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Executive Summary  

This report describes the conceptual design of future raises to closure of the tailings main dam at Red Dog 
Mine that was completed by URS Corporation for Teck Cominco Alaska Inc. (TCAK). The conceptual 
design is in support of a mine closure plan that is being developed by TCAK and SRK Consulting Inc. on 
the basis of mine operations to the year 2031 (SRK, 2007). 

The dam is a 182-foot high rock fill embankment that was raised in stages by downstream construction to 
the current Stage VII-B configuration of crest at elevation 960 feet (El. 960). Maximum permitted tailings 
and water levels at El. 955 allow for a freeboard of at least 5 feet. For the conceptual design of the future 
raises, the maximum tailings and water levels are projected to be at El. 975 and El. 980.2, respectively.  

The dam contains internal seepage and drainage control systems. The primary seepage control is a liner 
system on the upstream part of the dam from competent rock to the dam crest. Its key element is a high 
density polyethylene (HDPE) geomembrane. The drainage control system consists of a toe drain along the 
upstream toe of the dam under the liner and a rock underdrain along the former creek channel alignment.  

The conceptual design of the future raises to closure assumes the conservative scenario of a water cover 
over the entire tailings impoundment. The water cover will require permanent maintenance of a minimum 
of two feet of water over the tailings, and active on site care, including a water treatment plant. At El. 
986, the tailings impoundment is estimated to cover an area of approximately 725 acres.  

The future raises to closure require raising the embankment by 26 feet from the Stage VII-B crest of El. 
960 to a final crest at El. 986 and ultimate maximum dam height of 208 feet, extending the dam out as a 
wing wall either south or southeast of the east abutment where the ground flattens out, and constructing a 
permanent spillway around the west abutment hillside with a spillway crest at El. 984.5.  

The final dam crest at El. 986 and spillway crest at El. 984.5 may change as the closure plan is being 
developed for the tailings impoundment, as tailings production and storage area projections are updated, 
and as the disposition of various impacted waters are finalized. However, any crest level changes will 
have minimal impact to the conceptual designs described in this report.    

The conceptual design assumes that the dam will have three raises (Stages VIII, IX and X) of heights 10, 
10 and 6 feet, respectively. The raises will increase the crests to El. 970, 980 and 986 feet, and maximum 
height to 192, 202 and 208 feet, respectively. The raises will be built by downstream construction. The 
Stage X downstream toe is projected to terminate near the upstream end of the seepage collection pond.  
 
The final dam will include the embankment and a wing wall out from the right abutment. The wall will be 
built in the same way as the embankment so that they will comprise one dam with continuous seepage and 
drainage control systems, and a bend at the embankment to wall connection. There are several possible 
bend and wing wall alignments and configurations that will be resolved in the final designs.  
 
The main embankment raises and most of the wing wall will have upstream slopes of 2.5 horizontal to 1.0 
vertical (2.5:1) and downstream slopes of 3:1. The upstream slopes will be the same as the upstream 
slopes of the previous raises. The downstream slopes will the same as the Stage VII-B downstream slope.  
The embankment to wall bend slopes may need to be steeper because of space constraints.    
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The emergency spillway includes a channel around the left abutment. The tailings impoundment at 
closure will contain all inflows up to the spillway crest at El. 984.5 in order to maintain a zero-discharge 
operation. In the improbable event that the impounded water exceeds El. 984.5, the spillway is sized to 
route the probable maximum flood (PMF) through its channel to a maximum water level of El. 985.6.  

The long-term integrity and longevity of the dam depends on the durability of the embankment rockfill, 
liner and drainage systems, and spillway. Some components of these systems were found to have an 
indefinite or undefined life expectancy. The life expectancies of the major elements are as follows:    

Life Expectancy (years) Dam Element 
Minimum Maximum 

Rockfill Indefinite 

HDPE Geomembrane 500 1600 
Geotextile 220 465 
Dam Drainage System Indefinite 

Underdrain 16,500 160,000 
Dam Riser Pipe Indefinite 

The rockfill durability and ability to handle movement caused by thaw consolidation and seismic-induced 
foundation and seismic deformation is critical to long-term dam stability. The rockfill is inert rock from 
the DD-2 quarry and the Main Pit, is durable and not reactive, and will remain intact for centuries. Thaw 
consolidation of the foundation has mostly occurred, and any further thaw will have minimal impact.         

A seismic deformation was estimated corresponding to an earthquake of maximum magnitude that has a 
likelihood of occurring once in 2,475-years. The deformation analysis estimated a maximum horizontal 
displacement of 21 inches at the crest and maximum shear strain in the dam of up to 0.2 percent. These 
levels of earthquake-induced displacement and shear strain are tolerable under such an extreme event.  

The geomembrane is the key element of the liner system for seepage control. To prevent brittle cracking 
during cold weather, it is estimated that geomembrane sheets (23 feet by 300 feet) need to have 3.6 and 
46.2 inches of slack on the short and long sides, respectively. It was found that the geomembrane could 
safely accommodate gradual deformations and abrupt deformation induced by the design earthquake.   

A drainage system analysis showed that piping will not occur. A liner system analysis showed that the 
filter soil does not satisfy the “no erosion” criteria, so that if the liner lost its effectiveness, the tailings 
will erode and not seal the filter soil. However, the low hydraulic gradient in the dam will reduce the 
potential for internal erosion, and any erosion that could occur will only be in the liner system.  

It was estimated that it would take 16,500 to 160,000 years for the underdrain to become plugged as a 
result of secondary mineral precipitation from tailings water draining through it. Additional analyses of 
the long-term geochemical changes are required to increase the confidence of the predicted times. 

The same soil, rock and geosynthetic materials were used in the dam during all stages of construction, and 
were assumed for the future raises. However, the final design of each raise should investigate if other 
materials are more appropriate. This should especially apply to geosynthetics where technology has 
advanced significantly and new products may better serve the long term needs of the future raises.  

The conceptual design shows that the dam can be constructed and operated safely during the remaining 
mining operations to at least 2031, that long-term dam stability and seepage controls can be maintained in 
perpetuity after closure, and that post closure operational and maintenance requirements can be achieved.    
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1.0 INTRODUCTION 

The tailings main dam at Red Dog Mine is a 182-foot high rock fill embankment that was raised in stages 
to the current Stage VII-B level. The mine operator, Teck Cominco Alaska, Inc. (TCAK), and SRK 
Consulting Inc. are developing a mine closure plan that is based on operations to the year 2031. This will 
require raising the dam 26 feet from the current crest at elevation 960 feet (El. 960) to a crest at El. 986.   

In order to provide technical input to the closure plan for the tailings facility, TCAK retained URS 
Corporation to complete a conceptual design of the tailings main dam at closure. The conceptual design 
of the dam at closure assumes three raises (Stages VIII, IX and X) of heights 10, 10 and 6 feet to crests at 
El. 970, 980 and 986, respectively. At closure the dam will be at the maximum dam height of 208 feet.  

In order to develop the conceptual design, URS completed a geotechnical investigation for the Stage 
VII-B and closure configurations, a historical review of the dam, a seepage analysis for Stage VII-B and 
the future raises, and a stability analysis for the future raises. These investigations and analyses are 
summarized in separate reports (URS 2006b, 2007a, 2007b and 2007c).  

The conceptual design work also fulfils a State of Alaska Department of Natural Resources (ADNR) 
request that was provided in a letter to TCAK titled “Multiple Accounts Analysis for Red Dog Tailings 
Disposal”, dated June 2, 2005 (ANDR 2005b). ADNR requested the following: 

“a conceptual design of the Red Dog Tailings Dam and the Red Dog Back Dam to the ultimate and 
final configuration, with a detailed engineering evaluation of the expected performance of the dams 
and tailings storage facility in the next raise and in subsequent raises up to the ultimate height, and 
in the final, closed configuration.” 

This URS report presents the conceptual design of the future raises to closure, along with conceptual 
design level drawings, and refers to the geotechnical, history, seepage and stability reports. The 
conceptual design, investigation and analysis work was all performed under TCAK Purchase Order No. 
1257477 of Contract No. RD-02-06, dated July 25, 2004, and Change Orders Nos. 002 to 006. 

2.0 PURPOSE AND SCOPE  

2.1 PURPOSE 

The purpose of the conceptual design of the tailings main dam future raises to closure is to demonstrate 
that the tailings main dam can be constructed and operated safely during mining operations to the year 
2031, that long-term dam stability and seepage controls will be maintained after closure, and that post 
closure design operations and maintenance requirements can be achieved.   

As part of a corporate risk assessment of the mine property, TCAK retained BGC Engineering Inc. in 
2000 to audit the tailings facility to identify potential risks during current and closure dam configurations 
and operations. BGC (2001) identified potential risks, described the practices of the time, suggested 
improvements, and raised the following concerns regarding closure of the tailings impoundment and dam:  
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• Potential impact of acid rock generation (ARD) from the tailings and waste rock 
• Integration of closure plans for the tailings impoundment with the rest of the mine property 
• New seismic design criteria for closure if the area is found to be more seismically active 
• Feasibility of crowning the tailings and applying other methods of tailings deposition 
• HDPE geomembrane long-term performance and compatibility with acidic water. 

URS reviewed the audit report and provided comments in a technical memorandum (URS 2004) that is in 
Appendix A. Meanwhile, the BGC concerns are resolved as part of the mine closure plan being developed 
by SRK (2006) and the conceptual design of the future raises to closure. The closure plan and conceptual 
design specifically addresses the following concerns: 

• ARD impacts from the tailings and mine waste rock 

• Integrated closure of the mine property including the tailings impoundment 

• Sub-aerial and paste tailings disposal and wet and dry soil cover options 

• Appropriate and updated seismic criteria for closure 

• Stable tailings dam configuration with a flooded impoundment 

• HDPE geomembrane long-term performance   

• HDPE compatibility with dissolved ions, metals and tailings water.   

Considering the purpose of the conceptual design of the tailings main dam future raises to closure, and the 
risks and concerns that were identified, the following conceptual closure design objectives were pursued:   

• Demonstrate that the currently projected volume of tailings to closure can be safely stored in the 
existing tailings impoundment location 

• Delineate the aerial coverage of the tailings impoundment at closure and access requirements for 
any new perimeter dams and relocation of existing facilities that may be required 

• Establish the maximum crest elevations of the tailings main dam and construction methods, 
alignments, slopes, footprints and fill volumes of the future raises 

• Analyze the stability of the tailings main dam under static and seismic conditions and determine 
the optimum downstream slope necessary to achieve long-term post-closure stability 

• Estimate the seepage out of the tailings impoundment through and under the tailings main dam at 
closure by modeling the current seepage using the measured seepage pumpback data 

• Assess the ability of the tailings impoundment at closure to safely route the inflow design flood 
(IDF) which is the probable maximum flood (PMF) 

• Demonstrate long-term post-closure performance of the tailings main dam components such as 
the rockfill embankment, liner system, drainage system and emergency spillway. 

2.2 SCOPE 

The objective of the initial scope of work was to develop a conceptual design without detailed analyses. 
The scope of work was developed during discussions between Ms. Kathleen Willman of TCAK, and 
Messrs. Cecil Urlich and Charles Masala of URS, and included two phases: 
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• Phase 1 - Concept Development. The conceptual development work included reviewing relevant 
information, delineating the impoundment area, identifying any new perimeter dams and facility 
relocations that would be needed, developing a preliminary geometry of the tailings main dam 
and balancing the objective of an emergency spillway with a goal of zero discharge.   

• Phase 2 - Conceptual Design.  The conceptual design work of the tailings main dam future 
raises to closure included the completion of two-dimensional (2D) seepage analyses, conceptual-
level stability analyses, closure planning reviews and coordination with TCAK and SRK, 
technical memoranda of conceptual design findings, and conceptual design drawings.   

As a result of the Multiple Accounts Analysis (2005b), the URS scope was expanded by means of 
consultations between Messrs. Gary Coulter, Jim Kulas and George Thornton of TCAK, Daryl Hockley 
and Cameron Scott of SRK, and Cecil Urlich and Sri Rajah of URS. The expanded work included a 
geotechnical investigation under a separate Stage VII design contract, and new phases of closure work:  

• Phase 3 – Ongoing Analyses and Reporting. The ongoing analyses and reporting included a 3D 
seepage modeling and analyses using historic tailings disposal and pumpback data, stability 
analyses using new geotechnical findings and seismic criteria, conceptual design updates for the 
main dam and spillway, and draft specifications and construction quality assurance (CQA) plan. 

• Phase 4 – Future Anticipated New Activities. Future anticipated new activities included a 
Closure Plan Feedback and Evaluation Workshop held in Anchorage on April 3 to 7, 2006, 
Failure Modes and Effects Analysis (FMEA) workshop to be held, back dam design peer review, 
and tailings impoundment closure plan review. 

As a result of comments and concerns expressed by State regulators, NANA, and community 
representatives during the Closure Plan Feedback and Evaluation Workshop, the URS scope was 
expanded by means of consultations between Messrs. Coulter, Kulas, Thornton, Hockley, Scott and 
Urlich, to include more detailed evaluations of specific long-term embankment integrity items as follows: 

• Phase 5 – Tasks Added After Workshop. Tailings main dam long-term integrity items included 
evaluations of the impacts of a design earthquake on embankment deformation and liner integrity, 
durability and longevity of the geomembrane part of the liner system, and the potential of 
plugging of the drainage system as a result of tailings piping and chemical precipitation.    

During the Stage VII-B construction in 2006 and 2007, significant experience was obtained as a result of 
challenges and impediments that were encountered during the excavation and dewatering of the cutoff 
wall and curtain wall trenches, and in efforts to maintain the stability of the side slopes and work benches. 
This experience was used to improve the conceptual design of the wing wall as follows:  

• Phase 6 – Use of Stage VII-B Experience. Considerations were given to alternate types of dam 
construction and configuration at the embankment to wing wall transition (bend) because of the 
nearby zinc thickener and freshwater tank, and to several wing wall alignments because of deep 
zones of fractured rock and a preference to minimize operations impacts to the mine haul road.     

This conceptual design of the tailings main dam future raises to closure report has 25 conceptual design 
drawings appended.  Drawing TDC-1 contains a drawing index, vicinity map and general notes. Drawing 
TDC-2 lists reference drawings and documents, and contains a legend and abbreviations. Drawings TDC-
3 to TDC-25 show the conceptual design and are referenced in the text.   
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3.0 HISTORIC REVIEW AND FUTURE PLANS 

3.1 DAM DESCRIPTION 

The tailings main dam is a 182-foot-high rock fill embankment on an approximately west-east 
alignment across the South Fork of Red Dog Creek. It was built and raised in seven stages (Stages I to 
VII), with Stage VII built in two sequences (Stages VII-A and VII-B). The dam was raised by 
downstream construction to the current Stage VII-B crest at an elevation of 960 feet (El. 960) as shown in 
Table 3-1. 

Table 3-1 – Tailings Main Dam Existing Configuration  

Dam Stage 
Year of 

Construction 
Raise Height 

(ft) 
Dam Crest El 

(ft) 
Toe El 1 

(ft) 
Max. Dam 

Height 2 (ft) 
Crest Width 

(ft) 
Crest Length 

(ft) 

Stage I (Starter Dam) 1988 - 865 790 75 42 1088 

Stage II 1989 25 890 788 102 42 1352 

Stage III 1990 20 910 786 124 42 1776 

Stage IV 1991 15 925 784 141 42 1917 

Stage V 1993 15 940 782 158 42 2175 

Stage VI 1993 10 950 778 172 52 2427 

Stage VII-A 2003/2004 5 955 778 177 52 2550 

Stage VII-B 2005 to 2007 5 960 778 182 52 3457 
Notes:  1 Lowest elevation of the natural creek bed on the upstream or downstream toe of the dam. 
 2 Dam height is the maximum vertical distance from the natural bed of the creek at the downstream toe. 
 3Stage VII-B crest length includes the main dam crest (2640 ft) plus the wing wall crest length (817 ft).  

The dam contains internal seepage and drainage controls. The primary seepage control is a liner system 
on the upstream part of the dam from competent rock to the dam crest. The key element of the liner is a 
high density polyethylene (HDPE) geomembrane that is cemented into a cutoff wall under the upstream 
toe of the dam. The drainage control system consists of a toe drain along the upstream toe of the dam 
under the liner and a rock underdrain along the former creek channel.  

Stages I to VII-A of the dam consist of an embankment across the South Fork of Red Dog Creek. Stage 
VII-B consists of a raise to the embankment and an extension southeast of the right abutment. As a result, 
the crest length increased significantly from Stage VII-A (2550 feet) to Stage VII-B (3457 feet). The 
extension is referred to as a wing wall that will be built along with the future raises to closure.  The Stage 
VII-B part of the wing wall is the seepage cutoff component that is referred to as a curtain wall.  

The tailings main dam embankment and wing wall consist of the following main components:   

• A rockfill embankment across the South Fork of Red Dog Creek 
• A rock under-drain from the Stage II downstream toe to the seepage collection pond 
• A liner system containing a high-density polyethylene (HDPE) geomembrane   
• A HDPE-lined cutoff trench below the upstream toe of the dam  
• A HDPE-lined cutoff wall filled with grout and extending below the cutoff trench 



 

G:\Red Dog Mine\Mine Closure & Reclamation\Tailings Main Dam\Conceptual Design Report\Report Final\TD Concept Closure Design Rpt.doc 

 5

• A rockfill buttress and stability berm on the upstream face to protect the HDPE liner 
• A pipeline utilidor for tailings discharge, seepage return and mine water discharge 
• A pipe bench on the upstream dam face that supports the tailings discharge pipeline 
• A curtain wall extending southeast from the right abutment of the embankment 
• Proprietary interlocking “GSE CurtainWall” panels along the curtain wall 
• Control density fill embedment along the bottom of the curtain wall panels 
• Piezometer and thermistor instrumentation in and around the dam and wing wall. 

The upstream slope of the embankment is 2.5 horizontal to 1.0 vertical (2.5:1). The downstream slopes 
were 2:1 for Stage I, 4:1 for Stages II to VI and the lower parts of Stages VII-A and VII-B, and 3:1 for the 
upper parts of Stages VII-A and VII-B. The Stage VII-A and B downstream slopes are steeper than the 
previous downstream slopes. The crest width of all raises was 52 feet, which is the present crest width.    

Descriptions of the tailings main dam site, design and construction history, material types, primary 
seepage control system, secondary seepage control system, and instrumentation are provided in the Stage 
VII-A construction report (URS 2004a), Stage VII-B construction and as-built record drawings (URS 
2005b and 2007e, respectively), geotechnical report (URS 2006) and dam history report (URS 2007a). 

Concurrent with the conceptual design development, URS completed seepage and stability analyses of the 
tailings main dam Stage VII-B configuration and the future raises to closure that are described in separate 
reports (URS 2007b and 2007c, respectively).   

3.2 HAZARD CLASSIFICATION 

The dam is under the jurisdiction of the Alaska Dam Safety Program (ADSP), is in the National Inventory 
of Dams as ID# AK 00201, and is classified as a Class II (significant) hazard dam in accordance with 
Title 11 of Alaska Administrative Code 93.157. There are three classifications for dams based on 
potential impacts of failure and improper operation of the dam:  

• Class I (high) 
• Class II (significant) 
• Class III (low) 

These classifications set the standard for design, construction and operation of a dam, and requirements 
for inspections and emergency planning. The Class II hazard potential is assigned to a dam if is 
determined that failure or improper operation of the dam will result in the following: 

(a)  a significant danger to public health; 

(b) the probable loss of or probable significant damage to homes, occupied structures, commercial 
property, high-value property, major highways, primary roads, railroads, or public utilities, other 
than property losses or damage limited to the owner of the barrier; 

(c) other probable significant losses or damage, other than  property losses or damage limited to 
the owner of the barrier; 

(d) probable loss of or significant damage to waters identified under 11 AAC 195.010(a) as 
important for the spawning, rearing, or migration of anadromous fish.  
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The dam is classified as Class II because Ikalukrok Creek and the lower part of Red Dog Creek, which are 
downstream of the dam and below a fish weir, are listed by the Alaska Department of Fish and Game as 
anadromous streams. It was considered that these creeks would be subject to probable loss of, or 
significant damage to, waters identified under 11 AAC 195.010 (a) as important for the spawning, 
rearing, or migration of anadromous fish.  

3.3 TAILINGS IMPOUNDMENT  

Section 13.2.2 of ADNR (2005a) describes the following perspective on tailings dams and 
impoundments:  

“Dams at tailings storage facilities are unique because the service life of the dam is 
infinite, generally speaking. When the reservoir is full of tailings and the facility is 
closed, the dam must remain in place and continue to retain the substance for an 
indefinite period of time while withstanding the effects of surface runoff and groundwater 
as the system is transformed from an active, operational condition to an inactive, closed 
condition”.   

In order to prudently address this perspective, three closure approaches are commonly considered in order 
to meet tailings impoundment post-closure design requirements:   

• Walk away – A walk away solution is one in which no additional monitoring or maintenance 
activities are required after tailings facility is closed. 

• Passive care – Passive care is achieved when there is a minimal on-going need for occasional 
monitoring and infrequent minor maintenance.  

• Active care – Active care requires an annual on-going need for operation, maintenance and 
monitoring of the facility, including a water treatment system.   

For the Red Dog tailings impoundment, the following four options were considered for closure and 
reclamation and they all fall under active care (SRK 2006):   

• Water Cover – A water cover would maintain a year-round pool over the tailings that would 
restrict oxidation of the sulfide minerals in the tailings, and thereby minimize acid generation and 
contaminant release. The pond would also minimize the potential for fugitive dust to be released, 
and provide a storage location for contaminated water from the rest of the site.   

• Clean Pond Water Cover – A clean pond water cover would also maintain a permanent pool 
over the tailings to restrict oxidation and acid generation.  In this case, however, contaminated 
water would be diverted to an alternative storage location, most likely the Aqqaluk Pit.   

• Dry Soil Cover – A dry soil cover would maintain a layer of soil or rock over the tailings, and 
divert or channel inflows to ensure that the water table does not rise into the cover material.   

• Wet Soil Cover – A wet soil cover would create a layer of water-saturated soil or rock over the 
tailings that would be a barrier to oxygen and would prevent oxidation and acid generation in the 
tailings.   

These four options assume that future tailings will be discharged and stored in the impoundment in the 
current manner, and therefore will require raises of the tailings main dam. The assumed closure design 
option in this report is “Water Cover” which was selected by TCAK on the basis of feedback from local 
communities, NANA, State Representatives, and Non-Governmental Agencies.   
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The water cover option is considered to be conservative because it will result in the most water storage in 
the tailings impoundment, the highest tailings main dam and back dam structures, the greatest potential 
for seepage out of the impoundment, and the highest potential for dam instability. The option is an active 
care closure approach because it will require the continued presence of a water treatment plant. 

For the conceptual design of the future raises to closure, the maximum tailings and water levels are 
projected to be at El. 975 and El. 980.2, respectively. These are described in Section 4.1.1 and in 
Appendix B. Figures 3-1 and 3-2 show a conceptual level plan view for the closure configuration of the 
tailings impoundment 

3.4 FUTURE DAM RAISES TO CLOSURE 

The conceptual design of the tailings main dam future raises to closure consists of raising the dam by 26 
feet from the current Stage VII-B crest at El. 960 to the closure crest at El. 986, by completing the 
following construction: 

• Widen the embankment downstream to provide a footprint for the raises 
• Raise the embankment to a final crest elevation of El. 986 
• Extend the wing wall out from the east abutment to a final crest at El. 986 
• Construct an open channel spillway along the hillside around the west abutment. 

For purposes of the conceptual design, it is assumed that the 26 feet of future raises from the current Stage 
VII-B crest at El. 960 to the closure crest at El. 986 will be built in three stages as follows: 

• Stage VIII:  Ten feet high from crest El. 960 to 970; 
• Stage IX: Ten feet high from crest El. 970 to 980, and 
• Stage X: Six feet high from crest El. 980 to 986.  

The dimensions these future raises to closure, as assumed for the purposes of this conceptual design 
report, are shown on Table 3-2. The crest length includes the main embankment and wing wall. 

Table 3-2 – Tailings Main Dam Future Configuration  

Dam Stage 
Raise Height 

(ft) 
Dam Crest El 

(ft) 
Toe El 1 

(ft) 
Max. Dam 

Height 2 (ft) 
Crest Width 

(ft) 
Crest Length 
Range (ft) 3,4 

Stage VIII 10 970 778 192 52 3535 to 5085 

Stage IX 10 980 778 202 52 3785 to 5450 

Stage X 6 986 778 208 52 3890 to 6015 
Notes:  1 Lowest elevation of the natural creek bed on the upstream or downstream toe of the dam. 
 2 Dam height is the maximum vertical distance from the natural bed of the creek at the downstream toe. 
 3 Stage VIII to X crest length includes the main embankment crest length plus the wing wall crest length. 
 4 The range of crest lengths depends on the wing wall alignment option that is selected.     
 
It should be noted that these raise heights were selected for the purpose of the conceptual design and do 
not reflect a final mine plan for the raises. However, a variation of the number of stages and their heights 
will not impact the stability and performance of the dam as presented in this conceptual design report.    
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3.5 TAILINGS MANAGEMENT FOR CLOSURE 

Recognizing the benefits of a wider tailings beach to reduce the seepage rate and to lower the phreatic 
surface in the tailings main dam, the concept of a coffer dam in the tailings impoundment will continue to 
provide a tailings beach along the entire crest length of the dam for the future raises to closure.  

A coffer dam will be built over the tailings and the space between the main dam and coffer dam will be 
filled with tailings to form a tailings beach. The benefits of a wider tailings beach will be balanced with 
other considerations to select optimal beach widths and coffer dam alignments for closure.  

It may be necessary to have a wider tailings beach alongside and upstream of the embankment to wing 
wall connection bend if the upstream and downstream slopes along of the bend are designed to be steeper 
than the slopes of the main embankment and wing wall.  

4.0 CONCEPTUAL CLOSURE DESIGN  

4.1 TAILINGS FACILITY  

The design and construction history of the tailings main dam are described in the dam history report (URS 
2007a), along with the components of the dam. Drawing TDC-3 shows the existing elements of the dam 
in plan and profile view to Stage VII-B. This section describes the conceptual design of the tailings main 
dam future raises to closure.   

4.1.1 Maximum Impoundment Level 

The tailings impoundment is operated as a “zero discharge” facility and it is planned to maintain this 
condition after closure. In order to maintain “zero discharge”, the maximum tailings surface level will 
include the components shown in Table 4-1. The estimated values of these components and the 
methodology of selecting the values are described in Appendix B, and summarized in Table 4-1.  

The tailings impoundment will have a permanent water cover of two feet at El. 977. During the autumn to 
spring inflow, the water level is expected to rise to El. 978.6. With the inclusion of the PMF, wind setup, 
wave run-up, spillway backwater effects, additional water storage, and spillway depths, the maximum 
water depth is expected to reach El. 985.6. Therefore, the water depth will range from 2.0 to 10.6 feet.   

Table 4-1 – Tailings Impoundment Water Levels 

Closure Requirement Component Depth (feet) Elevation (feet) 
Total tailings storage Not applicable 975.0 

Minimum water cover 2.0 977.0 
Autumn to spring inflow 1.6 978.6 

Probable maximum flood (PMF) 1.1 979.7 
Wind setup 0.3 980.0 

Wave run-up 0.9 980.9 
Spillway backwater effects 1.1 982.0 
Additional water storage 2.5 984.5 

Spillway depth 1.1 985.6 
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The crest of the dam at closure is estimated to be El. 986 as described in Appendix B.  However, the final 
dam and spillway crest heights at El. 986 and 984.5, respectively, may change as the closure plan is being 
developed for the tailings impoundment, as tailings production and storage area projections are updated, 
and as the disposition of various impacted waters are finalized. Any crest height changes will have 
minimal impact to the conceptual designs described in this report.    

4.1.2 Tailings Impoundment Area 

At the final dam crest height of El. 986, the tailings impoundment area will cover approximately 725 
acres as shown in Appendix B, Figure 3-1 and 3-2. The final impoundment will inundate four existing 
facilities along the east side of the current impoundment. They are the tailings water reclaim plant, the 
incinerator, the helicopter landing pad, and the fire station.  

A tailings back dam is under construction in front of the waste pile along the saddle at the south end of 
the tailings impoundment. The back dam will prevent the impounded tailings and water from spilling over 
the saddle to the Bons Creek watershed south of the tailings impoundment. The back dam is not described 
in this conceptual design report of the tailings main dam future raises to closure.     

4.2 TAILINGS MAIN DAM 

4.2.1 Future Raise Stages and Configurations  

The tailings main dam future raises to closure require raising the embankment by 26 feet from the Stage 
VII-B crest of El. 960 to a final crest at El. 986 and ultimate maximum dam height of 208 feet, extending 
the dam out as a wing wall either south or southeast of the east abutment where the ground flattens out to 
confine the tailings and protect the mill facilities, and constructing a permanent spillway around the west 
abutment hillside with a spillway crest at El. 984.5.  

The final dam will include the main embankment and a wing wall that will extend out from the right 
abutment. The embankment and wing wall will be of similar construction and will comprise one dam with 
continuous seepage and drainage control systems and a bend at the embankment to wall connection. 
There are several possible bend configuration alternatives and wing wall alignment options that must be 
resolved in the final designs for each future raise, and viewed holistically for the combined future raises.    

The conceptual design for raising the tailings main dam to the closure height at El. 986 calls for raising 
the dam in stages by the same method of downstream construction as was used in the starter dam and 
Stages II to VII-B. For the conceptual design, it is not necessary to know the actual height of each stage; it 
was assumed that there will be two 10-foot raises and one 6-foot raises. 

The configurations of the tailings main dam for the future raises are provided in Table 3-2. The maximum 
estimated crest length of the dam will be 2,855 feet of the main embankment plus 1035 to 3160 feet of 
wing wall depending on which wing wall option is selected. Therefore, the final dam crest would have a 
length of 3890 to 6015 feet depending on which wing wall option is selected. 

As with each of the previous stages, construction of the future raises will require design specifications and 
a construction quality assurance (CQA) plan. Preliminary design specifications and CQA plan are 
provided in Appendix F and G, respectively. 
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4.2.2 Future Embankment Configuration  

The main embankment will be raised by 26 feet from the Stage VII-B crest at El. 960 to a final crest at El. 
986. The maximum tailings main dam height at closure will be 208 feet, which is calculated as the 
difference between the maximum crest height (El. 986) and the lowest part of the downstream toe before 
starter dam construction (El. 778). The crest widths will be 52 feet as for all previous raises. 

In order to maintain the required stability of the tailings main dam, the main embankment raises will have 
upstream slopes of 2.5:1 and downstream slopes of 3:1. The upstream slopes will be the same as at 
present and the downstream slopes will be the same as the upper part of the present Stage VII-B 
downstream slope. Details for the future raises are as follows:  

• Stage VIII raise to El. 970 – The plan and profile are shown on Drawing TDC-12. Sections are 
shown on Drawing TDC-13. Approximately 390,000 cubic yards of rock fill will be required to 
raise the embankment ten feet from Stage VII to VIII (El. 960 to 970).  

• Stage IX raise to El. 980 – The plan and profile are shown on Drawing TDC-15. Sections are 
shown on Drawing TDC-16.  Approximately 535,000 cubic yards of rock fill will be required to 
raise the embankment ten feet from Stage VIII to IX (El. 970 to 980). 

• Stage X raise to El. 986 – The plan and profile are shown on Drawing TDC-18. Sections are 
shown on Drawing TDC-19. Approximately 365,000 cubic yards of rock fill will be required to 
raise the embankment six feet from Stage IX to X (El. 980 to 986).  

A profile of the highest section of the tailings main dam embankment and the subsurface conditions under 
this section are shown in TDC-4. Subsurface profiles along the tailings main dam crest and the Stage VII-
B curtain wall are in TDC-5 and 6. Drawings TDC- 8, 9 and 10 show the subsurface conditions along the 
wing wall for several potential alignment options that are shown in TDC-7 and 11.   

The conceptual design assumes that the Stage VIII, IX and X raises will be built by downstream 
construction. The downstream toe at the highest section of the dam will move progressively closer to the 
seepage collection pond for each raise as shown on in TDC-13, 16 and 19. The Stage X downstream toe 
will extend to near the upstream edge of the seepage collection pond as shown on TDC-18 and TDC-19.  

4.2.3 Embankment to Wing Wall Connection Bend 

The alignment of the embankment to wing wall transition bend is constrained by existing mill facilities 
including the zinc thickener and fresh water tank near the right abutment. As a result, conceptual design 
Alternatives 1, 2 and 3 were developed for constructing the bend to minimize impact to the facilities. 
Drawings TDC-7, 11, 14, 15, 17, and 20 show plans and cross-sections for the bend alternatives.  

Alternatives 1, 2 and 3 are based on downstream, centerline and upstream methods of construction, 
respectively. Because of space constraints and maximum dam height of 26 feet around the bend, it was 
decided for comparison purposes to assume downstream slopes of 2.5:1 and upstream slopes of 1.5:1, 
which are steeper that the main embankment slopes. These slopes will be finalized on the basis of stability 
analyses that will be required for the Stage VIII design and consideration of the Stage IX and X layouts.    

Alternative 1, using downstream construction, is constrained by the presence of the zinc thickener and 
freshwater tank and their ancillary facilities, and by the alignment of the top of the Stage VII-B liner 
system at El. 960. These constraints are shown in TDC-14, 17 and 20. The Stage VIII raise is not directly 
impacted by these constraints, but the Stage VIII design will impact the Stage IX and X designs. 
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Alternatives 2 and 3 attempt to minimize impacts on the zinc thickener and fresh water tank during the 
Stage IX and X raises. These alternatives are based on centerline and upstream construction methods, 
respectively. Cross-sections are shown on TDC-17 and 20. The technical feasibility of Alternatives 2 and 
3 can be achieved by a combination of factors including steeper upstream and downstream slopes, a 
foundation of waste rock on the previous upstream slope, and a horizontal component of the liner system. 

URS completed the investigation and design, facilitated permits, and managed construction for an 
identical project at Kettle River Mine in Republic, Washington. This project involved two downstream 
raises of a large tailings dam followed by an upstream raise because property ownership downstream of 
the dam did not allow for future downstream raises.    

Steeper upstream and downstream slopes may be possible because the maximum dam height at the bend 
will be 26 feet compared to 208 feet at the highest dam section, and the head of tailings and water at the 
bend will be relatively low because of the freeboard requirement and wide tailings beach. The corner of 
the tailings impoundment at the bend could have a wide beach with minimal impact to the impoundment 
storage capacity. Replacement of less dense, upper soils may be needed to achieve the steeper slopes.   

The use of waste rock as a foundation for centerline and upstream construction is feasible. Waste rock can 
be placed upstream of the liner system, and some tailings excavation may be required to place the waste 
rock. Such excavations are feasible as shown by the Stage IV to VII cutoff wall installations at the left 
and right abutments during Stage VII-B construction. The foundation can be made stable as shown by 
stability analyses for the pipe rack and dust control structures (Dames & Moore, 1999; URS, 2001).   

4.2.4 Future Wing Wall Alignment 
 
Most of the wing wall will have upstream slopes of 2.5:1 and downstream slopes of 3:1. The upstream 
slopes will be the same as the present upstream slopes. The downstream slopes will be the same as the 
upper part of the present Stage VII-B downstream slope. However, some upstream and downstream 
slopes of the wing wall may need to be steeper because of space constraints such as the mine haul road.  

During the Stage VII-B design, concepts were developed for the curtain wall part of the future Stage VIII, 
IX and X wing wall. The wing wall will be an extension of the tailings main dam to the southeast from 
the right abutment where the dam axis will change from an approximate west-east alignment to an 
approximate northwest-southeast alignment. The change in the tailings dam alignment was necessitated 
by the presence of mill site infrastructure directly east of the original dam alignment.   

The wing wall will consist of a below-ground curtain wall for seepage cutoff, and a lined embankment 
that will be a continuation of the main dam embankment described in Section 4.2.2. The liner is a 
continuation of the curtain wall. The wing wall branches off from the tailings main dam at the bend at the 
right abutment as described in Section 4.2.3.   

The Stage VII-B part of the wing wall is an 817-foot long curtain wall to the Stage VII-B crest at El. 960. 
The curtain wall installation and the challenges and impediments that were encountered are described in 
the Stage VII-B construction report (URS 2007d). The curtain wall extends vertically down to competent 
rock and is tied into the east end of the cutoff wall to provide a continuous seepage control barrier.  

The wing wall starts at the eastern-most end of the Stage VII-B cutoff wall as shown in TDC-3. At the 
southeast end of the Stage VII-B curtain wall, six wing wall alignment options have been considered for 
the future raises to closure as shown on TDC-11 and summarized as follows: 
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• Option 1: Extend the alignment to the southeast in the same straight line as the Stage VII-B 
curtain wall and across the mine haul road to the toe of the main waste pile. 

• Option 2: Turn the alignment north at an anti-clockwise angle from the Option 1 alignment and 
across the mine haul road to the toe of the main waste pile. 

• Option 3: Turn the alignment south at a clockwise angle from the Option 1 alignment and across 
the mine haul road to the toe of the main waste pile.  

• Option 4: Move the alignment about 40 feet northeast of and parallel to the Option 1 alignment 
for about 300 feet, turn to the northeast for another 350 feet, and across the mine haul road to the 
toe of the main waste pile. 

• Option 5: From the end of the Stage VII-B curtain wall, turn the alignment to the northeast and 
extend it 600 feet and across the mine haul road to the toe of the main waste pile. 

• Option 6: From the end of the Stage VII-B curtain wall, turn the alignment south about 2000 feet 
south between and parallel to the mine haul road and the east side of the tailings impoundment.  

Options 1, 2 and 3 are described in a report of a 2005 geotechnical investigation (URS, 2006b). All three 
options were found to be limited in suitability because of highly weathered shale along the Option 1 and 3 
alignments, and alternating slightly to moderately weathered shale along the Option 2 alignment, as 
shown on TDC-8. Depths of excavation that would be required to install the seepage cutoff along these 
alignment options would be in excess of 50 feet. The rock along these extended alignments was poorer in 
quality than the rock that was anticipated and encountered in the Stage VII-B curtain wall installation in 
2006 and 2007.  

The suitability of the subsurface conditions along the wing wall alignment were evaluated on the basis of 
the presence of the bedrock and its inclination upwards following the surface elevation until it intersects 
the wing wall crest at El. 986. In the geotechnical investigation report, URS concluded that Option 2 was 
preferred, based on the apparent suitability of subsurface conditions and knowledge of the subsurface 
conditions at the time. 

While developing the wing wall conceptual design, URS prepared two possible subsurface profiles along 
the Option 2 alignment based on the 2005 geotechnical findings. It was assumed that borings SS-18-05 
and SS-19-05 were terminated in slightly to moderately weathered shale. However, boring SS-15-05 in 
the same area showed slightly to moderately weathered shale alternating with highly weathered shale. The 
interpretation of subsurface conditions in this area was concluded to be uncertain.   

In 2007, the Option 2 alignment was re-evaluated in light of the uncertain subsurface conditions and their 
impact on installing the curtain wall to competent bedrock. A geotechnical investigation was conducted 
by URS in September 2007 to clarify the subsurface conditions and confirm Option 2 as the preferred 
alignment. Four borings (SS-01-07 to SS-04-07) were completed on September 24 and 25, 2007 at 
locations shown on TDC-3.  

As a result, Option 2 was found to be not as suitable as first believed, and modifications to this option 
were developed as Options 4 and 5, shown on TDC-11. The downsides of Options 4 and 5 are the 
significant and uncertain depths to competent rock, and the fact that curtain wall construction would 
severely impact the mine haul road operations and ultimately require that the haul road be relocated.  

This issue was discussed during a meeting on September 25, 2007 between Gary Coulter of TCAK, Daryl 
Hockley of SRK, and Cecil Urlich and Cheryl Learned of URS, and with George Thornton and Jim 
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Swendseid by conference call. Option 6 was suggested to prevent disruption to the haul road and mill 
operations. The 2005 geotechnical work showed that the Option 6 alignment had shallower competent 
rock that the other options, but was longer than the other options because of the low topography.  

The conceptual design assumes that the wing wall be built along either Option 4, 5 or 6. Options 4 and 5 
are shorter with lower embankment costs, but have deeper and uncertain rock conditions will disrupt mine 
haul road operations. Option 6 will not disrupt mine haul road operations and has shallower depth to 
competent rock, but has a longer embankment. A hybrid option is a partial Option 6 to the south and turn 
it east across the mine haul road to the main waste pile during a later phase of mining when impacts to the 
haul road might be more easily mitigated.  

Another factor favoring Option 6 is that as part of the mine closure plan, it is planned to collect seepage 
from the main waste pile and divert it to the Aqqaluk Pit to prevent it from entering the tailings 
impoundment (SRK, 2007). The alignment for this diversion system is shown on TDC-7 as a series of 
cutoff walls and a pipeline. One concept is to construct a cutoff wall. An Option 6 curtain wall could also 
serve at the main waste pile cutoff wall.    

The final decision on the wing wall alignment will be made during the design of the Stage VIII raise, 
which URS is just starting to develop. The Stage VIII design will need to consider the Stage IX and X 
requirements. The remainder of the wing wall will be designed along with the Stage VIII, IX and X raises 
and will be updated in accordance with the engineering practice and technological advances. 

4.2.5 Curtain Wall 

The curtain wall is a key component of the wing wall and provides seepage cutoff to bedrock. The Stage 
VII-B design included interlocking, proprietary 100 mil HDPE “GSE CurtainWall” panels embedded in a 
trench of controlled density fill (CDF) and backfilled to El. 960. The same GSE CurtainWall panels may 
be used for future raises. However, there are specific concerns regarding constructability that will be 
addressed during the design of the future raises, starting with Stage VIII. 

Installation of the GSE CurtainWall panels requires excavation of material to a stable work bench in order 
to allow for equipment operation, followed by trenching to competent bedrock. During the Stage VII-B 
construction of the curtain wall, space limitations and constructability issues were revealed that will be 
considered during development of designs for future raises. These issues include the following: 

• A work bench at least 40 feet wide in firm soils is needed for equipment 
trafficking and trench excavation. 

• The presence of infrastructure may prevent deepening and widening of the 
excavation for the required work bench width 

• Excavator reach limitations may make it difficult to provide the necessary cut 
slopes for stability and worker safety 

• A supply of dewatering pumps and piping is necessary to assure quality and 
safety during panel installation 

• Work may be conducted during frozen and thawed conditions which will effect 
work bench and trench wall stability and construction quality 

• Un-supported GSE CurtainWall panels fold under their self weight, resulting in 
uneven surfaces that are time-consuming and difficult to weld, 
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• Welding geomembranes to the GSE CurtainWall panels precluded the use of 
fusion welding without extensive patching due to the location of the interlocks. 

The subsurface profile showing these conditions along the wing wall alignment is presented in Drawings 
TDC-9 and 10. The estimated curtain wall lengths and ultimate dam crest lengths for each raise are 
summarized in Table 4-2. 

Table 4-2 – Dam Crest and Curtain Wall Lengths 

Dam Crest Length (feet) Curtain Wall length(feet) Stage 
Option 4 Option 5 Option 6 Option 4 Option 5 Option 6 

VIII 
IX 
X 

3535 
3945 
4060 

3535 
3785 
3890 

5085 
5450 
6015 

1440 
1500 
1525 

1300 
1325 
1350 

* 
* 
* 

* Extension (termination) of the curtain wall will be estimated based on the future geotechnical exploration. 

The Stage VII-B curtain wall construction offered an opportunity to evaluate the process and evaluate 
ways to improve the methodology and design. For future raises, the curtain wall design including GSE 
CurtainWall panels will be evaluated and if deemed appropriate, re-designed. Other options that could be 
considered include slurry walls and soil-cement mix walls. 

4.2.6 Left Abutment Liner Extension 

Competent (moderately to slightly weathered) rock at the left abutment is up to 10 feet deep as shown on 
Drawing TDC-5. The surface material is silty sand and highly weathered shale which are not suitable for 
seepage control. In order to control seepage under the dam, a cut off wall composed of a HDPE 
geomembrane embedded in grout extends to competent underlying bedrock at the upstream toe of the 
dam.  The geomembrane at the top of the cutoff wall continues into liner system in the dam.  

During the Stage II to VII-A raises, the west end of the cutoff wall was only extended horizontally to 
directly below the west end of the dam crest. However, because the silty sand and highly weathered shale 
are up to 10 feet deep, stopping the cutoff wall to under the west end of the crest leaves the abutment 
susceptible to seepage around the liner system and along the waste abutment if the water level in the 
tailings impoundment is within 10 feet of the crest. The dam crest was extended to the cutoff wall for 
Stage VII-B. A large excavation was required.    

The conceptual design of the future raises to closure includes the permanent further reduction of seepage 
on the left abutment by extending the cutoff wall beyond the dam crest until the wall intersects with the 
bed rock at elevation 986 feet. This is shown in Drawing TDC-18, and is the way that the Stage VII-B 
cutoff wall was terminated.  

4.2.7 Seepage Analysis 

A 3D seepage analysis was completed for the tailings main dam future raises to closure (URS, 2007b). 
Eight major factors were found to influence the seepage, of which five are independent and naturally 
occurring (precipitation and snow melt, hydraulic conductivities, active layer and permafrost depths, 
shallow groundwater contributions, and leaks in the liner) and three are operationally controlled and inter-
dependent (tailings beach width, impoundment water level and phreatic surface location.  
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Seepage under the dam, seepage through the dam, and total seepage are presented in Table 4-3. Seepage 
under the dam is the largest component of total seepage. It occurs through the foundation bedrock under 
the dam and abutment bedrock around the dam. Seepage through the dam is seepage, or leakage, through 
the liner system in the dam.   

Table 4-3 – Seepage Analysis Results 

 

Case 
 

Dam Crest 

El. (feet) 

 

Tailings El. 

(feet) 

 

Water El. 

(feet) 

Seepage 

under 

Dam (A) 

(gpm) 

Seepage 

through 

Dam (B) 

(gpm) 

Total 

Seepage 

(A+B) 

(gpm) 

Calibration       
1) No-beach, Summer (1) 950 938 945 1326 308 1634 
2) No-beach, Winter (1) 950 938 945 1226 308 1534 
3) 600-foot beach, Summer (2) 950 938 940 327 98 425 
4) 600-foot beach, Winter (2) 950 938 940 227 98 325 
Stage VII-B       
5) 300-foot beach, Summer 960 955 955 595 179 774 
`6) 300-foot beach, Winter 960 955 955 495 179 674 
Closure       
7) No-beach, Summer 986 975 980.2 (3) 2979 553 3532 
8) No-beach, Winter 986 975 980.2 (3) 2879 553 3432 
9) 300-foot beach, Summer 986 975 980.2 (3) 1496 202 1698 
10) 300-foot beach, Winter 986 975 980.2 (3) 1396 202 1598 
11) 600-foot beach, Summer 986 975 980.2 (3) 458 115 573 
12) 600-foot beach, Winter 986 975 980.2 (3) 358 115 473 
13) 900-foot beach, Summer 986 975 980.2 (3) 165 101 266 
14) 900-foot beach, Winter 986 975 980.2 (3) 65 101 166 

           (1) The "No-beach" calibration for summer and winter was computed for the period of June 2004 to January 2005. 
           (2) The "600-foot beach" calibration for summer and winter was computed for the period of January 2001 to July 2002. 
           (3) Closure water level consists of the maximum operating elevation at El. 975, plus water cover and spring runoff. 

Sensitivity analyses were conducted of seepage through the dam. Leaks in the HDPE geomembrane will 
impact seepage depending on the number and size of the leaks. Reasonable numbers and sizes of leaks 
were estimated from other project histories, industry standards, published liner performance data, the liner 
installation quality control, and the observed integrity of the geomembrane exposed during the Stage VII-
B cutoff wall excavations.  

The use of extreme published values of geomembrane leak number and size would result in a 10 to 1000 
% variation in seepage through the dam with 600-foot wide beach. In the extreme unlikely case of a failed 
geomembrane that is no longer functional, the phreatic surface in the dam would rise and seepage through 
the dam for a 900-foot wide beach would be about 2100 gpm in winter and 2200 gpm in summer, which 
are 7 to 11 times the seepage estimated for a 900-foot-wide beach with an intact liner.  
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4.2.8 Stability Analysis 

A stability analysis was completed for the tailings main dam future raises to closure (URS, 2007c). Seven 
major factors were considered in the stability analyses: dam geometry, rock shear strength, gouge zone 
shear strength, seismic loading, phreatic surface, construction impact and long-term stability. All of these 
factors were taken into account to achieve a safe and optimum design of the dam. The stability analysis 
results are in Table 4-4. 

For the end-of-construction condition with a pore pressure coefficient of 0.1 and a gouge internal friction 
angle of 22 degrees, the downstream slopes of the future raises will be stable at inclines of 2.75:1 or 
flatter. However, for the long-term condition with a gouge internal friction angle of 22 degrees, the 
downstream slopes of the future raises will be unstable at inclines of 2.75:1, but will be stable at inclines 
of 3:1.  

Table 4-4 – Stability Analysis Results 

Computed FS (for gouge friction angle 22 deg. & cohesion 0) 
2.75H:1V 3H:1V 

Closure 

Design 
Condition 

 
 

Loading 
Conditions 

 
 

Minimum
Required 

FS 
 

Stage 
VIII  

 

Stage 
IX with 

berm 
without 
berm 

Stage 
VIII 

 

Stage 
IX 

 

Closure
 

Static, Block 1.3 1.46 1.44 1.45 1.35 1.54 1.50 1.53 End-of-
Construction 
Ru =0.1 Static, Circular 1.3 1.73 1.68 1.65 1.45 1.88 1.70 1.58 

Static, Block 1.5 1.61 1.58 1.59 1.52 1.70 1.65 1.67 
Static, Circular 1.5 1.81 1.77 1.74 1.59 1.96 1.82 1.71 
Seismic (OBE) Block  1.2 1.23 1.23 1.23 1.18* 1.27 1.27 1.29 
Seismic (OBE) Circular  1.2 1.47 1.46 1.39 1.26 1.55 1.42 1.38 
Seismic (MDE) Block  1.0 0.98* 0.98* 1.00 0.96* 1.01 1.02 1.06 

Long Term 
Condition 
 
 
 
 
 
 Seismic (MDE) Circular  1.0 1.22 1.18 1.14 1.04 1.23 1.15 1.14 

* Does not meet minimum FS criteria 
 

For the conceptual design, a downstream slope of 3:1 was used for the future raises to closure except 
around the bend as noted in Section 4.2.3. The upstream slope will be maintained at the current 2.5:1 
inclination for the future raises to closure. The crest width of the dam will also be maintained at 52 feet.    

4.2.9 Seepage Collection Dam 

At the final tailings main dam configuration and crest level of El. 986, the seepage collection dam will be 
approximately 170 feet downstream of the downstream toe of the tailings main dam. Therefore, the 
seepage collection dam could remain in place after the closure and continue functioning as a secondary 
seepage control system unless there were other reasons to relocate it further downstream.     

At the final tailings main dam El. 986 the seepage pumpback system will be approximately 95 feet 
downstream of the toe of the tailings main dam.  The seepage pumpback system could remain in place 
after the closure of the tailings main dam and continue functioning as a secondary seepage control system.     
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4.2.10 Emergency Spillway 

The Alaska dam safety guidelines (ADNR 2005a) states the following with respect to water management 
at tailings dams: 

“Managing water at tailings dams represents a unique challenge for designers and 
operators. During the operating phase, an emergency spillway might not exist and the 
reservoir must then retain the full volume of the IDF. In this case, a detailed water 
balance methodology must be developed to carefully monitor and maintain a reserve 
storage capacity. For closure, the facility must be modified to safely handle an IDF, 
typically the PMF or some other extreme event”.  

The tailings impoundment will contain the inflows shown in Table 4-1, including the probable maximum 
flood (PMF), and will meet storage requirements at El. 984.5 without requiring an emergency spillway. 
After closure, the tailings water level will be regulated using an on site pump and treatment system. 
However, standard dam design practices require that all dams at their completed height have an 
emergency spillway.   

The spillway will be an open channel located above and aligned around the left abutment of the tailings 
main dam as shown on Figure 3-1 and Drawings TDC-7 and 18. The same type of spillway has 
functioned well at the freshwater dam since it was constructed in 1989.  

The control section at the spillway crest will function as a broad-crested weir at El. 984.5 so that the 
tailings facility will remain a “zero discharge” operation after closure. During an unexpected and 
improbable event where the impounded water may exceed El. 984.5, the discharge would occur through 
the spillway. The spillway is sized to route the PMF through its channel if the level of the impounded 
water is at El. 984.5 at the start of the probable maximum precipitation (PMP). 

Based on the conceptual design, the alignment of the spillway closely borders the west extent of the liner 
system of the tailings main dam and will impact the alignment of the west perimeter road in the west 
abutment area. If this is determined to impact the stability of dam or the effectiveness of the liner system, 
the spillway channel will be moved west. The integration of the spillway and the liner system will be 
determined at a later stage.     

Erosion protection will be required in the spillway because of the high velocity of flow in the outlet 
channel. Riprap was considered to be the most suitable type of erosion control because of its availability 
and durability. The extent of riprap required along the outlet channel is shown on Drawings TDC-22 and 
TCD-23. Riprap is not required in some parts of the channel because the channel bottom is in competent 
bedrock. Due to the estimated low flow depths in the channel, erosion protection using riprap is not 
required at channel depths of more than 3 feet from the bottom of the channel.   

For riprap design the outlet channel was divided into four reaches as shown on Drawing TDC-21 and in 
Table 4-5. The reach 1 profile is shown on Drawing TDC-24. The reach 2 and 3 profiles are shown on 
Drawing TDC-25. The reach 4 profile is not shown because the slope is zero and there is no variation in 
the bottom profile.  Details are provided in Appendix B.  

To control erosion at the outlet of the spillway channel, a stilling basin will be constructed at the end of 
the spillway chute before discharging into the North Fork of Red Dog Creek as shown on Drawing TDC-
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22. The stilling basin will dissipate energy from the flow prior to discharge to the creek. The stilling basin 
is conceptually designed to handle the design discharge of the spillway of 37 cubic feet per second.  

Table 4-5 – Riprap Conceptual Design 

Reach Slope D50 (inches) 

1 24 12 

2 10 6 

3 2 3 

4 0 Not required 

It is presently anticipated that the riprap for erosion control in the stilling basin will be similar to that 
sized for Reach 3, with a D50 of 12 inches.   

To prevent re-suspension of tailings at the spillway entrance, tailings should not be placed within 75 feet 
of the spillway entrance and a gravel blanket should be placed in the vicinity of the spillway entrance. 
Therefore, the spillway entrance for conceptual design purposes is located more than 200 feet upstream of 
the crest of the tailings dam, as shown on Drawings TDC-7 and 18.  

The conceptual design of the spillway took into account the results of the 2005 geotechnical investigation 
conducted along the spillway alignment (Appendix B and URS, 2006a). The conceptual design of the 
spillway sections shown on Drawing TDC-23 has assumed that the organic root mat, clayey silty sand 
with gravel, and the highly weathered black shale will be over-excavated and replaced with riprap to 
provide the required protection for the spillway.  

5.0 LONG-TERM INTEGRITY OF TAI LINGS MAIN DAM 

5.1 DAM EMBANKMENT 

The long-term stability of the tailings main dam depends on the durability of rockfill materials and the 
performance of the dam embankment in accommodating movements that might be caused by thaw 
consolidation of the dam foundation and seismic deformation triggered by an earthquake. 

5.1.1 Rockfill Durability 

The rockfill that was used in the Stage I starter dam was obtained from the mill area. The rockfill that was 
used for the Stage II to VII-B raises was obtained from the DD2 quarry which is located southwest of the 
tailings impoundment, and from the Main Pit which is located east of the tailings impoundment. The 
planned sources of rockfill for the future raises to closure are the DD2 quarry and acceptable rock from 
the continued mining of the Main Pit and the future planned mining of the Aqqaluk Pit.  

The DD2 quarry is located west of the southwest corner of the tailings impoundment, and almost due 
west of the overburden stockpile. The rock mined from DD2 and used in the main embankment consisted 
mainly of shales and cherts, and various combinations of these two rock types. Construction grade rock 
fill from the Main Pit was used when the material quality was high enough to met design specifications 
and large enough to warrant re-routing of the truck fleet from hauling from DD2.   
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The rockfill from DD2 was identified during quarrying as Siksikpuk Shale, but the materials observed 
during Stage VII-B construction and during dam inspections were observed to be more representative of 
Okpikruak Shale (Ks). This is a Cretacious shale that is described in the geology records as: 

“dark gray to medium gray, soft to moderately hard, clayey shale, thinly bedded, 
typically (but not always) micaceous. Commonly contains siltstone, and less frequently, 
sandstone (KSS) . . . can often be distinquished from other shales by scratching with a 
knife, which produces a characteristic orange-brown streak.” 

The embankment consists of seven soil types described in the dam history report (URS 2007a) as follows:   

• Soil Type 1 - Random Rockfill (24-inch)  
• Soil Type 2 - Rockfill (12-inch) 
• Soil Type 3 - Processed Select (3-inch) 
• Soil Type 4 - Processed Select (1-inch)  
• Soil Type 5 - Rock Drain and Riprap 
• Soil Type 6 - Random Rockfill (12-inch) 
• Soil Type 7 - Transition Rockfill (12-inch) 
• Soil Type 8 - Kivalina Shale (Select finer fraction) 
• Soil Type 9 - Random Mine Waste Fill 

Soil Types 1 and 2 are the main rockfill material in the dam. Soil Type 2 was used for the Stage 1 Starter 
dam. Soil Type 1 was used to build the downstream mass of Stages II to VII, and the protective buttress 
for the liner system on the upstream face of the dam as shown in Drawings TDC 13, 16, and 19.     

Soil Types 3, 4, and 7 are part of the liner system with the geotextile and HDPE geomembrane. Soil Type 
9 was specified during Stage VII-B construction as mine waste that could be used as fill upstream of the 
curtain wall. These soils are buried and less susceptible to natural weathering over time. They are 
expected to outlive the geotextile and HDPE geomembrane, and therefore are not expected to be the 
controlling factor for the long-term rockfill durability in the dam.   

Soil Type 5 was used in the rock drain part of the drainage system and the seepage collection pond.  Soil 
Type 6 was used as rockfill over the rock drain and pumpback chambers in the seepage collection system.  
These soils do not form the main component of the embankment, and are not expected to be the 
controlling factor in evaluating the long-term rockfill durability in the tailings main dam.  

The rockfill in the Stage I starter dam mass (Soil Type 2) consists of slightly weathered to fresh select 
chert carbonate and sandstone from the mill site area. This rockfill is well-graded and consists primarily 
of gravels, cobbles or blasted rock with a maximum diameter of 24 inches, less than 15 percent by weight 
passing the No. 200 sieve, and less than 5 percent ice by volume. Some flexibility in ice content was 
allowed depending on the percent passing the No. 200 sieve.     

The rockfill in the Stage II to VII-B mass and the Stage I to VII-B buttress (Soil Type 2) consists of 
moderately weathered to fresher select chert, shale and sandstone, or mine waste. It is well-graded and 
consists primarily of gravels and cobbles with a maximum diameter of 24 inches, less than 25 percent 
fines, and less than 5 percent ice by volume. Some flexibility in ice content was allowed depending on the 
percent passing the No. 200 sieve.     
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The durability of the rockfill for purposes of designing the future raises will be evaluated by conducting 
the following procedures: 
 

• Petrographic analysis 
• Field observations 
• Core measurements 
• Laboratory testing.  

A petrographic analysis of the rock mass at the macroscopic level consists of identifying the source 
lithology, conducting field observations to describe the mineral content, and providing a textural 
description as outlined in ASTM D4992. A key component of the analysis is that it be conducted by an 
individual that is qualified by education and experience.  

At the microscopic level of petrographic analysis, the methods of atomic absorption and x-ray 
fluorescence can be used to evaluate the chemical structure and relative abundance of elements that make 
up the rock mass. Table 5-1 provides the lithologic properties of rock core samples taken from the DD2 
quarry. The analyses were conducted during the 2005 and 2006 construction of Stage VII-B.  

Table 5-1 – Lithology of DD2 Quarry Rock 

Sample ID Facility Location Lithology Mnlz Salts pH EC 
RDP1-4 DD2 Gravel Plant Siksikpuk None no 7.15 416 
RDP1-5 DD2 North Side of Road Siksikpuk None FeOx 5.28 59.1 
RDP1-6 DD2 South Side of Road Siksikpuk None no 5.64 165 

 

The quality of a rock mass and its potential for providing a durable fill were measured by evaluating 
properties of a rock mass during coring. These properties include density or specific gravity, hardness, 
weathering characteristics and joint spacing, core recovery ratio (L) and rock quality designation (RQD), 
described as follows: 

• The density of the material from the DD2 quarry was typically 140 pounds per cubic foot (pcf).  
• L is a measure of the length of recovered core, and is obtained by dividing the length of recovered 

core by the length of core run. It is used with the RQD to evaluate the parent rock quality.  
• RQD is an index property used to measure the quality of a rock mass. The extracted core is 

assessed for the frequency of fracturing over the length of a 100 mm core sample.  

The rockfill durability was also assessed by making observations and measurements during rockfill 
placement and dam operations. Monitoring settlement in the dam is a way of evaluating rockfill behavior 
once the dam is in service. Secondary settlement or consolidation takes place over time and can be 
measured with settlement monuments and observed visually. Section 5.1.2 describes the observed 
settlement that appears to have taken place in the main embankment as a result of thaw consolidation.  

Typical riprap durability specifications call for tests such as freeze-thaw durability (ASTM C666), 
specific gravity and absorption (ASTM C 127), sodium sulfate soundness (ASTM C 88) and Los Angeles 
(LA) Abrasion (ASTM C131/C535).  
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In June 2004, Alaska Test Lab (ATL) reported the results of an LA Abrasion test (ASTM C131/AASHTO 
T 96). A degradation of 26 and percent loss of 39.6 percent were recorded. The Alaska State Department 
of Transportation (ADOT) specifications for riprap require a wear not greater than 50 percent after 500 
revolutions in the LA abrasion test. The LA Abrasion test result exceeded the ADOT riprap requirement. 

Freeze-thaw durability and sodium or magnesium sulfate soundness tests have not been performed on 
DD2 material. Typically one or the other, but not both, are performed as a measure of rock durability. 
These methods test the repeated application of an internal expansive force on the test sample. In the 
freeze-thaw test, the material is cyclically saturated, frozen and thawed. The sodium or magnesium sulfate 
soundness test allows salt crystals to enter the material in solution, dry and re-saturate.  

There are many ways of measuring rock properties to evaluate its potential durability and longevity when 
it is used for rockfill in the tailings main dam. The appropriate measures have been made to evaluate the 
material in DD2 for use as rockfill in the tailings main dam.  

The rockfill durability and ability to handle movement caused by thaw consolidation and seismic-induced 
foundation and seismic deformation is critical to long-term dam stability. The rockfill is inert rock from 
the DD-2 quarry and the Main Pit, is durable and not reactive, and will remain intact for centuries. Thaw 
consolidation of the foundation has mostly occurred, and any further thaw will have minimal impact.         

5.1.2 Thaw Consolidation 

Thaw consolidation of the dam foundation is expected from the degradation of permafrost in the dam 
foundation. With the various stages of dam construction and operation, the permafrost conditions in the 
dam foundation have changed significantly. The historical permafrost degradation beneath the main dam 
crest was monitored by dam thermistors and is summarized in the seepage analysis report (URS, 2007b).   

Dam crest settlement has not been monitored. However, the crest settlement between the construction of 
stages can be estimated from as-built survey records and from observations of the existing anchor trench 
for each new raise.  For example, Stages VI and VII-A were completed in 1993 and 2003, respectively, 
ten years apart. The excavation and survey of the Stage VI anchor trench in 2003 showed that a maximum 
crest settlement of about one foot occurred around Sta. 13+75, which is 115 feet (El. 950 minus 835) 
above the original creek bed. Air photo mapping in 2001 showed the crest at approximately Sta. 12+00 to 
be at El. 949.3, which represents about 0.7 feet of settlement.   

In general, the thaw settlement estimate has two components (Crory, 1973; Watson et al., 1973): 

• Settlement caused by the phase change of segregated ice, and 
• Subsequent consolidation. 

Neglecting the compressibility of the shale bedrock within which most of the permafrost degradation 
occurred from 1993 to 2003, the settlement of the dam due to thaw consolidation during this period could 
be approximated by the component of thaw settlement due to the phase change.   
Settlement caused by the phase change of segregated ice can be estimated in the following way:     

ZS
dth

df

γ
γ

−= 1 ,  

where  Z= thickness of originally frozen layer 
  dfγ = dry density of frozen soil 
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            dthγ = dry density of thawed soil. 

By using the dry density of frozen and thawed soil and the results of thaw consolidation and laboratory 
tests (URS 2006b, Appendix B4 and Table 4-3), URS estimated the thaw settlement along the Stage VI 
crest. The crest elevation based on calculated thaw settlement and observed settlement of the anchored 
liner is shown on Figure 5-1. The graph shows the predicted thaw settlement along the Stage VI axis.  

The predicted thaw settlement varies from 1.2 to 6.3 feet. The maximum thaw settlement was predicted to 
occur at Sta. 8+00.  In the vicinity of the abutments, a settlement of up to 2 feet was predicted. The 
predicted thaw settlement agrees well with the crest settlement obtained from as-built survey drawings.  

The thickness of permafrost degradation is greatest in the middle of the dam and lowest at the abutments. 
The degradation in the abutments and middle of the dam occurred in highly weathered shale and slightly 
to moderately weathered shale, respectively. A higher thaw settlement was predicted in the middle part of 
the dam because slightly to moderately weathered shale has more thaw strain than highly weathered shale.   

5.1.3 Seismic Deformation 

The conceptual design of the raises to closure considers the seismic stability and permanent deformation 
during a seismic event that is reasonably expected at the site. The design seismic event considered 
corresponds to a maximum magnitude of earthquake that likely occurs once in 2,475-years. Permanent 
deformations of the dam for this earthquake were also estimated by a simplified procedure incorporating 
dynamic response analyses (URS, 2007c).  

The deformation analysis of the tailings main dam provided the following results that may be induced by 
a 6.5-magnitude earthquake:   

• A maximum horizontal displacement in a range of 2.5 to 21 inches.   
• A maximum shear strain in the dam of approximately 0.2 percent. 

These levels of earthquake-induced displacement and shear strain are considered tolerable under such an 
extreme event. The computed earthquake-induced displacement is also used in evaluating the potential 
damage on the geomembrane under the seismic loading. This is discussed in more details in Section 4.2.4. 

5.2 LINER SYSTEM  

HDPE geomembrane with a thickness of 100 mils was used as the seepage barrier in the liner system of 
the tailings main dam. Even though HDPE geomembrane has been successfully used for over 25 years 
now, it is a relatively new materials in civil engineering applications. In order to research the durability 
and life expectance of HDPE geomembranes, URS conducted a literature search, reviewed an SRK 
(2004) memorandum, and communicated with the following industry experts: 

• Dr. J.P. Giroud, Independent Consultant (Giroud, 2006a)   
• Dr. R. Koerner of Geosynthetic Research Institute (Koerner, 2006).   

A study by Koerner et al. (2005) has shown that the useful lifetime of HDPE geomembranes is composed 
of the following three distinct stages of time (Figure 5-2) as follows:  

• Stage A - Antioxidant Depletion Time. The antioxidants of the geomembrane are gradually 
depleted due to chemical reactions with oxygen or physical loss. 
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• Stage B - Induction Time to Onset of Degradation. Oxidation occurs in geomembrane without 
black carbon and antioxidants. This stage starts at an extremely slow oxidation rate, continues at a 
larger oxidation rate, and eventually returns to a very slow oxidation rate. 

• Stage C - Time to Reach 50 percent Degradation. The polymer degradation continues until the 
geomembrane degrades to 50 percent of its initial mechanical and physical properties. At the end 
of this stage, all tensile properties are severely changed so that the engineering performance of the 
geomembrane is jeopardized. This is considered to be the end of geomembrane life even though 
the material still exists and can function with a factor of safety lower than the initial design value. 

Rowe & Sangam (2002) used laboratory test results to estimate the lifetime of HDPE geomembrane as a 
function of in-service temperature (from 10 oC (50 oF) to 30 oC (86 oF)) and material in contact with the 
geomembrane. These tests were conducted on non-exposed 80 and 60 mil geomembranes at various 
temperatures. Later, Koerner & Hsuan (2003) published the lifetime prediction of the material in each of 
the three stages for temperature ranges of 20 oC (68 oF) to 40 oC (104 oF). They also found that the 
predicted lifetime of the geomembrane is largely dependent on temperature and exposure conditions.  

Recently, Koerner (2006) (attached in Appendix C) developed a set of revised total geomembrane 
lifetimes (Table 5-2) using average values of Stage C from three sources (Martin & Gardner, 1983; 
Viebke et al., 1994; and unpublished data from Geosynthetic Research Institute (Koerner, 2006)) may be 
used as a practical guide. Koerner (2006) pointed out that unlike the Stage A prediction, more test data on 
Stages B and C will be needed to gain a higher degree of confidence in the predictions. 

Table 5-2 – Unexposed1 HDPE Geomembrane Lifetime Prediction 

Stage A (years) Stage C (years) 
In-Service 

Temperature 

(C°) 
Std OIT3 HP OIT4 

Stage 

B 

(years) 

Viebke 

et al., 

1994 

Martin & 

Gardner, 

1983 

GSI Data 

Koerner, 

2006 

Total 

Prediction2 

(years) 

20 200 215 30 740 208 35 565 

25 135 144 25 441 100 26 353 

30 95 98 20 259 49 21 226 

35 65 67 15 154 25 17 146 

40 45 47 10 93 13 14 96 
1Exposed geomembrane lifetimes are considerably less than values presented in this table. 
2Total = Stage A (average) + Stage B + Stage C (average) 
3Std OIT - standard oxidative induction time 
4HP OIT - high pressure oxidative induction time 
Source:  Koerner (2006) 

5.2.1 Life Expectancy of HDPE Geomembrane  

The lifetime of HDPE geomembrane primarily depends on temperature and material in contact with the 
geomembrane. Data from Red Dog indicates that the temperature on the geomembrane surface varies 
from -2.3 (27.9oF) to 6oC (42.8 oF) at different elevations, which are outside the published temperature 
ranges. Also, the exposure condition at Red Dog could be considered as intermediary between exposure 
to air and a combination of air, water and leachate (Giroud, 2006b, attached in Appendix C). 
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Therefore, an extrapolation of temperature data and interpolation of material in contact was necessary to 
predict the proper lifetime of the geomembrane in the tailings main dam. Rowe (2005) and Koerner et al. 
(2005) present computation methods to predict the antioxidant depletion of geomembrane in Stage A 
which may be used to extrapolate the predicted lifetime from the published literatures.  

Table 5-2 lists the results of extrapolations by Giroud (2006c) and URS (Appendix C) based on the two 
approaches under various conditions. The two data sets in the Stage A period were based on different 
approaches proposed by Rowe and Sangam (2002). The differences in the results of the approaches 
(“inferred exposure” or air exposure and “simulated exposure” from laboratory tests) are significant. 

