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L. INTRODUCTION

This report presents the results of design analyses performed in support of the Cell 4B
construction at the White Mesa Mill Facility in Blanding, Utah (site). The San Diego
office of Geosyntec Consultants, Inc. (Geosyntec) prepared this report for Denison
Mines (USA) Corp. (DMC). This report was prepared by Ms. Rebecca Flynn of
Geosyntec. Mr. Gregory Corcoran, P.E. of Geosyntec was in responsible charge and
provided sentor peer review of the work presented herein in accordance with the internal
peer review policy of the firm.

1.1 Objective

The objective of this report is to present the components of Cell 4B and to demonstrate
that the proposed Cell 4B design complies.with the applicable regulatory standards for
the State of Utah, the United States Nuclear Regulatory Commission, and the Federal
Environmental Protection Agency (USEPA). In particular, the design is in accordance
with the Utah Administrative Code (UAC) R317-6, and the Best Available Technology
requirements mandated by Part LD. of existing site Ground Water Discharge

Permit No. UGW370004.

1.2 Background

Current site operations utilize Cells 1 and 3 for process liquids evaporation and disposal

of tailings and by-products from the processing operations at the site. Adjacent to the
proposed Cell 4B is Cell 4A which began construction in July 2007 and will become
active in spring 2008. Construction of Cell 4B is expected to begm in spring 2008 to
provide additional capacity for site operations. Cell 4B will similarly be used as a
tailings disposal cell for evaporation of process liquids and final storage of solids
.contained in the tailings and by-products from processing operations at the site.

1.3 Report Organization

The remainder of this design report is organized into the following sections:
¢ Section 2, Background and Site Conditions, presents general information on
the site and background information on the existing conditions at Cell 4B.

s Section 3, Design, presents the design for Cell 4B. The Construction
Drawings are presented in Appendix A.

o Section 4, Summary and Conclusions, presents the summary, conclusions, and
limitations of this technical design report.

SC0349.Design_Report4B.d.20071130.doc 1 11.02.2007
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In addition to this report, Cell 4B permit documents include Construction Drawings
(Appendix A), a Construction Quality Assurance (CQA) Plan (Appendix B), Technical
Specifications (Appendix C), engineering design calculations (Appendix D), and boring
logs and geotechnical laboratory data (Appendix E). |

SC0349.Design_Report4B.d.20071130.doc 2 11.02.2007
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2. BACKGROUND AND SITE CONDITIONS

2.1 Site Location

The location of the site is shown on Sheet 1 of the Construction Drawings

(Appendix A). The site is located approximately 6 miles south of Blanding, Utah on -
Highway 191. Per the Universal Transverse Mercator (UTM) Coordinate System, the
site is located at 4,159,100 meters Northing and 634,400 meters Easting.

The Mill is located on a parcel of fee land, State of Utah lease property and associated
mill site claims, covering approximately 5,415 acres. The site mill operations are
limited to approximately 50 acres located directly east of Cell 1. The existing tailings
disposal Cells (Cells 1 through 3) are approximately 370 acres. Cell 4B is located south
of the western half of Cell 3 and west of Cell 4A. The site plan is shown on Sheet 2 of
the Construction Drawings.

2.2 Climatology

The climate of southeastern Utah is classified as dry to arid. Although varying
somewhat with elevation and terrain, the climate in the vicinity of the site can be
considered as semi-arid with normal precipitation of about 13.4 in (WRCC, 2005).
Most precipitation is in the form of rain with snowfall accounting for about 30 percent
of the annual precipitation total. There are two separate rainfall seasons in the region,
the first in late summer and early autumn (August to October) and the second during the
winter months (December to March).

The average temperature in Blanding ranges from approximately 30 degrees Fahrenheit
(°F) in January to approximately 76°F in July. Average minimum temperatures are
approximately 18°F in January and average maximum temperatures are approximately
" 91°F in July (City-Data.com, 2007).

The mean annual relative humidity is about 44 percent and is normally highest in
January and lowest in July. The average annual Class I pan evaporation rate is 86
inches (WRCC, 2007), with the largest evaporation occurring in July. Values of pan
coefficients range from 60 percent to 81 percent. The annual lake evaporation rate for
the site is 47.6 inches and the net evaporation rate is 34.2 inches per year.

