672 0.0628 1.1877

Notes:

a) Rock fragments based on laboratory measurements.
©, = residual water content

©, = saturated water content

O, = initial water content

whole soil = corrected for lab gravel content
cm®cm?® = cubic centimeter per cubic centimeter
g/cm3 = grams per cubic centimeter

cm/s = centimeters per second

mm = millimeters

vol % = percent by volume

TABLE 7_Nol.xls Golder Associates
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TABLE 8
RECLAMATION SEED MIX AND RATES
PLS
Common Name Scientific Name Ibs. per acre
Blue grama Bouteloua gracilis 0.25
Sideoats grama Bouteloua curtipendula 1.25
Galleta Hilaria jamesii 0.40
Green sprangletop Leptochloa dubia 0.15
Sand dropseed Sporobolus cryptandrus 0.05
Bottlebrush squirreltail Elymus elymoides 1.25
Indian ricegrass Oryzopsis hymenoides 1.75
Streambank wheatgrass Agropyron dastachyum v. riparium 1.50
Rubber rabbitbrush Chrysothamnus nauseosus 0.15
Mountain mahogany Cercocarpus montanus 1.00
Winterfat Certoides lanata 0.60
White prairie clover Dalea candidum 0.20
Blue flax Linum lewisii 0.15
Prairie coneflower Ratibida columnifera 0.20
Total 8.90
Notes:



September 2006

Table 9_Nol.xls

TABLE9

VADOSE ZONES INSTRUMENTATION SUMMARY

Instrumentation/Monitoring Devices

Test Plot Heat Dissipiation Sensors | Frequency Domain Reflectometers|  Electrical Resistance P T
Slope/Cover | TP | Instrumentation (HDS) (FDR) Sensors (ERS) (SIS THEEE NEF sl Data
Depth No. Nest - Installation Installation h Installation - Installation Logger
Serial . Serial Serial Date
(feet) Depth Serial Number Depth Depth Depth Number
Number ) " Number ) Number "
(inches) (inches) (inches) (inches)
Top Surface 1 1A 10207 19.5 163/038 19.7 152494 10 2147078 209 11/15/2005 PB 31
2' Cover 10210 39.5 163/028 39.5 and
10208 59 163/026 59 11/14/2005
10209 78.5 163/035 79
1B 10196 19.5 152466 9.8 11/16/2005
10198 39.5
10197 59
10195 78.7
1c 10206 19 152495 10 11/15/2005
10205 39.5
10203 59
10204 78.5
Top Surface 2 2A 10200 29.5 152466 9.8 11/16/2005
3' Cover 10202 39
10201 59.1
10199 78.7
Top Surface 3 3A 10345 39 163/021 385 152478 10 2148658 215 11/17/2005 PB 32
4" Cover 10344 59.5 163/050 58
10343 70.5 163/025 70
10342 78.5 163/030 78.5
3B 10333 39.5 152479 9.8 11/17/2005
10331 59
10332 71
10330 78.7
3C 10307 39 152480 9.8 11/17/2005
10308 59.3
10306 70.5
10305 79
2.5:1 Slope 4 4A 10309 19.7 11/18/2005 PB 33
2' Cover 10310 39.5
10311 59
10312 78.5
2.5:1 Slope 5 5A 10338 29.5 11/18/2005
3' Cover 10341 394
10340 59.1
10339 78.7
2.5:1 Slope 6 6A 10313 39.7 11/17/2005
4' Cover 10314 58.5
10315 70.5
10316 78.5
3:1 Slope 7 7A 10320 19.7 12/13/2005 PB 34
2' Cover 10319 39.5
10318 59
10317 78.7
3:1 Slope 8 8A 10337 29.5 162/044 29.5 148563 9.8 2147084 209 12/13/2005
3' Cover 10336 39.5 162/043 39.5
10335 59 162/042 59
10334 78.5 162/023 78.7
3:1 Slope 9 9A 10324 39.5 12/14/2005
4' Cover 10323 59.1
10322 70
10321 78.5

Golder Associates

053-2377
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TABLE 10

HDS CHARACTERIZATION AND CALIBRATION DATA

053-2377

Sensor van Genuchten Parameters T* at Each Calibration Point
Serial o - delta T 764850 | 1.0198 | 1019.8 | 3059.4 | 13257.4 | 15297
Number dry wet cm
10195 0.00360 1.5746 2.795 0.685 0 1 0.4389 [ 0.2270 | 0.1166 -
10196 0.00294 1.6252 2.676 0.692 0 1 0.4788 [ 0.2374 | 0.1159 -
10197 0.00336 1.6732 2.633 0.619 0 1 0.4136 | 0.2120 | 0.0725 -
10198 0.00307 1.6270 2.523 0.692 0 1 0.4615 [ 0.2441 | 0.0983 -
10199 0.00454 1.6134 2.548 0.701 0 1 0.3795 [ 0.1949 | 0.0855 -
10200 0.00358 1.6821 2.607 0.685 0 1 0.3949 [ 0.1961 | 0.0702 -
10201 0.00423 1.5795 2.642 0.693 0 1 0.4156 [ 0.2196 | 0.1047 -
10202 0.00431 1.5358 2.795 0.725 0 1 0.3942 [ 0.1935 | 0.0559 -
10203 0.00361 1.6146 2.932 0.692 0 1 0.4663 | 0.2737 | 0.1131 -
10204 0.00420 1.5762 2.875 0.692 0 1 0.4106 [ 0.2090 | 0.0994 -
10205 0.00370 1.5948 2.745 0.709 0 1 0.3761 [ 0.1570 | 0.0598 -
10206 0.00340 1.5790 2.504 0.733 0 1 0.4326 | 0.2572 | 0.1391 -
10207 0.00362 1.5841 2.644 0.766 0 1 0.3846 [ 0.2187 | 0.1303 -
10208 0.00327 1.6600 2.709 0.757 0 1 0.4229 [ 0.2205 | 0.0970 -
10209 0.00784 1.4681 2.794 0.717 0 1 0.4393 [ 0.2215 | 0.1247 -
10210 0.00340 1.6561 2.677 0.692 0 1 0.4439 [ 0.2393 | 0.1213 -
10305 0.00390 1.5578 2.580 0.708 0 1 0.4202 | 0.2309 | 0.1070 -
10306 0.00394 1.5609 2.726 0.684 0 1 0.4312 | 0.2467 | 0.1226 -
10307 0.00397 1.5388 2.789 0.717 0 1 0.4703 [ 0.2576 | 0.1106 -
10308 0.00357 1.5674 2.755 0.725 0 1 0.4419 [ 0.2766 | 0.1710 -
10309 0.01181 1.4303 2.531 0.631 0 1 0.3458 [ 0.1937 - 0.1316
10310 0.00473 1.5755 2.777 0.684 0 1 0.3939 [ 0.2084 | 0.0996 -
10311 0.00577 1.5433 2.743 0.700 0 1 0.3749 [ 0.2040 | 0.1028 -
10312 0.00362 1.5897 2.695 0.683 0 1 0.4427 | 0.2402 | 0.1043 -
10313 0.00389 1.5910 2.648 0.692 0 1 0.4248 | 0.2314 | 0.0976 -
10314 0.00309 1.6557 2.792 0.692 0 1 0.4492 | 0.2166 | 0.0996 -
10315 0.00935 1.4574 2.712 0.712 0 1 0.3580 [ 0.1975 - 0.1250
10316 0.00385 1.4783 2.878 0.812 0 1 0.4821 [ 0.3417 - 0.1210
10317 0.00390 1.6621 2.690 0.684 0 1 0.3887 [ 0.1798 | 0.0871 -
10318 0.00400 1.4604 3.015 0.700 0 1 0.4972 | 0.3166 | 0.1661 -
10319 0.00450 1.5656 2.633 0.748 0 1 0.4084 [ 0.2251 | 0.1018 -
10320 0.00470 1.5319 2.516 0.692 0 1 0.4222 | 0.2381 | 0.1176 -
10321 0.00370 1.5378 2.597 0.733 0 1 0.4658 [ 0.2705 | 0.1246 -
10322 0.00330 1.5946 2.701 0.700 0 1 0.4618 [ 0.2520 | 0.1070 -
10323 0.00440 15211 2.767 0.748 0 1 0.4429 | 0.2541 | 0.1270 -
10324 0.00550 1.4951 2.771 0.757 0 1 0.4172 | 0.2418 | 0.1296 -
10330 0.00619 1.5243 2.733 0.871 0 1 0.3762 | 0.2028 | 0.1121 -
10331 0.00391 1.6122 2.700 0.692 0 1 0.4145 [ 0.2112 | 0.0969 -
10332 0.00381 1.6514 2.808 0.691 0 1 0.4015 [ 0.1861 | 0.0940 -
10333 0.00414 1.6023 2.873 0.749 0 1 0.4077 | 0.2073 | 0.0993 -
10334 0.00459 1.5758 2.865 0.691 0 1 0.4001 [ 0.2130 | 0.1004 -
10335 0.00400 1.5868 2.816 0.806 0 1 0.4216 | 0.2283 | 0.0996 -
10336 0.00372 1.6291 2.816 0.716 0 1 0.4176 | 0.2048 | 0.0976 -
10337 0.00280 1.6451 2.811 0.749 0 1 0.4804 [ 0.2364 | 0.1095 -
10338 0.00400 1.5548 2.828 0.717 0 1 0.4481 | 0.2364 | 0.1260 -
10339 0.00370 1.6391 2.828 0.749 0 1 0.4124 | 0.2161 | 0.0814 -
10340 0.00369 1.5245 2.588 0.700 0 1 0.4517 | 0.2547 | 0.1077 -
10341 0.00324 1.6234 2.761 0.692 0 1 0.4746 | 0.2380 | 0.1151 -
10342 0.00450 1.5751 2.589 0.724 0 1 0.4038 [ 0.2177 | 0.0999 -
10343 0.00551 1.5311 2.573 0.700 0 1 0.3907 | 0.2192 | 0.1085 -
10344 0.00387 1.5543 3.074 0.676 0 1 0.4449 [ 0.2609 | 0.1081 -
10345 0.00408 1.6579 2.814 0.692 0 1 0.3812 [ 0.1767 | 0.0861 -
Notes:

delta T = temperture differnce before and immediately after heating period
T* = normalized delta T (Flint et al., 2002)

Table 10_Nol.xls
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TABLE 11
IN-SITU AND BACKFILL DENSITIES FOR THE LYSIMETER INSTALLATIONS
Depth Density (Ibs/ft’) Percent of Water content (Wt %) | percent of
(feet bgs) In-situ | Backfilled | initial value In-situ Backfilled |initial value

LYSIMETER 1A - Top Surface 24" Cove

0 94.7 93.1 98.3 9.0 9.5 106

2 78.6 91.9 116.9 14.3 9.0 63

4 84.0 82.1 97.7 16.6 11.0 66

6 76.0 87.2 114.7 16.8 10.1 60

8 80.5 81.0 100.5 14.9 9.1 61
LYSIMETER 3A - Top Surface 48" Cove

0 93.9 94.9 101.1 6.0 8.6 143

2 81.6 89.9 110.2 9.3 7.9 86

4 85.4 87.6 102.6 8.9 6.4 72

6 83.1 87.6 105.4 8.4 8.6 102

8 85.8 84.2 98.1 11.7 10.0 85
LYSIMETER 8A - 3:1 Slope 36" Cover

0 71.9 91.5 103.4 7.6 1.7 100

2 85.1 93.2 113.0 10.0 9.8 99

4 76.0 87.7 110.8 10.1 8.8 87

6 66.7 88.1 111.8 11.7 9.0 77

8 80.3 89.3 103.1 10.9 9.3 85

Notes:

