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1.0 INTRODUCTION
1.1  Terms of Reference

This design report presents the updated design of the Tailings Storage Facility (TSF) to manage tailings
discharged from the Shootaring Canyon Uranium Mill.

Uranium One Utah, Inc. (Uranium One) is submitting this design report to the State of Utah Department
of Environmental Quality, Division of Radiation Control (DRC) to support the amendment of the present
license UT-0900480 from Standby to Operational status. This report has been prepared for Uranium One
by Tetra Tech, Inc. (Tetra Tech).

The previous design report was submitted to DRC by Plateau Resources, Ltd and Hydro-Engineering,
LLC as part of a Tailings Management Plan (TMP) in 2007 (Hydro-Engineering, LLC, 2005a). This
submittal amends the plans previously submitted to the DRC and U. S. Nuclear Regulatory Commission
(NRC) for the Shootaring Canyon Uranium Mill site. This Design Report incorporates changes to the
original Tailings Management Plan due to design optimization, as well as addresses comments from DRC
provided in Interrogatories Round 2 and 3 (URS, 2007, 2008).

1.2 Document Organization

It is our understanding that the required documents for submittal to DRC for license UT-0900480 for the
Shootaring Canyon TSF are as listed below:

e RESPONSES TO INTERROGATORIES
REVISED TAILINGS MANAGEMENT PLAN
Vol. 1 Tailings Storage Facility Design Report (this submittal)
Vol. 2 Tailings Storage Facility Operations Plan
Vol. 3 Tailings Storage Facility Environmental Compliance Monitoring Plan

e CONSTRUCTION DOCUMENTS
Vol. 1 Tailings Storage Facility Design Drawings
Vol. 2 Tailings Storage Facility Technical Specifications (includes Quality
Assurance/Quality Control Plan)
Vol. 3 Tailings Storage Facility Health and Safety Plan for Construction

e REVISED ENVIRONMENTAL REPORT
o STANDARD OPERATING PROCEDURES (previously submitted)
e REVISED TAILINGS RECLAMATION PLAN

Vol. 1 Tailings Storage Facility Reclamation Plan

Vol. 2 Tailings Storage Facility Reclamation Cost Estimate

The revised Tailings Management Plan will be comprised of three report volumes which will include this
Design Report, an Operations Plan, and a Compliance Monitoring Plan. The Operations Plan and
Compliance Monitoring Plan will be submitted at a later date.

1.3  Project Summary

The site is located in a sparsely populated area of Garfield County, southeastern Utah, approximately 50
miles south of Hanksville, Utah, 14 miles north of Bullfrog Basin Marina, and 2 miles west of Utah State

Shootaring Canyon Design Report 1
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Highway 276 (see Figure 1-1). A small town, Ticaboo, is located 2.6 miles south of the site. A map of
the site and surrounding area with some of the site features is presented in Figure 1-2.

In general, the revised design consists of construction of a two 40-acre cell system, which includes a
South Cell (39.9 acres) and a North Cell (39.3 acres). The tailings will be deposited as a slurry into the
cells using conventional slurry discharge methods. The facility will be constructed, operated, and
reclaimed in phases as outlined below:

Phase | Construction of South Cell to Elevation 4430 ft for Initial Storage for Mill Startup
(Year 0)
Phase Il Deposit Tailings in South Cell while Completing Construction of North and South

Cells to Elevation 4466 ft for Ultimate TSF (Years 1-5)
Phase Il Tailings Deposition in North and South Cells (Years 6-18)
Phase IV Reclamation and Closure (Years 19-20)

In Phase I, the South Cell will incorporate the existing earthfill South Dam and will be constructed first to
accommodate mill tailings discharge as soon as possible. With milling operations and discharge into the
South Cell, work will continue in Phase Il to construct the remaining portions of the TSF and raise the
South Dam. During the operational deposition in Phase 111, the North and South Cells will be separated
by a progressively raised divider berm. Tailings will be deposited by alternating between the cells during
the operational lifetime of the facility, ensuring that no more than two cells, each less than 40 acres, are in
operation at any one time. The surface of the cell that is not in active deposition will remain wet or
flooded to serve the dual role of radon emanation barrier and evaporative surface. When the storage
capacity of both cells has been reached, the TSF will be reclaimed for closure of the facility.

A multilayered liner system with a leachate collection system and leak detection system with a compacted

clay basal liner will be used for containment and collection of the mill tailings solution in the tailings
cells. The proposed liner system is discussed in more detail in Section 7.0 of this report.

Shootaring Canyon Design Report 2
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2.0 EXISTING SITE CONDITIONS AND SITE GEOLOGY
2.1  Previous Activities

Previous activities at the site were outlined in Hydro-Engineering (2005b) and are summarized here for
reference. The Shootaring Canyon mill was designed and constructed between 1978 and 1981. The mill
was originally designed and licensed process 750 to 1,000 tons/day of ore. The mill operated for 76 days
in the spring and summer of 1982, processing approximately 25,000 cubic yards of ore. The ore was
processed in an acid leach circuit at an average daily rate of 500 tons per day at average ore grade of 0.15
percent U;Og. Tailings were discharged into the engineered tailings storage facility, consisting of an
earthen and clay dam constructed across a natural topographic depression. The existing tailings are
located above an existing cross valley berm on a clay liner system above the natural sandstone in the
tailings area. These tailings were discharged into the facility during April through August of 1982 (during
the 76 days of operation).

Approximately 18 acres of the site were leveled for construction of the plant, office, ore stockpile pads,
plant buildings, and auxiliary structures. The surface gradient for runoff is sloped toward the TSF area.
Filling was required over the balance of the graded area. Typically, depths of cut ranged up to about 15
feet in depth except in localized areas (such as the ore dump pocket and connection conveyor tunnel)
where excavation was as deep as 45 feet. The maximum fill depth was approximately 40 feet at the
southwest corner of the ore storage pad.

Historically, the project area has been used for seasonal livestock grazing and as wildlife habitat. Human
use of the project area for other recreational activities has been minimal, due to its isolated location and
the availability of other more pristine areas in southeastern Utah for human recreational activities.

2.2 Existing Structures

The facilities that exist at the mill site and TSF are illustrated on Figure 2-1. Major site features include
the mill and associated support buildings. Several existing ore stockpiles are adjacent to the mill and the
TSF.

Figure 2-1 shows the TSF, and includes the location of tailings from the 1982 operations, which were
only discharged upstream of the cross-valley berm. This figure also shows the east dike and north dike
which bound the 11e.(2) byproduct material.

The mill building contains the ore grinding and extraction circuits and the yellowcake drying and
packaging area. The plant facilities include the laboratory and shop buildings, generator building,
exterior reagent storage tanks, fuel storage tanks, ore stockpiles, and outside materials storage areas as
shown in Figure 2-2. Counter-current decantation (CCD) tanks and reagent tanks are on an exterior
concrete pad. During mill operations, ore was stockpiled at the prepared ore pad just north of the mill
after being weighed on the receiving scale. Ore was sampled prior to entering the mill building. As
mentioned above, the mill tailings were discharged as a slurry to the TSF west of the mill.

2.3 Climate and Vegetation

The climate in the area is classified as arid with an average annual precipitation of approximately 7
inches. The majority of the precipitation is in the form of rain. Average annual snowfall depth is
approximately 12 inches. Average annual evaporation for the area is approximately 66 inches.
Temperatures in the area range from -33 degrees F to 97 degrees F (Lyntek, 2008). Vegetation consists of
sagebrush, blackbrush, rabbit brush and small junipers (Pool, 2006).
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2.4  Topography

The TSF is located within a valley that narrows to the south of the existing South Dam. There is a steep
butte that runs along the west side of the proposed TSF with elevations over 4,700 feet. A number of
low-lying sandstone mesas are located across the site. The elevations in the TSF area range from
approximately 4,360 to 4,470 feet. The existing South Dam crest elevation is 4,430 feet.

25 Geology

The geology, hydrogeology, and seismic conditions for the Shootaring Canyon millsite are summarized
below from previous reports (Woodward Clyde Consultants, 1978a and Hydro-Engineering, 2005Db).

2.5.1 Regional Geology

The Shootaring Canyon Uranium Mill site is located in the physiographic province of the Colorado
Plateau. This region typically consists of broad uplifts and intervening basins which are formed by wide
areas of flat lying rocks that are separated by abrupt monoclinal structures. The Henry Mountains,
located immediately north-northeast of the site, consist of intrusive dioritic laccoliths.

The site is located near the southern end of the Henry Mountains structural basin. The basin consists of
Mesozoic to Cenozoic age sedimentary rocks, and are cut by the Tertiary intrusive forming the Henry
Mountains. A regional geology map for the area is presented in Figure 2-3. The site is located in an area
characterized by buttes, mesas and canyons approximately five miles southwest of Mt. Ellsworth of the
Henry Mountains. A generalized geologic cross-section across the Henry Mountain Basin is presented in
Figure 2-4. A stratigraphic section of the area surrounding the site is presented in Figure 2-5.

The basin is elliptical, with its longer axis 100 miles in length trending northerly and its shorter axis 50
miles in length trending easterly. The basin is bounded on the west by the Waterpocket Fold (monocline)
and on the east by the Monument Upwarp. Elevations within the basin range from 4,000 to 7,000 feet.
Major peaks rise 4,000 to 5,000 feet above the surrounding basin. Fault development in the area is
associated with the intrusive igneous centers of the Henry Mountains. These faults commonly have a
northeasterly or northwesterly strike and do not generally extend far from the intrusive bodies. Faults are
not known to exist within the project area.

2.5.2  Site Specific Geology

The mill is situated on a low mesa and a small, isolated catchment to the west contains the TSF. A tall
butte separates the site from Shitamaring Canyon. Drainage from the site is to the southwest into
Shitamaring Creek. The tributary in which the TSF is located has been called Shootaring Canyon. Local
relief ranges from 200 to 500 feet. Geologic structure is relatively simple in the immediate area, with the
various sedimentary formations dipping gently (2 to 3 degrees) to the west, as shown in the uranium mill
site geologic map presented in Figure 2-6.

Sedimentary rocks exposed at the surface are predominantly sandstones of Upper Jurassic age. The high
buttes and mesas west and north of the site are capped by the Salt Wash Member of the Morrison
Formation. This fluvial sandstone unit contains the uranium deposits that are mined in the area. Exposed
cliffs surrounding the buttes and mesas are comprised primarily of the thinly bedded reddish-brown
siltstones and mudstones of the Summerville Formation, underlain by the generally massive fine grained
reddish-brown Entrada Sandstone. The Entrada Sandstone is the bedrock underlying the mill and the
TSF.

Shootaring Canyon Design Report 4



Juraniumone”
investing in our energy
In the vicinity of the site the Entrada Sandstone is approximately 420 feet thick. Cementing agents are
commonly calcite and ferric iron. The depositional environment is believed to be primarily eolian. Shale
is also present locally and is evidence of episodes of marginal marine conditions.

No major faulting has been observed in the Entrada Sandstone at the site. Limited sets of joints are
widely spaced, steeply dipping and sealed with calcite and gypsum. Joint trends are northwesterly and
northeasterly, coinciding with the regional structural pattern.

Beneath the Entrada lies the Carmel Formation, which is a heterogeneous unit approximately 160 feet
thick composed of sandstone, siltstone, mudstone, limestone and gypsum. In the Shootaring Canyon area,
the Carmel Formation appears to include substantial layers of shale or mudstone. The Carmel is
underlain by the Navajo Formation which is approximately 800 feet thick in the vicinity of the site. The
base of the Navajo is approximately 1,400 feet beneath the surface of the site.

2.5.3 Subsurface Conditions

The subsurface conditions are controlled by the soil and bedrock deposits at the site as presented in Figure
2-6. The surface soils consist of Quaternary alluvial deposits, talus deposits, eolian sands, and pediment
gravels. The Quaternary soils are underlain by Jurassic Entrada Sandstone. The Entrada Sandstone is
underlain by the Carmel and Navajo formations as presented in the Generalized Geologic Cross-Section
(Figure 2-4) and Generalized Stratigraphic Section (Figure 2-5). The following is a general summary of
the various soil and geologic units.

2.5.3.1 Alluvial Deposits

The alluvium exists in the bottom of the drainages and consists of loose, subangular to angular fine sand
with varying amounts of mudstone and gravel to cobble-sized clasts of sandstone. The alluvial deposits
have a thickness of less than two feet.

2.5.3.2 Talus Deposits

Talus deposits exist on the western side of the property. The talus deposits are the result of weathering of
the east facing slope of the mesa that exists on the western edge of the property. The source of the talus
deposits are the Entrada Sandstone which make up the mesa. The talus consists of sandstone which falls
from the ledge of the mesa and litters the steep-sided mesa slopes. The talus consists of loose, fine sand
with abundant gravel to boulder-sized clasts of sandstone. The talus deposits cover the east face of the
mesa and the thickness varies from a few inches on the steep mesa slopes to as great as 20 feet along the
drainages that flow off the mesa.

2.5.3.3 Eolian Sands

Eolian sands exist in the bottom of Shootaring Canyon in isolated pockets and in a more significant
deposit in the north-east portion of the site, as shown in Figure 2-6. These windblown sands consist of
fine to very fine, poorly graded sand. These sands are reddish in color, are non-plastic, and contain some
calcium carbonate lenses in the upper portion of the deposit. The thickness of these eolian sands is
limited to a few feet in the southern portion of the site, however, the depth increases in the northern
portion of the site to be in excess of seventeen feet.
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2.5.3.4 Pediment Gravels

Pediment gravels are located along the ridge-line where the mill is constructed, and along the adjacent
ridge-line east of the mill. The pediment gravels typically consist of gravel and cobble-sized clasts in a
matrix of sand and silt with some occasional clay. The thickness of the gravel can be as great as 30 feet.

Entrada Sandstone

The Entrada Sandstone consists of an interbedded reddish brown to orange fine grained sandstone, white
fine sandstone, and dark red sandy siltstone, with calcite and ferric iron cementation. The sand grains are
subrounded to subangular and uniform in size. The sandstone is massive and generally unjointed with
occasional calcite filled fractures and joints. The bedding planes are widely spaced. The sandstone is
occasionally interbedded with shale beds up to 3 feet thick.

2.5.4 Geohydrology

The groundwater conditions at this site have been defined in the initial Woodward-Clyde investigations
and updated by Hydro-Engineering, LLC (1998, 1999, 2000 and 2005c). Additional groundwater
monitoring data are presented by Hydro-Engineering, LLC (2001, 2002, and 2005c) and Tetra Tech
(2008). The uppermost groundwater in the area of the TSF is in the Entrada Sandstone aquifer with water
levels approximately 140 feet below ground surface (bgs) below the tailings cell area. An additional
saturated zone appears to be present in the Upper Entrada in limited portions beneath the site and at
approximately 50 to 140 feet bgs.

Figure 2-7 shows the water level elevations in the Upper Entrada and the Entrada Aquifer based on 2003
and 2007 monitoring data. The groundwater flow direction in the Entrada Aquifer is generally towards
the south with a gradient of 0.01 ft/ft. The saturated zone of the Upper Entrada is not continuous across
the site and appears to be present underneath the south central portion of the site with a general flow
direction to the south.

Figure 2-8 shows the location of site monitoring wells and the location of three cross-sections previously
prepared by Hydro-Engineering, LLC (2005c). The cross-sections are presented in this report as Figures
2-9, 2-10, and 2-11. These cross-sections are based on interpretations of monitoring well data and
geologic and geophysical (neutron) logs. These cross-sections show general lithology and groundwater
levels at the site based on 2003 and 2007 monitoring data. The Carmel Formation appears to be present
beneath the site at an elevation of 3,900 to 3,950 ft mean seal level (MSL). Groundwater in the Entrada
Aquifer is present beneath the site at an elevation of approximately 4,250 ft MSL. The previous
interpretations of the Neutron logs identified several areas presumed to be lower permeability sandstone
within the Entrada Sandstone, and are presented on the cross-sections.

255 Seismology

Tetra Tech conducted a geophysical survey at the Shootaring Canyon Uranium Mill site to assist in
mapping the potential rippability of sandstone at the site. The geophysical survey (using seismic
refraction) was conducted on March 4, 2008. The geophysical report is attached in Appendix A of this
document.

Seismic data from three lines located as shown on Figure 2-12 was collected for this investigation. Each
line consisted of 24 geophones each spaced ten feet apart for a total length of 240 feet each. The seismic
data was collected utilizing a Seistronix RAS 24 (24-channel) seismograph, 4.5 Hz geophones and a 12-
pound hammer as a seismic source. Shots were performed at nine locations along each seismic line to
increase data resolution.
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The interpreted seismic cross sections indicate that the seismic velocities range from 1,000 feet per
second (ft/s) to approximately 8,000 ft/s from ground surface to a maximum depth of investigation of 75
feet bgs. The average sandstone velocities ranged from approximately 4,000 to 5,000 ft/s. The slower
velocities are representative of near surface unconsolidated soil with higher velocities representing
weathered rock to more competent rock at depth. These values fall within the typical velocity ranges for
weathered material and the sandstone rocks found at the site as logged in boring Tt-4, which was drilled
near seismic line # 2. Additional discussion of the boring Tt-4 is provided in Section 2.6.3.

The Caterpillar Company has compiled charts that relate seismic velocities in various geologic materials
to the ability of specific size and power bulldozers to excavate these materials by ripping. Figure 2-13
shows a Caterpillar rippability chart for a D9 Caterpillar bulldozer (Catepillar, 2008). This chart indicates
that sandstones with seismic p-wave velocities less than approximately 8,000 ft/s are considered to be
rippable, sandstones with p-wave velocities of approximately 8,000 ft/s to 9,500 ft/sec are marginally
rippable, and velocities over 9,500 ft/sec are non-rippable.

The seismic refraction survey was successful in providing data to assist in interpreting and mapping
rippability of the bedrock subsurface underneath the site where seismic data was collected. Based on the
interpretation of the seismic p-wave velocities refraction data, the Entrada Sandstone appears to be
rippable to depth of approximately 75 feet bgs. A more detailed description of the seismic refraction
survey and data interpretation are provided in Appendix A.

2.5.6 Potential Geologic Hazards

This section discusses the potential for geologic hazards at the site and potential affects on site operations
and safety. The potential for several geologic hazards exists in this area of Utah and may include
landslides, subsidence, flooding, erosion, earthquake shaking, fault rupture, tectonic deformation, and
liquefaction. Specific concerns at the site include landslides in the form of rock fall and earthquake
shaking. No evidence of the other potential geologic hazards has been documented or observed at the
site.