2.3 Topography

The existing topography within the Cell 4B area consists of a gently sloping grade
(approximately 2 percent) from the northwestern portion of Cell 4B to the southeastern

5C0349 Design_Report4B.d.20071130.doc 3 11.02.2007
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portion of Cell 4B. Existing Cell 3 south and Cell 4A west berms within the proposed
Cell 4B are inclined at a slope of approximately 3 horizontal : 1 vertical (3H:1V).

24 Existing Soil Conditions
2.4.1 Surface Conditions

Currently, the proposed 4B Cell is undeveioped, with the exception of an unimproved
access road, and covered by native low grass and shrub vegetation. The site is bordered
to the north by the existing Cell 3, to the east by the existing Cell 4A, and to the south
and west by undeveloped lands.

The existing ground surface within the area of the proposed Cell 4B slopes gently from
northwest to south-southeast from respective elevations of approximately 5606 feet to
5570 feet, above Mean Sea Level (MSL).

2.42 Soil Berms

Soil berms exist on the eastern (Cell 4A) and northern (Cell 3) perimeters of the
proposed Cell 4B. These berms were constructed previously of engineering fill.

2.4.3 Subsurface Conditions

Geosyntec performed a geotechnical investigation within the proposed limits of the Cell
4B (Figure 1). The geotechnical investigation consisted of a site reconnaissance, solid
stem auger drilling, soil sampling, and geotechnical laboratory analysis of soil samples
collected.

Soils encountered during drilling operations were consistent with formations in
Southern Utah. Within the limits of the explorations, the site is underlain by surficial
windblown loess and eolian deposits and variably weathered deposits of the Dakota
Sandstone. '

Loess and eolian deposits were encountered at the ground surface across the site
extending to approximate depths of 4 to 13.5 feet. The deposit is thickest along the
western portion of the site and thins to the east and southeast (Figure 2). The loess and
eolian deposits are generally homogeneous across the site consisting of firm to stiff,
yellowish red sandy clay (Unified Soil Classification System Classification CL). Boring
logs and geotechnical laboratory results are presented in Appendix E,

The Dakota Sandstone underlies the surficial deposits at depth across the entire site
area. The deposit generally exhibits a weathering rind approximately 0 to 5.5 feet thick

3C0349,Design_Report4B,d.20071130.doc 4 11.02.2007
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consisting of dense to very dense, pale yellow to pink, silty fine sandstone with irregular
zones of caliche accumulation. The unweathered Dakota Sandstone is encountered at
approximately 6 to 15 feet below the ground surface, The deposit generally consists of
very dense, very pale brown to white, fine grained sandstone with little silt.

2.5 Surface. Water

Surface water at the facility is diverted around the Cells including Cell 4B. Surface
water run-on info Cell 4B is limited to the perimeter access road surrounding the Cell
and direct precipitation into Cell 4B.

The site has implemented a Storm Water Best Management Practices Plan in
accordance with the facility permit. All site construction activities will be performed in
accordance with the site Storm Water Best Management Practices Plan.

2.6 Groundwater

Groundwater is located at a depth of approximately 50 to 80 feet at the site. Monitoring
well WMMW-16 is currently located within the proposed Cell 4B; therefore, during
constructlon WMMW 16 w111 be abandoned in accordance with the UAC R655-4- 12

project* T S i

P TN

2.7 Tailings

Cell 4B will accept process liquids, tailings, and by-products associated with onsite
processing operations. The liquids are typically highly acidic with a pH generally
between 1 and 2. Tailings are generally comprised of ore that is ground to a maximum
grain size of approximately 28 Mesh (US #30 Sieve) (0.023 inches (0.6 millimeters)),
resulting in a fine sand and silt material,

8C0349.Design_ReportdB.d.20071130.doc 5 11.02.2007
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3. DESIGN

The liner system is designed to provide a Cell for disposal of by-products from the
onsite processing operations while protecting the groundwater beneath the site. The
liner system is designed to meet the Best Available Technology requirements of the
UAC R317-6, which require that the facility be designed to achieve the maximum
reduction of a pollutant achievable by available processes and methods taking into
account energy, public health, environmental and economic impacts, and other costs.
The liner system includes the following primary components, from top to bottom:

e Slimes drain system;

» Primary geomembrane liner;

o Leak detection system;

e Secondary geomembrane liner; and
e Geosynthetic clay liner.

These components and related design considerations are discussed below.

