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Utah Ground Water Discharge Permit Information
for

Red Leaf Resources, Inc.

Southwest #1 Project

1. Introduction

The Red Leaf Resources, Inc. (RLR), a privately held corporation, has developed a new process,
EcoShale™ In-Capsule Technology, to extract oil reserves from oil shale. RLR is proving the new
technology at a location in eastern Utah, while pursuing the necessary permits to begin full scale
production. The RLR business office is located at 200 West Civic Center Drive, Suite 190, Sandy, Utah
84070, United States of America. RLR can be contacted by phone at (801) 878-8100, or by fax at (801)
878-8101, and the company maintains a website at http://www.redleafinc.com/ with general
information.

The new mining operation, Southwest #1 Project, is located approximately 55 miles south of Vernal, in
Uintah County, Utah (Figure 1, Location Map), and is comprised property in Township 13 South (T13S),
Ranges 22 and 23 East (R22E and R23E) of the Salt Lake Base & Meridian. Combined these parcels
comprise the project area of 1,656.78 acres.

2. Background Information

In February 2007, RLR filed the first technology patents for the EcoShale™ In-Capsule Technology. The
original filing was modified in February 2008 and three U.S. patents have been published while others
are still in process.

In October 2008, RLR initiated construction of a test facility under its Exploration Permit. RLR has been
in continuous permitted operation since 2008 with activities including site construction, testing and
scale-up of the EcoShale™ In-Capsule Technology test unit, operations and maintenance. The EcoShale™
In-Capsule Technology is used to extract kerogen deposits from sedimentary shale deposits. The
operation consists of simultaneous mining the oil shale and creating the heating capsules for processing
the mined are.

The facility is currently operating under the autharity of a Small Mine Operation {SMO) Permit. RLR
intends to expand activities at Southwest #1 small mine site by converting to a Large Mining Operation
(LMO). Mining will initiate in SE1/4 of Section 30, T13S, R23E, and progress east to west and south to
north.
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. 3. Administrative Information

3.1. Applicant Name and Address
Red Leaf Resources, Inc.
200 West Civic Center Drive
Suite 190
Sandy, Utah 84070
United States of America
Attn: Dr. Laura Nelson, VP of Energy and Environmental Development

3.2.Contact information
Phone: (801) 878-8100
Fax: (801) 878-8101

Website: a website at http://www.redleafinc.com/

3.3. Authorized Company Representative
Dr. Laura Nelson is duly authorized to represent Red Leaf Resources, Inc. with regard to this application
for a ground water discharge permit for the Southwest #1 mine.

. 3.4. Facility Legal Location
The RLR Southwest #1 Mine is located in portions of Sections 19, 20, 29 and 30 in Township 13 South,
Range 23 East; and in portions of Sections 25 and 36 of Township 13 South, Range 22 East. All sections
are located in Uintah County, Utah. The Universal Transverse Mercator Geographic Coordinate System
(UTM} coordinates for the facility are: Zone 12 Northing 4390671.43, Easting 638650.23.

4, General Information

4.1. Owner and Operator Information
The owner and operator information is the same as the applicant information: Red Leaf Resources, Inc.
is the owner and operator for this facility.

4.2, Facility Information
Southwest #1 Mine Project
Red Leaf Resources, Inc.
Vernal, UT
VP, Field Operations: Lester Thompson, Field Operations

e
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. 4.3.Contact Information
Phone: 801-994-1830

Mr. Thompson supervises the daily operations and maintenance of the EcoShale™ In-Capsule test site.
He will continue in this capacity for the Southwest #1 Mine Project.

5. Facility Location, Type, and Classification

The Southwest #1 Mine Project will use the new EcoShale™ In-Capsule Technology to extract energy
reserves from oil shale. The new mining operation is located approximately 55 miles south of Vernal, in
Uintah County, Utah (Figure 1, Location Map), and is comprised property in Township 13 South (T13S),
Ranges 22 and 23 East (R22E and R23£) of the Salt Lake Base & Meridian. Combined these parcels
comprise the project area of 1,656.78 acres. The processed shale will be encapsulated in place for final
disposition, with no identified impact to surface or ground water reserves. A detailed description is
presented in the Large Mining Operation Project Background, Setting and Operations Description.

5.1. Facility Classification
The Southwest #1 Mine will be a new, to-be-constructed large mine operation.

5.2.Type of Facility
The new facility will be an oil shale production operation to include the processing and beneficiating of
. mined oil shale ore. It includes equipment maintenance and laboratory support facilities and ancillary
facilities, as necessary.

5.3.SIC/NAICS Codes
The Standard Industrial Classification (SIC) and North American Industry Classification System (NAICS)
codes that describe the proposed facility are 1311 (SIC) and 211111 (NAICS) for kerogen processing and
oil shale mining and beneficiating.

5.4.Project Facility Life
The initial life of mining operation is 30 years. As the operation progresses additional reserves maybe
discovered which could extend the life of the facility.

Utah Ground Water Discharge Permit Application
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6. Red Leaf Resources Qil Shale Mine Operation and Processing Description

The EcoShale™ In-Capsule Technology uses heat to extract kerogen from oil shale deposits to produce
crude oil. The operation is designed to maximize resource recovery and accommodate construction of
“capsules” designed for low temperature heating of the shale to extract the hydrocarbons as gases and
liquids. The mining process consists of the simultaneous mining of the oil shale and the construction of
the heating capsules. All materials mined are utilized completely and play a role in the Red Leaf
integrated process for capsule construction, hydrocarbon extraction and reclamation. The general
mining sequence will cansist of the following unit operations:

Land clearing (where required)

Soil removal and stockpiling

Pre-stripping of uncaonsolidated overburden (when required)
Drilling, blasting overburden

Overburden removal

Overburden loading, hauling, and screening

Drilling, blasting of ore and interburdens

Ore and interburden loading, hauling, and screening
Selective use of screened materials in construction of capsules
Heating and kerogen recovery

Final grading

Soil placement and revegetation

Mining will begin in the SE% of Section 30, T13S R23E, progressing east to west and south to north with
production ending in Section 19, T 13 S, R 23 E, (. After mining is completed in Section 30, the lease that
comprises one half of Section 36, T13S, R22E will be mined (See NOI Figure 2, Life of Mine Ore Plan
Layout in Appendix A).The mine plan includes clearing and grubbing operations, installation of
stormwater control, salvaging of soil, followed by mining of the soil overburden, interburden, and oil
shale. Topsoil is salvaged and carefully stockpiled to be used during the reclamation phase. NOI Figure
12, Capsule Construction Progression Plan (Appendix A) is a diagrammatic, conceptual representation of
the capsule construction and operation advance in a typical pit.

Figure 2 shows capsule construction sequence, major construction components, construction details,
and pre-mining and post-reclamation topography.

Once enough overburden is removed from the pit area to create a capsule, an impermeable liner of
bentonite-amended shale (BAS} is placed on the bottom of the capsule to prevent impacts to
groundwater and the surrounding ecosystem. Manufacture of the capsule-sealing BAS involves using a
special size fraction of non-ore materials mixed with bentonite and appropriate quantities of water in a
pug mill to produce a bentonite sealing material for placement in the capsules. The BAS will be mixed,
placed at optimal moisture content and compacted to 95%. The permeability of the BAS layer will be 10
x 10%cm/sec or less. A 3-foot layer of BAS will surround each capsule, top, bottom, sides and ends (RLR
2011).
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Inside the BAS layer is a 13-foot thick rind of coarse-sized material or gravel which serves as insulation
inside the BAS barrier to conserve heat and protect the BAS from thermal breakdown. A metal liquids
collection pan will be installed above the insulating layer at the bottom of each capsule to direct the
liberated petroleum liquids to a collection sump and to prevent loss of oil to the underlying liner or the
environment. The pans are sloped to direct liquids to the collection sumps.

Above the metal collection pan, 100 feet of ore will be placed within the cell in lifts at the same time the
side walls, end walls and insulation layers are built. Collection pipes are placed along the bottom of the
capsule. The mined material is placed above the collection pipes followed by placement of heat
conducting pipe that will be installed throughout the capsule within the encapsulated ore. The ore and
heating pipes will be incrementally stacked on top of ane another in the heating capsules. Initially, each
capsule would be heated to approximately the boiling point of water for two weeks to steam off the
water prior to increasing the heat to pyrolysis temperatures. The heating pipes heat the ore to a
maximum temperature of approximately 725 °F and, through pyrolysis, separate the compounds that
comprise kerogen into liquid phases. Separate collection channels and pipes conduct the liquids and
gases, respectively, to a collection manifold on the interior side of the north end of each capsule.
Capsules will be stacked in two levels or tiers. Process components (i.e., collection tanks, compressors)
are mobile and are located adjacent to each cell. The sequence and rate of capsule construction is
designed to produce and sustain a target production rate of approximately 9,500 barrels per day of oil.

Capsule size is critical to ensure that capsule construction does not overtake the progression of mining.
Based on this goal, RLR has developed a capsule design that includes stacking capsules two layers or
“tiers” high. The aerial dimensions are approximately 500 by 900 feet for all capsules. The capsules are
approximately 136 feet high prior to heating. The edges or “knuckles” of the capsules are slightly higher
to accommodate settling at the edge to protect the constructed BAS wall which seals the capsule. Once
the bottom capsule cools and settles to approximately 97 feet, the second tier of capsules is constructed
on top of the bottom tier, bringing the maximum height of the top surface to approximately 233 feet
(136 feet plus 97 feet) prior to heating the second tier capsule. After heating, the second tier capsule
cools and settles to approximately 97 feet similar to the bottom capsules, bringing the total height of
the stacked capsule design to approximately 194 feet before the addition of 1-2 feet of suitable
overburden and 6 inches of growing medium. {(RLR 2011). Capsule construction is further discussed
below in Section 11, Capsule Design Report.

Initial overburden materials and ore from a portion of the first year of operation will have to be
temporarily stockpiled outside of the pit. Once sufficient pit area is opened, the oil shale and other
materials can then be sequentially handled prior to placement on the pit floor where construction of the
recovery capsules occurs.

Most overburden, interburden, and all ore will be sized through mobile, skid mounted, crushing,
screening and stacking conveyor systems. The mobile systems can move with the pit advance, and,
consequently, haul distances will remain relatively constant throughout the life of the project.
Geotechnical data on the materials that will be used in capsule construction are found in Appendix B -
Stacked Capsule Backing Wall Stability Analysis.

e ——
Utah Ground Water Discharge Permit Application

December 20, 2011 Page 7




The sideslopes of the capsules will consist of backfilled overburden constructed and compacted in
shallow lifts to provide support to the BAS layer on the capsule sidewalls. Backfilled sideslopes of the
capsules are anticipated to be approximately 1.5H:1V, with a small terrace, used as a ramp during
capsule construction, remaining between the bottom tier and top tier of capsules (Figure 2).

A series of clean water diversions and sumps will be constructed to manage upland runoff from offsite
tributaries at the western perimeter of the project site to prevent impacts to water resources and
minimize erosion potential. {See the Drainage Design Plan [Norwest 2011], attached as Appendix C). Due
to the site topography, the diversions cannot convey all the runoff that would flow towards the mining
pits. Areas that cannot be diverted require the use of ponds or sumps to contain runoff. The operational
sumps are sized according the area of contributing watersheds and the 10-year 24-hour storm event.
The sump locations and contributing watersheds are shown on Figures 1 and 2 of the Drainage Design
Plan Appendix C. Most of the sumps would be on-channel structures and would resemble a typical stock
reservoir. RLR plans to use water collected in the sumps for its operations to supplement well water and
water removed from the ore during processing (Norwest 2011).

6.1.Reclamation

Reclamation is integrated as part of the Red Leaf process, with overburden placed on top of the capsule
prior to heating. Once the kerogen liquid and gas compounds are extracted from the ore and the
capsule temperature has been sufficiently reduced on the second (top) tier of capsules final grading and
reseeding will occur The capsule reclamation and mining activities will occur simultaneously throughout
the site. Pit endwalls and the final highwall will be regraded and stabilized by sloping back the walls or
backfilling material against them to achieve a slope angle of 45 degrees in compliance with Utah Division
of Oil Gas and Mining (DOGM) rules and minimize potential safety hazards.

With the exception of pit endwalls and the final highwall in each of the two lease parcels, the final
configuration of the capsules represents the topographic surface that will require grading. After the
heaters have been removed from each capsule, a cooling period will be allowed. After cooling and
settlement is completed, the capsules will be ready for regrading and final reclamation. Final grading to
achieve acceptable surface contours for positive drainage will be completed using overburden material
not used in capsule construction and is expected to include both shot rock and unconsolidated material.
The latter may also be used as supplemental plant growth material if its chemical characteristics are
suitable. Salvaged soil will then be used for suitable plant growth material to cover the final graded
capsule.

The final top surface of the capsules will be regraded in some areas to reduce runoff on to the
sideslopes and minimize erasion potential. Small areas will be left with a concave surface to collect
precipitation; encourage establishment of more mesic vegetation communities; and reduce run-off.
Given the limited precipitation and high evapo-transporation rates for the Uinta Basin, puddling of
moisture is not anticipated to last for extended periods of time. With a total thickness of cover material
of approximately 20-24 feet, including 3 feet of BAS, puddled water will not enter the hydrocarbon

Utah Ground Water Discharge Permit Application
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recovery zone of the capsules. By managing the relatively flat top surfaces of the capsules in this
manner, run-off from the top surface to the sideslopes will be limited, as will resultant erosion.

All disturbed areas will be left in a stable configuration and planted with varying seed mixes suited for
the different slopes, aspects and topographic positions established in the regrading plan.

The residual hydrocarbon in the capsules following the retort process is coke (RLR 2010), which is a gray,
hard, porous, insoluble solid that consists of fused mineral matter and fixed carbon {Bates and Jackson
1984).

7. Issued and Pending Permits

7.1.Permit History
Permitted activities include site construction under an Exploration Permit (EXP 047/0055) issued in
October 2008, operation, testing and scale-up of the EcoShale™ In-Capsule Technology and site
management, operations, maintenance and testing through its Small Mining Operation (SMO) #
$/047/0102.

7.2.Pending Permits

A Natice of Intention to Commence Large Mining Operations (NOI} has been filed with the DOGM on
August 4, 2011. DOGM has issued tentative approval of the NOI conditional upon receiving other
necessary permits and approvals, including that of the Division of Water Quality.

The project area is located in Indian Country and most federal permits are therefore under the
jurisdiction of the U.S. EPA.

Nationwide permits for Storm Water discharge under the federal National Pollutant Discharge
Elimination System (NPDES) will be obtained from EPA Region 8 for both construction of the facility and
facility operations. Storm Water Pollution Prevention Plans (SWPPPs) have been prepared and will be
kept current. Plans will be available on site prior to commencement of construction or mining activities.

Red Leaf has filed a notice of intent to construct a sediment basin within Waters of the U.S. with the U.S.
Army Corps of Engineers. Review of the notice is in progress by the Corps staff in Bountiful, Utah.

Red Leaf Resources operates as a minor source emitter in continuous operations since the start-up of its
initial small capsule operation under the DOGM SMO referenced above. Thus, the facilities are not
subject to the recent implementation of a minor source permitting program.

e —————
Utah Ground Water Discharge Permit Application

December 20, 2011 Page 9




The Southwest No. 1 project will have a Non-Transient Non-Community Water System (NTNWS). The
engineering plans and specifications for an NTNWS must be approved prior to construction by the
Executive Secretary of the Utah Division of Drinking Water.

Sanitary waste water is and will upon commencement of the proposed operations be collected and

removed from the site by a licensed contractor. Solid waste will be collected and taken to a municipal
landfill.

8. Water Information

8.1. Well and Spring Identification
Water sources within a one-mile radius of the mine operation are identified an Figure 3, Project Area.

No drinking water wells within a one-mile radius have been identified. The hydrogeology report, below,
further discusses these wells.

The United States Geological Survey (USGS) National Hydrography Dataset shows no springs in or near
the mine area (USGS 2010, 1BR 2011).

8.2.Surface Water Body Identification
No bodies of surface water have been identified within a one-mile radius of the mine operation.

8.3.Drainage Identification
The Southwest #1 Mine Project Area is dissected by numerous ephemeral drainages typical of high-
desert landscapes, and does not contain any perennial surface water sources. Nearly all land
surrounding the RLR project slopes down to the east to drain to Sweetwater Canyon Creek via Indian
Ridge Canyon and its tributaries. A small portion at the north end of the area drains to Klondike Canyon,
which is another tributary of Sweetwater Canyon. Sweetwater Canyon Creek is an eventual tributary of
the White River. The confluence of Sweetwater Canyon Creek and Bitter Creek is approximately 3 miles
northeast of the RLR site.

No drainages that allow surface water to discharge from the site have been identified within a one-mile
radius of the mine operation.

8.4.Well-head Protection Area Identification
No well-head protection areas have been identified within a one-mile radius of the mine operation.

8.5.Drinking Water Source Identification
No drinking water sources within a one-mile radius of the mine operation are identified on Figure 3,
Project Area. No drinking water sources subject to the protection of Utah Administrative Code (UAC)
309-600 have been identified within a one-mile radius of the mine operation.

Utah Ground Water Discharge Permit Application
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8.6. Well Logs
Wells in the area are owned by the Bureau of Land Management (BLM), one private owner, and Red
Leaf Resources. The RLR water is permitted for industrial use, the other water is designated for wildlife
or stock use. Well logs and area hydrogealogy are discussed in the hydrogeology report, below.

9. General Discharge Identification

9.1.Discharge Point Identification
This mine operation is designed to be a zero-discharge operation. There are no point discharges from
the operation. The facility is conservatively designed. Containment of all product liquids and gases is
insured through secondary containment of all tanks and clay seals 3-feet thick surrounding each ore
processing capsule.

9.2.Planned Discharges
This mine operation is designed to be a no-discharge operation. There is no planned discharge water or
other liquid for the operation. Storm water will not contact waste materials and will be managed on site
for use as part of the project’s water supply. Any storm water discharges will be in compliance with the
facility’s Nationwide NPDES Storm Water Discharge Permit for storm water management.

9.3. Potential Discharges
This mine operation is designed to be a no-discharge operation. There is no potential for discharge of
non-storm-water-induced water or other liquids from the operations.

9.4. Means of Discharge
The process capsules are designed to prevent both infiltration of precipitation-derived water into them
and discharge of fluids from them. The capsules are conservatively designed as discussed further below
in this document. The cover material is engineered as an impermeable cap that will be graded and
revegitated negating the necessity of post closure care after revegetative cover has been established.

Stockpiles of mined ore are not potential sources of contamination due to contact with precipitation and
subsequent discharge. Following the commencement of capsule construction, ore will be mined and
placed in open capsules, all of which will be contained in the open pit, thereby preventing discharge of
any contact water.

9.5. Flows, Sources of Pollution, and Treatment Technology
All process flows will be contained in both primary and secondary containment. There are no pracess
discharges from the facility. No treatment of waste water or waste solid is required as there are no
process-associated waste streams. Solid wastes are fully encapsulated in the process capsules. Storm

—_———————— - e,
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water will be collected for beneficial use and discharges will only occur during excessive storm events as
allowed under the Nationwide NPDES Storm Water Discharge Permit.

9.6. Discharge Effluent Characteristics
This mine operation is designed to be a no-discharge operation. There is no planned discharge water or
other liquid from the operation.

10. Hydrogeology Report

10.1. Regional Geology and Landform
The RLR Project Area is located in the Uinta Basin section of the Colorado Plateau physiographic
province (Stokes 1986). This physiographic province is also known as the Colorado Plateaus Level il
Ecoregion (Woads et al 2001).

The Uinta Basin is a structural depression. The Project Area is located in the southern part of the basin
and is underlain by northwesterly dipping Tertiary strata. The region is characterized by a dissected
plateau with strong relief (Stokes 1986). Approximate elevation in the Project Area ranges from 6,200
feet in the northwest corner of Section 19, T13S, R23E to 6,600 feet in the southwest corner of Section
36, T13S, R22E.

10.2. Project Area and Local Geology

Bedrock at the RLR project area is the Tertiary, oil shale-bearing Parachute Creek Member of the Green
River Formation. Figure 4 is a geologic map of the project area and vicinity. The Parachute Creek
Member consists mainly of oil shale, which is a marlstone that contains a solid hydrocarbon material
known as kerogen. The oil shale interbeds with minor amounts of siltstone, sandstone and altered
volcanic tuff beds. The Mahogany Qil Shale Zone within the Parachute Creek Member will be the oil
shale source for the proposed operation. Depth to the top of the Mahogany Marker, which identifies the
top of the kerogen-rich Mahogany Zone, is between the surface and 160 feet below ground surface {bgs)
in the Project Area. Six core holes were drilled on the property for RLR by Norwest in 2010. The holes
were cored in their entirety and ranged in depth from 140 to 240 feet, depending on overburden
thickness. Figure 5 is a typical stratigraphic column for the section penetrated by the 6 core holes at Red
Leaf and prepared by Norwest.

The typical stratigraphic column depicts rock types encountered and the locations of key stratigraphic
zones or markers in the oil shale horizon including the Mahogany Marker, the Mahogany Bed, a
stratigraphic interval located above the Mahogany Marker known as the A Groove; and another interval
beneath the ore zone, which is called the B Groove. These two horizons get their names from their
appearance in outcrop where, unlike the cliff-forming Mahogany zone, they are slope formers.
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The B-Groove is easily identified in outcrop; however, its appearance in the subsurface is difficult to
distinguish visibly. As a result, it is typically identified in the subsurface by geophysical logs or fisher
assay data (Cashion, 1992).

Bulk density logs were run for each of the 6 core holes. Figure 6 is a cross section generally oriented
north sauth that extends through 5 of the 6 core holes. Drill hole locations are shown on the Geologic
Map (Figure 4). Each hole on the cross section is represented by a neutron density log showing the
“picks” for the stratigraphic markers and beds as well as the ore zone to be mined. These markers and
beds are correlated on the cross section. The datum for the cross section is mean sea level. The cross
section shows the northward dip of the beds. The rock types present in all of holes are consistent and
the dominant rock type is oil shale, as Figure 5 shows. The other rock types are mudstones which occur
in the A-Groove and B-Groove horizons and elsewhere, thin silicified tuff horizons, most notably the
Mahogany Marker, and a sandstone layer that is present beneath the zone to be mined.

The sandstone is cemented by calcium carbonate and is not porous. Water was encountered during
drilling in one hole, RL-1, which is the southern-most hole drilled (Figure 6). Hale RL-1 was drilled at the
head of a small draw and the water was encountered in fractures near the top of the hole. No water was
encountered at depth in RL-1 or in any of the other holes. It should be noted that core holes are drilled
with water as a circulation medium. Small quantities of water might not be observed; however, any
significant water-bearing horizon would be recognized by an increase in circulation rate (return of water
to the surface).

Regional ground water conditions and their relationship to the Southwest #1 project area are discussed
further below.

Table 1, below, shows summaries from the logs of oil and gas wells nearest to the Project Area that
were used by Sprinkel (2009) to develop the “Interim Geologic Map of the Seep Ridge 30'x60
Quadrangle.” Only the upper portions of the logs, from the surface through the regional Mesa Verde
aquifer to the Dakota Sandstone, are shown. They place the Douglas Creek Member of the Green River
Formation 780 to 1100 feet bgs and show the relative location of the Mahogany Zone within the Green
River Formation. The Douglas Creek Member potentially contains the upper most aquifer in the Green
River Formation in the eastern Uinta Basin.
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. Table 1 Selected Oil and Gas Well Logs Near the Project Area

Unit Top (feet | Thickness
Well ID & Location Formations Symbol bgs) {feet)
Texaco Seep Ridge Unit #2

Parachute Creek Member, Green River Formation Tegp 0 780

Mahogany oil-shale zone, Green River Formation 731

Douglas Cr Member, Green River Form. Tad 780 691

Green River-Wasatch transition zone Tg-Tw 1471 451

Wasatch Formation Tw 1922 1511

Upper Mesaverde Group Kmv 3433 1487
SE1/4NE1/4 Sec 3, Sego Sandstone of Mesaverde Group Kmv 4920 566
T14S, R22E Buck Tongue of Mancos Shale Kmv 5486 54
AP1: 4304730135 Castlegate Sandstone of Mesaverde Group Kmv 5540 280
Surface: 6834’ AMSL |"yyo1cos Shale Kms 5820 3400

. Frontier Formation Kfd 9220 320
Mowry Shale Kfd 9540 30
Dakota Sandstone Kfd 9570 31

Hot Rod Qil Government Chorney B-NCT-1

Parachute Creek Member, Green River Formation Tep 0 1120

Mahogany oil-shale zone, Green River Formation 415

Douglas Cr Member, Green River Form. Ted 1120 995
SE1/45SW1/4 Sec23, Green River-Wasatch Formations transition zone Tg-Tw 2115 185
T135, R22E Wasatch Formation Tw 2300 1765
API: 4304730115 Upper Mesaverde Group Kmv 4065 1390
Surface: 6624’ AMSL ["sea5 Sandstone of Mesaverde Group Kmv 5455 515

Buck Tongue of Mancos Shale Kmy 5970 100

Castlegate Sandstone of Mesaverde Group Kmv 6070 280

Mancos Shale Kms 6350 3505
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Unit Top (feet | Thickness
Well ID & Location Formations Symbol bgs) {feet)
Frontier Formation Kfd 9855 335
Mowry Shale Kfd 10190 30
Dakota Sandstone Kfd 10220 40

Source: Sprinkel 2009

10.3. Area Surface Water
Nearly all of the Project Area drains to Sweetwater Canyon Creek via Indian Ridge Canyon and its
tributaries. A small portion at the north end of the Project Area drains to Klondike Canyon, which is
another tributary of Sweetwater Canyon. Sweetwater Canyon Creek is tributary to Bitter Creek, which is
a tributary of the White River. The confluence of Sweetwater Canyon Creek and Bitter Creek is
approximately 3.3 miles northeast of the northeast corner of the RLR site. The confluence of Bitter Creek
and the White River is approximately 20 miles north of the RLR site.