Ibs/ft* = pounds per cubic foot
wt % = percent by weight

Table 11_No1.xls
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VADOSE ZONE MONITORING
INSTRUMENTATION NEST
(SEE TABLE BELOW)

SOIL COVER 2' THICK

/— TOP OF COVER

2" SCHD. 80 PVC PIPE
WITH WATER TIGHT
SLIP CAPS

8% SLOPE FOR PIPE o

U7

LK P

4 OZ NON-WOVEN
GEOTEXTILE UNDERLINER

10/20 GRADE SILICA SAND

SOLID DISCHARGE CONNECTOR
HDPE ELBOW WITH WATER
TIGHT CONNECTION TO BARREL

-—

TO DATA LOGGER

STORAGE RESERVOIR

WATER TIGHT
[~——— END CAPS — [~

/— COVER SURFACE

2" SCHD. 80 PVC PIPE
FROM BARREL LYSIMETER

" SCHD. 80 PVC,
SOLID PIPE, GLUED
JOINTS

6034.05°

VADOSE ZONE MONITORING INSTRUMENTATION NEST TABLE

INSTALLATION DEPTH
« ELEVATIONS FEET ABOVE MSL INSTRUMENT TYPE (INCHES BELOW TOP OF COVER) SERIAL NUMBER
HDS #1 19.5 10207
HDS #2 39.5 10210
HDS #3 59.0 10208
HDS #4 78.5 10209
FDR #1 19.7 163/038
FDR #2 39.5 163/028
FDR #3 59.0 163/026
FDR #4 79.0 163/035
GB #1 10.0 152494
PD #1 208.8 2107078

HDS = HEAT DISSIPATION SENSOR
FDR = FREQUENCY DOMAIN REFLECTOMETER

GB = GYPSUM BLOCK

4 OZ NON-WOVEN
GEOTEXTILE UNDERLINER

PD = PRESSURE TRANSDUCER
NP = NEUTRON ACCESS TUBE

55 GALLON HDPE
STORAGE RESERVOIR

—
8% SLOPE

WATER TIGHT —/
COUPLINGS

SAW CUT SLOTS

55 GALLON POLYETHYLENE _/
TIGHTHEAD DRUM

2" SCHD. 80 PVC
WATER TIGHT END CAP

PRESSURE TRANSDUCER

\

2.41'

SAW CUT

SLOTS \ |

LYSIMETER 1A TOP SURFACE 2' COVER TEST PLOT

NOT TO SCALE

VADOSE ZONE MONITORING
INSTRUMENTATION NEST
(SEE TABLE BELOW)

SOIL COVER
3' THICK

- WASTE ROCK, >
AL

10/20 GRADE SILICA SAND
SOLID DISCHARGE CONNECTOR

HDPE ELBOW WITH WATER
TIGHT CONNECTION TO BARREL

* ELEVATIONS FEET ABOVE MSL

 £4% SLOPE FOR PiPE o

TOP OF COVER

SCHD: 80 PVG TA
A!B.APTO:R.EIQANG_E.

11.5'

WATER TIGHT
COUPLING

£034.02

~4' HIGH

~2' DIAMETER

\ OPEN ENDED

2" SCHD. 80 PVC PIPE
WITH WATER TIGHT
SLIP CAPS

VADOSE ZONE MONITORING INSTRUMENTATION NEST TABLE

INSTALLATION DEPTH
INSTRUMENT TYPE (INCHES BELOW TOP OF COVER) SERIAL NUMBER
HDS #1 19.5 10337
HDS #2 39.5 10336
HDS #3 59.0 10335
HDS #4 78.5 10334
FDR #1 29.5 163/044
FDR #2 39.5 163/043
FDR #3 59.0 163/042
FDR #4 78.7 163/023
GB #1 10.0 152478
PD #1 208.6 2147084

HDS = HEAT DISSIPATION SENSOR
FDR = FREQUENCY DOMAIN REFLECTOMETER
GB = GYPSUM BLOCK

PD = PRESSURE TRANSDUCER
NP = NEUTRON ACCESS TUBE

55 GALLON HDPE
STORAGE RESERVOIR

R —
TO DATA LOGGER

2" SCHD. 80 PVC PIPE
FROM BARREL LYSIMETER

VADOSE ZONE MONITORING

INSTRUMENTATION NEST
(SEE TABLE BELOW)

/— TOP OF COVER

SOIL COVER 4' THICK

2" SCHD. 80 PVC PIPE
WITH WATER TIGHT
SLIP CAPS

BARREL

-

CONE BOTTOM® :_'

8% SLOPE FOR PiPE o

U7
. R

4 OZ NON-WOVEN
GEOTEXTILE UNDERLINER

10/20 GRADE SILICA SAND

SOLID DISCHARGE CONNECTOR
HDPE ELBOW WITH WATER
TIGHT CONNECTION TO BARREL

K] ;"‘."'. .
#2" DIA. SCHD.
80 PVC PIPE;

12.50'

VADOSE ZONE MONITORING INSTRUMENTATION NEST TABLE

INSTALLATION DEPTH
INSTRUMENT TYPE (INCHES BELOW TOP OF COVER) SERIAL NUMBER
* ELEVATIONS FEET ABOVE MSL
HDS #1 39.0 10345
HDS #2 59.5 10344
HDS #3 70.5 10343
HDS #4 78.5 10342
FDR #1 38.5 163/021
FDR #2 58.0 163/050
FDR #3 70.0 163/025
FDR #4 78.5 163/030
GB #1 10.0 152478
PD #1 215.2 2148658

HDS = HEAT DISSIPATION SENSOR
FDR = FREQUENCY DOMAIN REFLECTOMETER

GB = GYPSUM BLOCK

STORAGE RESERVOIR

S~ VATER TIGHT .
END CAPS 24" WATER TIGHT
HDPE PROTECTIVE

COVER

COVER SURFACE
A J |- /_

—Ly -\/\-
_.V\._ -\/\-
" SCHD. 80 PVC,
SOLID PIPE, GLUED
JOINTS

—
4% SLOPE

WATER TIGHT —/
COUPLINGS

\

SAW CUT SLOTS
55 GALLON POLYETHYLENE _/
TIGHTHEAD DRUM

2" SCHD. 80 PVC
WATER TIGHT END CAP

PRESSURE TRANSDUCER

WATER TIGHT
/ COUPLING
K eors98

~4' HIGH

211"

SAW CUT

SLOTS \ |

LYSIMETER 8A 3:1 SLOPE 3' COVER TEST PLOT

NOT TO SCALE

\ OPEN ENDED

~2' DIAMETER

PD = PRESSURE TRANSDUCER
NP = NEUTRON ACCESS TUBE

55 GALLON HDPE
STORAGE RESERVOIR

—
TO DATA LOGGER

STORAGE RESERVOIR

WATER TIGHT
|~——— END CAPS — ™ —]

/—COVER SURFACE

2" SCHD. 80 PVC PIPE
FROM BARREL LYSIMETER

" SCHD. 80 PVC,
SOLID PIPE, GLUED
JOINTS

—
8% SLOPE

WATER TIGHT —/
COUPLINGS

SAW CUT SLOTS

55 GALLON POLYETHYLENE _/
TIGHTHEAD DRUM

2" SCHD. 80 PVC
WATER TIGHT END CAP

PRESSURE TRANSDUCER

\

2.40'

SAW CUT

SLOTS \ |

LYSIMETER 3A TOP SURFACE 4' COVER TEST PLOT

NOT TO SCALE

WATER TIGHT
COUPLING

~4' HIGH

~2' DIAMETER

\ OPEN ENDED

PROvECT PHELPS DODGE TYRONE INC.
NO.1 STOCKPILE TEST PLOTS
GRANT COUNTY, NEW MEXICO
TITLE

BARREL LYSIMETER DETAILS

Albuquerque, New Mexico

PROJECT No. 053-2377 | FILE NoNo1 Stkp Lysimeter—Dtl
DESIGN | DR | 09/26/06 | SCALE AS SHOWN|REV. 0O
cab | oM | 09/26/06

CHECK | DR | 09/26/06 PLATE 2
REVEW [ M | 09/29/06




APPENDIX A

CHEMICAL AND PHYSICAL LABORATORY DATA
COVER MATERIALS



ENERGY LABORATORIES, INC. * PO. Box 30816 » 1120 South 27th Street « Bilings, MT 58107-0916
800-735-4489 & 406-252-6325 ¢ 406-252-6069 fax » sli@energylab.com

ANALYTICAL SUMMARY REPORT

December 14, 2005

Lewis Munk

Golder Associates Inc

4910 Alameda Blvd NE, Ste A
Albuquerque, NM 87113

Workorder No.: B0O5111051 Quote ID: B856 - 40 Soil/Rock Samples

Project Name: Tyrone No. 1 Test Plots, 053-2377

Energy Laboratories Inc received the following 84 samples from Golder Associates Inc on 11/15/2005 for analysis.

Sampie ID Matrix Test

BOS111051-001  No.

Client Sample ID
I A-1, (0-12")

Collect Date

Receive Date
06/23/05 0:00 11/15/05 Soil

Coarse Fragments
Conductivity

Nitrate as N, KCL Extract
Organic Carbon-Walkley/Black
pH, Saturated Paste
Phosphorus-Olsen

Particle Size Analysis
Saturation Percentage

Texture
BOSI11051-002  No. I 1A-2, (17-29") 06/23/05 0:00 11/15/05  Soil Same As Above
BOS111051-003  No. | 1B-1, (0-12") 06/23/05 0:00 11715005  Soil Same As Above
BOSI111051-004  No. I 1B-2, (13-25") 06/23/05 0:00 11/1505  Soil Same As Above
BOSI11051-005  No. I 1C-1, (0-12") 06/23/05 0:00 11/15/05  Soil " Same As Above.
BOS111051-006  No. | 1C-2, (15-27") 06/23/05 0:00 11/15/05  Soil Same As Above
BOSI11051-007  No. I 1D-1,(0-12") 06/23/05 0:00 11715005 Soil Same As Above
BO5111051-008  No. i 1D-2, (15-27") 06/23/05 0:00 11/1505  Soil Same As Above
BOSI11051-009  No. | 1E-1, (0-12") 06/28/05 0:00 11/15/05  Soil Same As Above
BO5111051.010  No. | 1E-2, (12-23") 06/28/05 0:00 11/15/05  Soil Same As Above
BO5111051-011  No. | 2A-1, (0-12") 06/28/05 0:00 11/15/05  Soil Same As Above
BOSI11051-012  No. 1 2A-2, (30-42") 06/28/05 0:00 11/15/05  Soil Same As Above
BOSI110S1-013  No.12B-1,(0-12)  06/28/050:00 11/15/05  Soil Same As Above
BOSI11051-014  No. | 2B-2, (25-37") 06/28/05 0:00 11/1505  Soil Same As Above
BOSI11051-015  No. 1 2C-1, (0-12") 06/28/05 0:00 1171505  Soil Same As Above
B0S111051-016  No. I 2C-2, (31-43") 06/28/05 0:00 11/15/05  Soil Same As Above
BOSITI0S1-017  No.12D-1,(0-12)  06/28/050:00 11/15/05  Soil ‘Same As Above
BOS111051-018  No. | 2D-2, (26-38") 06/28/05 0:00 11/15/05  Soil Same As Above
BO5111051-019  No. | 2E-1, (0-12") 06/28/05 0:00 11/15/05  Soil Same As Above




ENERGY LABORATORIES, INC. * RO. Box 30916 « 1120 South 27th Strest * Bilings, MT 59107-0916
BO0-735-4489  406-252-6325 » 406-252-6069 fax e« eli@energylab.com