Tests to evaluate the Stage B time period are in progress (Giroud 2006b), but the time period is expected 
to be relatively small. Therefore, an approximate estimate is reasonable without significantly impacting 
the overall lifetime prediction. Predictions of the Stage C time period may be based on Viebke, et al. 
(1994), Martin & Gardner (1983), and limited preliminary unpublished tests on polyethylene resins at the 
Geosynthetic Research Institute (GRI) (Koerner, 2006). Estimated time periods for Stages B and C by for 
the temperature range of -2.3 (27.9oF) to 6oC (42.8 oF) are presented in Table 5-3. 

The total lifetime of the geomembrane specific to Red Dog conditions were obtained by adding the 
estimated time periods of Stages A, B and C. These are shown in the last two columns of Table 5-3 based 
on data from two sources. The values based on Koerner et al. (2005) reflect the geomembrane lifetime 
under the air exposure condition; whereas those based on Rowe (2005) are from test data for a less-
aggressive leachate exposure condition. 

Table 5-3 – HDPE Geomembrane Lifetime Prediction Extrapolation  

Stage A  

(years) 

Stage B 

(years) 

Stage C 

(years) 

Total 

(years) 

Koerner Rowe Rowe Koerner Rowe Actual 

temp. 

Base 

temp. 

range Standard 

OIT1 

High 

pressure 

OIT1 

Air 

exposure 

Simulated 

exposure 

Koerner Base 

case 

Adjusted 

case 

Koerner Standard 

OIT1/Air 

exposure 

Simulated 

exposure 

-2.3oC 
20-

40°C 
1368 1527 1528 822 124 201 195 114 1606 1131 

6oC 
20-

40°C 
645 710 735 381 71 73 61 72 790 510 

1OIT - oxidative induction time 

It is noted that tests have been conducted on polyethylene resins used in pipes which resulted in a Stage C 
time period prediction of 3,500 to 4,000 years at a temperature of 6°C (42.8 oF). However, this cannot be 
applied to a HDPE geomembrane without more tests. The Table 5-3 values for a HDPE geomembrane 
lifetime were based on the available information at the time of this report. The geomembrane lifetime is 
expected to range from: 

• 510 years for buried geomembrane exposed to semi-aggressive liquids and at 6.0oC (42.8 oF)  to  
• 1600 years (for buried geomembrane that is not exposed to liquid and at -2.3oC (27.9oF)). 
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5.2.2 HDPE Geomembrane Arctic Performance  

The HDPE geomembrane lifetime estimates were based on an assumption that the geomembrane will 
perform in normal conditions without any premature failure. However, it is reported (Peggs 2003, Peggs 
et al. 1990, and Reddy & Butul 1999) that HDPE geomembranes can occasionally be subjected to a 
shattering failure due to brittle cracking during cold weather with temperature ranging from 5oC (41oF) to 
-30oC (-22oF).  Failures of this type have been observed on side slopes of uncovered liners. Since the 
temperature at the geomembrane in the tailings main dam ranges from -2.3oC (27.9oF) to 6oC (42.8 oF), it 
is prudent to address this potential mode of failure. 

Uniaxial and multiaxial tensile tests conducted by Peggs et al. (1990) with HDPE geomembranes in the 
temperature range of 25oC (77oF) to -30oC (-22oF) showed that the yield stress increases from 3.0 to 5.0 
ksi while the yield strain decreases from 12 to 6 percent. Pneumatic burst tests showed that at a 
temperature of -38oC (-36.4oF), geomembranes displayed strains at yield of less than 2 percent. Peggs et 
al. (1990) report that brittle cracking in geomembranes can form and propagate rapidly under stress 
resulting in the premature failure. Reddy & Butul (1999) summarize the factors that induce stress 
cracking as follows: 

• Use of low stress cracking resistant resins 
• Stresses induced by restrained thermal contractions at low ambient temperatures 
• Overheating seams or spot welding 
• Mechanical damage 
• Stress induced by lack of support at corners 
• Hard particle impingement 
• Impact load 
• Chemical environment. 

Geomembranes are subjected to dimensional changes when they are deployed at a higher temperature 
than the temperature that they experience during the winter thermal contraction. These changes lead to 
induced stresses in the geomembrane, which cause stress cracks to start. Therefore, it is necessary to 
provide the geomembrane with sufficient slack during installation to avoid thermal stresses. The required 
slack of a geomembrane for a site-specific temperature condition can be computed as follows:   

TLxCTExL Δ=Δ  

where:  LΔ  = required slack of the geomembrane 
  L     = length of the geomembrane sheet in the considered direction 
                          CTE = coefficient of thermal expansion of the geomembrane 
                          TΔ = difference between geomembrane installation temperature and lowest expected 

service temperature. 

Some of the geomembrane in tailings main dam was installed in the fall season with the maximum 
ambient temperature at 19oC (66.2oF).  The measured highest and lowest geomembrane temperatures at 
the site are 35o (95oF) and -2.3oC (27.9oF), respectively. For these temperatures, the required slackness 
(slack) of a 23 feet by 300 feet geomembrane sheet (one roll) are estimated with a safety factor of 1.5 to 
be 3.6 and 46.2 inches on the short and long sides, respectively (Appendix C). Geomembrane failure due 
to thermal stress can be minimized if these slacks are provided during installation. 
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5.2.3 Life Expectancy of Geotextiles 

Nonwoven polypropylene geotextiles Geotex 1001 and 1601 (SI Geosolutions, 2006) were installed in the 
tailings main dam. In order to estimate their lifetime in the dam, a Federal Highway Administration 
(FHWA, 2000) publication was used that describes a deteriorating mechanism of geosynthetic materials 
having the same polyolefin parent, polyethylene and polypropylene, and recommends an approach to 
predict the lifetimes. Based on this approach and GRI test results, SI Geosolutions (1997) claims that the 
mechanical degradation can be less for polypropylene than for polyethylene under some conditions 

Geotextiles and HDPE geomembranes manufactured with the same antioxidant composition likely have 
similar lifetimes. Using the most conservative estimate of current research data (SI Geosolutions, 2006), 
geotextile lifetime is found to be approximately 100 years at 20oC (68oF). Assuming that 70percent of this 
lifetime is attributed to the antioxidant depletion time with the conditions described by Koerner et al. 
(2005), URS computed the geotextile lifetime at 6oC (42.8oF) and -2.3 oC (27.9oF) to be 222 and 465 
years, respectively (Appendix C). 

5.2.4 HDPE Geomembrane Response to Embankment Movement 

The HDPE geomembrane on the upstream face of the tailings main dam is the only impervious barrier in 
the dam. The integrity of this barrier during the design seismic event is implicitly assumed in completing 
the stability and deformation analyses summarized in Section 4.1.3. The ability of the geomembrane to 
accommodate the permanent seismic deformations of the dam without failure is evaluated in this section.   

If the liner fails to function as designed, the phreatic surface in the dam will rise, as shown by a sensitivity 
evaluation that was completed for the extreme case of liner failure in the seepage analysis (URS, 2007b). 
This rise of phreatic surface will adversely effect the dam stability (URS, 2007c). Therefore, the long-
term performance of the dam would depend on the ability of the geomembrane to accommodate the 
seismic deformations and settlements of the dam.   

5.2.4.1 Seismic Deformations 

As discussed in Section 4.1.3, permanent deformation of the dam occurs when the ground acceleration 
exceeds the yield acceleration of the failure mass corresponding to a critical failure surface. When the 
ground acceleration decreases, the failure mass will decelerate and stop moving. The total deformations 
will depend on the ground acceleration history for a particular event and the yield acceleration value.   

The permanent deformation of the geomembrane will vary gradually up the height of the dam and may 
include an abrupt deformation such as when the critical failure surface passes through the liner system as 
shown on Figure 5-3. The stability analyses completed for the closure configuration of the dam found that 
the critical failure surfaces, both with block and circular failure surfaces, for the seismic stability of the 
downstream slope of the tailings dam do not pass through the liner system.  

However, the actual deformation of the dam is very dependant on the acceleration time history.  Also, 
when a higher seismic coefficient, up to a value equal to the design peak ground acceleration (PGA) is 
considered, trial failure surfaces passing through the liner and FS values less than 1.0 are possible.  These 
factors indicate that an abrupt deformation of the liner system in the dam is less likely, but possible.   

Considering the likely deformation modes of the geomembrane, URS evaluated the following two 
conditions to evaluate the geomembrane response to permanent seismic deformations of the dam: 
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• Gradual Deformation of Geomembrane: This is the most likely deformation condition and 
would vary up the height of the dam.   

• Abrupt Deformation of Geomembrane: This includes an abrupt deformation along a critical 
failure surface that passes through the liner system, and is an extreme deformation condition as 
shown on Figure 5-3.  

5.2.4.1.1 Gradual Deformation of Geomembrane 

The deformation of the dam around the liner system is assumed to be gradual. The maximum shear strain 
within the dam, estimated from the simplified deformation analysis, is 0.2 percent. The geomembrane is 
inclined at 21.8-degrees from horizontal. Therefore, in order for the geomembrane to not slip, the 
following conditions are necessary: 

• The geomembrane would deform along with the surrounding rockfill 
• The shear strain in the dam would result in tensile strain in the geomembrane. 

Considering an infinitesimal element of soil mass containing an embedded geomembrane element as in 
Figure 5-4, the tensile strain in the geomembrane was estimated assuming that no slip occurs between the 
geomembrane and the surrounding rockfill, as follows: 

• Horizontal deformation of the soil mass element: dydx maxγ=Δ  

• Original length of geomembrane element: αsin
dyL =

 

• Elongation of the geomembrane element due to soil deformation: αγ cosmaxdyL =Δ  

• The tensile strain in the geomembrane: 
ααγε sincosmax=

Δ
=

L
L

 

Based on the maximum shear strain estimated from the simplified deformation analysis ( maxγ = 0.2 
percent), the tensile strain in the geomembrane was estimated as, 0.07 percent (ε = 0.2 percent by cos 
21.8o by sin 21.8o).   

The yield strain of the geomembrane obtained from tensile tests on a wide specimen is about 10 percent.  
The actual tensile strain estimate from the maximum shear strain in the dam (0.07 percent) is about 0.7 
percent of the yield strain obtained in the laboratory. However, the time to degrade the mechanical 
properties of the geomembrane to about 50 percent is at least several hundred years, and the maximum 
tensile strain during an earthquake is only 0.7 percent of the yield strain and 0.1 percent of the failure 
strain (based on 65 percent of failure strain, Appendix C).  

It is concluded that the geomembrane in the tailings main dam can safely accommodate the permanent 
gradual deformation considered above.   

5.2.4.1.2 Abrupt Deformation of Geomembrane 

A seismic event can cause displacements of the tailings main dam that may result in abrupt deformations 
of the geomembrane as shown on Figure 5-3. This section describes the computations that were 
completed to evaluate the effect of the design that a 2,475-return period seismic event would have on the 
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geomembrane. Two extreme cases of potential failure surfaces were considered in the evaluation, as 
follows: 

• Failure surface intersects the geomembrane perpendicularly, and 
• Failure surface intersects the geomembrane horizontally. 

Soil Type 1 rockfill contains larger particles than other soil types within the embankment. The rockfill 
particle size and arrangements (interlock) will control the thickness of the disturbed zone and shape of the 
potential sliding plane. Neither side of the liner system is in contact with soil Type 1 rockfill. Rather, the 
Soil Type 1 fill serves as buttress material on the upstream and downstream faces of the dam.  

Based on the construction specification, soil Type 1 is well-graded and consists primarily of gravels and 
cobbles with maximum diameter of 24 inches, less than 25 percent by weight passing the No. 200 sieve, 
and less than 5 percent ice by volume. However, based site observation, the average size of soil Type 1 
could be as low as 6 inches in diameter.  

However, due to over-size particles that are greater than 6 inches in size, and the particle interlock 
arrangement, the thickness of the disturbed zone would be in the order of one to two feet. Therefore, it 
was assumed that a one-foot width of disturbed soil pushes and displaces the geomembrane out of its 
original position.  

In order for the liner to continue to function after the seismic event, the geomembrane must be able to 
accommodate the increase in length, without tensile failure, despite the relative movement of the two 
zones of soil. Alternatively, a maximum deformation of the geomembrane based on its yield strength may 
be computed and compared to the maximum displacement expected from the design earthquake. If the 
former deformation is larger than the earthquake-induced displacement, it can be concluded that the 
geomembrane will remain intact after the seismic event. URS used the latter approach in this study. 

With elongations at peak tensile stress and breakage of 16 to 65 percent, respectively, maximum 
horizontal deformations were computed based on geometric relationships and limit equilibrium. 
Calculations were completed at various depths for the two assumed failure surface cases. The estimated 
maximum horizontal deformations that the geomembrane can tolerate without breakage are as follows: 

• Failure surface intersects the geomembrane perpendicularly:  3.6 feet 
• Failure surface intersects the geomembrane horizontally:  1.9 feet 

If the thickness of the disturbed zone is grater than one foot, the estimated maximum horizontal 
deformations that the geomembrane can tolerate without breakage would be higher than the above 
reported values. Since the maximum horizontal displacement from the maximum credible earthquake was 
estimated to be 21 inches (1.75 feet), it is concluded that the geomembrane in the tailings main dam can 
safely handle an abrupt deformation induced by the design 2,475-year return period seismic event.   

5.2.4.2 Settlement Deformations 

Settlement of the tailings main dam has primarily resulted from foundation thaw consolidation and the 
self weight of the rockfill and tailings. Some additional settlement, expected to be elastic in nature, due to 
self weight of the rockfill and tailings will occur as the dam is raised and additional tailings are 
impounded.  However, the thaw consolidation is not expected to increase because it appears to have 
stabilized as described in the seepage report (URS, 2007b).   
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Thaw consolidation was induced by the permafrost degradation in the rock foundation and generally 
occurs as a phase change of segregated ice and subsequent consolidation. Phase changes and the resulting 
settlement for the future raises to closure are expected to be minimal because on-going and future 
construction activities will be distal to the rock foundation, except around the downstream toe where the 
liner will not be influenced.  

Settlement caused by the consolidation of the compacted rockfill has taken place during and immediately 
after each raise was constructed. Therefore, most of the settlement has already occurred incrementally as 
construction progresses so that its effect on the geomembrane has been distributed over the dam height.  

Settlement of the wing wall is expected to occur as a result of foundation thaw consolidation and self 
weight of the rockfill. However, this settlement is expected to be minimal because of the maximum height 
of the wing wall is approximately 26 feet and the subsurface materials appear to already thawed.   

5.3 DRAINAGE SYSTEM 

5.3.1 Tailings Piping Potential and Internal Erosion 

Seepage force resulting from hydraulic gradients in the tailings main dam can adversely affect the dam in 
two ways:  

• Piping 
• Internal erosion.  

Piping is generally referred to failure occurring when seepage force is larger than the soil strength. 
Usually the hydraulic gradient, or “exit gradient”, is checked at a point downstream where flow exits the 
soil mass. At this point, the effective overburden pressure and soil strength are the lowest.  

The concept of piping is generally explained in a simplified one-dimensional model in which a soil 
column is subjected to a head differential (h). Forces on a horizontal section across the soil column are 
computed as follows: 

Downward force:  LAF md γ= , 

Upward force:  ALhF wu γ)( += , 

where    mγ = saturated soil unit weight, 

   wγ = water unit weight, 

   L = length of soil column, 
   A = cross-sectional area of soil column, 
   h = differential head. 

Ignoring the side friction along the perimeter of the soil column, soil failure is initiated when the upward 
(seepage) force becomes larger than the downward force. The hydraulic gradient causing the upward 
driving force to equal to the downward resisting force, is termed critical hydraulic gradient ( cri ). Equating 
the forces results in a simple formula for evaluating the piping potential of a soil element as follows: 

  ALhLA wm γγ )( += . 
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Then   
w

m

w

m
cr L

hi
γ
γ

γ
γ '

1=−== , 

where   '
mγ = buoyant or effective unit weight of soil 

The FS against piping is normally defined as a ratio of critical hydraulic gradient of the soil to induced 
hydraulic gradient at the point of concern: 

 
i

i
FOS cr=  .  

Table 5-4 lists the critical hydraulic gradient values of different soil types in the tailings main dam site, 
which is a function of the soil effective unit weight.  

In order to evaluate the piping potential of the soils in the tailings main dam, it was necessary to estimate 
the induced hydraulic gradient in the dam at controlling points from the 3D seepage model described in 
the seepage analysis report (URS, 2007b). The conditions in which the piping potential was evaluated are 
the closure cases with a 600-foot beach and effective liner and a 900-foot beach with no liner. Based on 
this study, a minimum factor of safety of 2.0 was conservatively obtained, indicating safe conditions. 

Table 5-4 – Soil Types Critical Hydraulic Gradient 
 

Soil type 
Soil saturated 

unit weight, γm 

(pcf) 

Water unit 

weight, γw 

(pcf) 

Soil effective 

unit weight, γ'm 

(pcf) 

Critical 

hydraulic 

gradient 

icr 

Tailings (Silt and fine Sand) 120 62.4 57.6 0.92 

Liner bedding 138 62.4 75.6 1.21 

Filter drain 138 62.4 75.6 1.21 

Transition rockfill 138 62.4 75.6 1.21 

Random rockfill 140 62.4 77.6 1.24 

Highly weathered shale 115 62.4 52.6 0.84 

Underdrain 115 62.4 52.6 0.84 

Internal erosion is defined by van Zyl and Harr (1981) as the process in which finer particles are moved 
locally into coarser materials. Internal erosion causes cavities in a dam that may lead to further damage. 
The potential to this type of seepage erosion can be evaluated by applying filter criteria to estimate 
blockage stability in areas of transition from fine to coarse materials.  

For the tailings main dam, a “filter drain” material was placed next to the geomembrane over the entire 
upstream face of the dam to provide a drainage path to the underdrain. With the presence of the 
geomembrane and geotextile liner materials, any movement of the filter drain material into the rockfill 
dam body is prevented. However, the liner materials could deteriorate with time. Therefore, the internal 
erosion potential of the filter drain and tailings was evaluated. 
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The following US Bureau of Reclamation (USBR, 1987 and 1998) filter criteria were used to evaluate the 
ability of the existing system to prevent internal erosion if the liner is no longer effective: 

• Stability criteria: 
5

)(
)(

85

15 ≤
base

filter

d
D

 (to prevent the base soil movement into the filter material). 

• Permeability criteria: 
5

)(
)(

15

15 ≥
base

filter

d
D

 (to provide faster seepage than that of the base soil). 

Filter design also must satisfy the following conditions in addition to the stability and permeability 
criteria: 

• Coefficient of uniformity (Cu) should be within the 85.1 ≤≤ uC  range. 

• Maximum particle size of filter material is 75 mm to minimize particle segregation and bridging 
during placement. 

• Maximum percentage of minus 200 size filter material is 5 percent to prevent clogging caused by 
excessive movement of fines in the filter and to maximize the permeability of the filter. 

For the filter criteria evaluation, results of laboratory tests shown in Figure 5-5 were used on Soil Type 3, 
Soil Type 4, and tailings. The test results were reported by Alaska Test Lab (2005), URS (2005) and 
Golder Associates (2003). Two scenarios were evaluated as follows: 

• Soil types 3 and 4 were considered as filter material; and tailings was considered as base soil. 
This combination does not meet the stability criteria based on their gradation curves. It was, 
therefore, concluded that loss of some fines of tailings will result if the liner becomes ineffective. 

• Soil types 3 and 4 were considered as filter material and base soil, respectively. This combination 
of soil types does not meet the stability criteria based on gradation curves. Therefore, it was 
concluded that loss of some fines of soil type 4 will result if the liner becomes ineffective. 

Filter criteria proposed by Foster & Fell (2001) were also considered. This method is based on analysis of 
laboratory test results as well as characterization of existing dams that have experienced internal erosions. 
Three internal erosion categories have been defined in this method: 

• No erosion: Almost no erosion occurs. 
• Some erosion and excessive erosion: The filter seals after some erosion of the base material. 
• Continuing erosion: The filter is too coarse to allow the eroded materials to seal it, such as with 

unrestricted erosion of the base soil.  

The method first identifies the base soil group in accordance with the percent fines passing through the 75 
μ m sieve. Then, the particle size of the filter material for which 15 percent by weight is finer (DF15) is 
compared with particle size of the base material for which 85 percent by weight is finer. It was found that 
the Type 3 (filter) soil does not satisfy the “no erosion” criteria, and that continuing erosion of the tailings 
base material is expected and the eroded tailings will not seal Type 3 soil.  

However, the low hydraulic gradient in the dam will reduce the potential for internal erosion and any 
erosion that might occur would only be from the liner system. The dam stability will not be impacted 
because of relatively small volume and coarse gradation of the Type 4 material.   
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5.3.2 Chemical Precipitation Potential  

Tailings water that seeps out of the impoundment and through or under the liner system flows through the 
tailings, and then along the underdrain and into the seepage pond, where it is collected and pumped back 
up to the tailings impoundment.  

The underdrain is composed of drain rock with voids that allow seepage to flow through it and under the 
dam. An evaluation was made of the underdrain becoming plugged over time by secondary mineral 
precipitation from the tailings pore water. This water could precipitate secondary minerals (predominantly 
ferric oxyhydroxides) due to a combination of the type and concentrations of chemical species in the pore 
water, the pH of the water, geochemical changes that may occur to the water, and other factors.   

5.3.2.1 Causes of Precipitation 

There are several factors which affect the precipitation rate in the underdrain. The basic, simplified 
relationships are as follows: 

• Initial iron concentration: higher initial iron concentration in the seepage water, results in 
higher iron precipitation based on a linear relationship. 

• pH: lower pH results in drastically lowered precipitation and higher pH results in increased 
precipitation. 

• Aeration level: increased aeration results in proportionally higher precipitation according to a 
nearly linear relationship. 

• Retention time in the underdrain: longer retention time results in proportionally more 
precipitation according to an approximately asymptotic relationship. 

• Temperature: lower temperature results in less precipitation due to slower kinetics. 

It was estimated to take approximately 11 years for water to penetrate from the tailings surface through 
the tailings and to the underdrain. As aerated water travels from the free water in the pond through the 
tailings toward the underdrain, oxygen will be consumed in various reactions with the sulphide mineral 
constituents of the tailings. The tailings will reduce oxidized substances flowing through them, resulting 
in pore water that will be in a reduced state when it reaches the underdrain. 

As the pore water reaches the underdrain, it is in a reduced state, with a low redox potential.  However, 
the underdrain itself is open to the atmosphere. It is assumed that due to air diffusion and convection 
through the voids in the underdrain, that the underdrain will be aerated to a level of approximately 10 
percent of what would occur in the outside air. A value of 10 percent oxygen is representative for a waste 
rock dump, which is considered similar to the situation for the underdrain (Dames & Moore 1987).  

The air will travel by diffusion and convection into the underdrain, from the drain rock in the underdrain, 
and from the underdrain exit to the atmosphere. Some oxygen will dissolve into the underdrain water. At 
the underdrain exit, the oxygen concentration in the water would be higher than 10 percent, while inside 
the dam where the tailings pore water enters the underdrain, the oxygen concentration would be lower 
than 10 percent due to the difficulty of air transport through the drain rock. Overall, the oxygen 
concentration throughout the underdrain is assumed to average 10 percent of atmospheric. 

The constituents in the water (mainly ferrous iron, but including others) will be affected by this partial 
aeration. The redox potential of the water will change significantly due to the dissolved oxygen, and will 
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affect the geochemical stability of the underdrain water and result in precipitation of ferric iron 
hydroxides.  This would occur in two steps:  

• Ferrous iron is oxidized to ferric iron, which is the slowest step kinetically and limits the overall 
rate of the reaction 

• The ferric iron ion will hydrolyze some water present, forming a ferric hydroxide precipitate.   

At low pH of 2 to 3, the overall reaction is very slow and on the order of thousands of years. At a pH of 4, 
it would take about 300 years for 50 percent of the ferrous iron to be oxidized to ferric hydroxide. At a 
moderate pH of 6, 50 percent oxidation of ferrous to ferric hydroxide requires around 275 hours or 11.5 
days. In 30 days at a pH of 6, about 81 percent of the ferrous iron would oxidize to ferric hydroxide 
precipitate. This precipitate has the potential to plug the pore space within the underdrain drainage rock. 

5.3.2.2 Mitigating Factors 

There are significant factors that reduce the potential of precipitation in the underdrain, such as mitigating 
the release of precipitated material from the water in the underdrain. For example, the residence time in 
the underdrain is about one day, assuming a 500-foot long by 50-foot wide by 6-foot high underdrain with 
30 percent porosity and flow of 250 gpm. While the aerated water is thermodynamically favored to 
contain ferric iron, the kinetics of the oxidation of ferrous iron to ferric iron are not instantaneous.  

The hydrolysis by ferric ion and formation of iron hydroxide precipitate is not instantaneous, but is faster 
than the oxidation of ferrous iron to ferric iron. The overall reaction kinetics is affected by the pH of the 
aerated water. At a low pH, the kinetics of the oxidation of ferrous iron to ferric iron are slow so that no 
appreciably precipitation will occur in one day. At moderate pH, the oxidation of ferrous iron to ferric 
iron is faster, as discussed above. Thus, a lower pH will not favor formation of a ferric iron precipitate. 

A lower temperature in the underdrain also results in a slower reaction time. A drop from 25°C (77 °F) to 
5°C (41°F) results in a ten-fold slowing of the reaction rate. At Red Dog, the average temperature is more 
likely to be 5°C (41°F) than 25°C (77°F), which is the temperature at which the PHREEQC (USGS 1999) 
geochemical simulations were run. The temperature in the tailings impoundment has historically varied 
between -2°C (35.6°F) and 6°C (42.8°F). Therefore, 5°C (41°F) is a reasonable assumption. 

Lower levels of oxygen in the underdrain will result in a slower and less complete ferrous iron oxidation 
reaction. Deep in the dam at the start of the underdrain, the dissolved oxygen levels will be lower, 
resulting in slower ferrous iron oxidation reaction to begin with.  As the water flows toward the exit, the 
dissolved oxygen level will increase, allowing for a faster ferrous iron oxidation reaction. Also, at times 
the underdrain may be full of water and not allowing any significant inflow of air from the exit. At these 
times, oxidation would be minimal, based only on air that flows in from the surrounding drain rock. 

The ferric hydroxide precipitate that forms will initially be an amorphous hydrous ferric hydroxide 
(“yellowboy”) with entrained water, similar in consistency to loose gelatin. It is likely that much of this 
precipitate will be swept out of the underdrain by water flow. As the precipitate dries out, both inside and 
outside the underdrain, it will solidify to a more crystalline precipitate. Eventually, other forms of ferric 
hydroxide may form such as maghemite, hematite, and goethite. These are denser, more crystalline, and 
take many years to form. They are not a likely problem given the 1-day retention time in the underdrain. 
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5.3.2.3 Geochemical Modeling 

Using the available chemical data on the pumpback water chemistry, the precipitate potential within the 
underdrain was evaluated using the one-dimensional chemical transport program “PHREEQC”, 
developed by USGS (1999).  

The underdrain is 500 feet long, 50 feet wide, and 6 feet deep. The underdrain flowrate of 250 gpm, 
which reflects the seepage estimate for closure conditions with a 900-feet wide beach, was used in this 
evaluation. These dimensions and flowrate provide a retention time of approximately three days. 

Currently, the average pumpback water pH is 6.27. Once the mine is closed it is assumed that the 
pumpback water pH will drop to a slightly lower level due to minor oxidation of the tailings and 
formation of acidic drainage. This effect was not explored in this analysis, but is typically seen in acid 
generating tailings. Even if the tailings impoundment is kept a flooded, the 250 gpm pumpback of 
oxidized water would slowly oxidize some of the tailings, dropping the pH to an assumed value of 6.0. 

Bacterial oxidation of iron was not considered in this analysis due to high pH. Bacteria responsible for 
oxidation of iron from ferrous iron to the ferric state are likely to be active at a pH below 3. Since it is 
unlikely that such a low pH will be present, this aspect was ignored. 

The geochemical modeling and analysis were completed using the following representative parameters 
and assumptions: 

• Flushing effect of 50 percent, so that half of all precipitate that forms stays in the underdrain, and 
the other half is flushed out and pumped back to the impoundment 

• Uniform aeration of 10 percent 
• Specific gravity of formed precipitate 2.4 g/cm3 (Lide, 1991-1992) 
• Void space within underdrain is 30 percent 
• Average temperature in the underdrain is 5°C (41°F) 
• pH of tailings water is 6.0 
• Retention time in the underdrain is 1 day. 

In order to evaluate the sensitivity of pH level and temperature, the analyses were completed for the 
following sets of parameters and a representative underdrain retention time of one day:  

• pH 5.0 and 5°C (41°F): Optimistic assumption of what could happen 
• pH 6.0 and 5°C (41°F): Representative long-term condition for what will happen 
• pH 6.3 and 5°C (41°F): Present-day condition 
• pH 6.0 and 25°C (77°F): Conservative scenario. 

The kinetics were also checked for a longer underdrain retention time of 30 days to represent a much 
slower underdrain flow rate that could occur if the tailings were capped (dry cover) and if the only water 
to run through was runoff. The analyses were repeated with the same pH level and temperature values.  
The results from both sets of analyses are presented in Table 5-5 and Appendix D.   
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Table 5-5 – Underdrain Plugging Time due to Chemical Precipitation 

Underdrain Plugging Time (years) pH 
 

Temperature 
(0C) Retention time = 1 day Retention time =30 days 

5 5 15,330,000 280,000 
6 5 160,000 3,000 

6.3 5 40,000 980 
6 25 16,500 610 

Some problems were encountered with the geochemical modeling program, PHREEQC. It was not 
determined how to limit the aeration level to 10 percent. The program ignored that only a certain amount 
of air was available for equilibration, and allowed 100 percent aeration of the underdrain water.  

Therefore, the thermodynamic conclusions are likely conservative. However, the thermodynamics were 
used to estimate which precipitates might form. The analysis was mostly based on kinetic considerations. 
The reduced aeration of 10 percent was included in the Excel spreadsheet for kinetics, so the results are 
not significantly affected by this shortcoming. 

Data provided by TCAK on July 9, 2007 indicates that typical reclaim water has a pH of 4.9. 

Table 5-6 –Typical Reclaim Water Chemical Properties  

5.3.2.4 Precipitation Potential in the Underdrain 

The geochemical modeling using limited pumpback water chemistry shows that iron hydroxides are likely 
to precipitate in the underdrain.  Based on the physical characteristics and properties of the underdrain, 
the kinetics of ferrous to ferric iron oxidation, and the ferric iron hydrolysis to ferric iron hydroxide, it can 
be assumed that the underdrain will eventually plug.   

The amount of time for plugging to occur depends on the water pH and retention time in the underdrain. 
Reasonable assumptions result in a plugging time of 160,000 years. A conservative scenario results in a 
plugging time of 16,500 years. These conclusions have not taken into account geochemical changes to the 
tailings, tailings water, pore water or underdrain water quality over time. Additional data on long-term 
geochemical changes are required to increase the degree of certainty in the predicted times. 

Sample  ppm Pb ppm 
Zn 

ppm 
Fe 

ppm 
Cd 

ppm 
TDS pH Comment/Location Description 

Pond Side 
Sump 0.59 1366 167.8 9.62 8390 3.68 During curtain wall construction  

(P-05-65) 
Mill Side of 
Excavation <0.078 1567 0.28 4.71 8450 4.76 Taken from mill side wall of 

excavation near panel C5/C6 
Pond & Mill 
Mix 0.09 1794 18.74 6.46 9500 4.84 Taken from low point near panel C6 

in curtain wall excavation 

Mill Side 2.75 5035 1.36 23.00 20170 4.90 Taken from wall of excavation near 
Sta. 107+60 on the mill side 

Reclaim 2.5 420 0.6 - 2 4 4600 4.9+/- Typical reclaim concentrations  
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Alternately, if the tailings impoundment is capped, it could be expected that the underdrain would plug at 
a faster rate, due to the longer retention time in the underdrain.  A reasonable set of assumptions results in 
a plugging time of 3,000 years if the tailings pond were capped.  A conservative scenario results in a 
plugging time of 980 years. 

5.3.3 Riser Pipe Integrity  

A backup seepage collection system was included in the dam to handle any excess freeze-up in the center 
part of the dam that could block the flow in the underdrain. Two riser pipes were included on the 
upstream face along the interface between the random rockfill and processed filter material. They are 
referred to as the west and east riser pipes.      

Both riser pipes were extended to the dam crest with the construction of each raise. The extension of the 
riser pipes for Stage VII-B raise was accomplished using 12-inch outside diameter pipe, which is similar 
to the existing pipes. The west riser pipe was found to be blocked during an attempt to measure the depth 
to water as described in the dam history report (URS 2007a).     

The riser pipes are set in the toe-drain at the deepest part of the original channel, which is less likely to be 
affected by thaw settlement from permafrost degradation due to the presence of the thaw bulb along the 
original stream. However, due to the curved alignment of the stream beneath the dam footprint, settlement 
due to thaw settlement of the foundation is expected along the entire alignment.   

Also, due to the presence of the impoundment on the upstream end, the rate of permafrost degradation on 
the downstream side of the dam is expected to be different. Therefore, differential settlements of the dam 
along various cross-sections are to be anticipated and were observed during periodic dam safety 
inspections (Dames & Moore 1994; Dames & Moore 1998; and URS, 2003).   

There was a concern that the blockage in the west riser pipe may have been caused by a failure of the pipe 
due to differential settlement of the embankment. A downhole camera survey was conducted in 2006 to 
investigate the blockage and determine the condition of the pipe. The survey report is in Appendix E, and 
the findings of the survey are described in the dam history report (URS 2007a). There was no evidence of 
any deformation of the pipe and therefore no evidence of differential settlement. 

Future changes to the permafrost will depend on the future construction activities around the dam. Likely 
changes include the raises to closure, a modified seepage collection system, and tailings management 
such as the width of the tailings beach and method of cover over the tailings impoundment at closure.   

The condition of the riser pipe is not likely to be further impacted by differential settlement due to thaw 
settlement. Based on the recent instrumentation data for the current configurations, the permafrost 
degradation beneath the dam has either stopped or significantly decreased. With the presence of a wide 
tailings beach which insulates the subsurface, further significant permafrost degradation is unlikely.  

5.4 EMERGENCY SPILLWAY 

The emergency spillway is described in Section 3.2.7. It will be cut in bedrock at the left abutment of the 
dam. The long term integrity of the spillway depends mainly on the durability of the outlet channel. The 
geotechnical investigation of the spillway (URS 2006) confirms that the highly weathered rock along the 
channel alignment will need to be over-excavated and replaced by more competent riprap to provide a 
long-term durable outlet channel.   
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5.5 LONG-TERM TAILINGS MAIN DAM PERFORMANCE 

Tailings dams are unique because the service life of the dam is infinite, generally speaking (ADWR 
2005a).  While the preceding sections have demonstrated long-term performance of the main elements of 
the tailings main dam, the purpose was not to demonstrate infinite design life. The life expectancy of each 
of the main elements of the tailings main dam are presented in Table 5-7.   

Table 5-7 – Major Tailings Main Dam Elements Life Expectancy 

Life Expectancy (years) Dam Element 
Minimum Maximum 

Rockfill Indefinite1 

HDPE Geomembrane 500 1600 
Geotextile 220 465 
Drainage System Indefinite1 

Underdrain2 16,500 160,000 
Riser Pipe Indefinite1 

Emergency Spillway Indefinite1 
 1 Indefinite means undefined life expectancy.  
 2 Based on wet cover, conservative and reasonable set of assumptions scenario. 

The life expectancy of the tailings main dam is related to the life expectancy of its various elements. The 
quantifiable life expectancies of the elements range from 220 years for the geotextile to 160,000 years for 
the underdrain. This long service life will allow for possible modifications to the tailings facility resulting 
from new technology which might allow for reprocessing tailings that are currently considered not 
economic to process. The elements with indefinite life expectancy are expected to outlive the elements 
with quantifiable life expectancy, hence they are not considered to limit the life expectancy of the dam.   

Section 2.2 identifies the tailings facility as requiring active care for the water cover option because the 
water treatment plant will be maintained after closure. Active care can only be achieved by continued 
monitoring and maintenance activities after closure. A combination of the long-term design performance 
of tailings main dam components and active care demonstrate that a system is in place under which 
stability of the tailings main dam can be maintained indefinitely.  

The same soil, rock and geosynthetic materials have been used in the tailings main through all its stages 
of construction, have been assumed for the future raises to closure. However at the time of final design, it 
will be prudent to investigate if other materials may be more appropriate. The consideration of new 
materials will especially apply to geosynthetics where technology has advanced significantly in the last 
decade, and new types of geomembranes and geotexiles may be available that may better serve the long 
term needs of a the tailings main dam at closure.  

6.0 CONCLUSIONS AND RECOMMENDATIONS 

The conceptual design of the future raises to closure assumes the scenario of a water cover over the entire 
tailings impoundment. The water cover will require permanent maintenance of a minimum of two feet of 
water over the tailings, and active on site care, including a water treatment plant. At El. 986, the tailings 
impoundment is estimated to cover an area of approximately 725 acres.  
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The future raises to closure require raising the embankment by 26 feet from the Stage VII-B crest of El. 
960 to a final crest at El. 986 and ultimate maximum dam height of 208 feet, extending the dam out as a 
wing wall either south or southeast of the east abutment where the ground flattens out, and constructing a 
permanent spillway around the west abutment hillside with a spillway crest at El. 984.5.  

The final dam crest at El. 986 and spillway crest at El. 984.5 may change as the closure plan is being 
developed for the tailings impoundment, as tailings production and storage area projections are updated, 
and as the disposition of various impacted waters are finalized. However, any crest level changes will 
have minimal impact to the conceptual designs described in this report.    

The conceptual design assumes that the dam will have three raises (Stages VIII, IX and X) of heights 10, 
10 and 6 feet, respectively. The raises will increase the crests to El. 970, 980 and 986 feet, and maximum 
height to 192, 202 and 208 feet, respectively. The raises will be built by downstream construction. The 
Stage X downstream toe is projected to terminate near the upstream end of the seepage collection pond.  
 
The final dam will include the embankment and a wing wall out from the right abutment. The wall will be 
built in the same way as the embankment so that they will comprise one dam with continuous seepage and 
drainage control systems, and a bend at the embankment to wall connection. There are several possible 
bend and wing wall alignments and configurations that will be resolved in the final designs.  
 
The main embankment raises and most of the wing wall will have upstream slopes of 2.5 horizontal to 1.0 
vertical (2.5:1) and downstream slopes of 3:1. The upstream slopes will be the same as the upstream 
slopes of the previous raises. The downstream slopes will the same as the Stage VII-B downstream slope.  
The embankment to wall bend slopes may need to be steeper because of space constraints.    
    
The emergency spillway includes a channel around the left abutment. The tailings impoundment at 
closure will contain all inflows up to the spillway crest at El. 984.5 in order to maintain a zero-discharge 
operation. In the improbable event that the impounded water exceeds El. 984.5, the spillway is sized to 
route the probable maximum flood (PMF) through its channel to a maximum water level of El. 985.6.  

The long-term integrity and longevity of the dam depends on the durability of the embankment rockfill, 
liner and drainage systems, and spillway. Some components of these systems were found to have an 
indefinite or undefined life expectancy. The life expectancies of the major elements are as follows:    

Life Expectancy (years) Dam Element 
Minimum Maximum 

Rockfill Indefinite 

HDPE Geomembrane 500 1600 
Geotextile 220 465 
Dam Drainage System Indefinite 

Underdrain 16,500 160,000 
Dam Riser Pipe Indefinite 

The rockfill durability and ability to handle movement caused by thaw consolidation and seismic-induced 
foundation and seismic deformation is critical to long-term dam stability. The rockfill is inert rock from 
the DD-2 quarry and the Main Pit, is durable and not reactive, and will remain intact for centuries. Thaw 
consolidation of the foundation has mostly occurred, and any further thaw will have minimal impact.         

A seismic deformation was estimated corresponding to an earthquake of maximum magnitude that has a 
likelihood of occurring once in 2,475-years. The deformation analysis estimated a maximum horizontal 
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displacement of 21 inches at the crest and maximum shear strain in the dam of up to 0.2 percent. These 
levels of earthquake-induced displacement and shear strain are tolerable under such an extreme event.  

The geomembrane is the key element of the liner system for seepage control. To prevent brittle cracking 
during cold weather, it is estimated that geomembrane sheets (23 feet by 300 feet) need to have 3.6 and 
46.2 inches of slack on the short and long sides, respectively. It was found that the geomembrane could 
safely accommodate gradual deformations and abrupt deformation induced by the design earthquake.   

A drainage system analysis showed that piping will not occur. A liner system analysis showed that the 
filter soil does not satisfy the “no erosion” criteria, so that if the liner lost its effectiveness, the tailings 
will erode and not seal the filter soil. However, the low hydraulic gradient in the dam will reduce the 
potential for internal erosion, and any erosion that could occur will only be in the liner system.  

It was estimated that it would take 16,500 to 160,000 years for the underdrain to become plugged as a 
result of secondary mineral precipitation from tailings water draining through it. Additional analyses of 
the long-term geochemical changes are required to increase the confidence of the predicted times. 

The same soil, rock and geosynthetic materials were used in the dam during all stages of construction, and 
were assumed for the future raises. However, the final design of each raise should investigate if other 
materials are more appropriate. This should especially apply to geosynthetics where technology has 
advanced significantly and new products may better serve the long term needs of the future raises.  

The conceptual design shows that the dam can be constructed and operated safely during the remaining 
mining operations to at least 2031, that long-term dam stability and seepage controls can be maintained in 
perpetuity after closure, and that post closure operational and maintenance requirements can be achieved.    
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Figure 5-2

Geomembrane Conceptual Stages of Chemical AgingJob No. 33757098
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Abrupt DeformationGeomembrane Job No. 33757098
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Figure 5-5
Job No: 33757098 Grain Size Distribution
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          Memo 

        Century Square 
1501 4th Avenue, Suite 1400 

          Seattle, Washington   98101 
          206.438.2700   Telephone 
          206.438.2699   Fax 
 

To: Kathleen Willman, Teck Cominco Alaska, Inc. 
 Info:  

From: Sri Rajah, URS 
Cecil Urlich, URS Date: October 22, 2004 

RE: Review of Red Dog Mine Tailings Audit Report by BGC Engineering Inc. 
URS Project No: 33757098 

 

This memo summarizes the URS review of the report “Red Dog Mine, Cominco Alaska, Tailings Audit” 
dated February 9, 2001, by Iain G. Bruce of BGC Engineering Inc. The audit was completed as part of a 
corporate risk assessment of the mine property, and the report summarizes the results of a mine visit from 
November 17 to 20, 2000. The URS review also reflects observations made by Cecil Urlich at the mine 
during a dam Periodic Safety Inspection (PSI) from October 18 to 22, 2004.  

INTRODUCTION 

The audit report is organized into an Introduction and the following five sections: 

• Management Systems 
• Tailing Pond Design and Construction Practices 
• Water Balance and Tailings Deposition Planning 
• Tailing Pond Monitoring Practices and Procedures  
• Tailing Pond Closure Planning: 

 
Each section after the Introduction describes TCAK efforts being made at the time of the visit and 
provides suggestions for improvement. The URS review comments are presented below for each section. 

MANAGEMENT SYSTEMS:  

Management system improvements suggested by BGC can be categorized as follows:  

• Define responsibility and lines of responsibility  
• Form a tailings management committee (TMC) 
• Complete long-term closure plans 
• Modify the Operation and Maintenance (O&M) manual  
• Prepare and practice an Emergency Response Plan (ERP).  
 

The responsibility for the tailings system is defined in the O&M manual to be a mine staff member 
designated as Responsible Party. Mr. Jim Swendseid, P.E., is the Responsible Party and has been since 
before the audit. The manual describes the responsibilities and required qualifications of the Responsible 
Party, and provides guidance on support to be provided by TCAK to the Responsible Party.  
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It is a good idea for a TMC of mill, mining and environmental department staff to meet regularly. 
Meetings would enhance the interaction of operation and closure plans, and resolve operation practice and 
closure requirement conflicts. However, closure options are now being evaluated, so operation and 
closure plans cannot interact because the closure plan is not final. Meanwhile, URS has observed open 
communications and understandings between the departments and an awareness of objectives. Therefore, 
URS recommends that a TMC is not needed and that current communication practices should continue.       

A long-term closure plan is being developed by TCAK for the mine that includes the tailings facility. The 
current tailings closure plan is to flood the pond with a minimum water depth of two feet. Other closure 
options are now being evaluated. They include flooding the pond with a greater depth of water, changing 
the surface topography by depositing paste tailings, and constructing a wet or dry soil cover.     

The current O&M manual was completed in April 2004 as Revision 3 of a manual started in 1989. 
Revision 4 will be completed early in 2005 after the 2004 PSI. O&M guidelines are provided for the 
tailings dam, seepage collection dam and pump-back system. The manual includes a Project Data Sheet, 
sections on Project Description, Responsibility, Routine Observations and Maintenance, Instrumentation 
Monitoring, and Emergency Action Plan, and Appendices. The manual is not intended to provide a 
complete management system and deposition plan. However, URS has observed the deposition plan to be 
well thought out relative to filling low areas and addressing seasonal issues such as dust and freezing. 

An Emergency Action Plan (EAP) is Section 6.0 of the O&M manual. It includes sections titled Unusual 
Occurrences and Procedures, and Emergency Action Planning. An Emergency Situation Notification flow 
chart identifies TCAK entities (Responsible Party and Incident Command Center), and others (State Dam 
Safety and Construction Unit, URS, downstream developments, and press and news media).   

TAILINGS POND DESIGN AND CONSTRUCTION PRACTICES: 

BGC suggests the following improvements in tailings pond design and construction practices: 

• Evaluate effect of residual strength of bedrock on dam stability 
• Review the seismic criteria in light of recent seismic data  
• Establish trigger levels for potential piezometric levels 
• Evaluate need for dam deformation monitoring and analysis 
• Provide mitigation for potential tailings spill at culvert outlet. 

 
Specific BGC comments on each of the above and the URS response are summarized as follows: 

Residual Strength of Shale Bedrock  

BGC suggests that the effect of residual strength of shale on dam stability should be re-assessed because 
of evidence of movement in the form of shears and slickensides. BGC recommended the following: 

• Assess a residual value even if it is not an appropriate value to use in the foundation  
• Confirm that a weak layer does not underlie the dam in an adverse orientation  
• Complete additional stability analyses using residual friction for raises and steeper slopes 
• Complete geotechnical logs of boreholes drilled for piezometers or instruments 

As a result of the geotechnical investigations for Stages I to VI, Dames & Moore (1986) established the 
residual strength of the gouge zones in the shale as 24 degrees, and noted large variations in bedding 
orientation as a result of intense folding and bending of the bedrock. The residual strength was based on 
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one consolidated direct shear test on the gouge material. URS considers this to be adequate for dam 
design up to Stage VII, but it should be re-evaluated for the higher and steeper closure raises.    

A weak layer in an adverse orientation was assumed under the dam for all stability analyses. The layer is 
a 6-inch thick gouge zone 15 feet below original ground surface, at the interface between ice-rich and ice-
free bedrock. The assumed gouge orientation is the least favorable and provides conservative results. The 
Dames & Moore (1986) stability analyses estimated an allowable internal friction angle of 6 degrees for 
the gouge and a seismic safety factor of 1.0 under drained loading. The foundation was found to be 
acceptable for Stage IV because the measured residual shear strength was higher than 6 degrees.  

URS (2002) used a similar stability analysis approach for the Stage VII raise with a steeper slope, and 
calculated an internal friction angle of 15 degrees and seismic factor of safety of 1.0 for a Maximum 
Considered Earthquake (MCE). This required internal friction value is much lower than the established 
residual strength of 24 degrees. In addition, Stage VII is in the foundation footprint of Stage VI. 
Therefore, URS concluded that the Stage VII dam and foundation were stable, and that no additional 
work is needed to further investigate the weak pre-sheared zones under the dam for Stage VII stability.  

The closure design requires a higher dam and an extension of the dam beyond the current toe. URS 
(2004) stability analyses show that the final dam can have a steeper slope subject to geotechnical drilling 
to identify the weakest zones under the new footprint. Meanwhile, any instrumentation drilling should be 
completed as geotechnical borings and sealed to prevent a surface water to permafrost connection.   

Seismicity and Seismic Design Criteria 

For Stage I to VI design, the dam was rated as Class III with low hazard potential. For stability analyses, 
Dames & Moore (1987) established seismic criteria based on National Research Council (1983) seismic 
hazard map and guidelines, and developed the following horizontal Peak Ground Accelerations (PGA):  

• PGA of 0.05g corresponding to an Operating Basis Earthquake (OBE) with a return period of 
475 years or a 10% chance of being exceeded in 50 years.  

• PGA of 0.10g corresponding to Maximum Credible Earthquake (MCE) that often is assumed to 
have a return period of 10,000 years.   

The Dames & Moore (1987 and 1999) seismic stability analyses used a pseudo-static approach with 
reduced undrained shear strength and constant seismic lateral force associated with a horizontal seismic 
coefficient equal to the PGAs described above for OBE and MCE conditions. 

By the time of the Stage VII design, the dam was upgraded to Class II with significant hazard potential. 
For the stability analyses, URS (2002) established new seismic criteria based on USGS hazard maps 
published for Alaska (Wesson et al, 1999), and developed design criteria and PGAs as follows: 

• PGA of 0.10g corresponding to the OBE.  A 475-year seismic event with a 10% probability of 
being exceeded in 50 years was taken as the OBE seismic hazard.   

• PGA of 0.20g corresponding to the MCE.  A 2,475-year seismic event with a 2% probability of 
being exceeded in 50 years was taken as the MCE seismic hazard.  

• The Maximum Design Earthquake (MDE) was assumed to be the same as the MCE. 

The Alaska Dam Safety Program (2003) defines the MDE as “the greatest earthquake that reasonably 
could be generated by a specific seismic source, based on seismological and geologic evidence and 
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interpretations”, and provides a 1,000 to 2,000-year range of return periods for a Class II dam. The MDE 
described above, provides the most conservative design within standard dam design practice       

For Stage VII design, URS (2003) used a pseudo-static approach with reduced undrained shear strength 
and constant seismic lateral force with seismic coefficient of 50 % of the PGA. This approach was based 
on studies that showed that earth dams with pseudo-static factors of safety greater than 1.0, obtained by 
using a seismic lateral force with 50% of the PGA, will not develop large deformations (Hynes-Griffin 
and Franklin 1984, Kramer 1996, Crouse 2004). URS used the following seismic coefficients for the 
Stage VII design: 

• 0.05g corresponding to the OBE 
• 0.10g corresponding to the MCE.  

This approach on for Stage VII resulted in the same seismic coefficients as for the Stage I to VI design. 
The analyses show that Stage VII is stable under seismic loading. However, a review of the seismic 
criteria and additional stability analyses will be required for the dam at closure because the dam will be 
higher than Stage VII, the footprint will extend beyond the current toe, and the pond may be flooded.   

Trigger Levels for Piezometric Surfaces  

The O&M manual Section 5.3.2 identifies trigger levels associated with water levels in piezometers P8, 
P9 and P10, which are aligned down the slope from the crest to the toe. The trigger levels were specified 
in previous versions of the manual. For the next update of the manual, URS will list the trigger levels in a 
separate section, and will require that URS be contacted if the trigger levels are reached.    

Dam Deformation Analysis and Monitoring 

Section 4.0 of the O&M manual prescribes daily and quarterly inspection procedures. Daily and weekly/ 
quarterly inspection sheet check lists are in Appendix A. These procedures are being followed by TCAK. 
Completed check lists include comments on observations of slumps and cracks. The manual also outlines 
procedures for the Inspector and Responsible Party in the event of any such unexpected observations.  

URS considers that deformation analyses and monitoring are not necessary. Bench marks were installed 
previously on the crest at 200-foot centers, but were buried by the Stage VII-A raise in 2003. Given the 
good stability history and performance of the dam, and that it is visually inspected daily and traversed 
several times a day by mine staff, URS recommends against installing bench marks.  

In addition, bench marks only indicate movement at the bench mark locations, and not where other 
movements might occur, such as slumps, cracks and seepage. The daily inspections would notice such 
movements, as well as any outward movement of the crest. So bench marks could provide a false sense of 
security. The daily inspections would provide more reliable real time information based on observations.    

Potential Tailings Spill at Culvert Outlet 

On October 20, 2004, Cecil Urlich and Jim Swendseid inspected the culvert outlet at the east abutment. 
There is no concern about tailings spills over the dam face because the Stage VII-A construction sloped 
the ground towards the sand filter coffer dam in the tailings pond. Therefore, any tailings spill will be 
flow towards the tailings pond. Also, the area is well traveled and a spill would be quickly noticed.      
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WATER BALANCE AND TAILINGS DEPOSITION PLANNING: 

BGC suggests the following water balance and tailings deposition planning improvements: 

• Prepare electronic water balance charts to assess monthly water levels 
• Consider placing a spillway over the dam to guard against complacency 
• Ignore diversion ditches in the water balance for long-term planning  
• Include updated evaporation data in new water balance determinations. 

Water surface elevations are being generated electronically and used for planning future raises. This data 
led to the design of Stage VII and construction of Stage VII-A, and is being used for scheduling the 
design and construction of Stage VII-B, and for closure plans options that are currently being evaluated.   

The Stage I to VI design included an emergency spillway as part of the final dam, but included freeboard 
for the raises so that interim spillways were not needed (Dames & Moore 1987). The spillway was shown 
to be along the west abutment hillside around the dam in the same way as at the freshwater dam. 
However, the construction of Stage VII and future raises to closure will push a hillside spillway upslope.  

The final spillway could be either along the hillside described above, or across the dam. The best site for a 
dam spillway appears to be near the west end of the dam for topographic and site impact reasons. The 
spillway must continue along the hillside and discharge downstream of the seepage collection pond and 
pump-back system. The discharge chute could be at about the same location as in the original design.     

The Stage VII freeboard is 5 feet, which is adequate for the design storm, runoff, waves and wind. URS 
does not recommend interim spillways to guard against complacency because tailings facility permit is for 
zero discharge and there is an O&M manual and EAP. It is improper to suggest complacency as a reason 
for a spillway because TCAK is bound by its “Certificate of Approval to Operate a Dam”.  

URS believes that diversion ditches should be used in water balance calculations for long term planning. 
The ditches were designed and are maintained to reduce runoff into the pond. This is standard practice in 
tailings operations and closure plans. If the pond is to be flooded in perpetuity, long-term maintenance of 
the ditches must be in the closure plan, and must be relied on in monitoring the closure system.  

The water balance estimates are based on current data that is electronically collected by TCAK, and 
includes including updated evaporation figures. 

TAILINGS POND MONITORING PRACTICES AND PROCEDURES: 

BGC suggests the following monitoring practice and procedure improvements: 

• Specific trigger levels for underdrain piezometers 
• Stability analyses using a range of piezometric surfaces 
• Monitor tailing main dam wall deformations. 

Section 5.3.2 of the O&M manual presents trigger levels for piezometers P9, P10, and P11. If any of the 
levels are reached, the O&M manual requires a closer review of the readings, which may include new 
stability analyses. For the next update of the O&M manual, URS will list the trigger levels in a separate 
section, and will require that URS be contacted if the trigger levels are reached.    

The trigger levels for the piezometer readings in all O&M manuals were determined on the basis of Stage 
I to VI stability analyses and a range of piezometric surfaces. The trigger levels in the current O&M 
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manual were determined on the basis of the Stage VII stability analysis and piezometric surfaces, review 
of historic piezometric readings, and discussions of these readings with the Responsible Party. 

Section 4.0 of the O&M manual describes inspection procedures and checklists for monitoring 
deformations including slumps and cracks. Cracks along the upstream face are documented on the daily 
and weekly inspection forms, and evaluated. The cracks have been found to be not significant and are 
typically filled by grading over them. Deformation monitoring is not required as described above.   

TAILINGS POND CLOSURE PLANNING: 

BGC suggests considering the following elements in the closure plan of the tailings system: 

• Potential impact of ARD from tailings and waste rock 
• Integrate closure of tailings pond with the rest of the property   
• Seismicity for closure if area found to be more seismically active  
• Crown tailings and assess other methods of tailings deposition   
• HDPE long-term performance and compatibility with acidic water. 

ARD impacts from the tailings and mine waste rock have been studied. The closure plan that is being 
developed is addressing ARD impacts. The flooding option that is being considered for closure of the 
tailings pond is evaluating a minimum depth of water cover over the tailings ranging from is 2 to 10 feet.  

The closure plan is being developed for the mine which includes integration of all components of the 
property, including the tailings pond, and not looking at the tailings pond in isolation.   

URS concludes that the seismic criteria used for the Stage VII design is appropriate for closure. This is 
discussed above under “Seismicity and Seismic Design Criteria”. URS has completed stability analyses 
for closure configurations that show the dam is stable even with a flooded pond. Also, we understand that 
TCAK plans to collect and treat water from the tailings system in perpetuity.  

The closure plan that is being developed is considering other methods of tailings deposition and closure 
methods that would result in changes to the final surface topography of the tailings pond. Methods being 
considered include subaerial and paste tailings deposition, and wet and dry soil covers for closure.   

HDPE has been used for over 25 years for landfills and chemical waste and tailings storage. Extensive 
testing was completed under USEPA and State scrutiny. In the early 1980s, it was standard to perform 
USEPA Method 9090 "Compatibility Test for Wastes and Membrane Liners" for hazardous and toxic 
materials, including tailings in contact with HDPE. Results routinely showed a high chemical resistance 
of HDPE to alkaline and acidic waters. Exposure in cold climates is less critical than in warm climates. 
This testing is now seldom performed. URS concludes that HDPE will provide long-term tailings 
containment with no deterioration from contact with dissolved ions, metals and acid tailings water.  
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         Technical Memorandum 

       1501 4th Avenue, Suite 1400 
         Seattle, Washington   98101 
         206.438.2700   Telephone 
         206.438.2699   Fax 
 

To: Gary Coulter, Teck Cominco Alaska, Inc.  Info: 
George Thornton, TCAK 
Jim Swendseid, TCAK 
Daryl Hockley, SRK 

From: Cecil Urlich and Charles Masala, URS Date: August 6, 2007 

RE: Conceptual Design of the Spillway for Tailings Main Dam at Final Closure 
URS Project No. 33757098; TCAK Contract No. RD-02-06;  PO No. 1257477 

1.0 Introduction 

This memo summarizes the conceptual design for the spillway that was completed by URS Corporation 
for Teck Cominco Alaska Inc. (TCAK), for the Red Dog tailings facility for future final closure. The 
memo also fulfills a State of Alaska Department of Natural Resources (ADNR) requirement for a detailed 
engineering evaluation as outlined in a letter from ADNR to TCAK titled “Multiple Accounts Analysis 
for Red Dog Tailings Disposal”, dated June 2, 2005.  
 
This memo is an update of two earlier memos dated April 8 and July 22, 2005.  The components which 
make up the total freeboard required for closure presented in Table 1.0 have been updated.  The basis for 
estimating the depth of each component included in the total freeboard is provided in Section 2.0 
 
Based on current TCAK estimation of total tailings storage requirements to closure and the estimated total 
freeboard requirement, the tailings facility is expected to be closed with the tailings main dam at a 
maximum crest elevation of 986 feet (El. 986). This elevation was estimated based on the final tailings 
storage at El. 975, two feet of minimum water cover, and a total freeboard requirement of nine feet as 
shown in Table 1.0.   
 
The tailings facility is operated as a “zero discharge” impoundment, and the plan is to maintain this 
condition after closure. The tailings impoundment will contain the water depths shown in Table 1.0, 
including the probable maximum flood (PMF), and will meet closure design requirements at El. 984.5 
without requiring an emergency spillway.  After closure, the tailings water level will be regulated using 
an on site pump and treatment system. However, standard dam design practices require that all dams at 
their final height should have an emergency spillway.   
 
The spillway will be a side channel above and around the left abutment of the tailings main dam as shown 
on Drawings TDC-18 and 21. This is similar to the spillway layout at the Red Dog Mine freshwater dam.   
 
 
 
 

Table 1.0 - Spillway Crest Elevation Requirements 
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Closure Requirements Components of Closure 
Requirements  Depth (feet) 

Resulting 
Elevation 

(feet) 
Impounded Tailings at Closure Total tailings storage Not Applicable  975.0 

Water Cover for Closure Minimum water cover  2.0 977.0 
Freeboard Required for Closure   Autumn to Spring Inflow 1.6 978.6 

 PMF  1.1 979.7 
 Wind setup 0.3 980.0 
 Wave run-up 0.9 980.9 
 Spillway backwater Effects 

(due to 600 ft  long upstream 
beach) 

1.1 982.0 

 Additonal Water Storage (1 wet 
year total precipitation) 2.5 984.5 

Spillway Channel Spillway depth  1.5 986.0 
 
 
During an unexpected and improbable event where the impounded water would exceed El. 984.5, the 
discharge would occur through the spillway. The spillway is sized to route the PMF through its channel if 
the level of the impounded water is at El. 984.5 at the start of the probable maximum precipitation (PMP).   

2.0 Estimation of Total Freeboard 

The total freeboard of the Red Dog tailings facility include: autumn to spring inflow; PMF; wind setup; 
wave run-up; spillway backwater effects; wet year total precipitation and spillway depths as presented in 
Table 1.0.  The total freeboard is the 9 feet water depth above the two feet minimum water cover that will 
permanently cover the tailings.  The basis for estimating the two feet minimum water cover and each of 
the components of the total freeboard is presented in the following sections.   

2.1 Minimum Water Cover  

According to the current mine plan, it is estimated that the total tailings of 88,000,000 tons (79,800,000 
tonnes) will be produced by the end of ore processing in 2031. Using the lowest tailings density estimate 
of 94.3 pounds per cubic feet (pcf), the projected 88,000,000 tons of tailings to be placed in the reservoir 
will result in the final struck-level tailings surface of approximately El. 975 feet (SRK 2007b).  The Red 
Dog tailings are potentially acid generating.  To prevent the generation of acid, a minimum water cover of 
two feet will be maintained over the tailings surface in perpetuity after closure.   

2.2 Autumn to Spring Inflow 

From autumn to spring, the water treatment facility is shut down with no discharge of water from the 
reservoir.  However, during this period, there is accumulation of winter precipitation, mine water and 
freshet in the pond. The estimated maximum dam height for the conceptual closure includes a volume 
which will be used to store the inflow into the pond from autumn to spring.  Initially the autumn to spring 
total depth of 3.2 feet was estimated by TCAK using historical data from 1995 to 2003 (TCAK 2003).  
Based on the revised closure plan which results in some of the autumn to spring runoff originally going 
into the tailings pond, being redirected to the pit, a revised autumn to spring runoff of 1.6 feet was 
estimated by SRK, 2007b.     
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2.3 PMF 

URS conducted flood routing modeling of the tailings facility as part of the revised spillway design, using 
the previously estimated probable PMP of 5.9 inches over a catchment area of 2.55 square miles 
(Geomatrix 2003).  The HEC-HMS flood routing model was used in the analyses and the total inflow 
volume into the reservoir was estimated to be 765 acre feet (URS 2005b).   Assuming that the reservoir is 
full at the beginning of the PMP, at the peak discharge of 37 cubic feet per second (cfs), the maximum 
depth of flow over the spillway would be 1.1 feet (URS 2005b).   

2.4 Wind Setup  

Wind setup is inversely proportional to water depth in the pond.  Initially a wind setup of 0.06 feet was 
estimated by Geomatrix (2003) assuming an average water depth in the pond of 24 feet.  For the final 
closure case, TACK (2003) revised the calculation using an average depth of 5 feet resulting in an 
estimated wind setup of 0.3 feet.  The value of wind setup estimated by TACK using an average depth of 
5 feet is considered conservative based on the current total freeboard of approximate 9 feet, but it is 
considered reasonable for inclusion in the estimation of the maximum dam height at closure.   

2.5 Wave Run-up 

Geomatrix and TCAK estimated the wave run-up height of 3.42 feet onto the main tailings dam 
(Geomatrix 2003, TCAK 2003).  Both Geomatrix and TCAK estimated the wave run-up height with the 
assumption that there was no beach in front of the main tailings.  The calculated wave run-up is inversely 
proportional to the angle of the upstream face of the dam to the horizontal plane.  The placement of a 600 
feet beach upstream of the main dam, with elevation equivalent to the maximum elevation of the main 
tailings dam, covers the upstream face of the main tailing dam and eliminates the effect of the wave run-
up.  To account for the possibility of the tailings beach and the coffer dam settling overtime, an upstream 
angle of 5 degrees was used in estimating the wave run-up for the final closure, see Section 5.5.  Based on 
the upstream angle of 5 degrees, the wave run-up was estimated as 0.9 feet (URS 2005a).      

2.6 Spillway Backwater Effects 

In the unlikely event that the water level in the tailings pond exceed 984.5 feet (spillway control 
elevation) discharge will be routed from the tailings pond via the spillway channel on the left abutment of 
the dam, to Red Dog Creek downstream of the tailings dam.  The control section of the spillway which 
will operate as a broad-crested weir will be placed near the center line of the main dam.  Due to the 600 
feet tailings beach upstream of the main dam, the tailings water pond is expected to be at least 600 feet 
from the spillway control point. To route the water from the pond to the spillway control point, an 
upstream channel, at least 600 feet will be installed. This will cause backwater effects in the channel 
resulting in water depth increase of 1.1 feet in the pond (URS 2007).   

2.7 Additional Water Storage Capacity 

In the event that the treatment system and discharge of the pond water completely ceased operating, 
additional storage capacity of 2.5 feet was added to the total freeboard. The 2.5 feet was estimated from 
the total precipitation of 28.5 inches received in a wet year based on water balance model performed by 
SRK, 2007. The additional water storage capacity of 2.5 feet will accommodate up to one year of 
precipitation even in a wet year. 
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2.8 Spillway Depth  

The spillway depth of 1.5 feet above the spillway control point of El. 984.5 was added to the freeboard to 
allow routing of the PMF in case the reservoir is full when the PMF occurs.  Based of the reservoir flood 
routing, the maximum discharge through the spillway during a PMF would be 37 cfs.  For the discharge 
of 37 cfs the maximum depth of water over the spillway will be 1.1 feet (see Section 5.1).   

3.0 Spillway Conceptual Design Approach 

The spillway conceptual design that is described in this memo is preceded by two closure spillway 
designs by Dames & Moore (now URS): the original Stage VI spillway design (Dames & Moore, 1986); 
and a Stage VII modified spillway design (Dames & Moore, 1995).   
 
As part of final closure spillway design URS has identified and addressed the following items:     

• Basis for design of an emergency spillway for the final tailings closure 
• Design criteria for a spillway crest at El. 984.5 and final dam crest at El. 986  
• Conceptual spillway design based on extrapolation from two previous spillway designs.   
• Re-evaluation of reservoir routing model using the Hydrologic Engineering Center – Hydrologic 

Modeling System (HEC-HMS) model (successor to HEC-1), developed by the U.S. Army Corps 
of Engineers (USACE). The HEC-HMS model was used to estimate the peak PMF inflow storage 
into the reservoir; spillway crest maximum water elevation, and the maximum discharge rate 
through the spillway.  Although these values were estimated in both the 1986 and 1995 spillway 
designs, they were updated by URS to reflect changes due to the increase in the reservoir surface 
area at El. 986.  

• Develop new channel alignment which is further uphill on the left abutment, and roughly parallel 
to, the 1986 and 1995 alignments.  

• Estimate the velocity and depth of flow along the new channel alignment based on changed 
channel slope and the revised peak discharge from the HEC-HMS model. 

• Re-evaluate the design of the crest, channel erosion protection, and stilling basin based on the 
new model results, revised channel alignment, and updated geotechnical information. 

• Evaluate how the wave run-up height will be reduced or dampened by maintaining a wide tailings 
beach upstream of the tailings main dam.   

 
The conceptual design of the spillway and the analyses that were completed for the design are described 
in the following sections of this memo.  

4.0 Spillway Conceptual Design  

4.1 Channel design 

From the reservoir routing analysis detailed in Section 5.1, URS estimated the maximum discharge from 
the spillway to be 37 cfs and the maximum flow water depth over the spillway to be 1.1 feet (URS, 
2005b).  The maximum reservoir storage was calculated to be 765 acre-feet, which would result in a peak 
impoundment water level at El. 985.6.     
 
The conceptual design shows that the part of the channel that is downstream of the spillway control point 
will be relatively steep, ranging in slope from 2 percent at the top to 24 percent at the bottom. This 
downstream channel slope is dictated by the natural ground slope which increases in steepness from top to 
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bottom. As part of the requirement for designing erosion protection for steep slopes, the channel 
alignment should be straight (Section 4.2).  
 
The alignment of the spillway channel for conceptual design purposes was split into three reaches based 
on channel slope, as presented in Table 2.0, and stationing shown on Drawing TDC-21. The reaches are 
labeled as Reach 1, 2, 3 and 4 from top to bottom. As in the previous designs, the bottom width of the 
channel was selected to be 12 feet for ease of construction using a bulldozer.  
 

Table 2.0 - Spillway Outlet Channel Design Details 

Reach 
number 

Stationing Approximate 
Slope (%) 

Length 
(feet) 

Flow 
Depth 
(feet) 

Flow 
velocity 

(feet/sec.) 
1 1+00 - 8+50 24 750 0.34 8.60 
2 8+50 - 11+50 10 300 0.45 6.54 
3 11+50 - 13+00 2 150 0.72 3.92 

Crest 13+00 0 50 1.1 <3.92 
4 13+00 – 22+60 0 960 1.1 to 2.2 <3.92 

 
The channel side slopes will be constructed to slopes of 2.5 horizontal to 1 vertical (2.5:1) to meet another 
requirement for the design of erosion protection for steep channel slopes (Section 4.2). The alignment and 
reaches of the spillway channel are shown on Drawing TDC-21. Typical sections and details at 
representative stations are shown on Drawing TDC-23. Profiles are shown on Drawing TDC-24 for Reach 
1 and Drawing TDC-25 for Reaches 2 and 3. 

4.2 Outlet channel erosion protection design  

Because of the expected high flow velocity in the outlet channel, erosion protection will be required.  
Riprap is considered to be the most appropriate material for erosion control because of its availability and 
durability. The extent of riprap for the conceptual design was based on findings of 2005 geotechnical 
investigation, which are described in Section 5.6. Riprap was not designed to be used where the bottom of 
the spillway is below the laminated shale bedrock.  
 
Silty sand and highly weathered shale that is exposed by the spillway excavation will be over-excavated 
and replaced with riprap as shown on Drawing TDC-23. The conceptual sizing and design of the riprap 
was developed using the methodology recommended by the U.S Army Corps of Engineers (1994, EM 
1110-2-1601) for steep slopes. The conceptual design of riprap on steep slopes included the following 
considerations: 

• The riprap should be angular rock with unit weight of at least 167 pounds per cubic foot  
• Channel flow should have low unit discharge, that is, low water depth for a wide channel  
• The longitudinal slope of the channel should range from 2 to 20 percent 
• Restrict application to straight channel with side slope of 2.5 to 1.0  (horizontal to vertical)  
• Riprap should have uniform gradation, or D85/D15 ratio equal to or less than 2. 