Annual rainfall is generally low for this region averaging 10 inches per year. The 10-year 24-hour storm
event for the Project Area is 1.68 inches. (WRCC 2010)

The USGS briefly maintained a gaging station on Sweetwater Canyon Creek approximately 2 miles east
of the Red Leaf site and upstream of Indian Ridge Canyon in T13S, R23E, Section 27 {Sweetwater Canyon
Creek near Mouth near Watson, Utah) (Figure 3, Project Area). Drainage area for the station was 124
square miles. The gaging station was operated for four years between October 1974 and October 1978.
During that period the average daily discharge was 0.089 cubic feet per second (cfs). It had zero average
daily discharge for 82 percent of the period of record. Discharge periods were during spring runoff and
following summer/fall storm events. The maximum discharge during these four years was 59 cfs on July
25, 1976; the average discharge for that day was 9.4 cfs, demonstrating the “flashy” nature of the
stream. (USGS 2011)

The USGS maintained a gaging station on Bitter Creek approximately eight miles downstream of the Red
Leaf site (Bitter Creek near Bonanza, Utah) for water years 1971 through 1989. During that period the
annual average discharge ranged from 0.28 cfs in 1972 to 18.5 cfs in 1987, with the overall annual
average for the period being 6.06 cfs. The maximum daily average recorded for the period was 150 cfs
on September 5, 1982. Periods of no flow were common, and followed the same general hydrograph as
Sweetwater Canyon Creek. (USGS 2011)

The Project Area slopes down to the east and Indian Ridge Canyon. It is dissected by numerous
ephemeral drainages, and does not contain any perennial surface water sources. The USGS National
Hydrography Dataset shows no springs in or near the Project Area (USGS 2010, JBR 2011). The
ephemeral drainages that cross the area are typical of those found in this high-desert environment.
Channels are incised in some reaches and essentially undefined in others, riparian vegetation is lacking,
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and bed/bank sediment movement is evident. The runoff regime of these channels is controlled
primarily by local summer thunderstorms that generate infrequent and short-lived, but often intense,
flash floods.

10.4. Groundwater

10.4.1. Southern Uinta Basin Ground Water Setting
The State of Utah defines an aquifer as “a geologic formation, group of geologic formations or part of a
geologic formation that contains sufficiently saturated permeable material to yield usable quantities of
water to wells and springs” (UAC R317-6-1). The Utah State Water Plan (UDWR 1999) refers to the Mesa
Verde Formation as the regional aquifer closest to the surface in the Project Area. However, BLM (2008)
refers to the Parachute Creek and Douglas Creek members of the Green River Formation as potential
aquifers locally within the Uinta Basin.

Groundwater underlies the lease area at depth (Freethy and Cordy 1991). Mesozoic-age rock underlies
much of the upper Colorado River basin, including the Uinta Basin. Several aquifers of regional extent
are found within these rocks (Freethey and Cordy 1991). Groundwater associated with the Mesa Verde
Group is the uppermost of these larger aquifers. Within the Uinta Basin, the saturated thickness
associated with this aquifer often well exceeds 2,000 feet, but is buried quite deep {Freethey and Cordy
1991). Based on Utah Division of Oil, Gas and Mining (DOGM) records of oil and gas wells near the Red
Leaf project site, the top of the Mesa Verde Formation is between 3,000 and 4,000 feet below ground
surface (as indicated for APIs 43-047-37336, 43-047-37283, 43-047-33488, 43-047-37523, 43-047-37522
and others (DOGM 2011). See Table 1, Selected Oil and Gas Well Logs Near the Project Area and Figure
4, Geologic Map.

Regionally, the direction of groundwater movement in this part of the Uinta Basin is toward the north
and the White River. Water quality in the Mesa Verde and other regional aquifers ranges from relatively
good to briny, with a range between 1,000 mg/L and 3,000 mg/L total dissolved solids expected in the
aquifer underlying the Red Leaf project (Price and Miller 1975).

State and federal publications (Price and Miller 1975; Sprinkel 2009) describe the Green River, Wasatch,
and Mesa Verde formations as intermixed strata of sandstone, shale, siltstone, and mudstone, with
permeabilities ranging from very low to high. While the Green River Formation is generally considered
an aquiclude in the southern part of the Basin, with low spring and well yields {Price and Miller 1975},
the BLM (2008) considers both the Parachute Creek and Douglas Creek members as key aquifers locally
in the Uinta Basin area.

10.5. Project Area Hydrogeology
The Green River and Wasatch Formations overlie the Mesa Verde Group in the project area (see Table
1), with the Parachute Creek Member of the Green River Formation being the surface bedrock formation
found throughout the majority of the Red Leaf parcels (Figure 4). The Parachute Creek Member
contains the Mahogany Oil Shale zone, from which RLR would extract its ore. The Douglas Creek
Member underlies the Parachute Creek Member and is not exposed on the leases. Ground water from
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the Douglas Creek aquifer discharges to stream channels in the southern Uinta Basin and to wells in the
northern part of the Basin.

According to records on file with the Utah Division of Water Rights (2011), groundwater in the vicinity of
the Red Leaf project has been encountered at depths shatlower than those reported by Price and Miller
{1975) or Freethey and Cordy (1991) for the Mesa Verde. Records of nearby water wells on file with the
Utah DWR (2011) show the following:

1. A 455-foot well in T14S, R23E, NE% Section 6 was drilled and abandoned during year 2004 due
to a fack of water;
2. A1,312-foot-deep well drilled in 1978 had a static water level of 475 feet and produced at a rate
of 9 gallons per minute (GPM) during a pump test; this well is in T14S, R22E, Section 2
(southwest of the Red Leaf parcels) and first encountered water at 890 feet;
3. A 900-foot well drilled in T13S, R23E, SE% Section 30 in 2010 {by RLR), hit water at 603 feet with
a production rate of 1 GPM. A second formation at 830 feet yielded 15 GPM.
These ground water occurrences likely reflect localized, perched aquifers associated with lenses of
permeable bedrock in the Douglas Creek Member of the Green River Formation. Alluvial deposits are
minimal in the RLR parcels and are insufficient to meet the state definition of an aquifer. The Douglas
Creek Member of the Green River Formation crops out in some of the deeper canyons in and near the
Project Area (Sprinkel 2009).

The oil shale-rich-Parachute Creek Member behaves as an aquiclude inhibiting recharge of underlying
horizons by infiltrating precipitation on the Red Leaf leases. Recharge to the underlying Douglas Creek
Member from the surface on the leases themselves is therefore de minimus.. The recharge area for the
Douglas Creek Member is the expansive outcrop area in the southern-most part of the Uinta Basin. From
the recharge area, ground water flows to the north where it recharges the aquifer in the central part of
the basin and discharges in the many stream channels that dissect the entire area {Holmes and Kimball,
1987). As the geologic map on Figure 4 shows, the Douglas Creek Member crops out in Indian Ridge
Canyon immediately to the south of the Red Leaf lease blocks. The extensive area of outcropping
Douglas Creek Member is located south of the Red Leaf leases (Sprinkel, 2009). However, the upper
strata of the Douglas Creek Member in both Indian Ridge Canyon and the canyon to its south have been
exposed on the canyon walls by erosion. As a result, any ground water moving to the north through the
upper Douglas Creek would be intercepted by these canyons, preventing ground water flow from
reaching the upper Douglas Creek Member beneath the Red Leaf leases. Any ground water flowing
through the upper part of the Douglas Creek member would discharge at the outcrops on the south
walls of these canyons. Holmes and Kimball (1987) reported no springs on the south canyon walls.

The B-Groove horizon is known to be a water-bearing horizon in the Piceance Creek Basin in
northwestern Colorado where its lithology is comprised of sandstone, siltstone, some marlstone and
lean oil shale (BLM, 2006). These lithologies along with fracturing result in sufficient transmissivity to
enable the B Groove to behave as an aquifer, at least locally in the Piceance Creek Basin. At the White
River mine in eastern Uintah County, the B-Groove is not mentioned as an aquifer in the Environmental
Assessment (EA} performed for by the BLM for the OQil Shale Exploration Company’s Research
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Development and Design (RD&D) lease (BLM Environmental Assessment UT-080-06-280-EA).
Presumably the dewatering activity necessary for reopening the mine would impact recharge to a B
Groove aquifer and the impact would have been analyzed in the EA. It is reasonable to presume that the
B Groove is not an aquifer at the White River Mine.

In contrast to the B Groove lithology in the Piceance Basin, the B-Groove horizon at the Red Leaf project
area is described consistently in all 6 drill holes as being comprised of mudstone, brown- or blue-gray in
color, lean (oil shale-poor), and weakly to strongly laminated. Only occasional short, vertical, closed
fractures are noted in the core logs. A laminated mudstone would have no primary porosity or
permeability and would tend not to preferentially develop secondary permeability through fracturing, as
the rare occurrences of closed fractures indicates.

Maximum depth of the mine floor would not exceed 250 feet bgs, and the depth from the surface to the
shallowest occurrence of ground water known is 600 at the Red Leaf water well; therefore the thickness
of intervening Parachute Creek and Douglas Creek strata beneath the bottom of the open pit feet and
the shallowest known ground water occurrence is no less than approximately 350 feet.

The oil and gas well logs used by Sprinkel (2009) that are nearest to the RLR site are shown in Table 1
from the surface through the regional Mesa Verde aquifer and the Dakota sandstone. They are
consistent with the three water wells described above in placing the Douglas Creek Member of the
Green River Formation 780 to 1100 feet bgs.

10.6. Surface and Ground Water Quality
Table 2 shows selected water quality data from the USGS Sweetwater Canyon Creek gaging station
during its four years of record, and Table 3 shows selected water quality data from the USGS Bitter
Creek gaging station during its 18 years of record. They show dissolved solids concentrations increasing
in the downstream direction.

Table 2 Selected Water Quality Data for the USGS Sweetwater Canyon Creek near Mouth near
Watson, Utah Gaging Station, Water Years 1974-1977.

Parameter # of Samples Average Minimum MEElman
pH (SU) 9 8.2 &0 =
| Di i

Total Dissolved Solids 1 1,930 1,350 2,200
(mg/L)

tal Di d Soli
Total Dissolved Solids 3 2.7 0.52 10.6
(tons/day)

i

Suspended Sediment 11 3,784 2102 8,660

(mg/L)
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Parameter # of Samples Average Minimum Maximum

Specific Conductance

. . 10 2,299 1,800 5,250
{microsiemens/cm)

Table 3 Selected Water Quality Data for the USGS Bitter Creek near Bonanza, Utah Gaging Station,
Water Years 1971-1989.

Parameter # of Samples Average Minimum Maximum
pH (SU} 41 8.1 7.4 8.6
Total Dissolved Solid
e SOUCS 40 6,236.5 2,700 9,460
{mg/L)
Total Dissolved Solid

P EFEETIS 33 24.3 0.22 103
{tons/day)
Suspended Sediment
uspended Sedimen 97 240.7 7 1,080
(mg/L)
Specific Conduct
ERSHE - 110 5,114 1,540 >8,000
{microsiemens/cm)

: Average does not include the nine instances recorded as >8,000 pS/cm

State-designated beneficial uses for the White River and its tributaries are 2B (secondary contact
recreation), 3B (warm water fish and aquatic life), and 4 (agriculture). The latest 305(b) report to
Congress (DWQ 2006) finds that the White River fully supports its designated 3B and 4 beneficial uses
(2B was not assessed), and thus its water quality is not considered to be impaired.

Ground water quality for the southern part of the Douglas Creek member of the Green River Formation
is described in Holmes and Kimball (1987) as follows:

Water in the southern part of the aguifer most closely resembles the water from springs
that discharge in canyon bottoms. This water is dominated by sulfate, bicarbonate,
sodium, magnesium, or calcium as a result of reactions that take place in the recharge
area. As the water moves downgradient in the aquifer, further reactions cause
additional changes in the chemical quality. The dissolved-solids concentration increases
from south to north in the aquifer. This change is in the direction of the flow path.

Table 4 is a summary of chemical quality of water in the Douglas Creek aquifer taken from Holmes and
Kimball (1987).
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Table 4 Summary of chemical quality of water in the Douglas Creek Aquifer

Southern part of the aquifer Central
# of Mean Minimum | Maximum aquifer

mean

Variable samples value

Water Temperature (°C) 4 19.1 16.5 22 25.5

Specific conductance {uS/cm) 4 1,070 940 1,300 1,670
pH (standard units) 3 8.2" 7.2 8.8 8.7

Milligrams per liter

Alkalinity (as CaCQ,) 4 222 160 300 530
Hardness (as CaCOs3) 4 710 100 2,300 8.5
Calcium (as CA) 4 22 45 54 28
Magnesium (as Mg) 4 20 1.8 44 04
Sodium (as Na) 4 225 180 340 390
Potassium (as K) 4 0.8 0.6 1.0 09
Chloride (as Cl) 4 9.2 7.4 12 25
Sulfate (as S0,) 4 1 365 270 470 300
Fluoride (as F) 4 0.3 0.2 0.5 24
Silica (as SiO,) 4 1 8.1 17 14

Dissolved solids {calculated) 4 785 640 950 1,060
Nitrogen, ammonia (as N) 2 0.06 0.01 0.12 1.0

Nitrogen, nitrate (as N) 2 0.20 0.01 0.38 <0.01

Micrograms per liter

Boron (as B) 4 250 70 630 550
Iron (as Fe) 4 1,010 40 2,100 20
Manganese (as Mn) 4 28 10 60 10

" Geometric mean

Source: Holmes and Kimball 1987
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11. Capsule Design Report

11.1. Capsule Construction Plan

The overall process description is described above in Section 6.0. This section is intended to describe
only individual capsule construction.

11.2. Methods and Equipment
Capsule construction consists of several different elements. Each of the elements is listed below with a
description of how each will be built. The current plan is to build two capsules every 120 days providing
one capsule for processing every 60 days.

11.3. Capsule Stacking (with input from Hatch)
Selected steps in capsule construction and processing are illustrated on Figure 2 and on Figure 7 (2
sheets). The steps are further described below.

11.4. Capsule Floor and Walls
The capsule floor will be constructed with 3ft of compacted BAS covered by 13ft of gravel (2” x 3/8”
crushed shale) with an oil collection pan embedded within the gravel. The floor of the mining horizon
dips to the north at three degrees (Figure 2} and serves not only as the floor of the mining horizon, but
also as the base upon which the production capsules will be constructed.

Constructing the floor of the capsule starts by creating the required drainage profile using dozers to
contour the pit floor assuring that the natural grade is maintained and the required east-west drainage
profile is achievable along the capsule floor and within the gravel. Next the BAS layer will be placed with
trucks delivering the BAS and road graders or dozers spreading this material across the entire capsule
floor. Traditional roller or sheep foot compactors will run over the BAS compacting the capsule. The
basal BAS layer for each capsule will be constructed using BAS manufactured an site with processed
screened shale meeting the target design gradation, blended with 10%, #40 mesh bentonite clay
product to be provided by Western Clay. The blended mixture will be moisture conditioned to a water
content between optimum and +2 percent and will be placed in lifts of loose material no greater than 18
inches in thickness at 95 percent compaction. The BAS Quality Control Plan presented below in Section
12 describes the process to be used to develop installation and compaction practices based on
performance evaluation of BAS test fills. Among ather things, the lift thicknesses of loose BAS placed for
compaction will be reduced if the results of this test fill work will so dictate.

Following placement of the BAS, the first layer of gravel will be placed on the surface of the BAS with
trucks and graders. The first gravel layer will be placed to create the final East-West grade required for
the oil drainage path through and out of the capsule.
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The oil collection pan is the next component of the floor to be built. The oil collection pan will be
constructed from 18 to 20 gauge steel sheets with corrugations. Steel specifications are provided in
Appendix D. The panels of the oil collection pan will be laid across the floor of the capsule with lapping
joints over the corrugations to develop an integrated surface for the oil to flow across. The oil collection
panels will be placed like roof shingles with the upstream lap higher than the downstream sheet. The
finished oil collection pan will be arranged to direct the oil flow into two channels that run south to
north on either side of the center of the capsule and down the pit floor. Figure 8 illustrates the dual
slope of the oil collection pan and the collection channels. The equipment used to place the pans will
require use of forklifts and mine personnel handling the non-galvanized carbon steel gauge steel sheets
directly to insure proper lapping. The pans will direct oil into a channel or formed pan, which will
connect to a pipe and, through a sealed conduit, conduct petroleum liquids to the product collection
manifold at the north end of each capsule.
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Figure 8 Capsule Floor Arrangement

After a row of pans and collection channels are placed, a second gravel layer will be placed on top of the
oil collection pan to protect the pan by distributing the load from continued equipment traffic.. The
beginning of the BAS side walls develops as the gravel floor advances. The BAS perimeter wall will
connect directly to the BAS floor to complete the encapsulation needed for the ail extraction process.
The BAS wall will be 3ft thick and be placed with the same ejector bed articulated haul truck that was
used to place the BAS on the capsule floor. This truck will be able to discharge to one side allowing the

e __________________________________________________________________
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Articulated Hauler Truck (AHT) to drive on the gravel and discharge the BAS outside of the delivery
vehicle’s wheel base.

As the BAS wall progresses above the gravel floor, the gravel wall will begin to develop. Gravel will also
encapsulate the ore. Gravel will insulate the BAS from the heat used to retort the oil shale. Scrapers
have been planned to place the gravel in the walls as the capsule develops above the floor level and will
be used to compact the BAS in the walls. The scrapers will compact the BAS with the heavy wheel load
they impart on the surface. To minimize degradation scrapers will not routinely drive on the rubble
material. Additional compaction to meet the necessary compaction target will be conducted as dictated
by test fill work if required.

Construction of vertical walls requires the placement of backing material. In areas where no future
capsule is required the backing material needs to be placed with bottom up construction or with layered
stacking. Layered stacking is required for the perimeter backing wall to provide sufficient safety factor
for construction and to establish compaction to support the vertical walls. In areas where future
capsules are planned, backing material must be placed or layered ahead of the capsule progression.
Layer stacking of the backing material allows the placement of pipes in the next capsule. Placement of
backing materials in the next capsule is illustrated in Figure 9. Rubble, gravel, BAS and backing walls
needed to support the BAS/gravel walls must progress upwards at similar rates. To maximize the
number of capsules that can be placed on the site, it will be necessary to build the adjoining area of the
next capsule. The material placed in the next capsule will provide a resisting force, keeping the wall in
position. The material placed in the adjoining capsule will need to be placed by layer stacking rather
than allowing the material to cascade into place from above as in the last capsule in a flight of capsules.
Layer stacking allow pipes to be placed in the adjoining capsule. In outlining capsules the backing wall
can be built with cascade fill.

MEXT CAPSULE IM FLIGHT CAPSULE PAIR CURRENTLY BEING CONSTRUCTED ._END OF CAPSULE FLIGHT

Figure 9 Layer Stacking

11.5. Placing Ore, Progressing the Walls and Laying Process Pipes
Rubble will be paced with standard AHT and dozers. In areas close to the wall, construction of the
capsule will proceed in 1ft lifts. Small lifts minimize the use of BAS in wall construction by reducing the
area being filled by the BAS. BAS use increases when the walls are created with higher lifts. This is due to

e e e
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the void space created between the separation of the BAS and the gravel created with fill angles. Figure
10 illustrates how the BAS use increases with higher lifts. Outside the area affected by wall construction,
the height of the rubble lifts can increase,

AREA BAS 11.7 CU-FT/FT AREA BAS 8.9 CU-FT/FT
8'-8 9/16" . 5-10 1/4"
| ‘ & ‘
L
| [ 1
! .
L [
3'-0" 3-0" >
> iy

Figure 10 BAS Use Comparison Based on Lift

The wall between capsules will be created from BAS and gravel. Three of the four walls, the south end
and bath sides, are internally vertical and the fourth is built at the angle of repase. The wall constructed
at the angle of repose is the north wall, and is where all the process equipment will tie into the capsule.
The first layer of pipes will be placed as the ore placement continues, and when the level of ore has
reached the required thickness. Pipes will be milled on the capsule while being placed in continuous
runs from a mobile pipe rolling mill {MPRM). Pipes will be corrugated. Specification for the steel to be
used in pipe milling are in Appendix D. Placement of rubble will continue while the pipes are placed.
Layering of ore and placement of pipes will continue until the capsule is full. Internally at the north end
of the capsule a manifold will be placed. The manifold ties all the layers of the heating pipes together
and allows heated air to circulate through the pipe network. This manifold will be placed within the
capsule in pre-fabricated sections allowing placement of the harizontal pipe runs to connect into the
pipe network.

11.6. Process Wall Penetrations
The heating pipes will be connected to the blowers and heaters just beyond the boundaries of the
capsule’s northern wall. To keep the BAS seal functioning, the BAS needs to be protected fram heat that
is introduced into the capsules from the heating pipes. Proprietary fabrications have been designed and
will be installed to enable BAS protection from heating.

11.7. Access Ramp
A pad and access ramp will be constructed along the south end of capsule flight. The pad and the access
ramp will be constructed using traditional methods for earth structures that utilize haul trucks, graders,
and compactors. After the first flight of capsules is complete, the ramps to the second and subsequent
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flights will be built on the northern toe of the previous capsule flight. Building on the previous capsule’s
northern wall minimizes construction space and materials needed to build the ramp.

11.8. Capsule Finishing
The east and west margins of each capsule surface will be sloped (Figures 2, 7). The purpose of the slope
is part of the capsule design that enables the upper BAS layer to remain intact and keep the capsules
sealed when they settle following heating. Finishing the capsule margins with slopes at the angle of
repose will reduce the amount of backing material needed for the top part of the capsules.

11.9 Roof

Ore will be placed to the required depth after which 13 feet of gravel will be placed gravel over the
rubble. Roads will be cut into the gravel to provide a road for the BAS trucks and compaction
equipment.

After the BAS is placed, additional haul trucks and graders will cover the BAS with run of mine
interburden/overburden material to a nominal depth of 2 feet, followed by placement of growth media
(topsoil/topseil substitute) in thicknesses of 6 ta 12 inches.

11.10. Progression
Before the current capsule pair is completed construction of the floor of the next capsule pair will start
and the capsule construction sequence will continue. Capsule progression is depicted in cross sections
(Figures 2) and diagrammatically in NOI Figure 12 (Appendix A).

11.11. Material Handling Equipment
The materials handling equipment will be used to sort the materials for capsule construction. The
equipment will consist of a designed system of screens, conveyors and crushers that will process the
mined material. Separate equipment streams will process ore and overburden/interburden. Off-spec
ore and overburden/interburden will be processed as necessary to produce construction fill, insulating
gravel, and the sized gravel for the BAS.

11.12. Capsule Stacking
Capsules will be stacked to provide sufficient retorting capacity for the ore to be mined. Capsule
stacking is depicted in Figures 2 and 7. Figure 2 shows the relationship of the stacked capsules in a
series of 3 cross sections. The sections are provided in 2 formats. The upper version shows the capsule
rows and flights to scale with both pre and post-mining topography depicted. These sections include
labeled slope angles for mine highwall, fill-slope, and capsule surface angles following reclamation. Also
shown are the locations of all flights and capsules to scale, relative to the local topography. The lower
part of the figure shows cross sections of the capsules in their configurations after the lower tier of
capsules has collapsed. Nate that capsule stacking takes place in the first 8 flights, but not the o™ flight.
Note also the detail showing the BAS, gravel blanket, ore, upper gravel blanket and capping BAS with the
overburden knuckle. Figure 7 shows the capsuies and related earthwork construction more
diagrammatically. Each of the 2 sheets depicts the progression of capsule construction beginning with a
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completed first tier capsule, then to the post-heating, consolidated tier 1 capsule containing only spent
shale and then to tier 2 capsule placement and finally consolidation. Each drawing calls out selected
capsule-related components, notably backing walls and working ramps. The second sheet contains
labeled sloped and height dimensions.