BOSI11051-020  No. I 2E-2, (30-42") 06/28/05 0:00 11/15/05  Soil Same As Above

BOSIII0S1-021  No.l3A-L(0-12%  06/28/050:00 111505  Soil  SamcAsAbove
BOSI11051-022  No. 1 3A-2, (43-55") 06/28/050:00 11/1505  Soil  SameAsAbove
BOSI11051-023  No. 1 3B-1, (0-12" 06/28/050:00 11/15/05  Soil Same As Above
BOSI11051-024  No.13B-2, (36-4v"y  06/28050:00 11/15/05  Soil ~ Same As Above

BOS111051-025  No. 1 3C-1, (0-127) © 06/28/050:00 1171505  Soil  Same As Above
BOSI11051-026  No.13C2, (41-53")  06/28050:00 11/15/05  Soil " Same As Above 7
BOSII051027 No.13D-1(0-12%  06/28/050:00 111505  Soil SameAsAbove )
BOSTLI0S1-028  No.13D-2 (3951"  0G/28/050:00 11/15/05  Soil  Same AsAbove B
BOS111051-029  No. 1 3E-1, (0-12") 06/280050:00 111505 Soil  SameAsAbove
BOSI11051-030  No. 1 3E-2, (40-52"  06/28/050:00 11/1505  Soil “Same As Above
BOSITI0S1-031  No.14A-l (012 08/02050:00 11/15/05  Soil Same As Above
BOSIIL051-032  No.14A2, (2133 08/02/050:00 11/15/05  Soil " SameAsAbove

BOSI11051-033  No. 1 4B-1, (0-12")
BOS111051-034  No. [ 4B-2, (7-19")
BOSI11051-035  No. 1 4C-1, (0-12")

BOSI11051-036  No. 1 4C-2, (15-27")

B05111051-037  No. 1 4D-1, (0-12")

B0O5111051-038  No. 1 4D-2, ( 8-20")

B05111051-039  No. I 4E-1, (0-12")

BOS111051-040  No. 1 4B-2, (10-22")

B0O5111051-041  No. 1 5A-1, (0-12")

BO511 1051-0472

B05111051-043 . 15B-1, (0-12")

BO5111051-044

BO5111051-045 .+ 5C-1,(0-12")

BO511 10571 :046

B05111051-047 .1 5D-1, (0-12")

B0S111051-048

8051117051-049 . 1 5E-1,(0-12")

BOS111051-050

BOS111051-051  No. I 6A-1, (0-1:
BOS111051-052
BOS111051-053  No. 1 6B-1, (0-12")
BOS111051-054  No. o

1 6B-2

No. 1 5A-2, (34-46")

1 5B-2 (20327

1 6A-2, (37-49")

.15C-2,(22-34")

15D-2, (27-30"

08/02/05 0:00 11/15/05

" 08/03/05 0:00 11/15/05

. 15B-2,(29-41")

0é/b2/05 0:00

11505 Soil

11/15/05  Soil

7708/02/05 0:00

08/02/05 0:00

/1505 Soil

Soil

' 08/02/05 0:00  11/15/05
©08/02/050:00 11/15/05  Soil
n Soil

08/02/05 0:00 11/15/05  Soil

| 08/02/050:00 11/15/05  Soil

" Soil

08/03/050:00 11/15/05  Soil
' 08/03/050:00 11/15/05  Soil

08/03/05 0:00 11/15/05  Soil

08/03/050:00 11/15/05  Soil
08/03/050:00 11/1505  Soil
© 08/03/050:00 111505 Soil
08/03/05 0:00 11/1505  Soil
08/03/050:00 11/1505  Soil

T 08/03/05 0:00 11/15/05  Soil

Soil

08/03/05 0:00 11/15/05
08/03/05 0:00 11/15/05  Soil
08/03/05 0:00 1171505  Soil

T08/03/05 0:00 11/15/05  Soil

Same As Above

Same As Above

Same As Above

Same As Above
Same As Above
Same As Above

Same As Above

Same As Above

Same As Above

Same As Above

Same As Above

Same As Above

Same As Above

Same As Above
Same As Above

Same As Above

Same As Above

Same As Above

Same As Above

Same As Above

Same As Above

Same As Above



BO5111051-055

BOS111051-056

BOS111051-057
B0S111051-058
BOS111051-059
B0S111051-060
BOS111051-061
BOS111051-062
B05111051-063

B05111051-064

B0O5111051-065

B05111051-066
BOS111051-067

BOSiI1051-068

B05111051-069
BO5111051-070

B0S111051-071
B0S111051-072
BOS111051-073
BOS111051-074
B0S111051-075
B05111051-076
B0S111051-077
BOS111051-078
B0S111051-079
B0S111051-080
BOS111051-081
B0S111051-082
B0S5111051-083
BOSI11051-084

If you have any questions regardm

Report Approved By:

ENERGY LABORATORIES, INC. ¢ PO. Box 30916 e 1120 South 27th Street ¢ 8ifings, MT 59107-0916
800-735-4489 ¢ 406-252-6325 « 406-252-6069 fax « sli@energylab.com

No.

No. 1 6C-1, (0-12")
No. 1 6C-2, (44-56")
No. 1 6D-1,(0-12")
No. 1 6D-2, (38- 50")
1 6E-1, (0-12")

1 6E-2, (46-58")
1 7A-1, (0-12")
17A-2, (17-29")
.1 7B-1, (0-12%)
17B-2,(13-25")
17C1, (0-12")
No. 1 7C-2, (16-28")
No. 1 7D-1, (0-12")

No. 1 7D-2, (175-27")

No. | 7E-1, (0-12")
No. | 7E-2, (12-24")

No. 1 8A-1, (0-12")

" No. 1 8A-2, (26-38")

No. | 8B-1, (0-12")

No. 1 8B-2, (25-37")

No. 1 8C-1, (0-12")
No. | 8C-2, (35-47")
No. 1 9A-2, (26-38")

No. 1 9B-1, (0-12")

No. 1 9C-1, (0-12%)
No. 1 9C-2, (35-47")
No. 1 9D-1, (0-12")

1 9D-2, (35-47")

No. 1 9E-1, (0-12")

No. i 9E 2, (42 54")

08/03/05 0:00

" 08/03/05 0:00

08/03/05 0:00
© 08/03/05 0:00

08/03/05 0:00

08/03/05 0:00

07/21/05 0: 00

07/2]/05 0'00

07/21/05 0:00
" 07/21/05 0:00
707/21705 0:00

07/21/05 0 00

07/21/05 0:00
 07/21/05 0:00
07721405 0:00
~07/21/05 0:00

C 08/02/05 0:00
08/02/05 0:00
 08/02/05 0:00
08/02/05 0:00
08/02/05 0:00
 08/02/05 0:00
08/02/05 0:00 11
" 08/02/05 0:00

08/02/05 0: ()0
08/02/05 0:00

08/02/05 0:00

T 08/02/05 0:00

08/02/05 0:00
© 08/02/05 0:00

e Case Narrative.

11/15/05  Soil
11/15/05  Soil
H/G/(TS Smi -
1171505 Soil
11/15/05  Soil
1171505 Soil
1171505 Seil
[1/15/05  Soil
11/15/05  Soil
T1u1ss Soil
/1505 Soil
1115005 Soil
11/1505  Soil
111505 Soil
1115005 Soil
/105 Soil
11505 Soil
111505 Soil
/1505 Soil
111505 Soil
11105 Soil
11/15/05  Soil
L1/15/05  Soil
111505 Soil
11/1505  Soil
11/15/05  Soil
1171505 Soil
/1505 Soil
11/15/05  Soil
[/1s00s  Soil

Soil

Same As Above

Same As Above

Same As Above

Same As Above

Same As Above

Same As Above

Same As Above

Same As Above

Same As Above

Same As Above

Same As Above

Same As Above

Same As Above
Same AsiAbove 7
Same As Abave
Same As Above
""" Same As Above

Same As Above

Same As Above

Same As Above

Same As Above

Same As Above

Same AsAbove
Siame A;;' Above_ -
Same As Above
SSame As Above
VSame As Above
Same As Above

Same As Above

Same As Above

There were no problems with the analyses and all data for associated QC met EPA or laboratory spec1ﬁcatlons
except if noted in report comments g



ENERGY LABORATORIES, INC.  PO. Box 30916 e 1120 South 27th Street « Billings, MT 59107-0916
800-735-4489 » 406-252-6325 « 406-252-6069 fax » sli@energyiab.com

LABORATORY ANALYTICAL REPORT

Client:  Golder Associates Inc Report Date: 12/13/05
Project: Tyrone No. 1 Test Plots, 053-2377 Collection Date: 06/23/05
Lab ID: B05111051-001 Date Received: 11/15/05
Client Sample ID: No. 1 A-1, (0-12") Matrix: Soil
MCL/

Analyses Result Units Qual RL QCL  Method Analysis Date / By
PHYSICAL CHARACTERISTICS
Coarse Fragments 56 wit% 2 ASA15-5 11/30/05 15:29 / srm
Sand 73 % 1 ASA15-5 12/05/05 10:11 / srm
Silt 16 % 1 ASA15-5 12/05/05 10:11/ srm
Clay 11 % 1 ASA15-5 12/05/05 10:11 / srm
Texture SL ASA15-5 12/05/05 10:11/ srm

- C = Clay, S = Sand(y), Si = Siit{y), L = Loam(y)
SATURATED PASTE
pH, sat. paste 710  s.u. 0.10 ASAM10-3.2 12/05/05 10:11/ srm
Conductivity, sat. paste 0.66  mmhos/em 0.01 ASA10-3 12/05/05 10:11/ srm
Saturation 197 % 0.1 USDAZ27a 12/05/05 10:41 / srm

CHEMICAL CHARACTERISTICS

Crganic Carbon 007 wi% 0.02 ASA29-3 12/05/05 10:11 / srm
Phosphorus, Olsen 5 mg/kg 1 ASA24-5 12/02/05 11:52 / srm
Nitrate as N, KCL Extract ND mg/kg 1 ASA33-8.1 12/02/05 16:30 / srm
Report RL - Analyte reporting limit. MCL - Maximum contaminant level.

Definitions:  QCL - Quality control limit. ND - Not detected at the reporting limit.



P

ENERGY LABORATORIES, INC. « £O. Box 30976 ¢ 1120 South 27th Street ¢ Billings, MT 59107-0916
800-735-4489 o 406-252-6325 » 406-252-6069 fax ¢ eli@snergylab.com

Client:

LABORATORY ANALYTICAL REPORT

Golder Associates Inc

Project: Tyrone No. 1 Test Plots, 053-2377
Lab ID: B05111051-002
Client Sample ID: No. 1 1A-2, (17-29")

Report Date: 12/13/05

Collection Date: 06/23/05

Date Received: 11/15/05
Matrix: Soil

MCL/

Analyses Result  Units Qual RL. QCL  Method Analysis Date / By
PHYSICAL CHARACTERISTICS

Coarse Fragments 29 wit% 2 ASA15-5 11/30/05 15:29 / srm
Sand 69 % 1 ASA15-5 12/05/05 10:11/ srm
Silt 12 % 1 ASA15-5 12/05/05 10;11 / srm
Clay 19 Y% 1 ASA15-5 12/05/05 10:11 / srm
Texture SL ASA15-5 12/05/05 10:11 / srm

- C = Clay, 8 = Sand{y), Si = Silt(y), L = Loam(y)

SATURATED PASTE

pH, sat. paste 7.40 s 0.10 ASAM10-3.2 12/05/05 10:11/srm
Conductivity, sat. paste 1.76  mmhos/cm 0.01 ASA10-3 12/05/05 10:11 / strm
Saturation 267 % 0.1 USDAZ27a 12/05/05 10:11/ srm
CHEMICAL CHARACTERISTICS

Organic Carbon 017  wit% 0.02 ASA29-3 12/05/05 10:11 / srm
Phosphorus, Olsen 3 mgrkg 1 ASA24-5 12/02/05 11:53 / srm
Nitrate as N, KCL Extract 3 mg/kg 1 ASA33-8.1 12/02/05 16:30 / srm

Report
Definitions:

RL - Analyte reporting limit.
QCL - Quality control limit.