 
For Reach 3, the slope is 24 percent which exceeds the recommended slope of 2 to 20percent. To account 
for the steeper slope, the following considerations were made for the conceptual design: 

• The calculated D50 of the riprap required was increased by 30 percent. 
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• The spillway is expected to be used in extremely rare events, since according to the design, the 
reservoir design meets all requirements without requiring the spillway;  

• The dam will be operated and inspected after closure, so that if there is discharge through the 
spillway and if damage has occurred, they would be mitigated and repaired.   

 
The summary of the results for the riprap conceptual design are presented in Table 3.0. Details are 
presented in Section 5.3 (URS 2007b). 
 

Table 3 - Riprap Conceptual Design 

Reach Slope 
(percent) 

D50 (inches) 

1 24 12 
2 10 6 
3 2 3 
4 0 No riprap 

required 
 
 

4.3 Stilling basin calculation 

The spillway channel will discharge into the North Fork of Red Dog Creek, approximately 500 feet 
downstream of the toe of the seepage collection dam, as shown on Drawing TDC-18. This discharge 
outlet is at Station 0+00, and is a flat wetland area that is located west of the outer side of a bend in the 
creek.  
 
To control erosion at the outlet of the spillway channel, a stilling basin would be constructed at the end of 
the spillway chute. The stilling basin will dissipate the energy from the flow prior to discharging into the 
creek.  The stilling basin is designed to handle the design discharge of the spillway of 37 cfs. 
 
URS completed the conceptual design of the stilling basin by using a method developed by the U.S. 
Bureau of Reclamation (1994).  The length of the required stilling basin for conceptual design purposes 
was estimated to be 5.4 feet, but was increased to 12 feet to facilitate ease of construction using a 
bulldozer.  
 
It is presently anticipated that the riprap for erosion control in the stilling basin will be similar to that 
sized for Reach 3, with a D50 of 12 inches.   

4.4 Spillway Entrance 

The purpose of the spillway entrance is to prevent the re-suspension of the tailings due to bottom scour. 
Based on the 1995 conceptual spillway design, the velocities and tractive forces responsible for causing 
re-suspension were found to be below values which would cause re-suspension, within the vicinity of the 
spillway outlet. To further prevent re-suspension, the following, two considerations were made:   

• The tailings should not be placed within 75 feet of the spillway entrance  
• A gravel blanket should be placed in the vicinity of the spillway entrance.  
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Because of these two considerations and the local topography, the spillway entrance is located 
approximately 600 feet upstream of the crest of the tailings dam, as shown on Drawings TDC-18 and 21.  

5.0 Spillway Conceptual Analysis 

5.1 Reservoir routing  

The purpose of reservoir routing is to estimate the maximum impoundment water elevation and spillway 
discharge during a PMF.  Reservoir routing was conducted using HEC-HMS model.  HEC-HMS was 
used to simulate stormwater runoff into the tailings pond (inflow hydrograph), estimate maximum water 
elevation in the pond and calculate the resulting maximum discharge through the spillway (outflow 
hydrograph).  
 
Before running HEC-HMS model, the following parameters were identified and estimated as inputs to the 
model:   

• Catchment area 
• Lag time  
• Curve number  
• Initial abstraction  
• Rainfall depth-duration curve 
• Reservoir elevation, storage and discharge rating curve. 
 

5.1.1 Catchment Area 

For the current spillway design the catchment area of 2.55 square miles was maintained as in the 986 and 
1995 spillway designs.  The catchment area is estimated with the assumption that the diversion ditches 
that are currently around the impoundment will be maintained after closure. The 2.55 square miles 
catchment area includes more than one square mile of the impoundment, so that almost half of the 
catchment area is the impoundment.   
 
If the current diversion ditches were not maintained after closure, the catchment area would increase to 
3.28 square miles. 

5.1.2 Lag Time 

Lag time is the measure of the time it takes for precipitation to run-off from where it has fallen to the 
reservoir outlet. Some factors which affect lag time include the ground slope, permeability of the ground 
and interception from vegetation. 
 
Lag time is usually estimated as 60 percent of the time of concentration. Time of concentration is the 
travel time from the hydraulically furthermost point in a watershed to the outlet. The time of 
concentration was estimated using the following Kirpich Formula:  
 

• 385  .077.0*0078.0 −= SLTc

 
 where Tc = time of concentration in minutes 
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  L = maximum length of flow in feet 
S = the watershed gradient in feet per feet or the difference in elevation between  
the outlet and the most remote point divided by the length L 

 
URS estimated the time of concentration to be 26 minutes, with the corresponding lag time calculated to 
be 15 minutes (URS 2005b)..   

5.1.3 Curve Number 

Curve Number (CN) is an empirically derived value which is depended on location, soil-type, land use, 
and antecedent moisture conditions.  The CN provides a measure of how much of the precipitation falling 
on the catchment will end up as runoff.  The higher the CN, the higher the proportion of the rainfall 
falling on the catchment area will end up as runoff.   
 
Theoretically, the CN varies between 0 and 100.  A CN of 100 is applied if it is assumed that all the 
precipitation falling on the catchment area will end as runoff. A CN of 0 applies when it is assumed that 
none of the precipitation falling on the catchment area will end as runoff.  For the tailings facility, a CN 
of 100 was assumed for three reasons:   

• The design storm occurs when the ground is covered with snow or ice, resulting in most of the 
precipitation ending as runoff 

• Approximately half of the catchment area is covered by the impoundment, which has a CN of 100 
• A CN of 100 results in a conservative estimate. 

5.1.4 Initial abstraction  

Initial abstraction is the measure of the rainfall which falls prior to the beginning of runoff and it includes 
infiltration and surface storage in the watershed.  Initial abstraction is inversely related to the CN.  If the 
CN is assumed to be 100, as is the case for the tailings impoundment area, the initial abstraction is 0. 
Initial abstraction was estimated using the following formula:   
 

o Ia = 0.2S, where S is maximum retention 
 

o 
010

100
1000

10
1000

=−=−=
CN

S
 

o Ia = 0 (URS 2007b) 
 

5.1.5 Rainfall depth-duration curve 

For a particular frequency or return period of a storm, the rainfall depth-duration curve provides a 
relationship between rainfall depth (intensity) and duration.  The frequency or return period for the PMF 
is estimated to be once every 10,000 years or more.  The rainfall depth is the depth per unit time in inches 
per hour.   
 
The duration is that time in minutes or hours over which a precipitation of a certain depth is expected.  
The rainfall depth-duration curve that was developed for the 1995 spillway design for the PMP is shown 
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on Table 4 and was used was used for the current conceptual design of the spillway at closure (URS 
2005b). 
 

Table 4 – Rain Depth-Duration 
 

Duration 5 
min 

15 
min 

1 h 2 h 3 h 6 h 12 h 24 h 

Precip. Depth 
(inches) 

0.475 0.91 1.59 2.64 3.36 4.8 5.38 5.9 

 

5.1.6 Storage-elevation-discharge curve for the reservoir 

The discharge rating curve of a reservoir depends on the type of the spillway designed. The spillway 
conceptual at the final closure will be a broad-crested weir. Therefore, the following equation was used to 
estimate discharge through the broad-crested weir (Brater and King, 1976):   
 

• Q = CLh3/2 
 
Where  Q – Discharge, cubic feet per second 
  C – Discharge coefficient 
  L – Width of the weir, feet 
  H – Height of water above weir, feet 
 
According to Brater and King (1976), the coefficient of the broad-crested weir varies from 2.34 to 3.32 as 
a function of weir crest breadth and water head.  For the conceptual spillway closure design, with the 
breadth of 12 feet and approximate water head of 1 foot, a 2.6 weir coefficient was selected.   

5.1.7 Results of Reservoir Routing  

The maximum inflow rate into the reservoir from the surrounding catchment area was estimated as 3,265 
cfs, while the maximum discharge through the spillway was estimated as 37 cfs.  The maximum depth 
over the spillway was estimated as 1.1 feet with spillway control point velocity of 3.9 fps (URS 2005b).  
 

5.2 Channel Design  

The depth and velocity of flow in the channel were estimate using Manning’s formula presented as 
follows:  
 

• 2/12/349.1 SAR
n

Q =  

 
Where  Q - flow in cubic feet per second (ft3/s) 
  A - area of flow 
  n - Manning coefficient 
  R - hydraulic radius in feet 
  S - channel slope  
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The Manning equation applicable to each reach was solved using Flowmaster a computer program 
developed by Haestad Methods (URS 2007b).    

5.3 Outlet channel erosion protection design  

The design of riprap was estimated using the following equation recommended by the U.S. Army Corps 
of Engineers (1994, EM 1110-2-1601) for steep slopes: 
 

• 3/1

3/2555.0

30
95.1

g
qSD =  

 
Where:   s = slope of bed 
   q = unit discharge (Q/b) (where Q is the discharge and b is the channel width) 
 
Since D50 is more commonly used in specifying riprap design, the D30 from the above equation was 
converted to D50 using the following equation: 
 

• 3/1

15

85
3050 )( D

DDD =  

 
From Section 3.2, the D85/D15 ratio was assumed to be 2.   
 
The results of the erosion protection for each reach are presented in Section 4.2 (URS 2007b).  

5.4 Spillway entrance design  

The 1995 spillway design included an analysis of the spillway entrance using permissible tractive force 
and scouring velocities for 400 sieve particles. The average velocities and tractive force for the PMF 
flows were estimated at three cross sections located at distances of 20, 45 and 100 feet upstream from the 
spillway entrance. Both the average velocities and tractive forces were found to be below the values 
which would cause re-suspension.  
 
However, the calculated velocities and tractive forces were averaged over the entire cross section area. 
Therefore, there was a possibility that localized scouring of the tailings would occur.   

For the current design, the velocities and tractive forces will be less than those calculated in 1995, due to 
the reduced spillway discharge from 51 to 37 cfs. Therefore, the 1995 spillway entrance design will be 
conservatively adopted for the current conceptual design purposes.   

5.5 Wave run-up 

In estimating the final elevation of the conceptual tailings design crest elevation, it was assumed that the 
wave run-up would be reduced from 3.5 feet (estimated by Geomatrix) to 0.9 feet due to construction of a 
coffer dam and tailings beach upstream of the main dam. To verify this assumption, a wave run-up 
calculation was conducted (URS, 2005a).   
 
Wave run-up was estimated using the procedure provided by the U.S. Bureau of Reclamation, 1981.  The 
following equation was used for calculating wave run-up: 
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• 
)90tan()(4.0 5.0 xL

H
H

R
s

s
s

−+
=  

 
Where:  Rs is the wave run-up 

Hs is the significant wave height 
L is the wave length 
x is the angle of the upstream face of the dam with the horizon 

  
The main parameter which will affect wave run-up by the construction of the tailings beach in the above 
equation is the angle x.  The construction of the tailings beach upstream of the dam results in a significant 
reduction of x.  Since x is directly proportional to the wave run-up, as the angle x reduces, the wave run-
up also reduces.   
 
To calculate a wave run-up of 3.5 feet, Geomatrix used the tailings dam upstream slope angle x of 25 
degree which corresponds to the upstream slope of 2.5 to 1. To achieve a wave run-up of 0.9 feet used in 
the conceptual tailings dam elevation design, the beach upstream of the main tailings dam should be place 
at a slope angle of 5 degrees (9 percent) or less.      

5.6 Soil and Rock Conditions 

A geotechnical investigation was conducted in 2005 to establish the soil and rock conditions along the 
alignment of the spillway for purposes of confirming the conceptual design, and specifically to determine 
the amounts of rock excavation and riprap placement that will be required. This investigation was part of 
a larger investigation for the conceptual design of the tailings main dam at closure.  

The subsurface conditions along the proposed spillway alignment were investigated by drilling four 
exploratory borings and one test pit at locations determined by URS and TCAK as shown in the attached 
Drawing TDC-21. These locations were determined by URS in coordination with TCAK, and were 
approved by ADNR. 

 

5.6.1 Field Exploration 

The field exploration program was conducted between November 20 and 22, 2005. During this period, 
four borings (SS-02-05, SS-03-05, SS-21-05, and SS-22-05) were drilled to depths of 14.1, 20.1, 18.6 and 
15.1 feet, respectively, below the ground surface. One test pit (TP-01-05) was excavated to a depth of 10 
feet. The boring and the test pit locations within the generalized layout of the spillway alignment are 
shown in the Drawing TDC-21. The boring locations were surveyed by TCAK. 

The borings were drilled by Discovery Drilling Company under the technical direction of a URS 
geotechnical engineer, Carlos Chaparro, who maintained a continuous log of the borings, visually 
examined and classified the soils in accordance with the Unified Soil Classification System, and collected 
samples of the soil and rock that were encountered. Graphical representations of the boring and test pit 
logs (URS 2006b).  
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The borings were drilled by a Track Mounted CME 55 drill rig, and advanced by means of a hollow stem 
auger. The borings were terminated when the auger met refusal in the more competent and less weathered 
bedrock. Coring of the bedrock below the depth of auger refusal was not attempted because information 
on the deeper more competent bedrock was not necessary for purposes of conceptual design.  

Disturbed samples of soil and highly weathered bedrock were obtained with a continuous sampler barrel 
or with a 3-inch split spoon sampler. Standard Penetration Tests (SPTs) were conducted on samples 
collected with split spoon samplers in general accordance with ASTM designation D-1586. The sampler 
was driven with a 300-lb hammer falling 30 inches. The sampling resistance, measured in blows per foot 
of sampler penetration (“N” values) or fraction thereof, is shown on the boring logs. The N values in 
conjunction with visual examinations, were used in evaluating the relative density, consistency, and 
strength of the soils encountered.   

Test Pit TP-01-05 was completed instead of a boring because the ground was considered to be unsafe for 
a drill rig because it was too steep and very icy. The test pit was excavated by TCAK using a backhoe to a 
depth of 10 feet. Excavation of the upper 4 feet of the test pit was difficult because the soil was frozen. 
Less resistance was encountered in soil below the 4-foot depth.  Excavation was difficult again at a depth 
of 8 feet where shale bedrock was encountered. 

Detailed description of the field exploration procedures is presented by URS in a separate report 
Geotechnical Data Report, Tailings Main Dam Future Raises to Closure, for TCAK (URS 2006a). 

5.6.2 Subsurface Conditions 

The general soil profile from top to bottom that was interpolated from the geotechnical investigation 
along the alignment of the spillway consists of the following soil and rock types with approximate 
thicknesses: 

• 1 foot of tundra organic root mat 

• 2.5 to 6 feet of brown clayey silty sand with gravel 

• 1 to 4 feet of highly weathered black shale 

• Weak to medium strong laminated shale to the bottom of the borings and test pit. 

 
Drawing TDC-23 shows the cross sections including the spillway structure. Soil profiles along the 
centerline of the spillway are shown in Drawings TDC-24 and TDC-25.  
 

5.6.3 Geotechnical Design Considerations  

The conceptual design of the spillway sections shown on Drawing TDC-23 has assumed that the organic 
root mat, clayey silty sand with gravel, and the highly weathered black shale will be over-excavated and 
replaced with riprap to provide the required protection for the spillway.  
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Drawing TDC-23 shows that the spillway sections at Stations 2+00 will need to be over-excavated by 
depths of approximately 1 foot. The excavation would terminate at more competent rock so that 1 foot of 
riprap is needed. 
 
Drawing TDC-23 shows that the spillway sections at Stations 5+00 and 10+00 will terminate at depths of 
approximately 4 and 2 feet, respectively, in the more competent and less weathered laminated shale. 
Therefore, that it is most likely that over-excavation and riprap will not be needed at these sections in the 
middle part of the spillway alignment.  
 

List of Drawings (from Conceptual Design Report) 

TDC -18 Stage X Raise Conceptual Plan and Profile 

TDC -21 Spillway Conceptual Plan and Profile 

TDC -23 Spillway Conceptual Sections and Details 

TDC -24 Spillway Reach 1 Conceptual Profile 

TDC -25 Spillway Reach 2 and 3 Conceptual Plan and Profile   
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EXECUTIVE SUMMARY 
 

This calculation package summarizes the calculations to predict the longevity of 100-mil HDPE 
geomembrane in the Red Dog Mine tailings main dam.   

URS conducted a literature search to predict the total lifetime of HDPE geomembranes. The lifetime of a 
geomembrane is considered to be the time at which the geomembrane loses 50% of design properties. 
The overall lifetime of geomembrane consist of three stages:  

• Stage A 

• Stage B 

• Stage C.   

Stage A is the time for the depletion of antioxidants of geomembrane and it is determined based on test 
results of several authors.   

Stage B is the time since the oxygen starts attacking the polymer to the onset of polymer degradation.  
This period is determined from field data and the published data are widely accepted since it contributes 
only small part to the overall lifetime of geomembrane.  

Stage C is the time of polymer degradation.  This is still a current research topic by the fact that the 
published data range from 35 years to 750 years for a geomembrane at 20oC (68 oF).  Due to a lot of 
uncertainties associated with this issue, the lowest but latest values provided by GSI are used to predict 
the overall lifetime of geomembrane. 

The lifetime of geomembranes depends on the in-service temperature of the liner.  The lower the 
temperature is, the longer the geomembrane can last.  For the temperature conditions present within the 
tailings dam in the range of -2.3oC (27.9 oF) to 6oC (42.8 oF), URS estimated a range of total lifetime of 
the geomembrane.  Depending on the temperature and the level of liquid aggressiveness that the 
geomembrane is exposed to, the lifetime of the geomembrane is estimated to be from 500 to 1600 years. 
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OBJECTIVES: 

To predict the longevity of HDPE geomembranes as a liner. 
INDEX 
 

1. Summary…………………………………………………………………….…2 
2. Calculations………………………………………………………………….…3-17 
3. Appendix A – References List…………………………………………………A-1 to 3 
4. Appendix B – GRI White Paper #6………………………………………….…B1 to 21 
5. Appendix C – Personal Communications with Robert Koerner…………….…C-1 to 7 
6. Appendix D – R.K. Rowe’paper…………………………………………….…D-1 to 48 
7. Appendix E – J.P. Giroud Draft Technical Memo…………………………..…E-1 to 13 

DATA: 
 

1. HDPE geomembrane, 100 mil thick. 
 
REFERENCES: 

Please see the attached list 
ASSUMPTIONS: 
 
Please see in the detail calculations 
 
RESULTS: 

The lifetime of a HDPE geomembrane in the Red Dog Mine Tailings Dam is estimated from 500 (at 6 oC 
(42.8 oF)) to 1600 (at -2.3 oC (27.9 oF)) years.  
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4

 
CALCULATIONS: 

1. Longevity of HDPE Geomembrane 

a. Literature review 

Studies by Koerner et al. [7] at the Geosynthetic Institute shown that the lifetime of HDPE 
geomembranes composes of three distinct stages as illustrated in Fig. 1. 

Stage A called “Antioxidant Depletion Time” is the time where the antioxidants of geomembrane are 
depleted due to chemical reactions with oxygen or physical loss. 

Stage B called “Induction Time to Onset of Degradation” is the time where the oxidation occurs in 
geomembranes without black carbon and antioxidants.  This stage starts with extremely slow oxidation 
rate, then continues with larger oxidation rate, and eventually finishes with very slow oxidation rate 
again. 

Stage C called “Time to Reach 50% Degradation” is the time where the polymer degradation continues 
to reach 50% of initial mechanical and physical properties of geomembranes.  At the end of this stage, 
all tensile properties are severely changed so that the engineering performance of the geomembrane is 
jeopardized.  This is selected as the end of the lifetime of the geomembrane even though the material 
still exists and can function with a factor of safety lower than the initial design value. 

It is noteworthy that the duration of all three stages strongly depends on the service temperature, 
especially stage “A” and stage “C”.   

For Stage “A”, Rowe et al. and Koerner et al. [7] conducted separate tests on the antioxidants depletion 
time of HDPE geomembrane of thickness of 80 and 60 mil respectively, at temperature of 55, 65, 75, 
and 85oC (131, 149, 167, and 185 oF) and then interpreted the results for the site temperature range as 
illustrated in Table 1 and 2.  Bonaparte et al. [1] expanded the results for the lower range of temperature 
as in Table 3.  These results show similar antioxidant depletion time of geomembrane in the common 
temperature range of 20-30oC (68-86 oF), and the lower temperature the site is the longer time of 
antioxidants depletion the geomembrane experiences.   

For Stage “B”, there is very little data available for the induction time of HDPE geomembrane.  
Bonaparte et al. [1] estimated this value as 20 years at 20oC (68 oF) based on the aged milk and water 
containers retrieved from waste landfills.  Koerner et al. [7] presented a range of values estimated from 
field samples as in Table 2.  Since this period does not have a significant contribution to the whole 
lifetime of a geomembrane, the cited values of induction time can be used in computation of service-life 
time of a geomembrane. 

For the stage “C”, Bonaparte et al. [1], and Koerner et al. [7] & [8] all refer to the test results by Viebke 
et al. [2] and [23], and by Martin and Gardner (1983).  However, Viebke et al.’s test results were 
interpreted so differently in the papers by Bonaparte et al. and Koerner et al. as shown in Tables 2 and 4.  
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Bonaparte et al. [1] predicted the Stage C of a geomembrane at 20oC (68oF) based on Viebke et al.’s 
results up to 750 years which yields the total lifetime of geomembrane up to 970 years.  There remain 
two major concerns associated with Bonaparte et al.’s estimation of geomembrane halflife.   

First, the basis for using the value of 90 days as the half life of geomembrane at 115oC (239 oF) is not 
clear.  Viebke et al. mentioned that they did the tests with temperature ranging from 70oC (158 oF) to 
105oC (221 oF).  Therefore, no one knows how Bonaparte et al. interpreted Viebke et al.’s test results to 
obtain the halflife of geomembrane at 115oC (239 oF) and used that value as the original value for the 
estimation of geomembrane halflife later on.  Normally, the half life of geomembrane at temperature of 
20oC (68 oF) is at magnitude of thousands times larger than that at 115oC (239 oF).  Thus, the error in 
estimation of geomembrane half life at 115oC (239 oF) will be multiplied by thousands times for the half 
life at 20oC (68 oF). 

Second, the activation energy used in Bonaparte et al.’s estimation of geomembrane halflife is in 
question.  Actually, the unique technique to estimate the halflife of geomembrane at the temperature 
different from the test temperature is to use the Arrhenius equation: 
ln(to/t) = (Eact/R)(1/To-1/T)    (1)                                                  (Ref. [15]) 
Where: to: time to 50% strength loss at the test conditions 
             To: absolute temperature of the test environment, oK 
             t:  time to 50% strength loss at in-situ conditions 
             T: absolute temperature of the in-situ environment, oK 
             R: universal gas constant, 8.314 J/mol 
             Eact: effective activation energy, J/mol 
 
The value of activation energy plays a critical role in this calculation.  Different values of activation 
energy used result in very different values of half life estimation.  Viebke et al. stated that the activation 
energy fitting the Arrhenius temperature dependence for the incubation period was 75±5 kJ/mol and for 
the degradation phase was 80 kJ/mol but the value of 80 kJ/mol for the degradation phase should only be 
considered as a rough estimate because of a relatively large scatter in the data.  Bonaparte et al. did use 
the value of activation energy of 80 kJ/mol in their computation of geomembrane halflife.  There are two 
possibilities for their use of this value of activation energy.  If they use the activation energy for the 
degradation period to compute the geomembrane halflife, it is unsuitable assumption since Viebke et al. 
[22] stated in their reports that "The rapid degradation of the polymer starts when the antioxidant system 
has been depleted at any location.  We believe, however, based on relatively few data that the incubation 
period of a modern, well-stabilized polyolefin pipe constitutes the major part of the lifetime.  The data 
currently being reported indicate that the polymer degradation period constitutes only 5% to 10% of the 
lifetime".  This raises a question “Is it adequate that Bonaparte et al. and Koerner et al. interpreted the 
lifetime of the HDPE pipe in the Viebke et al.’s work as the lifetime of only stage C in their model 
(stage where the antioxidant in the geomembrane is totally depleted)?”.  It seems that the lifetime of a 
HDPE pipe from Viebke et al.’s tests is equivalent to the lifetime of Stage A in the model of Bonaparte 
et al. and Koerner et al, and the Stage C is approximately 10% of sum of Stage A and Stage B.  If this 
assumption is correct, Bonaparte et al. and Koerner et al. doubled the lifetime of the geomembrane in 
their prediction.   
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If Bonaparte et al. used the activation energy of 80 kJ/mol for the incubation period in their computation 
it is a bad selection of input data since it results in an unconservative estimation.  Estimation of 
geomebrane halflife using three different values of activation energy of 70, 75, and 80 kJ/mol and with 
the same values of other input data comes up with very different values of geomembrane halflife as 280, 
463, and 766 years respectively.  It is clear that Bonaparte et al. overestimated the halflife of 
geomembrane by a factor of three by using a value of activation energy on the unconservative side. 

In a personal conversation with the writer, Koerner R.M. [6] said that he is not sure about the duration of 
Stage C that he interpreted from Viebke et al.’s tests. From their own tests with HDPE geomembrane in 
GSI, he got much smaller values of Stage C lifetime.  He suggested that the revised total lifetime of 
geomembrane using the average value of Stage C from three different sources as shown in Table 5 may 
be used in practice.  However, he is still not sure about the validity of that approach.  Only one thing in 
estimating the lifetime of geomembranes he can be sure is the Stage A, he still leaves Stage B and Stage 
C as open issues. 

In conclusions, the total lifetime of a geomembrane consists of three stages A, B, and C as above 
indicated.  The stage A can be determined from the published papers since it is corroborated by different 
authors.  The stage B can be determined from Bonaparte et al. and Koerner et al.’s papers as well since 
this stage does not have significant influence in the total lifetime of geomembranes.  The stage C is still 
an open issue and data of this stage presented in Bonaparte et al. and Koerner et al.’s papers are still not 
reliable due to the above cited uncertainties. 

 
Figure 1:  Three conceptual stages in chemical aging of polyolefin geomembranes 
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Table 1. Lifetime prediction of unexposed HDPE geomembranes as a function of in-situ surface 
temperature. 

Laboratory tested In-Service 
Temperature 

(C°)* 
Air Water Leachate 

Leacha
te-air 

Leachate-
water 

 

Air-water 
 

Leachate-
unsaturated  

13 [55.4] 
15 [59] 
20 [68] 
25 [77] 
30 [86] 

390 
330 
230 
160 
90 

190 
160 
120 
80 
44 

40 
36 
26 
22 
12 

210 
180 
130 
90 
50 

110 
100 
70 
50 
28 

290 
250 
180 
120 
70 

160 
140 
100 
70 
40 

Source:  Koerner et al. [7] 
*

Values in square bracket [ ] are in Fahrenheit  
 
Table 2. Lifetime prediction of unexposed HDPE geomembranes as a function of in-situ surface 
temperature. 

Stage A (yrs.) Stage C (yr) In-Service 
Temperature 

(C°)* 
Std OIT HP-OIT 

Stage B 
(yr) Ref. 1 Ref. 2 

Total 
Prediction 

(yr) 
20 [68 
25 [77] 
30 [86] 
35 [95] 
40 [104] 

200 
135 
95 
65 
45 

215 
144 
98 
67 
47 

30 
25 
20 
15 
10 

740 
441 
259 
154 
93 

208 
100 
49 
25 
13 

712 
435 
270 
170 
109 

Ref.1 = Martin & Gardner 
Ref.2 = Viebke et al. [23] 
Source:  Koerner et al.  [8] 
*

Values in square bracket [ ] are in Fahrenheit  
 
Table 3. Extrapolation of Depletion of antioxidant trend to various value of in-situ temperature. 

 
In-Service Temperature 

(C°)* 
Std OIT 
(Years) 

HP-OIT 
(Years) 

30 [86] 
25 [77] 
20 [68] 
15 [59] 
10 [50] 
5 [41] 

90 
130 
192 
286 
432 
663 

89 
131 
196 
296 
455 
709 

Source:  Bonaparte et al.  [1] 
*

Values in square bracket [ ] are in Fahrenheit  
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Table 4. Lifetime prediction of unexposed HDPE geomembranes as a function of in-situ surface 
temperature. 
 

Stage A (yrs.) Stage C (yr) In-Service 
Temperature 

(C°)* 
Std OIT HP-OIT 

Stage B 
(yr) max min 

Total 
Prediction 

(yr) 
20 [68 
25 [77] 
30 [86] 
35 [95] 
40 [104] 

200 
135 
95 
65 
45 

215 
144 
98 
67 
47 

30 
25 
20 
15 
10 

255 
132 
70 
38 
21 

149 
77 
41 
22 
12 

449 
270 
173 
111 
73 

Stage A measured values from Hsuan and Guan (1997) research via GRI [4] 
Stage B estimated values from field sample by GRI 
Stage C’s values from Gedde et al. [2] 
Source: Koerner et al.  [7] 
*

Values in square bracket [ ] are in Fahrenheit  
 
Table 5. Lifetime prediction of unexposed1 HDPE geomembranes as a function of in-situ surface 
temperature. 
 

Stage A (yrs.) Stage C (yr) In-Service 
Temperature 

(C°)* 
Std OIT HP-OIT 

Stage 
B 

(yr) 
Ref. [44] Ref. [42] GSI Data 

Total 
Prediction2 

(yr) 
20 [68 
25 [77] 
30 [86] 
35 [95] 
40 [104] 

200 
135 
95 
65 
45 

215 
144 
98 
67 
47 

30 
25 
20 
15 
10 

740 
441 
259 
154 
93 

208 
100 
49 
25 
13 

35 
26 
21 
17 
14 

565 
353 
226 
146 
96 

1Exposed geomembrane lifetimes are considerably less than values in this table. 
2Total = Stage A (average) + Stage B + Stage C (average) 
Source:  Koerner, R.M., “Personal Communication” [6] 
*

Values in square bracket [ ] are in Fahrenheit  

 
b. Lifetime prediction. 

Studies also show that the lower the temperature on the geomembrane surface is, the longer the 
longevity of geomembrane will be.  For the Red Dog Mine area, statistics data and calculation results 
show a range of temperature of -2.3 (27.9 oF) to 6oC (42.8 oF) on geomembrane surface at different 
elevations.  Therefore, the lifetime of geomembrane is eastimated for this range of temperature.   

The techniques used to predict the geomembrane lifetime are presented in R.K. Rowe (2005) and 
Koerner et al. (2005) papers.  The following equations are derived from R.K. Rowe (2005) paper and 
used in this analysis for convenience.  
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Equation 31 from R.K. Rowe (2005): 

 ( ) exp ( )t oOIT OIT st= −  (1)

where s is the antioxidant depletion rate, t is the time for antioxidant depletion from an initial OIT value 
of OITo to a final value of OIT(t) . 

Equation 32 from R.K. Rowe (2005): 

 exp ( )Es A
RT

= −  (2)

where A is a constant, T is the absolute temperature, E is the activation energy, and R is the universal gas 
constant. 

Equation 1 gives: 

 
( ) ( )( )ln lno tOIT OIT

t
s
−

=  (3)

hence: 

 ( ) ( ) ( ) ( )( )ln ln ln ln lno tt OIT OIT s⎡ ⎤= − −⎣ ⎦  (4)

Equation 2 gives: 

 ( ) ( )ln ln Es A
RT

= −  (5)

Combining Equations 4 and 5 gives: 

 ( ) ( ) ( ) ( )( )ln ln ln ln lno t
Et OIT OIT A

RT
⎡ ⎤= − − +⎣ ⎦  (6)
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Equation 6 can be written as follows: 

 ( )ln bt a
T

= +  (7)

where a and b are constants. 

Considering two sets of data, (T1 and t1) and (T2 and t2), Equation 7 gives: 

 ( )1
1

ln bt a
T

= +  (8)

and: 

 ( )2
2

ln bt a
T

= +  (9)

Combining Equations 7 to 9 gives: 

 
( ) ( )
( ) ( )

1 1

1 2

1 2

1 1
ln ln

1 1ln ln
t t T T
t t

T T

−
−

=
− −

 (10)

hence: 

 ( ) ( ) ( ) ( )1
1 1 2

1 2

1 1

ln ln ln ln1 1
T Tt t t t

T T

−
= + −⎡ ⎤⎣ ⎦

−
 (11)

hence: 
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 ( ) ( ) ( )1
1 1 2

1 2

1 1

exp ln ln ln1 1
T Tt t t t

T T

⎧ ⎫−⎪ ⎪⎪ ⎪= + −⎡ ⎤⎨ ⎬⎣ ⎦
⎪ ⎪−
⎪ ⎪⎩ ⎭

 (12)

Equation 12 makes it possible to calculate the geomembrane antioxidant depletion time for an absolute  
temperature, T, using as a basis two sets of temperature and time, (T1 and t1) and (T2 and t2). It is 
implicitly assumed that the geomembrane considered at temperature T is the same as the geomembrane 
used to develop both sets of data, (T1 and t1) and (T2 and t2). In particular, the OIT values (i.e. OITo and 
OIT(t)) are assumed to be the same for all stets of data, i.e. (T1 and t1), (T2 and t2) and (T and t). Typical 
values are 135 minutes for OITo and 0.5 minute for OIT(t). However, these values are not needed in 
Equation 12. 

Equation 12 is applicable only if the considered phenomenon is consistent with the Arrhenius model. 
Equation 12 was established for the phenomenon of antioxidant depletion. However, inspection of the 
sequence of equations presented in Section 2.1 shows that Equation 12 is in fact derived from Equation 
7. Therefore, Equation 12 is applicable to all phenomena governed by Equation 7. Equation 7 can be 
written as follows: 

 ( )ln bt a
T

= +  (13)

hence: 

 exp bt C
T
⎛ ⎞= ⎜ ⎟
⎝ ⎠

 (14)

where C is a constant. 
 

Equation 14 includes the equation of the Arrhenius model.  Therefore, Equation 12 is applicable to all 
phenomena that are consistent with the Arrhenius model.   

Equation 12 is used to extrapolate data from Koerner et al. (2005) and R.K. Rowe (2005) presented in 
Table 6.  It is noted that the most accurate extrapolated values should be the values obtained using the 
widest temperature range as a basis for the extrapolation, i.e. the 10-60°C (50-140 oF) range.  However, 
the data for the temperature ranges of 10-20oC (50-68 oF) and 40-60°C (104-140 oF) are not available 
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from Koerner et al. (2005).  Therefore, data for the temperature range of 20-40oC (68-104 oF) from both 
Koerner et al. (2005) and R.K. Rowe (2005) as in Table 6 are used to extrapolate the geomembrane 
lifetime. 

Stage A: According to Rowe, there is a significant difference in the rate of antioxidant depletion (Stage 
A) depending on the material in contact with the geomembrane. Rowe indicates that the antioxidant 
depletion rate in leachate is 2.3 times faster than in water and 4 times faster than in air. In his Rankine 
Lecture paper, Rowe proposes two approaches for evaluating the duration of Stage A (antioxidant 
depletion time) in landfills: (i) an inferred exposure, which combines exposures to air, water and 
leachate using a simple equation; and (ii) a simulated exposure in a laboratory model. These two 
approaches give depletion times of the same order, e.g. of the order of 100 years at 20°C (68 °F), which 
are similar to the depletion time in case of exposure to water and about half the depletion time in the 
case of exposure to air. It is interesting to compare these depletion times with the depletion time 
proposed by Koerner for Stage A. For 20°C (68 °F), the time proposed by Koerner is of the order of 200 
years. From this comparison, it appears that the exposure situation considered by Koerner (which could 
be referred to as “buried” or “backfilled”) is similar (with respect to antioxidant depletion) to exposure 
to water or a combination of air, water and leachate.  

In the case of the tailings main dam, the situation could be considered as intermediary between exposure 
to air, on one hand, and a combination of air, water and leachate, on the other hand. This approach 
would be based on the assumption that the liquid in the dam is less aggressive than the leachate 
considered by Rowe. This would lead to a depletion time between 100 and 200 years at 20°C (68 oF), 
e.g. a depletion time of the order of 150 years at 20°C (68 oF).   

However, the better approach is to estimate the geomembrane lifetime from both sets of data and then 
the final lifetime can be obtained from these values based on the actual site conditions.   

Trial calculations showed that the data from both Koerner et al. (2005) and R.K. Rowe (2005) are 
approximately consistent with the Arrhenius model for different ranges of base temperature, e.g. 20-
30oC (68-86 oF), 30-40oC (86-104 oF), 20-40oC (68-104 oF).  The extrapolated lifetime of geomembrane 
for the temperature range of -2.3oC (27.9 oF) to 6oC (42.8 oF) based on the base temperature range of 20-
40oC (68-104 oF) are presented in the columns 2-3, Table 7. 

Stage B: Data for an accurate prediction of the Stage B time are insufficient. Relevant data should be 
available in several years from tests that were started more than ten yeas ago and are still in progress. 
However, the Stage B time being small, an approximate prediction is possible without a significant error.  

Trial calculations show that for Stage B, the data reported by both Koerner et al. (2005) and R.K. Rowe 
(2005) do not closely follow the Arrhenius model. In fact, the results presented by Koerner vary linearly 
with temperature. In the case of Rowe’s results extrapolated from Rowe’s data, the discrepancy may be 
due to the fact that the times for temperatures of 30°C (86 °F) or higher are very small and extrapolation 
based on these values may be inaccurate.  The extrapolated Stage B lifetime of geomembrane for the 
temperature range of -2.3oC (27.9 oF) to 6oC (42.8 °F) based on the base temperature range of 20-40oC 
(68-104 oF) are presented in the columns 7-9, Table 7. 



   
                                                                                                                            Page:       of 17 
Job: Future Raises to closure, Tailings Main dam Red Dog Mine, Alaska Project No.33757098                  Sheet____ of ____ 
Description: Predict the longevity of HDPE geomembranes as a liner      
Computed by: TV                      Date 5/26/06 
Checked by: SB                         Date 5/30/06 
                                                                                                       Reference 

Y:\Red Dog Mine\Mine Closure & Reclamation\Tailings Main Dam\Conceptual Design Report\Appendix\Appendix C\Calc-Geomem longev 
mod 60106.doc  

13

Stage C:  The Stage C lifetime is currently impossible to predict accurately for the reasons presented 
above. Using data from tests on polyethylene resins used in pipes, times of the order of 3,500 to 4,000 
years can be predicted for a temperature of 6°C(42.8°F). However, predictions based on these data are 
questionable. In this analysis, predictions of Stage C lifetime are based on limited preliminary 
unpublished tests on polyethylene resins used in geomembrane by Koerner (2006) at the Geosynthetics 
Research Institute (GRI).  Trial calculations show that for Stage C, the data provided by Koerner (2006) 
closely follow the Arrhenius model.  The extrapolated Stage C lifetime of geomembrane for the 
temperature range of -2.3°C (27.9 °F) to 6°C (42.8 °F) based on the base temperature range of 20-40oC 
(68-104 oF) are presented in the column10, Table 7. 

The total lifetime of geomembrane is the sum of lifetime of threes Stages A, B, and C.  The 
geomembrane lifetime for the air exposure condition is obtained from Koerner et al. (2005) data and for 
the less-aggressive leachate exposure condition is obtained from R.K. Rowe (2005) data, and presented 
in the columns 11 and 12, Table 7. 

Table 6  Degradation times (years) used for extrapolation 
 

Stage 1 Stage 2 Stage 3 
Koerner Rowe Koerner Rowe Koerner 

Temperature Standar
d OIT 

High 
pressure 

OIT 

Air 
exposure 

Simulated 
exposure 

 Base case Adjusted 
case 

 

10°C (50 oF) 
20°C (68 oF) 
30°C (86 oF) 
40°C (104 °F) 
60°C (104 oF) 

- 
200 
95 
45 
- 

- 
215 
98 
47 

510 
235 
110 
55 
15 

280 
115 
50 
25 
6 

- 
30 
20 
10 
- 

50 
15 
6 
2 

0.4 

30 
10 
4 
1 

0.3 

- 
35 
21 
14 
- 

 
Table 7:  Geomembrane lifetime prediction for the temperature range of -2.3oC (27.9 oF) to 6oC (42.8 oF) 

Stage 1 

(years) 

Stage 2 

(years) 

Stage 3 

(years) 

Total 

(years) 

Koerner Rowe Koerner Rowe Koerner Koerner Rowe Actual  

temp. 

Base temp. 

range  Standard 

OIT 

High 

pressure 

OIT 

Air 

exposure

Simulated 

exposure 

 Base case Adjusted 

case 

 Standard 

OIT/Air 

exposure

Simulated 

exposure 

1 2 3 4 5 6 7 8 9 10 11 12 

-2.3oC(27.9 oF) 20-40°C (68-

104°F) 

1368 1527 1528 822 124 201 195 114 1606 1131 

6oC(42.8 oF) 20-40°C(68-

104°F) 

645 710 735 381 71 73 61 72 790 510 
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In conclusion, the lifetime of geomembrane depends strongly on the temperature and site conditions (air, 
water or leachate) that it is exposed to.  The service life of the geomembrane for the Red Dog Mine 
Tailings Dam are estimated based on the data reported by Koerner et al. (2005) and R.K. Rowe (2005) 
for the temperature range of -2.3oC (27.9 oF) to 6oC (42.8 oF).  Conservative predictions show a range of 
geomembrane lifetime from 510 years (for buried geomembrane exposed to semi-aggressive liquids and 
at 6.0oC (42.8 oF)) to 1600 years (for buried geomembrane that is not exposed to liquid and at -2.3oC 
(27.9 oF)). It should be noted that a service life at 6°C (42.8 oF) greater than 4,000 years could be 
predicted if some data presented in the literature for Stage C were considered. However, these data based 
on tests on polyethylene resins used in pipes have not yet been confirmed by tests on polyethylene resins 
used in geomembranes. These tests are in progress and results should be available in several years. In the 
meantime it is recommended to use a conservative approach for Stage C time predictions.  

Finally, it is important to note that during Stage A, the geomembrane is protected by antioxidants, 
Therefore, during Stage A the geomembrane should not experience any loss in properties. As a result, it 
may be predicted that the geomembrane will experience no loss in properties during a period of 400 to 
1500 years (depending on the exposure conditions and temperature described above). After this period, 
the geomembrane properties can be expected to change slowly during a period that is difficult to predict 
based on current knowledge 

c. Geomembrane premature failure in cold weather and remediation 

The above lifetime of geomembranes is estimated with the assumption that the geomembrane will be 
working in normal conditions without any premature failure.  However, it is reported by many 
researchers, Peggs et al. [13] & [14] and Reddy et al. [15], that HDPE geomembranes are normally 
subjected to a shattering failure due to brittle cracking during cold weather with temperature ranging 
from 5oC (41oF) to -30oC (-22 oF).  Many failures of this type have been observed on side slopes of 
uncovered liners.  Since the temperature in the geomembrane in the Red Dog Mine dam is in the range 
of -2.3oC (27.9 oF) to 6oC (42.8 oF), it is necessary to account this failure phenomenon for design, 
specification, and installation of the liner system. 

Uniaxial and multiaxial tensile tests conducted by Peggs et al. [14] with HDPE geomembranes in the 
temperature range of 25oC  (77 oF) to -30oC (-22 oF)  demonstrated that the yield stress increases from 
20.7 MPa to 35.0 MPa while the yield strain decreases from 12% to 6%.  

According to Peggs et al. [14], observed brittle stress cracking can be classified into two types: slow 
crack growth (SCG) and rapid crack propagation (RCP).  SCG occurs during application of constant 
tensile stress well below the yield stress of HDPE.  The single unbranched cracks, SGC, grow slowly.  
When the cracks become of a critical size and reach a critical growth rate, they can propagate very 
rapidly and branch many times to produce the appearance of shattering.  This branching RCP cracks 
grow very rapidly, at speeds as high as 500 m/s.  It is clear that without a stress, there can be no stress 
cracking.  Therefore, if the geomembranes are designed and installed to perform solely as a barrier 
without stress, the shattering failure will not occur.  However, this is not practical in a dam construction 
site as stress caused by installation, overheating during welding, or temperature during the installation 
time higher than the life-service time is unavoidable.  The only way to minimize the risk of shattering 
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failure is to minimize the initiation of stress cracking. 
 
Reddy et al. [15] summarized the all factors that influence stress cracking as follows: 

a. Use of low stress cracking resistant resins; 
b. Stresses induced by restrained thermal contractions at low ambient temperatures; 
c. Overheating seams or spot welding; 
d. Mechanical damage; 
e. Stress induced by lack of support at corners; 
f. Hard particle impingement; 
g. Impact load; and 
h. Chemical environment. 

Since many of these factors are well known in design and installation of geomembranes, only emphases 
on how to minimize stress cracking due to seaming and low ambient temperature are addressed in this 
paper.  For all reported failures, cracks initiated at the seams or spot tack welds, which implies that the 
seaming technique is the main cause for this problem.  Overgrinding and grinding gouges parallel to the 
seam direction produce stress concentrations normal to the major stresses.  Therefore, when preparing 
for extrusion seaming, grinding should be done perpendicular to the seam rather than along the seam on 
the assumption that all the grinding marks will not be covered by extrudate.  However, if all the grinding 
marks are covered by the extrusion bead, their direction is immaterial.  To prevent overheating the 
adjacent geomembrane and making it more susceptible to stress cracking, it should not be allowed to add 
an extruded bead to an already existing seam.  Many failures have been initiated at such locations.   

According to Peggs [14], the most important parameters to measure in seam testing are shear elongation 
and peel separation.  Shear elongation should exceed 100% of the distance between the edge of the seam 
and the nearer grip to confirm that the welding procedure has not reduced the ductility of the adjacent 
geomembrane.  It must require that the failure not only occur outside the seam but also be ductile.   

When repairs are made, it is inadvisable to repair seams by laying down an additional extruded bead.  A 
wide bead is proposed to use to repair seams containing stress cracks so that the heat affected zone in the 
parent geoembrane would be well removed from the heat-effected zone of the original seam, thereby 
preventing an excessive reduction in the stress cracking resistance of the geomembrane.   

It is obvious that geomembranes are subjected to dimensional changes when they are deployed at a 
temperature higher than the design temperature they experience during the winter time due to thermal 
contraction.  The dimensional changes will lead to an induced stress in the geomembrane, which 
subsequently results in the initiation of stress cracking.  Therefore, it is necessary to provide the 
geomembrane with sufficient slack at installation so that it can accommodate the thermal contraction at 
the low temperatures expected in service without damage.  The coefficients of linear thermal expansion 
(CTE) of DHPE geomembrane in the practical temperature range of -40oC (-40 oF) to 90oC (194 oF) 
proposed by Peggs et al. [14] are shown in Table 8.  This temperature is the temperature in the 
geomembrane itself, not the ambient temperature.  The temperature of the geomembrane can be 
computed from the ambient temperature and material properties of the geomembrane.  Reddy et al. [15] 
proposed the average temperature in black and white geomembrane exposed to different field conditions 
at different time of the year as in Table 9.   
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Table 8: Coefficient of linear thermal expansion 
Temperature range Mean CTE 

- 40 to 10oC (-40 to 50 oF) 1.4 x 10-4/oC 

- 40 to 20oC (-40 to 68 oF) 1.6 x 10-4/oC 

- 40 to 30oC (-40 to 86 oF) 1.9 x 10-4/oC 

- 40 to 40oC 2.3 x 10-4/oC 
Source: Peggs et al. [14]  
Table 9: Average temperature in black and white geomembrane 

Black geomembrane White geomembrane Season of 
Year 

Maximum 
Ambient 

Temperature 
Max. Temp. Diff. Amb. Max. Temp. Diff. Amb. 

Winter 5 13 8 2 -3 

Spring 22 46 24 38 16 

Summer 30 70 40 57 27 

Fall 19 35 17 28 10 
Source: Reddy et al. [15] 

The designed slack of a geomembrane in a given condition can be estimated from the above data using 
the following equation.   

∆L = L x CTE x ∆ T 
where:  ∆L = estimated slack of geomembrane 
  L = length of geomembrane sheet in the considered direction 

CTE = Coefficient of thermal expansion of geomembrane 
∆ T = Difference of temperature at installation and the lowest temperature expected in 
geomembrane during life-service time. 

For the tailings main dam, it is supposed that the black geomembrane is installed in the fall with the 
maximum ambient temperature of 19oC (66.2 oF).  From Table 9, the maximum temperature in the 
geomembrane is 35oC (95 oF).  The average lowest temperature measured on the geomembrane surface 
is -2.3oC (27.9 oF).  This temperature can be considered the lowest temperature in the geomembrane 
during its lifetime.  The slacks of the geomembrane sheet 23 ft x 300 ft (one roll) can be calculated as 
follows: 
On the short side: 
∆L = 23 x 12 x 2.3 x 10-4 x (35 + 2.3) = 2.4 in 
On the long side: 
∆L = 300 x 12 x 2.3 x 10-4 x (35 + 2.3) = 30.8 in 

Layfield Geosynthetics [11] recommends a factor of safety of 1.0 to 1.5 be used in calculation of 
geomembrane slack.  Therefore, if a factor of safety of 1.5 is used, the geomembrane slacks in short and 
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long direction in this case are 3.6 in and 46.2 in respectively.   

d. Conclusions 

It is concluded based on the above analyses that with appropriate prevention of premature failure, The 
lifetime of a HDPE geomembrane in the Red Dog Mine Tailings Dam is estimated from 500 (at 6 oC 
(42.8 oF)) to 1600 (at -2.3 oC (27.9 oF)) years.  

2. Longevity of geotextiles 

According to SI Geosolutions, the nonwoven geotextiles, Geotex 1001 and Geotex 1601 that are being 
used in the Red Dog Mine dam are polypropylene products.  FHWA describes the same deteriorated 
mechanism of geosythetic reinforcements that have the same polyolefin parent: polyethylene and 
polypropylene, and recommends using the same technique as used for HDPE geomembrane to predict 
their lifetime [23].  SI Geosolutions states that the polypropylene even performs better than polyethylene 
against the degradation of mechanical properties due to elevated temperatures that is the main factor 
affecting the lifetime of the geotextiles.  SI Geosolutions also use the results of tests for HDPE 
geomembrane that were conducted by the Gyosynthetic Research Institute and the aforementioned 
technique to predict the lifetime of a nonwoven polypropylene geotextile [25].  It is clear from the above 
discussion that the lifetime of a polyolefin product depends greatly on the rate of diffusion of antioxidant 
to the surrounding environment.  Therefore, there might be some factors affecting the lifetime of a 
polyolefin product associated with the dimensional difference of geotextile fibers and geomembrane 
sheets.  However, there is no document known so far referring to this issue. 

Therefore, it can be concluded that if the geotextiles and HDPE geomembranes are manufactured with 
the same antioxidant composition, the lifetime of geotextiles can be comparable to that of 
geomembranes.  For the most conservative estimation, a lifetime of geotextiles of 100 years at 20oC (68 

oF) is used as recommended by FHWA based on the current research data [24].  Assume that 70% of this 
lifetime is attributed to the antioxidant depletion time and the testing conditions are the same as those for 
Koerner et al.’s tests, the lifetime of geotextiles at 6oC (42.8 oF) is then calculated using above-cited 
Arrhenius equation: 

ln(70/tA1) = (56000/8.314)*(1/293 – 1/279) 

t6
o
C = 222 years 

Similarly, the lifetime of geotextiles at -2.3oC (27.9 oF) is predicted as 465 years. 

In conclusions, the lifetime of polypropylene nonwoven geotextiles, Geotex 1001 and Geotex 1601, used 
in the Red Dog Mine main dam is considered to be comparable to that of the HDPE geomembrane.  For 
the most conservative estimation regarding the larger exposure to environment of geotextiles fiber 
compared to the geomembrane, the estimated lifetime range of geotextiles is 220 to 460 years. 
 





























































































































































































Appendix D 



Technical Memorandum  

Date: July 7, 2006 

To: Cecil Urlich and Charles Masala 

From: Kris Turschmid, Mark Mierzejewski, and Keith Mountjoy 

Subject: Red Dog Tailings Dam Underdrain Analysis 

 
Introduction 

The Red Dog Mine Tailings Main Dam includes an underdrain to facilitate the discharge of seepage from the 
tailings impoundment that passes through and around the primary seepage control system of the dam. The 
underdrain is located along the alignment of the original channel of the South Fork of Red Dog Creek, and has 
dimensions of approximately 750 feet long, 50 feet wide and 6 feet deep. 

As part of the current mine closure planning studies, the question has been raised of how long it would take the 
underdrain to become plugged over time by secondary mineral precipitation from the seepage water as it 
discharges through the underdrain.  The flow in the underdrain could precipitate secondary minerals 
(predominantly ferric oxyhydroxides) due to a combination of type and concentrations of chemical species 
present in the water as it enters the underdrain, the pH of the water in the underdrain, geochemical changes that 
may occur to the water primarily due to exposure to oxygen, and other factors.  The flow of water on a basic 
level is from the pond at the surface of the tailings impoundment, down through the tailings, along the 
underdrain, into the seepage collection pond, and back up to the tailings pond. 

The objective of this technical memorandum is to provide an estimation of how long it would take for the 
underdrain to plug after mine closure, for several different sets of assumptions. 

Discussion of Causes of Precipitation 

There are several factors which affect the precipitation rate in the underdrain.  The basic, simplified 
relationships are as follows, and are discussed in more detail below: 

• Initial iron concentration – more iron results in proportionally more precipitation according to a linear 
relationship. 

• pH has a very strong effect – lower pH results in drastically less precipitation. 
• Aeration level has a nearly linear effect – more aeration results in proportionally more precipitation 

according to a nearly linear relationship. 
• Retention time in the underdrain – longer retention time results in proportionally more precipitation 

according to an approximately logarithmic relationship. 
• Temperature – lower temperature results in less precipitation due to slower kinetics. 

After closure, it is estimated that there will be a minimum of 2 feet and maximum of 8.3 feet of free water in the 
tailings impoundment. (Appendix B of this report).  It is assumed that this entire depth will be oxygenated due 
to contact with the air.  Below this free water is the strongly acid-generating tailing deposit, which is assumed to 
be denser than any organic material which may fall in and settle on the bottom of the free water pond.  Organic 
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material will not have a significant effect on the oxygen in the pond, due to the shallow depth.  Decomposition 
of organics is not a significant factor in the analysis. 

It is assumed that reoxygenation from the atmosphere will not penetrate far into the tailings, which is composed 
of various sulphides and common rock-forming mineral constituents, saturated with water.  The tailings are 
composed of barite, galena, anglesite, sphalerite, and pyrite.  The tailings are overwhelmingly acid-generating, 
due to the high sulphide content of 10 to 21% by weight (SRK, 2006 and Yanful & Samad, 2004). URS 
estimates that the flow rate through the tailings is such that it will take approximately 11 years for water to 
penetrate from the free water through the tailings to the underdrain.  As aerated water percolates from the free 
water pond through the tailings to the underdrain, oxygen will be consumed in various reactions with the 
sulphide mineral constituents of the tailings.  The tailings will reduce oxidized substances flowing through them, 
resulting in tailings pore water that will be in a reduced state when it reaches the underdrain. 

As the tailings pore water reaches the underdrain, it is in a reduced state, with a low redox potential.  However, 
the underdrain itself is open to the atmosphere.  It is assumed that due to air diffusion and convection through 
the porous underdrain drain rock, that the underdrain will be aerated to a level of approximately 10% of what 
would occur in the outside air.  A value of 10% oxygen is a representative value for a waste rock dump, which is 
considered similar to the underdrain.  The air will travel by diffusion and convection into the underdrain, both 
from the drainage rock comprising the underdrain and from the exit of the underdrain itself, which is open to the 
atmosphere.  Some of the oxygen will dissolve into the underdrain water.  At the exit of the underdrain, the 
oxygen concentration in the water would be higher than the assumed 10%, while deep in the upstream part of 
the dam where tailings pore water enters the underdrain, the oxygen concentration would be much lower than 
the assumed 10% due to the difficulty of air transport through the drainage rock.  Overall, the oxygen 
concentration throughout the underdrain is assumed to average approximately 10% of atmospheric.   

The constituents in the water (mainly ferrous iron, but including others) will be affected by this partial aeration.  
The redox potential of the water will change significantly due to the dissolved oxygen.  This will greatly affect 
the geochemical stability of the underdrain water and result in precipitation of ferric iron hydroxides.  This 
would occur in two steps: (1) the ferrous iron must be oxidized to ferric iron, which is the slowest step 
kinetically, and therefore determines the overall rate of the reaction: and (2) the ferric iron ion will hydrolyze 
some water present, forming a ferric hydroxide precipitate.  At low pH (pH=2 to 3), the overall reaction is very 
slow, on the order of many thousands of years.  At a pH of 4, it would take approximately 300 years for 50% of 
the ferrous iron to be oxidized to ferric hydroxide.  At a moderate pH of 6, 50% oxidation of ferrous to ferric 
hydroxide requires approximately 275 hours or 11.5 days.  In 30 days at a pH of 6, approximately 81% of the 
ferrous iron would oxidize to ferric hydroxide precipitate.  This precipitate has the potential to plug the pore 
space within the underdrain drainage rock, eventually potentially causing the saturation of the dam. 

After exiting the underdrain, the oxygenated water will be collected and pumped back up to the tailings 
impoundment.  There, it will eventually flow downward through the mine tailings again, resulting in reduction 
of any precipitates that may have formed.  The flow through the tailings is estimated to take approximately 11 
years, which is sufficiently long to reduce any iron present in the pore water back to soluble ferrous iron. 

There are significant mitigating factors which will partially alleviate the problem of precipitation within the 
underdrain. These mitigating factors are discussed below. 
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Mitigating Factors 

There are several factors which mitigate the release of precipitated material from the water in the underdrain.  
Firstly, the residence time in the underdrain is approximately one day, assuming a 500-foot long by 50-foot wide 
by 6-foot high underdrain with 30% porosity, and underdrain flow of 250 gpm.  While the aerated water is 
thermodynamically favored to contain ferric iron, the kinetics of the oxidation of ferrous iron to ferric iron are 
not instantaneous.  The hydrolysis by ferric ion and formation of iron hydroxide precipitate is also not 
instantaneous, but is much faster than the oxidation of ferrous iron to ferric iron.  The overall reaction kinetics 
are significantly affected by the pH of the aerated water.  At a low pH, the kinetics of the oxidation of ferrous 
iron to ferric iron are extremely slow, slow enough that no appreciably precipitation will occur in the 1-day 
window.  At moderate pH the oxidation of ferrous iron to ferric iron is much faster, as discussed above.  Thus, a 
lower pH will not favor the formation of a ferric iron precipitate. 

A lower temperature in the underdrain also results in a slower reaction time.  A drop from 25°C (77°F) to 5°C 
(41°F) results in approximately a slowing of the reaction rate by 10 times.  As the tailings impoundment is in a 
cold part of the world, it could be assumed that 5°C is more likely to be the average temperature than 25°C 
(77°F), which is the temperature at which the Phreeqc (see references) geochemical simulations were run.  In 
fact, the tailings impoundment is likely to vary between approximately -2°C (28.4°F) and 6°C (42.8°F), so 
assuming 5°C (41°F) is reasonable. 

Lower levels of oxygen present in the underdrain will result in a slower and less complete ferrous iron oxidation 
reaction as well.  Deep in the dam, at the beginning of the underdrain, the dissolved oxygen levels will be much 
lower, resulting in a much slower ferrous iron oxidation reaction to begin with.  As the water flows toward the 
exit of the drain, the dissolved oxygen level will increase, allowing for a faster ferrous iron oxidation reaction.  
In addition, there may be times when the underdrain is full of water, not allowing any significant inflow of air 
from the exit of the underdrain.  At these times, oxidation would be minimal, based only on air that flows in 
from the surrounding drain rock. 

The ferric hydroxide precipitate that does form will initially form as an amorphous hydrous ferric hydroxide 
substance (“yellowboy”) with significant quantities of entrained water, similar in consistency to loose gelatin.  It 
is believed that much of this precipitate will be “swept” out of the underdrain by the water movement.  As the 
precipitate dries out somewhat both inside and outside the underdrain, it will solidify more and form a more 
crystalline precipitate.  As time goes on, other forms of ferric hydroxide may form including maghemite, 
hematite, and goethite.  These substances are denser and more crystalline, but will take many years to form, thus 
are not a likely problem given the 1-day retention time in the underdrain. 
 
Limitations of this analysis 

There is currently not enough chemistry data with respect to temporal changes in the tailings and tailings pore 
water chemistry.  The results of kinetic tests on the tailings would be useful to determine sulfide oxidation rates, 
neutralization rates, construct a water balance, and examine the possibility of the eventual exhaustion of the 
reductive capacity of the mine tailings. 

Bacterial oxidation of iron was not considered in this analysis.  Bacteria are likely to be active at low pHs, below 
3.  Since it is unlikely that such a low pH will be present, this aspect was ignored. 
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There were some problems encountered with Phreeqc, the geochemical modeling program used to analyze the 
system.  Specifically, it was not determined how to limit the aeration level to the 10% level.  Despite input into 
Phreeqc that only a certain amount of air was available for equilibration, the program ignored this and allowed 
full (100%) aeration of the underdrain water.  Thus, the thermodynamic conclusions are likely to be overly 
conservative.  However, the thermodynamics were only used to determine which precipitates might form.  The 
bulk of the analysis was based on kinetic considerations.  The reduced aeration of 10% was included in the 
Excel spreadsheet used for kinetics, so the results below are not significantly affected by this shortcoming. 
 
Results: 

The following assumptions were made in the underdrain analysis: 
• 50% “flushing effect” (i.e. half of all precipitate that forms stays in the underdrain, while the other 50% 

is flushed out to be pumped back above the dam) 
• 10% uniform aeration 
• no bacterial influence 
• formed precipitate specific gravity of 2.4 g/cm3 (see CRC Handbook) 
• 500-foot log by 50-foot wide by 6-foot high underdrain with void space of 30%,  
• 250 gpm underdrain flow rate.   

It is estimated that these underdrain dimensions and flow rate will result in a retention time of water in the 
underdrain of approximately 1 day. The following times were obtained for the plugging of the underdrain: 

• pH 5 and temperature 5°C (41°F) -  the underdrain will be fully plugged in 15.33 million years.  This is 
considered an optimistic assumption of what could happen. 

• pH 6 and temperature 25°C (77°F)  - the underdrain will be fully plugged in 16,506 years.  This is 
considered a conservative “worst case” scenario. 

• pH 6.3 (the current average pumpback water pH) and temperature 5°C (41°F)  - the underdrain will be 
fully plugged in 40,372 years.  This is considered to be what is currently occurring. 

• pH 6 and temperature 5°C (41°F)  -  the underdrain will be fully plugged in 160,282 years.  This is 
considered a reasonable scenario for what will actually happen in the future. 

Currently, the average pumpback water pH is 6.27, however, once the mine is closed it is reasonable to assume 
that the pumpback water pH will drop to a slightly lower level due to a minor amount of oxidation of the mine 
tailings and formation of sulfuric acid.  This effect was not explored in this analysis, but is typically seen in acid 
generating mine tailings.  Even if the tailings impoundment is maintained in a flooded state, the 250 gpm 
pumpback of oxidized water would slowly oxidize some of the mine tailings, dropping the pH to an assumed 
value of 6.0. 

The kinetics were also checked for a longer underdrain retention time of 30 days (i.e. a much slower underdrain 
flowrate which could occur if the tailings were capped and if the only water to run through was runoff water), 
otherwise using all the same assumptions.  These results are as follows: 

• pH 5 and temperature 5°C (41°F)  - the underdrain will be fully plugged in 280,266 years if the tailings 
pond were capped. 

• pH 6 and temperature 25°C (77°F)  - the underdrain will be fully plugged in 614 years if the tailings 
pond were capped. 

• pH 6.3 (the current average pumpback water pH) and temperature 5°C (41°F) - the underdrain will be 
fully plugged in 982 years if the tailings pond were capped. 
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• pH 6 and temperature 5°C (41°F)  - the underdrain will be fully plugged in 3,035 years if the tailings 
pond were capped. 

 
CONCLUSION: 

Based on the results of geochemical modeling using limited pumpback water chemistry data, iron hydroxides 
are likely to precipitate within the underdrain.  Based on the physical characteristics and properties of the 
underdrain, the kinetics of ferrous to ferric iron oxidation and subsequent ferric iron hydrolysis to ferric iron 
hydroxide, it can be assumed that the underdrain will eventually plug.   

The calculated amount of time for this plugging to occur is dependent on the assumptions used and is primarily 
dependent on the pH of the underdrain water and retention time in the underdrain: 

• A reasonable set of assumptions results in a plugging time of 160,282 years.   
• A conservative “worst case” scenario results in a plugging time of 16,506 years.   

These conclusions have not taken into account geochemical changes to the tailings, tailings water, tailings pore 
water or underdrain water quality over time. Additional information addressing these long-term geochemical 
changes is required to increase the degree of certainty in these predicted times. 

Alternately, if the tailings impoundment is capped, it could be expected that the underdrain would plug at a 
faster rate, due to the longer retention time in the underdrain: 

• A reasonable set of assumptions results in a plugging time of 3,035 years.   
• A conservative “worst case” scenario results in a plugging time of 982 years. 
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Supporting Material and References: 

“PHREEQC (Version 2)--A Computer Program for Speciation, Batch-Reaction, One-Dimensional Transport, and 
Inverse Geochemical Calculations” put out by USGS, freeware. 
http://wwwbrr.cr.usgs.gov/projects/GWC_coupled/phreeqc/index.html 

 SRK, 2006, “Red Dog Mine Closure Options, Volume 1 – Tailings,” for Teck Cominco Alaska (TCAK), 
March 2006. 

Yanful, E. K. and Samad, M. A., 2004, “Draft Final Report of Hydraulic Design of Tailings Water Cover at Red 
Dog Waste Management Area” for Teck Cominco Alaska (TCAK), Geotechnical Research center, 
Department of Civil and Environmental Engineering, University of Western Ontario, London ON, 
Canada, N6A 5B9, June 2004.  

 
Inputs for Phreeqc model: 
 
Took instrument readings from excel spreadsheets for pumpback water, took average, and plugged that into 
Phreeqc.  Also checked based on 90% worst-case, but the same species precipitated.  Pumpback water 
measurements were collected from January 2000 through April 2006. 
 
Used wateq4f thermodynamic database. 
 
Constituents not present in the database were ignored (but were only present in ug/L concentrations) 
 
Equilibrated this solution with differing amounts of atmospheric oxygen and CO2 to simulate different levels of 
aeration. 
 
Also equilibrated aerated solution with pyrite, barite, quartz, galena, and sphalerite.  This simulates flow of 
water through the mine tailings. 
 
Also aerated the water which was simulated to run through the mine tailings. 
 
Results: 

Pumpback water which is aerated to a 10% level resulted in precipitation of Fe(OH)3 and Fe(OH)2.7Cl0.3, 
goethite, hematite, jarosites, and pyrolusite. 

Water which has flowed through the tailings, then been aerated to 10% level resulted in similar precipitates. 

Aeration to higher levels resulted in similar precipitates. 

Reduced water which was not aerated had a different set of possible precipitates, such as several sulfide species.  
It would be unlikely for those precipitates to actually form in the underdrain, as they would have already 
precipitated within the tailings, and these precipitates would not form when any oxygen is present. 
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Note that these Phreeqc results are thermodynamic ONLY, and do not take into account the kinetics (which in 
this case are important).  To predict the kinetics, an Excel spreadsheet was produced which predicted the 
oxidation of ferrous iron to ferric hydroxide at various pH.  The operative equation in the Excel spreadsheet is: 
 

• d[Fe2+] / dt = -k [Fe2+] [O2 (aq)] [OH-]2 where k=1.5e16 L^3/mol^3 min. 
(source: http://web.njit.edu/~hsieh/ene670/oxidFE.html) 
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SECTION 01110  
SUMMARY OF WORK 

PART 1 –  GENERAL 

1.01 RELATED WORK SPECIFIED ELSEWHERE 

A. All Sections 

1.02 RELATED DOCUMENTS 

A. Contract Documents including all General and Supplementary Conditions prepared 
by Teck Cominco Alaska, Inc. 

B. URS Corporation, “Conceptual Design Drawings for Red Dog Mine Tailings Dam, 
Future Raises to Closure”, for Teck Cominco Alaska Inc., Sheets TDC-1 through 
TDC-24, November 26, 2007. 

C. URS Corporation, “Preliminary Technical Specifications for Future Raises to 
Closure, Red Dog Mine Tailings Dam”, for Teck Cominco Alaska, Inc., issued 
November 26, 2007 and subsequent revisions.   

D. Guidelines for Cooperation with the Alaska Dam Safety Program, prepared by 
Dam Safety and Construction Unit, Water Resources Section, Division of Mining, 
Land and Water, Alaska Department of Natural Resources (ADNR) dated June 30, 
2005. 

1.03 DESCRIPTION 

A. This section summarizes the work required for construction of the Red Dog Mine 
tailings dam Future Raises to Closure and the Parties of the Work, as defined in 
Paragraph 1.04 of this Section. 

1.04 PARTIES OF THE WORK   

A. The successful completion of the construction of the different elements of the 
Future Raises to Closure will depend on the interaction and cooperation of many 
parties.  The following parties are represented in the project: 

A. Owner: The Owner is Teck Cominco Alaska, Inc. (TCAK) of Anchorage. 
The Owner will complete site preparations before construction; purchase 
the geosynthetic, concrete and instrumentation materials; select the 
Contractor; provide earthwork, geosynthetic and concrete materials to the 
Contractor; provide a geosynthetic material storage area, concrete batch 
plant, and soil testing laboratory for Contractors use; and install 
instrumentation after construction. 
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B. Engineer: The Engineer is URS Corporation (URS) of Seattle. The 
Engineer designed the raise and is also referred to as the Geotechnical 
Engineer. The Engineer is responsible for reviewing Contractor submittals 
pertaining to the design, implementing the CQA program, confirming the 
cutoff wall and wing wall excavation depths, completing the construction 
completion report, and certifying that construction is completed in 
compliance with the Plans and Specifications. 

C. Construction Manager: The Construction Manager (CM) is TCAK of 
Anchorage. The CM is responsible for coordinating and monitoring 
Contractor activities, reviewing Contractor submittals and identifying those 
that require review by the Engineer and CQA Field Manager, processing 
the submittals and providing responses to the Contractor, coordinating the 
CQA field monitoring program, and directing the site preparation and 
instrumentation activities.  

D. Contractor: The Contractor will be selected by TCAK. The Contractor is 
responsible for constructing the earthwork, liner system, cutoff system and 
wing wall for the raise, installing the geosynthetic and concrete materials, 
supplying a portable tensiometer for geosynthetics testing, and repairing 
any damage that may be caused to the existing embankment, liner and 
cutoff systems as a result of the Stage VII-B construction.  

E. Manufacturer: The geosynthetic material Manufacturer will manufacture 
and supply the geosynthetic materials, and provide QC documentation and 
installation guidelines. The materials will be purchased by the Owner and 
installed by the Contractor. Approved manufacturers/suppliers are GSE 
Lining Technology, Inc., Houston, TX, 800.435.2008; and Northwest 
Linings & Geotextile Products Inc., Kent, WA, 253.872.0244. 

F. CQA Personnel: CQA Personnel for the raise will consist of a CQA 
Project Director, a CQA Field Manager, CQA Field Monitors, and a CQA 
Document Controller. The CQA Project Director and CQA Field Manager, 
CQA Field Monitors and CQA Document Controller are employees of 
URS. URS will be contracted by the Owner to provide the CQA personnel. 

