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EXECUTIVE SUMMARY 

Teck Metals Ltd. (Teck) has carried out numerous investigations since 2000 to characterize the nature and 
extent of an ammonium sulphate groundwater plume that flows beneath Teck’s Metallurgical and Fertilizer 

Operations in Trail, BC, and eventually discharges to the Columbia River.  The groundwater plume is broadly 
characterized by elevated levels of nitrogen (ammonia, nitrate, and nitrite), sulphate, fluoride, total dissolved 
solids, and various metals (primarily arsenic, cadmium, iron, lead, manganese, and zinc).  This report “2012 

Final Remediation Plan - Teck Metals Ltd., Trail, B.C.”, presents a preferred remedial approach for mitigation of 
groundwater impacts associated with the Site.  

Purpose and Scope 

This 2012 Final Remediation Plan is intended to serve as the submission to Environment Canada as per their 
May 31, 2010 Inspector’s Direction.  The Inspector’s Direction indicates that the Final Remediation Plan shall 

identify selected remedial action alternatives, “complete with estimated costs, prescribed timelines, and 
measures to be taken to prevent discharges of contaminated groundwater to the Columbia River.”  The focus of 
the 2012 Final Remediation Plan has been the main ammonium sulphate groundwater plume, given that the 

potential environmental issues associated with this area warrant prioritization and because the investigations in 
this area are advanced by several years, relative to other areas of potential environmental concern.  These other 
areas include Lower Stoney Creek, a former iron ore roaster residue release area (IORRRA) downstream of 

Stoney Creek, and the slag fill area on the west bank of the Columbia River in the vicinity of the Bailey Street 
Bridge.  These other areas are not considered to be contributors to the main ammonium sulphate groundwater 
plume and studies to advance remedial necessity and decisions for them are underway.  This report provides an 

overview discussion of additional data needs for these other areas and a path forward for ongoing remedial 
planning purposes. 

Conceptual Site Model 

A Conceptual Site Model (CSM) Report, jointly prepared by SNC-Lavalin, Environment Division (SLE) and 
Golder Associates Ltd. (Golder), has been submitted to Environment Canada under separate cover.  The CSM 

report provides a conceptual framework and a remedial planning basis that integrates the results of 
investigations completed to date and interprets the results within the context of contaminant sources, migration 
and fate at the Site.   

Sediments encountered beneath much of the Site include fine sands, silty fine sands and sandy silts, which are 
consistent with a glacio-lacustrine origin. In addition to the finer grained sediments, a zone of higher permeability 

sediments, consisting of sand and gravel and extending to bedrock, is present under the Site, particularly the 
southeast portion. This “gravel-rich” zone appears to continue underneath the Columbia River and is present in 
the sediments underlying East Trail. The gravel-rich feature appears to provide a pathway for groundwater flow 

and contaminant migration, resulting in the commingling of contaminant plumes from various sources to become 
the main ammonium sulphate plume.  The inferred extent of the plume which originates from Teck’s 
metallurgical and fertilizer complexes, crosses under the Columbia River and flows into the East Trail Aquifer, 

eventually discharging back to the Columbia River and river bed sediments downstream of East Trail.  Both 
shallow and deep groundwater appears to be strongly affected by changes in the stage of the Columbia River.  
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Ecological Risk Assessment for Discharge from the East Trail Aquifer 

The ammonium sulphate plume underlying the Columbia River has been delineated, in part, using over-water 
electrical resistivity imaging (ERI) to identify locations where the plume appears to be upwelling into the river. 
Based on the ERI surveys, elevated conductivity has been identified primarily along the river section immediately 

upstream of the Bailey Street Bridge, adjacent to the TMO complex. Elevated conductivity, albeit to a lesser 
degree, has also been identified downstream of East Trail where the plume appears to re-enter the Columbia 
River and river bed sediments, from the East Trail Aquifer. To identify whether or not active remediation would 

be required at the point of plume re-entry to the Columbia River downstream of East Trail, an ecological risk 
assessment was carried out.  The results of the assessment indicate that unacceptable ecological risks are 
unlikely.  On the basis of this risk assessment, remedial measures in this location are not warranted.  

Pilot-Scale Pumping Test 

The feasibility of using a hydraulic containment approach for remediation of the ammonium sulphate plume was 

examined in detail by installing and testing a pilot-scale extraction well (EW2011-1) that is located within the 
footprint of the plume, adjacent to the Columbia River.  During a 36-hour aquifer test carried out in January 2012, 
drawdown and subsequent recovery were continuously monitored in the extraction well and at 25 monitoring 

wells located between approximately 12 m and 500 m from the well.  At the end of the pumping test, the 
drawdown cone extended laterally at least 300 m away from the extraction well in all directions, including east 
beneath the Columbia River bottom to a monitoring well in East Trail.  Overall, the results of the groundwater 

pilot pumping test suggested that hydraulic containment of the ammonium sulphate plume is feasible. 

Bench-Scale Water Treatability Testing 

Bench-scale water treatability testing was undertaken in 2012 to evaluate ammonia-nitrogen removal and better 
understand biotreatment of the groundwater plume. A secondary goal of bench-scale testing was to evaluate the 
fate of metals during the treatment process.  The bench-scale bioreactor system consisted of two aerobic fixed 

film bioreactors that were operated in series from May 9, 2012 through August 20, 2012, initially operating at a 
48-hour hydraulic retention time (HRT), and subsequently at 24-hour HRT and 15-hour HRT.  

The bioreactor was intended to remove ammonia but not metals; nevertheless, removal of cadmium, 
manganese, lead, and zinc was observed during influent softening, which was a required step to reduce high 
calcium concentration, which was fouling the bioreactors. 

Bench testing proved that biological treatment is a feasible option for ammonia-nitrogen treatment of the 
groundwater plume and the testing provided preliminary engineering design information.  The results indicated a 

24-hour HRT can remove ammonia-nitrogen to a final concentration of less than 1 mg/L; however, a shorter 
HRT, such as 12 to 15 hours, may also be feasible for treatment.  Process variations tend to be amplified during 
bench-scale experiments due to the small scale of testing and low flow rates, which can make bench testing 

challenging.  Pilot testing is recommended to evaluate these challenges, refine the treatment HRT, and refine 
the softening process and metals removal. 
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Components of the 2012 Final Remediation Plan 

A hydraulic interception and groundwater treatment strategy (pump-and-treat) has formed the basis of the 2012 
Final Remediation Plan. The extracted groundwater would then be treated and the treated effluent would be 
discharged into the Columbia River.  Although complete plume capture may be difficult or impossible to obtain, 

the goal is to provide sufficient plume capture to eliminate or reduce the discharge of deleterious substances to 
fish-frequented waters.  

Hydraulic Containment System 

The design of the hydraulic containment system consists of up to four extraction wells, equally spaced within the 

footprint of the ammonium sulphate plume near, but upgradient of, the point of discharge to the Columbia River. 
Groundwater modelling simulations and the pumping test results from 2012 have indicated that the goal of 
sufficient plume capture may be obtained from four wells, each constructed to depths up to 90 m, with a 

projected combined pumping rate of 5,700 m3/day.  The predicted pumping rate and associated plume capture 
are based on calibrated hydrogeological parameters, and as such, reflect the most likely conditions that could 
develop following implementation of a hydraulic containment system.  However, due to inherent heterogeneity of 

the subsurface environment, uncertainty in these predictions exists such that the actual rate may be somewhat 
higher or lower than the most likely value.  Installation of the hydraulic containment system would be 
implemented using a phased approach that allows for refinement of the required pumping rate and optimization 

of the final system configuration during earlier phases in order to increase plume capture efficiency and 
effectiveness of the treatment facility. 

Influent and Effluent Pipelines 

The groundwater pumped from the extraction wells installed on the river road will be transported by pipeline to a 

proposed water treatment plant to be located on the bench above the river at the TMO complex. The location of 
the treatment plant and design of the pipeline will be finalized during a feasibility level design and costing phase. 
One preliminary design for the influent pipeline that has been considered involves the use of double-contained 

piping with a leak detection system.  Treated effluent from the treatment plant will be conveyed to the Columbia 
River.  

Groundwater Treatment 

The groundwater treatment method will be based on a series of chemical, physical, and biological treatment 

processes that are designed to produce a treated effluent of acceptable quality (meeting statutory requirements). 
First, calcium and metals will be removed by chemical precipitation. Following chemical precipitation, the solids 
will be separated from the liquid through clarification. The solids will be further dewatered prior to disposal, while 

the liquid, which will still contain elevated levels of ammonia-nitrogen, will be treated biologically. The biologically 
treated effluent will then be filtered through multimedia filters to remove suspended solids prior to discharging to 
the Columbia River under permit.   
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Performance Monitoring 

The primary performance related measures for evaluation of groundwater plume interception will be monitoring 
of hydrogeologic parameters that are indicators of plume capture, and a combination of on-shore and near river-
bottom groundwater chemistry (e.g., drive-points, ERI surveys). With respect to groundwater interception 

performance, the pump-and-treat system is an adaptive remedy and the primary contingency plan to address 
system performance that does not meet design goals is the refinement and expansion of the system, potentially 
through increasing flow and/or construction of additional extraction wells. Water treatment plant performance 

monitoring will be focused on the plant’s reliability in producing treated effluent that is compliant with all permit 
conditions.   

Estimated Costs 

A preliminary order of magnitude (±50%) cost estimate for hydraulic interception and treatment of the ammonium 

sulphate groundwater plume adjacent to the TMO complex has been included in this report. The cost estimate is 
for planning purposes only and should not be relied upon for the purpose of financial commitments and 
appropriations. Further pilot testing and design is required to refine the cost estimate.  Initial capitalization costs 

are on the order of $36,000,000. Annual operation and maintenance costs are estimated to be approximately 
$6,000,000. 

Remediation Implementation Steps 

To advance the implementation of the 2012 Final Remediation Plan, Teck anticipates receiving comments on the 
Plan from Environment Canada and other stakeholders.  If the remedial approach presented in this report is 

acceptable, then a range of activities will be taken in 2013 and beyond to support the implementation of the Final 
Remediation Plan. A substantive pilot-scale testing program is warranted to further evaluate the effectiveness of 
a hydraulic containment approach for interception and treatment of the ammonium sulphate groundwater plume.  

Components of the pilot-scale testing program include groundwater pumping performance monitoring, additional 
groundwater modelling, water treatment plant pilot-scale testing, and effluent toxicity testing.  A phased 
approach is recommended for implementation and operation of the remediation system, in order to provide the 

time for process optimization between phases.   

Implementation Schedule 

An approximate schedule (timeline) for implementation of the remediation plan for the main ammonium sulphate 
groundwater plume is presented in this report.  The schedule reflects the planned additional groundwater 

pumping and treatment pilot tests in 2013, detailed design in 2014, and procurement, construction and 
commissioning of the Phase 1 system primarily in 2015 and 2016, which is anticipated to consist of two 
groundwater extraction wells, with combined pumping rates between 4,000 and 5,400 m3/day.  Following 

construction, the Phase 1 system will be operated for approximately one year, to enable system performance to 
be monitored.  Depending on the Phase 1 results, there would be an additional design and procurement phase 
in late 2017 and early 2018, with the Phase 2 system operational by the end of 2018. The schedule is subject to 

agency approval and permitting and, like many significant undertakings, is subject to unforeseen circumstances 
that may arise in the implementation. 
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1.0 INTRODUCTION 
Since 2000, Teck Metals Ltd. (Teck) has investigated and characterized a groundwater plume beneath the Teck 
Metallurgical and Fertilizer Operations located at 25 Aldridge Avenue in Trail, BC (the “Site”).  The groundwater 

plume is broadly characterized by elevated levels of ammonium (NH4
+), nitrate (NO3

-), nitrite (NO2
-), sulphate 

(SO4
-2), fluoride, arsenic, cadmium, cobalt, copper, iron, lead, manganese, magnesium, selenium, sodium, zinc, 

total dissolved solids (elevated electrical conductivity) and relatively high groundwater temperature.  This plume 

is referred to as the “ammonium sulphate plume”, acknowledging that plume components other than ammonium 
sulphate may also be of environmental concern. It is also noted that the relative concentrations of plume 
components vary within the overall plume footprint. 

Golder Associates Ltd. (Golder) carried out a remedial options analysis, followed by the preparation and 
submittal of a Conceptual Remediation Plan in July 2011 for management of the ammonium sulphate plume that 

flows beneath the Site and eventually discharges to the Columbia River (Golder, 2011a).  Additional 
investigations have since been carried out by Golder and SNC-Lavalin, Environment Division (SLE) and a 
preferred treatment option has been selected. This report “2012 Final Remediation Plan - Teck Metals Ltd., Trail, 

B.C.”, presents the Final Remediation Plan for mitigation of groundwater impacts associated with the Site.  

 

1.1 Site Description and Background Information 
Teck operates an integrated lead and zinc smelting and refining complex (Trail Metallurgical Operations or 
“TMO”) and fertilizer plant (Trail Fertilizer Operations or “TFO”) in Trail, BC.  Overall, the combined facilities 

encompass about 150 hectares of which the TMO complex occupies approximately 99 hectares, and the TFO 
operation occupies approximately 53 hectares.   A site location plan for the TMO and TFO facilities, and other 
Teck operational properties, is shown as Figure 1-1.   

The TMO complex is located on a relatively flat river terrace above the west shore of the Columbia River. The 
complex consists of two major plant sections (Zinc Operations and Lead Operations), that also produce minor 

amounts of other trace metals.  The current zinc operations consist of roasters, leaching plants, acid plants, an 
absorption plant, an electrolytic and melting plant, and refineries for indium, germanium and cadmium.  The 
current lead operations consist of a KIVCET lead smelter, lead, silver, and gold refineries and a copper products 

plant. Elemental sulphur, liquid sulphur dioxide, and sulphuric acid are also produced at the Site as a by-product 
of the refining process for re-use in the TMO or TFO operations, and/or for commercial sale.  Over two dozen 
major buildings and process structures are located within the main plant area, including 21 evaporative cooling 

towers and a large industrial effluent treatment plant (ETP).  

The TFO facility is located on a higher terraced bench to the west of the TMO complex and west of Highway 22 

(Figure 1-1). The plant utilizes residual ammonium sulphate from the smelter operations to produce fertilizers.  
The TFO facility comprises an ammonium sulphate fertilizer plant, a germanium plant, ammonium storage tanks, 
laboratory assay operations, ammonia and ammonium sulphate unloading and loading areas (both rail and 

truck), and a number of storage areas and office buildings. 

The metallurgical and fertilizer complexes, which have been part of the development of the City of Trail and the 

Trail/Rossland area, trace their origins back to 1896, five years before Trail was incorporated. As a consequence 
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of heavy industrial operations for over a century, portions of the Site’s soil and groundwater regime have become 
contaminated with a range of substances, including elevated concentrations of ammonia, sulphate, and metals. 

Site investigations have indicated that contaminated groundwater from the Site discharges to the Columbia River 
and contamination is present below the surface of the river bed and in some places, can be found above the 

river bed.  Samples collected in the Columbia River upstream and downstream of the Site indicate that where 
water quality impacts from the groundwater plume may occur, they are localised as the concentration of Site 
contaminants in river water samples does not increase downstream of the groundwater discharge zone. 

Therefore, the downstream uses of the Columbia River are unlikely to be impaired as a result of the ammonium 
sulphate plume.  Monitoring well locations and the inferred extent of the ammonium sulphate groundwater plume 
underlying the TMO complex, the Columbia River, and East Trail are shown on Figure 1-2.  

Groundwater hydraulically upgradient of TMO, including contaminated groundwater underlying the TFO complex 
(which flows into the groundwater system underlying TMO), Upper Stoney Creek (upstream of Highway 22 

bridge crossing), and surface water infiltration (e.g., from the Columbia River, Stoney and Trail Creeks and 
precipitation) are sources of recharge to the groundwater system underlying TMO and downgradient locations. 

Teck is authorized, under permit1 (PE-02753) from the BC Ministry of Environment (MoE), to discharge effluent 
from three designated outfalls to the Columbia River that are located immediately to the east of the TMO 
complex. The permit relates to effluent associated with facility production.  

Teck has been evaluating potential remedial approaches for treating impacted groundwater that is discharging to 
the Columbia River, with the intention of selecting, designing and implementing effective remedial options to 

address potential environmental risks.  This Final Remediation Plan presents the outcome of evaluations of a 
range of options and selection of a preferred remedial approach as described in detail below. 

 

1.2 Purpose and Scope 
This report, the “2012 Final Remediation Plan - Teck Metals Ltd., Trail, B.C.”, is intended to serve as the 

submission to Environment Canada as per their May 31, 2010 Inspector’s Direction2.  Specifically, the 
Inspector’s Direction (amended February 2012) requires that a “2012 Final Remediation Plan” be submitted to 
Environment Canada by October 31, 2012. 

The Inspector’s Direction indicates that the Final Remediation Plan shall identify selected remedial action 
alternatives, “complete with estimated costs, prescribed timelines, and measures to be taken to prevent 

discharges of contaminated groundwater to the Columbia River.”  An amendment to the Inspector’s Direction, in 
a letter from Environment Canada dated February 27, 2012, provides further clarification of components 
expected to be included in the Final Remediation Plan, including:  

                                                      
1 PE-02753 is specific to liquid effluents from Metallurgical Plant Combined Outfalls II, III and IV. The facility also holds a range of additional 
permits related to atmospheric emissions, water diversion from the Columbia, material storage, landfills etc.  
2 May 31, 2010, letter and attachment from Darin Conroy, Inspector and Fishery Officer, Environment Canada, to Teck Metals Ltd., 
“Fisheries Act Inspector’s Direction”, file 5008-2009-01-05-001.  
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 “A detailed description of the path forward to the remediation of the contaminated 
groundwater. This may include additional investigation, but the timelines for any 

items still to be investigated should be clearly identified; 

 A detailed timeline outlining actions to be taken by Teck Metals Ltd. between the 

submission of the 2012 Final Remediation Plan and the implementation of the 
remediation activities; and 

 A commitment by Teck Metals Ltd. to supply Environment Canada a report, on at 
least an annual basis, on the progress being made on the 2012 Final Remediation 
Plan. This report should identify any significant delays to the timelines outlined in 

the 2012 Final Remediation Plan, and the reasons for these delays.”  

This 2012 Final Remediation Plan is focused on the requirements of the Inspector’s Direction, in particular, 

groundwater remediation. Other measures have been put into place and/or are in the evaluation and planning 
stages to reduce possible future inputs to the plume by addressing potential source areas and making further 
improvements to the facility’s environmental performance; these measures will factor into the remediation plan in 

future phases, as warranted.  

The following tasks were undertaken in preparation of the 2012 Final Remediation Plan:  

 Existing information was compiled and synthesized;  

 Applicable regulatory requirements were identified;  

 The Conceptual Site Model was updated based on the results of additional site characterization programs 

carried out in 2011 and 2012 (SLE and Golder, 2012); 

 A 36-hour pilot-scale aquifer test was carried out in 2012 on an extraction well (EW2011-1) recently 

installed adjacent to the Columbia River within the footprint of the ammonium sulphate plume; results were 
used to update the numerical groundwater model; 

 Bench-scale groundwater treatability testing was completed; 

 An ecological risk assessment was carried out for groundwater discharge to the Columbia River from the 

East Trail Aquifer; 

 The remedial implementation framework was updated, including the identification of acceptable ecological 

risk and remedial goals; 

 The remediation options analysis from the 2011 Conceptual Remediation Plan was updated, with 

identification of the preferred treatment alternative of hydraulic containment and groundwater treatment; 

 A preliminary geotechnical evaluation and pipeline feasibility study was carried out; 

 Preliminary groundwater treatment plant design, operation and maintenance requirements, and 
identification of treated effluent goals were carried out; 

 Well and pump systems were identified, including operation and maintenance requirements;  
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 Required steps for implementation of the remediation system were reviewed, including permits and access 
authorizations, the need for pilot-scale system testing and a phased implementation strategy; and 

 Design and cost estimation were provided, with an implementation schedule for construction and 
commissioning of the remediation system. 

For consistency with the Inspector’s Direction, the scope of this 2012 Final Remediation Plan addresses the 
following locations: 

 Discharge of contaminated groundwater from the main ammonium sulphate groundwater plume adjacent to 
the TMO complex to the Columbia River; 

 The east and north shores of the Columbia River across from TMO and areas downstream of East Trail;  

 A potential slag deposition area south (downstream) of the west end of the Bailey Street Bridge;  

 A former iron ore roaster residue release area (IORRRA), located approximately 350 m downstream of 
Stoney Creek; and,   

 The Lower Stoney Creek area (below the Highway 22 bridge crossing).  

The focus of this 2012 Final Remediation Plan has been the main ammonium sulphate groundwater plume, 
given that the potential environmental issues associated with this area warrant prioritization and because the 

investigations in this area are advanced by several years, relative to the other areas.  Potential contaminant 
sources identified in Lower Stoney Creek, the IORRRA, and the slag fill area are relevant, but have not been 
defined as contributors to the main ammonium sulphate groundwater plume.  Compared to the main ammonium 

sulphate plume, there are less data available on the nature of potential groundwater discharges from these other 
areas, and consequently, the basis for evaluation and identification of remedial measures in those areas is not 
as well developed.  However, studies to advance remedial necessity and decisions for them are underway. This 

report provides an overview discussion of additional data needs for these other areas and a path forward for 
ongoing planning purposes.  The present focus for the Stoney Creek catchment is to continue with the source 
control program developed in conjunction with the BC MoE. 

 

1.3 Report Structure  
This report has been organised with Sections 1 through 3 presenting background information and regulatory 
framework; Sections 4 through 6 provide details of additional investigations carried out in 2012; and Sections 7 
through 9 present the 2012 Final Remediation Plan and necessary steps to implement the Plan.  A brief 
summary of each report section is provided below:  

 Section 1, Introduction, includes a brief overview of the project, the site description and background 
information for the project, the purpose and scope of the project, and the structure of the report.  

 Section 2, Regulatory Framework, describes the regulatory framework for the project, including both 
federal and provincial legislation, and provides a description of the operational understanding of that 
framework with regard to the Final Remediation Plan.  

 Section 3, Conceptual Site Model, presents an overview of the Conceptual Site Model, including 
geological history and depositional environment, distribution of contaminants, interpretation of the 
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groundwater flow system and interaction with the Columbia River, dissolved plume fate and transport 
processes, and implications for risk management. 

 Section 4, Summary of an Ecological Risk Assessment for Downgradient Discharge from the East 
Trail Aquifer, presents the results of an ecological risk assessment that was completed in 2012 for 
groundwater discharging from the East Trail Aquifer to the Columbia River. 

 Section 5, Summary of Pilot-Scale Aquifer Testing, summarizes the findings from a pilot-scale aquifer 
test completed in January 2012 on an extraction well recently installed adjacent to the Columbia River 
within the footprint of the ammonium sulphate plume.  

 Section 6, Water Treatability Bench-Scale Testing, presents the results from bench-scale groundwater 
treatability testing that was carried out in 2012.  

 Section 7, Remedial Planning Basis, presents the remedial implementation framework, including 
approach and objectives, requirements of the Inspector’s Direction, acceptable ecological risk and human 
health risk.  

 Section 8, 2012 Final Remediation Plan, provides an update for the remediation options analysis and 
selection of remedial measures. The recommended remedial measure for the main ammonium sulphate 
plume is hydraulic containment and groundwater treatment (a “pump-and-treat” system).  A design 
overview of the pump-and-treat system is presented, along with results from a preliminary geotechnical 
evaluation of the pipeline route and proposed treatment plant location. The groundwater treatment plant 
design and treated effluent goals are discussed, with requirements of system maintenance and operation.  
Performance monitoring, contingency measures and estimated costs are presented.  In addition, site 
characterization in other potential areas of environmental concern outside of the main ammonium sulphate 
plume is discussed.  

 Section 9, Remediation Implementation Steps, highlights key steps for implementation, including 
obtaining necessary permits and authorizations for access and easement, the need for pilot-scale testing 
and a phased approach to implementation, and the preliminary implementation schedule. 

 Section 10, Professional Statement and Qualifications, provides the basis for the professional opinion 
conveyed in this work, as well as the primary authors and their qualifications for remedial planning.  

 Section 11, Use of Report, Reliance and Limitations, describes the intended use of this report and lists 
relevant limitations with respect to the findings of this report, and reliance upon the findings. 

Additionally, references used in the report are provided at the end of the report in alphabetical order by author.  

The following appendices are also attached:  

Appendix I: Ammonium Sulphate Groundwater Plume Re-Entry to the Columbia River Downstream of East 
Trail, BC – Ecological Risk Assessment 

Appendix II: Drilling, Installation, and Testing of Extraction Well EW2011-1 
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2.0 REGULATORY FRAMEWORK 
The following subsections summarise legal requirements as understood in the formulation of the remediation 
plan.  However, this section does not represent an interpretation of law, nor does it constitute legal advice.  

 

2.1 Fisheries Act 
At the federal level, the Fisheries Act (R.S.C. c.F-14, last amended June 2012) comprises one of the key drivers 
for remedial action and is the basis (the version prior to the amendment) for the May 31, 2010, Inspector’s 
Direction.  The Final Remediation Plan has been developed by Teck with the primary regulatory driver being 

compliance with the requirements of a (then) Section 38(6) Fisheries Act Inspector’s Direction issued by 
Environment Canada. The authority to issue an Inspector’s Direction is now provided in Section 38(7.1).  

The Inspector’s Direction requires Teck to take measures that will prevent the discharge of a “deleterious 
substance” into the Columbia River. This is the primary objective of the Final Remediation Plan. 

The main fish habitat sections of the Fisheries Act are S.35 and S.36, with other habitat provisions in the Act 
playing a supportive role to these sections. Section S.35 prohibits the harmful alteration, disruption or destruction 
of fish habitat. In the event that remedial works require modification to the river or near-river area, it will be 

necessary to apply for an Authorization from DFO. Should the modifications be of a minor nature, DFO may 
decide that an Authorization is not necessary. In addition, other legislation such as the BC Water Act and/or 
Water Regulation would apply and thus physical works would be the subject of a regulatory process.  

Section 36 of the Fisheries Act prohibits the deposit of a deleterious substance into fish-frequented waters or into 
a place or conditions where they may enter those waters. The Inspector’s Direction relates back directly to this 

provision of the Act. It is clear that the Columbia River is a fish-frequented water; however, the specific 
relationship between the type and concentration of a substance and whether or not it is deleterious is a matter of 
professional opinion.  Due to the role of professional opinion of establishing what is “deleterious”, it is important 

that there be a commonality of opinion between the remedial team and the regulators so that ultimately, the 
remedial plan will meet reasonable expectations. Our opinion on the application of “deleterious”, for the purpose 
of the remedial plan is outlined here and it is believed that a common interpretation has emerged as a result of 

the process of review by Environment Canada and BC MoE. Our interpretation and necessity for commonality of 
perspective has been previously presented to regulatory agencies in the Conceptual Remediation Plan (Golder, 
2011a). The Final Remediation Plan has therefore been prepared on the basis of our understanding as 

described in the Conceptual Remediation Plan and previous ammonium sulphate plume investigations (Golder 
2010; Golder 2011b). This understanding has been further described in the ecological risk assessment report for 
the area of plume re-entry to the Columbia River, downstream of East Trail (Appendix I). 

