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EXECUTIVE SUMMARY 

Energy Fuels Resources Corporation (EFRC) is in the process of completing designs for a new 

uranium mill, termed the Piñon Ridge Project, located in Montrose County, Colorado.  Golder 

Associates Inc. (Golder) was contracted to provide geotechnical design for construction of the tailings 

cells, evaporation ponds and ore pads at the Piñon Ridge Project.  Golder’s tailings cell design scope 

of work includes: 

• Conducting a geotechnical field and laboratory investigation of the proposed 
tailings cell areas (Golder, 2008a); 

• Reviewing available data and regulatory requirements, and development of 
project design criteria; 

• Evaluation of tailings cell alternative layouts and selection of the preferred 
alternative;  

• Conducting engineering analyses and design for the tailings cells, including 
design of liner systems, underdrain system, leak collection and recovery system, 
water balance, and stability evaluations; and 

• Development of design drawings and specifications for three tailings cells with a 
total combined capacity to contain tailings at a production rate of 500 tons per 
day (tpd) and a mill life of approximately 40 years, with expansion capacity for a 
production rate of 1,000 tpd.  

The tailings cells are designed to have a total capacity of approximately 7.3 million tons (Mt).  Three 

tailings cells (A, B, and C) of approximately equal tailings storage volume have been designed to 

meet this total capacity.  The plan area of the lined portions of each tailings cell is 30.5 acres.  

Tailings Cell A has been designed as essentially two ponds within a pond, with a central divider berm 

constructed to mid-height of the facility, and two independent leak collection and recovery systems 

and tailings underdrain systems.  The purpose for dividing this cell is to allow contingency storage in 

the early years of production in case the liner system within one of the sub-cells is not operating 

properly and requires inspection and/or repair.  Expansion Tailings Cells B and C are each designed 

as single cells, with one leak collection and recovery system in each cell, as well as one underdrain 

outlet location.  However, depending upon operations at the time of construction, Tailings Cells B 

and/or C may be constructed with a split cell configuration similar to Tailings Cell A. 

Based on a production rate of 500 tpd, each tailings cell has a design life of approximately 13 years 

and a minimum capacity to accommodate storage of 2.45 Mt of tailings with three feet of freeboard.  
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The tailings cells are designed as permanent, zero-discharge, single-use facilities and are lined 

accordingly. 

The tailings cells are designed for stability and tailings containment under static and seismic 

(pseudo-static) loading conditions for both operating and post-closure conditions.  The tailings will be 

deposited into the cells via pumping from the mill to perimeter discharge pipes located at the surface 

of the active tailings cells, feeding perforated drop pipes extending down the lined slope on textured 

geomembrane rubsheets.  Near the end of tailings deposition within each of the tailings cells, tailings 

discharge pipes will be extended onto the tailings beach to allow discharge near the center of the 

cells, assisting in development of grades consistent with the proposed closure cover design (presented 

elsewhere). 

The tailings cells are each designed with a primary and secondary liner system, an intervening leak 

collection and recovery system, and a tailings underdrain system, consistent with the State of 

Colorado Rules and Regulations Pertaining to Radiation Control (6 CCR 1007-1, Part 18).  

Additionally, the tailings pool within each cell will be equipped with a surface water pump-back 

system as the water input rate is expected to exceed the rate at which water can percolate through the 

tailings to the underdrain system.  

Leak collection and recovery system (LCRS) sumps have been included in the design of each tailings 

cell, with Tailings Cell A having two LCRS sumps.  The LCRS design provides for capture and 

conveyance of the seepage through the upper (primary) tailings cell liner to a sump.  Water collected 

in the LCRS sumps will be pumped back into the tailings pond.  A critical consideration of this 

system is to maintain minimal hydraulic head on the lower (secondary) composite liner, thereby 

preventing a driving hydraulic force required for any seepage to occur to the environment.   

Per Criterion 5E(3) of 6 CCR 1007-1, Part 18, Appendix A, the tailings cells have been designed with 

an underdrain system installed on top of the primary geomembrane liner at the base of the 

impoundment.   This feature provides added effectiveness to the proposed liner system by lowering 

the hydraulic pressure within the overlying tailings, thereby reducing the driving head for seepage. 
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1.0 INTRODUCTION 

Energy Fuels Resources Corporation (EFRC) is in the process of completing designs for a new 

uranium mill, termed the Piñon Ridge Project, located in Montrose County, Colorado.  Golder 

Associates Inc. (Golder) was contracted to provide geotechnical design for construction of the tailings 

cells, evaporation ponds and ore pads at the Piñon Ridge Project.  Golder’s tailings cell design scope 

of work includes: 

• Conducting a geotechnical field and laboratory investigation of the proposed 
tailings cell areas (Golder, 2008a); 

• Reviewing available data and regulatory requirements, and development of 
project design criteria; 

• Evaluation of tailings cell alternative layouts and selection of the preferred 
alternative;  

• Conducting engineering analyses and design for the tailings cells, including 
design of liner systems, underdrain system, leak collection and recovery system, 
water balance, and stability evaluations; and 

• Development of design drawings and specifications for three tailings cells with a 
total combined capacity to contain tailings at a production rate of 500 tons per 
day (tpd) and a mill life of approximately 40 years, with expansion capacity for a 
production rate of 1,000 tpd.  

The tailings cells are designed to have a total cumulative capacity of approximately 7.3 million tons 

(Mt).  Three tailings cells (A, B and C) of approximately equal tailings storage volume have been 

designed to meet this total capacity.  The plan area of the lined portions of each tailings cell is 

30.5 acres.   

1.1 Property Location 

The Piñon Ridge Project is located in Montrose County, Colorado in the Paradox Valley, 

approximately 15 miles northwest of the town of Naturita on Highway 90.  The physical address of 

the site is 16910 Highway 90, Bedrock, Colorado.  The site coordinates are approximately latitude 

38o 15’ N and longitude 108o 46’ W, at approximately 5,500 feet above mean sea level (amsl).  The 

property is located within Sections 5, 8, and 17, Township 46 North, and Range 17 West.  The site 

lies in the gently sloping base of the northwest-trending Paradox Valley with steep ridges on either 

side.  Drawing 1 presents a general location map for the Piñon Ridge property. 
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1.2 Tailings Cell Facility Alternatives Analyses  

As part of the work conducted by Golder, an alternatives analysis was conducted to evaluate various 

design options for the tailings cells.  For the initial alternatives concept evaluation, only two tailings 

cells were considered (Tailings Cells A and B), each with a tailings storage capacity of 2.45 Mt.  A 

third cell of approximately the same volume and dimensions of these tailings cells will be required to 

store the design tailings volume for the ultimate mine life.  The primary focus of the alternatives 

analysis was to compare tailings cell design concept options: 

• Option A – Balanced Below Grade Disposal (local cut-to-fill balance);  

• Option B – Full Below Grade Disposal; and 

• Option C – Mostly Below Grade Disposal (incorporating site-wide mass balance 
considerations, which include generating excess cut for future closure cover 
construction). 

The three alternatives evaluated are presented in Figures 1, 2, and 3, respectively.  Although 6 CCR 

1007-1 Part 18, Appendix A, Criterion 3 states “the ‘prime option’ for disposal of tailings is 

placement below grade,” the regulations also state that “flexibility is provided in the criteria to allow 

achieving an optimum tailings disposal program on a site-specific basis,” and that the “Department 

may find that the proposed alternatives meet the Department’s requirements if the alternative will 

achieve a level of stabilization and containment of the sites concerned…which is equivalent to, to the 

extent practicable, or more stringent than the level which would be achieved by the…standards 

promulgated by the Environmental Protection Agency in 40 CFR Part 192, Subparts D and E.” 

Based on site-specific considerations at the Piñon Ridge Project, Golder recommends construction of 

Option C, which is the mostly below grade disposal option with generation of excess cut for future 

closure cover construction, for all of the tailings cells.  The primary reasons for this recommendation 

are: 

• Full below grade disposal is most applicable to relatively flat, wide open sites 
where relatively shallow excavation depths over large areas can be used to 
generate fill as needed for miscellaneous construction activities as well as interim 
and long-term cover materials.  The Piñon Ridge site is not well-suited for this 
application as it has a natural ground slope (approximately two percent) and the 
available area for the tailings cells is constrained by natural drainages, other 
important project facilities, and ultimately, the property boundary.  To stay fully 
below grade with a sloping ground surface and the noted spaced limitations, a 
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substantial percentage of the excavation volume would be devoted to site 
leveling, without contributing materially to tailings storage and potentially 
impacting other facilities; 

• A mostly below grade design will reduce the amount of excavated material to be 
stockpiled, temporarily or permanently, elsewhere on site.  A large stockpile 
would be difficult to site within the property boundary without impacting natural 
drainages and/or other facilities; 

• Though the depth to groundwater at the tailings cell location is in excess of 
450 feet below the ground surface, the mostly below grade option results in a 
greater separation between groundwater and the base of the tailings cells than 
Option B; 

• Improved surface water management, using the raised perimeter berms to divert 
and control upgradient runoff, such that the only surface water impacting the 
tailings cells is the result of direct precipitation (per Criterion 4A, 6 CCR 1007-1, 
Part 18, Appendix A); 

• Potentially less wind disturbance of deposited tailings due to the presence of 
surrounding perimeter berms (per Criterion 4B, 6 CCR 1007-1, Part 18, 
Appendix A); and 

• Shallow bedrock has been encountered in several areas across the tailings cell 
site, increasing the difficulty of attaining full below grade tailings disposal.   

Accordingly, the recommended approach for tailings cell development includes achieving a site-wide 

material mass balance which accommodates construction of the mill facilities for the operational 

period, while also providing excess cut for future use as tailings cell closure cover materials.  The 

site-wide mass balance is presented in Appendix K.  This approach makes the best use of the 

available property, while limiting unnecessary site disturbance.   

Further optimization of the tailings alternative evaluation resulted in design of Tailings Cell A as 

essentially two ponds within a pond, with a central divider berm constructed to mid-height of the 

facility, and two independent leak collection and recovery systems and tailings underdrain systems.  

The purpose for dividing this cell is to allow contingency storage in the early years of production in 

case the liner system within one of the sub-cells is not operating properly and requires inspection 

and/or repair.  Tailings Cells B and C are each designed as single cells, with one leak collection and 

recovery system in each cell.  However, depending upon operations at the time of construction, 

Tailings Cell B and/or C may be constructed in a similar manner to Tailings Cell A. 
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2.0 GENERAL SITE CONDITIONS 

The Piñon Ridge Project is situated in the Paradox Valley of western Colorado at an approximate 

elevation of 5,500 feet above mean sea level (amsl).  The site terrain slopes downward toward the 

north, with shallow to moderately incised arroyos across the property.  The northern half of the site is 

generally covered in dense sagebrush while the southern half is sparsely vegetated with grass and 

cacti. 

From a geological perspective, the Paradox Valley was formed by an anticline heavy in evaporites.  

As the evaporites began to dissolve, part of the anticline sank forming the Paradox Valley.  The 

bedrock underlying the site primarily consists of claystone and gypsum of the Hermosa Formation. 

The gypsum generally shows a massive texture, whereas the claystone is typically highly fractured.  

Less significant zones of sandstone, conglomerate, and siltstone of the Cutler and Moenkopi 

Formations were also found during the field investigation.  Groundwater in the vicinity of the tailings 

cells is greater than 450 feet below the ground surface.  

2.1 Climate 

The macro-climate of the Piñon Ridge Project area is classified by the Koppen Climate Classification 

System as a BSk, which indicates a semi-arid steppe with much of the characteristics of a desert 

(Kleinfelder, 2007a).   

Meteorological towers have been installed on-site to provide baseline site data; however, on-site 

climatic data is not yet available.  Golder conducted a review of climatic data obtained from the 

Western Regional Climate Center for the Uravan, Nucla, Grand Junction (Airport and 6 ESE), and 

Montrose weather stations.  The evaluation of climate data for these nearby weather stations indicates 

that the Uravan weather station is likely to provide reasonable precipitation estimates for the site (see 

Appendix I-1).  Climatic data available for the Uravan weather station included precipitation, air 

temperature, and snow cover for the years of record of 1960 through 2007.   

The Hargreaves (1985) method was used to estimate monthly evaporation values at the Piñon Ridge 

site, using the available climate data from Uravan.  The calculated evaporation values were scaled by 

a factor of 0.7 to represent lake evaporation.  The average monthly climatic data used for design of 

the Piñon Ridge facilities is summarized in Table 1.  Considering this climatic data, the annual 

evaporation exceeds annual precipitation on average by about three times. 
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The predominant wind directions for the site are east and east-southeast, with an average wind speed 

of 5.3 miles per hour (mph) (Kleinfelder, 2007b).  The maximum wind speed used for facility design 

is 23.4 mph, which was recorded at the Grand Junction weather station (see Appendix I-1). 

2.2 Seismicity 

The design ground motions for the Piñon Ridge Project site were identified by Kleinfelder (2008), 

including a moment magnitude M 4.8 earthquake occurring at a distance of 15.5 kilometers (km) 

from the site.  The design peak ground acceleration (PGA) is 0.11g.  The Maximum Credible 

Earthquake (MCE) event corresponds to a PGA of 0.16g.  Kleinfelder (2008) indicates that these 

values were derived from the International Building Code (IBC). 

2.3 Geotechnical Conditions 

Based on investigations by EFRC and their consultants, it appears that there have been no historical 

geotechnical investigations done on the site.  Accordingly, EFRC initiated a geotechnical 

investigation to be conducted by Kleinfelder West Inc. (Kleinfelder) and Golder in accordance with 

Criterion 5(G)(2), 6 CCR 1007 Part 18 (Appendix A).  Phase 1 of the investigation was directed by 

Kleinfelder to develop general characterization of the site.  Phase 2 was conducted jointly by 

Kleinfelder and Golder to support geotechnical design work for the site, including the tailings cells.   

As part of the Phase 1 geotechnical investigations, Kleinfelder drilled twenty (20) geotechnical 

boreholes (PR1-1 to PR-20) spaced across the site to depths ranging from 30.3 to 98.8 feet below the 

ground surface, installed six  monitoring wells (MW-1 to MW-6) at depths of 100 to 600 feet below 

the ground surface, and completed three seismic reflection/refraction geophysical lines trending 

north-south across the site.   

The Phase 2 geotechnical field investigation conducted by Golder (2008a) consisted of 48 drill holes 

and 11 test pits within the proposed tailings cells, evaporation pond, and ore pad areas.  The 

geotechnical conditions encountered in the 26 drill holes (GA-BH-18 through GA-BH-43) completed 

in the tailings cell areas consisted of bedrock depths ranging from 13 feet to 103 feet. Bedrock was 

not encountered in several borings at exploration depths ranging from 44 to 70 feet.  The overburden 

soils generally consist of windblown loess (i.e., ML, SM, SW) with occasional layers of alluvium 

(i.e., GW, ML, SM).  Bedrock encountered generally consists of claystone, shale, gypsum and 

anhydrite of the Hermosa Formation; with conglomerate and sandstone of the Cutler Formation; and 
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sandstone, claystone, and conglomerate of the Moenkopi Formation interpreted in some locations.  

Blowcounts in the overburden materials underlying the tailings cell areas ranged from 9 to refusal 

(i.e., greater than 50 blows per 6 inches). 

Findings from the geotechnical investigations reveal the following general site characteristics: 

• Groundwater was encountered in two monitoring wells (MW-8 and MW-9) 
located approximately 870 feet and 340 feet, respectively, south of the tailings 
cell, with no groundwater encountered to the north of these wells.  The depth to 
groundwater was on the order of 380 to 400 feet below the ground surface in 
these wells.  However, it is believed that the water encountered in MW-9 which 
is nearest to the location of the tailings cells is not groundwater but instead 
interstitial water, as the low hydraulic conductivity of the unit (2.4x10-8 cm/sec) 
is representative of an aquitard instead of an aquifer.  The groundwater has a high 
sulfur content.   

• The site is underlain by a number of aquitards.  Additionally, evaporite rock of 
the Hermosa Group, which does not host any measurable amount of water, 
underlies the area of the site that is the proposed location of the tailings cells.  
These site-specific factors significantly reduce any potential impact to 
groundwater during the Mill’s “Active Life” (as defined in Criterion 5A of 
Appendix A to include the closure period). 

• While the geophysical investigation identified some possible fault traces 
underlying the proposed mill and tailings cell areas, trenching and mapping 
confirmed that these features are overlain by a minimum of 20 feet of 
undisturbed alluvial/colluvial soil.  Accordingly, this data evidences that the 
possible faults are at least 10 million years old which demonstrates that the 
possible faults are not capable faults as defined in section III(g) of Appendix A of 
10 CFR Part 100.  
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3.0 TAILINGS CELL DESIGN 

This section provides the engineering analyses and technical details to support design of the tailings 

cells for the Piñon Ridge Project. 

3.1 Design Criteria 

3.1.1 Design Regulations 

Regulations relevant to the design of the uranium tailings cells presented here in Section 3.0 are 

summarized below. 

Key Regulatory Agencies and Documents: 

Colorado Department of Public Health and Environment (CDPHE):  6 CCR 1007-1, Part 18 – 

“State Board of Health Licensing Requirements for Uranium and Thorium Processing,” 

specifically Appendix A (Criteria relating to the operation of mills and the disposition of the 

tailings or wastes from these operations). 

Environmental Protection Agency (EPA):  40 CFR Part 264 – “Standards for Owners and 

Operators of Hazardous Waste Treatment, Storage, and Disposal Facilities,” Subpart K (Surface 

Impoundments); and 40 CFR Part 192 – “Health and Environmental Protection Standards for 

Uranium and Thorium Mill Tailings,” Subpart D (Standards for management of uranium 

byproduct materials pursuant to section 84 of the Atomic Energy Act of 1954, as amended). 

Note:  Per Rule 17 (Exempt Structures) of the State of Colorado, Department of Natural Resources, 
Division of Water Resources (Office of the State Engineer [OSE], 2007) “Rules and Regulations for 
Dam Safety and Dam Construction,” uranium mill tailings dams are exempt from these rules with 
permitting authority provided by the Colorado Department of Public Health and Environment 
(CDPHE). 

3.1.2 Project Design Criteria 

Design criteria relevant to the analyses presented here in Section 3.0 are summarized below. 

Geometry: 

Number of Tailings Cell Expansion Phases:  Three (3), with each expansion having a plan area of 
30.5 acres. 
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Milling Operations:  Design capacity of 500 tons per day (tpd) of tailings disposal, with potential 
expansion capacity to 1,000 tpd. 

Tailings Storage Capacity:  Minimum 2.45 million tons (Mt) per cell, for a total minimum capacity 
of 7.3 Mt. 

Mine Design Life:  40 years (dependent upon milling rate). 

Beach Slope:  Beach slope assumed as compound slope with 5 percent for the first 50 feet 
horizontally, 2 percent to the pool, followed by a 10 percent slope below the pool surface (10 feet 
depth), and 0.5 percent in the slimes zone.  Prior to cell closure, tailings discharge pipes will be 
extended from the cell perimeter to the cell center, changing the beach slope characteristics and 
more efficiently utilizing the available tailings storage space. 

Perimeter Access Road Width (includes allowance for berms):  15 feet. 

Tailings Properties: 

Average In-Place Tailings Dry Density:  95 pounds per cubic foot (pcf). 

Tailings Percent Solids:  27.3 percent by weight (slurry density) (CH2M Hill, 2008). 

Tailings Gradation:  Tailings are anticipated to classify according to the Unified Soil Classification 
System (USCS) as silty sand (SM). 

Tailings Solution:  Sulphuric acid leach with a pH generally ranging between 1.8 and 2. 

System Requirements: 

Tailings Cell Liner System: Double layer liner system as follows (top to bottom):  (1) upper 
(primary) geomembrane liner; (2) leak collection and recovery system; (3) lower (secondary) 
geomembrane liner; underlain by (4) minimum 3 feet of low permeability soil liner with a 
hydraulic conductivity no more than 1x10-7 centimeters per second (cm/sec), or approved 
equivalent (per 40 CFR 264.221 by reference from 10 CFR 40 and 6 CCR 1007-1, Part 18). 

Leak Collection and Recovery System:  Per 40 CFR 264.221 (by reference from 10 CFR 40 and 
6 CCR 1007-1, Part 18), the leak detection system shall meet the following requirements:  
(1) constructed with a bottom slope of one percent or more; (2) constructed of granular drainage 
materials with a hydraulic conductivity of 1x10-1 cm/sec or greater and a thickness of 12 inches or 
more, or constructed of a synthetic or geonet drainage material with a transmissivity of 
3x10-4 square meters per second (m2/sec) or more; (3) constructed of materials that are chemically 
resistant to the waste and leachate; (4) designed and operated to minimize clogging during the 
active life and post-closure care period; and (5) constructed with sumps and liquid removal 
methods (i.e., pumps). 

Underdrain System:  Per Criterion 5E of 6 CCR 1007-1 (Part 18, Appendix A), tailings must be 
dewatered by a drainage system installed on top of the primary liner at the bottom of the 
impoundment to lower the phreatic surface and reduce the driving head of seepage, unless tests 
show tailings are not amenable to such a system. 
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Seismic Design: 

Maximum Credible Earthquake (MCE):  0.161g peak ground acceleration (PGA) based on a 
Magnitude 4.8 earthquake at 15.5 km (Kleinfelder, 2008).  

Design Earthquake (DE):  0.107g PGA based on two-thirds of MCE PGA (Kleinfelder, 2008).  

Stability Requirements: 

Minimum Static Factor of Safety:  1.5 (industry standard practice). 

Minimum Pseudo-static Factor of Safety:  1.1 (industry standard practice). 

3.2 Design Concepts 

This section presents the general tailings cell design concepts with the technical details for these 

concepts discussed in detail in the following sections. 

3.2.1 General Tailings Cell Design Concepts 

The Piñon Ridge Mill is designed to operate at 500 tons per day (tpd) with an expected life of 

40 years.  The tailings cells have been designed to provide capability for expansion to 1,000 tpd 

operations.  Each of the three proposed tailings cells have been designed (i) to provide capacity for 

13.3 years, (ii) with plan footprint areas of 30.5 acres, and (iii) minimum capacity to accommodate 

storage of 2.45 million tons (Mt) of tailings with three feet of freeboard.  Applicable criteria of 6 CCR 

1007-1, Part 18, Appendix A have been considered in the tailings cell investigation and design work. 

The tailings cells were designed for construction predominantly in the existing subgrade, with a 

combined total excess cut of approximately 2.5 million cubic yards (cy) dedicated primarily to future 

closure cover construction.  The excess cut material will be stockpiled on the west side of the site (see 

proposed soil stockpile locations illustrated on Drawing 2), or used in construction of other site 

facilities.  The tailings cells were developed by designing a perimeter embankment with a width of 

15 feet to facilitate berms and one-way light truck traffic.  The top elevations of the tailings cell 

perimeter berms are 5525 ft amsl, 5511 ft amsl, and 5496 ft amsl for Tailings Cells A, B, and C, 

respectively.  The tailings cells have internal side slopes of 3H:1V, and a minimum base grade of one 

percent.  The limits of the tailings cells are lined with a double layer liner system with an intervening 

leak collection and recovery system to contain process solutions, enhance solution collection, and 

protect the groundwater regime.  Intermediate benches have been incorporated in the design to 
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provide additional anchorage of the underlying geosynthetic clay liner (GCL) component of the liner 

system (discussed in Section 3.3.4), as well as buttressing of the liner to limit wind uplift.  

As a precautionary measure, Tailings Cell A has been designed as a split cell to facilitate separate 

collection of process solutions for redundancy during facility start-up if unforeseen problems with the 

liner system develop, allowing half of the cell to be decommissioned and repaired while continuing 

mill operations.  Tailings Cells B and C may also be designed as split cells, depending on operations 

at the time of construction. 

3.2.2 Surface Water Control Design Concepts 

Surface water design for the Piñon Ridge Mill includes diversion around the license boundary, 

including diversion around the tailings cells.  Site-wide surface water design was conducted by 

Kleinfelder, and will be presented under separate cover.  Surface water run-on into the tailings cells is 

limited to surface water run-off from the perimeter access roads and direct precipitation onto the 

tailings cells. 

3.2.3 Closure Design Concepts 

The tailings cells for the Piñon Ridge Project have been designed to consider closure 
and to integrate the design for compatibility with the following concepts: 

• Minimize the need for long-term active site care and maintenance during the 
post-closure period; 

• Perimeter berms developed with external side slopes of 10H:1V (per Criterion 
4C of 6 CCR 1007-1, Part 18, Appendix A); 

• Placement of an interim cover over the tailings as deposition is complete within 
the tailings cell to limit exposure to radiation until construction of the final cover; 

• Dewatering of the tailings as feasible prior to placement of closure cover 
materials; 

• Provide additional capacity within the tailings cells to accommodate future 
closure considerations, such as disposal of the liner systems removed from the 
evaporation ponds and ore pads, etc., during site closure activities; and 

• Construction of a final closure cover which meets the requirements of Criterion 
4D (6 CCR 1007-1, Part 18, Appendix A) with regard to erosion protection, as 
well as limiting radon flux to acceptable levels (per Criterion 6, 6 CCR 1007-1, 
Part 18, Appendix A), design of which is presented under separate cover. 
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3.3 Liner System Design  

As noted in Section 2.3, investigative drilling did not encounter the presence of any aquifers beneath 

the planned location of the tailings cells.  The nearest discovery of groundwater was to the southeast 

of the proposed tailings cell location.  Additionally, a number of aquitards were identified during the 

geotechnical field investigation, further limiting any potential impacts to the groundwater regime 

during the Active Life of the Mill. Despite this site specific characteristic, the tailings cells were 

nevertheless designed with the standards applicable to hazardous waste treatment, storage and 

disposal facilities in accordance with 40 CFR 264.221, by reference from 10 CFR 40 and 6 CCR 

1007-1 (Part 18), and utilize a double layer liner system with an intervening Leak Collection and 

Recovery System (LCRS) for groundwater protection, as follows (from top to bottom) (see Figure 4): 

• 60-mil high density polyethylene (HDPE) upper (primary) geomembrane;  

• LCRS consisting of HDPE geonet on the base of the tailings cells, and a drainage 
geocomposite on the side slopes; 

• 60-mil HDPE lower (secondary) geomembrane; 

• Reinforced geosynthetic clay liner (GCL) as the underliner component of the 
secondary composite liner system; and 

• Prepared subgrade. 

Liner system details for the tailings cell slope liner and base liner systems are provided as details 2 

and 3, respectively, on Drawing 11. 