Ground shaking is caused by seismic events which cause the ground to shake as seismic waves cause
small temporary displacements of the ground. The strength and frequency of these waves and the length
of time the shaking lasts affects the amount of damage caused. Ground shaking can also trigger soil
liquefaction, landslides, and other types of ground failure. The site is located in a Uniform Building Code
(UBC) seismic zone 1 which indicates that damage from earthquake ground shaking is not likely.
However, the seismicity of the site has been evaluated as discussed in more detail in Section 2.5.7 of this
report. The results of the seismicity analysis have been used in design of the TSF.

As indicated in Hydro-Engineering, LLC (2005b), the predominant feature along the west side of the TSF
is a narrow mesa. This mesa is composed of the native sandstone bedrock which underlies the TSF. The
nearly vertical cliff areas that cap the mesa are between 100 and 200 feet high. At the base of the
sandstone cliff areas the ground slopes at roughly a 2:1 (horizontal:vertical) slope. Scattered on the
surface of the side slopes are an assortment of sandstone blocks from past rock fall events.

When additional sandstone blocks spall from the cliffs, this material will first impact the 2:1 sandstone
slopes near the base of the cliff above the tailings cap, and these side slopes will absorb the initial kinetic
energy of the falling material. The fractured and weathered sandstone rocks would then slide or tumble
into the previously fallen sandstone talus further reducing the kinetic energy. A majority of the rock fall
material has historically been retained at elevation higher than the proposed final elevation of the TSF.
Additionally, the current TSF plan includes a bench outside the edge of the TSF at elevation 4430 that
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ranges in width from 40 feet to 150 feet along the entire west side of the TSF for Phase I, and a similar
bench at the ultimate elevation of 4466 ranging in width from 30 feet to 100 feet for Phase Il. These
benches will serve to arrest any remaining rock fall debris that might travel beyond the historic talus area.
Special procedures for monitoring, evaluation and repair of the HDPE liner in the event that falling rock
reaches the cell will be provided in the Operations Plan.

2.5.7 Seismicity

A probabilistic seismic hazard analysis was performed for the Shootaring Canyon Uranium Mill site.
This analysis considered potential seismic sources within 200 miles of the site, including background
seismicity based on the recurrence of historic earthquakes which have occurred between the years of 1787
and 2007, and Quaternary faults as identified in the U.S. Geological Survey (USGS) Quaternary Fault and
Fold Database (USGS et al. 2006). The peak horizontal ground motion (PGA) was evaluated for a
10,000-year return period, equivalent to a 10 percent chance of exceedance within a 1,000-year design life
of the TSF in accordance with U.S. Environmental Protection Agency (EPA) Promulgated Standard for
Remedial Actions at Inactive Uranium Processing Sites (40 CFR 192). Results of the analysis
demonstrate that the PGA at this return period is estimated to be 0.18 g. This ground motion is almost
entirely (>99 percent) contributed to background events not associated with a known Quaternary fault.
The complete seismic hazard analysis for the site is included in Appendix B.

2.6  Field Investigations

2.6.1 Woodward-Clyde Consultants Geotechnical Investigations
Woodward-Clyde Consultants 1977 Field Investigation (Woodward-Clyde, 1978d)

Woodward-Clyde Consultants performed a field investigation in 1977 and associated laboratory testing as
part of their September 1978 “Tailings Management Plan and Geotechnical Engineering Studies”. The
Geotechnical investigation consisted of nine core borings and one check boring along the center-line of
the two proposed dams and upstream and downstream of the proposed dam axis. The borings ranged in
depth from 1.5 to 100.5 feet below the existing ground surface at the time of the investigation. The
locations of the borings are shown on Figure 2-15 of this report. Logs of the borings are included as
Appendix C.1.1 of this report.

Test pits were also excavated as part of the Woodward-Clyde 1977 investigation. Six test pits were
excavated in the proposed plant site, five test pits were excavated along the proposed center-line of the
upper dam, and ten test pits were excavated for the purposes of borrow exploration. The locations of the
test pits are shown on Figure 2-14 of this report. Logs of the test pits are included as Appendix C.1.1 of
this report.

Laboratory testing of the borings included water content, dry density, and Atterberg limits. Laboratory
testing for the borrow samples included Atterberg limits and grain size analysis. For one of the borrow
samples, a silty sandy clayey soil, laboratory testing included one compaction test, three unconfined
compression tests, one consolidated-undrained triaxial compression test, and permeability tests. The
permeability tests were conducted using an acidic solution. The laboratory test results from the
Woodward-Clyde study are included as Appendix C.1.2 of this report and are summarized in Table 2-1.
In-situ permeability tests were also performed for Borings S-1 through S-8, and S-10 and testing was also
conducted on aggregate proposed for use in concrete. These test results are not included in the summary
table.
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Table 2-1. Summary of Laboratory Tests, Woodward-Clyde Consultants 1977 Field Investi

ation

Standard Unconfined Compressive
Laboratory Strength (psf) and Axial
Compaction CU Triaxial Strain (%) at Failure for 95
Maximum Compression | % 0f yg max at Wopr and Wope + 2
In Situ Particle-Size Analysis Dry Unit Test %
Weight,
Ydmax, (PCF)
Dry Attgrt_)erg @ Optimum Wopt +
) Sample ' Moisture | Unit Limits Water Wopt 2%
Boring/Test | Depth Material Content | Weight | LL/PL/PI | Percent | Percent | Percent usCs Content, c' ' Wopr-2% | (ie, (i.e.
Pit ID (ft) Description (%) (pcf) (%0) Gravel Sand Fines | Classification Wopt, (%6) (psf) | (deg.) | (ie., 12%) | 14 %) | 16 %)
S-1 Sandstone 2 120
S-1 5-6 Sandstone 0 97 3 SP
S-3 10 Sandstone 2 120
S-7 10 Sandstone 8 126
S-7 8-9 Sandstone 0 78 22 SM
S-8 7 Sandstone 3 124
63
. 2,192 | 1,741
o , )
Borrow Area | g face | SIIY Sandy 33/17/16 | 0 37 43 % | o 1162 @ 14.0 | 400 | 27 3195 @ | g @
F Clay silt, 20 20%
20% | 3.0%
% clay)
Borrow Area
approx. 11 oo | Silty Sandy 36/22/14
mile south of Clay
mining camp
TP-S14 Surface | Fine Sand 0 94 6 SP-SM
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Woodward-Clyde Consultants 1979 Field Investigation (Woodard-Clyde, 1979)

Woodward-Clyde Consultants performed additional field investigations and laboratory testing as part of
their May 1979, “Stage 1 — Tailings Impoundment and Dam Final Design Report”. Ten additional
borings were drilled as part of this study in depths ranging from 27.5 to 152.5 feet below the existing
ground surface at the time of the investigation. Three borings explored the alluvial material and bedrock
in the saddle area, five borings explored the bedrock along the proposed center-line of the embankment,
and two borings were located upstream and downstream of the proposed embankment. The locations of
the borings are shown on Figure 2-14 of this report and the logs of the borings are included as Appendix
C.1.3 of this report.

Seven additional test pits were also excavated as part of this investigation. These test pits were excavated
within the impoundment in an area covered with windblown silty sand. The test pits were excavated with
a dozer to bedrock, with the intent of establishing quantities and properties of the sand. The location of
the test pits are shown on Figure 2-14 of this report, and the logs of the test pits are included as Appendix
C.1.3.

No laboratory testing was performed on the boring or test pits samples. However, additional laboratory
testing was performed of the borrow area materials and were reported in this May 1979 report. The
laboratory test results for the borrow are materials are presented in Appendix C.1.4 of this report.

2.6.2 Hydro-Engineering LLC Geotechnical Investigations
Hydro-Engineering 2002 Field Investigation (Hydro-Engineering, 2005b)

Hydro-Engineering performed additional field investigations after construction of the South Dam as part
of their 2005 Tailings Reclamation and Decommissioning Plan (Hydro-Engineering, 2005b). The field
investigation for this study was performed in June 2002. Twelve air rotary drill holes and approximately
40 hand auger drill holes were excavated. Samples were taken from the borings for radiological and
materials measurement. The locations of the borings are shown on Figure 2-14 of this report. Logs of the
borings are included as Appendix C.2.1 of this report

Approximately 40 additional test pits were also excavated as part of Hydro-Engineering’s 2005
investigation. These test pits were used to collect samples and define lithologic conditions in the upper
few feet of the Shootaring site.  The locations of the borings are shown on Figure 2-14 of this report.
Logs of the borings are included as Appendix C.2.1 of this report.

Laboratory testing was performed of selected samples from the field investigation. Test results are
included in Appendix C.2.2 of this report and included moisture content, gradation, Atterberg limits,
standard Proctor, and in-situ double ring infiltrometer and evaporation tests. Laboratory test results of
gradation analyses of Quarry Rock, Tailings Samples, and Ore Samples are also included in the analyses.

Hydro-Engineering 2005 Laboratory Test Results (Hydro-Engineering, 2005a)

Laboratory testing results are interspersed throughout the appendices of the 2005 Tailings Management
Plan (Hydro-Engineering, 2005a) as support for the design analyses. No field exploration was performed
as part of this report. Shear strength test data for two clay borrow samples was included within Appendix
A as an attachment to a December 11, 1997 letter from Inberg-Miller Engineers to U.S. Energy
Corporation. The testing was conducted by Woodward-Clyde and is dated June 12, 1979. Shear strength
test data for a sample of sand from the Cross Valley Berm was also included in Appendix A. The
laboratory test results are included as an attachment to a May 2, 1997 letter from Inberg-Miller Engineers
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to U.S. Energy Corporation. The testing was performed by Inberg-Miller Engineers. These results for the
three shear strength tests are presented in Appendix C.2.3 of this report.

Gradation curves for Entrada sand, Shootaring tailings, mixed tailings, slime tailings, quarry fines, and
screened rocky soil were presented in Appendix B of the 2005 Tailings Management Plan (Hydro-
Engineering, 2005a). It appears the Shootaring Tailings curve is sample T7 as provided in the Tailings
Reclamation and Decommissioning Plan. The Entrada Sand curves are NP6 and NP10. The grain size
results for these curves were summarized in the spreadsheets with the laboratory results from the Tailings
Reclamation and Decommissioning Plan. The text notes the mixed tailings and slime tailings samples
were taken from a uranium tailings facility in central Wyoming and are not from the site. These
laboratory test results are presented in Appendix C.2.3 of this report.

Laboratory test results for samples for the ore pad were included within Appendix E of the 2005 Tailings
Management Plan (Hydro-Engineering, 2005a) as part of a November 8, 1998 letter from Inberg-Miller
Engineers to U.S. Energy Corporation. The testing was performed by Inberg-Miller Engineers. The
testing included one standard Proctor and one hydraulic conductivity test. These laboratory test results
are presented in Appendix C.2.3 of this report.

Laboratory test results for samples of claystone were included within Appendix F of the 2005 Tailings
Management Plan (Hydro-Engineering, 2005a) as part of a September 20, 2005 letter from Inberg-Miller
Engineers to U.S. Energy Corporation. The testing was performed by Inberg-Miller Engineers. The
testing included Atterberg limits tests, gradations, standard Proctor, and permeability. These laboratory
test results are presented in Appendix C.2.3 of this report.

Laboratory test results for samples of Entrada sand were included as Appendix | of the 2005 Tailings
Management Plan (Hydro-Engineering, 2005a). The testing was performed by Inberg-Miller Engineers
and is dated December 1, 2006. The testing included two standard Proctor tests. These laboratory test
results are presented in Appendix C.2.3 of this report.

2.6.3 Tetra Tech and Uranium One Field Investigations and Borrow Source Evaluation

Investigations of the proposed on-site and off-site borrow areas were performed to determine if adequate
material sources exist for construction of a low permeability earthen liner. Quantity, properties and
collection of clay soils and sand for potential use in construction of a low-permeability earthen liner are
discussed herein. The current regulatory approval requires that a 1-foot thick clay liner with a saturated
hydraulic conductivity value no greater than 1.0 x 10" cm/s be constructed as the bottom layer of the liner
system.

Borrow sources for the clay included on-site areas in the North and South Cells. A portion of the test pit
locations shown on Figure 2-15 are locations of potential clay borrow. This is discussed in more detail in
the following sections. Off-site clay samples were obtained from Utah State Lease area, Section 2, T36S
ROE in Garfield County, Utah. Uranium One has a lease to this area for the purpose of obtaining borrow
material. The location of the Utah State Lease area is shown on Figure 2-16.

Field investigations were also performed to evaluate the competency of the Entrada sandstone and the
depth to Entrada sandstone across the North and South Cells and the proposed location for the process
ponds.

The table below lists field investigation dates and the samples collected during the investigations. The
field investigations are discussed in more detail in the following subsections.

Shootaring Canyon Design Report 11



o

curaniumone-

investing in our energy

Table 2-2. Summary of Tetra Tech and Uranium One Field Investigations

Date(s) Field Investigation Samples Collected
January 21, 2008 Tetra Tech - Collect Sil:(ikszargfles of samples of on- Samples 1, 2, 3 and 4
March 5. 2008 Tetra Tech - Collect bulk samples of clay from Utah TT-CB-1 (Jmb red) and
' State Lease, Section 2, T36S ROE TT-CB-2 (Jmb green)
M Tetra Tech — Nuclear density measurements to Ten bulk bucket samples of on-site
arch 8, 2008 L .
determine in-place densities and water contents sand collected.
March 10-11 _ TeFra 'I_'ech - Drilled borings _fo_r geophy_si_cal Tt-1 through Tt-5, CA samples and
2008 ' investigation and to evaluate existing conditions of Shelby Tube samples denoted by
soils for the South Dam. boring i.d. and depth.
March 17-19 Tetra Tech - Excavated test pits to determine depth Tt-TP1 through Tt-TP36, -
2008 ' to Entrada sandstone, to collect bulk samples of on- Bulk samples denoted by test pit i.d.
site clay, and to collect bulk samples of on-site sand. and depth.
April 8, 2008 Tetra Tech - Collect bulk samples of clay from Utah Jmb red 2, Jmb green 2, and
' State Lease, Section 2, T36S R9E Jmb green 3

Note: Jmb is used as a geologic abbreviation for the Brushy Basin Formation shale.
January 21, 2008 Field Investigation

Four disturbed, bulk samples of sand were collected on January 21, 2008 under the direction of Tetra
Tech by Greg Smith of Geo-Smith Engineering, LLC of Grand Junction, Colorado. Two samples were
taken from the northern portion of the proposed Process Pond area, denoted Sample 1 and Sample 2.
Sample 1 contained some calcium carbonate (CaCQOjz) which is denoted in the sample name. One sample
was obtained from the eastern side of the proposed South Cell, denoted Sample 3. The last sample,
Sample 4, was taken from a waste pile created by an Entrada Sandstone excavation near the proposed
divider berm between the North and South cells. Sample locations are shown on the Figure 2-15. The
bulk samples were retained in 5-gallon buckets.

Laboratory testing was performed for Sample 1 and a composite of Sample 2, 3, and 4. Laboratory
testing included Atterberg limits and sieve analysis. Laboratory testing was performed by Capstone
Enterprises West, LLC of Grand Junction, Colorado. The Atteberg limits test was performed in
accordance with ASTM D4318. The sieve analysis was performed in accordance with ASTM D422.

The results of the geotechnical laboratory testing are summarized in Table 2-3 and provided in Appendix
C.3.3.1. The grain-size distributions are shown on Figure 2.21.
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Table 2-3. Laboratory Testing Results for January 21, 2008 Field Investigation

Particle-size parameters Atterberg
Limits
% % % LL/PL/PI
Sample | gravel | sand | fines | Cc Cu (%) USCS Class.
Sample 1
(w/ CaCO,) 0 86 14 2.9 1.2 NP SM
Sample2,3 | 93 7 23 | 12 NP SP-SM
&4
Notes:

NP = non-plastic
USCS Class = Unified Soil Classification System Classification
Cc = coefficient of uniformity
Cu = coefficient of curvature

March 5, 2008 Field Investigation

Two samples of Brushy Basin Shale were obtained from the Utah State Lease area Section 2, T36S R9E.
Sample locations are shown on Figure 2-17 and are noted as TT-CB-1 (Jmb red) and TT-CB-2 (Jmb

green).

Laboratory testing was performed for the Jmb red and Jmb green samples. Laboratory testing including
Atterberg limits, sieve analysis and standard Proctor were performed by Capstone Enterprises West, LLC
of Grand Junction, Colorado. A permeability test was performed by Tetra Tech of Billings, Montana.
The Atteberg limits test was performed in accordance with ASTM D4318. The sieve analysis was
performed in accordance with ASTM D422. The standard Proctor test was performed in accordance with
ASTM D698. The permeability test was performed in accordance with ASTM D5084, method C (falling
head-rising tailwater).

The results of the geotechnical laboratory testing are summarized in Table 2-4 and provided in Appendix
C.3.3.1. The grain-size distributions are shown on Figure 2.22.

Table 2-4. Laboratory Testing Result for March 5, 2008 Field Investigation

Particle-size Standard
Atterberg Proctor
Limits Max DD Permeability
Sample % % % LL/PL/PI | USCS (PCf)Wopt (cm/s)
Sample Description | coarse | silt | clay (%) Class. (%)
Jmb red Brushy 31 30 39 66/25/41 CH 93.6/24.0 5.1x10°
Basin Clay
from Utah
Jmb green State Lease 32 32 36 46/19/27 CL NA NA
area
Notes:

NP = non-plastic
LL = liquid limit
PL = plastic limit
Pl = plasticity index
USCS Class = Unified Soil Classification System Classification
Max DD = maximum dry density
Wopt = Optimum water content (gravimetric)
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March 8, 2008 Field Investigation

Nuclear density measurements were conducted at the test pit locations listed in Table 2-5 to evaluate in-
place densities of the sand, weathered Entrada sandstone, and non-native and liner material clay. The test
pit locations where measurements were made are shown on Figure 2-15. Ten bulk samples of sand were
collected.

Table 2-5. Nuclear Density Measurements

Probe Moisture Dry Wet
Test Test Depth Content | Density | Density
No. Location (in) Material Type (%) (pcf) (pcf) Comments
1 Tt-TP26 12 sand 6.5 101.1 107.6
2 Tt-TP29 12 sand 5.3 110.4 116.2
3 Tt-TP25A | bkstr | sandstone 2.9 1141 117.4
4 Tt-TP25 12 clay 16.8 99.2 115.9 Clay not native to area
5 Tt-TP21 12 sand 4.2 104.3 108.6
6 Tt-TP18 12 clay 10.6 95.9 106.0 Clay liner material
7 | TtTP14 | 12 | sand 4.1 1153 | 1201 | Likely sandstoneats-
in. depth
8 Tt-TP15 bkstr | sandstone 5.1 116.0 121.9
9 Tt-TP13 bkstr | sandstone 2.5 118.2 1211
10 Tt-TP11 10 sand 3.1 104.1 107.3 Very loose sand
11 Tt-TP8 12 sand 9.8 108.9 119.5
12 Tt-TP6 bkstr | sandstone 6.4 113.2 120.4

Note: bkstr = backscatter
sandstone = weathered Entrada sandstone

Six measurements were taken of the sand and the average in-place wet density was calculated as 113 pcf
with an average water content of 6 percent. Four measurements were taken of the weathered Entrada
sandstone and the average in-place wet density was calculated as 120 pcf with an average water content
of 4 percent. One measurement was taken of a non-native clay and the clay liner material. The measured
in-place wet densities were measured as 116 and 106 pcf at a water content of 17 and 11 percent,
respectively.