3.1 Cell Capacity and Geometry

The cell has been designed to accommodate storage of up to approximately 1155 acre-
feet (1.9 million cubic yards) of tailings with 3-feet of freeboard. The lowest elevation
in Cell 4B is the sump located in the southeast corner at an elevation of approximately
5,556 feet above MSL.

Interior side slopes of Cell 4B will be constructed with 2H:1V inclinations. This will
require re-grading of the western berm of Cell 4A and the southern berm of Cell 3,
which currently have exterior side slopes of 3H:1V. The proposed southern berm of
Cell 4B will have 2H:1V interior slopes and 3H:1V exterior slopes. A 15-foot wide
- unpaved access road is proposed to surround Cell 4B. Cell layout is shown on
Construction Drawing Sheet 2, Site Plan.

3.2 Slope Stability

Static slope stability analysis was conducted for the final earthen berms and interim
waste/tailings slopes associated with the operation of Cell 4B. Final slope stability and
operational conditions are required to maintain a minimum factor of safety of
approximately 1.5 for final berm slope conditions and 1.3 for interim slope conditions
based on the proposed design of the cel! and its liner system.

$C0349. Design_Report4B.d.20071130.doc 6 11.02.2007
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Two cross-sections were analyzed which represent typical conditions for Cell 4B.
Numerous potential failure surfaces were performed to evaluate various slip surface
geometries and to identify the critical slip surface for each cross-section and conditions.

The analysis of the east-west cross section estimated a factor of safety of 2.0 and 1.6 for
Cell 4B for empty and half-full conditions, respectively, while Cell 4A was full for both
conditions. The second cross section was modeled to analyze the stability of the
southern perimeter berm when Cell 4B full with tailings. The south side of the berm
was conservatively modeled with outside berm slopes inclined at 2:1, rather than the
current 3:1 berm slopes, to represent future build out conditions. Results from the
analysis of Section B-B’ indicate a minimum static factor of safety of approximately 2.1

under these conditions. The complete calculation is presented in Appendix D.

e b i 00

3.3 Earthwork

Earthwork will consist of excavation, blasting, ripping, trenching, hauling, placing,
moisture conditioning, backfilling, compacting, and grading. The requirements for
earthwork for Cell 4B construction is provided in Appendix C, Section 02200 of the
Technical Specifications. | —

3.3.1 Excavation

Prior to excavating soils and rock for Cell 4B, vegetation will be cleared and grubbed
and surficial unsuitable materials will be removed. Excavation will proceed with the

removal of in-situ soils for placement as fill for the construction of the Cell 4B south

berm. Excess soils will be placed on Cell 3 as part of partial final closure or stockpiled
to the west of the proposed limits of Cell 4B.

Rock will be ripped, blasted, or mechanically removed and stockpiled west of Cell 4B
in a separate stockpile from the excess soil stockpile. Rock will be excavated a
minimum of 6-inches below final grade and fill will be placed, moisture conditioned,
compacted, and graded to provide a surface on which the geosynthetic liner system
components will be installed.

Leak detection system and anchor trenches will be excavated as shown on the
Construction Drawings (Appendix A).

3.3.2 Fill Placement

Along the southern perimeter of the proposed Cell 4B, a berm will be constructed of fill
with 2H:1V inside slopes and 3H:1V outer slopes. Settlement analyses have been
performed to evaluate the potential settlement of the berm and potential associated

SC0349.Design_ReportdB.d.20071130.doc 7 : 11.02.20607
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strain that could develop in the liner system components (Appendix D). The results of
the conservative analyses indicate a maximum stress in the liner due to potential
differential settlement of 0.01 percent, which is much less than the liner components can
tolerate and is therefore acceptable,

Construction materials used for fill will consist of onsite soils. placed in lifts no greater .
than 12-inches and compacted to 90 percent of maximum dry density per American
Society for Testing and Materials (ASTM) standard D1557 (Modified Proctor) at a
moisture content of =4 percent of optimum. Fill soil used in construction of the berm
will consist of onsite soils with maximum particle size of 6-inches.