G. Laboratory: The Laboratory consists of the Alaska Testlab (ATL) 
laboratory in Anchorage, the Owner’s on-site testing facility, URS’s on-site 
density/moisture gage, the soil and concrete testing lab provided by the 
Owner and the Contractor’s on-site tensiometer. The Laboratory is 
responsible for testing to confirm that the earthwork, geosynthetics and 
concrete materials used in the construction comply with the Specifications. 

H. Surveyor:  The Surveyor will be selected by TCAK. The Surveyor will be 
responsible for the construction surveying. The Surveyor will confirm the 
raise stationing, set up the wing wall stationing, complete panel layouts of 
all liner, cutoff wall and wing wall components, prepare plans and profiles 
of the cutoff and curtain wall alignments and terminations, and prepare an 
as-built topographic survey of the tailings dam.    
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1.05 PROJECT DESCRIPTION 

A. The Future Raises to Closure will be conducted in three stages for the purpose of 
its conceptual design. These three stages are: 

1. From Stage VII-B (El.960) to Stage VIII (El. 970) 

2. From Stage VIII (El.970) to Stage IX (El.980)  

3. From Stage IX (El.980) to Stage X at Closure (El.986).    

B. Before the start of Future Raises to Closure, the dam was completed through Stage 
VII-B to Elevation 960 feet (El. 960). The Future Raises to Closure include 
extending the cutoff wall, raising the main embankment and wing wall, and 
inserting additional instrumentation as deemed appropriate.   

C. Work to be completed as part of the Future Raises to Closure of the Red Dog Mine 
tailings dam construction includes the following:  

1. Site Preparation;  

2. Cutoff System,  

3. Wing Wall System,  

4. Liner System,  

5. Embankment, and  

6. Instrumentation. 

D. Site preparation will be completed by the Owner and the Contractor with the 
support of CQA personnel. Currently, it is anticipated that select components of 
the mill infrastructure will need to be relocated. Future raises may require 
construction of additional coffer dams in order to extend the existing cutoff wall 
toward the west abutment and to extend the curtain wall to the south. The Owner 
will ensure that this takes place prior to the construction of future raises when it is 
appropriate.  

E. The Future Raises to Closure embankment will be constructed using rock fill 
materials that will be produced at the mine and placed by conventional earthwork 
delivery, spreading and compaction procedures. These rock fill materials are 
designated as soil types as follows: 

1. Soil Type 1 – Random Rockfill (24-inch) 
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2. Soil Type 2 – Select Fill (24-inch) 

3. Soil Type 3 – Processed Select (3-inch) 

4. Soil Type 4 – Processed Select (1-inch) 

5. Soil Type 7 – Select (12-inch) 

6. Soil Type 8 – Kivalina Shale (Select fill material)   

7. Soil Type 9 – Random Mine Waste Fill 

C.  Liner System (material purchase by Owner, installation by Contractor): The liner 
system will be an extension of the existing liner system. The existing system 
terminates at the present west abutment, and at the west side of the pipeline utilidor 
near the east abutment. The liner system will be constructed from bottom to top as 
follows, with the purpose of each soil type shown in parentheses:  

1. Soil Type 1 (Random Rockfill) 

2. Soil Type 7 (Transition Rockfill) 

3. 10 oz/yd2 Geotextile (Type 1 Geotextile) 

4. Soil Type 3 (Filter Drain) 

5. 16 oz/yd2 Geotextile (Type 2 Geotextile) 

6. Soil Type 4 (Liner Bedding) 

7. 100 mil High Density Polyethylene (HDPE) Geomembrane 

8. Soil Type 4 (Liner Cover) 

9. Soil Type 1 (Protective Buttress). 

F. The bottom of the new geomembrane will be welded to the top of the 
geomembrane in the existing liner system, and to the top of the geomembrane part 
of the cutoff system outside the existing liner system.   

G. The Future Raises to Closure cutoff system will be a cutoff trench and cutoff wall 
that will extend from the existing cutoff trench and cutoff wall at the west 
abutment. The existing cutoff trench and cutoff wall terminates at the west extent 
of the existing dam. The cutoff system will be extended in the following sequence: 
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1. Excavation to reveal the existing cutoff wall terminus; 

2. Excavation of a trench to bedrock, 

3. Installation of 100 mil HDPE Geomembrane Liner with vertical support 
system, 

4. Grout to predetermined depth, 

5. Backfill with Soil Type 4 (Liner Cover), 

6. Backfill with Soil Type 1 (Random Rockfill) 

H. The wing wall system consists of below ground and above ground components, the 
curtain wall and wing wall respectively. The wing wall system is an extension of 
the main tailings dam where the dam axis changes from a west-east alignment to a 
northwest-southeast alignment. The curtain wall is a vertical cutoff system 
constructed of 100 mil HDPE liner. Construction of the curtain wall is described in 
Section 1.2.5.1; the wing wall will be constructed in the following sequence: 

1. Soil Type 1 (Random Rockfill) 

2. Soil Type 7 (Transition Rockfill) 

3. 10 oz/yd2 Geotextile (Type 1 Geotextile) 

4. 16 oz/yd2 Geotextile (Type 2 Geotextile) 

5. Soil Type 4 (Liner Bedding) 

6. 100 mil High Density Polyethylene (HDPE) Geomembrane 

7. Soil Type 4 (Liner Cover) 

I. The seepage cutoff for the Future Raises to Closure will be an extension of the 
Stage VII-B curtain wall. The curtain wall the vertical part of the wing wall system 
that extends below El. 960 along the wing wall alignment. It was constructed of 
GSE CurtainWall panels and will be extended for Stages VIII, IX and X. It may be 
extended using the same GSE CurtainWall panels; if so, the construction sequence 
will be as follows: 

1. Site preparation including snow clearing and work bench excavation 

2. Trench excavation to bedrock 
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3. Curtain panel deployment and attachment to framing 

4. Vertical suspension of curtain panel(s) in the trench 

5. CDF pour and set  

6. Soil Type 4 backfill (Liner Cover) 

7. Soil Type 7 backfill (Downstream Fill)  

8. Soil Type 9 backfill (Upstream Fill) 

9. Soil Type 1 (Protective Buttress). 

J. Instrumentation: After the Contractor completes the construction of the Future 
Raises to Closure raise, the Owner will install a piezometers and thermistors as 
agreed to monitor the dam’s performance. 

1.06 CODES AND REGULATIONS 

A. Work shall meet the requirements of applicable laws, statutes, regulations, 
ordinances, safety regulations of federal, state, and county jurisdictions and as may 
be further referenced in the Contract Documents. 

B. Comply with provisions of federal, state, and local statutes, ordinances, and 
regulations dealing with the prevention of environmental pollution of natural 
resources that affect the project. 

1.11 QUALITY CONTROL 

A. Section 01450 – Quality Control. 

PART 2 –  PRODUCTS   (NOT USED) 

PART 3 –  EXECUTION   (NOT USED) 

END OF SECTION 01110 
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SECTION 01330  
SUBMITTAL PROCEDURES 

PART 1 –  GENERAL 

1.01 RELATED WORK SPECIFIED ELSEWHERE 

A. Blasting:     Section 02050 

B. Dewatering:     Section 02140 

C. Shoring:     Section 02151 

D. Earthwork:     Section 02200 

E. Excavation:     Section 02225 

F. Geomembrane:    Section 02770 

G. Curtain Wall:     Section 02771 

H. Controlled Density Fill (CDF):  Section 03310 

I. Grout:      Section 03600 

1.02 DESCRIPTION 

A. This section includes the administrative and procedural requirements for 
submittals, specifically: 

1. Submittal procedures, requirements and variations from Contract 
Documents. 

2. Progress schedules. 
3. Proposed products list. 
4. Shop drawings. 
5. Product data and samples. 
6. Test reports. 

1.03 SUBMITTAL PROCEDURES 

A. Contractor shall make all submittals in accordance with this procedure. 

B. Contractor shall certify all submittals for accuracy, completeness, and compliance 
with contract requirements. Contractor shall indicate approval on each submittal as 
evidence of coordination and review. 

C. Shop drawings submitted without evidence of the Contractor's approval will not be 
reviewed. 



 01330-2 

D. Where construction or erection procedures require design and calculations, a 
Professional Engineer licensed in the state of Alaska shall perform these services, 
affix seal, and sign. 

E. The review of submittals by the Construction Manager will be limited to general 
design requirements only and shall in no way relieve the Contractor from 
responsibility for errors or omissions contained therein. 

F. Acceptance of submittals by the Construction Manager shall not relieve the 
Contractor from responsibility for the safety of their methods or equipments or 
from responsibility for complying with the requirements of all applicable codes 
and of this contract, except with respect to specifically approved variations. 

G. Work done prior to the Construction Manager's approval shall be at the 
Contractor's risk. 

H. Submittals shall be acted upon by the Construction Manager as promptly as 
possible, and returned to the Contractor.  Delays, re-sequencing or other impacts to 
work resulting from Contractor's submission of unchecked or not reviewed, 
incomplete, inaccurate or erroneous, or nonconforming submittals, which will 
require Contractor's resubmission of a submittal for Construction Manager's 
review, shall not constitute a basis of claim for adjustment in Contract Price or 
Contract Time. 

I. Construction Manager reserves the right to withhold action on a submittal 
requiring coordination with other submittals until related submittals are received. 

J. Provide a "Priority List" when submitting several submittals to the Construction 
Manager at one time. 

K. Submittal sequencing should coincide with the submittal schedule.  

L. Contractor will allow for permit coordination with regulatory agencies. Contractor 
shall obtain information regarding the permit time frame required by the regulatory 
agencies. 

1.04 SUBMITTAL REQUIREMENTS 

A. Identify each submittal and re-submittal by showing the following information: 

1. Name and address of submitter, name and telephone number of the 
individual who may be contacted for additional information; 

2. Project name as it appears in the Contract Documents; 
3. Contractor, subcontractor, or supplier name and address; 
4. Drawing sheet and detail number(s) and/or specification(s) section number 

to which the submittal applies;  and 
5. Submit only pertinent catalog pages, and mark each copy of standard 

printed data to identify pertinent products. 
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B. Submittal Format: 

1. Make all shop drawing prints in blue or black line on white background; 
2. Size shall be 22 x 36 inches, 8 1/2 x 11 inches, or 11 x 17 inches; 
3. Make all shop drawings accurate to a scale sufficiently large to show the 

pertinent features of the item and its method of connection; 
4. Transmit each submittal with a sequentially numbered form approved by 

the Construction Manager. Resubmittals are to have the original number 
with an alphabetic suffix; 

5. Provide a 4-inch by 5-inch space on each drawing and on each submittal 
transmittal form for the Construction Manager's review comments. 

C. Three of each submittal shall be submitted to the Construction Manager.  

1.05 SUBMITTAL REVIEW 

A. Make all submittals far enough in advance of scheduled installation to provide 
time for review and approval, for possible revision and resubmittal, and for orders 
and delivery. 

B. Allow ten working days for the Construction Manager's review and return of 
submittals or resubmittals. 

C. Allow an additional one week for submittals which deviate from the Contract 
Documents. 

D. The Construction Manager will review only those items required by the Contract 
Documents. Information submitted by the Contractor that is not required will be 
returned marked "Information Only.” 

E. In the event a single submittal contains both required and non-required 
information, only the required information is subject to the Construction Manager's 
review. 

F. Submittals will be checked for conformance with the design concept of the project 
and compliance with the information given in the Contract Documents. 

G. The Construction Manager's review of drawings or data prepared by a Professional 
Engineer licensed in Alaska will be limited to the submittal's effect on the integrity 
of the completed project. 

H. Submittals will be marked to indicate the result of the Construction Manager 's 
review, as follows: 

1. “NO EXCEPTION TAKEN" - Revision of drawing or data will not be 
required; 

2. "MAKE CORRECTION NOTED" - Contractor shall revise the drawing or 
data as indicated.  Resubmittal is not required; 



 01330-4 

3. "REVISE AND RESUBMIT" - Contractor shall revise the drawing or data 
and shall resubmit the revised drawing or data to the Construction Manager 
for review and approval; or 

4. "REJECTED" - Submittal does not conform to Contract Documents.  
Contractor shall resubmit in a form that conforms to Contract Documents 
to the Construction Manager for review and approval. 

I. Copies marked "NO EXCEPTION TAKEN” or “MAKE CORRECTION 
NOTED" authorize the Contractor to proceed with construction or fabrication 
covered by those drawings or data sheets with corrections, if any, incorporated. 

J. No revision in any way shall be made after a drawing has been marked "NO 
EXCEPTION TAKEN" without resubmitting the drawing. 

K. When prints of drawings have been marked "REVISE AND RESUBMIT," the 
Contractor shall make the necessary corrections.  Every revision shall be shown by 
number, date and subject in a revision block, and in addition, each revised drawing 
shall have its latest revision clearly indicated by clouding around the revised areas 
on the drawing.  Drawings submitted without these indications will be considered 
nonconforming. 

L. The applicable parts of the requirements of the above paragraphs with reference to 
the drawings shall apply equally to design data, catalog cuts, illustrations, printed 
specifications, draft reports or any other submittal furnished for review. 

1.06 VARIATIONS FROM CONTRACT REQUIREMENTS 

A. Variations from the Contract Documents shall be specifically and separately 
approved by the Construction Manager. 

B. If working drawings show variations from the contract requirements, describe such 
variations in writing and submit for approval separate from the drawings. 

1.07 GENERAL SUBMITTAL 

A. Submit erosion and sediment control plan prior to starting work. 

1.08 OTHER SUBMITTALS  

A. All other submittals are presented in the related sections presented in Section 1.01. 

1.09 SHOP DRAWINGS 

A. Shop Drawings shall be submitted to the Construction Manager to be reviewed. 
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1.10 TEST REPORTS 

A. Submit test reports for information for the limited purpose of assessing 
conformance with information given and the design concept expressed in the 
Contract Documents. 

1.11 SUBMITTAL REGISTER 

A. The Contractor shall prepare a submittal register of required submittals and 
proposed schedule of submittals with initial project schedule.   

B. In the event of a discrepancy between the Contract Documents and the Submittal 
Register, the Contract Documents shall take precedence. 

PART 2  PRODUCTS   (NOT USED) 

PART 3  EXECUTION   (NOT USED) 

END OF SECTION 01330 
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SECTION 01450  
 QUALITY CONTROL (QC) 

PART 1 –  GENERAL 

1.01 RELATED WORK SPECIFIED ELSEWHERE 

A. All Sections 

1.02 GENERAL 

A. Quality control services include inspections, tests and related actions including 
reports performed by independent agencies, government authorities, and the 
Contractor.  They do not include Contract enforcement activities performed by the 
Construction Manager. 

B. Inspection and testing services are required to verify compliance with requirements 
specified or indicated.  These services do not relieve the Contractor of 
responsibility for compliance with Contract Document requirements. 

C. Quality control requirements for individual construction activities are shown in the 
Sections that specify those activities. 

D. Inspections, tests and related actions specified are not intended to limit the 
Contractor’s quality control procedures that facilitate compliance with Contract 
Document requirements. 

E. Requirements for the Contractor to provide quality control services required by the 
Construction Manager, County, or authorities having jurisdiction are not limited by 
provisions of this Section.  

1.03 DESCRIPTION 

A. Provide QC for all work. 

B. The planned work and construction activities for the Future Raises to Closure will 
include the following elements: 
1. Embankment;  

2. Liner System; 

3. Cutoff System; and 

4. Emergency Spillway (only for the final raise). 

C. The Future Raises to Closure construction of these elements includes the following 
activities: 
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1. Geomembrane manufacture, fabrication, and installation for the liner and cutoff 
systems. 

2. Geosynthetic clay liner (GCL) manufacture, fabrication, and installation for the right 
abutment cutoff wall. 

3. Curtain wall manufacture, fabrication, and installation for the southeast extent of the 
wing wall system. 

4. Geotextile manufacture, fabrication, and installation for the liner system. 

5. Earthwork supply, placement, and compaction for the embankment, liner and cutoff 
systems 

6. Grout and CDF manufacture and installation for the cutoff system. 

1.04 DEFINITIONS 

A. There is often confusion between the meanings of quality control (QC) and quality 
assurance (QA).  This QC Section refers to the provision of QC, in this case 
specifically referring to the QC of the materials comprising the dam raise.  In the 
context of this document: 

1. Quality Control (QC) refers to actions taken by the Contractor (including those 
parties charged with the manufacture, fabrication, delivery, and installation of the 
geosynthetics and grout, and the placement and compaction of the soils materials), 
that provide a means to determine and sometimes quantify the characteristics of 
the product.  The results of a QC program are compared to the Specifications or 
other contractual or regulatory requirements.  During each aspect of the handling 
of these materials, QC is provided by the manufacturer, fabricator, or installer of 
geosynthetics and grout, or the supplier and earthworks contractor for the soils, to 
ensure that the materials and workmanship conform to the Drawings and 
Specifications. 

2. Quality Assurance (QA) is a planned and systematic pattern of means and actions 
intended to provide confidence that materials and procedures conform to the 
Drawings, Specifications, and any applicable regulatory requirements. QA is 
provided by an independent party on behalf of the Owner. Although QA is as 
important during all phases of the soils or geosynthetics materials handling, QA 
refers specifically to those actions taken in relation to the installation of the 
geosynthetics and grout, and the placement and compaction of the soils materials.  
CQA is the most critical component of an overall QA program, because field 
conditions are the most variable and most difficult to control. 

1.05 RESPONSBILITIES 

A. Construction Manager shall be responsible for construction quality assurance 
(CQA). The Construction Manager shall be responsible for observing and 
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documenting periodic verification, checking, or testing for confirming that the 
quality of the curtain wall is in accordance with the Contract Documents.  

B. Contractor’s Responsibilities: 

1. Contractor shall be responsible for QC.  Contractor shall engage and pay for the 
services of qualified staff or a qualified subcontractor to perform QC for 
monitoring and documenting the quality of the curtain wall in accordance with the 
Contract Documents. 

2. The Contractor and each agency engaged by the Contractor to perform inspections, 
tests and similar services shall coordinate the sequence of activities to 
accommodate required services with a minimal delay. 

3. Installer shall be responsible for QC.  Installer shall engage and pay for the 
services of qualified staff or a qualified subcontractor to perform QC for 
monitoring and documenting the quality of the curtain wall in accordance with the 
Specifications. 

4. The subcontractor and/or staff performing QC on behalf of the Installer shall have 
appropriate education and prior experience in conducting the specific quality 
control activities.  All QC staff shall be approved prior to starting work at the site 
by the Construction Manager. 

5. The Installer shall complete QC inspection, testing or any other action, as 
considered necessary by the Installer to ensure that the Work has been completed 
in accordance with the Drawings and Specifications. Notwithstanding the results of 
the Contractor’s QC program, compliance of the Work with the Drawings and 
Specifications shall be defined by the results of the Construction Manager’s CQA 
program. 

C. Defective Work: 

1. Remove and replace any work found defective or not complying with requirements 
of Contract Documents, at no additional cost. 

2. Work will be observed as it progresses, but failure to detect any defective work or 
materials shall not in any way prevent later rejection when such defect is 
discovered, nor shall it obligate the Owner for final acceptance. 

3. All observation and testing required because of defective work or ill-timed notices 
shall be performed at the Contractor's expense. 
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PART 2 –  PRODUCTS (NOT USED)  

PART 3 –  EXECUTION  

3.01 REPAIR AND PROTECTION: 

A. General: Upon completion of observation, testing, sample taking, and similar 
services, repair damaged construction and restore substrates and finishes to 
eliminate deficiencies, including deficiencies in visual qualities of exposed 
finishes. 

B. Protect construction exposed by or for quality control and quality assurance 
activities, and protect repaired construction. 

C. Repair and protection is the Contractor’s responsibility, regardless of the 
assignment of responsibility for observation, testing or similar services.  

D. Any Work that does not satisfy the requirements of the Drawings and 
Specifications shall be made good in accordance with the requirements of the 
Specification or as directed by the Construction Manager at the sole expense of the 
Contractor. 

END OF SECTION 01450 
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SECTION 02020 
SITE CONDITIONS 

PART 1 –   GENERAL 

1.01 SUBSURFACE CONDITIONS 

A. Subsurface profiles and locations of borings are shown on the Drawings. 

B. The information is based on data obtained from a limited number of borings and as 
such is not meant to warranty the complete sub-surface conditions. 

C. Prior to bidding, bidders may conduct their own subsurface investigation with the 
approval of the Owner. 

1.02 SURFACE CONDITIONS 

A. Surface contours shown on the drawings were obtained from 5-foot contour 
interval maps dated 2007. 

B. The location of such design features as the contact between the top of excavated 
slopes and the ground surface and the contact between the toe of constructed 
slopes and the ground surface may vary due to surface irregularities not shown on 
the Drawings. 

1.03 ERRORS OR DISCREPANCIES 

A. It is the duty of the Contractor to promptly notify the Construction Manager in 
writing of any site condition that differs from the condition represented on the 
Drawings. 

END OF SECTION 02020 
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TION 02050 
BLASTING 

IFIED ELSEW

A. Site Conditions: Section 02020 

on 02220 

Section 02225 

50 

 Contractor's general plan for such 
tion Manager and Engineer. 

B. Conform to the requirements specified by the State of Alaska and Federal 
plosives. 

erform blasting. 

1.03

tion Manager and 

mit to the Construction Manager copies of the original invoices for all blasting 
terials delivered to the site. 

pleted blasting 
or each day showing location, size, and depth of blast holes, and 

quantities of materials loaded into each hole. 

PART 2 –  PRODUCTS 

2.01 EXPLOSIVES 

A. Selection of explosives and explosive equipment to be used is at the option of the 
Dam Contractor. 

SEC

PART 1 –  GENERAL 

1.01 RELATED WORK SPEC HERE 

B. Earthwork: Section 02200 

C. Trench Excavation, Backfilling, and Compaction: Secti

D. Excavation: 

E. Quality Control:     Section 014

1.02 GENERAL CONDITIONS 

A. Perform no drilling or blasting work until Dam
operations has been approved by the Construc

Government for transportation, handling, storage and use of ex

C. Use only skilled and licensed operators to p

 SUBMITTALS 

A. Prior to commencing excavation work submit to the Construc
Engineer a general plan of operations for blasting, including controlled blasting 
techniques and controls for flyrock and ground vibration. 

B. Sub
ma

C. Submit to the Construction Manager and Engineer a log of com
activities f
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A. Select the drilling and blasting pattern, types and quantities of explosives and delay 

ormance with the 

C. Control blasting to produce sound rock faces at the final excavation lines. The 
istribution, and quantity of explosives detonated shall be such that existing 

ed. 

3.02 OVERSHOOTING 

e lines and grades shown on the Drawings or 

B. Excessive blasting, overshooting and the corrective measures required by the 
Engineer w tor's expense. 

C. Backfill overexcavated areas in accordance with Section 02200. 

END OF SECTION 02050 

PART 3 –  EXECUTION 

3.01 GENERAL 

systems. 

B. The Engineer will observe the loading of drill holes to verify conf
blasting plans prior to loading each drill hole. 

type, d
fractures shall not be opened and new fractures shall not be creat

A. Perform blasting and excavation to th
as directed by the Engineer. 

ill be at the Dam Contrac



SECTION 02102 
CLEARING, STRIPPING, AND GRUBBING  

PART 1 –  GENERAL 

1.01 RELATED WORK SPECIFIED ELSEWHERE 

A. Quality Control Section 01450 

B. Earthwork Section 02200 

C. Trench Excavation and Backfill Section 02220 

D. Excavation Section 02225 

1.02 DESCRIPTION 

A. This section includes the clearing, ice, snow and woody debris, stripping, and 
grubbing of trees, brush, vegetation, in the vicinity of the dam sites. The focus will 
be on clearing snow and ice from the site prior to and during construction activities 
taking place for completing the wing wall construction.  

B. Clearing includes the removal and disposal of all trees, snags, stumps, shrubs, and 
brush greater than 12 inches in height and rocks greater than 24 inches in diameter. 

C. Stripping includes removal of all ice, snow and woody debris from areas 
designated for the wing wall excavation. 

D. Grubbing includes removal and disposal of wood and root matter to a depth of 18 
inches below the ground surface and no grubbing is currently anticipated. 

1.03 PROTECTION 

A. Perform all clearing, stripping and grubbing work in conformance with applicable 
codes and regulations of the State of Alaska and federal agencies. 

B. Comply with all required permits and regulations.  

 02102-1 
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PART 2 –  PRODUCTS 

2.01 EQUIPMENT 

A. Selection of equipment to be used is at the option of the Contractor. 

PART 3 –  EXECUTION (Not used) 

END OF SECTION 02102 



SECTION 02140 
DEWATERING 

PART 1 –  GENERAL 

1.01 RELATED WORK SPECIFIED ELSEWHERE 

A. Quality Control  Section 01450 

B. Site Conditions Section 02020 

C. Trench Excavation and Backfill Section 02220 

D. Excavation Section 02225 

1.02 DESCRIPTION 

A. Provide personnel, equipment, and structures necessary to remove and treat water 
from work areas and to maintain a dry work area. 

1.03 SUBMITTALS  

A. Prior to commencing earthwork, submit to the Construction Manager a general 
dewatering plan.   

PART 2 –  PRODUCTS  

1.04 EQUIPMENT 

A. Selection of equipment to be used is at the discretion of the Contractor. A sump 
system and or drainage gallery may be necessary to ensure proper drainage is 
achieved.    

PART 3 –  EXECUTION 

1.05 GENERAL 

A. Maintain dry conditions in the dam foundation and trench excavations. 

B. Prior to placement of fill materials, liner materials, geotextiles, remove all ponded 
water, mudding conditions and stop water inflows from work area. 

C. Perform dewatering operations to the satisfaction of the Construction Manager and 
the CQA field manager. 
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1.06 WATER TREATMENT 

A. Treat water as required and in accordance with applicable federal and State of 
Alaska regulations before discharging. Water will be discharged directly to the 
tailings pond and subsequently treated. 

END OF SECTION 02140 



SECTION 02151 
SHORING 

PART 1 –  GENERAL 

1.01 RELATED WORK SPECIFIED ELSEWHERE 

A. Quality Control Section 01450 

B. Site Conditions Section 02020 

C. Dewatering Section 02140 

D. Earthwork Section 02200 

E. Trench Excavation and Backfill Section 02220 

F. Excavation Section 02225 

1.02 SAFETY 

A. Contractor is responsible for ensuring that all excavations are adequately shored, 
braced or sloped to provide working conditions that are safe and free from the 
hazard of caving or sloughing. 

B. Contractor is responsible for ensuring that all excavations and shoring meet the 
applicable regulations of MSHA, OSHA, State of Alaska or other governing 
regulatory agency. 

1.03 SUBMITTALS 

A. Develop an excavation and shoring plan showing the proposed shoring or bracing, 
designed and approved by a civil/structural engineer registered in the State of 
Alaska and bearing the engineer’s stamp.  

B. Submit the excavation and shoring plan to the Construction Manager according to 
Section 01330, at least 14 days prior to starting any excavation work. 

PART 2 –  PRODUCTS 

2.01 MATERIALS 

A. Use structural elements in shoring and bracing operations that are free of defects 
and of adequate strength to provide complete support of the excavations as shown 
in the excavation and shoring plan. 
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B. Materials used in the shoring operations shall be at the discretion of the Contractor. 

PART 3 –  EXECUTION 

3.01 GENERAL 

A. Install shoring in accordance with the excavation and shoring plan.  

END OF SECTION 02151 



SECTION 02200 
EARTHWORK 

PART 1 –  GENERAL 

1.01 RELATED WORK SPECIFIED ELSEWHERE 

A. Site Conditions:  Section 02020 

B. Clearing, Stripping, and Grubbing: Section 02102 

C. Dewatering: Section 02140 

D. Trench Excavation, Backfilling, and Compaction: Section 02220 

E. Excavation: Section 02225 

F. Filter Drain, Liner Bedding, Liner Cover,  
Liner Anchorage: Section 02274 

G. Tailings Dam: Section 02290 

H. Quality Control:     Section 01450 

1.02 DESCRIPTION 

A. This section describes all soil material types and placement methods to be used in 
the construction of the tailings dam, and associated features. 

B. This section describes the quality control procedures to be used by the Contractor 
and approved by the Engineer during construction of the project. 

1.03 QUALITY CONTROL METHODS 

A. Soils and Backfill:  Moisture density standard ASTM D1557 or AASHTO T-180 
method unless otherwise specifically stated. 

B. In-place Density Determination:  Sandcone method ASTM D1556 or Nuclear 
Method ASTM D2922. 

C. Classification of Soils:  ASTM D2487. 

D. Rockfill Durability: Los Angeles Abrasion AASHTO T 96 or ASTM C535 and 
Freeze-Thaw Durability ASTM C666. 

E. Liquid Limit, Plastic Limit, and Plasticity Index of Soils:  ASTM D4318. 
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1.04 SUBMITTALS  

A. Prior to the start of earthwork, the Contractor shall submit a pre-construction plan 
and schedule to the Construction Manager for approval. The plan shall include a 
description of methods to be used for all excavation, backfill, placement, 
compaction, and grading operations for each soil type.  

B. The CQA Field Manager will review this plan for conformance with the 
Specifications. 

PART 2 –  PRODUCTS  

2.01 GENERAL 

A. The Engineer will classify excavated materials to be used for the construction of 
the tailings dam into one of seven types. 

B. Test each material source in accordance with EPA Toxicity standards. All 
materials downstream or at an elevation above the liner shall be non-toxic. 

C. Crushed material will consist of evenly graded stones that are hard, angular, and 
have no more than 50% wear at 500 revolutions as determined by AASHTO T 96 
or ASTM C535. The material will have no more than 25% loss after 25 freeze-
thaw cycles using ASTM C666. 

D. Do not use Kivalina shales in construction, unless clearly specified. 

2.02 SOIL TYPE 1, RANDOM ROCKFILL (24 INCH) 

A. Obtain soil type 1, moderately weathered to fresher cherts, shales, and sandstones, 
from the Millsite area or from mine waste material. 

B. Use materials conforming to the following specifications: 

1. Maximum 24-inch particle size; 

2. Well-graded material consisting primarily of gravels and cobbles; 

3. Less than 25% passing the No. 200 sieve; and 

4. Less than 5% ice by volume. 

C. Contingent upon approval of the Engineer, soil type 1 having less than 5% passing 
the No. 200 sieve may have an average of up to 1% ice by volume. 

D. Soil type 1 having less than 20% passing the No. 200 sieve and up to 15% ice by 
volume may be used in construction of the upstream rock buttress. 
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2.03 SOIL TYPE 2, SELECT (24 INCH) 

A. Obtain soil type 2, a slightly weathered to fresh select chert-carbonate material, 
and sandstones from the millsite area. 

B. Do not use mine waste material as soil type 2. 

C. Use material conforming to the following specifications: 

1. Maximum 24-inch particle size; 

2. Well-graded material consisting primarily of gravels and cobbles; 

3. Less than 15% passing the No. 200 sieve; and 

4. Less than 5% ice by volume. 

D. Contingent upon approval of the Engineer, soil type 2 having less than 5% passing 
the No. 200 sieve may have an average of up to 10% ice by volume. 

2.04 SOIL TYPE 3, PROCESSED SELECT (3 INCH) 

A. Obtain soil type 3, a slightly weathered to fresh chert-carbonate material, and 
sandstones from the millsite area or from the alluvial/colluvial materials found in 
the stream bed. 

B. Crush and process millsite materials to: 

1. A well-graded aggregate with a maximum particle size of 3-inch; 

2. Less than 5% finer than the No. 200 sieve; and 

3. Less than 5% ice by volume. 

C. Crush and/or process alluvial/colluvial materials to: 

1. A well-graded aggregate with a maximum particle size of 3-inch; 

2. Less than 5% finer than the No. 200 sieve; and  

3. Less than 5% ice by volume. 

D. Contingent upon approval of the Engineer, soil type 3 ' having less than 5% 
passing the No. 200 sieve may have an average of up to 10% ice by volume. 
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2.05 SOIL TYPE 4, PROCESSED SELECT (1 INCH) 

A. Obtain soil type 4, a slightly weathered to fresher chert-carbonate material, and 
sandstones from the millsite area, or from the alluvial/colluvial materials found in 
the stream bed. 

B. Crush and process millsite materials to: 

1. A well-graded aggregate with a maximum particle size of 1-inch; 

2. Less than 10% finer than the No. 200 sieve; and 

3. Less than 5% ice by volume. 

C. Crush and/or process alluvial/colluvial materials to: 

1. A well-graded aggregate with a maximum particle size of 1-inch; 

2. Less than 10% finer than the No. 200 sieve; and  

3. Less than 5% ice by volume. 

D. Contingent upon approval of the Engineer, soil type 4 having less than 5% passing 
the No. 200 sieve may have an average of up to 10% ice by volume. 

2.06 SOIL TYPE 5, ROCK DRAIN AND RIPRAP 

A. Obtain soil type 5 from mill site area. 

B. Use slightly weathered to fresh processed chert-carbonate con-forming to the 
following specifications: 

1. Greater than 85% of material between 6 and 18 inches; 

2. Less than 15% total accumulated materials smaller than 6 inches; and 

3. Less than 10% ice by volume. 

C. Contingent upon approval of the Engineer, soil type 5 may have an average of up 
to 10% ice by volume. 

2.07 SOIL TYPE 6, RANDOM ROCKFILL (12 INCH) 

A. Obtain soil type 6, moderately weathered to fresher cherts, shales, and sandstones, 
from the millsite area, from the mine waste material. 

B. Use materials conforming to the following specifications: 
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1. Maximum 12-inch particle size; 

2. Well-graded material consisting primarily of gravels and cobbles; 

3. Less than 25% passing No. 200 sieve; and 

4. Less than 5% ice by volume. 

C. Contingent upon approval of the Engineer, soil type 6 having less than 5% passing 
the No. 200 sieve may have an average of up to 10% ice by volume. 

2.08 SOIL TYPE 7, SELECT (12 INCH) 

A. Obtain soil type 7, a slightly weathered to fresh select chert-carbonate material, 
and sandstones from the millsite area. 

B. Do not use mine waste materials as soil type 7. 

C. Use material conforming to following specifications:  

1. Maximum 12-inch particle size; 

2. Well-graded material consisting primarily of gravels and cobbles; 

3. Less than 15% passing the No. 200 sieve; and 

4. Less than 5% ice by volume. 

D. Contingent upon approval of the Engineer, soil type 7 having less than 5% passing 
the No. 200 sieve may have an average of up to 12% ice by volume. 

2.09 SOIL TYPE 9, RANDOM MINE WASTE (1-INCH) 

A. Obtain soil type 9, from mine waste or the overburden stockpile area south of the 
tailings impoundment.  

B. Use materials conforming to the following specifications: 

1. Maximum 1-inch particle size; 

2. Well-graded material consisting primarily of gravels and cobbles; 

3. Less than 15% water content by weight; and 

4. No visually detectable ice. 
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C. Contingent upon approval of the CQA Field Manager in consultation with the 
Engineer, soil type 9 having more less than 5% passing the No. 200 sieve have an 
average of up to 10% ice by volume . 

PART 3 –  EXECUTION 

3.01 FINISH ELEVATIONS 

A. Contours used to illustrate the final top of the backfilled surface of the cutoff 
trench are intended to show approximate final elevation for drainage control and 
may be adjusted with the written approval of the Engineer. 

B. Establish a general survey control grid at a spacing of 25 feet in each direction in 
order to establish surface contours before and after construction. 

C. Finished embankment surfaces must be within 0.5 feet of the elevations and grades 
shown on the Drawings. 

3.02 SOIL MATERIAL CONTROL 

D. The Engineer will classify all materials removed from excavations or delivered to 
stockpiles as appropriate or inappropriate for use in construction. 

E. Stockpile materials that are acceptable as soil material types 1 through 7 in areas 
designated by the Construction Manager. 

F. The Contractor will perform sufficient testing as necessary for the Engineer to 
classify the materials removed from excavations or delivered to stockpiles. 

3.03 PLACEMENT AND COMPACTING 

G. Perform soil compaction by the method, specified and as required to provide the 
minimum percentage of density specified for each area in accordance with ASTM 
D1557. 

H. Soil Types 1, 2, 6, 7 and 9 Random Rockfill (24 and 12 Inch), Select (24 and 12 
Inch) and Mineralized Rockfill (1-Inch). 

1. Place soil types 1, 2, 6 and 7 to the lines and grades shown on the 
Drawings. 

2. Place material in horizontal lifts having a maximum loose thickness of 3 
feet that will provide a well-graded distribution. 

3. Compact each lift with a minimum of four complete passes of a 10-ton 
vibratory compactor or as approved by the Engineer. Additional passes of 
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the vibratory compactor may be necessary if in the opinion of the Engineer 
sufficient compaction was not obtained. 

4. Conform to Section 02290 for Rock Buttress placement. 

I. Soil Type 3, Processed Select (3 Inch) 

1. Place soil type 3 to the lines and grades shown on the Drawings. 

2. Place soil type 3 in horizontal lifts having a maximum thickness of 12 
inches when loose that will provide a well-graded distribution except as 
noted in Section 02220. 

3. Place material used as filter drain in such a way as to maintain the 
gradation and to eliminate contamination by foreign materials. 

4. Compact soil type 3 to at least 90% of maximum dry density. 

J. Soil Type 4, PROCESSED SELECT (1 INCH) 

1. Place soil type 4 to the lines and grades shown on the Drawings. 

2. Place soil type 4 in horizontal lifts having a maximum thickness of 12 
inches when loose that will provide a well-graded distribution except as 
noted in Section 02220. 

3. Place soil type 4 in such a way as to maintain the gradation and to eliminate 
contamination by foreign materials. 

4. Compact soil type 4 to at least 90% of maximum dry density except as 
noted below. 

5. Compact soil type 4 to at least 95% of maximum density when placed as 
pipe bedding, haunching, or pipe backfill. 

6. No compaction is required for soil type 4 when placed in areas designated 
as liner cover. 

K. Soil Type 5, Rock Drain and Riprap 

1. Place soil type 5 to the lines and grades shown on the Drawings. 

2. Place in a manner that will provide a well-graded distribution of rock. 

3. No compaction control is required for the placement of rock riprap 
materials. 
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4. Place rock drain in horizontal lifts having a maximum loose thickness of 3 
feet that will provide a well-graded distribution of rock. 

5. No compaction control is required for placement of rock drain material. 

L. Moisture Control 

1. Where subgrade or a placed layer of soil material must be moisture-
conditioned before compacting, uniformly apply water to surface of 
subgrade or soil material to prevent free water appearing on surface and 
ensure that moisture is uniformly distributed in the soil prior to compacting 
operations. 

2. Remove and replace, or scarify and air dry, soil material that is too wet to 
permit compacting to the specified density. 

3. Soil material that has been removed because it is too wet to permit 
compacting may be stockpiled or spread and allowed to dry. Assist drying 
by discing, harrowing, or pulverizing until moisture content is reduced to a 
satisfactory value as determined by moisture-density relation tests 
approved by the Engineer. 

3.02 COMPACTION QUALITY CONTROL 

A. The Contractor will perform field density testing as necessary for approval by the 
Engineer of the in-place fill and backfill material. 

B. Based upon field density test results, the Contractor shall obtain approval from the 
Engineer for subgrades and fills prior to placement of subsequent layers of 
materials. 

C. Densify or excavate and recompact all fill and backfill material which fails to meet 
the specified moisture and density requirements as necessary to meet the 
compaction criteria. 

D. All work resulting from the removal of previously placed soil materials which did 
not conform to specifications shall be at the Dam Contractor's expense, except as 
specified in Paragraph 3.05. 

3.03 MAINTENANCE DURING CONSTRUCTION 

A. Protection of newly graded areas: 

1. Protect newly graded areas from traffic and erosion, and keep free from 
trash, weeds, and ponding water; and  

2. Repair and reestablish grades to the specified tolerances as necessary. 
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B. Where completed compacted areas are disturbed by subsequent construction 
operations or adverse weather, scarify the surface, reshape, and compact to the 
required density prior to further construction. 

3.04 SCHEDULING 

A. Perform construction during the summer and fall construction season or at the 
owner’s option prior to spring thaw. 

B. The Construction Manager, Contractor and CQA Field Manager will work together 
to develop a detailed construction plan showing the proposed construction 
schedule. A plan will be submitted by the CQA Field Manager to the Construction 
Manager 90 days prior to any construction operations. 

END OF SECTION 02200 
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TRENCH EXCAVATION, BACKFILLING, AND COMPACTION 

IFIED ELSEW

A. Site Conditions: Section 02020 

02200 

F. Excavating: Section 02225 

on 02290 

trolled Density Fill (CDF): Section 03310 

600 

L. 450 

1.02 D

 describes the trench excavation and backfilling for the curtain wall 
of the wing wall to be constructed in Future Raises to Closure.  

 The curtain wall and cutoff wall will require excavation through gravel fill with 
e snow and ice, original ground surface soils and organics, and glacial till and 
hered rock to below the groundwater table to depths indicated on the 

drawings. 

1.03 EXCAVATION SAFETY 

A. Conform to Section 02151. 

PART 2 –  PRODUCTS  

SECTION 02220 

PART 1 –  GENERAL 

1.01 RELATED WORK SPEC HERE 

B. Clearing, Stripping, and Grubbing: Section 02102 

C. Dewatering: Section 02140 

D. Shoring: Section 02151 

E. Earthwork: Section 

G. Tailings Dam: Secti

H. Con

I. Mortar and Grout: Section 03

 Quality Control:     Section 01

ESCRIPTION 

A. This section
component 

som
weat
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vated materials as common or rock in 

 Use native and imported materials for backfill as described in this section and as 
ibed and classified in Section 02200. 

PART 3 –  EXECUTION  

3.01

A. tors to inspect and 
and to complete geotechnical 

ing and take photos of the excavated and exposed materials.   

ultation with the 
ns.     

3.02

s in accordance 
hown on the 

Drawings are based on borings and interpreted subsurface conditions between 
untered.  

anager and CQA Field Monitors to inspect 
omplete geotechnical 
rials.   

inating 
he Engineer will 

ch until the 
e CQA Field 

ct Director and the Engineer. 

E. Dispose excavated materials that are classified by the CQA Field Manager as 
being unsuitable for construction fill, in areas as designated by the Construction 
Manager. 

F. Stockpile materials that are classified by the CQA Field Manager as being suitable 
as a soil type for construction fill, in separate locations according to soil type, at 
least 100 feet from the edge of the final excavated slopes. 

2.01 MATERIALS 

A. The CQA Field Manager will classify exca
accordance with the criteria presented in Section 02225. 

descr

 SCHEDULE 

 Provide time to the CQA Field Manager and CQA Field Moni
classify the materials as they are being excavated, 
logg

 Provide time and assistance to the CQA Field Manager in cons
Engineer to confirm the termination depths of the excavatio

 EXCAVATIONS 

A. Excavate all trenches to true and relatively smooth bottom grade
with the lines and grades shown on the Drawings. Dimensions s

borings, and may vary if different subsurface conditions are enco

B. Provide assistance to the CQA Field M
and classify the materials as they are being excavated, and c
logging and take photos of the excavated and exposed mate

C. Obtain approval of all subgrades from the CQA Field Manager prior to term
the excavation. The CQA Field Manager in consultation with t
determine the final acceptable depth of excavation. 

D. Do not place earth, geosynthetic or concrete materials in the tren
finished excavated dimensions and surfaces are approved by th
Manager in consultation with the CQA Proje
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s shown on the Drawings to 
opes.   

to the bottom of 
e, fractured rock 
 the Drawings.   

 till to complete 
n site.   

Monitors with excavated material 
hey can inspect and 

 take photos of the 
he excavation bottom and side slopes. 

the CQA Field 
n with the CQA 

 the vertical trench.  

Place sandbags 
interlock. 

in wall trench with CDF (Section 03310) to the top of the sandbags 
s.   

I. Fill above the CDF with soil type 4 on the downstream side after the CDF has set 
er. 

ce CDF or type 4 backfill material as shown on drawings to the dimensions 

B. Type 4 material placed around the curtain panels will not be compacted until 
material reaches the trench top. At which point, material will be compacted. 

C. Comply with material placement requirements as specified.   

3.05 SCHEDULING 

A. Perform trenching prior to spring thaw. 

 

3.03 CURTAIN WALL 

A. Excavate the curtain wall trench to the top of the till a
create a work bench at least 45 feet wide with 1.5H:1V side sl

B. From the work bench, excavate the vertical curtain wall trench 
highly weathered shale, fully penetrating all visibly detectable ic
and blast damaged rock capable of being excavated as shown on

C. Elevation of the work bench may be lowered below the top of the
the trench excavation to the required depth with the equipment o

D. Provide the CQA Field Manager and CQA Field 
on a bucket-by-bucket basis as it being excavated and so that t
classify the materials, and complete geotechnical logging and
excavated materials and t

E. Final depth of the curtain wall shall be based on observations of 
Manager as determined by CQA Field Manager in consultatio
Project Director and the Engineer.  

F. Insert the geomembrane curtain wall vertically in the center of

G. Install a sandbag bulkhead for a 3 to 5-foot depth in the trench. 
forward of the leading edge of the curtain panel 

H. Fill the curta
making sure that CDF stays contained forward of the sandbag

for at least 24 hours or as directed by the CQA Field Manag

3.04 TRENCH BACKFILLING 

A. Pla
indicated. 



G:\Red Dog Mine\Mine Closure & Reclamation\Tailings Main Dam\Conceptual Design Report\Appendix\Appendix F\Specifications for Future 
Raises\Division 2 Site Work\02220-Trench Excavation, backfilling...doc 

 02220-4 

END OF SECTION 02220 
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ION 02225 
EXCAVATION 

IFIE  

A. Site Conditions: Section 02020 

: ection 02151 

F. Earthwork: Section 02200 

G. Tailings Dam: Section 02290 

es the excavation, removal, and disposal of overlying material 
se bedrock containing less than 10% ice by volume for cutoff trench and 

cutoff wall excavation.   

1.03

according to material 
e of weathering, and percent ice. 

er will classify all excavated materials to be used in dam 
construction according to criteria presented in Section 02200. 

C. Common excavation includes all materials not classified as rock. 

D. Excavated materials conforming to the following conditions will be considered 
rock excavations: 

1. Individual excavated pieces of natural material having a volume exceeding 
3/4 cubic yard; and 

SECT

PART 1 –  GENERAL 

1.01 RELATED WORK SPEC D ELSEWHERE 

B. Blasting: Section 02050 

C. Clearing, Stripping, and Grubbing: Section 02102 

D. Dewatering: Section 02140 

E. Shoring S

H. Quality Control:            Section 01450 

1.02 DESCRIPTION 

A. This section describ
to expo

 EXCAVATION SAFETY 

A. Conform to Section 02151.  

1.04 CLASSIFICATION 

A. The CQA Field Manager will classify all excavated materials 
type, degre

B. The CQA Field Manag
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aving size and power 
to a Caterpillar D-9 operating at 80% to 90% power using a 

 E. ing from the materials 
removed from excavations or delivered to stockpiles.  The Contractor shall be 

ponsible for submitting the samples to the Laboratory for testing. 

mit to the Construction Manager and Engineer a detailed plan and schedule for 
ays before beginning any construction operations. 

2.01 IALS 

e excavated include: 

rface Organics. 

2. Ice and snow. 

. 

 including shale, siltstone and sandstone 
with more than 5% ice by volume. 

ENT 

am Contractor. 

PART 3 –  EXECUTION 

3.01 SCHEDULE 

A. Perform all work described in this section during the construction period.  

B. Provide time and assistance to the CQA Field Manager and CQA Field Monitors to 
inspect materials as they are being excavated, conduct geotechnical logging and 
take photos of exposed slopes.  

2. In situ material that cannot be ripped by a bulldozer h
equivalent 
single shank ripper. 

 The CQA Field Manager will collect samples for test

res

1.05 SUBMITTALS 

A. Sub
excavation 90 d

PART 2 –  PRODUCTS 

 EXCAVATED MATER

A. Materials to b

1. Su

3. Tailings. 

4. Alluvium and colluvium

5. Highly weathered rock. 

6. Moderately weathered bedrock,

2.02 EQUIPM

A. Excavation equipment to be used is at the option of the D

B. Perform blasting in accordance with Section 02050. 
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the CQA Field Manager and Engineer to determine 
the termination depths of the excavations. 

n on the Drawings 
nsions shown on the Drawings are based on borings 

ary if different 

inating 
 the Engineer will 

til the 
ted dimensions and surfaces are approved by the CQA Field 

D. Dispose of unsuitable excavated materials in areas as designated by the 
Construction Manager. 

E. Stockpile materials that are suitable as a soil type for construction fill at least 100 
feet from the edge of the final excavated slopes. 

END OF SECTION 02225 

C. Provide time and assistance to 

3.02 GENERAL 

A. Excavate all material encountered within lines and grades show
and as described in 2.01. Dime
and interpreted subsurface conditions between borings, and may v
subsurface conditions are encountered.    

B. Obtain approval of all subgrades from the CQA Field Manager prior to term
the excavation. The CQA Field Manager in consultation with
determine final acceptable depth of excavation. 

C. Do not place earth, geosynthetic and concrete materials in the trench un
finished excava
manager in consultation with the Engineer. 
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 LINER BEDDING, LINER COVER, AND LINER ANCHORAGE 

A. Earthwork: Section 02200 

filling and C Section 02220 

D. am Section 02290 

membrane: Section 02770 

ION 

is section describes the liner bedding, liner cover, and liner anchorage material 

CTS 

RIALS 

ner cover, and liner 

3.01

ines and grades 
n the Drawings, or as directed by the CQA Field Manager. 

3.02

A. Place, liner bedding, liner cover, and anchorage material after the installed 
geotextile and geomembrane is approved by the CQA Field Manager. 

B. Place liner bedding, liner cover, and liner anchorage material in accordance with 
Section 02200. 

C. Place materials over and around the riser pipe in a manner to avoid any 
displacement of the pipe in line or grade. 

SECTION 02274  

PART 1 –  GENERAL 

1.01 RELATED WORK SPECIFIED ELSEWHERE 

B. Trench Excavation, Back ompaction: 

C. Geotextiles: Section 02276 

 Tailings D : 

E. Geo

F. Quality Control:             Section 01450 

1.02 DESCRIPT

A. Th
on the upstream face of the tailings dams. 

PART 2 –  PRODU

2.01  MATE

A. Use soil type 4, processed select (1 inch), for liner bedding, li
anchorage, as described in Section 02200. 

PART 3 –  EXECUTION  

 GENERAL 

A. Place liner bedding, liner cover, and anchorage material to the l
shown o

 PLACEMENT 
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jacent to riser pipe with hand-operated 
equipment in accordance with Section 02220. 

END OF SECTION 02274 

D. Compact material immediately ad



 

SECTION 02276 
GEOTEXTILE 

PART 1 - GENERAL 

1.01 RELATED WORK 

A. Quality Control   Section 01450 

B. Earthwork  Section 02200 

C. Geomembrane  Section 02770 

D. Liner Bedding, Cover and Anchorage Section 02274 

1.02 DESCRIPTION 

A. This section summarizes the installation of geotextiles for liner protection, 
separation, filtration, and stabilization. 

B. Owner will purchase all geotextile for the project in sufficient quantity and store 
it on the project site.   

C. Prior to beginning work, the Contractor shall inspect and inventory the geotextile 
and thereafter, accept responsibility for storage and handling of material on site.   

1.03 REFERENCES 

A. The listed publications are part of the Specification to the extent referenced. The 
publications are referred to by basic designation only. The most recent version of 
the publication and test method shall be applicable in all cases. 

B. American Society for Testing and Materials (ASTM) D1117-01: Standard Guide 
for Evaluating Nonwoven Fabrics.  

C. ASTM D4355-02 Standard Test Method for Deterioration of Geotextiles from 
Exposure to Ultraviolet Light and Water (Xenon-Arc Type Apparatus).  

D. ASTM D4439-04: Standard Terminology for Geosynthetics. 

E. ASTM D4533-04: Standard Test Method for Trapezoid Tearing Strength of 
Geotextiles. 

F. ASTM D4632-91(2003) Standard Test Method for Grab Breaking Load and 
Elongation of Geotextiles. 

G. ASTM D4751-04: Standard Test Method for Determining Apparent Opening 
Size of a Geotextile. 
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H. ASTM D4833-00e1: Standard Test Method for Index Puncture Resistance of 
Geotextiles, Geomembranes, and Related Products. 

I. ASTM D4873-02: Standard Guide for Identification, Storage, and Handling of 
Geosynthetic Rolls and Samples. 

J. ASTM D5261-92(2003): Standard Test Method for Measuring Mass per Unit 
Area of Geotextiles. 

1.04 DEFINITIONS 

A. Definitions are in accordance with ASTM D4439-04 unless otherwise indicated.  

B. Geotextile: A permeable geosynthetic comprised of a stable network of fibers 
used as a separator or cushion. 

C. Installer: The Contractor (or subcontractor to the Contractor) shall be the 
installer and be responsible for field handling, transporting, storing, deploying, 
seaming, temporary restraining (against wind), and installing the geotextiles. The 
installer may also be referred to as the geotextile subcontractor. 

D. Manufacturer: The party, also referred to as the geotextile manufacturer or 
fabricator, responsible for the production of the geotextile. 

E. Minimum Average Roll Value (MARV): Minimum of a series of average roll 
values representative of geotextile furnished. 

F. Overlap: Distance measured perpendicular from overlying edge of one sheet to 
underlying edge of adjacent sheet. 

1.05 STORAGE, AND HANDLING 

A. Storage and handling of geotextile shall conform to ASTM D4873. 

B. Handle products in a manner that maintains undamaged condition.  

C. Immediately restore any damaged protective covering. 

D. Do not store products directly on ground.   

E. Protect geotextile from ultraviolet light exposure, precipitation, inundation, mud, 
dirt, dust, puncture, cutting, and other damaging or deleterious condition.  

F. If stored outdoors, elevate and protect geotextile with a waterproof cover. 

PART 2 - PRODUCTS 

2.01 GENERAL 
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A. Geotextiles shall be nonwoven pervious sheets of polyester, polypropylene, 
polyethylene, or polyamide fibers oriented into a stable network so that the fibers 
retain their relative positions during handling, placement and long-term service.   

B. Geotextiles shall be composed of continuous or staple fibers held together 
through needle-punching. 

C. Geotextile products shall not be heat burnished. 

D.  

E. Geotextile edges shall be finished to prevent material from pulling from the 
fabric. 

 
2.02 GEOTEXTILE – TYPE 1 

A. Geotextile – Type 1 shall be used as shown on the Drawings and shall conform 
to the physical requirements in Table 1. 

Table 1 - Physical Requirements for Geotextile Type 1 

Physical Characteristic Unit Test Method Requirement 
(MARV) 

Mass (Weight) per Area  oz./sq. yd ASTM D5261 10.0 
Grab Tensile Strength lb ASTM D4632 230 
Puncture Strength lb ASTM D4833 120 
Trapezoid Tearing Strength  lb ASTM D4533 95 

2.03 GEOTEXTILE – TYPE 2 

A. Geotextile–Type 2 shall be used as indicated on the Drawings and conform to the 
requirements of Table 2.  

Table 2 - Physical Requirements for Geotextile Type 2 

Physical Characteristic Unit Test Method Requirement 
(MARV) 

Mass (Weight) per Area oz./sq. yd ASTM D5261 16.0 
Grab Tensile Strength lb ASTM D4632 370 
Puncture Strength lb ASTM D4833 170 
Trapezoid Tearing Strength lb ASTM D4533 145 
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2.04 LABELING 

B. Contractor shall ensure that all geotextile has been marked and tagged with the following 
information: 

1. Manufacturer’s name. 
2. Product identification. 
3. Lot number. 
4. Roll number. 
5. Roll dimensions. 

PART 3 - EXECUTION 

3.01      PREPARATION 

A. Prepare areas in which geotextile is to be placed to lines and levels shown on the 
Drawings or as directed by the CQA Field Manager.  The surface shall be prepared 
in accordance with Section 02200 – Earthwork. 

B. Prior to installation of the geotextile, examine and ensure that the underlying surface 
is free of any sharp objects that may damage the geotextile and is in conformance 
with Contract Documents. 

 
3.02 INSTALLATION 

A. Geotextile shall be placed at the locations shown on the Drawings or as directed 
by the CQA Field Manager. 

B. Geotextile shall be placed in accordance with the manufacturer's 
recommendations, standards, and guidelines and the requirements of this 
Specification. 

C. During installation, geotextile shall be rejected if it has defects, ribs, holes, 
flaws, needles or needle fragments, deterioration or damage incurred by 
manufacturing, transportation, storage or placement.  Visual review of the 
geotextile shall be performed once it has been placed and prior to placing 
overlying materials. 

D. Geotextile shall be placed as directed by the CQA Field Manager, and shall be 
laid smooth and free of tension, stress, folds, wrinkles, or creases. 

E. Adjacent strips shall be laid smooth and provide at least 12 inches of overlap for 
each joint. Overlap joints and seams shall be measured as a single layer. 

F. Cut geotextile using approved cutter only.  Take care to protect other in-place 
geosynthetic materials when cutting geotextile. 
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G. Securing pins or other methods that may damage the geotextile are not allowed.  
Sandbags or other methods approved by the CQA Field Manager shall be used to 
secure the geotextile during installation, and until replaced with cover material. 

H. The geotextile shall be protected at all times from contamination by surface 
water runoff or any other means.  

I. Do not entrap excessive dust, stones, or moisture in the geotextile that could 
damage or clog drains or filters or hamper subsequent seaming.  Any geotextile 
so contaminated shall be removed and replaced with uncontaminated material at 
the Contractor’s expense. 

J. When placing soil or other materials over geotextile, Contractor shall ensure:  

1. Geotextile is not damaged through puncture, tear, or other mechanism; 
2. There is no slippage of the geotextile on underlying layers; and 
3. No excessive tensile stresses are generated in the geotextile. 

K. Do not operate machinery directly on the geotextile.  If the geotextile is covered 
with less than a 2 feet of soil, no equipment with a ground pressure greater than 5 
psi shall operate within 2 feet of the area underlain by the geotextile. 

3.03      REPAIRS 

A. Replace torn or damaged areas and holes by placing an overlay of the same 
geotextile having dimensions at least 12 inches greater than the tear or hole in all 
directions. 

B. When the maximum dimension of a tear or puncture exceeds 10 percent of the width 
of the geotextile roll, the entire sheet shall be removed and replaced with a new 
sheet. 

C. Remove any soil or other material which may have penetrated the torn geotextile and 
repair any damage to other materials or layers. 

3.05 ACCEPTANCE 

A. The Contractor shall retain all ownership and responsibility for the geotextile from 
the time of completion of the geotextile inventory. 

B. The Construction Manager will accept the geotextile installation at the completion 
of: 

1. Installation  
2. Documentation  
3. Verification of the adequacy of all seams, repairs, including associated 

testing 
4. Construction Manager receipt of required written certification documents. 

 
END OF SECTION 02276 
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SECTION 02277 
GEOSYNTHETIC CLAY LINER (GCL) 

PART 1 - GENERAL  

1.01 RELATED WORK   

A. Earthwork: Section 02200 

B. Geomembrane: Section 02770 

C. Geotextile: Section 02276 

D. Quality Control: Section 01450 

1.02 DESCRIPTION 

A. Manufacturing, delivery, storage, and installing of Geosynthetic Clay Liner (GCL). 
The use of GCL is not anticipated for the construction of Future Raises to Closure. It 
has been considered in previous design discussions and drafts. In the event that it is 
reincorporated, the specification has been included. 

1.03 REFERENCES 

A. The publications listed herein form a part of this Specification to the extent 
referenced.  The publications are referred to in the text by basic designation only.  
The most recent version of the publication and test method shall be applicable in all 
cases.  

B. American Society for Testing and Materials (ASTM) D4439-04: Standard 
Terminology for Geosynthetics.  

C. ASTM D4873-02:  Standard Guide for Identification, Storage, and Handling of 
Geosynthetic Rolls and Samples. 

D. ASTM D5887-04:  Standard Test Method for Measurement of Index Flux Through 
Saturated Geosynthetic Clay Liner Specimens Using a Flexible Wall Permeameter. 

E. ASTM D5890-02:  Standard Test Method for Swell Index of Clay Mineral 
Component of Geosynthetic Clay Liners. 

F. ASTM D5993-99(2004):  Standard Test Method for Measuring Mass Per Unit of 
Geosynthetic Clay Liners 
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1.04 DEFINITIONS 

A. Definitions shall be in accordance with ASTM D4439-04, unless otherwise 
indicated.  

B. Geosynthetic Clay Liner (GCL): A composite of a uniform layer of low permeability 
granular sodium bentonite encapsulated between two geotextiles used as a hydraulic 
barrier.  The composite is stabilized by needle punching through the top and bottom layers 
of geotextile.   

 
C. Installer:  The Contractor (or a Subcontractor to the Dam Contractor) shall act as the 

Installer, i.e., the party responsible for field handling, transporting, storing, 
deploying, seaming, temporary restraining (against wind), and installation of the 
GCL.  The Installer may also be referred to as the GCL Subcontractor. 

D. Manufacturer:  The party also referred to as the GCL manufacturer, responsible for 
the production of the GCL in accordance with this Specification. 

E. Minimum Average Roll Value (MARV):  Minimum of a series of average roll values 
representative of geosynthetic material furnished. 

F. Overlap:  Distance measured perpendicular from overlapping edge of one sheet to 
underlying edge of adjacent sheet. 

1.05 SUBMITTALS 

A. At least 10 working days prior to shipping GCL to the site, the Dam Contractor shall 
notify the Construction Manager of the date of shipping. 

B. Prior to shipping the GCL to the site, submit the following: 
1. Manufacturer’s material specifications, product literature, and sample 

measuring not less than 12 inches square for the proposed GCL.  Label the 
sample with brand name and furnish documentation of the roll number from 
which the sample was obtained. 

2. Manufacturer’s written certification that: 
a. The proposed GCL has the material property values required by this 

Specification; 
b. The GCL manufacturer has continuously inspected the GCL for the 

presence of needles and found GCL to be needle-free; 
c. The loose bentonite for seaming consists of the same natural sodium 

bentonite as the GCL; and 
d. The bentonite will not shift during transportation or installation 

thereby causing thin spots in the body of the GCL. 
3. Manufacturer source quality control testing results. 
4. Written procedures for storing, handling, installing, repairing and seaming 

the GCL. 
5. A list of exceptions (if any) to the requirements specified in this section.  
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Exceptions and requests for substitutions shall be submitted to the 
Construction Manager. 

C. Prior to placement of the geotextile, the Dam Contractor shall submit resume(s) of 
the individual(s) or subcontractor(s) who will perform the construction quality 
control (CQC) activities.  The resume(s) shall demonstrate that the individual(s) or 
subcontractor(s) are suitably qualified to perform CQC activities. 

1.06 DELIVERY, STORAGE, AND HANDLING 

A. Delivery, storage, and handling of the GCL shall conform to ASTM D4873. 

B. GCL shall be supplied in rolls wrapped individually in impermeable and relatively 
opaque protective covers. 

C. Each roll shall be labeled with the lot number, roll number, and other information 
necessary to identify it for inventory and CQC and CQA testing. 

D. Upon delivery at the site, the Dam Contractor and the Construction Manager shall 
inspect the surfaces of all rolls for defects and for damage.  This inspection shall be 
conducted without unrolling rolls unless defects or damages are found or suspected.  
The Construction Manager will determine: 
1. Rolls, or portions thereof, which should be rejected and removed from the 

site because they have severe flaws. 
2. Rolls that are not properly labeled.  No unlabelled rolls shall be used for 

any application.  Unlabelled rolls shall be removed from the site and 
replaced at the Dam Contractor’s expense. 

E. Immediately repair any damaged protective covering.  Preserve integrity and 
legibility of GCL roll labels. 

F. Store and protect GCL from dirt, water, ultraviolet light exposure, vandalism, and 
other sources of damage. 

PART 2 - PRODUCTS 

2.01 GEOSYNTHETIC CLAY LINER 

A. The GCL shall be Bentofix Thermal Lock NWL, or approved alternate. 

B. The bentonite in the GCL shall be sodium montmorillonite clay with a minimum free 
swell value of 20. 

C. The finished GCL shall have a minimum bentonite weight of 0.75 lbs/ft2. 

D. The finished GCL shall have a maximum hydraulic conductivity of 5 x 10-9 cm/sec 
under a gradient of 1. 
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E. The GCL shall be manufactured so that the bentonite is stabilized by needle 
punching through the top and bottom layers of geotextile to enhance the internal 
shear strength of the GCL and to maintain the integrity of the GCL under hydration. 

F. The GCL shall be manufactured so that the bentonite is continuously contained 
throughout the GCL and so that no displacement of the bentonite occurs when the 
material is unrolled, moved, cut, torn, or punctured. 

G. The encapsulating geotextiles used in the GCL shall be non-woven, needle-punched 
polypropylene with a minimum nominal weight of 6 oz/yd2. 

2.02 MANUFACTURER SOURCE QUALITY CONTROL 

A. The GCL manufacturer shall perform source quality control testing to confirm the 
manufacturer's published material characteristics and demonstrate compliance with 
this Section.  Testing shall be performed at a minimum frequency of once per lot or 
once every 100,000 square feet, whichever results in the greater number of tests.  

B. The Contractor shall provide the GCL manufacturer’s source quality certification for 
all rolls of GCL shipped to the site.  Each quality control certificate shall include roll 
identification numbers and results of quality control tests.  The quality control 
certificate shall be signed by a responsible party employed by the manufacturer, such 
as the production manager.  

C. The GCL manufacturer shall examine entire GCL surface using a metal detector or 
other suitable method to verify that no needles or other sharp objects are present.  
The manufacturer shall certify in writing that the GCL surfaces are needle-free. 

2.03 LABELING 

A. Each GCL roll shall be marked or tagged with the following information: 
1. Manufacturer’s name; 
2. Product identification; 
3. Lot number; 
4. Roll dimensions; and 
5. Roll weight. 

B. Mark special handling requirements on rolls. 

2.04 ACCESSORY BENTONITE 

A. Bentonite for seaming shall be in powder or granular form, and shall be equivalent to 
the bentonite used in the manufacture of the GCL.  The GCL manufacturer shall 
recommend the accessory bentonite. 
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PART 3 - EXECUTION 

3.01 GENERAL 

A. Install GCLs at the locations, lines, and grades shown on the Drawings.  All GCLs 
shall be installed in accordance with the Specification. 

B. Materials and Work which fail to meet the requirements of the Specification shall be 
removed and disposed of at the Dam Contractor’s expense. 

3.02 HANDLING AND PLACEMENT 

A. The Dam Contractor shall handle and deploy all GCLs in such a manner as to ensure 
that they are not damaged. 

3.03 SUBGRADE PREPARATION 

A. Subgrades shall be a firm, unyielding surface. 

B. The subgrade surface shall be free of debris, organic material, frozen soil, ice, rocks, 
and other deleterious material. 

C. The subgrade surface shall be free of standing water or excessive moisture. 

D. The subgrade surface shall be smooth and free of protrusions, ruts, and other 
irregularities greater than ½ inch high. 

E. No GCL shall be deployed until the subgrade surface has been reviewed by the 
Construction Manager. 

3.04 DEPLOYMENT 

A. GCL shall be deployed so that seams run up and down (not across) the slope. 

B. Adjacent panels of GCL shall be overlapped 6 to 12 inches in accordance with the 
manufacturer’s recommendations. 

C. Any wrinkles shall be removed by adjusting and smoothing the GCL after placement. 

D. GCL shall not be deployed during precipitation or in the presence of moisture, 
ponded water, snow, or in other situations that could cause premature hydration of 
the bentonite.  Any GCL that hydrates prematurely shall be removed and replaced at 
the Contractor’s expense. 

E. Deploy only that area of GCL which can be covered during the same day, unless 
otherwise approved by the Construction Manager. 

F. Weight the GCL with sandbags or equivalent as necessary to prevent wind uplift. 
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G. Cut GCL with a geotextile cutter (hook blade), scissors, or other approved device.  
Protect adjacent materials from damage due to GCL cutting. 

H. Do not entrap stones, debris, or other deleterious material within seams or beneath 
the GCL. 

3.05 SEAMING 

A. Contacting seam surfaces shall be clean and free of dirt or native soil with all edges 
pulled tight to maximize contact and to smooth out any wrinkles or creases. 

B. Loose bentonite shall be applied at the minimum rate recommended by the GCL 
manufacturer.  In no case shall the minimum rate be less than ¼ pound per liner foot 
along all seams or overlaps. 

3.06 PROTECTION 

A. Care shall be taken during placement of material above the GCL to prevent slippage 
of the GCL, the development of tensile stresses in the GCL, or any other damage.  
Any damage to the GCL shall be repaired at the Dam Contractor’s sole expense. 

B. Do not operate machinery directly on the GCL.  If the GCL is covered with less than 
2 feet of soil, no equipment with a ground pressure of greater than 5 pounds per 
square inch shall operate within 2 feet of the area underlain by the GCL. 

3.07 REPAIRS 

A. Remove damaged or hydrated areas of GCL using an approved cutter. 

B. Place a patch of the same material extending at least 1 foot in all directions beyond 
the flaw or damaged area. 

C. Seam around the perimeter of the patch per the requirements for initial seaming as 
described in this Section. 

3.08 ACCEPTANCE 
A. The Dam Contractor shall retain all ownership and responsibility for the GCL until 

acceptance by the Construction Manager. 

B. The Construction Manager will accept the GCL when: 
1. The installation is complete; 
2. Documentation is complete; 
3. Verification of the adequacy of all seams and repairs is complete; and 
4. The required written certification documents have been received by the 

Construction Manager. 

END OF SECTION 02277 



 

SECTION 02770 
GEOMEMBRANE 

PART 1 - GENERAL 

1.04 RELATED WORK 

A. Earthwork:  Section 02200 

B. Tailings Dam:  Section 02290 

C. Seepage Dam:  Section 02294 

D. Geotextile:  Section 02276 

E. Filter Drain, Liner Bedding, Liner Cover, and Liner Anchor: Section 02274 

F. Geosynthetic Clay Liner:  Section 02277 

G. Quality Control:  Section 01450 

1.05 DESCRIPTION 

A. Manufacture, storage, delivery, and installation of high density polyethylene (HDPE) 
geomembrane materials for the liner and other miscellaneous applications.  

1.06 REFERENCES 

A. The publications listed below form a part of this Specification to the extent 
referenced. The publications are referred to in the text by basic designation only. The 
most recent version of the publication and test method shall be applicable in all 
cases. 

B. American Society for Testing and Materials (ASTM) D1004-03: Standard Test 
Method for Initial Tear Resistance of Plastic Film and Sheeting. 

C. ASTM D1238-04c: Standard Test Method for Flow Rates of Thermoplastics by 
Extrusion Plastometer. 

D. ASTM D1505-03: Standard Test Method for Density of Plastics by the Density-
Gradient Technique. 

E. ASTM D1603-01: Standard Test Method for Carbon Black In Olefin Plastics. 

F. ASTM D3895-04: Standard Test Method for Oxidative-Induction Time of 
Polyolefins by Differential Scanning Calorimetry. 

 
 02770-1  
   



 

G. ASTM D4218-96(2001): Standard Test Method for Determination of Carbon Black 
Content in Polyethylene Compounds by the Muffle-Furnace Technique. 