Laboratory testing was performed on one bucket of sand. Laboratory testing included Atterberg limits,
percentage passing the No. 200 sieve, and standard Proctor. Laboratory testing was performed by Tetra
Tech of Fort Collins, Colorado. The Atterberg limits test was performed in accordance with ASTM
D4318. The standard Proctor test was performed in accordance with ASTM D698. The percentage
passing the No. 200 sieve was performed in accordance with ASTM D1140.

The results of the geotechnical laboratory testing are summarized in Table 2-6 and provided in Appendix
C.3.3.2.
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Table 2-6. Laboratory Testing Result for October 9, 2007 Field Investigation

Particle-size Standard

Atterberg Proctor

Limits Max DD

Sample % % % LL/PL/PI | USCS (PCT)Wopt

Sample | Description | gravel | sand | fines (%) Class. (%)

Bulk Silty Sand

sample (Entrada 0 85 15 NP CH 110.1/12.6
from site sand)

Notes:

NP = non-plastic

USCS Class = Unified Soil Classification System Classification
Max DD = maximum dry density

Wopt = Optimum water content (gravimetric)

March 10-11, 2008 Field Investigation

A drilling program was undertaken March 10 and 11, 2008 to investigate the depth of the Entrada
Sandstone bedrock interface, and the competency of the bedrock. Locations of borings are illustrated on
Figure 2-15. A small, track-mounted Dietrich D-50 drill rig equipped with 8-inch O.D., 4 %-inch 1.D.
hollow-stem auger (HSA) was used. Three borings were advanced using HSA drilling techniques through
surface sands and the weathered exterior of the sandstone bedrock to depths of 16 feet, 9% feet, and 3 feet
below surface grade for borings Tt-1, Tt-2 and Tt-3, respectively.

Competency with depth of the Entrada Sandstone was investigated with a 60-foot rock core boring,
denoted Tt-4. The purpose of the boring was to provide correlations with a surface-seismic investigation.
Results of the seismic investigation were reported in Section 2.5.5 of this report.

Determination of the relative competency of the rock was recorded by percent recovery of coring
operations. Considerable quantities of sandstone wash-out of zones of no-recovery indicated soft, weakly
cemented rock.

An additional HSA boring, Tt-5, was advanced into the existing South Dam to investigate the condition
of the clay core. One relatively undisturbed core sample was obtained; and one 2-inch 1.D., 3-inch long
California drive sample was collected of the fine sand and one relatively undisturbed California drive
sample was collected of the clay core. Additionally, three 3-inch I.D. Shelby Tube were collected of the
clay core. Mechanical breakdown of the drill rig caused termination of this boring at 26-feet below
adjacent surface grade.

Copies of all boring logs are provided in Appendix C.3.1.
Laboratory testing was not performed on any boring samples.
March 17-19, 2008 Field Investigation

A tractor-mounted Caterpillar 420D backhoe equipped with an extension boom was used to excavate the
thirty-six tests pits to depths ranging from 0.5 feet to 14 feet on March 17, 2008 through March 19, 2008.
Test pit logs were recorded and are provided in Appendix C.3.2 while test pit locations are denoted as TT-
TP-1 through TT-TP-36 and shown on Figure 2-15. All test pits were stopped by backhoe refusal or by
the maximum excavation depth of the backhoe. Disturbed bulk samples were obtained as part of the
investigation. 3 bucket samples of excavated Entrada sandstone, and 4 buckets of on-site clay (denoted
Poulter clay) were obtained for further laboratory analysis.
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The existing tailings area has a clay liner that was constructed in the 1980s under the direction of Mr. Don
Poulter, a Field Engineer for Woodward-Clyde consulting engineers. Mr. Poulter was on-site during the
March 2008 field investigation to discuss the existing liner construction. Mr. Poulter indicted that the
liner material was created from processed clay obtained from the Brushy Basin Shale Member of the
Morrison Formation. Clay liner was placed in the area north of the northern-most divider berm and as an
apron along the upstream toe of the South Dam. A portion of the test pit field investigation was
performed to determine the properties of the “Poulter Clay”.

Laboratory testing was performed on two bucket samples, Tt-TP-6 (weathered Entrada sandstone) and Tt-
TP-27 (eolian sand). Laboratory testing was performed by Capstone Enterprises West, LLC of Grand
Junction, Colorado. The Atterberg limits test was performed in accordance with ASTM D4318. The sieve
analysis was performed in accordance with ASTM D422. The results of the geotechnical laboratory
testing are summarized in Table 2-7 and provided in Appendix C.3.3.1. The grain-size distributions are
shown on Figure 2.21.

Laboratory testing was performed on one bucket sample of Poulter Clay. Laboratory testing including
Atterberg limits, sieve analysis was performed by Capstone Enterprises West, LLC of Grand Junction,
Colorado. A permeability test was performed by Tetra Tech of Billings, Montana. The Atterberg limits
test was performed in accordance with ASTM D4318. The sieve analysis was performed in accordance
with ASTM D422. The standard Proctor test was performed in accordance with ASTM D698. The
permeability test was performed in accordance with ASTM D5084, method C (falling head-rising
tailwater).

The results of the geotechnical laboratory testing are summarized in Table 2-7 and provided in Appendix
C.3.3.1and C.3.3.2. The grain-size distributions are shown on Figure 2.21 and 2-22.

Table 2-7. Laboratory Testing Result for March 17-19, 2008 Field Investigation

Particle-size Standard
Atterberg Proctor
Limits Max DD Permeability
Sample % % % LL/PL/PI | USCS (PCh)Wopt (cm/s)
Sample Description | coarse | silt | clay (%) Class. (%)
Weathered
Tt-TP-27 Entrada 0 91 9 NP SP-SM NA NA
sandstone
Tt-TP-6 Eolian sand 0 87 13 NP SM NA NA
pgﬁ’;;” clay 33 42 | 25 | 72/26/46 | CH 92.5/24.4 1.8x10°
Notes:
NP = non-plastic
LL = liquid limit
PL = plastic limit
Pl = plasticity index
USCS Class = Unified Soil Classification System Classification
Max DD = maximum dry density
Wopt = Optimum water content (gravimetric)
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April 8, 2008 Field Investigation

A reconnaissance of the Utah State Lease area was made by Mr. Gregory Smith (Geo-Smith Engineering,
LLC) and Mr. Craig Goodknight (S.M. Stoller) under the direction of Tetra Tech on April 8, 2008 to
evaluate materials at the site and estimate the useable quantity of clay.

A native borrow area is available at the Utah State Lease area as a source of clay from the Brushy Basin
Shale Member. This unit is composed of mudstone, claystones with minor lenses of sandstones and
conglomerate and contains bentonitic clay. The borrow area is located approximately 16 miles from the
Shootaring site adjacent to the Burr Trail Scenic Backway on the Big Thompson Mesa as shown on
Figure 2-16. The Brushy Basin Member of the Morrison Formation crops out at the site as shown in
Figure 2-18. The Brushy Basin is a clayey soil of late Jurassic age capped by 10 feet to 20+ feet of Cedar
Mountain/Dakota Sandstone of Late Jurassic-Early Cretaceous age. The clayey nature of the Brushy
Basin is revealed in a “popcorn” structure shown in Figure 2-19.

Weaker Brushy Basin clays have slumped and rotated downward as seen by dipping beds in the upper left
center of Figure 2-18. Slumping has caused overlying sandstones to be transported downward, and create
the small knolls as evident by the angular sandstone boulders shown in Figure 2-18. Overall regional
thickness of the Brushy Basin member is approximately 300 feet, however useable thickness at this site is
estimated to be on the order of 80 feet to 100 feet due to a thick sand seam located in the upper section of
the unit shown in Figure 2-20.

Three additional disturbed grab samples were taken in early April, 2008 for classification purposes to
verify material consistency of the unit. These samples are Jmb red 2, Jmb green 2 and Jmb green 3. The
locations of the samples are shown on Figure 2-17.

Laboratory testing was performed for the samples by Capstone Enterprises West, LLC of Grand Junction,
Colorado. Laboratory testing included Atterberg limits and sieve analysis. The Atteberg limits test was
performed in accordance with ASTM D4318. The sieve analysis was performed in accordance with
ASTM D422.

The results of the geotechnical laboratory testing are summarized in Table 2-8 and provided in Appendix
C.3.3.1. The grain-size distributions are shown on Figure 2.22.

Table 2-8. Laboratory Testing Result for April 8, 2008 Field Investigation

Particle-size Atterberg
% % % Limits
Sample Sample Description coarse | silt | clay | LL/PL/PI (%) | USCS Class.
Jmb red 2 11 35 54 96/30/66 CH
Jmb areen 2 Brushy Basin Clay from ) 28 64 CH
g Utah State Lease area 11/27/84
Jmb green 3 21 35 44 57/24/33 CH
Notes:
NP = non-plastic
LL = liquid limit

PL = plastic limit

Pl = plasticity index

USCS Class = Unified Soil Classification System Classification
Max DD = maximum dry density

w = gravimetric water content
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Clay Borrow Evaluation

The estimated total quantity of clay needed for Phase | construction is 51,933 cy, for Phase 11 construction
is 98,857 cy, and for reclamation is 129,067 cy. A significant quantity of clay of approximately 250,000
cy from the Brushy Basin Shale Member is available at the Utah State Lease area, limited by the cost of
excavation, transport and reclamation. Areas capped by sandstone and sparse vegetation would require
processing to remove unwanted material. The shale will require processing to break down existing
structure, and moisture conditioning prior to placement. During the site reconnaissance on April 8, 2008,
it was revealed that the expected initial useable volume will be excavated from a section below an
elevation of approximately 5,080 feet. The area used to determine the clay quantity is shown on Figure 2-
17.

On-site clay was also evaluated for borrow material. The quantity of on-site clay (denoted as Poulter
clay) available is estimated to be 35,000 cy as determined from the test pit field investigation performed.
Approximately 31,000 cy of clay is estimated to exist in the area north of the northern-most divider berm
and approximately 4,000 cy in the upstream apron of the South Cell dam.

Clay samples evaluated for use as a clay liner include Jmb Red and Poulter Clay. The laboratory results
for these samples were presented in previous sections and are provided again in Table 2-9 for comparison
purposes. It is anticipated that lab permeability values must be less than 1 x 10 cm/s in order to meet the
field permeability requirement of 1 x 107 cm/s.

Table 2-9. Moisture Density Relationships and Saturated Hydraulic Conductivity (ASTM D5084,

method C)
Moisture-density relationship Remolded Compaction Saturated
hydraulic
conductivity
(cm/s)
[@ 5 psf
Density (pcf) confining
Sample Max DD (pcf) | Wep (%) | [% Max DD] w (%) pressure]
Poulter clay 925 24.4 92.5[100] 24.4 1.8x10”
Jmb red 93.6 24.0 93.5[100] 24.0 5.1 x 107

Notes:

Max DD = Maximum dry density

Wopt = Optimum water content (gravimetric)
w = water content (gravimetric)
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3.0 REGULATORY CRITERIA
3.1 State and Federal Regulations

Prior to the State of Utah obtaining agreement state status in 2004, the tailings at the Shootaring Canyon
Uranium Mill site were regulated primarily by the U.S. Nuclear Regulatory Commission (NRC) pursuant
to 10 CFR 40, Appendix A, and the U.S. Environmental Protection Agency (EPA) under 10 CFR 61,
Subparts A and W which are administered by the State of Utah Division of Air Quality. Although this
recent change has transferred primacy of regulatory authority to the State of Utah, the existing framework
of regulations previously administered by the NRC still serves as a useful guideline. The State of Utah
will regulate the site according to rules and regulations presented in R313 - Environmental Quality,
Radiation Control. These rules include; through reference, clarification or exception; sections of 10 CFR
40 extending through Appendix A. With this in mind, the applicable state and federal regulations are
referenced and described in Sections 3.1.1 through 3.1.4. Additional, enhanced, or modified regulations
developed by the State of Utah are discussed in Section 3.2.

NRC and EPA have a Memorandum of Understanding (MOU) that covers joint expectations under what
was originally Subpart T of 40 CFR 61 (uranium mill tailings closure) and a generic MOU on elimination
of dual regulation. The NRC regulations also incorporate other standards by reference that were
promulgated by the EPA pursuant to the Uranium Mill Tailings Radiation Control Act (UMTRCA -
1978), and Section 112 of the Clean Air Act, as amended. Compliance with these regulations under the
authority of the State of Utah is provided through R313 and referenced sections of 10 CFR 40. In the
following discussion, applicable state and federal regulations are summarized in bold lettering and the
means by which this Design Report and the Reclamation Plan will meet these regulations are discussed
immediately below the bold caption.

3.1.1 Utah DRC and NRC Regulations - Guiding Principles
e Permanent isolation of tailings (10 CFR 40 Appendix A, Criterion 1)

The general goal or broad objective referenced in R313-24 and Criterion 1 of 10 CFR 40
Appendix A for siting and design decisions is the permanent isolation of 11e.(2) byproduct
material by minimizing disturbance and dispersion by natural forces, and to do so without
ongoing maintenance over a finite time frame (1,000 years to the extent reasonably achievable,
and, in any case, for at least 200 years as per Criterion 6). The site features to be considered in
achieving this objective include the site’s remoteness from populated areas, hydrologic and other
natural conditions as they contribute to continued immobilization and isolation of contaminants
from ground-water sources, and the potential for minimizing erosion, disturbance, and dispersion
by natural forces over the long term. The primary emphasis of this Criterion is on the long-term
isolation of 11e.(2) byproduct material, which is a function of both site conditions and
engineering design, and shall be accomplished in a manner that no active maintenance is required.

The Shootaring Canyon Uranium Mill siting was approved by the NRC in the early 1980s in
Garfield County, a remote portion of Southeastern Utah to which the region power grid had not
yet and still has not reached. Siting criteria were evaluated prior to construction of the existing
mill and TSF (Woodward-Clyde 1978a, 1978b, and 1978c). The 2006 Census indicates that
Garfield County has an area of approximately 5,174 square miles and a population of 4,534, a
decrease of approximately 1201 people since the year 2000 (population 5,735). This represents
and average population density of less than 0.9 persons per square mile or roughly 3 percent of
the average population density of 27.2 persons per square mile for the largely rural state of Utah.
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The small town of Ticaboo, located approximately 3 miles to the south of the mill, was originally
developed as the company mine and mill town. Its population is currently less than 55 full time
residents, though as workers for the mines and mill move to the town this population is
anticipated to increase to approximately 500 to 600 persons, mostly supporting the mill and mine
workers. The town includes a 70 room hotel which services tourism primarily associated with
Lake Powell approximately 14 miles to the south. The nearest residence is located approximately
1.5 miles to the east of the site. The tourism to the area is highly seasonal with extended periods
of reduced visitation in the late fall, winter and early spring. This area has remained relatively
unpopulated and the increase in local population that is anticipated to occur is due primarily to
workers and service providers servicing the local uranium mill and mining activities.

The TSF is sited in a local ephemeral drainage depression between sandstone mesas with a very
small drainage catchment (<0.35 sg. mile) in one of the most arid areas of the State (an annual
average precipitation of approximately 7 inches). The combination of these characteristics (a
natural depression with low potential erosive energies, a small catchment area from which surface
water erosive forces can accumulate, and an arid climate where probable maximum precipitation
events are relatively small compared to other regions in the US and the State of Utah), provide an
excellent environment for the immobilization and isolation of contaminants and for minimizing
erosion, disturbance, and dispersion by natural forces over the long term.

Hydrogeologically, the site is located on Entrada Sandstone, principally a uniform fine grained
sandstone of the San Rafael group that contains some thin layers of shale and siltstone units. The
Entrada Sandstone, which hosts the uppermost unconfined aquifer in the region, overlies the
Carmel Formation, which is a regional aquitard between the overlying Entrada Sandstone and the
underlying Navajo Sandstone that consists mainly of clay, shales and interbedded fine sandstones
and is approximately 160 feet thick in the site area (Hydro-Engineering, 1998). Both the Entrada
Sandstone aquifer and the Navajo Sandstone aquifer are Class IA aquifers of high water quality.
The Navajo Sandstone aquifer is the regional aquifer used for drinking water. Though of high
quality, the Entrada is not currently used for drinking water in or near the mill area.

Lower permeability (hydraulic conductivity) units within the Entrada Sandstone have been
observed at the site that create locally perched ground water conditions above the regional water
table in the Entrada Sandstone. Ground water monitoring and aquifer testing indicates that the
horizontal permeabilities of the Entrada Sandstone range from approximately 0.08 feet per day
(ft/day) to 0.21 ft/day while the lower permeability zones above the regional water table range
from 0.02 ft/day to 0.18 ft/day. Hydraulic gradients in the Entrada Sandstone average
approximately 0.011 ft/ft and average ground water flow is estimated to range from 0.02 ft/day (8
ft/yr) to 0.009 ft/day (3 ft/year) based on an effective porosity of 0.1 (Hydro-Engineering, 1998.)
Therefore, any potential for future impacts to local ground water would be promptly detected first
by the leak detection system in the engineered liner system that is above the secondary liner and,
should both synthetic liners and the low permeability clay sub-liner not prove effective in
containing leakage, constituents in the ground water would move so slowly that ground water
impacts could be promptly detected and appropriate corrective action could be implemented such
that drinking water standards and class of use would be maintained and contamination would not
pass the points of compliance or property boundary. By virtue of its previous license approval,
NRC has determined that the combination of remoteness of the location, the physical
environment and hydrogeologic environment affords the requisite reasonable assurance of
protection of public health, safety and the environment through the immobilization and isolation
of contamination from groundwater sources, minimizing potential erosion, disturbance, and
dispersion by natural forces to support siting the mill in its current location. The application of
best available technologies in this license application only increases this assurance of protection.
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No ongoing maintenance (10 CFR 40 Appendix A, Criterion 1)

The erosion protection, cover and liner reclamation designs presented in the existing Tailings
Reclamation and Decommissioning Plan (Hydro-Engineering, 2005b and subsequent revisions)
will meet all applicable standards and guidance (including US NRC, 2002 and DOE, 1989), and
for long-term stabilization and isolation of the tailings and 11e.(2) byproduct material without
relying on long-term maintenance in a manner consistent with the numerous Title | and Title Il
uranium mill tailings facilities already reclaimed, approved and transferred to the Federal
Government for long-term stewardship. Uranium One plans to update the Tailings Reclamation
and Decommissioning Plan to incorporate design changes as well as to address DRC
Interrogatory comments. The revised Reclamation Plan will meet the same standards and
guidelines as the current Reclamation Plan.