3.3.1 Upper (Primary) Liner 

The upper primary liner will consist of a conductive textured 60-mil HDPE geomembrane.  An HDPE 

geomembrane liner was chosen for its long-term performance characteristics.  It has excellent 

chemical resistance properties (see Chemical Resistance Chart in Appendix G), resistance to 

ultraviolet (UV) radiation, high tensile strength, and high stress-crack resistance (Lupo & Morrison, 

2005).  Single-sided texturing (textured side down) on the upper primary geomembrane is considered 

to increase frictional resistance at the contact with the LCRS layer.  Textured rubsheets will be 

extrusion welded where required by mill operations to facilitate tailings deposition and access during 

operations.   
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Interface shear testing was conducted to evaluate the performance and stability of the proposed HDPE 

geomembrane versus drainage geocomposite material.  Results of interface shear testing are presented 

in Golder (2008a), with results from the critical interfaces utilized in the stability evaluation 

calculation (provided in Appendix H).  The peak friction angle for the geomembrane/drainage 

geocomposite interface is 21 degrees, which compared to the proposed slope angle of 18.4 degrees 

(i.e., 3H:1V) indicates a stable liner system with a local short-term factor of safety of at least 1.2 (see 

Appendix H-2).  Anchor trenches, anchor benches, and buttressing of the liner were incorporated into 

the design to further enhance stability of the liner system, as discussed in detail in Appendix C.  

With operations at the mill proceeding at the design rate of 500 tpd,  the upper portion of the tailings 

cells could be exposed for 13 to 14 years.  Considering this potential long-term exposure combined 

with the long slope runs and large lined area (i.e., 30.5 acres), the liner system was designed for 

long-term exposure to solar radiation.  The upper primary geomembrane liner has been designed with 

the upper exposed side of the liner covered with a light-reflective surface.  The light-reflective surface 

is resistant to ultraviolet radiation and coextruded with the primary black geomembrane liner.  All of 

the physical properties of a standard black HDPE geomembrane remain the same but the light-

reflective design feature provides the following benefits (www.gseworld.com): 

• Minimizes wrinkles caused by liner expansion thereby reducing the risk of 
damage to liner resulting from wrinkles; 

• Reduces heat build-up and thermal expansion of the liner by reflecting solar 
radiation; 

• Reduces desiccation effects to the subgrade soil materials; and 

• Improves detection of installation damage. 

The light-reflective surface layer is approximately 5 mils thick.  If damage to the geomembrane 

occurs, the black primary layer of the geomembrane will be exposed, making visual inspection of 

liner defects more reliable.  This design enhancement, while not necessary, will reduce UV 

degradation and should also improve constructability, aid quality assurance, and improve system 

performance.  To further ensure quality assurance during installation of the liner system, the upper 

primary geomembrane liner will be conductive to facilitate spark testing of the liner surface upon 

completion of the installation. 
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3.3.2 Leak Collection and Recovery System 

An important feature of the tailings cell liner system is the Leak Collection and Recovery System 

(LCRS) layer, designed per 40 CFR 264.221 (by reference from 10 CFR 40 and 6 CCR 1007-1, 

Part 18).  The LCRS is designed to minimize the hydraulic heads on the lower geomembrane liner by 

utilization of HDPE geonet in the base of the tailings cells and a drainage geocomposite on the side 

slopes.  The drainage geocomposite is comprised of a geonet laminated on both sides to a nonwoven 

geotextile filtration media to increase frictional resistance with the overlying and underlying textured 

geomembrane liners.  

In the event that leakage occurs through the upper geomembrane liner, it will be collected in the 

LCRS layer and routed (via gravity flow) to a LCRS sump located in each tailings cell (or sub-cell in 

the case of a divided tailings cell).  The LCRS design is discussed in greater detail in Section 3.5. 

3.3.3 Lower (Secondary) Composite Liner System 

Beneath the LCRS layer is a 60 mil HDPE secondary geomembrane liner.  This liner provides 

secondary containment of process solutions should leakage occur through the upper primary 

geomembrane liner.  The lower secondary geomembrane liner will be double-sided textured to 

increase frictional resistance with the overlying LCRS layer and the underlying low permeability 

GCL layer. 

The lower secondary geomembrane liner will be underlain by a GCL, which consists of a layer of 

sodium bentonite encapsulated between two geotextiles with an upper woven geotextile and lower 

nonwoven geotextile, needle-punched together to form a hydraulic barrier material (i.e., CETCO 

Bentomat ST, or equivalent).  The GCL is approximately 0.4 inches thick with a reported hydraulic 

conductivity of 5x10-9 centimeters per second (cm/sec).  Since the mid-1980s, GCLs have been 

increasingly used as an alternative to compacted clay liners on containment projects due to ease of 

construction/installation, resistance to freeze-thaw and wet-dry cycles, and relatively low cost. 

Interface shear testing was conducted to evaluate the performance and stability of the HDPE 

geomembrane versus the proposed GCL underliner (i.e., Bentomat ST with woven side up).  The 

local stability of the textured HDPE geomembrane versus the proposed drainage geocomposite is 

discussed in Section 3.3.1.  Results of interface shear testing are presented in Golder (2008a), with 

results from the critical interfaces utilized in the stability evaluation calculation (provided in 
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Appendix H).  The peak friction angle for the geomembrane/GCL interface is 23 degrees, which 

compared to the proposed slope angle of 18.4 degrees (i.e., 3H:1V) indicates a stable liner system 

with a local short-term factor of safety of at least 1.3 (see Appendix H-2).  Anchor trenches, anchor 

benches, and buttressing of the liner were incorporated into the design to further enhance stability of 

the liner system, as discussed in detail in Appendix C.  

Compatibility testing of the proposed GCL with the anticipated tailings solution chemistry provided 

by the process designers (CH2M Hill, 2008) was conducted by TRI/Environmental, Inc. (TRI) under 

contract to CETCO Lining Technologies (CETCO), the manufacturer of the proposed GCL material.  

Results of this testing program indicate that the anticipated tailings leachate may result in an increase 

to the permeability of the standard GCL from 5x10-9 cm/sec to approximately 1.1x10-8 cm/sec.  

Testing of a polymer-treated GCL in contact with the anticipated tailings leachate indicates negligible 

change in GCL permeability.  A more detailed description of the GCL compatibility testing program 

is provided in Appendix B. 

An analysis was conducted using the method proposed by Giroud et al. (1997) to demonstrate that the 

secondary composite liner system consisting of a 60 mil HDPE geomembrane overlying a GCL has 

equivalent or improved fluid migration characteristics when compared to a secondary composite liner 

system consisting of a 60 mil HDPE geomembrane overlying the prescriptive compacted clay liner 

(i.e., 3 feet of 10-7 cm/sec soil, per 40 CFR 264.221).  Based on this site-specific analysis (included in 

Appendix A), which accounts for the loading conditions and anticipated head on the secondary liner 

system, as well as the potential for an increase in the GCL hydraulic conductivity in the unlikely 

event that leakage through both the primary and secondary geomembrane liners occurred in sufficient 

quantity  to saturate the GCL with tailings leachate, the amount of flow through the secondary liner 

system with the prescriptive compacted clay liner was evaluated to be nearly five times greater than 

the flow through the secondary liner system with a standard GCL underliner, and more than eight 

times greater than the flow through the secondary liner system with a polymer-treated bentonite GCL 

underliner.  Therefore, the secondary liner system containing a standard GCL performs better than the 

secondary liner system containing the prescriptive clay liner, and the use of a polymer-treated 

bentonite within the GCL is not warranted. 
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3.4 Underdrain Design  

Per Criterion 5E(3) of 6 CCR 1007-1, Part 18, Appendix A, the tailings cells have been designed to 

facilitate dewatering of the tailings (i.e., lower the phreatic surface and reduce the driving head for 

seepage) via an underdrain system installed at the base of the impoundment.  Based on information 

available, the tailings are expected to consist of silty sand to sandy silt materials, which are 

considered amenable to dewatering, particularly if some segregation by particle size results from 

deposition as dilute slurry.  The tailings underdrain system is comprised of the following components: 

• Perforated corrugated HDPE collection pipes (8-inch diameter) to convey fluids 
to the underdrain sump.  The pipes will be placed in trenches, which are 
backfilled with imported granular drainage materials; 

• An underdrain sump constructed above the leak collection and recovery system 
sump with a depth of 2 feet to provide head for pumping of collected seepage.  
The sump will be backfilled with coarse underdrain fill overlain by fine 
underdrain fill to ensure filter compatibility with the overlying tailings; and 

• Two underdrain riser pipes within each sump to add redundancy to the system, 
consisting of two 10-inch diameter, SDR-11 HDPE pipes.  The lower ends of the 
pipes are slotted in the sump area to provide solution access into the risers.  
Solution is recovered via an automated submersible pump installed in the riser 
(designed by others).  Collected solutions will be returned to the mill circuit. 

The underdrain collection trenches and underdrain sump area will be backfilled with granular 

drainage materials, with an underlying coarse underdrain fill in contact with the underdrain collection 

pipes and slotted portion of the underdrain riser pipes, and an overlying fine underdrain fill.  The 

underdrain fill zones (coarse and fine) have been designed for filter compatibility with each other, the 

pipe perforations, and the overlying tailings materials.  The filter design calculations are provided in 

Appendix D-1. 

The perforated corrugated HDPE underdrain collection pipe and the solid HDPE underdrain riser 

pipes are designed according to the Burns & Richard (1964) method to resist crushing and wall 

buckling due to the anticipated loading associated with the maximum height of overlying tailings.  

The pipe deformation analyses are presented in Appendix D-2. 

A cushion geotextile has been incorporated within the underdrain collection trenches and underdrain 

sump to protect the underlying primary HDPE geomembrane liner from puncture due to the overlying 



October 2008 -16- 073-81694.0003 
 

i:\07\81694\0400\tailingcelldesign-fnl-06oct08\073-81694-tailingscelldesignrep_fnl-06oct08.doc Golder Associates 

underdrain drainage materials, and the anticipated loading conditions associated with the maximum 

height of the overlying tailings.   

The underdrain sump, constructed above the LCRS sump, will include two sideslope underdrain riser 

pipes per underdrain sump for redundancy.  The underdrain riser pipes will allow installation of a 

submersible pump for manual collection of tailings liquids.  An underdrain plan for Tailings Cell A is 

included on Drawing 7, while underdrain plans for Tailings Cells B and C are included on Drawing 8.  

Note that Tailings Cells B and C may be constructed as a divided cell, depending on operations at the 

time of construction, and therefore the underdrain layout would replicate that of Tailings Cell A.  

Underdrain sump, riser pipe, and collection trench details are included on Drawing 9.  

3.5 Leak Collection and Recovery System Design  

As part of the tailings cell design, a leak collection and recovery system (LCRS) has been 

incorporated to meet the requirements of the regulations.  If a leak occurs in the upper primary 

geomembrane, the LCRS is designed to minimize the hydraulic heads on the lower geomembrane 

liner.  Details of the leak collection and recovery system are shown on Drawing 10. 

The LCRS layer has been designed as an HDPE geonet on the base of the tailings cells, and a 

drainage geocomposite on the side slopes.  The drainage geocomposite is comprised of a geonet 

laminated on both sides to a nonwoven geotextile filtration media to increase frictional resistance 

with the overlying and underlying textured geomembrane layers.  The geonet and drainage 

geocomposites have been designed with transmissivities of 6x10-3 square meters per second (m2/sec) 

and 2.5x10-3 m2/sec, respectively, which exceeds the minimum transmissivity requirement of 

3x10-4 m2/sec (per 40 CFR 264.221).  The drainage layer is designed with a thickness of 275 mil (see 

calculations provided in Appendix A).  Beneath the LCRS layer is a 60 mil HDPE secondary 

geomembrane liner.  This liner provides secondary containment of process solutions should leakage 

occur through the primary 60-mil HDPE upper geomembrane liner. 

In the event that leakage occurs through the upper geomembrane liner, it will be collected in the 

LCRS layer and routed (via gravity flow) to a LCRS sump located in each tailings cell (or sub-cell).  

The LCRS sumps were conservatively sized for eight (8) hours of maximum flow in the LCRS layer 

(i.e., geonet or drainage geocomposite) assuming one liner defect per acre for good installation 

(Giroud & Bonaparte, 1989), an effective porosity of 30 percent in the sump (i.e., available pore 



October 2008 -17- 073-81694.0003 
 

i:\07\81694\0400\tailingcelldesign-fnl-06oct08\073-81694-tailingscelldesignrep_fnl-06oct08.doc Golder Associates 

space within the gravel backfill materials), and applying a factor of safety of 1.5.  The LCRS sump 

sizing calculations are provided in Appendix E-1.  Based on these calculations, a sump with base 

dimensions of 10 feet by 10 feet with 3H:1V side slopes and 5-foot depth provides sufficient 

containment for leak solutions. 

Two LCRS risers are provided within each sump to add redundancy to the system.  The risers consist 

of two 10-inch diameter, SDR-17 HDPE pipes.  The lower ends of the pipes are slotted in the sump 

area to provide solution access into the risers.  Solution is recovered via an automated submersible 

pump (designed by others) installed in the riser.  The LCRS risers will be instrumented and fully 

automated to report to the mill control system with an alarm in the mill. Recovered solutions will be 

returned to the tailings cells, and then to the mill circuit via tailings return pumps.  The perforated 

solid HDPE LCRS riser pipes are designed according to the Burns & Richard (1964) method to resist 

crushing and wall buckling due to the anticipated loading associated with the maximum height of 

overlying tailings (see Appendix E-2). 

Action Leakage Rates (ALRs) were evaluated for each of the LCRS sumps using the guidelines 

published by the U.S. Environmental Protection Agency (EPA, 1992).  The ALR is defined in 

40 CFR 264.222 as “the maximum design flow rate that the leak detection system (LDS) can remove 

without the fluid head on the bottom liner exceeding 1 foot.”  The ALR calculations are provided in 

Appendix F.  Based on these calculations, the ALR for the LCRS sumps contained within Tailings 

Cells A1 and A2 is 4,705 gallons per acre per day (gpad), and the ALR for the LCRS sumps 

contained within Tailings Cells B and C is 2,376 gpad. 

3.6 Stability Evaluation  

In addition to the local liner interface stability analyses discussed in Sections 3.3.1 and 3.3.3, Golder 

conducted global stability analyses for the proposed tailings facility.  These analyses are presented in 

detail in Appendix H.  Three cross-sections were developed to represent a typical section through a 

tailings cell at three critical points in time:  (i) end of tailings cell construction (prior to tailings 

deposition), (ii) post-tailings deposition, and (iii) post-closure of the tailings cell.   

Stability analyses were conducted using RocScience’s limit equilibrium program SLIDE (RocScience, 

2000).  Stability analyses considered both circular and non-circular slip surfaces when searching for 
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the critical surface with the minimum factor of safety (FS).  The stability analyses utilized the 

Spencer method (Spencer, 1967).   

The pseudo-static coefficient for the stability analyses was developed by Kleinfelder (2008) for this 

evaluation based on the 2006 International Building Code (IBC).  This seismicity analysis concluded 

that the peak ground acceleration (PGA) for the Maximum Credible Earthquake (MCE) is 0.161g.  

The peak ground acceleration for the design earthquake is 0.107g.  Hence, the pseudo-static 

acceleration used in the stability analyses for operational considerations was 0.05g, or approximately 

one-half of the design earthquake PGA (Hynes & Franklin, 1984).  For the post-closure analyses, the 

pseudo-static coefficient was increased to 0.08g, half of the PGA for the MCE. 

The limit equilibrium stability analyses yielded the estimated minimum safety factors summarized in 

Table 2 for static and pseudo-static loading conditions for all three evaluated scenarios.  As indicated, 

the stability analyses show that the static and pseudo-static critical failure surfaces have factors of 

safety greater than the minimum allowable values of 1.5 under static loading conditions, and 1.1 

under pseudo-static loading conditions.  

3.7 Water Balance Modeling 

A probabilistic water balance was developed for the tailings cell design to estimate the available 

quantity of make-up water available for reclaim using the computer program GoldsimTM..  The water 

balance is presented in detail in Appendix I.   

Since three tailings cells (Cells A, B, and C) of approximately equal tailings storage volume and 

dimensions have been designed for the Piñon Ridge Project to meet the total design capacity of 

7.3 Mt, the probabilistic water balance has been performed only for a single tailings cell (i.e., Tailings 

Cell A).  The water balances for the other tailings cells would produce similar results.  Each of the 

tailings cells is designed for 13.3 years based on a milling capacity of 500 tpd (with expansion 

capabilities to 1,000 tpd).   

For the purpose of developing the water balance for the tailings cell, the following components were 

considered: (1) the amount of water entering the tailings cell from the mill in the tailings slurry (i.e., 

based on 27.3 percent solids by weight), (2) water entering the system through meteoric precipitation, 

(3) the amount of water released to the atmosphere through evaporation, (4) the amount of water 
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returning to the mill from the tailings cell (provided by CH2M Hill), and (5) the excess water 

available to be pumped from the tailings cell as mill make-up or sent to the evaporation pond system.  

Figure 6 presents the tailings cell water balance flow sheet. 

3.8 Tailings Deposition Modeling 

Tailings deposition within Tailings Cell A was modeled using Golder’s proprietary software 

GoldTail.  The purpose of the tailings deposition modeling is to provide mill operations personnel 

with a method for tailings discharge which enhances design of the tailings cells by providing 

protection to the constructed underdrain system from potential slimes clogging, as well as provides 

initial buttressing to the geomembrane liner system.  The tailings deposition modeling is presented in 

Appendix J. 

Tailings deposition was modeled within Tailings Cell A in the following five simplified phases: 

• Phase 1 – Deposition commences within sub-cell A1 (or A2) in the vicinity of the 
underdrain sump to provide approximately 10 feet of tailings deposition over the 
sump area.  This phase of deposition provides coarse-grained underflow tailings 
over the underdrain sump to enhance the effectiveness of the tailings underdrain 
system; 

• Phase 2 – Continued deposition within the remainder of the first sub-cell to push 
the pond toward the sump area; 

• Phase 3 – This phase was modeled with deposition commencing within the other 
sub-cell in the vicinity of the underdrain sump, again providing approximately 
10 feet of coarse-grained underflow tailings over the underdrain sump area.  
During actual operations, Golder recommends reversing the order of the modeled 
Phases 2 and 3 in order to buttress the geomembrane liner system within both 
sub-cells at the on-set of operations, prior to completely filling the first sub-cell; 

• Phase 4 – Continued deposition within the remainder of the second sub-cell to 
push the pond toward the sump area; and 

• Phase 5 – Once both sub-cells are filled, tailings deposition will proceed along 
the perimeter of the entire tailings cell in stages (as dictated by tailings 
operations), until the tailings cell is full (with 3 feet of freeboard provided at the 
perimeter of the cell). 
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The perimeter discharge of Phase 5 will leave a depression in the center of the cell resulting from the 

tailings beach slopes and perimeter discharge arrangement.  Although not modeled, a sixth and final 

phase of deposition would involve extending the tailings discharge pipes to the center of the cell to 

more efficiently use the available tailings storage space, and develop grades which support closure 

cover construction.  
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4.0 CONSTRUCTION CONSIDERATIONS 

This section presents considerations for construction of the tailings cells.  A number of these items 

were developed as a result of project meetings with the Colorado Department of Public Health and 

Environment (CDPHE) during the course of the design, especially those that relate to Construction 

Quality Assurance (CQA) and addressing CDPHE concerns regarding long-term exposure of the 

tailings cell liner system. 

4.1 Confirmatory Testing 

To support permitting-level design of the tailings cell liner system, interface shear testing was 

conducted using select geosynthetic materials (Golder, 2008a).  If use of a geosynthetic material 

which was not tested is proposed for construction, interface shear testing is required prior to initiation 

of construction to confirm that the minimum required strength parameters are achieved for the various 

interfaces.  It should be noted that interface shear testing was conducted using a drainage 

geocomposite material which differs from that specified for construction, as design calculations later 

revealed that the initially proposed drainage geocomposite did not meet design requirements.  The 

Geosynthetic CQA Plan (Section 1400.2 of the Technical Specifications; Golder, 2008c) includes a 

requirement for confirmatory testing of the geosynthetic interfaces prior to procurement of 

geosynthetics for tailings cell construction. 

4.2 Electrical Leak Integrity Survey 

An electrical leak integrity survey will be conducted after completion of tailings cell liner installation, 

prior to tailings deposition.  Requirements of the electrical leak detection survey have been 

incorporated into the Geosynthetics CQA Plan (Section 1400.2 of the Technical Specifications; 

Golder, 2008c). 

At present, there are many ways of conducting electrical leak detection surveys of geomembranes.  

Some of these methods involve filling the lined area with water prior to testing, while others are only 

applicable to specific liner configurations (such as single liner systems and liners covered with soil).  

Based on the available methods (ASTM D 6747) and considering the limited supply of locally-

available water as well as the expansive size of the tailings cells, the most appropriate method 

involves installation of an electrically conductive geomembrane as the primary geomembrane in the 

system. 
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Electrically conductive geomembrane is constructed with a thin conductive layer adhered to and 

underneath a polyethylene geomembrane, which is naturally non-conductive.  Once installed, the 

exposed geomembrane is tested for leak paths according to ASTM D 7240 (Conductive 

Geomembrane Spark Test) in the following manner: 

• The conductive (under) side of the geomembrane is charged; and 

• A conductive element is swept over the upper surface of the geomembrane, 
creating a spark where potential leak paths exist.  An alarm is built into the 
system to sound each time a spark is detected. 

This system is capable of detecting leak paths smaller than 1 millimeter (mm) in diameter and repairs 

can be made immediately upon leak path detection.  Due to the nature of the test and the fact that the 

conductive layers of adjacent rolls are not necessarily in good contact, traditional non-destructive 

seam testing is still needed.  This test does not require the use of any water. 

4.3 Tailings Deposition 

At start-up of tailings deposition within each tailings cell (or sub-cell), the operations plan should 

provide for deposition to commence in the vicinity of the underdrain sump.  The purpose of initiating 

deposition in this manner is to provide coarse-grained underflow material over the underdrain sump 

system, in contact with the underdrain filter materials.  As discussed previously, the underdrain filter 

materials were designed for filter compatibility with each other and with the anticipated tailings 

stream; however, additional protection to the underdrain sump system would be provided by initial 

placement of the coarse-grained tailings materials over the system preventing clogging due to 

fine-grained tailings slimes.  After initial placement of coarse-grained tailings in this area, then 

deposition would proceed to maintain the tailings pool area(s) above the underdrain sump(s).   

When the tailings cell is constructed with two internal cells, as is the case with Tailings Cell A (and 

possibly Cells B and C), tailings should be placed within each of the sub-cells immediately after 

commencement of deposition in order to provide additional buttressing of the liner system.  It is 

recommended to cover the floor of each of the sub-cells with tailings prior to discharging to a single 

sub-cell.  Operations personnel may opt to discharge to both sub-cells simultaneously, which is 

considered appropriate, pending that initial deposition proceed as discussed. 



October 2008 -23- 073-81694.0003 
 

i:\07\81694\0400\tailingcelldesign-fnl-06oct08\073-81694-tailingscelldesignrep_fnl-06oct08.doc Golder Associates 

4.4 Geomembrane Exposure 

Where liner will be exposed to ultraviolet (UV) radiation for an extended period of time, such as the 

case of the tailings cells, standard practice for the mining industry includes incorporation of an upper 

exposed HDPE geomembrane liner (Golder, 2008b).  The HDPE’s resistance to UV radiation is one 

of the primary reasons that it was selected as the geomembrane for the tailings cell (and evaporation 

pond) construction at the Piñon Ridge Project.  To further reduce the risk of UV damage, the upper 

primary geomembrane liner has been designed with a white light-reflective surface as discussed in 

Section 3.3.1.  Refer to Golder (2008b) for a literature review and presentation of results supporting 

the use of HDPE geomembrane for the Piñon Ridge Project.  Major points from Golder (2008b) are 

summarized in the following sections. 

4.4.1 Exposure Period and Consequences 

As tailings are deposited within each tailings cell, the surface area of exposed geomembrane will be 

reduced incrementally with time.  The liner in the pond bottom will be exposed for a few months to a 

year, and the liner near the top of each cell will remain exposed for the full tailings cell design life.  

However, the upper perimeter portion of the exposed liner, which will have the greatest UV exposure, 

will be subject to the lowest operational loads from deposited tailings and stored water and will be 

required to provide hydraulic containment for only a short period before the cell is drained and 

decommissioned.  Conversely, the lower, centrally located portion of the exposed liner, which will be 

called upon to resist the highest operational loads, will be exposed to degradation from UV radiation 

for only a short period.  Therefore, considering the combination of potential loading conditions with 

the potential for degradation from UV exposure, the longer-term exposure of liner at the top of the 

cells represents, overall, a reduced potential to impact soil and groundwater at the site (Golder, 

2008b).  In addition, following closure, the cover will control infiltration into the cells, thereby 

limiting subsequent hydraulic loading on the liner system and further reducing the containment 

requirement. 

4.4.2 Background on the Science 

When exposed to atmospheric conditions, plastic materials containing impurities can absorb 

ultraviolet energy which can excite photons and create free radicals within the plastic (Zeus, 2005).  

These free radicals then proceed to degrade the plastic by causing a chain reaction of molecule 

damage that can accelerate breakdown of the material (Layfield, 2008).  However, a variety of 



October 2008 -24- 073-81694.0003 
 

i:\07\81694\0400\tailingcelldesign-fnl-06oct08\073-81694-tailingscelldesignrep_fnl-06oct08.doc Golder Associates 

methods are available to both limit the production of free radicals and inhibit the chain reaction of 

molecule degradation in plastics, including use of stabilizers, absorbers or blockers (Zeus, 2005). 

HDPE geomembrane is manufactured with 2 to 3 percent carbon black, a material produced by the 

incomplete combustion of petroleum products, which provides protection to the geomembrane 

structure by blocking the degradation process (Layfield, 2008).  The chemical properties of carbon 

black further act to absorb molecular-damaging free radicals, preventing them from causing 

additional damage.  Carbon black is universally accepted as being resistant to significant deterioration 

caused by weathering for 50 years or more (GSE, 2003).  In addition to carbon black, many HDPE 

manufacturers, such as GSE, utilize highly effective chemical UV stabilizers that further extend the 

life of the material to which it is added (GSE, 2003).  Properly formulated and compounded 

polyethylenes, achieved through the use of carbon black and chemical stabilizers, have an estimated 

projected life in excess of 100 years for resistance to weathering due to exposure (GSE, 2003). 

Koerner & Hsuan (2003) stated that HDPE geomembrane is quite possibly the most stable polymer, 

resulting in the longest lifetime, but that research is on-going.  Review of the literature confirmed 

numerous cases of proposed and on-going research into the lifetime of HDPE geomembrane under 

exposed and unexposed conditions (e.g., Hsuan et al., 2005; Koerner et al., 2005a and 2005b; Jeon 

et al., 2005). 

4.4.3 Summary 

Evaluations of HDPE geomembrane from field performance and laboratory test data presented in 

Golder (2008b) provide evidence that exposure of a 60 mil HDPE geomembrane to UV for 20 or 

more years will not result in significant degradation of the geomembrane.  The results of field tests of 

actual operating facilities utilizing HDPE geomembrane (Golder, 2008b) support the conclusion that 

the use of HDPE geomembrane as designed for the tailings cells will maintain sufficient integrity 

despite UV exposure during their estimated lifetimes.  Laboratory test results presented in Golder 

(2008b) predict an even longer life and improved UV resistance for HDPE geomembrane, even when 

stabilized only with the standard percentages of carbon black (i.e., no additional antioxidants or UV 

stabilizers). 