3.3.3 Subgrade Preparation

Subgrade preparation includes placement, moisture conditioning, compaction, and
grading of subgrade soil. The subgrade will consist of a minimum of 6-inches of soil
material with a maximum particle size of 3-inches compacted above the rock. Subgrade
fill will be placed in loose lifts of no more than 8-inches and compacted to 90 percent of
the maximum density at a moisture content of +4 percent of optimum moisture content,
as determined by ASTM D1557. The surface of the subgrade will have protrusions no
greater than 0.5-inches. Section 02221 of the Technical Specifications, in Appendix C,
provides the requirements for subgrade for Cell 4B construction.

3.3.4 Anchor Trench

The liner system will be anchored at the top of the slope with an anchor trench. The
anchor trench was sized to resist anticipated maximum wind uplift forces, see Anchor
Trench Capacity Calculations provided in Appendix D. The anchor trench will be 2 feet
deep and 2 feet wide and filled with compacted soil, see Sheet 5 of the Construction
Drawings (Appendix A). Anchor trench backfill will be placed in lifts of no more than
12-inches and compacted to 90 percent of the maximum density at a moisture content of
‘+4 percent of optimum moisture content, as determined by ASTM D1557.

34 Liner System

A double liner system is proposed for Cell 4B, including a primary liner, leak detection
system, and composite secondary liner. The liner system, for both the bottom area and
side slopes, consists of (from top to bottom):

e Slimes Drain System (Cell bottom only);
e 60 mil smooth HDPE geomembrane (Primary Liner);

SC0349.Design_Report4B.d.20071130.doc 8 11.02.2007
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¢ 300 mil Geonet Drainage Layer (Leak Detection System);
¢ 60 mil smooth HDPE geomembrane;
e Geosynthetic Clay Liner (GCL); and } (Composite Secondary Liner)

» Prepared Subgrade.

Stability analyses were conducted to evaluate the various slip surface geometries and to
identify the critical slip surfaces for two cross-sections and conditions. The analysis
determined the minimum factor of safety of 1.3 will be met during and after filling
operations. The complete calculation is located in Appendix D.

3.4.1 Slimes Drain System

A slimes drain system will be placed on top of the primary geomembrane liner in the
bottom of the cell to facilitate dewatering of the tailings prior to final reclamation of the
cell. The slimes drain system will consist of perforated 4-inch diameter schedule 40
polyvinyl chloride (PVC) pipe, concrete sand filled sand bags, drainage aggregate,
cushion geotextile, filter geotextile, and strip composite that will provide a means to
drain the tailings disposed within Cell 4B. The slimes drain system is shown on Sheets
4, 5, 6, and 7 of the Construction Drawings (Appendix A).

The slimes drain system is designed to remove the liquids within Cell 4B in a
reasonable time. Based on the calculations presented in Appendix D, the slimes drain is
expected to drain the tailings in approximately 5.5 years. A sump pump capable of
pumping 18.1 gallons per minute (gpm) will be required upon start-up of the slimes
drain system. The pumping rate is anticipated to decrease with time as the head within
Cell 4B decreases.

The perforated PVC pipe is designed to resist crushing and wall buckling due to the
anticipated loading associated with the maximum height of overlying tailings.
The design analyses for the pipe are presented in Appendix D, while Appendix C,
Section 02616 provides material specifications for the pipe and strip composite and
Section 02225 provides material specifications for the drainage aggregate. The strip
composite will be comprised of a l-inch thick by 12-inch wide high density
polyethylene, or equivalent acid resistant material, wrapped in a nonwoven
polypropylene geotextile. The drainage aggregate will consist of a crushed rock that has
a carbonate content loss of no more than 10 percent by weight.

A continuous row of sand bags filled with a concrete sand meeting Utah Department of
Transportation (UDOT) standard specifications for Portland Cement Concrete will

80349, Design_Report4B.d.20071130.doc 9 11.02.2007
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overlie the strip composite laterals to act as an additional filter layer above the
geotextile component of the strip composite. The proposed UDOT concrete sand will
be placed in sand bags consisting of woven geotextile capable of allowing liquids to
pass. When placed overlying the strip composite, the sand bags will have an
approximate length of 18 inches, width of 12 inches, and a height of 3 inches. This
results in a sand bag that is approximately 30 to 35 pounds and will provide sufficient
coverage over the width and ends of the strip composite to act as an additional filter
layer. The UDOT concrete sand will consist of sand that has a carbonate content loss of
no more than 10 percent by weight.