In the present situation, groundwater discharges from the subsurface and into the groundwater/surface water 
mixing zone (the hyporheic zone) and then into the river. The generic functions in a hyporheic zone include 

(habitat dependant) food organism production and spawning habitat. Expectations regarding Fisheries Act 
compliance for such habitat have previously been based on application of the generic water quality guidelines 
(WQG) for freshwater aquatic life or demonstration of a lack of deleterious effect (in particular for expected 

functions at a given site) such as through an ecological risk assessment. Overall, a status quo or natural 
attenuation-based remedial plan (where no specific contaminant reduction measures are taken) would not meet 
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with remedial objectives that are compatible with the Fisheries Act or the Inspector’s Direction based on existing 
water chemistry, particularly within Indian Eddy.  

In Golder (2010), agencies were provided with a description of our understanding of the habitat uses in the 
hyporheic zone. Golder is of the view that the main area of habitat use is the near surface portion of the 

hyporheic zone. In the habitat characterization work, Golder did not find evidence that there would be significant 
habitat use within the deeper portions of the hyporheic zone. This view is further elaborated upon in Golder 
(2010) and more recently in the ecological risk assessment (Appendix I). [March 14, 2013 TEXT ADDITION:  

However, based on review comments from Environment Canada and the Ministry of Environment, there 
is insufficient information to draw conclusions regarding the habitat values, and in the absence of such, 
an environmental protection objective that protects the substrate is required.  Future revised ecological 

risk assessment reports will be prepared to address this requirement.] 

 

2.2 Inspector’s Direction  
The existing Inspector’s Direction, issued by Environment Canada under the Fisheries Act, sets out specific 
deliverables and the timelines for these deliverables (“Measures to be Taken”). A copy of this Inspector’s 

Direction was also provided to the BC MoE. Further, the March 31, 2011, Golder report “2010 Investigations of 
Groundwater Discharge to the Columbia River Near Trail, British Columbia” (Golder 2011b) was copied to both 
Environment Canada and BC MoE.  BC MoE has also received briefings from the remediation project team. The 

BC MoE is therefore aware of the investigation findings and the remedial effort at the Site.  

The basis of the Inspector’s Direction is the Fisheries Act; however, as provincial law and regulation would also 

apply to this Site, remedial actions should also be compatible with the substantive requirements of the 
Environmental Management Act and current professional practice in the Province.  

  

2.3 Environmental Management Act 
In Provincial law, the Environmental Management Act (EMA) prohibits causing “pollution”. The BC MoE’s 

preference is that sources of soil and groundwater contamination should be controlled or removed to the 
maximum extent practicable. This Final Remediation Plan has advanced the remedial option of groundwater 
capture and Golder believes it will be feasible to capture a substantial portion of the plume.  Capture of 100% of 

the plume is not likely feasible and there will be a lag time before interception of the plume results in decreases 
of plume constituent concentrations in the East Trail Aquifer.  However, the Plan will ensure that pollution is not 
occurring and groundwater contamination will be captured to the maximum extent practicable. 

The remediation plan has also been developed based on the objective of protecting human health. The East 
Trail Aquifer, which covers an area of approximately 1.3 square kilometres (km2), is listed by the BC MoE Water 

Resource Atlas3 as a Class IIB aquifer (moderately developed, with moderate vulnerability).  At present, to 
Golder’s knowledge, the aquifer is not used as a drinking water source.  The Trail Middle School Well (formerly 

                                                      
3 http://www.env.gov.bc.ca/wsd/data_searches/wrbc/index.html 
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Trail Production Well No. 3), located on McLean Street, was drilled in 1971 and used by the City as a potable 
water source until 1994.  The well then was used by the Trail Middle School for their heating and ventilation 

system as a non-potable use until 2008, at which time the school district discontinued use of the well and 
disconnected the electrical power supply.  At present, the well is not used for any human consumption or heating 
purpose. Its present use is for monitoring of water level, electrical conductivity, and temperature using a pressure 

transducer installed by Golder in October 2010.  Prior to the installation of the pressure transducer, groundwater 
quality samples had been collected by Teck from the Trail Middle School Well in 2006 and 2007, when the well 
was still operable. The water quality data collected to date (including the conductivity data currently being 

collected using the pressure transducer) indicates that the Trail Middle School well has not been impacted by the 
ammonium sulphate plume.    

The Bear Creek Well (Trail Production Well No. 4) is the only active water supply well utilized by the City, with 
the remainder of the City’s drinking water derived directly from the Columbia River via an intake located 
upstream of the Teck Trail Operations.  The Bear Creek Well is located downgradient and outside of the Study 

Area near the mouth of Bear Creek, approximately four kilometres downstream of the Old Bridge.  Routinely 
collected groundwater quality samples from the Bear Creek Well indicate the well has not been impacted by the 
ammonium sulphate plume.   

Two domestic wells located on the south side of the Columbia River on Casino Road, approximately three 
kilometres downstream of the Old Bridge, were sampled by Golder in January 2007, and again in February 

2008, as part of a regional groundwater quality assessment for the Trail Wide Area Ecological Risk Assessment.  
Groundwater samples collected from the two domestic wells were analyzed for total and dissolved metals only in 
2007.  In 2008, the wells were sampled again for total and dissolved metals, nitrogen species (ammonia, nitrate, 

nitrite, and TKN), common ions, and TDS.  Based on the analytical results from the two sampling events, no 
impacts from the ammonium sulphate plume were apparent in the water quality results from these domestic 
wells (Golder, 2008).   
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3.0 CONCEPTUAL SITE MODEL  
A Conceptual Site Model (CSM) Report, jointly prepared by SLE and Golder, has been submitted under separate 
cover (SLE and Golder, 2012). The CSM report provides a conceptual framework and a remedial planning basis 

that integrates the results of investigations completed to date and interprets the results within the context of 
contaminant sources, migration and fate at the Site.  As the CSM is interpretive, it will be subject to change as 
results of further investigations become available. A summary of the CSM, including interpretation of 

groundwater flow and relevant dissolved plume fate and transport processes, is provided below. 

 

3.1 Geological History and Depositional Environment 
The Site is located along the Columbia River Valley within southeastern BC. Drilling and geophysical 
investigations have identified a deep buried relic river channel beneath the current Columbia River Valley. This 

channel is inferred to be the valley of the pre-glacial Columbia River. The current course of the Columbia River 
meanders across the pre-glacial channel. The depth of the channel is not currently known, but likely extends to 
at least a depth equivalent to 270 masl, where the current river crosses the axis of the buried valley adjacent to 

the TMO complex.  

Surficial soil deposits beneath the Site typically comprise glacio-fluvial and glacio-lacustrine deposits associated 

with the end of the last glaciation.  Sediments encountered beneath much of the Site include fine sands, silty fine 
sands and sandy silts, which are consistent with a glacio-lacustrine origin. In addition to the finer grained 
sediments, a zone of higher permeability sediments, consisting of sand and gravel, is present under the Site, 

particularly the southeast portion of TMO. This “gravel-rich” zone appears to extend underneath the Columbia 
River and is present in the sediments underlying East Trail.  The origin of this gravel-rich zone is not known, but 
may be related to deltaic deposits from tributary streams, including Stoney Creek, and/or glacio-fluvial deposits 

resulting from meltwater flows during deglaciation. This depositional feature, which extends to bedrock, consists 
of thick layers of coarse sand and gravel, interbedded with equally thick layers of the glacio-lacustrine fine sand 
deposits. The gravel-rich zone appears to become coarser-grained and wider with depth. 

 

3.2 Distribution of Contaminants 
Aquifers beneath the Site generally occur within two zones; a thin saturated zone in the upland flow areas, 
including TFO, and the valley fill aquifer, which is inferred to be continuous through the Columbia River Valley 
upstream and downstream of the Site.  The valley fill aquifer is further subdivided by the current position of the 

Columbia River into the Tadanac Aquifer beneath TMO and the East Trail Aquifer beneath East Trail. These 
aquifers are hydraulically connected and encompass a commingling groundwater system underlying the Site and 
downgradient locations. 

There are various sources of groundwater impacts to these aquifers at the Site. Prior to installation of 
groundwater interceptors along Upper Stoney Creek in the early 1990s, the Landfill Areas and the arsenic 

laydown area impacted Upper Stoney Creek and, subsequently, the Tadanac Aquifer beneath TMO. Several 
areas within TFO and TMO are also inferred to impact the Tadanac Aquifer beneath the Site. The gravel-rich 
zone within the Tadanac Aquifer appears to provide a pathway for groundwater flow and contaminant migration, 
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resulting in the commingling of contaminant plumes from various sources to become the main ammonium 
sulphate plume.   

The inferred extent of the ammonium sulphate groundwater plume underlying the TMO complex, the Columbia 
River, and East Trail is shown on Figure 1-2. The main plume migrates towards the Columbia River and beneath 

an approximately 1,000 m wide reach of the river upstream of the Bailey Street Bridge.  The narrow and 
somewhat discontinuous nature of the gravel-rich feature at shallow depth results in varying concentrations of 
contaminants in the aquifer between adjacent wells within this reach, and may contribute to focused discharge of 

contaminated groundwater to the Columbia River.  

Groundwater impacts along, or in the vicinity of, Lower Stoney Creek are not associated with the main 

ammonium sulphate plume.   Groundwater in this area may migrate directly to the Columbia River.  Sources may 
include the former Regal Landfill, historical landfill deposits within the lower Stoney Creek valley, and sediments 
within the Lower Stoney Creek gully and fan. 

 

3.3 Dissolved Plume Fate and Transport 
Fate and transport processes affecting the dissolved plume include advection, dispersion, chemical or bio-
chemical transformation, chemical precipitation and sorption.  In addition to the transport processes mentioned 
above, there are several important mechanisms that may play a role in the attenuation of ammonium and some 

metals in subsurface soils and groundwater. In addition to dilution (via Columbia River water), chemical and 
biological mechanisms likely influence ammonium and metals concentrations in groundwater underlying the 
TMO Site and in downgradient locations. These mechanisms include solution-surface interaction processes 

between soil particles and porewater (such as adsorption, absorption, surface complexation, surface 
precipitation, and ion exchange) and bio-chemical reactions mediated by bacteria that include aerobic 
nitrification, anaerobic nitrification, and de-nitrification. 

In the East Trail Aquifer, sulphate, TDS (including magnesium and sodium), and manganese are present in 
monitoring wells but nitrogen species and selected metals (cadmium and zinc) are conspicuously low or absent.  

Although the data are not conclusive, several mechanisms may explain the observed absence of nitrogen 
species and selected metals in the East Trail Aquifer, including biological processes and retardation.  Whereas 
biological processes may result in a steady-state condition where nitrogen species are not expected to enter the 

East Trail Aquifer, retardation processes suggest that a nitrogen plume may continue to advance towards and into 
the aquifer over time.   

 

3.4 Interpretation of Groundwater Flow System 
3.4.1 Groundwater Flow and Aquifer Characteristics 

Groundwater within upland flow areas, including TFO, generally occurs within a relatively thin zone (i.e., less 
than 10 m) of saturated thickness above bedrock.  Horizontal hydraulic gradients are partially controlled by the 

slope of the underlying bedrock surface, and are generally towards the valley fill (Tadanac) aquifer. Groundwater 
flow is also locally towards creeks that are incised into bedrock within the upland areas (Upper Stoney Creek 
and Upper Trail Creek.) 
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The permeability contrast between the bedrock and the overburden at the Site is likely greater than two orders in 
magnitude and, therefore, the bedrock surface is considered to be a no-flow boundary for the groundwater 

plume migrating through the overlying sediments.  

Groundwater recharge to the valley fill aquifer occurs along the margins of the aquifer from upland areas, as well 

as vertical infiltration of precipitation and snowmelt within the footprint of the aquifer. Lower Stoney Creek also 
provides recharge to the aquifer as it crosses from upland areas onto the aquifer; interactions between Trail 
Creek and the aquifer have not been investigated, although Lower Trail Creek likely also has a losing reach 

where it crosses the aquifer. 

The Columbia River stage also has a significant influence on groundwater flow and plume transport. During 

rising and high water stages, the Columbia River provides recharge to both the Tadanac Aquifer and the East 
Trail Aquifer.  Discharge from the Tadanac Aquifer to the Columbia River occurs during stable and falling stages 
(i.e., particularly in low water periods during the early spring and fall). The actual timing of groundwater 

discharge to the river and aquifer recharge from the river appears to be controlled less by the absolute river level 
than by the rate of change in river stage (Golder, 2011b). 

The primary control on groundwater flow is the hydraulic conductivity of sediments underlying the Site. The 
gravel-rich feature in the Tadanac Aquifer provides a pathway for groundwater seepage and contaminant 
migration beneath TMO to the Columbia River and into the sediments underlying East Trail.  

Groundwater sampling from shallow wells, drive-point water sampling and overwater electrical resistivity imaging 
(ERI) along the Columbia River, and the results from groundwater modelling, indicate that shallow and 

intermediate impacted groundwater discharges (or upwells) to the Columbia River adjacent to the TMO Site 
(Golder 2010; Golder 2011b).  The deeper portion of the groundwater plume appears to be migrating underneath 
the Columbia River through the unconsolidated aquifer at elevations as deep as 270 masl, or greater. The plume 

then appears to continue migrating through the deeper portion of the East Trail Aquifer, eventually discharging 
back into riverbed sediments, and/or the river itself, beginning approximately one kilometre downstream of the 
Bailey Street Bridge. A simplified conceptual model of the plume transport from the Tadanac Aquifer and into, 

and under, the Columbia River is shown in Figure 3-1 below.  

With respect to Figure 3-1, the shallower ammonium sulphate plume comprises elevated concentrations of 
metals, ammonia, and sulphate that have been detected during previous investigations in shallow groundwater 

below the riverbed on the west shore of the river (Flow path A) and in Indian Eddy (Flow path B).   

The deeper ammonium sulphate plume beneath TMO extends to the base of the unconsolidated deposits. On 

the east side of the river, where the deep groundwater plume enters the East Trail Aquifer (Figure 3-1, Flow 
paths C and D), water quality impacts are discernible primarily at depth (as deep as 308 masl in well 
MW2007-5A).  Although some potential contaminants, particularly nitrogen species, appear to have attenuated 

along the groundwater flow path, sulphate, manganese, and TDS (primarily sodium and magnesium) are largely 
un-attenuated and the associated plume extends further downgradient at depth in East Trail.  Although data 
locations are limited, shallow groundwater within the East Trail Aquifer appears to have much lower 

concentrations of plume constituents compared to the deeper groundwater plume. 
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Figure 3-1: Schematic Diagram of Conceptual Plume Flow Paths 

 

Groundwater flow rates within the Tadanac Aquifer are estimated to be on the order of 70 m/yr (SLE and Golder, 
2012).  Based on this estimate, conservative contaminants (i.e., ones that are not retarded through sorption or 
decay) such as sulphate and fluoride would require on the order of 25 years to migrate from Upper Stoney Creek 

to the Columbia River southeast of TMO.  Reactive contaminants that can sorb to soil particles, such as some 
metals and ammonia, will be retarded relative to conservative contaminants and would require a longer period 
for plume migration. 

 

3.4.2 Groundwater Pathways and Interactions with the Columbia River 

Based on the results of hydrogeological modelling and interpretation of Site data, key groundwater pathways and 

interactions with the Columbia River for the dissolved-phase plume are identified in Figure 3-2:  

 Pathway I (upper panel) represents groundwater present beneath the TMO Site at shallow and intermediate 

depths that discharges to the Columbia River immediately to the east of the Site.  

 Pathway II (upper panel) represents deep groundwater flowing from the Site, under the riverbed and into 

the East Trail Aquifer, eventually discharging to the river downstream of East Trail.  

Consistent with the conceptual understanding, both shallow and deep groundwater appears to be strongly 

affected by changes in the stage of the Columbia River. During times when the river level is low or decreasing, 
groundwater flows along a shallow easterly flow path under moderate hydraulic gradient, with discharge to the 
Columbia River (Figure 3-2, middle panel). During times when the river level is high or significantly rising, 

groundwater flow beneath the TMO Site remains in a generally eastward direction under low hydraulic gradient; 
however, near the west shoreline, there is a localized reversal in the shallow groundwater flow direction back 
towards the TMO Site due to recharge of river water to the underlying sediments. (Figure 3-2, bottom panel). 

This reversal, which typically takes place several times during the year (usually during freshet in June/July and 

Tadanac 
Aquifer 
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again during higher reservoir release flows in December/January) leads to mixing of river water with on-Site 
groundwater along the river shores and beneath the riverbed.  This periodic recharge of river water into the 

Tadanac Aquifer likely also pushes the dissolved plume downward and promotes migration of the dissolved 
plume toward the deeper portions of the East Trail Aquifer.  During high or rising river stage, river water is also 
likely recharging shallow sediments in the East Trail Aquifer (Figure 3-2, bottom panel).  This recharge, together 

with recharge from direct precipitation and run-off from the uplands located to the northeast, likely contributes to 
the reduced concentrations of plume constituents observed in shallow groundwater in the East Trail Aquifer. 

 

3.4.2.1 Columbia River Bed Discharge and Indian Eddy 

A considerable number of drive-point samples (obtained 15 to 25 cm below the river bed) and epibenthic (near-
bottom) water samples were collected in the Columbia River between Stoney Creek and Rock Island in 2009 

and 2010 (Golder, 2010 and 2011b).  The exposure conditions at the riverbed indicate that there is considerable 
dilution occurring at most locations, including areas of groundwater discharge where contaminant concentrations 
in epibenthic river water samples are typically two or more orders of magnitude lower compared to drive-point 

samples.  This is expected because the Columbia River flow adjacent to the TMO Site is approximately four 
orders of magnitude greater than the groundwater flux entering the river (Golder, 2011b).  However, in some of 
the river stations sampled in 2009 and 2010, in particular those located along the western shore of the TMO Site 

adjacent to the gravel island and in Indian Eddy (during low-flow conditions), concentrations in epibenthic 
samples were higher than the CCME water quality guidelines for freshwater aquatic life.  

While dilution is substantial along most reaches of the river, in Indian Eddy there is less dilution during low-flow 
conditions and, consequently, higher concentrations of contaminants of concern are present. This appears to be 
correlated with low river stages and the reduction in flow through the eddy across shallow sections of the gravel 

bar exposed at low water levels. In extreme low river stages, water in the middle and north end of the eddy is 
stagnant compared to the main river, and an area of poor water quality may form that encompasses a significant 
portion of the total eddy area.  Primary control measures for remediation of the ammonium sulphate plume 

(pump-and-treat system), once implemented, are anticipated to ameliorate the adverse water quality in Indian 
Eddy. 

 

3.5 Implications for Risk Management 
Based on our understanding of the Conceptual Site Model, knowledge of contaminant source areas, and the 

processes of the dissolved plume fate and transport, a conceptual remedial framework was developed as part of 
the Conceptual Remediation Plan (Golder, 2011a). Additional investigations carried out by SLE and Golder in 
2011 and 2012 have provided supportive information for this remedial framework and our understanding of the 

distribution and extent of the ammonium sulphate plume.  The remedial planning basis for the mitigation of the 
ammonium sulphate plume, including remedial strategies and objectives to satisfy the requirements of the 
Inspector’s direction and attain acceptable ecological risk, are presented in Section 7.0 of this report. 
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4.0 SUMMARY OF AN ECOLOGICAL RISK ASSESSMENT FOR 
DOWNGRADIENT DISCHARGE FROM THE EAST TRAIL AQUIFER 

4.1 Risk Assessment Purpose 
The ammonium sulphate groundwater plume has been delineated, in part, using over-water ERI surveys to 

identify locations where the plume may be near the surface of the Columbia River bed.  Areas where ERI 
surveys showed conductive conditions along the shore line (ERI returns), water samples were collected to 
quantify contaminant concentrations at the river bed surface (“epibenthic”) and within the river substrate (“drive 

point”; generally at a depth of 15 to 25 cm beneath the river bottom).  

The Final Remediation Plan addresses the plume near TMO and is focused on interception of the plume prior to 

its entry into, or under, the Columbia River.  There remains a section of the plume that has already bypassed the 
proposed point of interception that is beneath the Columbia River and in the East Trail Aquifer.  ERI returns were 
observed downstream of East Trail where the plume re-enters the Columbia River. Water sampling in the 

locations of these ERI returns identified the presence of constituents also associated with the ammonium 
sulphate plume.  

To identify whether or not active remediation would be required at this location to meet the requirements of the 
Inspector’s Direction or whether or not the plume was causing pollution, an ecological risk assessment was 
carried out. That ecological risk assessment is detailed in Appendix I and is summarized below.  

 

4.2 Risk Assessment 
The problem formulation phase focused on identifying the contaminants of potential concern that have originated 
from the Site, the potential receptors that are likely to be present in the groundwater discharge zone, and the 
means by which exposure to the contaminants could occur.  The assessment of exposure and effects, and 

ultimately the risk characterization, was based on comparison of existing site-specific water chemistry 
concentrations (i.e., exposure concentrations) to chronic freshwater aquatic WQGs; however, an evaluation of 
the application of the underlying data used to derive these guidelines was undertaken where 

appropriate.  Maximum concentrations were used to assess risk.  

The ecological risk assessment was based on existing data from drive point and epibenthic water samples. The 

available data consisted of 21 water sample locations within the area of the downgradient discharge from the 
East Trail Aquifer to the Columbia River.  

Of these water samples, there were three sampling stations located on the opposite bank from East Trail (south 
bank), near the location of the former Korpack ready mix concrete facility and near the Ryan Creek catchment. 
These samples were collected because ERI returns, albeit weaker than those on the north bank, were observed 

in this area. Water samples collected in Ryan Creek in 2005 indicated elevated concentrations of cadmium, 
silver and zinc (Golder 2006), presumably originating from areas of previous mining activity in the Ryan Creek 
watershed. In addition to this known alternate source of contamination, water chemistry was inconsistent with 

these three sample locations being part of the ammonium sulphate plume. The three south bank samples were 
therefore not used in the risk assessment.  
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An understanding of the habitat characteristics and organism use in the area of the plume is of relevance to the 
interpretation of the results because the nature of the habitat will determine the ecological uses that can be 

made of that habitat. Overall, the habitat in the study area is relatively homogenous. At the riverbed, cobbles, 
which average approximately 16 cm in diameter, are the dominant substrate type throughout and are tightly 
packed against one another. Beneath the protruding rock surface, the interstitial spaces are embedded with 

fines. The embedded substrate does not allow light penetration to the interstices, occupies attachment sites and 
dwelling places and occupies storage spaces for organic matter that organisms which would normally live in 
such habitats would need. The understanding of river bottom habitat use, based on the findings reported in 

Golder (2010), is that while the surface of the riverbed would provide habitat for benthic organisms and other 
potential aquatic receptors, the substrate below the surface would not be a significant zone occupied by aquatic 
receptors of concern. Therefore, important areas of aquatic organism exposure to constituents of the 

groundwater plume would be at the river bottom and would be characterized by the epibenthic water chemistry.  

[March 14, 2013 TEXT ADDITION:  However, based on review comments from Environment Canada and 
the Ministry of Environment, there is insufficient information to draw conclusions regarding the habitat 

values, and in the absence of such, an environmental protection objective that protects the substrate is 
required.  Future revised ecological risk assessment reports will be prepared to address this 
requirement.] 

Risk was characterized using the risk quotient (RQ) approach. Dissolved metals data were used along with 
general parameters from the epibenthic water sample data set to represent the exposure data in the risk quotient 

and ambient WQG guidelines (chronic) were used as the Toxicity Reference Value (TRV) to calculate the RQ as 
follows:  	 	 = 	 [ ]

 

Risk Quotients for all parameters, except cadmium, were less than 1, which indicates that ecological risks are 

acceptable for those parameters. The maximum RQ for cadmium was 1.9 and only two of the samples were 
greater than 1.  

The TRV for cadmium was evaluated further. The CCME guideline for cadmium is derived from the lowest 
observed effects concentration (LOEC) for the most sensitive test species, Daphnia magna, and includes a 
tenfold safety factor (CCME, 1999). With a modified TRV where this safety factor is removed, the recalculated 

maximum RQ is reduced to 0.19. The maximum concentration of cadmium (0.00004 mg/L) is lower than the 
lowest observed effect concentration (0.00017 mg/L) for cadmium.  

Based on these observations, the risks of plume contaminants in the East Trail Aquifer at the re-entry location 
are considered to be acceptable.  
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4.3 Implications of Risk Assessment Findings to the Final Remediation 
Plan  

The ammonium sulphate plume passes underneath East Trail and exits the East Trail Aquifer into the Columbia 

River downstream of East Trail. The ecological risk assessment carried out at this location found that 
unacceptable ecological risks are unlikely. The groundwater discharging in this area would not be a deleterious 
substance and is not likely causing pollution. On the basis of this risk assessment (see Appendix I for the full risk 

assessment report), Golder is of the view that remedial measures in this location are not necessary.  Monitoring 
wells installed in East Trail (MW2007-4, MW2007-5, and MW2009-103) are routinely sampled. The risks can be 
re-evaluated should plume constituent concentrations in these wells significantly rise.   
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5.0 SUMMARY OF PILOT-SCALE AQUIFER TESTING 
 

The feasibility of using a hydraulic containment approach for remediation of the ammonium sulphate plume was 
examined in detail by installing and testing a pilot-scale extraction well (EW2011-1) adjacent to the Columbia 

River and within the footprint of the plume.  The aquifer pumping test was required to verify the bulk hydraulic 
properties of the unconsolidated sediments underlying the TMO complex in the vicinity of extraction well 
EW2011-1. In addition, the test was designed to provide information on the degree of hydraulic connection 

between the shallow and deep portions of the unconsolidated sediments, and between these sediments and the 
Columbia River.  The test also provided additional information on groundwater discharge water quality, which 
was subsequently used for a bench-scale treatability evaluation (described in Section 6.0).  Details of well 

construction and the pumping test methods and analysis are provided in Appendix II.  A summary of key 
observations and findings that were made, based on the test results, is presented below.   

The location of newly installed extraction well EW2011-1 is shown in Figure 1-2.  This well was drilled in late 
October 2011 to a depth of approximately 65.4 m below ground near the inferred centreline of the ammonium 
sulphate plume.  Following installation of the well screen and well development, the well was step-tested in late 

January 2012 at pumping rates ranging from 818 m3/day (150 USgpm) to 3,270 m3/day (600 USgpm) to 
establish a suitable pumping rate for the constant-rate test and to assess overall well performance.  Analysis of 
the drawdown response observed during the step-test suggested that a reasonable design rate for the constant-

rate test was 3,135 m3/day (575 USgpm) and that the selected well design resulted in good well efficiency.  

Following the step-test, a constant-rate test was completed by pumping EW2011-1 at the targeted design rate 

for a period of 36.3 hours.  During the test, the drawdown and subsequent recovery were continuously monitored 
in the extraction well and at 25 monitoring wells located between approximately 12 m and 500 m from the well.   
The resulting drawdown data was corrected by removing fluctuations associated with changes in river stage and 

then analyzed to delineate the extent of the drawdown cone and to estimate aquifer parameters adjacent to the 
test location.  Key findings of this analysis were as follows: 

 As presented in Figure 5-1, at the end of the pumping test, the drawdown cone extended laterally at least 
300 m away from the extraction well in all directions, including east beneath the Columbia River bottom 
(response was recorded in well MW2007-5A located in East Trail).  This relatively symmetrical pattern of 

observed response suggested that in the horizontal plane, the unconsolidated sediments within a 300 m 
radius from well EW2011-1 may act as a single hydrostratigraphic unit that is laterally isotropic; 

 In cross-sectional view (Figure 5-1), the drawdown cone was found to be elliptical in shape, with the 
observed drawdown beneath the bottom of EW2011-1 and near the water table to be generally less than 
drawdown observed within the 350 m to 370 m elevation interval.  This elliptical pattern suggests that in the 

vertical plane, the unconsolidated sediments along the shoreline adjacent to EW2011-1 may be anisotropic 
and that drawdown near the water table may be affected by the presence of the Columbia River.  
Nevertheless, despite the fact that EW2011-1 penetrated approximately only 50% of the total thickness of 

the sediments, drawdown at the end of the pumping period was found to extend down to, or very near to, 
the overburden/bedrock contact (drawdown was observed at the deepest monitoring well, at an 
approximate elevation of 292 masl);   
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 Drawdown recorded in EW2011-1 and in the monitoring wells had not stabilized at the end of the pumping 
period; thus, it was not possible to rigorously delineate the capture zone associated with this well.  