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



ENERGY LABORATORIES, INC. * FO. Box 30916 # 1120 South 27th Street  Billings, MT 597107-0916
800-735-4489 » 406-252-6325 » 406-252-6069 fax » eli@energylab.com

LABORATORY ANALYTICAL REPORT

Client:  Golder Associates Inc Report Date: 12/13/05
Project: Tyrone No. 1 Test Plots, 053-2377 Collection Date: 06/23/05
Lab ID: B05111051-003 Date Received: 11/15/05
Client Sample ID: No. 1 1B-1, (0-12") Matrix: Soil

MCL/
Analyses Result  Units Qual RL QCL  Method Analysis Date / By
PHYSICAL CHARACTERISTICS
Coarse Fragments 49 wit% 2 ASA15-5 11/30/05 15:29 / srm
Sand 79 % 1 ASA15-5 12/05/05 10:11 / srm
Siit 8 % 1 ASA15-6 12/05/05 10:11/ srm
Clay 13 % 1 ASA15-5 12/05/05 10:11 / srm
Texture SL ASA15-5 12/05/05 10:11 / srm

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

SATURATED PASTE

pH, sat. paste 6.90 s.u. 0.10 ASAM10-3.2 12/05/05 10:11 / srm
Conductivity, sat. paste 0.58 mmhos/cm 0.01 ASA10-3 12/05/05 10:11/ srm
Saturation 198 % 0.1 USDA27a 12/05/05 10:11/ srm

CHEMICAL CHARACTERISTICS

Organic Carbon 0.04 wi% 0.02 ASA29-3 12/05/05 10:11 / srm
Phosphorus, Olsen 5 mg/kg 1 ASA24-5 12/02/05 11:55 / srm
Nitrate as N, KCL Extract ND mg/kg 1 ASA33-8.1 12/02/05 16:31 / srm
Report RL - Analyte reporting limit. MCL - Maximum contaminant level.

Definitions:  QCL - Quality control limit. ND - Not detected at the reporting limit.



ENERGY LABORATORIES, INC. = P O. Box 30916 « 1120 South 27th Street « Billings, MT 59107-0976
800-735-4489 & 406-252-6325 ¢ 406-252-6069 fax « eli@energylab.com

LABORATORY ANALYTICAL REPORT

Client: Golder Associates Inc Report Date: 12/13/05
Project: Tyrone No. 1 Test Plots, 053-2377 Collection Date: 06/23/05
Lab ID: B05111051-004 Date Received: 11/15/05
Client Sample ID: No. 1 1B-2, (13-25") Matrix: Soil

MCL/
Analyses Result  Units Qual RL QCL  Method Analysis Date / By
PHYSICAL CHARACTERISTICS
Coarse Fragments 59 wit% 2 ASA15-5 11/30/05 15:29/ srm
Sand 79 % 1 ASA15-B 12/05/05 10:11 / srm
Silt 10 % 1 ASA15-5 12/05/05 10:11 / srm
Ciay 1 % 1 ASA15-5 12/05/056 10:11/ srm
Texture SL ASA15-5 12/05/05 10:11/ srm

- C=Clay, 8§ = Sand(y), Si = Silt(y), L = Loam(y)

SATURATED PASTE

pH, sat. paste 7.20 s 0.10 ASAM10-3.2 12/05/05 10:11 / srm
Conductivity, sat. paste 0.59  mmhos/cm 0.01 ASA10-3 12/05/05 10:11/ srm
Saturation 215 % 0.1 USDAZ27a 12/05/05 10:11 / srm

CHEMICAL CHARACTERISTICS

Organic Carbon 004 wt% 0.02 ASA29-3 12/05/05 10:11 / srm
Phosphorus, Qlsen 4 mg/kg 1 ASA24-5 12/02/05 11:56 / srm
Nitrate as N, KCL Extract ND mg/kg 1 ASA33-8.1 12/02/05 16:32 / srm
Report RL - Analyte reperting limit. MCL - Maximum contaminant level.

Definitions:  QGL - Quality control limit. ND - Not detected at the reporting limit.



ENERGY LABORATORIES, INC. » RO. Box 30916 ¢ 1120 South 27th Strest e Billings, MT 59107-0916
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LABORATORY ANALYTICAL REPORT

Client:  Golder Associates Inc Report Date: 12/13/05
Project: Tyrone No. 1 Test Plots, 053-2377 Collection Date: 06/23/05
Lab ID: B05111051-005 Date Received: 11/15/05
Client Sample ID; No. 1 1C-1, (0-12") Matrix: Soil
MCL/

Analyses Result Units Qual RL QCL  Method Analysis Date / By
PHYSICAL CHARACTERISTICS
Coarse Fragments 52 wt% 2 ASA15-5 11/30/05 15:29 / srm
Sand 71 % 1 ASA15-5 12/05/05 10:11 / srm
Silt 14 % 1 ASA15-5 12/05/05 10:11 / srm
Clay 15 % 1 ASA15-5 12/05/05 10:11 / srm
Texture SL ASA15-5 12/05/05 10:11 / srm

- C = Clay, S = Sand{y), Si = Silt{y), L = Loam(y)
SATURATED PASTE
pH, sat. paste 7.20  s.u. 0.10 ASAM10-3.2 12/05/05 10:11 / srm
Conductivity, sat. paste 0.92  mmhos/cm 0.01 ASA10-3 12/05/05 10;11 / srm
Saturation 229 % 0.1 USDA27a 12/05/05 10:11 / srm
CHEMICAL CHARACTERISTICS
QOrganic Carbon 017  wi% 0.02 ASA29-3 12/05/05 10:11 / srm
Phosphorus, Olsen 4 ma/kg 1 ASA24-5 12/02/05 11:58 / srm
Nitrate as N, KCL Extract ND ma/kg 1 ASA33-8.1 12/02/05 16:33 / srm
Report RL - Analyte reporting limit. MCL - Maximum contaminant level.

Definitions:  QCL - Quality control limit. ND - Not detected at the reporting limit.



prrcrcy

ENERGY LABORATORIES, INC. » PO. Box 30916 » 1120 South 27th Street « Billings, MT 59107-0916
800-755-4489 » 406-252-6325 » 406-252-6069 fax » oli@energylab.com

Client:

LABORATORY ANALYTICAL REPORT

Golder Associates Inc

Project: Tyrone No. 1 Test Plots, 053-2377

Report Date: 12/13/05
Collection Date: 06/23/05

Lab ID: B05111051-006 Date Received: 11/15/05
Client Sample ID: No. 1 1C-2, (15-27") Matrix: Soil
MCL/

Analyses Result  Units Qual RL QCL Method Analysis Date / By
PHYSICAL CHARACTERISTICS
Coarse Fragments 24 wit% 2 ASA15-5 11/30/05 15:29/ srm
Sand 65 % 1 ASA15-5 12/05/05 10:11 / srm
Silt 12 % 1 ASA15-5 12/05/05 10:11 / strm
Clay 23 % 1 ASA15-5 12/05/05 10:11 / strm
Texture SCL ASA15-5 12/05/05 10:11 / srm

- C = Clay, S = Sand(y), Si = Silt(y), L = Loam(y)
SATURATED PASTE
pH, sat, paste 7.30 s.U. 0.10 ASAM10-3.2 12/05/05 10:11 / sim
Conductivity, sat. paste 229  mmhos/cm 0.01 ASA10-3 12/05/05 10:11 / srm
Saturation 217 % 0.1 USDA27a 12/05/05 10:11 / srm
CHEMICAL CHARACTERISTICS
Organic Carbon 0.20 wit% 0.02 ASA29-3 12/05/05 10:11/ stm
Phosphorus, Olsen 3 mg/kg 1 ASA24-5 12/02/05 11:59/ srm
Nitrate as N, KCL Extract 1 markg 1 ASA33-8.1 12/02/05 16:33 / srm

Report
Definitions:

RL - Analyte reporting limit.
QCL - Quality control limit.

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



porceoy

ENERGY LABORATORIES, INC. + FO. Box 30916 » 1120 South 27th Street « 8Bilings, MT 5§9107-0916
800-735-4489 + 406-252-6325 o 406-252-6069 tax * eli@energylab.com

LABORATORY ANALYTICAL REPORT

Client:  Golder Associates Inc

Project: Tyrone No. [ Test Plots, 053-2377
Lab ID: BO05111051-007

Client Sample ID: No, 1 1D-1, (0-12")

Report Date: 12/13/05

Collection Date: 06/23/05

Date Received: 11/15/05
Matrix: Soil

MCL/

Analyses Result  Units Qual RL QCL Method Analysis Date / By
PHYSICAL CHARACTERISTICS

Coarse Fragments 59 wt% 2 ASA15-5 11/30/05 15:28 / srm
Sand 75 % 1 ASA15-5 12/05/05 10:11 / srm
Silt 13 % 1 ASA15-5 12/05/05 10:11/ srm
Clay 12 % 1 ASA15-5 12/05/05 10:11 7/ srm
Texture SL ASA15-5 12/05/05 10:11/ srm

- C = Clay, 8 = Sand{y}, Si = Sili{y), L. = Loam{y)

SATURATED PASTE

pH, sat. paste 720 s.u. 0.10 ASAM10-3.2 12/05/05 10:11/ srm
Conductivity, sat. paste 0.86 mmhos/cm 0.01 ASA10-3 12/05/05 10:11 / srm
Saturation 211 % 0.1 USDAZ27a 12/05/05 10:11 / srm
CHEMICAL CHARACTERISTICS

Organic Carbon 0.06 wit% 0.02 ASA29-3 12/05/05 10:11/ srm
Phesphorus, Olsen 4 mg/kg 1 ASA24-5 12/02/05 12:01/ srm
Nitrate as N, KCL Extract ND mg/kg 1 ASA33-8.1 12/02/05 16:34 / srm

RL - Analyte reporting limit.
QCL - Quality control fimit.

Report
Definitiens:

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



ENERGY LABORATORIES, INC. » PO. Box 30916 « 1120 South 27th Street « Billings, MT 59107-0916
B00-735-4489 e 406-252-6325 ¢ 406-252-6069 fax « eli@energylab.com

LABORATORY ANALYTICAL REPORT

Client:  Golder Associates Inc Report Date: 12/13/05
Project: Tyrone No. 1 Test Plots, 053-2377 Collection Date: 06/23/05
Lab ID: BO05111051-008 Date Received: 11/15/05
Client Sample ID: No. 1 1D-2, (15-27") Matrix: Soil

MCL/
Analyses Result  Units Qual RL QCL  Method Analysis Date / By
PHYSICAL CHARACTERISTICS
Coarse Fragments 31 wt% 2 ASA15-5 11/30/05 15:28 / srm
Sand 67 % 1 ASA15-5 12/05/05 10:11 / srm
Silt 12 % 1 ASA15-5 12/05/05 10:11 / srm
Clay 21 % 1 ASA15-5 12/05/05 10:11 / srm
Texture SCL ASA15-5 12/05/05 10:11 / srm

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

SATURATED PASTE

pH, sat. paste 740  s.u. 0.10 ASAM10-3.2 12/05/05 10:11 / srm
Conductivity, sat. paste 2.65 mmhos/cm 0.01 ASA10-3 12/05/05 10:11 / srm
Saturation 270 % 0.1 USDAZ27a 12/05/05 10:11 / srm

CHEMICAL CHARACTERISTICS

Organic Carbon 0.14 wit% 0.02 ASAZ29-3 12/05/05 10:11/ srm
Phosphorus, Olsen 4 ma/kg 1 ASA24-5 12/02/05 12:02 / srm
Nitrate as N, KCL Extract 2 ma/kg 1 ASA33-8.1 12/02/05 16:35 / srm
Report RL - Analyte reporting limit. MCL - Maximum contaminant level.