11.13. Capsule Consolidation
After capsule heating and oil recovery, the oil shale is expected to lose its strength, resulting in
significant capsule settlement (consolidation). Capsules will be constructed to a height of approximately
136 feet; however, following consolidation the capsules will be reduced in height to approximately 97
feet. Information used to analyze capsule deformation includes material properties of gravel insulation,
shale and BAS. Material properties were developed from laboratory testing, which included oven
heating in the laboratory, and evaluating the conditions found in the pilot project.

11.13.1. BAS Integrity on Consolidation
11.13.1.1. Knuckle

One of purposes of the sloped upper edges of the capsule is to prevent shear of the BAS as consolidation
accurs. Vertical BAS walls joining the horizontal upper BAS layer would not remain intact upon
cansolidation due to shear failure. However, the BAS in the sloped capsule roof must remain under
compression as capsule consolidation occurs. The side slopes are therefore finished with the addition of
earthen fill to create a knuckle. This knuckle design can be used for various capsule heights, with the
depth of the knuckle related to the level of expected subsidence. Figure2 depicts the knuckle
construction. The extra fill placed over both the sloped wall and the adjoining roof surface completes
the knuckle that maintains compressive stress on the BAS and gravel layers as settlement of the heated
capsule occurs and the adjacent unheated capsule remains at its constructed height.

Several models were used to better understand the properties of individual components of the capsules.
The particular models and certain input parameters are discussed below.

The infarmation provided below on laboratory testing, pilot capsule investigation and modeling are high
level summaries of separate investigations and reports.

11.13.2.1. Shale
The ANSYS "multi-linear efasticity" material model was used to approximate cansolidation properties of
rubblized shale at varying temperatures. Shale deformation can be suitably approximated using this model,
although individual properties (particle strength degradations resulting from soil loss) cannot be captured by
the model. This is acceptable as the roof design is driven by the total shale deformation, and the individual
mechanisms are not impacting other capsule layers.

11.13.2.2. Gravel
In order to capture the material movement characteristics of gravel during subsidence, Drucker-Prager
plasticity model was used. The volumetric characteristics from lab testing of the gravel layer during and
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after shear failure is incorporated in the Drucker-Prager model. Similar to oil-shale model, hot/cold
consolidation of the gravel layer is represented using a temperature-dependent elastic model based on
material testing results.

11.13.2.3. BAS
Similar to gravel layer, a non-associative Drucker-Prager plasticity model with linear elastic properties is
used for BAS in order to represent the soil shear failure. Material model parameters were determined
based on the data from the pilot BAS mixture.

Results of the models conducted to date show that the capsules lose approximately 40-45' in total
height after heating. The analysis results indicate that the proposed roof geometry provides a nearly flat
post-subsidence capsule roof with no tensile cracking in the BAS layer. These results also show that the
settling is not even across the heated capsule, and differential settling or subsidence of the highest to
lowest point on the surface lowered by heating is approximately 6-7° across the dimension of the
capsule. The gravel and BAS layers were naot compromised even with the predicted subsidence that
occurs after heating. The BAS layer is predicted to stay intact due to the heavy compression created by
the knuckle design and surcharge lcad from the weight of the second tier capsule.

12. Construction Quality Control Plan
(This section was prepared for RLR by Intermountain Geotechnical and Environmental Services (IGES)

12.1. Bentonite Amended Shale (BAS) Quality Control

12.1.1. General
Quality of BAS placement, compaction and projected performance will be determined using field
moisture density monitoring correlating to a suite of data developed on more rigorously evaluated test
fill performance. The following discussions present approach for test fill preparation, performance
monitoring and correlation development as the basis for this quality control approach.

12.1.2. Test Fill Development
A minimum of two test fills will be constructed using the same size and type of equipment proposed far
capsule bottom liner and cap and BAS sidewalls. Each test pad will be constructed using BAS
manufactured on site with processed screened shale meeting the target design gradation, blended with
10%, #40 mesh bentonite clay product to be provided by Western Clay. The blended mixture will be
moisture conditioned to a water content between optimum and +2 percent and transported to the test
fill site via truck. The size of each test fill will be approximately 20 ft. by 40 ft.

12.2. Bottom Liner Fill
BAS fill will then be placed on a prepared cleared surface of exposed shale and bladed to a maximum
loose lift thickness of 18 inches as proposed for liner construction and compacted with successive passes
of a compactor of equal size and type as proposed for actual cell construction. A minimum of 4 passes
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will be applied uniformly over the fill. At the end of the 4™ pass, a series of 8 nuclear density
measurements will be performed and recorded. Two additional passes of the compactor will then be
performed and an additional 8 nuclear density tests will be performed. A subsequent 2 passes and 8
additional density tests series will be performed as required to permit evaluation of the appropriate
number of passes required to achieve the minimum 95% compaction for the 18 inch lift thickness.

Compacted materials within the fill will be ripped and recompacted if it is determined that less than the
maximum number of passes is required to achieve required compaction. If the full maximum number of
passes used during compaction evaluation is required, the fill will not be ripped, but protected with a
temporary 6 inch lift of BAS until infiltration testing equipment is ready to be installed. Any delay in
installation of SDRI testing equipment will require that the test fill be protected with 6 inches of
uncompacted BAS fill.

12.3. Side Liner Fill

BAS fill will be placed on a prepared cleared surface of exposed shale and bladed to a maximum loose
lift thickness of 12 inches as proposed for side liner construction and compacted with successive passes
of a compactor of equal size and type as proposed for actual cell construction. A minimum of 4 passes
will be applied uniformly over the fill. At the end of the 4™ pass, a series of 8 nuclear density
measurements will be performed and recorded. Two additional passes of the compactor will then be
performed and an additional 8 nuclear density tests performed. A series of subsequent 2 passes and 8
density tests will be performed to permit evaluation of the appropriate number of passes required to
achieve the required 95% compaction for the 12 inch lift thickness.

Compacted materials within the fill will be ripped and recompacted if it is determined that less than
maximum number of passes used in test fill construction is required to achieve required compaction. If
the maximum number of passes is required no ripping will be performed. The fill in either case will be
protected with a temporary 6 inch lift of BAS until infiltration testing equipment is ready to be installed.

12.4. Test Fill Evaluation
Hydraulic conductivity of each test fill will be evaluated in situ using a sealed double ring infiltrometer
(SDRI). Testing will be performed in general accordance with ASTM D5093-02 (2008)' methods.
Additionally, at the conclusion of the test relatively undisturbed 3-inch diameter tube samples of the
test fill will be obtained for laboratory determination of hydraulic conductivity as a means of comparison
of the test fill performance and projected future performance as a result of compression that will occur
from ultimate cell construction and loading with up to 100 feet of oil shale. Laboratory testing will be
performed in accordance with ASTM D-5084-10%, A minimum of four test specimens will be abtained
from the fill within the innermost ring. A complete compliment of index tests including Atterberg limits,

! ASTM D5093 - 02(2008) Standard Test Method for Field Measurement of Infiltration Rate Using Double-Ring
Infiltrometer with Sealed-Inner Ring
? standard Test Methods for Measurement of Hydraulic Conductivity of Saturated Porous Materials Using a Flexible

Wall Permeameter
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grain-size and moisture and density will be performed on the tube specimens subjected to laboratory
hydraulic conductivity evaluations.

Field density measurements will also be obtained from within the inner ring area to assess any potential
density loss that may have occurred as a result of swelling.

The results of the testing program protocols outlined above will form the basis for guality control testing
during actual liner construction and side wall construction.

12.5. Proposed Liner Testing Frequency
During actual liner construction, the following frequency and types of test are proposed to confirm
acceptance of the means and methods.

12.6. Bottom and Top
Field Moisture and Density measurement (ASTM D-6938 — 10) — one test/400 cy of liner or
approximately every 10,000 sq. ft./lift.

12.7 .Side Walls

Field Moisture and Density measurement (ASTM D-6938 — 10) — one test/50 cy of liner or approximately
every 270 ft. of wall/lift.

13. Ground Water Discharge Control Plan

The zero-discharge design of the process capsules has is described in detail in Section 11.0 and the plan
for ensuring the design specifications for the BAS installation is described in Section 12.0 At the request
of UDWAQ staff, samples of spent shale were analyzed for leachable constituents, as described below.

13.1. Spent Shale Leachate Evaluation
Although the capsules are designed to prevent contact of meteoric water with spent shale within the
capsules, leachability testing using the U.S. EPA’s Synthetic Precipitate Leach Procedure {SPLP) was
conducted on samples of spent shale. Samples were collected from recently generated spent shale
derived from bench-scale testing. These samples represent spent shale with characteristics that would
exist in the capsule soon after the capsule had begun to cool. Organic compounds and inorganic ions
would tend to adsorb to soil particles over time; therefore, chemicals in the samples collected relatively
soon after the recent bench test would tend to be less well adsorbed than they would after more
residence time in the capsule. Stated differently, chemicals in the spent shale would tend to be more
easily desorbed by infiltrating precipitation soon after processing is completed than they would after
pracessing is complete and the capsules had been reclaimed.

Spent shale from the bench testing was stored in sealed containers at RLR’s contract testing laboratory.
Samples were collected from the sealed containers in appropriate laboratory-supplied sample
containers and in accordance with appropriate collecting methods by a staff member of the engineering
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firm IGES, a contractor to RLR. Samples were transported chilted and under chain of custody to
American West Analytical Laboratories (AWAL) for SPLP testing.

The SPLP test is an EPA SW-846 analytical method (Method 1312) that can be used to determine the
concentration of contaminants that will leach from soil and similar materials due to contact with, and
subsequent leaching by, precipitation {USEPA, 1998).> Method 1312 specifies 3 distinct extraction fluids
depending on the relative lacation of the sample area in the United States {east or west of the
Mississippi River} and the compounds to be analyzed in the leachate. Extraction Fluid #1 is deionized
water very weakly acidified to a pH of 4.2 and is used for samples collected east of the Mississippi.
Extraction Fluid #2, for samples from West of the Mississippi is acidified to a pH of 5.0. Extraction Fluid
#3 is filtered deionized water and it is use for extraction of volatile organic compounds (VOCs) regardless
of sample location. For the RLR spent shale samples, leachate derived from leaching with Reagent #2
was analyzed for all parameters except VOCs, for which Reagent #3 was used.

Three samples of the spent shale, designated R11-122 210#1, #2, and #3, were collected for analysis.
The samples are duplicates and were collected to insure representativeness in the event that the stored
samples were inhomogeneous. Samples were leached with appropriate leaching solution and the
leachates were analyzed for the following parameters:

¢ General chemistry: pH, total dissolved solids {TDS), major ions (Ca, CI, F, K, Mg, Na, SO,
alkalinity, nitrate/nitrite {as N), oil and grease, Sr, and total organic carbon (TOC);

¢ Organic compounds: volatile organic compounds (VOCs) and semi-volatile organic compounds
(SVOCs);

¢ Trace metals and metalloids: Ag, As, B, Ba, Be, Cd, Cr, Fe, Hg, Li, Pb, Mn, Mo, Ni, Sb, Se, Sn, Tl, V,
and Zn.

Both the VOC and SVOC leachates were analyzed for an extensive list of compounds determined by the
laboratory, based on its experience.

The entire laboratory report provided by AWAL is attached as Appendix E. The results for the general
chemistry analyses are summarized in the following table;

% USEPA (1998). Test Methods for Evaluating Solid Waste, Physical/Chemical Methods, 3rd ed.,draft IVA, U.S. Environmental Protection Agency,
(ffice of Solid Waste: Washington, DC.
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Table 5 General Chemistry

Sample Lab R11-122 210 Ground Water Water Quality

Number Quality Standard Standard for Bitter
Creek and

(note: N/S means no Tributari
standard has been set) RBREAIEES

4-Day Average
1-hour Average

Parameter Reporting | #1 #2 #3

Limit

pH (pH units) 1.00 9.92 9.99 10.2 6.5-85 6.5-9.0

TDS (mg/1) 20.0 172 220 220 2500 mg/| 2500 mg/| |

Calcium 1.0 3.44 3.64 3.48 N/S N/S

(mg/1)

Flugride 0.100 1.56 1.64 1.84 4.0 N/S

(mg/1)

Potassium 1.00 4.23 <1.00 | 4.28 N/S N/S

(mg/l)

Magnesium 1.00 1.14 1.25 <1.00 N/S N/S

(mg/1)

Sodium (mg/1) | 1.00 36.9 33.5 374 N/S N/S

Suifate (mg/l) | 5.00 17.4 18.5 19.8 N/S N/S

Alkalinity 40.0 68.9 82.0 78.7 N/S N/S

(mg/1)

nitrate/nitrite | 0.0100 0.0106 | 0.0251 | 0.0142 | 10.0 N/S

{as N) (mg/1)

oil and grease | 1.00 9.92 <3.0 <3.00 N/S N/S

(mg/1)
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. The results of the metals analyses are shown in the table below. Note that only those metals with
detectable quantities are shown in the table. Again, complete analytical results are shown in the
attached lab report.

Table 6 Metals Detected by Lab Analysis

Sample Lab R11-122 210 Ground Water Water Quality
Number Quality Standard Standard for
Bitter Creek and
{note: N/S means no Tributari
standard has been set) TGS eg
Parameter Reporting | #1 #2 #3 4-Day Average
Limit
1-hour Average
Antimony 0.00500 0.006 N/S
{mg/1) 0.00923 | 0.00761 | 0.00929
Arsenic {mg/l) | 0.00300 0.0367 0.0371 0.0391 0.05 0.150
0.340
. Barium (mg/l) | 0.00200 0.0483 0.0479 0.0410 2.0 N/S
Boron (mg/l) 0.500 0.840 0.832 0.878 N/S N/S
Molybdenum | 0.0200 0.129 <0.0200 | 0.159 N/S N/S
(mg/1)
Selenium 0.00400 0.00786 | 0.00753 | 0.00725 | 0.05 0.0046
(mg/1)
0.0184
Strontium 0.0040 0.0686 0.0707 0.0640 N/S N/S
(mg/1)
Vanadium 0.0500 0.0638 0.0640 0.0666 N/S N/S
(mg/l)

As with the metals, only detectable quantities of VOCs and SVOCs are shown in the following two tables.
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. Table 7 VOCs Detected by Lab Analysis

Sample Number | Lab R11-122 210 Ground Water Quality
Standard
Parameter Reporting | #1 #2 #3
Limit {note: N/S means no standard

has been set})

Acetone 0.0100 0.0195 | 0.0178 | 0.0152 | N/S

Acrylonitrile 0.00500 0.0171 | 0.0134 | 0.0118 | N/S

Table 8 SVOCs Detected by Lab Analysis

Sample Number | Lab R11-122 210 Ground Water Quality
Standard
Parameter Reporting | #1 #2 #3
Limit (note: N/S means no standard

has been set)

Benzoic acid 0.0200 0.0326 | 0.0354 | 0.0259 | N/S

The preceding tables compare the detectable concentrations of ions and compounds identified in the
spent shale by the previously described laboratory analysis to both Utah Ground Water Quality
Standards and established Water Quality Standards for the Bitter Creek watershed, which would be the
receiving water of any release to surface waters. The following excerpt from UAC R317-2.6, Standards of
Quality for Waters of the State, Use Designations, indicates the applicable uses designated for Bitter
Creek and its tributaries:

Class 2B -- Protected for infrequent primary contact recreation. Also protected for secondary
contact recreation where there is a low likelihood of ingestion of water or a low degree of bodily
contact with the water. Examples include, but are not limited to, wading, hunting, and fishing.

Class 3A -- Protected for cold water species of game fish and other cold water aquatic life,
including the necessary aquatic organisms in their food chain.

Class 4 - Protected for agricultural uses including irrigation of craps and stock watering.

Water quality standards shown in the tables are those for Class 3A waters, which are the most stringent
of the 3 use designations.
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The analytical results for the 3 samples are consistent for almost all parameters analyzed, indicating that
the spent shale is quite homogenous and that the samples analyzed are representative of the spent
shale from the recent bench test. The results of the analyses found only 2 parameters that exceeded
ground water quality standards: pH and antimony. Two parameters, pH and selenium, exceed the more
water quality standards established for Class 3A-designated streams. The antimony and selenium
results are less than twice the laboratory reporting limit, which makes the accuracy of the results
questionable.

The volatile organic compounds, acetone and acrylonitrile, are not constituents of ail shale, shale oil, or
spent shale. Their identification in the AWAL report is due to either laboratory contamination, or a false
positive from the detector. False positives occur when the mass detector detects an ion designated as
‘characteristic' of a compound. The prablem occurs because a given ion may not be exclusive to that
compound, hence, a case of misidentification occurs. Standardized tests have not advanced to a point
where these cases of misidentification are detected. Individual research is required to determine which
of the two is required. Water quality standards have not been established for either compound.

The single SVOC detected, benzoic acid, has no established water quality standard. Both acetone and
benzoic acid were detected at levels less than twice the lab reporting limit, which suggests that the
reported concentrations are questionable.

The exceedingly low concentrations of the few detected ions and compounds would, even if unconfined
by the clay-enclosed capsules, not reach either ground water or surface water in concentrations that
would be detectable.

14. Reclamation and Closure Evaluation

The post reclamation configuration of the backfilled mine and capsules was evaluated to assess both
ergsion of the surface and infiltration of precipitation derived water through reclamation cover including
the BAS.

14.1. Infiltration Modeling
Potential for infiltration of precipitation was analyzed using the Hydrologic Evaluation of Landfill
Performance (HELP), which was developed by the EPA for evaluation of landfill designs. Appendix F
contains the report prepared by Norwest describing the madel setup, inputs, and results.

The modeling results demonstrated that the designed capsule cap and ET cover provides adequate
control on infiltration into the capsules for the vegetated cover case using the design parameters. Even
for 30 years of bare cover or very wet years the HELP model predicts minimal infiltration into the
capsule for these extreme conditions.

15. Compliance Monitoring Plan
Monitoring of capsule performance and reclamation and ctosure performance will commence during

construction of the capsules. Survey control will be used to monitor all aspects of capsule construction
s S
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including grade control on the pit floor and the progressive construction of the capsules until
construction is complete. Survey control and visual observations will be used to monitor capsule
consolidation. Observed results will be compared to modeled results and any anomalies or unexpected
results will be investigated by either remote or direct means to ensure integrity of the BAS has not been
compromised.
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April 21, 2011

File #: 09-4573

Red Leaf Resources

200 W. Civic Center Dr.,
Suite 190

Sandy, UT 84070

USA

Attn: Mr. Shawn Packard

Dear Shawn;
Re:  Stacked Capsule Backing Wall Stability Analysis
1 INTRODUCTION

This letter report presents the results of a preliminary analysis and provides recommendations to support
the geotechnical design of the cell containment slopes for the capsules that will be constructed in the
mined out area of Red Leaf's ECOSHALE Project in Uintah County, Utah.

2 SCOPE OF WORK

Norwest was asked to provide a geotechnical evaluation of the backing walls that will support the vertical
walls of the BAS (bentonite amended soil} liner and provide containment of retorted oil shale material and
associated by-products inside the capsules. It is understood that the backing walls will be constructed with
surface overburden material and run-of-mine low grade shale that will be excavated by a combination of
blasting and mechanical excavation during the development of the pit. In addition, the backing walls will
need to satisfy long-term stability criteria related to reclamation since the capsules will be left in place
following the retorting process to form permanent landforms.

The scope of work involved a geotechnical analysis that was based on a stacked capsule configuration
design presented to Norwest consisting of two 96 foot high capsules stacked on top of each other for a
total backing wall height of 192 feet. The backing walls incorporate ramp designs to accommodate
capsule construction equipment. A typical cross-section of the stacked capsule configuration can be seen
in the stability output files presented in Appendix B.

3 MATERIAL PARAMETERS

The material parameters used in the stability analysis were selected based on site reconnaissance photos,
data provided by Intermountain GeoEnvironmental Services Inc. (IGES), and Norwest’s experience with
compacted rockfill materials. Photos of loose, end-dumped shale materials representative of the typical
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material that will be used to construct the backfill walls indicate an average angle of repose of about 35°
(see Photo 1). The friction angle and cohesion used to model the surface material in the Red Leaf Cell
Highwall Design by IGES were 36° and 50psf respectively. An additional strength assessment provided
by IGES recommended strength parameters for the backing wall material over a range of normal stresses
based on a literature review. The IGES assessment (see Appendix A) provided recommendations for
compacted shale rockfill strength parameters for a range of loading conditions.

PxHoto 1
ANGLE OF REPOSE

The following material parameters were used to model the compacted backfill, oil shale, and bedrock units
in the stability analysis of the capsule backing walls. Note that the BAS and insulating gravel units were
not included in the preliminary backing wall stability analysis.

TABLE 1
STABMLTY ANALYSIS MATENAL PARAMETERS
. e 1| . B
Compactad BackM 130 40 0
Cil Shale 130 40 V]
Pit Floor Impenetrable Bedrock
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4 STABILITY ANALYSIS CRITERIA

The stability analysis criteria used to evaluate the stability of the backing walls is based on discussions
with the state regulatory agency and the generally accepted standard of practice followed in the design of
rockfill slopes. The minimum design safety factors used to evaluate the static and pseudo-static stability
anslyses were 1.25 and 1.10 respectively. The horizontal seismic coefficients used in the pseudo-static
analyses were selected based on regional data for Uintah County provided by the United States Geological
Survey website. The pseudo-static stability analysis was evaluated for a 1 in 500 year event for operations

and a 1 in 2,500 year event for long-term closure. A summary of the stability analysis minimum factor of
safety criteria is presented in Table 2.

TABLE 2
SUMMARY OF STABILITY ANALYSIS CRITERIA
Analysis Type Minimum Safety Factor
Static 1.2%
Pseudo-static (1 in 300 year, k\=0.04g) 1.10
Pssudo-static (1 in 2,500 year, kn=0.12g) 1.10

. 5 STABILITY ANALYSIS

The stacked capsule backing wall stability analysis was performed on a model with two 1.5H:1V slopes
and a total height of 192 feet (ses sections in Appendix B). The piezometric surface was assumed to be the
pit floor (i.e. the compacted backfill and cil shale materials are unsaturated). The resuits of the stacked
capsule stability analysis satisfy the safety factor criteria and are summarized in Table 4. The stability
analysis output files are presented in Appendix B. The values presented in the table represent the
minimum safety factors associated with a failure surface that affects the entire height of the backing wall
and the BAS liner system in the capsule.

TABLE4
STABILITY ANALYSIS RESULTS
Analysis Type Safety Factor
Static 2.00
Pseudc-static (1 in 500 year) 1.3
Pseudo-static (1 in 2,500 yeer) 1.50
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CONCLUSIONS AND RECOMMENDATIONS

The results of the stability analysis show that the stacked capsule backing walls designed and constructed
according the design configuration presented to Norwest will satisfy static and pseudo-static safety factor
criteria. The following recommendations should be considered in the detailed design of the capsule
backing walls:

Backing wall material should be placed and compacted in lifts such that a minimum of 95%
Standard Proctor Density is achieved.

Backing wall slopes can be constructed at angle of repose but will require re-sloping to 2 1.5H:1V
slope angle in order to satisfy long-term safety factor criteria.

Surface water that collects on the top of the capsules should be controlled and directed away from
the crests of the backing walls to minimize erosion on the backing wall slopes.

Ditches should be constructed at the toe of the backing wall slopes to ensure that the piezometric
surface is maintained at the pit floor elevation.

Further investigation work and lab testing should be carried out to determine the intact strength of
the bedrock foundation and risk of planar bedding failures through potential weak layers affecting
the stability of the backing walls and impacting the integrity of the BAS liner.

The heat effects and pressure generated within the capsules during the retorting process should be
evaluated to determine if they will adversely affect the stability of the backing walls and the
integrity of the BAS liner.
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7 CLOSURE

All geotechnical information and results contained herein have been reviewed and interpreted by Michael
Graham, PEng.

As mutual protection to Red Leaf Resources, the public and ourselves, this report and drawings are
submitted for exclusive use of Red Leaf Resources. We specifically disclaim any responsibility for losses
or damages incurred through the use of our work for a purpose other than as described in the report. Our
reports and analysis should not be reproduced in whale or in part without our express written permission,
other than as required in relation to this report.