The cushion geotextile that is to be installed beneath the drainage aggregate surrounding
the PVC pipe is designed to protect the underlying primary high density polyethylene
(HDPE) geomembrane from puncture due to the drainage aggregate and the anticipated
loading associated with the maximum height of overlying tailings. The design analyses
for the cushion geotextile are presented in Appendix D, while Appendix C,
Section 02771 provides material specifications. Overlying the drainage aggregate will
be a woven geotextile, as shown on the Construction Drawings (Appendix A), that will
serve to separate the tailings and the drainage aggregate.

The Slimes Drain sump will include a side slope riser pipe to allow installation of a
submersible pump for manual collection of liquids in the sump. The sump and riser
pipes are shown on Sheet 6 of the Construction Drawings (Appendix A).

3.4.2 Primary Liner

The primary liner will consist of a smooth 60-mil HDPE geomembrane.
" The geomembrane will have a white surface that will limit geomembrane movement
and the creation of wrinkles due to temperature variations. HDPE geomembrane was
selected due to its high resistance to chemical degradation and ability to retain durability
in an acidic environment. The limit of the liner system (both primary and secondary)
and details are shown on Sheets 3, 5, and 6 of the Construction Drawings (Appendix A).

Tension due to wind up lift was analyzed for the 60-mil HDPE geomembrane.
Based on the analysis, the geomembrane anchor trench has been sized to accommodate
the loading associated with a wind speed of 25 miles per hour and a slope length of
approximately 92 feet. The design analyses for the HDPE liner are presented in
Appendix D,

The HDPE geomembrane will be constructed in accordance with the current standard of
practice for geomembrane liner installation, as outlined in the site Technical
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Specifications (Appendix C, Section 02770} and the site CQA Plan (Appendix B).
Seams will be welded to provide a continuous geomembrane liner. Testing during
construction will include both non-destructive and destructive testing, as outlined in the
Technical Specifications and CQA Plan. Upon completion of construction, the
geomembrane manufacturer will provide a 20-year warranty for the geomembrane.

3.4.3 Leak Detection System

The leak detection system (LDS) will underlie the primary liner and is designed to
collect potential leakage through the primary liner and convey the liquid to the sump for
manual detection through monitoring of sump levels. The LDS consists of a 300-mil
thick geonet and a network of gravel trenches throughout the bottom of Cell 4B.
The trenches will contain a 4-inch diameter perforated schedule 40 PVC pipe, drainage
aggregate, and a cushion geotextile, which will drain to a sump located in the southwest
corner of the cell. The trenches will aid in rapidly conveying leakage to the LDS sump.
The LDS is shown on Sheets 4, 5 and 6 of the Construction Drawings (Appendix A).

The Action Leakage Rate (ALR) was calculated for the LDS in accordance with Part
254.302 of the USEPA Code of Federal Regulations. The ALR was calculated to be
581 gallons per day per acre and the total travel time for liquids entering the geonet L.DS
layer to travel from the leak to the LDS piping system was estimated to be
approximately 17 hours. Assuming a worst case scenario under which all the primary
geomembrane defects are located at the high end of the leakage collection layer slope,
the liquid head on the secondary liner does not exceed 0.006 inches (0.15 mm), well
below the required maximum limit of 12 inches (1-foot). The geonet provides sufficient
flow rate to accommodate the ALR. The complete ALR calculation is located in
Appendix D and Section 02773 of Appendix C provides material specifications for the
geonet.

The perforated PVC pipe is designed to resist crushing and wall buckling due to the
anticipated loading associated with the maximum height of overlying tailings.
Pipe strength analysis indicated the 4-inch PVC pipe with a maximum allowable
deflection of 7.5 percent will have the ability to resist the anticipated maximum load
associated with a tailing deposit height of 45 feet. The design analysis for the pipe is
presented in Appendix D, while Appendix C, Section 02616 provides material
specifications for the pipe and Section 2225 provides material specifications for the
drainage aggregate.

The cushion geotextile is designed to protect the underlying secondary HDPE
geomembrane from puncture due to the drainage aggregate and the anticipated loading
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associated with the maximum height of overlying tailings. Puncture analysis indicated a.
16 ounce per square yard (0z./yd’) cushion geotextile and %-inch maximum particle size
would provide puncture protection for the 60-mil HDPE smooth geomembrane.
The design analyses for the cushion geotextile are presented in Appendix D, while
Appendix C, Section 02771 provides material specifications.