Definitions:  QCL - Quality control limit. ND - Not detected at the reporting limit.



percrof

ENERGY LABORATORIES, INC. « FO. Box 30916 « 1120 South 27th Street « Bilings, MT 59107-0916
B800-735-4489 ¢ 406-252-6325 ¢ 406-252-6069 fax » e/i@snergylab.com

Client:

Golder Associates Inc

Project: Tyrone No. 1 Test Plots, 053-2377
Lab ID: B05111051-009

Client Sample ID: No. 1 1E-1, (0-12")

LABORATORY ANALYTICAL REPORT

Report Date: 12/13/05

Collection Date: 06/28/05

Date Received: 11/15/05
Matrix: Soil

MCL/

Analyses Result  Units Qual RL QCL  Method Analysis Date / By
PHYSICAL CHARACTERISTICS

Coarse Fragments 61 wit% 2 ASA15-5 11/30/05 15:29 / srm
Sand 69 % 1 ASA15-5 12/05/05 10:11/ srm
Silt 16 % 1 ASA15-5 12/05/05 10:11 / srm
Ciay 15 % 1 ASA15-5 12/05/05 10:11 / srm
Texture SL ASA15-5 12/05/05 10:11 / srm

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

SATURATED PASTE

pH, sat. paste 480 su. 0.10 ASAM10-3.2 12/05/05 10:11 / srm
Conductivity, sat. paste 3.34  mmhos/em 0.01 ASA10-3 12/05/05 10:11 / srm
Saturation 260 % 0.1 USDA27a 12/05/05 10:11 / srm
CHEMICAL CHARACTERISTICS

Organic Carbon 017  wt% 0.02 ASA29-3 12/05/05 10:11 / srm
Phosphorus, Olsen 5 mg/kg 1 ASA24-5 12/02/05 12:03 / srm
Nitrate as N, KCL Extract ND mgrkg 1 ASA33-8.1 12/02/05 16:35 / srm

Report
Definitions:

RL - Analyte reporting limit.
QCL - Quality control limit.

MCL - Maximum contaminant level.

ND - Not detected at the reporting limit.



£

ENERGY LABORATORIES, INC. « PO. Box 30916 « 1120 South 27th Street « 8iings, MT 59107-0916
800-735-4489 & 406-252-6325 » 406-252-6069 fax « eli@energylab.com

Client:

LABORATORY ANALYTICAL REPORT

Golder Associates Inc

Project: Tyrone No. 1 Test Plots, 053-2377

Lab ID: BO0511

1051-010

Client Sample ID: No. 1 1E-2, (12-23"}

Report Date: 12/13/05

Collection Date: 06/28/05

Date Received: 11/15/05
Matrix: Soil

MCL/

Analyses Result  Units Qual RL QCL  Method Analysis Date / By
PHYSICAL CHARACTERISTICS

Coarse Fragments 64 wit% 2 ASA15-5 11/30/05 15:29 / srm
Sand 75 % 1 ASA15-5 12/05/05 10:11 / srm
Silt 10 % 1 ASA15-5 12/05/05 10:11 / srm
Clay 15 % 1 ASA15-5 12/05/05 10:11 / srm
Texture SL ASA15-5 12/05/05 10:11 / srm

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

SATURATED PASTE

pH, sat. paste 7.00 s 0.10 ASAM10-3.2 12/05/05 10:11 / srm
Conductivity, sat. paste 0.68 mmhos/cm 0.01 ASA10-3 12/05/05 10:11 / srm
Saturation 244 % 0.1 USDA27a 12/05/05 10:11 / srm
CHEMICAL CHARACTERISTICS

Organic Carbon 0.07 wit% 0.02 ASA29-3 12/05/05 10:11 / srm
Phosphorus, Olsen 4 mg/kg 1 ASA24-5 12/02/05 12:10 / srm
Nitrate as N, KCL Extract ND mg/kg 1 ASA33-81 12/02/05 16:37 / srm

Report
Definitions:

RL -
QCL - Quality control fimit.

Analyte reporting limit.

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



LABORATORICS

ENERGY LABORATORIES, INC. + PO. Box 30916 » 1120 South 27th Street « Billings, MT 58107-0916
B00-735-4489 » 406-252-6325 » 406-252-6069 fax » elf@energylab.com

Client:

LABORATORY ANALYTICAL REPORT

Golder Associates Inc

Project: Tyrone No. 1 Test Plots, 053-2377
Lab ID: B05111051-011
Client Sample ID: No. 1 2A-1, (0-12")

Report Date: 12/13/05

Collection Date: 06/28/05

Date Received: 11/15/05
Matrix: Soil

- MCL/

Analyses Result Units Qual RL QCL  Method Analysis Date / By
PHYSICAL CHARACTERISTICS

Coarse Fragments 58 wi% 2 ASA15-5 11/30/05 15:29/ srm
Sand 70 % 1 ASA15-5 12/05/05 10:11 / srm
Siit 15 % 1 ASA15-5 12/05/05 10:11 / stm
Clay 15 % 1 ASA15-5 12/05/05 10:11/ srm
Texture sL ASA15-5 12/05/05 10:11/ srm

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

SATURATED PASTE

pH, sat. paste 710 s.u. 0.10 ASAM10-3.2 12/05/05 10:11 / srm
Conductivity, sat. paste 0.80 mmhgos/cm 0.01 ASA10-3 12/05/05 10:11 / srm
Saturation 241 % 0.1 USDAZ27a 12/05/05 10:11 / srm
CHEMICAL CHARACTERISTICS

Organic Carbon 0.15 wt% 0.02 ASA29-3 12/05/05 10:11 / srm
Phosphorus, Olsen 5 mg/kg 1 ASA24-5 12/02/05 12:12 / srm
Nitrate as N, KCL Extract ND mg/kg 1 ASA33-8.1 12/02/05 16:40 / srm

Report
Definitions:

RL -
QCL - Quality control limit.

Analyte reporting limit.

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



Jrcrcy )

ENERGY LABORATORIES, INC. » PO. Box 30916 « 1120 South 27th Street  Billings, MT 59107-09716
800-735-44889 ¢ 406-252-6325 ¢ 406-252-6069 fax e eli@energylab.com

LABORATORY ANALYTICAL REPORT

Client:  Golder Associates Inc

Project: Tyrone No. 1 Test Plots, 053-2377
LabID: B05111051-012

Client Sample ID: No. 1 2A-2, (30-42")

Report Date: 12/13/05

Collection Date: 06/28/05

Date Received: 11/15/05
Matrix: Soil

MCL/

Analyses Result Units Qual RL QCL  Method Analysis Date / By
PHYSICAL CHARACTERISTICS

Coarse Fragments 30 wit% 2 ASA15-5 11/30/05 15;29 / srm
Sand 67 % 1 ASA15-5 12/05/05 10:11 / srm
Silt 13 % 1 ASA15-5 12/05/05 10:11 / srm
Clay 20 Yo 1 ASA15-5 12/05/05 10:11 / srm
Texture SCL ASA15-5 12/05/05 10:11 / srm

- C = Clay, 8 = Sand(y), Si = Silt(y), L = Loam(y)

SATURATED PASTE

pH, sat. paste 7.20  s.u. 0.10 ASAM10-3.2 12/05/05 10:11 / srm
Conductivity, sat. paste 1.82  mmhos/cm 0.01 ASA10-3 12/05/05 10:11 / srm
Saturation 269 % 0.1 USDAZ27a 12/05/05 10:11 / srm
CHEMICAL CHARACTERISTICS

Organic Carbon 018  wi% 0.02 ASA29-3 12/05/05 10:11 / srm
Phosphorus, Olsen 3 mgrkg 1 ASA24-5 12/02/05 12:13 / srm
Nitrate as N, KCL Extract 7 mg/kg 1 ASA33-8.1 12/02/05 16:40 / stm

RL - Analyte reporting limit.
QCL - Quality control limit.

Report
Definitions:

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



ENERGY LABORATORIES, INC. ¢ PO. Box 30916 « 1120 South 27th Street » Bilings, MT 59107-0916
B800-735-4489 & 406-252-6325 « 406-252-6069 fax « eli@energylab.com

Client:

LABORATORY ANALYTICAL REPORT

Golder Associates Inc

Project: Tyrone No. 1 Test Plots, 053-2377

LabID: BO0511

1051-013

Client Sample ID: No. 1 2B-1, (0-12")

Report Date: 12/13/05

Collection Date: 06/28/05

Date Received: 11/15/05
Matrix: Soil

MCL/

Analyses Result Units Qual RL QCL Method Analysis Date / By
PHYSICAL CHARACTERISTICS

Coarse Fragments 60 wt% 2 ASA15-5 11/30/05 15:29 / srm
Sand 75 % 1 ASA15-5 12/05/05 10:11 / srm
Silt 13 % 1 ASA15-5 12/05/05 10:11 / srm
Clay 12 % 1 ASA15-5 12/05/05 10:11 / srm
Texture SL ASA15-5 12/05/05 10:11 / srm

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

SATURATED PASTE

pH, sat. paste 7.70 s.wu. 0.10 ASAM10-3.2 12/05/05 10:11 / srm
Conductivity, sat. paste 0.84  mmhos/cm 0.01 ASA10-3 12/05/05 10:11 / srm
Saturation 229 % 0.1 USDA27a 12/05/05 10011/ srm
CHEMICAL CHARACTERISTICS

Qrganic Carbon 0.05 wit% 0.02 ASA29-3 12/05/05 10:11/ srm
Phosphorus, Olsen 4 mg/kg 1 ASA24-5 12/02/05 12:15/ srm
Nitrate as N, KCL Extract ND mg/kg 1 ASA33-8.1 12/02/05 16:41 / srm

Report
Definitions:

RL -
QCL - Quality contro! limit.

Analyte reporting limit.

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



ENERGY LABORATORIES, INC. « PO. Box 30916 « 1120 South 27th Strest » Billings, MT 59107-0916
800-735-4489 » 406-252-6325 ¢ 406-252-6069 fax » eli@energylab.com

LABORATORY ANALYTICAL REPORT

Client:  Golder Associates Inc Report Date: 12/13/05
Project: Tyrone No. 1 Test Plots, 053-2377 Collection Date: 06/28/05
LabID: B05111051-014 Date Received: 11/15/05
Client Sample ID: No. 1 2B-2, (25-37") Matrix: Soil
MCL/

Analyses Result Units Qual RL QCI. Method Analysis Date / By
PHYSICAL CHARACTERISTICS
Coarse Fragments 61 wi% 2 ASA15-5 11/30/05 15:29 / srm
Sand 75 % 1 ASA15-5 12/05/05 10:11/ srm
Silt 12 % 1 ASA15-5 12/05/05 10:11 / stm
Clay 13 % 1 ASA15-5 12/05/05 10:11/ srm
Texture SL ASA15-5 12/05/05 10:11 / srm

-C = Clay, S = Sand{y), Si = Silt(y), L = Loam{y)
SATURATED PASTE
pH, sat. paste 7.30 S.U. 0.10 ASAM10-3.2 12/05/05 10:11 / srm
Conductivity, sat. paste 0.95 mmhosicm 0.01 ASA10-3 12/05/05 10:11 / srm
Saturation 21.5 % 0.1 USDA27a 12/05/05 10;11 / srm

CHEMICAL CHARACTERISTICS

Organic Carbon 0.08 wt% 0.02 ASA29-3 12/05/05 10:11/ srm
Phosphorus, Olsen 4 mg/kg 1 ASA24-5 12/02/05 12:16 / srm
Nitrate as N, KCL Extract ND mgrkg 1 ASA33-8.1 12/02/05 16:42 / srm
Report RL - Analyte reporting limit. MCL - Maximum contaminant level.