Yours sincerely,

NORWEST CORPORATION

Michael Graham, PEng
Senior Geotechnical Engineer

Enclosures/Attachments

Appendix A Summary Report Data Review and Development of Rockfill Strangth Parameters
Appendix B Stability Analysis Output Files
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OPERATIONS AND RECLAMATION DRAINAGE PLAN
RED LEAF RESOURCES

Background

The Red Leaf Resources Eco Shale Mining Project uses heat to extract kerogen deposits
from sedimentary shale deposits. The mining process consists of the simultaneous mining
of the oil shale and the creation of the heating capsules. Upland clean water diversions
and/or sumps and perimeter stormwater control will be installed initially, and then topsoil
is salvaged and carefully stockpiled to be used during the reclamation phase. Once
enough overburden is removed from the mine to create a capsule, a bentonite amended
soil (BAS) liner is installed, followed by a metal liner above it to collect fluids and
prevent seepage. The BAS is designed to stay intact throughout the heating and
reclamation phase as described in greater detail in the NOI. This containment strategy
prevents impacts to groundwater and the surrounding ecosystem. Collection pipes are
placed along the bottom of the capsule. The mined material is placed above the collected
pipes followed by a series of heating pipes to heat the material to extract the kerogen. The
mined material and heating pipes will be incrementally stacked on top of each other in
the heating capsules. The heating rods heat the material to volatize the kerogen deposits
into gas and melt the kerogen into liquid which flows through the collection pipes to a

central location to eventually undergo further processing.

A second layer of capsules will be constructed above the first layer, once cooling has
occurred. Capsules are 500" wide by 900° long. The capsules will be reclaimed
immediately once the kerogen liquid and gas deposits are extracted from the second
layer. Reclamation will occur after 3.5 years of the beginning of operations, but drop to 2
years following the establishment of flights to the north that will accommodate access.
The capsule reclamation and mining activities will occur simultaneously throughout the

site. The water management plan includes a stormwater plan for initial reclamation, as

well as one for final reclamation.

RED LEAF DRAINAGE DESIGN PLAN
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Soils and Vegetation

The soils on the site are generally classified as 55% Walknolls Mikim associated soils,
which are well-drained silty loams and silty sands with a rated permeability of 2-6 in/hr
(NRCS, 2003). This combination of soil type and permeability results in a B hydrologic
soil type. Based on the vegetation surveys previously performed at the site, there is
typically 80% vegetation cover consisting of pinyon and juniper or greasewood,
sagebrush, and grass vegetation (JBR, 2010). This vegetation type and density results in
a curve number of 75 for pinyon-juniper pre-mine watersheds and 86 for bamren lands

where topsoil salvage has occurred or reclaimed areas.

Desien Storm Events

An estimated 10-year 24-hour storm event of 1.68 inches was used in the SEDCAD peak
flow modeling for the pond and sump sizing. The 100-year 24-hour event is 2.54 inches
(Bonnin, 2006), which was used in the calculations for the clean water diversions and the
spillway design for ponds and sumps. The 100-year 60-day event of 6.17” was used to
predict a worst case volume of storage for the two end-pit ponds (NOAA, 2011)..

Groundwater

A previous study by JBR Environmental Consultants has indicated a lack of groundwater
that could affect inflow through the project area. Boreholes in the project area are

typically dry to a depth greater than 900”; therefore, groundwater inflow was not factored

into the calculations and design.

RED LEAF DRAINAGE DESIGN PLAN
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Operations Drainage Plan

A series of clean water diversions and sumps will be constructed to manage upland runoff
from offsite tributaries at the western perimeter of the project site to prevent impacts to
water resources and minimize erosion potential. Excavation is planned to first occur at
the southwest comer of Section 30, T13S R23E and move north and east (Figures 2 and 3
of the NOI). Subsequent pits will be developed from east to west per the pit layout and
ore removal timing map. Mining will continue north through Sections 30 and 19, and
then operations will proceed from the south side of the lease in Section 36, T13S R22E
(see Figure 1). The diversions and sumps necessary to protect each mining block will be
constructed prior to any disturbance of that mining block. The diversions and sumps will
be built in the order of the proposed mining sequence. Table 1 lists the phasing of the

diversion construction and the corresponding areas of protection.

The clean water diversions were modeled using the 100-year, 24-hour storm event of
2.54”. The clean water diversion locations are shown on Figure 1, and design details for
the worst case scenarios (largest contributing watersheds and steepest topography) are
summarized in Table 1. The contributing watershed used in the analysis is shown on
Figure 1. The design details for the diversions are shown on Figure 4 and Figure 5. The
diversions are typically triangular in shape with 4.5H:1V side slopes and 2-foot channel
depths. The channel depth includes 0.5 feet of freeboard above peak flow. Some
diversions on steep terrain (greater than 3%} are trapezoidal in shape with a 10-foot
bottom width and 3H:1V side slopes. The different channel geometry is necessary to
keep flow velocities below the limiting velocity of 5.5 feet per second. Select areas
where the channel slope is greater than 5% may require armoring with angular rock, or
pre-stabilization of a proposed vegetative channel with an erosion control product. As-
built designs consisting of surveyed ditch profiles, representative cross-sections and

hydraulics calculations will be submitted following construction. These will verify that

design flows can be handled.
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Due to the site topography, the diversions cannot convey all the runoff that would flow
towards the mining pits. Areas that cannot be diverted require the use of ponds or sumps
to contain runoff. The operational sumps are sized according the area of contributing
watersheds and the 10-year 24-hour storm event. The sump locations and centributing
watersheds are shown on Figures 1 and 2, and design details are listed in Table 2. The
sumps are typically on-channel structures and will resemble a typical stock reservoir.
The maximum height of a sump embankment will not exceed 10 feet in height and the
maximum capacity will not exceed 20 acre-feet. An emergency spillway that is capable
of safely conveying the peak flow during the 100-year, 24-hour storm with at least 1-foot
of freeboard has been included in the design. The minimum spillway depth is 3 feet. The
sumps have been designed to fully contain the runoff from the 10-year, 24-hour storm
when the sump is empty. Therefore, water contained in the sump must be pumped or
trucked to another location to provide the necessary operational containment. Norwest

will submit as-built surveys to UDOGM within three months of the completion of

construction.

Red Leaf plans to use the McCoy Reservoir #2 as highwall containment for Period 13. A
2011 survey found that the reservoir had 16.96 acre feet of capacity to the emergency
spillway. The 10-year 24-hour runoff from the watershed contributing to this site is 8.03
acre feet. Red Leaf will utilize the reservoir for storage of operations water. The entire

volume will be available for storage prior to its use as a sump to protect mining in Period
13.

The ponds (Table 3) were designed to handle the 10-year 24-hour storm event at a
minimum and may be used for supplemental storage of operational ground water. Pond 1
has a capacity of 11.81 acre feet and is designed to retain 1.25 acre feet of water from the
10-year 24-hour storm. Pond 2 has a capacity of 2.17 acre feet and is designed to contain

0.35 acre feet for the 10-year 24-hour storm. Pond 3 has a capacity of 21.83 acre feet and

—
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will contain 4.91acre feet of runoff for the 10-year 24-hour event. Operational staff will
develop a strategy to identify the maximum storage level to ensure containment of the 10-
year 24-hour storm. All three ponds have less than 20 acre feet of storage above grade,
and Pond 3 utilizes excavated storage to achieve this objective. Red Leaf will submit as-

built surveys to UDOGM within three months of the completion of construction.

During the reclamation phase, ponds and perimeter ditches will be constructed on site
within the lease boundaries to control and contain runoff from the site after mining
operations cease. The post-mine reclamation drainage plan is shown on Figure 3. The
design details for the ponds are listed in Table 3 and illustrated in Figure 6. Earthen
ditches will collect runoff from the reclaimed areas and route it to down drains that are
armored with angular rock. Four down drains on the west side of the larger mine area
have been designed to collect water from existing drainages that will be mined-out.
These ditches will be operational during mining operations and following the completion
of mining. Sumps have been included at the bottom of each down drain for use during
mining operations to prevent water from flowing into the open pit. In some cases, water
will be conveyed through culverts to the sumps and designs are shown in Table 4.
Reclamation will occur simultaneously to mining activities, which means that the
operational drainage plan will be a combination of the designs included in Figures 1 and
2. For example, while Period 12 is being mined, CD-8 (Figure 1) will divert water from
the west side of the pit to the north and away from the pit. Water from the reclaimed
areas will be diverted through collection ditch CD-20s to Sump 20 (Figure 2).

Following the completion of mining, these sumps will be reclaimed and five reclamation
ponds will be used to contain runoff waters and to provide water for stock and wildlife.
The ponds will be inspected to ensure their storage and long-term stability prior to
closure. Maintenance will be performed if necessary. The reclamation ditches and down
drains will remain (Figure 3). Two in-pit ponds (Ponds 4 and 5) have been included at

the northeast corner of the two mining areas, because these will be left as excavated areas
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and water will naturally collect there. The adjacent highwall will be protected by a toe
berm constructed with materials excavated for the ponds. The crest of the berm will be 5
feet above the modeled 100-year 60-day storm event of 6.17”. The berm will have a
3H:1V outslope (Figure 3). The toe berm will be constructed in 6-inch horizontal lifts
and compacted to 90% dry density. The berm adjacent to Pond 4 is 18§ feet tall, and the
berm adjacent to Pond 5 is 15 feet tall. The emergency spillway of the ponds outside the

pit will be sized to safely pass the 100-year 24-hour storm event. Ponds will be
constructed with 3:1 side slopes.
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Appendix D

Steel Specifications

Collection Pan
and
Capsule Piping




ACR Steel Sales, LLC
PO Box 150, Valley Park, MO, 63088 « (636) 517-1420

Specifications for material supplied to Red Leaf Resources.
Delivered to Tinhorns Are Us, Tuttle, OK 11/03/2011

Hot Roll Black Steel

.058 x 27.250" x coil
Weight: 9,360 Ibs (2 coils)
CS Type B

Pickled Dry

Temper Rolled

Heat Number: 41125790
Chemical Properties

C Mn |P S Al Si Cu [ Ni Cr Mo |V Cb |Ti

06 [.32 |.01 |.005 |.026 |.030 |.090 |- .060 | - 001 [ — -




ACR Steel Sales, LLC
PO Box 150, Valley Park, MO, 63088 « (636) 517-1420

HOT ROLL BLACK STEEL

Grade

Commercial Quality: Steel of this quality is produced for uses that involve simple bending or
moderate forming. The steel can be bent flat on itself in any direction at room temperature.
Designation CS Type B

Chemical Composition

C Mn [P S Al Si Cu |[Ni Cr Mo |V Cb |Ti N

02-]160 |.030(.035|— |— |.20 [.20 |.15 |.06 |.008 |.008 |.025 |---
.15 | max | max | max max |max | max | max | max | max | max

Mechanical Property Requirements

Yield Strength min. ksi: 30 to 50
Tensile Strength min. ksi: none
Elongation in 2in.: 25% and over

Recommended Processes
1. Pickled dry: removes surface scale
2. Temper roll: reduced the tendency of the steel to coil break.







Appendix E

SPLP Leachate Analysis

American West Analytical
Laboratories




. John Wallace
IGES
4153 South Commerce Drive
fﬁf?]fjflf"}ﬁl.}'}{"i?i‘ Salt Lake City, UT 84107
T OTEL: (801) 270-9400

RE: Red Leaf ECOSHALE/01109-013

Dear John Wallace: Lab SetID: 1110345
463 West 3600 South

Salt Lake City, UT 84115 A horjcan West Analytical Laboratories received 3 sample(s) on 10/27/2011 for the

analyses presented in the following report.

Phone: (801) 263-8686 All analyses were performed in accordance to The NELAC Institute protocols unless
noted otherwise. American West Analytical Laboratories is certified by The NELAC
Institute in Utah and Texas; and is state certified in Colorado, Idaho, and Missouri.

Fax: (801) 263-8687  Certification document is available upon request. If you have any questions or concerns
e-mail: awal@awal-labs.com  regarding this report please feel free to call.

Toll Free: (888) 263-8686

web: www.awal-labscom Lhe abbreviation "Surr" found in organic reports indicates a surrogate compound that is
intentionally added by the laboratory to determine sample injection, extraction, and/or
purging efficiency. The "Reporting Limit" found on the report is equivalent to the
. Kyle F. Gross practical quantitation limit (PQL). This is the minimum concentration that can be reported
by the method referenced and the sample matrix. The reporting limit must not be confused
with any regulatory limit. Analytical results are reported to three significant figures for
quality control and calculation purposes.

Laboratory Director

Jose Rocha

QA Officer  11/7/2011: This is a revision to a report originally issued 11/2/2011. Pages 1, 8-34, 46, and
51-79 have been revised,

11/9/2011: Pages 1 and 7 have been revised for cosmetic corrections,

Thank You,
y e - Digitally signed by Kyle F. Grass

DN: cn=Kyle F. Gross, 0=AWAL,

ousAWAL, email=kyle @awal-
labs com, c=US

‘ rO S S Date: 2011.11.09 10 15:32 -07-00"

Laboratory Director or designee

Approved by:

Report Date: 11/9/2011 Page 1 of 79
All analyses applicable to the CWA, SDWA, and RCRA are performed in accordance to NELAC protocols Pertinent sampling information is located on the attached COC, This report is provided for ihs exclusive use of the addressee Privileges of
subsequent wse of the name of this company or any member of its staff, or reproduction of this report in connection with the adsvertisement, promotion or sale of any product ot process, or in connection with the re-publicatien of this repon forany
purpose other than for th addressee will be granted only on contaet, This company accepls no responsibility except for the due performance of inspaction and/or analvsis in good filh and aceording to the rules of the trade and of scicnce.




INORGANIC ANALYTICAL REPORT

Client: IGES Contact: John Wallace
Project: Red Leaf ECOSHALE / 01109-013
Lab Sample ID:  1110543-001
AMAEEIWER, conetontvs 0RO 0531
Received Date: 10/27/2011 1346h
Analytical Results SPLP METALS Method 1312
e iR Date Date Method Reporting Analytical
e = Compound Units Prepared  Analyzed Used Limit Result Qual
Salt Lake City, UT 84115 Antimony mg/L 10282011 1422h 10/20/2011 €020h  SWG020A 0.00500 0.00923
Arsenic mg/L  10/282011 1422h 10/29/2011 0029h  SWGE020A 0.00300 0.0367
Barium mg/L 10282011 1422h 10/20/2011 0020h  SWG020A 0.00200 0.0483
Phone: (801) 263-8686 Beryllium mg/l, 10282011 1422h 10/29/2011 ©029h  SWEO20A 0.00300 <0.00300 *
Toll Free: (888) 263-8686 Boron mg/l. 10282011 1427h 10312011 1214h  SWG010C 0.500 0.840
Fax: (801) 263-8687 Cadmium mgL 10282011 1422h 10/29/2011 002%h  SWG020A 0.000200 < 0.000%00 '
e-mail: awal@awal-labs.com Calcium mg/L 107282011 1422h 103172011 1218h  SW6010C 1.00 3.44
Chromium mg/L 107282011 1422h 10/31/2011 1214 SW6010C 0.0100 < 0.0100
web: www.awal-labs.com  copper mg/l.  10/28/2011 1422h 1/29/201% 0029h  SW6020A 0.00400 <0.00400 .
[ron mg/l. 107282011 1422k 10312011 1214h  SWE010C 0.100 <0.100
. Lead mg/L 1072872001 1427h 10/292011 0029  SW6020A 0.00200 <0.00200 .
Kyle F. Gross
Lithium mg/L 107282011 1422h 11/1/2011 1932h  SW6010C 0.100 <0.100 -
Laboratory Director
Magnesium mg/L  10/28/2011 1422h 105312011 1214h  SW6010C 1.00 1.14
Note Baglia Manganese mg/l.  10/28/2011 1422h 10/292011 002%h  SW6020A 0.00600 < 0.00600 ‘'
QA Officer Mercury mg/l,  10/28/2011 1400h 10/31/2011 1016k  SW7470A 0.00100 <0.00100
Molybdenum mg/l. 10/28/2011 1422k 10/3L2011 1640h  SWE010C 0.0200 0.129
Nickel me/l. 10/28/2011 1422h 16/29/2011 002%h  SW6020A 0.00400 < 0.00400 *
Potassium mg/L 10282011 1422h 10/31/2011 1640h  SW&E010C 1.00 4.23
Selenium mg/L 10282011 1422h 10/29/2011 002%h  SW6020A. 0.00400 0.00786
Silver mg/L 107282011 1422h 10/29/2011 0020h  SW6020A 0.00200 < 0.00200 .
Sodium mg/L 18282011 1422h 10/312011 1214h  SW6010C 1.00 36.9
Strontium mg/L 10/28/2011 1422h 10/29/2011 002%h  SW6020A 0.00400 0.0686
Thallium mg/L 104282011 1422h 10/29/2011 002%h  SW6020A 0.00200 <(.00200 ¥
Tin mg/l.  10/28/2011 1422h 10/31/2011 1214h  SW6010C 0.500 <(0.500
Vanadium me/l. 10/28/2011 1423h 10/31/2011 1214h  SW6010C 0.0500 0.0638
Zinc mg/L 10/28/2011 1422h 10/29/2011 0029h  SW6E020A 0.0250 < 0.0250 «
- - The repoiting limits were raised due to sample matrix interferences.
~ - The above resulr was not performed in aecordance with NELAP requirements.
®
Report Date: 11/2/2011 Page 2 of 79

All analyses applicable (o the CWA, SDWA, and RCRA are perfomied in accordance to NELAC protogols. Pertinem sampling information is located on the attached COC. This repost is provided for the exclusive use of the addressee. Privileges of
subsequent use of the name of this company or any member of its staff, ot reproduction of this repert in conneetion vwidh the adv ertiseruent. promotion or sale of any product or process, or in connection with the re-publication of this report for any
purposs cther than for the addressec will be granted only on contact, This company accepts no responsibility except for the due performance of inspection and/or analysis in good faith and according 10 the rules of the trade and of science




INORGANIC ANALYTICAL REPORT

Client: IGES Contact: John Wallace
Project: Red Leaf ECOSHALE / 01109-013

Lab Sample ID:  1110545-002

Client Sample [D: R11-122 £2

Collection Date: 10/27/2011 0935h

Received Date: 10/27/2011 1346h

Analytical Results SPLP METALS Method 1312
SPLP Prep Date: 10/27/2011 1800h

an Wes

LABORATORIE

Americ £
ANALYTICAL k-1

Date Date Method Reporting Analytical
Compound Units Prepared  Analyzed Used Limit Result Qual
463 West 3600 South
Salt Lake City, UT 84115 Antimony mg/l  10/28/2011 1422h 10/29/2011 0058h  SWE020A 0.00500 0.00761
Arsenic mg/L. 10/28/2011 1422h 10/29/2011 0038h  SW6E020A 0.00300 0.0371
Barium mg/L  10/28/2011 1422h 10/29/2011 0058h  SWGE020A 0.00200 0.0479
Phone: (801) 263-8686 Beryllium mg/l. 10/28/2011 1422h 1072972011 0058h  SWE020A 0.00300 <0.00300 g
Toll Free: (888) 263-8686 Boron mg/l. 107282011 1422h 10/31/2011 1230h  SW6010C 0.500 0.832
Fax: (801) 263-8687 Cadmium mg/l 10282011 1422k 10292011 0038  SWGE020A 0.000900 <0.000900 "
e-mail: awal@avwal-labs.com Calcium mg/L 10282011 1422h 10/31/2011 1230h  SW601QC 1.00 3.64
Chromium mg/L 10282011 1422h 10/31/2011 1230h  SW6G10C 0.0100 <0.0100
web: www.awal-labs.com  Copper mg/l,  LO/2872011 1422h 104292011 0058h  SW6020A 0.00400 < 0.00400 ¥
Iron mg/l  10/28/2011 1422h 10/31/2011 123¢h  SW6010C 0.100 <0.100
. Lead mg/L. 10/28/2011 1422h 10/2%/2011 0058h  SW6020A 0.00200 < 0.00200 L
Kyle F. Gross
Lithium me/L  10/28/2011 1422h 11/1/2011 1935h  SW6010C 0.100 <0.100 ~
Laboratory Director
Magnesium mg/l 10/28/2011 1422h 10/31/2011 1230h  SW6010C 1.00 1.25
Jose Rocha  Manganese mg/l.  10/28/2011 1422h 10/29/2011 0058h  SWE0Z0A 0.00600 < 0.00600 ’
QA Officer Mercury me/L  10/28/2011 1400h 10/312011 1021k SW7470A 0.00100 < 0.00100
Molybdenum mg/L. 10282011 1422h 10/3/2011 1705h  SWE010C 0.0200 < 0.0200
Nickel mg/L 107282011 1422k 10/29/2011 0058h  SWG020A 0.00400 < 0.00400 2
Potassium mg/l. 10282011 1422k [0/31/2011 1705h  SWELIOC 1.00 < 1.00
Selenium mg/l 1072872011 1422k 10/29/2011 0058h  SWGE020A 0.00400 0.00753
Silver mg/L  10/28/2011 1422h 10/25/2011 0038h  SWE020A 0.00200 < 0.00200 ’
Sodium mg/L  10/28/2011 1422h 10/31/2011 1230h  SWE010C 1.00 335
Strontium mg/L  10/28/2011 1422k 10/29/2011 0058h  SWE020A 0.00400 0.0707
Thallium mg/L  10/282011 1422h 10/25/2011 0058h  SWE020A 0.00200 < 0.00200 E
Tin mg/L 10/282011 1422h 10/31/2011 1230h  SW6010C 0.500 <0.500
Vanadium mg/L  10/28/2011 1422h 10312011 1230h  SWE010C 0.0500 0.0640
Zinc mg/L. 10/282011 1422h 10/29/2011 0058h  SWE020A 0.0250 <0.0250 *

* - The reporting limits were raised due to sample matix interferences.
~ - The above result was not performed in accordance with NELAP requirements.

Report Date: 11/2/2011 Page 3 of 79
All analyses applicable te the CWA, SDAWA, and RCRA are performed in accordance 1o NELAC protacols. Pertinent sampling informarion is located on the attached COC. This repart is provided for the exclusive use of the addressee, Privileges of
subscquent use of the name of this company or any member of its staff, or reproduction of this repart in connection with the advertisement, promotion or sale of any product or process, or in conncction with the re-publication of this report for any
purpose other than for the addressee will be granted only on contact. This company acecpls na responsibility cxeept for the due performance of inspection and/or analysis in gooed futh and according 10 the nules of the trade and of scignce.




INORGANIC ANALYTICAL REPORT

Client: IGES Contact: John Wallace
Project: Red Leaf ECOSHALE / 01109-013

Lab Sample ID:  1110545-003

Client Sample ID: RI1-122 #3

Collection Date:  10/27/2011 0940h

Received Date: 10/27/2011 1346h

Analytical Results SPLP METALS Method 1312
SPLP Prep Date: 10/27/2011 1800h

1 Wes t;

ORMATORIE

Date Date Method Reporting Analytical
Compound Units Prepared  Analyzed Used Limit Result Qual
463 West 3600 South
Salt Lake City, UT 84115 Antimony mg/l. 10282011 1422h 10/29/2011 0103h  SW6E020A 0.00500 0.00929
Arsenic mg/l 104282010 1422h 10/29/2011 0103h  SW6020A 0.00300 0.0391
Barium mg/L 10282011 1422k 104292011 0103h  SW6020A 0.00200 0.0410
Phone: (801) 263-868¢  Beryllium mg/l. 10282011 1422h 10/29/2011 0103h  SW6020A 0.00300 < (.00300 "
Toll Free: (888) 263-8686 Boron mg/l. 10282011 1422h 10/31/2011 1232h  SW6D10C 0.500 0.878
Fax: (801) 263-8687 Cadmium mg/L 10282011 142%h 10/29/2011 0103h  SW6020A 0.000900 <0.000900 »
e-mail: awal@awal-Jabs.com  Calcium mg/l 10282011 1422h i0/31/2011 1234h  SW6010C 1.00 3.48
Chromium mg/l. 10282011 1422h 10/31/2011 1234h  SW6010C 0.0100 <(.0100
web: www.awal-labs.com Copper mg/l. 10282011 1422h 10292011 0103h  SW6020A 0.00400 < 0.00400 .
Iron mg/l 10282011 1422h 107312011 1234h  SW6010C 0.100 <0.100
. Lead mg/L 10/282011 1422h 107292011 0103h  SW6E020A 0.00200 <0.00200 .
Kyle F. Gross
Lithium mg/l. 10282011 1422h 11712011 1937h  SW6010C 0.100 <0.100 ~
Laboratory Director
Magnesium mg/l 104282011 1422h 10/31/2011 1234 SW6010C 1.00 < 1.00
T8seRocha Manganese mg/L 102872011 14220 10/29/2011 0103h  SW6E020A 0.00600 < {.00600 .
QA Officer Mercury mg/L. 10282011 140Ch 10/31/2011 1023h  SW7470A 0.00100 < 0.00100
Molybdenum mg/L 102872011 1422h 10/31/2011 1709  SW6010C 0.0200 0.159
Nickel mg/L  10/2872011 1422h 10/29/2011 0103h  SW6020A 0.00400 <{.00400 "
Potassium meg/l. 10282011 1422h 10312011 1709 SW6010C 1.00 4.28
Selenium mg/l 10/28/2011 1422h 10/29/2011 0103h  SWGE020A 0.00400 0.00725
Silver mg/l.  10/28/2011 1422h 10/29/2011 0103h  SWE0Z20A 0.00200 < 0.00200 -
Sodium mg/L  10/28/2011 1422h 10/312011 1234h  SW6010C 1.00 374
Strontium mg/L  10/28/2011 1422h 10/29/2011 0103h  SWE020A 0.00400 0.0640
Thalljum mg/L 102822011 1422k 10/252011 0103h  SW6020A 0.00200 < 0.00200 *
Tin mg/L  10/282011 14220 10/31/2011 1234h  SW6010C 0.500 <0.500
Vanadium mg/lL 10/282011 14221 10/31/2011 1234h  SW6010C 0.0500 0.0666
Zinc mg/l.  10/28/2011 1422h 10/29/2011 0103h  SWED20A 0.0250 < 0.0250 *

* - The reporting limits were raised due to sample matrix interferences
~ - The above result was not performed in accordance with NELAP requirements.