An additional design feature has been incorporated into the tailings cell design to further reduce the 

potential for UV damage to the exposed portion of the liner system.  The upper primary 
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geomembrane liner includes a requirement for a light-reflective surface that is resistant to UV 

radiation and is coextruded with the primary black geomembrane liner.  This design enhancement, 

while not necessary, will reduce UV degradation and should also improve constructability, aid quality 

assurance, and improve system performance. 

It is important to note that standard HDPE geomembrane, without the additional feature of the 

light-reflective surface, is the industry standard-of-practice for design of mine facilities for exposed 

applications, such as evaporation ponds, process solution ponds, heap leach perimeter channels and 

tailings impoundments for mining operations (i.e., gold, uranium), and that the exposure periods are 

consistent with those proposed for the Piñon Ridge Project.  Further, the portions of the tailings cell 

liner systems that will be exposed to UV radiation are located near the top of the cells, which are the 

least critical from a hydraulic containment standpoint (i.e., the hydraulic heads will be low to 

nonexistent during a short operating life followed by negligible hydraulic loading in the post-closure 

period).  The base of the tailings cells, which will be subjected to the highest hydraulic heads, will be 

covered with tailings at the on-set of operations, and therefore exposed to UV radiation for a very 

short time. 

4.5 GCL Underliner Construction Considerations 

Due in part to the lack of locally-available low permeability soil sources for underliner, geosynthetic 

clay liner (GCL) has been designed as the underliner component of the secondary composite liner 

system for the tailings cells (see Section 3.3.3).  Where geomembrane composite-lined slopes 

underlain by compacted clay liner materials have been exposed for long periods of time, desiccation 

and cracking of the clay component often occurs (Giroud, 2005).  The use of GCL as the underliner 

component prevents the issue of clay desiccation, but shrinkage has been documented to occur due to 

long-term exposure (i.e., numerous drying [i.e., day] and hydration [i.e., night] cycles) of the liner 

system (Giroud, 2005).  In addition to the use of white geomembrane to limit the temperature 

variations in the liner system, the design drawings and Technical Specifications (Golder, 2008c) 

include the following provisions to limit effects of GCL shrinkage within the tailings cells: 

• Construction of anchor benches to provide additional anchorage to the GCL 
layer; 

• Increasing the manufacturer-recommended longitudinal overlap from 6 inches to 
12 inches; and 
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• Increasing the manufacturer-recommended end-of-roll overlaps from 2 feet to 4 
feet. 

In addition to the construction considerations discussed previously, pre-hydration of the GCL is 

provided during the construction process to enhance the permeability characteristics of the GCL.  The 

reader is referred to Shackelford et al. (2000) for the benefits of prehydration of the GCL with regard 

to the resulting permeability.  Prior to GCL placement, the subgrade soils will be moisture-

conditioned and compacted to a minimum 95 percent of the standard Proctor (ASTM D 698) 

maximum dry density at optimum to plus 4 percent of the optimum moisture content.  This 

recommended specification is based on the results of a study conducted by Bonaparte et al. (2002) 

which shows that prehydration of the GCL is obtained via subgrade moisture absorption. 
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5.0 USE OF THIS REPORT 

This report has been prepared exclusively for the use of Energy Fuels Resources Corporation (EFRC) 

for the specific application to the Piñon Ridge Project.  The engineering analyses reported herein 

were performed in accordance with accepted engineering practices.  No third-party engineer or 

consultant shall be entitled to rely on any of the information, conclusions, or opinions contained in 

this report without the written approval of Golder and EFRC. 

The site investigation reported herein was performed in general accordance with generally accepted 

Standard of Care practices for this level of investigation.  It should be noted that special risks occur 

whenever engineering or related disciplines are applied to identify subsurface conditions.  Even a 

comprehensive sampling and testing program implemented in accordance with a professional 

Standard of Care may fail to detect certain subsurface conditions.  As a result, variability in 

subsurface conditions should be anticipated and it is recommended that a contingency for 

unanticipated conditions be included in budgets and schedules. 

Golder sincerely appreciates the opportunity to support EFRC on the Piñon Ridge Project.  Please 

contact the undersigned with any questions or comments on the information contained in this report. 

Respectfully submitted, 
 
GOLDER ASSOCIATES INC. 
 
 
 
 
Kimberly Finke Morrison, P.E., R.G. James M. Johnson, P.E. 
Senior Project Manager Principal, Project Director 
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TABLE 1 
 

MONTHLY PRECIPITATION AND EVAPORATION VALUES 
 

Month 
Average* 

Precipitation 
(inches) 

Calculated Lake 
Evaporation 

(inches) 
January 0.9 0.8
February 0.8 1.2
March 1.0 2.2
April 1.0 3.3
May 0.9 4.8
June 0.5 5.8
July 1.2 6.3
August 1.4 5.4
September 1.5 3.8
October 1.5 2.5
November 1.1 1.2
December 0.9 0.7
Total 12.7 38.0

Precipitation values obtained for Uravan weather station from 1961 to 2007 
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TABLE 2 
 

RESULTS OF STABILITY EVALUATION 
 

Scenario 
Minimum Static 
Factor of Safety 

[Peak (Residual)] 

Minimum Pseudo-
Static Factor of Safety 

[Peak (Residual)] 
Pre-Deposition 2.0 (1.9) 1.7 (1.7) 
Post-Deposition 3.0 (3.0) 2.4 (2.4) 
Post-Closure 4.9 (4.4) 2.7 (2.3) 
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protection to the tailings underdrain system by deposition
of coarse‐grained underflow material over the sump area.
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APPENDIX A 

ALTERNATIVE LINER FLOW COMPARISON 

Analyses were conducted using the method proposed by Giroud et al. (1997) to demonstrate that the 

secondary composite liner system consisting of a 60 mil high density polyethylene (HDPE) 

geomembrane overlying a geosynthetic clay liner (GCL) has equivalent or improved fluid migration 

characteristics when compared to a secondary composite liner system consisting of a 60 mil HDPE 

geomembrane overlying the prescriptive compacted clay liner (i.e., 3 feet of 10-7 cm/sec soil, per 

40 CFR 264.221).  The liner flow comparison calculation is provided in Appendix A-1. 

Compatibility testing was conducted to evaluate the potential for the GCL to increase in permeability 

when exposed to the synthetic tailings solution chemistry.  The results of the compatibility testing are 

presented in Appendix B.   The certified hydraulic conductivity of the proposed GCL material is 

5x10-9 centimeters per second (cm/sec) when tested with deaired/distilled/deionized water.  Testing of 

a polymer-treated GCL in contact with the synthetic leachate indicated no increase in hydraulic 

conductivity.  However, the standard GCL exhibited an increase in permeability when tested with the 

synthetic leachate to approximately 1.1x10-8 cm/sec. 

Based on this site-specific analysis, which accounts for the loading conditions and anticipated head on 

the secondary liner system, as well as the potential for an increase in the GCL hydraulic conductivity 

when exposed to the tailings leachate, the amount of flow through the secondary liner system with the 

prescriptive compacted clay liner was evaluated to be nearly 5 times greater than the flow through the 

secondary liner system with a standard GCL underliner, and more than 8 times greater than the flow 

through the secondary liner system with a polymer-treated GCL underliner.  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 the prescriptive clay 

liner. 

REFERENCES 
 
40 CFR Part 264 – “Standards for Owners and Operators of Hazardous Waste Treatment, Storage, 

and Disposal Facilities”, Subpart K (Surface Impoundments). 
 
Giroud, J.P., Badu-Tweneboah, K., and Soderman, K.L.  1997.  “Comparison of leachate flow 

through compacted clay liners and geosynthetic clay liners in landfill liner systems.”  
Geosynthetics International, 4 (3-4), 391-431. 



 

i:\07\81694\0400\tailingcelldesign-fnl-06oct08\appendices\app a\app a-intro.docx Golder Associates 

APPENDIX A-1 
 

FLOW COMPARISON CALCULATION 
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APPENDIX B 

GCL COMPATIBILITY TESTING 

This appendix presents the results of leachate compatibility testing on the geosynthetic clay 

liner (GCL) proposed for use at the Piñon Ridge Project in Montrose County, Colorado.  

Bentomat ST, manufactured by CETCO Lining Technologies (CETCO), is the GCL 

proposed for construction as the underliner component of the secondary composite liner 

system for the tailings cells and evaporation ponds.  Compatibility testing was conducted by 

TRI/Environmental, Inc. (TRI) under contract to CETCO. 

 

MATERIALS 
 
Two samples of GCL were tested for compatibility with synthetic acidic leachates: 

• Bentomat ST (Roll No. 82) – polymer-treated bentonite, using preliminary leachate 
chemistry 

• Bentomat ST (Roll No. 1979) – standard sodium bentonite, using updated leachate 
chemistry 

The synthetic leachates were composed of the reagents summarized in Table B-1.  These 

reagent concentrations were provided by CH2M Hill (the process designers) in January 2008 

(Preliminary; CH2M Hill, 2008a) and March 2008 (Updated; CH2M Hill, 2008b) for the 

tailings cell solution. 

 

TABLE B-1 

TESTED SYNTHETIC LEACHATE COMPOSITIONS 

Reagent 

Preliminary Tailings 
Leachate Chemistry 
(CH2M Hill, 2008a) 

(g/L) 

Updated Tailings 
Leachate 

Chemistry (CH2M 
Hill, 2008b) (g/L) 

H2SO4 1.479 0.084 
FeSO4 0.182 0.014 

Fe2(SO4)3 13.870 35.989 
(NH4)2SO4 18.575 34.9 

Na2SO4 2.538 3.917 
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The preliminary synthetic leachate solution was reported to have an initial pH of 1.9 and an 

electrical conductivity of 30.4 mS.  The updated synthetic leachate solution was reported to 

have an initial pH of 1.3 and an electrical conductivity of 73.7 mS. 

 

TESTING PROGRAM 
 
GCL compatibility testing followed the procedure outlined in ASTM D 6766, Scenario 2 

(modified). Both GCL samples were moistened with tap water to reach an initial moisture 

content of about 70 percent, and then hydrated with the low-pH synthetic leachate for 48 

hours under an effective stress of 5 pounds per square inch (psi).  After hydration, the 

samples were permeated with their respective synthetic leachates at the 5 psi confining 

pressure.   

 

The GCL samples were subjected to increasing confining pressures.  The specimen was 

allowed to consolidate overnight with each increase in effective stress. The final confining 

pressure of 60 psi for the test samples is equivalent to approximately 85 feet of tailings at an 

assumed density of 100 pounds per cubic foot (pcf). 

 

RESULTS 
 
The certified hydraulic conductivity for Bentomat ST is 5x10-9 cm/sec, per the manufacturer 

data sheet (see Appendix A).  This permeability value is obtained for a GCL of standard 

thickness (i.e. 0.4 inches) using standard bentonite tested with deaired/distilled/deionized 

water at 80 psi cell pressure. 

 

The results of the GCL permeability tests are presented in Appendices B-1 and B-2 for the 

polymer-treated and standard samples, respectively.  Graphs of the permeability versus time 

and permeability versus pore volume are presented in Appendix B-1 for the polymer-treated 

GCL testing. Graphs of the permeability versus time, permeability versus pore volume, and 

permeability versus effective stress are presented in Appendix B-2 for the standard GCL 

testing. 
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At the end of each test, the measured permeability of the standard and polymer-treated GCL 

samples were 1.1x10-8 and 3x10-9 cm/sec, respectively.  These results represent an increase in 

the reported hydraulic conductivity by nearly half an order of magnitude for the standard 

sample, and virtually no change in hydraulic conductivity for the polymer-treated sample.   

 
Although there is an increase in hydraulic conductivity measured for the standard bentonite 

GCL in response to the leachate, test results show that use of Bentomat ST GCL exceeds the 

permeability requirements for the prescriptive underliner (i.e. 3 feet of 10-7 cm/sec clay, refer 

to Appendix A).  Consequently, polymer-treatment of the bentonite in the GCL is not 

required. 

 

REFERENCES 
 
American Society for Testing and Materials (ASTM). ASTM D 6766.  “Standard Test Method for 

Evaluation of Hydraulic Properties of GCLs Permeated with Potentially Incompatible 
Fluids.” 

CH2M Hill.  2008a.  “Piñon Ridge Project, Tailings Stream Analysis.”  Memo issued by Mike Blois.  
27 January 2008. 

 
CH2M Hill.  2008b.  “Piñon Ridge Project, Tailings Stream Analysis (Rev. 2).”  Memo issued by 

Brett Berg.  12 March 2008. 
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APPENDIX B-1 
 

COMPATIBILITY TEST REPORT 
POLYMER-TREATED GCL 
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APPENDIX B-2 
 

COMPATIBILITY TEST REPORT 
STANDARD GCL 
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APPENDIX C 
 

ANCHOR TRENCH EVALUATION 
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APPENDIX C 

ANCHOR TRENCH EVALUATION 

Due to both the long-term exposure of the tailings cell liner system to wind effects and the 

long slope runs (i.e., on the order of 300 feet), the liner system design incorporates anchorage 

and buttressing considerations.  This appendix presents the following calculations related to liner 

anchorage against wind uplift forces: 

• Appendix C-1 presents an analysis of wind uplift forces;  

• Appendix C-2 presents the anchor trench capacity calculations; and 

• Appendix C-3 presents a calculation for buttressing at the tailings cell benches. 

A design wind velocity of 23.4 miles per hour (mph) was used based on the highest recorded wind 

speed at the Grand Junction Airport over the past 23 years.  Geomembrane wind uplift analyses, 

presented in Appendix C-1, were conducted using the method proposed by Giroud et al. 

(1995). These analyses indicate that the maximum strain on the high density polyethylene 

(HDPE) geomembrane liner is expected to be 1.5 percent, which is well below the yield 

elongation of 12 percent for 60 mil HDPE geomembrane liner.  Therefore, permanent 

deformations are not expected in the geomembrane due to wind effects.   

The wind uplift analyses also provided design forces and inclinations required for evaluation 

of the geomembrane anchor trench. Results show the maximum tension in the liner to be 151 

pounds per foot (lb/ft) at an inclination of 17 degrees with respect to the surface of the side slope.   

The tensile strength capacity of the proposed tailings cell liner anchor trench was evaluated 

using the methodology presented by Koerner (1998), included in Appendix C-2.  These 

analyses indicate that the anchor trench, as designed, will provide sufficient resistance to the 

forces developed in the geomembrane due to wind uplift, with a factor of safety greater 

than 8. 
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The tailings cells were designed with intermediate benches to provide additional anchorage of the 

geomembrane liner system.  Tailings Cell A is designed with an anchor bench at the mid-height of the 

tailings cell, while Tailings Cells B and C are designed with two intermediate anchor benches.  The 

following design components have been incorporated into the anchor benches: 

• An anchor trench will be constructed to provide additional anchorage of the underlying 
geosynthetic clay liner (GCL) layer; and 

• Buttressing of the liner system will be employed by placement of corrugated HDPE pipes 
backfilled with soil or grout, and secured by sandbags, to limit uplift of the liner system due 
to wind effects (see calculation provided in Appendix C-3). 

REFERENCES 

Giroud, J.P., Pelte, T., and Bathurst, R.J.  1995.  “Uplift of geomembrane by wind.”  
Geosynthetics International, 2(6), 897-953. 

 
Koerner, R.M.  1998.  Designing With Geosynthetics.  Prentice Hall: Upper Saddle River, 

New Jersey. 
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APPENDIX C-1 
 

GEOMEMBRANE WIND UPLIFT ANALYSES 



OBJECflVE:

The objective is to estimate the tensions and deformations of the geomembrane during wind uplift considering
anchor trenches at the top of the slopes and buttressing at the base of the slope for the leeward slopes. The cases to
be investigated are:

• Case 1 At the base of the tailings cells;
• Case 2 On the leeward slope of the tailings cells Al and A2; and
• Case 3 On the leeward slope of the tailings cells B and C.

GIVEN:

• The tailings cell layout plan;
• Geomembrane typical properties; and
• Design wind velocity of 23.4 mph (37.7 km/br) (see Attachment 7).

GEOMETRY:

• The assumed geometrical configuration of the base of the tailing cells and the leeward slopes are shown
in Figure 1.

MATERIAL PROPERTIES:

• Geomembrane (Textured HDPE geomembrane, see Attachment 8)
o Density 58.7 lb/ft3
o Thickness 60 mil
o Yield Strength
o Break Strength
o Yield Elongation
o Break Elongation
o Mass

METHOD:

126 lb/in= 1,512 lb/ft=22 KN/m
90 lb/in = 1,080 lb/ft = 15.8 KN/m
12%
100%
0.284 lb/ft2 = 1.43 Kg/m2

• The analysis of the tension and deformations of the geomembrane during uplift is performed according to
Giroud et al.(1995).

ASSUMPTIONS:

• A HDPE pipe filled with sand or grout at the bottom of the cell sideslope is placed to provide anchorage
to the geomembrane;

• Two I-IDPE pipe filled with sand or grout are placed on sideslope benches to provide anchorage to the
geomembrane;

• The magnitude of suction does not change in response to changes in geomembrane shape after initial
uplift;

• The geomembrane is sealed around its perimeter;
• The problem is assumed to be two dimensional;

ubject Piñon Ridge

‘aiings Cell Design

eomembrane Wind Uplift Analysis

obNo 073-81694

)ate 04/07/08

heetNo 1 of 3
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• The tensile characteristics of the geomembrane do not depend on temperature;
• The geomembrane did not experience initial uplift leading to a change in aerodynamic flow;
• The tension-strain curve has a peak;
• The suction factors (A) according to Giroud et al.(l 995) assumed in these calculations are: 0.4 for the

base of the tailings cells; 0.8 for the leeward slope of the reservoir upper portion tailing cells Al and A2,
0.6 for the leeward slope of the reservoir, lower portion, tailing cells Al and A2; 0.9 for the leeward slope
of the reservoir, upper portion, tailing cells B and C; 0.7 for the leeward slope of the reservoir, middle
portion, tailing cells B and C; and 0.55 for the leeward slope of the reservoir, lower portion, tailing cells B
and C

CALCULATIONS:

The calculations are presented in the following Attachments:

• Attachment 1
• Attachment 2
• Attachment 3
• Attachment 4
• Attachment 5
• Attachment 6

Case 1 At the base of the reservoir;
Case 2 On the leeward slope of the reservoir, upper portion, tailing cells Al and A2;
Case 2 On the leeward slope of the reservoir, lower portion, tailing cells Al and A2;
Case 4 On the leeward slope of the reservoir, upper portion, tailing cells B and C;
Case 4 On the leeward slope of the reservoir, middle portion, tailing cells B and C; and
Case 4 On the leeward slope of the reservoir, lower portion, tailing cells B and C;

Figure 2 shows a schematic representation of uplifted geomembrane used for developing equations to estimate the
deformation in the geomembrane due to wind suctions.

RESULTS:

The following table summarizes the results:

ubject Piñon Ridge
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ieomembrane Wind Uplift Analysis
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length Strain u T 8
(ft) (%) (ft) (lb/ft) (degrees)

Cells A,B and C Cell base 253 1.1 16.6 93 14.6
upper portion

Cells Al and A2 (0.5L)1 131 1.5 9.8 151 17.0
Slopeside lower portion

(0.51)1 131 1.1 8.5 82 14.8
upper portion

(0.25L)1 66 1.1 4.2 103 14.6
Cells B and C middle portion

Slopeside (0.33L)1 87 1.2 5.9 89 15.5
lower portion

(0.42L)1 110 1.0 6.9 82 14.3
= total length of the slope
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CONCLUSIONS:

The analyses shows that the tensions produced in the geomembrane by the wind uplift forces are significantly
below the tensile yield strength for the considered geomembrane (i.e. FS > 10). Nevertheless due to the tensile
behavior of the geomembrane, deformations are a controlling parameter.

The maximum strain expected in the geomembrane is 1.5%. For all considered cases, the strain in the
geomembrane is less than 12%. Therefore permanent deformations are not expected in the geomembrane.

The anchor trench at the top of the cell sides lope should resist a minimum force equal to 151 lb/ft with an
inclination (0) of 17 degrees with respect to the surface of the sideslope.

REFERENCES:

Giroud, J. P., Pelte, T., and Bathurst, R. J. (1995). “Uplift of geomembranes by wind.” Geosynthetics
International, 2(6), 897-953.
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Case I At the base of the tailings cells

Suction factor for the bottom of the tailings cells: ‘álculations,weie -

per ôrii’ ing the:
:= 0.40 iñternàtionaluñitsS,steni

rSI),sincethe empiñcaI’

Wind velocity (23.4 mph): equatiôn&we’re developed
sg tflis unitsy’..,

V := 37.7 (e.g., 23.4 mph)
hr

Average altitude of the tailings cells above sea level (5480 ft):

z := 1670.3 m (e.g.,5480 ft)

The mass per unit area of geomembrane required to resist uplift by a wind of velocity Vat altitude z
above the sea level is defined by:

VGM=
0.005085.?..V2.exp(_l.252.10_4.z) (eq. 21, Giroudetal. 1995)

GM = 2.35 - required geomembrane mass

The maximum wind velocity that the geomembrane can be subject to without being uplifted:

GM := 1.43 .. geomembrane mass per unit area (60 mil HDPE)

Vup := 14.023.exP(6.259.10_5.z).j!.$!! (eq. 26, Giroud etal. 1995)

Vup = 29.44 (e.g, 18.3 mph)
hr

Therefore, uplift occurs at the design wind velocity (Vup < V).

The effective suction in the geomembrane is:

Se := 0.050..V2.exp(_1 .252 io.) — 9.81 41, Giroud et al. 1995)

Se= 9.03 Pa (e.g.,0.l9lbIft2)

The resultant force of the applied effective suction is equal to:

L := 76.96 m (e.g., 252.5 ft)

F:= Se.L (eq.42, Giroudetal. 1995)

F = 695.21 (e.g., 47.6 lb/ft)

Attachment 1



The normalized allowable tension (Tn) is defined as:

Tall := 22

Tall. 1000
Tn :=

F

Tn 31.64

Break elongation, % = 12

(eq.48, Giroudetal. 1995)

0

C
I)

NT

0

£(T)
Strain

Uplift tension-strain relationship

The determination of tension in the geomembrane is done by trial and error assuming different values for
TGM until the calculated strain versus TGM compares with the Geomembrane tension-strain curve.

The strain in the geomembrane is estimated as:

TGM.asin(
F

2.TGM
:= 2 —1 .100

F

E=1.14 00

Made by: EF Subject: Piñon Ridge

fIi Checked by: Job No. 073-81694
, Approved by: Date: 4/7/2008

Sheet No. 2 of 4

TGM:= 1350
N

m
Tension in the geomembrane (e.g., 92.5 lb/It)

(eq. 47, Giroud etal. 1995)

Attachment I



rr
C
0

GM
...

TGM
TGM

1000
TGM= 1.35 (i.e., 92.5 lb!ft)

95 100

The orientation of the geomembrane tension at both extremities of the geomembrane is:

TOM. 1000
Tn :=

Tn = 1.94

F

.( io := asini
‘ 2 Tn

o = 0.26 adians

(eq. 56, Giroud et al. 1995)

(i.e., 14.6 degrees)

The geomembrane uplift is:

u:= 0.5.tan(!’1.L
2)

u=5.04 m

(eq. 54, Giroud et al. 1995)

(i.e., 16.6 ft)
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CE , C
Strain [0]

Geomembrane tension-strain curve
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Case 2 On the leeward slope of the tailings cells (cells Al and A2). lower portion

Suction factor for the leeward slope of the tailings cells:
Calculations were

:= 0.51 for the lower portion of the slope performed using the
international unit system

Wind velocity: (SI), since the empirical
equations were developed
using this unit system.

V := 37.7 — (e.g., 23.4 mph)
hr

Altitude above sea level:

z := 1670.3 m (e.g.,5480 ft)

The mass per unit area of geomembrane required to resist uplift by a wind of velocity Vat altitude z
above the see level is defined by:

LGM := O.005085..V2.exp(_l.252.l0_4.z) (eq. 21, Giroud etal. 1995)

GM = 2.99 .! required geomembrane mass

The maximum wind velocity that the geomembrane can be subject to without being uplifted:

GM := 1.431 - geomembrane mass per unit area (60 mil HDPE)

Vup := 14.023.exp(6.259.105.z).!±! (eq. 26, Giroud etal. 1995)

Vup = 26.078 (e.g, 14.9 mph)
hr

The effective suction in the geomembrane is:

Se:= 0.050.2..V2.exp(_1.252.10_4.z)
— 9.81.(eq. 41, Giroud etal. 1995)

Se = 15.366 Pa (e.g., 0.43 lbIft2)

The resultant force of the applied effective suction is equal to:

L:= 40.0 m (e.g., 131 .2 ft)

F := Se.L
(eq. 42, Giroud et al. 1995)

F = 6 14.625 (e.g., 56.3 lb/ft)
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The normalized allowable tension (Tn) is defined as:

0

0

•0

. T

0

kN
Tall := 22 —

m

Tall 1000
Tn

F

Tn = 35.794

Break elongation, % = 12

0.6

Uplift tension-strain relationship

The determination of tension in the geomembrane is done by trial and error assuming different values for
TGM until the calculated strain versus TGM compares with the Geomembrane tension-strain curve.

The strain in the geomembrane is estimated as:

(eq. 47, Giroud et al. 1995)
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The orientation of the geomembrane tension at both extremities of the geomembrane is:

TOM. 1000
Tn :=

F

Tn= 1.952

.( 1o := asini —
2Tn

o = 0.259 radians

(eq. 56, Giroud et al. 1995)

(i.e., 14.8 degrees)

The geomembrane uplift is:

u:— O.5•tan(’L
2)

u=2.604 m

(eq. 54, Giroud et al. 1995)

(i.e., 8.54 ft)
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Case 2 On the leeward slope of the tailings cells (cells Al and A2). upper portion

Suction factor for the leeward slope of the tailings cells:
Calculations were

:= 0.8 for the upper portion of the slope performed using the
international unit system

Wind velocity: (SI), since the empirical
equations were developed
using this unit system.

V := 37.7 — (e.g., 23.4 mph)
hr

Altitude above sea level:

z := 1670.3 m (e.g., 5480 ft)

The mass per unit area of geomembrane required to resist uplift by a wind of velocity V at altitude z
above the see level is defined by:

:= 0.005085.X.V2.exp(_l.252.l0_4.z) (eq. 21, Giroud etal. 1995)

GM = 4.691 required geomembrane mass

The maximum wind velocity that the geomembrane can be subject to without being uplifted:

GM := 1.431 geomembrane mass per unit area (60 miI HDPE)

Vup := I4.023.exP(6.259.10_5.z).j.L!. (eq. 26, Giroud etal. 1995)

Vup = 20.822 .!E! (e.g, 12.9 mph)
hr

The effective suction in the geomembrane is:

Se:= 0.050..V2.exp(_1.252.10_4.z)_ 9.81.1.t0q.4l, Giroudetal. 1995)

Se = 32.085 Pa (e.g., 0.67 lb/ft2)

The resultant force of the applied effective suction is equal to:

L:=40.O m (e.g.,131.2ft)

F:= Se•L (eq.42, Giroudetal. 1995)

F = 1.283 x (e.g., 87.9 IbIft)
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The normalized allowable tension (Tn) is defined as:

C
0

C
V

•0
V

0

Tall := 22.!