Nevertheless, based on available data, it appears that the capture zone at the end of the test near 
EW2011-1 extended laterally approximately 100 m upstream and downstream along the river shore, and 
vertically to an elevation of about 300 masl.  It is expected that if EW2011-1 is pumped at a constant rate 

similar to that used in the pilot test for an extended period of time, the resulting capture zone would be 
larger (laterally and vertically) than the zone inferred from test results; and  

 The horizontal hydraulic conductivity of the unconsolidated sediments near EW2011-1 was estimated to be 
approximately 2 x 10-4 m/s based on test results, with a ratio of vertical to horizontal conductivity of about 
0.35.  These values are in good agreement with the results of single-well response testing conducted 

previously in wells completed in the riverbank area, and with bulk aquifer properties established during the 
calibration of the numerical groundwater model for the Site.   

Water quality samples were collected from the extraction well for the analysis of a full suite of constituents at the 
end of the constant-rate test.  Laboratory results and field parameter measurements are provided in Appendix II.  
General parameters that exceeded BC CSR aquatic life (AW) and/or drinking water (DW) standards included 

fluoride, ammonia as N, nitrate as N, sulphate, and TDS.  Total and dissolved metals that exceeded AW and/or 
DW standards included cadmium, cobalt, iron, manganese, thallium, and zinc. 

Overall, the results of the groundwater pilot pumping test suggested that hydraulic containment of the 
ammonium sulphate plume is feasible.  The optimal well configuration for pumping will comprise a series of 
pumping wells installed along the Columbia River shore.  This option was explored further using simulations of 

the previously developed groundwater flow model, as discussed in Section 8.2.2.   
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6.0 WATER TREATABILITY BENCH-SCALE TESTING 
Bench-scale testing was undertaken by Golder as part of an evaluation of treatment alternatives for the 
ammonium sulphate plume. Preliminary studies to evaluate ammonia-nitrogen removal were conducted in 

January 2012.  Results indicated that ammonia-nitrogen was likely amenable to biological treatment.  

In order to evaluate ammonia-nitrogen removal and better understand biotreatment of the groundwater plume, 

additional bench-scale treatability testing was undertaken beginning in May 2012.  A secondary goal of treatment 
was to evaluate the fate of metals during the treatment process.  Bench testing was performed by Golder at 
HydroQual Laboratories in Calgary, Alberta. Bench testing objectives included the following goals: 

 Evaluate ammonia-nitrogen removal using fixed-film biological treatment technology and assess the 
maximum ammonia-nitrogen removal and typical effluent concentrations for the water tested; 

 Optimize the biological treatment system hydraulic retention time (HRT) to maximize nitrogen removal for 
the water tested;  

 Evaluate the need for pretreatment, including calcium removal; and 

 Collect preliminary engineering design parameters for system scale-up. 

Groundwater used for the bench testing was a composite sample of equal portions of samples from 15 

monitoring wells, collected at four locations within the footprint of the ammonium sulphate plume (Figure 1-2).  
This provided both lateral and vertical spatial representation of plume water quality at the point of discharge 
adjacent to the Columbia River.  At three of the locations, groundwater was collected at four different depths; at 

the fourth location, groundwater was sampled from three different depths. The locations and wells that were 
sampled (with the elevation of the base of the well screen shown in metres above sea level), beginning at the 
downstream end and moving upstream, included: 

 Location 1 (near proposed extraction well EW3) 

MW2002-3 (314 masl); MW2001-5A (360 masl); MW2001-5B (376 masl); and MW2001-5C (394 masl) 

 Location 2 (near existing extraction well EW2011-1) 

MW2009-102A (291 masl); MW2009-102B (301 masl); MW2009-102C (346 masl); and             

MW2009-102E (388 masl) 

 Location 3 (near proposed extraction well EW2) 

MW2001-6A (347 masl); MW2001-6B (387 masl); and MW2001-6C (401 masl) 

 Location 4 (near proposed extraction well EW4) 

MW2009-101A (293 masl); MW2009-101B (303 masl); MW2009-101C (335 masl); and             
MW2009-101D (353 masl) 

 

A summary of the bench-scale testing results is presented below. 
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6.1 Treatment Microbiology 
During biotreatment, ammonium is converted to nitrite and then nitrate in a sequential process known collectively 
as nitrification. The equations for the conversion of ammonia-nitrogen to nitrate-nitrogen are shown below. Under 

steady-state conditions, the bacteria that convert ammonium to nitrite grow more slowly than the bacteria that 
convert nitrite to nitrate; thus, nitrite generally doesn’t accumulate in healthy bioreactors that are operating at 
steady-state. However, nitrite-oxidizing bacteria are more sensitive to environmental conditions and sudden 

changes in bioreactor conditions can reduce the growth rate of those bacteria leading to nitrite accumulation.  

NH4
+ + 1.4 O2 + 0.05 CO2  0.01 Cells	+ NO2

-  + H2O + 2 H+ 

NO2  + 0.5 O2 + 0.03 CO2 + 0.01 H2O	 Bacteria
 0.01 Cells	+ NO3

-  + 0.01 H+ 

Key considerations for biological ammonia-nitrogen treatment are described below: 

 Oxygen is required to oxidize ammonium to nitrite and nitrite to nitrate. In fixed-film bioreactors, dissolved 
oxygen concentrations are typically higher than in suspended growth systems to overcome diffusion into 

the biofilm. Insufficient oxygen will reduce or stop ammonia oxidation; 

 Bacteria use carbon, dissolved in solution as carbonate or bicarbonate, to grow new cells. Insufficient 

carbonate will limit ammonia oxidation, so in bioreactors with high influent ammonia concentrations, 
carbonate alkalinity is often added to ensure sufficient carbonate for cell growth.  Hydroxide alkalinity 
cannot be used to meet alkalinity needs because it does not provide a carbon source; 

 The conversion of ammonium to nitrate generates acidity. This can cause the pH in the bioreactors to 
decrease if additional alkalinity isn’t present in the water. A bioreactor pH less than 6.5 can inhibit 

nitrification. Both carbonate and hydroxide alkalinity can be used to neutralize the acid generated during 
nitrification; 

 Phosphorus, as phosphate, is also necessary for cell growth. Phosphorus is often supplemented by dosing 
phosphoric acid.  Insufficient phosphorus will limit ammonia oxidation; and 

 The rate of nitrification is strongly dependent on the temperature within the bioreactor. Nitrification will 
typically not proceed if temperatures are below 5°C or greater than 45°C, and 35°C is generally considered 
optimal for nitrification. For every 10°C decrease in temperature, nitrification rates are typically reduced by 

half, and vice versa, within the range of temperatures that allow bacterial activity.  

 

6.2 Bioreactor Operations 
The bioreactor system consisted of two aerobic fixed film bioreactors operated in series. Each bioreactor was 
packed with a fifty percent mixture of a highly reticulated foam media and spacers. The selected media provides 

a high surface area for high density microbial growth, while the spacers provide good mixing and mass transfer. 
During operations, composited influent was pumped from the influent container to the first bioreactor and then 
flowed by gravity into the second bioreactor. From the second bioreactor, the treated water flowed by gravity and 

was collected in the effluent container. The bioreactors were operated in an upflow configuration.  
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New influent was prepared batch-wise at regular intervals to minimize biological activity in the influent. A 
photograph of the bioreactor system is shown in Figure 6-1 below. 

 

 

Figure 6-1: Bench-Scale Bioreactor System. From right to left are the influent pump, first bioreactor, second bioreactor, and 
third bioreactor. The third bioreactor was designed for anoxic nitrogen removal and was not operated during testing. 

The bioreactors were operated from May 9, 2012 through August 20, 2012. The start-up period lasted until June 
4, 2012. During this period, the bioreactors were inoculated and allowed to acclimate to the composite water 
sample; however, the original inoculum performed poorly and the bioreactors were re-inoculated with sludge 

from a municipal wastewater treatment facility in Calgary, AB on May 17, 2012. Following re-inoculation, the 
bacteria were exposed to increasing concentrations of composited influent until they were able to treat full 
strength composited water. Evaluation of influent pretreatment (see Section 6.3) began on June 4, 2012. On 

June 26, 2012, pretreatment allowed sufficient alkalinity to be dosed to the influent and the bioreactor 
performance improved. The bioreactors were operated at a 48-hour hydraulic retention time (HRT) until July 19, 
2012 when the flow rate was increased to achieve a 24-hour HRT. The flow rate was increased to evaluate a 15-

hour HRT on August 8, 2012, where it remained for the duration of the study. A summary of key operation 
events are shown in Table 6-1. 
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Table 6-1:  Summary of Important Events for Bench-Scale Testing 

Date Event 

09 May 2012 Begin bench-scale testing 

17 May 2012 Re-inoculate bioreactors 

01 June 2012 Begin treating full strength composited water at 48-hour HRT 

04 June 2012 Begin evaluating influent pretreatment options 

26 June 2012 Successful pretreatment allows balanced alkalinity dose to influent 

19 July 2012 Decrease to 24-hour HRT 

08 August 2012 Decrease to 15-hour HRT 

20 August 2012 End bench-scale testing 

 

6.3 Influent Pretreatment 
The bacteria that perform nitrification require carbonate alkalinity to grow new cells. To meet the carbonate 

requirement for growth, sodium carbonate was dosed into the process water batch-wise when influent was 
prepared. However, the addition of sodium carbonate led to the formation of calcium carbonate scale due to the 
presence of high calcium concentrations in the groundwater. This scale is problematic because it can foul the 

bioreactors and clog lines. In addition, the carbonate required for cell growth was consumed by the calcium, 
leading to insufficient carbonate alkalinity in the influent, which affected bioreactor performance (Section 6.5).  

In order to remove calcium and provide sufficient alkalinity for cell growth, a series of softening precipitation 
experiments were undertaken. During the tests, varying quantities of sodium carbonate were dosed to the 
influent. The influent was mixed gently to promote the reaction and then allowed to settle overnight or filtered 

through a 5 micron (µm) filter. It was found that a dose of 1600 mg/L Na2CO3 removed about 78 percent of the 
total influent calcium, from an average influent total concentration of 370 mg/L Ca to 75 mg/L Ca. This calcium 
concentration was sufficiently low to allow additional sodium carbonate to be dosed into the influent to provide 

the carbonate alkalinity required for cell growth. During this reaction, the pH of the influent was approximately 
9.7. Because almost ninety percent of ammonia-nitrogen is present in solution as ammonia at this pH, the 
ammonia-nitrogen concentrations were measured before and after softening, and no significant change in 

concentration was observed due to stripping or off-gassing of ammonia. 

To prepare the influent, the softening reaction was performed batch-wise. When the reaction was complete, the 

softened influent was stored until it was fed into the bioreactors. Bioreactor influent was typically prepared 
weekly. When preparing the influent, softened water was dosed with sodium bicarbonate to provide a final 
average carbonate alkalinity concentration of 960 mg/L CaCO3. Phosphoric acid was also dosed to the influent 

to provide a phosphorus source for cell growth. The final pH of the influent was approximately 8.3. At the end of 
June 2012, it was observed that nitrification was naturally occurring in the influent prior to treatment in the 
bioreactors. To slow natural nitrification, all influent not being fed to the bioreactors was stored in the refrigerator 

and fresh influent was made more frequently. 
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6.4 Metals Removal 
The bioreactor was intended to remove ammonia but not metals; nevertheless, metals removal was observed 
during influent softening.  The influent water quality before and after softening for three events is shown in Table 

6-2.  Dissolved metals removal for the same events is also shown in Figure 6-2.  For graphing purposes, when 
dissolved metals concentrations were below the detection limit, one half the detection limit was used to calculate 
the percent removal. Cadmium, manganese, lead, and zinc were removed during softening. Manganese and 

lead removal fluctuated, whereas zinc removal was consistently high. Only one paired sample was collected for 
cadmium. 

Iron concentrations may have affected metals removal during the bench study, as testing conducted on August 7 
and 12, 2012 contained iron levels below the detection limit. In order to better understand the effect of iron on 
metals removal, a series of jar tests were conducted on August 15, 2012. During these jar tests, iron as ferric 

chloride was dosed at 0, 10, 25, 50, and 75 mg/L Fe and then the normal softening procedure was followed. 
Results for general water quality and dissolved metals are shown in Table 6-3. Results suggest that adding 
between 10 mg/L Fe and 25 mg/L Fe can improve metals removal as decreasing concentration trends with 

increased iron dose are observed for metals including arsenic, cadmium, copper, manganese and zinc. 
However, as this is based on a single test, additional evaluation is recommended during final design to enhance 
metals removal. 

 

6.5 Ammonia-Nitrogen Treatment 
Treatment in the bioreactors can be divided into four phases:  

1) 48-hour HRT test with insufficient carbonate alkalinity; 

2) 48-hour HRT test with sufficient carbonate alkalinity; 

3) 24-hour HRT test with sufficient nutrients; and 

4) 15-hour HRT test with sufficient nutrients. 

The ammonia-nitrogen influent and effluent concentrations, as well as the percent removal, for each of these 
phases, are summarized in Table 6-4 below. The ammonia-nitrogen profile in the bioreactors for the duration of 

the study is also shown in Figure 6-3. The pH profile is shown in Figure 6-4.  

The pH within the bioreactors can be used as an indication of nitrification. Because alkalinity is consumed during 

nitrification, the pH will tend to decrease. A large decrease in pH can indicate the alkalinity is not in balance with 
the acid generated by nitrification and that more alkalinity is needed.  Low pHs can inhibit nitrification.  In Figure 
6-4, there is no pH change during start-up, suggesting there is little to no biological activity in the bioreactors. 

Following re-inoculation, there is a large pH change, from an average of 8.0 in the influent to 8.7 in the influent. 
The pH change indicates that nitrification is proceeding, but that insufficient alkalinity is present in the 
bioreactors. For the remainder of testing, when alkalinity was balanced, the pH decreased slightly from an 

average of 8.2 in the influent to an average of 6.9 in the effluent, indicating the bioreactor was active and the 
alkalinity was well balanced. At the end of testing, when there was a bioreactor upset (see discussion below), 
there was little to no pH change suggesting biological activity had decreased. 



 

2012 FINAL REMEDIATION PLAN - AMMONIUM SULPHATE 
GROUNDWATER PLUME 

 

October 31, 2012 
Report No. 12-1493-0072-11000 24 

Table 6-4:  Summary of Ammonia-Nitrogen Concentrations During Biotreatment 

Starting 
Date- 
2012 Event 

Average Minimum Maximum

Influent 
Conc. 

mg/L 
NH3-N 

Effluent 
Conc. 

mg/L 
NH3-N 

Percent 
Removal 

Effluent 
Conc. 

mg/L 
NH3-N 

Percent 
Removal 

17 May 
48-hour HRT 
Insufficient carbonate alkalinity 179 112 36% 51 58% 

26 June 
48-hour HRT 
Sufficient carbonate alkalinity 153 32 90% 2.6 98% 

19 July 24-hour HRT 147 9.7 93% 0.2 99.8% 

08 August 15-hour HRT 187 17 91% 0.7 99.6% 

 

Following re-inoculation of the bioreactors, biological ammonia-nitrogen removal was observed for the entire 

testing period. The lowest removal, which averaged 36 percent, occurred during the 48-hour HRT when 
insufficient carbonate alkalinity was present in the bioreactors to support nitrification and cell growth. The 
removal increased to an average of 90 percent when influent softening pre-treatment was successful. The 

softening removed calcium so increased carbonate alkalinity levels could be maintained in the influent. However, 
once sufficient alkalinity was dosed in the influent, native bacteria began nitrifying the influent, reducing the 
ammonia-nitrogen fed to the bioreactors as seen on Figure 6-3.    

The highest ammonia-nitrogen removal and lowest effluent concentrations were observed during the 24-hour 
HRT test. During this period, an average of 93 percent of the ammonia-nitrogen was removed, from 147 mg/L 

NH3-N in the influent to 9.7 mg/L NH3-N in the effluent. The lowest effluent concentration observed was 0.2 mg/L 
NH3-N and the greatest percent removal was 99.8 percent. A small increase in ammonia-nitrogen at the 
beginning of the 24-hour HRT testing period corresponded with an increase in nitrite levels in the bioreactors. 

While nitrite is not typically observed in nitrifying bioreactors under steady-state conditions, nitrite can 
accumulate when process changes occur. In this case, doubling the flow rate likely led to an imbalance in the 
microbial community, resulting in nitrite accumulation. The effluent ammonia-nitrogen levels returned to steady-

state within a week of changing the flow rate. The ammonia-nitrogen removal also corresponded with an 
increase in nitrate-nitrogen in the effluent, indicating the ammonia-nitrogen was removed via a biological 
process. The average effluent nitrate-nitrogen concentration was 194 mg/L NO3-N. Figure 6-3 shows the 

majority of nitrification occurred in the first bioreactor, suggesting a shorter HRT may be achievable. 

The HRT was decreased to 15 hours on August 8, 2012. After this change, the average ammonia-nitrogen 

removal rates decreased to 91 percent, with average influent and effluent concentrations of 187 mg/L NH3-N and 
17 mg/L NH3-N, respectively. During the 15-hour HRT, the influent ammonia concentrations were also higher 
than in the 24-hour HRT, which suggests ammonia-nitrogen breakthrough may be occurring. However, the 

majority of ammonia-nitrogen removal still occurred in the first bioreactor and comparable removal was not 
observed in the second bioreactor. This suggests that insufficient biomass was present in the second bioreactor 
to react to the increased ammonia-nitrogen loading. With additional time to build up biomass, ammonia-nitrogen 

removal results may have improved in the second bioreactor. Additionally, an increase in nitrite levels in the 
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effluent corresponded to the increased ammonia-nitrogen concentrations in the effluent. This may indicate that 
after the flow rate change, the bioreactors did not adapt quickly and return to steady state. Process variations 

tend to be amplified during bench-scale experiments due to the small scale of testing, so the observed response 
of nitrification to changes within the bioreactors may be more dynamic than observed in larger systems. 

 

6.6 Conclusions and Recommendations for Future Work 
Bench testing proved biological treatment is a feasible option for ammonia-nitrogen treatment of the groundwater 

plume and provided preliminary engineering design information. Key results from the bench testing work include: 

 Microbial toxicity was not observed during bench testing, and the microbial community was able to 

successfully treat the water to remove ammonia-nitrogen; 

 Providing sufficient carbonate alkalinity is key to biotreatment performance as nitrifying bacteria need 

carbonate alkalinity to grow. In addition, alkalinity is needed to buffer pH changes within the bioreactor. 
Dosing sufficient alkalinity to this water is challenging due to the high calcium concentrations; 

 Softening via chemical precipitation was successful at removing calcium so carbonate alkalinity could be 
added to the influent without scaling occurring in the bioreactors. Chemical softening reduced calcium 
concentrations by about 75 percent, to an average of 75 mg/L Ca; 

 Chemical softening also removed metals from the process water. Jar testing was performed to evaluate 
enhanced metals removal using iron and it was found that adding between 10 mg/L Fe and 25 mg/L Fe to 

the softening process improved metals removal; 

 Ammonia-nitrogen removal ranged from 36 to 99.8 percent during testing. Once nutrients were balanced in 

the bioreactors, the average and lowest observed effluent concentrations were 14 mg/L NH3-N and 0.2 
mg/L NH3-N, respectively; 

 A 24-hour HRT can remove ammonia-nitrogen to a final concentration of less than 1 mg/L. However, bench 
testing results indicate a shorter HRT, such as 12 to 15 hours, may also be feasible for treatment; 

 Biological ammonia-nitrogen removal produces nitrate. Observed nitrate concentrations averaged 190 mg/L 
NO3-N once nutrients were balanced in the bioreactors; 

 Nitrite accumulations were observed during periods of change. This can be a typical reaction in bioreactors 
to non-steady state conditions. Typically, nitrite concentrations were less than 2 mg/L NO2-N, but increased 
during periods of change in the bioreactors; and 

 Chemical softening and the addition of sodium carbonate to provide carbonate alkalinity increased sodium 
concentrations. Sodium concentrations of approximately 1000 mg/L were observed in the treated effluent. 

Process variations tend to be amplified during bench-scale experiments due to the small scale of testing and low 
flow rates, which can make bench testing challenging. During this study, challenges included scale formation 

and calcium removal, maintaining high ammonia levels in the influent, and nitrite formation. Pilot testing is 
recommended to evaluate these challenges, refine the treatment HRT, and refine the softening process and 
metals removal. Pilot testing is discussed in more detail in Section 9.2.  
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7.0 REMEDIAL PLANNING BASIS  

7.1 Updated Problem Definition 
Additional hydrogeological investigations carried out in 2011 and 2012 support the previous conceptual remedial 
framework and understanding of the distribution and extent of the ammonium sulphate plume underlying, and 

downgradient of, the TMO complex, particularly adjacent to the Columbia River.  Discharge of the ammonium 
sulphate groundwater plume to the Columbia River is the primary focus of this Final Remediation Plan.  As 
discussed in Section 8.7, other potential areas of environmental concern, such as Stoney Creek, IORRRA, and 

the slag fill area in the vicinity of the Bailey Street Bridge will be addressed through a separate process.    

Recent evaluations and the risk assessment for groundwater discharge to the Columbia River in the East Trail 

area have indicated that the plume constituent concentrations measured in this downgradient area of the plume 
do not result in a risk to aquatic receptors in the discharge zone.  Accordingly, active remediation is not 
warranted for that portion of the plume downgradient of East Trail. Monitoring wells installed in East Trail 

(MW2007-4, MW2007-5, and MW2009-103) are routinely sampled. The risks to aquatic receptors can be re-
evaluated in the event plume constituent concentrations in these wells significantly rise, which would indicate 
potential deterioration of groundwater quality that may be discharging to the Columbia River.   

 

7.2 Remedial Framework 
The framework for the Final Remediation Plan (the “Remedial Framework”) comprises the objectives, goals and 
performance metrics for the remedial action.  As stakeholders become engaged and as data from detailed 
design and initial implementation become available, the remedial framework will be updated, if needed, to adapt 

to new information that becomes available.    

 

7.2.1 Remedial Strategies and Objectives 

The Conceptual Remediation Plan (Golder, 2011a) evaluated numerous options and their variants. One of the 
options identified was a pump-and-treat groundwater interception strategy and that strategy has formed the 
basis of the Final Remediation Plan. The primary remedial approach proposed for the Site is risk management, 

which utilises strategies including:  

 Interception or control of the ammonium sulphate groundwater plume through contaminated groundwater 

withdrawal to prevent discharge into the Columbia River. Reduction of risk to aquatic organisms is based 
on controlling the transport pathway between groundwater underlying TMO and Columbia River receptors;  

 Contaminant concentration reduction through treatment of captured groundwater;  

 Discharge dispersion of the treated groundwater into the Columbia River main flow through a permitted 

outfall; 

 Achieve conditions of acceptable human health risk for the groundwater ingestion drinking water pathway 

(East Trail) through contaminated groundwater withdrawal and plume attenuation. If groundwater 
interception is infeasible for the East Trail Aquifer and if necessary, reduction of potential human exposure 
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can be addressed through administrative controls such as restrictions on groundwater use.  Human health 
risk assessment would be carried out to determine the need for such controls; and 

 Source control and/or removal are remedial strategies that are also considered in areas where they may be 
feasible and effective. 

 

7.2.1.1 Attainment of Requirements of the Inspector’s Direction and Acceptable 
Ecological Risk 

Plume interception and control is central to the Final Remediation Plan.  Although complete plume capture may 

be difficult or impossible, to obtain, the goal is to provide sufficient plume capture to eliminate or reduce the 
discharge of deleterious substances to the point where there is no harm being caused to aquatic life.  

Achieving conditions of acceptable ecological risk and attainment of requirements specified in the Inspector’s 

Direction will require measures that prevent or reduce contact of contaminated groundwater with the ecologically 
active zone of the Columbia River bed.  The assessment documented in Golder 2010 and the conceptual 
exposure model described in the groundwater discharge downstream of East Trail (Appendix I and summarized 

in Section 4.0) suggests that the depth of the ecologically active zone is shallow. Thus, limiting the groundwater 
plume to a depth below the river bed surface (including a safety margin to address uncertainty) would prevent 
contact with the ecologically active zone. 

Based on our understanding of habitat use along the Columbia River bed and the conceptual exposure model 
(Section 4.0 and Appendix I), there is limited habitat use in the cobble below the surface of the river bed; the 
interstitial spaces of that cobble are filled. The important areas of habitat use are along the river bed and 

therefore a suitable remedial goal for the protection of fishery resources is that the water chemistry at the bed of 
the river should meet chronic ambient water quality guidelines.  

 

7.2.1.2 Acceptable Human Health Risk 

The primary objective for attainment of acceptable human health risk is plume interception and treatment. 

However, if the proposed remediation system cannot contain and treat a sufficient portion of the groundwater 
flowing into the East Trail Aquifer, an assessment of human health risk will be necessary. Based on existing 
chemistry, there is a possibility that aesthetic water quality (and possibly health risks) will be considered to be 

unacceptable. However, the future scenario is expected to reflect lower contaminant concentrations. In the event 
that unacceptable risk is identified, risk management measures would likely require that groundwater use be 
restricted. Golder notes that to our knowledge, groundwater withdrawal for human consumption is not occurring 

from the East Trail Aquifer. Discussions with respect to Section 56 (1) of the Environmental Management Act 
regarding technical feasibility, cost and other factors will likely be necessary with the BC MoE (and possibly other 
ministries such as Health).  

Monitoring would be necessary to confirm the effectiveness of control measures, and a human health risk 
assessment may be warranted to evaluate potential risks in the short term until control measures are effective. 
Consultation with the Ministry of Environment on the next steps for human health risk assessment is appropriate.
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8.0 2012 FINAL REMEDIATION PLAN  
The 2011 Conceptual Remediation Plan (Golder, 2011a) provided a remediation options analysis, which has 
been summarized in the beginning of this section together with a path forward for the preferred treatment 

alternative of a hydraulic containment and groundwater treatment system (Pump-and-Treat).  Other components 
of the 2012 Final Remediation Plan that are included in this section are:  

 An update to the groundwater modelling study; 

 Results of a preliminary geotechnical evaluation; 

 Pumping well and pipeline design; 

 Groundwater treatment plant design; 

 System operation and maintenance; 

 Performance monitoring and contingency measures; 

 Estimated costs; 

 Uncertainty analysis and project risks; and 

 Additional site characterization in other areas of environmental concern. 

 

8.1 Summary of Remediation Options Analysis and Selection of 
Remedial Measures 

As part of the remedial planning process, a widespread review of remedial options was systematically generated 
and presented in the Conceptual Remediation Plan (Golder, 2011a). Qualitative criteria were initially used to 
understand the potential effectiveness and efficiency of the wide range of remedial concepts, relative to site-

specific conditions.  Given this information, technologies were screened for further consideration using two 
simple and conventional criteria: 1) the degree of effectiveness and 2) feasibility of implementation. 