Report Date: 11/2/2011 Page 4 of 79
All analyses applicable 10 the CWA, SDWA, and RCRA are perfornied in accordance 1o NELAC protocols. Pestinent sampling information is located on the attached COC. This repor is provided far the exelusive wse of the addressee. Privileges of
subsequent use off the pame of this company or any member of its staff, or reproduction of this repors in connect:on with the adveiscruenr, promiotion or sale of any product or process, or in connection with the re-publication of this report for any
purpose other than for the addressee will be geanted orls on contact, This company aceepts ne responsibility except for the due performance of inspection and/or analy sis in good faith and 2ccording to the rules of the trade and of scicnce




INORGANIC ANALYTICAL REPORT

Client: IGES Contact: John Wallace
Project: Red Leaf ECOSHALE / 01109-013

Lab Sample ID:  1110345-001

Client Sample ID: R11-122 #1

Collection Date:  10/27/2011 (930h

Received Date: 10/27/2011 1346h

American West

ANALYTICAL LAHORATORIFS

Analytical Results
Date Date Method Reporting Analytical
o Compound Units Prepared  Analyzed Used Limit Result Qual
Salt Lake City, UT 84115 Alkalinity (as CaCO3} me/L 10/31/2011 ©¢73¢h  SM2320B 40.0 68.9
Chloride mg/LL /12011 1321h SM4500-C1-E 5.00 < 3.00 @
Fluoride mg/L 10/31/2011 0840h SMA4500-F-C 0.100 1.56
Phone: {801) 263-8686  Nitrate/Nitrite (as N) mg/L 10/31/2011 t14sh  E3532 0.0100 0.9106 B
Toll Free: (888) 263-8686 Oil & Grease meg/L 10/28/2011 1250h  E1664A 3.00 <3.00
Fax: (801) 263-8687 PH@25°C pH Units 10/28/2011 1715h SM43500-H+B 1.00 9.92
e-mail: awal@awal-labs.com  Sulfate mg/L 10/29/2011 0940h SM4500-304-E 5.00 17.4

Total Dissolved Solids mg/L 10/28/2011 1300h  SM2540C 20.0 172

web: www.awal-labs.com Analysis perfornted on an SPLP extract.

@ - High RPD due to suspected sample non-homogeneity or mairix inteiference.
- Matrix spike recovery indicates matrix inteiference. The method is in control as indicated by the LCS.
B - This analyte was also detected in the SPLP blank at 0.018% mg/L.

Kyle F. Gross

Laboratory Director

Jose Rocha
QA Officer
Report Date: 11/2/2011 Page 5 of 75
All analyses applicable to the CWA, SDWA, and RCRA are performed in d toa NELAC p 1s. Pertinent sampling il ion is located on the artached COC. This repon is provided for the exclusive use of the addressee. Privileges of
subsequent use of the name of this company or any member of its staff, or reproduction of this report in ion with the adverdi P ion or sale of any product or process, orin ion with the re-publicarion of this repont forany
purpose other than for the addressee will be granted only on contact, This company acorpis no responsibility except fer the due performance of inspection andfor analysis in good faith and according to the rulcs of the trade and of scicnce.




INORGANIC ANALYTICAL REPORT

. Client: IGES Contact: John Wallace
Project: Red Leaf ECOSHALE / 01109-013
Lab Sample ID:  1110545-002
Rinerican test Client ?ample ID: R11-122 #2
Anaivricat tasoratories  Collection Date:  10/27/2011 0935h
Received Date: 10/27/2011 1346h

Analytical Results

Date Date Method Reporting Analytical
463 West 3600 South Compound Units Prepared  Analyzed Used Limit Result Qual
Salt Lake City, UT 84115 Alkalinity (as CaCO3) mg/L 10/31/2011 0730  SM2320B 40.0 82.0
Chloride my/L 11/1/2011  132¢h  SM4500-CI-E 5.00 <5.00
Fluoride mg/L 10312011 0840h SM4500-F-C 0.100 1.64
Phone: (801) 263-8686 Nitrate/Nitrite (as N) mg/L 10/312011 1152h  E3532 0.0100 0.0251 B
Toll Free: (888) 263-8686 QOil & Grease mg/L 10/28/2011 1250h  El664A 3.00 <3.00
Fax: (801) 263-8687 PH@ 25°C pH Units 10/28/2011 1715h SM4500-H+B 1.00 9.99
g-mail; awal@awal-labs.com  Sulfate mg/L 10/29/2011  0940h SM4500-SO4-E 5.00 185
Total Dissolved Solids mg/L 10/28/2011 1300h  SM2540C 20.0 220

web: www.awal-labs.com

. Kyte F. Gross

Laboratory Director

Analysis performed on an SPLP exiract.
B - This analyte was also detected in the SPLP blank at 0.0189 mg/L.

Jose Rocha
QA Officer
Report Date: 11/2/2011 Page 6 of 79
All analyscs applicable lo the CWA, SDWA, and RCRA are performed in accordance to NELAC p Is Pertinent ling i ion is lacated on the attached COC. This report is provided for the exelusive use of the addressce. Privileges of
subscquent use of the name of this company or any member of ifs staff, or reproduction of this report in connection with the advertisement, prometion or sal¢ of any product ot process, or in with the ion of Lhis report fcr any

purpose other than for (he addressea will be granted only on contact. This company accepts no responsibility except for the due performance of inspection and/or analysis in good faith and according to the rules ofthe trade and of science.




INORGANIC ANALYTICAL REPORT

Client; IGES Contact: John Wallace
Project: Red Leaf ECOSHALE / 01109-013

Lab Sample ID: 1110545-003

Client Sample ID: R11-122 #3

Collection Date:  10/27/2011 094Ch

Received Date: 10/27/2011 1346h

American West

ANALYTICAL LABORATORIES

Analytical Results

Date Date Method Reporting Analytical
o - Compound Units Prepared Analyzed Used Limit Result Qual

Salt Lake City, UT 84115 Alkalinity (as CaCQ3) me/L 10/31/2011 0730h  SM232CB 40.0 78.7

Chloride me/L 11/1/2011 1325h SM4500-Cl-E 5.00 <3.00
Fluoride me/L 10/31/201t  0840h SM4300-F-C 0.100 1.84

Phone: (801) 263-8686 Nitrate/Nitrite (as N) mg/L 10312011 1153h  E3532 0.0100 0.0142 a

Toll Free: (888) 263-8686 Oil & Grease mg/L 10/282011 1250h  E1664A 3.00 <3.00
Fax: (801) 263-8687 PH@25°C pH Units 10/282011 1715h SM4500-H+B 1.00 10.2
e-mail: awal@awal-labs.com Sulfate mg/L 10/29/2011 1045k SM4500-504-E 5.00 19.8
Total Dissolved Solids mg/L 10/28/2011 1300h  SM2540C 20.0 220

web: www.awal-labs.com

. Kyle F. Gross

Laboratory Director

Analysis perforned on an SPLP extract.
B - This anafyte was also detected in the SPLP blank at 0.0189 mg/L.

Jose Rocha
QA Officer

Report Date: 11/9/2011 Page 7 of 79
All analyses applicable 1o the CWA, SDWA, and RCRA are performed in accordance to NELAC protocols, Pertinent sampling information is located on the attached COC. This report is provided for the exclusitc use of the addressee. Privileges of
subscquent use ofthe name of this company or any member of its staff, or reproduction of this repont in connection with the advenisement, promotian or sal¢ of any product er process, or in connection with the re-publication of this report for any
purpose other than for the addressec will be granted only on contacl. This company accepis no responsibility except for the due performance of inspection and/or analysis in goed faith and according 10 the rules of the trade and of science




ORGANIC ANALYTICAL REPORT

Client: IGES Contact: John Wallace
Project: Red Leaf ECOSHALE / 01109-013

Lab Sample ID:  11103545-001A

Client Sample ID; R11-122 #1

Collection Date:  10/27/2011 0930h

American Waest

AMALYTICAL LADORATORIES

Received Date: 10/27/2011 1346h Method: SW8270D
Analytical Results SVOA SPLP by GC/MS Method 8270D/1312/3510C
Analyzed: 11/4/2011 175%h Extracted: 11/4/2011 1050h SPLP Prep Date: 11/3/2011 1700h
Units: mg/L
463 West 3600 South  Dilution Factor: 1 CAS Reporting Analytical
Salt Lake City, UT 84115 Compound Number Limit Result Qual
1,1°-Biphenyl 32-52-4 0.0100 <0.0100
1,2,4,5-Tetrachlorobenzene 95-94-3 0.0100 <0.0100
Phone: (801) 263-8686 | 2 4-Trichlorobenzene 120-82-1 0.0100 <0.0100
Toll Free: (888) 263-8686 1 2-Dichlorobenzene 95-50-1 0.0100 <0.0100
Fax: (801) 263-8687  1,3,5-Trinitrobenzene 99-35-4 0.0100 <0.0100
e-mail: awal@awal-labs.com  1,4-Naphthoguinone 130-15-4 0.0100 < 0.0100
1,3-Dichlorobenzene 541-73-1 0.0100 <0.0100
web: www.awal-labs.com 3 piyitrobenzene 99-65-0 0.0100 <0.0100
1,4-Dichlorobenzene 106-46-7 0.0100 < 0.0100
. 1,4-Phenylenediamine 106-50-3 0.0100 <0.0100
Kyle F. Gross
1-Chloronaphthalene 90-13-1 0.0100 <0.0100
Laboratory Director
1-MethyInaphthalene 90-12-0 0.0100 <0.0100
§ R T 1-Naphthylamine 134-32-7 0.0100 <0.0100
QA Officer 2,3,4,6-Tetrachlorophenol 58-90-2 0.0100 <0.0100
2,4,5-Trichlorophenol 95-95-4 0.0100 <0.0100
2,4,6-Trichlorophenol 88-06-2 0.0100 < 0.0100
2.4-Dichlorophenol 120-83-2 0.0100 < 0.0100
2,4-Dimethylphenol 105-67-9 0.0100 <0.0100
2,4-Dinitrophenol 51-28-5 0.0200 <0.0200
2,4-Dinitrotoluene 121-14-2 0.0100 <0.0100
2,6-Dichlorophenol 87-65-0 0.0100 < 0.0100
2,6-Dinitrotoluene 606-20-2 0.0100 <0.0100
2-Acetylaminofluorene 53-96-3 0.0100 <0.0100
2-Chloronaphthalene 91-38-7 0.0100 <0.0100
2-Chlorophencl 93-37-8 0.0100 <0.0100
2-Methylnaphthalene 91-57-6 0.0100 <0.0100
2-Methylphenol 95-48-7 0.0100 <0.0100
2-Naphthylamine 91-59-8 0.0100 <0.0100
. 2-Nitroaniline 88-74-4 0.0100 <0.0100
2-Nitrophenol 88-73-5 0.0100 <0.0100

Report Date: 11/7/2011  Page 8 of 79
All analyses applicabli to the CWA, SDWA, and RCRA are performed in accordance 1o NELAC protocols. Petinent sampling information is located on the attached COC. This report is proy ided for the exclusive use of the addressce. Privileges of
subsequent use ofthe name of this company or any member of its siaff, or reproduction of this report 1n connection with the advertiscruent, promation or sale of any product or process, of in ¢ with the re-publi ofthis report for any

purpase other than for the addressce will be gm(cd only an comact. This company accepts na responsibility except for the due performance of inspection and/or analy sis in good faith and according to the rules of the trade and of science




Lab Sample ID:  1110543-001A
Client Sample ID: R11-122 #1

Analyzed: 11/4/2011 173%h Extracted: 11/4/2011 1050h SPLP Prep Date: 11/3/2011 1700h
Units: mg/L

Dilution Factor: 1 CAS Reporting Analytical
American West Compound Number Limit Result Qual
AN&LYTICAL LADORATORIES
2-Picoline 109-06-8 0.0100 <0.0100
3&4-Methylphenol 0.0100 <0.0100
3,3 -Dichlorobenzidine 91-94-1 0.0100 < 0.0100
3,3’-Dimethylbenzidine 119-93-7 0.0100 <0.0100
463 West 3600 South  3-Methylcholanthrene 56-49-5 0.0100 <0.0100
Salt Lake City, UT 84115 3-Nitroaniline 99-09-2 0.0100 <0.0100
4,6-Dinitro-2-methylphenol 334-52-1 0.0100 <0.0100
4-Aminobiphenyl 92-67-1 0.0100 <0.0100
Phone: (801) 263-8686 4-Bromophenyl phenyl ether 101-35-3 0.0100 <0.0100
Toll Free: (888) 263-8686 4-Chlore-3-methylphenol 59-30-7 0.0100 <0.0100
Fax: (301) 263-8687 4-Chloroaniline 106-47-8 0.0100 <0.0100
e-mail: awal@awal-labs.com 4-Chlorophenyl phenyl ether 7005-72-3 0.0100 <0.0100
4-Nitroaniline 100-01-6 0.0100 <0.0100
R e an e N o S NiinoE gl 100-02-7 0.0100 <0.0100
5-Nitro-o-toluidine 99-35-8 0.0100 <0.0100
. 7,12-Dimethylbenz(a)anthracene 537-97-6 0.0100 <0.0100
Kyle F. Gross  a,a-Dimethylphenethylamine 122-09-8 0.0100 <0.0100
Laboratory Director  Acenaphthene 83-32-9 0.0100 <0.0100
Acenaphthylene 208-96-8 0.0100 <0.0100
Jose Rocha  Acetophenone 98-86-2 0.0100 <0.0100
QA Officer  alpha-Terpineel 98-55-3 0.0100 <0.0100
Aniline 62-53-3 0.0100 <0.0100
Anthracene 120-12-7 0.0100 <0.0100
Aramite 140-57-8 0.0100 <0.0100
Azobenzene 103-33-3 0.0100 <0.0100
Benz(a)anthracene 56-55-3 0.01C0 <0.0100
Benzidine 92-87-3 0.0100 <0.0100
Benzo(a)pyrene 30-32-8 0.0100 <0.0100
Benzo(b)fluoranthene 203-99-2 0.0100 <0.0100
Benzo(g,h,i)perylene 191-24-2 0.0100 <0.0100
Benzo(k)fluoranthene 207-08-9 0.0100 <0.0100
Benzoic acid 65-85-0 0.0200 0.0326
Benzyl alcohol 100-51-6 0.0100 <0.0100
Bis(2-chloroethoxy)methane 111-91-1 0.0100 <{0.0100
Bis(2-chloroethyl) ether 111-44-4 0.0100 < 0.0100
. Bis(2-chloroisopropyl) ether 108-60-1 0.0100 <0.0100

Report Date: 11/7/2011  Page 5 of 79
All analyscs applicable to the CWA, SDWA, and RCRA are performed in Jance 10 NELAC p ls. Pertinent ling information is located on the artached COC. This report is pravided for 1he exclusive use of the addressee. Privileges of

subsequent use of the name of this company or any member of its staff, or reproduction of this report in comnection with the advertisement, promotion or sale of any product or process, or in connection with the re-publication of this report for any
purpose other than for the addressce will be granted only on contact. This company accepls no responsibility except for the duc performance of inspection and/or analysis in good faith and according o the rules of the trade and of science




Lab Sample ID:  1110543-001A
Client Sample ID: R11-122 #1

Analyzed: 11/4/2011 175%h Extracted:  11/4/2011 1050h SPLP Prep Date: 11/3/2011 1700h
Units: mg/L
Dilution Factor: 1 CAS Reporting Analytical
Compound Number Limit Result Qual
Bis(2-ethylhexyl) phthalate 117-81-7 0.0100 <0.0100
bis(2-ethylhexyl)adipate 103-23-1 0.0100 < 0.0100
Butyl benzyl phthalate 85-68-7 0.0100 <0.0100
Carbazole 86-74-8 0.0100 <0.0100
463 West 3600 South  Chlerobenzilate 510-15-6 0.0100 <0.0100
Salt Lake City, UT 84115 Clrysenc 218-01-9 0.0100 <0.0100
Di-n-butyl phthalate 84-74-2 0.0100 <0.0100
Di-n-octyl phthalate 117-84-0 0.0100 <0.0100
Phone: (801) 263-8686 Diallate (cis o trans) 2303-16-4 0.0100 <0.0100
Toll Free: ($88) 263-8686 Dibenz(a,h)anthracene 53-70-3 0.0100 <0.0100
Fax: (801) 263-8687 Dibenzofuran 132-64-9 0.0100 <0.0100
e-mail: awal @awal-labs.com Diethyl phthalate 84-66-2 0.0100 <0.0100
Dimethoate 60-51-3 0.0100 <0.0100
web: www.awal-labs.com Dimethyl phthalate 131-11-3 0.0100 <0.0100
Dimethylamincazobenzene 60-11-7 0.0100 <0.0100
. Dinoseb 88-85-7 0.0100 <0.0100
Kyle F. Gross  Diphenylamine 122-39-4 0.0100 <0.0100
Laboratory Director Disulfoton 298-04-4 0.0100 <0.0100
Ethyl methanesulfonate 62-50-0 0.0100 < 0.0100
Jose Rocha  Famphur 52-85-7 0.0100 <0.0100
QA Officer  Fluoranthene 206-44-0 0.0100 <0.0100
Fluorene 86-73-7 0.0100 <0.0100
Hexachlorobenzene 118-74-1 0.0100 <0.0100
Hexachlorobutadiene 87-68-3 0.0100 <0.0100
Hexachlorocyclopentadiene 77-47-4 0.0100 <0.0100
Hexachloroethane 67-72-1 0.0100 <0.0100
Hexachlorophene 70-30-4 0.0100 <0.0100
Hexachloropropene 1888-71-7 0.0100 <0.0100
Indene 95-13-6 0.0100 <0.0100
Indeno(1,2,3-cd)pyrenc 193-39-5 0.0100 <0.0100
Isodrin 465-73-6 0.0100 <0.0100
Isophorone 78-39-1 0.0100 <0.0100
Isosafrole 120-58-1 0.0100 <0.0100
Kepone 143-50-0 0.0100 <0.0100
Methapyrilene 91-80-5 0.0100 <0.0100
. Methyl methanesulfonate 66-27-3 0.0100 <0.0100

Report Date: 11/7/2011

Page 10 of 79

All analyses applicable to the CWA, SDWA, and RCRA arc perfomed in aceordance to NELAC protocols, Pertinent sampling information is lecated on the attached COC. This report is provided for the exclusive use of the addressce. Privileges of
subsequent use of the name of this company or any member of its staff, or reproduction of this report in connection w1th the adveniscment, prometion or sale of any product o process, of in connection with the re-publication of this report for any
purpose other than for the addressce will be granted only on contact This company accepts no responsibility except for the due performance of inspecrion and/or analysis in good faith and according to the rules of the trade and ef science




American West

ANALYTICAL LABARATGHIES

463 West 3600 South
Salt Lake City, UT 84115

Phone: (801) 263-8686
Toll Free: (888) 263-8686
Fax: (801) 263-8687

e-mail: awal@awal-labs.com

web: www.awal-labs.com

Kyle F. Gross
Laboratory Director

Jose Rocha
QA Officer

Lab Sample ID:
Client Sample ID: R11-122 #1

1110545-001 A

Analyzed: 11/4/2011 175%h Extracted:  11/4/2011 1050h SPLP Prep Date: 11/3/2011 1700h
Units: mg/L
Dilution Factor: 1 CAS Reporting Analytical
Compound Number Limit Result Qual
n-Decane 124-18-5 0.0100 <0.0100
N-Nitrosodi-n-butylamine 924-16-3 0.0100 <0.0100
N-Nitrosoediethylamine 55-18-5 0.0100 <0.0100
N-Nitrosodimethylamine 62-75-9 0.0100 <0.0100
N-Nitrosodiphenylamine 86-30-6 0.0100 <0.0100
N-Nitrosodi-n-propylamine 621-64-7 0.0100 <0.0100
N-Nitrosomethylethylamine 10595-95-6 0.0100 <0.0100
N-Nitrosomorpholine 59-89-2 0.0100 <0.0100
N-Nitrosopiperidine 100-75-4 0.0100 <0.0100
N-Nitrosopyrrolidine 930-55-2 0.0100 <0.0100
n-Octadecane 393-45-3 0.0100 <0.0100
Naphthalene 91-20-3 0.0100 <0.0100
Nitrobenzene 98-95-3 0.0100 <0.0100
Nitroquinoline-1-oxide 56-57-3 0.0100 <0.0100
0,0,0-Triethyl phosphorothioate 126-68-1 0.0100 <0.0100
o-Toluidine 93-53-4 0.0100 <0.0100
Parathion 56-38-2 0.0100 <0.0100
Methyl parathion 298-00-0 0.0100 <0.0100
Pentachlorobenzene 608-93-3 0.0100 <0.0100
Pentachloronitrobenzene 82-68-8 0.0100 <0.0100
Pentachlorophenol 87-86-5 0.0100 < 0.0100
Phenacetin 62-44-2 0.0100 <0.0100
Phenanthrene 85-01-8 0.0100 <0.0100
Phenol 108-95-2 0.0100 < 0.0100
Phorate 298-02-2 0.0100 <0.0100
Pronamide 23950-58-5 0.0100 < 0.0100
Pyrene 129-00-0 0.0100 < 0.0100
Pyridine 110-86-1 0.0100 < 0.0100
Quinoline 91-22-5 0.0100 <0.0100
Safrole 94-59-7 0.0100 <0.0100
Tetraethyl dithiopyrophosphate 3689-24-5 0.0100 <0.0100
Thionazin 297-97-2 0.0100 <0.0100
Surt: 2,4,6-Tribromophenol 118-79-6 10-159 65.6
Surr: 2-Fluorobiphenyl 321-60-8 10-124 46.9
Surr: 2-Fluorophenol 367-12-4 14-106 31.8
Surr: Nitrobenzene-d5 4163-60-0 10-180 43.6

Report Date: 11/7/2011
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All analyses applicable w the CWA, SDWA, and RCRA are performed in accordance 1o NELAC protocals: Pertinent sampling information is located on the attached COC. This report is provided for the exclusive use of the addressee. Privileges of
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Lab Sample ID:  1110545-001A
Client Sample ID: R11-122 #1

Analyzed: 11/4/2011 1759h Extracted:  11/4/2011 1050h SPLP Prep Date: 11/3/2011 1700h
Units: mg/L

Dilution Factor: 1 CAS Reporting Analytical
American West Compound Number Limit Result Qual
ANALYTICAL LABQRATORIES
Surr: Phenol-d6 13127-83-3 10-122 24.8
Surr: Terphenyl-d14 1718-51-0 10-199 114
Reissue of a previously generared report. Information has been added, updated, or revised. Information herein supersedes that of previously
issued reports.
463 West 3600 South
Salt Lake City, UT 84113
Phone: (801) 263-8686
Toll Free: (888) 263-8686
Fax: (801) 263-8687
e-mail: awal@awal-labs.com
web: www.awal-labs.com
. Kyle F. Gross
Laboratory Director
Jose Rocha
QA Officer
Report Date; 11/7/2011 Page 12 of 79
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ORGANIC ANALYTICAL REPORT

Client: IGES Contact: John Wallace
Project: Red Leaf ECOSHALE / 01109-013

Lab Sample ID:  1110545-002A

Eer i et Client ?amplc ID: R11-122 42 ]

t tanoratonies  Collection Date:  10/27/2011 0935h

Received Date: 10/27/2011 1346h Method: SWE270D

Analytical Results SVOA SPLP by GC/MS Method 8270D/1312/3510C

Analyzed: 11/4/2011 1825h Extracted: 11/4/2011 1050h SPLP Prep Pate: 11/3/2011 1700h
Units: mg/L
463 West 3600 South  Dilution Factor: 1

Aimeri

ANALYTICA

CAS Reporting Analytical
Salt Lake City, UT 84115 Compound Number Limit Result Qual

I,1"-Biphenyl 92-52-4 0.0100 <0.0100

1,2,4,5-Tetrachlorcbenzene 95-94-3 0.0100 <0.0100

Phone: (801) 263-8686 1 2 4.Trichlorobenzene 120-82-1 0.0100 <0.0100
Toll Free: (888) 263-8686  1,2-Dichlorobenzene 95-50-1 0.0100 <0.0100
Fax: (801) 263-8687  1,3,5-Trinitrobenzene 99-35-4 0.0100 <0.0100
¢-mail: awal@awal-labs.com 1 ,4-Naphthoquinone 130-15-4 0.0160 <0.0100
1,3-Dichiorobenzene 341-73-1 0.0100 <0.0100

web: www.awal-labs.com g 5 pyiiicohenzene 99-65-0 0.0100 <0.0100
1,4-Dichlorobenzene 106-46-7 0.0100 <0.0100

. Kyle F. Gross 1,4-Phenylenediamine 106-50-5 0.0100 <0.0100
1-Chloronaphthalene 90-13-1 0.0100 <0.0100

Laboratory Director

1-MethyInaphthalene 90-12-0 0.0100 <0.0100

Jose Rocha 1-Naphthylamine 134-32-7 0.0100 <0.0100

QA Officer 2.3,4,6-Tetrachlorophenol 58-90-2 0.0100 <0.0100
2.4,5-Trichlorophenol 95.95-4 0.0100 < 0.0100

2,4,6-Trichlorophenol 88-06-2 0.0100 <{.0100

2,4-Dichlorophenol 120-83-2 0.0100 <{.0100

2,4-Dimethylphenol 103-67-9 0.0100 < 0.0100

2,4-Dinitrophenol 51-28-5 0.0200 < 0.0200

2,4-Dinitrotoluene 121-14-2 0.0100 < 0.0100

2.6-Dichlorophenol 87-65-0 0.0100 < 0.0100

2,6-Dinitrotoluene 606-20-2 0.0100 < 0.0100

2-Acetylaminofluorene 53-96-3 0.0100 < 0.0100

2-Chloronaphthalene 91-58-7 0.0100 <0.0100

2-Chlorophenol 95-57-8 0.0100 <0.0100

2-MethylInaphthalene 91-37-6 0.0100 <0.0100

2-Methylphenol 95-48-7 0.0100 <0.0100

2-Naphthylamine 91-59-8 0.0100 <0.0100

. 2-Nitroaniline 88-74-4 0.0100 < 0.0100
2-Nitrophenol 88-75-5 0.0100 <0.0100
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All anahyses applicable to the CWA_ SDWA, and RCRA are performed in accordanee to NELAC protocols Pertinent sampling informarion is located on the atached COC, This report is provided for the exclusi e use of the addressee Privileges of
subsequent use of the mame of this company or any member of its stafF, or reproduction of this report in ion with the advertisemcnt, promotion or sale of any product or process, or in connection with the re-publication of this repont for any

purpose other than for the addressee will be granted only on conlact. This company aceepts no responsibility except for the dug performance of inspection and/or analysis in gocd faith and according 1o the rmles of the trade and of scicnce.