The tailings will be dewatered to mitigate seepage and tailings settlement. Cover surfaces have
slopes designed to be stable under Probable Maximum Precipitation (PMP) flows and the
reclaimed tailings surface will be covered with rock mulch or rock riprap to afford erosion
protection. A low permeability clay cap and an overlying HDPE geomembrane will control
infiltration. These are described in the Reclamation Plan dated December 2005 and subsequent
revisions. These same design components will be included in the revised Reclamation Plan to be
submitted at a later date.

Tailings disposal (10 CFR 40 Appendix A, Criterion 3)

The TSF is located within a natural drainage behind an existing constructed dam. The cells are
surrounded on the east and west sides by bluffs which protect the area from wind erosion and
minimize dispersion. There are currently no nearby active mine pits that would serve as alternate
disposal sites. Because the tailings will be contained within a structure using a Best Available
Technology (BAT) liner system and will be reclaimed and covered with a multi-layer cover to
include a geomembrane and erosion protection rock mulch, the proposed disposal method will
minimize the potential for exposure of the tailings or dispersal of the tailings by mechanical
forces.

Closed with 1000-year design life, and in any case at least 200 years (10 CFR 40 Appendix
A, Criterion 6)

The reclamation design complies with applicable NRC staff technical positions, guidelines and
recommendations. See above.

Design Requirements

Siting (10 CFR 40 Appendix A, Criterion 4)

Upstream Drainage Minimized

The TSF is in a natural drainage enclosed on the downstream end by an engineered, NRC and
Utah State Engineer approved dam within a very small watershed runoff area. The total
watershed area to the dam is approximately 225 acres. During operations, the runoff will collect
in the impoundment and be evaporated. After reclamation, runoff to the north and east, including
the mill area, will be diverted offsite. The small drainage area of the west bluff will run on to the
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reclaimed tailings and then be collected in a channel along the east of the impoundment. The
total drainage area, including the TSF, will be 114 acres.

Wind Protection

The TSF is effectively surrounded by natural cliffs and hills. The revised Reclamation Plan will
include a rock mulch over the tailings surface, which will prevent wind erosion of the tailings
cover system. A net deposition of windborne soils is expected to occur over the impoundment
area, rather than loss of covering over the tailings due to wind erosion.

Erosion Potential Limited through Flat Cover Slopes and Designed Covers

The final TSF cover will be graded to provide sufficiently flat slopes to mitigate erosional forces
but allow precipitation runoff. Rock mulch erosion protection will be included as part of the cover
design for the entire tailings area. The top reclamation surface will also be configured to limit
upland contributing drainage area to overland flow.

Conservative Factors of Safety Attained through Flat Embankment Slopes

TSF embankments and sides will be designed with sufficiently flat slopes to provide conservative
factors of safety.

Not Susceptible to Earthquake Damage

The TSF design accounts for stresses induced by the postulated maximum credible earthquake for
the Shootaring TSF region based on the report titled “Seismic Hazard Analysis for Shootaring
Canyon Uranium Processing Facility” attached as Appendix B. The slope stability analyses are
included in Section 5 of this Design Report.

Deposition Promoted
Where possible, final cover slopes will be flat enough to promote deposition of wind-borne and

water-borne sediment, and in any case, to limit erosion to acceptable levels during the 1000-year
stability period.

Ground Water Protection Standards (Utah Administrative Code Rule, UAC R317-6, 10 CFR 40
Appendix A, 40 CFR 192, etc.)

Liner that will prevent migration of wastes out of the impoundment (UAC Rule R317-6).

The TSF cells are designed with a competent multilayered liner system (double HDPE liner with
leak detection and clay sub-liner) to provide waste containment for the cells. The liner system
will be constructed of materials that have the appropriate chemical and physical properties to
prevent failure per 10 CFR 40 Appendix A Criterion 5(a)(2)(a) (see Section 7.2). The liner
system will be placed on a competent foundation or base pursuant to 10 CFR 40 Appendix A
Criterion 5(a)(2)(b). The divider berm, side slopes, and South Dam raise have been designed and
will be constructed and maintained to prevent failure pursuant to 10 CFR 40 Appendix A
Criterion 5(a)(5). Site licensed activities are administered under Ground Water Quality Discharge
Permit UGW 170003, and the requirements regarding groundwater protection for the TSF are
contained therein.
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If liner left in place following operations, wastes cannot migrate into liner during active life
of facility (10 CFR 40 Appendix A, Criterion 5A(1))

The proposed design will prevent the migration of wastes into the liner system during and
following operations. The operation of the leachate collection system will continue until the
tailings drainage and consolidation are more than 90 percent complete. The post-closure cover
system will limit infiltration to immeasurably small levels. The volume of free liquids within the
TSF cells after closure will be very small.

Impoundment must not be overtopped (10 CFR 40 Appendix A, Criterion 5A(4))

Minimum freeboard to store PMP inflow and operational water as well as to allow adequate
height for wave action is included in the design of the TSF.

Leakage detection system required for synthetic liners (Utah Administrative Code Rule
R317-6, BAT requirement).

A leakage detection system will be provided, independent of any ground-water monitoring
program.

Tailings must be dewatered by a drainage system at the bottom of the impoundment (Utah
Administrative Code Rule R317-6, BAT requirement).

A leachate collection system will be installed in the TSF cells and operated until the drainage rate
approaches minimal levels.

Must install two or more liners and a leak collection system between such liners (Utah
Administrative Code Rule R317-6, BAT requirement).

A double synthetic liner with leak detection system will be installed over a one-foot compacted
clay base as described in this Design Report. Additionally, a leachate collection system will be
installed in a filter/drainage bed over the double liner and clay base.

Closure (10 CFR 40 Appendix A, Criterion 6 and as Directed by NRC Staff Technical Position
[STP] for Erosion Protection covers)

Eliminate free liquids

The volume of free liquids in the decant pool will be minimized in the TSF cells during
operations by dewatering with the leachate collection system. Operation of the leachate collection
system will be continued until the collection rates stabilize at levels of less than 1.5 gpm per 10
percent of the typical full production operational collection rate.

Stabilize wastes
Tailings will be allowed to stabilize (90 percent consolidation) prior to placement of the

reclamation cover. The method of tailings deposition has been designed to promote rapid tailings
consolidation.
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Cover the impoundment to:

Minimize long-term liquid migration

Promote drainage and minimize erosion
Accommodate settling and subsidence

Maintain effectiveness with minimum maintenance

The final cover will be designed: (1) with a HDPE geomembrane and low permeability clay cap
to minimize infiltration and emanation of radon gas; (2) to minimize reliance on active post-
closure maintenance due to its conservative erosion-resistant design; (3) to promote drainage
while minimizing erosion through flat slopes and/or rock protection; (4) to control run-on and
drainage of waters and (5) to accommodate any tailings settlement. Further, the site is located in
a geographical area where annual evaporation (approximately 70 inch/yr.) exceeds the annual
precipitation, (approximately 7 inch/yr.).

Radon Standards

3.1.3

3.14

Post-operations (40 CFR 61, Subpart T; currently EPA — NRC MOU):

. radon emissions not to exceed 20 pCi/m*-s
. must be in compliance after ceasing to be operational until license termination

The reclamation cover design incorporates a radon barrier capable of reducing emissions to levels
below the radon standard for the required time period while reducing infiltration of surface waters
into the TSF cells.

EPA Regulations (40 CFR 61, National Emission Standards for Hazardous Air Pollutants
[NESHAPs])

Any modifications to the existing TSF cells shall be in accordance with 40 CFR 61. Operations,
maintenance and monitoring of the TSF shall comply with 40 CFR 61 for radon emanation.

10 CFR 40 Appendix A Criterion 6 through Criterion 10

Criterion 6 - Closure Cover. The closure cover design is currently as described in the “Tailings
Reclamation and Decommissioning Plan for Shootaring Canyon Uranium Project — 2005,
Revised: December 2006”. The Reclamation Plan will be updated to incorporate the revised TSF
cell design as well as to address comments from the DRC.

Criterion 7 — Pre-operational Monitoring. The mill and the major TSF structures exist at the
site. Pre-construction monitoring has been conducted, and the ongoing monitoring program
including any proposed changes will be presented in a Compliance Monitoring Report to be
submitted at a later date.

Criterion 7A — Detection Monitoring. The ground-water monitoring program is currently being
updated and will be submitted to the DRC in a separate submittal as part of an Environmental
Compliance Monitoring Report. The ground-water monitoring program is administered under
Ground Water Quality Discharge Permit UGW 170003.

Criterion 8 — Airborne Emissions. Airborne emissions related to the TSF are associated with
fugitive dust emissions. The main sources of fugitive dust at the site are from road dust from
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haul/access roads, ore stockpiling, direct particulate emissions from the ore stocks and TSF, and
construction activities. Fugitive emissions from the TSF will be minimized through design and
the routine implementation of ponding and spraying. Fugitive emissions from roads and other
actively worked areas will be controlled by application of water or chemical agents as the need
arises. The Standard Operating Procedure (SOP) for fugitive dust control is under development
and will be provided in the final SOP document to be submitted to the DRC at a later date.

Criterion 8A — Daily Inspection of Waste Retention Systems. The draft SOP for dam and
facilities inspection is under development and will be provided in the final SOPs to be submitted
to the DRC at a later date.

Criterion 9 — Financial Surety. The financial surety for decontamination and decommissioning
is described in the “Tailings Reclamation and Decommissioning Plan for Shootaring Canyon
Uranium Project — 2005, Revised: December 2006”. The Reclamation Plan will be updated to
incorporate the revised cell design as well as to address comments from the DRC.

Criterion 10 — Long-Term Surveillance. The CPI adjusted long-term surveillance fee is
included in the financial surety described in the “Tailings Reclamation and Decommissioning
Plan for Shootaring Canyon Uranium Project — 2005, Revised: December 2006”. The
Reclamation Plan will be updated to incorporate the revised cell design as well as to address
comments from the DRC.

3.2  State of Utah Regulations

The State of Utah entered into an agreement with the NRC in 2004 that resulted in the State of Utah
assuming primacy in the regulation of uranium milling and tailings facilities. With this agreement, the
applicable regulations as cited in Section 3.1 and any modifications or additions are under the
administration of the State of Utah.

3.21 Ground Water Protection (UAC Rule R317-6)

The administrative rule stipulates that any newly constructed facility which discharges or would probably
result in a discharge of pollutants that may move directly or indirectly into the ground water must apply
for a ground water discharge permit. The rule identifies a broad range of facilities to which it applies, and
specifically includes facilities with waste storage piles, landfills and dumps, mining, milling and
metallurgical operations. The rule also requires that any facility constructed or operated before the rule
was enacted (August 1989), must submit a notice of the nature and location of any discharges to the state
within 180 days of the adoption of the rule, and submit an application for a discharge permit upon
notification by the state. The design of the multilayered liner system, as outlined within this Design
Report, will prevent discharge of pollutants either directly or indirectly into the ground water for this
milling operation. The site is administered under Ground Water Quality Discharge Permit UGW 170003.
This permit will be updated based on this design and the associated compliance monitoring plan and
standard operating procedures that are being submitted.
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3.2.2 Design Basis

To meet BAT requirements as part of UAC R317-6, Plateau Resources chose to use the Engineering
Design Basis as defined by the DRC (Utah DEQ, 2007). Uranium One has chosen to follow this same
approach for the revised design. DRC provided Uranium One with a summary and clarification of the
BAT design basis requirements in their letter dated November 9, 2007 (Utah DEQ, 2007). It is Uranium
One’s understanding that Uranium One must meet or exceed the design guidelines agreed upon by the
DRC and Plateau Resources and stated in the original March 17, 1999 Ground Water Discharge Permit
(Utah DEQ, 1999) to meet the Engineering Design Basis for BAT. The design guidelines as listed in the
March 17, 1999 Permit (Utah DEQ, 1999) are listed in italics below for reference:

a. slurried tailings waste;

b. a 3-inch corrugated advanced drainage system (ADS) HDPE pipe leachate
collection system installed within a sand filter bed;

C. a 60-mil HDPE primary liner with a maximum allowable design leakage rate of

200 gallons per acre of disposal cell area, per day;

HDPE leak detection collection sumps for leak detection liquid collection;

a geonet leak detection layer;

a 60-mil HDPE secondary liner to be anchored with anchor trenches;

at least 12 inches of compacted clay with a maximum permeability of 1x 10

centimeters per second;

h. native soil and/or bedrock will be graded, shaped, and prepared for the basal
clay liner. Maximum side slope will be 3H:1V.

«Q oo

Uranium One will meet the intent of the design guidelines above for the current design. Design features
that differ from the design guidelines are the LCS piping and the grading of the cell side slopes. The
current LCS piping design includes 4- to 8-inch diameter SDR 15.5 HDPE pipe. The 3-inch corrugated
pipe listed in the design guidelines was determined to have insufficient load bearing capacity. The
maximum side slopes for the cells will be 2.5H:1V, except for the upstream face of the existing dam. The
side slopes are stable for operational and pseudostatic conditions.

The November 9, 2007 letter from the DRC also summarized additional BAT engineering design basis
and operation requirements provided in the December 28, 1998 DRC and Division of Water Quality
Statement of Basis (SOB). This summary information is provided in italics below for reference:

A. Double HDPE Liners and Leak Detection System — including a double HDPE membrane liner
system with an intervening leak detection system (LDS) to detect leakage from the upper HDPE
membrane.

B. Composite Liner System — the lower HDPE membrane was to be placed in intimate contact with
an underlying clay layer to form a composite liner, which would greatly minimize leakage that
could be released to the impoundment’s foundation. Neither the December 28, 1998 SOB nor the
March 17, 1999 Permit include a direct explanation for the minimum clay layer thickness (1-foot)
or maximum permeability (1.0E-7 cm/sec). However, it appears that the maximum clay
permeability was derived from EPA RCRA guidance for landfill construction (see Design and
Construction of RCRA/CERCLA Final Covers, EPA/625/4-91/025, May, 1991, Chapters 1 and
2), and that the minimum clay thickness is based on good engineering practice for
constructability. We also acknowledge that the clay thickness specification could have been
arrived at by negotiation.

C. Leachate Collection System and Maximum Allowable Head — a leachate collection system (LCS),
including HDPE piping and sand filter layer, was to be located above the primary HDPE liner.
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This design, in concert with an operational requirement of a 3-foot maximum head on the
primary HDPE membrane, would greatly reduce the leachate driving head and potential leakage
thru the upper HDPE membrane.

D. LDS Maximum Allowable Leakage Rate — the approved design included a 200 gallon/acre/day
maximum allowable leakage rate (ALR) for the leak detection system (LDS), based on 1992 EPA
guidance (EPA, 1992). The geonet material specifications for the LDS was to include a
transmissivity that was greater than this ALR, so as to ensure free flowing conditions to the LDS
collection sumps.

E. BAT Performance Monitoring Criteria — head monitoring of the LCS and flow rate monitoring of
the LDS were to be used as the primary points of compliance, and as an early warning system to
demonstrate protection of groundwater quality. BAT compliance was achieved at the
impoundment, so long as: 1) head values in the LCS remained below 3-feet above the lowest
point on the primary HDPE membrane, and 2) daily LDS flow rates were below the 200
gallon/acre/day ALR value. Although not mentioned in the December 28, 1998 SOB, this
approach to compliance monitoring is allowed in the GWQP Rules under UAC R317-6-6.9(B).

F. BAT Performance Monitoring Plan and Reporting - the original Permit also required a BAT
Performance Monitoring Plan be submitted and approved by the Executive Secretary before liner
system construction (Permit, Part 11.H.2). Details regarding BAT monitoring (LCS head and
LDS daily flow rate) were stipulated in Part I1.E.2. BAT reporting requirements were also
specified in Part 11.G.2

G. De-Minimus Discharge — based on the above engineering design and operational parameters,
any discharge from the lower HDPE liner to the foundation was deemed a de-minimus discharge.

H. Contingencies for BAT Failure — in the December 28, 1998 DRC/DWQ SOB the Executive
Secretary also laid out possible remedial actions should BAT failure be found to exist in either
the LCS head or the LDS flow rates, including (ibid., p. 6): 1) isolation of the point of failure and
retrofit construction, 2) cell closure should retrofit construction be infeasible, and 3) contaminant
transport modeling to demonstrate that groundwater quality will be protected despite the BAT
failure.

I. Other BAT Related Considerations — a few other issues were also considered in the SOB that are
related to BAT design for the facility under the original Permit. These include:

1) Existing Groundwater Monitoring Well Network - the Executive Secretary largely accepted
the existing groundwater monitoring well network as it stood in 1998, with two exceptions
(see December 28, 1998 DRC/DWQ SOB, pp. 3-4):

a)  Two New Vertical Gradient Wells — as outlined in Part 11.H.3 of the original Permit,
two new wells were to be installed to determine head and groundwater quality
conditions in an area below the perched aquifer, i.e. middle Entrada aquifer. These
included new well RM16 to be installed adjacent to existing well RM11, and new well
RM17 to be installed adjacent to RM13.

b)  Ore Storage Pad Well — Part I1.H.3 of the original Permit also required installation
of a new well RM2R, to be installed on the downgradient side of the ore storage pad.

The December 28, 1998 SOB (p. 4) also explained that so long as the BAT performance
standards were met (i.e., maximum LCS head and/or daily LDS flow rates), that : ““... neither
contaminant transport modeling nor a well spacing evaluation is necessary™.

2) Cover Design Model and Performance Criteria — an infiltration model was required for the
closed cell condition to demonstrate the absence of a “bathtub™ effect (see original Permit,
Part I1.H.6).
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3) Reclamation Plan — was to incorporate the findings of the infiltration model used to evaluate
the long-term cover design. This plan was to be submitted for Executive Secretary approval
before commencement of milling operations (see original Permit, Part 11.H.8).
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4.0 TAILINGS DISPOSAL CONCEPT
4.1  General Site Layout

This section describes the general concept for tailings disposal at the Shootaring Canyon tailings storage
facility (TSF). The current plan for mill tailings disposal utilizes the TSF site previously permitted,
constructed, and owned by Plateau Resources. The general layout of the TSF site is presented on
Drawing P1.1.