The outcome of this screening-level process was a short list of technologies that were retained for further 
consideration. The remainder of the long-listed technologies were withdrawn because they were either 
impractical, infeasible, highly uncertain, or cost prohibitive.  Technologies held for further consideration were 

classified into two groups: (a) preferred (“short list”) technologies; and (b) additional (“reserve list”) technologies 
for future consideration as enhancements or fall-back/contingency measures for the main remedial effort.  The 
short listed and reserve listed technologies are summarized in Table 8-1 below. 
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Table 8-1: Summary of Short Listed and Reserve Listed Technologies 

Status Item Critical Issue(s) Item Disposition 

Short 
Listed 

Pump-and-Treat System 
Preliminary Design 
(Configuration, 
Treatment)  

Retain for Further Development (with 
consideration of discharge to river, re-injection, 
re-use of extracted water and barrier wall 
construction to reduce pumping requirements.  

Short 
Listed 

Source Reduction and Plant Area 
Improvements, Including Capping 
(Plant area and Shallow Slopes) 
and Partial Excavation 

Identification of 
Specific Projects 

Retain for Further Development 
(In Progress). Include Limited Application of 
Phytotechnology (below) for Erosion Control as 
Part of Plant Operations and Maintenance.   

Short 
Listed 

Risk Assessment Baseline Data Retain for Further Development 

Reserve 
Listed 

Phytoremediation 
Feasibility for 
Purposes Other than 
Run-off Control 

Reserve for Future Slope Stabilisation Projects – 
See Above  (In Progress) 

Reserve 
Listed 

Restrict Use of East Trail Aquifer 
Regulatory 
Acceptance and 
Stakeholder Input 

Reserve Pending Forecasts for Post-Mitigation 
Aquifer Quality 

 

The short listed technology, “Pump-and-Treat System” is the primary focus for the hydraulic containment and 
treatment of the ammonium sulphate plume.  The rationale for its selection as the primary remediation 

technology is discussed in greater detail below.  Further details for other short listed or reserve listed 
technologies that are being considered (Table 8-1) are discussed in Section 8.6. 

 

8.1.1 Rationale for Pump-and-Treat System 

8.1.1.1 Hydraulic Interception of Groundwater 

Given that there is a very large and deep dissolved-phase plume present beneath the Site, conceptually, two 

options for plume interception were initially proposed: one where partial interception of the shallow plume is 
achieved, thus preventing or reducing discharge of the plume to the Columbia River adjacent to the Site, and 
one where the remediation goal is “complete”4 interception of the shallow and deep plume to the extent 

practicable. The effectiveness of a deep plume capture strategy is predicted, but cannot be confirmed until 
tested at an operational-scale.  However, the results from a pilot-scale pumping test carried out in January 2012, 
and additional groundwater modelling, have indicated that capture of most of the shallow and deep groundwater 

plume is estimated to be obtained from the installation and pumping of three or four extraction wells drilled to 
depths of up to 90 m adjacent to the Columbia River within the footprint of the ammonium sulphate plume.  This 
is discussed in greater detail in Section 8.2.2.  

The results from groundwater modelling simulations suggest that upwelling of the deep plume to the Columbia 
River can occur under a partial interception approach, but that upwelling would be reduced using groundwater 
re-injection wells in combination with extraction wells.  However, re-injection of treated water into the aquifer can 

                                                      
4 In this report where reference is made to “complete” or “full” capture of the groundwater, the reference does not imply an absolute capture. 100% capture cannot realistically be claimed 
because of even minor uncertainty in subsurface conditions and the inability to have complete knowledge of groundwater conditions, especially between wells. The reference is intended to 
differentiate between remedial plans that are intended to address partial capture (e.g., shallow groundwater). 
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present geochemical challenges, with the potential for fouling of the re-injection wells if effluent water quality and 
the receiving aquifer are not compatible, or if the injected water is high in dissolved oxygen and nutrients.  

Because dissolved metals may form oxide or hydroxide precipitates when they come in contact with the aquifer 
groundwater, the redox-active metals concentrations (i.e., iron, manganese, and arsenic) in re-injected treated 
effluent should be near non-detectable to avoid potential issues.  The presence of dissolved oxygen may also be 

problematic for re-injection as it may lead to the formation of bio-slimes, particularly if the nutrient loading is high.  
Therefore, a higher level of effluent treatment (greater than what is anticipated for permitted effluent discharge to 
the Columbia River) would likely be required for the re-injection option for reasons of system operability. Given 

the significant potential limitations due to clogging of re-injection wells and the aquifer, and the need for 
extensive and regular well maintenance or a higher level of treatment that may be required, the scenario for re-
injection of treated water was eliminated from further consideration.  Space limitation for positioning re-injection 

wells was also taken into consideration.   

Groundwater modelling and a preliminary cost analysis also indicated that groundwater pumping rates to obtain 

plume capture could be reduced through construction of a barrier wall (to a depth of 30 m), in combination with 
extraction wells.  The analysis conducted as part of the Conceptual Remediation Plan indicated a barrier wall 
was unlikely to be cost effective in the longer term.  There are also technical challenges given that the optimal 

location of the proposed barrier wall is a) limited to a narrow road already congested with other proposed 
remediation system infrastructure, b) is next to a large river, and c) is at the base of a high, steep slope. The 
absence of benefit with respect to cost, limited access for construction, and potential environmental implications 

from slope or road failure during barrier wall construction, resulted in elimination of a barrier wall scenario from 
further consideration. 

 

8.1.1.2 Groundwater Treatment  

Pumped groundwater would be routed through a pipeline (or multiple pipelines) extending from the extraction 
wells along the Columbia River and then traversing upslope to a proposed water treatment plant.  Several types 

of treatment technologies were identified in the Conceptual Remediation Plan (Golder, 2011a) to address the 
COPCs.  Biotreatment was carried forward as the proposed technology for treatment of ammonia and other 
nitrogen species.  Chemical precipitation, membrane filtration and evaporation were carried forward for the 

removal of metals and, if necessary, sulphate. 

The water treatment alternatives were developed in consideration of the effluent targets, and also considering 

that there may be the potential for industrial reuse of “lower quality” treated water within the TMO complex, 
where either the water would be treated for ammonia and other nitrogen compounds only, leaving metals and 
anions at their influent design basis (IDB) concentrations, or treatment to a level suitable for effluent discharge.  

On this basis, four alternative processes were identified in the Conceptual Remediation Plan, which are 
progressively more complex, capable of producing higher quality effluents, and increasingly costly, as 

summarized below:  

 Water Treatment Alternative 1: Biotreatment for removal of ammonia and other nitrogen species;  

 Water Treatment Alternative 2: Biotreatment plus chemical precipitation for removal of some metals; 
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 Water Treatment Alternative 3: Biotreatment plus reverse osmosis (RO) for removal of additional metals; 
and, 

 Water Treatment Alternative 4: Biotreatment, RO and evaporation of RO brine for removal for additional 
metals and sulphate.  

A preliminary evaluation was conducted of the potential for toxicity and impacts to aquatic life based on effluent 

projections. Water Treatment Alternative 2 (biotreatment plus chemical precipitation) was preliminarily identified 
to be an acceptable approach, subject to further evaluation and toxicity assessment, because it appears that the 
main effluent constituents could be reduced to levels that are expected to be non-acutely lethal.  Bench-scale 

treatability testing, as discussed in Section 6.0, was carried out in 2012, affirming that biotreatment, in 
combination with chemical precipitation of metals, was capable of reducing COPCs to levels that are expected to 
be non-acutely lethal.     

 

8.2 Hydraulic Containment and Groundwater Treatment 
The recommended remedial measure for the main ammonium sulphate groundwater plume is installation of a 
hydraulic containment system and groundwater treatment plant, with discharge of the treated effluent to the 
Columbia River via a permitted outfall.  Details of the components of the pump-and-treat system are provided 

below. 

 

8.2.1 Hydraulic Containment Strategy 

The strategy for the hydraulic containment system is to satisfy the requirements of the May 31, 2010 Inspector’s 
Direction, namely to prevent discharges of contaminated groundwater to the Columbia River.  Although complete 
plume capture may be difficult or impossible, to obtain, the goal is to provide sufficient plume capture to eliminate 

or reduce the discharge of deleterious substances to the point where there is no harm being caused to aquatic 
life.  

 

8.2.1.1 Design Overview 

The design of the hydraulic containment system consists of three to four extraction wells, equally spaced within 

the footprint of the ammonium sulphate plume near, but upgradient of, the point of discharge to the Columbia 
River (Figure 8-1). One of these four extraction wells (EW2011-1) has already been constructed and tested, as 
previously discussed in Section 5.0. Groundwater modelling simulations and the pumping test results from well 

EW2011-1 have indicated that the goal of sufficient plume capture may be obtained from four wells, each 
constructed to depths up to 90 m, with a projected combined pumping rate of 5,700 m3/day.  Installation of the 
hydraulic containment system would be implemented using a phased approach that allows for refinement of the 

final system configuration during earlier phases in order to increase plume capture efficiency and effectiveness 
of the treatment facility. 
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8.2.1.2 Phased Approach 

It is recommended that construction and operation of the hydraulic containment and groundwater treatment 
system for the main ammonium sulphate plume be implemented using a two-phase approach, preceded by pilot-
scale water treatability testing, as follows: 

 Pilot-Scale Water Treatability Testing: The bench-scale treatability testing program that was carried out 
in 2012 affirmed that biotreatment of ammonia, in combination with chemical precipitation of metals, was 

capable of reducing COPCs to levels that are expected to be non-acutely lethal. The next step is to design 
and run an onsite pilot-scale water treatability testing program and to confirm non-acute lethality of the 
effluent by generating enough effluent to undertake a rainbow trout acute lethality test.  Equipment would 

be set up to run continuously to simulate the function of components that cannot be adequately evaluated 
at a bench scale.  Pilot tests for biological systems require a minimum operating period of several weeks up 
to several months, to allow the bio-culture to reach steady state. One benefit of a months-long pilot-scale 

testing program is the ability to test treatment system response to varied influent quality (either planned or 
unplanned).  Pilot testing over prolonged periods avoids the potential pitfalls of testing a “snapshot” of water 
quality that may not best represent plant influent in long-term operations. Biological treatment systems also 

require a relatively long duration of testing to establish the microbial population diversity that is best suited 
to biodegradation of the targeted constituents.  The primary objectives of water treatment pilot testing would 
be to determine the optimum effluent water quality that is attainable and to determine the nutrient feed rates 

required. Pilot treatment equipment would be portable and brought onsite for the testing period.  The source 
of groundwater would be from existing wells within the footprint of the plume adjacent to the Columbia 
River. The targeted “feed” rate of groundwater influent to the pilot system would be on the order of less than 

10 L/minute. 

 Phase 1: In this phase, one new extraction well (EW2) would be installed near the river shore, 

approximately 200 m north of existing extraction well EW2011-1, and a treatment plant capable of treating 
discharge from both wells (4,000 m3/day and up to 5,400 m3/day) would be constructed. One possible 
location for the proposed treatment plant is shown on Figure 8-1, but other locations may be considered.  

The treatment plant footprint would potentially be built to the required scale for full system operation, but 
modular treatment trains within the plant could be built to the minimum requirements for the targeted Phase 
1 discharge, with subsequent treatment trains added for additional discharge requirements in the future.  

Both wells would then be operated for up to one year, preferably spanning periods of high and low river 
stages, and the hydrogeological response in adjacent piezometers would be monitored to gain additional 
information on aquifer properties, capture zone extent and groundwater discharge quality. 

 Phase 2: In this phase, one or two additional extraction wells (EW3 and EW4) would be installed along 
the river shore, based on information gathered during Phase 1 monitoring and analysis.  The overall system 

discharge would be adjusted (targeted 5,700 m3/day, but could be higher or lower), such that the capture 
zone created by the wells has the desired extent.  The treatment plant would be expanded by adding 
additional treatment trains to accommodate discharge from these additional extraction wells, and if 

necessary, adjustments would be made to the treatment process using additional data on groundwater 
discharge quality.     
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The benefit of the above approach is that it allows for refinement of the final system configuration based on long-
term response data collected during Phase 1, thus avoiding the potential for over- or under-design of the 

treatment facility. 

 

8.2.2 Updated Hydrogeological Assessment of Hydraulic Containment 

During previous investigations, various hydraulically based options for the containment of the ammonium 
sulphate plume were evaluated using a numerical groundwater model that was developed for the site (Golder, 
2011b) in support of preparation of a Conceptual Remediation Plan (Golder, 2011a).  This groundwater model 

was recently updated based on data collected during the groundwater pumping pilot test (Section 5.0) and then 
used to refine predictions of plume capture for a proposed remediation system that utilizes wells installed along 
the shoreline of the Columbia River.  This was “Option 1a” in the Conceptual Remediation Plan.  

As part of the update of the groundwater model, an additional model simulation was prepared to allow calibration 
to the drawdown response that was observed during the pilot pumping test.  This additional calibration 

simulation, together with a previous calibration simulation, was run repeatedly with the model parameters 
iteratively adjusted until model predictions reasonably matched the calibration targets for the wells.  Overall, 
calibration targets that were utilized in the model update consisted of:  

 Drawdown response that was observed in extraction well EW2011-1 and 25 monitoring wells during the 
pilot-scale pumping test in January 2012;  

 The snapshot of hydraulic heads measured in monitoring wells in September 2009; 

 The snapshot of hydraulic heads measured in monitoring wells in November/December 2010; and 

 Continuous hydraulic head data from 11 monitoring wells, measured between April 2009 and February 

2011.   

Only minor adjustments to model input parameters were necessary to achieve a good match to these calibration 

targets.  These adjustments included: a) lowering the anisotropy ratio (vertical hydraulic conductivity to horizontal 
hydraulic conductivity) from the previously calibrated value of 0.45 to 0.35 in the portion of the unconsolidated 
sediments extending from TMO to East Trail, and b) lowering the specific storage of these sediments from 10-4 

1/m to 10-5 1/m.  As presented on Figure 8-2, following model calibration the extent of the drawdown cone 
predicted for the EW2011-1 pilot pumping test was in good agreement with observed drawdown.  Additionally, 
the match to the drawdown evolution over time observed during this pumping test (Figure 8-3) and to the past 

calibration targets (Figures 8-4 and 8-5) was also good.  Based on the above, the updated model was 
considered to be sufficiently well calibrated to provide reasonable estimates of capture of the ammonium 
sulphate plume.   

As discussed in Section 8.2.1.2, a phased approach is recommended for the implementation of the hydraulic 
containment system.  Furthermore, due to access constraints, maintenance requirements, and system 

redundancy, it is preferable to consider up to four extraction wells for plume containment.  Because of this, 
additional analysis for Option 1a in the Conceptual Remediation Plan (Golder, 2011a) was based on four 
pumping wells with existing extraction well EW2011-1 being part of this system.  Potential locations for the 

remaining three wells were selected primarily based on spatial representation within the plume footprint and on 
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access constraints (Figure 8-1).  Thus, only the pumping rates were considered in the simulation trials, whereas 
the number and locations of the extraction wells were not varied.   

Three model scenarios were evaluated using the groundwater model.  The first two scenarios (Scenario 1 and 
Scenario 2) included pumping the existing extraction well EW2011-1 and a new proposed well (EW2) that would 

be installed along the river shore approximately 200 m northwest of EW2011-1 (Figure 8-1).  These two wells 
would be utilized during Phase 1 of the system operation.  In the third scenario (Scenario 3), which represents 
Phase 2 of the system operation, two additional wells (EW4 and EW3), located north of EW2 and south of 

EW2011-1, respectively, were included in the model simulation.  Based on assumptions previously adopted for 
Option 1a, all new wells were assumed to be completed at an elevation of 320 masl; however, it is understood 
that the depth of individual wells will be adjusted based on conditions encountered during drilling.  The pumping 

rates utilized in these scenarios were as follows: 

 Scenario 1 – total pumping rate of 4,000 m3/day – this pumping rate was selected to illustrate potential 

plume capture when each of the two wells is operated at a rate of 2,000 m3/day during Phase 1;  

 Scenario 2 – total pumping rate of 5,400 m/3day – this pumping rate was selected to illustrate potential 

plume capture when each of the two wells during Phase 1 is operated at a rate that is near the maximum 
sustained rate estimated previously for EW2011-1 of 2,700 m3/day; and 

 Scenario 3 – total pumping rate of 5,700 m3/day – this total pumping rate from four wells (Phase 2) was 
estimated iteratively until model results indicated that complete plume capture was achieved. 

Evaluation of plume capture for the above scenarios utilized the updated groundwater model and followed the 
same methods as those employed in support of the Conceptual Remediation Plan (Golder, 2011a).  That is, a 
large number of simulated particles were released at various locations and depth within the plume area beneath 

TMO, and then numerically tracked using simulated groundwater conditions that represented low river stage 
conditions.   

Because wells utilized in Scenario 1 and Scenario 2 would be located near the inferred centreline of the plume, 
the associated capture would be focused primarily on the plume “core” where the dissolved concentrations are 
generally higher when compared to the concentrations along the plume margins. 

Figure 8-6 presents the extent of predicted plume capture for Scenario 1.  Model results indicate that when 
EW2011-1 and EW2 are pumped at a combined rate of 4,000 m3/day, approximately 75% of the shallow plume 

(above 350 masl elevation) and approximately 50% of the deep plume (below 350 masl elevation) would be 
captured during low river stage.  

Figure 8-7 shows the predicted capture zone for Scenario 2 that includes pumping from these two wells at a 
combined rate of 5,400 m3/day.  At this rate, the model results suggest that approximately 80% of the shallow 
plume and approximately 70% of the deep plume would be captured during low river stage.  

Model predictions for Scenario 3 are shown on Figure 8-8, with the four wells pumping at a combined rate of 
5,700 m3/day.  The results of particle tracking presented on this figure indicate that this rate would be sufficient 

to capture essentially the “entire” plume during low river stage.  As discussed in Golder (2011a), examination of 
past river stage data suggest that the low river stage persists for approximately two thirds of each year.  
Because hydraulic gradients beneath TMO decrease when the river stage is high, it is anticipated that the 
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pumping rate estimated for Scenario 3 could be reduced during the remaining one third of each year while 
maintaining sufficient plume capture.   

The predicted pumping rates and associated plume capture that are presented above were based on calibrated 
hydrogeological parameters, and as such, reflect the most likely conditions that could develop following 

implementation of a hydraulic containment system.  However, due to inherent heterogeneity of the subsurface 
environment, uncertainty in these predictions exists such that the actual rate may be somewhat higher or lower 
than the most likely values.  Based on past sensitivity analysis (Golder, 2011b) that was conducted to assess 

model uncertainty, and additional pumping test data that provided additional constraints on aquifer parameters, it 
is estimated that the upper bound pumping rate necessary to capture essentially the “entire” on-Site plume 
(Scenario 3) could be on the order of 8,000 m3/day to 10,000 m3/day, or approximately a factor ranging from 1.4 

to 1.75 greater than the most likely pumping value of 5,700 m3/day.  It is anticipated that hydrogeological 
information collected during phased implementation of the hydraulic containment system will further reduce the 
uncertainty in these estimates.   

 

8.2.3 Preliminary Geotechnical Evaluation and Feasibility of Pipeline Route 

On August 14, 2012, Golder carried out a visual inspection of the river road adjacent to the Columbia River at 

the base of the slope leading up to the TMO Site.  The purpose of the inspection was to determine the feasibility 
of placing piping associated with the extraction wells and hydraulic containment system on (or buried 
underneath) the river road and up the slope to a proposed treatment plant at the TMO Site (Figure 8-1).  The 

locations of the proposed pipeline route and treatment plant shown on Figure 8-1 are preliminary and other 
options may be considered during the design phase.  During the inspection, it was noted that the river road had 
been recently submerged during high Columbia River flows.  The available elevation data indicate that the river 

road is at an approximate elevation of 410 masl and the maximum 2012 river stage on July 21st was about 411 
masl at this location.  The July 21, 2012 river stage on the Columbia River at the Birchbank gauging station 
(08NE049) near Trail was 6,075 m3/s, which is the highest since the Revelstoke Dam became operational in 

1984 (Environment Canada, 2012). Thus, the pipeline design will require consideration of these potential 
flooding conditions on the roadway during high water years. 

The slope above the river road was measured to be about 40 degrees (measured from horizontal).  Based on 
visual observations and borehole data obtained near the toe and crest of the slope, it is expected that the 
surficial soils on the slope are composed of a mixed and inter-layered sequence of fine-to-coarse sand and 

gravel, with possibly some fill material.  In some areas, the slope has had extensive re-vegetation work carried 
out in an effort to reduce surficial ravelling and/or erosion. Based on observations, as well as prior knowledge of 
the area, it appears that the conveyance piping for the proposed hydraulic containment system can be placed on 

both the roadway and the slope above the river road.  However, further investigations would be needed to 
support geotechnical design.  

If the river road was raised and improved with designs appropriate to address flooding and infrastructure 
protection, the pipeline could be laid on the ground on the slope side of the roadway and provided with suitable 
protection from both traffic and ravelling soils.  Alternatively, the pipe could be either buried or raised above the 

ground on piers to avoid ravelling soils.  It should be expected that periodic clearing of ravelled soils will be 
required along the alignment.  Another alternative for pipeline routing that is under consideration (in addition to 
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the schematic shown on Figure 8-1) would be to transport influent in a dedicated pipeline from each well directly 
up the slope to the TMO complex, where a common pipeline would transport the influent to the treatment plant. 

This option may potentially reduce the extent of roadway improvements that would be required to address 
flooding and infrastructure protection.   

The tentative location of the proposed treatment plant is near the crest of the slope on the TMO Site; however, 
the final location may be changed based on Teck’s land use planning requirements.  Based on borehole data 
from the TMO Site, it is expected that the soils near the crest of the slope where the proposed treatment plant 

will be built are composed of variable fills overlying mixed native sand and gravel deposits.  Provided that the 
proposed treatment plant is founded on the native sand and gravel deposits that exist below the TMO site, it 
appears that the site would be suitable for the structure. However, given the dynamic, large river environment 

and the expectations for system integrity (i.e., designing to avoid a reasonable probability of failure and release 
of deleterious substance), it is important that qualified professionals develop the construction designs for the 
piping and related near-river infrastructure and undertake testing as necessary. 

A detailed survey of the existing roadway, including bathymetric data from the near shore portion of the 
Columbia River adjacent to the area, should be performed prior to design and construction of any improvements.  

A detailed geotechnical investigation should be performed in the location of the proposed pipeline and treatment 
plant to confirm the characteristics of the underlying soils, and determine the extent of fills below the building 
footprint. 

 

8.2.4 Pumping Well Design 

One of the extraction wells, EW2011-1, was installed in 2011 and the as-built construction of the well is shown 

on Figure 8-9.  Details of construction are provided in Appendix II.  It is anticipated that the remaining three 
extraction wells will be constructed based on a similar design, using nominal 200-mm steel casing and pipe-
sized well screen and completed to depths up to 90 mbgs, depending on the lithology encountered.  Based on 

known hydrostratigraphic information from existing monitoring wells in the area where the remaining three 
extraction wells will be located, the generalized lithology consists of thick sequences of fine to coarse sand and 
gravel, inter-layered with equally thick units of fine sand and silty sand.  As such, the lithologic zones with the 

highest permeability will be targeted for screening. The zones of finer-grained sediments with low permeability 
will not be screened. Thus, the extraction wells will be completed to depths of less than 90 mbgs, if the formation 
at this depth consists of fine-grained sediments. This was the case at the location of extraction well EW2011-1, 

where the lithology in nearby monitoring well MW2009-102 (located 12 m away and drilled to a depth of 125 
mbgs), consisted of fine sand and silt from 66 mbgs to 97 mbgs. 

A well designed to this specification is capable of discharging up to approximately 3,000 m3/day (550 USgpm), 
based only on well and pump design (i.e., assuming the aquifer is sufficiently transmissive to allow this rate of 
withdrawal).  This design rate is greater than the maximum anticipated discharge of up to 2,000 m3/day from 

each extraction well.  However, because of the relatively high concentrations of iron, manganese and 
bicarbonate in the groundwater, pumping for extended periods is expected to result in deterioration of the 
transmitting capacity of both the aquifer matrix around the well screens and the stainless steel well screens 

themselves, which will require regular rehabilitation for the extraction wells to function over the long term.  
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It should be noted that as a result of the shallow water table and presence of fine sand within portions of the 
formation adjacent to the Columbia River, heaving sand conditions can become pronounced, depending on the 

drilling method utilized.  In order to maintain stability of the borehole at greater depths, extraction well EW2011-1 
was installed using flood reverse circulation drilling, with water used to lift the drill cuttings to the surface.  This 
method was very successful in overcoming and eliminating the heaving sand conditions that were previously 

encountered when drilling only with air.  This is considered feasible with conventional technology and the 
existing well drilling contractor base in the area. 

The wells will be drilled and completed according to specifications in the BC Groundwater Protection Regulation 
(B.C. Reg. 299/2004, O.C. 664/2004, as amended). 

 

8.2.5 Pumping and Pipeline Conveyance 

8.2.5.1 Design Basis 

The groundwater pumped from the extraction wells will be transported by an influent pipeline(s) to the proposed 
water treatment plant.  One possible routing option is shown on Figure 8-1, where a common pipeline would be 
constructed adjacent to the river road that would then traverse up the slope to the proposed water treatment 

plant.  Other design options are still under consideration and are dependent on the extent and feasibility of 
roadway improvements that may be required and the final location of the proposed treatment plant.  However, 
for preliminary planning purposes, the assumptions and design basis for the proposed pipeline are summarized 

as follows: 

 Pipeline will connect up to four extraction wells located along the river road; 

 Improvements to the river road would be required if the option for placement of the pipeline on the road (or 
buried underneath the road) is selected; 

 Pumping rate of up to 2,000 m3/day per well, for up to four wells (the combined pumping rate is greater than 
the preliminary design flow of 5,700 m3/day, but is required because of the uncertainty in the final design 

flow until further testing is completed and to enable three wells to be pumped at a higher rate, if the fourth 
well is down for maintenance); 

 Pumping head of approximately 56 m; and 

 Continuous pumping.  

 

8.2.5.2 Preliminary Pipeline and Pump Design 

The preliminary design for the influent pipeline involves the use of double-contained piping with a leak detection 

system.  The water to be treated will be transported through the inner pipe, from the wells to the treatment plant.  
The outer pipe will provide protection for the inner pipe from damage; it will also collect any water in the unlikely 
event of a leak in the inner pipe.  If the inner pipe leaks for any reason, then the presence of water will be 

detected inside of the outer pipe through visual detection monitoring ports and flow differential meters at the 
ends of the pipe, or an automatic leak detection system if the pipeline is buried.  This will trigger an alarm, and 
pumping will be stopped while the situation is investigated. 
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Burying a common pipeline along the roadway or transporting the influent from each extraction well directly up 
the slope to a common pipeline on the bench are still being considered as options. However, for costing 

purposes, the preliminary design is for the influent pipeline to be constructed above-ground to allow for easier 
inspection and maintenance.  If constructed as such, it will require protection from possible damage from 
equipment and vehicles that may use the river road, and from possible rockfall down the slope onto the road. 

Two options were considered for the influent pipeline: 1) two high density polyethylene (HDPE) inner and outer 
pipes, or 2) steel outer pipe and HDPE inner pipe.  The type of pipeline will be selected as part of final design. 