Lab Sample ID:  1110343-002A
Client Sample ID: R11-122 #2

Analyzed: 11/4/2011 1823h Extracted:  11/4/2011 1050h SPLP Prep Date: 11/3/2011 1700h
Units: mg/L

Dilution Factor: 1 CAS Reporting Analytical
American Wegt Compound Number Limit Result Qual
ANALYTICAL LABGRATORIES
2-Picoline 109-06-8 0.0100 <0.0100
3&4-Methylphenol 0.0100 <0.0100
3,3 -Dichlorobenzidine 91-94-1 0.0100 <0.0100
3,3"-Dimethylbenzidine 119-93-7 0.0100 <0.0100
463 West 3600 South  3-Methylcholanthrene 56-49-5 0.0100 <0.0100
Salt Lake City, UT 84115 3-Nitroaniline 99-09-2 0.0100 <0.0100
4,6-Dinitro-2-methylphenol 534-52-1 0.0100 <0.0100
4-Aminobiphenyl 92-67-1 0.0100 <(.0100
Phone: (801) 263-8636 4-Bromophenyl phenyl ether 101-55-3 0.0100 <0.0100
Toll Free: (888) 263-8686 4-Chloro-3-methylphenol 59-50-7 0.0100 <0.0100
Fax: (801) 263-8687 4-Chloroaniline 106-47-8 0.0100 <0.0100
i el Aa e e 4-Chlorophenyl phenyl ether 7005-72-3 0.0100 <0.01C0
4-Nitroaniline 100-01-6 0.0100 <0.0100
web: www.awal-labs.com  4-Nitrophenol 100-02-7 0.0100 <0.0100
5-Nitro-o-toluidine 99-55-8 0.0100 <0.0100
. 7,12-Dimethylbenz(a)anthracene 57-97-6 0.0100 < 0.0100
Kyle F. Gross  a,a-Dimethylphenethylamine 122-09-8 0.0100 <0.0100
Laboratory Director  Acenaphthene 83-32-9 0.0100 <0.0100
Acenaphthylene 208-96-8 0.0100 < 0.0100
Jose Rocha  Acetophenone 98-86-2 0.0100 <0.0100
QA Officer  alpha-Terpineol 98-55-3 0.0100 < 0.0100
Aniline 62-53-3 0.0100 < 0.0100
Anthracene 120-12-7 0.0100 <0.0100
Aramite 140-57-8 0.0100 <0.0100
Azobenzene 103-33-3 0.0100 <0.0100
Benz(a}anthracene 56-55-3 0.0100 <0.0100
Benzidine 92-87-5 0.0100 <0.0100
Benzo(a)pyrene 50-32-8 0.0100 <0.0100
Benzo(b)fluoranthene 205-99-2 0.0100 <0.0100
Benzo(g,h,i)perylene 191-24-2 0.0100 <0.0100
Benzo(k)fluoranthene 207-08-9 0.0100 <0.0100
Benzoic acid 65-85-0 0.0200 0.0354
Benzyl alcohol 100-51-6 0.0100 <0.0100
Bis(2-chloroethoxy)methane 111-91-1 0.0100 <0.0100
) Bis(2-chloroethyl) ether 111-44-4 0.0100 <(.0100
. Bis(2-chloroisopropyl) ether 108-60-1 0.0100 <0.0100
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All analyses applicable tothe CWA, SDWA, and RCRA are performed in accordance to NELAC protocols, Perminent sampling information is located on the attached COC. This report is provided for the exclusive use of the addressce Privileges of
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Ameri

ANALYTICA

C
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463 West 3600 South
Salt Lake City, UT 84115

Phone: (801) 263-8686
Toll Free: (888) 263-8686
Fax: (801) 263-8687

e-mail: awal@awal-labs.com

web: www.awal-labs.com

l Kyle F. Gross

Laboratory Director

Jose Rocha

QA Officer

Lab Sample ID:  11103545-002A
Client Sample ID: R11-122 #2

Analyzed: 11/4/2011 1825h Extracted:  11/4/2011 1050h
Units: mg/L

SPLP Prep

Date: 11/3/2011 1700k

Dilution Factor: 1 CAS Reporting Analytical
Compound Number Limit Result Qual
Bis(2-ethylhexyl) phthalate 117-81-7 0.0100 < 0.0100
bis(2-ethylhexyl)adipate 103-23-1 0.0100 <0.0100
Butyl benzyl phthalate 85-68-7 0.0100 <0.0100
Carbazole 86-74-8 0.0100 <0.0100
Chlorobenzilate 510-15-6 0.0100 <0.0100
Chrysene 218-01-9 0.0100 < 0.0100
Di-n-butyl phthalate 84-74-2 0.0100 <0.0100
Di-n-octyl phthalate 117-84-0 0.0100 <0.0100
Diallate (cis or trans) 2303-16-4 0.0100 <0.0100
Dibenz(a,h)anthracene 53-70-3 0.0100 <0.0100
Dibenzofuran 132-64-9 0.0100 <0.0100
Diethyl phthalate 84-66-2 0.0100 <0.0100
Dimethoate 60-51-5 0.0100 <0.0100
Dimethyl phthalate 131-11-3 0.0100 <0.0100
Dimethylaminoazobenzene 60-11-7 0.0100 <0.0100
Dinoseb 88-85-7 0.0100 <0.0100
Diphenylamine 122-39-4 0.0100 <0.0100
Disulfoton 298-04-4 0.0100 < 0.0100
Ethyl methanesulfonate 62-50-0 0.0100 <0.0100
Famphur 52-85-7 0.0100 <0.0100
Fluoranthene 206-44-0 0.0100 <0.0100
Fluorene 86-73-7 0.0100 < 0.0100
Hexachlorobenzene 118-74-1 0.0100 <0.0100
Hexachlorobutadiene 87-68-3 0.0100 < 0.0100
Hexachlorocyclopentadiene 77-47-4 0.0100 <0.0100
Hexachloroethane 67-72-1 0.0100 < 0.0100
Hexachlorophene 70-30-4 0.0100 <0.0100
Hexachloropropene 1888-71-7 0.0100 <0.0100
Indene 95-13-6 0.0100 < 0.0100
Indeno(1,2,3-cd)pyrene 193-39-3 0.0100 <{.6100
Isodrin 463-73-6 0.0100 <0.0100
Isophorone 78-59-1 0.0100 <0.0100
Isosafrole 120-58-1 0.0100 <0.0100
Kepone 143-50-0 0.0100 <0.0100
Methapyrilene 91-80-5 0.0100 <0.0100
Methyl methanesulfonate 66-27-3 0.0100 <0.0100
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All analyses applicable to the CWA, SDWA, and RCRA are performed in accordance to NELAC protocols. Pertinent sampling information is lecated on the attached COC. This report is provided for the exclusive use of the addresses, Privileges of
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American Wast

AHALYTICAL LABORATORIES

463 West 3600 South
Salt Lake City, UT 84115

Phone: (801) 263-8686
Toll Free: (888) 263-8686
Fax: (801) 263-8687

e-mail: awal@awal-labs.com

web: www.awal-labs.com

Kyle F. Gross

Laboratory Director

Jose Rocha

QA Officer

Lab Sample ID:  1110343-002A
Client Sample ID: R11-122 #2

Analyzed: 11/4/2011 1825h Extracted:  11/4/2011 1050h SPLP Prep Date: 11/3/2011 1700h
Units: mg/L
Dilution Factor: 1 CAS Reporting Analytical
Compound Number Limit Result Qual
n-Decane 124-18-3 0.0100 <0.0100
N-Nitrosodi-n-butylamine 924-16-3 0.0100 <0.0100
N-Nitrosodiethytamine 55-18-5 0.0100 <0.0100
N-Nitrosodimethylamine 62-75-9 0.0100 <0.0100
N-Nitrosodiphenylamine 86-30-6 0.0100 <0.0100
N-Nitrosodi-n-propylamine 621-64-7 0.0100 <0.0100
N-Nitrosomethylethylamine 10595-93-6 0.0100 < 0.0100
N-Nitrosomorpholine 59-89-2 0.0100 <0.0100
N-Nitresopiperidine 100-75-4 G.0100 <0.0100
N-Nitrosopyirolidine 930-55-2 0.0100 <0.0100
n-Octadecane 593-45-3 0.0100 <0.0100
Naphthalene 91-20-3 0.0100 <0.0100
Nitrobenzene 98-95-3 0.0100 <0.0100
Nitroquinoline-1-oxide 56-37-5 0.0100 <0.0100
0,0,0-Triethyl phosphorothioate 126-68-1 0.0100 <0.0100
o-Toluidine 95-53-4 0.0100 <0.0100
Parathion 56-38-2 0.0100 <0.0100
Methyl parathion 298-00-0 0.0100 <0.0100
Pentachlorobenzene 608-93-5 0.0100 <0.0100
Pentachloronitrobenzene 82-68-8 0.0100 <0.0100
Pentachlorophenol 87-86-5 0.0100 <0.0100
Phenacetin 62-44-2 0.0100 <0.0100
Phenanthrene 85-01-8 0.0100 <0.0100
Phenol 108-95-2 0.0100 <0.0100
Phorate 298-02-2 0.0100 <0.0100
Pronamide 23950-58-5 0.0100 <0.0100
Pyrene 129-00-0 0.0100 <0.0100
Pyridine 110-86-1 0.0100 < 0.0100
Quinoling 91-22-5 0.0100 <0.0100
Safrole 94-59-7 0.0100 <0.0100
Tetraethyl dithiopyrophosphate 3689-24-5 0.0100 <0.0100
Thionazin 297-97-2 0.0100 <0.0100
Surr: 2,4,6-Tribromophenol 118-79-6 10-159 85.9
Surr: 2-Fluorobiphenyl 321-60-8 10-124 42,7
Surr: 2-Fluorophenol 367-12-4 14-106 31.6
Surr: Nitrobenzene-ds 4165-60-0 10-18¢ 65.6
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All analyses applicable to the CWA, SDWA, and RCRA are performed in accordance 1o NELAC protocols. Pertinent sampling information is localed on the attached COC. This report is provided for the exclusive use of the addressce. Privileges of
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American West

ANALYTICAL LASQRATCRIES

463 West 3600 South
Salt Lake City, UT 84113

Phone: (801) 263-8686
Toll Free: (888) 263-8686
Fax: (801) 263-8687

e-mail: awal@awal-labs.com

web: www.awal-labs.com

Kyle F. Gross

Laboratory Director

Jose Rocha
QA Officer

All analyses applicable to the CWA, SDWA, and RCRA are performed in
subsequent use of the name of this cempany or any member of its staff, or reproduction of this report in

Lab Sample ID:  1110545-002A
Client Sample ID: R11-122 42

Analyzed: 11/4/2011 1825h Extracted:  11/4/2011 1050h SPLP Prep Date: 11/3/2011 1700h
Units: mg/L
Dilution Factor: 1 CAS Reporting Analytical
Compound Number Limit Result Qual
Surr: Phenol-d6 13127-88-3 10-122 22.3
Surr: Terphenyl-d14 1718-51-0 10-199 106

Reissue of a previously generated report. Information has been added, updated, or revised. Information herein supersedes that of previously

issued reports.

to NELAC p ls Pertinent ling infi

Report Date: 11/7/2011
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ORGANIC ANALYTICAL REPORT

. Client: IGES Contact: John Wallace
Project: Red Leaf ECOSHALE / 01109-013
Lab Sample ID:  11105435-003A
f et ¢ v Client E.Sample ID: R11-122 #3
anatyricar Lasonatonies  Collection Date:  10/27/2011 0940h
Received Date: 10/27/2011 1346h Method: SW38270D

Analytical Results SVOA SPLP by GC/MS Method 8270D/1312/3510C

Analyzed: 11/4/2011 1851h Extracted: 11/4/2011 1050h SPLP Prep Date: 11/3/2011 1700h
Units: mg/L
463 West 3600 South  Dilution Factor: 1

CAS Reporting Analytical
Salt Lake City, UT 84115 <Compound Number Limit Result Qual
1,1"-Biphenyl 92-52-4 0.0100 <0.0100
1,2,4,5-Tetrachlorobenzene 05-94-3 0.0100 < 0.0100
Phone: (801) 263-8686 1 2 4-Trichlorobenzene 120-82-1 0.0100 <0.0100
Toll Free: (888) 263-8686 | 2-Dichlorobenzene 95-50-1 0.0100 <0.0100
Fax: (801) 263-8687 1 3.53-Trinitrobenzene 99-35-4 0.0100 <0.0100
e-mail: awal@awal-labs.com 1 4-Naphthoquinone 130-15-4 0.0100 <0.0100
1,3-Dichlorobenzene 541-73-1 0.0100 <0,0100
web: wwvwawal-labs.com ) 3 pyoieohenzene 99-65-0 0.0100 <0.0100
1,4-Dichlorobenzene 106-46-7 0.0100 <0.0100
. Kyle F. Gross 1,4-Phenylenediamine 106-50-3 0.0100 <0.0100
1-Chloronaphthalene 90-13-1 0.0100 <0.0100
Laboratory Director
1-Methylnaphthalene 90-12-0 0.0100 <0.0100
Jose Rocha 1-Naphthylamine 134-32-7 0.0100 <0.0100
QA Officer 2,3 ,4,6-Tetrachlorophenol 58-90-2 0.0100 <0.0100
2.4,5-Trichlorophenol 95-95-4 0.0100 <0.0100
2,4,6-Trichlorophenol 88-06-2 0.0100 <0.0100
2,4-Dichlorophenol 120-83-2 0.0100 <0.0100
2,4-Dimethylphenol 105-67-9 0.0100 <0.0100
2.4-Dinitrophenol 51-28-5 0.0200 < (.0200
2,4-Dinitrotoluene 121-14-2 0.0100 <0.0100
2,6-Dichlorophenol 87-65-0 0.0100 <0.0100
2,6-Dinitrotoluene 606-20-2 0.0100 <0.0100
2-Acetylaminofluorene 33-96-3 0.0100 <0.0100
2-Chloronaphthalene 91-58-7 0.0100 <0.0100
2-Chlorophenol 95-57-8 0.0100 <0.0100
2-Methylnaphthalene 91-57-6 0.0100 <0.0100
2-Methylphenol 95-48-7 0.0100 <0.0100
2-Naphthylamine 91-59-8 0.0100 <0.0100
. 2-Nitroaniline 88-74-4 0.0100 <0.0100
2-Nitrophenol 88-75-5 0.0100 <0.0100
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Lab Sample ID:  11103545-003A
Client Sample ID: R11-122 #3

Analyzed: 11/4/2011 1851h Extracted:  11/4/2011 1050h SPLP Prep Date: 11/3/2011 L700h
Units: mg/L

Dilution Factor: | CAS Reporting Analytical
American Wegt Compound Number Limit Result Qual
AHALVTICAL LABORATGRIES
2-Picoline 109-06-8 0.0100 <0.0100
3&4-Methylphenol 0.0100 <0.0100
3.5 -Dichlorobenzidine 91-94-1 0.0100 <0.0100
3.3 -Dimethylbenzidine 119-93-7 0.0100 <0.0100
463 West 3600 South  3-Methylcholanthrene 36-49-3 0.0100 <0.0100
Salt Lake City, UT 84115 3-Nitroaniline 99-09-2 0100 <0.0100
4,6-Dinitro-2-methylphenol 534-52-1 0.0100 <0.0100
4-Aminobiphenyl 92-67-1 0.0100 <0.0100
Phone: (801) 263-8686 4-Bromopheny! phenyl ether 101-53-3 0.0100 <0.0100
Toll Free: (888) 263-8686 4-Chloro-3-methylphenol 59-50-7 0.0100 <0.0100
Fax: (801) 263-8687 4-Chloroaniline 106-47-8 0.0100 <0.0100
e-mail: awal@awal-labs com 4-Chloropheny! phenyl ether 7003-72-3 0.0100 <0.0100
4-Nitroaniline 100-01-6 0.0100 <0.0100
web: www.awal-labs.com  4-Nitrophenol 100-02-7 0.0100 <0.0100
5-Nitro-o-toluidine 99-55-8 0.0100 <0.0100
. 7,12-Dimethylbenz(a)anthracene 57-97-6 0.0100 <0.0100
Kyle F. Gross  a,a-Dimethylphenethylamine 122-09-8 0.0100 <0.0100
Laboratory Director  Acenaphthene 83-32-9 0.0100 <0.0100
Acenaphthylene 208-96-8 0.0100 <0.0100
Jose Rocha  Acetophenone 98-86-2 0.0100 <0.0100
QA Officer  alpha-Terpineol 98-35-5 0.0100 <0.0100
Aniline 62-33-3 0.0100 <.0100
Anthracene 120-12-7 0.0100 <0.0100
Aramite 140-57-8 0.0100 <0.0100
Azobenzene 103-33-3 0.0100 <0.0100
Benz(a)anthracene 36-55-3 0.0100 <0.0100
Benzidine 92-87-5 0.0100 <0.0100
Benzo(a)pyrene 50-32-8 0.0100 <0.0100
Benzo(b)fluoranthene 205-99-2 0.0100 <0.0100
Benzo(g,h,i)perylene 191-24-2 0.0100 <0.0100
Benzo{k)fluoranthene 207-08-9 0.0100 <0.0100
Benzoic acid 65-85-0 0.0200 0.0259
Benzyl alcohol 100-51-6 0.0100 <0.0100
Bis(2-chloroethoxy)methane 111-91-1 0.0100 <0.0100
Bis(2-chloroethyl) ether 111-44-4 0.0100 <0.0100
. Bis(2-chloroisopropyl) ether 108-60-1 0.0100 <0.0100
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Americ
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ANALYTICA

an We.gﬂé

LABORATQRIF

463 West 3600 South
Salt Lake City, UT 84115

Phone: (801) 263-8686
Toll Free: (888) 263-8686
Fax: (801) 263-8687

e-mail; awal@awal-labs.com

web: wwiwv.awal-labs.com

Kyle F. Gross

Laboratory Director

Jose Rocha

QA Officer

Lab Sample ID:  1110545-003A
Client Sample ID: R11-122 #3

Analyzed: 11/4/2011 1851h Extracted:  11/4/2011 1050h SPLP Prep DPate: 11/3/2011 1700h
Units: mg/L
Dilution Factor: 1 CAS Reporting Analytical
Compound Number Limit Result Qual
Bis(2-ethylhexyl) phthalate 117-81-7 0.0100 <0.0100
bis(2-ethylhexyl)adipate 103-23-1 0.0100 < 0.0100
Butyl benzyl phthalate 85-68-7 0.0100 <0.0100
Carbazole 86-74-8 0.0100 <0.0100
Chlorobenzilate 510-15-6 0.0100 <0.0100
Chrysene 218-01-9 0.0100 <0.0100
Di-n-butyl phthalate 84-74-2 0.0100 < 0.0100
Di-n-octy! phthalate 117-84-0 0.0100 <0.0100
Diallate (cis or trans) 2303-16-4 0.0100 < 0.0100
Dibenz(a,h}anthracene 53-70-3 0.0100 <0.0100
Dibenzofuran 132-64-9 0.0100 <0.0100
Diethyl phthalate 84-66-2 0.0100 <0.0100
Dimethoate 60-51-5 0.0100 < 0.0100
Dimethyl phthalate 131-11-3 0.0100 <0.0100
Dimethylaminoazobenzene 60-11-7 0.0100 <0.0100
Dinoseb 88-85-7 0.0100 < 0.0100
Diphenylamine 122-39-4 0.0100 <0.0100
Disulfoton 298-04-4 0.0100 <0.0100
Ethyl methanesulfonate 62-50-0 0.0100 <0.0100
Famphur 32-85-7 0.0100 <0.0100
Fluoranthene 206-44-0 0.0100 <0.0100
Fluorene 86-73-7 0.0100 <0.0100
Hexachlorobenzene 118-74-1 0.0100 <0.0100
Hexachlorobutadiene 87-68-3 0.0100 < 0.0100
Hexachlorocyclopentadiene 77-47-4 0.0100 < 0.0100
Hexachloroethane 67-72-1 0.0100 <0.0100
Hexachlorophene 70-30-4 0.0100 <0.0100
Hexachloropropene 1888-71-7 0.0100 <(.0100
Indene 93-13-6 0.0100 < 0.0100
Indeno(1,2,3-cd)pyrene 193-39-5 0.0100 < 0.0100
Isodrin 463-73-6 0.0100 <0.0100
Isophorone 78-39-1 0.0100 < 0.0100
Isosafrole 120-58-1 0.0100 < 0.0100
Kepone 143-50-0 0.0100 < 0.0100
Methapyrilene 91-80-3 0.0100 <0.0100
Methyl methanesulfonate 66-27-3 0.0100 <0.0100
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Analyzed: 11/4/2011 1851h Extracted:  11/4/2011 1050h SPLP Prep Date: 11/3/2011 1700h
Units: mg/L
Dilution Factor: 1 CAS Reporting Analytical
American Wesgt Compound Number Limit Result Qual
ANALYTICAL LABORATORIFS
n-Decane 124-18-3 0.0100 <0.0100
N-Nitrosodi-n-butylamine 924-16-3 0.0100 <0.0100
N-Nitrosodiethylamine 55-18-5 0.0100 <0.0100
N-Nitrosodimethylamine 62-75-9 0.0100 <0.0100
463 West 3600 South  N-Nitrosodiphenylamine 86-30-6 0.0100 <0.0100
Salt Lake City, UT 84115 N-Nitrosodi-n-propylamine 621-64-7 0.0100 <0.0100
N-Nitrosomethylethylamine 10595-95-6 0.0100 <0.0100
N-Nitrosomorpholine 59-89-2 0.0100 <0.0100
Phone: (801) 263-8686 N-Nitrosopiperidine 100-75-4 0.0100 <0.0100
Toll Free: (888) 263-8686 N-Nitrosopyrrolidine 930-35-2 0.0100 <0.0100
Fax: (801) 263-8687 n-Octadecane 593-43-3 0.0100 < 0.0100
c-mail: awal@awal-lzbs com Naphthalene 91-20-3 0.0100 <0.0100
Nitrobenzene 98-95-3 0.0100 <0.0100
web: www.awal-labs.com  Vitroguinoline-1-oxide 56-57-5 0.0100 <0.0100
0,0,0-Triethyl phosphorothioate 126-68-1 0.0100 <0.0100
. o-Toluidine 95-53-4 0.0100 <0.0100
Kyle F. Gross Parathion 56-38-2 0.0100 <0.0100
Laboratory Director Methyl parathion 298-00-0 0.0100 <0.0100
Pentachlorobenzene 608-93-3 0.0100 <0.0100
Jose Rocha  pentachloronitrobenzene 82-68-8 0.0100 <0.0100
QA Officer  Pentachlorophenol 87-86-5 0.0100 <0.0100
Phenacetin 62-44-2 0.0100 <0.0100
Phenanthrene 85-01-8 0.0100 <0.0100
Phenol 108-95-2 0.0100 <0.0100
Phorate 298-02-2 0.0100 <0.0100
Pronamide 23950-38-5 0.0100 <0.0100
Pyrene 129-00-0 0.0100 <0.0100
Pyridine 110-86-1 0.0100 <0.0100
Quinoline 91-22-5 0.0100 <0.0100
Safrole 94-59-7 0.0100 <0,0100
Tetraethyl dithiopyrophosphate 3689-24-5 0.0100 < 0.0100
Thionazin 297-97-2 0.0100 <0.0100
Surr: 2,4,6-Tribromophenol 118-79-6 10-159 90.4
Surr: 2-Fluorobiphenyl 321-60-3 10-124 40.5
Surr: 2-Fluorophenol 367-12-4 14-106 32.3
. Surr: Nitrobenzene-d3 4165-60-0 10-180 45.2