The LDS sump will include a side slope riser pipe and submersible pump to allow for
manual collection of liquids in the LDS sump. The LDS sump and riser pipes are
shown on Sheet 6 of the Construction Drawings (Appendix A).

3.4.4 Secondary Composite Liner System

The primary purpose of the secondary liner is to provide a flow barrier so that potential
leakage through the primary liner will collect on top of the secondary liner then flow
through the LDS to the LDS sump for manual collection. The secondary liner also
provides an added hydraulic barrier against leakage to the subsurface soils and
groundwater. The secondary liner consists of a composite liner that includes a 60-mil
HDPE geomembrane overlying a GCL.

3.4.4.1 Secondary Geomembrane Liner

The geomembrane component of the secondary liner system will consist of a smooth
60-mil HDPE geomembrane and will meet the same criteria as the primary liner
geomembrane (Section 3.3.2). The limit of the liner system (both primary and
secondary) and details are shown on Sheets 3, 5, and 6 of the Construction Drawings
(Appendix A).

3.4.4.2 Secondary GCL Liner

The GCL component of the secondary liner system consists of bentonite sandwiched
between two geotextile layers that are subsequently needle-punched together to form a
single composite hydraulic barrier material. The GCL is approximately 0.2-inches thick
with a hydraulic conductivity on the order of 1x10” cm per second (cm/s) (Daniel and
Scranton, 1996). The GCL will be hydrated to account for the high acidity of the
tailings.

Since 1986, GCLs have been increasingly used as an alternative to compacted clay
liners (CCLs) on containment projects due to their low cost, ease of
construction/placement, and resistance to freeze-thaw and wet-dry cycles. In general,
the USEPA and the containment industry accept that GCLs are hydraulically equivalent
- to a minimum of 2 feet of compacted clay liner consisting of 1x1 0”7 cm/s soil materials.

$C0349.Design_Report4B.d.20071130.doc 12 11.02.2007
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For Cell 4A design, Geosyntec demonstrated that a secondary composite liner system
consisting of a 60-mil HDPE geomembrane overlying a GCL has equivalent or better
fluid migration characteristics when compared with a secondary composite liner system
consisting of a 60-mil HDPE geomembrane overlying a CCL having a saturated
hydraulic conductivity less than 1x107 cm/s (Geosyntec, 2006). This analysis
accounted for the loading conditions and anticipated liquid head on the secondary liner
system, the amount of flow through the secondary liner system with CCL was evaluated
to be 8.51 times greater than flow through the secondary liner system with GCL for a
liquid head of 0.16 inches, which is more than the calculated Cell 4B liquid head
(0.0006 inches). Therefore, in terms of limiting fluid flow through the composite
secondary liner system, the secondary liner system containing a GCL performs better
than the secondary liner system containing a CCL.

The following site specific conditions must be considered prior to use of a GCL in place
of CCL (Koerner and Daniel, 1993):

e Puncture Resistance: While CCLs naturally provide greater puncture resistance
than GCLs due to their inherent thickness, proper subgrade preparation and
design of the geotextile components of the GCL can result in protection from
puncture. The geotextile components of the GCL for Cell 4B are designed to
protect the overlying secondary HDPE geomembrane from puncture due to
protrusions from the subgrade and the anticipated loading associated with the
maximum height of overlying tailings. The puncture protection analysis of the
GCL indicated that a 3 oz/yd® geotextile and 6 oz/yd® geotextile above and
below (respectively) the GCL and a maximum subgrade protrusion height of
Vo-inch will provide puncture protection for the secondary HDPE
‘geomembrane. The design analyses for the geotextile components of the GCL
are presented in Appendix D, while Appendix C, Section 02772 provides
material specifications.

o Hydraulic Conductivity: Due to the acidic nature of the fluid to be stored in the
cell, Geosyntec conducted hydraulic conductivity testing on hydrated
specimens of GCL for the Cell QA project (Geosyntec 2007). Based on the
results, the GCL will be hydrated to a moisture content of 50% during
construction.