H. ASTM D4439-04: Standard Terminology for Geosynthetics. 

I. ASTM D4833-00e1: Standard Test Method for Index Puncture Resistance of 
Geotextiles, Geomembranes, and Related Products. 

J. ASTM D4873-02: Standard Guide for Identification, Storage, and Handling of 
Geosynthetic Rolls and Samples. 

K. ASTM D5199-01: Standard Test Method for Measuring Nominal Thickness of 
Geosynthetics. 

L. ASTM D5596-03: Standard Test Method for Microscopic Evaluation of the 
Dispersion of Carbon Black in Polyolefin Geosynthetics. 

M. ASTM D5641-94(2001)e1: Standard Practice for Geomembrane Seam Evaluation by 
Vacuum Chamber. 

N. ASTM D5885-04:  Standard Test Method for Oxidative Induction Time of 
Polyolefin Geosynthetics by High-Pressure Differential Scanning Calorimetry. 

O. ASTM D6392-99: Standard Test Method for Determining the Integrity of 
Nonreinforced Geomembrane Seams Produced Using Thermo-Fusion Methods. 

P. Geosynthetic Research Institute (GRI): 
1. GM6: Pressurized Air Channel Test for Dual Seamed Geomembranes; 
2. GM11: Accelerated Weathering of Geomembranes using a Fluorescent 

UVA-Condensation Exposure Device; 
3. GM13: Test Properties, Testing Frequency and Recommended Warranty for 

High Density Polyethylene Smooth and Textured Geomembranes; and 
4. GM14: Selecting Variable Intervals for Taking Geomembrane Destructive 

Seam Samples Using the Method of Attributes. 

1.07 DEFINITIONS 

A. Definitions shall be in accordance with ASTM D4439-02, unless otherwise 
indicated. 

B. Batch: refers to the quantity of resin, usually the capacity of one railcar, used in 
the manufacture of the HDPE geomembrane sheet.  The finished sheet shall be 
identified by a roll number corresponding to the particular batch of resin used. 

C. Bridging: When the geomembrane becomes suspended over the subgrade due to 
expansion or contraction of the material or poor installation. 

 
 02770-2  
   



 

D. Extrudate:  The molten polymer that is produced from an extruder during extrusion 
seaming.  The polymer is initially in the form of a ribbon rod, bead, or pellets. 

E. Geomembrane:  An essentially impermeable geosynthetic sheet used for the purpose 
of liquid, gas, and solids containment.  HDPE geomembrane shall be manufactured 
and installed in accordance with the requirements of this Specification. 

F. Geomembrane Subgrade: The surface upon which the geomembrane lies.  

G. Installer:  The Contractor (or a subcontractor to the Contractor) shall act as the 
installer, i.e. the party responsible for field handling, transporting, storing, deploying, 
seaming, temporary restraining (against wind), and installation of the geomembrane. 
The installer is also referred to as the geomembrane subcontractor. 

H. Manufacturer: The party, also referred to as the geomembrane manufacturer or 
fabricator, is responsible for the production of the geomembrane rolls from resin and 
for the quality of the resin. 

I. Master Welder: The individual to whom the installer delegates responsibility for 
oversight of geomembrane seaming operations.  The Master Welder shall be 
qualified in accordance with the requirements of this Specification. 

J. Overlap: Distance measured perpendicular from overlapping edge of one sheet to 
underlying edge of adjacent sheet. 

K. Panel: The unit area of geomembrane that will be seamed in the field.  A panel is 
identified as a roll or portion of a roll without any internal seams. 

L. Panel Layout Drawings: Drawings submitted by the Installer indicating panel 
numbers, field seams, and details. 

1.08 SUBMITTALS  

A. At least 10 working days prior to shipping geomembrane to the site, the Contractor 
shall notify the Construction Manager of the date of shipping. 

B. Prior to shipping the geomembrane to the site, the Contractor shall submit the 
following Product Data. 
1. Resin Data: 

a. Statement of production date or dates; 
b. Certification stating that the resin meets the product requirements 

(see below); 
c. Certification stating that all resin is from the same manufacturer; 
d. Copy of quality control certificates issued by the manufacturer; 
e. Test reports from the manufacturer; and 
f. Statement that no reclaimed polymer is added to resin during 

manufacture of actual geomembrane to be used in this project. 
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2. Geomembrane Roll Data: 
a. Statement of production date or dates; 
b. Laboratory test results and certification stating that the geomembrane 

meets the product requirements; 
c. Certification stating that all geomembrane rolls are furnished by one 

supplier, and that all rolls are manufactured from one resin type 
obtained from one resin supplier; 

d. Copy of quality control certificates indicating compliance with 
requirements of this Specification; 

e. Test reports from the manufacturer; 
f. Statement certifying that no reclaimed polymer is added to the resin; 
g. Statement listing percentages/total of processing aids, antioxidants, 

and other additives other than carbon black added to or in the resin; 
h. Manufacturer’s recommended geomembrane delivery, storage, and 

handling instructions; 
i. Manufacturer’s recommended geomembrane installation instructions; 

and 
j. Sample warranties for review by the Construction Manager. 

3. Extrudate Beads and/or Rod Data: 
a. Statement of production date or dates; 
b. Laboratory certification stating that the rod meets the product 

requirements; 
c. Certification stating that all rod is manufactured by one manufacturer 

and resin is supplied from one supplier; 
d. Copy of quality control certificates issued by the manufacturer; 
e. Test reports from the manufacturer; and 
f. Certification stating that the extrudate bead or rod resin is the same 

type, from the same manufacturer and compatible with the resin used 
to manufacture the geomembrane supplied for this project. 

C. Prior to shipping the geomembrane to the site, the Manufacturer or Supplier shall 
submit three samples of the HDPE geomembrane to be supplied for the work.  Each 
sample shall be one piece at least 12 inches wide and 48 inches long. Label each 
sample with brand name and furnish documentation of the lot and roll number from 
which the sample was obtained. 

D. Prior to shipping the geomembrane to the site, Contractor shall submit a listing of 
exceptions (if any) to the requirements specified herein.  Exceptions and requests for 
substitutions shall be submitted to the Construction Manager. 

E. Prior to the placement of any geomembrane, the CQA Field Manager shall work with 
the Contractor and Construction Manager to submit the following Schedules and 
Drawings. 
1. An estimated installation schedule. Indicate all weather delays and shift 

changes built into schedule. 
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2. Installation layout drawings showing the panel layout indicating both 
fabricated (if applicable) and field seams, and details not conforming to the 
Contract Documents.  

3. Layout drawings shall be drawn to scale and shall be suitable for use as 
construction drawings and shall include information such as dimensions, 
panel numbering, and installation details. 

F. Prior to placement of any geomembrane, the Contractor shall submit qualifications 
for the following individuals or subcontractors that demonstrate they are suitably 
qualified to complete the designated work in accordance with this Specification. 
1. Quality Control (QC) Officer. 
2. The geomembrane installation subcontractor, and the supervisor who shall be 

responsible for the Work. 
3. The master welder. 
4. The installation seamers performing seaming operations. 

G. Prior to the commencement of geomembrane installation on any given day, the CQA 
Field Manager shall: 
1. Ensure that all quality control documentation has been completed. 
2. Ensure that the subgrade has been cleared of any sharp material that may 

puncture the geomembrane. 

H. The following submittals are required as a condition of acceptance of the project by 
the Construction Manager. 
1. Certificate stating the geomembrane has been installed in accordance with 

the Contract Documents. 
2. The Warranty obtained from the manufacturer. 
3. The installation Warranty. 
4. Record Drawings showing all changes from the approved installation 

drawings.  The record drawings shall be reproducible and include the 
identification and dimensioned location of each seam, repair, cap strip, 
penetration, boot, and sample taken from the installed geomembrane. 

5. Copies of all material and seam QC test results.  Each test result shall be 
identified by sample date, test date, sample location, name of individual who 
performed the test, and the standard test method used. 

1.09 DELIVERY, STORAGE, AND HANDLING  

A. Delivery, storage and handling of the geomembrane shall conform to ASTM D4873-
02 and the manufacturer’s recommendations. 

B. Contractor shall be responsible for coordination and payment of shipping, delivery, 
unloading, storing, handling and installing the geomembrane. 

C. Each roll shall be labeled with the lot number, roll number, and other information 
necessary to identify it for inventory and CQC and CQA testing. 
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D. Delivery: 
1. Deliver materials to the site only after the Construction Manager accepts 

required submittals; 
2. Damaged rolls, as determined by the Construction Manager, shall be 

removed from the site; and 
3. Deliver in rolls, do not fold. 

E. Upon delivery at the site, the Contractor and the Construction Manager shall inspect 
the surfaces of all rolls for defects and for damage. This inspection shall be 
conducted without unrolling rolls unless defects or damages are found or suspected.  
The Construction Manager will determine: 
1. Rolls, or portions thereof, which should be rejected and removed from the 

site because they have severe flaws; 
2. Rolls or factory panels which include repairable flaws; and 
3. Rolls that are not properly labeled.  No unlabelled rolls shall be used for any 

application.  Unlabelled rolls shall be removed from the site and replaced at 
the Contractor’s expense. 

F. Immediately repair any damaged protective covering.  Preserve integrity and 
legibility of geomembrane roll labels. 

G. Storage on Site:  
1. Store geomembrane rolls to protect from puncture, dirt, grease, water, 

moisture, mud, mechanical abrasions, vandalism, excessive heat or any other 
deleterious condition; 

2. Store geomembrane rolls on prepared surface; 
3. Do not stack geomembrane more than 3 rolls high; and 
4. Contractor is responsible for off-loading, storage, and transporting material 

from storage area to area of installation. 

H. Handling on Site:  
1. Use appropriate handling equipment to load, move, and deploy geomembrane 

rolls.  Appropriate handling equipment includes cloth chokers, spreader bars 
and roll bars; 

2. Dragging panels on ground surface shall not be permitted; and 
3. Do not fold geomembrane material.  Folded geomembrane shall be rejected. 

1.10 QUALIFICATIONS 

A. Manufacturer Qualifications: 
1. Manufacturer shall be a commercial entity normally engaged in manufacture 

of geomembranes for waste containment applications; 
2. Manufacturer shall have at least 5 years continuous experience in the 

manufacturing of geomembrane rolls of the type specified; 
3. Manufacturer shall have experience totaling 10 million square feet of 

manufactured geomembrane, of the type specified, for at least 10 completed 
facilities; and 

 
 02770-6  
   



 

4. Manufacturer shall satisfy all appropriate trade certifications. 

B. Installer Qualifications: 
1. Installer shall have at least 5 years continuous experience in the installation 

of the specified geomembrane, or meet the satisfaction of the Construction 
Manager; and 

2. Installer shall have experience totaling 5 million square feet of installed 
geomembrane, of the type specified, for at least 10 completed facilities, or 
meet the satisfaction of the Construction Manager. 

C. Seamers shall have seamed a minimum of 500,000 square feet of the specified 
geomembrane or have successfully passed seaming tests to the satisfaction of the 
Construction Manager. 

D. The Contractor and Installer shall agree to participate in and conform with all items 
and requirements of CQA and QC programs as outlined in this Specification. 

1.11 WARRANTY 

A. Provide a manufacturer’s warranty for the geomembrane material in compliance with 
provisions of the General Terms and Conditions of the Contract.  Provide a minimum 
5-year warranty for the materials against deterioration. 

B. Provide an installation warranty for the geomembrane material in compliance with 
the General Terms and Conditions of the Contract.  Provide a minimum 2-year non-
pro rata warranty for the installation against defects. 

C. The warranties shall be provided to the Owner as purchaser and shall be signed by 
authorized representatives of the geomembrane manufacturer and Installer.  The 
terms of the warranties shall, at a minimum, include, in addition to the requirements 
of this section, the applicable provisions of GRI GM13. 

PART 2 - PRODUCTS 

2.01 HDPE GEOMEMBRANE RESIN 

A. Resin shall be new HDPE of first quality, compounded, and manufactured 
specifically for producing HDPE geomembrane. 

B. The manufacturer will not mix resin types or use recycled materials or seconds in 
manufacturing. 

C. Resin shall meet the requirements in Table 1. 
 

Table 1 
Geomembrane Resin Requirements 

Physical Characteristic Units Test Method Requirement 
Density (min.) g/cm3 ASTM D1505 0.932 
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Table 1 
Geomembrane Resin Requirements 

Physical Characteristic Units Test Method Requirement 
Melt Index g/10 min ASTM D1238 

Condition 190/2.16 
≤ 1.0 

2.02 HIGH DENSITY POLYETHYLENE (HDPE) GEOMEMBRANE 

A. Manufacturing: 
1. Do not exceed a combined maximum total of 1 percent by weight of 

additives other than carbon black or pigment.  Identify percentage of 
processing aids, antioxidants, and other additives other than carbon black. 

2. Do not exceed 3.5 percent by weight of finished geomembrane for total 
combined processing aids, antioxidants, carbon and other additives.  Do not 
exceed 3% carbon black by weight. 

3. All additives for UV protection, thermal stability, color, or processing agents 
must not "bloom" to the surface over time or inhibit welding. 

4. Use materials produced in North America or as accepted by the Construction 
Manager. 

5. Provide finished product free from blemishes, holes, pin holes, bubbles, 
blisters, excessive gels, undispersed resins, and/or carbon black, 
contamination by foreign matter and nicks or cuts on edges. 

6. Roll manufactured sheets or panels for shipment. 
7. The HDPE geomembrane delivered to the site shall come from a maximum 

of two lots. 

B. HDPE geomembrane shall conform to the physical requirements in Table 2. 

 
 

Table 2 
Properties for HDPE Geomembrane 

Physical Characteristic Qualifier Units Test Method Requirement 
Sheet Thickness (nominal) min. avg. value mil ASTM D5199 100 

 lowest individual 
reading - - 90 

Top and Bottom Surfaces min. avg. value mil GRI GM13 and GRI 
GM17 

Top and Bottom 
Surfaces 

Specific Gravity (Sheet) lowest individual 
reading - ASTM D1505 0.94 

Tensile Properties    (each 
direction)   ASTM D6693 (Type 

IV)  

Strength at Yield min. avg. value lb/in  210 
Elongation at Yield min. avg. value %  12 
Strength at Break min. avg. value lb/in  380 

Elongation at Break min. avg. value %  700 
Tear Resistance min. avg. value lb ASTM D1004 70 

Puncture Resistance min. avg. value lb ASTM D4833 180 
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Table 2 
Properties for HDPE Geomembrane 

Physical Characteristic Qualifier Units Test Method Requirement 

Carbon Black Content Range % ASTM D1603 or 
D4218 2-3 

Carbon Black Dispersion minimum 8 of 
10 category ASTM D5596 Category 1 or 2 

Oxidation Induction Time min. avg. value minutes ASTM D3895 or 
D5885 100 

UV Resistance min. avg. value % retained after 
1,600 hours 

GM11 and ASTM 
D5885 50 

2.03 EXTRUDATE ROD OR BEAD 

A. Extrudate rod or bead shall: 
1. Meet the manufacturer’s requirements; 
2. Be made from same resin as the geomembrane; 
3. Have thoroughly dispersed additives throughout rod or bead; 
4. Contain 2 to 3 percent carbon black; and 
5. Be free of contamination by moisture or any other foreign matter. 

2.04 WELDING FIELD SEAMS 

A. The only approved processes for welding seams are: 
1. Extrusion Welding; and 
2. Fusion Welding. 

B. Proposed alternate processes shall be documented and submitted for approval by the 
Construction Manager. 

C. The physical properties of the type of resin used in extrusion welding shall be the 
same as those of the resin used in the geomembrane. 

D. Geomembrane seams shall conform to the requirements in Table 3. 
 

Table 3 
Minimum Geomembrane Seam Properties 

Physical Characteristic Unit Test Method Requirement 
Shear Strength (at yield point) lb/in. width ASTM D6392 200 and FTB1 

Peel Adhesion lb/in. width ASTM D6392 130 and FTB1 
Notes:  
1. Film Tear Bond (FTB) is defined as failure of one of the sheets by tearing, instead of separating from the 

other sheet at the weld interface area (i.e., the sheet fails before the weld fails). 

2.05 EQUIPMENT 

A. The Contractor shall provide extrusion welding equipment that is equipped with 
gauges showing temperatures in the extruder apparatus and at the nozzle 
(temperature at the nozzle may be measured by external temperature gauge).  
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B. The Contractor shall provide fusion welding equipment that is an automated variable 
speed vehicular mounted apparatus equipped with devices adjusting and giving 
temperatures at wedge. The pressure shall be controlled by a spring, pneumatic 
control, or other system that allows for variation in sheet thickness.  Rigid frame 
fixed position equipment is not acceptable. 

C. Seam welding accessories shall meet the following requirements: 
1. The Contractor shall maintain sufficient operational seaming equipment to 

continue work without delay; 
2. Only apparatus that the Construction Manager has specifically approved by 

make and model shall be used; 
3. Equipment shall be powered by an electric generator(s) capable of providing 

constant voltage under the maximum anticipated combined load; and 
4. Electric generators shall not be placed on the geomembrane, unless a 

protective lining and splash pad large enough to catch spilled fuel is provided 
by the Contractor. 

D. Equipment used for seaming shall not damage the geomembrane. 

E. The Contractor shall provide a tensiometer for onsite shear and peel testing of 
geomembrane seams. The tensiometer shall be: 
1. Motor driven and have jaws capable of traveling at a measured rate of 2 

inches per minute; 
2. Be in good working order, be built to ASTM specifications, and be 

accompanied by evidence of calibration within the last 12 months; and 
3. Be equipped with a gauge that measures the force exerted between the jaws 

to an accuracy of less than 1 pound and has a digital readout. 

F. The Contractor shall provide a punch press for the onsite preparation of specimens 
for testing. The press shall be capable of cutting specimens in accordance with 
ASTM D6392. 

G. The Contractor shall provide a vacuum box for onsite testing of geomembrane seams 
as per the following requirements.  In addition to the vacuum box, the Contractor 
shall provide a soapy solution and applicator. 
1. The vacuum box shall have a transparent viewing window on top and a soft, 

closed-cell neoprene gasket attached to the bottom. 
2. The housing shall be rigid and equipped with a bleed valve and vacuum 

gauge. 
3. A separate vacuum source shall be connected to the vacuum box. 
4. The equipment shall be capable of inducing and holding a vacuum of 5 

pounds per square inch - gauge pressure. 

H. The Contractor shall provide the following equipment for pressure testing of 
geomembrane seams. 
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1. An air pump (manual or motor driven) equipped with a pressure gauge 
capable of generating and sustaining pressures over 30 pounds per square 
inch and mounted on a cushion to protect the geomembrane; 

2. A sharp hollow needle or other approved pressure feed device; 
3. A rubber hose with fittings and connections between the pump and needle or 

other approved pressure feed device; and 
4. A gauge with an accuracy of 1 pound per square inch. 

2.06 MANUFACTURER SOURCE QUALITY CONTROL 

A. The manufacturer shall perform source quality control testing on the geomembrane at 
the manufacturing plant as indicated in Table 4. 

Table 4 
Manufacturing HDPE Geomembrane Quality Control Tests 

Test Test Method Minimum Frequency 
Sheet Thickness ASTM D5199 5 per roll 

Density ASTM D1505 See Note 1 
Tensile Strength at Yield ASTM D6693 See Note 2 

Elongation at Yield ASTM D6693 See Note 2 
Tear Resistance ASTM D1004 See Note 2 

Puncture Resistance ASTM D4833 See Note 2 
Carbon Black Content ASTM D1603 See Note 2 

Carbon Black Dispersion ASTM D5596 See Note 2 
Notes: 
1. One per 100,000 square feet of sheet produced, or one per resin batch, whichever results in 

the greatest number of tests. 
2. One test per resin batch on typical sheet and seam. 

B. The objective of the manufacturer’s source quality control testing shall be to confirm 
the manufacturer’s published material characteristics and demonstrate the materials 
compliance with this Specification. 

C. The manufacturer shall reject rolls for which quality control requirements are not 
met. 

D. The manufacturer shall certify the quality of all rolls of geomembrane shipped to the 
site. 

E. The Contractor shall provide the results of the manufacturer’s source quality control 
tests to the Construction Manager for all rolls of geomembrane shipped to site. 

2.07 LABELING 

A. Mark or tag all geomembrane rolls with the following information: 
1. Manufacturer’s name; 
2. Product identification; 
3. Lot number; 
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4. Roll number; and 
5. Roll dimensions. 

B. Mark special handling requirements on rolls. 

PART 3 - EXECUTION  

3.01 GEOMEMBRANE SUBGRADE 

A. Prepare areas in which geomembrane is to be placed to the lines and levels shown on 
the Drawings or as directed by the Construction Manager.  The surface shall be 
prepared in accordance with Section 02200 – Earthwork and the following 
requirements. 

B. The subgrade on which the geomembrane is to be installed shall be smooth and free 
of any gravel, rocks, sharp objects, grade stakes or hubs or any other protrusions or 
deleterious material that may damage the geomembrane. 

C. The Contractor shall be solely responsible for protection of the geomembrane 
subgrade surface, including the intrusion of surface water beneath the geomembrane. 
Any damage to the geomembrane subgrade, including damage caused by 
geomembrane installation, shall be repaired at the Contractor’s sole expense.  Repair 
of damaged subgrade shall be completed prior to deployment of geomembrane in that 
area. 

D. Edges of anchor trenches, other excavations and grade changes shall be rounded to a 
minimum 6-inch radius, chamfered to an angle of no less than 135°, or, with the 
approval of the Construction Manager, cushioned using a geotextile. 

E. Geomembrane shall not be placed in an area, which has been softened as a result of 
precipitation. 

3.02 EXAMINATION OF GEOMEMBRANE SUBGRADE 

A. The Installer shall provide to the Contractor written acceptance of the geomembrane 
subgrade for each day of geomembrane installation. 

B. The Contractor shall observe the geomembrane subgrade daily to evaluate 
desiccation cracking. 

C. Once the geomembrane subgrade is accepted by the Installer, it shall be the 
Installer’s responsibility to indicate to the Construction Manager any change in the 
condition of the subgrade that may require repair work.  
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3.03 PREPARATION 

A. Geomembrane material shall only be installed, including deployment and welding, 
when the ambient air temperature is between 0°F and 100°F, unless otherwise 
approved in writing by the Construction Manager. 

B. If the Installer wishes to use methods that may allow deployment and welding at 
ambient temperatures below 0°F or above 100°F the Installer shall demonstrate and 
certify that such methods produce welds that are entirely equivalent to those 
produced at ambient temperatures above 0°F and below 100°F and that the overall 
quality of the geomembrane is not adversely affected.   

C. Geomembrane shall not be placed during precipitation, in presence of excessive 
moisture (e.g., fog, dew), in areas of ponded water, or during excessive winds. 

D. The Installer shall perform and test trial welds on samples of geomembrane to verify 
the performance of welding equipment, methods, and conditions. 

E. No welding equipment or welder shall be allowed to perform production welds until 
equipment and welders have successfully completed trial welds. 

F. Trial welds shall be performed at the following minimum frequency: 

1. At least 2 per day, with one prior to the start of work and one at mid shift; 
2. As directed by the Construction Manager; 
3. Every 2 hours when using a fusion welder for cross welds; 
4. At least one per welder per shift; and 
5. When the ambient temperature changes more than 20°F since the previous 

trial weld. 

G. Trial welds shall be performed in the same surroundings and environmental 
conditions as the production welds (e.g., in contact with the geomembrane subgrade 
and similar ambient conditions). 

H. All trial welds shall be tested as follows. 

1. Samples at least 4 feet long and 2 feet wide with the weld centered 
lengthwise. 

2. 8, 1-inch wide test strips shall be cut from the trial weld. 
3. Each specimen shall be quantitatively tested in the field using a tensiometer, 

3 for peel, and then 3 for shear in accordance with ASTM D6392. 
4. The remaining 2 samples shall be archived by the Contractor, and shall be 

marked with the welder initials, date, time and machine identification. 
5. A trial weld specimen shall pass when the results for both peel and shear tests 

exceed the required strength (psi) for 2 out of 3 specimens for both peel and 
shear tests.  

6. For double-wedge fusion welding, both welds shall be individually tested and 
both welds shall be required to pass in peel. 
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7. If a trial weld fails, neither the welding apparatus nor welder shall be 
accepted and shall not be used for welding until deficiencies are corrected 
and two passing full trial weld samples and tests for both peal and shear are 
achieved consecutively. 

3.04 INSTALLATION 

A. Installation each day shall not begin until the Contractor has submitted to the CQA 
Field Manager the previous working day’s QC documentation. 

B. Deployment: 

1. The Contractor shall give careful consideration to the timing and temperature 
during deployment. The Contractor shall focus on verifying that there is no: 
a. Bridging or excessive stress in the geomembrane; and 
b. Wrinkles in the geomembrane that will fold when covered with soil. 

2. Panel Identification: Assign an identifying code number to each panel that is 
consistent with the Contractor panel layout drawing.  The coding shall be 
coordinated with the CQA Field Manager. 

3. Daily Panel Deployment: Deploy no more panels in one day than can be 
welded during that same day. 

4. Panels shall be oriented perpendicular to the line of the slope crest (i.e., down 
and not across slope). 

5. Do not damage geomembrane by handling, by equipment trafficking, leakage 
of hydrocarbons, or any other means. 

6. Unroll geomembrane panels using methods that will not damage, stretch or 
crimp the geomembrane. 

7. Use deployment methods that minimize wrinkles and differential wrinkles 
between adjacent panels.  

8. Place sandbags, or some equivalent form of ballast approved by the CQA 
Field Manager, on the geomembrane to prevent uplift from wind. 

9. Visually inspect the geomembrane for imperfections, and mark faulty or 
suspect areas for repair. 

10. Sufficient geomembrane shall be installed to account for shrinkage and 
contraction while avoiding wrinkles, and shall be stress-free with no bridging 
before it is covered. 

11. Before wrinkles fold over, attempt to push them out, and wrinkles that cannot 
be pushed out shall be cut out and the cuts repaired prior to burial. 

12. Remove wrinkled or folded material. 
13. Personnel walking on the geomembrane shall not engage in activities or wear 

types of shoes that could damage the geomembrane. 
14. Smoking shall not be permitted while working on the geomembrane. 
15. The geomembrane surface shall not be used as a work area, for preparing 

patches, storing tools and supplies, or other uses. 
16. Protect the geomembrane in areas of heavy traffic by placing a protective 

cover that is compatible with and shall not damage the geomembrane. 
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17. Do not allow traffic directly on the geomembrane. If the geomembrane is 
covered with less than 2 feet of soil, no equipment with a ground pressure 
greater than 5 psi shall operate within 2 feet (vertical) of the area underlain 
by the geomembrane. 

C. Weld Layout. 

1. Welds shall be oriented perpendicular to the line of the slope crest (i.e., down 
and not across slope). 

2. Minimize the number of field welds in corners, odd-shaped geometric 
locations and exterior corners. 

3. Keep horizontal welds (welds running approximately parallel to slope 
contours) at least 6 feet away from the toe or crest of a slope. 

4. Use a weld numbering system that is compatible with the panel numbering 
system. Coordinate the weld numbering system with the CQA Field 
Manager. 

5. Panels shall be shingled on all slopes such that the upper panel is overlapped 
above the lower panel. 

D. General Welding Procedures. 

1. Do not commence welding with welding apparatus until a trial weld test 
sample, made by that apparatus, passes the trial weld test. 

2. During all welding operations, at least one Master Welder shall be present 
and shall provide supervision over other welders. 

3. Clean the geomembrane surface of grease, moisture, dust, dirt, debris, or 
other foreign material. 

4. Overlap panels a minimum 6 inches for extrusion welding and fusion 
welding. 

5. Solvents or adhesives shall not be used unless the product is approved, in 
writing, by the CQA Field Manager. 

6. Place sandbags, or some equivalent form of ballast approved by the CQA 
Field Manager, on the geomembrane to prevent uplift from wind. 

7. Welds shall be continuous to the outside edge of panels placed in anchor 
trenches. 

8. If required, provide a firm substrate by using a flat board, a conveyor belt, or 
similar hard surface directly under the weld overlap to achieve firm support. 

9. Electric generators shall be placed on a smooth base such that no damage 
occurs to the geomembrane. 

10. The geomembrane shall be protected from damage in heavily trafficked 
areas. 

11. Provide adequate illumination, if welding operations are carried out at night. 
12. Personnel walking on the geomembrane shall not engage in activities or wear 

types of shoes that could damage the geomembrane. 
13. Smoking shall not be permitted while working on the geomembrane. 
14. Fishmouths or wrinkles at weld overlaps shall be cut along the ridge of the 

wrinkle to achieve a flat overlap.  The cut fishmouths or wrinkles shall be 
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extrusion welded or patched where the overlap is more than 3 inches. When 
there is less than 3 inches overlap, an oval or round patch extending a 
minimum of 6 inches beyond the cut in each direction shall be used. 

15. Log every two hours: 
a. Ambient temperature on the geomembrane surface being welded. 
b. Extrudate temperatures in the barrel and nozzle for an extrusion 

welder. 
c. Preheat temperature. 

E. Extrusion Welding. 

1. Extrusion welding shall be used only for repairs (e.g., patches, caps) and 
areas not accessible to fusion welding equipment. 

2. Adjacent panels shall be tack bonded together using procedures that do not 
damage the geomembrane, allow the required tests to be performed, and are 
not detrimental to final welding.  Tack-welded panels shall not be left 
overnight. 

3. Welding apparatus shall be free of heat-degraded extrudate before welding. 
Purge extruder prior to beginning seam until all heat-degraded extrudate has 
been removed from barrel. 

4. The edge of the top sheet of geomembrane shall be beveled to a minimum of 
45 degrees and to the full thickness of geomembrane before extrusion 
welding. 

5. The geomembrane surface shall be abraded a maximum of one quarter of an 
inch beyond the weld bead area, using a disc grinder, or equivalent, not more 
than 1 hour before welding.  

6. The ends of all welds, which are more than 5 minutes old, shall be ground 
when restarting the weld. 

7. Grinding depth shall not exceed 4 mils. 
8. Grind across, not parallel to, welds. 
9. Change grinding discs frequently.  Do not use clogged discs. 
10. Maintain one spare operable extrusion welding apparatus on-site at all times. 

F. Fusion Welding 

1. Fusion Welding shall be double wedge welding. 
2. Fusion Welding shall be used for all welds except those that are not 

accessible with Fusion Welding Equipment. 
3. Edges of cross welds shall be beveled (top and bottom) prior to welding. 
4. If welding cross seams, conduct field test welds at least every 2 hours, 

otherwise, once prior to start of work and once at mid-day. 
5. Protect against moisture build-up between panels. 
6. Place smooth insulating plate or fabric beneath hot welding apparatus after 

usage. 
7. Extrusion weld a repair patch over all weld intersections. 
8. Maintain one spare operable welding apparatus on-site.   
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G. Inspection. 

1. Examine all welds and non-weld areas of the geomembrane for defects, 
holes, blisters, undispersed raw materials, and any sign of contamination by 
foreign matter.  The surface of the geomembrane shall be clean at the time of 
the examination. 

2. Repair and non-destructively test each suspect location both in weld and non-
weld areas.  Do not cover geomembrane at locations that have been repaired 
until test results with passing values are available. 

3.05 FIELD  QUALITY CONTROL 

A. General. 

1. The Contractor and all subcontractors, including the Installer, shall 
participate in and conform with all terms and requirements of the QC 
program specified. 

B. Non-Destructive Testing. 
1. Non-destructive testing, as specified herein, shall be completed by the 

Contractor as part of their QC.  The Contractor may undertake non-
destructive testing in addition to that specified. 

2. The Contractor shall pressure test all fusion welds.  Fusion welds that, in the 
opinion of the CQA Field Manager, cannot be pressure tested shall be 
vacuum tested. 

3. The Contractor shall vacuum test all extrusion welds and those fusion welds 
that, in the opinion of the CQA Field Manager, cannot be pressure tested. 

4. Both pressure testing and vacuum testing shall be completed as specified 
over the full length of the weld. 

5. All testing shall be performed as the welding progresses and not at the 
completion of all field welding.  Complete all required repairs in accordance 
with this Specification. 

6. Pressure testing shall be completed using the equipment specified in 
Paragraph 2.02 and according to the following procedure. 
a. Seal both ends of the weld to be tested. 
b. Insert needle or other approved pressure-feed device into the channel 

created by the double-wedge weld. 
c. Energize the air pump to a minimum pressure of 30 pounds per 

square inch. 
d. Close the valve, and sustain the pressure for at least 10 minutes. 
e. If pressure loss exceeds 3 pounds per square inch, or does not 

stabilize, locate faulty area and repair in accordance with this 
Specification.  Repeat the pressure testing procedure either side of the 
repair. 

f. Puncture opposite end of the weld to release air.  If the pressure was 
sustained as above and the pressure releases from the open end, the 
weld can be accepted. 
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g. If the pressure does not release, there is a blockage present. Locate 
the blockage, and repeat the testing procedure on both sides of 
blockage. 

h. Remove needle or other approved pressure-feed device and seal 
penetration holes by extrusion welding. 

7. Vacuum Testing shall be completed using the equipment specified in 
Paragraph 2.02 and according to the following procedure. 
a. Apply soapy solution to the weld to be tested. 
b. Place the box over the wetted weld area ensuring a leak-tight seal is 

created. 
c. Energize the vacuum pump and reduce the vacuum box pressure to 

approximately 5 pounds per square inch - gauge pressure. 
d. Examine the geomembrane through the viewing window for the 

presence of soap bubbles for not less than 15 seconds. 
e. All areas where soap bubbles appear shall be marked and repaired in 

accordance with this Specification. 
f. If no bubble(s) appear after 15 seconds, close vacuum valve and open 

bleed valve, move box over next adjoining area with minimum 3 
inches overlap, and repeat the testing process. 

C. Welds that the CQA Field Manager agrees can not be nondestructively tested, shall 
be treated by the Contractor as follows: 

1. If the weld is accessible to testing equipment prior to final installation, non-
destructively test the weld prior to final installation. 

2. If the weld cannot be tested prior to final installation, a cap strip shall be 
provided over the weld.  The welding and cap-stripping operations shall be 
observed by both the CQA Field Manager and the Contractor QC 
representative to ensure uniformity and for completeness. 

D. Destructive Testing. 

1. Destructive testing, as specified herein, shall be completed by the 
Construction Manager as part of CQA.  The Contractor may undertake 
destructive testing in addition to that completed by the CQA Field Manager 
as part of its QC. 

2. Samples for destructive testing shall be collected by the Contractor, at 
locations specified by the CQA Field Manager, at a frequency of at least one 
per 500 feet of seam length. 

3. The CQA Field Manager shall specify test locations based on the minimum 
frequency or suspicion of excess crystallinity, contamination, offset welds, or 
suspected defect, and may increase the test frequency based on marginal 
results in accordance with GRI GM 14. 

4. Sampling Procedures: 
a. The Contractor shall cut samples at locations designated by the CQA 

Field Manager as welding progresses. 
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b. The sample shall be a minimum of 12 inches wide by 36 inches long 
with the weld centered lengthwise. 

c. The CQA Field Manager shall provide a unique number for each 
sample, and the Contractor shall mark the sample number and 
location, including dimensions, on their panel layout drawing. 

5. Contractor shall repair holes in the geomembrane resulting from destructive 
test sampling in accordance with specified repair procedures, and test the 
continuity of the repair in accordance with the non-destructive testing 
Specification. 

6. The Contractor shall divide the sample into 3 parts as follows: 
a. A one-inch wide strip from each end of each part; 
b. One, 12 inch by 12 inch portion to be retained by the Contractor; and 
c. One, 12 inch by 12 inch portion for the Construction Manager. 

7. The Contractor shall perform, at a minimum, the following field tests to 
determine the geomembrane weld compliance with the Specification: 
a. Weld strength: ASTM D6392; 
b. Peel Adhesion: ASTM D6392; 
c. At least 5 specimens shall be tested for each test method.  Four of 

5 specimens shall meet minimum requirements for both shear and 
peal tests; 

d. None of the peel specimens may peel 100 percent, or the entire 
sample shall be considered as failing; 

e. All tests shall exhibit a Film Tearing Bond type of separation in 
which the geomembrane material tears before the weld; 

f. If any test samples fail to achieve the minimum requirements of this 
Specification, follow the failed test procedures as per this 
Specification. 

8. The Contractor shall allow two days from delivery of the destructive test 
sample to the CQA Field Manager before placing material over the 
geomembrane. 

9. If the Contractor chooses to place material over the geomembrane before  
two days from delivery of the sample to the CQA Field Manager, and any 
tests fail to achieve the Specification, the Contractor shall, at its expense, 
remove the overlying material and follow the failed test procedures as per 
this Specification.  

E. Failed Weld Procedures. 

1. Contractor shall follow these procedures when there is a destructive test 
failure. The procedures shall apply to test failures determined by the 
Contractor, based on field tensiometer results. 

2. Whenever a sample fails, the Contractor shall provide additional testing for 
welds that were welded by the same welder and welding apparatus or welded 
during the same time shift. 

3. With respect to the weld from which the failed sample was taken, the 
Contractor shall follow one of the following 2 options. 

 
 02770-19  
   



 

4. Option 1: 
a. Reconstruct the weld between any 2 passing test locations. The weld 

flap shall not be extrusion welded; 
b. Reconstruction methods shall include cap stripping of weld, or 

replacing weld with a new 1 foot wide panel and welding in place. 
5. Option 2: 

a. Trace the weld at least 10 feet minimum in both directions from the 
location of the failed test, or to the end of the weld; 

b. Obtain a small sample at both locations for an additional field test; 
c. If the field test samples pass, then reconstruct the weld or cap 

between the 2 test sample locations that bracket the failed test 
location; 

d. If any sample fails, then repeat the process to establish the zone in 
which the weld must be reconstructed. 

F. The Construction Manager shall accept welds only as follows. 
1. Welds that have passed non-destructive testing and that are bracketed by 2 

locations from which samples have passed destructive tests. 
2. For reconstructed welds exceeding 50 feet, a sample taken from within the 

reconstructed weld shall pass destructive testing. 

3.06 REPAIR PROCEDURES 

A. Contractor shall remove damaged geomembrane and replace with acceptable 
geomembrane materials if damage cannot be repaired to the satisfaction of the CQA 
Field Manager.  

B. Repair, removal, and replacement shall be at the Contractor’s sole expense if the 
damage results from Contractor, or any of the Contractor’s subcontractor activities. 

C. Contractor shall repair any portion of the geomembrane exhibiting a flaw, or failing a 
destructive or non-destructive test. 

D. Agreement upon the appropriate repair method shall be reached between the CQA 
Field Manager and Contractor. Acceptable repair procedures include, but are not 
limited to: 

1. Patching:  Patching is used to repair large holes (over 3/8-inch diameter), 
tears, pinholes or other minor localized flaws. 

2. Abrading and re-welding:  Used to repair small sections of welds. 
3. Spot welding or seaming:  Used to repair small tears (less than 2 inches 

long), pin holes or other minor, localized flaws. 
4. Capping:  Used to repair large lengths of failed welds. 
5. Removing the weld and replacing with a strip of new material. 

E. Repairs shall satisfy the following requirements as indicated. 
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1. For repairs incorporating extrusion welding, abrade the geomembrane 
surfaces to be repaired no more than one hour prior to the repair. 

2. For all repairs, clean and dry all surfaces at the time of repair. 
3. All repair procedures, materials, and techniques shall be accepted in advance 

of the specific repair by the Construction Manager. 
4. Repairs incorporating patches or caps shall extend at least 6 inches beyond 

the edge of the defect, and round all corners of material to be patched and the 
patches to a radius of at least 4 inches. 

5. Unless otherwise instructed by the CQA Field Manager, cut the 
geomembrane below large caps to avoid water or gas collection between the 
sheets. 

F. Verification of repair: 

1. Contractor shall number and log each patch repair, and coordinate repair 
numbering with the CQA Field Manager. 

2. Contractor shall non-destructively test each repair using methods specified in 
the Specification. 

3. Contractor shall complete destructive tests at the discretion of the CQA Field 
Manager. 

4. Repairs shall be reconstructed until non-destructive and destructive (where 
required) test results achieve the requirements of this Specification. 

3.07 GEOMEMBRANE ACCEPTANCE 

A. The Contractor shall retain all ownership and responsibility for the geomembrane 
from the time of completion of geomembrane inventory at the beginning for the 
project. 

B. The Construction Manager shall accept geomembrane installation when: 
1. All required documentation from the installer has been received and 

accepted; 
2. The installation is complete; 
3. Test reports verifying completion of all field welds and repairs, including 

associated non-destructive and destructive testing, have been received in 
accordance with this Specification; and 

4. The Contractor has submitted to the Construction Manager, all written 
certification documents and drawings required by this Specification. 

3.08 MATERIALS IN CONTACT WITH GEOMEMBRANE 

A. Material placed above the geomembrane shall be in accordance with the 
requirements of Section 02200 – Earthwork. 

B. Requirements of this article apply to placing soil directly on a geomembrane or on a 
geomembrane that is covered with a layer of geotextile. 
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C. Temperature: Do not place soil materials on the geomembrane at ambient 
temperatures below 0 degrees F or above 100 degrees F. The CQA Field Manager 
will carefully observe and ensure that the geomembrane does not get brittle, crack or 
is otherwise damaged, especially during temperature extremes.   

D. Spreading Equipment: Equipment used for spreading soil shall be a light low ground 
pressure dozer with a ground pressure not exceeding 5 psi, or approved equal. 

E. Do not allow any vehicular traffic directly on geomembrane.  A minimum soil 
thickness of 1 foot shall be maintained between spreading equipment and the 
geomembrane.  Rubber-tired hauling vehicles shall operate on a minimum soil 
thickness of 3 feet. 

F. Spreading Operations: Spreading equipment shall not spin their tracks, make sharp 
turns, or make sharp, rapid starts or stops.  Soil materials shall be pushed carefully 
from previously placed material and not dumped directly onto geosynthetics. 

G. When placing soil or other cover materials above the geomembrane, Contractor shall 
ensure that: 

1. The geomembrane is not damaged through puncture, tear, or other 
mechanism. 

2. There is no slippage of the geomembrane on underlying layers. 
3. There is no excessive tensile stress developed in the geomembrane. 

H. The Contractor shall carefully install materials in contact with geomembrane 
surfaces to minimize the potential for future damage to the geomembrane. Loosely 
placed geotextile may be used as protection, if approved by the CQA Field Manager. 

I. Clamps, clips, bolts, nuts, or other fasteners used to secure the geomembrane to each 
appurtenance shall have lifespan equal to or exceeding that of the geomembrane. 

J. Pipes and Other Appurtenances: 

1. Install geomembrane around appurtenances, such as pipes, protruding 
through geomembrane as shown in Drawings.  Unless otherwise specified, 
install a geomembrane sleeve or apron around each appurtenance prior to 
installation of the surrounding geomembrane. 

2. After material is placed and welded, complete the final field weld connection 
between appurtenance sleeve or apron and geomembrane.  Maintain 
sufficient initial overlap of appurtenance sleeve so shifts in location of 
geomembrane can be accommodated. 

3. Extreme care shall be taken while welding around appurtenances because 
neither non-destructive nor destructive seam testing may be feasible.  Do not 
damage the geomembrane while making connections to appurtenances. 

END OF SECTION 02770 
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SECTION 02771 
CURTAIN WALL 

PART 1 - GENERAL 

1.01 RELATED WORK 

A. Quality Control  Section 01450 

B. Earthwork  Section 02200 

C. Geotextile  Section 02276 

D. Liner Bedding, Cover and Anchor Section 02274 

E. Geomembrane  Section 02770 

1.02 DESCRIPTION 

A. This section summarizes the installation of curtain wall part of the wing wall. 

B. Owner will purchase all the curtain wall required for the project in sufficient quantity 
and store it on the project site.   

C. Prior to beginning work, the Contractor shall inspect and inventory the curtain wall 
and thereafter, accept responsibility for storage and handling of material on site.   

1.03 REFERENCES 

A. The publications listed below form a part of this Specification to the extent 
referenced. The publications are referred to in the text by basic designation only. 
The most recent version of the publication and test method shall be applicable in all 
cases. 

B. American Society for Testing and Materials (ASTM) D1004-03: Standard Test 
Method for Initial Tear Resistance of Plastic Film and Sheeting. 

C. ASTM D1238-04c: Standard Test Method for Flow Rates of Thermoplastics by 
Extrusion Plastometer. 

D. ASTM D1505-03: Standard Test Method for Density of Plastics by the Density-
Gradient Technique. 

E. ASTM D1603-01: Standard Test Method for Carbon Black In Olefin Plastics. 

F. ASTM D3895-04: Standard Test Method for Oxidative-Induction Time of 
Polyolefins by Differential Scanning Calorimetry. 
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G. ASTM D4218-96(2001): Standard Test Method for Determination of Carbon Black 
Content in Polyethylene Compounds by the Muffle-Furnace Technique. 

H. ASTM D4439-04: Standard Terminology for Geosynthetics. 

I. ASTM D4833-00e1: Standard Test Method for Index Puncture Resistance of 
Geotextiles, Geomembranes, and Related Products. 

J. ASTM D4873-02: Standard Guide for Identification, Storage, and Handling of 
Geosynthetic Rolls and Samples. 

K. ASTM D5199-01: Standard Test Method for Measuring Nominal Thickness of 
Geosynthetics. 

L. ASTM D5596-03: Standard Test Method for Microscopic Evaluation of the 
Dispersion of Carbon Black in Polyolefin Geosynthetics. 

M. ASTM D5885-04:  Standard Test Method for Oxidative Induction Time of 
Polyolefin Geosynthetics by High-Pressure Differential Scanning Calorimetry. 

N. Geosynthetic Research Institute (GRI): 
1. GM11: Accelerated Weathering of Geomembranes using a Fluorescent 

UVA-Condensation Exposure Device; and 
2. GM13: Test Properties, Testing Frequency and Recommended Warranty for 

High Density Polyethylene Smooth and Textured Geomembranes;  

1.04 DEFINITIONS 

A. Definitions shall be in accordance with ASTM D4439-02, unless otherwise 
indicated. 

B. Batch: refers to the quantity of resin, usually the capacity of one railcar, used in the 
manufacture of the HDPE geomembrane sheet used in the manufacture of curtain 
wall.  The finished sheet shall be identified by a roll number corresponding to the 
particular batch of resin used. 

C. Bridging: When the curtain wall becomes suspended over the subgrade due to 
expansion or contraction of the material or poor installation. 

D. Curtain Wall: A series of connected, flexible, HDPE, vertical curtain wall panels 
used as a hydraulic barrier.  The curtain wall is comprised of geomembrane panels 
interconnected at the edges with mechanical interlocks.  The interlocks utilize a 
hydrophilic seal to complete the hydraulic barrier system. 

E. Geomembrane:  An essentially impermeable geosynthetic sheet used for the purpose 
of liquid, gas, and solids containment.   
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F. Installer:  The Contractor (or subcontractor to the Contractor) shall be the installer 
and be responsible for field handling, transporting, storing, deploying, seaming, 
temporary restraining (against wind), and installation of the curtain wall. The 
installer is also referred to as the curtain wall subcontractor. 

G. Manufacturer: The party, also referred to as the curtain wall manufacturer or 
fabricator, is responsible for the production of the curtain wall rolls from resin and 
for the quality of the resin. 

H. Panel: Each curtain wall unit that will be installed in the field.   

I. Panel Layout Drawings: Drawings submitted by the Installer indicating panel 
numbers, seams, and details. 

1.05 SUBMITTALS  

A. Prior to the placement of any curtain wall, the Construction Manager, Contractor 
and CQA Field Manager will develop Schedules and Drawings. 

1. Installation schedule, including the hours worked per week, per day and per 
shift.  Indicate potential weather delays and shift rotations built into schedule. 

2. Installation layout drawings showing the panel layout indicating both 
fabricated (if applicable) and field seams, and details not conforming to the 
Contract Documents.  

3. Layout drawings shall be drawn to scale and shall be suitable for use as 
construction drawings and shall include information such as dimensions, 
panel numbering, and installation details. 

B. Prior to placement of any curtain wall, the Contractor shall submit qualifications for 
the following individuals or subcontractors that demonstrate they are suitably 
qualified to complete the designated work in accordance with this Specification. 

1. Quality Control (QC) Officer. 
2. Installation subcontractor and supervisor to be responsible for the Work. 
3. Installation Welders performing interlock welding operations. 

C. Prior to placement of any curtain wall, the Contractor shall submit an Installation 
Plan describing the proposed methods and equipment for curtain wall deployment, 
panel layout, welding, repair, and protection. The Plan shall also include quantity 
and type of all equipment to be used, but not limited to the welding method to be 
used.   

D. The Contractor shall submit documentation stating that the Installer has contacted 
GSE Lining Technologies, Inc. to review the Installation Plan, including but not 
limited to, the installation method and QC procedures.  A copy of the GSE Lining 
Technologies, Inc. review comments shall be included with the documentation. 
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E. The following submittals are required as a condition of acceptance of the project by 
the Construction Manager. 

1. Certificate that curtain wall has been installed in accordance with the 
Contract Documents. 

2. The installation Warranty. 
3. Record Drawings in reproducible form showing all changes from the 

approved installation drawings, and identification and dimensioned location 
of each weld, repair, cap strip, penetration, boot, and sample taken from the 
installation. 

4. Copies of all material and weld QC test results, with each test result 
identified by test date, test location, name of individual who performed the 
test, and the standard test method used. 

5. Seam Test Summary Report showing the normal distribution of all test 
results. 

1.06 STORAGE, AND HANDLING  

A. Storage and handling of the curtain wall material shall conform to ASTM D4873-02 
and the manufacturer’s recommendations. 

B. Storage on Site:  

1. Store curtain wall rolls to protect from puncture, dirt, grease, water, moisture, 
mud, mechanical abrasions, vandalism, excessive heat or other deleterious 
conditions. 

2. Store curtain wall rolls on prepared surface. 
3. Store hydrophilic seal material in their original boxes in a dry location. 

C. Handling on Site:  

1. Use appropriate handling equipment to load, move, and deploy curtain wall 
panels or rolls.  Appropriate handling equipment includes cloth chokers, 
spreader bars and roll bars; 

2. Dragging panels on ground surface shall not be permitted; and 
3. Do not fold curtain wall panels.  Folded curtain wall panels shall be rejected. 

1.07 QUALIFICATIONS 

A. Installer Qualifications: 

1. Installer shall have at least 5 years continuous experience in the installation 
of the specified curtain wall, or meet the satisfaction of the CQA Field 
Manager.  

2. In addition the installer shall also meet the installer qualifications in Section 
02770, Paragraph 1.07.   

B. The Contractor and Installer shall agree to participate in and conform with all items 
and requirements of QC programs as outlined in this Specification. 
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1.08 WARRANTY 

A. Provide an installation warranty for the curtain wall material in compliance with the 
General Terms and Conditions of the Contract, and a minimum 2-year non-pro rata 
warranty for the installation against defects. 

B. The warranties shall be provided to the Owner as purchaser and shall be signed by 
authorized representatives of the Installer.  The terms of the warranties shall, at a 
minimum, include, in addition to the requirements of this section, the applicable 
provisions of GRI GM13. 

PART 2 – PRODUCTS 

2.01 FIELD WELDING 

A. Field welds shall be performed per Section 02770 – Geomembrane. 

2.02 EQUIPMENT 

A. Curtain wall installation equipment shall be per the Installation Plan. 

B. Field weld equipment shall be per Section 02770 – Geomembrane.  

2.03 LABELING 

A. Contractor shall ensure that all curtain wall has been marked and tagged with the 
following information: 

1. Manufacturer’s name 
2. Product identification. 
3. Lot number. 
4. Roll number. 
5. Roll dimensions. 

B. Mark special handling requirements on rolls. 

PART 3 - EXECUTION  

3.01 SITE CONDITIONS 

A. The work site shall be clear of all debris and obstacles that may interfere with the 
installation of the curtain wall system, including the subsurface 

B. All overhead obstacles up to a height sufficient to clear installation equipment must 
be removed, deactivated or relocated so as not to delay the progress of the 
installation 

C. All underground utilities and other obstacles shall be located and their positions 
clearly marked along the path of the installation.  In addition, the Installer shall 
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obtain a set of detailed drawings showing the location, type, and depth of each 
obstruction. 

D. If the location of utilities is unknown or unclear, the Contractor shall use a backhoe 
to excavate and explore along the path of installation. 

E. When installing curtain wall panels in an open trench, the trench walls shall be 
smooth and free of any gravel, rocks, sharp objects, grade stakes or hubs or any 
other protrusions or deleterious material that may damage the curtain wall panels or 
inhibit installation.  

F. Prepare areas in which curtain wall is to be placed to the lines and levels shown on 
the Drawings or as directed by the CQA Field Manager.  The surface shall be 
prepared in accordance with Section 02200 – Earthwork and the following 
requirements. 

G. The Contractor shall be responsible for protection of the curtain wall trench walls 
and subgrade surfaces, including the intrusion of surface water. Any damage to the 
curtain wall trench walls or subgrade, including damage caused by curtain wall 
installation, shall be repaired at the Contractor expense.  Repair of damaged trench 
walls or subgrade shall be completed prior to deployment of curtain wall in that 
area. 

H. Edges of the trench, other excavations and grade changes shall be rounded to a 
minimum 6-inch radius, chamfered to an angle of no less than 135°, or with the 
approval of the CQA Field Manager, cushioned using a geotextile. 

I. Curtain wall shall not be placed in an area softened as a result of precipitation. 

3.02 EXAMINATION OF WING WALL AND SUBGRADE 

A. The Installer shall provide to the Contractor written acceptance of the curtain wall 
trench walls and subgrade for each day of curtain wall installation. 

B. The Contractor shall observe the curtain wall trench walls and subgrade daily to 
evaluate desiccation cracking. 

C. Once the curtain wall trench walls and subgrade is accepted by the Installer, it shall 
be the Installer’s responsibility to indicate to the CQA Field Manager any change in 
the condition of the subgrade that may require repair work.  

3.03 PREPARATION 

A. Curtain wall panels shall only be installed, including deployment and seaming, 
when the ambient air temperature is between 0°F and 100°F, unless otherwise 
approved in writing by the Construction Manager. 
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B. If the Installer wishes to use methods that may allow deployment and seaming at 
ambient temperatures below 0°F or above 100°F the Installer shall demonstrate and 
certify that such methods produce seams that are equivalent to those produced at 
ambient temperatures above 0°F and below 100°F and that the overall quality of the 
curtain wall is not adversely affected.   

3.04 INSTALLATION 

A. The Contractor shall produce an Installation Plan describing the proposed methods 
and equipment for curtain wall deployment, panel layout, seaming, repair, QC and 
protection. The Installation Plan shall also include quantity and type of all 
equipment to be used.  The Installation Plan shall be reviewed by GSE Lining 
Technology, Inc. and approved by the Construction Manager prior to the start of 
installation. 

B. Installation each day shall not begin until the Contractor has submitted to the 
Construction Manager the previous working day’s QC documentation. 

C. Wherever possible, Contractor shall complete deployment, seaming and backfilling 
of the curtain wall at the same temperature or within as narrow a temperature range 
as practical.  Contractor shall avoid completing these activities during extreme hot 
or cold conditions. 

D. Deployment: 

1. Contractor shall give careful consideration to the timing and temperature 
during deployment. The Contractor shall focus on verifying that: 
a. There is no bridging or excessive stress in the curtain wall; and 
b. There are no wrinkles in the curtain wall that will fold over when the 

trench is backfilled with soil material. 
2. Panel Identification: Assign an identifying code number to each panel that is 

consistent with the Contractor panel layout drawing, and coordinate the 
coding with the CQA Field Manager. 

3. Panels shall be oriented vertically in the trench. 
4. Do not damage curtain wall by handling, by equipment trafficking, leakage 

of hydrocarbons, or any other means. 
5. Unroll curtain wall panels using methods that will not damage, stretch or 

crimp the curtain wall. 
6. Use deployment methods that minimize wrinkles and differential wrinkles 

between adjacent panels.  
7. Protect the curtain wall panels to prevent uplift of panels from wind. 
8. Visually inspect the curtain wall for imperfections, and mark faulty or 

suspect areas for repair. 
9. Sufficient curtain wall shall be installed to account for shrinkage and 

contraction while avoiding wrinkles.  Installed curtain wall shall be stress-
free with no bridging before it is covered. 

10. Remove wrinkled or folded material. 
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11. Smoking shall not be permitted while working on the curtain wall. 

E. Interlock Seam Layout. 

1. Use a seam numbering system that is compatible with the panel numbering 
system, and coordinate the numbering system with the CQA Field Manager. 

F. Interlock Seaming Procedures. 

1. During all interlock seaming operations, at least one Seamer shall be 
present and shall provide supervision over the work. 

2. The hydrophilic seal shall be monitored during installation to assure that 
the rate of hydrophilic seal insertion is the same as the curtain wall. 

3. Provide adequate illumination, if interlock seaming operations are carried 
out at night  

G. General Welding Procedures. 

1. Conform with Section 02770 – Geomembrane. 

H. Extrusion Welding. 

1. Conform with Section 02770 – Geomembrane. 

I. Fusion Welding 

1. Conform with Section 02770 – Geomembrane.   

J. Inspection. 

1. Examine all seams and non-seam areas of the curtain wall for defects, holes, 
blisters, undispersed raw materials, and sign of contamination by foreign 
matter, and ensure that the surface of the curtain wall is clean during the 
examination. 

2. Repair and non-destructively test each suspect location both in seams and 
non-weld areas.  Do not install curtain wall in the trench until inspection has 
shown the curtain wall and seams to be satisfactory. 

3.05 FIELD QUALITY CONTROL 

A. General. 

1. Contractor and subcontractors, including the Installer, shall participate in and 
conform with all terms and requirements of the QC program specified here-
in. 

B. Non-Destructive Testing. 

1. Non-destructive testing, as specified herein, shall be completed by the 
Contractor as part of their QC.  The Contractor may undertake non-
destructive testing in addition to that specified. 

 
 02771-8  
   



 

a. Elevation of ground surface at the location of each curtain wall 
panel seam 

b. Elevation of trench bottom at the location of each curtain wall 
panel seam 

2. The CQA Field Manager will visually confirm that the panel is resting on the 
bottom of the trench. 

3. Welded seams non-destructive testing shall be as specified per Section 02770 
– Geomembrane. 

4. All testing shall be performed as the seaming progresses and not at the 
completion of all the field seaming.  Complete all required repairs in 
accordance with this Specification. 

C. Destructive Testing. 

1. Conform with Section 02770 – Geomembrane.  

D. Failed Weld Procedures. 

1. Conform with Section 02770 – Geomembrane. 

E. Failed Interlock Procedures. 
1. Failed interlock interconnection shall result in removal of the end panel 

and reinstallation of the panel until the seam passes testing. 

F. The CQA Field Manager will accept welded seams only as follows. 

1. Seams that have passed non-destructive testing and, if applicable, that are 
bracketed by 2 locations from which samples have passed destructive tests. 

2. For reconstructed weld seams exceeding 50 feet, a sample taken from within 
the reconstructed weld shall pass destructive testing. 

3.06 REPAIR PROCEDURES 

A. Repair procedures shall be as specified per Section 02770 – Geomembrane.  

3.07 CURTAIN WALL ACCEPTANCE 

A. The Contractor shall retain all ownership and responsibility for the curtain wall 
from the time of completion curtain wall inventory at the beginning for the project. 

B. The Construction Manager shall accept curtain wall installation when: 
1. All required documentation from Installer has been received and accepted; 
2. Installation is complete; 
3. Test reports verifying completion of all field seams and repairs, including 

associated non-destructive and destructive testing, have been received in 
accordance with this Specification; and 

4. Contractor has submitted to the Construction Manager, all written 
certification documents and drawings required by this Specification. 
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3.08 MATERIALS IN CONTACT WITH CURTAIN WALL 

A. Material placed in contact with the curtain wall shall be in accordance with the 
requirements of Section 02200 – Earthwork and the Drawings. 

B. Requirements of this article apply to placing soil directly in contact with the curtain 
wall or on a curtain wall that is covered with a layer of geotextile or GCL. 

C. Temperature: Do not place soil materials in contact with the curtain wall at ambient 
temperatures below 0 degrees F or above 100 degrees F. 

D. Spreading Equipment: Equipment used for spreading soil shall be a light low 
ground pressure dozer with a ground pressure not exceeding 5 pounds per square 
inch, or approved equal. 

E. When placing soil or other cover materials in contact with or above the curtain wall, 
the Contractor shall ensure that: 

1. Curtain wall is not damaged through puncture, tear, or any other mechanism; 
2. There is no slippage of the curtain wall; and 
3. There is no excessive tensile stress developed in the curtain wall. 

F. Contractor shall carefully install materials in contact with curtain wall surfaces such 
that the potential for future damage to the curtain wall is minimized.  Loosely 
placed geotextile may be used as protection if approved by the CQA Field Manager. 

G. Clamps, clips, bolts, nuts, or other fasteners used to secure the curtain wall to each 
appurtenance shall have lifespan equal to or exceeding that of the curtain wall. 

END OF SECTION 02771 



SECTION 03310 

CONTROLLED DENSITY FILL (CDF) 

PART 1  GENERAL 

1.01 RELATED SECTIONS: 

A. Quality Control      Section 01450 

B. Earthwork       Section 02200 

C. Trench Excavation and Backfill     Section 02220 

D. Curtain Wall       Section 02771 

E. Geomembrane        Section 02770 

F. Dewatering      Section 02140 

 
1.02 DESCRIPTION 

A. This section specifies the manufacture and placement of Controlled Density Fill 
(CDF) which may be used for embedment of the GSE CurtainWall, if the GSE 
CurtainWall is used for extension of the seepage cutoff along the wing wall 
alignment during future raises to closure of the tailings main dam. 

B. The purpose of the CDF is to secure the placement of the GSE CurtainWall to the 
bottom of the narrow trench and provide a seal between the GSE CurtainWall 
and competent bedrock for seepage control.   

1.03 QUALITY CONTROL 

A. Referenced Standards: This Section incorporates by reference the latest revision 
of the following documents. These are part of this Section as specified and 
modified.  In case of conflict between the requirements of this Section and that of 
the listed documents, the requirements of this Section shall prevail. 

1. ASTM C150 Specification for Portland Cement 

2. ASTM C260 Specification for Air-Entraining Admixtures for 
Concrete 

3. ACI 229R Controlled Low Strength Materials. 

1.04 SUBMITTALS 

A. Provide information on the following CDF components to the 
Construction Manager: 
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1. Cement, 

2. Fine aggregate gradation, and 

3. Admixtures. 

 
PART 2  PRODUCTS 

1.05 CDF 

A. CDF shall be composed of Portland cement, aggregate, admixtures, and water. 

1. Minimum 7-day compressive strength of the CDF shall be 50 psi (ASTM 
C39). 

2. Minimum 28-day compressive strength of the CDF shall be 100 psi 
(ASTM C39). 

3. Permeability of 10-6 cm/sec (ASTM D5084). 

4. Water content shall be sufficient to produce the fluid workable mix but 
not exceed that required to maintain the fine aggregate in suspension and 
prevent segregation. 

B. Mix proportioning shall be based on the mix design below: 

1. Cement: Portland (Type I or III) or API Class G):   100 lb 
2. Fine Aggregate (Sand):        2850 lb 
3. Water (Clean):        480 lb 
4. Air Entrainment:       5 % 
5. Air Entrainer Admixture – MBAE 90 (5 fl oz/cwt):  5 fl oz  
6. Water Reducer Admixture – Polyheed (8 fl oz/cwt):  8 fl oz  
7. Superplasticizer– Glenium 1000 (5 fl oz/cwt):   5 fl oz 
8. Freeze Point Depressant– Pozzutec 20 (80 fl oz/cwt):                   80 fl oz 

 
C. Fine aggregate grading shall be as tabulated below, or as approved by the CQA 

Field Manager in consultation with the Engineer following the Contractor 
submittal to be based on available materials and quarry processing capabilities: 

Sieve Size Percent Passing 
Square Opening By Weight 

No. 4 95 - 100 
No. 8 80 - 90 

No. 16 55 - 77 
No. 30 30 - 60 
No. 50 12 - 30 

No. 100 0 – 10 
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PART 3  EXECUTION 

1.06 MIXING 

A. The CDF shall be thoroughly mixed using the following batch plant provided by 
the Owner at the site:  

1. Haganator Model HSE-10300A Mobile Concrete Batching Plant that 
includes:   

a) 10-cubic yard two-compartment decumulative aggregate weigh 
batcher 

b) 24-inch deep troughing batch transfer belt conveyor  

c) 10 cubic yard/95 cubic foot cement weigh batcher 

d) 300 barrel (4 cu.ft/bbl., 59 tons) in-truss design cement silo.  

e) Single 7-inch multi-flight cement feeder (21 cfm capacity)  

f) 5 hp air compressor (19.8 cfm) and 80 gallon air receiver 

g) 2-inch Badger electronic water meter (20 to 160 gpm)  

h) Batch controls 

 
B. Start each batch of mixing only when approved by the CQA Field Manager. 

C. Complete all mixing in the presence of a CQA Field Monitor.  

D. Continue mixing until the cement and water are thoroughly dispersed throughout 
the material. 

E. Place CDF within one hour after mixing. 
 
1.07 INSTALLATION 

A. Dewater trench and clean trench of water, loose soil and rock, ice and snow and 
other debris before placing CDF. 

B. Start placement of CDF only when approved by the CQA Field Manager. 

C. Place CDF concurrently on both sides of the GSE CurtainWall while the GSE 
CurtainWall is held vertically to the bottom of the excavated trench centerline 

D. Minimum CDF temperature at time of placement is -7°C (20°F) 

E. Keep excavated trench relatively dry and free of snow. 

F. Comply with ACI 304R for measuring, mixing, transporting and placing CDF. 
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1.08 RESPONSIBILITY 

A. Contractor shall take full responsibility for ensuring that the integrity of the 
completed CDF and GSE CurtainWall conforms to the Drawings and 
Specifications. 

END OF SECTION 03310 
 



SECTION 03600 
 GROUT 

PART 1 –  GENERAL 

1.01  RELATED WORK SPECIFIED ELSEWHERE 

A.  Quality Control:       Section 01450 

B. Geomembrane:      Section 02770 

1.02 DESCRIPTION 

A. This section specifies the manufacture and placement of grout for the embedment 
of the geomembrane in the cutoff wall below the cutoff trench along the left and 
right abutments, and the connection to the existing cutoff walls.  

B. The purpose of the grout is to secure the placement of the geomembrane to the 
bottom of the narrow trench and provide a seal between the geomembrane and 
competent rock for seepage control.    

1.03 SUBMITTALS 

A. Provide following grout components information to the CQA Field Manager and 
Construction Manager: 

1. Cement. 

2. Fine aggregate (sand) gradation. 

3. Admixtures. 

PART 2 –  PRODUCTS 

2.01  GROUT 

A.  Grout shall be composed of:  

1. Portland Cement: ASTM C150, Type I or III or ACI Class G. 

2. Fine aggregate: ASTM C33 or as approved by CQA Field Manager. 

3. Air-Entraining Admixture:  ASTM C 260. 

4. Water-Reducing Admixture:  ASTM C 494, Type A/E/F/D. 

B. Mix Proportioning: 

1. Cement, water, fine aggregate and admixtures are proportioned by weight.   
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2. Adjust Grout mix proportions in the field, based on setting performance of 
grout placed in a trial slot just prior to grouting of cutoff wall. 

C. Fine aggregate grading shall be as tabulated below, or as approved by the CQA 
Field Manager in consultation with the Engineer following the Contractor 
submittal to be based on available materials and quarry processing capabilities: 

 
Sieve Size Percent Passing 

By Weight 
No. 4 95 - 100 
No. 8 80 - 90 
No. 16 55 - 77 
No. 30 30 - 60 
No. 50 12 - 30 
No. 100 0 – 10 

D. Batch Proportions: 

Material Weight  
(lb/cu. yd.) 

1. Cement (Type I or III or API Class G): 500 
2. Water: 301 
3. Admixtures: 37 
4. Coarse Aggregate: 1358 
5. Fine Aggregate: 1623 
6. Air: 5% 
Total 3824 

Batch weights based on saturated surface dry (SSD) aggregate 
Pozzutec20 contains approximately 40% free water 
Add Pozzutec20 on site, place grout within approximately 30 minutes (i.e. prior to loss of slump) 

 

E. Admixtures: 

Admixture fl. oz./cwt 
Air Entrainment, MB AE90: 2 
Water Reducer, Polyheed: 8 
Superplasticizer, Glenium1000: 5 
Freeze Point Depressant, Pozzutec20: 80 
Batch micro-air, Pozzolith 322N and Rheobuild 1000 to obtain 1 to 2-inch slump 
Adjust Reobuild 100 dosage rate to obtain slump, do not increase batch water 
Dosage rates for micro-air and Rheobuild 1000 to be adjusted in field.   
Quantities shown are maximum values. 
Micro-air dosage rate to based on air content after addition of Pozzutec20 
 

PART 3 –  EXECUTION 

3.01 PRODUCT HANDLING AND STORAGE 
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A. The shelf life recommended by the Manufacturer shall not be exceeded by any 
components used in the grout. 

3.02 MIXING 

A. The grout shall be thoroughly mixed using the Owner’s existing batch plant at the 
site described below, or other approved type mixer. 

1. Haganator Model HSE-10300A Mobile Concrete Batching Plant or 
equivalent model that includes:   

a) 10-cubic yard two-compartment decumulative aggregate 
weigh batcher 

b) 24-inch deep troughing batch transfer belt conveyor  

c) 10 cubic yard/95 cubic foot cement weigh batcher 

d) 300 barrel (4 cu.ft/bbl., 59 tons) in-truss design cement silo.  

e) Single 7-inch multi-flight cement feeder (21 cfm capacity)  

f) 5 hp air compressor (19.8 cfm) and 80 gallon air receiver 

g) 2-inch Badger electronic water meter (20 to 160 gpm)  

h) Batch controls 

B. Start each batch of mixing only when approved by the CQA Field Manager. 

C. Complete all mixing in the presence of a CQA Field Monitor.  

D. Continue mixing until the cement and water are thoroughly dispersed throughout 
the material. 

E. Place grout within one hour after mixing. 

3.03 INSTALLATION 

A. Dewater trench and clear trench of water, loose soil and rock, ice and snow and 
other debris before placing grout. 

B. Start placement of grout only when approved by the CQA Field Manager. 

C. Place grout concurrently on both sides of geomembrane while geomembrane is 
held vertically to the bottom of the excavated trench centerline. 
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D. Minimum placement width of fresh grout is 6 inches. 

E. Minimum rock temperature at time of placement is -8ºc (17ºF). 

F. Minimum grout temperature at time of placement is -7ºC (20ºF). 

G. Keep excavated free of visible ice and snow. 

H. Comply with ACI 304R for measuring, mixing, transporting and placing grout.  

I. Do not add water or any other materials to the grout during placement.  

3.04 RESPONSIBILITY 

A. Contractor shall take full responsibility for ensuring that the integrity of the 
completed curtain wall conforms to the Drawings and Specifications. 