The TSF site occupies a broad valley flanked by a high, narrow sandstone mesa along the west side and a
low bluff along the east side. The mill site is located at the top of the bluff to the east. The valley was
drained by a dry wash sloping from north to south.

A zoned earth embankment dam was constructed across the valley in the early 1980s as part of the initial
TSF. This dam, referred to as the “Shootaring Dam” in previous investigations by others and as the
“South Dam” in this report, has a height of approximately 120 feet and is listed as a jurisdictional dam
with the Utah State Engineer’s Office. Several other low, non-jurisdictional embankments were also
previously constructed upstream of the South Dam during the initial mill operations. The ‘cross valley
berm’ (~30 feet high) is located approximately 1,500 feet north of the South Dam, and another small
embankment dam (~15 feet high), called the ‘north dike’ in some previous studies, was constructed
another 700 feet north of the cross valley berm. An additional embankment, termed the ‘east dike’ in
previous studies, was constructed north of the cross-valley berm and parallel to and east of the natural
drainage channel (as shown on Drawing P.1.1).

As discussed later in this section, a small volume of tailings was produced during the initial mill operation
and discharged into the facility. In addition, 11e.(2) byproduct materials from cleanup of several nearby
sites, unprocessed ore, and contaminated soils from a previous tailings fluid spill exist within the
boundaries of the TSF. All of these materials will be relocated to within the lined TSF during operations.

4.2  Cell Configuration

Tailings disposal will take place within a two-cell system encompassing a total of 80 acres of area, to be
in compliance with EPA radon emanation requirements. The tailings disposal concept includes phased
construction of a South Cell (39.9 acres) and a North Cell (39.3 acres), as shown on Drawing P1.1.
Tailings will be deposited in stages by switching back and forth between the South and North Cells. The
South Cell will be constructed first, to a lined elevation of 4430 feet, to expedite mill startup and to
minimize startup capital costs. A process and evaporation pond will be designed when design criteria for
this component have been finalized. Details of construction and operation sequencing are presented in the
following section.

4.3  Construction and Operation Sequencing

The TSF will be constructed and operated in four phases listed below. Elevations listed below are in feet
above mean sea level.

Phase | Construction of South Cell to Elevation 4430 ft for Initial Storage for Mill Startup
(Year 0)
Phase Il Deposit Tailings in South Cell while Completing Construction of North and South

Cells to Elevation 4466 ft for Ultimate TSF (Years 1-5)
Phase II1  Tailings Deposition in North and South Cells (Years 6-18)
Phase IV Reclamation and Closure (Years 19-20).
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In Phase I, the South Cell will be constructed to the interim elevation 4430 incorporating and lining the
existing earthfill dam (South Dam), which will minimize earthwork so that milling can begin as soon as
possible. The proposed grading of the South Cell for Phase 1 is shown on Drawing P1.3. Phase |
deposition in the South Cell will proceed to a maximum pool elevation of 4423.5 (established by
freeboard calculations). After milling operations commence, work will continue in Phase Il to construct
the remaining portions of the TSF. The proposed grading at the North and South Cells for Phase 2 is
shown on Drawing P2.1. During the operational deposition in Phase I1I, the North and South Cells will
be separated by a progressively raised low earthen divider berm, as shown on Drawings D1 and D2.
Tailings will be deposited to elevation 4458 and 4461 in the North and South Dam, respectively, by
alternating back and forth between the cells during the operational lifetime of the facility, ensuring that
tailings in the inactive cell are covered at all times. The surface of the cell that is not in active deposition
will be maintained in a wet or flooded condition to serve the dual role of radon barrier and evaporative
surface. When the storage capacity of both cells has been reached, the TSF will be reclaimed during
Phase IVV. The depositional staging through the lifetime of mill operation is presented in Table 4-1.

Table 4-1. Summary of TSF Depositional Staging

Project Period (year)
Depositional (Year 0 = Phase | Max Pool
Stage Construction) Phase Cell Elevation
1 1-4.9 Phase | South 44235
1 49-538 Phase 11 South 4429
2 58-6.9 Phase 11 North 4439
3 6.9-11.6 Phase Il South 4449
4 11.6-15.3 Phase Il North 4458 (full)
5 15.3-185 Phase I South 4461 (full)

4.4  Existing Tailings and Contaminated Soils

An estimated 99,700 cy of tailings, 11e.(2) byproduct materials and locally contaminated materials exist
within the TSF boundaries, as shown on drawing P1.2. These materials will be moved to the South Cell
after it has been lined. The materials to be moved are summarized on Table 4-2.

Table 4-2. Summary of Materials to be Moved to South Cell

Quantity
Material Source Location (cy)*
- . North Cell
Tailings Produced April 1982 August 1982 North of Cross-Valley Berm 25,000
11e.(2) .
Imported from Hanksville and North Cell
Byproduct Hydro-Jet sites North Dike, East Dike 50,000
Materials
Ore Erosion protection for cross-valley North Cell 6,700
berm Cross-Valley Berm
. Soils contaminated by 1982
Contam'mated tailings spill for which cleanup South Cell 18,000
Soil North of South Dam
does not meet current standards
Total 99,700

! Material quantities reported in Hydro-Engineering (2005b)
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The contaminated soils from the 1982 tailings fluid spill will be removed and temporarily relocated to the
area upstream of the cross-valley berm while the South Cell is constructed during Phase I. When
construction of the South Cell is complete, all of the materials listed in Table 4-2 will be relocated there
for permanent storage. All areas where materials have been removed will be resurveyed prior to
construction to ensure that cleanup criteria have been met. Verification of this clean up will be provided
to DRC for concurrence and no construction will begin until DRC concurrence is received.

It is noted that there is some disparity in the quantities listed in Table 4.2 as reported in Hydro-
Engineering (2005b). Page 1-1 reports 25,000 cy of existing tailings and 39,100 cy of 11e.(2) byproduct
material. In contrast, page 9-3 reports 83,000 cy of existing tailings and 50,000 cy of 11e.(2) byproduct
material. SRK (2007) reports on page 3-38 that 27,825 Ibs of U3Og was produced at the mill from April
through August of 1982. Using an ore production rate of 750 TPD and a grade of 0.007%, Tetra Tech
calculated that it would take only 27 days to produce this quantity of yellowcake. In contrast, we
calculate that it would take 4.8 months to produce 83,000 cy of tailings, running at full capacity for the
entire period. Although the 4.8 month figure is plausible, it is highly unlikely that the mill operated at full
capacity from the first ton of production in April to shutdown in August. In consideration of these
observations, the 25,000 cy figure appears more credible, and is the figure we have reported herein.
Regardless, there is sufficient interim storage capacity in the clay lined existing tailings cell for
contaminated soils and all 11e.(2) byproduct material will be transferred to the new south cell once
constructed.

45 Radionuclide Control

Environmental protection from the radionuclides in the tailings and contaminated soils will consist of an
underlying liner system, TSF capacity considerations, and management of dust control and air quality.
Groundwater resources will be protected with a multi-layer composite liner system consisting of a
compacted clay liner (CCL), a secondary HDPE geomembrane with a geonet leak detection system,
primary HDPE geomembrane, and a leachate collection system over the primary liner. This liner system
will be supplemented by leak detection sumps and downgradient groundwater monitoring wells. Surface
water drainage through the site and the TSF capacity will be designed so that all potentially contaminated
waters are stored within the TSF. Ambient air quality will be protected from the release of radon-222
from exposed tailings surfaces by a combination of water cover, interim soil cover, and surface spraying.
Annual radon monitoring will be performed to comply with NESHAPS requirements as described in the
Compliance Monitoring Plan that will be submitted at a future date.
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5.0 CELL DESIGN

The design of the cell floors, side slopes, embankments and access roads are discussed in the subsections
below, followed by the results of slope stability analyses and a discussion of earthwork and TSF storage
volumes. Elevations presented in this section are in feet above mean sea level.

Phase I will consist of constructing the South Cell to a lined elevation of 4430 for initial tailings disposal.
Both the North and South Cells will be constructed to a lined elevation of 4466 during Phase Il at the
same time that tailings are being deposited in the South Cell.

5.1 Floor Grading

The floor grading for the South and North Cells are presented in drawings P1.3 and P2.1, respectively.
The floors of both cells will slope gently to the south, roughly following the existing topography. Floor
grades generally range from 4.0 percent to 6.3 percent in the South Cell, and 3.3 percent to 4.5 percent in
the North Cell. Sumps will be constructed near the center of the South Dam for the South Cell, and at the
southeast corner of the North Cell. The rough grading for both cells included removal of contaminated
soils in the South Cell, and removal of the tailings, ore, and imported 11e.(2) byproduct material
(described in previous sections), as shown on drawing P1.2.

5.2  Side Slopes

The side slopes of both the North and South Cells will be 2.5:1(horizontal:vertical) as shown on Drawing
P1.10. The slopes will be constructed of random onsite fill materials produced during cell excavation. A
minimum  1-foot thick compacted clay liner (CCL) having a maximum permeability of 1x107 cm/s
beneath the composite liner system will be constructed to provide additional protection of groundwater
resources. However, the CCL on the 2.5:1 side slopes will have twice the required thickness for
constructability. To ensure sufficient compaction to achieve the maximum permeability, the CCL on the
side slopes may have to be overbuilt to accommodate the width of construction equipment, and then cut
back to the design thickness; the minimum CCL thickness has been doubled to ensure its integrity during
this procedure. Areas where the outboard perimeter of the TSF meets existing grades will be trimmed to
a slope of 1:1 where the slope is in bedrock (likely for the majority of the east and west sides), and to 2:1
where the slope is in undisturbed natural soils (most likely for portions of the north and east sides of the
North Cell).

The northern edge of the TSF lies very near and parallel to the north property line. The property to the
north is BLM land. As shown on drawings P2.1 and P2.5, it will be necessary to fill a shallow depression
located immediately across the northwest corner in order to prevent storage of precipitation runoff at this
location. This construction task will have to be negotiated with BLM prior to implementation of Phase II.

5.3  South Dam

Details for the South Dam are presented on drawings P1.7 and P2.7. The crest of the existing South Dam
is presently at elevation 4432. The upstream face of the existing South Dam has a slope of 2:1, and will
remain at this slope. The existing riprap will be removed and stockpiled for reuse. For Phase I, the riprap
at the upstream face will be removed, the surface will be prepared, and a 2-foot thick compacted clay liner
(CCL) having a maximum permeability of 1x10” cm/s will be constructed to elevation 4430 on the side
slopes.

During Phase 11, the dam will receive a homogeneous downstream raise to elevation 4468. The upstream
and downstream slope faces of the Phase Il raise above elevation 4432 will be 2.5:1. The slopes of the
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upstream dam face will receive a 2-foot thick compacted CCL having a maximum permeability of 1x107
cm/s prior to placement of the composite liner system to elevation 4460.

5.4  Divider Berm

The North and South Cells will be separated by a divider berm. Details for the divider berm are presented
on Drawing D1. The initial divider berm will be constructed of random site fill to the same elevation as
the existing South Dam (at elevation 4432). The liner for Phase | will be at elevation 4430 and will
terminate at the upstream berm crest, where it will be integrated with the North Cell liner during Phase II.
Subsequent staged raises to the divider berm will be constructed of compacted tailings. The upstream and
downstream faces of the initial divider berm will be 2.5:1, with 2:1 slopes used for the subsequent stages.

5.5 Access Roads

Access around the perimeter of the cells will be provided by constructing narrow roads around the cell
perimeters. Sections and details of the access roads are presented on drawing P1.10. Temporary access
around the 4432 elevation of the South Cell during Phase 11 will be provided by preserving the outermost
17 feet of the bench at this elevation for tailings distribution piping and service/maintenance vehicle
access. The surfaces of all access roads will be sloped toward the cell at a 1 percent grade to facilitate
surface runoff. The access roads will be constructed 2 feet higher than the liner elevation to provide both
vertical distance for surface drainage ditches and cover protection for the HDPE liner from maintenance
traffic.

As shown in the details on drawing P1.10, the HDPE liner will run the entire 17-foot width of the 4430
access road beneath the roadway, and will be sloped toward the cell at a 1 percent grade. The composite
liner at the 4430 level will terminate in an anchor trench located 17 feet inside the edge of the road. The
HDPE liner at elevation 4460 will terminate in an anchor trench located 8 feet inside the cell edge.

Surface drainage from the slopes above the cells will be collected in ditches and conveyed into the cells
via concrete drainage fords at prescribed spacings, as shown in drawings P1.5 to P1.10 and P2.3 to P2.8.
The safety berms constructed several feet inside of the cell edges will contain openings at 200-foot
intervals to provide access to the cell for precipitation runoff. Surface runon around the perimeter of the
TSF will be collected in ditches and conveyed to the TSF across the access roads via concrete drainage
fords. Surface water control is discussed in detail in Section 8.

Several design features were incorporated into the access road section depicted in drawing P1.10. The
access road cross section provides 2 feet of cover over the HDPE liner for protection from light
construction traffic. The lowermost layer of the road section consists of an 8-inch thick layer of 1-inch
screened rock over protective geotextile fabric. The purpose of this layer is to minimize the buildup of
hydraulic head across the roadway after the tailings level rises above the access road in subsequent
depositional phases by providing continuous drainage along the primary HDPE liner. Additionally, as
shown on drawing P1.10, the anchor trench for the Phase | composite liner at elevation 4430 will be
terminated along the outboard edge of the 17-foot wide access road. The reasons for this configuration
are threefold: (1) this location for the anchor trench will provide easy access to the Phase I liner for
integration with the Phase Il liner; (2) the roadbed over the liner for the 17-foot access road width will
provide temporary ballast to the liner when the anchor trench is severed during integration with the Phase
Il liner; and (3) having the liner run the full width of the temporary bench will provide additional
protection against release of any tailings fluids that might occur along the roadway during Phase I
operational deposition.
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5.6 Composite Liner System

Details for the composite liner system are presented on Drawings L1 through L5. The drainage gravel
layer of the LCS will stop at the cell floor, and will not continue up the side slopes. Anchor trenches will
be constructed along the top of each cell. The LCS/LDS systems for Phase | and Phase Il will be
integrated to ensure continuity of the liner and drainage systems. Drawing L5 presents a detail and
construction sequences for integration of the Phase I/I1 composite liner system. Liner design criteria are
presented in Section 7.

5.7  Mill Process Pond(s)

Mill process rates of fluids to be discharged to the process ponds are not available at this time. The
planned location of the ponds is shown on drawing P1.1. The ponds will be constructed with the same
liner detail as for the primary tailings storage cells except that there will be no leachate collection system.
Final design of the ponds will be completed when design requirements have been finalized.

5.8  Slope Stability

Analyses of the embankments and side slopes were conducted to ensure sufficient stability for the slopes
and embankments for all configurations and conditions expected to be exist during the operational life of
the TSF. Seepage and stability analyses were conducted using GeoStudio 2007 design software (Version
7.12, Build 4143, GEO-SLOPE International, Ltd.).

In addition to static analyses, pseudostatic analyses were conducted for each configuration to assess slope
stability during seismic activity. As described in Section 2.5, the probabilistic seismic hazard analysis for
the Shootaring Canyon site indicates a peak ground acceleration (PGA) of 0.18g for a 10,000 year return
period, equivalent to a 10 percent chance of exceedance in the 1,000 year design life of the TSF. A
horizontal coefficient of 2/3 of the PGA, or 0.12g, was for pseudostatic analyses.

The soil strength parameters used in the analyses were taken from previous investigations or were adapted
from these investigations. The tailings beach sands were assumed to have higher shear strength properties
and higher density than the unconsolidated tailings. Similarly, the sands used to construct the divider
berms will consist of compacted sands from tailings beaches and from cycloned tailings stockpiled during
deposition, and will have higher densities than the as-placed beach sands. Consequently, the compacted
tailings to be used to construct the divider berm raises are expected to have the same strength properties
as the random fill materials. Design soil strength parameters for the stability analyses are presented in
Table 5-1.
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Table 5-1. Design Soil Strength Parameters for Slope Stability Analyses

Total
Unit Friction
Weight Cohesion Angle
Soil Type* Use pcf psf deg
Clay core South dam (as-built) core 122 0 27
Sand filter South dam (as-built) filter 125 0 32
Clayey sand & gravel South dam (as-built) shell 139 0 40
Toe drain material South dam (as-built) toe drain 130 0 35
Entrada Sandstone Foundation and prepared 140 1,000 45
foundation
Compacted Random Fill Floor grading, side slopes, divider 125 0 32
(On-site materials and berm (first stage), Phase 11 South
excavated Entrada Sandstone) Dam raise
Unconsolidated tailings Stored waste 100 0 10
Tailings beach sand? Divider berm (stages 2 — 5) 115 0 28
Compacted tailings Divider berm (stages 2 — 5) 125 0 32

! Soil strength parameters from Hydro-Engineering, LLC (2005b)
2 Modified from unconsolidated tailings and compacted random fill

Operational stability of the South Dam was analyzed assuming full failure of the leachate collection and
liner systems. Seepage analyses were performed to determine the design phreatic surface for slope
stability analyses.

The divider berm was analyzed at the key stages of initial tailings deposition and conditions that will exist
for all depositional subsequent depositional stages.

For slope stability analyses, the phreatic surfaces for analyses of the side slopes and South Dam were
assumed to be incident with the slope faces at the maximum pool elevations, although the actual pool
surface will likely be distant from the slope faces below the tailings beaches spigotted from the cell
perimeters. For the side slopes and divider berm, the phreatic surface was assumed to have a more
realistic condition typical of tailings deposition, where the pool surface is distant from the slope face, and
the LCS draws the phreatic surface steeply downward so that it is not incident on the faces of the divider
berm. Tailings deposition will be managed to ensure these conditions are met during operational
deposition.

Slope stability was analyzed for the South Dam, side slopes, and the divider berm for the end of
construction phase and for intermediate or final stages of operational deposition. Both static and
pseudostatic analyses were conducted for both the upstream and downstream faces of the embankments.
The results of slope stability analyses are summarized in Table 5-2 and presented graphically in Appendix
D.
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Table 5-2. Results of Slope Stability Analyses

Safety Factor
Pseudostatic

Slope Static (0.129)
Side Slopes
End of Construction 1.7 1.2
End of Phase | Deposition 17 1.1

South Dam- Phase |

End of Phase | Deposition

Downstream Face 1.7 1.3
Upstream Face 16 1.1
South Dam- Phase Il

End of Construction

Upstream Face 16 1.2
End of Phase Il Deposition

Downstream Face 15 11
Upstream Face 16 1.2
Divider Berm

End of Stage | Deposition

Downstream Face* 5.6 2.8
Upstream Face® 1.6 1.2
End of Stage 111 Deposition

Downstream Face' 1.3 1.0

Upstream/downstream measured relative to global drainage channel

These results indicate acceptable safety factors for all of the slope configurations and tailings conditions
that are anticipated during the depositional life of the TSF. It is noted that although the pseudostatic
safety factor for the downstream face of the divider berm at the end of Stage 3 deposition (Figure D-22) is
1.0 instead of the preferred 1.1, the critical surface is a shallow slope surface opposite the cell with active
deposition. This configuration of the critical surface is entirely within the embankment and does not pass
into the tailings, so no breach of the divider berm at this location would be expected. Any temporary
breach that might occur would be minimal due to the deposition of tailings sands immediately upstream
of the berm, and would be fully contained within the confines of the South Dam. Additionally, this slope
will be regraded to a flatter angle as part of final reclamation.