Tall. 1000
Tn

F

Tn= 17.142

Break elongation, % = 12

(eq. 48, Giroud etal. 1995)
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c(T)
Strain

Uplift tension-strain relationship

The determination of tension in the geomembrane is done by trial and error assuming different values for
TGM until the calculated strain versus TGM compares with the Geomembrane tension-strain curve.

The strain in the geomembrane is estimated as:

(F
TGM•asin

2 TOM
£ := 2 — 1 .100 (eq. 47, Giroud etal. 1995)
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u:= O.5.tan(!.}L

u = 2.982 m (i.e., 9.8 ft)
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Geomembrane tension-strain curve

The orientation of the geomembrane tension at both extremities of the geomembrane is:

TGM.I000
Tn :=

F

Tn= 1.714

.( ie := asini —
2.Tn

0 = 0.296 radians

The geomembrane uplift is:

(eq. 56, Giroud etal. 1995)

(i.e., 17 degrees)

(eq. 54, Giroud etal. 1995)
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Case 3 On the leeward slope of the tailings cells (cells B and C), upper portion

Suction factor for the leeward slope of the reservoir:
Calculations were
performed using the

:= 0.9 for the upper portion of the slope international unit system
(SI), since the empirical

Wind velocity: equations were developed
using this unit system.

V := 37.7 .!! (e.g., 23.4 mph)
hr

Altitude above sea level:

z := 1670.3 m (e.g., 5480 ft)

The mass per unit area of geomembrane required to resist uplift by a wind of velocity V at altitude z
above the see level is defined by:

1iGM := 0.005085..V2.exp(_1.252.10_4.z) (eq. 21, Giroud etal. 1995)

= 5.28 .! required geomembrane mass

The madmum wind velocity that the geomembrane can be subject to without being uplifted:

:= 1.431 . geomembrane mass per unit area (60 mil HDPE)

Vup := 14.023.exp(6.259.IO_5.z).M (eq. 26, Giroud etal. 1995)

Vup = 19.63 — (e.g, 12.2 mph)

The effective suction in the geomembrane is:

Se:= 0.050.)..V2.exp(_1.252.10_4.z)_ 9.81.j.tGM (eq.41, Giroudetal. 199

Se = 37.85 Pa (e.g., 0.79 lb/ft2)

The resultant force of the applied effective suction is equal to:

L := 20.0 m (e.g., 65.6 ft)

F := SeL (eu. 42, Giroud et al. 1995)

F = 757.02 (e.g., 51.9 lblft)
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The normalized allowable tension (Tn) is defined as:

0

0
V

NT

Tall := 22.!

Tall. 1000
Tn :=

F

Tn = 29.06

Break elongation, % = 12

(eq. 48, Giroud etal. 1995)

0.6

Uplift tension-strain relationship

The determination of thension in the geomembrane is done by trial and error assuming different values
for TGM untill the calculated strain versus TGM compares with the Geomembrane tension-strain curve.

The strain in the geomembrane is estimated as:

TGM•asin
F

E:= 2•
2.TGM)

— i .100
F

e=1.09 %
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Geomembrane tension-strain curve

The orientation of the geomembrane tension at both extremities of the geomembrane is:

TGM• 1000
Tn

Tn= 1.98

F

O := asin(__!__
2•Tn

O = 0.26 radians

The geomembrane uplift is:

(e
u := 0.5•tanl — I•L

k,2)

(eq. 56, Giroud et al. 1995)

(i.e., 14.6 degrees)

(eq. 54, Giroud et al. 1995)

u=1.28 m (i.e., 4.2 ft)
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Case 3 On the leeward slope of the tailings cells (cells B and C). middle portion

Suction factor for the leeward slope of the reservoir: Calculations were
performed using the

:= 0.7 for the middle portion of the slope international unit system
(SI), since the empirical

Wind velocity: equations were developed
using this unit system.

V := 37.7 (e.g., 23.4 mph)
hr

Altitude above sea level:

z := 1670.3 m (e.g., 5480 ft)

The mass per unit area of geomembrane required to resist uplift by a wind of velocity V at altitude z
above the see level is defined by:

110M := 0.O05085...V2.exp(_1.252.10_4.z) (eq. 21, Giroud etal. 1995)

= 4.1 .!. required geomembrane mass

The maximum wind velocity that the geomembrane can be subject to without being uplifted:

GM := 1.431 geomembrane mass per unit area (60 mil HDPE)

Vup :=
14.023.exp(6.259.105.z).j!! (eq. 26, Giroud etal. 1995)

Vup = 22.26 (e.g, 12.9 mph)
hr

The effective suction in the geomemebrane is:

Se:= 0.050.).V2.exp(_1.252.10_4.z)_9.81.J.LGM (eq.41, Giroudetal. 1995)

Se = 26.32 Pa (e.g., 0.55 lb/ft2)

The resultant force of the applied effective suction is equal to:

L := 26.4 m (e.g., 86.6 ft)

F := Se•L (eq. 42, Giroud et al. 1995)

F = 694.85 (e.g., 47.6 lb/ft)
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The normalized allowable tension (Tn) is defined as:

C
0

C

0
z

Tall := 22

TaIl• 1000
Tn :=

F

Tn = 31.66

Break elongation, % = 12

(eq. 48, Giroud etal. 1995)
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Uplift tension-strain relationship

The determination of thension in the geomembrane is done by trial and error assuming different values
for TGM untill the calculated strain versus TGM compares with the Geomembrane tension-strain curve.

The strain in the geomembrane is estimated as:

TGM:= 1300
N

m
Tension in the geomembrane (e.g., 89.1 lblft)

E( TGM.asin(
F

—

(eq. 47, Giroud etal. 1995)2TGM
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Geomembrane tension-strain curve

The orientation of the geomembrane tension at both extremities of the geomembrane is:

TGM. 1000
Tn :=

F

Tn= 1.87

0 := asin(’._L_
2•Tn

(eq. 56, Giroud etal. 1995)

0 = 0.27 radians (i.e., 15.5 degrees)

The geomembrane uplift is:

u := 0.5tanI — IL
2)

u=1.8 m (i.e., 5.9 ft)
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Case 3 On the leeward slope of the taiIinis cells (cells B and C). lower portion

Suction factor for the leeward slope of the reservoir:
Calculations were
performed using the

:= 0.55 for the lower portion of the slope international unit system
(SI), since the empirical

Wind velocity: equations were developed
using this unit system.

V := 37.7 (e.g., 23.4 mph)
hr

Altitude above sea level:

z := 1670.3 m (e.g., 5480 ft)

The mass per unit area of geomembrane required to resist uplift by a wind of velocity V at altitude z
above the see level is defined by:

I’GM := 0.005085..V2.exp(_1.252.10_4.z) (eq. 21, Giroud etal. 1995)

GM = 3.22 required geomembrarie mass

The maximum wind velocity that the geomembrane can be subject to without being uplifted:

GM := 1.431 geomembrane mass per unit area (60 mil HDPE)

Vup :=
14.023.exp(6.259.105.z).i (eq. 26, Giroud etal. 1995)

Vup = 25.11 (e.g, 15.6 mph)
hr

The effective suction in the geomembrane is:

Se := 0.050.?.V2.exp(_1.252.10_4.z)
— 981i.GM (eq. 41, Giroud etal. 1995)

Se = 17.67 Pa (e.g., 0.34 lb/ft2)

The resultant force of the applied effective suction is equal to:

L:= 33.6 m (e.g., 110.2ft)

F:= SeL (eq.42, Giroudetal. 1995)

F = 593.77 (e.g., 40.7 lblft)
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The normalized allowable tension (Tn) is defined as:

C
0

C

V

. T

0

Tall := 22

Tall. 1000
Tn :=

F

Tn = 37.05

Break elongation, % = 12

(eq. 48, Giroud et al. 1995)
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Uplift tension-strain relationship

The determination of thension in the geomembrane is done by trial and error assuming different values
for TGM untill the calculated strain versus TGM compares with the Geomembrane tension-strain curve.

The strain in the geomembrane is estimated as:

TOM:— 1200
N

m
Tension in the geomembrane (e.g., 82.2 lb/ft)

£=1.05 00

F 1—11100
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Geomembrane tension-strain curve

The orientation of the geomembrane tension at both extremities of the geomembrane is:

ToM1000
Tn :

F

Tn = 2.02

o := asini—!-—
2.Tn

o = 0.25 radians

The geomembrane uplift is:

u:= 0.5.tan(!.L
2}

u=2.11 m

(eq. 56, Giroud et al. 1995)

(i.e., 14.3 degrees)

(eq. 54, Giroud et al. 1995)

(i.e., 6.9 ft)
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TEXTURED HDPE GEOMEMBRANE
ENGLISH UNITS

Property Test Method

POLYFLEX
POIYF.THYLENE GEOMEMBRANES

Minimum Average Values
40 mu 60 mu 80 mU 100 mU

Thickness, mils ASTM D 5994
minimum average 38 57 76 95
lowest individual of 8 of 10 readings 36 54 72 90
lowest individual of 10 readings 34 51 68 85

Asperity Height1,mils GRI GM12 10 10 10 10

Sheet Density, g/cc ASTM D 1 505/D 792 0.940 0.940 0.940 0.940

Tensile Properties2 ASTM D 6693

1. ‘Yield Strength, lb/in 84 126 168 210
2. Break Strength, lb/in 60 90 120 150
3. Yield Elongation, % 12 12 12 12
4. Break Elongation, % 100 100 100 100

Tear Resistance, lb ASTM D 1004 28 42 56 70

Puncture Resistance, lb ASTMD4833 60 90 120 150

Stress Crack Resistance3,hrs ASTM D 5397 (App.) 300 300 300 300

Carbon Black Content4,% ASTM D 1603 2.0 - 3.0 2.0 - 3.0 2.0- 3.0 2.0 - 3.0

Carbon Black Dispersion ASTM D 5596 —Note 5—

Oxidative Induction lime (OlT)
Standard CIT. minutes ASTM 0 3895 100 100 100 100

Oven Aging at 85°C ASTM D 5721
High Pressure CIT - % retained after 90 days ASTM D 5885 80 80 80 80

UV Resistance6 GRI GM1 1
High Pressure 01T7 - % retained after 1600 hrs ASTM 0 5885 50 50 50 50

Seam Properties ASTM D 6392
(@ 2 in/mm)

1. Shear Strength, lb/in 80 120 160 200
2. Peel Strength, lb/in - Hot Wedge 60 91 121 151

- Extrusion Fillet 52 78 104 130

Roll Dimensions
1. Width (feet) 23 23 23 23
2. Length (feet) 750 500 375 300
3. Area (square feet): 17,250 11500 8,625 6,900
4. Gross weight (pounds, approx.) 3,500 3,500 3,470 3,470

1 Of 10 readings, 8 must be a 7 mils and lowest individual reading must be a S mile.
2 Machine direction (MD) and cross machine direction (XMD) average values should be on the basis of 5 test specimens each direction

Yield elongation is calculated using a gauge length of 1.3 inches; Break elongation is calculated using a gauge length of 2.0 inches.
3 The yield stress used to calculate the applied load for the SP-NCTL test should be the mean value via MQC testing.
4 Other methods such as ASTM D 4218 or microwave methods are acceptable if an appropriate correlation can be established.
5 Carbon black dispersion for 10 different views: Nine in Categories 1 and 2 with one allowed in Category 3.
6 The condition of the test should be 20 hr. IJV cycle at 75°C followed by 4 hr. condensation at 60°C.
7 UV resistance is based on percent retained value regardless of the original HP-CIT value.
This data is provided for informational purposes only and is not intended as a warranty or guarantee. Poly-Flex, Inc. assumes no responsibility
in connection with the use of this data. These values are subject to change without notice. REV1 1/06
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OBJECTiVE:

The objective is to evaluate the tensile strength capacity for the anchorage trench of the liner system at the top of
the cell side slope with respect to wind uplift forces on the geomembrane.

GWEN:

• Tailings cell liner anchor trench geometry.
• Geomembrane properties.
• Cell side slope inclination 3H: lv.
• Resultant stress in the geomembrane due to wind uplift (from calculation sheet “Geomembrane wind

uplift analysis”):
Maximum tension in the geomembrane = 151 lb/ft
Angle of the force with respect to the side slope surface = 17 degrees

GEOMETRY:

• The proposed geometry for the geomembrane anchor trench is presented in Figure 1.

MATERIAL PROPERTIES:

• Geomembrane (Textured HDPE geomembrane)
o Density 58.7 lb/ft3 (i.e., 0.94 g/cm3)
o Thickness 60 mu
o Yield Strength 126 lb/in

• Soil properties (Trench fill)
o Density 115 lb/ft3
o Friction angle 30°

• Peak interface friction angle of 21° for 60 mil textured HDPE geomembrane versus geocomposite (see
Attachment 2).

METHOD:

The tensile strength capacity of the anchor trench is evaluated using the methodology presented by Koerner
(1998). The methodology is based on a static equilibrium analysis of the problem. Figure 2 shows the free body
diagram for the geomembrane considered to develop the analytical equations.

The proposed analytical equation for determination of the allowable geomembrane tension from the anchor trench
is:
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F=0

Tajiow COS/3 = Fu7 + + FLT — PA + Pp

Where:

T10 = allowable force in geomembrane = u0 t, where u0=allowable stress in geomembrane and t =

thickness of geomembrane;
= tension force angle;

Fu = shear force above geomembrane due to cover soil;
F = shear force below geomembrane due to cover soil;
FLT shear force below geomembrane due to vertical component Of Taiiow;
PA = active earth pressure against the backfill side of the anchor trench; and
Pp = passive earth pressure against the in-situ side of the anchor trench.

The shear force below the geomembrane due to vertical component ofT10 is defined as:

FLT = Taiiow sin 1? tanS

ASSUMPTIONS:

• The problem is assumed to be two dimensional; and
• The tensile characteristics of the geomembrane do not depend on temperature.

CALCULATIONS:

The calculations are presented in Attachment 1. The cross section of the geomembrane runout section with anchor
trench and related stress and forces involved in the analysis is presented in Figure 2.

RESULTS:

From the calculation in Attachment 1, the allowable force in the geomembrane that can be resisted with a tension
applied at an angle of 17 degrees with respect to the slope is 1302 lb/ft.

CONCLUSIONS:

According to these analyses the anchor trench will provide sufficient resistance to the forces developed in the
geomembrane due to wind uplift. The maximum force to be experienced by the geomembrane was calculated to
be 151 lb/ft while the anchor trench provides an allowable resistance force equal to 1302 lb/ft. providing a factor
of safety of 8.6.

REFERENCES:

Koerner, R. M. (1998). Designing with geosynthetics, Prentice Hall, Upper Saddle River, N.J.
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Geomembrane Anchor Trench Analysis

Shear force above geomembrane due to trench fill (Fu0):

lb
YAT := 115.— Unit weight of anchor trench fill

ft3
dAT := 2.5.ft Depth of anchor trench

YATdAT

on = 287.5—
ft2

5 := 2ldeg Interface friction angle (weakest interface)

L10 := 1.5.ft Length of anchor trench

Fu0 on.tan(S).LRO

Fua= 165.54

Shear force below geomembrane due to trench fill (FLG):

FLa := an.wn(5).T0

FLO.= 165.54-

Active earth pressure (PA):

:= 3odeg friction angle of soil

KA := [tan((45de
—

j)] Active earth pressure coefficient

KA=O.33

2
O.Spjd .KA

= 119.79—
ft

ATTACHMENT I
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Passive earth pressure (Kp):

( C 4)I Passive earth pressure coefficient
:= (tan45deg

+

K = 3

2Pp := O.5•YAT.dAT .K

= 1078.13—
ft

Allowable fçrce in geomembrane

6 := l7deg angle of the resultant tension in the geomembrane

a := atan(!) a = 18.43 deg angle of slope (i.e., 3H:1V)

13= a —6

13 = 1.43 deg Force angle in the geomembrane - slope angle

(FuO+FLO—PA+Pp)
Ti0

cos(j3) — n(3).tan(8)

T1= 13O2.34

AUACHMENT I
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FEBRUARY 2008 073-81694
DIRECT SHEAR TEST RESULTS

ASTM D5321

PROJET NAME: ENEIOY FUE GEoTEc1- PINON RiGEjco
SAMPLE NUMBER: I (GM vs GO)

INTERFACE TESTED:
TEST CONDrnONS:
SHEAR RATE:
SUBSTRATE:

60 mu TEXTURED HDPE GEOMEMBRANE vs TEXDRAIN 250 DS 6 GEOCOMPOSITE
INTERFACES WETrED, CONSOLIDATED 15 mm AT NORMAL LOAD
0.2 in/mm
TEXTURED RIGID PLATES

Normal Shear Stress Peak Residual

Stress Peak1 I Residual FrIctIon Adhesion2 FrIction Adhesion2
(psi) (psi) I (psi) Angle (psi) Angle (psi)
20 12.2 5.3
40 28.2 9.9 21.2 14.8 I

80 37.1 21.5

Observations After Test
20 psi: Shearing occurred at the interface between the Geomembrane and the Geocomposite
40 psi: Shearing occurred at the interface between the Geomembrarie and the Geocomposite
80 psi: Shearing occurred at the interface between the Geomembrane and the Geocomposite

(1) The peak shear stresses for 20, 40, and 80 psi normal stresses were chosen at 0.300, 0.319, and 0.693 in horizontal displacements, respectively
(2) The adhesion value is based on the “best-fit line which may not show true adhesion.

100
RESIDUAL @3 IN HORIZONTAL DISPLACEMENTPEAK

100

80
y = 0.3878x + 7.7465
R2=0.8813

60

0

40
I

20

0 I I

0 20 40 60 80 100
NORMAL STRESS (psI)

y= 0.2643x
R2 = 0.9956

80

ff1

I
U,

20

0

0 20 40 60
NORMAL STRESS (psI)

80 100

Golder Associates Inc.



 

i:\07\81694\0400\tailingcelldesign-fnl-06oct08\073-81694-tailingscelldesignrep_fnl-06oct08.doc Golder Associates 

APPENDIX C-3 
 

DESIGN OF GEOMEMBRANE BUTTRESSING 



OBJECTIVE:

EF

Calculate the required cross-sectional dimensions of the soil mass in the anchor bench to provide anchorage to the
geomembrane against wind action.

GWEN:

• Calculated tensions in the geomembrane produced by wind uplift considering a wind equal to 23.4 miles
per hour (see Table 1, and Golder calculations titled “Geomembrane Wind Uplift Analysis”).

• Tailings cells side slopes geometry.

• Weakest interface in the design has an interface friction angle of 200 for GCL versus textured HDPE.

GEOMETRY:

. The geometry of the side slopes and benches are shown in Figure 1.

MATERIAL PROPERTIES:

• Buttress fill
o Density 110 lb/ft3 (Assumed)

METHOD:

The analysis of the required cross-sectional dimensions of the soil mass in the anchor bench is performed
according to Giroud et al. (1999). This method is based on a static analysis of the recurring forces acting in the
anchor bench. Figure 2 shows a free body diagram of the anchor bench that is used to develop the equation to
design the geomembrane anchorage against wind action.

The mechanism of failure considered in the analysis of the anchor bench is selected as a function of the magnitude
of the resulting forces;

• Anchor failure by sliding in the downslope direction if TdH > TUH;

• Anchor failure by sliding in the upslope direction; and ifT <TUH;
• Anchor failure by uplifting TdH = TUH.

Table 1 summarizes the considered resultant forces in the geomembrane due to wind action.

ubject Piñon Ridge Project

ailings Cell Design

)esign of Geomembrane Anchorage
gainst Wind Action

obNo 073-81694

)ate 04/07/08

heetNo I of 3

J:\O7JOBS73$I694 EFR Pimo RidgoDogn AoMo\TaIingo



ASSUMPTIONS:

Table 1. Resultant forces in the geomembrane due to wind action

• The geomembrane is continuous through the anchor bench;
• The bottom of the tailing cells is assumed to have a 0.0% slope; and
• A factor of safety equal to 1.5 is used.

CALCULATIONS:

The calculations are presented in Attachment 1.

RESULTS:

Table 2 summarizes the results of the calculation presented in Attachment 1:

Tailing Cell Bench location
Required Soil Area

(ft2)

Al and
Midheight bench 2.7
Toe of slope 1.7
Upper bench 0.9

B and D Middle bench 1.1
Toe of slope 1.7

;ubjt Piñon Ridge Project

railings Cell Design

Jesign of Geomembrane Anchorage
gainst Wind Action

dadeby EF

hecked by

pproved by

obNo 073-81694

)ate 04/07/08

;heet No 2 of 3

length Strain u T 0
(ft) (%) (ft) (lb/ft) (degrees)

Cells A,B and C Bottom reservoir 253 1.1 16.6 93 14.6
upper portion

Cells Al and A2 (0.5L)1 131 1.5 9.8 151 17.0
Slopeside lower portion

(0.SL)1 131 1.1 8.5 82 14.8
upper portion

(0.25L)1 66 1.1 4.2 103 14.6
Cells B and C middle portion

Slopeside (0.33L)1 87 1.2 5.9 89 15.5
lower portion

(0.421)1 110 1.0 6.9 82 14.3
= total iength of the slope



u1ect Piñon Ridge Project ttadeby EF obNo 073-8 1694

- ‘ailings Cell Design Dhecked by ‘ate 04/07/08

)esign of Geomembrane Anchorage pproved by beet No 3 of 3

______________

gainst Wind Action

___________ ____________

CONCLUSIONS:

The maximum cross sectional area of buttress fill required to prevent geomembrane uplift at the anchor benches is
2.7 ft2. Therefore, two 1 8-inch diameter HDPE pipes filled with sand or grout placed at the anchor benches along
the sideslope and one 1 8-inch diameter HDPE pipe filled with sand or grout placed at the anchor toe will provide
sufficient anchorage to the geomembrane against wind action.

REFERENCES:

Giroud, J. P., Gleason, M. H., and Zornberg, J. G. (1999). “Design of geomembrane anchorage against wind
action.” Geosynthetics International, 6(6).
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Design of Geomembrane Anchorage Against Wind Action

Cells Al and A2

Midheight bench

Td

T :=

lb
82.2 — downslope tension

ft

14.8 degrees angle of downslope tension

lb
150.8 — upsiope tension

17 degrees angle of upslope tension

18.435 degrees slope inclination 3H:1V

:= 13d

3a := 0.573 degrees bench inclination

6 := 20 degrees interface friction angle soil/geomembrane

Made by: EF Subject: Piñon Ridge Project
Checked by: Job No.: 073-81694

• Approved b{,s Date: 417/2008
Sheet No. 1 of 10

T

w

Td

Tg

ft

Attachment I
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Checked b:- Job No.: 073-81694
Approved by. Date: 41712008

Sheet No.2 of 10

Sliding direction:

Horizontal projections

T := Td.COS[(O I3d)”j]

TdH=82

TUH : Tucos[(Ou +

TH = 122.9

Because TUH> TdH, anchor failure by sliding in the upslope direction will be considered.

The required soil weight (W) per foot width is determined by the following equation:

[_Td.cos[(_ed + Pd +6 + I3a)i] + T.cos[(o + Pu c3
—

Wmin

sin[(ö + Pa)”j]
lb

Wmin = 201.4

Wthctored := Wmin 1.5

lb
Wctored = 302.1

lb
:= 110 —

ft3

Attachment I



At the toe of the side slope

Wctored
Areq :-

y

Areq = 2.7 It

ft

Td 92.5

9d := 14.9

T := 82.2

:= 14.8

Id 0

:= 18.435

lb
— downslope tension
ft

degrees angle of downslope tension

lb
— upslope tension

degrees angle of upsiope tension

degrees at the toe of the side slope

Sliding direction:

13a 0

ö := 20

degrees at the toe of the side slope

degrees interface friction angle soil/geornembrane

Horizontal projections

TdH := Td.cos[(Od
— Id)”jj]

= 89.4
lb

ft

Made by: EF Subject: Piñon Ridge Project
Checked by:,C Job No.: 073-81694
Approved by. Date: 41712008

lb
Sheet No.3 of 10
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Checked by: Job No.: 073-81694

• 1 Approved by: Date: 4/7/2008
Sheet No.4 of 10

: T.cos[(o +

TH 68.8

Because TdH> TUH, anchor failure by sliding in the downslope direction will be considered.

The required soil weight (W) per foot width is determined by the following equation:

[Td.cos[(ed
— 13d — + 3a)”jj] — T.cos[(o + + —

Wmin

lb
Wmin 125.5

Wthctorerj := Wmin 1.5

lb
Wctored = 188.3

lb
:= 110 —

ft3

Wctored
Areq :—

Areq = 1.7

ft

Attachment I
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• Checked by: Job No.: 073-81694
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Approved by: L’dAM Date: 4/7/2008

Sheet No.5 of 10

Cells B and C

Upper Bench

lb
Td := 89.1 — downslope tension

ed := 15.5 degrees angle of downslope tension

lb
T := 102.8 — upslope tension

:= 14.6 degrees angle of upsiope tension

Pd := 18.435 degrees slope inclination 3H:IV

:= Pd

Pa := 0.573 degrees bench inclination

6 := 20 degrees interface friction angle soil/geomembrane

Sliding direction:

Horizontal projections

TdH := Td.cos[(Od
—

TdH=89 —

TH := T.cos[(e +

TH = 86.2 —

Attachment I



Made by: EF , Subject: Piñon Ridge Project
Checked by: Job No.: 073-81694
Approved by: ,4.,,f4 / Date: 4/7/2008

1 Sheet No.6 of 10

Because TdH > TUH, the anchor failure by sliding in the downslope direction will be
considered.

The required soil weight (W) per foot width is determined by the following equation:

[Td.cos[(_od + — 6 + — T.cos[(o + + 6
—

Wmin

sin[(ö
—

lb
Wmin 68.5

Wctored := Wmin 1.5

lb
Wctored = 102.8

lb
:= 110 —

ft3

W1ctored
Areq :—

Areq = 0.9 ft

ft

Attachment I



Made by: EF — Subject: Piñon Ridge Project
Checked by: Job No.: 073-81694
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Middle Bench

lb
Td := 82.2 — downslope tension

ed := 14.3 degrees angle of downslope tension

lb
T := 89.1 — upslope tension

:= 15.5 degrees angle of upsiope tension

Pd := 18.435 degrees slope inclination 3H:IV

:= Pd

Pa := 0.573 degrees bench inclination

:= 20 degrees interface friction angle soil/geomembrane

Sliding direction:

Horizontal projections

TdH Td.cos[(Od
— Pd)j]

TdH=82 —

: T.cos[(e +

T = 73.9 —

Attachment I
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Because TdH> TUH, anchor failure by sliding in the downslope direction will be considered.