The dual HDPE pipe system has a large coefficient of thermal expansion and therefore must be laid on the 
ground, and requires a right-of-way to allow for “snaking” of the pipeline, which would require widening of the 

river road in some areas.  An at-grade dual HDPE pipeline along the river road would be protected from potential 
rock fall from the slope above using concrete lock-blocks, or similar retaining wall (potentially with steel mesh 
fence in some areas). To prevent damage from vehicle traffic, “Jersey” barriers or bollards will also be installed.  

To allow for temperature expansion and contraction, the pipeline will be placed on a prepared gravel base that is 
approximately 1.7 m wide (from inside of lock-block to inside of road barrier).  The right-of-way width required 
would be approximately 3 m. 

If an outer steel pipeline (with inner HDPE pipe) is selected for the final design, it must be secured to foundations 
or supports at regular intervals and therefore it would be possible to construct the pipeline either at-grade or on 

supports (steel or concrete) along the river road at the toe of the slope.  By raising the pipeline, it would be more 
visible, but would reduce the required road width footprint.  The steel pipe could also be installed at grade and 
secured to a concrete foundation, but would require protection through the use of lock-blocks and a road barrier.  

The right-of-way width required for the at-grade option would be approximately 2.1 m.  

For the section of the influent pipeline(s) that will traverse up the slope to the treatment plant, for dual HDPE 

piping, a concrete anchor of sufficient weight to support the HDPE would be required at the top of the slope and 
an additional anchor may be required as well approximately midway down, depending on the length of the up-
slope run and the weight of the dual HDPE pipe.  For the steel pipe option (with inner HDPE pipe), installing 

anchor tabs and guides at the supports would likely be sufficient for the up-slope section(s), subject to final 
design analysis. 

The four individual wells will each be equipped with a submersible pump, with a 50 HP motor, cooled during 
operation by the flow of water being pumped.  Based on the design of a common pipeline constructed adjacent 
to the river road, the pumps will discharge into the dual-contained pipeline, which will increase in diameter as the 

manifold is connected to additional wells.  The preliminary design piping sizes are as follows: 

 Dual HDPE pipe along road, with varying dimensions depending on the total flow and number of wells 

pumping into the distribution system: 

 12-inch HDPE outer containment for 6-inch HDPE inner carrier; 

 14-inch HDPE outer containment for 8-inch HDPE inner carrier; and 

 16-inch HDPE outer containment for 10-inch HDPE inner carrier. 
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 Outer steel pipe with HDPE liner consisting of 6-inch to 10-inch diameter steel pipe, depending on the total 
flow and number of wells pumping into the distribution system. 

The double containment pipeline design will provide some insulation against freezing and during operation; the 
warm groundwater is expected to not freeze in the pipe.  It is only during extended periods without flow through 

the pipeline that freezing would be an issue during periods of cold temperatures.  During these non-operating 
events, the manifold and piping will be drained back into the wells.  The current plan is for pumping controls for 
all wells to be housed inside the water treatment plant.  Wiring and power for the submersible pumps would be 

placed in buried ducts that would lead to each well. 

The effluent pipeline may be connected to the existing and permitted Combined III Outfall that discharges to the 

Columbia River or it may be discharged under a new permit and separate outfall.  The effluent pipeline will not 
require double containment and will be situated either above or below-ground, subject to further evaluation. 

 

8.2.6 Groundwater Treatment Plant Design 

8.2.6.1 Influent Design Basis and Treated Effluent Goals 

Development of the design basis includes bounding the contaminant concentrations to characterize the influent 
water quality, influent flow rate, and end-of-pipe treated effluent goals.  From this information, the contaminants 
of concern can be defined.   

Groundwater data was reviewed to estimate the average and maximum contaminant concentration in influent to 
the groundwater treatment plant (GWTP).  Groundwater data are summarized in Table 8-2 and described as 

follows: 

 Monitoring well data.  Groundwater samples were collected from monitoring wells at multiple depths, across 

several sampling events.  Analytical data were reviewed and statistics were calculated based on samples 
from wells MW2001-5A-C, MW2001-6A-C, MW2002-3, MW2009-101A-F, and MW2009-102 A-E.  Table   
8-2 shows the upper 95th percentile confidence interval for the monitoring well data.  The statistics were 

calculated using in the range of 21 (for metals) to 39 analytical results for each parameter from samples 
collected in 2009 and 2010; 

 Extraction well data.  A water sample was collected in January 2012 from the new extraction well   
EW2011-1 during the pumping test.  EW2011-1 is in the vicinity of monitoring wells MW2009-102A-F; and 

 Treatability study data.  Two composite samples were collected in 2012 for use in bench-scale treatability 
studies.  The sample collection strategy was intended to simulate the influent to the new groundwater 
treatment system.  For the first composite, equal volumes of water were collected from fifteen monitoring 

wells (MW2001-5A, 5B, and 5C, MW2001-6A, 6B, and 6C, MW2002-3, MW2009-101A, 101B, 101C, 101D, 
MW2009-102A, 102B, 102C, and 102E).  These monitoring wells were selected as being spatially 
(vertically and horizontally) representative of the groundwater plume chemistry.  A second composite 

sample was collected in April 2012 using a similar protocol except that water from the extraction well 
EW2011-1 was used as a substitute for wells MW2009-102A, 102B, 102C and 102E, since they are only 
12 m apart and have similar water chemistry. 
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The goal in developing a bulk composite sample of groundwater sourced from a range of monitoring wells for 
treatability testing was to simulate a typical influent quality to the treatment plant.  The two composite samples 

are assumed to represent nominal influent quality, which will occur the majority of the time during 
operations.  The influent design basis (IDB) water quality in Table 8-2 showing maximum contaminant 
concentrations represents the “worst case” influent that could be experienced as the remediation continues.  The 

GWTP will be designed to produce a treated effluent of acceptable quality (meeting Fisheries Act and permit 
requirements) with influent represented by nominal and worst case water quality. 

The preliminary end-of-pipe treatment goals have been carried forward from the Conceptual Remediation Plan 
(Golder, 2011a).  The Conceptual Remediation Plan included proposed preliminary effluent limits (PPELs) which 
were calculated as fifty percent of the acute lethality values for various metals and other components such as 

ammonia, nitrate, nitrite and sulphate.  Table 8-3 summarizes IDB water quality, expected effluent quality based 
on bench testing results and the treatment goals.  Contaminants of concern are highlighted.  Further efforts to 
remove metals by process adjustments will be undertaken as part of the pilot testing program. That program will 

also be used to generate effluent of a quality expected to be produced by the full-scale treatment plant and in 
sufficient volume to undertake rainbow trout acute lethality tests (40L of effluent is required per test). Should 
effluent fail the toxicity testing, further treatment process adjustments will be made.   

The initial GWTP design basis is for a flow rate of 4,000 m3/day, and up to 5,400 m3/day, based on a phased 
implementation approach.  A second extraction well is to be installed and operated with well EW2011-1.  The 

two wells will be operated for a sufficient period of time to determine if the ammonium sulphate plume can be 
effectively captured without installation of additional wells.  Flow rates will be varied between the two wells, while 
typically maintaining a total nominal flow rate of 4,000 m3/day.  The GWTP will be designed for continuous 

operation (24 hours per day, 7 days per week) at the maximum flow rate.  GWTP design will account for the 
potential to treat at an increased flow rate in the future, if necessary, based on the effectiveness of plume 
capture achieved by the first two wells. 

 

8.2.6.2 Groundwater Treatment Method 

The groundwater treatment method will be based on a series of chemical, physical, and biological treatment 

methods. First, calcium and metals will be removed by chemical precipitation. Following chemical precipitation, 
the solids will be separated from the liquid through clarification. The solids will be further dewatered prior to 
disposal, while the liquid, which still contains elevated levels of ammonia-nitrogen, will be treated biologically. 

The biologically treated effluent will then be filtered through multimedia filters to remove suspended solids prior 
to discharging to the Columbia River. The unit operations are described below, while the Groundwater Treatment 
Plant is described in greater detail in Section 8.2.6.3. 

Chemical Precipitation 

Chemical precipitation is a common treatment method for the removal of metals.  It is also effective in removing 
some anions including fluoride, sulphate, carbonate, and bicarbonate.  Total dissolved solids (TDS) may be 
increased or decreased depending on the type of chemical used and the feed water chemistry.  With the addition 

of chemicals, the pH is adjusted in order to achieve the minimum solubility for the target compound(s).  The 
dissolved contaminant forms an insoluble precipitate which can then be removed from the water.  For the 
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removal of metals, the target pH typically ranges between 9 and 11. Iron can be added to enhance metals 
removal, as both a coagulant and in a process known as iron coprecipitation. When iron coprecipitation is used, 

the target contaminants do not precipitate, but adsorb to iron, which will precipitate. The iron can also cause 
particles to coagulate, or “stick” together, increasing the particle size and making it easier to settle. 

The GWTP will utilize a two-stage reaction system, where iron salts and air are added to the first reaction tank, 
and sodium carbonate and potentially sodium hydroxide are added to the second reaction tank. The air oxidizes 
the iron, while the iron acts as a coagulant and coprecipitant. The sodium carbonate increases the concentration 

of calcium carbonate past saturation, causing calcium carbonate to precipitate. Sodium hydroxide may also be 
added to adjust the pH for maximum metals removal.  

Clarification 

After precipitation occurs, the contaminants are removed by clarification. During clarification, solids are 

separated from the liquid via gravity settling. This produces a clarified liquid overflow with little to no solids and 
densified sludge underflow that has a high percentage of solids. Settling can be enhanced by the use of a 
coagulant or polymer in order to increase floc size.  Sludge volume can be reduced by dewatering using a belt or 

filter press.   

In the GWTP, the solid-liquid slurry will be fed from the reaction tanks into the center feed well of the clarifier.  In 

the feed well, the velocity into the clarifier is dissipated, allowing the solids to settle and clear liquid to overflow 
the launder around the perimeter of the tank.  A rake mechanism is incorporated to rotate and scrape the clarifier 
floor to maintain fluidity, thicken the solids, and gradually move solids to the center cone to be removed. 

Biotreatment 

During biotreatment, microorganisms are used to perform a desired set of reactions to transform the 
contaminant(s) of concern. In order for biotreatment to be successful, the environment must be conducive to 
microbiological growth as many bacteria will only grow in specific temperature, pH, and oxidation-reduction 

potential ranges. Bacteria also require an electron donor (often organic carbon), an electron acceptor (often the 
contaminant of concern), and carbon, phosphorus, and other nutrients that are combined to make new cells. 
Biotreatment systems are typically designed as either suspended growth systems, where the cells are 

suspended in solution, or fixed film (biofilm) systems, where the cells grow on solid surfaces in the bioreactor. 
Fixed film systems can often maintain higher cell densities compared with suspended growth systems, which 
can reduce the reactor volume required for treatment. In addition, fixed film systems often respond better to 

fluctuations in influent water quality.  

During biological ammonia-nitrogen treatment, ammonia-nitrogen is oxidized to nitrate-nitrogen. This process, 

known as nitrification, occurs in a series of two reactions. In the first reaction, ammonium is oxidized to nitrite, 
and in the second reaction, nitrite is oxidized to nitrate. The ammonium and nitrite act as the electron donor in 
the first and second reactions, respectively, while oxygen acts as the electron acceptor for both reactions. 

Nitrifying bacteria use carbon dioxide in the form of carbonate alkalinity as the carbon source to grow new cells. 
A more detailed discussion of nitrification microbiology is provided in Section 6.1. 

In the GWTP, biotreatment will be performed in aerobic fixed film bioreactors. The bioreactors will contain a 
mixture of reticulated foam media and spacers. The media has a high surface area, which supports high cell 
density and long mean cell residence times, promoting efficient biological reactions. The spacers ensure good 
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mixing and mass transfer. In order to ensure sufficient nutrients are present for cell growth, sodium carbonate 
and phosphoric acid will be added prior to treatment. The bioreactors will also be aerated to provide oxygen. 

Multimedia Filtration 

In multimedia filtration (MMF), pressurized process water is forced through multiple layers of filtration media. The 
filter bed is segregated such that coarser particles are at the top of the filter while finer particles are at the 
bottom. Typically, the filter bed contains three layers of media, but can have as many as five layers. Media types 

include anthracite, quartz, sand, and garnet. MMF provides an advantage over regular sand filtration because 
the entire bed depth is used during filtration, leading to lower pressure drops and longer filter run times. The 
coarse media will filter out large particles, while the smaller particles are captured deeper in the bed by the finer 

media layers. In addition, some media can remove solids via sorption processes. MMF systems are typically 
operated with at least one vessel online and a spare. This allows continuous operation of the filtration system 
while the offline vessel is backwashed to remove accumulated solids. 

The GWTP will use MMF with anthracite, quartz, and garnet to remove solids from the biotreated effluent prior to 
discharge. Solids will include biosolids from the biological treatment system and inorganic solids that may be 

carried over from chemical precipitation. 

 

8.2.6.3 Preliminary Design 

The Preliminary Design stage of the project will present the selected treatment alternative, and apply the design 
criteria developed in the Conceptual Remediation Plan and the bench-scale treatability test work to develop the 
following: 

 Process Flow Diagrams (PFDs) showing unit operations for treatment of identified contaminants of 
concern (COCs) or those substances which the treatment process is intended to remove;  

 Equipment list, including preliminary sizing data; 

 Development of a preliminary general arrangement (GA) drawing;  

 Piping and Instrumentation Diagrams (P&IDs) to show unit operations, interconnecting piping, 

instrumentation, controls, and utilities; 

 Electrical one-line diagram schematically displaying power distribution and defining sizes of the 

switchgear and distribution equipment; and 

 Estimates of capital and annual operating costs. 

Preliminary design activities which have progressed based on results of bench-scale treatability work include 
preparation of preliminary PFDs, equipment list and sizing, preliminary general arrangement, and order-of-

magnitude estimates (OME) for initial capital investment and annual operations.   Other preliminary design 
activities (P&IDs, and electrical one-line diagram) are dependent on the results of further bench testing and pilot 
testing, and have not been substantially developed for presentation in this plan. 
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Process flow diagrams (Figures 8-10, 8-11, and 8-12) present the basic treatment process from collection and 
storage of groundwater through multiple treatment processes addressing the COCs, and include representation 

of chemical reagents required and handling of secondary waste products.  The PFDs will also include a material 
balance for indication of the ultimate disposition of treated water and removed COCs. 

The preliminary equipment list is based on the PFDs and material balance.  All equipment dimensions and 
pumped flow rates described in the following sections are based on current understanding of groundwater 
extraction requirements, approximated reaction rates, solids formation and settling rates and are subject to 

change as additional information becomes available. 

A general equipment arrangement (GA) has been prepared, outlining the equipment footprints, piping corridors, 

operator and vehicle access, and safety features (Figure 8-13).  The GA provides an initial indication of building 
size, space required for outdoor tankage, chemical supply and secondary waste handling.  The unit operations 
depicted on the PFDs are described below.  Primary units in the treatment train are described first, followed by 

ancillary (chemical addition) systems.  

8.2.6.3.1 Process Design 

Influent Holding Tank and Influent Feed Pumps – Groundwater entering the GWTP will be pumped from the 

extraction wells into the influent holding tank (TK-100).  TK-100 will be located outside the process building.  It is 
preliminarily sized at 12 m in diameter and 4 m in height.  TK-100 will be insulated to minimize temperature drop 

in cold weather.  Two influent pumps (P-100 A/B) will be provided to transport the influent from TK-100 to TK-
200.  Influent pump flow rate will be variable around a nominal design flow rate of 170 m3/hr (4,080 m3/day).  

Reaction Tank #1 – Reaction tank #1 (TK-200) will be aerated and iron salts will be added as a 
coprecipitant/coagulant.  TK-200 will also be equipped with a mechanical mixer (MX-200).  TK-200 will be 4.5 m 
diameter and 5.5 m high.  The aerated effluent from TK-200 will flow by gravity to reaction tank #2. 

Reaction Tank #2 – In reaction tank #2 (TK-230), pH will be adjusted to precipitate calcium carbonate (calcite) 

and metal hydroxides through addition of sodium carbonate and sodium hydroxide.  TK-230 will also be 

equipped with a mechanical mixer (MX-230).  TK-230 will be 4.5 m diameter and 5.5 m high. The treated flow 
will carry precipitated solids in slurry form through gravity transfer into the feed well of the clarifier. 

Clarifier – The liquid/solid separation of the slurry produced in TK-230 will be accomplished in the clarifier (CL-

260).  Preliminary CL-260 dimensions are 16 meters in diameter with 3 m straight sides, configured with a cone 
bottom.  Solids will be collected in the center of the cone bottom.  Polymer flocculant will be added to the clarifier 

influent stream in the incoming pipe, to enhance settling. 

Clarifier Underflow Pumps – Underflow pumps (P-260A/B) will transport the settled solids from CL-260 solids 

collection sump to the sludge storage tank.  P-260A/B will be installed as parallel and redundant units, with one 
in service and one “ready spare”. 

Sludge Storage Tank – One day’s production of underflow will be stored in the sludge storage tank (TK-300).  

The tank will have a capacity of 230 m3. The tank will be 6 m diameter and 8 m high, with cone bottom 
configuration to prevent solids accumulation and to facilitate sludge solids transfer from TK-300 to the 

dewatering filter press. 
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Filter Press Feed Pumps – The filter press feed pumps (P-300A/B) will be designed to transfer solids slurry 

from TK-300 to the filter press in batchwise operation of two runs per day.  P-300A/B will be installed as parallel 

and redundant units, with one in service and one “ready spare”. 

Filter Press – The filter press (F-400) will be designed to dewater the solids slurry transferred from TK-300.      

F-400 will dewater the slurry to a filter “cake” of approximately thirty to fifty percent solids.  Filter press cake will 
be collected in a roll-off container for disposal.  Filtrate will be returned to TK-100, via filtrate pump. 

Bioreactor Feed Tank and Feed Pumps – Clarifier overflow will be treated for ammonia removal.  Nutrient 

chemistry (carbon and phosphorus sources in balance with the ammonia-nitrogen load) to facilitate biological 
degradation of ammonia will be added.  The bioreactor feed pumps (P-400A/B) will be installed as parallel and 

redundant units, with one in service and one “ready spare”.  P400A/B flow rate will be variable around a nominal 
design flow rate of 170 m3/hr (4,080 m3/day).  

Bioreactor System –For the purpose of preliminarily sizing the bioreactors, a 14-hour hydraulic retention time 
(HRT) was assumed.  At a flow rate of 170 m3/hr (4,080 m3/day), a total bioreactor reactor volume of 2,380 m3 is 
required to achieve the projected HRT.  Preliminary design is for three bioreactor tanks, 10 m wide by 20 m long 

and 4.5 meters high.    

Because the microbial growth is fixed to the bioreactor media, waste bio-sludge is minimal.  Some biological 

growth will slough off the media, but will be carried out of the vessels with the treated effluent flow.  Contingency 
for cleaning bio-sludge which could collect at the bottom of the bioreactors will be provided. Maintenance 
cleaning is anticipated to occur infrequently (potentially several years between cleaning cycles).      

Bioreactor Aeration Blowers – Low pressure airflow for the aerobic biological treatment system, reaction tank 

#1 (TK-100), and air scour for the multimedia filters (MMF) will be provided by the aeration blowers (BL-500 

A/B/C).  The blowers will be sized so that two blowers will provide the maximum required airflow with one blower 
in reserve.  The bioreactors will require 70 m3 per minute (min) of air flow, the reaction tank will require 10 
m3/min, and the MMF will require 6 m3/min for a total air requirement of 86 m3/min. 

Multimedia Filter (MMF) Feed Tank and Feed Pumps – Biotreated water (bioreactor effluent flow) will be 
filtered for removal of any organic or inorganic suspended solids.  The MMF feed tank (TK-600) will be 4.5 m 

diameter and 5.5 m high.  The MMF feed pumps (P-600A/B) flow rate will be variable around a nominal design 
flow rate of 170 m3/hr (4,080 m3/day).   

Multimedia Filters – Multimedia filters (MMF-700A, B, and C) will be pressurized vessels.  Pressurized flow will 
be provided by MMF feed pumps.  Suspended solids, including bio-sludge released from bioreactor media and 
any inorganic solids carried over will be retained in the MMFs.  Three vessels will be provided in parallel 

configuration, with two vessels online for treatment of the full design flow of 170 m3/hr (4,080 m3/day) and the 
third unit available as a ready spare.  MMFs will also be equipped with air scour capability, to remove collected 
solids from the filter media.  The media can be backwashed through numerous cycles and will only require 

replacement as is gradually abraded. 

MMF treated effluent is expected to be suitable for discharge to the Columbia River.  Discharge via a new 

permitted outfall or connection to an existing outfall is to be determined.   
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MMF Backwash Tank and Backwash Pumps – When solids accumulation impedes flow through the MMFs, 

they will be backwashed.  A backwash tank (TK-800) volume of 60 m3 will be required.  The tank will be 4.5 m 

diameter and 4 m high. Treated effluent will be used for backwash supply.  The backwash feed pumps (P-
800A/B) will be capable of pumping the full backwash flow rate and pressure.  Backwash flow, carrying 
accumulated solids from the MMFs will be returned to TK-100. 

Final pH Adjustment – pH of the MMF treated effluent is projected to be slightly acidic, at a value of about 6.2.  

A final pH adjustment will be made through addition of sodium hydroxide to adjust pH into a range of 6.5 to 8.5.  

Final pH adjustment components will include a tank with a mechanical mixer.  

Chemical Reagent Feed Components – The amounts of the chemicals to be added to the GWTP influent to 

accomplish the treatment goals will not be defined until the pilot test work has been carried out.  It is expected 
that the quantities of chemicals will be small enough that the feed systems will consist of tote tanks direct from 
the suppliers with skid mounted duplex metering pumps.  The exception is the sodium carbonate addition 

system, which will be a bulk storage silo with integrated mix tank and pumps.  Preliminary design description of 
chemical reagent addition systems is provided in Table 8-4. 

Table 8-4.  Summary Description of Chemical Reagents   

Reagent and use Reagent storage 

Ferric chloride, coprecipitant and coagulant for 
metals removal and solids settling 

Fiberglass reinforced plastic (FRP) construction 

Sodium carbonate, precipitant for calcium removal 
(TK-230) and carbon source for bioreactors (TK-400) 

Bulk storage silo with feeder and mix tank 

Sodium hydroxide, pH adjustment and precipitant for 
metals 

Closed top, FRP construction 

Polymer, flocculating agent for enhanced settling of 
precipitated metal solids 

Bagged dry flake polymer, feed hopper, water 
make-down, aging tank, feed tank, both tanks  

Phosphoric acid, phosphorus source for bioreactors Closed top, FRP construction 

Sodium hydroxide, final pH adjustment Closed top, FRP construction 

 
Process Design Contingencies – Treated effluent from the process described above is expected to meet COC 

effluent target concentrations, suitable for discharge to the Columbia River.  But depending on determination of 
final target concentrations, treatment for nitrate removal or metals removal to lower concentrations may be 
required.  Contingent design will be developed for nitrate removal through a second stage of biological treatment 

in the form of anoxic reduction of nitrate to elemental nitrogen and oxygen (denitrification). 

In the event that any metals require higher removal efficiencies to avoid acute aquatic toxicity issues, a metals 

removal polishing step will be added after the multi-media filters.  Membrane filtration or ion exchange processes 
may be utilized. 

The necessity for contingent treatment processes will be determined in conjunction with results from planned 
pilot test work, effluent toxicity modeling predictions, and ultimately from whole effluent toxicity testing on pilot-
treated effluent. 
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8.2.6.3.2 Facility Design 

Site Layout – As shown on the site plan drawing provided in Figure 8-1, the GWTP building will be located on a 

site designated by Teck.  This is a generally flat piece of property that will require no major preparation work 
other than rough grading, prior to GWTP building construction, utilities connections, and process equipment 
installation.  Laydown area and access for heavy construction equipment will be considered in final site 

selection.  Excavation and backfilling operations will be required for building and tank foundation construction.  A 
geotechnical investigation will be required to serve as the basis for civil and structural design activities and will 
address subgrade preparation, excavation, fill placement and compaction, and foundation design. 

Architectural Design – The GWTP building will be designed to comply with applicable national and provincial 

codes, and Teck standards.  Figure 8-13 shows the proposed general equipment arrangement within the GWTP 

building and outdoor tankage. 

Structural – Results of the geotechnical investigation will determine design specifications for foundations.  Basic 

structural design criteria will include the following. 

 Footings and foundation walls will be cast-in-place reinforced concrete; and 

 A slab-on-grade floor will be provided.  All concrete floors will be sealed. 

All structural components will be designed in conformance to the requirements applicable industry standards.   

Mechanical – Mechanical design aspects of this project include process piping systems and heating/ventilation 

and air conditioning (HVAC) systems.  Piping materials of construction and connections (welds or bolted flanges) 
will be determined based on process service and physical location (buried, exposed outdoors, or in-plant). 

All buried process piping will be fusion welded HDPE or solvent welded Schedule 80 PVC.  Flanged connections 
will be used for all connections of piping to equipment.  For piping within the buildings, welded steel or ductile 
iron piping will be used for large diameter piping, and welded steel or PVC will be used for smaller piping. 

A supply fan will be used for primary building ventilation and cooling.     Electrical unit heaters will be provided for 
wintertime heating.  Design of the HVAC equipment shall comply with applicable industry standards. 

Electrical – Utility power for the GWTP will be provided from an onsite or local utility company source.  It is 
anticipated that a transformer and service entrance to the building will be required.  All electrical design and 

construction shall be in conformance with appropriate regulations and industry codes. 

Due to the potential consequences should the treatment facility take a direct lightning hit, a lightning protection 

system will be incorporated into the project design.  Conduit, conductors and connectors will be designed to 
applicable industry and regulatory standards. 

Water Supply – Potable water for process, wash down, and domestic use will be provided to the facility.  Safety 

showers will be fed from a dedicated tempered water supply system  

Sanitary Sewer – Domestic use drains (sinks, showers, restrooms) in the GWTP will be connected to the Teck 
plant domestic sewer system. 

Process Steam – if available, a low pressure steam line from the TMO production area could be utilized for 
GWTP building interior heat or process heat for the bioreactors. 
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8.2.6.4 Air Emissions 

During treatment, there are several locations where ammonia emissions are possible due to the pH of the 
solution and increased contact to the atmosphere via mixing and/or aeration.  Ammonia emissions will be 
modeled following pilot-scale treatability testing to estimate the emissions for a full-scale treatment plant.  Pilot 

testing data (primarily pH and temperature) are needed as model input parameters.  If modeling indicates that 
emissions may exceed air quality standards during full-scale treatment, appropriate controls will be included in 
the detailed design.  

 

8.2.7 Operation and Maintenance 

Operation and maintenance requirements for the hydraulic containment and groundwater treatment system, 

including the extraction wells, groundwater submersible pumps, and the treatment plant, are discussed below. 

 

8.2.7.1 Well Maintenance and Rehabilitation 

Well maintenance and rehabilitation will ultimately depend on the quality of groundwater that is pumped from the 
extraction wells.  The groundwater concentrations and mixtures of inorganics, metals and other constituents at 

each extraction well location will have varying implications for well maintenance and rehabilitation.  Possible well 
rehabilitation methods include: chemical rehabilitation (using a variety of inorganic and organic acids); 
rehabilitation by surging using a cable tool rig; or, rehabilitation using air impulse generation, or any combination 

of these methods.  As a result of the required long well screen lengths in the extraction wells, well rehabilitation 
will be a lengthy process and therefore expensive.   