Lab Sample ID:  1110545-003A
Client Sample ID: R11-122 #3
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Lab Sample ID: 1110545-003A
Client Sample ID: R11-122 #3

. Analyzed: 11/4/2011 1851h Extracted; 11/4/2011 1050h SPLP Prep Date: 11/3/2011 1700h
Units: mg/L
Dilution Factor: 1 CAS Reporting Analytical
American West Compound Number Limit Result Qual
ANALYTICAL LABORATORIES
Surr: Phenol-d6 13127-88-3 10-122 25.2
Surr: Terphenyl-d14 1718-31-0 10-199 110

- Matrix spike recovery indicates matrix interference. The method is m control as indicated by the LCS.
Reissue of a previously generated repart. Inforniation has been added, npdated, or revised. Information herein supersedes that of previously

issuwed reports.
463 West 3600 South

Salt Lake City, UT 84115

Phone: (801) 263-8686
Toll Free: (888) 263-8686
Fax: (801) 263-8687

e-mail: awal@awal-labs.com

web: www.awal-labs.com

. Kyle F. Gross

Laboratory Director

Jose Rocha
QA Officer
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ORGANIC ANALYTICAL REPORT

Client: IGES Contact: John Wallace
Project: Red Leat ECOSHALE 7 01109-013

Lab Sample ID:  1110345-001A

Client Sample [D: R11-122 #1

Collection Date:  10/27/2011 0930h

American West

AHALYTICAL LABCRATORIES

Received Date: 10/27/2011 1346h Methad: SW8260C
Analytical Results VOAs SPLP 1312 List by GC/MS Method 8260C/5030C
Analyzed: 11/3/2011 0433h SPLP Prep Date:  10/28/2011 1600h

Units: mg/L
463 West 3600 South  Dilution Factor: 1

CAS Reporting Analytical
Salt Lake City, UT 84113 Compound Number Limit Result Qual

1,1,1,2-Tetrachloroethane 630-20-6 0.00200 < {.00200

1,1,1-Trichloroethane 71-35-6 0.00200 < 0.00200

Phone: (801) 263-8686  1,1,2,2-Tetrachloroethane 79-34-5 0.00200 <0.00200
Toll Free: (888) 263-8686  1,1,2-Trichloro-1,2,2-trifluoroethane 76-13-1 0.00200 < 0.00200
Fax: (801) 263-8687  ,1,2-Trichloroethane 79-00-3 0.00200 <0.00200
e-mail: awal@awal-labs.com  1,1-Dichloropropene 563-38-6 0.00200 <0.00200
1,1-Dichloroethane 75-34-3 0.00200 < 0.00200

web: www.awal-labs.com 4 | pyipioroethens 75-35-4 0.00200 <0.00200
1,2,3-Trichlorobenzene §7-61-6 0.00200 <0.00200

. Kyle F. Gross 1,2,3-Trichloropropane 96-18-4 0.00200 <0.00200
1,2,3-Trimethylbenzene 326-73-8 0.00200 <0.00200

N R P A Gt 120-82-1 0.00200 <0.00200
T 1,2,4-Trimethylbenzene 95-63-6 0.00200 <0.00200

QA Officer 1,2-Dibromo-3-chloropropane 96-12-8 0.00500 < 0.00500
1,2-Dibromoethane 106-93-4 0.00200 < 0.00200

1,2-Dichlorobenzene 93-50-1 0.00200 <0.00200

1,2-Dichloroethane 107-06-2 0.00200 <0.00200

1,2-Dichloropropane 78-87-3 0.00200 < 0.00200

1,3,5-Trimethylbenzene 108-67-8 0.00200 < 0.00200

1,3-Dichlorobenzene 541-73-1 0.00200 <0.00200

1.3-Dichloropropane 142-28-9 0.00200 <0.00200

1,4-Dichlorobenzene 106-46-7 0.00200 < 0.00200

1,4-Dioxane 123-91-1 0.0500 <0.0500

2,2-Dichloropropane 594-20-7 0.00200 <0.00200

2-Butanone 78-93-3 0.0100 <0.0100

2-Chloroethyl vinyl ether 110-75-8 0.00500 < 0.00500

2-Chlorotoluene 95-49-8 0.00200 < 0.00200

2-Hexanone 591-78-6 0.00500 < 0.00500

. 2-Nitropropane 79-46-9 0.00500 < 0.00500
4-Chlorotoluene 106-43-4 0.00200 < 0.00200
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Lab Sample ID:  [110545-001A
Client Sample ID: R11-122 #1
. Analyzed: 11/3/2011 0435h SPLP Prep Date:  10/28/2011 1600h
Units: mg/L
Dilution Factor: 1 CAS Reporting Analytical
American West Compeund Number Limit Result Qual
ANALYTICAL LARORATGRIES
4-TIsopropyltoluene 99-87-6 0.00200 <{.00200
4-Methyl-2-pentanone 108-10-1 0.00500 < 0.00500
Acetone 67-64-1 0.0100 0.0195
Acetonitrile 75-03-8 0.00500 0.0171
463 West 3600 South  Acrolein 107-02-8 0.00300 < 0.00500
Salt Lake City, UT 84115 Acrylonitrile 107-13-1 0.0100 <0.0100
Allyi chloride 107-05-1 0.00500 <0.00500
Benzene 71-43-2 0.00100 <(0.00100
Phone: (801) 263-8636 Benzyl chloride 100-44-7 0.00500 < 0.00500
Toll Free: (888) 263-8686 Bis{2-chloroisopropyl) ether 108-60-1 0.00500 <0.00500
Fax: (801) 263-8687 Bromobenzene 108-86-1 0.00200 < 0.00200
Arahaalgaalllasson Bromochloromethane 74-97-3 0.60200 < 0.00200
Bromedichloromethane 75-27-4 0.00200 <0.00200
e b A Ilabatcom Bromoform 73-25-2 0.00200 < 0.00200
Bromomethane 74-83-9 0.00500 < 0.00500
. Butyl acetate 123-86-4 0.00500 < 0.00500
Kyle F. Gross Carbon disulfide 75-15-0 0.00200 < 0.00200
Laboratory Director ~ Carbon tetrachloride 56-23-5 0.00200 <0.00200
Chlorobenzene 108-90-7 0.00200 < 0.00200
Jose Rocha  Chloroethane 75-00-3 0.00200 <0.00200
QA Officer  Chloroform 67-66-3 0.00200 <0.00200
Chloromethane 74-87-3 0.00300 <0.00300
Chloroprene 126-99-8 0.00200 < 0.00200
cis-1,2-Dichloroethene 156-39-2 0.00200 <0.00200
cis-1,3-Dichloropropene 10061-01-5 0.00200 <0.00200
Cyclohexane 110-82-7 0.00200 < 0.00200
Cyclohexanone 108-94-1 0.0500 <0.0500
Dibromochloromethane 124-48-1 (.00200 < 0.00200
Dibromomethane 74-95-3 0.00200 < 0.00200
Dichlorodifluoromethane 75-71-8 0.00200 < 0.00200
Ethyl acetate 141-78-6 0.0100 <0.0100
Ethyl ether 60-29-7 0.0100 <0.0100
Ethyl methacrylate 97-63-2 0.00200 <0.00200
Ethylbenzene 100-41-4 0.00200 < 0.00200
Hexachlorobutadiene 87-68-3 0.00200 <0.00200
. lodomethane 74-88-4 0.00500 <0.00500
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Lab Sample ID: 1110545-001A
Client Sample ID: R11-122 #1

Analyzed: 11/3/2011 0435h SPLP Prep Date:  10/28/2011 1600h
Units: mg/L
Dilution Factor: 1 CAS Reporting Analytical

American West Compound Number Limit Result Qual
ANALYTICAL LABORATORIES
Isobutyl afcohol 78-83-1 0.100 <0.100
Isopropyl acetate 108-21-4 0.0200 < 0.0200
Isopropyl alcohol 67-63-0 0.0250 <0.0250
Isopropylbenzene 98-82-8 0.00200 <0.00200
463 West 3600 South  m,p-Xylene 179601-23-1 0.00200 <0.00200
Salt Lake City, UT 84115 Methacrylonitrile 126-98-7 0.00500 <0.00500
Methyl Acetate 79-20-9 0.00500 <0.00500
Methyl methacrylate 80-62-6 0.00500 < {.00500
Phone: (801) 263-8686 Methyl tert-butyl ether 1634-04-4 0.00200 < 0.00200
Toll Free: (888) 263-8636 Methylcyclohexane 108-87-2 0.00200 < 0.00200
Fax: (801) 263-8687 Methylene chloride 75-09-2 0.00200 < 0.00200
e-mail: awal@awal-labs.com n-Ainyl acetate 628-63-7 0.00200 < 0.00200
n-Butyl alcohol 71-36-3 0.0500 < 0.0500
S el e o e nplbenEEne 104-51-8 0.00200 <0.00200
n-Hexane 110-54-3 0.00200 < 0.00200
n-Octane 111-65-9 0.00200 < 0.00200
. Kyle F. Gross n-Propylbenzene 103-65-1 0.00200 <0.00200
Laboratory Director Naphthalene 91-20-3 0.00200 <0.00200
o-Xylene 95-47-6 0.00200 <0.00200
Jose Rocha  Pentachloroethane 76-01-7 0.00500 <0.00500
QA Officer  Propionitrile 107-12-0 0.0250 <0.0250
Propyl acetate 109-60-4 0.00200 < (.00200
sec-Butylbenzene 135-98-8 0.00200 < 0.00200
Styrene 100-42-3 0.00200 < 0.00200
tert-Butyl alcohol 76-65-0 0.0200 < 0.0200
tert-Butylbenzene 98-06-6 0.00200 < 0.00200
Tetrachloroethene 127-18-4 0.00200 < 0.00200
Tetrahydrofuran 106-99-9 0.00200 < 0.00200
Toluene 108-88-3 0.00200 <0.00200
trans-1,2-Dichloroethene 156-60-3 0.00200 <0.00200
trans-1,3-Dichloropropene 10061-02-6 0.00200 < 0.00200
trans-1,4-Dichloro-2-butene 110-57-6 (.00200 < 0.00200
Trichloroethene 79-01-6 0.00200 <0.00200
Trichlorofluoromethane 75-69-4 0.00200 <0.00200
Vinyl acetate 108-03-4 0.0100 <0.0100
. Vinyl chloride 75-01-4 0.00100 <0.00100
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Lab Sample ID: 11105435-001A
Client Sample ID: R11-122 #1

Analyzed: 11/3/2011 0433h SPLP Prep Date:  10/28/2011 1600h
Units: mg/L
Dilution Factor: 1 CAS Reporting Analytical
American West Compound Number Limit Result Qual
ANALYTICAL LAHCAATYORIES
Surr: 1,2-Dichloroethane-d4 17060-07-0 77-144 109
Surr: 4-Bromoflucrobenzene 460-00-4 80-123 97.7
Surr: Dibromofluoromethane 1868-53-7 80-124 08.7
Surr: Toluene-d8 2037-26-5 80-125 102

463 West 3600 South  Reisswe of a previously generated report. Informaiion has been added, updated, or revised. Information herein supersedes that of previously
Salt Lake City, UT 84115 ‘sedreports

Phone: (801) 263-8686
Toll Free: (888) 263-8686
Fax: (801) 263-8687

e-mail: awal{@awal-labs.com

web: www.awal-labs.com

. Kyle F. Gross

Laboratory Director

Jose Rocha

QA Officer
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ORGANIC ANALYTICAL REPORT

. Client: IGES Contact: John Wallace
Project: Red Leat ECOSHALE / 01109-013
Lab Sample ID: 1110543-002A

5 Client Sample ID: R11-122 #2
American West i , g
anaryricar tasonatories  Collection Date:  10/27/2011 0933h

Received Date: 10/27/2011 1346h Method: SW8260C
Analytical Results VOAs SPLP 1312 List by GC/MS Method 8260C/5030C
Analyzed: 11/3/2011 0457h SPLP Prep Date:  10/28/2011 1600h

Units: mg/L
463 West 3600 South  Dilution Factor: 1

CAS Reporting Analytical
Salt Lake City, UT 84115 Compound Number Limit Result Qual

1,1,1,2-Tetrachlorocthane 630-20-6 0.00200 <0.00200

1,1,1-Trichloroethane 71-55-6 0.00200 <0.00200

Phone: (801)263-8686 1 1,2,2-Tetrachloroethane 79-34-5 0.00200 <0.00200
Toll Free: (888) 263-8686  1,1,2-Trichloro-1,2,2-trifluoroethane 76-13-1 0.00200 <0.00200
Fax:(801) 263-8687  1,1,2-Trichloroethane 79-00-5 0.00200 <0.00200
e-mail: awal@gawal-labs.com  1,1-Dichloropropene 563-38-6 0.00200 < 0.00200
1,1-Dichloroethane 75-34-3 0.00200 < 0.00200

web: www.awal-labs.com | picpioroethene 75354 0.00200 <0.00200
1,2,3-Trichlorobenzene 87-61-6 0.00200 <0.00200

. 1,2,3-Trichloropropane 96-18-4 0.00200 <0.00200

Kyle F. Gross

1,2,3-Trimethylbenzene 526-73-8 0.00200 <0.00200

s o i 120-82-1 0.00200 <0.00200
TeRaeha 1,2,4-Trimethylbenzene 935-63-6 0.00200 < 0.00200

QA Officer 1,2-Dibromo-3-chloropropane 36-12-8 0.00500 < 0.00500
1,2-Dibromoethane 106-93-4 0.00200 < 0.00200

1,2-Dichlorobenzene 93-50-1 0.00200 <0.00200

1,2-Dichloroethane 107-06-2 0.00200 <0.00200

1,2-Dichloropropane 78-87-5 0.00200 <0.00200

1,3,5-Trimethylbenzene 108-67-8 0.00200 < 0.00200

1,3-Dichlorobenzene 541-73-1 0.00200 < 0.00200

1,3-Dichloropropane 142-28-9 0.00200 < 0.00200

I, 4-Dichlorobenzene 106-46-7 0.00200 < 0.00200

1,4-Dioxane 123-91-1 0.0500 < 0.0500

2,2-Dichloropropane 594-20-7 0.00200 <0.00200

2-Butanone 78-93-3 0.0100 <0.0100

2-Chloroethyl vinyl ether 110-75-8 0.00500 < 0.00500

2-Chlorotoluene 95-49-8 0.00200 < 0.00200

2-Hexanone 591-78-6 0.00500 <0.00500

. 2-Nitropropane 79-46-9 0.00500 <0.00500
4-Chlorotoluene 106-43-4 0.00200 < 0.00200
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Lab Sample ID:  1110545-002A
Client Sample ID: R11-122 #2
. Analyzed: 11/3/2011 0457h SPLP Prep Date:  10/28/2011 1600h
Units: mg/L
Dilution Factor: 1 CAS Reporting Analytical
Americar Wegt Compound Number Limit Result Qual
ANALYTICAL LABORATORIES
4-Isopropyltoluene 99-87-6 0.00200 < 0.00200
4-Methyl-2-pentanone 108-10-1 0.00500 <0.00500
Acetone 67-64-1 0.0100 0.0178
Acetonitrile 75-05-8 0.00500 0.0134
463 West 3600 South  Acrolein 107-02-8 0.00500 <0.00500
Salt Lake City, UT 84115 Acrylonitrile 107-13-1 0.0100 <0.0100
Allyl chloride 107-05-1 0.00500 < 0.00500
Benzene 71-43-2 0.00100 <0.00100
Phone: (801) 263-8686 Benzyl chloride 100-44-7 0.00500 < 0.00500
Toll Free: (888) 263-8686 Bis(2-chloroisopropyl} ether 108-60-1 0.00500 <0.00500
Fax: (801) 263-8687 Bromobenzene 108-86-1 0.00200 <0.00200
A R Bromochloromethane 74-97-5 0.00200 <0.00200
Bromodichloromethane 75-27-4 0.00200 < 0.00200
e wallabarcem Bromoform 75-25-2 0.00260 < 0.00200
Bromomethane 74-83-9 0.00500 < 0.00500
. Butyl acetate 123-86-4 0.00500 < 0.00500
Kyle F. Gross Carbon disulfide 75-15-0 0.00200 < 0.00200
Laboratory Direcior  Carbon tetrachloride 56-23-5 0.00200 <0.00200
Chlorobenzene 108-90-7 0.00200 <0.00200
Jose Rocha  Chlovoethane 75-00-3 0.00200 <0.00200
QA Officer  Chloroform 67-66-3 0.00200 <0.00200
Clhiloromethane 74-87-3 0.00300 <0.00300
Chloroprene 126-99-8 0.00200 <0.00200
cis-1,2-Dichloroethene 136-59-2 0.00200 <0.00200
cis-1,3-Dichloropropene 10061-01-3 0.00200 <0.00200
Cyclohexane 110-82-7 0.00200 <0,00200
Cyclohexanone 108-94-1 0.0500 <0.0300
Dibromochloromethane 124-48-1 0.00200 < 0.00200
Dibromomethane 74-93-3 0.00200 <0.00200
Dichlorodifluoromethane 75-71-8 0.00200 < 0.00200
Ethyl acetate 141-78-6 0.0100 <0.0100
Ethyl ether 60-29-7 0.0100 <0.0100
Ethyl methacrylate 97-63-2 0.00200 <0.00200
Ethylbenzene 100-41-4 0.00200 < 0.00200
Hexachlorobutadiene §7-68-3 0.00200 < 0.00200
. Iodomethane 74-88-4 0.00300 <0.00500
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Lab Sample ID:  1110345-002A
Client Sample ID: R11-122 #2

Analyzed: 11/3/2011 0457h SPLP Prep Date:  10/28/2011 1600h
Units: mg/L
Dilution Factor: 1 CAS Reporting Analytical

American West Compound Number Limit Result Qual
AHALYTICAL LABORATORIES
Isobutyl alcehol 78-83-1 0.100 <0.100
Isopropyl acetate 108-21-4 0.0200 < 0.0200
Isopropyl alcohol 67-63-0 0.0250 <0.0250
Isopropylbenzene 98-82-8 0.00200 <0.00200
463 West 3600 South  m,p-Xylene 179601-23-1 0.00200 < {.00200
Salt Lake City, UT 84115 Methacrylonitrile 126-98-7 0.00500 < 0.00500
Methyl Acetate 79-20-9 0.00500 < 0.00500
Methyl methacrylate 80-62-6 0.00500 < 0.00500
Phone: (801) 263-8686 Methyl tert-butyl ether 1634-04-4 0.00200 < 0.00200
Toll Free: (888) 263-8686 Methylcyclohexane 108-87-2 0.00200 <0.00200
Fax: (801) 263-8687 Methylene chioride 75-09-2 0.00200 < 0.00200
iy e n-Amyl acetate 628-63-7 0.00200 < 0.00200
n-Butyl alcohol 71-36-3 0.0500 <0.0500
T N n-Butylbenzene 104-51-8 0.00200 < 0.00200
n-Hexane 110-54-3 0.00200 <0.00200
n-Octane 111-65-9 0.00200 <0.00200
. Kyle F. Gross n-Propylbenzene 103-65-1 0.00200 < (,00200
Laboratory Director MNaphthalene 91-20-3 0.00200 < 0.00200
o-Xylene 95-47-6 0.00200 < 0.00200
Jose Rocha  pentachloroethane 76-01-7 0.00500 <0.00300
QA Officer  Propionitrile 107-12-0 0.0250 <0.0250
Propyl acetate 109-60-4 0.00200 <0.00200
sec-Butylbenzene 135-98-8 0.00200 <0.00200
Styrene 100-42-5 0.00200 <0.00200
tert-Butyl alcohol 76-65-0 0.0200 < 0.0200
tert-Butylbenzene 98-06-6 0.00200 < 0.00200
Tetrachloroethene 127-18-4 (.00200 <0.00200
Tetrahydrofuran 109-99-9 0.00200 <0.00200
Toluene 108-88-3 0.00200 < 0.00200
trans-1,2-Dichloroethene 156-60-5 0.00200 < 0.00200
trans-1,3-Dichloropropene 10061-02-6 0.00200 < (.00200
trans-1,4-Dichloro-2-butene 110-37-5 0.00200 < (.00200
Trichloroethene 79-01-6 0.00200 <0.00200
Trichlorofluoromethane 75-69-4 0.00200 <0.00200
Vinyl acetate 108-05-4 0.0100 <0.0100
. Vinyl chloride 75-01-4 0.00100 <0.00100
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Lab Sample ID:  1110545-002A
Client Sample ID: R11-122 #2

. Analyzed: 11/3/2011 0457h SPLP Prep Date:  10/28/2011 160Ch
Units: mg/L
Dilution Factor: 1 CAS Reporting Analytical
American West Compound Numtber Limit Result Qual
ANALYTICAL LABORAYORIER
Surr: 1,2-Dichloroethane-d4 17060-07-0 77-144 111
Surr: 4-Bromofluorobenzene 460-00-4 80-123 98.0
Surr: Dibromofluoromethane 1868-53-7 80-124 99.2
Surr: Toluene-d8 2037-26-5 80-125 101

463 West 3600 South  Rejssue of a previously generated report. Information has been added, updated, or revised. Information herein supersedes that of previously
Salt Lake City, UT 84115 “suedreports.