Definitions:  QCL - Quality control limit. ND - Not detected at the reporting limit.



EINERGY

ENERGY LABORATORIES, INC. ¢ PO. Box 30916 « 1120 South 27th Street « Bilings, MT 59107-0916
800-735-4489 » 406-252-6325 » 406-252-6069 fax » eli@energy/ab com

LABORATORY ANALYTICAL REPORT

Client:  Golder Associates Inc Report Date: 12/13/05
Project: Tyrone No. 1 Test Plots, 053-2377 Collection Date: 06/28/05
LabID: B05111051-015 Date Received: 11/15/05
Client Sample ID;: No. 1 2C-1, (0-12") Matrix: Soil
MCL/

Analyses Result  Units Qual RL. QCL  Method Analysis Date / By
PHYSICAL CHARACTERISTICS
Coarse Fragments 59 wt% 2 ASA15-5 11/30/05 15:29 / srm
Sand 71 %o 1 ASA15-5 12/05/05 10:11 / srm
Silt 14 % 1 ASA15-5 12/05/05 10:11 / srm
Clay 15 % 1 ASA15-5 12/05/05 10:11 / srm
Texture SL ASA15-5 12/05/05 10:11 / srm

- C =Clay, 8 = Sand(y), Si = Silt(y), L = Loam(y)
SATURATED PASTE
pH, sat. paste 7.00 s.u. 0.10 ASAM10-3.2 12/05/05 10:11 / srm
Conductivity, sat. paste 1.50 mmhos/cm 0.01 ASA10-3 12/05/05 10:11 / srm
Saturation 24.2 % 0.1 USDAZ27a 12/05/05 10:11/ srm
CHEMICAL CHARACTERISTICS
Organic Carbon 0.17 wt% 0.02 ASA29-3 12/05/05 10:11 / srm
Phaosphorus, Olsen 4 mg/kg 1 ASA24-5 12/02/05 12:17 / srm
Nitrate as N, KCL Extract ND mg/kg 1 ASA33-8.1 12/02/05 16:42 / srm

Report
Definitions:

RL -
QCL - Quality control limit.

Analyte reporting limit.

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



Jorceo

ENERGY LABORATORIES, INC. » PO. Box 30916 « 1120 South 27th Street « Bilings, MT 89107-0916
800-735-448G » 406-252-6325 ¢ 406-252-6069 fax » eli@energylab.com

Client:

LABORATORY ANALYTICAL REPORT

Golder Associates Inc

Project: Tyrone No. 1 Test Plots, 053-2377
Lab ID: B05111051-016

Report Date: 12/13/05
Collection Date: 06/28/05
Date Received: 11/15/05

Client Sample ID: No. 1 2C-2,(31-43") Matrix: Soil
MCL/

Analyses Result  Units Qual RL QCL  Method Analysis Date / By
PHYSICAL CHARACTERISTICS
Coarse Fragments 22 wit% 2 ASA15-5 11/30/05 15:29 / srm
Sand 55 % 1 ASA15-5 12/05/05 10:11/ srm
Silt 16 % 1 ASA15-5 12/05/05 10:11 / srm
Clay 29 % 1 ASA15-5 12/05/05 10:11 / srm
Texture SCL ASA15-5 12/05/05 10:11 / srm

- C = Clay, $ = Sand{y), Si = Silt{y), L = Loam(y)
SATURATED PASTE
pH, sat. paste 720 su. 0.10 ASAM10-3.2 12/05/05 10:11 / srm
Conductivity, sat. paste 1.60  mmhosicm 0.01 ASA10-3 12/05/05 10:11 / srm
Saturation 204 % 0.1 USDA27a 12/05/05 10:11 / srm
CHEMICAL CHARACTERISTICS
Organic CGarbon 0.31 wi% 0.02 ASA29-3 12/05/05 10:11 / srm
Phasphorus, QOlsen 3 mgrkg 1 ASA24-5 12/02/05 12:19/ srm
Nitrate as N, KCL Extract 2 mg/kg 1 ASA33-8.1 12/02/05 16:43 / srm

Report
Definitions:

RL -
QCL - Quality control limit.

Analyte reporting limit,

MCL - Maximum contaminant level.

ND - Not detected at the reporting limit.



AN T ENERGY LABORATORIES, INC. + PO. Box 30916 » 1120 South 27ih Street » Bilings, MT 58107-0916

800-735-4489 & 406-252-6325 » 406-252-6069 fax  eli@energylab com
SOLAT O

LABORATORY ANALYTICAL REPORT

Client: Golder Associates Inc Report Date: 12/13/05
Project: Tyrone No. | Test Plots, 053-2377 Collection Date: 06/28/05
Lab ID: B05111051-017 Date Received: 11/15/05
Client Sample ID: No. 1 2D-1, (0-12") Matrix: Soil
MCL/

Analyses Result  Units Qual RL QCI. Method Analysis Date / By
PHYSICAL CHARACTERISTICS
Coarse Fragments 27 wit% 2 ASA15-5 11/30/05 15:29 / srm
Sand 67 % 1 ASA15-5 12/05/05 10:11/ srm
Silt 12 % 1 ASA15-5 12/05/05 10:11 / srm
Clay 21 % 1 ASA15-5 12/05/05 10:11 / srm
Texture SCL ASA15-5 12/05/05 10:11 / srm

- C = Clay, S = Sand(y), Si = Sil{y), L = Loam(y)
SATURATED PASTE
pH, sat. paste 7.00 s.u. 0.10 ASAM10-3.2 12/05/05 10:11 / srm
Conductivity, sat. paste 2.50  mmhos/cm 0.01 ASA10-3 12/05/05 10:14 / srm
Saturation 232 % 0.1 USDA27a 12/05/05 10:11 / srm
CHEMICAL CHARACTERISTICS
Organic Carbon 017 wi% 0.02 ASA29-3 12/05/05 10:11/ srm
Phosphorus, Olsen 4 mg/kg 1 ASA24-5 12/02/05 12:20 / srm
Nitrate as N, KCL Extract 17 mg/kg 1 ASA33-8.1 12/02/05 16:44 / srm
Report RL - Analyte reporting limit. MCL - Maximum contaminant level.

Definitions:  QCL - Quality controi limit. ND - Not detected at the reporting limit.



oo

ENERGY LABORATORIES, INC. » PO. Box 30916 « 1120 South 27th Street « Bilings, MT 59107-0916
800-735-4489 ¢ 406-252-6325 ¢ 406-252-6069 fax » eli@energylab.com

Client:

LABORATORY ANALYTICAL REPORT

Golder Associates Inc
Project: Tyrone No. 1 Test Plots, 053-2377

Lab ID: B05111051-018

Client Sample ID: No. 1 2D-2, (26-38")

Report Date
Collection Date
Date Received
Matrix

MCL/

¢ 12/13/05
: 06/28/05
+ 11/15/05
: Soil

Analyses Result  Units Qual RL. QCL  Method Analysis Date / By
PHYSICAL CHARACTERISTICS

Coarse Fragments 60 wi% 2 ASA15-5 11/30/05 15:29 / srm
Sand 70 % 1 ASA15-5 12/05/05 10:11 / srm
Silt 15 % 1 ASA15-5 12/05/05 10:11 / srm
Clay 15 Yo 1 ASA15-5 12/05/05 10:11 / srm
Texture SL ASA15-5 12/05/05 10:11 / srm

-C = Clay, § = Sand(y), Si = Silt{y), L = Loam(y)

SATURATED PASTE

pH, sat. paste 6.20 s.u. 0.10 ASAM10-3.2 12/05/05 10:11 / srm
Conductivity, sat. paste 0.78  mmhos/cm 0.01 ASA10-3 42/05/05 10:11 / srm
Saturation 229 % 0.1 USDAZ27a 12/05/05 10:11 / srm
CHEMICAL CHARACTERISTICS

Organic Carbon 015 wit% 0.02 ASA29-3 12/05/05 10:11 / srm
Phosphorus, Olsen 4 mg/kg 1 ASA24-5 12/02/05 12:22 / srm
Nitrate as N, KCL Extract ND mg/kg 1 ASA33-8.1 12/02/05 16:45 / srm

Report
Definitions:

RL -
QCL - Quality control limit.

Analyte reporting limit.

MCL - Maximum contaminant level.

ND - Not detected at the reporting limit.



E @ GY ENERGY LABORATORIES, INC. « PO. Box 30916 # 1120 South 27th Street * Bilings, MT 89107-03716
I TOTES 800-735-4489 * 406-252-6325 ¢ 406-252-6069 fax ¢ efi@energylab com

LABORATORY ANALYTICAL REPORT

Client: Golder Associates Inc Report Date: 12/13/05
Project: Tyrone No. 1 Test Plots, 053-2377 Collection Date: 06/28/05
Lab ID: B05111051-019 Date Received: 11/15/05
Client Sample ID: No. 1 2E-1, (0-12") Matrix: Soil
MCL/

Analyses Result  Units Qual RL QCL  Method Analysis Date / By
PHYSICAL CHARACTERISTICS
Coarse Fragments 51 wt% 2 ASA15-5 11/30/05 15:29 / srm
Sand 73 % 1 ASA15-5 12/05/05 10:11 / srm
Silt 12 % 1 ASA15-5 12/05/05 10:11 / srm
Clay 15 % 1 ASA15-5 12/05/05 10:11 / srm
Texture SL ASA15-5 12/05/05 10:11 / srm

- C = Clay, S = Sand(y), Si = Silt{y), L = Loam({y)
SATURATED PASTE
pH, sat. paste 710 s 0.10 ASAM10-3.2 12/05/05 10:11 / srm
Conductivity, sat. paste 1.41 mmhos/cm 0.01 ASA10-3 12/05/05 10:11 / srm
Saturation 225 % 0.1 USDA27a 12/05/05 10:11 / srm
CHEMICAL CHARACTERISTICS
Organic Carbon 0.1 wt% 0.02 ASA29-3 12/05/05 10:11 / srm
Phosphorus, Olsen 4 mg/kg 1 ASAZ24-5 12/02/05 12:23 / srm
Nitrate as N, KCL Extract ND mgrkg 1 ASA33-8.1 12/02/05 16:45/ srm

Report RL - Analyte reporting limit. MCL - Maximum contaminant level.
Definitions:  QCL - Quality control limit. ND - Not detected at the reporting limit.