5.9 Earthwork

Cut and fill quantities for earthwork and tailings storage volumes for the storage facility are presented in
Table 5-3. In summary, a net 19,268 cy of cut will be required to construct Phase I, which will be
temporarily stockpiled in the North Cell during Phase I. Phase Il will require a net 14,076 cy of fill, for a
total Phase I/11 balance of 5,192 cy of fill. The total tailings storage capacity for Phase | will be 1,521,202
cy (which includes the 99,700 cy of contaminated materials to be relocated from the North Cell), and for
Phase Il will be 3,425,648 cy, for a total storage capacity of 4,946,850 cy. The cut fill quantities shown
are for earthwork only, and do not include liner system components (e.g. compacted clay liners, drainage
aggregate, etc.).
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Table 5.3. Earthwork Volumes and Tailings Storage Quantities

Net Total
Phase Cut'(cy) Fill*(cy) (cy) Storage (cy)
Phase |
Pool elevation South Cell =4423.5 303,686 284,418 19,268 (cut) 1,521,202
Phase Il

Pool elevation North Cell = 4458 .
Pool elevation South Gell = 4460 564,648 578,724 14,076 (fill) 3,425,648

Phase | + 11 Combined 868,334 863,142 5,192 (cut) 4,946,850
1 Cut and fill volumes are for mass earthwork only, and do not include LCS/LDS components (e.g.
compacted clay liners, drainage aggregate, etc.)
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6.0 TAILINGS AND WATER MANAGEMENT
6.1 Tailings Deposition

Tailings slurry will be delivered to the storage cells via a primary pipeline from the mill. Tailings for
each phase will be received by a distribution station, and from there they will be distributed to the
appropriate cell for deposition through secondary piping. The purpose of the distribution stations is to
provide a means of controlling and delivering the tailings to the cell in the event of a spigoting or
secondary distribution problem which requires the secondary distribution to be temporarily shut down for
maintenance or repair, thus allowing continuous uninterrupted tailings flow.

From the distribution stations, the secondary distribution piping will deliver the tailings to the cell for
final storage. Deposition of the tailings will be via conventional spigots or cyclone separation. Tailings
will be first deposited at the floor to provide an initial protective cover for the exposed LCS drainage
layer. The initial tailings deposition must be performed in such a manner to minimize disturbance or
erosion of the exposed filter sand above the drainage gravel. After the LCS drainage materials have been
sufficiently covered, tailings discharge will take place primarily from the sides slopes. Deposition will
occur first in the South Cell, and will then cycle back and forth between the South and North Cells until
both cells are full. Full details and plans for tailings deposition are presently being developed, and will be
presented in the Operations Plan.

6.2 Tailings Production from Mill

Lyntek, Inc. is currently performing the evaluation of the restart of the Shootaring Mill and has forecast
that the upgraded mill will produce 1,053,000 Ibs of uranium per year (Lyntek, 2008). Based on an
average ore processing rate of 750 tons/day, the rates of discharge of the tailings solids and water are of
31.3 and 32.3 tons/hr, respectively (Lyntek, 2007). These values assume a specific gravity of 2.7 for the
solids and 1.0 for the water.

Uranium One does not currently plan to recycle tailings water back to the mill. The tailings water will be
used as a cover and dust control for the tailings cells during operation. The cell that is not in active
deposition will remain flooded or receive water spray to serve the dual role of radon cover and
evaporative surface.

6.3 Water Balance

A detailed water and tailings mass balance computer model was developed for the Shootaring Mill using
the dynamic modeling platform called GoldSim (V. 9.6. GoldSim Technology Group, LLC. Copyright
1998-2007). GoldSim is a Windows-based computer program used to simulate engineering systems and
is highly suited to work with the system variability of a mine site as it is being constructed and operated.
The model simulates the key inflows and outflows to the system during the life of the mill. See Appendix
E.1 for a more detailed description of the GoldSim Model. See Appendix E.2 for a summary of water
inflows and outflow to each cell during the life of the Mill.

Once the model was developed, it was used to identify tailings and pool elevations and to estimate the
times during operations that the discharge is cycled between the North and the South Cells based on
operational parameters. These operations parameters included:

1. Maintenance of adequate freeboard in both cells.

2. The pond surface elevation between the two cells not to exceed 10 feet.
3. Tailings deposition begins May 1, 2009.
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6.3.1 Model Inflows

Tailings Slurry — Tailings slurry is produced at a rate of 63.6 tons/hr over the entire life of the mill. This
production rate is over 350 days per year. The tailings slurry is 49.2 percent solids by weight with a
solids density of 97 Ib/ft>. An additional 100,000 cubic yards of existing tailings currently within the TSF
limits which will be excavated and added to the South Cell after it is complete. The rate of excavation is
assumed to be approximately 1,380 yds®/day for 60 days.

Return Water from Leachate Collection System — Water is collected from the Leachate Collection
System (LCS) and is returned to the top of the pond either directly or with the tailings slurry. In either
case, since the rate at which water is removed from the system is the same as the rate at which it is
returned to the system, the net effect on the water balance is zero and, therefore, was not included in the
water balance model.

Precipitation — Average monthly rainfall values were used to determine the precipitation contribution to
the tailings water pool. The precipitation rates (Table 6-1) used were from the water balance conducted
for the Tony M Mine (Tetra Tech, 2006). Appendix 2 from the Tony M Mine 2006 Report has been
attached as Appendix E.3 of this report for reference.

Table 6-1. Monthly Average Precipitation

Station Location
Month %iﬁ?ﬁterﬂg?t Wahweap, Page, Mexican Moab, Piute Dam, Average
AZ AZ Hat, UT uT uT
Station Number 29114 26180 425582 425733 426897
Jan 0.66 0.48 0.50 0.52 0.66 0.61 0.55
Feb 0.68 0.54 0.48 0.47 0.61 0.56 0.53
Mar 0.70 0.61 0.62 0.46 0.81 0.54 0.61
Apr 0.36 0.37 0.44 0.36 0.82 0.61 0.52
May 0.505 0.37 0.41 0.39 0.73 0.76 0.53
Jun 0.31 0.19 0.16 0.21 0.42 0.48 0.29
Jul 0.49 0.54 0.50 0.64 0.78 0.85 0.66
Aug 0.63 0.74 0.70 0.66 0.86 1.15 0.82
Sep 0.73 0.64 0.69 0.70 0.85 0.96 0.77
Oct 0.75 0.80 0.88 0.83 1.02 0.53 0.81
Nov 0.78 0.61 0.55 0.51 0.70 0.57 0.59
Dec 0.69 0.41 0.49 0.49 0.75 0.63 0.55
Annual 7.28 6.30 6.42 6.24 9.01 8.25 7.24

Precipitation falling on the lined impoundment area was modeled by multiplying the lined area by the
monthly rainfall. Precipitation inflows to the North Cell are assumed to be zero while it is being
constructed based on the assumption that runoff water collected during construction would be removed to
facilitate liner construction. During Phase I, the precipitation collection area for the South Cell is 34.52
acres, which increases to 41.85 acres during Phase Il and is 40.31 acres for the North Cell (see Appendix
G.3).

Precipitation in the catchment areas above each of the cells can produce runoff which can contribute to
the pond size. The amount of runoff produced will be different depending on if the precipitation falls on
primarily rock cliffs or the sandy soils and eroded sandstone soils in the valley. To more accurately
model these two distinct regions within the catchment areas each basin was divided in to two areas of
possible runoff: “cliffs” and “Other”. The cliffs include the west bluff, consisting of Dakota and Entrada
sandstone, slope varying 1.5:1 to vertical, and some talus, and the other areas included the mill site, wind-
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eroded sandstone, wind-deposited sandy soils in valley, and residual soils on the east bluff. Each of these
areas was assigned a runoff coefficient based on the month and the topography (see Section 8 and
Appendix G.3).

Runoff produced by precipitation falling on the catchment area above each impoundment was modeled by
multiplying the total area by the monthly average rainfall and the monthly runoff coefficient.

6.3.2 Model Outflows

The outflow from the TSF includes evaporation from the open water surface and water that becomes
permanently entrained in the tailings mass. It was assumed in the modeling that no water is removed
from the decant pond. The impoundment will be lined with a double 60 mil HDPE liner, so no seepage or
deep infiltration losses were incorporated into the water balance model.

Evaporation — Evaporative losses from the water pool were modeled by multiplying the impoundment
water pool area by the monthly evaporation rate. The evaporation rates (Table 6-2) used were estimated
from the water balance conducted for the Tony M. Mine (Tetra Tech, 2006). See Appendix E.3 for
discussion of estimation of the evaporation rates.

Table 6-2. Net Evaporation Rates

Department Weather Station Location Estimated

Month of Interior | Wahweap | Page | Mexican Hat | Moab | Piute Dam Evap. for

Station Number 29114 26180 425582 425733 426897 Mine Site
January 2.54 2.5
February 2.72 2.7
March 3.10 4.29 3.58 3.2
April 4.24 6.39 5.79 5.80 4.53 4.8
May 5.10 9.26 7.71 8.02 6.59 5.52 7.1
June 6.89 10.91 9.64 9.84 8.02 7.11 8.8
July 7.71 11.01 9.36 9.62 8.26 6.56 8.8
August 8.37 10.05 7.78 7.77 6.77 5.23 7.3
September 747 7.20 5.50 5.67 453 4.23 5.0
October 5.25 4.96 3.00 3.17 2.91 3.1
November 3.42 2.56 1.13 0.89 25
December 3.31 2.4
Annual 60.12 66.63 53.49 50.77 38.70 31.55 58.2

Note: Evaporation rate data from surrounding weather stations was derived from a Class A pan evaporation data
using a evaporation pan factor of 0.70.

The surface area was calculated based on a volume versus surface area relationship developed for each of
the cells (Table 6-4). The total volume of material (solids and water) contained in the cell at any given
time was input into this relationship to calculate the surface area available for evaporation. The total
volume in the cell at each time step was calculated by summing the total solids, the volume of entrained
water, and the volume of water pool at each point in time.

Entrained Water — Entrained water is the residual portion of the input water that is assumed to be held
within the pore spaces of the tailings and is not available as free water. The model assumes the placed
tailings remain saturated and that 20 percent of the discharged water is entrained within the solids.

Reclaimed Water — It was assumed that no water will be reclaimed and returned back to the mill.
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Table 6-4 Volume/Area/Elevation Relationship for the North and South Cells

North Cell
Elevation Area (sq. ft.) Total Volume (ft"3)

4407 7,434 -
4410 50,326 86,640
4420 270,118 1,688,860
4430 680,638 6,442,640
4440 1,078,494 15,238,300
4450 1,443,297 27,847,255
4460 1,649,909 43,313,285
4466 1,710,598 53,394,806

4468 1,730,985 56,836,389

South Cell
Elevation Area (sq. ft.) Total Volume (ft"3)

4363 6,380 -
4370 109,686 406,231
4380 346,213 2,685,726
4390 620,015 7,516,866
4400 900,865 15,121,266
4410 1,108,011 25,165,646
4420 1,209,713 36,754,266
4430 1,315,462 49,380,141
4440 1,490,284 63,408,871
4450 1,583,228 78,776,431
4460 1,678,626 95,085,701
4466 1,737,064 105,332,771
4468 1,756,738 108,826,573

6.3.3 Results

Tailings are discharged into the North Cell and South Cell during the life of the impoundment (Table 6-5)
(See Appendix E.2, Table 1, for a full listing of pond and surface elevations over time). Tailings are first
deposited in the South Cell while Phase Il is being constructed. In order to maintain an adequate
freeboard in the South Cell of 6 feet, Phase Il needs to be completed by the time the free water elevation
reaches 4423.5 ft, which occurs at 3.9 years (Mar 2013). At this point, the new embankment resulting
from construction of Phase 2 allows for continued deposition of tailings to the South Cell until a pond
elevation of 4429 is reached (Feb 2014). Tailings discharge is then switched to the North Cell until a
water elevation of 4439 (Mar 2015) and then back to the South Cell until 4449 is reached (Dec 2019).
Discharge is then switched back to the North Cell until it reaches capacity at a pool elevation of 4458
(Aug 2023), which results in a freeboard of 8 feet. Discharge is then switch back to the South Cell until it
reaches capacity at a pool elevation of 4461 (Nov 2026), which results in a freeboard of 5 feet in the
South Cell.

A water cover must be maintained on the tailings surface of each of the cell as a radon barrier. As each of
the cell’s surface areas increase the losses due to evaporation also increase. Starting in August, 2016
through Dec, 2019, while tailings is actively being discharged to the South Cell, additional make-up water
must be added to the North Cell in order to maintain a water cover on the tailings surface (Table 6-6).
Additional water must be added to the North Cell again from Dec, 2023 through Nov, 2026. South cell
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make-up water is required from Aug, 2020 through Nov, 2023 and then again for three separate three-
month periods in 2024, 2025, and 2026.

Table 6-5. Summary of Tailings Staging
Discharge to Milestone Date Comment
South Cell 44235 Mar 2013 Phase 2 completed
South Cell 4429 Feb 2014 Switch to the North Cell
North Cell 4439 Mar 2015 Switch to the South Cell
South Cell 4449 Dec 2019 Switch to the North Cell
North Cell 4458 Aug 2023 North Cell full, switch to the South Cell
South Cell 4461 Nov 2026 South Cell full

Table 6-6. Make-up water flows to North and South Cells

South Cell make-up water flows

North Cell make-up water flows

Period Flow Range Period Flow Range

8/2020 — 11/2023 | 6-175 gpm 9/2016 — 12/2019 10-80 gpm

97 gpm average 39 gpm average
9/2024 — 11/2024 | 12-50 gpm 12/2023 - 11/2026 | 27-167 gpm

32 gpm average 97 gpm average
9/2025 -11/2025 | 13-60 gpm

44 gpm average
9/2026 — 11/2026 | 50-148 gpm

76 gpm average
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7.0 LINER SYSTEM DESIGN
7.1  Liner System Description

Utah Administrative Code Rule R317-6 (10 CFR 40 Appendix A, Criterion 5A(1)) requires the use of a
liner system under the tailings that “is designed, constructed, and installed to prevent any migration of
wastes out of the impoundment to the adjacent subsurface soil, ground water, or surface water at any time
during the active life (including the closure period) of the impoundment”. This performance criterion is
met by the design of a multilayered liner system with two geomembranes consisting of high-density
polyethylene (HDPE). This liner system is consistent with Best Available Technology (BAT) for liner
systems. The liner system includes a leachate collection system (above the upper HDPE geomembrane)
and a leak detection system (between the HDPE geomembranes).

Tailings fluid collected in the leachate collection system will be either (1) recycled to the process circuit,
(2) discharged to evaporation ponds, or (3) retained within the TSF to submerge portions of the tailings
during operation. The leak detection design provides monitoring of fluids between HDPE geomembranes
and removal of fluids (if detected) to remove the gradient for flow across the lower HDPE geomembrane.
This significantly reduces the probability of leachate reaching underlying groundwater.

HDPE geomembrane was selected for superior performance for durability and low permeability. The
components of the liner system listed from the bottom to the top, are shown in Figure 7-1 and described
below:

Minimum of 12 inches of compacted clay, serving as the base layer

Secondary 60-mil HDPE geomembrane, overlaying the clay to form a composite liner

HDPE geonet and 3-inch diameter HDPE perforated pipe for the leak detection system (LDS)
Primary 60 mil HDPE geomembrane

Leachate collection system (LCS) consisting of 4- to 8-inch HDPE perforated pipe in gravel
bedding

e Minimum of 18 inches of drainage gravel

e Minimum of 6-inch thick sand filter layer to separate tailings from the drainage layer

Preparation of the liner system construction will be outlined in detail in the Construction Quality Control
and Quality Assurance (QCQA) Plan as a separate submittal. Detailed specifications for each liner
component will be included in the Technical Specifications as a separate submittal.

The components of the liner system are described in the following sections. Elevations are in feet above
mean sea level.

7.2 Clay Liner

The clay liner will consist of a minimum of 12 inches of compacted clay and will be subject to the
following specifications: (1) a maximum particle size of 1 inch, (2) at least 30 percent passing the No.
200 sieve, (3) a plasticity index greater than 10, and (4) a maximum field hydraulic conductivity of 1 x
10" cm/s when compacted to 95 percent of the Standard Proctor maximum dry density within the
specified moisture range as determined by ASTM D698 and ASTM D2216.

The existing clay liner and additional clay material encountered within the footprint of the North and

South Cells will be removed and surveyed for compliance with radiological cleanup criteria described in
relevant sections of “Tailings Reclamation and Decommissioning Plan for Shootaring Canyon Uranium
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Project — 2005, Revised: December 2006” (Hydro-Engineering, 2005b). Clay will be stockpiled and used
as appropriate as fill during regrading, as compacted clay for liner, as general fill, or placed in the TSF as
waste material.

7.3  Secondary HDPE Liner

A 60-mil HDPE geomembrane will be installed above the clay liner to provide a composite liner below
the LDS. The geomembrane will be textured on both sides to provide additional stability and to facilitate
construction.

7.4  Leak Detection System (LDS)

The LDS is designed to intercept leachate that passes through defects in the primary liner (if present).
The LDS consists of a geonet drain, overlying the secondary composite liner of HDPE geomembrane and
compacted clay. The geonet drain is intercepted by 3-inch diameter perforated HDPE pipe where
necessary to collect solution from the geonet drain. The layout of the LDS is shown in Drawings L1 and
L3.

The LDS in each cell has been subdivided into four subareas by overall site grading, or the use of small
berms. The separation berms will be constructed as small (approximately 1 foot high) ridges on top of the
compacted clay liner, and will be overlain with the full thickness of drainage system. Any leakage from a
subarea will report to a separate subcell within the LDS sump system. Should the Action Leakage Rate
(ALR) be exceeded in any sump, the subarea contributing to the flow can be identified for repair or
abandoned.