For extraction wells, the evaluation of well maintenance and rehabilitation takes into consideration estimated iron 
concentrations of 1.3 mg/L and  manganese concentrations of 12.4 mg/L, associated elevated concentrations of 
dissolved solids, and relatively high concentrations of bicarbonate. Mineral encrustation and bio-fouling is 

considered likely in the extraction wells.  As noted previously, the relatively high concentrations of iron, 
manganese and bicarbonate would almost certainly result in deterioration of the transmitting capacity of both the 
aquifer matrix around the well screens and the stainless steel well screens themselves.  The screens would 

need regular rehabilitation (i.e., every two to five years) for the extraction wells to work properly.  It is generally 
observed that the specific capacity of wells should not be allowed to decrease by more than 20% before 
rehabilitation is undertaken.  Specific capacity is a representation of the ability of a well to produce water, in 

metric units as litres per second per metre of drawdown.  Where the specific capacity is allowed to deteriorate by 
greater than 20% of its initial value, there is a general view that the lost capacity may not be fully recoverable.  In 
high flow wells, losses in specific capacity can have a significant impact on pumping costs as reduced specific 

capacity results in requirements for increased lift of water with associated electrical costs.  

  

8.2.7.2 Groundwater Pumps 

The submersible groundwater pumps will be installed within the well casing, with check valves placed 
immediately above the pump assembly.  In order to allow the vertical pipe to drain, a small bypass, or hole, will 
be included in the check valve to allow water to flow very slowly back into the well.  Variable frequency drives are 
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provided in the design to allow the system to operate at less than full capacity, with the flexibility to operate any 
combination of pumps, from one to four, flowing up to the water treatment plant.  Local control valves on 

distribution system piping are provided for each pump, to allow for isolation and maintenance.  Major 
maintenance activities will require that the pump be removed from the well casing using a crane. 

 

8.2.7.3 Treatment Plant 

GWTP operations and maintenance (O&M) will include development of labour requirements, utilities, chemical 
reagent supply and use, secondary waste generation rates and disposal methods, sampling and analyses for 

process control and regulatory compliance, preventive maintenance planning, spare parts inventory onsite, 
equipment and chemical primary suppliers and alternate suppliers.   

Basis for staffing and operations – The GWTP will operate on a continuous basis.  The levels of staffing and 

automation will be appropriate to ensure process reliability and availability to meet the overall project objectives 
of groundwater remediation and compliant release of treated effluent.  Staffing and automation requirements will 

be further defined after pilot-scale treatability testing and in the detailed design phase. 

Labour – It is anticipated that the GWTP will be sufficiently automated to be staffed on a routine 5-day per week 

day shift, with automated operator call-out capability for off-shift events.  Staffing levels and skill requirements 
will be similar to the site’s existing Effluent Treatment Plant (ETP).  Maintenance and support staffing (health and 
safety, analytical lab technicians, supervision) for the new GWTP is also expected to be comparable to the 

existing ETP.  Staffing levels will be determined based on pilot test results and final design. 

Utilities – Electrical power will be required for process pumps, mixers, blowers, and building support (lights, 

HVAC).  A potable water supply line should be run to the GWTP.  Connection of GWTP domestic use drains 
(restrooms, sinks, showers) to the site’s domestic wastewater sewerage system should also be made.  Low 
pressure steam supply may be used for process and building heat. 

Chemical Reagents –Pilot testing results and further development of the design basis are required prior to 

optimization of chemical selections and dose rates. 

Secondary waste handling –Secondary wastes generated by the GWTP process will include inorganic 
sludges, solids removed by filtration and biological sludge.  Management measures for this waste will be 

identified based on the following waste management hierarchy: Recycling > Onsite Disposal > Offsite Disposal.  
Determination of the appropriate measures for waste management will require larger volumes of sludge for 
characterization and, as appropriate, for testing. The secondary waste will be managed in accordance with 

applicable regulations (e.g., CSR and HWR). 

Miscellaneous maintenance activities – Other maintenance activities include sampling and analyses required 

for process control and/or regulatory reporting requirements, general housekeeping, minor routine scheduled 
maintenance and repair, and less frequent capital replacement of equipment due to failure.  Further design 
development and understanding of regulatory requirements are needed prior to further definition of 

miscellaneous maintenance. 
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8.3 Performance Monitoring and Contingency Measures 
Performance monitoring would include consideration of the following types of data: 

 Hydrogeologic parameters that are indicators of the effectiveness of groundwater plume containment, 
including well drawdown, pumping rates, and response at non-pumped wells; 

 Hydraulic parameters that provide information used to interpret groundwater plume containment, including 
river stage, stream flow measurements, and estimates of leakage and infiltration; 

 Chemical parameters that are indicators of the effectiveness of groundwater plume containment, including 
monitoring of groundwater chemistry at strategically located wells (including possibly new downgradient 
wells installed for this purpose), near river-bottom drive-points, and river water;  

 Hydraulic parameters and chemicals that are indicators of influent and effluent flow rate and quality and 
other treatment plant related performance indicators; 

 Indirect parameters that provide information on the groundwater plume such as geophysical data (e.g., 
Electrical Resistivity Imaging) that would provide information on the plume intensity (conductivity), its depth 

following groundwater pumping, and whether or not plume interaction with the Columbia River bed has 
been prevented, which is our primary approach to compliance with the Inspector’s Direction; 

 GWTP influent and effluent water quality characteristics, for monitoring of treatment process efficiency and 
response to changes in contaminant concentrations; and 

 GWTP operational parameters such as chemical usage, pH of the treated stream at various points in 
process, bioreactor temperature, and bioreactor nutrient residual concentrations. 

The primary performance related measures for evaluation of groundwater plume interception will be monitoring 
of hydrogeologic parameters that are indicators of groundwater plume capture, and a combination of on-shore 
and near river-bottom groundwater chemistry (e.g., drive-points). The hydrogeologic parameters (well drawdown, 

head response, pumping rate) are routine parameters for which monitoring is automated.  The groundwater 
chemistry monitoring program should be designed considering potential seasonal variations in groundwater 
discharge and mixing with river water, and whether the groundwater monitoring well(s) is located within or 

outside the capture zone.  Wells within the capture zone flow lines may not see appreciable declines in 
groundwater concentrations.  Beyond the capture zone, the concentrations will decrease.  However, because 
groundwater is slow moving (~70 m/year) it may take several months to years for appreciable reductions in 

plume concentrations and contaminant discharges to the Columbia River to occur.  Monitoring details will be 
developed as part of the final design, but nominally, a monitoring program is proposed consisting of a network of 
10 to 15 drive-points or near river-bottom wells, with twice yearly sampling to start after the Phase 1 remediation 

works are operational. 

With respect to groundwater interception performance, the pump-and-treat system is an adaptive remedy and 

the primary contingency plan to address system performance that does not meet design goals is the refinement 
and expansion of the system, potentially through increasing flow and/or construction of additional pumping wells.  

GWTP performance monitoring will be focused on the plant’s reliability in producing treated effluent that is 
compliant with all permit conditions.  While variations in influent flow rate and water quality are anticipated, the 
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treatment process flexibility will allow for continuous operation over a range of water quality characteristics.  
Contingent design features may include real-time monitoring of effluent water quality with retention and recycle 

capability for treated effluent which does not meet regulatory requirements.  

Operational performance and contingency measures will be developed as part of the detailed design.  

Parameters or factors that will be addressed include influent and effluent flow rate and quality, process upsets, 
spill response, shut-down and maintenance procedures. 

 

8.4 Estimated Costs 
A preliminary order of magnitude (±50%) cost estimate for hydraulic interception and treatment of the ammonium 

sulphate groundwater plume adjacent to the TMO complex is presented in Table 8-5.  Initial capitalization costs 
are on the order of $36,000,000. Annual operation and maintenance costs are estimated to be approximately 
$6,000,000.  The cost estimate is for planning purposes only and should not be relied upon for the purpose of 

financial commitments and appropriations. Further pilot testing and design is required to refine the cost estimate. 

The costs do not include possible remediation that may be required for Stoney Creek, IORRRA, the slag fill area 

in the vicinity of the Bailey Street Bridge, the East Trail Aquifer, or other areas that are not associated with the 
main ammonium sulphate groundwater plume.  The cost estimate also does not include any potential 
improvements to the river road. 

The design basis for the preliminary order of magnitude (±50%) cost estimate is for a groundwater pumping rate 
of 5,700 m3/day and groundwater extracted from four wells constructed along the river road beside the Columbia 

River.  The design groundwater pumping rate is based on groundwater pumping test and modelling results, and 
is subject to refinement and change on the basis of additional pumping test results, analysis, and staged 
implementation and monitoring. 

The preliminary design/order of magnitude (±50%) cost estimating basis for the GWTP, also is for treatment of 
5,700 m3/day, produced by the extraction wells.  GWTP tanks and process equipment have been preliminarily 

sized as described in Section 8.2.6.3, based on bench-scale treatability results (to be confirmed through pilot 
testing).  The GWTP design will allow for turn-up/turn-down flexibility.  Operation of the GWTP will be continuous 
and automatically controlled in conjunction with the extraction wells. 

GWTP design may include addition of a fourth bioreactor in the event that treatment for nitrate removal is 
required.  Definition of final treatment goals will dictate whether the fourth bioreactor is required.  Capital and 

O&M costs associated with nitrate removal have not been estimated, but the GWTP building general 
arrangement has allowed space, should the fourth bioreactor be needed. 

GWTP design may also include an additional metals removal step if any exceptionally low concentrations for 
metals as effluent targets are required.  Pilot testing of the metals removal process, coupled with final definition 
of treatment goals, will be indicative of the need to add another treatment step.  Capital and O&M costs 

associated with a final metals removal process have not been estimated. 

Additional assumptions incorporated in the cost estimation are listed in Table 8-5. 
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8.5 Uncertainty and Project Risks 
Sources of uncertainty and potential project risks with respect to performance and cost include the groundwater 
pumping rate required for plume capture, groundwater quality, and water treatment requirements.  

 

8.5.1 Pumping Rate 

As discussed in Section 8.2.2, it is estimated that the upper bound pumping rate necessary to capture essentially 

the entire on-Site plume could be on the order of 8,000 m3/day to 10,000 m3/day.   

The design basis for the groundwater pumping and pipeline system is a combined flow rate up to 8,000 m3/day 

(2,000 m3/day per well).  The design pump optimal flow rate could be fairly readily increased by up to 10%, or 
decreased by 30%, through adjustment of the variable frequency drives on the pumps, and/or higher flow rates 
could be achieved by switching to higher powered pumps, if required.    

The design basis for the groundwater treatment plant is a flow rate of 5,700 m3/day.  It is anticipated that there 
would be some capacity to increase the flow through adjusting treatment design (e.g., increased temperature, 

possibly reduced retention time), but an increase in the flow to 8,000 m3/day to 10,000 m3/day would require 
construction of additional treatment capacity, and thus costs would be outside of the range provided in this cost 
estimate.   

The groundwater model predictions suggest the implications of pumping at a rate not providing for essentially 
complete plume capture is that there could be some upwelling of contaminants in the Columbia River (monitoring 

would be required to confirm whether this would be the case).  However, given that the mass loadings would be 
significantly (orders-of-magnitude) less than those currently occurring, it may be possible through risk 
assessment to demonstrate the acceptability of such discharges. 

 

8.5.2 Groundwater Quality 

The quality of the groundwater might influence the operating costs by affecting requirements for reagent use or 

scaling control. Although influent groundwater quality will vary somewhat, efforts to provide a reasonable 
characterization of that groundwater quality were made, with the benefit of a reasonable understanding of the 
likely magnitude of variability of groundwater. However, as with all hydrogeological investigations, there is 

always uncertainty in the water chemistry in locations between monitoring wells.  

Golder is of the view that variation in influent chemistry can be accommodated. In addition, we believe that there 

is a reasonable understanding of the types of process upsets that could occur and their consequences to the 
treatment system.  Monitoring of the process should be capable of detecting the outcome of process upsets 
(e.g., nitrite accumulation).  Remedy of such circumstances would involve actions such as increases in alkalinity, 

changes to the water softening process and other similar operational adjustments that site staff would be 
capable of addressing. 
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8.5.3 Water Treatment Requirements 

It is necessary that the water treatment plant produces a non-acutely lethal effluent. There is uncertainty in the 
ability to predict toxicity based on chemistry data alone. This uncertainty will be addressed by undertaking whole 
effluent toxicity (WET) tests with pilot-scale effluent.  The pilot-scale test plan will include trials for optimization of 

metals and ammonia removal efficiencies.  Pilot system influent water quality will be varied to gather design data 
for nominal and “worst case” treatment scenarios.  WET testing may be performed at various times when effluent 
quality changes are observed. 

Unplanned downtime for maintenance or repairs may be minimized through preparation of a 
reliability/availability/maintainability (R/A/M) study.  Critical process units (pumps, probes, controllers, etc) would 

be identified.  The detailed process design could then include online redundant units or “ready spare” inventory 
as needed to minimize unplanned downtime.  A schedule for routine preventative maintenance may also result 
from a R/A/M study.  Preventative maintenance software is also available, and could be used to track 

maintenance schedules, control spare parts inventory, or request warranty maintenance from equipment 
suppliers. 

Uncertainties with regard to operator safety can be evaluated and minimized through preparation of a Hazards 
and Operability (HAZOPs) Study.  HAZOPs may be evaluated at various phases of the design process to 
incorporate safety and ease of operations throughout.  Other “systems engineering” studies such as human 

factors analysis or failure modes and effects analysis may also be considered in the design process for 
mitigation of water treatment performance uncertainties.    

 

8.6 Supplemental Remediation Technologies 
The primary focus for remediation of the ammonium sulphate plume is hydraulic containment and groundwater 

treatment.  Other short-listed technologies that are being considered in conjunction with the installation of a 
pump-and-treat system are discussed below. 

 

8.6.1 Source Reduction 

Source reduction implemented in conjunction with plant area improvements is recommended as a measure to 
reduce potential leaching of contaminants of potential concern (COPCs) within the vadose zone (i.e., soils above 

the water table). Plant area improvements are expected to be refined on an iterative basis for the foreseeable 
future and will depend, for example, on the phasing of major capital projects. The role of source reduction in the 
Final Remediation Plan is ongoing with continuous improvement.  However, to address the requirements of the 

Inspector’s Direction, the Final Remediation Plan must place primary reliance on groundwater interception.  

Several aspects of source reduction and control to reduce discharges have already been undertaken by Teck, 

but these measures may not yet be reflected by the discharging groundwater quality.  Among such measures, 
the termination of process liquid discharges to the ground may have been the single biggest improvement.  The 
need for groundwater remediation in the future may be lessened based on past and future source control 

measures and improvements by Teck. 
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8.6.2 Phytoremediation 

Phytoremediation, which uses plants for the purposes of remediation (in the broader context including 
stabilization and reclamation), has multiple facets. Plants can be used to stabilize slopes and anchor the soil 
surface, reducing sediment in run-off. Plants can also transform, immobilise or extract/sequester contaminants.  

Teck has implemented phytostabilization along the west bank of the Columbia River in the form of a vegetated 
cover, intended primarily for slope stabilisation and control of erosion and sediment run-off.  Riverfront slope 

reclamation was initiated during the fall of 2006 and springs of 2007/2008 using soil bioengineering to stabilise 
the slope surface and the use of pioneering plants to initiate natural succession processes. The bioengineering 
structures were installed on approximately 860 metres of the lower, active bank of the Columbia River. The 

structures consist of brush layers with protective layers and live cutting pockets installed within rip-rap, as well as 
brush sills and fascines within a gravel bank. The reclaimed areas require on-going horticultural servicing (e.g., 
irrigation, fill-in planting). 

The stabilization of slopes is intended to reduce the potential for slope sediment (metals-contaminated) run-off to 
the Columbia River.  In addition, as vegetation takes hold on the riverfront slopes, there may be some ancillary 

benefit through phytostabilization of shallow metals and reduction in mobility through absorption, accumulation in 
the roots and rhizosphere, and other processes. The slope stabilization work carried out to date was done 
outside of the 2012 Final Remediation Plan process.  

 

8.6.3 Risk Assessment/Risk Management for East Trail Groundwater Plume 

At present, groundwater from the East Trail Aquifer is not being used for drinking water or other known 

purposes.  However, under a pump-and-treat option a human health risk assessment may be necessary to 
evaluate the need for risk management measures to address the groundwater plume in the East Trail Aquifer, 
and shorter-term residual impacts would need to be assessed.  Groundwater modelling simulations have 

indicated that the hydraulic containment and treatment system is estimated to provide “complete” capture of the 
plume.  However, 100% plume capture is unlikely to be achieved, and it is probable that some contaminated 
deep groundwater may continue to move towards East Trail.  If this occurs, a longer-term assessment and 

management strategy will be required.   Depending on the findings of such a risk assessment, it may be 
necessary to implement institutional controls on groundwater withdrawal. 

A risk assessment on potential impacts to aquatic life for contaminated groundwater discharging to the Columbia 
River from the East Trail Aquifer has been carried out and is discussed in greater detail in Section 4.0 and 
Appendix I. 

  

8.7 Additional Site Characterization in Other Potential Areas of 
Environmental Concern 

The 2012 Final Remediation Plan is focused on the main ammonium sulphate plume.  However, additional 
potential contaminant sources that do not appear to contribute to the main plume have been identified in Lower 

Stoney Creek, the IORRRA, and the slag fill area.  Compared to the main ammonium sulphate plume, there are 
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less data available on the nature of potential groundwater discharges from these other areas and, consequently, 
the basis for evaluation and identification of remedial measures in those areas is not well developed. 

An overview discussion of recent Site characterization activities, additional data requirements, and a path 
forward for these other areas of environmental concern is provided below.   

 

8.7.1 Lower Stoney Creek 

The Lower Stoney Creek area is hydraulically cross-gradient to the main ammonium sulphate plume, and 

potential source areas identified in Lower Stoney Creek are not considered to be contributors to the main plume.  

A number of potential sources to groundwater have been identified in Lower Stoney Creek, including: a) the 

former Regal Landfill, b) other historical landfills along Stoney Creek (SLE, 2012c), c) infiltration of Stoney Creek 
surface water, and d) impacted sediments along Stoney Creek.  

The local groundwater flow regime and discharge areas are not well understood in the Lower Stoney Creek area 
and the contribution of contaminated sediments within the Stoney Creek fan is unknown (SLE, 2012c).  As such, 
it is unclear as to the sources of the impacted groundwater or porewater that have been measured in historical 

drive-point samples collected in the vicinity of the Stoney Creek fan and adjacent to the fan in the Columbia 
River, and the potential for contaminated groundwater discharge to the Columbia River (Golder, 2011b).  

The recommended path forward for the Lower Stoney Creek area consists of: 

 Continuance with the program of source control in upper Stoney Creek as has been carried out under the 

BC MoE direction; 

 Additional investigation of soil, sediment and groundwater quality and the groundwater flow regime in the 

Lower Stoney Creek area.  Data gaps to be evaluated include: 1) groundwater quality and flow regime up-
gradient and in the vicinity of the former Regal Landfill; 2) groundwater discharge dynamics and surface 
water interactions in the Stoney Creek fan and adjacent to the Columbia River; 3) further assessment of 

porewater characteristics and sediment quality and leachability in the Stoney Creek fan; and, 4) sediment 
transport in Stoney Creek; 

 Evaluation of remedial options for impacted groundwater and identified source areas; and 

 Selection of a remedial option(s) and implementation. 

Further details for the Lower Stoney Creek Area, pertaining to the 2012 Final Remediation Plan, are provided in 
SLE (2012c). 

 

8.7.2 Iron Ore Roaster Residue Release Area 

The Iron Ore Roaster Residue Release Area (IORRRA) represents the location adjacent to the Columbia River 

approximately 350 m downstream of Stoney Creek where effluent was discharged by gravity from settling ponds 
related to a roaster that was historically located at TMO.  The area consists of exposed, iron-oxidized material 
that appeared to be acid-generating. Details are provided in SLE (2012b) with a brief summary as follows: 
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 The IORRRA exists in a general fan-shaped spatial distribution of iron-stained soils and other debris such 
as ceramics, glass and wood, approximately 550 m2 in spatial extent; 

 Concentrations of metals in the majority of the area were above applicable BC CSR standards, and 
acid-generating, highly oxidized, leachable material appeared to be present near ground surface;  

 Deeper soils had lower iron content, higher pH, lower concentrations of total metals, fewer leachable metals 
and a gradual colour change transition from red-orange stained soil at surface to brown soil at depth. Acidic 

leachate, high in metals, appeared to be neutralized within the soil profile resulting in secondary mineral 
precipitation and adsorption of metals; and 

 Shallow groundwater was of good quality with no metals concentrations exceeding applicable standards or 
guidelines. This was in contrast to results from porewater samples obtained from river sediments 
(Golder, 2011b) for which concentrations of some metals exceeded standards and guidelines.  It appears 

that water samples collected from previous drive-point samples may be impacted by contamination from 
local sediment rather than from shallow groundwater discharging to the Columbia River. 

Natural attenuation of leachate from the “suspected source material” in the IORRRA appears to be occurring, 
given that shallow groundwater quality beneath the deposited material was below regulatory standards and 
guidelines.  As such, it appears that this material is not impacting groundwater quality or is not a direct 

contributor to surface water impacts in the Columbia River via groundwater.  Preliminary findings from porewater 
samples collected from the river substrate (Golder, 2011b) suggest that drive-point samples may be biased by 
contamination from local sediment deposits rather than of shallow groundwater discharging to the Columbia 

River.  

The recommended path forward for the IORRRA as it pertains to the Final Remediation Plan consists of: 

 Further investigation and delineation of porewater and sediment quality and leachability in the vicinity of the 
IORRRA to evaluate the significance and interaction with the Columbia River; 

 Evaluation of remedial options; and 

 Potential excavation of the upland “suspected source material” at the ground surface. Although natural 
attenuation of leachate due to buffering is considered to be occurring, this material may warrant 
remediation as the majority of it is above provincial Upper Cap Concentration CSR standards and would be 

considered a continual source of contaminant loading to the underlying soil and groundwater once the 
buffering capacity is depleted.  

Further details for the IORRRA, pertaining to the 2012 Final Remediation Plan, are provided in SLE (2012b). 

 

8.7.3 Slag Fill Area 

Historically, smelter slag was used as fill beneath portions of downtown Trail.  Data from the drive-point sampling 
and geophysical program conducted by Golder (2011b and 2010) indicated that impacted groundwater or pore 
water (e.g., cadmium, zinc, and other metals above applicable standards or guidelines) was present along the 

west shore of the Columbia River down to the south of the Bailey Street Bridge. Impacts were observed both 
adjacent to the Slag Fill Area as well as further downstream, although metals concentrations generally 
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decreased at downstream locations.  A visual survey completed by SLE in 2012 did not encounter any exposed 
slag material that might correlate to a potential source to groundwater impacts along the shore of the Columbia 

River.  As such, the source of the metals in the drive-point samples is currently unknown (SLE, 2012a), but may 
be associated with the broader slag area. Furthermore, soil and groundwater quality and the groundwater flow 
regime and discharge areas are unknown beneath Downtown Trail.  

The recommended path forward for the Slag Fill Area, as it pertains to the Final Remediation Plan consists of: 

 investigation of soil and shallow groundwater quality as well as the groundwater flow regime beneath 
Downtown Trail, and in particular in the Slag Fill Area; and 

 if appropriate, evaluate potential remedial options. 

Further details for the Slag Fill Area, pertaining to the 2012 Final Remediation Plan, are provided in SLE 

(2012a). 
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9.0 REMEDIATION IMPLEMENTATION STEPS 
As described in Section 8.0, a 2012 Final Remediation Plan has been prepared pursuant to the May 31, 2010 
(amended June 2011 and February 2012), Inspector’s Direction.  This plan identifies a preferred remediation 

approach of hydraulic containment and groundwater treatment, including estimated costs, estimated timelines 
and measures to be taken to prevent discharges of contaminated groundwater to the Columbia River.  

To advance the implementation of the 2012 Final Remediation Plan, Teck plans to receive comment on this 
2012 Final Remediation Plan from Environment Canada and other stakeholders.  If the remedial approach 
presented in this report is acceptable, then a range of activities will be taken in 2013 and beyond to support the 

implementation of the 2012 Final Remediation Plan.  Subject to the approval (or modification) of the plan, the 
following implementation steps are planned, as described below.    

 

9.1 Permits, Authorizations, Access and Easement 
Following confirmation of the major components of the 2012 Final Remediation Plan, a master list of potentially 

applicable permits, authorisations, access provisions and easements will be compiled to formulate a consultation 
plan with stakeholders, including Environment Canada, Transport Canada (Navigable Waters), Fisheries and 
Oceans Canada (DFO), BC MoE, the City of Trail and other interested bodies as appropriate. These permitting 

issues are similar to numerous such permitting processes and while they are a necessary part of the 
implementation phase, Golder does not feel that they represent significant strategic challenges for 
implementation of the Final Remediation Plan.  Golder notes that treated effluent samples from the pilot testing 

process will still need to be assessed for toxicity; however, the samples will be tested as part of pilot testing work 
and additional treatment processes can be implemented.  

 

9.2 Pilot-Scale Testing/Phased Implementation 
A substantive pilot-scale testing program is warranted to further evaluate the effectiveness of a hydraulic 

containment approach for interception and treatment of the ammonium sulphate groundwater plume.  
Components of the pilot-scale testing program include groundwater pumping performance monitoring, additional 
groundwater modelling, water treatment plant pilot-scale testing, and effluent toxicity testing.  A phased 

approach is recommended for implementation and operation of the remediation system, in order to provide the 
time for process optimization between phases.  

 

9.2.1 Groundwater Pumping Performance Testing and Groundwater Modelling 

The performance of the hydraulic containment system that will be implemented for remediation of the ammonium 
sulphate plume will be assessed based on rigorous monitoring of groundwater conditions during Phase 1 and 

Phase 2 of system implementation, and based on associated hydrogeological analyses and modelling.  The 
monitoring will rely on a continuous record of discharge rates and hydraulic heads measured at each pumping 
well, and head monitoring in observation wells installed at various depths along the river shore.  The collected 

information will be used to establish the lateral and vertical extent of the drawdown cone and associated capture 
zone resulting from groundwater withdrawals during Phase 1 and Phase 2. 
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At later stages of Phase 1, once a sufficient amount of information is gathered to delineate the capture zone for 
extraction wells EW2011-1 and EW2 at high and low river stage, the extent of the capture zone will be compared 

to that predicted by the groundwater model (as discussed in Section 8.2.2).  If the observed response 
significantly differs from model predictions, additional model calibration would be indicated, and would be 
conducted until groundwater flow patterns observed during Phase 1 are reproduced reasonably well.   At the end 

of Phase 1, recommendations will be made with respect to the final locations of proposed extraction wells EW3 
and EW4 and the total pumping rate for the Phase 2 system. 

During initial stages of Phase 2, monitoring of discharge rates and hydraulic heads will continue until such time 
as the extent of the capture zone associated with the final containment system can be delineated for low and 
high river stage conditions.  This will allow verification as to whether the hydraulic containment system provides 

sufficient plume capture following commissioning of extraction wells EW3 and EW4.  If necessary, additional 
hydrogeological analyses and modelling will be undertaken at this stage to further our understanding of plume 
containment.  It is envisioned that at later stages of system operation, periodic assessments of well performance 

and plume capture extent will be conducted to confirm that plume containment is maintained.   

 

9.2.2 Water Treatment Plant 

The goals of pilot-test work are to build on the bench work to confirm or update the necessary process 
understanding and development of full-scale treatment design parameters for the selected biological treatment 
remedy.  The pilot testing will also allow evaluation of the recommended technology under Site conditions.  