=

Client:

ENERGY LABORATORIES, INC. » PO. Box 30916 e 1120 South 27th Street « Bilings, MT 59107-0976
800-735-4489 o 406-252-6325 « 406-252-6069 fax « eli@energylab.com

LABORATORY ANALYTICAL REPORT

Golder Associates Inc

Project: Tyrone No. | Test Plots, 053-2377
Lab ID: B05111051-020

Client Sample ID; No. 1 2E-2, (30-42")

Report Date: 12/13/05

Collection Date; 06/28/05

Date Received: 11/15/05
Matrix: Soil

MCL/

Analyses Result  Units Qual RL QCL  Method Analysis Date / By
PHYSICAL CHARACTERISTICS

Coarse Fragments 56 wi% 2 ASA15-5 11/30/05 15:29 / srm
Sand 75 % 1 ASA15-5 12/05/05 10:11 / srm
Sift 16 % 1 ASA15-5 12/05/05 10:11 / srm
Clay 9 % 1 ASA15-5 12/05/05 10:11 / srm
Texture SL ASA15-5 12/05/05 10:11 / srm

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

SATURATED PASTE

pH, sat. paste 6.90 s.u. 0.10 ASAM10-3.2 12/05/05 10:11/ srm
Conductivity, sat, paste 0.65 mmhos/cm 0.01 ASA10-3 12/05/05 10:11/ srm
Saturation 200 % 0.1 USDA27a 12/05/05 10:11 / srm
CHEMICAL CHARACTERISTICS

Organic Carbon 0.06 wi% 0.02 ASA29-3 12/05/05 10:11 / srm
Phosphorus, Olsen 4 mg/kg 1 ASA24-5 12/02/05 12:30 / srm
Nitrate as N, KCL Extract ND mg/kg ASA33-8.1 12/02/05 16:47 / srm

Report
Definitions:

RL - Analyte reporting limit.
QCL - Quality control limit,

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



ENERGY LABORATORIES, INC. » RO. Box 30976 « 1120 South 27th Street « Bilings, MT 59107-0918
800-735-4489 * 406-252-6325 » 406-252-6069 fax » eli@energylab.com

——————p——

LABORATORY ANALYTICAL REPORT

Client:  Golder Associates Inc : Report Date: 12/13/05
Project: Tyrone No. 1 Test Plots, 053-2377 Collection Date: 06/28/05
LabID: B05111051-021 Date Received: 11/15/05
Client Sample ID: No. 1 3A-1, (0-12") Matrix: Soil
MCL/

Analyses Result  Units Qual RL QCL Method Analysis Date / By
PHYSICAL CHARACTERISTICS
Coarse Fragments 62 wit% 2 ASA15-5 11/30/05 15:29 / srm
Sand 72 % 1 ASA15-5 12/05/05 10:11 / srm
Silt 17 Yo 1 ASA15-5 12/05/05 10:11 / srm
Clay 1" % 1 ASA15-5 12/05/05 10:11/ srm
Texture St ASA15-5 12/05/05 10:11 / srm

-G = Clay, $ = Sand(y), Si = Silt(y), L = Loam{y)
SATURATED PASTE
pH, sat. paste 720 su 0.10 ASAM10-3.2 12/05/05 10:11/ srm
Conductivity, sat. paste 0.83  mmhos/cm 0.01 ASA10-3 12/05/05 10:11/srm
Saturation 2089 % 0.1 USDA27a 12/05/05 10:11 / srm
CHEMICAL CHARACTERISTICS
Organic Carbon 0.10 wit% 0.02 ASA29-3 12/05/05 10:11/ srm
Phasphorus, Olsen 4 mg/kg 1 ASA24-5 12/02/05 12:32 / srm
Nitrate as N, KCL Extract ND mgrkg 1 ASA33-8.1 12/02/05 16:47 / srm
Report RL - Analyte reporting limit, MCL - Maximum contaminant level.

Defimitions:  QCL - Quality control limit. ND - Not detected at the reporting limit.



ENERGY LABORATORIES, INC. * PO. Box 30916 » 1120 South 27th Street « Biliings, M T 59107-0916
B00-735-4489 o 406-252-6325 « 406-252-6069 fax » eli@energylab.com

——————

LABORATORY ANALYTICAL REPORT

Client: Golder Associates Inc Report Date: 12/13/05
Project: Tyrone No. 1 Test Plots, 053-2377 Collection Date: 06/28/05
Lab ID: B05111051-022 Date Received: 11/15/05
Client Sample ID: No. 1 3A-2, (43-55") Matrix: Soil
MCL/

Analyses Result  Units Qual RL QCL  Method Analysis Date / By
PHYSICAL CHARACTERISTICS
Coarse Fragments 35 wit% 2 ASA15-5 11/30/05 15:29/ srm
Sand 73 % 1 ASA15-5 12/05/05 10:11 / srm
Silt 9 % 1 ASA15-5 12/05/05 10:11 / srm
Clay 18 % 1 ASA15-5 12/05/05 10:11 / srm
Texture SL ASA15-5 12/05/05 10:11 / srm

- C = Clay, S = Sand{y), Si = Silt(y), L = Loam(y)
SATURATED PASTE
pH, sat. paste 7.40 s 0.10 ASAM10-3.2 12/05/05 10:11 / srm
Conductivity, sat. paste 258  mmhos/cm 0.01 ASA10-3 12/05/05 10:11/srm
Saturation 19.0 % 0.1 USDAZ7a 12/05/05 10:11 / srm
CHEMICAL CHARACTERISTICS
Organic Carbon 0.08 wit% 0.02 ASAZ29-3 12/05/05 10:11 / srm
Phosphorus, Olsen 3 mg/kg 1 ASA24-5 12/02/05 12:33 / srm
Nitrate as N, KCL Extract 1 mg/kg 1 ASA33-8.1 12/02/05 16:49 / srm

Report RL - Analyte reporting limit. MCL - Maximum contaminant level,
Definitions:  QCL - Quality control limit. ND - Not detected at the reporting limit.



percron

ENERGY LABORATORIES, INC. * RO. Box 30916 » 1120 South 27th Street « Biliings, MT 59107-0916
B00-735-4489 » 406-252-6325 » 406-252-6069 fax ¢ elj@energylab.com

Client:

LABORATORY ANALYTICAL REPORT

Golder Associates Inc

Project: Tyrone No. 1 Test Plots, 053-2377
LabID: B05111051-023
Client Sample ID: No. 13B-1, (0-12"}

Report Date: 12/13/05

Collection Date: 06/28/05

Date Received: 11/15/05
Matrix: Soil

MCL/

Analyses Result  Units Qual RL QCL  Method Analysis Date / By
PHYSICAL CHARACTERISTICS

Coarse Fragments 60 wi% 2 ASA15-5 11/30/05 15:29 / srm
Sand 71 % 1 ASA15-5 12/05/05 10:11 / srm
Silt 15 % 1 ASA15-5 12/05/05 10:11 / stm
Clay 14 % 1 ASA15-5 12/05/05 10:11/ srm
Texture SsL ASA15-5 12/05/05 10:11/ srm

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

SATURATED PASTE

pH, sat. paste 710 s 0.10 ASAM10-3.2 12/05/05 10:11 / srm
Conductivity, sat. paste 1.34 mmhos/cm 0.01 ASA10-3 12/05/05 10:11 / srm
Saturation 265 % 0.1 USDAZ27a 12/05/05 10:11 / srm
CHEMICAL CHARACTERISTICS

Organic Carbon 021 wit% 0.02 ASA29-3 12/05/05 10:11/srm
Phasphorus, Olsen 4 mg/kg 1 ASA24-5 12/02/05 12;34 / srm
Nitrate as N, KCL Extract ND mg/kg 1 ASA33-8.1 12/02/05 16:50 / srm

Report
Definitions:

RL - Analyte reporting limit.
QCL - Quality control limit.

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



ENERGY LABORATORIES, INC. » PO. Box 30916 « 1120 South 27th Street « Bilings, MT 59107-0916
800-735-4489 » 406-252-6325 ¢ 406-252-6069 fax ¢ elj@energylab.com

Client:

LABORATORY ANALYTICAL REPORT

Golder Associates Inc

Project: Tyrone No. 1 Test Plots, 053-2377
Lab ID: B05111051-024

Report Date: 12/13/05
Collection Date: 06/28/05
Date Received: 11/15/05

Client Sample ID: No. 1 3B-2, (36-48") Matrix: Soil
MCL/

Analyses Result  Units Qual RL QCL  Method Analysis Date / By
PHYSICAL CHARACTERISTICS
Coarse Fragments 51 wi% 2 ASA15-5 11/30/05 15:29/ srm
Sand 70 % 1 ASA15-5 12/05/05 10:11 / srm
Silt 16 % 1 ASA15-8 12/05/05 10:11 / srm
Clay 14 % 1 ASA15-5 12/05/05 10:11 / srm
Texture SL ASA15-5 12/05/05 10:11 / srm

-C = Clay, § = Sand(y), Si = Silt{y), L = Loam(y)
SATURATED PASTE
pH, sat. paste 7.30 s 0.10 ASAM10-3.2 12/05/05 10:11/ srm
Conductivity, sat. paste 1.36  mmhos/cm 0.01 ASA10-3 12/05/05 10:11 / srm
Saturation 264 % 0.1 USDAZ7a 12/05/05 10:11 / srm
CHEMICAL CHARACTERISTICS
Organic Carbon 019 wi% 0.02 ASA29-3 12/05/05 10:11 / srm
Phosphorus, Olsen 4 mg/kg 1 ASA24-5 12/02/05 12:36 / srm
Nitrate as N, KCL Extract ND mg/kg 1 ASA33-81 12/02/05 16:51 / srm

Report
Definitions:

RL -
QCL - Quality control limit.

Analyte reporting limit.

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



porcro

ENERGY LABORATORIES, INC. » RO. Box 30916 « 1120 South 27th Street « 8iings, MT 59107-09716
B800-7535-4489 » 406-252-6325 ¢ 406-252-6069 fax » eli@snergylab.com

LABORATORY ANALYTICAL REPORT

Client:  Golder Associates Inc Report Date: 12/13/05
Project: Tyrone No. 1 Test Plots, 053-2377 Collection Date: 06/28/05
LabID: B05111051-025 Date Received: 11/15/05
Client Sample ID: No. 1 3C-1, (0-12") Matrix: Soil
MCL/

Analyses Result Units Qual RL QCL  Method Analysis Date / By
PHYSICAL CHARAGTERISTICS
Coarse Fragmenis 60 wit% 2 ASA15-5 11/30/05 15:29 / srm
Sand 73 % 1 ASA15-5 12/05/05 10:11 / srm
Silt 13 % 1 ASA15-5 12/05/05 10:11 / srm
Clay 14 % 1 ASA15-5 12/05/05 10:11 / srm
Texture SL ASA15-5 12/05/05 10:11 / srm

- C = Clay, $ = Sand(y), Si = Siit{y), L = Loam(y)
SATURATED PASTE
pH, sat. paste 740 s 0.10 ASAM10-3.2 12/05/05 10:11 / srm
Condugctivity, sat. paste 1.24  mmhos/cm 0.01 ASA10-3 12/05/05 10:11 / srm
Saturation 220 % 0.1 USDA27a 12/05/05 10:11/ srm
CHEMICAL CHARACTERISTICS
Organic Carbon 009 wi% 0.02 ASA29-3 12/05/05 10:11 / srm
Phosphorus, Olsen 4 mg/kg 1 ASA24-5 12/02/05 12:37 / srm
Nitrate as N, KCL Extract ND mg/kg 1 ASA33-8.1 12/02/05 16:52 / srm

Report

RL - Analyte reporting limit,

MCL - Maximum contaminant level.

Definitionst  QCL - Quality control limit. ND - Not detected at the reporting limit.