END OF SECTION 03600 
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SECTION 13340 
INSTRUMENTATION 

PART 1 –  GENERAL 

1.01 RELATED WORK SPECIFIED ELSEWHERE  

A. Site Conditions: Section 02020 

B. Clearing, Stripping, and Grubbing:  Section 02102 

C. Earthwork: Section 02200 

D. Trench Excavation, Backfilling, and Compaction: Section 02220 

E. Grout: Section 03600 

F. Quality Control:     Section 01450 

1.02 QUALITY CONTROL AND ASSURANCE 

A. Provide for the equipment manufacturer's representative to be on site during 
installation of all instrumentation for verification that equipment is installed and 
operating in accordance with manufacturer's standards. 

1.03 SUBMITTALS 

A. Submit to the Construction Manager and Engineer data on all, items that are 
necessary to provide a complete and functioning system. Include at a minimum the 
following information: 

1. Manufacturer's name;  

2. Model numbers; 

3. Wiring diagrams; 

4. Wiring and connectors;  

5. Performance data on all equipment;  

6. Operation and maintenance; and  

7. Detail of installations and installation schedule. 
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1.04 SCOPE OF WORK 

A. Furnish materials and equipment and perform all necessary work to complete 
instrumentation installations. 

B. Furnish and install all instrumentation to the lines and elevations shown on the 
Drawings or as directed by the Engineer. 

C. No additional compensation above the prices bid in the schedule will be made for 
construction delays caused by the installation of instruments in the dam. 

D. Place all units of instrumentation in operation at the earliest period during 
construction, as approved by the Engineer. 

E. Provide the following instrument systems: 

1. Vibrating wire piezometers - for pore water pressure monitoring;  

2. Thermistors - for ground temperature monitoring, and  

3. Vibrating wire readout box – for downloading piezometer and thermistor data. 

F. Maintain the existing instrumentation in operational condition during construction 
of the dam as directed in Section 3.0. 

PART 2 –  PRODUCTS  

2.01 GENERAL 

A. Obtain all instruments of one type and related operating equipment from Geokon. 
Obtain the supplier's certification that each instrument is correctly operating and 
submit certification 'for acceptance by the Engineer. 

2.02 VIBRATING WIRE PIEZOMETERS 

A. Provide vibrating wire piezometers capable with the following minimum 
specifications: 

Table 12-2 Vibrating Wire Piezometer Specifications 
Standard Ranges 350, 700 kPa; 1, 2 and 3 Mpa 

Over Range 2 × rated pressure 
Resolution 0.025% F.S. (minimum) 
Accuracy ±0.1% F.S. 
Linearity¹ <0.5% F.S. (±0.1% F.S. optional) 

Temperature Range² −20°C to +80°C 



G:\Red Dog Mine\Mine Closure & Reclamation\Tailings Main Dam\Conceptual Design Report\Appendix\Appendix F\Specifications for Future 
Raises\Division 13 Special Construction\13340-Instrumentation.doc 

 13340-3 

B. An acceptable vibrating wire piezometer should be approved by the Contract 
Manager and Engineer. 

C. Provide water- and weather-tight, terminal box for the housing of vibrating wire 
leads at each piezometers installation location. Provide terminal box acceptable by 
the Engineer.   

D. Provide readout boxes capable of data readout from the installed vibrating wire 
piezometers. Provide portable readout boxes acceptable by the Engineer.   

Instrumentation Readout Box Specifications 
Excitation Range 400 Hz to 6000 Hz, 5 Volt Square Wave 

Resolution 0.1 µs 
Timebase Accuracy ±50 ppm 
Temperature Range −10°C to +50°C 

E. Backfill material shall include the following: 

1. Provide cement grout; and 

2. Provide 50/50 % bentonite/cement grout slurry mixture. 

F. Where materials or equipment required to complete the piezometer installation are 
not specifically described or covered by these Specifications, provide high-quality 
commercial grades of materials as directed or approved by the Engineer. 

2.03 THERMISTOR STRINGS 

A. Use Teflon-insulated, Teflon-jacketed, 25 pair/24 AWG solid conductor cable 
configured for application in the telephone industry. Thermistor strings will have 
adhere to the following minimum specifications: 

Thermistor String Minimum Specifications 
Standard Range -50oC to 150oC 

Resolution 0.1 oC 
Accuracy +/- 0.5oC 

Temperature Range −20°C to +80°C 

B. Provide an acceptable thermistor acceptable by the Engineer.   

C. Provide one steel terminal pipe and panel for housing instrumentation leads from 
thermistors. 

D. Provide two terminal panels for thermistors terminated in terminal boxes. Terminal 
panels shall be located within and compatible with piezometer terminal boxes 
indicated in subsection 2.02. 
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E. Provide connectors at the readout end of the cables. Connectors shall be identified 
by engraved identification numbers and embossed adhesive plastic tape. 

F. Provide two compatible portable switch boxes to allow thermistors to be read in 
sequence. 

G. Provide portable resistance measuring devices.  

H. Backfill material shall include the following: 

1. Provide cement grout; and  

2. Provide 50/50 % bentonite/cement grout slurry mixture. 

PART 3 –  EXECUTION  

3.01 INSTALLATION 

A. Install all instrumentation to the lines and elevations shown on the Drawings or as 
directed by the Engineer. 

B. Do not bury instrumentation until it is tested and approved by the Engineer. The 
Engineer will make functional checks and will perform calibration tests on the 
instruments and if the instruments prove to be unsatisfactory, they shall be 
replaced in kind by the Contractor at his expense.  A calibrated reading should be 
obtained per the manufactures recommendations prior to instrumentation 
placement. 

C. Protect all equipment until the conclusion of this Contract. Provide markers and 
barricades as necessary. Replace in kind any equipment damaged or rendered 
inoperable as a result of the Contractor's operations, at the expense of the 
Contractor. 

D. Do not penetrate, puncture, or otherwise damage the liner material with the 
instruments, wiring, piping, or other related equipment. 

E. Complete installation of piezometers at the direction of the Construction Manager. 

3.02 VIBRATING WIRE PIEZOMETER AND THERMISTOR STRING INSTALLATION  

A. Hole Drilling 

1. Drill minimum 4-inch-diameter holes for vibrating wire piezometer and 
thermistor string installation. Drill Hole P-05-002 and P-05-003 includes 
thermistors at 10 feet interval through the depth of the piezometer.  Locate 
and install vibrating wire piezometers/thermistors to the elevations shown 
on the Drawings or as directed by the Engineer. 
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2. Use only drilling fluid suitable for drilling in permafrost as approved by the 
Engineer. The use of drilling mud, mud emulsions, or any other material 
that might affect the permeability or integrity of the foundation and 
embankment material, or piezometer tips will not be permitted. 

3. Clean each hole of cuttings and other debris. Perform the cleaning so the 
foundation and embankment materials surrounding the hole are not 
unnecessarily disturbed. 

4. Log each hole during the drilling operations. Remove temporary casing 
during installation of the piezometer and during backfilling operations. All 
temporary casing shall remain the property of the Contractor. 

B. Instrument Installation, Vibrating Wire Piezometer and Thermistor Strings 

1. Install the vibrating wire piezometers and thermistor strings at the 
elevations shown on the Drawings. 

2. Clean all holes drilled for the purpose of piezometer installation as 
approved by the Engineer. 

3. Pull temporary casing, if any, no more than 10 feet ahead of piezometer 
placement. Lower vibrating wire piezometer and/or thermistors until the 
piezometer tip is at, the elevation shown on the Drawings.  Grout the 
vibrating wire piezometer and thermistors in place at the desire tip 
elevation.  

4. Test piezometer and thermistors before installation. If the instrumentation 
is functioning properly, the installation may continue; if not, improperly 
functioning instrumentation shall be replaced at Contractor's expense. 

5. When the installation continues, backfill as necessary, with cement grout. 

6. After the vibrating wire piezometer and thermistor strings have been placed 
at the required elevation, backfill with grout or 50/50% bentonite/cement 
grout mixture to the top of the drill hole.  Obtain one installation reading 
for each vibrating wire piezometer and thermistor string once the 
installation and placement of instrumentation has finished. Be sure to allow 
time for the instrument to equilibrate in accordance with the manufacturer’s 
(Geokon) instructions. 

7. A 1/2-inch carrier tube may be used to place the piezometer and thermistor 
leads during installation. 

8. For piezometers and thermistors connected to instrumentation terminal 
boxes, thread piezometer wires through to terminal box locations. Connect 
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wiring to terminal panels and label wires, and terminal connections. Test 
vibrating wire piezometers and thermistors. 

9. Once all installation has finished, obtain the initial reading for both the 
piezometer and thermistor strings. 

3.03 ACCEPTANCE AND TESTING 

A. At the time of delivery from the instrument manufacturer, submit all instruments to 
the Engineer for inspection and acceptance. Provide a clean, lighted, temperature-
controlled, dry area for storage of instrumentation materials.  

B. Submit to the Construction Manager and Engineer, Contractor's and manufacturer's 
test results from tests performed during installation. All instruments that fail 
required tests will be rejected by the Engineer and a new replacement instrument 
shall be provided at the Contractor's expense. Test replacements before use in 
installation. 

C. The Contractor shall be solely responsible for supplying, on schedule, materials 
and equipment for instrument installation. No additional payment will be made for 
construction delay due to testing or to the Contractor's failure to provide instrument 
installation materials or replacement materials for rejected assemblies. 

3.04 WARRANTY AND GUARANTEE 

A. Obtain from the manufacturer/installer a written guarantee for a time period of at 
least 5 years during which the instrumentation materials and workmanship 
specifically provided or performed under this project shall be free from any 
significant defects. Such written guarantee shall provide for the total and complete 
repair or replacement of the defect or defective materials upon written notification 
and demonstration by the Owner of the specific non-conformance of the material 
or installation with the project Specifications. Such defects or nonconformance 
shall be repaired or replaced at no cost to the Owner within 30 days of notification, 
as approved by the Owner or Construction Manager. 

END OF SECTION 13340 



Appendix G 



PRELIMINARY 
CONSTRUCTION QUALITY 
ASSURANCE PLAN  
FUTURE RAISES TO CLOSURE 
RED DOG TAILINGS DAM 
RED DOG MINE, ALASKA 

For 

TECK COMINCO ALASKA, INC. 
URS JOB NO.:  33755331 
November 26, 2007 



 

PRELIMINARY  
CONSTRUCTION QUALITY ASSURANCE PLAN  

 
 

FUTURE RAISES TO CLOSURE 
RED DOG TAILINGS DAM 
RED DOG MINE, ALASKA 

 
 
 

Prepared by 
 

URS Corporation 
1501 4th Avenue, Suite 1400 

Seattle, Washington 98101-1616 
 
 
 
 
 

For 

 
Teck Cominco Alaska Inc. 

3105 Lakeshore Drive, Building A, Suite 101 
 Anchorage, Alaska 99517 

 
 
 

 

 
 
 

November 26, 2007 



 

 i     

G:\Red Dog Mine\Mine Closure & Reclamation\Tailings Main Dam\Conceptual Design Report\Appendix\Appendix G\CQA Plan for Future Raises\CQA Plan Conceptual Closure.doc 

 

TABLE OF CONTENTS 
 Page 

1.0 INTRODUCTION.......................................................................................................................... 1 
1.1 DEFINITION: QUALITY CONTROL VS. QUALITY ASSURANCE............................ 2 
1.2 PLANNED CONSTRUCTION ACTIVITIES ................................................................... 2 
1.3 REFERENCE DOCUMENTS............................................................................................ 6 

2.0 PARTIES TO THE WORK.......................................................................................................... 7 

3.0 CQA PERSONNEL AND RESPONSIBILITIES ....................................................................... 9 
3.1 CQA PROJECT DIRECTOR ........................................................................................... 10 
3.2 CQA FIELD MANAGER................................................................................................. 10 
3.3 CQA FIELD MONITORS................................................................................................ 12 

4.0 MEETINGS AND SITE VISITS ................................................................................................ 13 
4.1 PRE-CONSTRUCTION MEETING ................................................................................ 13 
4.2 PROGRESS MEETINGS AND REPORTS..................................................................... 14 
4.3 SITE VISITS..................................................................................................................... 14 

5.0 EARTHWORK CQA .................................................................................................................. 15 
5.1 PROJECT PLANNING & SCHEDULE DEVELOPMENT............................................ 15 
5.2 SOURCE QUALITY CONTROL .................................................................................... 15 
5.3 EXCAVATION ................................................................................................................ 16 
5.4 SOILS PURCHASE, DELIVERY, STORAGE AND HANDLING................................ 18 
5.5 PLACEMENT AND COMPACTION.............................................................................. 18 
5.6 SOIL TESTING................................................................................................................ 19 

6.0 GEOMEMBRANE CQA............................................................................................................. 21 
6.1 MANUFACTURE ............................................................................................................ 21 
6.2 SOURCE QUALITY CONTROL .................................................................................... 23 
6.3 PURCHASE, DELIVERY, STORAGE AND HANDLING............................................ 24 
6.4 INSTALLATION ............................................................................................................. 27 

7.0 GEOTEXTILE CQA ................................................................................................................... 30 
7.1 MANUFACTURE ............................................................................................................ 30 
7.2 PURCHASE, DELIVERY, STORAGE AND HANDLING............................................ 31 
7.3 GEOTEXTILE INSTALLATION.................................................................................... 33 

8.0 GEOSYNTHETIC CLAY LINER (GCL) CQA ....................................................................... 34 
8.1 MANUFACTURE ............................................................................................................ 34 
8.2 PURCHASE, DELIVERY, STORAGE AND HANDLING............................................ 36 
8.3 GCL INSTALLATION .................................................................................................... 37 

9.0 CURTAIN WALL CQA.............................................................................................................. 37 
9.1 MANUFACTURE ............................................................................................................ 37 
9.2 SOURCE QUALITY CONTROL .................................................................................... 37 
9.3 PURCHASE, DELIVERY, STORAGE AND HANDLING............................................ 37 



 

 ii     

G:\Red Dog Mine\Mine Closure & Reclamation\Tailings Main Dam\Conceptual Design Report\Appendix\Appendix G\CQA Plan for Future Raises\CQA Plan Conceptual Closure.doc 

 

9.4 GSE CURTAINWALL PANEL INSTALLATION......................................................... 37 

10.0 GROUT CQA............................................................................................................................... 37 
10.1 GROUT MIX.................................................................................................................... 37 
10.2 GROUT INSTALLATION............................................................................................... 37 
10.3 GROUT TESTING ........................................................................................................... 37 

11.0 CONTROLLED DENSITY FILL (CDF) CQA......................................................................... 37 
11.1 CDF MIX.......................................................................................................................... 37 
11.2 CDF INSTALLATION..................................................................................................... 37 
11.3 CDF TESTING................................................................................................................. 37 

12.0 INSTRUMENTATION CQA...................................................................................................... 37 
12.1 MANUFACTURE ............................................................................................................ 37 
12.2 SOURCE QUALITY CONTROL .................................................................................... 37 
12.3 INSTRUMENTATION .................................................................................................... 37 
12.4 EQUIPMENT INSTALLATION ..................................................................................... 37 

 



 

 1   
G:\Red Dog Mine\Mine Closure & Reclamation\Tailings Main Dam\Conceptual Design Report\Appendix\Appendix G\CQA Plan for Future Raises\CQA Plan Conceptual Closure.doc  

1.0 INTRODUCTION 

This Construction Quality Assurance (CQA) Plan outlines the CQA procedures to be applied to the 
construction of the earthwork, geosynthetic, concrete and instrumentation components of the Future 
Raises to Closure of the Red Dog Mine tailings main dam. The Future Raises to Closure will be 
conducted in three stages for the purpose of its conceptual design. These three stages are: 

• From Stage VII-B (El. 960) to Stage VIII (El. 970); 
• From Stage VIII (El. 970) to Stage IX (El.980); and  
• From Stage IX (El.980) to Stage X at Closure (El.986).    

Before the start of future raises to closure, the dam was completed through Stage VII-B to Elevation 960 
feet (El. 960). The Future Raises to Closure include extending the cutoff wall in the left abutment, raising 
the main embankment and wing wall system, and inserting additional instrumentation as deemed 
appropriate.   

This CQA Plan is to be used in conjunction with the following documents: 

• URS Corporation, 2006, “Geotechnical Investigation Report, Red Dog Tailings Main Dam, 
Future Raises to Closure, Red Dog Mine, Alaska”, for Teck Cominco Alaska Inc., July 28, 2006. 

• URS Corporation, “Seepage Analysis Report, Tailings Main Dam, Future Raises to Closure, Red 
Dog Mine, Alaska”, for Teck Cominco Alaska (TCAK), February 26, 2007. 

• URS Corporation, “Stability Analysis Report, Tailings Main Dam, Future Raises to Closure, Red 
Dog Mine, Alaska”, for Teck Cominco Alaska (TCAK), April 13, 2007.  

• URS Corporation, “Dam History Report, Tailings Main Dam, Future Raises to Closure, Red Dog 
Mine, Alaska”, for Teck Cominco Alaska (TCAK), September 14, 2007. 

• URS Corporation, “Conceptual Design Report, Tailings Main Dam, Future Raises to Closure, 
Red Dog Mine, Alaska”, for Teck Cominco Alaska (TCAK), November 26, 2007. 

• URS Corporation, “Construction Drawings for Red Dog Mine Tailings Dam, Future Raises to 
Closure”, for Teck Cominco Alaska Inc., Sheets TDC-1 through TDC-24, November 26, 2007. 

• URS Corporation, “Preliminary Technical Specifications for Future Raises to Closure, Red Dog 
Mine Tailings Dam”, for Teck Cominco Alaska, Inc., November 26, 2007.   

• URS Corporation, “Design Modification Nos. 1 through 31” to Teck Cominco Alaska Inc., 
various dates between June 20, 2005 and August 10, 2007 and future design modifications.   

Any conflict between the requirements of the CQA Plan and the other project documents shall be reported 
to the Engineer for clarification or adjudication as required. Significant care must be applied to 
monitoring and documenting the activities described in the CQA Plan. 
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1.1 DEFINITION: QUALITY CONTROL VS. QUALITY ASSURANCE 

There is often confusion between the meanings of quality control (QC) and quality assurance (QA).  This 
CQA Plan refers to the provision of QA, in this case specifically referring to the CQA of the materials 
comprising the dam raise.  In the context of this CQA Plan, QC and QA are defined as follows. 

Quality Control (QC) refers to actions taken by the Contractor (including those parties charged with the 
manufacture, fabrication, delivery, and installation of the geosynthetic, concrete and instrumentation 
materials, and the placement and compaction of the soil materials), that provide a means to determine and 
sometimes quantify the characteristics of the product. The results of a QC program are compared to the 
Specifications or other contractual or regulatory requirements. During each aspect of the handling of these 
materials, QC is provided by the Manufacturer, fabricator, or installer of geosynthetic, concrete and 
instrumentation materials, or the supplier and contractor for the earthworks, to ensure that the materials 
and workmanship conform to the Drawings and Specifications. 

Quality Assurance (QA) is a planned and systematic pattern of means and actions intended to provide 
confidence that materials and procedures conform to the Drawings, Specifications, and any applicable 
regulatory requirements. QA is provided by an independent party on behalf of the Owner. Although QA 
is as important during all phases of handling the soil, geosynthetic, concrete and instrumentation 
materials, CQA refers specifically to those actions taken in relation to the installation of the geosynthetic, 
concrete and instrumentation materials, and the placement and compaction of the soil materials.  CQA is 
the most critical component of an overall QA program, because field conditions are the most variable and 
most difficult to control, and therefore the design is only fully finalized once the construction is 
completed. 

1.2 PLANNED CONSTRUCTION ACTIVITIES 

The planned construction activities for the Future Raises to Closure include the following elements: 

• Site Preparation (by Owner and Contractor with CQA Personnel support); 

• Cutoff System (material purchase by Owner, installation by Contractor, material inspection by 
CQA Personnel), 

• Wing Wall System (material purchase by Owner, installation by Contractor, material inspection 
by CQA Personnel), 

• Liner System (material purchase by Owner, installation by Contractor, material inspection by 
CQA Personnel), 

• Embankment (material sources provided by owner, construction by Contractor, material 
inspection by CQA Personnel), 

• Instrumentation (by Owner). 

The Future Raises to Closure construction of these elements includes the following activities: 

• Earthwork material supply, placement and compaction for the embankment and liner, cutoff and 
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wing wall systems. There are seven gradations of soil and rock fill: Soil Types 1, 2, 3, 4, 7, 8 and 
9.  

• Geosynthetic materials manufacture, fabrication and installation for the liner, cutoff and wing 
wall systems. There are four types of geosynthetics: geomembrane liner, geomembrane curtain, 
geotextile and geosynthetic clay liner (GCL).  

• Concrete materials manufacture and installation for the cutoff and wing wall systems. There are 
two types of concrete materials: grout and controlled density fill (CDF). 

• Instrumentation installation of piezometers and thermistors.  

The Contractor is responsible for maintaining the integrity of the existing embankment, liner and cutoff 
systems and instrumentation while exposing them for the new construction.    

1.2.1 Site Preparation 

Site preparation will be completed by the Owner and the Contractor with the support of CQA personnel. 
Currently, it is anticipated that select components of the mill infrastructure will need to be relocated. 
Future raises may require construction of additional coffer dams in order to extend the existing cutoff 
wall toward the left abutment and to extend the cutoff wall to the south/southeast. The Owner will ensure 
that this takes place prior to the construction of future raises when it is appropriate.  

1.2.2 Embankment 

The future raises to closure embankment will be constructed using rock fill materials that will be 
produced at the mine and placed by conventional earthwork delivery, spreading and compaction 
procedures. These rock fill materials are designated as soil types as follows: 

• Soil Type 1 – Random Rockfill (24-inch) 

• Soil Type 2 – Select Fill (24-inch) 

• Soil Type 3 – Processed Select (3-inch) 

• Soil Type 4 – Processed Select (1-inch) 

• Soil Type 7 – Select (12-inch) 

• Soil Type 8 – Kivalina Shale (Select fill material)   

• Soil Type 9 – Random Mine Waste Fill 

Some soil types have different uses as shown in Sections 1.2.3, 1.2.4 and 1.2.5. Soil Types 5 and 6 were 
developed for Stages I to VI, but are not required in Future Raises to Closure, and are not included in this 
CQA Plan. Soil Type 9 was developed for backfill upstream of the seepage cutoff wall in the right 
abutment. 
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1.2.3 Liner System 

The future raises to closure liner system will be an extension of the existing liner system. The existing 
liner system is anchored at El. 960 along the dam crest and along the wing wall alignment to its southeast 
extent. The future raises to closure liner system will be constructed from bottom to top as follows, with 
the purpose of each soil type shown in parentheses:  

• Soil Type 1 (Random Rockfill); 

• Soil Type 7 (Transition Rockfill), 

• 10 oz/yd2 Geotextile (Type 1 Geotextile), 

• Soil Type 3 (Filter Drain), 

• 16 oz/yd2 Geotextile (Type 2 Geotextile), 

• Soil Type 4 (Liner Bedding), 

• 100 mil High Density Polyethylene (HDPE) Geomembrane, 

• Soil Type 4 (Liner Cover), and 

• Soil Type 1 (Protective Buttress). 

The bottom of the new geomembrane will be welded to the top of the geomembrane in the existing liner 
system, and to the top of the geomembrane part of the cutoff system outside the existing liner system.  

1.2.4 Cutoff System 

The future raises to closure seepage cutoff system consists of a cutoff wall that will extend from the 
existing cutoff wall at the left abutment. The existing cutoff trench and cutoff wall terminates at the west 
extent of the existing dam. The cutoff system will be extended in the following sequence:  

• Excavation to reveal the existing cutoff wall terminus; 

• Excavation of a trench to bedrock, 

• Installation of 100 mil HDPE Geomembrane Liner with vertical support system, 

• Grout to predetermined depth, 

• Backfill with Soil Type 4 (Liner Cover), 

• Backfill with Soil Type 1 (Random Rockfill) 

A critical part of the cutoff system that requires CQA scrutiny, judgement and decision is the depth of 
excavation for the cutoff wall through ice-rich soil and rock, and blasted and fractured rock to competent 
and ice-free bedrock, and the embedment of the wall into this bedrock to reduce seepage under the dam.  



 

 5   
G:\Red Dog Mine\Mine Closure & Reclamation\Tailings Main Dam\Conceptual Design Report\Appendix\Appendix G\CQA Plan for Future Raises\CQA Plan Conceptual Closure.doc  

1.2.5 Wing Wall System 

The wing wall system consists of below ground and above ground components, the curtain wall and wing 
wall respectively. The wing wall system is an extension of the main tailings dam where the dam 
embankment axis changes from a west-east alignment to a northwest-southeast alignment. The curtain 
wall is a vertical seepage cutoff system constructed of 100 mil HDPE liner. Construction of the curtain 
wall is described in Section 1.2.5.1; the wing wall embankment will be constructed in the following 
sequence: 

• Soil Type 1 (Random Rockfill) 
• Soil Type 7 (Transition Rockfill) 

• 10 oz/yd2 Geotextile (Type 1 Geotextile) 

• 16 oz/yd2 Geotextile (Type 2 Geotextile) 

• Soil Type 4 (Liner Bedding) 
• 100 mil High Density Polyethylene (HDPE) Geomembrane 
• Soil Type 4 (Liner Cover) 
• Soil Type 1 (Protective Buttress). 

 

1.2.5.1 Curtain Wall  

The Stage VII-B curtain wall is part of a wing wall system that extends below ground along with wing 
wall alignment. The curtain wall is a continuation of the seepage cutoff wall where the dam changes from 
a west-east alignment to a northwest-southeast alignment. The east end of the cutoff wall at the right 
abutment was tied to the curtain wall by a field-fabricated, large-radius geomembrane bend.  

During the Stage VII-B construction, the curtain wall was installed along the wing wall alignment from 
Sta. 101+00 to 108+12. The curtain wall was constructed using GSE CurtainWall panels; however, this 
material may be changed during future raises to closure.  

If GSE CurtainWall panels are used for future raises to closure, the curtain wall will be constructed in the 
following sequence: 

• Site preparation including snow clearing and work bench excavation; 
• Trench excavation to bedrock, 
• Curtain panel deployment and attachment to framing, 
• Vertical suspension of curtain panel(s) in the trench, 
• CDF pour and set, 
• Soil Type 4 backfill (Liner Cover), 
• Soil Type 7 backfill (Downstream Fill), and 
• Soil Type 9 backfill (Upstream Fill). 
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A critical part of the curtain wall that requires CQA scrutiny, judgment and decision is the depth of 
excavation for the wall through ice-rich soil and rock, and blasted and fractured rock to competent and 
ice-free bedrock, and the embedment of the wall into bedrock to reduce seepage under the wing wall. 

1.2.6 Instrumentation 

After the Contractor completes the construction of the future raises to closure, the Owner will install 
piezometers and thermistors as agreed to monitor the dam’s performance.  

1.3 REFERENCE DOCUMENTS 

• URS Corporation “Preliminary Conceptual Design Report, Tailings Main Dam, Future Raises to 
Closure, Red Dog Mine, Alaska.” for Teck Cominco Alaska, November 26, 2007. 

• URS Corporation, “Construction Drawings for Red Dog Mine Tailings Dam, Future Raises to 
Closure, TDC-1 through TDC-24”, for Teck Cominco Alaska Inc., November 26, 2007. 

• URS Corporation, “Preliminary Technical Specifications for Future Raises to Closure, Red Dog 
Mine Tailings Dam”, for Teck Cominco Alaska, Inc., November 26, 2007.   

• URS Corporation “Seepage Analysis Report: Tailings Main Dam, Future Raises to Closure, Red 
Dog Mine, Alaska”, for Teck Cominco Alaska, February 26, 2007. 

• URS Corporation “Stability Analysis Report: Tailings Main Dam, Future Raises to Closure, Red 
Dog Mine, Alaska.” for Teck Cominco Alaska, April 13, 2007. 

• URS Corporation, “Construction As-Built Record Drawings, Red Dog Mine Tailings Main Dam, 
Stage VII-B Raise, Sheets T7B-1 through T7B-17”, for Teck Cominco Alaska Inc., October 26, 
2007. 

• URS Corporation, “Design Modification Nos. 1 through 31”, to Teck Cominco Alaska Inc., 
various dates between June 20, 2005 and August 10, 2007 and future design modifications.   

• URS Corporation, “Geotechnical Investigation Report for Red Dog Tailings Main Dam Future 
Raises to Closure” for Teck Cominco Alaska, Inc., July 28, 2006. 

• Alaska Department of Natural Resources (ADNR), “Guidelines for Cooperation with the Alaska 
Dam Safety Program”, prepared by Dam Safety and Construction Unit, Water Resources Section, 
Division of Mining, Land and Water, ADNR, June 30, 2005. 
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2.0 PARTIES TO THE WORK 

The successful completion of the construction of each element of the future raises to closure will depend 
on the interaction and cooperation of many parties.  The following parties are represented in the project: 

• Owner: The Owner is Teck Cominco Alaska, Inc. (TCAK) of Anchorage. The Owner will 
complete site preparations before construction; purchase the geosynthetic, concrete and 
instrumentation materials; select the Contractor; provide earthwork, geosynthetic and concrete 
materials; provide a geosynthetic material storage area, concrete batch plant, concrete and soil 
testing laboratory for CQA Personnel’s use; and install instrumentation. 

• Engineer: The Engineer is URS Corporation (URS) of Seattle. The Engineer designed the raise 
and is also referred to as the Geotechnical Engineer. The Engineer is responsible for reviewing 
Contractor submittals pertaining to the design, implementing the CQA program, confirming the 
cutoff wall excavation depths, completing the construction report, and certifying that 
construction is in compliance with Plans and Specifications. 

• Construction Manager: The Construction Manager (CM) is TCAK. The CM is responsible for 
coordinating and monitoring Contractor activities, reviewing Contractor submittals, identifying 
those that require review by the Engineer and CQA Field Manager, processing the submittals 
and providing responses to the Contractor, coordinating the CQA field monitoring, and 
directing site preparation and instrumentation activities. 

• Contractor: The Contractor will be selected by the Owner. The Contractor is responsible for 
constructing the earthwork, liner system, cutoff system and curtain wall, installing geosynthetic 
and concrete materials, supplying a portable tensiometer for geosynthetics testing, and 
repairing any damage that may be caused to the existing embankment, liner and cutoff systems 
as a result of the Stage VII-B construction. 

• Geosynthetic Manufacturer: The geosynthetic material Manufacturer will manufacture and 
supply the geosynthetic materials, and provide QC documentation and installation guidelines. 
The materials will be purchased by the Owner and installed by the Contractor. Approved 
manufacturers/suppliers are GSE Lining Technology, Inc., Houston, TX, 800.435.2008; and 
Northwest Linings & Geotextile Products Inc., Kent, WA, 253.872.0244. 

• Instrumentation Manufacturer: The instrumentation equipment Manufacturer is responsible 
for manufacturing and supplying the instrumentation equipment, and providing QC 
documentation, installation guidelines, and material warranty, in accordance with Section 12.0. 
The Owner will purchase and install the instrumentation after the raise construction is 
completed. The approved Manufacturer/Supplier is Geokon, Inc., Lebanon, NH, 603.448.1562. 

• CQA Personnel: CQA Personnel for the raise will consist of a CQA Project Director, a CQA 
Field Manager, CQA Field Monitors, and a CQA Document Controller. The CQA Project 
Director and CQA Field Manager, CQA Field Monitors and CQA Document Controller are 
employees of URS. URS will be contracted by the Owner to provide the CQA personnel. CQA 
personnel qualifications and responsibilities are described in Section 3.0. 

• Laboratory: The Laboratory consists of the NANA/DOWL/Alaska Testlab (ATL) laboratory 
in Anchorage, the Owner’s on-site testing facility, URS’s on-site density/moisture gage, the 
soil and concrete testing lab provided by the Owner and the Contractor’s on-site tensiometer. 
The Laboratory is responsible for testing to confirm that the earthwork, geosynthetics and 
concrete materials used in the construction comply with the Specifications. Laboratory staff 
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qualifications and responsibilities are described in Section 3.0. 
• Surveyor:  The Surveyor will be selected by TCAK. The Surveyor will be responsible for 

construction surveying. The Surveyor will perform a pre-construction survey, confirm the raise 
stationing, set up the wing wall stationing, complete panel layouts of all liner, cutoff wall and 
wing wall components, prepare plans and profiles of the cutoff and curtain wall alignments and 
terminations, and prepare an as-built topographic survey of the tailings dam. 
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3.0 CQA PERSONNEL AND RESPONSIBILITIES 

The CQA Project Director is responsible for the provision of CQA services for construction of the future 
raises to closure. General responsibilities are as follows. 

• CQA Project Director - The CQA Project Director is a registered professional engineer (PE) in 
Alaska who is familiar with the dam design, tailings operations and dam site geotechnical 
conditions. The CQA Project Director is responsible for CQA program activities on behalf of 
the CM. The CQA Project Director will review site activities including daily field reports and 
laboratory test results, approve the cutoff wall and wing wall termination depths in 
collaboration with the Engineer, address any deficiencies that are encountered and design 
modifications that are requested, and visit the site if needed during construction.  

• CQA Field Manager - The CQA Field Manager is the on-site representative of the CQA 
Project Director. The CQA Field Manager will have experience on large earthwork 
construction and liner installation projects, with detailed geotechnical logging of soil, rock and 
ice lenses exposed in excavations, arctic conditions of permafrost and ice-rich soils and rock, 
and dam site geotechnical conditions. The CQA Field Manager will liaison with the CM and 
Contractor, and supervise the CQA Field Monitors. The CQA Field Manager will report 
administratively to the CM and technically to the CQA Project Director.   

• CQA Field Monitors - The CQA Field Monitors will assist the CQA Field Manager by 
monitoring and documenting the Contractor activities and completing the required QA testing. 
CQA personnel will be contracted by the CM and must have appropriate experience on large 
earthwork construction and liner installation projects in arctic conditions of permafrost and ice-
rich soils and rock. 

• CQA Document Controller – The CQA Document Controller will assist the CQA Project 
Director and CQA Field Manager in producing, tracking and filing all documents associated 
with pre-construction, construction and post-construction activities. The CQA Document 
Controller will file all documents electronically and in hard-copy. This includes but is not 
limited to tracking and filing the following: 

• Pre-construction: CQA Plan, construction drawings and specifications, project schedules, 
internal and external communications. 

o Pre-construction: CQA Plan, construction drawings and specifications, project 
schedules, internal and external communications. 

o Construction:  Construction documentation including daily and weekly reports, photos, 
field and laboratory test results. 

o Post-construction:  Construction Completion Report, Contractor field documentation 
and construction report, as-built drawings, and internal and external communications. 

• Laboratory Personnel - Soil test staff will be experienced in soil testing and familiar with 
American Society for Testing and Materials (ASTM), U.S. Army Corps of Engineers (COE) 
and other applicable test standards. Soil test staff will also be experienced in the transport, use, 
and maintenance of the density/moisture gage. Tensiometer operators will be experienced in 
geosynthetic testing and familiar with ASTM, Federal Test Method Standards (FTMS), 
National Sanitation Foundation (NSF) and other applicable test standards.  

Specific functions and responsibilities of these personnel are presented in the following sections. 
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3.1 CQA PROJECT DIRECTOR 

The CQA Project Director is a registered professional engineer in Alaska who is in direct charge of the 
CQA program and is responsible for certifying the work.  In particular, the CQA Project Director will: 

• Review the Geotechnical Report, Drawings, Specifications, CQA Plan and Design 
Modifications, check for consistency between them, and review materials referenced therein.  

• Review comments received from the State of Alaska Department of Natural Resources 
(ADNR) Dam Safety and Construction Unit, and the TCAK and URS responses to these 
comments. 

• Ensure that project-specific comments and revisions are incorporated into the Drawings, 
Specifications and CQA Plan, in collaboration with the CM and the Engineer. 

• Administer the CQA program, including briefing the CQA Field Manager, supervising on-site 
CQA personnel, communicating daily regarding construction progress with the CQA Field 
Manager and communicating with the CQA Document Controller to assure a complete 
construction file is maintained. 

• Review daily and weekly reports immediately upon receipt, review and interpret laboratory test 
data, and review excavation and construction photographs. 

• Review geotechnical logs of cutoff and wing wall excavations with the Engineer, and direct the 
CQA Field Manager in determining the final excavation depth to competent bedrock.  

• Review Contractor submittals forwarded by the CM and CQA Field Manager, collaborate with 
the Engineer as needed, and respond to the submittals in a timely manner. 

• Be on-call during all construction activities and attend site meetings and conference calls as 
requested by the Owner and CM. 

• Review changes to the Drawings and Specifications necessitated by differing field conditions, 
material availability, constructability constraints, remote site constraints, and adverse weather. 

• After collaboration with the Engineer, provide “Design Modifications” to the Owner and CM 
on any changes to the Drawings and Specifications that are required. 

• Prepare, with the CQA Field Manager, Engineer, and CQA Document Controller the final 
CQA Report and the Construction Completion Report (Certificate) of the Engineer. 

A critical part of the CQA Project Director’s responsibilities is to ensure that the cutoff and wing wall 
excavations and installations are completed to the depths and quality necessary to ensure that a barrier is 
installed in accordance with the design intent of minimizing seepage out of the tailings impoundment.  

To achieve this critical responsibility, the CQA Project Director will regularly communicate with the 
CQA Field Manager and Engineer, and review the geotechnical logs and digital photographs that will be 
taken by the CQA Field Manager and transmitted electronically as described in Section 3.2.  

If additional direction is needed to ensure that the cutoff and wing wall design intent is met, the CQA 
Project Director or a qualified alternate will visit the site during the critical parts of the excavation. 
3.2 CQA FIELD MANAGER  

The CQA Field Manager is the on-site CQA representative. The CQA Field Manager will: 
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• Serve as the on-site CQA representative reporting to the CQA Project Director, and supervise 
other on-site CQA personnel. 

• Review the quality of the materials, status of the Laboratory and batch plant, and qualifications 
of CQA personnel for conformance with the Specifications. 

• Review the Drawings, Specifications, CQA Plan and geotechnical data for the site, and ensure 
that CQA personnel are informed of the requirements of the work. 

• Attend any relevant Pre-construction and site Progress Meetings and any CQA-specific 
meetings needed to review the installation and CQA activities, and prepare meeting notes. 

• Assign the daily responsibilities of CQA personnel, to ensure that relevant activities of the 
Contractor are monitored and documented. 

• Ensure that materials are classified as they are excavated either into soil types to be stockpiled 
for use as construction fill, or into unsuitable materials that require disposal.    

• Inspect and photograph excavated materials on a representative basis as they are removed from 
the cutoff wall and curtain wall excavations. 

• Ensure that geotechnical logs and photographs are taken of cutoff and wing wall excavations, 
with particular attention to ice content, blasted rock and fractured rock. 

• Ensure that cutoff and wing wall excavations continue through ice-rich soils, blasted rock and 
fractured rock, and are terminated in competent bedrock in accordance with the Specifications. 

• Inspect the sides and bottom of the curtain wall excavation from the top of the excavation using 
binoculars and a flashlight.  

• Review daily reports prepared by CQA personnel, prepare daily field reports at the end of each 
work day, and prepare weekly summary reports at the end of each week. 

• Communicates with the CQA Document Controller to ensure complete filing of all 
construction documentation.  

• Submit all daily and weekly reports and digital photographs electronically to the CM and CQA 
Project Director as soon as the reports are completed and the photos are cataloged and labeled.  

• Collect and review all documentation provided by the Manufacturers, Contractor, Surveyor and 
CQA Field Monitors. 

• Document and forward conformance samples to the Laboratory as appropriate, and review 
results for conformance and acceptability. 

• Record on-site activities that could result in damage to existing embankment, the existing liner 
and cutoff systems, and Owner property and facilities. 

• Designate an on-site CQA person to act on behalf of the CQA Field Manager whenever the 
CQA Field Manager is off the site upon approval of the Owner, to ensure continuity during 
operations. 

• Prepare, with the CQA Project Director, Engineer and CQA Document Controller the final 
CQA Report and Construction Completion Report (Certificate) of the Engineer. 

The CQA Field Manager will report verbally and with daily and weekly reports, to the CM and CQA 
Project Director to ensure that any problems are addressed as soon as they occur, and that any potential 
problems are identified on a timely basis and acted on.  
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To approve the cutoff and wing wall excavations, and inspect the geosynthetic and concrete material 
installations in these excavations, the CQA Field Manager will walk the excavations along the bottom of 
the upper sloped sections safely back from the vertical sections, but will not enter the vertical sections.  

Geotechnical logging of vertical sections will be completed by inspecting representative bucket of 
material as it is excavated, and inspecting vertical sides and bottoms with the aid of binoculars, flashlights 
and digital photography to the extent possible with respect to safety.  

The CQA Field Manager will transmit the geotechnical logs and digital photos electronically to the CQA 
Project Director before the final depth of each excavation is approved.  

3.3 CQA FIELD MONITORS  

A sufficient number of CQA Field Monitors are required on site to ensure that the Contractor activities 
are adequately monitored and documented. The CQA Field Manager may serve as a CQA Field Monitor 
while supervising other CQA personnel. Activities to be monitored and duties to be carried out include: 

• Monitor geosynthetic material logistics, including the handling, storage and protection of the 
materials prior to deployment; 

• Examine all soils for use as components of the dam raise, and collection of samples for 
laboratory testing to verify conformance with the Specifications; 

• Monitor deployment of all geosynthetic materials for damage or flaws, marking any such areas 
for repair, and documenting the location, size, time, and date of these activities; 

• Monitor and document the seaming and joining of all geosynthetic materials, and take 
captioned photographs of all installed liner panels, which shall be included in the final CQA 
Report; 

• Walk over all completed geosynthetic areas before they are covered to ensure that all welds 
have been tested, and flaws and damage have been identified, repaired, tested and passed.  

• Monitor and conduct in situ and laboratory testing of all soils used to ensure that specified 
materials are used, placed and compacted in accordance with the specifications. 

• Monitor and document batch plant operations to ensure that grout and CDF materials are 
produced in aggregate, cement and water proportions in accordance with the Specifications.  

• Note and document any activities that could result in damage to the liner, cutoff and wing wall 
systems, and report to the CQA Field Manager so that corrective action can be taken. 

• Monitor and document all excavation, geosynthetic material placement, concrete material 
placement, and trench backfill to ensure conformance with the Specifications. 

• Communicate with the CQA Document Controller to ensure complete filing of all construction 
documentation. 

The CQA Field Monitors shall assist the CQA Field Manager as needed during the cutoff and wing wall 
excavations to facilitate the geotechnical logging described in Section 3.2.   
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4.0 MEETINGS AND SITE VISITS 

Meetings of all parties involved with construction of the Future Raises to Closure are required at various 
times during the project, as required by the CM, to establish work schedules, resolve problems, mitigate 
potential problems, and maintain open communications. These are outlined in the following sections. 

4.1 PRE-CONSTRUCTION MEETING  

A Pre-construction Meeting will be held to introduce parties, confirm responsibilities, resolve any issues 
prior to the start of work, and clarify the CQA requirements. The CQA Plan shall be made available to all 
parties. In addition, the following points shall be discussed: 

• Contractor schedule, milestones, critical path items, work hours and shift logistics. 

• Assignment of responsibilities to each party. 

• Confirmation that sufficient personnel are provided to meet project requirements. 

• Timing and distribution of reports for both work schedules and CQA documentation.  

• Lines of authority, reporting and communication. 

• Confirmation of scope and items to be included in the pre-construction survey. 

• QC procedures and standards for earthwork, geosynthetic and concrete materials. 

• Testing logistics and frequency for earthwork, geosynthetics and concrete materials.  

• Methodology for review and acceptance of work between the CM and the Contractor. 

• Office space and computer network access for Contractor and CQA personnel  

• Coordination with ongoing tailings, dam, mill and mining operations, and other site activities. 

• Owner site safety procedures, behavior requirements, and site accessibility. 

• Time and place of the progress meetings. 

Either as part of the Pre-construction Meeting or separately, additional topics pertinent to the CQA 
program will be discussed and agreed upon by the CM and Contractor, including the following: 

• Site walk to confirm the status of the crest of the previous stage, right abutment area, quarry and 
borrow areas, batch plant, crusher and geosynthetic material storage locations. 

• Specific methods of deployment to be used for the geosynthetic materials and operations of the 
batch plant. 

• Review of repair procedures required for different types of flaws or damage, and requirements for 
welding, testing, monitoring, and documenting repairs. 
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• Review of precautions needed to protect the subgrade from deterioration due to placement of 
geosynthetics, and exposure to weather conditions prior to placement of the cover materials. 

• Identification of equipment laydown areas, maintenance and repair facilities, roads available for 
Contractor use, and any areas that are out of bounds to construction personnel.  

This meeting shall be documented by the CQA personnel and maintained in the project documents. 

4.2 PROGRESS MEETINGS AND REPORTS 

The CM shall conduct regularly scheduled Progress Meetings, at a frequency to be determined by the 
CM, to review the following: 

• Work progress with respect to schedule; 

• Actual and potential problems, and 

• Measures to resolve problems related to the CQA program.  

These meetings shall be documented and the decisions reached passed on to all affected parties. The 
frequency of periodic meetings may be extended by the Owner, if considered warranted by the CM, based 
on the performance of the Contractor. 

The time and place of the first Progress Meeting shall be determined during the Pre-construction Meeting. 
During each Progress Meeting, the time and place of the next Progress Meeting shall be confirmed. These 
meetings shall be designated as Progress Meeting No. 1, Progress Meeting No. 2, etc.  

The CM shall ensure that Daily Progress Reports are prepared that document the Contractor activities for 
each day worked, and that Weekly Summary Reports are prepared that outline progress, problems, and 
resolutions. Areas of concern and potential problems will be identified and addressed at the next Progress 
Meeting, unless it is of sufficient importance or urgency as to warrant an ad hoc meeting. 

4.3 SITE VISITS  

The CQA Project Director may conduct periodic site visits to ensure that outstanding issues are resolved 
on a timely basis, and review the progress and methods of construction. Site visits will be made in 
coordination with the CM if problems arise that either cannot be easily resolved or may impact the design, 
and to review aspects of the project that are critical to the performance of the design. 

The State Dam Safety Engineer and other State representatives and consultants may conduct site visits 
and inspect the construction activities. These site visits will be coordinated through the CM. 
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5.0 EARTHWORK CQA 

Prior to the start of Contractor’s future raises to closure construction activities, the Owner will complete 
site preparation activities including any associated grading and earthwork.     

5.1 PROJECT PLANNING & SCHEDULE DEVELOPMENT 

Prior to commencing construction of any future raise, the Contractor, CM and CQA Field Manager will 
develop a pre-construction plan and schedule.  This plan should include an estimated timeline for all 
excavation, backfill, placement, compaction and grading for each soil type. It should also include an 
estimated timeline for liner deployment and welding. 

Items to be considered while developing this plan also include complicating factors such as: 

• Sub-freezing temperatures and how they would affect soil conditions for excavation 
and backfill and concrete pouring conditions. 

• Availability of personnel and equipment on site including excavators, haul trucks, 
man-lifts, loaders, dozers, pumps (dewatering), etc. 

• The need for specialty equipment (ice and rock excavation) that would require 
additional planning for acquisition or barge transport to the site. 

• Material testing equipment for getting time-sensitive test results for soil and concrete. 

5.2 SOURCE QUALITY CONTROL  

5.2.1 Soils Source Selection 

All soil types used in the future raises to closure raise shall be selected in accordance with the 
Specifications and require the classification and approval of the CQA Field Manager. The CM with 
support from the CQA Project Director will be responsible for identifying material sources, ensuring 
adequate supply, conducting source quality control tests, and making the necessary materials available to 
the Contractor.   

Prior to beginning any earthwork, the CM and CQA Field Manager work together to ensure that the 
following source quality control tests have been completed and results documented in the project files: 

• EPA Toxicity standard test to facilitate classification of mineralized and non-mineralized soils.   

• Moisture-density characteristics in accordance with ASTM D1557. 

• Gradation, index and classification tests. 

• Permeability tests on CDF. 
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The CQA Field Manager shall review the test results, identify the “mineralized” and non-mineralized” 
soil sources prior to any earthwork construction, and ensure that the identified materials conform to the 
Specifications. 

5.2.2 Reuse of Excavated Material 

Soil and rock materials excavated during construction can either be used in the construction or disposed. 
The CQA Field Manager shall determine the suitability of excavated material for reuse in the 
construction. All material identified as non-suitable for reuse shall be classified as “waste”.  

The CQA Field Manager or his or her designator shall identify and plan any laboratory soil testing on the 
excavated material that may be considered necessary to assist in the classification process. The laboratory 
testing could include: 

• Toxicity based on EPA standards for classifying mineralized and non-mineralized soils.   

• Moisture density characteristics in accordance with ASTM D1557. 

• Gradation, index and classification tests. 

Based on the laboratory test results and field observations on the materials identified as suitable for reuse, 
CQA Field Manager shall: 

• Classify in accordance with the Unified Soil Classification System (USCS).  

• Record the degree of weathering. 

• Record the percent ice by volume in accordance with the Description and Classification of Frozen 
Soils. 

Based on the above, CQA Field Manager or his or her designator shall further classify the suitable 
excavated materials for reuse in construction into one of the soil Types defined in the Specifications. 

5.3 EXCAVATION 

The Contractor is required to complete the earthwork activities to the lines and grades specified in the 
Plans and Specifications. However, the bottom elevations of the cutoff and wing wall excavations shown 
on the Drawings may change because they are based on interpolations between geotechnical borings and 
engineering interpretations.   

The CQA Field Manager in consultation with the Engineer will determine the bottom elevations of the 
cutoff trench, cutoff wall, and wing wall trench. The top of the wing wall trench and the bench elevation 
may be adjusted by the Contractor with the CQA Field Manager’s approval to suit the excavation 
equipment and the geology encountered. 

The Contractor is required to complete the excavation in accordance with the Drawings and 
Specifications. The CQA Field Manager shall observe, review, and approve the final depth of the 
excavations for the cutoff trench, cutoff wall, and wing wall.  During the excavation work, the Contractor 
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is required to plan his or her activities to facilitate the CQA Field Manager’s observation, classification, 
and logging activities by: 

• Showing representative buckets of excavated material to the CQA Field Manager or his or her 
designator and spreading material in temporary piles for the CQA Field Manager’s inspection and 
characterization. 

• Maintaining the size of the temporary piles to facilitate access of the CQA Field Manager or 
designator to the entire material from representative buckets of excavated material.   

• Moving the inspected material to temporary holding stockpiles for further classification or to a 
material stockpile according to the classification assigned by the CQA Field Manager or 
designator. 

• Obtaining approval of all subgrades from the CQA Field Manager prior to terminating the 
excavation.  

During excavation, the CQA Field Manager or his or her designator shall observe the excavated material 
and subgrade conditions and perform the following activities: 

• Observe the excavation to document that exposed bedrock contains less than the specified ice by 
volume in areas shown on the Drawings as foundation, cutoff trench and wing wall excavations.  

• Observe the soil types during excavation, and record the depth and location of changes in soil 
type, as well as any other pertinent geologic information on a geologic map.   

• Notify the Owner and CM immediately if changed or unexpected geologic conditions are 
encountered. 

• Classify all excavated materials according to material type as described in the Specifications and 
in accordance with the Unified Soil Classification System (USCS). 

• Classify all materials with respect to the degree of weathering and percent ice by volume, in 
accordance with the Description and Classification of Frozen Soils. 

• Identify excavated materials not suitable for reuse and classify them as “waste”.  Ensure that the 
Contractor stockpiles “waste” materials in a separate stockpile for removal from site. 

• Inspect and photograph excavated materials as they are removed from the cutoff wall and curtain 
wall excavations. 

• Complete geotechnical logs and take photographs of cutoff and wing wall excavations, with 
particular attention to ice content, blasted rock, and fractured rock. 

• Ensure that cutoff and wing wall excavations continue through ice-rich soils, blasted rock and 
fractured rock, and are terminated in competent bedrock in accordance with the Specifications. 

• Inspect the sides and bottom of the curtain wall excavation from the top of the excavation using 
binoculars and a flashlight when necessary.  

• Direct the Contractor to suitable areas for stockpiling excavated materials acceptable for use in 
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construction and classifying them into soil types and mineralized and non-mineralized types.  

• Ensure that the Surveyor completes the survey of the bottom of the excavated surface prior to 
backfilling.   

• Review the Contractor’s work and confirm that depths and slopes of excavations, ramps, 
trenches, ditches, roads, and other pertinent features meet design requirements.  

• Determine final acceptable depth of excavation of the cutoff trench, cutoff wall trench and wing 
wall trench  

The CQA Field Manager and CQA Field Monitors shall record all observations on daily field monitoring 
report forms, including drawings and geologic maps as appropriate. 

5.4 SOILS PURCHASE, DELIVERY, STORAGE AND HANDLING 

5.4.1 Purchase Responsibility 

The CM with the aid of the CQA Field Manager shall identify material sources, ensure adequate supply, 
conduct source quality control tests, and make the necessary materials available to the Contractor. The 
CM shall also ensure that the CQA Field Manager has approved the material sources and types, prior to 
beginning any earthwork. 

5.4.2 Product Delivery, Storage and Handling 

The Contractor is required to obtain materials from stockpiles at the material sources within the mine 
area, and to transport these materials to the construction site. The CQA Field Manager shall: 

• Inspect, characterize, and classify the materials into “mineralized” and “non-mineralized” soils, 
and into one of the soil types defined in the Specifications. 

• Direct the Contractor to suitable areas for stockpiling.  

• Ensure that the Contractor stores the materials in separate stockpiles as follows: 

♦ mineralized  

♦ non-mineralized  

♦ each soil type 

♦ waste 

The Contractor is required to remove all waste material and dispose of it at locations identified by the 
CM.   

5.5 PLACEMENT AND COMPACTION 

The Contractor will complete the placement and compaction for the earthwork activities in accordance 
with the Drawings and Specifications. In order to ensure conformance to the Specifications, the CQA 
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Field Manager or his or her designator shall perform the following activities during placement of the 
different soil Types: 

• Prior to the placement of each soil Type, verify that the subgrade has been prepared (scarified, 
moisture-conditioned, and compacted) in accordance with the Specifications. 

• Review the soil testing data to verify that materials conform to the Specifications. 

• Visually observe soils for contamination with debris or deleterious material, and inclusion of ice 
and snow. 

• Conduct visual observations and tests to confirm that placed material meets the Specifications, 
including lift thickness, gradation, percent compaction, and in-place density and moisture.  

• Verify that final lines and grades conform to design requirements and that minimum thicknesses 
have been achieved prior to placing overlying layers 

• Where soils are placed over geosynthetics, observe the soils placement to confirm minimum 
thickness under equipment to prevent damage to the underlying geosynthetic materials.  

• Visually observe to detect any damage to underlying geosynthetic materials, if present. 

• Monitor the confirmation surveying performed by the Surveyor. Evaluate, determine, and modify 
the extent of the confirmation surveying. 

• Monitor and inspect all soil placement and compaction to verify compliance with the 
Specifications, especially above the geosynthetic components to avoid damage to them. 

If in situ testing indicates that moisture contents or densities are outside the Specification limits, the 
failing area shall be reworked or removed and replaced. These areas shall be retested and the repair 
process repeated as necessary until passing results are achieved.   

Observations shall be recorded on daily field monitoring report forms, drawings, and test data forms. 

5.6 SOIL TESTING 

5.6.1 Laboratory Soil Testing 

Laboratory testing of soils to be used in the future raises to closure raise shall be carried out for purposes 
of soils classification, acceptance, and QA during construction. All testing shall be in accordance with the 
associated ASTM standard or other procedure listed in the Specifications.  

All laboratory equipment shall be in current calibration, traceable to nationally recognized standards. The 
CQA Field Manager shall be given copies of calibration certificates for the project records. 

The CQA Field Manager or his or her designator shall be responsible for identifying and collecting 
samples for testing from materials removed from excavations or delivered to stockpiles. The CQA Field 
Monitors shall conduct the laboratory tests. The laboratory testing shall include: 

• Compaction tests:  
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♦ For Soil Types 4 and 8 at least three compaction tests in accordance with ASTM D1557, 
regardless of the quantity of materials placed and compacted. Appropriate soil correction 
factors shall be used. 

♦ For Soil Types 1, 3, and 7, the compaction criteria are established from a test fill (in lieu of 
laboratory tests) to specify the equipment, lift thickness and number of passes. 

• Gradation, index and classification tests. 

Prior to use in construction, the CM and CQA Field Manager shall evaluate test results, and the CQA 
Project Director shall have final approval authority of soil use in construction.  

The CQA Field Manager shall identify and require any additional laboratory testing during construction 
that may be necessary to ensure that the materials do not vary significantly within each soil type, or 
adversely during the course of the work, and that the materials consistently meet the Specifications.   

5.6.2 Field Soil Testing 

The CQA Field Monitors shall provide in situ testing of the soils after placement and compaction of each 
layer, to determine their compacted properties and verify conformance with the Specifications. The 
Contractor is required to seek and obtain the CQA Field Manager’s approval for each layer of subgrade 
and fill prior to placing subsequent layers of materials. 

For Soil Types 4 and 8, the in situ soil testing shall be carried out using a nuclear moisture-density gauge 
and the dry density and moisture content determined in the field. The CQA Field Manager or his or her 
designator shall verify conformance with the Specifications using the results of the in situ testing and the 
results of the laboratory compaction tests. The in situ test frequency shall be as necessary for approval by 
the CQA Project Director.  

For Soil Types 1, 2, 3, 7 and 9 the Contractor is required to place the first quantity of these materials as 
test fills and demonstrate the compaction equipment, lift thickness, and approach to the CQA Field 
Manager prior to further placement of these materials. The CQA Field Manager may require that the 
Contractor build a test fill to demonstrate the compaction approach using Soil Types 4 and 8 as well.  

Based on the test fill demonstration by the Contractor, the CQA Field Manager or his or her designator 
will establish the lift thickness, equipment and minimum number of passes for each soil type. The 
Contractor is required to adhere to these compaction criteria.   

If the CQA Field Manager or CQA Field Monitors observe a change in either the characteristics of a soil 
type or the method of compaction, the CQA Field Manager shall require a new test fill and revise the 
compaction criteria. The CQA Field Manager shall not approve any change in the established compaction 
criteria without a new test fill evaluation.   
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6.0 GEOMEMBRANE CQA 

This Section presents information regarding CQA for the High Density Polyethylene (HDPE) 
geomembrane. The geomembrane will be a HDPE resin manufactured in 100-mil thick sheets and 
delivered to the site in rolls.  This geomembrane will function as the barrier part of the liner system.  

6.1 MANUFACTURE 

6.1.1 Manufacturer Qualifications 

The CM shall select a geomembrane Manufacturer, that is a commercial entity normally engaged in the 
manufacture of geomembranes for waste containment. The Manufacturer shall have the following: 

• At least 5 years continuous experience in manufacturing the specified type of geomembrane 

• Manufactured at least 10 million square feet of geomembrane for at least 10 complete facilities 

• Satisfaction of all appropriate trade certifications. 

6.1.2 HDPE Geomembrane Resin 

The geomembrane resin shall be new HDPE of first quality, compounded and manufactured specifically 
for producing HDPE geomembrane. Recycled materials or seconds shall not be used. Resin types shall 
not be mixed during manufacturing. The resin shall meet the requirements in Table 6-1. 

Table 6-1  Geomembrane Resin Requirements 

Physical Characteristic Units Test Method Requirement 

Density (min.) g/cm3 ASTM D1505 0.932 

Melt Index g/10 min ASTM D1238 
Condition 190/2.16 

≤ 1.0 

 

6.1.3 HDPE Geomembrane 

The geomembrane shall be manufactured from HDPE resin, in 100-mil thick sheets and conform to the 
physical requirements in Table 6-2. The Manufacturer shall use materials produced in North America or 
as accepted by the CM. The Manufacturer shall identify percentage of processing aids, antioxidants, 
carbon black, and other additives. The geomembrane shall also meet the following requirements: 

• Additives other than carbon black or pigment shall not exceed a combined maximum total of 1% 
by weight; 

• Carbon black content shall not exceed 3% by weight, 
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• The total combined processing aids, antioxidants, carbon and other additives shall not exceed 
3.5% by weight of finished geomembrane, 

• All additives for UV protection, thermal stability, color, or processing agents shall not "bloom" to 
the surface over time or inhibit welding, 

• Finished product shall be free of blemishes, holes, pin holes, bubbles, blisters, excessive gels, 
undispersed resins, and carbon black, contamination by foreign matter, and nicks or cuts on 
edges, 

• Manufactured geomembrane sheets or panels shall be rolled for shipment, and 

• Geomembrane delivered to the site shall come from a maximum of two lots. 

Table 6-2  Properties and Quality Control Tests for HDPE Geomembrane 

Physical Characteristic Qualifier Units Test Method Min 
Frequency Requirement 

Sheet Thickness 
(nominal) 

min. avg. 
value mil ASTM D5199 5 per roll 100 

 
lowest 

individual 
reading 

- -  90 

Top and Bottom 
Surfaces 

min. avg. 
value mil Textured 10 Top and Bottom 

Surfaces 

Specific Gravity (Sheet) 
lowest 

individual 
reading 

- ASTM D1505 See Note 1 0.94 

Tensile Properties    
(each direction)   ASTM D6693 

(Type IV) See Note 2  

Strength at Yield min. avg. 
value lb/in ASTM D6693 See Note 2 210 

Elongation at Yield min. avg. 
value % ASTM D6693 See Note 2 12 

Strength at Break min. avg. 
value lb/in ASTM D6693 See Note 2 380 

Elongation at Break min. avg. 
value % ASTM D6693 See Note 2 700 

Tear Resistance min. avg. 
value lb ASTM D1004 See Note 2 70 
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Table 6-2  Properties and Quality Control Tests for HDPE Geomembrane 

Physical Characteristic Qualifier Units Test Method Min 
Frequency Requirement 

Puncture Resistance min. avg. 
value lb ASTM D4833 See Note 2 180 

Carbon Black Content Range % ASTM D1603 or 
D4218 See Note 2 2-3 

Carbon Black Dispersion min. 8 of 10 category ASTM D5596 See Note 2 Category 1 or 2 

Oxidation Induction 
Time 

min. avg. 
value minutes ASTM D3895 or 

D5885 See Note 2 100 

UV Resistance min. avg. 
value 

% 
retained 

after 
1,600 
hours 

GM11 and ASTM 
D5885 See Note 2 50 

Notes:  1. Either 1 per 100,000 sf of sheet, or 1 per resin batch, whichever results in the greatest number of tests   
       2. One test per resin batch on typical sheet and seam. 

 

6.1.4 Extrudate Rod or Bead 

Extrudate rod or bead shall meet the following requirements: 

• Manufactured from the same resin as the geomembrane; 

• Contain thoroughly dispersed additives throughout the rod or bead; 

• Contain 2 to 3 percent carbon black; and 

• Free of contamination by moisture or any other foreign matter. 

6.2 SOURCE QUALITY CONTROL   

6.2.1 Quality Control Tests and Certification 

The Manufacturer shall perform source QC testing on the geomembrane at the manufacturing plant as 
indicated in Table 6-2. The objective of this testing shall be to confirm the Manufacturer published 
material characteristics and demonstrate the materials compliance with the specifications.   

The Manufacturer shall reject rolls for which QC requirements are not met, and shall certify the quality of 
all rolls of geomembrane shipped to the site. The physical property test results of the geomembrane shall 
be submitted to the CM prior to shipping in accordance with the frequency outlined in Table 6-2.  
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The CQA Project Director, in collaboration with the Engineer, shall review the documentation to check if 
the geomembrane conforms to the specifications.   

6.2.2 Labeling  

The Manufacturer shall mark or tag all geomembrane rolls with the following information: 

• Manufacturer’s name; 

• Product identification, 

• Lot number, 

• Roll number, 

• Roll dimensions, and 

• Special handling requirements. 

6.2.3 Warranty 

The Manufacturer shall provide a Manufacturer’s warranty for the geomembrane material. The warranty 
shall include a minimum 5-year warranty for the materials against deterioration. 

6.3 PURCHASE, DELIVERY, STORAGE AND HANDLING 

6.3.1 Purchase Responsibility 

The Owner will purchase the geomembrane from the Manufacturer (or Supplier) in sufficient quantity and 
store it at the mine site. The Manufacturer shall submit product data, QA/QC documents, and samples to 
the CM for the CQA Project Director’s approval prior to shipping. The CM shall ensure that the CQA 
Project Director has approved the products, prior to authorizing the shipment.   

6.3.2 Manufacturer QA/QC Documents 

The Manufacturer (or Supplier) shall submit the following product data to the CM and product samples 
directly to the Engineer, and wait for the CQA Project Director’s approval prior to shipping the 
geomembrane to the site:  

• Resin Data: 

♦ Production date or dates; 

♦ Certification that the resin meets the product requirements (see below), 

♦ Certification that all resin is from the same Manufacturer, 

♦ Copy of quality control certificates issued by the Manufacturer, 

♦ Test reports from the Manufacturer, and 
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♦ Statement that no reclaimed polymer was added to the resin during the manufacture. 

• Geomembrane Roll Data: 

♦ Production date or dates; 

♦ Laboratory test results and certification stating that the geomembrane meets requirements, 

♦ Certification stating that all geomembrane rolls are furnished by one supplier, 

♦ Certification that all rolls are manufactured from one resin type obtained from one supplier, 

♦ Copy of quality control certificates indicating compliance with the Specifications, 

♦ Test reports from the Manufacturer, 

♦ Statement that no reclaimed polymer is added to the resin, 

♦ List of percentages/total of processing aids, antioxidants, and other additives other than 
carbon black added to or in the resin, 

♦ Manufacturer recommended geomembrane delivery, storage, and handling instructions, 

♦ Manufacturer recommended geomembrane installation instructions, and 

♦ Sample warranties for review by the CM. 

• Extrudate Beads and/or Rod Data: 

♦ Statement of production date or dates; 

♦ Laboratory certification stating that the extrudate meets the product requirements, 

♦ Certification stating that all extrudate is manufactured by one Manufacturer, 

♦ Certification that resin is supplied from one supplier, 

♦ Copy of quality control certificates issued by the Manufacturer,  

♦ Test reports from the Manufacturer, and 

♦ Certification that the extrudate bead or rod resin is the same type, from the same 
Manufacturer, and compatible with the resin used to manufacture the geomembrane. 

The CQA Project Director and CQA Field Manager shall review the QC certificates and test results for 
conformance with the Specifications and that the materials on-site correspond to materials for which the 
documentation was prepared. Any discrepancies and non-conformance shall be reported to the CM, with 
details of the discrepancies and nature of the materials on-site. Any geomembrane that fails to meet the 
physical property requirements shall not be deployed.  
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6.3.3 Product Delivery, Storage and Handling 

Delivery, storage and handling of the geomembrane shall conform to ASTM D4873-02 and the 
Manufacturer’s recommendations. The Manufacturer shall label each roll with the lot number, roll 
number, and other information necessary to identify it for inventory and QC and CQA purposes. 

6.3.3.1 Delivery  

The Manufacturer shall deliver materials to a location to be determined by the CM only after the CM has 
accepted the required submittals from the Supplier. The CM acceptance shall be based on the CQA 
Project Director’s review findings. 

All geomembrane shall be delivered in rolls. Folded geomembrane shall be rejected. Upon receipt at the 
site, the CM shall inspect the surfaces of all rolls for defects and for damage. This inspection shall be 
made without unrolling rolls unless defects or damages are seen or suspected.  The CM will determine: 

• Rolls, or portions thereof, which should be rejected and removed from the site because they have 
severe flaws; 

• Rolls or factory panels which include repairable flaws, and 

• Rolls that are not properly labeled. 

No unlabelled rolls shall be used on the Future Raises to Closure raise, and shall be returned to the 
Manufacturer and replaced by labeled rolls.  

The CM will ensure that any damaged protective covering is repaired immediately, and that the integrity 
and legibility of geomembrane roll labels is preserved. 

6.3.3.2 Storage and Handling on Site 

Upon receipt of delivery, the CM will store the geomembrane on site. Upon the Contractor’s arrival on 
site, the Contractor shall inspect the geomembrane, inventory the materials, and accept responsibility for 
the future storage and handling of the materials.  

Storage of geomembrane rolls shall be subjected at all times to the following conditions: 

• Protect from puncture, dirt, grease, water, moisture, mud, mechanical abrasions, vandalism, 
excessive heat and cold, or any other deleterious condition; 

• Store on a prepared surface, and 

• Not stack more than three rolls high. 

Handling of the geomembrane rolls shall at all times be subject to the following conditions:  

• Use cloth chokers, spreader bars and roll bars to load, move and deploy rolls; 

• No dragging of rolls on the ground, and 
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• No folding of rolls. 

The CM and CQA Field Manager shall monitor all geomembrane handling operations and storage 
procedures to prevent damage to the materials.   

6.4 INSTALLATION 

6.4.1 Deployment 

The CQA Field Manager will continuously monitor and document the deployment of the geomembrane, 
document the time and location of material placement, note any damage to the materials, and record 
weather and subgrade conditions, to ensure compliance with the Specifications and the seam and 
geomembrane layout plan.    

For any damage to the materials, the Specifications define the repair method to be used. The Contractor 
will complete all repairs in accordance with the Specifications. 

6.4.2 Seaming 

All field seaming shall conform to the approved seam and geomembrane layout plan. Field welding 
operations must be completely monitored and documented by the CQA Field Manager to ensure 
conformance with the Specifications. Documentation shall include (at a minimum): 

• Record of trial welds including date, time, welder identification (ID), machine ID and settings, 
and test results;  

• Seam number, based on a seam numbering system agreed to by the CQA Field Manager and 
Contractor, 

• Date, time, welder ID, machine ID and settings for each weld, and 

• Ambient temperature. 

Before each day of liner welding, the Contractor will provide a three-foot long test weld by each welding 
machine. The test welds will undergo destructive weld tests in accordance with the Specifications. 

6.4.3 Nondestructive Seam Testing 

The purpose of nondestructive testing is to detect any discontinuities or holes that may exist in the welds, 
and indicate whether a seam has any unwelded sections. Nondestructive tests include:  

• Acoustic method – ultrasonic pulse echo;  

• Acoustic method – continuous wave resonant frequency, 

• Vacuum box, 

• Double seam pressurization, and 

• Spark testing.  
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The Contractor is required to perform nondestructive seam tests. Nondestructive testing must be 
performed over the entire length of all seams in accordance with the Specifications.   

The CQA Field Manager shall observe and document the testing to verify compliance with the 
Specifications, and shall record weld defects and repairs. Documentation will include the date, time, 
location, and pass or fail for each test.  

The CQA Field Manager will outline the failed areas with a waterproof marker compatible with the 
geomembrane, inform the Contractor of any required repairs, and record the repairs needed. 

6.4.4 Destructive Seam Testing 

Destructive seam tests will be performed at intervals of at least one test per 500 linear feet for 
geomembrane welds. The CQA Field Manager may reduce the testing frequency in accordance with GRI 
GM14.  Reasons for performing more tests may include, but are not limited to: 

• Wrinkling in seam area; 

• Excess crystallinity, 

• Suspect welding equipment or techniques, 

• Weld contamination, 

• Insufficient overlap, 

• Adverse weather conditions, 

• Possibility of moisture, dust, dirt, debris, and other foreign material in the weld, and 

• Failing tests. 