Figure 9-1 provides an overview of the elements of the proposed pilot system with description of the pilot system 
and process optimization provided in the following sections. 

 

9.2.2.1 Pilot-Scale Testing 

The bench-scale testing demonstrated that removal of ammonia can be achieved with fixed film biological 
treatment down to effluent target residual ammonia concentrations.  Bench-scale operations also demonstrated: 

 Pretreatment is required to provide sufficient alkalinity to the biotreatment system.  Alkalinity in a carbonate 
form is key to biotreatment performance for ammonia removal as bacteria require alkalinity for growth. 

Alkalinity is also needed to buffer pH changes within the bioreactor;  

 Chemical softening is required as a pretreatment step to prevent calcite scaling within the bioreactors 

following alkalinity addition, due to the high calcium concentration in the groundwater.  The chemical 
softening process allows controlled removal of calcium as calcium carbonate.  Once precipitated calcium 
carbonate is removed then the additional carbonate alkalinity required for ammonia removal can be added.  

The two step alkalinity addition with intermediate clarification is shown on Figure 9-1; and 

 Metals removal also occurs in the pretreatment step.  Pilot-scale testing will further develop the metals 

removal associated with softening by evaluating addition of coprecipitation/coagulant chemistry.  Previous 
evaluations considered metals removal as a separate process after the ammonia removal; however, 
although testing was limited, the bench testing indicated that metals can be effectively removed prior to the 

ammonia removal process. 
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Pilot-scale testing objectives include:  

 Improve understanding of biotreatment, including optimization of the treatment hydraulic retention time 
(HRT), loading rate, and effluent water quality;  

 Test anoxic biotreatment for nitrite and nitrate removal, if necessary; 

 Evaluate biological sludge characteristics; 

 Evaluate effluent nitrite concentrations during extended steady state operations after both the nitrification 
step and denitrification step; 

 Evaluate treatment at the groundwater temperature, which may affect biotreatment rates;  

 Define other important engineering design parameters including nutrient requirements for biological 
treatment and optimal pH range; 

 Generate sufficient water volumes for toxicity testing; and 

 Evaluate pretreatment including: 

 Potential softening processes focusing on chemical precipitation; 

 Required carbonate dose to remove desired levels of calcium and associated treatment pH.  The 
potential for ammonia loses via offgas can be evaluated once the pH is established for the pretreatment 
step; 

 Softening sludge characteristics, including composition, density, and volumes generated; 

 Metals precipitation during pretreatment and enhancement with iron addition; and 

 Iron salt, softening, polymer addition, and alkalinity addition chemical dosing. 

As shown on Figure 9-1, the pretreatment equipment will include tanks, pumps, mixers, and a cone bottom tank 
for a clarifier.  The pilot biological system is a fixed film system that will consist of a four compartment bioreactor.  

The four compartment system allows for sampling after each compartment to provide additional data on 
hydraulic retention times and operation of the last compartment without air to evaluate nitrate removal.  The 
entire biological treatment system is self-contained in a tractor trailer.  The pilot system is designed to operate at 

feed rates ranging from 0 to 5 L/min (0 to 2,000 gallons per day), which allows performance and engineering 
scale-up data to be collected.  At the maximum pilot testing flow rate (5 L/min), the HRT will be approximately 11 
hours; thus, operating at lower pilot flow rates will allow for HRT trials in a similar range to bench-scale testing.   

Pretreatment can be operated as a continuous or batch process.  Experience indicates that at the low flow rates 
of pilot systems, chemical precipitation systems require constant operator oversight due to clogging of small 
chemical feed and sludge management systems so it is likely that the pretreatment system will be operated on a 

batch basis with three to four days of feed water pretreated per batch. 

The proposed work will involve the following tasks: 

 Task 1 – Mobilization – includes developing detailed work plan, sampling plan, health and safety plan and 
any other required documents or plans to support the test work.  The mobilization phase also includes 
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procuring and shipping all equipment to the site, identify location of pilot system at the site, verify availability 
of utilities, any installation work at the site, and other preparations to provide a functional pilot system with 

appropriate staffing and supplies to complete the test program;   

 Task 2 - Inoculation and Startup – the biological system will be inoculated with seed material collected from 

local sources.  Startup will include development of a robust, acclimated culture that can treat ammonia in 
the groundwater matrix; a batch incubation phase with site groundwater and supplemental nutrients as 
required; and then initiation of flow in a ramp up fashion.  Typically, two to four weeks are required to 

achieve steady state operations after start-up.  The pretreatment system will require minimal startup effort 
including wet testing, testing of pumps and chemical feed systems.  Field testing during startup may include 
Hach test kits for COD, ammonia, phosphate, and alkalinity along with field DO, pH and conductivity meters 

to monitor startup and steady state operating conditions;   

 Task 3 - Pilot Operations – pilot operations includes initial steady state operations of the pilot-scale 

biological system at an HRT of 48 hours with pretreatment at the initial conditions also determined by 
bench-scale testing.  It is expected that three other HRTs will be evaluated during the pilot operations 
phase and approximately three months is expected to be required for the duration of the planned testing;   

 Task 4 – Data Analysis and Reporting – the data acquired during the pilot testing will be evaluated and 
presented in a pilot test report.  It is expected that design parameters and optimal treatment conditions will 

also be presented in this report; and 

 Task 5 – Demobilization – return of all equipment and return the site to the initial conditions. 

 

9.2.2.2 Process Optimization 

During the pilot-scale operations period it is expected that several operating parameters will be optimized 

including the HRT in the biological treatment system, the residual calcium in the influent to the biological 
treatment system, sludge produced and supplemental nutrient requirements for the biological treatment system 
and chemical requirements and metals removal in the pretreatment system.   

Pretreatment Optimization – The pretreatment system must be further evaluated to determine the calcium 

removal that must be achieved to minimize scaling in the bioreactor system.  Jar testing can be utilized as a tool 

to evaluate a number of chemical dose conditions to determine the maximum calcium concentration allowable in 
the biological system influent.  This will set the softening pretreatment conditions so that the need for 
enhancements for metals removal by iron addition can then be determined by another series of jar tests.  The jar 

tests will allow for determination of chemical dose requirements, sludge produced, and treated water quality.  
The optimal conditions can be incorporated into pilot operations for preparation of feed to the biological 
treatment step.  The jar tests and pretreatment optimization can be completed during the startup and inoculation 

phase.  The following will be determined during pretreatment optimization: 

 Sodium carbonate dose for softening and sludge produced by softening; 

 Iron dose required for metals removal, if any; 

 Reaction time and settling rate; and 
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 Treatment pH and associated ammonia loss, if any, by volatilization.  

Biological Treatment – The initial test conditions for the biological treatment are based on the bench-test 
results.  Once the system has operated in steady state at the baseline test conditions from the bench testing 
then the flow can be increased to evaluate lower HRTs.  During the baseline biosystem operating period it is 

expected that the jar tests will be completed and the pretreatment conditions set so that when conditions are 
charged to evaluate lower HRT conditions the pretreatment is consistent.  It is expected that up to three HRTs 
can be evaluated during the operational period.  The following will be evaluated during biological testing: 

 HRT for ammonia removal; 

 HRT for nitrate removal; 

 Final treated water quality; 

 Supplemental nutrient requirements including alkalinity and phosphorus; 

 Biosolids produced; and 

 Toxicity testing of final effluent. 

 

9.3 Detailed Design and Cost Estimation 
Based on consultation on the 2012 Final Remediation Plan, the permitting and access approach, and the results 
of additional technical assessments, detailed design and cost estimation for the remedial works will be 
advanced.  

This detailed design and cost estimation process will involve a number of components, including the following:  

 Pilot-scale water treatment system testing with related effluent toxicity characterisation, outfall design and 
outfall plume modelling;  

 Construction of second extraction well, followed by a groundwater pumping test and further evaluation of 
system optimization; 

 Assessment of interfaces with existing and planned site operations;  

 Corrosion, scaling and fouling analysis; 

 Spill prevention and response measures;  

 Pipeline, plant, and well area geotechnical and constructability assessment; 

 Compilation of utilities and infrastructure data for affected areas; 

 Evaluation of electrical power requirements and sourcing for groundwater treatment plant and groundwater 
pumps;  

 Confirmation of applicable codes, standards and ratings as well as frost line and corrosion assumptions; 
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 Determination of the contracting mechanism for construction and operations; and, 

 Preparation of plans and specifications for tender, construction and commissioning.  

As part of the final design process, a Hazard and Operability Analysis (HAZOP) or similar analysis will be 

completed.  A HAZOP is team-oriented, structured and systematic technique for evaluating systems and for risk 
management, and may be used for identifying potential hazards in a system and operability problems that may 
lead to nonconforming performance. 

   

9.4 Implementation Schedule (Timeline) 
An approximate schedule (timeline) for implementation of the remediation plan for the main ammonium sulphate 
groundwater plume is presented in Figure 9-2.  The schedule reflects the planned additional groundwater 
pumping and treatment pilot tests in 2013, detailed design in 2014, and procurement, construction and 

commissioning of the Phase 1 system primarily in 2015 and 2016, which is anticipated to consist of two 
groundwater extraction wells, with combined pumping rates between 4,000 and 5,400 m3/day.  Following 
construction, the Phase 1 system will be operated for approximately one year, to enable system performance to 

be monitored.  Depending on the Phase 1 results, there would be an additional design and procurement phase 
in late 2017 and early 2018, with the Phase 2 system operational by the end of 2018, as required. 

The schedule is subject to agency approval and permitting and, like many significant undertakings, is subject to 
unforeseen circumstances that may arise in the implementation.  Given the relatively large size of the project, 
factors such as financial appropriations, contractor availability and labour conditions, and external factors such 

as weather could also impact the schedule. 
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10.0 PROFESSIONAL STATEMENT AND QUALIFICATIONS 
This plan constitutes a conventional engineering approach to reducing environmental risk associated with the 
ammonium sulphate plume at the Teck Trail Operations in Trail, B.C. It has been developed in a manner 

consistent with that level of care normally exercised by environmental professionals currently practising under 
similar conditions in British Columbia.  

It endeavours to fulfill the requirements of the Inspector’s Direction regarding a 2012 Final Remediation Plan, 
subject to the limitations, assumptions and reliance upon historical information described herein. This Final 
Remediation Plan was not developed for BC MoE or Contaminated Sites Approved Professional (CSAP) 

reliance nor was it prepared as part of efforts to obtain a provincial instrument under the Contaminated Site 
Regulation.  

This report represents the professional opinion of its authors, and was prepared under the supervision of the 
following:  

Ian Hers, Ph.D., P.Eng.  

Dr. Hers is a Principal at Golder Associates, based in the Burnaby office, with over 23 years of professional 

experience in geo-environmental engineering. He regularly provides review, technical advice, and program 
development planning for industrial and regulatory clients across North America, Australia, and Europe.  He has 
directed research programs, developed guidance, and consulted to numerous federal, provincial and state 

agencies. Dr. Hers is responsible for project direction and technical oversight of multi-disciplinary projects 
primarily related to site assessment, human health risk assessment, remedial investigations, and remediation 
feasibility studies and design for a wide range of contaminated sites.  He is a Contaminated Sites Approved 

Professional (CSAP) and on the Board of Directors of the Science Advisory Board for Contaminated Sites in 
British Columbia.  Dr. Hers directed and reviewed the overall development of the 2012 Final Remediation Plan, 
and coordinated the scoping and delivery of inputs by technical specialists.  

Willy Zawadzki, M.Sc., CGWP, P.Geo.   

Mr. Zawadzki is a Senior Hydrogeologist and Principal with the Golder’s Vancouver office who specializes in all 
aspects of physical and contaminant hydrogeology, with the emphasis on analytical and numerical modelling of 
groundwater regimes.  Between 2000 and 2009 he was also a part-time sessional lecturer in hydrogeology at the 

University of British Columbia.  Over the last eighteen years Mr. Zawadzki has been involved in several major 
environmental, geotechnical, and mining projects in Canada and abroad.  Examples of projects for which Mr. 
Zawadzki recently developed groundwater flow and transport models include: 1) design and optimization of a 

groundwater management system at Britannia Mine, BC; 2) on-going evaluation of quantity and quality of 
groundwater inflow to an open pit and underground development at Diavik Diamond Mine in Northwest 
Territories; 3) assessment of seepage through a large tailings dam at Antamina, Peru; and 4) evaluation of 

groundwater quantity and quality in support of the Seymour-Capilano Twin Tunnels Project in North Vancouver, 
BC.  Mr. Zawadzki has considerable experience in the application of groundwater modelling codes, and authored 
or co-authored over 20 scientific papers in hydrogeological publications.  Mr. Zawadzki directed and reviewed 

site groundwater modelling.  
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Garrett Brown, M.Sc., P.Geo. 

Mr. Brown is an Associate and Senior Hydrogeologist with Golder Associates’ Nelson office.  He has more than 
19 years of geological and hydrogeological experience and has been a consulting hydrogeologist since 1992. 
Mr. Brown has acted as Project Manager for projects pertaining to the evaluation and development of 

groundwater supply for several provincial municipalities and regional districts, including the Village of Salmo, 
Ootischenia Improvement District, City of Castlegar, Regional District of Kootenay Boundary, City of Trail, Sion 
Improvement District, City of Grand Forks, Village of Genelle, and Village of Fruitvale. Mr. Brown has managed 

and directed multiple phases of environmental and hydrogeological characterisation at the Trail Site, and has 
firsthand knowledge of geological conditions. Mr. Brown has supervised geological and hydrogeological 
interpretation for the project and was the Project Manager.  

Lee Nikl, M.Sc., R.P.Bio. 

Mr. Nikl is a Principal and Senior Environmental Scientist with Golder Associates. He has over 23 years of 
professional experience specializing in projects dealing with pollution and physical alteration of aquatic habitats. 
For several years, Lee led Fisheries and Oceans Canada’s pollution program in the Fraser Basin and was part of 

one of the first Fisheries Act investigations of upwelling contaminated groundwater into a river system. Recently, 
he was involved as a subject matter specialist for the Cohen Commission of Enquiry on Fraser River sockeye 
and co-authored the habitat report for that enquiry. Mr. Nikl has been involved in effluent permitting and has 

completed numerous groundwater and effluent impact studies and is a “Qualified Environmental Professional” 
for effluent permitting studies. Mr. Nikl has advised on, directed and reviewed consideration of regulatory 
context, risk assessment and aquatic toxicology.  

Peter Lemke, M.Sc., PE (Colorado) 

Peter Lemke is the Water Treatment Technical Lead for Golder’s Denver-based Water Treatment Group.  He is 
a registered Professional Engineer with twenty years of engineering and management experience in 
environmental consulting.  His education includes both an M.S. in Ecological Engineering from the Colorado 

School of Mines and a B.S. in Chemical Engineering from the Rose-Hulman Institute of Technology. His 
experience in industrial wastewater treatment/management includes feasibility studies, process selection, 
regulatory analysis, design and operations of wastewater treatment systems for oilfield produced waters, 

stormwater/construction runoff, and a variety of mining-related wastewaters. Mr. Lemke has worked with Golder 
colleagues in the Denver office to develop potentially feasible groundwater handling options as presented in the 
Conceptual Remediation Plan, provided oversight of the bench-scale treatability testing and contributed to the 

development of the preliminary GWTP design, as reported in this Final Remediation Plan.  
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11.0 USE OF REPORT, RELIANCE AND LIMITATIONS 
No portion of this document is to be reproduced or distributed without prior authorisation from Golder Associates 
Ltd.   

This document does not comprise a commitment (legal, financial or otherwise) to undertake activities discussed 
herein. It is a starting point for negotiation, further characterisation and directed engineering analysis. Preferred 

remedial options presented herein have been evaluated and are discussed at the pre-design stage; efficacy, 
constructability, cost and stakeholder acceptance remain highly uncertain. No warranty, express or implied, is 
made that the general opinions and evaluation provided herein will be borne out by additional work.  

It is particularly emphasized that the scope of remedial action has not been finalized, detailed engineering has 
not begun, and additional site characterization activities may be required. In no way should the estimated 

costs or financial considerations presented here be taken as actual liabilities, as contingent liabilities, as 
a basis for bonding or budgeting, or as a basis in any other way to set financial commitments related to 
the Site.   

This report was prepared for the exclusive use of the Client (Borden Ladner Gervais LLP and Teck Metals Ltd) 
and their representatives. The findings and conclusions documented in this report have been prepared for the 

specific application to this project, and have been developed in a manner consistent with that level of care 
normally exercised by environmental professionals currently practising under similar conditions in the same 
jurisdiction. Golder makes no other warranty, expressed or implied and assumes no liability with respect to the 

use of the information contained in this report at the subject site, or any other site, for other than its intended 
purpose. No part of this report represents an interpretation of law, nor does it constitute legal advice 

Any use which a third party makes of this report, or any reliance on or decisions to be made based on it, are the 
responsibility of such third parties. Golder accepts no responsibility for damages, if any, suffered by any third 
part as a result of decisions made or action based on this report. All third parties relying on this report do so at 

their own risk. Electronic media is susceptible to unauthorized modification, deterioration and incompatibility and 
therefore no party can rely upon the electronic media versions of Golder’s report or other work product. Golder is 
not responsible for any unauthorized use or modifications of this report. 

The inferences concerning the site conditions contained in this report are based on information obtained during 
the investigations conducted at the site and within the Columbia River by Golder and other consultants where 

noted, and are based solely on the condition at the time of the investigations and other information obtained by 
Golder, as described in this report and relevant references. The data presented in this report represent 
groundwater and surface water conditions encountered at the sampling locations at the time of sampling. Soil 

and/or groundwater and/or surface water conditions may vary with location, depth, time, sampling methodology, 
analytical techniques and other factors. 

This report was prepared, based in part, on information obtained from historical information sources, data 
collected and reports prepared by others. In evaluating the subject site, Golder has relied in good faith on 
information provided. We accept no responsibility for any deficiency or inaccuracy contained in this report as a 

result of our reliance on the aforementioned information. 

The Client may rely on the information contained in this report subject to the above limitations. Golder makes no 

other representation whatsoever, including those concerning the legal significance of its findings, or as to other 
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legal matters touched on in this report, including, but not limited to, ownership of any property, or the application 
of any law to the facts set forth herein. With respect to regulatory compliance issues, regulatory statutes are 

subject to interpretation. These interpretations may change over time, thus the Client should review these 
issues. 

If new information is discovered during future work, including excavations, sampling, soil boring, or other 
investigations, Golder should be requested to re-evaluate the conclusions of this report and to provide 
amendments, as required, prior to any reliance upon the information presented herein. The validity of this report 

is affected by any change of site conditions, purpose, development plans or significant delay from the date of this 
report in initiating or completing the project. 

 

12.0 CLOSURE 
We trust the foregoing provides the information you need at this time. Should you have any questions or require 

additional information, please do not hesitate to contact the undersigned. 
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Analyte Units
Influent      
before 

softening

Influent      
after 

softening

Percent 
Removal

Influent      
before 

softening

Influent      
after 

softening

Percent 
Removal

Influent      
before 

softening

Influent      
after 

softening

Percent 
Removal

Alkalinity mg/L 13.5 616 <5 771 179 684
NH3-N mg/L N 144 140 3% 186 229 0% 162 161 1%
TDS mg/L 2320 2890 2540 3000 2250 2680

Ca mg/L 399 71.1 82% 405 33.8 92% 354 75.1 79%
Cd mg/L 0.260 0.00277 99%
Fe mg/L 0.033 <0.03 <0.03 <0.03 <0.03 <0.03
Mg mg/L 93.1 82.5 11% 93.5 96.6 0% 86.0 74.2 14%
Mn mg/L 8.61 1.910 78% 8.91 6.68 25% 8.23 0.003 100%
Na mg/L 49.5 612 56.1 762 55.1 658
Pb mg/L 0.00114 <0.0005 0.0015 0.0011 27% <0.001 0.001
Si mg/L 15.9 14.0 12% 15.9 13.6 14% 13.7 13.4 2%
Zn mg/L 3.31 0.046 99% 3.24 1.14 65% 3.01 0.025 99%

Date 01-Aug-12 07-Aug-12

General Chemistry

Dissolved Metals

Table 6-2: Influent Water Quality Before and After Softening

17-Aug-12

Tables 6-2, 6-3, Figs 6-2 to 6-4.xlsx/TBL 6-2 Golder Associates 10/17/12
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Parameter Unit
Raw 

Water
0 mg/L

Iron
10 mg/L

Iron
25 mg/L

Iron
50 mg/L

Iron
75 mg/L

Iron

pH, after iron addition SU 6.2 6.2 6.3 6.3 6.2 6.1
pH, final SU 9.7 9.7 9.8 9.7 9.7 9.7
Ammonia mg/L 200 190 180 200 180 180
Alkalinity, total mg/L CaCO3 60 1800 2000 1800 1900 1800
Alkalinity, bicarbonate mg/L CaCO3 60 310 350 350 360 330
Alkalinity, carbonate mg/L CaCO3 <5.0 1500 1700 1400 1600 1500
Alkalinity, hydroxide mg/L CaCO3 <5.0 <5.0 <5.0 <5.0 <5.0 <5.0

Aluminum mg/L <0.018 <0.036 <0.036 <0.018 <0.018 <0.018
Antimony mg/L 0.0058 <0.0063 <0.0063 <0.0031 <0.0031 <0.0031
Arsenic mg/L <0.0044  <0.0088  <0.0088 <0.0044 <0.0044 <0.0044
Barium mg/L 0.024 0.0022 <0.0012 <0.00058 0.00075 0.00061
Beryllium mg/L <0.00047 <0.00095 <0.00095 <0.00047 <0.00047 <0.00047
Calcium mg/L 410 79 71 57 48 44
Cadmium mg/L 0.210 0.0057 0.0044 0.0013 0.0012 0.0019
Chromium mg/L 0.0012 <0.0013 <0.0013 <0.00066 <0.00066 0.00069
Cobalt mg/L 0.024 0.0040 0.0028 0.0030 0.0033 0.0035
Copper mg/L 0.0053 0.034 0.011 0.0071 0.011 0.015
Iron mg/L <0.022 <0.022 <0.022 0.023 0.048 0.088
Lead mg/L <0.0026 <0.0026 <0.0026 <0.0026 <0.0026 <0.0026
Magnesium mg/L 110 89 88 86 84 82
Manganese mg/L 11 0.400 0.260 0.086 0.069 0.091
Nickel mg/L 0.026 0.018 0.018 0.018 0.018 0.017
Potassium mg/L 20 20 19 20 20 20
Thallium mg/L <0.0049 <0.0098 <0.0098 <0.0049 <0.0049 <0.0049
Selenium mg/L <0.0049 0.018 <0.0097 <0.0049 <0.0049 0.012
Silicon mg/L 15 15 15 14 14 14
Silver mg/L 0.0013 <0.0019 <0.0019 0.0013 <0.00093 0.0064
Sodium mg/L 60 1300 1400 1300 1400 1400
Vanadium mg/L 0.0021 <0.0022 <0.0022 <0.0011 <0.0011 <0.0011
Zinc mg/L 2.7 0.080 0.050 0.017 0.017 0.028
Notes: Blue shaded cells indicate the result is less than the reporting limit but greater than or equal to the maximum 
detection limit.  Due to this, the concentration is an approximate value.

Table 6-3: Results of Iron Addition for Enhanced Metals Removal During Influent Softening

General Chemistry

Dissolved Metals

Tables 6-2, 6-3, Figs 6-2 to 6-4.xlsx/TBL 6-3 Golder Associates 10/17/12
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First Second Average Maximum

Temperature 4 °C
pH pH Units 6.76 3.71 7.18 7.18 7.33
Conductivity (EC) uS/cm 3759 3930 4080 4080 4080
Solids, Total Dissolved mg/L 2666 2660 2840 2840 2840
Alkalinity, Total as CaCO3 mg/L 362 < 2 216 216 362
Chloride mg/L 57 47 48 48 60.3
Fluoride mg/L - 2.30 2.40 2.40 3.08
Hardness,  Total as CaCO3 mg/L 1343 1300 1320 1320 1343
Ammonia as N mg/L 324 173 236 236 324
Nitrate as N mg/L 35.1 75.2 24.3 24.3 36
Nitrite as N mg/L - 0.58 18.7 18.7 18.7
Nitrogen, Total Kjeldahl mg/L 273 176 252 252 273
Phosphorus, Total mg/L 0.01 0.03 < 0.03 < 0.03 0.03
Sulfate mg/L 1594 1800 1900 1900 1900

Dissolved Total Dissolved
Aluminum mg/L - 0.015 0.014 0.01 < 0.01 < 0.01 0.015
Antimony mg/L 0.0006 0.0004 0.0007 0.0043 0.0034 0.0034 0.0043
Arsenic mg/L 0.0015 0.0009 0.0008 0.0027 0.0019 0.0019 0.0027
Barium mg/L 0.026 0.025 0.025 0.0231 0.0251 0.0251 0.026
Boron mg/L - 0.101 0.095 0.175 0.189 0.189 0.189
Cadmium mg/L 0.276 0.599 0.569 0.127 0.15 0.15 0.276
Calcium mg/L 419 311 295 384 387 387 419
Chromium mg/L 0.0029 <0.0005 <0.0005 < 0.0005 < 0.0005 < 0.0005 0.0029
Cobalt mg/L 0.02 0.046 0.0436 0.016 0.019 0.019 0.02
Copper mg/L 0.0065 0.0036 0.0062 0.0073 0.0036 0.0036 0.0065
Iron mg/L 1.31 14.6 10.9 0.227 0.009 0.009 14.6
Lead mg/L - 0.0034 0.0033 0.00243 0.00033 0.00033 0.0034
Lithium mg/L 0.071 0.0363 0.0339 0.054 0.062 0.062 0.071
Magnesium mg/L 101 70.8 68.1 83.3 86.7 86.7 101
Manganese mg/L 12.5 7.87 7.44 9.06 10.4 10.4 12.5
Molybdenum mg/L 0.012 0.0038 0.004 0.00206 0.00198 0.00198 0.012
Nickel mg/L 0.045 0.0334 0.033 0.0235 0.0253 0.0253 0.045
Phosphorus mg/L 0.01 <0.02 <0.02 0.041 < 0.009 < 0.009 0.041
Potassium mg/L 26 9.41 8.95 26.3 26.9 26.9 26.9
Selenium mg/L 0.003 <0.0005 <0.0005 0.002 0.002 0.002 0.003
Silicon mg/L - 19.2 20.5 15.4 14.8 14.8 20.5
Silica mg/L - 41.09 43.87 32.96 31.67 31.67 43.87
Sodium mg/L 101 68.9 65.9 57.6 59.4 59.4 101
Strontium mg/L 4.26 1.49 1.41 2.87 3.12 3.12 4.26
Titanium mg/L 0.023 <0.005 <0.005 0.0010 0.0007 0.0007 0.023
Uranium mg/L 0.096 0.0121 0.0117 0.0340 0.0318 0.0318 0.096
Zinc mg/L 3.81 9.93 11 1.86 2.13 2.13 11

Yellow indicates parameters that were considered affected by the handling/storage of water prior to the analytical sample collection.
4  The temperature range shown is based on a review of the field sampling data. 