An HDPE geonet will be used for leak detection through the primary HDPE geomembrane. The
specifications for the geonet will be provided in the Technical Specifications. Specifically, the geonet
will require a minimum transmissivity of 1 x 10® m?%s. The calculations for the LDS capacity are
discussed in 7.4.2. The leak detection system is designed to handle flow significantly greater than the
established ALR of 200 gallons per acre per day.

The main collectors of the LDS will carry fluid to separate sumps. Each sump is constructed as a dual
sump with separate collection areas for the leak detection discharge and the leachate collection discharge.
The LDS sump will be divided into 4 separate chambers to collect leakage from each of the 4 individual
drainage areas. Within each composite sump, there are two 12-inch diameter access pipes for pump
installation within both the leak detection sump and the leachate collection sump, for a total of four pump
installation pipes per sump. There is also a 4-inch diameter access pipe in the leak detection and the
leachate collection portions of the sump. These access pipes will be used for installation of water level
monitoring equipment.

7.4.1 Action Leakage Rates

The specified ALR from the previous Tailings Management Plan (Hydro-Engineering, 2005a) was 200
gal/day/acre and the acceptability of this ALR was confirmed with the following analysis. The U.S. EPA
(1992) presents a method for estimating leakage through the primary liner for a properly installed and
functioning liner system. Although there is a minute rate of leakage through HDPE through permeation
or diffusion, the permeation rate is insignificant when contrasted with the leakage through small
punctures or defects in the installed liner. The leakage through a hole is estimated by the following
equation:

Q=C, xax,/2xgxh,
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where Q = leakage rate (ft*/s);
a = hole area (ft%);
Cy, = dimensionless coefficient;
hy = liquid depth (ft); and
g = gravity (ft/s%).

Using an assumed hole diameter of 0.082 in (2.08 mm), a C, coefficient of 0.6 for freely-draining
conditions, a total head of three feet, and a hole density of 1 hole per acre results in an ALR of 200
gal/day/acre.

The ALR of 200 gal/day/acre can be converted to a Sump Action Leakage Rate (SALR) by taking the
product of the ALR and the area contributing to the sump. There are a total of eight sumps for tailings
cells ND1 through ND4 and SD1 through SD4 as shown in Drawing L4. Table 7-1 presents the maximum
leakage capture area for each sump and the SALR for each sump.

Table 7-1. Sump Action Leakage Rate for All Cells

sump Liner Area SALR
(acre) (gal/day) (gal/min)
ND1 9.91 1983 1.38
ND2 9.64 1927 1.34
ND3 8.01 1601 1.11
ND4 12.30 2461 1.71
SD1 8.71 1742 1.21
SD2 6.65 1329 0.93
SD3 8.93 1786 1.24
SD4 16.00 3200 2.22

If the SALR is exceeded for any sump, a series of steps will be taken to reduce the rate of discharge from
the leak detection system. If the change in rate of discharge from the leak detection system is fairly
abrupt, it may indicate a new contact with a liner puncture. In an area of recent tailings placement or
tailings solution ponding, the liner will be examined for damage. This may include excavating through
recently placed tailings or evacuating ponded tailings solution to try to expose the area of the liner where
the leak is likely to be located. If a damaged section of liner is located, the liner will be repaired and
tested. During this process, the location of tailings placement will be changed or the tailings placement
will be suspended. If the contributing punctures in the primary liner cannot be located, all ponded tailings
solution will be pumped from the suspect area to an adjacent cell or to the most distant practical location
within the cell. If the rate of discharge to the leak detection subsequently declines to acceptable levels,
restrictions will be placed on the moisture content of tailings that can be placed with the area of the cell
where the leak occurred. Only reduced moisture tailings will be allowed to be placed in the section of the
cell contributing to the sump where the allowable leak detection rate was exceeded. No ponding of
solution will be allowed within the section of the cell contributing to the leak detection sump. Details of
this procedure will be provided in the Operations Plan as a separate submittal.

Based on the SALRs presented in Table 7-1, the required pump capacity for the leak detection system on
each cell is approximately 5.5 gpm. There is a wide variety of 4-inch diameter submersible pumps
available with sufficient Total Dynamic Head (TDH) to service the evacuation of the leakage detection
sump. The pumped discharge from the leakage detection sump will be metered with a combination
totalizing/instantaneous meter and discharged to the tailings pond surface for disposal through
evaporation or recycled through the mill. The preliminary frequency of sump evacuation for active
tailings areas will be once per day with a daily record of evacuated volume. The frequency may be
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reduced to a weekly evacuation and recording if the total evacuated volume is less than the daily SALR
for the sump. Fluid-level monitoring equipment will be installed in the leak detection sump prior to
operation of the corresponding tailings cell area. The fluid-level monitoring equipment will, at a
minimum, provide a measurement of the depth of fluid in the sump and an adjustable alarm level to
activate a light or siren type alarm. The fluid level monitoring equipment may also incorporate features to
allow pump control. Acceptable fluid-level monitoring equipment may include suitable pressure
transducers or transmitters. After a period of record for evacuation is established, level controls within
the sump access pipes may be installed or existing controls adjusted to automate the pump operation and
evacuation process provided an alarm system remains in place to clearly indicate excessive fluid levels.
The leakage detection fluid evacuation equipment will be inspected daily after a sump is activated and
this will continue as long as there is measurable discharge to the leakage detection sump. SOP-AP3
details the inspection procedures.

7.4.2 Capacity of LDS

Leakage through the primary liner will be conveyed by the LDS consisting of geonet and perforated
piping. The conveyance capacity of the geonet is primarily a function of the transmissivity of the geonet
and the hydraulic gradient. The flow per unit width of geonet can be calculated by the following
equation:

q_ T x|
w LTRF

where g/w = flow rate per unit width
T = geonet transmissivity
i = hydraulic gradient
LTRF = Long Term Reduction Factor

The minimum specified transmissivity of the geonet is 1.0 x 10 m*/sec (1.08 x 107 ft*/sec) at a loading
of 10,000 psf normal force. If flow is contained within the geonet drain, the gradient is equivalent to the
slope of the geonet. The Long Term Reduction Factor is the product of the mid range of the reduction
factors to account for factors such as intrusion of geosynthetic into the geonet’s core space and chemical
or biological clogging, as recommended by Koerner (2005) for a primary leachate collection application,
and is estimated to be 9.1.

As the flow path within a unit width of geonet increases, the anticipated leakage flow rate will also
increase, until the geonet is overwhelmed. To prevent the geonet from reaching its flow capacity, the
geonet is intercepted at intervals by a perforated leak detection pipe. The LDS pipe will carry flow at a
minimum slope of 1 percent to the sump. The LDS pipe capacity is calculated using Manning’s equation,
assuming a 3-in diameter HDPE pipe, with a roughness coefficient of 0.01, and a minimum pipe slope of
0.01 ft/ft.

The LDS geonet and pipe capacities and associated factors of safety are summarized in Appendix F.1.
All factors of safety are adequate to ensure that the anticipated Action Leakage Rates reporting to each
sump area are well within the capacity of the LDS components. In addition, fluid head within the LDS
will be contained within the geonet and LDS pipe, and therefore the anticipated Action Leakage Rates
will result in fluid head on the secondary liner well below the regulatory requirement of one foot.
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7.5 Primary HDPE Geomembrane Liner

The bottom component of the LCS will be a 60-mil HDPE geomembrane. The geomembrane will be
textured on both sides to provide additional stability and to facilitate construction. The liner will be
protected on the upper side by a minimum of 18 inches of 1-inch minus drainage gravel.

7.6  Leachate Collection System (LCS)

In order to limit the amount of head on the primary liner and to decrease time to dewater the tailings, a
LCS has been designed. The LCS consists of 4- to 8-inch diameter perforated HDPE pipe encased in 18
inches of drainage gravel. Six inches of filter sand will be placed over the gravel to prevent piping of
tailings into the drainage gravel. The LCS will be placed on the floor of the cells. Due to the steepness of
the side slopes (2.5H:1V), leachate accumulation on the side slopes will be relatively small, and therefore
the LCS will not extend up the side slopes of the cells. The minimum spacing between pipes has been
designed to limit the head on the primary liner to 18 inches or less (thickness of the gravel drain). The
size of the pipe has been designed to carry all of the predicted leachate at half the pipe capacity.
Additional pipe capacity and flow through the drainage gravel add redundancy in the LCS design.

The main leachate collectors will carry leachate to the LCS sump. The layout of the LCS is shown in
Drawing L2. Details of the LCS system are shown on Drawing L3 and L4. Details of the leachate
collection sump construction are shown on Drawing L4.

The maximum drainage distance to a collection pipe along the base of the cell(s) is limited to 80 feet or
less. The gravel drain around the pipes will also provide substantial conveyance capacity to supplement
that in the pipes.

7.6.1 Drainage Aggregate

The drainage gravel serves the following functions: (1) providing a continuous drainage layer at the base
of the tailings to prevent build-up of head on the primary liner, (2) adding drainage capacity to Leachate
Collection System, (3) preventing intrusion of tailings into the 0.25-inch slots in the perforated drainage
pipe, (4) guarding the HDPE liner against penetration of stones or other objects, and (5) protecting the
HDPE liner against damage from construction equipment. The gradation envelope that represents
acceptable particle sizes for the drainage gravel is shown in Figure 7-2. The drainage gravel will have a
maximum particle size (D1go) Of 1 inch, in order to protect the integrity of the primary HDPE liner. The
minimum particle size is designed to meet filter criteria with the pipe perforations of 0.25 inches,
according to guidance given in the National Engineering Handbook, Part 633, Chapter 26 “Gradation
Design of Sand and Gravel Filters” (USDA, 1994).

The drainage gravel will be placed on the floor of the lined cells. The drainage gravel will not be placed
on the side slopes of the lined cells.

7.6.2 Sand Filter

The sand filter is designed to prevent migration of tailings material into the pore spaces of the drainage
gravel. The Tailings Reclamation and Decommissioning Plan (Hydro-Engineering, 2005b) presented the
gradation results from three tailings samples. These gradations are shown in Figure 7-2. As the milling
process that produced these tailings is similar to the process that will produce future tailings at the site, it
is reasonable to assume that these gradations represent likely gradations of whole tailing samples of future
tailings. As the tailings are discharged, tailings will segregate with the coarser fraction settling out close
to the discharge point, and the finer fraction settling out at further locations. Therefore, it is likely that a
finer gradation than that presented in the Tailings Reclamation and Decommissioning Plan will exist at
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discrete locations. In order to estimate this finer fraction, the gradation from sample T4 was adjusted to
represent the finest 50 percent of the whole gradation (i.e. the smallest 50 percent of the tailings settle out
at a location far from discharge point). This adjusted gradation is shown on Figure 7-2. From this
adjusted gradation, a gradation envelope for filter sand meeting filter criteria with both the fine tailings
and the drainage gravel was developed using criteria presented in National Engineering Handbook,
Gradation Design of Sand and Gravel Filters (USDA, 1994). These gradations are all shown in Figure 7-
2.

7.6.3 Collection Piping Fluid Capacity

Expected discharge rates from the mill to the TSF is approximately 176 gpm of slurry, at a solids content
of 49 percent. The net result is approximately 127 gpm of fluid, and 49 gpm of solids (Lyntek, 2007).
The proposed LCS consists of 4-in diameter perforated pipe placed on a 40-foot spacing within the lowest
portions of the TSF floor, with the spacing increasing to a 80-foot spacing elsewhere. The capacity of a
pipe flowing full can be estimated using Manning’s equation as follows:

2 1
Q=1% prss?
n

where Q = flow capacity
n = Manning roughness coefficient, 0.01 for HDPE pipe
A = area of flow, equal to area of pipe when flowing full
R = hydraulic radius, equal to D/4 when flowing full
D = inside diameter of pipe
S =slope

The capacity of a 4-in diameter pipe placed at a minimum 1 percent grade is approximately 110 gpm.
Therefore, during initial discharge, the liquid portion of the slurry will flow across the upper surface of
the leachate collection system gravel. As it travels downgradient, it will percolate into the drainage
gravel. It will travel a maximum distance of 20 to 40 feet (depending on discharge location) before the
majority of the flow is intercepted by a perforated pipe and carried to the sump. The amount of flow
above the capacity of a single 4-inch pipe will continue to travel downgradient until it is intercepted by a
second pipe. Between any two pipes of the leachate collection system, there is adequate capacity to
convey the maximum expected flow of 127 gpm of fluid.

Once the floor of the TSF has been covered by tailings, the maximum leachate flow rate will be a function
of the maximum anticipated gradient within the tailings, and the saturated hydraulic conductivity of the
tailings. Under the highest anticipated gradient of 2 within the tailings (under ponded conditions), and
estimated hydraulic conductivity of the tailings of approximately 2 x 10®° cm/s, the highest leachate flow
rate under saturated conditions is expected to be approximately 1.3 x 10 cfs per square foot of placed
tailings. The leachate collection system consists of 4-in perforated collector pipes placed at 40 to 80 foot
spacings. Leachate within the 4-in pipe will flow downgradient to a main collector pipe. Required pipe
diameters were calculated using Manning’s equation, considering anticipated flows from tributary areas, a
roughness coefficient of 0.01 for HDPE pipe, and a minimum of factor of safety of two. Table 7-2 below
summarizes the flow calculations. Additional calculations are provided in Appendix F.1.
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Table 7-2. Leachate Collection Pipe Sizes

Pipe Segment Design Pipe Size (in)
4-inch Collector 4

N1

N2

N3

N4

N5

S1

S2

S3

S4

S5

S6

oo INjOg|o(N|o1|o|o

7.6.4 Limiting Head on Primary Liner

During initial discharge of tailings, the maximum fluid levels will essentially be the height of the drainage
gravel and filter sand, or 24 inches, above the primary liner. As the fluid runs across the surface of the
filter sand, it will percolate down into the gravel, and then be intercepted by the perforated LCS pipe and
carried to the sump. The maximum fluid level is below the operational requirement of a 3-foot maximum
head on the primary HDPE geomembrane liner, as summarized in Utah DEQ (2007).

After the floor of the TSF is covered by tailings, fluid pressure on the primary liner will be minimized by
controlling the spacing of the 4-inch LCS collection pipes. Pipe spacing was determined using the
McWhorter-Sunada equation (Strachan and Dorey, 1988) as follows:

kg
L=2% hmax T
q
where L = pipe spacing

hmax = maximum allowable head on primary liner between collection pipes
kq = hydraulic conductivity of gravel drain

g = maximum infiltration rate through tailings, equal to k¢*i

k. = saturated hydraulic conductivity of tailings

i = maximum gradient in tailings

The maximum allowable head on the primary liner, hnax, Was limited to 18 inches, in order to contain the
saturated zone within the drainage gravel. The hydraulic conductivity of the gravel drain was estimated
from typical values for clean gravels to be 3 x 10 cm/s.

The hydraulic conductivity of tailings was estimated from literature values for hydraulically placed
uranium tailings (Keshian and Rager, 1988). As the tailings are discharged into the tailings storage
facility, the coarser tailings will settle out near the discharge location, and the finer slimes will settle out
at further locations. Therefore, the hydraulic conductivity at discrete locations will vary significantly.
However, as the discharge locations are moved within the facility, a typical column of tailings above the
primary liner is expected to have a composite vertical hydraulic conductivity comparable to typical values
for fine sands to a combination of sand/slime. From Keshian and Rager (1988), the vertical hydraulic
conductivity is estimated to vary from between 2 x 10 cm/s to 1 x 10™ cm/s.
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Tailings discharge procedures will result in ponding of tailings fluid upon the tailings. The ratio of
ponded fluid to consolidating tailings may approach a value of one during the initial portions of tailings
discharge. This ratio results in a maximum gradient in the tailings of two.

The pipe spacing calculation results in a required pipe spacing of 40 to 80 feet. The 40-foot spacing is
incorporated in the lower swale portions of the basin floor, while the 80-foot spacing is incorporated in
the upper portions.

7.6.5 Piping Structural Design

The perforated standard wall collection system piping will be 4- to 8-inch diameter SDR 15.5 HDPE.
The pipes will be bedded at the base of a clean gravel envelope. The gravel will be compacted with small
vibratory compactor on both sides of the pipe to compact materials around and over the pipe. This will
produce a very dense envelope around the drainage pipes which corresponds to the desirable material
Class I with compaction condition for the pipe bedding Soil Modulus (E’) value.

The maximum thickness of tailings will be in the South Cell and will be 100 feet. The lowest elevation of
tailings for the design is 4360 feet and the maximum elevation of the tailings is 4460 feet. For a cover
thickness of 6.5 feet and a random fill of up to 1.5 feet, the maximum anticipated overburden thickness
for the leachate collection piping is approximately 108 feet. A value of 110 feet was used for the
calculations. The small diameter and favorable bedding conditions for the standard wall perforated
HDPE pipe will provide a substantial and sufficient load bearing capacity. A minimum of 16 inches of
compacted material must be in place over the pipe (24 inches of material over the primary liner) before
general equipment traffic will be allowed. Only specialized low ground pressure or other approved
equipment will be allowed on areas where the cover over the pipe or primary liner is less than 16 inches
or 24 inches respectively. With these restrictions on equipment traffic and live loading during the
construction, the critical loading condition will be the static overburden load at maximum thickness and
full cell utilization.

The analyses have incorporated the maximum overburden on the leachate collection pipes, the selected
pipe type for the leachate collection pipes, and a reduced value of the modulus of elasticity of HDPE pipe
to represent long term conditions. The method for determining the acceptability of the pipe installation is
based on methods presented in the “Polyethylene Pipe Handbook” available on-line from Plastic Pipe
Institute (PPI, 2006). The results of the calculations indicate that the 4- to 8- inch diameter SDR 15.5
perforated pipe would withstand the maximum static overburden load of 110 feet of tailings at a moist
density of 100 pcf. Additional information regarding piping structural design is provided in Appendix
F.2.

7.7  Liner Anchorage

Liner anchorage for all of the tops of slopes for both Phases | and Il will be provided by anchor trenches.
The liner system anchorage calculations are provided in Appendix F.3 and present the most critical slope
and loading condition for anchor trench design. The most conservative parameters were used for the
analysis with a slope of 2.5:1 and a cover thickness on the runout of 1.5 feet. The specified minimum
runout for the anchor trenches is 3 feet with a minimum trench depth of 24 inches. This is sufficient for
the critical areas of anchorage on the perimeter of the cells. In some areas, the runout length will be
increased to provider easier tie-in of Phase | and Phase Il liners. A typical detail for the anchor trench is
shown in Figure 7-3.

Liner uplift calculations are included in Appendix F.4. Based on the calculations, the liner system will be
capable of withstanding the design wind without tearing or pulling apart for the current anchor trench
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design. The anchor trenches as designed will withstand the tension forces that will be generated by the
wind uplift.