Phone: (801) 263-8636
Toll Free: (888) 263-8686
Fax: (801) 263-8687

e-mail: awal@awal-labs.com

web: www.awal-labs.com

. Kyle F. Gross

Laboratory Director

Jose Rocha
QA Officer
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ORGANIC ANALYTICAL REPORT

. Client: IGES Contact: John Wallace
Project; Red Leaf ECOSHALE / 01109-013
Lab Sample ID:  1110543-003A

o Client Sample ID: R11-122 #3
American West ]
Anacvticar tanoratories  Collection Date:  10/27/2011 0940h

Received Date: 10/27/2011 1346h Method: SW8§260C
Analytical Results VOAs SPLP 1312 List by GC/MS Method 8260C/5030C
Analyzed: 11/3/2011 051%h SPLP Prep Date:  10/28/2011 160Ch
Units: mg/L
463 West 3600 South  Dilution Factor: 1 CAS Reporting Analytical
Salt Lake City, UT 84115 Compound Number Limit Result Qual
1,1,1,2-Tetrachlorocthane 630-20-6 0.00200 <{.00200
1,1,1-Trichloroethane 71-55-6 0.00200 < 0.00200
Phone: (801) 263-8686 | | 2 2-Tetrachlorocthane 79-34-5 0.00200 < 0.00200
Toll Free: (888) 263-8686 1 | 2-Trichloro-1,2,2-trifluoroethane 76-13-1 0.00200 <0.00200
Fax: (801) 263-8687  1,1,2-Trichlorcethane 79-00-3 0.00200 <0.00200
e-mail: awal@awal-labs.com 1, 1-Dichloropropene 563-58-6 0.00200 < (.00200
1,1-Dichloroethane 75-34-3 0.00200 < 0.00200
web: www.awal-labs.com 3 pyichiaroethene 75-35-4 0.00200 <0.00200
1,2,3-Trichlorobenzene 87-61-6 0.00200 < 0.00200
. 1,2,3-Trichloropropane 96-18-4 0.00200 <0.00200
Kyle F. Gross
1,2,3-Trimethylbenzene 526-73-8 0.00200 < 0.00200
Laboratory Director
1,2,4-Trichlorobenzene 120-82-1 0.00200 <0.00200
Jose Rocha 1,2,4-Trimethylbenzene 95-63-6 0.00200 < 0.00200
QA Officer 1,2-Dibromo-3-chloropropane 96-12-8 0.00500 <0.00500
1,2-Dibromoethane 106-93-4 0.00200 <0.00200
1,2-Dichlorobenzene 95-50-1 0.00200 <0.00200
1,2-Dichloroethane 107-06-2 0.00200 <0.00200
1,2-Dichloropropane 78-87-5 0.00200 <0.00200
1,3,5-Trimethylbenzene 108-67-8 0.00200 < 0.00200
1,3-Dichlorobenzene 541-73-1 0.00200 <0.00200
1,3-Dichloropropane 142-28-9 0.00200 <0.00200
1,4-Dichlorobenzene 106-46-7 0.00200 < 0.00200
1,4-Dioxane 123-91-1 0.0500 <0.0500
2,2-Dichloropropane 594-20-7 0.00200 <0.00200
2-Butanone 78-93-3 0.0100 <0.0100
2-Chloroethyl vinyl ether 110-75-8 0.00500 < 0.00500
2-Chlorotoluene 95-49-8 0.00200 <0.00200
2-Hexanone 391-78-6 0.00500 <0.00500
2-Nitropropane 79-46-9 0.00500 < 0.00500
. 4-Chlorotoluene 106-43-4 0.00200 <0.00200
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purpose other than for the addressee will be granted only on contact, This compary accepts no responsibility except for the due performance of inspection and/or analysis in good faith and according to the rales of the trade and ol scicnes




Lab Sample ID:  1110545-003A
Client Sample ID: R11-122 %3

Analyzed: 11/3/2011 051%h SPLP Prep Date:  10/28/2011 1600h
Units: mg/L
Dilution Factor: 1 CAS Reporting Analytical

American West Compound Number Limit Result Qual
ANALYTICAL LADORATORIES
4-Tsopropyltoluene 99-87-6 0.00200 < 0.00200
4-Methyl-2-pentanone 108-10-1 0.00500 < 0.00500
Acetone 67-64-1 0.0100 0.0152
Acetonitrile 75-05-8 0.00500 0.0118
463 West 3600 South  Acrolein 107-02-8 0.00500 <0.00500
Salt Lake City, UT 84115 Acrylonitrile 107-13-1 0.0100 <0.0100
Allyl chloride 107-05-1 0.00500 < 0.00500
Benzene 71-43-2 0.00100 <0.00100
Phone: (801) 263-8686 Benzyl chloride 100-44-7 0.003C0 <0.00500
Toll Free: (888) 263-8686 Bis(2-chloroisopropyl) ether 108-60-1 0.00500 < 0.00500
Fax: (801) 263-8687 Bromobenzene 108-86-1 0.00200 < 0.00200
¢-mail: awal@awal-Jabs.com Bromochloromethane 74-97-5 0.00200 < 0.00200
Bromodichloromethane 75-27-4 0.00200 < 0.00200
e e e v, 75-25-2 0.00200 < (0.00200
Bromomethane 74-83-9 0.00500 < 0.00300
Butyl acetate 123-86-4 0.00500 < 0.00500
. Kyle F. Gross  Carbon disulfide 75-15-0 0.00200 < 0.00200
Laboratory Director ~ Carbon tetrachloride 56-23-5 0.00200 <0.00200
Chlorobenzene 108-90-7 0.00200 <0.00200
Jose Rocha  Chloroethane 75-00-3 0.00200 <0.00200
QA Officer  Chloroform 67-66-3 0.00200 < 0.00200
Chloromethane 74-87-3 0.00300 <0.00300
Chloroprene 126-99-8 0.00200 <0.00200
cis-1,2-Dichloroethene 156-39-2 0.00200 < 0.00200
cis-1,3-Dichloropropene 10061-01-5 0.00200 <0.00200
Cyclohexane 110-82-7 0.00200 < 0.00200
Cyclohexanone 108-94-1 0.0500 <0.0500
Dibromochloromethane 124-48-1 0.00200 < 0.00200
Dibromomethane 74-95-3 0.00200 < 0.00200
Dichlorodifluoromethane 75-71-8 0.00200 < 0.00200
Ethyl acetate 141-78-6 0.0100 <0.0100
Ethyl ether 60-29-7 0.0100 <0.0100
Ethyl methacrylate 97-63-2 0.00200 <0.00200
Ethylbenzene 100-41-4 0.00200 <0.00200
Hexachlorobutadiene 87-68-3 0.00200 <0.00200
. lodomethane 74-88-4 0.00500 <0.00500
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subscquent use ofthe name of this company of any menber of its staff, or reproduction of this report in connection with the advertisement, promotion or sale of any pmduc! oF Process, o in ion with the blication of this report for any
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Lab Sample ID:  1110545-003A
Client Sample ID: R11-122 #3

Analyzed: 11/3/2011 051%9h SPLP Prep Date:  10/28/2011 1600h
Units: mg/L
Ditution Factor: 1 CAS Reporting Analytical

American West Compound Number Limit Result Qual
ANALYTICAU LABORATGRIFS
Isobutyl alcohol 78-83-1 0.100 <0.100
Isopropyl acetate 108-21-4 0.0200 <0.0200
Isopropyl alcohol 67-63-0 0.0230 < 0.0230
Isopropylbenzene 98-82-8 0.00200 < 0.00200
463 West 3600 South  m,p-Xylene 179601-23-1 0.00200 <{.00200
Salt Lake City, UT 84115 Methacrylonitrile 126-98-7 0.00500 <0.00500
Methyl Acetate 79-20-9 0.00500 < 0.00500
Methyl methacrylate 80-62-6 0.00500 < 0.00500
Phore: (801) 263-8686 Methyl tert-butyl ether 1634-04-4 0.00200 < 0.00200
Toll Free: (838) 263-8686 Methylcyclohexane 108-87-2 0.00200 < 0.00200
Fax: (801) 263-8687 Methylene chloride 75-09-2 0.00200 <0.00200
c-mail; awal @awal-abs com n-Amyl acetate 628-63-7 0.00200 <0.00200
n-Butyl alcohol 71-36-3 0.0500 <0.0500
T T e 1 T — n-Butylbenzene 104-31-8 0.00200 < (.00200
n-Hexane 110-54-3 0.00200 <0.00200
. n-Octane 111-65-9 0.00200 < 0.00200
Kyle F. Gross n-Propylbenzene 103-65-1 0.00200 <0.00200
Laboratory Director Naphthalene 91-20-3 0.00200 < 0.00200
0-Xylene 935-47-6 0.00200 < 0.00200
Jose Rocha  pentachloroethane 76-01-7 0.00500 <0.00500
QA Officer  Propionitrile 107-12-0 0.0250 < 0.0250
Propyl acetate 109-60-4 0.00200 <0.00200
sec-Butylbenzene 135-98-8 0.00200 < 0.00200
Styrene 100-42-5 0.60200 < 0.00200
tert-Butyl alcohol 76-65-0 0.0200 < 0.0200
tert-Butylbenzene 98-06-6 0.00200 <0.00200
Tetrachloroethene 127-18-4 0.00200 <0.00200
Tetrahydrofuran 109-99-9 0.00200 <0.00200
Toluene 108-88-3 0.00200 <0.00200
trans-1,2-Dichloroethene 156-60-5 0.00200 < 0.00200
trans-1,3-Dichleropropene 10061-02-6 0.00200 <0.00200
trans-1,4-Dichloro-2-butene 110-37-6 0.00200 <0.00200
Trichloroethene 79-01-6 0.00200 < 0.00200
Trichloroflucromethane 75-69-4 0.00200 <0.00200
Vinyl acetate 108-05-4 0.0100 <0.0100
. Vinyl chloride 75-01-4 0.00100 <0.00100
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purposs other than for the addressee will be granted only on contact. This comupany aceepts no responsibility except far the due performance of inspection and/or analy sis in good faith and according %o the rules of the trade and of science,




Lab Sample ID:  1110545-003A
Client Sample ID: R11-122 #3

Analyzed: 11/3/2011 051%h SPLP Prep Date:  1(/28/2011 1600h
Units: mg/L
Dilutien Factor: 1 CAS Reporting Analytical

American West Compound Number Limit Result Qual
ANALYTICAL LABORATORIES

Surr: 1,2-Dichloroethane-d4 17060-07-0 77-144 112

Surr: 4-Bromofluorobenzene 460-00-4 80-123 99.1

Surtr: Dibromofluoromethane 1868-53-7 80-124 99.2

Surr: Toluene-d§ 2037-26-5 80-125 99.4

463 West 3600 South  pejssne of a previousty generated report. Informaiton has been added, updated, or revised. Information herein supersedes that of previously
Salt Lake City, UT 84115 ssved reports.

Phone: (801) 263-8686
Toll Free: (888) 263-8686
Fax: (801) 263-8687

e-mail: awal@awal-labs.com

web: www.awal-labs.com

. Kyle F. Gross

Laboratory Director

Jose Rocha
QA Officer
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Memo

4153 South 300 West

Salt Lake City, UT 84107
(801) 270-9400 Telephone
(801) 270-9401 FAX

Attention: Info: File: 01109-013

Redleaf SPLP Testing
Pat Noteboom - AWAL

From: John F. Wallace, P.E.
pate: QOctober 27, 2011
subject: SPLP Testing Requirements

Pat,

Please find accompanying this request, 3 samples identified as R11-122 210 day run #1, 2 & 3.
Please perform the following tests on each of the samples in accordance with all applicable EPA methods.

. Samples were taken the morning of 10/27/11 between 9:3¢ and 10:00 am as indicated on the accompanying
COC.

SPLP analyses as follows-
Three discrete samples will be developed for Synthetic Precipitation Leaching Procedure analysis (SPLP, EPA

Method 1312). Asrequested by the State WQD, leachate developed from each of the three samples tested will
be analyzed for the following suite of constituents:

¢ General Chemistry: pH, total dissolved solids (TDS), major ions including Ca, CL K, Mg, Na, SO,
and alkalinity;

- -~
¢ Organics: ﬂgtal organic carbon, oil and grease, volatile organic compounds (Complete VOC List) and
semi-volafile organic compounds (Complete SVOC List);

» Metals: Ag, As, B Ba, Bg, Cd, Cr, Cu, Fe, Hg, Li, Pb, Mn, Mo, Ni, Sb, Se, Sn, T(Thalium), V, Zn;
and Ffuwﬁa‘s&. 7 'l *
e Miscellaneous: Nltl'aj;e + nitrite, flrormeland strontium

Results will be directed to Mr. James Holtcamp, Esq. in order to maintain attorney client
privilege for the data at the following:

Holland & Hart, LLP
60 East South Temple, Suite 2000
Salt Lake City, UT 84111  Ph—801-799-5847 Email — jholtcamp@hollandhart.com

Please rush testing so that results will be available by next Wednesday 11/2/11. As always, call
with any questions.

. Regards,
7

/’WTL By An"'l[} —
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RECLAMATION COVER PERFORMANCE MONITORING
RED LEAF RESOURCES

Background

The Red Leaf Resources Eco Shale Mining Project uses heat to extract kerogen deposits
from sedimentary shale deposits. The mining process consists of the simultaneous mining
of the oil shale and the creation of the heating capsules. Once enough overburden is
removed from the mine to create a capsule, an impermeable liner is placed on the bottom
of the capsule to prevent impacts to groundwater and the surrounding ecosystem.
Collection pipes are placed along the bottom of the capsule. The mined material is placed
above the collected pipes, followed by a series of heating pipes to heat the material to
extract the kerogen. The mined material and heating pipes will be incrementally stacked
on top of each other in the heating capsules. The heating rods heat the material to volatize
the kerogen deposits into gas and melt the kerogen into liquid which flows through the

collection pipes to a central location to eventually undergo further processing.

A second layer of capsules will be constructed on top of the first layer, once cooling has
occurred. Capsules are 500° wide by 900° long. The capsules will be reclaimed
immediately once the kerogen liquid and gas deposits are extracted from the second
layer, and the capsules have cooled and settled, The capsule reclamation and mining
activities will occur simultaneously throughout the site. The final cover on the capsules
consists of a low permeability bentonite amended soil (BAS) cap overlain by a layer of
overburden and a vegetated soil layer. This is a common form of a closure cap designed
to minimize the potential for infiltration into the capsules with precipitation running off

of the cap or being removed by evapotranspiration (ET) from the vegetated cover.

ReD LEAF HELP MODELING
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The performance of the designed cap was evaluated using the Hydrologic Evaluation of
Landfill Performance (HELP) model V 3.07' (Schroeder et al., 1994). The HELP model
is widely used in evaluating landfill cap and liner performance. The cap was modeled as
designed, with the cap design being described more fully in the application. This text
summarizes the pertinent features of the capsule design, the parameters needed for the

HELP model, the basis for the parameters used, and the model results.

Closed Capsule Size and Description

The closed capsules are 500" wide and 900’ long with a surface area of approximately
10.3 acres. The capsules are independently closed so the modeling evaluation was for a
representative single capsule. Each capsule has 8 layers with the upper three being the

BAS cap, overburden layer, and growth layer. The 8 layers are shown on Table 1.

. Table 1. Model Layers
Model Thickness
Layer Represenis {feet) Notes
1| topsail 1| Top 12 inches of stripped material. Scarified to
alleviate compaction
2 | overburden layer 2 | stripped material from 12 to 36 inches below topsoil in
areas where vegetation is dominated by grasses and
shrubs
3 | BAS cap 3 | Low permeability cap
4 | gravel insulation 13 | High permeability
layer
5 | spent ore layer 61 | Spent oil shale
6 | gravel insulation 13
layer High permeability
7 | Steel Plate 0.01 | Qil collection system
8 | BAS liner 3 | Low permeability liner

The capsules have a cap, sides, and liner consisting of BAS with an in situ permeability
of 1x1077 ecm/sec or less. Model layers 3 and 8 are of this material. The gravel insulation

layers will be higher conductivity material. The spent oil shale is represented with a

. ' Available at htip://el.erdc.usace. army.mil/products.cfin? Topic=model & Type=landfill
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moderate conductivity material. The BAS cap will be covered and protected with at least
a 2 ft thick layer of overburden material from the site which is model layer 2. The

overburden will be overlain by a 1 fi thick layer of soil which is model layer 1.

The overburden and soil will be gathered during the stripping portion of site preparation
with the soil being the top 12 inches and primarily a silty loam. The overburden will be a
lift of up to 2 feet of suitable cover (subsoil and overburden) below the soil where the
vegetation is dominated by grasses and shrubs. The cover will be compacted from
equipment during the spreading operation. Compaction in the soil will be alleviated by

scarification using ripper shanks on a grader.

Site Weather Data

The water budget for the capsule cap is strongly influenced by the weather regime and
growing season at the site. Four types of weather data are required:

a. Evapotranspiration

b. Precipitation

¢. Temperature

d. Solar Radiation
There are a number of cities with weather data available in the HELP model. The nearest
cities to the site are Grand Junction, CO, Salt Lake City UT, Pocatello ID, and Lander,
WY. The HELP model can generate from 1 to 100 years of data stochastically for
selected locations using a synthetic weather generator. The program can improve the
statistical characteristics of the resulting daily values by using site specific mean monthly
values. There is a 15 year history of weather data for the Upper Sand Wash RAWS
meteorological station located approximately 5.2 miles NW (at N 39° 42” 49 West 109°
26’ 46” with and elevation of 6,300 ft) from the site with a similar altitude and
topography as the Red Leaf site (Hatch, 2010). This 15-year history was used with the

synthetic weather generator to generate the input weather data from the HELP model.

RED LEAF HELP MODELING
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The data analysis period of reference data from this site is 15 years from June 1, 1995, to
June 30, 2010. Site specific data for precipitation, elevation, temperature, relative
humidity, and latitude were used in the generation of the synthetic data sets. Site specific
parameters and default parameters for the four cities are shown in Tables 2 through 4.

Table 2. General Parameters

Salt
Red Grand
Parameter Leaf Gl La_|ke Junction, Lander,
Site Idaho City, co WYy
Utah
latitude 30.66 42.55 40.76 39.07 | 42.8
Growing season start day 124 132 117 109 136
Growing season end day 243 275 289 293 272
Growing season length
(days) 119 143 172 184 136
Average wind speed (mph) 4.9 10.2 8.8 8.1 6.9
First quarter relative humidity 59.8% 70.0% 67.0% 60.0% 60.0%
Second quarter relative
humidity 37.6% 52.0% 48.0% 36.0% 50.0%
Third quarter relative
humidity 37.2% 43.0% 39.0% 36.0% 41.0%
Fourth quarter relative
humidity 55.2% 65.0% 65.0% 57.0% 59.0%
Elevation (not from HELP) 8,414 4,462 4,327 4,593 5,358
Maximum Leaf Area [ndex
(LAD 1.6 1.6 1.6 1.6 105}
Table 3. Mean Monthly Precipitation (inches)
Salt
Red Grand
Month Leaf Rapaiallc; que Junction,
Site Idaho City, co
Utah
January 0.3 1.13 35 0.64
February 0.4 0.86 1.33 0.54
March 06 0.94 1.72 0.75
April 0.9 1.16 2.21 0.71
May 0.6 1.2 1.47 0.76
June 0.8 1.06 0.97 0.44
July 0.7 0.47 0.72 0.47
August 3 0.6 0.92 0.91
September 1.6 0.65 0.89 0.7
October 1.1 0.92 1.14 0.87
November 0.4 0.91 1.22 0.63
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Salt
Red Grand
Month Leaf Pocatello, La.\ke Junction,
Site ldaho City, co
Utah
December 0.3 0.96 N3 0.58
Total 9.0 10.86 15.31 8.00

1. Lander, WY monthly precipitation data not available in HELP model
2. Red Leaf site data from Upper Sand Wash station

Table 4. Mean Monthly Temperature (Fahrenheit)

Salt

Month E::f Pocatello, La'\ke Jl.(l;nr:tli‘gn, Lander,
Site Idaho City, co wy

Utah
January 25 7 23.8 286 | 25.5 19.6
February 29.0 29.5 4.1 | 33.5 257
March 38.2 35.5 40.7 41.9 32.1
April 45.9 44.6 49.2 51.7 42.3
May 56.4 54.0 58.8 62.1 52.6
June 65.9 62.5 68.3 72.3 62.3
. July 73.9 71.2 77.5 78.9 70.8
August 70.0 68.9 74.9 75.9 68.6
September 60.4 59.2 65.0 67.1 58.3
October 47.9 48.1 53.0 54.9 46.8
November 35.5 352 39.7 39.6 30.8
December 246 26.6 30.3 28.3 23.2
Mean Annual 477 46.6 51.7 526 44 4

1. Red Leaf site data from Upper Sand Wash station

Evapotranspiration

Site specific values for evapotranspiration shown in Table 2 were used. The growing
season for the Vernal area is listed as 119 days by the USBR Central Utah Project —
Vernal Unit and Vernal Chamber of Commerce. The HELP documentation states the
start of the growing season for grasses in the Julian date is when the normal mean daily
temperature rises above 50 to 55 degrees Fahrenheit and ends when it falls below this
range with cooler climates having a start and end at lower temperatures. Based on the
site average monthly temperatures, higher late summer precipitation, and constrained by

the 119 days the start of the growing season was set to June 1 (152) and ended September

RED LEAF HELP MODELING
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28 (271). The evaporative zone depth was set to 36 inches for the reclaimed case with
vegetation and 18 inches for the bare soil case, based on the silty loam nature of the
topsoil. The maximum leaf area index was set to zero for the bare soil case and 1.6 for
the reclaimed case. The 1.6 represents a mixture of poor and fair grass stands and is

suggested by the HELP model based on the shorter growing season.

Precipitation

The site has approximately 9 inches of precipitation yearly with the largest amounts of
precipitation occurring in August through October. The closest match for the
precipitation volumes and pattern of lower winter precipitation and higher precipitation in
late summer is Grand Junction, Colorado as shown in Table 3. Grand Junction also
provides the closest match for relative humidity for the four quarters with an average

difference of 0.2% and a maximum difference of -1.8% for the fourth quarter.
Site specific values of mean monthly precipitation were used with the Grand Junction,
CO coefficients to generate 30 years of daily precipitation. Table 5 compares the

synthetic mean monthly precipitation to the site data.

Table 5. Mean Monthly Precipitation — Site and Model

Red
Month Leaf HELP

Site
January 0.3 0.27
February 0.4 0.37
March 0.6 0.57
April 0.9 0.99
May 0.6 0.57
June 0.8 0.75
July 0.7 0.65
August 1.3 1.31
September 1.6 1.35
October 1.1 1.29
November 0.4 0.53
December 0.3 0.26
Total 9.0 8.91

RED LEAF HELP MODELING
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Temperature

The nearest match for temperature is Pocatello, ID with cold winters and maximum mean
monthly temperatures in the low 70s during the summer as shown in Table 4. Site
specific values of mean monthly temperature were used with the Pocatello, ID

coefficients to generate 30 years of daily temperatures.
Saolar Radiation
The site specific latitude was used with the Pocatello, ID coefficient to generate 30 years

of daily solar radiation values.

Capsule Lavers and Parameters

The capsule cap has three elements as previously described. This section describes the
layers in more detail, the associated HELP model parameters, and basis for the
parameters used. Default HELP model parameters for the various soil characteristics

were used when possible. This is summarized in Table 6.

The soil and overburden are silty loam from the site and the soil from 1 to 3 feet below
the ground surface as noted in the capsule description section. For modeling purposes
these were represented as silty sands with the overburden layer being less permeable than
the soil. The BAS layers were represented as barrier soils with low hydraulic
conductivity. The gravel insulation layers were represented as permeable gravels. The
spent ore layer was represented as a moderate permeability, finer material and the steel

plate as an essentially impermeable membrane liner.

RED LEAF HELP MODELING
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Model Execution

The HELP model was run for 30 years for a variety of climatic, soil, and design data to
examine the potential cap performance for a range of potential conditions. The base
model simulation was for a vegetated landfill cap as designed. This model was run using

synthetic data sets described previously.

Sensitivity model runs were then conducted for:
1. Bare landfill (non-vegetated)
2. Increased precipitation to 150% of historical.

3. Lower Leaf Area Index (LAI)
Model Results

The model output is summarized in Table 7. The HELP model was run to evaluate the
potential for moisture penetration through the BAS layer into the capsule where it could
have the potential to infiltrate the spent shale. The HELP model assumes that any soil
barrier such as the BAS layer is at full saturation. Leakage is modeled as saturated

Darcian flow and is assumed to occur only as long as there is head on the surface of the

liner.

Table 7. Model Results

Average Annual Totals (inches) for Years 1 through 30
Percolation Average Head
Scenario Precip | Runoff | ET through Layer 3 on Layer 3

Base Reclaimed Case 8.90 | 0.000| 8.880 0.006 0.001
Non-vegetated Case | 890| 0.071| 8468/ 0.263 0.293
Increased Precipitation
(150%) 13.37 | 0.016 | 13.128 0.158 0242
Lower LAl (1.2) 8.90 0.000 | 8.861 0.007 0.001

1. Model input and output files available on request
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The average annual totals for percolation through the BAS liner and average head on the
liner are shown in Table 7 for the modeled scenarios. This shows minimal head on the
top of Layer 3 and percolation through layer 3 of less than 0.01 inches per year for the
base vegetated case. The bare cover allowed 0.34 inches of infiltration per year with the
unrealistic assumption that the vegetation was not established at the site for 30 years. A
50% increase in mean monthly precipitation for the vegetated cover predicted infiltration
of 0.16 inches per year. The infiltration is a function of the precipitation and average
head on layer 3. These vary over time with over half of the years having an average head
of 0.000 inches on layer 3. This simulation shows the ability of the cover to handle much
wetter years than average. The vegetated cover with a lower LAT showed very similar

performance to the base case.

Based on these model results, the designed capsule cap and ET cover provides adequate
control on infiltration into the capsules for the vegetated cover case using the design
parameters. Even for 30 years of bare cover or very wet years the HELP model predicts

minimal infiltration into the capsule for these extreme conditions.
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