The required soil weight (W) per foot width is determined by the following equation:

[Td.cos[(_od + 13d 6 + — T.cos[(o + + ö
—

mm

sin[(8
—

lb
Wmin = 78.5

Wctored Wmin1.5

lb
Wctored = 117.8

lb
y := 110 —

ft3

Wthctored
Areq :=

Areq 1.1

ft

Attachment I



At the toe of the side slope

lb
Td := 92.5 — downslope tension

:= 15.5 degrees angle of downslope tension

lb
T := 82.2 — upslope tension

:= 14.3 degrees angle of upslope tension

:= 0 degrees at the toe of the side slope

18.435

I3a := 0 degrees at the toe of the side slope

6 := 20 degrees interface friction angle soil/geomembrane

Sliding direction:

Horizontal projections

TdH Td.cos[(Od
— 3d)”j]

T= 89.1 —

TUH T.cos[(e + 13u)i1
TH = 69.1 —

Made by: EF Subject: Piñon Ridge Project

•. Checked by: Job No.: 073-81694

a Approved by(44J.J Date: 4/7/2008
Sheet No.9 of 10
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Because TdH > TUH, the anchor failure by sliding in the downslope direction will be
considered.

The required soil weight (W) per foot width is determined by the following equation:

[Td.cos[(ed
—

—6 + — T.cos[(O + 1u +
—

Wmin :—

lb
Wmin = 124.1

WjjjcOre := Wmin 1.5

lb
Wthctored = 186.1

lb
y 110 —

ft3

Wjtore
Areq :-

Areq = 1.7

ft

Attachment I
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APPENDIX D 

TAILINGS UNDERDRAIN SYSTEM DESIGN 

This appendix presents analyses related to design of the tailings underdrain system.  Appendix D-1 

presents filter compatibility analysis for design of the coarse-grained underdrain fill materials which 

will be in contact with tailings materials, and Appendix D-2 presents riser pipe and collection pipe 

stability (i.e., crushing/deformation) calculations. 

FILTER COMPATIBILITY ANALYSES 

Filter compatibility analyses were conducted for use in design of the soil filter between the tailings 

material and the perforated underdrain collection pipes.  Due to the fine-grained nature of the tailings 

materials, a two layer filter system is required. 

The analyses provide an acceptable gradation range (filter band) for the filter materials, using the 

method outlined in NRCS (1994).  Since no onsite soils meet the filter band criteria, use of 

ASTM C-33 Fine Aggregate is recommended for the Fine Underdrain Fill layer (between the tailings 

materials and coarse aggregate filter) and ASTM C-33 Size 8 Coarse Aggregate is recommended for 

the Coarse Underdrain Fill (between the fine aggregate and the perforated underdrain collection 

pipes).  These materials were chosen based on their standard availability, but other soil gradations 

falling within the design filter bands would also be acceptable. 

PIPE CRUSHING ANALYSES 

Two underdrain riser pipes are provided within each underdrain sump to add redundancy to the 

system.  The risers consist of 10-inch diameter, SDR-11 high density polyethylene (HDPE) pipes.  

The lower ends of the pipes are slotted in the sump area to provide solution access into the risers.  

Recovered solutions will be returned to the mill circuit.  The HDPE underdrain riser pipes are 

designed according to the modified Burns & Richard (1964) method (Lupo, 2001) to resist crushing 

and wall buckling due to the anticipated loading associated with the maximum height of overlying 

tailings.  The maximum vertical and horizontal strains calculated for the riser pipes are 1.9 percent 

and -2.2 percent, respectively. 
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Similar calculations were performed for the underdrain collection pipes, consisting of 8-inch 

diameter, ADS N-12 corrugated pipe.  The collection pipes are slotted and located in trenches 

backfilled with a coarse filter material, designed to convey recovered solution to the underdrain sump.  

The collection pipes are designed according to the Burns & Richard (1964) method to resist crushing 

and wall buckling due to the anticipated loading associated with the maximum height of overlying 

tailings.  The expected vertical and horizontal strains calculated for the underdrain collection pipes 

are 3.6 percent and -2.4 percent, respectively.   

The design analyses to estimate pipe deformation are presented in Appendix D-2. 

REFERENCES 
 
Burns, J.Q. & Richard, R.M. 1964.  Attenuation of Stresses for Buried Cylinders.  Proceedings, 

Symposium on Soil-Structure Interaction, University of Arizona.  September.  378 p. 
 
Lupo, J.F. 2001.  Stability of HDPE Pipes Under High Heap Loads, SME, Denver. 

U.S. Department of Agriculture, Natural Resources Conservation Service (NRCS).  1994. National 
Engineering Handbook, Chapter 26, October. 
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APPENDIX D-1 
 

FILTER COMPATIBILITY ANALYSES 



OBJECTWES:

1adeby EF

GWEN:

1. Design a soil filter for the tailings underfiow material.
2. Determine the maximum pipe perforation size based on the coarse filter material.

. Soil gradation for the tailings underfiow at the Piñon Ridge Project

METHOD:

• This filter design follows the procedures outlined in NRCS (1994), Chapter 26 “Gradation Design of
Sand and Gravel Filters”.

CONCEPT:

The general concept for the use for this filter design is diagramed below:

PERFORATED
COLLEC11ON PIPE

CALCULATIONS:

TAILINGS

FINE AGGREGATE
FILTER

I. Design of Fine Aggregate Filter

Step 1 - Determine Base Soil Material Gradations

o Gradation of base soil material, shown on Figure 1, is summarized as follows:

Sieve Size Percent Passing
No. 20 (0.85 mm) 97.5
No. 30 (0.60 mm) 95.9
No. 60 (0.25 mm) 74.4

No. 200 (0.075 mm) 37.9
No. 325 (0.045 mm) 14.6

Note: Gradation supplied by Don Sparling on November 1, 2007
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• Step 2— Percent Passing the No. 4 Sieve

o Based on the above supplied gradation, it is assumed that 100 percent of the material passes the
No. 4 sieve, so the gradation curves do not need to be adjusted as per Step 3.

• Step 3— Adjust Gradation Curves

o Skip this step.

• Step 4 — Categorize the Base Material

o The soil gradation curve shows 37.9 percent passing the No. 200 sieve, which places the base soil
into Base Soil Category (BSC) 3 — Silty and clayey sands and gravel as per Table 26-1 (NRCS,
1994).

• Step 5— Determine the Maximum Allowable D15 for the Filter (DI5F)

o As per Table 26-2 (NRCS, 1994), the maximum D15 for a BSC 3 soil is:

DI5F
(40_A)[(4

xd858)— 0.7mm]+ 0.7mm

Where A = % passing the #200 sieve.

DISF 4037.9J[(4x 0.38)— 0.7mm] + 0.7mm = 0.77mm

• Step 6— Determine the Minimum Allowable DISF

o To ensure sufficient permeability, set the minimum DISF as:

DI5F4.DI5B,butnotlessthan0.lmm

where DI5F = the particle size which 15 percent of material passes for the filter zone and D15 is the
particle size which 15 percent of material passes for the base material based on the original, non-
adjusted gradation curve.

o DI5Bx4=0.045x4=0.l8mm

• Step 7— Adjust Filter Band to Avoid Possibility of Gap Graded Materials

o Set the ratio of the maximum DISF / minimum DISF to be less than or equal to 5.

As the primary purpose is to filter, rather than to drain, fix the minimum DI5F as determined above
and adjust the maximum DISF.

J:\O7JOBS\0734 1694 EFR Pinon RdgDcign A T&ingn CdIsFiIIFiI94Dign.k.c
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o Since the ratio between the maximum DI5F / minimum DISF (0.77/0.18) is already less than 5, no
adjustments are needed:

o MinimumD=0.18mm

o Maximum D = 0.77 mm

Step 8— Prevent the Use of Possibly Gap Graded Filters

o The coefficient of uniformity (CU) of both sides of the filter band should be less than or equal to 6
to prevent the use of possibly gap graded filters.

CU=26
D10

o Calculate a maximum DIOF as the maximum DISF value divided by 1.2, and calculate the maximum
D6OF value by multiplying the maximum DIOF value by 6.

o Maximum DIOF = 0.77/1.2 = 0.64 mm

o MaximumD=0.64x6=3.84mm

o Calculate the minimum DF as one fifth of the maximum D6OF

o MinimumD=3.84/5=0.77mm

• Step 9 Determine the Minimum D5F and Maximum D1F Sizes of the Filter

o Use Table 26-5 (NRCS, 1994) to determine these maximum and minimum sizes.

o Maximum D= 75 mm

o Minimum D = 0.075 mm

• Step 10— Determine the Maximum D9OF to Minimize Segregation During Construction

o Calculate the minimum DIOF as the minimum DISF divided by 1.2.

Minimum DIOF=0.18/ 1.2=0.15mm

Determine the maximum D9OF using Table 26-6 (NRCS, 1994).

Maximum D =20 mm

J\O7JOBSO734 1694 EFR Pn RdgDg ATmIing, CdI,\FIFiIIOiu1oc



Step 11 Plot the Filter Gradation Boundaries

1adeby EF

o Using the maximum and minimum control points underlined above as guidelines, a design filter
band was developed as illustrated in Figure 2.

o The gradation of the sand filter, shown on Figure 2, is summarized as follows:

Acceptable Fine Areate Filter Band
Sieve Size % Passing

75 mm (3”) 100
No. 4 (4.75 mm) 60-100
No. 10 (2.0 mm) 40-90
No. 20 (0.85 mm) 20-65

No. 40 (0.425 mm) 0-40
No. 100 (0.15 mm) 0-10

o The gradation for ASTM C-33 fine aggregate, also plotted on Figure 2, lies primarily within the
acceptable sand filter gradation. Since this is a standard and readily available gradation, ASTM
C-33 fine aggregate will be used as the filter material adjacent to the base soil. This gradation is
summarized below:

Filter (ASTM C-33 Fine Aggregate)
Sieve Size % Passing

9.5 mm (3 8”) 100
No. 4 (4.75 mm) 95-100
No. 8 (2.36 mm) 80-100

No. 16 (1.18 mm) 50-85
No. 30 (0.6 mm) 25-60

No. 50 (0.355 mm) 10-30
No. 100 (0.15 mm) 2-10

II. Design of Coarse Aggregate Filter

A coarser material than the ASTM C-33 fine aggregate, specified above, is desired for drainage purposes.
The method used above is repeated below, using the average grain size distribution of the ASTM C-33 fine
aggregate as the base soil.

Step 1 - Determine Base Soil Material Gradations

o Gradation of base soil material, shown on Figure 3, is summarized as follows:
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Sieve Size Percent Passing
9.5 mm (3/8”) 100

No.4(4.8mm) 97.5
No.16(1.18mm) 67.5
No. 30 (0.6 mm) 42.5

No. 50 (.0355 mm) 20
No.100(0.15mm) 6

• Step 2 Percent Passing the No. 4 Sieve

o Based on the above supplied gradation, 2.5° o of the above soil is retained on the No. 4 sieve, so the
gradation curves are adjusted in Step 3.

• Step 3 Adjust Gradation Curves

o The base soil gradation curve was adjusted by multiplying the percent passing each sieve size by
100 97.5, or 1.026. The result is plotted in Figure 3.

• Step 4 Categorize the Base Material

o The soil gradation curve shows less than 15 percent passing the No. 200 sieve, which places the
base soil into Base Soil Category (BSC) 4 Sands and gravel as per Table 26-1 (NRCS, 1994).

• Step 5 Determine the Maximum Allowable D15 for the Filter (DI5F)

o As per Table 26-2 (NRCS, 1994), the maximum D15 for a BSC 4 soil is:

o DISF<4x 1.85 =7.4mm

DI5F 4x D85 of the base soil after regrading

• Step 6 Determine the Minimum Allowable DI5F

o To ensure sufficient permeability, set the minimum DI5F as:

DI5F4D158,butnot less than0.l mm

where DI5F the particle size which 15 percent of material passes for the coarse filter zone and
DI5B is the particle size which 15 percent of material passes for the base material (i.e., fine filter
zone) based on the original, non-adjusted gradation curve.

o DI5Bx4=0.22x4=0.88mm

I ‘

IW 1’..
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• Step 7— Adjust Filter Band to Avoid Possibility of Gap Graded Materials

o Set the ratio of the maximum DI5F / minimum DI5F to be less than or equal to 5.

o Since the ratio between the maximum DI5F / minimum DISF (7.4 /0.88) is greater than 5, the
minimum DI5F is adjusted as follows:

o Maximum D = 6 mm

o MuinmumD=6/5=1.2mm

• Step 8— Prevent the Use of Possibly Gap Graded Filters

o The coefficient of uniformity (CU) of both sides of the filter band should be less than or equal to 6
to prevent the use of possibly gap graded filters.

CU =P!P6
D10

o Calculate a maximum DIOF as the maximum DISF value divided by 1.2, and calculate the maximum
D6OF value by multiplying the maximum DIOF value by 6.

o MaximumDlQF=6/l.2=5mm

o Maximum D =5 x 6=30 mm

o Calculate the minimum DJF as one fifth of the maximum D6OF

o MinimumD6oF=30/5=6mm

• Step 9— Determine the Minimum D5F and Maximum DIOOF Sizes of the Filter

o Use Table 26-5 (NRCS, 1994) to determine these maximum and minimum sizes.

o Maximum D =75 mm

o MinimumD=0.075mm

• Step 10 Determine the Maximum D9OF to Minimize Segregation During Construction

o Calculate the minimum DIOF as the minimum DI5F divided by 1.2.

MinimumDlOF= 1.2/1.2=1.0mm
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• Step 11 Plot the Filter Gradation Boundaries

o Using the maximum and minimum control points underlined above as guidelines, a design filter
band was developed as illustrated in Figure 3.

The acceptable design gradation range of the coarse sand filter, shown on Figure 3, is summarized
as follows:

Acceptable Coarse A? regate Filter Band
Sieve Size % Passing

75 mm (3”) 100
l9mm(34”) 55-100
9.5 mm (3/8”) 30-100

No. 4 (4.75 mm) 10-45
No.20(0.85 mm) 0-10

No. 200 (0.075 mm) 0-5

o The gradation for ASTM C-33 Size 8 coarse aggregate, also plotted on Figure 3, lies within the
acceptable coarse sand filter gradation. Since this is a standard and readily available gradation,
ASTM C-33 Size 8 coarse aggregate could be used as the filter material adjacent to the ASTM C-
33 fine aggregate. This coarse aggregate gradation is summarized below:

Filter (ASTM C-33 Size 8 Coarse Aggregate)
Sieve Size %Passing

127mm(12”) 100
9.5 mm (3 8”) 85-100

No. 4 (4.75 mm) 10-30
No. 8 (2.38 mm) 0-10

No. 16 (1.19 mm) 0-5

o Although this is a standard gradation, it is also acceptable to use any custom gradation, so long as
it falls within the Acceptable Coarse Aggregate Filter Band specified in this section.

HI. Design of Perforated Pipe

Perforated pipe will be located within the coarse aggregate ifiter material for drainage purposes. According
to Step 12 (NRCS, 1994), the most stringent requirement for the perforation size is that the perforation
width be less than or equal to D15. The average D15 for the coarse aggregate is about 4 mm, so the
perforation size must be 4 mm or less.

V.
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o Determine the maximum D9OF using Table 26-6 (NRCS, 1994).

o Maximum DgF 30 mm
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SUMMARY:

A two-layer filter will be used under the tailings cells. Adjacent to the base soil will be ASTM C-33 fine aggregate.
Adjacent to the fine aggregate will be ASTM C-33 Size 8 coarse aggregate, or other gradation meeting the coarse
aggregate filter band requirements. Perforated pipe used within the coarse aggregate will have a maximum
perforation width of 4 mm.

REFERENCES:

U.S. Department of Agriculture, Natural Resources Conservation Service (NRCS) (1994) National Engineering
Handbook, Chapter 26, October.

U.S. Department of the Interior, Bureau of Reclamation (USBR) (1987) Design ofSmall Dams, Third Edition, 860
pp.
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_____________________

Dalculation

________________ ___________________

OBJECTWE:

Evaluate the tailings cell underdrain piping system (i.e., underdrain collection pipes and underdrain riser pipes)
under loading.

GWEN:

• Underdrain riser piping consists of two 10-inch SDR1 1 HDPE pipes (eg., DriscoPlexTM),non-
corrugated, Series 1500 IPS. Pipe data included in Attachment 1, and summarized below:
— Pipe outside diameter = 10.75 inches;
— Pipe inside diameter 8.679 inches;
— Pipe wall thickness = 0.977 inches; and
— Weight of pipe = 13.09 lb/ft.

• Underdrain collection pipe consists of 8-inch diameter ADS N-12 corrugated pipes. Pipe data included
in Attachment 1, summarized below:
— Pipe outside diameter = 9.11 inches;
— Pipe inside diameter = 7.90 inches; and
— Weight of pipe = 1.54 lb/ft.

ASSUMPTIONS:

• Underdrain Collection Pipe envelope (coarse underdrain fill and pipe bedding fill) properties assumed
as follows:
— Coarse-grained soils with little or no fines, at about 90 percent relative compaction;
— Modulus of soil reaction assumed as 1,000 pounds per square inch (psi);
— Poisson’s ratio = 0.30;
— Soil friction angle = 35 degrees; and
— Constrained modulus = 3,000 psi.

• Underdrain Riser Pipe envelope (tailings) properties assumed as follows:
— Fine-grained soils with less than 25 percent sand, at about 85 percent relative compaction;
— Modulus of soil reaction assumed as 500 pounds per square inch (psi);
— Poisson’s ratio = 0.30;
— Soil friction angle = 20 degrees; and
— Constrained modulus = 1,540 psi.

• Modulus of elasticity of pipe = 172 MPa (25,000 psi) (long term value for 1{DPE);
• Unit weight of tailings assumed as 100 pounds per cubic foot (pcf); and
• Pipe calculations conducted assuming depth of burial of 80 feet.
• Others, as stated

J:\O7JOBS\073-8 1694 EFR Pmon Ridge\Design Analyses Tailings Cells Undeedrain Pipe Crushing’PipeCrushing.doc



CALCULATIONS:
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Dhecked by

CONCLUSIONS:

Underdrain Collection Piping:
• Deformation characteristics calculated using Burns & Richard (1964) method, supplied by ADS

manufacturer (see Attachment 3), as follows:
Expected vertical deflection is 3.6 percent (positive strain denotes flattening).
Expected horizontal deflection is -2.4 percent (negative strain denotes outward deformation).

Underdrain Riser Piping:
• Deformation characteristics calculated using modified Burns & Richard (1964) method (see

Attachment 2), as follows:
— Expected vertical deflections range from 1.8 percent (no slippage, positive strain denotes flattening)

to 1.9 percent (full slippage).
— Expected horizontal deflections range from -2.0 percent (no slippage, negative denotes outward

deformation) to -2.2 percent (full slippage).

The maximum underdrain riser pipe and underdrain collection pipe vertical strains were estimated as 1.9 and
3.6 percent, respectively. The acceptable maximum deflection for HDPE pipe is on the order of 20 percent,
and the estimated deflections are considerably less than 20 percent. Therefore, pipe crushing of the underdrain
piping system is not considered a concern.

Advanced Drainage Systems, Inc. website, http://www.ads-pipe.comlenlindex.asp

Burns, J.Q. & Richard, R.M. (1964). Attenuation of Stresses for Buried Cylinders. Proceedings, Symposium on
Soil-Structure Interaction, University of Arizona. September. 378 p.

Lupo, J.F. (2001). Stability of HDPE Pipes Under High Heap Loads, SME, Denver.

Performance Pipe website, http: www.cpchem.com/enu performancej,ipe.asp

REFERENCES:
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ATTACHMENT 1

MANUFACTURER PIPE DATA
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Product I 600

LLLLUTATcstes Product Note 3.107
Re: SpeciàtiQQfo Smooth Interior Co ugated

Polyethylene ip
Date: January 200

This specification applies to high density polyethylene corrugated pipe with an integrally formed smooth
waterway. Nominal sizes for which this specification is acceptable are 100— 1500 mm (4 - 60 inch)
diameters. Sizes 100 — 1500 mm (4 - 60 inch) shall be either MSHTO Type ‘S or Type ‘D’ as follows.
Sizes 100 — 1500 mm (4 -60 inch) designated as AASHTO Type ‘S’ (N-12) shall have a full circular
cross-section, with an outer corrugated pipe wall and an essentially smooth inner wall (waterway).
Corrugations for Type ‘S sizes 100— 1500 mm (4 -60 inch) shall be annular (N-12). Sizes 1050 —

1500 mm (42 thru 60 inch) designated as AASHTO Type ‘D’ (N-12HC) shall consist of an essentially
smooth waterway braced circumferentially with circular ribs which are formed simultaneously with an
essentially smooth outer wall. The 1050 — 1500 mm (42 thru 60 inch) (N-i 2HC) sizes shall conform to
AASHTO Type ‘0’ (which describes dual wall pipe with a smooth waterway).

Pipe manufactured for this specification shall comply with the requirements for test methods,
dimensions and markings found in AASHTO Designations M252, and M294. Pipe and fittings shall be
made from virgin PE compounds which conform with the applicable current edition of the AASHTO
Material Specifications for cell classification as defined and described in ASTM D3350.

The minimum parallel plate stiffness values when tested in accordance with ASTM D2412 shall be as
follows:

Diameter Pipe Stiffness (minimum) Diameter Pipe Stiffness
(nominal) (nominal) (minimum)

100 mm (4”) 340 kN/m2 (50 pu) 600 mm (24”) 235 kN/m2 (34 pu)

150 mm (6”) 340 kN/m2 (50 pu) 750 mm (30”) 195 kN/m2 (28 pu)

200 mm (8”) 340 kN/m2 (50 pu) 900 mm (36”) 150 kN/m2 (22 pu)

250 mm (10”) 340 kN/m2 (50 p11) 1050 mm (42”) 140 kN/m2 (20 pu)

300 mm (12”) 345 kN/m2 (50 pu) 1200 mm (48”) 125 kN/m2 (18 pu)

375 mm (15”) 290 kN/m2 (42 pu) isoo mm (60”) 95 kN/m2 (14 pu)

450 mm (18”) 275 kN/m2 (40 pu)

The fittings shall not reduce or impair the overall integrity or function of the pipeline. Fittings may be
either molded or fabricated. Common corrugated fittings include in-line joint fittings, such as couplers
and reducers, and branch or complimentary assembly fittings such as tees, wyes and end caps. These
fittings may be installed by various methods such as snap-on, bell and spigot, bell — bell and wrap
around couplers. Couplers shall provide sufficient longitudinal strength to preserve pipe alignment and
prevent separation at the joints. Only fittings supplied or recommended by the manufacturer shall be
used. Where designated on the plans or project specifications, an elastomeric gasket meeting the
requirements of ASTM F477 shall be supplied.

Installation of the pipe specified above shall be in accordance with either AASHTO Section 30 or ASTM
Recommended Practice D2321 as described elsewhere in these specifications and as recommended
by the manufacturer.

4640 TRUEMAN BLVD. HILLIARD OH 43026 (800) 8214710 httpllwww.ads-plpe.com
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UNDERDRAIN RISER PIPE
DEFORMATION CALCULATIONS
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BURIED PLASTIC PIPE LOADING WORKSHEET V2.O
IWith Incremental Stress Analysis (non-linear))

Project: Pinon Ridge Project - Tailings Cell Design

By: KFM

Date: 3128108

Note: Compression is positive. tension is negative.

SOIL and PIPE Input Data

90 degrees Crown

______

0 degrees Springhne

Model Geometry

F

I I.

I b

Material Cohesion Friction Angle
Conts•alned Modulus

Lateral Stress Ratio B C

Pipe n/a n/a
Soil (faIlings) 0 20 1540.0 0.70 0.849 0.15

Pipe Diameter (In):
10.75

Pipe ID (in):
8.68

Weight of Pipe (lb ft):
13.09 DR 10.38

Pipe Corrugated (y n):
55.00

Prescribed Constrained Modulus (y n):
y 0.49

Prescribed Constrained Modulus (psi):
1540

Pipe Wall Thickness (In): 1.0355

Pipe Area (in’211n):
31.602

Fiexural Modulus (psi), E = 25,000

Ring Compression Modulus (psi), E,, =
-__________________________________ 25,000

C value (In) o.sis

Moment of inertia (In’4Iln) non-
corrugated:

0.0925

Moment of Inertia (in4rin) corrugated
(Input from manufacturer date):

0.0000 selected 1: 0.0925
Stiffness Coefficients

Elexural Stiffness 121.1

Ring Compression Stiffness 162656.0 Ring Stiffness Factor: 20.2 Pipe Stiffness Less Than Soil

Shell-Medium Parameters

UF 0.02 Extensional Flexibility ratio Compressibility ratio = relative flexibility of pipe and soil under uniform loading.
Bending Feixibility ratio Flexibility ratio relative flexibility of pipe and soil under varying radial and tangentialVP 3.8 loads.

If both UP and VP are zero then a perfectly rigid embedded pipe.