¢ Chemical Adsorption Capacity: Due to the thickness of a CCL, the chemical
adsorption capacity of a CCL is greater than that of a GCL. However,
adsorption capacity is only relevant in the short term and not considered a
parameter for steady-state analyses.
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¢ Stability: The intemnal strength of a GCL can be significantly lower than that of

‘a CCL, especially at high confinement stresses. This reduced strength can

have significant effects on stability, especially at disposal facilities with high

waste slopes and the potential for seismic activity. Strength of the GCL and its

effects on stability are not a concern at Cell 4B due to the low confining

stresses expected and geometry of the cell. - Waste deposits will not be placed

above the elevation of the perimeter road. Since no above grade slopes will be
present, there are no long term destabilizing forces on the liner system.

s Construction Issues: For the Cell 4B liner system, GCLs may be considered
superior to the CCLs with respect to construction issues. Construction of
GCLs is typically much quicker and is more easily placed than a CCL, which
requires moisture conditioning and compaction for placement. Further, CQA
testing for a GCL is much simpler and less affected by interpretation of field
staff than that for a CCL, which requires careful control of material type,
moisture conditions, clod size, maximum particle size, lift thickness, etc.

e Physical/Mechanical Issucs: Physical and mechanical issues include items
such as the effect of freeze/thaw and wetting/drying cycles. CCLs may
undergo . significant increases in hydraulic conductivity as a result of
freeze/thaw. Existing laboratory data suggests that GCLs do not undergo
increases in hydraulic conductivity as a result of freeze/thaw. CCLs are aiso
known to form desiccation cracks upon drying which can result in significant
increases in hydraulic conductivity. This increase drastically jeopardizes the
“effectiveness of the CCL as a barrier layer. Available laboratory data on GCLs
indicates that upon re-hydration after desiccation, GCLs swell and the cracks
developed during drying cycles are ‘self-healed’. Due to the arid environment
at the site, GCL performance in the Cell 4B liner system with respect to
physical and mechanical issues is expected to be superior to that of a CCL.

Based on review of the above site-specific considerations, a GCL is considered superior
to a CCL for use in the secondary composite liner system.

3.5 Splash Pad

Approximately three splash pads will be constructed to allow filling of Cell 4B without
damaging the liner system. The splash pads consist of an additional geomembrane
placed along the side slope of the Cell extending a minimum of 5 feet from the toe of
the slope. The geomembrane will protect the underlying liner system from contact with
the inlet pipes. A cross section of a typical splash pad is shown on Sheet 5 of the
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Construction Drawings (Appendix A). The locations of the splash pads will be
finalized in the field during construction, based on site operational needs.

3.6 Emergency Spillway

An emergency spillway will be constructed between Cells 4A and 4B. The spillway
will be approximately 4 feet deep with 8H:1V approach pads that will allow traffic
moving along the top of the berm to pass through the spiliway (when dry). The spillway
will consist of a 6-inch thick reinforced concrete pad, designed to withstand loadings
from pick-up truck traffic, see Concrete Calculations provided in Appendix D. The
spillway is designed to handle the Probable Maximum Precipitation (PMP) for a 6 hour
storm event for the site, see Spillway Calculations provided in Appendix D, The
Cell 4B liner will extend beneath the concrete as shown on Sheet 7 of the Construction
Drawings (Appendix A).
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4, SUMMARY AND CONCLUSIONS

This report presents the engineering design evaluations for Cell 4B at the White Mesa
Mill Facility. The calculations presented in this Design Report establish the dimensions
and properties of the liner system components (Appendix D). The design plans and
details are presented in the Construction Drawings (Appendix A), recommended
construction quality testing and observation requirements are provided in the CQA Plan
(Appendix B), and material requirements are provided in the project Technical
Specifications (Appendix C).

4.1 Limitations

The professional opinions and recommendations expressed in this report are made in
accordance with generally accepted standards of geotechnical practice. This warranty is
in lieu of any other warranty either express or implied. We are responsible for the
conclusions and recommendations contained in this report based on the data relating
only to the specific project and location discussed herein. We are not responsible for
use of the information contained in this report for purposes other than those expressly
stated in this report. In the event that there are changes in the design or location of this
project that do not conform to the project as described herein, we will not be responsible
for these changes unless given the opportunity to review them and concur with them in
writing. We are not responsible for any conclusions or recommendations made by
others based upon the data or conclusions contained herein unless given the opportunity
to review them and concur with them in writing.

GREGORY T.
CORCORAN

regory T. Corcoran, P.E.
tdh Registration No. 6020077-2202
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SANDSTONE AS PER SECTIONS 02200 AND 02221 OF THE TECHNICAL SPECIFICATIONS.
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