ENERGY LABORATORIES, INC. + RO. Box 30916 « 1120 South 27th Street  Bilings, MT 59 107-0816
800-735-4489 o 406-252-6325 ¢ 406-252-6069 fax « eli@energylab.com

LABORATORY ANALYTICAL REPORT

Client:  Golder Associates Inc Report Date: 12/13/05
Project: Tyronc No. 1 Test Plots, 053-2377 Collection Date: 06/28/05
LabID: B05111051-026 Date Received: 11/15/05
Client Sample ID: No. 13C-2, (41-53") Matrix: Soil
MCL/

Analyses Result  Units Qual RL QCL  Method Analysis Date / By
PHYSICAL CHARACTERISTICS
Coarse Fragments 46 wit% 2 ASA15-5 11/30/05 15:29/ srm
Sand 68 % 1 ASA15-5 12/05/05 10:11 / srm
Silt 16 % 1 ASA15-5 12/05/05 10:11 / srm
Clay 16 % 1 ASA15-5 12/05/05 10:11 / srm
Texture SL ASA15-5 12/05/05 10:11 / srm

-C = Clay, S = Sand(y), Si = Silt{y), L = Loam(y)
SATURATED PASTE
pH, sat. paste 740 s.u. 0.10 ASAM10-3.2 12/05/05 10:11 / srm
Conductivity, sat. paste 1.83  mmhos/cm 0.01 ASA10-3 12/05/05 10:11 / srm
Saturation 286 % 0.1 USDA27a 12/05/05 10:11 / srm
CHEMICAL CHARACTERISTICS
Qrganic Carbon 016  wit% 0.02 ASA29-3 12/05/05 10:11 / srm
Phosphorus, Oisen 3 mg/kg 1 ASA24-5 12/02/05 12:39 / srm
Nitrate as N, KCL Extract ND my/kg 1 ASA33-8.1 12/02/05 16:52 / srm
Report RL - Analyte reporting limit. MCL - Maximum contaminant level.

Definitions:  QCL - Quality control limit, ND - Not detected at the reporting limit.



ENERGY LABORATORIES, INC. * RO. Box 30916 # 1120 South 27th Street « Biliings, MT 59107-0916
800-735-4489 » 406-252-6325 » 406-252-6069 fax # elf@snergylab.com

e ————

LABORATORY ANALYTICAL REPORT

Client:  Golder Associates Inc

Project: Tyrone No. 1 Test Plots, 053-2377
LabID: B05111051-027

Client Sample ID: No. 1 3D-1, (0-12")

Report Date: 12/13/05

Collection Date: 06/28/05

Date Received: 11/15/05
Matrix: Soil

‘MCL/

Analyses Result  Units Qual RL. QCL  Method Analysis Date / By
PHYSICAL CHARACTERISTICS

Coarse Fragments 60 wit% 2 ASA15-5 11/30/05 15:28 / srm
Sand 77 % 1 ASA15-5 12/05/05 10:11 / srm
Silt 11 % 1 ASA15-5 12/05/05 10:11 / srm
Clay 12 % 1 ASA15-5 12/05/05 10:11 / srm
Texture SL ASA15-5 12/05/05 10:11 / srm

-C =Clay, S = Sand(y), 8i = Silt{y), L = Loam(y)

SATURATED PASTE

pH, sat. paste 720 s.u. 0.10 ASAM10-3.2 12/05/05 10:11 / srm
Conductivity, sat. paste 1.38  mmhos/cm 0.01 ASA10-3 12/05/05 10:11/ srm
Saturation 232 % 0.1 USDAZ27a 12/05/05 10:11/ srm
CHEMICAL CHARACTERISTICS

Organic Carbon 012 wit% 0.02 ASA29-3 12/05/05 10:11 / srm
Phosphorus, Olsen 4 ma/kg 1 ASA24-5 12/02/05 12:40 / srm
Nitrate as N, KCL Extract ND mg/kg 1 ASA33-8.1 12/02/05 16:53 / srm

RL - Analyte reporting limit.
QCL - Quality control limit.

Report
Definitions:

MCL - Maximum contaminant level.

ND - Not detected at the reporting limit.



ENERGY LABORATORIES, INC. » PO. Box 30916 « 1120 South 27th Street « Biings, MT 539107-0916
800-735-4489 ¢ 406-252-6325 ¢ 406-252-6069 fax » eli@energylab.com

————————

LABORATORY ANALYTICAL REPORT

Client:  Golder Associates Inc Report Date: 12/13/05
Project: Tyrone No. 1 Test Plots, 053-2377 Collection Date: 06/28/05
Lab ID: B05111051-028 Date Received: 11/15/05
Client Sample ID: No. 13D-2, (39-51") Matrix: Soil
MCL/

Analyses Result  Units Qual RL QCL  Method Analysis Date / By
PHYSICAL CHARACTERISTICS
Coarse Fragments 41 wit% 2 ASA15-5 11/30/05 15:29 / srm
Sand 35 % 1 ASA15-5 12/05/05 10:11/ srm
Siit 23 % 1 ASA15-5 12/05/05 10:11 / srm
Clay 42 % 1 ASA15-5 12/05/05 10:11 / srm
Texture c ASA15-5 12/05/05 10:11 / srm

-C = Clay, S = Sand(y), Si = Silt{y), L = Loam(y)
SATURATED PASTE
pH, sat. paste 6.10 S.u. 0.10 ASAM10-3.2 12/05/05 10:11 / srm
Conductivity, sat. paste 2.16 mmhos/cm 0.01 ASA10-3 12/05/05 10:11 / srm
Saturation 50.5 % 0.1 USDA27a 12/05/05 10:11 / srm
CHEMICAL CHARACTERISTICS
Organic Carbon 066 wt% 0.02 ASAZ29-3 12/05/05 10:11 / srm
Phasphorus, Olsen 3 ma/kg 1 ASA24-5 12/02/05 12:41/srm
Nitrate as N, KCL Extract 100 ma’kg 1 ASA33-8.1 12/02/05 19:23/ srm

Report RL - Analyte reporting limit. MCL - Maximurm contaminant level.
Definitions:  QCL - Quality control limit. ND - Not detected at the reporting limit.



JEN-RGY |

ENERGY LABORATORIES, INC. * PO. Box 30916 + 1120 South 27th Street « Bilings, MT 59 107-0916
800-735-4489 » 406-252-6325 » 406-252-6069 fax » eli@energylab.com

Client:

LLABORATORY ANALYTICAL REPORT

Golder Associates Inc

Project: Tyrone No. 1 Test Plots, 053-2377
Lab ID: B05111051-029
Client Sample ID: No. 1 3E-1, (0-12")

Report Date: 12/13/05

Collection Date: 06/28/05

Date Received: 11/15/05
Matrix: Soil

MCL/

Analyses Result  Units Qual RL QCL  Method Analysis Date / By
PHYSICAL CHARACTERISTICS

Coarse Fragments 61 wt% 2 ASA15-5 11/30/05 15:29 / srm
Sand 72 % 1 ASA15-5 12/05/05 10:11 / srm
Silt 16 % 1 ASA15-5 12/05/05 10:11 / srm
Clay 12 % 1 ASA15-5 12/05/05 10:11 / srm
Texture SL ASA15-5 12/05/05 10:11 / srm

-C = Clay, S = Sand(y), 8i = Silt(y), L = Loam(y)

SATURATED PASTE

pH, sat. paste 730 s 0.10 ASAM10-3.2 12/05/05 10:11 / srm
Conductivity, sat. paste 1.29  mmhos/cm 0.01 ASA10-3 12/05/05 10:11/srm
Saturation 227 % 0.1 USDA27a 12/05/05 10:11/ srm
CHEMICAL CHARACTERISTICS

Organic Carbon 016 wi% 0.02 ASA29-3 12/05/05 10:11/ srm
Phosphorus, Olsen 4 ma/kg 1 ASA24-5 12/02/05 12:43 / srm
Nitrate as N, KCL Extract 1 mg/kg 1 ASA33-8.1 12/02/05 19:23 / srm

Report
Definitions:

RL - Analyte reporting limit,
QCL - Quality control limit.

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



ENERGY LABORATORIES, INC. * PO. Box 30916 e 1120 South 27th Street « Billings, MT 59107-09716
800-735-4489 » 406-252-6325 » 406-252-6069 fax « eli@energylab.com

——————

LABORATORY ANALYTICAL REPORT

Client:  Golder Associates Inc

Project: Tyrone No. 1 Test Plots, 053-2377
Lab ID: B05111051-030

Client Sample ID: No. 1 3E-2, (40-52"}

Report Date: 12/13/05

Collection Date; 06/28/05

Date Received: 11/15/05
Matrix: Soil

MCL/

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

PHYSICAL CHARACTERISTICS

Coarse Fragments 54 wit%h 2 ASA15-5 11/30/05 15:29 / srm

Sand 78 % 1 ASA15-5 12/05/05 10:11 / srm

Silt 12 % 1 ASA15-5 12/05/05 10:11 / srm

Clay 10 % 1 ASA15-5 12/05/05 10:11/ srm

Texture SL ASA15-5 12/05/05 10:11 / srm
- C = Clay, S = Sand(y), Si = Silt(y), L = Loam(y)

SATURATED PASTE

pH, sat. paste 710  s.u. 0.10 ASAM10-3.2 12/05/05 10:11 / srm

Conductivity, sat. paste 042 mmhes/cm 0.01 ASA10-3 12/05/05 10:11 / srm

Saturation 207 % 0.1 USDAZ27a 12/05/05 10:11 / srm

CHEMICAL CHARACTERISTICS

Organic Carbon 0.08 wt% 0.02 ASA28-3 12/05/05 10:11 / srm

Phosphorus, Olsen 4 mg/kg 1 ASA24-5 12/02/05 12:50 / srm

Nitrate as N, KCL Extract ND mg/kg 1 ASA33-8.1 12/02/05 16:57 / srm

Report RL - Analyte reporting limit. MCL - Maximum contaminant level.

Definitions:  QCL. - Quality control limit.

ND - Not detected at the reporting limit.



percrcry

ENERGY LABORATORIES, INC. » RO. Box 30916 ¢ 1120 South 27th Street  Billings, MT 59107-0916
800-735-4489 ¢ 406-252-6325 ¢ 406-252-6069 fax « eli@energylab.com

Client:

LABORATORY ANALYTICAL REPORT

Golder Associates Inc

Project: Tyrone No. 1 Test Plots, 053-2377
Lab ID: B05111051-031
Client Sample ID: No. 1 4A-1 (0-127)

Report Date: 12/13/05

Collection Date: 08/02/05

Date Received: 11/15/05
Matrix: Soil

MCL/

Analyses Result  Units Qual RE. QCL  Method Analysis Date / By
PHYSICAL CHARACTERISTICS

Coarse Fragments 47 wit% 2 ASA15-5 11/30/05 15:29 / srm
Sand 70 % 1 ASA15-5 12/05/05 10:11 / srm
Silt 17 % 1 ASA15-5 12/05/05 10:11 / srm
Clay 13 % 1 ASA15-5 12/05/05 10:11/ srm
Texture SL ASA15-5 12/05/05 10:11 / srm

- C = Clay, § = Sand(y), Si = Silt(y), L = Loam(y)

SATURATED PASTE

pH, sat. paste 740 s.u, 0.10 ASAM10-3.2 12/05/05 10:11/ srm
Conductivity, sat. paste 1.562 mmhos/cm 0.01 ASA10-3 12/05/05 10:11 / srm
Saturation 255 % 0.1 USDAZ7a 12/05/05 10:11 / srm
CHEMICAL CHARACTERISTICS

Organic Carbon 019 wit% 0.02 ASA29-3 12/05/05 10:11 / srm
Phosphorus, Olsen 4 mg/kg 1 ASA24-5 12/02/05 12:51 / srm
Nitrate as N, KCL Extract ND mg/kg 1 ASA33-8.1 12/02/05 16:57 / srm

Report RL

Definitions:

- Analyte reporting limit.
QCL - Quality control limit.

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



Jorcroy

ENERGY LABORATORIES, INC. » PO. Box 30916 # 1120 South 27th Strest » Billings, MT 59107-0916
800-735-4489 o 406-252-6325 ¢ 406-252-6069 fax e efi@ensrgyiab.com

Client:

Golder Associates Inc

LABORATORY ANALYTICAL REPORT

Project: Tyrone No. 1 Test Plots, 053-2377
LabID: B05111051-032
Client Sample ID: No. 1 4A-2, (21-3