Pipe Mean Radius (In):
4.86

Depth of Burial (ft): SO
Applied Surface Stress (psI): 0

Soil Density (pcI): 100

Total Vertical Stress Component (psI):

8000
Frea Field Stress Values

Total Vertical Stress Component (psI):

55.6
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NO INTERFACE SLIPPAGE

Soil Stresses (psi) Pipe Dispipements (in)

Circumferential
M ‘-

Ring Compression Stress Ring Compression Ring Shortening Inner Bending Outer Bending Stress Total Inner Stress Total Outer Stress

Thrust
omen (psi) Strain (lnIIn) (in) Stress (psi) (psi) (psi) (psi)

Annie Radial Hoop Shear Radial Hoop

0 54.0 46.7 0.0 -0.097 0.OOE-+O0 297.0 46.8 285.8 0.0114 0.0097 262 -262 548 24

10 53.8 46.5 5.6 -0.089 3.78E-02 294.1 44.3 283.0 0.0113 0.0096 248 -248 531 35

20 53.3 45.9 10.6 -0.064 7.11E-02 285.6 36.9 274.9 0.0110 0.0093 207 -207 482 68

30 52.5 44.9 14.3 .0.025 9.58E-02 272.6 25.7 262.4 0.0105 0.0089 144 -144 406 119

40 51.6 43.8 16.2 0.021 1.09E-01 256.7 11.9 247.0 0.0099 0.0084 67 -67 314 180

50 50.6 42.6 16.2 0.071 1.09E-01 239.8 -2.8 230.7 0.0092 0.0078 -16 16 215 246

60 49.7 41.5 14.3 0.118 9.58E-02 223.8 -16.6 215.4 0.0086 0.0073 -93 93 123 308

70 48.9 40.5 10.6 0.157 7.11E-02 210.9 -27.8 202.9 0.0081 0.0069 -156 156 47 359

80 48.4 39.9 5.6 0.182 3.78E-02 202.4 -35.2 194.8 0.0078 0.0066 -197 197 -2 392

90 48.2 39.7 0.0 0.190 1.36E-17 199.4 -37.7 192.0 0.0077 0.0065 -211 211 -19 403

Vertical Deflection (%): 1.77

Horizontal Deflection (%): -2.00

Radial Soil Pressure at Crown (psi): 48.2 6945 Max. Compressive Stress (psi): 548

Circumferential Shortening (In): 0.32 Max. Tensile Stress (psi): -19

Arc length of each sector (in) 0.85

FULL SLIPPAGE

Soil Stresses (psi) Pipe DispIs-ments (In)

Circumferential M Th
Ring Compression Stress Ring Compression Ring Shortening Inner Bending Outer Bending Stress Total Inner Stress Total Outer Stress

. Thrust
omen rus

(psi) Strain (inhln) (in) Stress (psi) (psi) (psi) (psi)
Angie Radial Hoop Shear Radial Hoop

0 45.3 32.2 0.0 -0.109 0.OOE+00 257.6 50.2 247.9 0.0099 0.0084 281 -281 529 -33

10 45.6 32.9 13.3 -0.100 6.OOE-02 257.1 47.5 247.4 0.0099 0.0084 266 -266 513 -18

20 46.7 34.8 24.9 -0.073 1.13E-01 255.4 39.5 245.8 0.0098 0.0083 221 -221 467 25

30 48.2 37.7 33.6 -0.031 1.52E-01 252.9 27.4 243.4 0.0097 0.0083 153 -153 397 90

40 50.1 41.3 38.2 0.019 1.73E-01 249.9 12.5 240.5 0.0096 0.0082 70 -70 310 171

50 52.1 45.1 38.2 0.073 1.73E-01 246.6 -3.4 237.3 0.0095 0.0080 -19 19 218 256

60 54.0 48.7 33.6 0.124 1.52E-01 243.5 -18.3 234.4 0.0094 0.0079 -102 102 132 337

70 55.6 51.6 24.9 0.165 l.13E-D1 241.0 -30.4 232.0 0.0093 0.0079 -170 170 62 402

80 56.6 535 13.3 0.192 6.OOE-02 239.4 -38.4 230.4 0.0092 0.0078 -215 215 16 445

90 56.9 54.2 0.0 0.202 2.15E-17 238.8 -41.1 229.8 0.0092 0.0078 -230 230 0 460

Vertical Deflection (%): 1.88

Horizontal Deflection (%): -2.24

Radial Soil Pressure at Crown (psi): 56.9 8195

Circumferential Shortening (in): 0.32 Max. Compressive Stress (psi): 529

Arc length of each sector (in) 0.85 Max. Tensile Stress (psi): -33
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Free Field Stress: 55.6 tisi

575.9 663.9 445 50.9

Negative Arch Negative Arch Positive Arch Positive Arch

Free Field Stress limes Pipe Radius:
214 psi

CROWN SPRINGLINE

Radius (In) Circumferential Circumferential Hoop Stress, psi (full Hoop Stress, psi (no Circumferential Circumferential Hoop Stress, psi (full

Thrust (full slip) Thrust (no slip) slip) slip) Thrust (full slip) Thrust (no slip) slip)
Hoop Stress, psi (no slip)

4.86 238.8 199.4 54.2 39.7 257.6 297.0 32.2 46.7

5.36 263.4 220.0 48.6 38.8 284.1 327.6 39.2 49.0

5.86 288.0 240.5 45.2 38.4 310.7 358.1 43.7 50.5

6.36 312.6 261.0 43.1 38.1 337.2 388.7 46.6 51.6

6.86 337.2 281.6 41.6 38.0 363.7 419.3 48.7 52.3

7.36 361.7 302.1 40.7 38.0 390.2 449.9 50.1 52.9

7.86 386.3 322.6 40.1 38.0 416.7 480.4 51.2 53.3

8.36 410.9 343.2 39.6 38.0 443.3 511.0 52.0 53.7

8.86 435.5 363.7 39.3 38.0 469.8 541.6 52.6 53.9

9.36 460.1 384.2 39.1 38.0 496.3 572.2 53.1 54.1

9.86 484.7 404.7 38.9 38.1 522.8 602.7 53.5 54.3

10.36 509.2 425.3 38.8 38.1 549.3 633.3 53.7 54.4

10.86 533.8 445.8 38.7 38.2 575.9 663.9 54.0 54.6

11.36 558.4 466.3 38.7 38.2 602.4 694.4 54.2 54.7

11.86 583.0 486.9 38.6 38.2 628.9 725.0 54.3 54.8

12.36 607.6 507.4 38.6 38.3 655.4 755.6 54.5 54.8

12.86 632.2 527.9 38.6 38.3 681.9 786.2 54.6 54.9

13.36 656.7 548.5 38.6 38.3 708.5 816.7 54.7 54.9

13.86 681.3 569.0 38.6 38.3 735.0 847.3 54.8 55.0

14.36 705.9 589.5 38.5 38.4 761.5 877.9 54.8 55.0

14.86 730.5 610.1 38.5 38.4 788.0 908.5 54.9 55.1

15.36 755.1 630.6 38.5 38.4 814.5 939.0 55.0 55.1

15.86 779.7 651.1 38.5 38.4 841.1 969.6 55.0 55.1

16.36 804.2 671.6 38.6 38.4 867.6 1000.2 55.1 55.2

16.86 828.8 692.2 38.6 38.5 894.1 1030.7 55.1 55.2

Check Values: 533.8 445.8

Soil Arching: Negative Arch

44.8 38.4

Negative Arch Negative Arch Negative Arch
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ATTACHMENT 3

UNDERDRAIN COLLECTION PIPE
DEFORMATION CALCULATIONS
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APPENDIX E 

LEAK COLLECTION AND RECOVERY SYSTEM DESIGN 

An important feature of the tailings cell liner system is the Leak Collection and Recovery System 

(LCRS).  The purpose of the LCRS is to provide a method to collect potential seepage should leakage 

develop within the tailings cell through the primary geomembrane liner.  The LCRS layer has been 

designed as a high density polyethylene (HDPE) geonet on the base of the tailings cells, and a 

drainage geocomposite on the side slopes.  The drainage geocomposite is comprised of a geonet 

laminated on both sides to a nonwoven geotextile filtration media to increase frictional resistance 

with the overlying and underlying textured geomembrane layers.  Per the requirements of 40 CFR 

264.221, the transmissivity of the selected drainage layers exceeds the minimum transmissivity 

requirement of 3x10-4 square meters per second (m2/sec), and is designed with a minimum grade of 

one percent. 

LCRS SUMP DESIGN 

In the event that leakage were to occur through the upper geomembrane liner, it will be collected in 

the LCRS layer and routed (via gravity flow) to a LCRS sump located in each tailings cell (or sub-cell 

in the case of Tailings Cell A).  The LCRS sumps were sized for eight (8) hours of maximum flow in 

the LCRS layer (i.e., geonet or drainage geocomposite) assuming one liner defect per acre for good 

installation (Giroud & Bonaparte, 1989), an effective porosity of 30 percent in the sump (i.e., 

available pore space within the gravel backfill materials), and applying a factor of safety of 1.5.  The 

LCRS sump sizing calculations are provided in Appendix E-1.  Based on these calculations, a sump 

with base dimensions of 10 feet by 10 feet with 3H:1V (horizontal:vertical) side slopes and 5-foot 

depth provides sufficient containment for leak solutions. 

PIPE CRUSHING ANALYSES 

Two LCRS risers are provided within each sump to add redundancy to the system.  The risers consist 

of two 10-inch diameter, SDR-17 HDPE pipes.  The lower ends of the pipes are slotted in the sump 

area to provide solution access into the risers.  Solution is recovered via an automated submersible 

pump (designed by others) installed in the riser.  The LCRS risers will be instrumented and fully-

automated to report to the mill control system with an alarm in the mill.  Recovered solutions will be 
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returned to the tailings cells, and then to the mill circuit via tailings return pumps.  The HDPE LCRS 

riser pipes are designed according to the modified Burns & Richard (1964) method (Lupo, 2001) to 

resist crushing and wall buckling due to the anticipated loading associated with the maximum height 

of overlying tailings.  The maximum vertical and horizontal strains calculated for the LCRS riser 

pipes are 2.5 percent and -2.5 percent, respectively.  The design analyses to estimate pipe deformation 

are presented in Appendix E-2. 

REFERENCES 

40 CFR Part 264 – “Standards for Owners and Operators of Hazardous Waste Treatment, Storage, 
and Disposal Facilities”, Subpart K (Surface Impoundments). 

Burns, J.Q. and Richard, R.M. 1964.  Attenuation of Stresses for Buried Cylinders.  Proceedings, 
Symposium on Soil-Structure Interaction, University of Arizona.  September.  378 p. 

 
Giroud, J.P., and Bonaparte, R.  1989.  “Leakage through liners constructed with geomembranes – 

Part I.  Geomembrane Liners.”  Geotextiles and Geomembranes, No. 8, 27-67. 

Lupo, J.F. 2001.  Stability of HDPE Pipes Under High Heap Loads, SME, Denver. 
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APPENDIX E-1 
 

LEAK COLLECTION AND RECOVERY SYSTEM SUMP SIZING 



ubject Piñon Ridge Project ‘1ade by EF/KFM ob No 073-81694

railings Cell Design Dhecked by )ate 09/26/08

CRS Sump Sizing Calculation pproved by heet No i of 3

OBJECTIVE:

Evaluate the required capacity and dimensions of the Leak Collection and Recovery System (LCRS) sumps for
the tailings facilities based on the maximum flow in the LCRS layer for the tailings cells.

GIVEN:

• Tailings cells and sump configuration (Figure 1)
o Cells Al and A2: base cell tailings area = 2.6 acres; slope sides cell tailings area = 12.7 acres
o Cells B and C: base cell tailings area = 6.3 acres; slope sides cell tailings area = 24.2 acres

ASSUMPTIONS:

• The LCRS sump should be sized to accommodate 8 hours of the maximum leakage flow in the LCRS
layer (assuming power loss or pump failure of 8 hours);

• The sump will have 3:l(H:V) side slopes;
• Minimum sump dimensions, lower side 10 feet by 10 feet and 5 feet depth;
• Apply a factor of safety (FS) of 1.5;
• Porosity of the gravel within the LCRS sump is assumed as 0.3; and
• Assume 1 liner defect per acre.

CALCULATIONS:

Maximum flow in the LCRS layer for the tailings cells (Attachment 1)
o Geonet (base of tailings cells): 1.49 x i0 ft3/sec per defect
o Geocomposite drainage material (slope sides of tailings cells): 6.21 x 10ft3/sec per defect

Required Size of the LCRS Sump

Tailings Al and A2

Maximum flow in the LCRS layer:
Base of tailings cells

- QIIba = 1.49 x i0 ft3/sec = 963.0 gallons per defect per day
Slope of tailings cells

-
= 6.21 x i04ft3/sec = 401.3 gallons per defect per day

Total flow:
— (A (1defect’

, -‘ (ldefect
— tfu1lbase V1 base) *

Acre I + fu11—s1ope V1slope) Acre

QT = 963 gpd/acres (2.6 acres) + 401.3 gpd/acres * (12.7 acres) = 7,600 gallons per day

t = 8 hr (time)
n = 0.3 (porosity)
FS = 1.5 (factor of safety)

J:W71ORSO73-8 1694 EFR Pm R,dglD,t M1y Thg Cd1,lSump SCRSop9-O8.do
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PIPING CRUSHING CALCULATIONS 
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APPENDIX F 

ACTION LEAKAGE RATE CALCULATION 

This appendix (Appendix F-1) presents a calculation of the Action Leakage Rates (ALR) for the 

tailings cells proposed for construction at the Piñon Ridge Project.  As per the U.S. EPA, the ALR is 

defined as “the maximum design flow rate that the leak detection system (LDS) can remove without 

the fluid head on the bottom liner exceeding 1 foot.” 

The ALR was calculated for Tailings Cells A1 and A2, both with lined areas of 15.4 acres, and for 

Tailings Cells B and C, both with lined areas of 30.5 acres.  The ALR was calculated to be 4,705 

gallons per acre per day (gpad) for the Leak Collection and Recovery System (LCRS) sumps 

contained within Tailings Cells A1 and A2, and 2,376 gpad for the LCRS sumps contained within 

Tailings Cells B and C.  If leakage rates in exceedance of these values are measured, action must be 

taken as per Title 40 CFR, Section 264.223. 

REFERENCES

40 CFR Part 264 – “Standards for Owners and Operators of Hazardous Waste Treatment, Storage, 
and Disposal Facilities”, Subpart K (Surface Impoundments). 

 
U.S. Environmental Protection Agency (U.S. EPA).  1992.  “Action leakage rates for detection 

systems (supplemental background document for the final double liners and leak detection 
systems rule for hazardous waste landfills, waste piles, and surface impoundments).”   
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APPENDIX F-1 
 

ALR CALCULATIONS 





















www.gseworld.com

North America GSE Lining Technology, Inc.  Houston, Texas   800.435.2008   281.443.8564  Fax:  281.230.6739
South America GSE Lining Technology Chile S.A.  Santiago, Chile  56.2.595.4200 Fax:  56.2.595.4290
Asia Pacific  GSE Lining Technology Company Limited  Bangkok, Thailand    66.2.937.0091  Fax:  66.2.937.0097
Europe & Africa  GSE Lining Technology GmbH  Hamburg, Germany     49.40.767420  Fax:   49.40.7674234
Middle East GSE Lining Technology-Egypt The 6th of October City, Egypt  20.2.828.8888 Fax:   20.2.828.8889

This information is provided for reference purposes only and is not intended as a warranty or guarantee. GSE assumes no liability in connection with the use of this information.  Please check with
GSE for current, standard minimum quality assurance procedures and specifications.

GSE and other trademarks in this document are registered trademarks of GSE Lining Technology, Inc. in the United States and certain foreign countries.

DS026 Fabrinet TRX R01/07/08

GSE FabriNet TRx high flow geocomposites are produced with a unique one step process that coextrudes creep resist-
ant columns to an intrusion resistant roof. The resulting tri-axial geonet is then laminated to a nonwoven geotextile fil-
tration media. GSE FabriNet TRx achieves high in-situ transmissivity from optimally oriented flow channels that maintain
porosity because of the intrusion and creep resistant nature of the tri-axial structure. GSE FabriNet TRx provides contin-
uous performance over a broad range of conditions. It is also well suited for use in surface water collection and removal
systems, gas venting, and landfill liner system drainage applications.

NOTES:
• (a) Roll widths and lengths have a tolerance of ±1%.

• (b) This is an index transmissivity value measured at stress = 1,000 psf; gradient = 0.1; time = 15 minutes; boundary conditions = plate/geocomposite/plate. 
Contact GSE for performance transmissivity value for use in design.

• (c) This is an index transmissivity value measured at stress = 1,000 psf; gradient = 0.1; time = 15 minutes; boundary conditions = plate/geonet/plate. Contact 
GSE for performance transmissivity value for use in design.

• (d) All properties are minimum average roll values based on the cumulative results of specimens tested and determined by GSE except AOS (mm) which is a maximum
average roll value (MaxARV); and UV resistance which is a typical value.

• (e) Tested in machine direction (MD).
• *Modified.

Geonet Core - GSE HyperNet TRx

Geotextile - (Prior to lamination)

Geocomposite - GSE FabriNet TRx 4 oz/yd2 6 oz/yd2 8 oz/yd2

TESTED PROPERTY TEST METHOD FREQUENCY MINIMUM AVERAGE ROLL VALUE

Product Specifications

Product Code FS82040040T FS82060060T FS82080080T

Transmissivity(b), gal/min/ft (m2/sec) ASTM D 4716 1/540,000 ft2 12.1 (2.5x10-3) 12.1 (2.5x10-3) 10.1 (2.2x10-3)

Ply Adhesion, lb/in (g/cm) ASTM D 7005 1/50,000 ft2 1.0 (178) 1.0 (178) 1.0 (178)

Roll Width(a), ft (m) 15 (4.5) 15 (4.5) 15 (4.5)

Roll Length(a), ft (m) 140 (42) 130 (39) 130 (39)

Roll Area, ft2 (m2) 2,100 (195) 1,950 (181) 1,950 (181)

Transmissivity(c), gal/min/ft (m2/sec) ASTM D 4716 1/540,000 ft2 43.5 (9.0 x10-3)

Density, g/cm3 ASTM D 1505 1/50,000 ft2 > 0.94

Tensile Strength(e), lb/in (N/mm) ASTM D 5035 1/50,000 ft2 75 (13.3)

Carbon Black Content (%) ASTM D 1603*/4218 1/50,000 ft2 > 2.0

Mass per Unit Area ASTM D 5261 1/90,000 ft2 4 6 8

Grab Tensile, lb (N) ASTM D 4632 1/90,000 ft2 120 (530) 170 (755) 220 (975)

Puncture Strength, lb (N) ASTM D 4833 1/90,000 ft2 60 (265) 90 (395) 120 (525)

AOS, US Sieve (mm) ASTM D 4751 1/540,000 ft2 70 70 80

Permittivity, sec-1 ASTM D 4491 1/540,000 ft2 1.5 1.5 1.5

Flow Rate, gpm/ft2 (lpm/m2) ASTM D 4491 1/540,000 ft2 120 (4,885) 110 (4,480) 110 (4,480)

UV Resistance, % retained ASTM D 4355 (after 500 hours) once per formulation 70 70 70

www.gseworld.com

North America GSE Lining Technology, Inc.  Houston, Texas   800.435.2008   281.443.8564  Fax:  281.230.6739
South America GSE Lining Technology Chile S.A.  Santiago, Chile  56.2.595.4200 Fax:  56.2.595.4290
Asia Pacific  GSE Lining Technology Company Limited  Bangkok, Thailand    66.2.937.0091  Fax:  66.2.937.0097
Europe & Africa  GSE Lining Technology GmbH  Hamburg, Germany     49.40.767420  Fax:   49.40.7674234
Middle East GSE Lining Technology-Egypt The 6th of October City, Egypt  20.2.828.8888 Fax:   20.2.828.8889

Product Data Sheet GSE FabriNet TRx Geocomposites (Double-Sided)

 



This information is provided for reference purposes only and is not intended as a warranty or guarantee. GSE assumes no liability in connection with the use of this information.  Please check with
GSE for current, standard minimum quality assurance procedures and specifications.

GSE and other marks used in this document are trademarks and service marks of GSE Lining Technology, Inc; certain of which are registered in the U.S.A. and other countries.

DS017 R07/07/03

This product data sheet is also available on our website at:

Product Data Sheet

GSE HyperNet Geonets

Product Code XL4000N004 XL5000N004 XL7000N004 XL8000N004

Transmissivity(a), gal/min/ft (m2/sec) ASTM D 4716-00 1/540,000 ft2 9.66 (2 x 10-3) 14.49 (3 x 10-3) 28.98 (6 x 10-3) 38.64 (8 x 10-3) 

Thickness, mil (mm) ASTM D 5199 1/50,000 ft2 200 (5) 250 (6.3) 275 (7) 300 (7.6) 

Density, g/cm3 ASTM D 1505 1/50,000 ft2 0.94 0.94 0.94 0.94 

Tensile Strength (MD), lb/in (N/mm) ASTM D 5035 1/50,000 ft2 45 (7.9) 55 (9.6) 65 (11.5) 75 (13.3) 

Carbon Black Content, % ASTM D 1603, modified 1/50,000 ft2 2.0 2.0 2.0 2.0

Roll Width, ft (m) 15 (4.6) 15 (4.6) 15 (4.6) 15 (4.6) 

Roll Length, ft (m)(b) 300 (91) 250 (76) 220 (67) 200 (60)

Roll Area, ft2 (m2) 4,500 (418) 3,750 (348) 3,300 (305) 3,000 (278)

HyperNet HyperNet HF HyperNet HS HyperNet UF 

TESTED PROPERTY TEST METHOD FREQUENCY MINIMUM AVERAGE ROLL VALUE(c)

NOTES:

• (a)Gradient of 0.1, normal load of 10,000 psf, water at 70° F (20° C), between steel plates for 15 minutes.

• (b)Please check with GSE for other available roll lengths.

• (c)These are MARV values that are based on the cumulative results of specimens tested by GSE.

GSE HyperNet geonets are synthetic drainage materials manufactured from a premium grade high density polyethylene
(HDPE) resin. The structure of the HyperNet geonet is formed specifically to transmit fluids uniformly under a variety of
field conditions. HDPE resins are inert to chemicals encountered in most of the civil and environmental applications
where these materials are used. GSE geonets are formulated to be resistant to ultraviolet light for time periods necessary
to complete installation. GSE HyperNet geonets are available in standard, HF, HS, and UF varieties.

The table below provides index physical, mechanical and hydraulic characteristics of GSE geonets. Contact GSE for
information regarding performance of these products under site-specific load, gradient, and boundary conditions.

Product Specifications



 

i:\07\81694\0400\tailingcelldesign-fnl-06oct08\073-81694-tailingscelldesignrep_fnl-06oct08.doc Golder Associates 

APPENDIX G 
 

CHEMICAL RESISTANCE INFORMATION 



October 2008 G-1 073-81694.0003 
 
 

i:\07\81694\0400\tailingcelldesign-fnl-06oct08\appendices\app g\app g.docx Golder Associates 

APPENDIX G 

CHEMICAL RESISTANCE INFORMATION 
 
 
Appendix G-1 presents a Chemical Resistance Chart listing the resistance of high density 

polyethylene (HDPE) to various chemicals at various concentrations and temperatures (GSE, 2006).  

An ‘S’ in the resistance column stands for satisfactory, specifically “Liner material is resistant to the 

given reagent at the given concentration and temperature.  No mechanical or chemical degradation is 

observed.”  Other qualitative descriptions include ‘L’ – limited application possible, and ‘U’ – 

unsatisfactory. 

When the anticipated tailings stream chemical concentrations (CH2M Hill, 2008) are compared with 

some relevant reagents presented in the Chemical Resistance Chart, the following results are found: 

• Sulfuric Acid (H2SO4) 

o Concentration in tailings stream – 0.084 g/l, or 0.0084 percent (CH2M Hill, 2008). 

o Highest satisfactory concentration at 68 degrees Fahrenheit (oF) – 98 percent (GSE, 

2006). 

o Therefore, HDPE exhibits satisfactory resistance to the expected sulfuric acid 

concentration. 

• Ferric Sulfate (Fe2(SO4)3) 

o Concentration in tailings stream – 35.989 g/l, or 3.6 percent (CH2M Hill, 2008). 

o Highest satisfactory concentration at 68 oF – fully saturated solution (GSE, 2006). 

o Therefore, HDPE exhibits satisfactory resistance to the expected ferric sulfate 

concentration. 

• Ammonium Sulfate ((NH4)2SO4) 

o Concentration in tailings stream – 34.9 g/l, or 3.5 percent (CH2M Hill, 2008). 

o Highest satisfactory concentration at 68 oF – fully saturated solution (GSE, 2006). 

o Therefore, HDPE exhibits satisfactory resistance to the expected ammonium sulfate 

concentration. 

• Sodium Sulfate (Na2SO4) 

o Concentration in tailings stream – 3.917 g/l, or 0.39 percent (CH2M Hill, 2008). 

o Highest satisfactory concentration at 68 oF – fully saturated solution (GSE, 2006). 
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o Therefore, HDPE exhibits satisfactory resistance to the expected sodium sulfate 

concentration. 

• Sodium Chloride (NaCl) 

o Concentration in tailings stream – 5.8 g/l, or 0.58 percent (CH2M Hill, 2008). 

o Highest satisfactory concentration at 68 oF – fully saturated solution (GSE, 2006). 

o Therefore, HDPE exhibits satisfactory resistance to the expected sodium chloride 

concentration. 

Note that only the most toxic and most highly concentrated reagents are presented here.  Ratings are 

based on single reagent concentrations and do not account for the presence of multiple reagents in the 

same solution. 

REFERENCES 
 
Gundle/SLT Environmental, Inc. (GSE). 2006.  Chemical Resistance Chart. Technical Note TN032. 

http://www.gseworld.com/Literature/TechnicalNotes/PDF/TN032ResistChart.pdf. 
 
CH2M Hill. 2008.  Piñon Ridge Project – Tailings Stream Analysis (Rev. 2). 12 March 2008. 
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APPENDIX G-1 
 

CHEMICAL RESISTANCE CHART 
 



Technical Note

Chemical Resistance Chart

- Continued -

GSE is the world’s leading supplier of high quality, polyethylene geomembranes. GSE polyethylene geomembranes are
resistant to a great number and combinations of chemicals. Note that the effect of chemicals on any material is influ-
enced by a number of variable factors such as temperature, concentration, exposed area and duration. Many tests have
been performed that use geomembranes and certain specific chemical mixtures. Naturally, however, every mixture of
chemicals cannot be tested for, and various criteria may be used to judge performance. Reported performance ratings
may not apply to all applications of a given material in the same chemical. Therefore, these ratings are offered as a
guide only.  This information is provided for reference purposes only and is not intended as a warranty or guarantee.
GSE assumes no liability in connection with the use of this information.