Supplemental restraints for the liner system are recommended for the side slopes and the upstream face of
the South Dam and upstream and downstream faces of the divider berm during construction of the South
and North Cells to help maintain the position of the liner system. Based on the calculations in Appendix
F.4, it is recommended that the supplemental support be provided by adding weight on the liner system in
the form of corrugated 24-inch diameter HDPE culverts filled with on-site sand spaced a maximum of 50
feet between the restraints. Alternative weighting methods and configurations proposed by the lining
construction contractor must be approved by Uranium One.

7.8 Integration of Phase I/Phase Il Liner Systems

Phase I will involve construction of the composite LCS/LDS liner system in the South Cell to elevation
4430. During Phase I, the liner system in both the North and South Cells will be constructed to the
ultimate liner elevation at 4466 feet. Special procedures have been developed to integrate the Phase I/11
liner system in the South Cell. The objectives of integration of the Phase I/Il liners in the
South Cell are threefold:

1. To ensure the integrity of the primary and secondary 60-mil HDPE geomembranes;

2. To ensure continuity of the LDS drainage geonet; and

3. To ensure a maximum head of 3 feet on the primary liner in accordance with the terms of the
groundwater permit.

The Phase I liner at elevation 4430 will be anchored in trenches along the outboard edge of the perimeter
access road, as shown in the details on Drawing P1.10. The anchor trench will be located 17 feet beyond
the edge of the cell at elevation 4432. The liner at this elevation will be sloped toward the cell at a grade
of 1% to facilitate drainage of tailings fluids toward the cell once the pool reaches this elevation in Phase
Il. The access roads will be constructed over the 4430 liner by providing 2 feet of protective cover. The
lower 8 inches of the protective cover across the full road width will consist of 1-inch screened rock to
provide a continuous drainage path beneath the higher-density, lower permeability compacted road
materials. The screened rock will be placed over a geotextile fabric to protect the primary HDPE liner.

The Phase 11 liner will be integrated with the Phase I liner beneath the perimeter access road surface. The
integration sequence is depicted in the details on Drawing L5. The sequence of the integration following
construction of the Phase 1 slopes above elevation 4430 will generally be as follows:

1. Remove the roadway materials to expose the outermost 7 feet of the Phase | liner system (this

will be the portion of the liner that lies on the slope between the anchor trench at elevation 4432

and the flatter portion of the liner at elevation 4430). The remaining roadway materials inside the

repair area will remain covered for temporary stability ballast while liner integration is
performed.

Pull back the protective geotextile fabric to expose the Phase | primary HDPE liner.

3. Cut only the Phase I primary HDPE geomembrane liner and Phase | geonet along the top of the
anchor trench, leaving the Phase | secondary HDPE geomembrane liner anchor intact within the
trench.

4. Clean the full exposed surface of the Phase | secondary HDPE geomembrane liner and prepare it
for welding.

5. Place the Phase Il secondary HDPE geomembrane liner over the Phase | secondary HDPE
geomembrane liner, providing a minimum overlap of 7 feet inboard of the Phase | anchor trench.

N
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Provide continuous welds along the edges of both the Phase | and Phase Il liners and elsewhere
per the HDPE geomembrane manufacturer.

6. Lay the Phase | primary geonet back over the spliced secondary HDPE geomembrane liner. Trim
the edge of the Phase | geonet to provide a clean edge for butt splicing to the Phase Il geonet.
Splice the Phase I and Phase 11 geonet per manufacturer recommendations.

7. Lay the Phase | primary HDPE geomembrane liner back over the spliced Phase | and Phase Il
geonet, and prepare it for welding.

8. Lay the Phase Il primary HDPE geomembrane liner over the Phase | primary HDPE
geomembrane liner. Provide continuous welds along both edges of the Phase | and Phase Il
primary geomembrane liners and elsewhere per the HDPE geomembrane manufacturer
recommendations.

9. Replace the protective geotextile fabric and reconstruct the access road section as before.

7.9  Compatibility of HDPE Materials to Leachate

The liners, geonet, and piping will be comprised of HDPE. The general specifications for the HDPE
materials will be included in the Technical Specifications to be submitted at a later date. In addition to the
structural and strength related specifications, specifications related to UV and environmental stability, as
well as chemical resistance of the HDPE will be included. Many sources of chemical resistance data were
consulted for the purposes of anticipating possible degradation of the liner system. Based on the review of
available data, no measurable chemical degradation of the HDPE materials is expected. The identified
process stream constituents that were evaluated as potentially detrimental to the liner include: sulfuric
acid, sodium chlorate, and kerosene. Other constituents such as flocculants, sodium hydroxide, ammonia,
tridecanol, tertiary amine, or sodium bicarbonate may be added or otherwise introduced to the process
stream and eventually discharged to the tailings, but not at concentrations that are considered significant.
The UV stability is related to carbon black content specifications to be forthcoming in the Specifications.

The acidification of the process stream is considered the primary chemical alteration that has the potential
to affect the liner. The estimated free acid (sulfuric) concentration in the discharge to the tailings is 5
g/liter or approximately 5 percent. All available chemical resistance information indicates that this
concentration is not damaging to HDPE and that acid concentrations can be dramatically greater than 5
percent without damaging the liner. Poly-flex Chemical Resistance Tables (Poly-Flex, 2005) lists non-
oxidizing acids as having little or no effect on an HDPE liner. Table 5.8 in Koerner (2005) lists HDPE as
having “generally good resistance” to inorganic acids at temperatures ranging from 38 to 70 degrees
Celsius. I1SCO Industries (2007) lists HDPE as having “satisfactory” chemical resistance to sulfuric acid
for concentrations less than 50 percent at temperatures ranging from 21 to 60 degrees Celsius. Zeus
Industrial Products, Inc. (2007) lists HDPE as chemically resistant to sulfuric acid for concentrations less
than 50 percent at temperatures ranging from 20 to 60 degrees Celsius. Advanced Drainage Systems, Inc.
(2007) lists HDPE as chemically resistant to sulfuric acid for concentrations less than 50 percent at
temperatures ranging from 20 to 60 degrees Celsius.

There are many sources that document studies supporting the position that the proposed flexible HDPE
geomembrane liner material is compatible with acidic process solutions. Numerous studies that have
been conducted on the effect of various solutions on geomembranes primarily associated with municipal
and industrial landfills. There are limited studies that have been conducted to evaluate the effect of mine
waste leachates on geomembranes. Two of these studies are discussed below.

Mitchell (1985) performed geomembrane chemical compatibility tests with simulated uranium mill
process solution for three types of geomembranes: HDPE, CSPE, and PVC. The simulated solution
consisted primarily of water and sulfuric acid at pH values ranging from 1.5 to 2.5. The HDPE
geomembrane samples used for the testing consisted of a section of 40 mil HDPE geomembrane which
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included a fillet-welded field seam. Temperatures used during the testing ranged from 18 to 76 degrees
Celsius. The results of the testing indicated that the acid process solution was “not very aggressive with
any of the materials or seams [tested].” The HDPE geomembrane performed better and was more stable
than the other geomembranes.

Gulec, et al. (2005) performed chemical compatibility tests on three geosynthetic materials including a
geomembrane, geotextile, and drainage geocomposite. Acidic water consisting of sulfuric acid and water
was one of the solutions used in the study. The geomembrane evaluated was a 60 mil HDPE
geomembrane. The results of the study indicate that a 60 mil HDPE geomembrane is resistant to acidic
solutions such as that which will be used at the site.

Current information indicates that HDPE is chemically resistant to acidic uranium mill process solution.
The testing conducted by Mitchell (1985) and Gulec et al. (2005) provides lab data to support the use of
an HDPE liner as part of the TSF liner system. Mitchell’s testing was conducted on a 40 mil HDPE and
Gulec’s testing was conducted on a 60 mil HDPE In both cases, the results indicated the HDPE
geomembranes were chemical resistant to acidic solutions. A 60 mil HDPE liner has been recommended
for the liner at the site.

The same sources listed above for chemical resistance of HDPE to sulfuric acid indicate that sodium
chlorate will not damage HDPE. The expected addition of sodium chlorate to the ore stream is at a rate of
approximately 1.7 Ib/ton of ore feed, so concentration of the salt in the discharge stream will be very
small. Awvailable chemical resistance information indicates that pure kerosene will damage HDPE lining,
particularly at very high temperatures (60 deg C or 140 deg F). The anticipated kerosene loss rate from
the Solvent Exchange process is 0.5 gal kerosene per 1000 gallons of process feed, which equates to a
concentration of approximately 500 ppm. Kerosene is volatile and the concentration in any free solution
in the tailings cell(s) will likely be smaller than that in the discharge stream leaving the mill. Ultimately,
the limited amount of kerosene that remains within the tailings will become relatively immobile because
of adsorption to the tailings solids. It is also possible that the kerosene will undergo a biodegradation
process. Because the maximum plausible kerosene concentration in the discharge to the tailings is very
small and the degree of contact with the liner system is very limited, there is negligible potential for
damage to the liner, geonet, or piping by the presence of small concentrations of kerosene.
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8.0 SURFACE WATER DRAINAGE AND EROSION PROTECTION

This section documents the design of surface water management, erosion protection features, and
freeboard determination for the TSF.

8.1 Design Basis

Conceptual design and preliminary sizing of operational surface water management and erosion
protection facilities was conducted according to NUREG/CR-4620, NUREG 1623, NRC RG 1.59, and
NRC RG 3.11. All operational surface water control features were sized for the 100-year discharge,
computed using conservative assumptions of runoff coefficient and time of concentration. Freeboard for
the TSF was based on the Probable Maximum Flood (PMF) series (per Regulatory Guide 3.11), along
with 100-year wind and wave effects.

All potentially contaminated surface water (i.e., runoff from ore pads and restricted areas of the mill site)
is directed to the lined TSF.

8.2 Drainage System Features and Layout

During mill operations, potentially contaminated surface runoff will be routed to a lined TSF, where it
will be impounded and ultimately evaporated. Clean water will also discharge to these facilities, but via
separate conveyance systems. Some clean water (from outside the restricted area) will discharge offsite.
Potentially contaminated surface water will be impounded only within the tailings storage facility, and
will not leave the site.

Major runoff control features include the following:

e A rock-lined diversion ditch north of the proposed process/evaporation pond, diverting offsite
runoff around the pond.

o Collection ditches just inside the mill/ore pad restricted area perimeter fences, diverting sediment-
laden and potentially contaminated mill site runoff to the lined tailings storage facility. Hydraulic
residence time was evaluated for these ditches to ascertain any tendency to infiltrate potentially
contaminated water; the cumulative hydraulic residence time to any particular discharge point
was less than 15 minutes.

e Rock chutes conveying mill area runoff water down the sides of the bluff to the TSF.

e Concrete fords at intervals around the tailings cell perimeter, conveying runoff across the TSF
perimeter road and into the tailings. Fords were used instead of culverts in order to minimize the
amount of perimeter berm fill required above the top of the liner system.

e Roadside swales along the TSF perimeter road, collecting lateral inflow from offsite areas and
conveying it to the concrete fords. Swale depth was limited to 1 foot to minimize embankment
guantities above the liner system.

e Rock-lined rundowns conveying concentrated runoff from cliff faces across the 1% berm and
directly to the concrete fords. Rundowns were warranted where contour mapping indicated
significant flow concentrations that would overwhelm the capacity of the lateral swales.

e  Culverts transmitting ditch flow under service roads.

All operational ditches, fords, and culverts were sized for the 100-year peak flow, computed with the

Rational Method, using conservative assumptions of the runoff coefficient (0.9) and Kirpich’s method for
time of concentration. Rainfall intensities were downloaded from NOAA Atlas 14 (Precipitation
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Frequency Data Server, 2008). The table below summarizes design dimensions. Design calculations are
found in Appendix G.1.

Table 8-1. Drainage Channel Design Summary

Channel type Slope Depth (ft) [Base Width (ft)| Side Slope Lining
|Lateral (along tailings cell access road) 0.4% 1 4 2:1 2.5" gravel
Ford (across access road) 1.0% 1 0* 6:1 concrete
Rundown (cliff toe to ford) 1.0% 1.5 6 2:1 6" riprap
Chute (mill to tailings) 23% - 44% 2 6 31 24" riprap
Offsite (north of process pond) 3.6% 3 6 2:1 24" riprap
IMill (below bluff toe) 3.0% - 5.4% 2 4-6 2:1 12" - 24" riprap
On mill site 0.5% 1.5 2 2:1 2.5" gravel

*Note: F2-14, B=8'; F2-18, B=4'
8.3  Phasing of Surface Water Controls

During Phase |, potentially contaminated water from the mill/ore storage site will be routed either to the
South Cell, or to the existing tailings impounded behind the small dam located north of the existing cross-
valley berm. A portion of the unrestricted mill site area will flow onto the restricted area, and be
commingled with potentially contaminated water, after which it will be treated as contaminated and
routed to the TSF. Non-impacted (no potential for contamination) surface water from the bluffs adjacent
to the South Cell will be routed to the South Cell to make up for evaporation within the cell. Any non-
impacted surface water arriving from areas north of the South Cell will simply continue present flow
patterns, leading to retention, infiltration, or evaporation from portions of the valley floor north of the
proposed divider berm. Non-impacted surface water from the southern and eastern portions of the mill
site lying outside the restricted area will be routed via roadside ditches and culverts to the canyon lying
east of the bluff on which the mill sits. Drawing P1.9 shows the Phase | drainage layout.

At the beginning of Phase Il, any residues from the runoff directed into the existing tailings area will be
removed, along with the existing tailings, and placed into the South Cell. During Phase Il operations,
potentially contaminated mill site runoff will be routed to the TSF, generally following the same flow
paths as Phase 1. Non-impacted surface water from the bluffs adjacent to the cells will be routed into the
appropriate TSF cell. Non-impacted surface water from north of the North Cell will be conveyed to the
North Cell via a rock-lined ditch, and retained within the North Cell. Non-impacted surface water east of
the mill will continue to drain into the east canyon, as in Phase I. Drawing P2.8 shows the Phase Il
drainage layout.

Offsite area OS1-1 (0S2-1 in Phase 2 maps) is a natural topographic depression, which overflows first to
the north (away from the TSF) at an elevation between 4498 feet and 4500 feet, and overflows to the
south at an elevation slightly above 4500 feet. For most rainfall events, including the 100-year
operational design event, the depression retains all surface runoff from its contributing area (23.2 acres),
and does not contribute any discharge towards the TSF. For extremely severe events such as the Probable
Maximum Precipitation (PMP), the depression retains some, but not all, of the runoff, and may contribute
discharge towards the TSF, depending on the relative elevations and conveyance capacities of the two
overflow areas. At the present level of design detail, the depression was considered to be non-
contributing for drainage design, but conservatively assumed to contribute fully for purposes of freeboard
determination.
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8.4 Maintenance Requirements

Ongoing maintenance of minor flow controls will generally involve spot-fixes of observed minor erosion,
and removal of rockfall and sediment from ditches. Failure of minor drainage controls is possible for
rainfall events exceeding the 100-year recurrence interval. Failure could also occur due to sediment or
rockfall restricting flow capacity of ditches, and would typically result in washout of road base material
without damage to the liner system. In the event of failure, the controls would need to be reconstructed
and road repaired, but contaminated water would remain contained within the TSF.

8.5 TSF Freeboard

TSF freeboard consists of three components: rise due to the design flood, wind setup, and wave runup.
During operations no spillway is provided on the TSF, and surface runoff is to be stored within the
tailings disposal facility. The design flood for TSF freeboard is the 6-hour Probable Maximum Flood
(PMF) series, preceded or followed by a 100-year, 6-hour event. The PMF series is defined as the PMF,
preceded by a flood equivalent to about 40% of the PMF, occurring 3 to 5 days prior to the main flood.
(U.S. NRC Regulatory Guide 3.11, p 3.11-7, 1977). This is combined with the effects of the 100-year
windspeed.

The site PMP was determined using the method presented in the National Weather Service (NWS)
Hydrometeorological Report (HMR) 49. Using the HMR 49 method, the 6-hour local storm PMP was
determined to be 9.1 inches for the project site. Using the NOAA Atlas 14 6-hour, 100-year rainfall of
1.79 inches, the PMP series was determined to consist of 14.53 inches (140 percent of 9.1 inches, plus
1.79 inches) of precipitation. Conservatively assuming that all offsite runoff arrives in the TSF (i.e.,
neglecting to subtract non-contributing/depression areas), and using an overall runoff coefficient of 0.90,
the PMP flood volume was determined for each cell and operations phase. The rise due to the design
PMP series was computed based on the cell grading geometry.

The 100-year wind/wave effects were determined using the methods in ANSI/ASCE 7-93, and the Corps
of Engineers’ Coastal Engineering Manual. Wind setup (wind tide) was evaluated under conservative
assumptions of operating water depth. The total freeboard requirements are shown in the table below,
organized by cell and phase. Detailed calculations are located in Appendix G.2.

Table 8-2. Freeboard Summary

Phase ||Phase 11| Phase I
Parameter
South Cell North Cell
\WSE Rise due to design flood (ft): 2.98 2.18 4.48
\Wind setup (ft): 0.36 0.43 0.33
\Wave runup (ft): 2.85 2.34 2.59
Total freeboard (ft): 6.19 4.94 7.40
Use: rounded up to the next half-foot (ft): | 6.50 5.00 7.50

8.6  Surface Water Yield

Because off-tailings areas within the Shootaring Dam watershed will drain into the TSF, it was necessary
to estimate the surface water yield from these areas over the life of the project. The surface water yield
was used to for the water balance, and to check freeboard. Surface water yield was estimated monthly,
based on precipitation data used for the Tony M Mine (Tetra Tech, 2006) reduced by a runoff coefficient
that varied monthly. Surface water yield was estimated for an 'average' year, assumed to apply for all
simulation years. Because rainfall data was available for entire months, rather than individual storm
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events, no effective runoff modeling was possible, and coefficients were established using engineering
judgment. Coefficients were established with a target aggregate annual surface water yield between 30
and 45 percent of rainfall, typical for small watersheds in the region. Two sets of runoff coefficients were
used: one set for bare rock, and one for soil/sand-covered areas. Coefficients were assigned their highest
values during summer and early fall, months subject to intense thunderstorms during which most rainfall
can be expected to run off. Coefficients for bare rock / cliffs were 0.1 to 0.15 higher than those for soil or
sand-covered areas, reflecting the lack of infiltration capacity or vegetation of the rocky areas. Details of
the calculations can be found in Appendix G.3.
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FIGURE 2-16
LOCATION OF CLAY LEASE AREA
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