The CQA Field Manager will select locations where weld samples will be cut for destructive testing.  The 
locations will be selected so that at least one test per 500 linear feet of weld length is conducted. This is 
an average frequency for the entire installation; individual samples may be taken at different intervals. 
Vertical welding such as that conducted on the curtain wall will not be destructively tested; vertical welds 
will only undergo non-destructive testing. 

If the number of failed samples exceeds 2 percent of the tested samples, the testing frequency may be 
increased at the discretion of the Engineer. Samples taken as a result of failed tests do not count toward 
the total number of required tests. 

The CQA Field Manager shall not inform the Contractor in advance of destructive sample locations. The 
Contractor shall collect samples in accordance with the Specifications. The CQA Field Manager shall:  

• Observe the sample cutting operations;  

• Mark each sample with an identifying number that contains the seam number, destructive test 
number, welder, date, and time, and  
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• Record the sample location and reason for taking the sample. 

The CQA Field Manager shall observe the Contractor field tests. A geomembrane weld sample passes 
when the break is a ductile, film-tearing bond (FTB). The test strip must break at the edge of the weld, but 
not within the weld. The weld strength must meet the values listed in the Specifications. If a field test 
sample fails, the Contractor shall perform repairs in accordance with the Specifications. 

Two types of destructive tests shall be performed:  

• Peel adhesion (peel) that addresses weld quality, and 

• Bonded weld strength (shear) that measures the continuity of tensile strength through the weld 
and into the parent material.  

The destructive tests shall be conducted concurrent with the welding. The CQA Field Manager shall 
record the results on a destructive seam test form, panel/seam log, and liner layout plan. 

If the test fails in either peel or shear, the Contractor shall perform repairs as outlined in the 
Specifications. This process shall be repeated until passing tests bracket the failed weld section. All welds 
must be bounded by locations from which passing laboratory tests have been taken.   

6.4.5 Liner Anchor 

The CQA Field Manager shall monitor anchor trench backfilling to ensure that anchors are constructed in 
accordance with the Drawings and Specifications and the geomembrane is not damaged. 

6.4.6 Repairs 

Any geomembrane with a flaw, that fails a nondestructive or destructive test, where destructive tests were 
cut, or where nondestructive tests left cuts or holes, must be repaired in accordance with the 
Specifications. The CQA Field Manager shall locate, record, and monitor and document all repairs to 
ensure that they are completed in accordance with the Specifications. 
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7.0 GEOTEXTILE CQA 

This section presents information regarding CQA for two types of non-woven geotextile installations:   

• Type 1 - 10-oz/yd2 geotextile that will act as a filter to prevent filter drain material from 
migrating into the transition rock.  

• Type 2 - 16-oz/yd2 geotextile that will add shear strength to the slope and will act as a filter to 
prevent liner bedding material from migrating into the filter drain.  

7.1 MANUFACTURE 

7.1.1 Type 1 and Type 2 Geotextiles 

Type 1 and Type 2 geotextiles shall comprise a non-woven, pervious sheet of polyester, polypropylene, 
polyethylene, or polyamide fibers oriented into a stable network so that the fibers retain their relative 
position with respect to each other during handling, placement and service. They shall be composed of 
continuous or staple fibers held together through needle-punching, and made primarily from virgin 
materials with no more than 5 percent by weight of clean recycled polymer.  

The Type 1 and Type 2 geotextiles shall conform to the physical requirements in Table 7-1. 

Table 7-1  Physical Requirements (MARV) for Type 1 and Type 2 Geotextiles 

Physical Characteristic Unit Test Method Type 1 
Geotextile 

Type 2 
Geotextile 

Mass (Weight) per Area  oz./ yd2 ASTM D5261 10.0 16.0 

Grab Tensile Strength lb ASTM D4632 230 370 
Puncture Strength lb ASTM D4833 120 170 
Trapezoid Tearing Strength  lb ASTM D4533 95 145 

 

7.1.2 Source Quality Control  

The Manufacturer shall perform source QC testing on the geotextile at a minimum frequency of once 
every 100,000 square feet. The objective of this testing shall be to confirm the Manufacturer's published 
material characteristics and demonstrate the material’s compliance with the Specifications.   

The Manufacturer shall reject rolls for which the QC requirements are not met, and certify the quality of 
all rolls shipped to the site. The Manufacturer shall submit the results of the QC tests to the CM of all 
rolls of geotextile shipped to the site. This submittal shall be made prior to shipping the geotextile.  

The CQA Project Director, in collaboration with the Engineer, shall review the documentation to check if 
the geotextile conforms to the Specifications.  
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7.1.3 Labeling 

The Manufacturer shall mark or tag all geotextile rolls with the following information: 

• Manufacturer’s name; 

• Product identification, 

• Lot number, 

• Roll number, 

• Roll dimensions, and 

• Special handling requirements. 

7.2 PURCHASE, DELIVERY, STORAGE AND HANDLING 

7.2.1 Purchase Responsibility 

The Owner will purchase all geotextiles from Manufacturer (or Supplier) in sufficient quantity and store 
them at the mine site. The Manufacturer shall submit product data, QA/QC documents, and samples to the 
CM for the CQA Project Director’s approval prior to shipping. The CM shall ensure that the CQA Project 
Director has approved the products, prior to authorizing the shipment.   

7.2.2 Manufacturer QA/QC Documents 

The Manufacturer (or Supplier) shall submit the following product data to the CM and product samples 
directly to the Engineer, and wait for the CQA Project Director’s approval prior to shipping the geotextile 
to the site:  

• Geotextile Roll Data: 

♦ Written procedures for storing, handling, installing, repairing and welding geotextiles; 

♦ Manufacturer material specifications, product literature, and samples of all materials, 

♦ Manufacturer certifications for all furnished geotextiles, verifying that they have specified 
property values of Minimum Average Roll Values (MARV) for geotextiles furnished, and 

♦ Manufacturer's Source Quality Control testing results as required by Section 7.1.2. 

• Product Samples (directly to the CQA Field Manager): 

♦ Two samples of each type of geotextile supplied for the work, with each sample being one 
piece and at least 12 inches wide and 48 inches long, and  

♦ Label each sample with brand name and furnish documentation of the lot and roll number 
from which the sample was obtained. 
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The CQA Project Director and CQA Field Manager shall review all QC certificates and test results for 
conformance with the Specifications and to confirm that the materials on-site correspond to the materials 
for which the documentation was prepared. Any discrepancies and non-conformance shall be reported to 
the CM with details of the discrepancies and nature of the materials actually on-site. Any geotextile that 
fails to meet the physical property requirements shall be not deployed.  

7.2.3 Product Delivery, Storage and Handling 

Delivery, storage and handling of the geotextile shall conform to ASTM D4873-02 and the 
Manufacturer’s recommendations. The Manufacturer shall label each roll with the lot number, roll 
number, and other information necessary to identify it for inventory and QC and CQA purposes. 

7.2.3.1 Delivery  

The Manufacturer shall deliver materials to a location to be determined by the CM only after the CM has 
accepted the required submittals from the Supplier. The CM acceptance shall be based on the CQA 
Project Director’s review findings.  

All geotextile rolls shall be shipped in a closed trailer. Shipment shall be protected with suitable 
wrapping for protection against moisture and ultraviolet exposure. Upon delivery, the CM shall 
inspect the surfaces of all rolls for defects and for damage. This inspection shall be conducted without 
unrolling rolls unless defects or damages are found or suspected.  The CM will determine: 

• Any rolls or parts of rolls with severe flaws that should be rejected and removed from the site; 

• Any rolls or parts of rolls that contain flaws that can be repaired, and 

• Rolls that are not properly labeled. 

No unlabelled rolls shall be used on the future raises to closure, and shall be returned to the Manufacturer 
and replaced by labeled rolls.  

The CM will ensure that any damaged protective covering be repaired immediately, and that the integrity 
and legibility of geotextile roll labels are preserved. 

7.2.3.2 Storage and Handling on Site 

Upon receipt of delivery, the CM will store the geotextile on site. Upon the Contractor’s arrival on site, 
the Contractor shall inspect the geotextile in accordance with the Specifications, inventory the materials, 
and accept responsibility for the future storage and handling of the materials. At all times, the storage of 
geotextiles shall be subjected to the following conditions: 

• Protected from ultraviolet light exposure, precipitation, inundation, mud, dirt, dust, puncture, 
cutting, and other damaging or deleterious condition. 

• If stored outdoors: 

♦ Elevated off of the ground, and 
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♦ Protected and with waterproof covers. 

• Handled in a manner that prevents damage. 

The CM and CQA Field Manager shall monitor all geotextile handling operations and storage procedures 
to ensure damage prevention to the geotextile.   

7.3 GEOTEXTILE INSTALLATION 

7.3.1 Deployment 

The CQA Field Manager shall continuously monitor and document the deployment of the geotextile, 
document the time and location of material placement, note any damage to materials, and record weather 
and subgrade conditions to ensure conformance with the Specifications. 

For any damage to the materials, the Engineer shall prescribe the method of repair to be used, based on 
the nature and size of the problem. All repairs shall be performed in accordance with the Specifications. 

7.3.2 Installation 

The CQA Field Manager shall periodically monitor the geotextile installation operations for proper 
overlap and technique. Upon completion, the CQA Field Manager shall confirm that all geotextiles have 
been properly overlapped in accordance with the Specifications. 

7.3.3 Repairs 

Any damage or flaws to the geotextile shall be repaired in accordance with the specifications. The CQA 
Field Manager shall locate, record, and monitor and document all repairs to ensure that they are 
completed in accordance with the Specifications. 
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8.0 GEOSYNTHETIC CLAY LINER (GCL) CQA 

This Section presents information regarding CQA for the Geosynthetic Clay Liner (GCL). This GCL was 
originally designed to function as a hydraulic barrier at the seams between GSE CurtainWall panels and 
Geomembrane along the top of the panel, but was later removed from the design. However, it is included 
in this CQA plan in the event that it may be needed in another situation.      

8.1 MANUFACTURE 

The GCL is manufactured as a composite of a uniform layer of low permeability granular sodium 
bentonite encapsulated between two geotextiles. The composite shall be stabilized by needle punching 
through the top and bottom layers of geotextile. The GCL specified shall conform to the following 
requirements: 

• Bentonite in the GCL shall be sodium montmorillonite clay with a minimum free 
swell value of 20. 

• The GCL shall have a minimum bentonite weight of 0.75 lbs/feet2. 

• The GCL shall have a maximum hydraulic conductivity of 5 x 10-9 cm/sec under 
a gradient of 1.0. 

• The bentonite shall be stabilized by needle punching through the top and bottom 
geotextiles to enhance the internal shear strength of the GCL and to maintain its 
integrity under hydration. 

• The bentonite shall be continuously contained throughout the GCL and so that no 
displacement of the bentonite occurs when the material is unrolled, moved, cut, 
torn, or punctured. 

• The encapsulating geotextiles used in the GCL shall be non-woven, needle-
punched polypropylene with a minimum nominal weight of 6 oz/yd2

. 

• The minimum interface shear strength between the GCL and HDPE 
geomembrane in the final cover system shall have the following values: 

♦ Peak Strength:  

Friction Angle = 26 degrees  

Cohesion = 270 pounds per square foot (psf) 

♦ Residual Strength:  

Friction Angle = 18.4 degrees  

Cohesion = 0 psf 
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• Bentonite for installing the GCL shall be in powder or granular form, and shall 
be equivalent to the bentonite used in the manufacture of the GCL.   

• The GCL manufacturer shall include adequate accessory bentonite with the GCL 
shipment. 

The following product is considered to have acceptable interface shear strengths and other 
properties specified above and do not need not to be retested for the interface shear strength: 

• Bentofix Thermal Lock NWL. 

The Engineer may approve a substitute GCL after evaluating its properties with or without additional 
interface shear strength tests. Any additionally required tests shall comply with the following:   

• Comply with ASTM D5321-02 and the requirements of this paragraph; 

• Complete at least two shear tests for each interface,   

• Measure strengths for each test at three normal loads of 100, 300 and 500 psf, respectively, 

• Perform tests on 12-inch square samples and final shear displacement shall be 2 inches, 

• Perform tests under saturated conditions, 

• Allow GCLs to hydrate for at least 24 hours before testing under normal loads of at least 100 psf, 
and 

• Compact soil materials (if any) to the same condition as required for construction. 

The Engineer may accept other combinations of friction angle and adhesion which can be shown to 
provide comparable strength.  

8.1.1 Source Quality Control  

The Manufacturer shall perform source QC testing on the GCL to confirm the published material 
characteristics and demonstrate compliance with the Specifications. Testing shall be performed at least 
once per lot or once every 100,000 square feet, whichever results in the greater number of tests. 

The Manufacturer shall reject rolls for which the QC requirements are not met, and shall certify the 
quality and submit the results of the QC tests of all rolls shipped to the site. Each QC certificate shall 
include roll identification numbers and results of the QC tests.     

The GCL manufacturer shall examine the entire GCL surface using a metal detector or other suitable 
method to verify that no needles or other sharp objects are present. The manufacturer shall certify in 
writing that the GCL surfaces are needle-free. 

These submittals shall be made prior to shipping the GCL to the site to facilitate review and approval by 
the CQA Project Director and Engineer of the material to be shipped. The CM shall review the 
documentation to check if the GCL conforms to the requirements of the Specifications.  
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8.1.2 Labeling 

Manufacturer shall mark or tag each GCL roll with the following information: 

• Manufacturer name; 

• Product identification, 

• Lot number, 

• Roll number, 

• Roll dimensions, and 

• Special handling requirements. 

8.2 PURCHASE, DELIVERY, STORAGE AND HANDLING 

8.2.1 Purchase Responsibility 

The Owner will purchase all GCL from Manufacturer (or Supplier) in sufficient quantity and store it on 
the site. The Manufacturer shall submit product data, QA/QC documents, and samples for the CQA 
Project Director’s approval prior to shipping. The CM shall ensure that the CQA Project Director has 
approved the products, prior to authorizing the shipment.   

8.2.2 Manufacturer QA/QC Documents 

The Manufacturer (or Supplier) shall submit the following product data to the CM and product samples 
directly to the Engineer, and get the CQA Project Director’s approval prior to shipping the GCL to the 
site:  

• GCL Data: 

♦ Manufacturer’s written certification of the following: 

 The proposed GCL has material property values required by the Specifications. 

 The Manufacturer has continuously inspected the GCL for the presence of 
needles and found it to be needle-free. 

 Loose bentonite for the seaming consists of the same natural sodium bentonite as 
used in the GCL. 

 Bentonite will not shift during transportation or installation thereby causing thin 
spots in the body of the GCL. 

♦ Manufacturer source quality control testing results. 

♦ Written procedures for storing, handling, installing, repairing and seaming the GCL. 

• Product Samples (directly to the CQA Field Manager): 
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♦ Two samples of GCL that was manufactured for the project, with each sample being one 
piece and at least 12 inches square.  

♦ Label each sample with brand name and furnish documentation of the roll number from 
which the sample was obtained. 

The CQA Project Director and CQA Field Manager shall review all QC certificates and test results for 
conformance with the Specifications and that the materials on-site correspond to the materials for which 
the documentation was prepared. Any discrepancies and non-conformance shall be reported to the CM 
with details of the discrepancies and nature of the materials actually on-site. Any GCL that fails to meet 
the physical property requirements shall not be deployed.  

8.2.3 Product Delivery, Storage and Handling 

Delivery, storage and handling of the GCL shall conform to ASTM D4873-02 and the Manufacturer’s 
recommendations. The Manufacturer shall label each roll with the lot number, roll number, and other 
information necessary to identify it for inventory and QC and CQA purposes.   

8.2.3.1 Delivery  

Manufacturer shall deliver materials to a location to be determined by the CM only after the CM has 
accepted the required submittals from the Supplier. The CM acceptance shall be based on the CQA 
Project Director’s review findings. 

All GCL shall be supplied in rolls wrapped individually in impermeable and relatively opaque protective 
covers. Upon receipt at the site, the CM shall inspect the surfaces of all rolls for defects and for damage. 
This inspection shall be made without unrolling rolls unless defects or damages are seen or suspected.  
The CM will determine: 

• Any rolls or parts of rolls with severe flaws that should be rejected and removed from the site; 

• Any rolls or parts of rolls that contain flaws that can be repaired, and 

• Rolls that are not properly labeled. 

No unlabelled rolls shall be used on the Future Raises to Closure, and shall be returned to the 
Manufacturer and replaced by labeled rolls.  

The CM will ensure that any damaged protective covering be repaired immediately, and that the integrity 
and legibility of the GCL roll labels are preserved. 

8.2.3.2 Storage and Handling on Site 

Upon receipt of delivery, the CM will store the GCL on site. Upon the Contractor’s arrival at the site, the 
Contractor shall inspect the GCL, inventory the materials, and accept responsibility for storage and 
handling of material on site.  At all times, the storage of GCL shall be subjected to following conditions: 

• Protection from dirt, water, ultraviolet light exposure, vandalism, and other sources of damage. 
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The CM and CQA Field Manager shall monitor all GCL handling operations and storage procedures to 
ensure damage prevention to the GCL.   

8.3 GCL INSTALLATION 

8.3.1 Deployment 

The CQA Field Manager shall continuously monitor and document the deployment of the GCL, time and 
location of material placement, note any damage to the materials, and record weather and subgrade 
conditions, to ensure conformance with the Specifications and Manufacturer guidelines.  

For any damage to the materials, repairs shall be performed in accordance with the Specifications. 

8.3.2 Seaming 

The CQA Field Manager shall monitor the GCL seaming operations for proper overlap and technique. 
Upon completion, the CQA Field Manager shall confirm that all GCLs have been properly seamed in 
accordance with the Specifications. 

8.3.3 Repairs 

Any damage or flaws to the geotextile shall be repaired in accordance with the specifications. The CQA 
Field Manager shall locate, record, and monitor and document all repairs to ensure that they are 
completed in accordance with the Specifications. 
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9.0 CURTAIN WALL CQA  

This section presents information regarding CQA for the curtain wall constructed of GSE CurtainWall 
panels. GSE CurtainWall panels were used to construct the seepage cutoff wall extending from the right 
abutment to the south/southeast. It has not yet been determined whether the GSE CurtainWall panels will 
be used for future raises to closure extensions of the curtain wall; it has been included in this CQA plan in 
the event that it is used for seepage cutoff in future raises. 

The curtain wall will consist of vertical 100 mil thick HDPE geomembrane panels interlocked at each 
end. The curtain wall will function as the seepage barrier part of the wing wall extending to the southeast 
from the right abutment.   

9.1 MANUFACTURE 

9.1.1 Manufacturer Qualifications 

The CM will select a curtain wall Manufacturer based on the following guidelines: 

• At least 5 years of continuous experience in manufacturing geomembranes. 

• Experience with geomembrane vertical barrier system with seepage-proof end interlocks. 

• Manufactured at least 10 million square feet of geomembrane for at least 10 complete facilities.  

• Satisfaction of all appropriate trade certifications. 

9.1.2 HDPE Geomembrane Resin 

The geomembrane resin shall be new HDPE of first quality, compounded and manufactured specifically 
for producing HDPE geomembrane. Recycled materials or seconds shall not be used. Resin types shall 
not be mixed during manufacturing. The Geomembrane Resin shall meet the requirements in Table 9-1. 

Table 9-1 Geomembrane Resin Requirements 

Physical Characteristic Units Test Method Requirement 

Density (min.) g/cm3 ASTM D1505 0.932 

Melt Index g/10 min ASTM D1238 
Condition 190/2.16 

≤ 1.0 

 

9.1.3 Curtain Wall Panel  

The GSE CurtainWall shall consist of 100 mil thick HDPE geomembrane with HDPE interlocks attached 
to each vertical end of the panel.   
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The geomembrane shall be manufactured from HDPE resin, in 100-mil thick sheets and conform to the 
physical requirements in Table 9-2. The Manufacturer shall use materials produced in North America or 
as accepted by the CM. The Manufacturer shall identify the percentage of processing aids, antioxidants, 
carbon black, and other additives. The geomembrane shall also meet the following requirements: 

• Additives other than carbon black or pigment shall not exceed a combined maximum 
total of 1% by weight; 

• Carbon black content shall not exceed 3% by weight, 

• Total combined processing aids, antioxidants, carbon and other additives shall not exceed 
3.5% by weight of finished geomembrane, 

• All additives for UV protection, thermal stability, color, or processing agents must not 
"bloom" to the surface over time or inhibit welding, 

• Finished product shall be free of blemishes, holes, pin holes, bubbles, blisters, excessive 
gels, undispersed resins, and carbon black, contamination by foreign matter, and nicks or 
cuts on edges, and 

• Manufactured curtain wall sheets or panels shall be rolled for shipment. 

Table 9-2  Properties and Quality Control Tests for Geomembrane Panel of the Curtain Wall 

Physical Characteristic Qualifier Units Test Method Min 
Frequency Requirement 

Sheet Thickness 
(nominal) 

min. avg. 
value mil ASTM D5199 5 per roll 100 

 
lowest 

individual 
reading 

- -  90 

Top and Bottom 
Surfaces - - Smooth  Top and Bottom 

Surfaces 

Specific Gravity (Sheet) 
lowest 

individual 
reading 

- ASTM D1505 See Note 1 0.94 

Tensile Properties    
(each direction)   ASTM D6693 

(Type IV) See Note 2  

Strength at Yield min. avg. 
value lb/in ASTM D6693 See Note 2 210 

Elongation at Yield min. avg. 
value % ASTM D6693 See Note 2 12 
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Table 9-2  Properties and Quality Control Tests for Geomembrane Panel of the Curtain Wall 

Physical Characteristic Qualifier Units Test Method Min 
Frequency Requirement 

Strength at Break min. avg. 
value lb/in ASTM D6693 See Note 2 380 

Elongation at Break min. avg. 
value % ASTM D6693 See Note 2 700 

Tear Resistance min. avg. 
value lb ASTM D1004 See Note 2 70 

Puncture Resistance min. avg. 
value lb ASTM D4833 See Note 2 180 

Carbon Black Content Range % ASTM D1603 or 
D4218 See Note 2 2-3 

Carbon Black Dispersion minimum 8 of 
10 category ASTM D5596 See Note 2 Category 1 or 2 

Oxidation Induction 
Time 

min. avg. 
value minutes ASTM D3895 or 

D5885 See Note 2 100 

UV Resistance min. avg. 
value 

% 
retained 

after 
1,600 
hours 

GM11 and ASTM 
D5885 See Note 2 50 

Notes:  1. Either 1 per 100,000 sf of sheet, or 1 per resin batch, whichever results in the greatest number of tests   
       2. One test per resin batch on typical sheet and seam. 

 

9.1.4 Curtain Wall Interlock 

The curtain wall interlock shall consist of reversible HDPE Profile with multiple sealant chambers welded 
to the ends of adjacent panels. The tensile strength of the weld between the geomembrane and the 
interlock, and the tensile strength of the interlock shall both be stronger than the geomembrane panel. The 
interlocking section shall meet the following requirements: 

• Minimum tensile strength at yield for the interlocking section shall be at least 400 pounds per 
linear inch.   

• Shear strength of the wedge weld of geomembrane to interlock, or tensile strength of the 
connection, shall be at least 400 pounds per linear inch. 
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9.1.5 Hydrophilic Seal 

A hydrophilic gasket shall be used at the curtain wall interlock. The seal shall be a hydrophilic elastomer 
profile that is capable of swelling in water to at least five times its volume within 72 hours. The seal shall 
have a delayed coating to prevent swelling during installation. The delayed coating shall dissolve in 
contact with water and not prevent long-term swelling of the hydrophilic seal. 

9.2 SOURCE QUALITY CONTROL 

9.2.1 Quality Control Tests and Certification 

The Manufacturer shall perform source QC testing on the geomembrane at the manufacturing plant as 
indicated in Section 9.1.3 and Table 9-2. The objective of this testing shall be to confirm the 
Manufacturer published material characteristics and demonstrate the materials compliance with the 
specifications.   

Manufacturer’s tests shall demonstrate that the requirements specified in Sections 9.1.4 and 9.1.5 for 
Curtain Wall Interlock and the Hydrophilic Seal, respectively. The minimum testing frequency for source 
quality control tests shall be one test per every 500 lineal feet of joints. 

The Manufacturer shall reject rolls for which QC requirements are not met, and shall certify the quality of 
the rolls shipped to the site. The physical property test results of the geomembrane shall be submitted to 
the CM prior to shipping in accordance with the frequency outlined in Table 6-2.  

The CQA Project Director, in collaboration with the Engineer, shall review the documentation to check if 
the geomembrane conforms to the specifications.   

9.2.2 Labeling  

Manufacturer shall mark or tag all GSE CurtainWall panels with the following information: 

• Manufacturer’s name; 

• Product identification, 

• Lot number, 

• Roll number, 

• Roll dimensions, and 

• Special handling requirements. 

9.2.3 Warranty 

The Manufacturer shall provide a warranty for the curtain wall material. Manufacturer’s warranty shall 
include a minimum 5-year warranty for the materials against deterioration. 
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9.3 PURCHASE, DELIVERY, STORAGE AND HANDLING 

9.3.1 Purchase Responsibility 

The Owner will purchase the curtain walls from the Manufacturer (or Supplier) in sufficient quantity and 
store it at the mine site. The Manufacturer shall submit product data, QA/QC documents, and samples to 
the CM for the CQA Project Director’s approval prior to shipping. The CM shall ensure that the CQA 
Project Director has approved the products, prior to authorizing the shipment.   

9.3.2 Manufacturer QA/QC Documents 

The Manufacturer (or Supplier) shall submit the following product data to the CM and product samples 
directly to the Engineer, and wait for the CQA Project Director’s approval prior to shipping the curtain 
wall to the site:  

• Resin Data for geomembrane used in the curtain wall: 

♦ Production date or dates; 

♦ Certification that the resin meets the product requirements, 

♦ Certification that all resin is from the same Manufacturer, 

♦ Copy of quality control certificates issued by the Manufacturer, 

♦ Test reports from the Manufacturer, and 

♦ Statement that no reclaimed polymer is added to resin during manufacture of geomembrane.  

• Geomembrane used in the curtain wall: 

♦ Production date or dates; 

♦ Laboratory test results and certification that geomembrane used meets product requirements, 

♦ Certification that all geomembrane used is furnished by one supplier, 

♦ Certification that all rolls are manufactured from one resin type obtained from one supplier, 

♦ Copy of quality control certificates indicating compliance with the Specifications, 

♦ Test reports from the Manufacturer, 

♦ Statement that no reclaimed polymer is added to the resin, and 

♦ List of percentages/total of processing aids, antioxidants, and other additives other than 
carbon black added to or in the resin. 

• Hydrophilic Seal Data: 

♦ Production date or dates; 
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♦ Laboratory certification that the hydrophilic seal meets the product requirements, 

♦ Certification that all hydrophilic seal is furnished by one manufacturer and one supplier, 

♦ Copy of quality control certificates issued by the Manufacturer, 

♦ Test reports from the manufacturer, and 

♦ Certification that the hydrophilic seal is chemically resistance to the material that it will be in 
contact. 

• Curtain Wall Panels: 

♦ Manufacturer recommended curtain wall delivery, storage and handling instructions; 

♦ Manufacturer recommended curtain wall installation instructions, and 

♦ Sample Curtain Wall warranties for review by the CM. 

• Product Samples (directly to the CQA Field Manager): 

♦ Two sets of sample curtain wall to be supplied for the work, with each sample being at least 
6 inches wide and 2 inches long with interlock and hydrophilic seal. 

♦ One panel sample curtain wall to be supplied for the work, with the panel being at least 4 
feet wide and 4 feet long with interlock and hydrophilic seal. 

The CQA Project Director and CQA Field Manager shall review all QC certificates and test results for 
conformance with the Specifications and to confirm that the materials on-site correspond to the materials 
for which the documentation was prepared. Any discrepancies and non-conformance shall be reported to 
the CM with details of the discrepancies and nature of the materials actually on-site. Any geotextile that 
fails to meet the physical property requirements shall be not deployed.  

9.3.3 Product Delivery, Storage and Handling 

Delivery, storage and handling of the curtain wall shall conform to ASTM D4873-02 and the 
Manufacturer’s recommendations. The Manufacturer shall label each GSE CuratinWall panel with the 
geomembrane lot and panel number, the interlock and hydrophilic seal lot numbers, and other information 
necessary to identify it for inventory and QC and CQA purposes. 

9.3.3.1 Delivery  

The Manufacturer shall deliver materials to a location to be determined by the CM only after the CM has 
accepted the required submittals from the Supplier. The CM acceptance shall be based on the CQA 
Project Director’s review findings. 

Upon receipt of the panels on site, the CM shall inspect the surfaces of all panels for defects and for 
damage. This inspection shall be made without moving panels unless defects or damages are seen or 
suspected.  The CM will determine: 
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• Panels, or portions thereof, which should be rejected and removed from the site because they 
have severe flaws; 

• Panels which include repairable flaws, 

• Panels that are not properly labeled,  

Unlabeled panels will not be used and will be returned to the Manufacturer and replaced by labeled 
panels.  

The CM will ensure that any damaged protective covering is repaired immediately, and that the integrity 
and legibility of curtain panel labels are preserved. 

9.3.3.2 Storage and Handling on Site 

Upon receipt of delivery, the CM will store the curtain wall panels on site.  Upon the Contractor’s arrival 
on site, the Contractor shall inspect the curtain panels, inventory the materials, and accept responsibility 
for the future storage and handling of the materials.  

Storage of geomembrane panels shall be subjected at all times to the following conditions: 

• Protect from puncture, dirt, grease, water, moisture, mud, mechanical abrasions, vandalism, 
excessive heat and cold, or any other deleterious condition; 

• Store on a prepared surface, 

• Not stack more than three rolls or three flats high, and 

• Store hydrophilic seals in their original boxes in a dry location. 

Handling of the geomembrane panels shall at all times be subject to the following conditions:  

• Use cloth chokers, spreader bars and roll bars to load, move and deploy panels; 

• No dragging of rolls or flats on the ground, and 

• No folding of panels. 

The CM and CQA Field Manager shall monitor all curtain wall handling operations and storage 
procedures to prevent damage.   

9.4 GSE CURTAINWALL PANEL INSTALLATION 

9.4.1 Deployment 

The CQA Field Manager will continuously monitor and document the deployment of the GSE 
CurtainWall panels, document the time and location of material placement, note any damage to the 
materials, and record weather and subgrade conditions, to ensure compliance with the Specifications and 
GSE CurtainWall panel layout plan.    
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For any damage to the materials, the Specifications define the repair method to be used.  The Contractor 
will complete all repairs in accordance with the Specifications. 

9.4.2 Welding 

QA for field welding between the geomembrane and GSE CurtainWall panels shall conform to the 
requirements of Geomembrane CQA, Section 6.0.   

Seaming of the GSE CurtainWall panels shall be completed using the interlock and hydrophilic seal. 
Seaming operations must be fully monitored and documented by the CQA Field Manager to ensure 
conformance with the Specifications. Documentation shall include (at a minimum): 

• Seam number based on a numbering system agreed to by the CQA Field Manager and Contractor; 

• Elevation of ground surface at the location of each GSE CurtainWall panel seam, 

• Elevation of trench bottom at the location of each GSE CurtainWall panel seam, 

• Depth to trench bottom at the location of each GSE CurtainWall panel seam, and 

• Length of hydrophilic seal installed and the depth at each GSE CurtainWall joint. 

9.4.3 Nondestructive Seam Testing 

The CQA Field Manager shall monitor and document each seam as in Section 9.4.2 to verify compliance 
with the Specifications and record seam defects and repairs. Documentation will include at least the date, 
time, location, and pass or fail for each test. 

The CQA Field Manager shall review the documentation of the seam to visibly ensure full joint 
connection at the interlock seams. The portion of the trench containing the end panel with the interlock 
seam in question shall not be backfilled until the seam is approved by CQA Field Manager. 

9.4.4 Repairs 

Any part of a GSE CurtainWall panel with a flaw, that fails a nondestructive or destructive test, where 
destructive tests were cut, or where nondestructive tests left cuts or holes, must be repaired in accordance 
with the Specifications. The CQA Field Manager shall locate, record, and monitor and document all 
repairs to ensure that they are completed in accordance with the Specifications. 
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10.0 GROUT CQA 

This section presents information regarding QA for grout mixing and installation. The grout is used to 
backfill the cutoff wall on both sides of the geomembrane for the purposes of anchoring the geomembrane 
and sealing the bottom of the geomembrane to competent bedrock. The design intent is to provide 
additional control of seepage from the tailings impoundment through the dam foundations.   

10.1 GROUT MIX 

The Contractor will mix grout in accordance with the Specifications using the batch plant provided by the 
Owner. The CQA Monitors shall monitor and document the mix operations as follows: 

• Monitor and record the mix proportioning and mixing methods. 

• Obtain grout samples for laboratory testing. 

• Document the time and location of material mixing.  

• Record weather conditions.  

The CQA Field Manager shall review field reports and review the Contractor’s QC test results to ensure 
conformance of the Specifications. 

10.2 GROUT INSTALLATION 

The CQA Field Manager or his or her designator will provide full time monitoring of the grout 
installation to ensure conformance with the Drawings and Specifications, and to ensure that a seal is 
provided at the bottom of the cutoff wall in accordance with the design intent to reduce seepage as much 
as practically possible.  

Before the grout operations, the CQA Field Manager or his or her designator shall have completed 
geotechnical logging of all excavations as described in Section 3.2. The CQA Field Manager shall ensure 
that the sides and bottom of the excavation are clean and free of the following materials: 

• Ice lenses;  

• Loose soil debris, 

• Fragments of fractured and blasted rock, and 

• Organic and other deleterious materials. 

The CQA Monitors shall continuously monitor and document the installation of the grout, document the 
time and location of material placement, and perform the following to ensure: 

• Monitor areas where grout is to be installed; 
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• Verify placement conditions including weather and geomembrane installation,  

• Document foundation and subgrade conditions, and 

• Monitor curing and protection. 

10.3 GROUT TESTING 

Grout testing will consist of compression strength tests on grout cylinders measuring 4 inches in diameter 
and 8 inches long.  The testing shall be conducted at frequencies of: 

• 7-day strength and  

• 28-day strength.  

For each day of production, cast one set of three cylinders of grout for further compressive strength 
testing at the required frequencies. Measure the grout density at a frequency not less than once every 2 
hours during the grouting operations. The cylinders will have a diameter of 4-inches and height of 
8-inches or have a diameter to height ratio of 1:2. 
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11.0 CONTROLLED DENSITY FILL (CDF) CQA 

This section presents information regarding QA for CDF mixing and installation. The CDF is used to 
backfill the trench on both sides of the curtain wall for purposes of anchoring the curtain wall and sealing 
the bottom of the curtain wall to competent bedrock. The design intent is to control seepage from the 
tailings impoundment through the right abutment and mill area.  

11.1 CDF MIX 

The Contractor will mix the CDF in accordance with the Specifications using the batch plant provided by 
the Owner. The CQA Monitors shall monitor and document the mix operations as follows: 

• Monitor and record mix proportioning and mixing methods; 

• Obtain samples for laboratory testing, 

• Document the time and location of material mixing, and 

• Record weather conditions.  

The CQA Field Manager shall review field reports and review Contractor’s QC test results to ensure 
conformance of the CDF quality with the Specifications. 

11.2 CDF INSTALLATION 

The CQA Field Manager or his or her designator will provide full time monitoring of the CDF installation 
to ensure conformance with the Drawings and Specifications, and to ensure that a seal is provided at the 
bottom of the curtain wall in accordance with the design intent to reduce seepage as much as practically 
possible.  

Before the CDF placement, the CQA Field Manager or his or her designator will have completed 
geotechnical logging of all excavations as described in Section 3.2. The CQA Field Manager will ensure 
that the sides and bottom of the excavation are clean and free of the following materials: 

• Ice lenses;  

• Loose soil debris, 

• Fragments of fractured and blasted rock, and 

• Organic and other deleterious materials. 

The CQA Monitors will continuously monitor and document the installation of the CDF, document the 
time and location of material placement, and perform the following to ensure: 

• Monitor areas where CDF is to be installed; 
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• Verify placement conditions including weather and geomembrane installation,  

• Document foundation and subgrade conditions, and 

• Monitor curing and protection. 

11.3 CDF TESTING 

CDF testing will consist of compression strength and permeability tests on 4-inch by 8-inch cylinders. 
Strength testing and permeability testing will be conducted a minimum of once a day for each production 
day. Three cylinders will be obtained for each of the following tests. 

• 7-day strength,  

• 28-day strength, and 

• Permeability. 

A fourth cylinder will be obtained and will remain on site as a contingency cylinder in the event that a 
cylinder breaks en route to the laboratory or it is needed for additional testing.  
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12.0 INSTRUMENTATION CQA 

This section presents information regarding CQA for the new instrumentation. Piezometers and 
thermistors that were installed for the future raises to closure include those listed in Table 12-1 below.  

No additional monitoring points have been added for the future raises to closure. However, this CQA plan 
covers installation of instrumentation in the event that existing instrumentation requires replacement or 
additional monitoring points are identified. 

 Table 12-1 Future Raises to Closure Instrumentation

Boring ID* Thermistor ID Piezometer ID 
SS-05-05 T-05-62 P-05-62 
SS-07-05 T-05-63 P-05-63 
SS-10-05 T-05-64 None 
SS-11-05 T-05-65 P-05-65 
SS-12-05 None None 
SS-15-05 T-05-67 P-05-67 
SS-16-05 T-05-68 P-05-68 
SS-17-05 None P-05-69 

West Riser None P-06-74** 

 

12.1 MANUFACTURE  

12.1.1 Manufacturer Qualifications 

The CM will obtain all piezometers and thermistors of the vibrating wire type from Geokon Inc. or a 
manufacturer of similar experience in producing quality vibrating wire piezometers. 

12.2 SOURCE QUALITY CONTROL 

12.2.1 Quality Control Tests and Certifications 

The Manufacturer will provide a quality control certification for each instrument verifying that it has been 
laboratory calibrated and meets the measurement criteria set forth in the Specifications. The 
Manufacturer’s certification will at a minimum indicate the following for each instrument: 

• Instrument model number, serial number, and operational pressure range; 

• Conditions during calibration (date, temperature and pressure), 

• Calibration standard control numbers, 

• Applied pressure, gage readings, calculated pressures (before and after calibration) and 
percent error (before and after calibration), 
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• Gage factors, 

• Pressure calculation equations used for instrument calibration, 

• Factory zero readings including resistance, temperature, pressure and date, and 

• Technician’s name. 

12.2.2 Labeling 

Each instrument will be labeled with a unique identification number. Manufacturer’s quality control 
documentation will be provided for each instrument and readily associated via the unique identification 
number. 

12.2.3 Warranty 

The Owner shall obtain a material warranty from the Manufacturer for a time period of at least 5 years.  
The warranty shall include coverage for the instrumentation materials and workmanship specifically 
provided under this project shall be free from any significant defects. The warranty shall also provide for 
the total and complete repair or replacement of the defect or defective materials upon written notification 
and demonstration by the Owner of the specific non-conformance.   

Purchase, storage and installation of piezometers and thermistors is the responsibility of the Owner unless 
otherwise specified.  

12.3 INSTRUMENTATION  

12.3.1 Vibrating Wire Piezometers 

The CM will approve the purchase of an acceptable vibrating wire piezometer from Geokon. The Owner 
will purchase the vibrating wire piezometers and ensure that they meet the minimum specification 
provided in Table 12-2. 

Table 12-2 Vibrating Wire Piezometer Specifications 
Standard Ranges 350, 700 kPa; 1, 2 and 3 Mpa 

Over Range 2 × rated pressure 
Resolution 0.025% F.S. (minimum) 
Accuracy ±0.1% F.S. 
Linearity¹ <0.5% F.S. (±0.1% F.S. optional) 

Temperature Range² −20°C to +80°C 

 

12.3.2 Vibrating Wire Readout Box 

The CM will ensure that a compatible, properly functioning readout box is available for initial installation 
and ongoing monitoring of the instrumented locations. The readout box will function under a simple, 
single-button, operation under which each stored reading is identified by a reference number, ranging 
from 1 to 256, plus time, date and temperature. The readout box will allow for all readings to be 
transmitted to a host computer and imported into spreadsheet and database applications. The CM will 
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assure that the readout box adheres to the minimum specifications provided in Table 12-3. 

Table 12-3 Instrumentation Readout Box Specifications 
Excitation Range 400 Hz to 6000 Hz, 5 Volt Square Wave 

Resolution 0.1 µs 
Timebase Accuracy ±50 ppm 
Temperature Range −10°C to +50°C 

 

12.3.3 Thermistor Strings 

The CM will approve the purchase of an acceptable thermistor strings from the manufacturer, Geokon. 
The Owner will purchase the thermistor strings and ensure that they meet the minimum specification 
provided in Table 12-4. 

Table 12-4 Instrumentation Readout Box Specifications 

Standard Range -50oC to 150oC 

Resolution 0.1 oC 

Accuracy +/- 0.5oC 

Temperature Range −20°C to +80°C 

 

12.4 EQUIPMENT INSTALLATION  

Instrumentation will be installed in accordance with the design plans and specifications. The CM shall 
ensure the following is completed to assure quality and conformance with the design: 

• The Manufacturer’s instruction manual is followed regarding: 

♦ Installation; 

♦ Field initiation, and 

♦ Calibration. 

• Instrumentation is backfilled in place with a sand-bentonite mixture and graded sand to elevations 
and dimensions indicated on the drawings. 

• For the piezometer connection to the instrumentation terminal box, ensure that:  

♦ Piezometer wires are threaded through to terminal box locations, and 

♦ Wiring to terminal panels and label wires, and terminal connections are connected. 
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12.4.1 Testing and acceptance 

At the time of delivery from the Manufacturer, all instruments shall be inspected by the CM. The CM 
shall ensure that the instrumentation is stored in a clean, lighted, temperature-controlled, dry area with 
lock security.  

The CM shall monitor and record results from all tests performed during installation. All instruments that 
fail required tests shall be rejected and replaced. All replacement instrumentation shall be tested before 
installation. 
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	D. Excavation: Section 02225
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	1.02 GENERAL CONDITIONS
	A. Perform no drilling or blasting work until Dam Contractor's general plan for such operations has been approved by the Construction Manager and Engineer.
	B. Conform to the requirements specified by the State of Alaska and Federal Government for transportation, handling, storage and use of explosives.
	C. Use only skilled and licensed operators to perform blasting.

	1.03 SUBMITTALS
	A. Prior to commencing excavation work submit to the Construction Manager and Engineer a general plan of operations for blasting, including controlled blasting techniques and controls for flyrock and ground vibration.
	B. Submit to the Construction Manager copies of the original invoices for all blasting materials delivered to the site.
	C. Submit to the Construction Manager and Engineer a log of completed blasting activities for each day showing location, size, and depth of blast holes, and quantities of materials loaded into each hole.

	2.01 EXPLOSIVES
	A. Selection of explosives and explosive equipment to be used is at the option of the Dam Contractor.

	3.01 GENERAL
	A. Select the drilling and blasting pattern, types and quantities of explosives and delay systems.
	B. The Engineer will observe the loading of drill holes to verify conformance with the blasting plans prior to loading each drill hole.
	C. Control blasting to produce sound rock faces at the final excavation lines. The type, distribution, and quantity of explosives detonated shall be such that existing fractures shall not be opened and new fractures shall not be created.

	3.02 OVERSHOOTING
	A. Perform blasting and excavation to the lines and grades shown on the Drawings or as directed by the Engineer.
	B. Excessive blasting, overshooting and the corrective measures required by the Engineer will be at the Dam Contractor's expense.
	C. Backfill overexcavated areas in accordance with Section 02200.


	02102 Clear Stripp Grubb.pdf
	1.01 RELATED WORK SPECIFIED ELSEWHERE
	A. Quality Control Section 01450
	B. Earthwork Section 02200
	C. Trench Excavation and Backfill Section 02220
	D. Excavation Section 02225

	1.02 DESCRIPTION
	A. This section includes the clearing, ice, snow and woody debris, stripping, and grubbing of trees, brush, vegetation, in the vicinity of the dam sites. The focus will be on clearing snow and ice from the site prior to and during construction activities taking place for completing the wing wall construction. 
	B. Clearing includes the removal and disposal of all trees, snags, stumps, shrubs, and brush greater than 12 inches in height and rocks greater than 24 inches in diameter.
	C. Stripping includes removal of all ice, snow and woody debris from areas designated for the wing wall excavation.
	D. Grubbing includes removal and disposal of wood and root matter to a depth of 18 inches below the ground surface and no grubbing is currently anticipated.

	1.03 PROTECTION
	A. Perform all clearing, stripping and grubbing work in conformance with applicable codes and regulations of the State of Alaska and federal agencies.
	B. Comply with all required permits and regulations. 
	A. Selection of equipment to be used is at the option of the Contractor.


	02140 Dewatering.pdf
	1.00 RELATED WORK SPECIFIED ELSEWHERE
	A. Quality Control  Section 01450
	B. Site Conditions Section 02020
	C. Trench Excavation and Backfill Section 02220
	D. Excavation Section 02225

	2.00 DESCRIPTION
	 . Provide personnel, equipment, and structures necessary to remove and treat water from work areas and to maintain a dry work area.

	3.00 SUBMITTALS 
	 . Prior to commencing earthwork, submit to the Construction Manager a general dewatering plan.  

	1.00 EQUIPMENT
	E. Selection of equipment to be used is at the discretion of the Contractor. A sump system and or drainage gallery may be necessary to ensure proper drainage is achieved.   

	1.00 GENERAL
	 . Maintain dry conditions in the dam foundation and trench excavations.
	 . Prior to placement of fill materials, liner materials, geotextiles, remove all ponded water, mudding conditions and stop water inflows from work area.
	 . Perform dewatering operations to the satisfaction of the Construction Manager and the CQA field manager.

	2.00 WATER TREATMENT
	F. Treat water as required and in accordance with applicable federal and State of Alaska regulations before discharging. Water will be discharged directly to the tailings pond and subsequently treated.


	02151  Shoring.pdf
	1.01 RELATED WORK SPECIFIED ELSEWHERE
	A. Quality Control Section 01450
	B. Site Conditions Section 02020
	C. Dewatering Section 02140
	D. Earthwork Section 02200
	E. Trench Excavation and Backfill Section 02220
	F. Excavation Section 02225

	1.02 SAFETY
	A. Contractor is responsible for ensuring that all excavations are adequately shored, braced or sloped to provide working conditions that are safe and free from the hazard of caving or sloughing.
	B. Contractor is responsible for ensuring that all excavations and shoring meet the applicable regulations of MSHA, OSHA, State of Alaska or other governing regulatory agency.

	1.03 SUBMITTALS
	A. Develop an excavation and shoring plan showing the proposed shoring or bracing, designed and approved by a civil/structural engineer registered in the State of Alaska and bearing the engineer’s stamp. 
	B. Submit the excavation and shoring plan to the Construction Manager according to Section 01330, at least 14 days prior to starting any excavation work.

	2.01 MATERIALS
	A. Use structural elements in shoring and bracing operations that are free of defects and of adequate strength to provide complete support of the excavations as shown in the excavation and shoring plan.
	B. Materials used in the shoring operations shall be at the discretion of the Contractor.

	3.01 GENERAL
	A. Install shoring in accordance with the excavation and shoring plan. 


	02200-Earthwork.pdf
	1.01 RELATED WORK SPECIFIED ELSEWHERE
	A. Site Conditions:  Section 02020
	B. Clearing, Stripping, and Grubbing: Section 02102
	C. Dewatering: Section 02140
	D. Trench Excavation, Backfilling, and Compaction: Section 02220
	E. Excavation: Section 02225
	F. Filter Drain, Liner Bedding, Liner Cover, Liner Anchorage: Section 02274
	G. Tailings Dam: Section 02290
	H. Quality Control:     Section 01450


	1.02 DESCRIPTION
	A. This section describes all soil material types and placement methods to be used in the construction of the tailings dam, and associated features.
	B. This section describes the quality control procedures to be used by the Contractor and approved by the Engineer during construction of the project.

	1.03 QUALITY CONTROL METHODS
	A. Soils and Backfill:  Moisture density standard ASTM D1557 or AASHTO T-180 method unless otherwise specifically stated.
	B. In-place Density Determination:  Sandcone method ASTM D1556 or Nuclear Method ASTM D2922.
	C. Classification of Soils:  ASTM D2487.
	D. Rockfill Durability: Los Angeles Abrasion AASHTO T 96 or ASTM C535 and Freeze-Thaw Durability ASTM C666.
	E. Liquid Limit, Plastic Limit, and Plasticity Index of Soils:  ASTM D4318.

	1.04 SUBMITTALS 
	A. Prior to the start of earthwork, the Contractor shall submit a pre-construction plan and schedule to the Construction Manager for approval. The plan shall include a description of methods to be used for all excavation, backfill, placement, compaction, and grading operations for each soil type. 
	B. The CQA Field Manager will review this plan for conformance with the Specifications.

	2.01 GENERAL
	A. The Engineer will classify excavated materials to be used for the construction of the tailings dam into one of seven types.
	B. Test each material source in accordance with EPA Toxicity standards. All materials downstream or at an elevation above the liner shall be non-toxic.
	C. Crushed material will consist of evenly graded stones that are hard, angular, and have no more than 50% wear at 500 revolutions as determined by AASHTO T 96 or ASTM C535. The material will have no more than 25% loss after 25 freeze-thaw cycles using ASTM C666.
	D. Do not use Kivalina shales in construction, unless clearly specified.

	2.02 SOIL TYPE 1, RANDOM ROCKFILL (24 INCH)
	A. Obtain soil type 1, moderately weathered to fresher cherts, shales, and sandstones, from the Millsite area or from mine waste material.
	B. Use materials conforming to the following specifications:
	1. Maximum 24-inch particle size;
	2. Well-graded material consisting primarily of gravels and cobbles;
	3. Less than 25% passing the No. 200 sieve; and
	4. Less than 5% ice by volume.

	C. Contingent upon approval of the Engineer, soil type 1 having less than 5% passing the No. 200 sieve may have an average of up to 1% ice by volume.
	D. Soil type 1 having less than 20% passing the No. 200 sieve and up to 15% ice by volume may be used in construction of the upstream rock buttress.

	2.03 SOIL TYPE 2, SELECT (24 INCH)
	A. Obtain soil type 2, a slightly weathered to fresh select chert-carbonate material, and sandstones from the millsite area.
	B. Do not use mine waste material as soil type 2.
	C. Use material conforming to the following specifications:
	1. Maximum 24-inch particle size;
	2. Well-graded material consisting primarily of gravels and cobbles;
	3. Less than 15% passing the No. 200 sieve; and
	4. Less than 5% ice by volume.

	D. Contingent upon approval of the Engineer, soil type 2 having less than 5% passing the No. 200 sieve may have an average of up to 10% ice by volume.

	2.04 SOIL TYPE 3, PROCESSED SELECT (3 INCH)
	A. Obtain soil type 3, a slightly weathered to fresh chert-carbonate material, and sandstones from the millsite area or from the alluvial/colluvial materials found in the stream bed.
	B. Crush and process millsite materials to:
	1. A well-graded aggregate with a maximum particle size of 3-inch;
	2. Less than 5% finer than the No. 200 sieve; and
	3. Less than 5% ice by volume.

	C. Crush and/or process alluvial/colluvial materials to:
	1. A well-graded aggregate with a maximum particle size of 3-inch;
	2. Less than 5% finer than the No. 200 sieve; and 
	3. Less than 5% ice by volume.

	D. Contingent upon approval of the Engineer, soil type 3 ' having less than 5% passing the No. 200 sieve may have an average of up to 10% ice by volume.

	2.05 SOIL TYPE 4, PROCESSED SELECT (1 INCH)
	A. Obtain soil type 4, a slightly weathered to fresher chert-carbonate material, and sandstones from the millsite area, or from the alluvial/colluvial materials found in the stream bed.
	B. Crush and process millsite materials to:
	1. A well-graded aggregate with a maximum particle size of 1-inch;
	2. Less than 10% finer than the No. 200 sieve; and
	3. Less than 5% ice by volume.

	C. Crush and/or process alluvial/colluvial materials to:
	1. A well-graded aggregate with a maximum particle size of 1-inch;
	2. Less than 10% finer than the No. 200 sieve; and 
	3. Less than 5% ice by volume.

	D. Contingent upon approval of the Engineer, soil type 4 having less than 5% passing the No. 200 sieve may have an average of up to 10% ice by volume.

	2.06 SOIL TYPE 5, ROCK DRAIN AND RIPRAP
	A. Obtain soil type 5 from mill site area.
	B. Use slightly weathered to fresh processed chert-carbonate con-forming to the following specifications:
	1. Greater than 85% of material between 6 and 18 inches;
	2. Less than 15% total accumulated materials smaller than 6 inches; and
	3. Less than 10% ice by volume.

	C. Contingent upon approval of the Engineer, soil type 5 may have an average of up to 10% ice by volume.

	2.07 SOIL TYPE 6, RANDOM ROCKFILL (12 INCH)
	A. Obtain soil type 6, moderately weathered to fresher cherts, shales, and sandstones, from the millsite area, from the mine waste material.
	B. Use materials conforming to the following specifications:
	1. Maximum 12-inch particle size;
	2. Well-graded material consisting primarily of gravels and cobbles;
	3. Less than 25% passing No. 200 sieve; and
	4. Less than 5% ice by volume.

	C. Contingent upon approval of the Engineer, soil type 6 having less than 5% passing the No. 200 sieve may have an average of up to 10% ice by volume.

	2.08 SOIL TYPE 7, SELECT (12 INCH)
	A. Obtain soil type 7, a slightly weathered to fresh select chert-carbonate material, and sandstones from the millsite area.
	B. Do not use mine waste materials as soil type 7.
	C. Use material conforming to following specifications: 
	1. Maximum 12-inch particle size;
	2. Well-graded material consisting primarily of gravels and cobbles;
	3. Less than 15% passing the No. 200 sieve; and
	4. Less than 5% ice by volume.

	D. Contingent upon approval of the Engineer, soil type 7 having less than 5% passing the No. 200 sieve may have an average of up to 12% ice by volume.

	2.09 SOIL TYPE 9, RANDOM MINE WASTE (1-INCH)
	A. Obtain soil type 9, from mine waste or the overburden stockpile area south of the tailings impoundment. 
	B. Use materials conforming to the following specifications:
	1. Maximum 1-inch particle size;
	2. Well-graded material consisting primarily of gravels and cobbles;
	3. Less than 15% water content by weight; and
	4. No visually detectable ice.

	C. Contingent upon approval of the CQA Field Manager in consultation with the Engineer, soil type 9 having more less than 5% passing the No. 200 sieve have an average of up to 10% ice by volume .

	3.01 FINISH ELEVATIONS
	A. Contours used to illustrate the final top of the backfilled surface of the cutoff trench are intended to show approximate final elevation for drainage control and may be adjusted with the written approval of the Engineer.
	B. Establish a general survey control grid at a spacing of 25 feet in each direction in order to establish surface contours before and after construction.
	C. Finished embankment surfaces must be within 0.5 feet of the elevations and grades shown on the Drawings.

	3.02 SOIL MATERIAL CONTROL
	D. The Engineer will classify all materials removed from excavations or delivered to stockpiles as appropriate or inappropriate for use in construction.
	E. Stockpile materials that are acceptable as soil material types 1 through 7 in areas designated by the Construction Manager.
	F. The Contractor will perform sufficient testing as necessary for the Engineer to classify the materials removed from excavations or delivered to stockpiles.

	3.03 PLACEMENT AND COMPACTING
	G. Perform soil compaction by the method, specified and as required to provide the minimum percentage of density specified for each area in accordance with ASTM D1557.
	H. Soil Types 1, 2, 6, 7 and 9 Random Rockfill (24 and 12 Inch), Select (24 and 12 Inch) and Mineralized Rockfill (1-Inch).
	1. Place soil types 1, 2, 6 and 7 to the lines and grades shown on the Drawings.
	2. Place material in horizontal lifts having a maximum loose thickness of 3 feet that will provide a well-graded distribution.
	3. Compact each lift with a minimum of four complete passes of a 10-ton vibratory compactor or as approved by the Engineer. Additional passes of the vibratory compactor may be necessary if in the opinion of the Engineer sufficient compaction was not obtained.
	4. Conform to Section 02290 for Rock Buttress placement.

	I. Soil Type 3, Processed Select (3 Inch)
	1. Place soil type 3 to the lines and grades shown on the Drawings.
	2. Place soil type 3 in horizontal lifts having a maximum thickness of 12 inches when loose that will provide a well-graded distribution except as noted in Section 02220.
	3. Place material used as filter drain in such a way as to maintain the gradation and to eliminate contamination by foreign materials.
	4. Compact soil type 3 to at least 90% of maximum dry density.

	J. Soil Type 4, PROCESSED SELECT (1 INCH)
	1. Place soil type 4 to the lines and grades shown on the Drawings.
	2. Place soil type 4 in horizontal lifts having a maximum thickness of 12 inches when loose that will provide a well-graded distribution except as noted in Section 02220.
	3. Place soil type 4 in such a way as to maintain the gradation and to eliminate contamination by foreign materials.
	4. Compact soil type 4 to at least 90% of maximum dry density except as noted below.
	5. Compact soil type 4 to at least 95% of maximum density when placed as pipe bedding, haunching, or pipe backfill.
	6. No compaction is required for soil type 4 when placed in areas designated as liner cover.

	K. Soil Type 5, Rock Drain and Riprap
	1. Place soil type 5 to the lines and grades shown on the Drawings.
	2. Place in a manner that will provide a well-graded distribution of rock.
	3. No compaction control is required for the placement of rock riprap materials.
	4. Place rock drain in horizontal lifts having a maximum loose thickness of 3 feet that will provide a well-graded distribution of rock.
	5. No compaction control is required for placement of rock drain material.

	L. Moisture Control
	1. Where subgrade or a placed layer of soil material must be moisture-conditioned before compacting, uniformly apply water to surface of subgrade or soil material to prevent free water appearing on surface and ensure that moisture is uniformly distributed in the soil prior to compacting operations.
	2. Remove and replace, or scarify and air dry, soil material that is too wet to permit compacting to the specified density.
	3. Soil material that has been removed because it is too wet to permit compacting may be stockpiled or spread and allowed to dry. Assist drying by discing, harrowing, or pulverizing until moisture content is reduced to a satisfactory value as determined by moisture-density relation tests approved by the Engineer.


	3.02 COMPACTION QUALITY CONTROL
	A. The Contractor will perform field density testing as necessary for approval by the Engineer of the in-place fill and backfill material.
	B. Based upon field density test results, the Contractor shall obtain approval from the Engineer for subgrades and fills prior to placement of subsequent layers of materials.
	C. Densify or excavate and recompact all fill and backfill material which fails to meet the specified moisture and density requirements as necessary to meet the compaction criteria.
	D. All work resulting from the removal of previously placed soil materials which did not conform to specifications shall be at the Dam Contractor's expense, except as specified in Paragraph 3.05.

	3.03 MAINTENANCE DURING CONSTRUCTION
	A. Protection of newly graded areas:
	1. Protect newly graded areas from traffic and erosion, and keep free from trash, weeds, and ponding water; and 
	2. Repair and reestablish grades to the specified tolerances as necessary.

	B. Where completed compacted areas are disturbed by subsequent construction operations or adverse weather, scarify the surface, reshape, and compact to the required density prior to further construction.

	3.04 SCHEDULING
	A. Perform construction during the summer and fall construction season or at the owner’s option prior to spring thaw.
	B. The Construction Manager, Contractor and CQA Field Manager will work together to develop a detailed construction plan showing the proposed construction schedule. A plan will be submitted by the CQA Field Manager to the Construction Manager 90 days prior to any construction operations.
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	1.01 RELATED WORK SPECIFIED ELSEWHERE
	A. Site Conditions: Section 02020
	B. Clearing, Stripping, and Grubbing: Section 02102
	C. Dewatering: Section 02140
	D. Shoring: Section 02151
	E. Earthwork: Section 02200
	F. Excavating: Section 02225
	G. Tailings Dam: Section 02290
	H. Controlled Density Fill (CDF): Section 03310
	I. Mortar and Grout: Section 03600
	L. Quality Control:     Section 01450


	1.02 DESCRIPTION
	A. This section describes the trench excavation and backfilling for the curtain wall component of the wing wall to be constructed in Future Raises to Closure. 
	The curtain wall and cutoff wall will require excavation through gravel fill with some snow and ice, original ground surface soils and organics, and glacial till and weathered rock to below the groundwater table to depths indicated on the drawings.

	1.03 EXCAVATION SAFETY
	A. Conform to Section 02151.

	2.01 MATERIALS
	A. The CQA Field Manager will classify excavated materials as common or rock in accordance with the criteria presented in Section 02225.
	Use native and imported materials for backfill as described in this section and as described and classified in Section 02200.

	3.01 SCHEDULE
	A. Provide time to the CQA Field Manager and CQA Field Monitors to inspect and classify the materials as they are being excavated, and to complete geotechnical logging and take photos of the excavated and exposed materials.  
	Provide time and assistance to the CQA Field Manager in consultation with the Engineer to confirm the termination depths of the excavations.    

	3.02 EXCAVATIONS
	A. Excavate all trenches to true and relatively smooth bottom grades in accordance with the lines and grades shown on the Drawings. Dimensions shown on the Drawings are based on borings and interpreted subsurface conditions between borings, and may vary if different subsurface conditions are encountered. 
	B. Provide assistance to the CQA Field Manager and CQA Field Monitors to inspect and classify the materials as they are being excavated, and complete geotechnical logging and take photos of the excavated and exposed materials.  
	C. Obtain approval of all subgrades from the CQA Field Manager prior to terminating the excavation. The CQA Field Manager in consultation with the Engineer will determine the final acceptable depth of excavation.
	D. Do not place earth, geosynthetic or concrete materials in the trench until the finished excavated dimensions and surfaces are approved by the CQA Field Manager in consultation with the CQA Project Director and the Engineer.
	E. Dispose excavated materials that are classified by the CQA Field Manager as being unsuitable for construction fill, in areas as designated by the Construction Manager.
	F. Stockpile materials that are classified by the CQA Field Manager as being suitable as a soil type for construction fill, in separate locations according to soil type, at least 100 feet from the edge of the final excavated slopes.

	3.03 CURTAIN WALL
	A. Excavate the curtain wall trench to the top of the till as shown on the Drawings to create a work bench at least 45 feet wide with 1.5H:1V side slopes.  
	B. From the work bench, excavate the vertical curtain wall trench to the bottom of highly weathered shale, fully penetrating all visibly detectable ice, fractured rock and blast damaged rock capable of being excavated as shown on the Drawings.  
	C. Elevation of the work bench may be lowered below the top of the till to complete the trench excavation to the required depth with the equipment on site.  
	D. Provide the CQA Field Manager and CQA Field Monitors with excavated material on a bucket-by-bucket basis as it being excavated and so that they can inspect and classify the materials, and complete geotechnical logging and take photos of the excavated materials and the excavation bottom and side slopes.
	E. Final depth of the curtain wall shall be based on observations of the CQA Field Manager as determined by CQA Field Manager in consultation with the CQA Project Director and the Engineer. 
	F. Insert the geomembrane curtain wall vertically in the center of the vertical trench. 
	G. Install a sandbag bulkhead for a 3 to 5-foot depth in the trench. Place sandbags forward of the leading edge of the curtain panel interlock.
	H. Fill the curtain wall trench with CDF (Section 03310) to the top of the sandbags making sure that CDF stays contained forward of the sandbags.  
	I. Fill above the CDF with soil type 4 on the downstream side after the CDF has set for at least 24 hours or as directed by the CQA Field Manager.

	3.04 TRENCH BACKFILLING
	A. Place CDF or type 4 backfill material as shown on drawings to the dimensions indicated.
	B. Type 4 material placed around the curtain panels will not be compacted until material reaches the trench top. At which point, material will be compacted.
	C. Comply with material placement requirements as specified.  

	3.05 SCHEDULING
	A. Perform trenching prior to spring thaw.
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	1.01 RELATED WORK SPECIFIED ELSEWHERE 
	A. Site Conditions: Section 02020
	B. Blasting: Section 02050
	C. Clearing, Stripping, and Grubbing: Section 02102
	D. Dewatering: Section 02140
	E. Shoring: Section 02151
	F. Earthwork: Section 02200
	G. Tailings Dam: Section 02290
	H. Quality Control:            Section 01450


	1.02 DESCRIPTION
	A. This section describes the excavation, removal, and disposal of overlying material to expose bedrock containing less than 10% ice by volume for cutoff trench and cutoff wall excavation.  

	1.03 EXCAVATION SAFETY
	A. Conform to Section 02151. 

	1.04 CLASSIFICATION
	A. The CQA Field Manager will classify all excavated materials according to material type, degree of weathering, and percent ice.
	B. The CQA Field Manager will classify all excavated materials to be used in dam construction according to criteria presented in Section 02200.
	C. Common excavation includes all materials not classified as rock.
	D. Excavated materials conforming to the following conditions will be considered rock excavations:
	1. Individual excavated pieces of natural material having a volume exceeding 3/4 cubic yard; and
	2. In situ material that cannot be ripped by a bulldozer having size and power equivalent to a Caterpillar D-9 operating at 80% to 90% power using a single shank ripper.


	1.05 SUBMITTALS
	A. Submit to the Construction Manager and Engineer a detailed plan and schedule for excavation 90 days before beginning any construction operations.

	2.01 EXCAVATED MATERIALS
	A. Materials to be excavated include:
	1. Surface Organics.
	2. Ice and snow.
	3. Tailings.
	4. Alluvium and colluvium.
	5. Highly weathered rock.
	6. Moderately weathered bedrock, including shale, siltstone and sandstone with more than 5% ice by volume.


	2.02 EQUIPMENT
	A. Excavation equipment to be used is at the option of the Dam Contractor.
	B. Perform blasting in accordance with Section 02050.

	3.01 SCHEDULE
	A. Perform all work described in this section during the construction period. 
	B. Provide time and assistance to the CQA Field Manager and CQA Field Monitors to inspect materials as they are being excavated, conduct geotechnical logging and take photos of exposed slopes. 
	C. Provide time and assistance to the CQA Field Manager and Engineer to determine the termination depths of the excavations.


	3.02 GENERAL
	A. Excavate all material encountered within lines and grades shown on the Drawings and as described in 2.01. Dimensions shown on the Drawings are based on borings and interpreted subsurface conditions between borings, and may vary if different subsurface conditions are encountered.   
	B. Obtain approval of all subgrades from the CQA Field Manager prior to terminating the excavation. The CQA Field Manager in consultation with the Engineer will determine final acceptable depth of excavation.
	C. Do not place earth, geosynthetic and concrete materials in the trench until the finished excavated dimensions and surfaces are approved by the CQA Field manager in consultation with the Engineer.
	D. Dispose of unsuitable excavated materials in areas as designated by the Construction Manager.
	E. Stockpile materials that are suitable as a soil type for construction fill at least 100 feet from the edge of the final excavated slopes.
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	1.01 RELATED WORK SPECIFIED ELSEWHERE
	A. Earthwork: Section 02200
	B. Trench Excavation, Backfilling and Compaction: Section 02220
	C. Geotextiles: Section 02276
	D. Tailings Dam: Section 02290
	E. Geomembrane: Section 02770
	F. Quality Control:             Section 01450


	1.02 DESCRIPTION
	A. This section describes the liner bedding, liner cover, and liner anchorage material on the upstream face of the tailings dams.

	2.01  MATERIALS
	A. Use soil type 4, processed select (1 inch), for liner bedding, liner cover, and liner anchorage, as described in Section 02200.

	3.01 GENERAL
	A. Place liner bedding, liner cover, and anchorage material to the lines and grades shown on the Drawings, or as directed by the CQA Field Manager.

	3.02 PLACEMENT
	A. Place, liner bedding, liner cover, and anchorage material after the installed geotextile and geomembrane is approved by the CQA Field Manager.
	B. Place liner bedding, liner cover, and liner anchorage material in accordance with Section 02200.
	C. Place materials over and around the riser pipe in a manner to avoid any displacement of the pipe in line or grade.
	D. Compact material immediately adjacent to riser pipe with hand-operated equipment in accordance with Section 02220.
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	PART 1 - GENERAL
	1.01 RELATED WORK
	A. Quality Control   Section 01450
	B. Earthwork  Section 02200
	C. Geomembrane  Section 02770
	D. Liner Bedding, Cover and Anchorage Section 02274

	1.02 DESCRIPTION
	A. This section summarizes the installation of geotextiles for liner protection, separation, filtration, and stabilization.
	B. Owner will purchase all geotextile for the project in sufficient quantity and store it on the project site.  
	C. Prior to beginning work, the Contractor shall inspect and inventory the geotextile and thereafter, accept responsibility for storage and handling of material on site.  

	1.03 REFERENCES
	A. The listed publications are part of the Specification to the extent referenced. The publications are referred to by basic designation only. The most recent version of the publication and test method shall be applicable in all cases.
	B. American Society for Testing and Materials (ASTM) D1117-01: Standard Guide for Evaluating Nonwoven Fabrics. 
	C. ASTM D4355-02 Standard Test Method for Deterioration of Geotextiles from Exposure to Ultraviolet Light and Water (Xenon-Arc Type Apparatus). 
	D. ASTM D4439-04: Standard Terminology for Geosynthetics.
	E. ASTM D4533-04: Standard Test Method for Trapezoid Tearing Strength of Geotextiles.
	F. ASTM D4632-91(2003) Standard Test Method for Grab Breaking Load and Elongation of Geotextiles.
	G. ASTM D4751-04: Standard Test Method for Determining Apparent Opening Size of a Geotextile.
	H. ASTM D4833-00e1: Standard Test Method for Index Puncture Resistance of Geotextiles, Geomembranes, and Related Products.
	I. ASTM D4873-02: Standard Guide for Identification, Storage, and Handling of Geosynthetic Rolls and Samples.
	J. ASTM D5261-92(2003): Standard Test Method for Measuring Mass per Unit Area of Geotextiles.

	1.04 DEFINITIONS
	A.  Definitions are in accordance with ASTM D4439-04 unless otherwise indicated. 
	B.  Geotextile: A permeable geosynthetic comprised of a stable network of fibers used as a separator or cushion.
	C.  Installer: The Contractor (or subcontractor to the Contractor) shall be the installer and be responsible for field handling, transporting, storing, deploying, seaming, temporary restraining (against wind), and installing the geotextiles. The installer may also be referred to as the geotextile subcontractor.
	D.  Manufacturer: The party, also referred to as the geotextile manufacturer or fabricator, responsible for the production of the geotextile.
	E.  Minimum Average Roll Value (MARV): Minimum of a series of average roll values representative of geotextile furnished.
	F.  Overlap: Distance measured perpendicular from overlying edge of one sheet to underlying edge of adjacent sheet.

	1.05 STORAGE, AND HANDLING
	A. Storage and handling of geotextile shall conform to ASTM D4873.
	B. Handle products in a manner that maintains undamaged condition. 
	C. Immediately restore any damaged protective covering.
	D. Do not store products directly on ground.  
	E. Protect geotextile from ultraviolet light exposure, precipitation, inundation, mud, dirt, dust, puncture, cutting, and other damaging or deleterious condition. 
	F. If stored outdoors, elevate and protect geotextile with a waterproof cover.