Copper chloride sat. sol. S S
Copper nitrate sat. sol. S S
Copper sulfate sat. sol. S S
Cresylic acid sat. sol. L —
Cyclohexanol 100% S S
Cyclohexanone 100% S L

D
Decahydronaphthalene 100% S L
Dextrine sol. S S
Diethyl ether 100% L —
Dioctylphthalate 100% S L
Dioxane 100% S S

E
Ethanediol 100% S S
Ethanol 40% S L
Ethyl acetate 100% S U
Ethylene trichloride 100% U U

F
Ferric chloride sat. sol. S S
Ferric nitrate sol. S S
Ferric sulfate sat. sol. S S
Ferrous chloride sat. sol. S S
Ferrous sulfate sat. sol. S S
Fluorine, gaseous 100% U U
Fluorosilicic acid 40% S S
Formaldehyde 40% S S
Formic acid 50% S S
Formic acid 98-100% S S
Furfuryl alcohol 100% S L

G
Gasoline — S L
Glacial acetic acid 96% S L
Glucose sat. sol. S S
Glycerine 100% S S
Glycol sol. S S

H
Heptane 100% S U
Hydrobromic acid 50% S S
Hydrobromic acid 100% S S
Hydrochloric acid 10% S S
Hydrochloric acid 35% S S
Hydrocyanic acid 10% S S
Hydrofluoric acid 4% S S
Hydrofluoric acid 60% S L
Hydrogen 100% S S
Hydrogen peroxide 30% S L
Hydrogen peroxide 90% S U
Hydrogen sulfide, gaseous 100% S S

L
Lactic acid 100% S S
Lead acetate sat. sol. S —

M
Magnesium carbonate sat. sol. S S
Magnesium chloride sat. sol. S S
Magnesium hydroxide sat. sol. S S
Magnesium nitrate sat. sol. S S
Maleic acid sat. sol. S S
Mercuric chloride sat. sol. S S

Resistance at:
Medium Concentration 20 °C 60 °C

(68 °F) (140 °F)

A
Acetic acid 100% S L
Acetic acid 10% S S
Acetic acid anhydride 100% S L
Acetone 100% L L
Adipic acid sat. sol. S S
Allyl alcohol 96% S S
Aluminum chloride sat. sol. S S
Aluminum fluoride sat. sol. S S
Aluminum sulfate sat. sol. S S
Alum sol. S S
Ammonia, aqueous dil. sol. S S
Ammonia, gaseous dry 100% S S
Ammonia, liquid 100% S S
Ammonium chloride sat. sol. S S
Ammonium fluoride sol. S S
Ammonium nitrate sat. sol. S S
Ammonium sulfate sat. sol. S S
Ammonium sulfide sol. S S
Amyl acetate 100% S L
Amyl alcohol 100% S L
Aniline 100% S L
Antimony trichloride 90% S S
Arsenic acid sat. sol. S S
Aqua regia HCI-HNO3 U U

B
Barium carbonate sat. sol. S S
Barium chloride sat. sol. S S
Barium hydroxide sat. sol. S S
Barium sulfate sat. sol. S S
Barium sulfide sol. S S
Benzaldehyde 100% S L
Benzene — L L
Benzoic acid sat. sol. S S
Beer — S S
Borax (sodium tetraborate) sat. sol. S S
Boric acid sat. sol. S S
Bromine, gaseous dry 100% U U
Bromine, liquid 100% U U
Butane, gaseous 100% S S
1-Butanol 100% S S
Butyric acid 100% S L

C
Calcium carbonate sat. sol. S S
Calcium chlorate sat. sol. S S
Calcium chloride sat. sol. S S
Calcium nitrate sat. sol. S S
Calcium sulfate sat. sol. S S
Calcium sulfide dil. sol. L L
Carbon dioxide, gaseous dry 100% S S
Carbon disulfide 100% L U
Carbon monoxide 100% S S
Chloracetic acid sol. S S
Carbon tetrachloride 100% L U
Chlorine, aqueous solution sat. sol. L U
Chlorine, gaseous dry 100% L U
Chloroform 100% U U
Chromic acid 20% S L
Chromic acid 50% S L
Citric acid sat. sol. S S

Resistance at:
Medium Concentration 20 °C 60 °C

(68 °F) (140 °F)
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Mercuric cyanide sat. sol. S S
Mercuric nitrate sol. S S
Mercury 100% S S
Methanol 100% S S
Methylene chloride 100% L —
Milk — S S
Molasses — S S

N
Nickel chloride sat. sol. S S
Nickel nitrate sat. sol. S S
Nickel sulfate sat. sol. S S
Nicotinic acid dil. sol. S —
Nitric acid 25% S S
Nitric acid 50% S U
Nitric acid 75% U U
Nitric acid 100% U U

O
Oils and Grease — S L
Oleic acid 100% S L
Orthophosphoric acid 50% S S
Orthophosphoric acid 95% S L
Oxalic acid sat. sol. S S
Oxygen 100% S L
Ozone 100% L U

P
Petroleum (kerosene) — S L
Phenol sol. S S
Phosphorus trichloride 100% S L
Photographic developer cust. conc. S S
Picric acid sat. sol. S —
Potassium bicarbonate sat. sol. S S
Potassium bisulfide sol. S S
Potassium bromate sat. sol. S S
Potassium bromide sat. sol. S S
Potassium carbonate sat. sol. S S
Potassium chlorate sat. sol. S S
Potassium chloride sat. sol. S S
Potassium chromate sat. sol. S S
Potassium cyanide sol. S S
Potassium dichromate sat. sol. S S
Potassium ferricyanide sat. sol. S S
Potassium ferrocyanide sat. sol. S S
Potassium fluoride sat. sol. S S
Potassium hydroxide 10% S S
Potassium hydroxide sol. S S
Potassium hypochlorite sol. S L
Potassium nitrate sat. sol. S S
Potassium orthophosphate sat. sol. S S
Potassium perchlorate sat. sol. S S
Potassium permanganate 20% S S
Potassium persulfate sat. sol. S S
Potassium sulfate sat. sol. S S
Potassium sulfite sol. S S
Propionic acid 50% S S
Propionic acid 100% S L
Pyridine 100% S L

Q
Quinol (Hydroquinone) sat. sol. S S

S
Salicylic acid sat. sol. S S

Silver acetate sat. sol. S S
Silver cyanide sat. sol. S S
Silver nitrate sat. sol. S S
Sodium benzoate sat. sol. S S
Sodium bicarbonate sat. sol. S S
Sodium biphosphate sat. sol. S S
Sodium bisulfite sol. S S
Sodium bromide sat. sol. S S
Sodium carbonate sat. sol. S S
Sodium chlorate sat. sol. S S
Sodium chloride sat. sol. S S
Sodium cyanide sat. sol. S S
Sodium ferricyanide sat. sol. S S
Sodium ferrocyanide sat. sol. S S
Sodium fluoride sat. sol. S S
Sodium hydroxide 40% S S
Sodium hydroxide sat. sol. S S
Sodium hypochlorite 15% active chlorine S S
Sodium nitrate sat. sol. S S
Sodium nitrite sat. sol. S S
Sodium orthophosphate sat. sol. S S
Sodium sulfate sat. sol. S S
Sodium sulfide sat. sol. S S
Sulfur dioxide, dry 100% S S
Sulfur trioxide 100% U U
Sulfuric acid 10% S S
Sulfuric acid 50% S S
Sulfuric acid 98% S U
Sulfuric acid fuming U U
Sulfurous acid 30% S S

T
Tannic acid sol. S S
Tartaric acid sol. S S
Thionyl chloride 100% L U
Toluene 100% L U
Triethylamine sol. S L

U
Urea sol. S S
Urine — S S

W
Water — S S
Wine vinegar — S S
Wines and liquors — S S

X
Xylenes 100% L U

Y
Yeast sol. S S

Z
Zinc carbonate sat. sol. S S
Zinc chloride sat. sol. S S
Zinc (II) chloride sat. sol. S S
Zinc (IV) chloride sat. sol. S S
Zinc oxide sat. sol. S S
Zinc sulfate sat. sol. S S

Specific immersion testing should be undertaken to ascertain the suitability 
of chemicals not listed above with reference to special requirements.

Resistance at:
Medium Concentration 20 °C 60 °C 

(68 °F) (140 °F)

Resistance at:
Medium Concentration 20 °C 60 °C 

(68 °F) (140 °F)

NOTES:
(S) Satisfactory: Liner material is resistant to the given reagent at the given concentration and temperature.  No mechanical or chemical degradation is observed.
(L) Limited Application Possible: Liner material may reflect some attack.  Factors such as concentration, pressure and temperature directly affect liner performance against the 
given media.  Application, however, is possible under less severe conditions, e.g. lower concentration, secondary containment, additional liner protections, etc.
(U) Unsatisfactory: Liner material is not resistant to the given reagent at the given concentration and temperature.  Mechanical and/or chemical degradation is observed.  
(–) Not tested
sat. sol. = Saturated aqueous solution, prepared at 20°C (68°F)
sol. = aqueous solution with concentration above 10% but below saturation level
dil. sol. = diluted aqueous solution with concentration below 10%
cust. conc. = customary service concentration

TN032 ResistChart  R03/17/06
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APPENDIX H 

STABILITY EVALUATION 
 
 
Golder conducted local and global stability analyses to evaluate the stability of the proposed tailings 

facility for the Piñon Ridge Project.  This appendix presents the stability evaluations in detail.  

DESIGN SECTIONS 
 
For the global stability analyses, three cross-sections (see Figures 2 through 4 in Appendix H-1) were 

developed to represent a typical section through a tailings cell at three critical points in time: 

• End of Construction – This phase represents the geometry after cell construction, but prior to 

any filling of the cells.  The exposed 3H:1V interior cell slopes results in this being the 

critical phase in terms of stability.  External embankment slopes are 5H:1V. 

• Post Tailings Deposition – This phase represents the geometry after full tailings deposition, 

but prior to any cover placement.  The cell geometry is the same except for the presence of 

the tailings.  The tailings act to buttress the exposed slopes in the previous phase, increasing 

the overall stability. 

• Post Closure – This phase represents the geometry after a cover has been placed over the 

tailings cells at closure.  External embankment slopes are 10H:1V per closure requirements, 

and the mound geometry is assumed to extend this slope over the deposited tailings.  Eight 

feet of loosely compacted cover fill was assumed to cap the mound. 

For each case, the cell foundation was conservatively assumed to consist entirely of overburden soils 

even though bedrock is expected in some locations based on the geotechnical investigations. 

MATERIAL PROPERTIES 
 
The material properties used in the analyses were selected based on the results of laboratory testing.  

The properties of the various materials used in the stability model are discussed below: 
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• Overburden Soil - The overburden soil was modeled with a total unit weight of 107 pounds 

per cubic foot (pcf) based on average measurements of several in-situ soil samples.  The 

friction angle (33.7 degrees) and cohesion (0 psf) were modeled as the lowest measured 

effective strength properties from two consolidated-undrained (CU) triaxial tests conducted 

on undisturbed samples of foundation soil. 

• Structural Fill - Structural fill was modeled with a total unit weight of 120 pcf based on 

average measurements of native soil samples remolded to 95 percent of the standard Proctor 

maximum dry density (ASTM D698).  The friction angle (30.3 degrees) and cohesion (0 psf) 

were modeled as the lowest measured effective strength properties from two consolidated-

undrained (CU) triaxial tests conducted on remolded samples of native soil. 

• Tailings (slurry) - Based on Golder’s past experience with freshly deposited tailings, a 

friction angle of 20 degrees and a cohesion of 0 psf were assumed for the tailings in slurry 

form.  These properties were used for the post deposition scenario as the tailings would have 

had insufficient time for complete consolidation.  The total unit weight is assumed to be 120 

pcf. 

• Tailings (consolidated) - Based on Golder’s past experience with consolidated tailings, a 

friction angle of 28 degrees and a cohesion of 0 psf were assumed for the tailings in 

consolidated (i.e., dewatered) form.  These properties were used for the post closure scenario 

as the tailings would likely have had sufficient time to consolidate.  The total unit weight is 

assumed to be 120 pcf. 

• Miscellaneous Fill - Miscellaneous fill refers to the fill resulting from the excavation and 

disposal of the evaporation ponds, ore pad, and other contaminated soils requiring disposal 

and encapsulation at closure.  The stability analyses assume the strength properties of the 

miscellaneous fill to be the same as those for the consolidated tailings, with a slightly lower 

total unit weight (110 pcf).  

• Cover Fill - Compaction effort applied to the cover fill is expected to be light in order to 

enhance vegetative growth, so a reduced total unit weight of 100 pcf was used assuming 

approximately 80 to 85 percent of the standard Proctor maximum dry density.  A friction 

angle of 23 degrees with zero cohesion was assumed. 
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• Liner Interface - Interface friction testing revealed the weakest interface to be that between 

the proposed textured geomembrane and the drainage geocomposite material (specifically, 60 

mil textured HDPE geomembrane versus CETCO Texdrain 250 DS 6 Geocomposite) with a 

peak friction angle of 21.2 degrees and associated residual friction angle of 14.8 degrees.  

The global stability analyses were conducted using the peak friction angle, and checked to 

ensure a safety factor in excess of one using the residual friction angle, per the 

recommendations of Gilbert (2001).  The minimum residual friction angle does not 

necessarily correspond to the minimum tested residual friction angle (i.e., textured 

geomembrane versus GCL), but instead that which corresponds to the minimum peak friction 

angle (Gilbert, 2001).  The small amounts of apparent adhesion were conservatively ignored, 

using a value of zero in the stability analyses. 

PHREATIC LEVELS 
 
As the water table below the site is substantially below the zone of interest in the stability analysis 

(i.e., greater than 450 ft below the ground surface), the only relevant phreatic surface will be that 

contained with the tailings cell by the cell liner as a result of tailings deposition (during operations).  

At the end of construction, the cell is empty, so no phreatic surface was modeled for the first phase.  

Post-deposition, the phreatic surface was assumed to be at the surface of the tailings, affecting the 

tailings slurry material and the liner interface.  Post-closure, the tailings are assumed to consolidate 

with the phreatic surface remaining at the tailings surface. 

METHOD OF ANALYSES 
 
For all failure mechanisms considered in the analyses, slope stability was evaluated using limit 

equilibrium methods based on Spencer’s method of analysis (Spencer’s method) (Spencer, 1967).  

Spencer’s method is a method of slices (referencing the analysis' consideration of potential failure 

masses as rigid bodies divided into adjacent regions or "slices," separated by vertical boundary 

planes).  It is based on the principle of limiting equilibrium, i.e., the method calculates the shear 

strengths that would be required to just maintain equilibrium along the selected failure plane, and then 

determines a "safety factor" by dividing the available shear strength by the required shear strength.  

Consequently, safety factors calculated by Spencer’s, or by any other limiting equilibrium method, 

indicate the percentage by which the available shear strength exceeds, or falls short of, that required 

to maintain equilibrium.  Therefore, safety factors in excess of 1.0 indicate stability and those less 

than 1.0 indicate instability, while the greater the mathematical difference between a safety factor and 
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1.0, the larger the "margin of safety" (for safety factors in excess of 1.0), or the more extreme the 

likelihood of failure (for safety factors less than 1.0). While there are other more rigorous methods 

that can be used to evaluate slope stability, Spencer’s method was selected to be consistent with the 

current level of knowledge of the material shear strength parameters.   

The seepage and stability analyses were conducted using SLIDE 5.0, a commercially available 

computer program (Rocscience, 2000), and the input parameters presented herein.  For accurate 

modes of failure, Spencer’s method was used to determine the least stable failure surface via the 

critical surface search routine, i.e., for each failure mode, the program iterates through a variety of 

failure surfaces to determine the surface with the minimum safety factor, otherwise referred to as the 

critical surface.   

LOADING CONDITIONS 
 
The stability analyses considered both static and earthquake-induced (i.e., pseudo-static) stress 

conditions.  Static loading considers only the stress of the soil and tailings deposited at the designed 

slopes.  For the tailings impoundment design, the design criteria provides for a minimum factor of 

safety of 1.5 under static loading conditions, per the industry standard of practice. 

Earthquake (seismic) loading conditions were simulated using a pseudo-static approach.  

Pseudo-static-based analyses are commonly used to apply equivalent seismic loading on earthfill 

structures.  In an actual seismic event, the peak acceleration would be sustained for only a fraction of 

a second.  Actual seismic time histories are characterized by multiple-frequency attenuating motions.  

The accelerations produced by seismic events rapidly reverse motion and generally tend to build to a 

peak acceleration that quickly decays to lesser accelerations.  Consequently, the duration that a mass 

is actually subjected to a unidirectional, peak seismic acceleration is finite, rather than infinite.  The 

pseudo-static analyses conservatively model seismic events as constant acceleration and direction, 

i.e., an infinitely long pulse.  Therefore, it is customary for geotechnical engineers to take only a 

fraction of the predicted peak maximum acceleration when modeling seismic events using 

pseudo-static analyses.  Typically a factor of safety of 1.0 is considered appropriate for water 

retention embankments (i.e., critical structures) when the structures are modeled using one-half the 

peak ground acceleration generated from the maximum credible earthquake (Hynes & Franklin, 

1984).  A twenty (20) percent strength reduction factor is often applied to any fine-grained materials 

that are susceptible to strain softening resulting from a build-up in pore water pressures (Hynes & 
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Franklin, 1984).  For these analyses, no materials were assumed to exhibit strain softening 

characteristics. 

The pseudo-static coefficient for the stability analyses was developed by Kleinfelder (2008) for this 

evaluation based on the 2006 International Building Code (IBC).  This seismicity analysis concluded 

that the peak ground acceleration (PGA) for the maximum considered earthquake (MCE) is 0.161g.  

The peak ground acceleration for the design earthquake is 0.107g.  Hence, the pseudo-static 

acceleration used in the stability analyses for the pre- and post-deposition cases was 0.05g, or 

approximately one-half of the design earthquake PGA.  For the post-closure case, a pseudo-static 

acceleration of 0.08g was used, or approximately one-half of the MCE PGA.  For the tailings 

impoundment design, the design provides for a minimum factor of safety of 1.1 under pseudo-static 

loading conditions, per industry standard of practice. 

RESULTS OF ANALYSES 
 
The limit equilibrium stability analyses yielded the estimated minimum safety factors summarized in 

Table H-1 for static stability analyses and pseudo-static stability analyses for all three scenarios.  As 

indicated, the stability analyses show that the static and pseudo-static critical failure surfaces have 

factors of safety greater than the minimum values set forth in the design criteria. 

LINER STABILITYANALYSIS 
 
In addition to the stability analyses discussed above, a separate simplified analysis was conducted to 

estimate the factor of safety of the liner system under its own weight.  Interface shear testing of the 

liner system, presented in Appendix H-1, indicates that the textured HDPE versus the drainage 

geocomposite exhibits the lowest peak shear strength.  Analyses of the liner system stability, 

presented in Appendix H-2, conservatively assumes that the liner slope is infinitely long (i.e., effects 

of the anchor trench, benches and buttressing were ignored) per the approach proposed by Das 

(1998), as well as ignores the effects of apparent adhesion along the interface.  This simplified 

analysis results in a factor of safety against sliding of the liner system of 1.2.   
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TABLE H-1 

 
RESULTS OF STABILITY EVALUATION 

 
 

Scenario 
Minimum Static 
Factor of Safety 

[Peak (Residual)] 

Minimum Pseudo-Static 
Factor of Safety 

[Peak (Residual)] 
Pre-Deposition 2.0 (1.9) 1.7 (1.7) 
Post-Deposition 3.0 (3.0) 2.4 (2.4) 
Post-Closure 4.9 (4.4) 2.7 (2.3) 
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APPENDIX H-1 
 

GLOBAL STABILITY EVALUATION 







































TABLE A3-1
SUMMARY OF PEAK STABILITY ANALYSES

Analyses Using Peak Liner Interface Shear Strength

Pseudo-Static Seismic
Scenario File Name Static or Seismic Coefficient Surface Type Factor of Safety
Pre Deposition PreDepSC.sli Static n/a Circular 2.08
Pre Deposition PreDepSNC2.sli Static n/a Block 2.05
Pre Deposition PreDepSC-H.sli Static n/a Circular 1.95
Pre Deposition PreDepSNC-H.sli Static n/a Block 1.97
Pre Deposition PreDepEC.sli Seismic 0.05 Circular 1.77
Pre Deposition PreDepENC2.sli Seismic 0.05 Block 1.74
Pre Deposition PreDepEC-H.sli Seismic 0.05 Circular 1.67
Pre Deposition PreDepENC-H.sli Seismic 0.05 Block 1.68
Post Deposition PostDepSC.sli Static n/a Circular 8.68
Post Deposition PostDepSNC.sli Static n/a Block 8.87
Post Deposition PostDepEC.sli Seismic 0.05 Circular 2.52
Post Deposition PostDepENC.sli Seismic 0.05 Block 2.61
Post Deposition PostDepSC-B.sli Static n/a Circular 3.00
Post Deposition PostDepSNC-B.sli Static n/a Block 3.08
Post Deposition PostDepEC-B.sli Seismic 0.05 Circular 2.38
Post Deposition PostDepENC-B.sli Seismic 0.05 Block 2.44
Post Closure PostCloSC.sli Static n/a Circular 5.23
Post Closure PostCloSNC.sli Static n/a Block 4.89
Post Closure PostCloEC.sli Seismic 0.08 Circular 2.88
Post Closure PostCIoENC.sli Seismic 0.08 Block 2.65

Golder Associates
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TABLE A3-2
SUMMARY OF RESIDUAL STABILITY ANALYSES

Analyses Using Residual Liner Interface Shear Strength

Pseudo-Static Seismic
Scenario File Name Static or Seismic Coefficient Surface Type Factor of Safety
Pre Deposition PreDepSC.sli Static n/a Circular 2.08
Pre Deposition PreDepSNC2.sli Static n/a Block 2.05
Pre Deposition PreDepSC-H.sli Static n/a Circular 1.94
Pre Deposition PreDepSNC-H.sli Static n/a Block 1.97
Pre Deposition PreDepEC.sli Seismic 0.05 Circular 1.77
Pre Deposition PreDepENC2.sli Seismic 0.05 Block 1.74
Pre Deposition PreDepEC-H.sli Seismic 0.05 Circular 1.67
Pre Deposition PreDepENC-H.sli Seismic 0.05 Block 1.68
Post Deposition PostDepSC.sli Static n/a Circular 8.61
Post Deposition PostDepSNC.sli Static n/a Block 8.05
Post Deposition PostDepEC.sli Seismic 0.05 Circular 2.52
Post Deposition PostDepENC.sli Seismic 0.05 Block 2.46
Post Deposition* PostDepSC-B.sli Static n/a Circular 3.00
Post Deposition* PostDepSNC-B.sli Static n/a Block 3.08
Post Deposition* PostDepEC-B.sli Seismic 0.05 Circular 2.38
Post Deposition* PostDepENC-B.sli Seismic 0.05 Block 2.44
Post Closure PostCloSC.sli Static n/a Circular 4.81
Post Closure PostCloSNC.sli Static n/a Block 4.40
Post Closure PostCloEC.sli Seismic 0.08 Circular 2.64
Post Closure PostCIoENC.sli Seismic 0.08 Block 2.34
* Analysis identical to peak liner strength analysis - results not shown in Attachment 3.

Golder Associates
J:\07J08S\073-81694 EFR Plnon Rldge\Design AnaIysesTaIIIngs CeIIs\Stab(IIty\050708 AnaIysesStabIIIty Summary T3-1.xlsx 07381694
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APPENDIX H-2 
 

LINER SYSTEM STABILITY EVALUATION 
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APPENDIX I 
 

TAILINGS CELL WATER BALANCE 
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APPENDIX I 

TAILINGS CELL WATER BALANCE 

A probabilistic water balance has been developed for the proposed tailings cells.  Since three tailings 

cells (A,B,C) of approximately equal tailings storage volume and dimensions have been designed for 

the Piñon Ridge Project to meet a total capacity of approximately 7.3 million tons, the probabilistic 

water balance has been performed for Tailings Cell A only.  The water balance for Tailings Cells B 

and C will be similar to that of Tailings Cell A.  Each of the tailings cells is designed for 13.4 years 

based on a milling capacity of 500 tons per day (tpd) (with potential expansion capacity of 1,000 tpd) 

and a total mine life of 40 years.  

MODEL DEVELOPMENT 

For the purpose of developing the water balance for Tailings Cell A, the following water balance 

components were considered: (1) the amount of water entering Tailings Cell A from the mill (CH2M 

Hill, 2008); (2) water entering the system through meteoric precipitation; (3) the amount of water 

released to the atmosphere through evaporation; (4) the amount of water returning to the mill from 

Tailings Cell A (CH2M Hill, 2008); and (5) the excess water available to be pumped from the tailings 

cell.  Precipitation values are likely to exhibit largest variations, and were therefore treated as 

stochastic inputs (i.e., probabilistic), while the other parameters were treated as deterministic 

variables.  Water balance calculations were performed using the computer program Goldsim™.  The 

water balance model was run for a time of operation of 7 years for a 1,000-tpd milling rate and 

14 years for a 500-tpd milling rate.  

The water balance model was based on the following equation: 

ΔS = (Q + P) – (E + RW + EW) 

where: 

ΔS = change in stored solution volume  
Q = inflow from the mill 
P = precipitation collected within the lined footprint of the tailings cell 
E = evaporation from the tailings cell surface 
RW = reclaimed water from the tailings cell pumped back to the mill 
EW = excess water not required by the mill but available to be pumped from the 

tailings cell 
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AVAILABLE DATA 

Water balance assumptions and sources of input data are summarized in Table I-1.  The evaluation of 

climate data conducted by Golder for nearby weather stations indicates that the Uravan weather 

station is likely to provide reasonable precipitation estimates (See Appendix I-1).  The average 

monthly precipitation values for the Uravan weather station are summarized in Table I-2.  

The Hargreaves (1985) method was used to estimate monthly evaporation values at the Piñon Ridge 

site, using the available climate data from the Uravan weather station (i.e., precipitation, air 

temperature, etc.).  The calculated evaporation values were scaled by a factor of 0.7 to represent 

tailings cell evaporation.  Monthly evaporation values used for the water balance calculations are 

summarized in Table I-2.   

Based on design-level process water balance information provided by CH2M Hill (2008) and 

summarized in Table I-1, the design mass of solids discharging from the mill to the tailings cell was 

estimated to range from approximately 46,976 lb/hr for a 500-tpd start-up milling rate to 93,952 lb/hr 

for a 1,000-tpd milling rate.  As described in Table I-1, Tailing Cell A has been designed as 

essentially two ponds (Cells A1 and A2) within a pond (Figure I-1).  For simplicity in modeling, the 

tailings cell water balance was developed assuming that Cell A2 will be filled first to its maximum 

storage capacity prior to initiating tailings slurry discharge flow to Cell A1.  Once both sub-cells are 

filled to the mid-height bench level, tailings slurry will then be discharged into the entire tailings cell.  

Tailings slurry will be discharged from several positions around the perimeter of the tailings cells. 

Per the design criteria, it was assumed that 3 ft of dry freeboard will be maintained at all times to 

avoid overflow of the tailings cell solution.  Solution will only be reclaimed from the tailings cell 

pool and returned to the mill when water pool depth is 5 ft or greater.   

DEVELOPMENT OF STOCHASTIC PRECIPITATION PARAMETERS 

In order to develop stochastic precipitation input for the Goldsim model, continuous probability 

distributions were calibrated against the available monthly precipitation data from the Uravan weather 

station.  The Weibull distribution was selected due to its flexibility to represent a wide range of 

values.  The distribution is truncated at its lower end and has a long tail to the upper end, making it 

well-suited to modeling extreme positive values, such as precipitation events with longer return 
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periods.  Separate Weibull distributions were fitted to non-zero precipitation records collected for 

each month.  A moment estimation method was used to determine distribution parameters resulting in 

fitting coefficients summarized in Table I-3. 

To verify the adopted probability distributions, a precipitation model was constructed in Goldsim™ 

and allowed to run for a 1-year period using Monte-Carlo sampling with 1,000 realizations.  Goldsim 

results are compared against recorded values for the Uravan weather station in Figures I-2 to I-13 for 

the months of January through December, respectively, with annual totals in Figure I-14.  Goldsim 

results show favorable agreement between the measured and calculated extreme values on both 

monthly and annual basis.   

WATER BALANCE RESULTS 

The adequate pool volume and additional volume of water available for reclaim were evaluated at 

different stages of the facility development assuming a maximum time of operation of 7 years for a 

1,000-tpd milling rate and 14 years for a 500-tpd milling rate.  Goldsim calculations were based on 

the stochastic monthly precipitation records generated by using Weibull’s distribution parameters 

presented in Table I-3, and illustrated in Figures I-2 through I-13.   

The 1 in 1,000 year reoccurrence storm event was modeled to estimate the pool volume and 

additional volume of water available for reclaim as follows: 

( )npyprobabilitCumulative −−= 11 , 

Where: 

 p  =  annual probability of occurrence 

 n  =  number of years to evaluate 

Thus, the probability that the 1,000-year storm event will occur during the 7-year tailings disposal 

period for a 1,000-tpd milling rate is approximately 0.7%.  The probability that the 1,000-year storm 

event will occur during the 14-year tailings disposal period for a 500-tpd milling rate is approximately 

1.4%.  The estimated pool volume capacity for Tailings Cell A was estimated for the 99.3rd percentile 

(100% minus 0.7%) for a 1,000-tpd milling rate and for the 98.6th percentile (100% minus 1.4%) for a 

500-tpd milling rate.  A Monte-Carlo simulation with 5,000 realizations (due to relatively high target 
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probabilities in Monte Carlo simulations) was used to evaluate the 99.3rd and the 98.6th percentile 

quantities after 1, 2, 5, 7 and 14 years of operation.  

Results from the probabilistic analyses are summarized in Tables I-4 through I-6 and Figures I-15 

through I-20. 

SUMMARY 

The stochastic water balance model for the 1,000-tpd milling rate indicates that a maximum tailings 

cell pool volume of approximately 8.38 million ft3 (Mft3) is obtained for the 99.3rd percentile (i.e., 

1,000-year storm occurs during deposition), with a median pool volume of 7.31 Mft3.  For a 500-tpd 

milling rate, the required tailings cell pool volume reduces to 4.75 Mft3 (98.6th  percentile).  At all 

times during operations, a minimum excess volume capacity of 3.94 Mft3 of freeboard volume 

(corresponding to 3 ft of dry freeboard) will be available to prevent overtopping during tailings 

deposition.   

As demonstrated on Figures I-18 and I-22, the volume of excess water available as make-up (in 

excess of the design return volume flow to the mill) is essentially negligible after approximately 

3.5 years for the 500-tpd milling scenario and very small after 2 years for the 1,000-tpd milling 

scenario.  The average excess pumping rates available to pump excess water from the tailings cell at 

different time intervals of the operation are summarized in Table I-6.  Results were estimated 

assuming that the mill will have a pumping rate of 405 gpm for a 1,000-tpd milling rate and 203 gpm 

for a 500-tpd milling rate to pump back reclaimed water from the tailings cell to the mill (CH2M Hill, 

2008), and that the available excess water can be: 1) pumped back to the mill where the water could 

be used as make-up water; or 2) discharged into the evaporation pond system.  It should be noted that 

the design raffinate flow rate to the evaporation ponds (CH2M Hill, 2008), is an average value which 

already accounts for this potential excess flow from the tailings cells during discrete time intervals 

(per personal communication with Mike Blois of CH2M Hill).  

As shown on Figures I-16 and I-20, a design return volume flow of 203 and 405 gpm (corresponding 

to a 500- and 1,000-tpd milling rate, respectively) will not be achievable at some time intervals over 

the design life of the tailings cell.  The excess water available from the tailings cell during wet times, 

therefore, can be used to accommodate this need during the dry times. 
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TABLE I-1 

WATER BALANCE MODEL ASSUMPTIONS 
 

Property Value Source Comment/Assumptions 
Dimensions 
for Tailings 
Cell A  

725 feet (ft) x 1,847 
ft (maximum 
dimensions) 

See Figure I-1 Designed as two cells within Tailings 
Cell A with a divider berm constructed at 
elevation 5,500 ft and with two 
independent leak detection systems 
(LDS) and tailings underdrain systems.  
Internal side slopes of 3H:1V with 
minimum base grade of one percent (%) 
and 3 ft of dry freeboard. 

Watershed 
Area for 
Tailings Cell 
A 

32.5 acres Golder design  Golder design assumptions.  The 
watershed area includes the lined area 
and the area for the access road.  

Tailings 
Disposal Rate 

1,000 tpd – ultimate; 
500 tpd – start-up 

CH2M Hill 
(2008) 

Ultimate disposal rate of 1,000 tpd 
(design mass of solids of 93,952 
pounds/hour (lb/hr)) and start-up disposal 
rate of 500 tpd (design mass of solids of 
46,976 lb/hr) 

Specific 
Gravity of 
Solids 

2.69 CH2M Hill 
(2008) 

 

Solids 
Content 

27.3% CH2M Hill 
(2008) 

 

Average In-
Place 
Tailings Dry 
Density 

95 pounds per cubic 
foot (pcf) 

Assumed   

Beach Slope 2 and 0.5 % Assumed  Compound slope with 2 % for 
approximately 500 ft in the perimeter 
sand zone and 0.5% in the slimes zone. 

Pumping 
Rate (from 
Tailings Cell 
A to mill) 

405 gallons per 
minute (gpm) – 

ultimate; 
203 gpm – start-up 

CH2M Hill 
(2008) 

Design return volume flow from Tailings 
Cell A to the mill 

Percentage of 
Tailings 
Beach that is 
wet 

20% Assumed   

Climate Data Varies See Appendix I-1 Use climate date for Uravan  
(NCDC No. 058560) 

Annual Pan 
Evaporation 

55 to 60 inches See Figure I-1-10 
of Appendix I-1 

Use pan factor of 0.7 to estimate Tailings 
Cell A evaporation 

Notes: 
1.  Tailings stream analysis for project design provided by CH2M Hill (2008). 
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TABLE I-2 

MONTHLY PRECIPITATION AND EVAPORATION VALUES 
 

Month 
Average* 

Precipitation 
(inches) 

Minimum* 
Precipitation 

(inches) 

Maximum* 
Precipitation 

(inches) 

Tailings Cell A 
Evaporation 

(inches) 
January 0.88 0 3.19 0.8 
February 0.76 0 2.05 1.2 
March 1.03 0 3.43 2.2 
April 1.01 0.03 2.68 3.3 
May 0.94 0 2.85 4.8 
June 0.48 0 1.65 5.8 
July 1.19 0.09 3.54 6.3 
August 1.36 0.18 3.32 5.4 
September 1.5 0.06 4.78 3.8 
October 1.51 0 5.89 2.5 
November 1.05 0 2.39 1.2 
December 0.88 0.03 3.55 0.7 
* Precipitation values obtained for Uravan weather station from 1961 to 2007 

 

 

TABLE I-3 

WEIBULL DISTRIBUTION PARAMETERS 
 

Month Slope Parameter 
(-) 

Mean Minus Minimum* 
(inch/month) 

January 1.49 0.78 
February 1.35 0.71 
March 1.27 0.97 
April 1.32 0.93 
May 1.13 0.89 
June 0.98 0.44 
July 1.57 1.09 
August 1.51 1.28 
September 1.28 1.39 
October 1.25 1.46 
November 1.75 0.98 
December 1.48 0.76 

*Minimum monthly precipitation was set to 0.1 inches per month for all Goldsim simulations. 
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TABLE I-4 

PROBABILISTIC TAILINGS CELL POOL VOLUMES 
 

Probability Milling 
Rate (tpd) 

Tailings Cell Pool Volume at Different Times of Operation 
(ft3) 

Year 1 Year 2 Year 5 Year 7 Year 14 
98.6th 

percentile 500  1,310,480 2,169,730 4,634,550 5,324,510 4,746,010 
99.3rd 

Percentile 1,000 2,362,260 3,089,570 7,022,990 8,375,190 * 

Median 
500 1,310,480 1,990,430 2,931,960 2,906,630 1,532,810 

1,000 2,270,090 2,676,730 6,654,030 7,314,080 * 
* The model was run for a time of operation of 7 years for a 1,000-tpd milling rate and 14 years for a  

500-tpd milling rate. 
 
 

TABLE I-5 

PROBABILISTIC CUMULATIVE EXCESS WATER VOLUMES 
AVAILABLE FROM THE TAILINGS CELL 

 

Probability 
Milling 

Rate 
(tpd) 

Probabilistic Cumulative Excess Water Volumes Available from 
the Tailings Cell at Different Times of Operation  

(ft3) 
Year 1 Year 2 Year 5 Year 7 Year 14 

98.6th 
percentile 500  996,502 1,769,230 6,119,570 

6,285,71
0 6,484,390 

99.3rd 
Percentile 1,000 1,402,530 4,844,340 7,356,380 

8,630,73
0 * 

Median 
500  517,423 878,480 3,980,010 

3,980,01
0 3,980,010 

1,000 996,089 3,755,860 3,823,780 
3,833,56

0 * 
* The model was run for a time of operation of 7 years for a 1,000-tpd milling rate and 14 years for a  

500-tpd milling rate. 
 
 

TABLE I-6 

PROBABILISTIC AVERAGE EXCESS PUMPING RATES 
 

Probability 
Millin
g Rate 
(tpd) 

Probabilistic Average Excess Pumping Rates at Different Time 
Intervals of Operation (gpm) 

Years 0-1 Years 0-2 Years 3-5 Years 6-7 Years 8-14 
98.6th percentile 500  14.2 12.6 20.6 1.2 0.4 
99.3rd Percentile 1,000 19.9 34.4 11.9 9.1 * 

Median 
500  7.4 6.3 14.7 0.0 0.0 

1,000 14.2 26.7 0.3 0.1 * 
* The model was run for a time of operation of 7 years for a 1,000-tpd milling rate and 14 years for a  

500-tpd milling rate. 
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APPENDIX I-1 
 

CLIMATIC DATA ANALYSIS 
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OBJECTWE:

Evaluate the available weather data for the Piñon Ridge site and select a data set to be used in the design of
facilities for the project.

GWEN:

Daily weather data obtained from the Western Regional Climate Center from the following locations:

- Uravan
- Nucla
- Grand Junction
- Montrose

ANALYSIS:

Site-Specific Data

Piñon Ridge site is located at 38° 15’ latitude, 1 08°45’ longitude, elevation 5,480 feet. The site rests in the middle
of a narrow valley near Monogram Mesa (see Figure 1-1-i). Due to the limitations of obtaining site specific
weather data, nearby weather stations are used to estimate or approximate the climatic conditions for the Piñon
Ridge site.

Renona1 Data

The weather data from the following weather stations are considered due to proximity to the investigated site, and
the available data inventory:

• Uravan (NCDC No. 058560)
• Nucla (NCDC No. 053807)
• Grand Junction (NCDC No. 053488)
• Grand Junction 6ESE (NCDC No. 053489)
• Montrose 1 (NCDC No. 055717)
• Montrose 2 (NCDC No. 055722)

Data for above sites were obtained from the Western Regional Climate Center. The locations of the nearby
weather stations and the Piñon Ridge site are illustrated in Figure 1-1-2. In the following section, a brief
description is presented for each weather station.

Uravan

Uravan is located at 38°22’ latitude 1 08°45’ longitude, elevation 5,010 feet, about 8.5 miles North of the Piñon
Ridge site. The difference in elevation between the sites is 470 feet. This weather station provides the following
daily weather data between the years of 1960 to 2007:
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• Precipitation
• Air temperature
• Snow cover

The average total annual precipitation is equal to 12.6 inches. The months of September and October are generally
the wettest months of the year. The maximum total annual precipitation of 21.4 in was recorded in 1965. The
driest year was 1989 with a total annual rainfall equal to 7.3 inches. The average annual temperature is equal to
53.1 °F, and the average total annual snowfall is equal to 9.4 inches. The maximum snowfall was recorded during
1978-1979 with a total 40.4 in. Table I-i-i shows the average monthly and annual data for this weather station.

Nucla

Nucla is located at 38° 13’ latitude 1 08°33’ longitude, elevation 5,860 feet, about 11 miles East of the Piñon Ridge
site. The difference in elevation between the sites is 380 feet. This weather station provides the following daily
weather data for the years 1999 to 2007:

• Air temperature
• Solar radiation
• Wind velocity
• Relative humidity
• Precipitation

The average annual temperature at the Nucla site is 53 °F. The solar radiation has been increasing during the
period of record (i.e., 1999 to 2007) from 746 langleys (ly) in 1999 to 827 ly in 2007. The maximum solar
radiation was collected during June 2007 at 828 ly. The average relative humidity (RH) for this site is equal to
42%, where the driest season corresponds to summer time (RH =31 %) . The average total annual precipitation for
this location is 9.3 inches. The wettest month is September with an average accumulated precipitation of 1.8
inches. The driest month corresponds to January with 0.3 inches of precipitation. The wettest year correspond to
2006 with a total accumulated precipitation equal to 10.4 inches. Table 1-1-2 shows the average monthly and
annual data for this weather station.

Grand Junction Airport

Grand Junction Airport is located at 39° 8’ latitude 108°32’ longitude, elevation 4,840 feet, about 62 miles North
of the Piñon Ridge site. The difference in elevation between the sites is 640 feet. This weather station provides the
following daily weather data for the years 1900 to 2007:

• Air temperature
• Precipitation
• Snow cover
• PAN evaporation
• Relative humidity
• Cloud cover
• Wind velocity
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PAN evaporation data is available only for years 1948 to 1960 for this location, with an average total annual PAN
evaporation equal to 82.4 inches. The annual average relative humidity is equal to 53.1%. An annual average of
22 inches of snowfall was recorded at Grand Junction airport, with a maximum snowfall of 6.3 inches recorded in
December of 1998. The wettest year was in 1957 with 15.7 in of total precipitation. Grand Junction airport
average annual precipitation is 8.8 in. The average cloud cover is 6%. The average annual data for Grand Junction
are summarized in Table 1-1-3.

Grand Junction 6ESE

Grand Junction 6ESE weather station is located at 39° 2’ latitude 1 08°27’ longitude, and elevation of 4,760 feet.
The weather station is located 7.8 miles south of the Grand Junction Airport weather station. This weather station
complements the data provided by the Grand Junction airport weather station. The Grand Junction 6ESE weather
station provides the following daily weather data for the years 1962 to 2007:

• Air temperature
• Precipitation
• PAN evaporation
• Snow cover

The total average annual PAN evaporation is equal to 57.9 inches. The average annual precipitation is equal to 8.9
inches. The wettest year was in 1957 with 16 inches of total precipitation. The average annual snowfall for this
station is 12.3 inches with a maximum snow fall recorded in December of 1978. Table 1-1-4 shows the average
annual data for this weather station.

Montrose

Two weather stations are used to obtain climate data for this location: one located at 38°28’ latitude 107°52’
longitude, elevation 5,786 feet and the second located at 38°29’ latitude 1 07°52’ longitude, elevation 5,785 feet.
The first weather station provides data from 1905 to 1982; the second weather station provides data from 1895 to
2007. Montrose is located 50 miles southeast from the Piñon Ridge site. These weather stations provide the
following daily weather data:

• Air temperature
• Precipitation
• Snow cover
• Average monthly PAN evaporation

The average total annual snowfall recorded at this location is 25.9 inches. With a maximum snowfall of 72 inches
recorded in 1918. Montrose records show that the average annual precipitation is 9.6 in. The maximum
precipitation was in 1941 with 17 inches of rainfall. The annual average PAN evaporation is 55.8 inches. Table I
1-5 shows the average monthly annual data for this weather station.
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Data Analysis

Precipitation Data

Figure 1-1-3 shows a comparison in total annual precipitation for years 1999 through 2007. Note that the Uravan
weather station exhibits higher average annual precipitation than the rest of the sites. Table 1 compares the
accumulated precipitation from 1999 to 2007 for all sites. Uravan weather station, which is the closest station to
the Piñon Ridge site, provides the maximum precipitation. Also, historical data shows that the Uravan weather
station provides the most critical rainfall event (year 1965). For reference purposes, Figure 1-1-4 presents the
annual precipitation as a function of station elevation for all regional stations considered in this report. Note that
there is no clear correlation between elevation and precipitation for the considered weather stations. Figure 1-1-5
shows the monthly precipitation for the driest and wettest years for the Uravan weather station. A comparison of
monthly precipitation between Uravan and Grand Junction airport weather stations for the years 1965 (wettest
year) and 1989 (driest year), show that these sites present different precipitation events (Figure 1-1-6 and Figure I-
1-7).

Table 1. General statistics for selected weather stations.

AccumulatedDifference in Distance to Average AverageElevation
Elevation Piñon Ridge Preciitation Max. Temp Mm. Temp

(ft)1 (miles)
from 1999-2007 (°F) (°F)

Uravan 5010 -470 8.5 100 69 37
Nucla 5860 380 11 74 68 39
Grand Junction 4840 -640 62 81 67 41
Montrose 5786 306 49.5 87 63 35
‘Compared to Piñon Ridge site, EL. 5,480 ft

Temperature Data

A comparison between different weather stations is shown is Figure 1-1 -8. Correlation between elevation and
temperature is shown in Figure 1-1-9. A summary of temperature data is presented in Table 1.

Evaporation/Evapotranspiration data

Due to the limitation of weather data, the potential evapotranspiration (PET) for the Uravan weather station was
calculated using the Hargreaves (1985) method as discussed by Allen et al. (1998). The estimated PET was then
scaled by a factor of 0.7, to meet the average annual evaporation from shallow lakes for the Piñon Ridge site
(Figure 1-1-10). Figure 1-1-11 shows a comparison between PAN evaporation and analytical PET estimates for
different sites. Table 2 summarizes the scaled monthly PET for the Uravan weather station.



Wind data

Table 2. Scaled Average monthly PET evaporation for the Uravan weather station

Avg. PET
(in)

Table 1-1-6 shows the maximum annual wind speed for various years for the Grand Junction airport and Nucla
weather stations. The maximum wind speed was recorded in Grand Junction weather station at 23.4 miles per
hour (mph) in the year 2007. The average wind speed for this weather station is 7.8 mph. The prevalent wind
direction is ESE for Grand Junction, SE for Montrose and E for the Nucla station.

CONCLUSIONS:

A review of available climate records for nearby weather stations indicates that Uravan weather station is likely to
represent conservative precipitation estimates for the Piñon Ridge site.

REFERENCES:

Western Regional Climate Center online data source: http://www.raws.dri.edulcgi-binlrawMAlN.pl?coCNUC

Kleinfelder (2007). “Climatological Report, Piñon Ridge Mill Site Montrose County, Colorado.” Kleinfelder
project no. 83088

Allen, R. G., Pereira, L. S., Raes, D., and Smith, M. (1998). “Crop evapotranspiration - Guidelines for
computing crop water requirements.” Irrigation and drainage paper 56, FAQ, Rome.
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APPENDIX J 

TAILINGS DEPOSITION MODELING 

Tailings deposition within Tailings Cell A was modeled using Golder’s proprietary software 

GoldTail.  This software performs geometrical calculations inside of the tailings cells to determine the 

final configuration of the cell surface affected by the tailings discharge.  The purpose of the tailings 

deposition modeling is to provide mill operations personnel with a method for tailings discharge 

which enhances design of the tailings cells by providing protection to the constructed underdrain 

system from potential slimes clogging, as well as provides initial buttressing to the geomembrane 

liner system.   

DEPOSITIONAL PHASES 

Tailings deposition was modeled within Tailings Cell A in the following five simplified phases: 

• Phase 1 – Deposition commences within sub-cell A1 (or A2) in the vicinity of the underdrain 

sump to provide approximately 10 feet of tailings deposition over the sump area.  This phase 

of deposition provides coarse-grained underflow tailings over the underdrain sump to 

enhance effectiveness of the tailings underdrain system; 

• Phase 2 – Continued deposition within the remainder of the first sub-cell to push the pond 

toward the sump area; 

• Phase 3 – This phase was modeled with deposition commencing within the other sub-cell in 

the vicinity of the underdrain sump, again providing approximately 10 feet of coarse-grained 

underflow tailings over the underdrain sump area.  (Note:  During actual operations, Golder 

recommends reversing the order of the modeled Phases 2 and 3 in order to buttress the 

geomembrane liner system within both sub-cells at the on-set of operations, prior to 

completely filling the first sub-cell); 

• Phase 4 – Continued deposition within the remainder of the second sub-cell to push the pond 

toward the sump area; and 
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• Phase 5 – Once both sub-cells are filled, tailings deposition will proceed along the perimeter 

of the entire tailings cell in stages (as dictated by tailings operations), until the tailings cell is 

full (with 3 feet of freeboard provided at the perimeter of the cell). 

The perimeter discharge of Phase 5 will leave a depression in the center of the cell resulting from the 

tailings beach slopes and perimeter discharge arrangement.   Although not modeled, a sixth and final 

phase of deposition would involve extending the tailings discharge pipes to the center of the cell to 

more efficiently use the available tailings storage space, and develop grades which support closure 

cover construction.  

DEPOSITIONAL GEOMETRY 

Three basic elements are considered in the tailings deposition simulation: (1) base surface (topography) 

which corresponds to the topographic base of the tailings cell; (2) limiting planes, which define the 

surroundings in which the tailings are deposited; and (3) the discharge cone, which represents the 

behavior of deposited tailings from a single discharge (Barrientos & Barrera, 2008; Golder Associates 

S.A., 2008).  

GoldTail assumes that the deposited tailings can be represented by a cone, where the cone’s vertex 

represents the discharge location, and the adopted tailings depositional slopes are used to develop the 

cone’s geometry. The primary variables governing the behavior of the tailings deposition are: tailings 

depositional slopes; volume and location of the decant pond;, tailings solids concentration (by weight); 

tailings gradation or particle size; mass distribution of tailings by discharge point; solids specific gravity; 

tailings production; and tailings depositional dry density (Barrientos et al. 2008). Figure J-1 shows the 

basic representative variables governing the behavior of the tailings deposition used by the computer 

code GoldTail.   

Considering the tailings physical characteristics the following angles for the tailings slopes were 

adopted: 

id   = Slope at the discharge point = 5 % 
i1 = Slope of the tailings beach = 2% 
i2 = Pool side slope, below water = 10% 
i3 = Slope at base of pool = 0.5% 
h = Depth of pool = 10 feet 



October 2008 J-3 073-81694.0003 
 

i:\07\81694\0400\tailingcelldesign-fnl-06oct08\appendices\app j\app j.docx Golder Associates 

Note that these variables should be considered only as first estimates. Actual discharge tailings slopes 

and pond volume data will provide more accurate simulation results. 

Figure J-2 illustrates the geometry of Tailings Cell A prior to deposition.  As discussed previously, 

five phases which represent the end of each general tailings deposition stage were considered: 

• Phase 1 - Four (4) discharge points in cell A1 were considered (discharge points 1, 2, 3, and 

4; see Figure J-3). ; The location of the discharge points were specified in order to produce an 

approximate tailings deposition cover of 10 feet over the underdrain sump;  

 

• Phase 2 - Eight (8) discharge points (discharge points 5 through 12; see Figure J-4) located at 

the mid-height bench of cell A1 with two feet freeboard were considered for this phase;  

 

• Phase 3 - Similar to Phase 1, four (4) discharge points and two feet freeboard were considered 

in cell A2 (discharge points 13 through 16; see Figure J-5), where the location of the points 

were specified in order to produce an approximate tailings deposition cover of 10 feet over 

the underdrain sump; 

 

• Phase 4 - Like Phase 2, eight (8) discharge points and two feet freeboard were considered in 

cell A2 (discharge points 17 through 24; see Figure J-6); 

 

• Phase 5 - Twenty–four (24) discharge points located along the perimeter of the tailings cell 

(discharge points 25 through 48; see Figure J-7) and three feet of freeboard were considered 

for this ultimate depositional phase. 

For Phases 1 through 4 above, a pool volume equal to 847,655 ft3 was assumed in order to 

provide a minimum water head of 10 feet for pump operations. 

Results of the GoldTail depositional modeling simulation, where the sequence of the tailings 

deposition can be appreciated, are illustrated in Figures J-2 through J-7. A perspective view of 

Tailing Cell A at the end of each phase is shown in Figure J-8. Table J-1 summarizes the 

discharge volumes at each discharge point for the various phases. 
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APPENDIX K 

SITE-WIDE MASS BALANCE 

This appendix presents the results of a site-wide mass balance evaluation conducted for construction 

of the proposed Piñon Ridge Project facilities.  The mass balance considered construction for 

operations, as well as eventual closure of the project, which includes construction of the tailings cell 

closure covers.   

 

INTRODUCTION 

The site-wide material balance considered grading (i.e., cut and fill) materials for construction of all 

major facilities for the Piñon Ridge Project.  These facilities included: 

 

• Mill area construction; 

• Construction of Tailings Cells A through C (constructed in three phases); 

• Construction of the evaporation ponds (constructed in two phases); 

• Construction of the ore pads and associated dumping platform; 

• Site drainage construction, including the east and west stormwater ponds; 

• Roadway construction; and 

• Tailings cell closure cover construction. 

 

Only native soil materials were considered in the mass balance, i.e., roadbase, rockfill, and other 

imported materials were not considered.   

 

ASSUMPTIONS 

The top three inches of all cut areas were considered to be topsoil.  Topsoil material may be used for 

ET cover material (at the discretion of Kleinfelder), but this material volume was not considered as 

usable fill in the material balance.  The total volume of topsoil materials requiring stockpiling is 

103,440 cubic yards based on 95 percent compaction during stockpile construction. 

 

Based on laboratory test results, the in-situ soil density was assumed to be 100 pounds per cubic foot 

(pcf).  Likewise, the compacted fill density for all materials except the interim closure cover was 
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assumed to be 112 pcf based on compaction to 95 percent of the standard Proctor maximum dry 

density (ASTM D 698).  Interim closure cover was assumed to be compacted to 85 percent of the 

standard Proctor maximum dry density, corresponding to 100 pcf. 

 
METHOD 

In general, calculations involved adjusting all cut/fill volumes to their equivalent volumes at a density 

of 112 pcf.  With only a few exceptions, this reduced all cut volumes and did not affect fill volumes.  

Once all volume quantities had a common basis, the resulting cut or fill surplus for each major 

structure was included in the site-wide mass balance. 

 

An iterative approach was used to balance the cuts and fills associated with major structures and 

grading across the site.  For instance, a previous iteration of the site-wide mass balance indicated a 

soil deficiency when considering construction for operations through closure of the project.  As a 

result of this material deficiency, the tailings cell grading plan was modified, which included 

lowering of the tailings cells to generate additional cut materials for future use in the closure cover.   

 

The bedrock generally slopes up to the north, so Tailings Cell A is the deepest (designed almost 

entirely in cut), followed by Tailings Cells B and C. 

 
RESULTS 

The final tailings cell configurations effectively balance the cut and fill quantities required for 

construction of the major facilities for the Piñon Ridge Project through closure of the tailings cells.  

The calculation presented in Appendix K-1 estimates that 50,000 cubic yards of excess material will 

remain available (i.e., requiring stockpiling) after closure.  It should be noted, however, that an 

additional approximately 200,000 cubic yards of material will be available if the mill area (including 

ore pads) is regraded to the original topography. A flow diagram for site construction is provided as 

Figure K-1.  The size of the soil stockpile (excluding waste materials) reaches a maximum volume of 

approximately 1.6 million cubic yards (based on a density of 112 pcf) after construction of Tailings 

Cell B.  The topsoil stockpile reaches a maximum size of 100,000 cubic yards after construction of 

Tailings Cell C. 
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