	PART 2 - PRODUCTS
	A. Geotextiles shall be nonwoven pervious sheets of polyester, polypropylene, polyethylene, or polyamide fibers oriented into a stable network so that the fibers retain their relative positions during handling, placement and long-term service.  
	B. Geotextiles shall be composed of continuous or staple fibers held together through needle-punching.
	C. Geotextile products shall not be heat burnished.
	E. Geotextile edges shall be finished to prevent material from pulling from the fabric.
	A. Geotextile – Type 1 shall be used as shown on the Drawings and shall conform to the physical requirements in Table 1.
	A. Geotextile–Type 2 shall be used as indicated on the Drawings and conform to the requirements of Table 2. 
	B. Contractor shall ensure that all geotextile has been marked and tagged with the following information:
	A. Geotextile shall be placed at the locations shown on the Drawings or as directed by the CQA Field Manager.
	B. Geotextile shall be placed in accordance with the manufacturer's recommendations, standards, and guidelines and the requirements of this Specification.
	C. During installation, geotextile shall be rejected if it has defects, ribs, holes, flaws, needles or needle fragments, deterioration or damage incurred by manufacturing, transportation, storage or placement.  Visual review of the geotextile shall be performed once it has been placed and prior to placing overlying materials.
	D. Geotextile shall be placed as directed by the CQA Field Manager, and shall be laid smooth and free of tension, stress, folds, wrinkles, or creases.
	E. Adjacent strips shall be laid smooth and provide at least 12 inches of overlap for each joint. Overlap joints and seams shall be measured as a single layer.
	F. Cut geotextile using approved cutter only.  Take care to protect other inplace geosynthetic materials when cutting geotextile.
	G. Securing pins or other methods that may damage the geotextile are not allowed.  Sandbags or other methods approved by the CQA Field Manager shall be used to secure the geotextile during installation, and until replaced with cover material.
	H. The geotextile shall be protected at all times from contamination by surface water runoff or any other means. 
	I. Do not entrap excessive dust, stones, or moisture in the geotextile that could damage or clog drains or filters or hamper subsequent seaming.  Any geotextile so contaminated shall be removed and replaced with uncontaminated material at the Contractor’s expense.
	J. When placing soil or other materials over geotextile, Contractor shall ensure: 
	1. Geotextile is not damaged through puncture, tear, or other mechanism;
	2. There is no slippage of the geotextile on underlying layers; and
	3. No excessive tensile stresses are generated in the geotextile.
	K. Do not operate machinery directly on the geotextile.  If the geotextile is covered with less than a 2 feet of soil, no equipment with a ground pressure greater than 5 psi shall operate within 2 feet of the area underlain by the geotextile.
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	1.01 RELATED WORK  
	1.02 DESCRIPTION
	1.03 REFERENCES
	1.05 SUBMITTALS
	1.06 DELIVERY, STORAGE, AND HANDLING
	1. Rolls, or portions thereof, which should be rejected and removed from the site because they have severe flaws.
	2. Rolls that are not properly labeled.  No unlabelled rolls shall be used for any application.  Unlabelled rolls shall be removed from the site and replaced at the Dam Contractor’s expense.

	PART 2 - PRODUCTS
	2.01 GEOSYNTHETIC CLAY LINER
	PART 3 - EXECUTION
	3.01 GENERAL
	A. Install GCLs at the locations, lines, and grades shown on the Drawings.  All GCLs shall be installed in accordance with the Specification.
	B. Materials and Work which fail to meet the requirements of the Specification shall be removed and disposed of at the Dam Contractor’s expense.
	3.02 HANDLING AND PLACEMENT
	A. The Dam Contractor shall handle and deploy all GCLs in such a manner as to ensure that they are not damaged.
	3.03 SUBGRADE PREPARATION
	A. Subgrades shall be a firm, unyielding surface.
	B. The subgrade surface shall be free of debris, organic material, frozen soil, ice, rocks, and other deleterious material.
	C. The subgrade surface shall be free of standing water or excessive moisture.
	D. The subgrade surface shall be smooth and free of protrusions, ruts, and other irregularities greater than ½ inch high.
	E. No GCL shall be deployed until the subgrade surface has been reviewed by the Construction Manager.
	3.04 DEPLOYMENT
	A. GCL shall be deployed so that seams run up and down (not across) the slope.
	B. Adjacent panels of GCL shall be overlapped 6 to 12 inches in accordance with the manufacturer’s recommendations.
	C. Any wrinkles shall be removed by adjusting and smoothing the GCL after placement.
	D. GCL shall not be deployed during precipitation or in the presence of moisture, ponded water, snow, or in other situations that could cause premature hydration of the bentonite.  Any GCL that hydrates prematurely shall be removed and replaced at the Contractor’s expense.
	E. Deploy only that area of GCL which can be covered during the same day, unless otherwise approved by the Construction Manager.
	3.05 SEAMING
	3.06 PROTECTION
	3.07 REPAIRS
	3.08 ACCEPTANCE



	02771  Curtain Wall.pdf
	PART 1 - GENERAL
	1.01 RELATED WORK
	A. Quality Control  Section 01450
	B. Earthwork  Section 02200
	C. Geotextile  Section 02276
	D. Liner Bedding, Cover and Anchor Section 02274
	E. Geomembrane  Section 02770

	1.02 DESCRIPTION
	A. This section summarizes the installation of curtain wall part of the wing wall.
	B. Owner will purchase all the curtain wall required for the project in sufficient quantity and store it on the project site.  
	C. Prior to beginning work, the Contractor shall inspect and inventory the curtain wall and thereafter, accept responsibility for storage and handling of material on site.  

	1.03 REFERENCES
	A. The publications listed below form a part of this Specification to the extent referenced. The publications are referred to in the text by basic designation only. The most recent version of the publication and test method shall be applicable in all cases.
	B. American Society for Testing and Materials (ASTM) D1004-03: Standard Test Method for Initial Tear Resistance of Plastic Film and Sheeting.
	C. ASTM D1238-04c: Standard Test Method for Flow Rates of Thermoplastics by Extrusion Plastometer.
	D. ASTM D1505-03: Standard Test Method for Density of Plastics by the Density-Gradient Technique.
	E. ASTM D1603-01: Standard Test Method for Carbon Black In Olefin Plastics.
	F. ASTM D3895-04: Standard Test Method for Oxidative-Induction Time of Polyolefins by Differential Scanning Calorimetry.
	G. ASTM D4218-96(2001): Standard Test Method for Determination of Carbon Black Content in Polyethylene Compounds by the Muffle-Furnace Technique.
	H. ASTM D4439-04: Standard Terminology for Geosynthetics.
	I. ASTM D4833-00e1: Standard Test Method for Index Puncture Resistance of Geotextiles, Geomembranes, and Related Products.
	J. ASTM D4873-02: Standard Guide for Identification, Storage, and Handling of Geosynthetic Rolls and Samples.
	K. ASTM D5199-01: Standard Test Method for Measuring Nominal Thickness of Geosynthetics.
	L. ASTM D5596-03: Standard Test Method for Microscopic Evaluation of the Dispersion of Carbon Black in Polyolefin Geosynthetics.
	M. ASTM D5885-04:  Standard Test Method for Oxidative Induction Time of Polyolefin Geosynthetics by High-Pressure Differential Scanning Calorimetry.
	N. Geosynthetic Research Institute (GRI):
	1. GM11: Accelerated Weathering of Geomembranes using a Fluorescent UVA-Condensation Exposure Device; and
	2. GM13: Test Properties, Testing Frequency and Recommended Warranty for High Density Polyethylene Smooth and Textured Geomembranes; 


	1.04 DEFINITIONS
	A. Definitions shall be in accordance with ASTM D4439-02, unless otherwise indicated.
	B. Batch: refers to the quantity of resin, usually the capacity of one railcar, used in the manufacture of the HDPE geomembrane sheet used in the manufacture of curtain wall.  The finished sheet shall be identified by a roll number corresponding to the particular batch of resin used.
	C. Bridging: When the curtain wall becomes suspended over the subgrade due to expansion or contraction of the material or poor installation.
	D. Curtain Wall: A series of connected, flexible, HDPE, vertical curtain wall panels used as a hydraulic barrier.  The curtain wall is comprised of geomembrane panels interconnected at the edges with mechanical interlocks.  The interlocks utilize a hydrophilic seal to complete the hydraulic barrier system.
	E. Geomembrane:  An essentially impermeable geosynthetic sheet used for the purpose of liquid, gas, and solids containment.  
	F. Installer:  The Contractor (or subcontractor to the Contractor) shall be the installer and be responsible for field handling, transporting, storing, deploying, seaming, temporary restraining (against wind), and installation of the curtain wall. The installer is also referred to as the curtain wall subcontractor.
	G. Manufacturer: The party, also referred to as the curtain wall manufacturer or fabricator, is responsible for the production of the curtain wall rolls from resin and for the quality of the resin.
	H. Panel: Each curtain wall unit that will be installed in the field.  
	I. Panel Layout Drawings: Drawings submitted by the Installer indicating panel numbers, seams, and details.

	1.05 SUBMITTALS 
	A. Prior to the placement of any curtain wall, the Construction Manager, Contractor and CQA Field Manager will develop Schedules and Drawings.
	1. Installation schedule, including the hours worked per week, per day and per shift.  Indicate potential weather delays and shift rotations built into schedule.
	2. Installation layout drawings showing the panel layout indicating both fabricated (if applicable) and field seams, and details not conforming to the Contract Documents. 
	3. Layout drawings shall be drawn to scale and shall be suitable for use as construction drawings and shall include information such as dimensions, panel numbering, and installation details.
	B.  Prior to placement of any curtain wall, the Contractor shall submit qualifications for the following individuals or subcontractors that demonstrate they are suitably qualified to complete the designated work in accordance with this Specification.
	1. Quality Control (QC) Officer.
	2. Installation subcontractor and supervisor to be responsible for the Work.
	3.  Installation Welders performing interlock welding operations.

	C. Prior to placement of any curtain wall, the Contractor shall submit an Installation Plan describing the proposed methods and equipment for curtain wall deployment, panel layout, welding, repair, and protection. The Plan shall also include quantity and type of all equipment to be used, but not limited to the welding method to be used.  
	D. The Contractor shall submit documentation stating that the Installer has contacted GSE Lining Technologies, Inc. to review the Installation Plan, including but not limited to, the installation method and QC procedures.  A copy of the GSE Lining Technologies, Inc. review comments shall be included with the documentation.
	E. The following submittals are required as a condition of acceptance of the project by the Construction Manager.
	1. Certificate that curtain wall has been installed in accordance with the Contract Documents.
	2. The installation Warranty.
	3. Record Drawings in reproducible form showing all changes from the approved installation drawings, and identification and dimensioned location of each weld, repair, cap strip, penetration, boot, and sample taken from the installation.
	4. Copies of all material and weld QC test results, with each test result identified by test date, test location, name of individual who performed the test, and the standard test method used.
	5. Seam Test Summary Report showing the normal distribution of all test results.




	1.06 STORAGE, AND HANDLING 
	A. Storage and handling of the curtain wall material shall conform to ASTM D4873-02 and the manufacturer’s recommendations.
	B. Storage on Site: 
	1. Store curtain wall rolls to protect from puncture, dirt, grease, water, moisture, mud, mechanical abrasions, vandalism, excessive heat or other deleterious conditions.
	2. Store curtain wall rolls on prepared surface.
	3. Store hydrophilic seal material in their original boxes in a dry location.
	C. Handling on Site: 
	1. Use appropriate handling equipment to load, move, and deploy curtain wall panels or rolls.  Appropriate handling equipment includes cloth chokers, spreader bars and roll bars;
	2. Dragging panels on ground surface shall not be permitted; and
	3. Do not fold curtain wall panels.  Folded curtain wall panels shall be rejected.




	1.07 QUALIFICATIONS
	A. Installer Qualifications:
	1.  Installer shall have at least 5 years continuous experience in the installation of the specified curtain wall, or meet the satisfaction of the CQA Field Manager. 
	2. In addition the installer shall also meet the installer qualifications in Section 02770, Paragraph 1.07.  
	B. The Contractor and Installer shall agree to participate in and conform with all items and requirements of QC programs as outlined in this Specification.



	1.08 WARRANTY
	A. Provide an installation warranty for the curtain wall material in compliance with the General Terms and Conditions of the Contract, and a minimum 2-year non-pro rata warranty for the installation against defects.
	B. The warranties shall be provided to the Owner as purchaser and shall be signed by authorized representatives of the Installer.  The terms of the warranties shall, at a minimum, include, in addition to the requirements of this section, the applicable provisions of GRI GM13.


	PART 2 – PRODUCTS
	2.01 FIELD WELDING
	A. Field welds shall be performed per Section 02770 – Geomembrane.
	2.02 EQUIPMENT
	A. Curtain wall installation equipment shall be per the Installation Plan.
	B. Field weld equipment shall be per Section 02770 – Geomembrane. 

	2.03 LABELING
	A. Contractor shall ensure that all curtain wall has been marked and tagged with the following information:
	1. Manufacturer’s name
	2. Product identification.
	3. Lot number.
	4. Roll number.
	5. Roll dimensions.
	B. Mark special handling requirements on rolls.




	PART 3 - EXECUTION 
	3.01 SITE CONDITIONS
	A. The work site shall be clear of all debris and obstacles that may interfere with the installation of the curtain wall system, including the subsurface
	B. All overhead obstacles up to a height sufficient to clear installation equipment must be removed, deactivated or relocated so as not to delay the progress of the installation
	C. All underground utilities and other obstacles shall be located and their positions clearly marked along the path of the installation.  In addition, the Installer shall obtain a set of detailed drawings showing the location, type, and depth of each obstruction.
	D. If the location of utilities is unknown or unclear, the Contractor shall use a backhoe to excavate and explore along the path of installation.
	E. When installing curtain wall panels in an open trench, the trench walls shall be smooth and free of any gravel, rocks, sharp objects, grade stakes or hubs or any other protrusions or deleterious material that may damage the curtain wall panels or inhibit installation. 
	F. Prepare areas in which curtain wall is to be placed to the lines and levels shown on the Drawings or as directed by the CQA Field Manager.  The surface shall be prepared in accordance with Section 02200 – Earthwork and the following requirements.
	G. The Contractor shall be responsible for protection of the curtain wall trench walls and subgrade surfaces, including the intrusion of surface water. Any damage to the curtain wall trench walls or subgrade, including damage caused by curtain wall installation, shall be repaired at the Contractor expense.  Repair of damaged trench walls or subgrade shall be completed prior to deployment of curtain wall in that area.
	H. Edges of the trench, other excavations and grade changes shall be rounded to a minimum 6-inch radius, chamfered to an angle of no less than 135(, or with the approval of the CQA Field Manager, cushioned using a geotextile.
	I. Curtain wall shall not be placed in an area softened as a result of precipitation.
	3.02 EXAMINATION OF WING WALL AND SUBGRADE
	A. The Installer shall provide to the Contractor written acceptance of the curtain wall trench walls and subgrade for each day of curtain wall installation.
	B. The Contractor shall observe the curtain wall trench walls and subgrade daily to evaluate desiccation cracking.
	C. Once the curtain wall trench walls and subgrade is accepted by the Installer, it shall be the Installer’s responsibility to indicate to the CQA Field Manager any change in the condition of the subgrade that may require repair work. 

	3.03 PREPARATION
	A. Curtain wall panels shall only be installed, including deployment and seaming, when the ambient air temperature is between 0(F and 100(F, unless otherwise approved in writing by the Construction Manager.
	B. If the Installer wishes to use methods that may allow deployment and seaming at ambient temperatures below 0(F or above 100(F the Installer shall demonstrate and certify that such methods produce seams that are equivalent to those produced at ambient temperatures above 0(F and below 100(F and that the overall quality of the curtain wall is not adversely affected.  

	3.04 INSTALLATION
	A. The Contractor shall produce an Installation Plan describing the proposed methods and equipment for curtain wall deployment, panel layout, seaming, repair, QC and protection. The Installation Plan shall also include quantity and type of all equipment to be used.  The Installation Plan shall be reviewed by GSE Lining Technology, Inc. and approved by the Construction Manager prior to the start of installation.
	B. Installation each day shall not begin until the Contractor has submitted to the Construction Manager the previous working day’s QC documentation.
	C. Wherever possible, Contractor shall complete deployment, seaming and backfilling of the curtain wall at the same temperature or within as narrow a temperature range as practical.  Contractor shall avoid completing these activities during extreme hot or cold conditions.
	D. Deployment:
	1. Contractor shall give careful consideration to the timing and temperature during deployment. The Contractor shall focus on verifying that:
	a. There is no bridging or excessive stress in the curtain wall; and
	b. There are no wrinkles in the curtain wall that will fold over when the trench is backfilled with soil material.

	2. Panel Identification: Assign an identifying code number to each panel that is consistent with the Contractor panel layout drawing, and coordinate the coding with the CQA Field Manager.
	3. Panels shall be oriented vertically in the trench.
	4. Do not damage curtain wall by handling, by equipment trafficking, leakage of hydrocarbons, or any other means.
	5. Unroll curtain wall panels using methods that will not damage, stretch or crimp the curtain wall.
	6. Use deployment methods that minimize wrinkles and differential wrinkles between adjacent panels. 
	7. Protect the curtain wall panels to prevent uplift of panels from wind.
	8. Visually inspect the curtain wall for imperfections, and mark faulty or suspect areas for repair.
	9. Sufficient curtain wall shall be installed to account for shrinkage and contraction while avoiding wrinkles.  Installed curtain wall shall be stress-free with no bridging before it is covered.
	10. Remove wrinkled or folded material.
	11. Smoking shall not be permitted while working on the curtain wall.

	E. Interlock Seam Layout.
	1. Use a seam numbering system that is compatible with the panel numbering system, and coordinate the numbering system with the CQA Field Manager.

	F. Interlock Seaming Procedures.
	1. During all interlock seaming operations, at least one Seamer shall be present and shall provide supervision over the work.
	2. The hydrophilic seal shall be monitored during installation to assure that the rate of hydrophilic seal insertion is the same as the curtain wall.
	3. Provide adequate illumination, if interlock seaming operations are carried out at night 

	G. General Welding Procedures.
	1. Conform with Section 02770 – Geomembrane.

	H. Extrusion Welding.
	1. Conform with Section 02770 – Geomembrane.

	I. Fusion Welding
	1. Conform with Section 02770 – Geomembrane.  

	J. Inspection.
	1.  Examine all seams and non-seam areas of the curtain wall for defects, holes, blisters, undispersed raw materials, and sign of contamination by foreign matter, and ensure that the surface of the curtain wall is clean during the examination.
	2. Repair and non-destructively test each suspect location both in seams and non-weld areas.  Do not install curtain wall in the trench until inspection has shown the curtain wall and seams to be satisfactory.


	3.05 FIELD QUALITY CONTROL
	A. General.
	1.  Contractor and subcontractors, including the Installer, shall participate in and conform with all terms and requirements of the QC program specified here-in.

	B. Non-Destructive Testing.
	1. Non-destructive testing, as specified herein, shall be completed by the Contractor as part of their QC.  The Contractor may undertake non-destructive testing in addition to that specified.
	a. Elevation of ground surface at the location of each curtain wall panel seam
	b. Elevation of trench bottom at the location of each curtain wall panel seam

	2. The CQA Field Manager will visually confirm that the panel is resting on the bottom of the trench.
	3. Welded seams non-destructive testing shall be as specified per Section 02770 – Geomembrane.
	4. All testing shall be performed as the seaming progresses and not at the completion of all the field seaming.  Complete all required repairs in accordance with this Specification.

	C. Destructive Testing.
	1. Conform with Section 02770 – Geomembrane. 

	D. Failed Weld Procedures.
	1. Conform with Section 02770 – Geomembrane.

	E. Failed Interlock Procedures.
	1. Failed interlock interconnection shall result in removal of the end panel and reinstallation of the panel until the seam passes testing.

	F. The CQA Field Manager will accept welded seams only as follows.
	1. Seams that have passed non-destructive testing and, if applicable, that are bracketed by 2 locations from which samples have passed destructive tests.
	2. For reconstructed weld seams exceeding 50 feet, a sample taken from within the reconstructed weld shall pass destructive testing.


	3.06 REPAIR PROCEDURES
	A. Repair procedures shall be as specified per Section 02770 – Geomembrane. 

	3.07 CURTAIN WALL ACCEPTANCE
	A. The Contractor shall retain all ownership and responsibility for the curtain wall from the time of completion curtain wall inventory at the beginning for the project.
	B. The Construction Manager shall accept curtain wall installation when:
	1. All required documentation from Installer has been received and accepted;
	2. Installation is complete;
	3. Test reports verifying completion of all field seams and repairs, including associated non-destructive and destructive testing, have been received in accordance with this Specification; and
	4. Contractor has submitted to the Construction Manager, all written certification documents and drawings required by this Specification.


	3.08 MATERIALS IN CONTACT WITH CURTAIN WALL
	A. Material placed in contact with the curtain wall shall be in accordance with the requirements of Section 02200 – Earthwork and the Drawings.
	B. Requirements of this article apply to placing soil directly in contact with the curtain wall or on a curtain wall that is covered with a layer of geotextile or GCL.
	C. Temperature: Do not place soil materials in contact with the curtain wall at ambient temperatures below 0 degrees F or above 100 degrees F.
	D. Spreading Equipment: Equipment used for spreading soil shall be a light low ground pressure dozer with a ground pressure not exceeding 5 pounds per square inch, or approved equal.
	E. When placing soil or other cover materials in contact with or above the curtain wall, the Contractor shall ensure that:
	1. Curtain wall is not damaged through puncture, tear, or any other mechanism;
	2. There is no slippage of the curtain wall; and
	3. There is no excessive tensile stress developed in the curtain wall.

	F. Contractor shall carefully install materials in contact with curtain wall surfaces such that the potential for future damage to the curtain wall is minimized.  Loosely placed geotextile may be used as protection if approved by the CQA Field Manager.
	G. Clamps, clips, bolts, nuts, or other fasteners used to secure the curtain wall to each appurtenance shall have lifespan equal to or exceeding that of the curtain wall.
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	PART 1   GENERAL
	1.01 RELATED SECTIONS:
	A. Quality Control      Section 01450
	B. Earthwork       Section 02200
	C. Trench Excavation and Backfill     Section 02220
	D. Curtain Wall       Section 02771
	E. Geomembrane        Section 02770
	F. Dewatering      Section 02140

	1.02 DESCRIPTION
	A. This section specifies the manufacture and placement of Controlled Density Fill (CDF) which may be used for embedment of the GSE CurtainWall, if the GSE CurtainWall is used for extension of the seepage cutoff along the wing wall alignment during future raises to closure of the tailings main dam.
	B. The purpose of the CDF is to secure the placement of the GSE CurtainWall to the bottom of the narrow trench and provide a seal between the GSE CurtainWall and competent bedrock for seepage control.  

	1.03 QUALITY CONTROL
	A. Referenced Standards: This Section incorporates by reference the latest revision of the following documents. These are part of this Section as specified and modified.  In case of conflict between the requirements of this Section and that of the listed documents, the requirements of this Section shall prevail.
	1. ASTM C150 Specification for Portland Cement
	2. ASTM C260 Specification for Air-Entraining Admixtures for Concrete
	3. ACI 229R Controlled Low Strength Materials.


	1.04 SUBMITTALS
	A. Provide information on the following CDF components to the Construction Manager:
	1. Cement,
	2. Fine aggregate gradation, and
	3. Admixtures.



	PART 2   PRODUCTS
	1.05 CDF
	A. CDF shall be composed of Portland cement, aggregate, admixtures, and water.
	1. Minimum 7-day compressive strength of the CDF shall be 50 psi (ASTM C39).
	2. Minimum 28-day compressive strength of the CDF shall be 100 psi (ASTM C39).
	3. Permeability of 10-6 cm/sec (ASTM D5084).
	4. Water content shall be sufficient to produce the fluid workable mix but not exceed that required to maintain the fine aggregate in suspension and prevent segregation.
	B. Mix proportioning shall be based on the mix design below:
	1. Cement: Portland (Type I or III) or API Class G):   100 lb
	2. Fine Aggregate (Sand):        2850 lb
	3. Water (Clean):        480 lb
	4. Air Entrainment:       5 %
	5. Air Entrainer Admixture – MBAE 90 (5 fl oz/cwt):  5 fl oz 
	6. Water Reducer Admixture – Polyheed (8 fl oz/cwt):  8 fl oz 
	7. Superplasticizer– Glenium 1000 (5 fl oz/cwt):   5 fl oz
	8. Freeze Point Depressant– Pozzutec 20 (80 fl oz/cwt):                   80 fl oz

	C. Fine aggregate grading shall be as tabulated below, or as approved by the CQA Field Manager in consultation with the Engineer following the Contractor submittal to be based on available materials and quarry processing capabilities:




	PART 3   EXECUTION
	1.06 MIXING
	A. The CDF shall be thoroughly mixed using the following batch plant provided by the Owner at the site: 
	1. Haganator Model HSE-10300A Mobile Concrete Batching Plant that includes:  
	a) 10-cubic yard two-compartment decumulative aggregate weigh batcher
	b) 24-inch deep troughing batch transfer belt conveyor 
	c) 10 cubic yard/95 cubic foot cement weigh batcher
	d) 300 barrel (4 cu.ft/bbl., 59 tons) in-truss design cement silo. 
	e) Single 7-inch multi-flight cement feeder (21 cfm capacity) 
	f) 5 hp air compressor (19.8 cfm) and 80 gallon air receiver
	g) 2-inch Badger electronic water meter (20 to 160 gpm) 
	h) Batch controls
	B. Start each batch of mixing only when approved by the CQA Field Manager.
	C. Complete all mixing in the presence of a CQA Field Monitor. 
	D. Continue mixing until the cement and water are thoroughly dispersed throughout the material.
	E. Place CDF within one hour after mixing.



	1.07 INSTALLATION
	A. Dewater trench and clean trench of water, loose soil and rock, ice and snow and other debris before placing CDF.
	B. Start placement of CDF only when approved by the CQA Field Manager.
	C. Place CDF concurrently on both sides of the GSE CurtainWall while the GSE CurtainWall is held vertically to the bottom of the excavated trench centerline
	D. Minimum CDF temperature at time of placement is -7°C (20°F)
	E. Keep excavated trench relatively dry and free of snow.
	F. Comply with ACI 304R for measuring, mixing, transporting and placing CDF.

	1.08 RESPONSIBILITY
	A. Contractor shall take full responsibility for ensuring that the integrity of the completed CDF and GSE CurtainWall conforms to the Drawings and Specifications.
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	1.01  RELATED WORK SPECIFIED ELSEWHERE
	A.  Quality Control:       Section 01450
	B. Geomembrane:      Section 02770

	1.02 DESCRIPTION
	A. This section specifies the manufacture and placement of grout for the embedment of the geomembrane in the cutoff wall below the cutoff trench along the left and right abutments, and the connection to the existing cutoff walls. 
	B. The purpose of the grout is to secure the placement of the geomembrane to the bottom of the narrow trench and provide a seal between the geomembrane and competent rock for seepage control.   

	1.03 SUBMITTALS
	A. Provide following grout components information to the CQA Field Manager and Construction Manager:
	1. Cement.
	2. Fine aggregate (sand) gradation.
	3. Admixtures.


	2.01  GROUT
	A.  Grout shall be composed of: 
	1. Portland Cement: ASTM C150, Type I or III or ACI Class G.
	2. Fine aggregate: ASTM C33 or as approved by CQA Field Manager.
	3. Air-Entraining Admixture:  ASTM C 260.
	4. Water-Reducing Admixture:  ASTM C 494, Type A/E/F/D.

	B. Mix Proportioning:
	1. Cement, water, fine aggregate and admixtures are proportioned by weight.  
	2. Adjust Grout mix proportions in the field, based on setting performance of grout placed in a trial slot just prior to grouting of cutoff wall.

	C. Fine aggregate grading shall be as tabulated below, or as approved by the CQA Field Manager in consultation with the Engineer following the Contractor submittal to be based on available materials and quarry processing capabilities:
	D. Batch Proportions:
	Batch weights based on saturated surface dry (SSD) aggregate

	E. Admixtures:
	Batch micro-air, Pozzolith 322N and Rheobuild 1000 to obtain 1 to 2-inch slump
	Adjust Reobuild 100 dosage rate to obtain slump, do not increase batch water
	Dosage rates for micro-air and Rheobuild 1000 to be adjusted in field.  
	Quantities shown are maximum values.
	Micro-air dosage rate to based on air content after addition of Pozzutec20


	3.01 PRODUCT HANDLING AND STORAGE
	A. The shelf life recommended by the Manufacturer shall not be exceeded by any components used in the grout.

	3.02 MIXING
	A. The grout shall be thoroughly mixed using the Owner’s existing batch plant at the site described below, or other approved type mixer.
	1. Haganator Model HSE-10300A Mobile Concrete Batching Plant or equivalent model that includes:  
	a) 10-cubic yard two-compartment decumulative aggregate weigh batcher
	b) 24-inch deep troughing batch transfer belt conveyor 
	c) 10 cubic yard/95 cubic foot cement weigh batcher
	d) 300 barrel (4 cu.ft/bbl., 59 tons) in-truss design cement silo. 
	e) Single 7-inch multi-flight cement feeder (21 cfm capacity) 
	f) 5 hp air compressor (19.8 cfm) and 80 gallon air receiver
	g) 2-inch Badger electronic water meter (20 to 160 gpm) 
	h) Batch controls


	B. Start each batch of mixing only when approved by the CQA Field Manager.
	C. Complete all mixing in the presence of a CQA Field Monitor. 
	D. Continue mixing until the cement and water are thoroughly dispersed throughout the material.
	E. Place grout within one hour after mixing.

	3.03 INSTALLATION
	A. Dewater trench and clear trench of water, loose soil and rock, ice and snow and other debris before placing grout.
	B. Start placement of grout only when approved by the CQA Field Manager.
	C. Place grout concurrently on both sides of geomembrane while geomembrane is held vertically to the bottom of the excavated trench centerline.
	D. Minimum placement width of fresh grout is 6 inches.
	E. Minimum rock temperature at time of placement is -8ºc (17ºF).
	F. Minimum grout temperature at time of placement is -7ºC (20ºF).
	G. Keep excavated free of visible ice and snow.
	H. Comply with ACI 304R for measuring, mixing, transporting and placing grout. 
	I. Do not add water or any other materials to the grout during placement. 

	3.04 RESPONSIBILITY
	A. Contractor shall take full responsibility for ensuring that the integrity of the completed curtain wall conforms to the Drawings and Specifications.
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	PART 1 - GENERAL
	1.04 RELATED WORK
	A. Earthwork:  Section 02200
	B. Tailings Dam:  Section 02290
	C. Seepage Dam:  Section 02294
	D. Geotextile:  Section 02276
	E. Filter Drain, Liner Bedding, Liner Cover, and Liner Anchor: Section 02274
	F. Geosynthetic Clay Liner:  Section 02277
	G. Quality Control:  Section 01450

	1.05 DESCRIPTION
	A.  Manufacture, storage, delivery, and installation of high density polyethylene (HDPE) geomembrane materials for the liner and other miscellaneous applications. 

	1.06 REFERENCES
	A. The publications listed below form a part of this Specification to the extent referenced. The publications are referred to in the text by basic designation only. The most recent version of the publication and test method shall be applicable in all cases.
	B. American Society for Testing and Materials (ASTM) D1004-03: Standard Test Method for Initial Tear Resistance of Plastic Film and Sheeting.
	C. ASTM D1238-04c: Standard Test Method for Flow Rates of Thermoplastics by Extrusion Plastometer.
	D. ASTM D1505-03: Standard Test Method for Density of Plastics by the Density-Gradient Technique.
	E. ASTM D1603-01: Standard Test Method for Carbon Black In Olefin Plastics.
	F. ASTM D3895-04: Standard Test Method for Oxidative-Induction Time of Polyolefins by Differential Scanning Calorimetry.
	G. ASTM D4218-96(2001): Standard Test Method for Determination of Carbon Black Content in Polyethylene Compounds by the Muffle-Furnace Technique.
	H. ASTM D4439-04: Standard Terminology for Geosynthetics.
	I. ASTM D4833-00e1: Standard Test Method for Index Puncture Resistance of Geotextiles, Geomembranes, and Related Products.
	J. ASTM D4873-02: Standard Guide for Identification, Storage, and Handling of Geosynthetic Rolls and Samples.
	K. ASTM D5199-01: Standard Test Method for Measuring Nominal Thickness of Geosynthetics.
	L. ASTM D5596-03: Standard Test Method for Microscopic Evaluation of the Dispersion of Carbon Black in Polyolefin Geosynthetics.
	M. ASTM D5641-94(2001)e1: Standard Practice for Geomembrane Seam Evaluation by Vacuum Chamber.
	N. ASTM D5885-04:  Standard Test Method for Oxidative Induction Time of Polyolefin Geosynthetics by High-Pressure Differential Scanning Calorimetry.
	O. ASTM D6392-99: Standard Test Method for Determining the Integrity of Nonreinforced Geomembrane Seams Produced Using Thermo-Fusion Methods.
	P. Geosynthetic Research Institute (GRI):
	1. GM6: Pressurized Air Channel Test for Dual Seamed Geomembranes;
	2. GM11: Accelerated Weathering of Geomembranes using a Fluorescent UVA-Condensation Exposure Device;
	3. GM13: Test Properties, Testing Frequency and Recommended Warranty for High Density Polyethylene Smooth and Textured Geomembranes; and
	4. GM14: Selecting Variable Intervals for Taking Geomembrane Destructive Seam Samples Using the Method of Attributes.


	1.07 DEFINITIONS
	A. Definitions shall be in accordance with ASTM D4439-02, unless otherwise indicated.
	B. Batch: refers to the quantity of resin, usually the capacity of one railcar, used in the manufacture of the HDPE geomembrane sheet.  The finished sheet shall be identified by a roll number corresponding to the particular batch of resin used.
	C. Bridging: When the geomembrane becomes suspended over the subgrade due to expansion or contraction of the material or poor installation.
	D. Extrudate:  The molten polymer that is produced from an extruder during extrusion seaming.  The polymer is initially in the form of a ribbon rod, bead, or pellets.
	E. Geomembrane:  An essentially impermeable geosynthetic sheet used for the purpose of liquid, gas, and solids containment.  HDPE geomembrane shall be manufactured and installed in accordance with the requirements of this Specification.
	F. Geomembrane Subgrade: The surface upon which the geomembrane lies. 
	G. Installer:  The Contractor (or a subcontractor to the Contractor) shall act as the installer, i.e. the party responsible for field handling, transporting, storing, deploying, seaming, temporary restraining (against wind), and installation of the geomembrane. The installer is also referred to as the geomembrane subcontractor.
	H. Manufacturer: The party, also referred to as the geomembrane manufacturer or fabricator, is responsible for the production of the geomembrane rolls from resin and for the quality of the resin.
	I. Master Welder: The individual to whom the installer delegates responsibility for oversight of geomembrane seaming operations.  The Master Welder shall be qualified in accordance with the requirements of this Specification.
	J. Overlap: Distance measured perpendicular from overlapping edge of one sheet to underlying edge of adjacent sheet.
	K. Panel: The unit area of geomembrane that will be seamed in the field.  A panel is identified as a roll or portion of a roll without any internal seams.
	L. Panel Layout Drawings: Drawings submitted by the Installer indicating panel numbers, field seams, and details.

	1.08 SUBMITTALS 
	A.  At least 10 working days prior to shipping geomembrane to the site, the Contractor shall notify the Construction Manager of the date of shipping.
	B.  Prior to shipping the geomembrane to the site, the Contractor shall submit the following Product Data.
	1. Resin Data:
	a.  Statement of production date or dates;
	b.  Certification stating that the resin meets the product requirements (see below);
	c.  Certification stating that all resin is from the same manufacturer;
	d.  Copy of quality control certificates issued by the manufacturer;
	e. Test reports from the manufacturer; and
	f.  Statement that no reclaimed polymer is added to resin during manufacture of actual geomembrane to be used in this project.
	2. Geomembrane Roll Data:
	a.  Statement of production date or dates;
	b.  Laboratory test results and certification stating that the geomembrane meets the product requirements;
	c.  Certification stating that all geomembrane rolls are furnished by one supplier, and that all rolls are manufactured from one resin type obtained from one resin supplier;
	d.  Copy of quality control certificates indicating compliance with requirements of this Specification;
	e. Test reports from the manufacturer;
	f.  Statement certifying that no reclaimed polymer is added to the resin;
	g.  Statement listing percentages/total of processing aids, antioxidants, and other additives other than carbon black added to or in the resin;
	h.  Manufacturer’s recommended geomembrane delivery, storage, and handling instructions;
	i.  Manufacturer’s recommended geomembrane installation instructions; and
	j.  Sample warranties for review by the Construction Manager.
	a. Statement of production date or dates;
	b. Laboratory certification stating that the rod meets the product requirements;
	c. Certification stating that all rod is manufactured by one manufacturer and resin is supplied from one supplier;
	d. Copy of quality control certificates issued by the manufacturer;
	e. Test reports from the manufacturer; and
	f. Certification stating that the extrudate bead or rod resin is the same type, from the same manufacturer and compatible with the resin used to manufacture the geomembrane supplied for this project.
	C.  Prior to shipping the geomembrane to the site, the Manufacturer or Supplier shall submit three samples of the HDPE geomembrane to be supplied for the work.  Each sample shall be one piece at least 12 inches wide and 48 inches long. Label each sample with brand name and furnish documentation of the lot and roll number from which the sample was obtained.
	D. Prior to shipping the geomembrane to the site, Contractor shall submit a listing of exceptions (if any) to the requirements specified herein.  Exceptions and requests for substitutions shall be submitted to the Construction Manager.
	E. Prior to the placement of any geomembrane, the CQA Field Manager shall work with the Contractor and Construction Manager to submit the following Schedules and Drawings.
	1. An estimated installation schedule. Indicate all weather delays and shift changes built into schedule.
	2. Installation layout drawings showing the panel layout indicating both fabricated (if applicable) and field seams, and details not conforming to the Contract Documents. 
	3. Layout drawings shall be drawn to scale and shall be suitable for use as construction drawings and shall include information such as dimensions, panel numbering, and installation details.

	F.  Prior to placement of any geomembrane, the Contractor shall submit qualifications for the following individuals or subcontractors that demonstrate they are suitably qualified to complete the designated work in accordance with this Specification.
	1. Quality Control (QC) Officer.
	2.  The geomembrane installation subcontractor, and the supervisor who shall be responsible for the Work.
	3. The master welder.
	4.  The installation seamers performing seaming operations.

	G. Prior to the commencement of geomembrane installation on any given day, the CQA Field Manager shall:
	1. Ensure that all quality control documentation has been completed.
	2. Ensure that the subgrade has been cleared of any sharp material that may puncture the geomembrane.

	H. The following submittals are required as a condition of acceptance of the project by the Construction Manager.
	1. Certificate stating the geomembrane has been installed in accordance with the Contract Documents.
	2. The Warranty obtained from the manufacturer.
	3. The installation Warranty.
	4. Record Drawings showing all changes from the approved installation drawings.  The record drawings shall be reproducible and include the identification and dimensioned location of each seam, repair, cap strip, penetration, boot, and sample taken from the installed geomembrane.
	5. Copies of all material and seam QC test results.  Each test result shall be identified by sample date, test date, sample location, name of individual who performed the test, and the standard test method used.




	1.09 DELIVERY, STORAGE, AND HANDLING 
	A. Delivery, storage and handling of the geomembrane shall conform to ASTM D4873-02 and the manufacturer’s recommendations.
	B. Contractor shall be responsible for coordination and payment of shipping, delivery, unloading, storing, handling and installing the geomembrane.
	C. Each roll shall be labeled with the lot number, roll number, and other information necessary to identify it for inventory and CQC and CQA testing.
	D. Delivery:
	1. Deliver materials to the site only after the Construction Manager accepts required submittals;
	2. Damaged rolls, as determined by the Construction Manager, shall be removed from the site; and
	3. Deliver in rolls, do not fold.
	E. Upon delivery at the site, the Contractor and the Construction Manager shall inspect the surfaces of all rolls for defects and for damage. This inspection shall be conducted without unrolling rolls unless defects or damages are found or suspected.  The Construction Manager will determine:
	1. Rolls, or portions thereof, which should be rejected and removed from the site because they have severe flaws;
	2. Rolls or factory panels which include repairable flaws; and
	3. Rolls that are not properly labeled.  No unlabelled rolls shall be used for any application.  Unlabelled rolls shall be removed from the site and replaced at the Contractor’s expense.

	F. Immediately repair any damaged protective covering.  Preserve integrity and legibility of geomembrane roll labels.
	G. Storage on Site: 
	1. Store geomembrane rolls to protect from puncture, dirt, grease, water, moisture, mud, mechanical abrasions, vandalism, excessive heat or any other deleterious condition;
	2. Store geomembrane rolls on prepared surface;
	3. Do not stack geomembrane more than 3 rolls high; and
	4. Contractor is responsible for off-loading, storage, and transporting material from storage area to area of installation.

	H. Handling on Site: 
	1. Use appropriate handling equipment to load, move, and deploy geomembrane rolls.  Appropriate handling equipment includes cloth chokers, spreader bars and roll bars;
	2. Dragging panels on ground surface shall not be permitted; and
	3. Do not fold geomembrane material.  Folded geomembrane shall be rejected.




	1.10 QUALIFICATIONS
	A. Manufacturer Qualifications:
	1. Manufacturer shall be a commercial entity normally engaged in manufacture of geomembranes for waste containment applications;
	2. Manufacturer shall have at least 5 years continuous experience in the manufacturing of geomembrane rolls of the type specified;
	3. Manufacturer shall have experience totaling 10 million square feet of manufactured geomembrane, of the type specified, for at least 10 completed facilities; and
	4. Manufacturer shall satisfy all appropriate trade certifications.
	B. Installer Qualifications:
	1.  Installer shall have at least 5 years continuous experience in the installation of the specified geomembrane, or meet the satisfaction of the Construction Manager; and
	2.  Installer shall have experience totaling 5 million square feet of installed geomembrane, of the type specified, for at least 10 completed facilities, or meet the satisfaction of the Construction Manager.

	C. Seamers shall have seamed a minimum of 500,000 square feet of the specified geomembrane or have successfully passed seaming tests to the satisfaction of the Construction Manager.
	D. The Contractor and Installer shall agree to participate in and conform with all items and requirements of CQA and QC programs as outlined in this Specification.



	1.11 WARRANTY
	A. Provide a manufacturer’s warranty for the geomembrane material in compliance with provisions of the General Terms and Conditions of the Contract.  Provide a minimum 5-year warranty for the materials against deterioration.
	B. Provide an installation warranty for the geomembrane material in compliance with the General Terms and Conditions of the Contract.  Provide a minimum 2-year non-pro rata warranty for the installation against defects.
	C. The warranties shall be provided to the Owner as purchaser and shall be signed by authorized representatives of the geomembrane manufacturer and Installer.  The terms of the warranties shall, at a minimum, include, in addition to the requirements of this section, the applicable provisions of GRI GM13.


	PART 2 - PRODUCTS
	2.01 HDPE GEOMEMBRANE RESIN
	A. Resin shall be new HDPE of first quality, compounded, and manufactured specifically for producing HDPE geomembrane.
	B. The manufacturer will not mix resin types or use recycled materials or seconds in manufacturing.
	C. Resin shall meet the requirements in Table 1.
	2.02 HIGH DENSITY POLYETHYLENE (HDPE) GEOMEMBRANE
	A. Manufacturing:
	1.  Do not exceed a combined maximum total of 1 percent by weight of additives other than carbon black or pigment.  Identify percentage of processing aids, antioxidants, and other additives other than carbon black.
	2.  Do not exceed 3.5 percent by weight of finished geomembrane for total combined processing aids, antioxidants, carbon and other additives.  Do not exceed 3% carbon black by weight.
	3.  All additives for UV protection, thermal stability, color, or processing agents must not "bloom" to the surface over time or inhibit welding.
	4.  Use materials produced in North America or as accepted by the Construction Manager.
	5.  Provide finished product free from blemishes, holes, pin holes, bubbles, blisters, excessive gels, undispersed resins, and/or carbon black, contamination by foreign matter and nicks or cuts on edges.
	6. Roll manufactured sheets or panels for shipment.
	7. The HDPE geomembrane delivered to the site shall come from a maximum of two lots.
	B. HDPE geomembrane shall conform to the physical requirements in Table 2.


	2.03 EXTRUDATE ROD OR BEAD
	A. Extrudate rod or bead shall:
	1. Meet the manufacturer’s requirements;
	2. Be made from same resin as the geomembrane;
	3.  Have thoroughly dispersed additives throughout rod or bead;
	4. Contain 2 to 3 percent carbon black; and
	5.  Be free of contamination by moisture or any other foreign matter.


	2.04 WELDING FIELD SEAMS
	A. The only approved processes for welding seams are:
	1. Extrusion Welding; and
	2. Fusion Welding.
	B. Proposed alternate processes shall be documented and submitted for approval by the Construction Manager.
	C. The physical properties of the type of resin used in extrusion welding shall be the same as those of the resin used in the geomembrane.
	D. Geomembrane seams shall conform to the requirements in Table 3.


	2.05 EQUIPMENT
	A. The Contractor shall provide extrusion welding equipment that is equipped with gauges showing temperatures in the extruder apparatus and at the nozzle (temperature at the nozzle may be measured by external temperature gauge). 
	B. The Contractor shall provide fusion welding equipment that is an automated variable speed vehicular mounted apparatus equipped with devices adjusting and giving temperatures at wedge. The pressure shall be controlled by a spring, pneumatic control, or other system that allows for variation in sheet thickness.  Rigid frame fixed position equipment is not acceptable.
	C. Seam welding accessories shall meet the following requirements:
	1. The Contractor shall maintain sufficient operational seaming equipment to continue work without delay;
	2. Only apparatus that the Construction Manager has specifically approved by make and model shall be used;
	3. Equipment shall be powered by an electric generator(s) capable of providing constant voltage under the maximum anticipated combined load; and
	4. Electric generators shall not be placed on the geomembrane, unless a protective lining and splash pad large enough to catch spilled fuel is provided by the Contractor.
	D. Equipment used for seaming shall not damage the geomembrane.
	E. The Contractor shall provide a tensiometer for onsite shear and peel testing of geomembrane seams. The tensiometer shall be:
	1. Motor driven and have jaws capable of traveling at a measured rate of 2 inches per minute;
	2. Be in good working order, be built to ASTM specifications, and be accompanied by evidence of calibration within the last 12 months; and
	3. Be equipped with a gauge that measures the force exerted between the jaws to an accuracy of less than 1 pound and has a digital readout.

	F. The Contractor shall provide a punch press for the onsite preparation of specimens for testing. The press shall be capable of cutting specimens in accordance with ASTM D6392.
	G. The Contractor shall provide a vacuum box for onsite testing of geomembrane seams as per the following requirements.  In addition to the vacuum box, the Contractor shall provide a soapy solution and applicator.
	1. The vacuum box shall have a transparent viewing window on top and a soft, closed-cell neoprene gasket attached to the bottom.
	2. The housing shall be rigid and equipped with a bleed valve and vacuum gauge.
	3. A separate vacuum source shall be connected to the vacuum box.
	4. The equipment shall be capable of inducing and holding a vacuum of 5 pounds per square inch - gauge pressure.

	H. The Contractor shall provide the following equipment for pressure testing of geomembrane seams.
	1. An air pump (manual or motor driven) equipped with a pressure gauge capable of generating and sustaining pressures over 30 pounds per square inch and mounted on a cushion to protect the geomembrane;
	2. A sharp hollow needle or other approved pressure feed device;
	3. A rubber hose with fittings and connections between the pump and needle or other approved pressure feed device; and
	4. A gauge with an accuracy of 1 pound per square inch.



	2.06 MANUFACTURER SOURCE QUALITY CONTROL
	A. The manufacturer shall perform source quality control testing on the geomembrane at the manufacturing plant as indicated in Table 4.
	B. The objective of the manufacturer’s source quality control testing shall be to confirm the manufacturer’s published material characteristics and demonstrate the materials compliance with this Specification.
	C. The manufacturer shall reject rolls for which quality control requirements are not met.
	D. The manufacturer shall certify the quality of all rolls of geomembrane shipped to the site.
	E. The Contractor shall provide the results of the manufacturer’s source quality control tests to the Construction Manager for all rolls of geomembrane shipped to site.

	2.07 LABELING
	A. Mark or tag all geomembrane rolls with the following information:
	1. Manufacturer’s name;
	2. Product identification;
	3. Lot number;
	4. Roll number; and
	5. Roll dimensions.
	B. Mark special handling requirements on rolls.




	PART 3 - EXECUTION 
	3.01 GEOMEMBRANE SUBGRADE
	A. Prepare areas in which geomembrane is to be placed to the lines and levels shown on the Drawings or as directed by the Construction Manager.  The surface shall be prepared in accordance with Section 02200 – Earthwork and the following requirements.
	B. The subgrade on which the geomembrane is to be installed shall be smooth and free of any gravel, rocks, sharp objects, grade stakes or hubs or any other protrusions or deleterious material that may damage the geomembrane.
	C. The Contractor shall be solely responsible for protection of the geomembrane subgrade surface, including the intrusion of surface water beneath the geomembrane. Any damage to the geomembrane subgrade, including damage caused by geomembrane installation, shall be repaired at the Contractor’s sole expense.  Repair of damaged subgrade shall be completed prior to deployment of geomembrane in that area.
	D. Edges of anchor trenches, other excavations and grade changes shall be rounded to a minimum 6-inch radius, chamfered to an angle of no less than 135(, or, with the approval of the Construction Manager, cushioned using a geotextile.
	E. Geomembrane shall not be placed in an area, which has been softened as a result of precipitation.
	3.02 EXAMINATION OF GEOMEMBRANE SUBGRADE
	A. The Installer shall provide to the Contractor written acceptance of the geomembrane subgrade for each day of geomembrane installation.
	B. The Contractor shall observe the geomembrane subgrade daily to evaluate desiccation cracking.
	C. Once the geomembrane subgrade is accepted by the Installer, it shall be the Installer’s responsibility to indicate to the Construction Manager any change in the condition of the subgrade that may require repair work. 

	3.03 PREPARATION
	A. Geomembrane material shall only be installed, including deployment and welding, when the ambient air temperature is between 0(F and 100(F, unless otherwise approved in writing by the Construction Manager.
	B. If the Installer wishes to use methods that may allow deployment and welding at ambient temperatures below 0(F or above 100(F the Installer shall demonstrate and certify that such methods produce welds that are entirely equivalent to those produced at ambient temperatures above 0(F and below 100(F and that the overall quality of the geomembrane is not adversely affected.  
	C. Geomembrane shall not be placed during precipitation, in presence of excessive moisture (e.g., fog, dew), in areas of ponded water, or during excessive winds.
	D. The Installer shall perform and test trial welds on samples of geomembrane to verify the performance of welding equipment, methods, and conditions.
	E. No welding equipment or welder shall be allowed to perform production welds until equipment and welders have successfully completed trial welds.
	F. Trial welds shall be performed at the following minimum frequency:
	1. At least 2 per day, with one prior to the start of work and one at mid shift;
	2. As directed by the Construction Manager;
	3. Every 2 hours when using a fusion welder for cross welds;
	4. At least one per welder per shift; and
	5. When the ambient temperature changes more than 20(F since the previous trial weld.

	G. Trial welds shall be performed in the same surroundings and environmental conditions as the production welds (e.g., in contact with the geomembrane subgrade and similar ambient conditions).
	H. All trial welds shall be tested as follows.
	1. Samples at least 4 feet long and 2 feet wide with the weld centered lengthwise.
	2. 8, 1-inch wide test strips shall be cut from the trial weld.
	3. Each specimen shall be quantitatively tested in the field using a tensiometer, 3 for peel, and then 3 for shear in accordance with ASTM D6392.
	4. The remaining 2 samples shall be archived by the Contractor, and shall be marked with the welder initials, date, time and machine identification.
	5. A trial weld specimen shall pass when the results for both peel and shear tests exceed the required strength (psi) for 2 out of 3 specimens for both peel and shear tests. 
	6. For double-wedge fusion welding, both welds shall be individually tested and both welds shall be required to pass in peel.
	7. If a trial weld fails, neither the welding apparatus nor welder shall be accepted and shall not be used for welding until deficiencies are corrected and two passing full trial weld samples and tests for both peal and shear are achieved consecutively.


	3.04 INSTALLATION
	A. Installation each day shall not begin until the Contractor has submitted to the CQA Field Manager the previous working day’s QC documentation.
	B. Deployment:
	1. The Contractor shall give careful consideration to the timing and temperature during deployment. The Contractor shall focus on verifying that there is no:
	a. Bridging or excessive stress in the geomembrane; and
	b. Wrinkles in the geomembrane that will fold when covered with soil.

	2. Panel Identification: Assign an identifying code number to each panel that is consistent with the Contractor panel layout drawing.  The coding shall be coordinated with the CQA Field Manager.
	3. Daily Panel Deployment: Deploy no more panels in one day than can be welded during that same day.
	4. Panels shall be oriented perpendicular to the line of the slope crest (i.e., down and not across slope).
	5. Do not damage geomembrane by handling, by equipment trafficking, leakage of hydrocarbons, or any other means.
	6. Unroll geomembrane panels using methods that will not damage, stretch or crimp the geomembrane.
	7. Use deployment methods that minimize wrinkles and differential wrinkles between adjacent panels. 
	8. Place sandbags, or some equivalent form of ballast approved by the CQA Field Manager, on the geomembrane to prevent uplift from wind.
	9. Visually inspect the geomembrane for imperfections, and mark faulty or suspect areas for repair.
	10. Sufficient geomembrane shall be installed to account for shrinkage and contraction while avoiding wrinkles, and shall be stress-free with no bridging before it is covered.
	11. Before wrinkles fold over, attempt to push them out, and wrinkles that cannot be pushed out shall be cut out and the cuts repaired prior to burial.
	12. Remove wrinkled or folded material.
	13. Personnel walking on the geomembrane shall not engage in activities or wear types of shoes that could damage the geomembrane.
	14. Smoking shall not be permitted while working on the geomembrane.
	15. The geomembrane surface shall not be used as a work area, for preparing patches, storing tools and supplies, or other uses.
	16. Protect the geomembrane in areas of heavy traffic by placing a protective cover that is compatible with and shall not damage the geomembrane.
	17. Do not allow traffic directly on the geomembrane. If the geomembrane is covered with less than 2 feet of soil, no equipment with a ground pressure greater than 5 psi shall operate within 2 feet (vertical) of the area underlain by the geomembrane.

	C. Weld Layout.
	1. Welds shall be oriented perpendicular to the line of the slope crest (i.e., down and not across slope).
	2. Minimize the number of field welds in corners, odd-shaped geometric locations and exterior corners.
	3. Keep horizontal welds (welds running approximately parallel to slope contours) at least 6 feet away from the toe or crest of a slope.
	4. Use a weld numbering system that is compatible with the panel numbering system. Coordinate the weld numbering system with the CQA Field Manager.
	5. Panels shall be shingled on all slopes such that the upper panel is overlapped above the lower panel.

	D. General Welding Procedures.
	1. Do not commence welding with welding apparatus until a trial weld test sample, made by that apparatus, passes the trial weld test.
	2. During all welding operations, at least one Master Welder shall be present and shall provide supervision over other welders.
	3. Clean the geomembrane surface of grease, moisture, dust, dirt, debris, or other foreign material.
	4. Overlap panels a minimum 6 inches for extrusion welding and fusion welding.
	5. Solvents or adhesives shall not be used unless the product is approved, in writing, by the CQA Field Manager.
	6. Place sandbags, or some equivalent form of ballast approved by the CQA Field Manager, on the geomembrane to prevent uplift from wind.
	7. Welds shall be continuous to the outside edge of panels placed in anchor trenches.
	8. If required, provide a firm substrate by using a flat board, a conveyor belt, or similar hard surface directly under the weld overlap to achieve firm support.
	9. Electric generators shall be placed on a smooth base such that no damage occurs to the geomembrane.
	10. The geomembrane shall be protected from damage in heavily trafficked areas.
	11. Provide adequate illumination, if welding operations are carried out at night.
	12. Personnel walking on the geomembrane shall not engage in activities or wear types of shoes that could damage the geomembrane.
	13. Smoking shall not be permitted while working on the geomembrane.
	14. Fishmouths or wrinkles at weld overlaps shall be cut along the ridge of the wrinkle to achieve a flat overlap.  The cut fishmouths or wrinkles shall be extrusion welded or patched where the overlap is more than 3 inches. When there is less than 3 inches overlap, an oval or round patch extending a minimum of 6 inches beyond the cut in each direction shall be used.
	15. Log every two hours:
	a. Ambient temperature on the geomembrane surface being welded.
	b. Extrudate temperatures in the barrel and nozzle for an extrusion welder.
	c. Preheat temperature.


	E. Extrusion Welding.
	1. Extrusion welding shall be used only for repairs (e.g., patches, caps) and areas not accessible to fusion welding equipment.
	2. Adjacent panels shall be tack bonded together using procedures that do not damage the geomembrane, allow the required tests to be performed, and are not detrimental to final welding.  Tack-welded panels shall not be left overnight.
	3. Welding apparatus shall be free of heat-degraded extrudate before welding. Purge extruder prior to beginning seam until all heat-degraded extrudate has been removed from barrel.
	4. The edge of the top sheet of geomembrane shall be beveled to a minimum of 45 degrees and to the full thickness of geomembrane before extrusion welding.
	5. The geomembrane surface shall be abraded a maximum of one quarter of an inch beyond the weld bead area, using a disc grinder, or equivalent, not more than 1 hour before welding. 
	6. The ends of all welds, which are more than 5 minutes old, shall be ground when restarting the weld.
	7. Grinding depth shall not exceed 4 mils.
	8. Grind across, not parallel to, welds.
	9. Change grinding discs frequently.  Do not use clogged discs.
	10. Maintain one spare operable extrusion welding apparatus on-site at all times.

	F. Fusion Welding
	1. Fusion Welding shall be double wedge welding.
	2. Fusion Welding shall be used for all welds except those that are not accessible with Fusion Welding Equipment.
	3. Edges of cross welds shall be beveled (top and bottom) prior to welding.
	4. If welding cross seams, conduct field test welds at least every 2 hours, otherwise, once prior to start of work and once at mid-day.
	5. Protect against moisture build-up between panels.
	6. Place smooth insulating plate or fabric beneath hot welding apparatus after usage.
	7. Extrusion weld a repair patch over all weld intersections.
	8. Maintain one spare operable welding apparatus on-site.  

	G. Inspection.
	1.  Examine all welds and non-weld areas of the geomembrane for defects, holes, blisters, undispersed raw materials, and any sign of contamination by foreign matter.  The surface of the geomembrane shall be clean at the time of the examination.
	2. Repair and non-destructively test each suspect location both in weld and non-weld areas.  Do not cover geomembrane at locations that have been repaired until test results with passing values are available.


	3.05 FIELD  QUALITY CONTROL
	A. General.
	1.  The Contractor and all subcontractors, including the Installer, shall participate in and conform with all terms and requirements of the QC program specified.

	B. Non-Destructive Testing.
	1. Non-destructive testing, as specified herein, shall be completed by the Contractor as part of their QC.  The Contractor may undertake non-destructive testing in addition to that specified.
	2. The Contractor shall pressure test all fusion welds.  Fusion welds that, in the opinion of the CQA Field Manager, cannot be pressure tested shall be vacuum tested.
	3. The Contractor shall vacuum test all extrusion welds and those fusion welds that, in the opinion of the CQA Field Manager, cannot be pressure tested.
	4. Both pressure testing and vacuum testing shall be completed as specified over the full length of the weld.
	5. All testing shall be performed as the welding progresses and not at the completion of all field welding.  Complete all required repairs in accordance with this Specification.
	6. Pressure testing shall be completed using the equipment specified in Paragraph 2.02 and according to the following procedure.
	a. Seal both ends of the weld to be tested.
	b. Insert needle or other approved pressure-feed device into the channel created by the double-wedge weld.
	c. Energize the air pump to a minimum pressure of 30 pounds per square inch.
	d. Close the valve, and sustain the pressure for at least 10 minutes.
	e. If pressure loss exceeds 3 pounds per square inch, or does not stabilize, locate faulty area and repair in accordance with this Specification.  Repeat the pressure testing procedure either side of the repair.
	f. Puncture opposite end of the weld to release air.  If the pressure was sustained as above and the pressure releases from the open end, the weld can be accepted.
	g. If the pressure does not release, there is a blockage present. Locate the blockage, and repeat the testing procedure on both sides of blockage.
	h. Remove needle or other approved pressure-feed device and seal penetration holes by extrusion welding.

	7. Vacuum Testing shall be completed using the equipment specified in Paragraph 2.02 and according to the following procedure.
	a. Apply soapy solution to the weld to be tested.
	b. Place the box over the wetted weld area ensuring a leak-tight seal is created.
	c. Energize the vacuum pump and reduce the vacuum box pressure to approximately 5 pounds per square inch - gauge pressure.
	d. Examine the geomembrane through the viewing window for the presence of soap bubbles for not less than 15 seconds.
	e. All areas where soap bubbles appear shall be marked and repaired in accordance with this Specification.
	f. If no bubble(s) appear after 15 seconds, close vacuum valve and open bleed valve, move box over next adjoining area with minimum 3 inches overlap, and repeat the testing process.


	C. Welds that the CQA Field Manager agrees can not be nondestructively tested, shall be treated by the Contractor as follows:
	1. If the weld is accessible to testing equipment prior to final installation, non-destructively test the weld prior to final installation.
	2. If the weld cannot be tested prior to final installation, a cap strip shall be provided over the weld.  The welding and cap-stripping operations shall be observed by both the CQA Field Manager and the Contractor QC representative to ensure uniformity and for completeness.

	D. Destructive Testing.
	1. Destructive testing, as specified herein, shall be completed by the Construction Manager as part of CQA.  The Contractor may undertake destructive testing in addition to that completed by the CQA Field Manager as part of its QC.
	2. Samples for destructive testing shall be collected by the Contractor, at locations specified by the CQA Field Manager, at a frequency of at least one per 500 feet of seam length.
	3. The CQA Field Manager shall specify test locations based on the minimum frequency or suspicion of excess crystallinity, contamination, offset welds, or suspected defect, and may increase the test frequency based on marginal results in accordance with GRI GM 14.
	4. Sampling Procedures:
	a. The Contractor shall cut samples at locations designated by the CQA Field Manager as welding progresses.
	b. The sample shall be a minimum of 12 inches wide by 36 inches long with the weld centered lengthwise.
	c. The CQA Field Manager shall provide a unique number for each sample, and the Contractor shall mark the sample number and location, including dimensions, on their panel layout drawing.

	5. Contractor shall repair holes in the geomembrane resulting from destructive test sampling in accordance with specified repair procedures, and test the continuity of the repair in accordance with the non-destructive testing Specification.
	6. The Contractor shall divide the sample into 3 parts as follows:
	a. A one-inch wide strip from each end of each part;
	b. One, 12 inch by 12 inch portion to be retained by the Contractor; and
	c. One, 12 inch by 12 inch portion for the Construction Manager.

	7. The Contractor shall perform, at a minimum, the following field tests to determine the geomembrane weld compliance with the Specification:
	a. Weld strength: ASTM D6392;
	b. Peel Adhesion: ASTM D6392;
	c. At least 5 specimens shall be tested for each test method.  Four of 5 specimens shall meet minimum requirements for both shear and peal tests;
	d. None of the peel specimens may peel 100 percent, or the entire sample shall be considered as failing;
	e. All tests shall exhibit a Film Tearing Bond type of separation in which the geomembrane material tears before the weld;
	f. If any test samples fail to achieve the minimum requirements of this Specification, follow the failed test procedures as per this Specification.

	8. The Contractor shall allow two days from delivery of the destructive test sample to the CQA Field Manager before placing material over the geomembrane.
	9. If the Contractor chooses to place material over the geomembrane before  two days from delivery of the sample to the CQA Field Manager, and any tests fail to achieve the Specification, the Contractor shall, at its expense, remove the overlying material and follow the failed test procedures as per this Specification. 

	E. Failed Weld Procedures.
	1. Contractor shall follow these procedures when there is a destructive test failure. The procedures shall apply to test failures determined by the Contractor, based on field tensiometer results.
	2. Whenever a sample fails, the Contractor shall provide additional testing for welds that were welded by the same welder and welding apparatus or welded during the same time shift.
	3. With respect to the weld from which the failed sample was taken, the Contractor shall follow one of the following 2 options.
	4. Option 1:
	a. Reconstruct the weld between any 2 passing test locations. The weld flap shall not be extrusion welded;
	b. Reconstruction methods shall include cap stripping of weld, or replacing weld with a new 1 foot wide panel and welding in place.

	5. Option 2:
	a. Trace the weld at least 10 feet minimum in both directions from the location of the failed test, or to the end of the weld;
	b. Obtain a small sample at both locations for an additional field test;
	c. If the field test samples pass, then reconstruct the weld or cap between the 2 test sample locations that bracket the failed test location;
	d. If any sample fails, then repeat the process to establish the zone in which the weld must be reconstructed.


	F. The Construction Manager shall accept welds only as follows.
	1. Welds that have passed non-destructive testing and that are bracketed by 2 locations from which samples have passed destructive tests.
	2. For reconstructed welds exceeding 50 feet, a sample taken from within the reconstructed weld shall pass destructive testing.


	3.06 REPAIR PROCEDURES
	A. Contractor shall remove damaged geomembrane and replace with acceptable geomembrane materials if damage cannot be repaired to the satisfaction of the CQA Field Manager. 
	B. Repair, removal, and replacement shall be at the Contractor’s sole expense if the damage results from Contractor, or any of the Contractor’s subcontractor activities.
	C. Contractor shall repair any portion of the geomembrane exhibiting a flaw, or failing a destructive or non-destructive test.
	D. Agreement upon the appropriate repair method shall be reached between the CQA Field Manager and Contractor. Acceptable repair procedures include, but are not limited to:
	1. Patching:  Patching is used to repair large holes (over 3/8-inch diameter), tears, pinholes or other minor localized flaws.
	2.  Abrading and re-welding:  Used to repair small sections of welds.
	3.  Spot welding or seaming:  Used to repair small tears (less than 2 inches long), pin holes or other minor, localized flaws.
	4. Capping:  Used to repair large lengths of failed welds.
	5.  Removing the weld and replacing with a strip of new material.

	E. Repairs shall satisfy the following requirements as indicated.
	1. For repairs incorporating extrusion welding, abrade the geomembrane surfaces to be repaired no more than one hour prior to the repair.
	2. For all repairs, clean and dry all surfaces at the time of repair.
	3. All repair procedures, materials, and techniques shall be accepted in advance of the specific repair by the Construction Manager.
	4. Repairs incorporating patches or caps shall extend at least 6 inches beyond the edge of the defect, and round all corners of material to be patched and the patches to a radius of at least 4 inches.
	5. Unless otherwise instructed by the CQA Field Manager, cut the geomembrane below large caps to avoid water or gas collection between the sheets.

	F. Verification of repair:
	1.  Contractor shall number and log each patch repair, and coordinate repair numbering with the CQA Field Manager.
	2.  Contractor shall non-destructively test each repair using methods specified in the Specification.
	3.  Contractor shall complete destructive tests at the discretion of the CQA Field Manager.
	4.  Repairs shall be reconstructed until non-destructive and destructive (where required) test results achieve the requirements of this Specification.


	3.07 GEOMEMBRANE ACCEPTANCE
	A. The Contractor shall retain all ownership and responsibility for the geomembrane from the time of completion of geomembrane inventory at the beginning for the project.
	B. The Construction Manager shall accept geomembrane installation when:
	1. All required documentation from the installer has been received and accepted;
	2. The installation is complete;
	3. Test reports verifying completion of all field welds and repairs, including associated non-destructive and destructive testing, have been received in accordance with this Specification; and
	4. The Contractor has submitted to the Construction Manager, all written certification documents and drawings required by this Specification.


	3.08 MATERIALS IN CONTACT WITH GEOMEMBRANE
	A. Material placed above the geomembrane shall be in accordance with the requirements of Section 02200 – Earthwork.
	B. Requirements of this article apply to placing soil directly on a geomembrane or on a geomembrane that is covered with a layer of geotextile.
	C. Temperature: Do not place soil materials on the geomembrane at ambient temperatures below 0 degrees F or above 100 degrees F. The CQA Field Manager will carefully observe and ensure that the geomembrane does not get brittle, crack or is otherwise damaged, especially during temperature extremes.  
	D. Spreading Equipment: Equipment used for spreading soil shall be a light low ground pressure dozer with a ground pressure not exceeding 5 psi, or approved equal.
	E. Do not allow any vehicular traffic directly on geomembrane.  A minimum soil thickness of 1 foot shall be maintained between spreading equipment and the geomembrane.  Rubber-tired hauling vehicles shall operate on a minimum soil thickness of 3 feet.
	F. Spreading Operations: Spreading equipment shall not spin their tracks, make sharp turns, or make sharp, rapid starts or stops.  Soil materials shall be pushed carefully from previously placed material and not dumped directly onto geosynthetics.
	G. When placing soil or other cover materials above the geomembrane, Contractor shall ensure that:
	1. The geomembrane is not damaged through puncture, tear, or other mechanism.
	2. There is no slippage of the geomembrane on underlying layers.
	3. There is no excessive tensile stress developed in the geomembrane.

	H. The Contractor shall carefully install materials in contact with geomembrane surfaces to minimize the potential for future damage to the geomembrane. Loosely placed geotextile may be used as protection, if approved by the CQA Field Manager.
	I. Clamps, clips, bolts, nuts, or other fasteners used to secure the geomembrane to each appurtenance shall have lifespan equal to or exceeding that of the geomembrane.
	J. Pipes and Other Appurtenances:
	1. Install geomembrane around appurtenances, such as pipes, protruding through geomembrane as shown in Drawings.  Unless otherwise specified, install a geomembrane sleeve or apron around each appurtenance prior to installation of the surrounding geomembrane.
	2. After material is placed and welded, complete the final field weld connection between appurtenance sleeve or apron and geomembrane.  Maintain sufficient initial overlap of appurtenance sleeve so shifts in location of geomembrane can be accommodated.
	3. Extreme care shall be taken while welding around appurtenances because neither non-destructive nor destructive seam testing may be feasible.  Do not damage the geomembrane while making connections to appurtenances.
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	1.01 SUBSURFACE CONDITIONS
	A. Subsurface profiles and locations of borings are shown on the Drawings.
	B. The information is based on data obtained from a limited number of borings and as such is not meant to warranty the complete sub-surface conditions.
	C. Prior to bidding, bidders may conduct their own subsurface investigation with the approval of the Owner.

	1.02 SURFACE CONDITIONS
	A. Surface contours shown on the drawings were obtained from 5-foot contour interval maps dated 2007.
	B. The location of such design features as the contact between the top of excavated slopes and the ground surface and the contact between the toe of constructed slopes and the ground surface may vary due to surface irregularities not shown on the Drawings.

	1.03 ERRORS OR DISCREPANCIES
	A. It is the duty of the Contractor to promptly notify the Construction Manager in writing of any site condition that differs from the condition represented on the Drawings.