Table 8-2:  Influent Water Quality Characterization

<0.005

1070

Typical is 17°, however, may range from 14° to 20°

36
0.15
148

Final Remediation Plan 
IDB

7.33
3060
1920

129

247
60.3
3.08

Parameter Units

Composites for 
Treatability Testing 3Extraction Well EW2011-

1  2

Upper 95% CI of 
Monitoring 

Well 1

3  Two composite samples were collected for treatability testing.  The first composite was collected in  January 2012 with equal volumes from the wells listed in Section 5.2 
of this report. The second composite was collected in April 2012 using the same protocol as the first composite, except that water collected in January from the extraction 
well (EW2011-1) was used as equivalent to wells 2009-102A, B, C, and E.

1  Upper 95% confidence interval for data collected in 2009 and 2010 from the following wells: 2001-5A, 2001-5B, 2001-5C, 2001-6A, 2001-6B, 
2001-6C, 2002-3, 2009-101A, 2009-101B, 2009-101C, 2009-101D, 2009-101E, 2009-101F, 2009-102A, 2009-102B, 2009-102C, 2009-102D, 2009-102E.

DissolvedMetals
1220

2  Extraction well EW2011-1 was sampled on January 26, 2012.

Tables 8-2 and 8-3.xlsx/Table 8-2 Golder Associates 10/17/12
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Table 8-3:  Influent Design Basis, Treatment Goals and Projected Effluent Characterization

Average Maximum
Temperature 3 °C 17 14 to 20 17                               
pH pH Units 7.18               7.33                  7                                 
Conductivity (EC) uS/cm 4,080            4,080                
Solids, Total Dissolved mg/L 2,840            2,840                4,000                         
Alkalinity, Total as CaCO3 mg/L 216                362                   200                             
Chloride mg/L 48                  60.3                  
Fluoride mg/L 2.4                 3.08                  
Hardness,  Total as CaCO3 mg/L 1,320            1,343                
Ammonia as N mg/L 236                324                  0.55                          <0.5
Nitrate as N mg/L 24.3               36                    680                           220                             
Nitrite as N mg/L 18.7               18.7                 5.5                             <1
Nitrogen, Total Kjeldahl mg/L 252                273                   
Phosphorus, Total mg/L < 0.03 0.03                  
Sulphate mg/L 1,900            1,900               2,500                        2,000                         

Aluminum mg/L < 0.01 0.015               0.15                          
Antimony mg/L 0.0034          0.0043              
Arsenic mg/L 0.0019          0.0027             0.225                        
Barium mg/L 0.025            0.026                
Boron mg/L 0.189            0.189                
Cadmium mg/L 0.15               0.276               0.001                        0.002                         
Calcium mg/L 387                419                   60                               
Chromium mg/L < 0.0005 0.0029               
Cobalt mg/L 0.0190          0.02                  
Copper mg/L 0.0036          0.0065             0.037                        
Iron mg/L 0.009            14.6                 27                              <1
Lead mg/L 0.0003          0.0034             0.585                        <0.0001
Lithium mg/L 0.062            0.071                
Magnesium mg/L 86.7               101.0                <1
Manganese mg/L 10.4               12.5                 10.4                          <1
Mercury mg/L 0.138                        
Molybdenum mg/L 0.002            0.012                
Nickel mg/L 0.0253          0.045                
Phosphorus mg/L < 0.009 0.04                  
Potassium mg/L 26.9               26.9                  
Selenium mg/L 0.002            0.003                
Silicon mg/L 14.8               20.5                  20                               
Silica mg/L 31.67            43.87                
Sodium mg/L 59.4               101                   1,000                         
Strontium mg/L 3.12               4.26                  1                                 
Titanium mg/L 0.0007          0.023                
Uranium mg/L 0.0318          0.096                
Zinc mg/L 2.13               11                    1.48                          0.005                         

2 The average values shown are based on a composite sample collected for bench-scale treatability studies in January and April 2012. The 
maximum values shown are the maximum values of the composite, the extraction well pumping test conducted in January 2012, and the upper 
95% value for the 2009 and 2010 data set for select monitoring well data.

4 Projected effluent characterization is based on analytical results from bench-scale treatability tests.  Metals removal was not optimized in bench 
testing. Additional study/design to achieve a fully compliant effluent will be performed.

3  The temperature range shown is based on a review of the field sampling data.  

1  End of pipe treatment goals are as previously reported in the Conceptual Remediation Plan (Golder, 2011a).

Yellow indicates parameters that are considered to be contaminants of potential concern.

Dissolved Metals

Projected Effluent 
Characterization 4Parameter Units

End-of-Pipe 
Treatment Goals 1

Final Remediation Plan IDB2

Tables 8-2 and 8-3.xlsx/Table 8-3 Golder Associates 10/17/12
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No. Remediation Component
Initial Capital Cost

(2012 dollars)
Annual O&M Cost

(2012 dollars)
Present ValueG

(2012 dollars)

1
Second Extraction Well Installation, Groundwater Pumping Test and Plume 
Capture Analysis, Modelling, Monitoring for One Year, and Reporting 

$250,000 $75,000 $325,000

2 Groundwater Treatment Pilot Testing $600,000 NA $600,000

3 Feasibility Level Design and Costing (wells, pumps, pipeline, treatment system) $1,000,000 NA $1,000,000

4
Installation of Two Additional Extraction Wells, Groundwater Pumping Tests 
and Plume Capture Analysis, Modelling, Monitoring, and Reporting

$500,000 $75,000 $575,000

5 Full-scale Groundwater Pumping System and Influent & Effluent Pipelines $2,325,000 $169,000 $5,765,000

6 Full-scale Groundwater Treatment Works $31,176,000 $5,543,000 $136,124,000

7
Extraction Well Rehabilitation (every 5 years); Well and Pump Replacement 
(every 20 years) for 4 wells and pumps (annualized)

N/A $75,000 $1,420,000

8 On-going Project Management, Monitoring & Reporting N/A $100,000 $1,893,000

$35,851,000 $6,037,000 $147,702,000

A

B

C

D

E

F

G

H

I

J

K

L

M

N

Second Extraction Well Installation/Testing (item 1) assumptions include (but are not limited to): construction of 2nd extraction well, groundwater 
pumping test (up to 72 hr), data analysis, modelling, system monitoring for one year, and reporting; includes both contractor and consultant fees.

Installation of Two Additional Extraction Wells/Testing (item 4) assumptions include (but are not limited to): construction of two additional extraction 
wells, groundwater pumping tests (up to 72 hr), data analysis, modelling, system monitoring for one year, and reporting; includes both contractor 
and consultant fees.

Table 8.5.  Preliminary Order-of-Magnitude Cost Estimate for Remediation of Ammonium Sulphate Groundwater Plume

Costs assume a targeted groundwater pumping rate of 5,700 m3/day and up to four wells constructed along the river road beside the Columbia 
River and are based on estimated plume capture from hydrogeological studies, which are subject to further refinement as part of final design and 
phased implementation and monitoring.

Costs must be interpreted in context of this report and separate technical cost memorandums submitted to Teck (not included in this report).

Present value calculated at 0% inflation and a 5.25% discount rate for a  period of 100 years for items 5 through 8. Extraction well 
installation/testing/monitoring (items 1 and 4) is calculated for 1 year only. Items 2 and 3 are initial capital costs only.

Notes:

Estimated Order of Magnitude Costs (±50%) 

Costs are limited to the main ammonium sulphate groundwater plume adjacent to TMO, and do not include possible remediation required to 
address Stoney Creek, Iron Ore Roaster Residue Release Area (IORRRA), slag fill area downstream of west end of Bailey Bridge,  Trail Creek, 
East Trail, or other areas that are not believed to be contributors to the main ammonium sulphate plume.

Costs are not included for potential improvements that may be required for the river road along the Columbia River (from Stoney Creek to the 
southern-most extraction well).

Costs do not include any geotechnical and civil engineering works that may be required to raise and improve river road access, including any slope 
stabilization or river erosion protection needed.

Costs are order-of-magnitude costs with accuracy of +50%/-50% and are for the specific remediation option and staged implementation described.   
Costs assume remediation plan is accepted as presented.

Well rehabilitation, well replacement, and pump replacement costs (item 7) are annualized. For all 4 extraction wells, annualized cost of $75,000 
assumes well rehabilitation will be required once every 5 years ($100,000), well replacement once every 20 years ($800,000), and pump 
replacement once every 20 years ($450,000).

Groundwater Treatment Pilot Test (item 2) assumptions include (but are not limited to):  3 months of onsite operation, piloting treatment process as 
described in section 9.2.2.  Treated effluent will be used for aquatic toxicity testing.  Treated effluent not needed for aquatic toxicity testing will be 
disposed through existing ETP wastewater discharge.

Feasibility Level Design and Costing (item 3) does not include engineering (detailed) design, procurement and construction management (EPCM).  
The EPCM costs are included in the individual component capital costs.

Full-scale Groundwater Pumping System and Influent & Effluent Pipelines (item 5) assumptions include (but are not limited to): (i) dual-HDPE 
influent pipeline laid on ground, (ii) single HDPE effluent pipeline either buried or above-ground, (iii) do not include effluent diffuser, (iv) assume 
location of pipeline as per Figure 8.1, do not include provision of electrical power to pumps or upgrades required for power supply.

Full-scale Groundwater Treatment Works (item 6) assumptions include (but are not limited to): Treatment train as described in section 7.2.6.3. Cost 
estimate is "turnkey" and inclusive of process equipment, installation, construction, commissioning, engineering and construction management.

Table 8-5 Cost Summary FRP Oct-31-2012.xlsx Golder Associates 10/29/12
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Executive Summary 

Golder Associates Ltd. (Golder) was retained by Teck Metals Ltd. (Teck) to evaluate potential remedial 
approaches for managing impacted groundwater that is discharging to the Columbia River. The Final 
Remediation Plan developed to date proposes to intercept the ammonium sulphate groundwater plume along 
the Columbia River in front of the Teck Metallurgical Operations (TMO) through a pump and treat strategy. 
Ultimately, these measures are expected to also reduce impacts at downgradient locations; however it is 
recognized that immediate actions to stop the groundwater discharge are impractical, given the degree of 
understanding of sources, transfer pathways and receptors within a relatively complex hydrogeologic and 
hydrologic system. Therefore, following the proposed remediation, a section of plume beneath the Columbia 
River and East Trail will continue to be present, at least initially.  

To identify whether or not active remediation would be required at the plume’s downgradient point of discharge, 
to meet the requirements of the Environment Canada Inspector’s Direction or whether or not the plume was 
causing pollution, an ecological risk assessment was carried out.  The objective of the risk assessment was to 

evaluate the potential for risk to ecological receptors associated with the remains of the groundwater plume at its 
downgradient point of discharge into the Columbia River, downstream of East Trail. Human health risks were not 
evaluated as part of this assessment because the regulatory focus was the Inspector’s Direction and evaluating 

the impact of the release of groundwater to aquatic life.     

 

Risk Assessment 

The problem formulation phase focused on identifying the contaminants of potential concern that have originated 
from the site, the potential receptors that are likely to be present in the groundwater discharge zone, and the 
means by which exposure to the contaminants could occur.  The assessment of exposure and effects, and 

ultimately the risk characterization, was based on comparison of existing site-specific water chemistry 
concentrations (i.e., exposure concentrations) to chronic freshwater aquatic life water quality guidelines (WQGs); 
however, an evaluation of the application of the underlying data used to derive these guidelines was undertaken 

where appropriate.  Maximum concentrations were used to assess risk.  

The ammonium sulphate plume was delineated, in part, using electrical resistivity imaging (ERI) to identify 

locations where the plume may be near the surface of the Columbia River bed (Golder 2010). Areas where 
electrical resistivity imaging showed conductive conditions (ERI returns), samples were collected to quantify 
contaminant concentrations at the river bed surface (“epibenthic”) and within the river substrate bottom (“drive 

point”; generally at a depth of 15 to 25 cm beneath the bottom substrate). Water sampling in the locations of 
these ERI returns was used to identify the presence of constituents associated with the ammonium sulphate 
plume. The ecological risk assessment was based on the existing data from drive point and epibenthic water 

samples. The available data consisted of 21 water sample locations within the area of the downgradient 
discharge from the East Trail Aquifer. 

Of these water samples, there were three sampling stations located on the opposite bank from East Trail 
(south bank), near the location of the former Korpack ready mix concrete facility and near the Ryan Creek 
catchment. These samples were collected because ERI returns, albeit weaker than those on the north bank, 
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were observed in this area. Water samples collected in Ryan Creek in 2005 indicated elevated concentrations of 
cadmium, silver and zinc (Golder 2006), presumably originating from areas of previous mining activity in the 

Ryan Creek watershed. In addition to this known alternate source of contamination, water chemistry was 
inconsistent with these sample locations being part of the ammonium sulphate plume. The three south bank 
samples were therefore not used in the risk characterization.  

An understanding of the habitat characteristics and organism use in the area of the plume is of relevance to the 
interpretation of the results because the nature of the habitat will determine the ecological uses that can be 

made of that habitat. Overall, the habitat in the study area is relatively homogenous. At the riverbed, cobbles, 
which average approximately 16 cm in diameter, are the dominant substrate type throughout and are tightly 
packed against one another. Beneath the protruding rock surface, the interstitial spaces are embedded with 

fines. The embedded substrate does not allow light penetration to the interstices, occupies attachment sites and 
dwelling places and occupies storage spaces for organic matter that organisms which would normally live in 
such habitats would need. The understanding of river bottom habitat use, based on the findings reported in 

Golder (2010), is that while the surface of the riverbed would provide habitat for benthic organisms and other 
potential aquatic receptors the substrate below the surface would not be a significant zone occupied by aquatic 
receptors of concern. Therefore, important areas of aquatic organism exposure to constituents of the 

groundwater plume would be at the river bottom and would be characterized by the epibenthic water chemistry.  

[March 14, 2013 TEXT ADDITION:  However, based on review comments from Environment Canada and 
the Ministry of Environment, there is insufficient information to draw conclusions regarding the habitat 

values, and in the absence of such, an environmental protection objective that protects the substrate is 
required.  Future revised ecological risk assessment reports will be prepared to address this 
requirement.]    

This exposure data set for dissolved constituents was used to characterize the risks posed by contaminants of 
potential concern using a Risk Quotient (RQ) approach. RQs for all parameters, except cadmium, were less 

than 1, which indicates that ecological risks are acceptable for those parameters. The maximum RQ for 
cadmium was 1.9 and only two of the samples were greater than 1.  

The toxicity reference value (TRV) for cadmium as used to calculate the RQ was examined further. The CCME 
WQG for cadmium is derived from the lowest observed effects concentration (LOEC) for the most sensitive test 
species, Daphnia magna, and includes a tenfold safety factor (CCME 1999b). With a modified TRV where this 

safety factor is removed, the recalculated maximum RQ is reduced to 0.19. The maximum concentration of 
cadmium (0.00004 mg/L) observed in the exposure data set is lower than the lowest observed effect 
concentration (0.00017 mg/L) for cadmium.  

Based on these observations, the risks of plume contaminants in the East Trail Aquifer to aquatic receptors at 
the re-entry location are considered to be acceptable. 
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Conclusions 

The risks to ecological receptors from the ammonium sulphate plume at its point of downstream re-entry to the 
Columbia River are acceptable. In Golder’s view, this groundwater no longer represents a deleterious substance 
and based on our evaluation, we do not feel that further assessment is warranted. Moreover, we did not identify 

compelling reasons to extend remedial measures to this distal portion of the plume. Golder notes that while it is 
expected that over time, plume chemistry will attenuate following implementation of the Final Remediation Plan, 
there are monitoring wells in the downstream portion of the East Trail Aquifer where routine monitoring is being 

carried out.  
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Study Limitations 

This report was prepared for the exclusive use of Teck Metals Ltd. The report is based on data and information 
collected during site investigations conducted by Golder Associates Ltd. and is based solely on the conditions of 
the site at the time of the field investigations, as described in this report. 

The assessment of environmental conditions and possible hazards at this site has been made using the results 
of chemical analyses of discrete groundwater, river substrate and epibenthic water samples from a limited 

number of locations.  The conditions between sampling locations have been inferred based on conditions 
observed at the test locations.  Conditions may vary from these sample locations. 

The findings and conclusions documented in this report have been prepared for specific application to this 
project in the context of the specific scenarios evaluated, and have been developed in a manner consistent with 
that level of care and skill normally exercised by environmental professionals currently practising under similar 

conditions, budget and time constraints in this jurisdiction.  This report provides a professional opinion, and 
therefore no warranty is either expressed, implied or made as to the conclusions, advice and recommendations 
offered in this report. This report does not provide a legal opinion regarding compliance with applicable laws. 

With respect to regulatory compliance issues, it should be noted that regulatory statutes and the interpretation of 
regulatory statutes are subject to change. 

Any use which a third party makes of this report, or any reliance on, or decisions to be made based on it, are the 
responsibilities of such third parties.  Golder Associates Ltd. accepts no responsibility for damages, if any, 
suffered by any third party as a result of decisions made or actions based on this report. 

If new information is discovered in future work, including excavations, borings, or other studies, 
Golder Associates Ltd. should be requested to re-evaluate the conclusions of this report and to provide 

amendments, as required. 
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1.0 INTRODUCTION 

1.1 Project Context 
1.1.1 Site Location and Regional Setting 

Teck operates an integrated lead and zinc smelting and refining complex (Trail Metallurgical Operations or 
“TMO”) and fertilizer plant (Trail Fertilizer Operations or “TFO”) in Trail, BC.  The TMO site is located on a 
relatively flat river terrace (i.e., bench) above the west shore of the Columbia River. The TFO site is located on a 

higher terraced bench to the west of TMO and Highway 22. The TMO and TFO complexes, which have been 
part of the development of the City of Trail and the Trail/Rossland area, trace their origins back to 1896, five 
years before Trail was incorporated. As a consequence of heavy industrial operations for over a century, 

portions of the Site’s soil and groundwater regime have become contaminated with a range of substances, 
including elevated concentrations of ammonia, sulphate and certain metals. 

 

1.1.2 Site Operations 

Sulphide ore (ZnS) concentrates are imported from mine sites and “roasted”, burning off the sulphide as sulphur 
dioxide (SO2) and creating soluble zinc calcine (ZnO), the primary feed for the Sulphide Leaching Plant.  In the 

Pressure Leaching Plant, sulphide ore-zinc concentrates are autoclaved with acid and oxygen.  Elemental 
sulphur is reclaimed for market.  A slurry of zinc sulphate and residue is pumped as a secondary feed to the 
Sulphide Leaching Plant for further processing.  The resulting pure zinc sulphate solution becomes electrolyte 

from which pure zinc is extracted by electrowinning.  Other plants in the Zinc Operations recover metals such as 
cadmium, germanium and indium. 

Lead sulphide concentrates and battery scrap are processed in a KIVCET flash smelting process to produce 
lead bullion and slag.  The molten slag is transferred to a slag fuming furnace to remove zinc, mainly in the form 
of zinc oxide fume.  The fume is sent over to the Leaching Plants for zinc extraction.  The remaining barren slag 

(ferrous granules) is sold to cement manufacturers.  The lead bullion is processed through the Drossing Plant 
adjacent to the KIVCET furnace to remove copper and other impurities.  The remaining bullion is purified in the 
Electrolytic Refinery, and cast into the finished product.  By-products of the refining process include silver, gold, 

arsenic and antimony.  

Process gas containing SO2 is treated in the sulphuric acid plants, which convert the SO2 to marketable 

sulphuric acid, with minor tail gas processed in an ammonia scrubbing system that produces ammonium 
bisulphite (NH4HSO3, a reductant and oxygen scavenger).  The scrubber solution is acidified to produce 
marketable compressed SO2 gas, with the residual ammonium sulphate pumped to the TFO complex to produce 

ammonium sulphate fertilizer (sulphite and bisulphite are also present).  Historically, the TFO plant also 
produced ammonium phosphate, ammonium sulphate-phosphate fertilizers and ammonium nitrate fertilizers.  

The hot sulphur dioxide gas resulting from the process passes through a waste heat boiler to make steam, and 
then on to an electrostatic precipitator to remove dust particles before being sent to Zinc Operations for 
processing into saleable products, including sulphuric acid and liquid sulphur dioxide. 

Teck is authorized, under permit from the BC Ministry of Environment (BC MoE); to discharge effluent from 
designated outfalls to the Columbia River, located immediately to the east of the TMO complex. 
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1.1.3 Summary of Issue 

A number of environmental investigations have been conducted at the TMO site in Trail since 2000 to 
characterize subsurface conditions in soil and groundwater (Klohn Crippen, 2003 and 2005 and Golder 
Associates, 2008a, 2008b, 2010, 2011b). In addition, a Conceptual Site Model (CSM) report has been jointly 

prepared by SNC-Lavalin, Environment Division (SLE) and Golder (SLE and Golder, 2012).  Numerous other 
site investigations have been carried out at the TMO and TFO complexes by SLE in 2011 and 2012.  Through 
these efforts, a groundwater plume has been identified within the aquifer underlying the TMO and TFO 

complexes that is characterized primarily by elevated levels of:  

 Ammonia (NH3),  

 Nitrate (NO3
-);  

 Nitrite (NO2
-); 

 Sulphate (SO4
-2);  

 Fluoride; 

 Arsenic;  

 Cadmium;  

 Iron;  

 Lead;  

 Manganese;  

 Zinc; and, 

 Total dissolved solids (as indicated by relatively high electrical conductivity). 

It has been referred to as the “ammonium sulphate plume” in previous reports although it is acknowledged that 

other plume components may also be of environmental concern. It is also noted that the relative concentrations 
of plume components vary within the overall plume. Since 2000, Teck has characterized and delineated the 
groundwater plume and investigated potential sources contributing to the plume. The ammonium sulphate plume 

was delineated, in part, using electrical resistivity imaging (ERI) to identify locations where the plume may be 
near the surface of the Columbia River bed. Areas where ERI showed conductive conditions (ERI returns), 
samples were collected to quantify contaminant concentrations at the river bed and within the river substrate 

(generally at a depth of 15 to 25 cm beneath the river bottom). 

Existing monitoring well data and investigations to date indicate the ammonium sulphate plume is nearly 

1,000 meters wide along the west shoreline of the Columbia River, near the southern end of the TMO property 
(Figure 1.2 of Final Remediation Plan report).  The inferred extent of the plume is based on concentrations of 
plume constituents (primarily ammonia, sulphate, electrical conductivity, and metals) in monitoring wells that are 

above background levels. Water quality data from both shallow and deep wells adjacent to the river and the 
results from several high resolution over-water ERI surveys indicate the plume appears to flow into the 
sediments underlying the Columbia River and ultimately into the river itself via the upwelling of groundwater 
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through the riverbed.  The deeper portion of the plume appears to cross underneath the river and into the East 
Trail Aquifer.  The plume appears to be migrating through deeper sediments of the aquifer and then upwells into 

riverbed sediments and the river itself, as evidenced by elevated conductivities at the riverbed surface measured 
by the ERI survey, and the presence of an upward vertical gradient for most of the year (Golder 2010). Based on 
the ERI surveys, the groundwater appears to upwell into the river downstream of East Trail approximately 1.3 km 

downstream of the Bailey Street Bridge. This location is in the vicinity of monitoring well MW2007-4 in East Trail. 
Golder (2010) also identified a potential second emergence of the plume further downstream.   

In the Conceptual Remediation Plan (Golder, 2011a), Teck evaluated potential remedial approaches for 
collecting and treating impacted groundwater that is discharging to the Columbia River, with intentions of 
designing and implementing groundwater remediation options to address potential environmental risks. The 

Final Remediation Plan proposes to intercept the groundwater plume along the Columbia River in front of Teck’s 
TMO complex through a pump and treat strategy. Ultimately, these measures are expected to also reduce 
impacts at downgradient locations. However, it is recognized that immediate actions to stop the groundwater 

discharge are impractical, given the degree of understanding of sources, transfer pathways and receptors within 
a relatively complex hydrogeologic and hydrologic system. Therefore, the objective of this work was to evaluate 
the potential for risk to ecological receptors associated with the remains of the groundwater plume at its 

downgradient point of discharge into the Columbia River, downstream of East Trail. 

Human health risks were not evaluated as part of this assessment because the regulatory focus was the 

Inspector’s Direction and evaluating the potential impact of groundwater discharge to aquatic life.   

 

1.2 Regulatory Context 
1.2.1 Federal  

The Final Remediation Plan has been developed by Teck with the primary regulatory driver being compliance 
with the requirements of a (then) Section 38(6) Fisheries Act Inspector’s Direction issued by Environment 
Canada. The Fisheries Act (R.S.C. 1985, c.F-14, last amended June 29, 2012) has recently been amended. The 

deleterious substance provisions remain functionally unchanged; however, the analogous authority to issue an 
Inspector’s Direction has been modified and is now provided in Section 38(7.1). This risk assessment has been 
prepared under the assumption and understanding that the Inspector’s Direction issued remains valid, 

notwithstanding the amendments to legislation. The Inspector’s Direction requires Teck to take measures that 
will prevent the discharge of a “deleterious substance” into the Columbia River.  

The main portion of the plume is being addressed through a pump-and-treat groundwater interception 
methodology, detailed in the Final Remediation Plan. In addition, interim measures to address transient water 
quality conditions in Indian Eddy are also being evaluated separately. The present risk assessment is intended, 

in part, to identify whether or not a deleterious substance is being discharged in the area downstream of East 
Trail where the ammonium sulphate plume re-enters the Columbia River and therefore would necessitate risk 
management measures.  
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1.2.2 Provincial  

In British Columbia (BC), environmental matters pertaining to contaminated sites on provincial lands generally 
fall under the jurisdiction of the BC Ministry of Environment (BC MoE) pursuant to the Environmental 
Management Act (“EMA”; SBC 2003, Chapter 53 assented to October 23, 2003, updated to March 7, 2012), 

which prohibits the causation of “pollution”.  The two key regulations under the EMA relating to the assessment 
and remediation of contaminated sites are the Contaminated Sites Regulation (“CSR”; British Columbia (BC) 
Reg. 375/96, includes amendments up to BC Reg. 97/2011, May 31, 2011) and the Hazardous Waste 

Regulation (HWR; BC Reg 63/88, O.C. 268/88 including amendments up to BC Reg. 63/2009, April 1, 2009).   

BC MoE have been actively involved in the remedial planning process and notwithstanding the Inspector’s 

Direction, the requirements of EMA must be concurrently addressed. This risk assessment has therefore also 
been carried out to address the question of whether or not the plume re-entry point downstream of East Trail is 
causing “pollution” as defined in EMA. Teck is not seeking an instrument such as a Certificate of Compliance.  

  

1.3 Risk Assessment Approach 
1.3.1 General  

Three components must be present for risks to exist at a site: 1) contaminant(s) present at concentrations above 

levels at which effects may occur; 2) a receptor; and, 3) an exposure pathway by which the receptor comes into 
contact with the contaminant.  To determine whether these conditions are present at a site, a series of analytical 
steps are carried out.  The framework for risk assessment typically used in Canada and elsewhere involves four 

stages:  problem formulation, exposure assessment, toxicity assessment, and risk characterization.  Risk 
assessment frameworks in other jurisdictions differ in terminology used and sometimes the sequence of steps; 
however, these four steps are commonly used in the practice of risk assessment.   

The problem formulation phase focused on identifying the contaminants of potential concern that have originated 
from the site, the potential receptors that are likely to be present in the groundwater discharge zone, and the 

means by which exposure to the contaminants could occur.  The problem formulation solely relied on existing 
information available for the Site.  The assessment of exposure and effects, and ultimately the risk 
characterization, was based on comparison of existing site-specific water chemistry concentrations 

(i.e., exposure concentrations) to chronic freshwater aquatic WQGs; however, an evaluation of the application of 
the underlying data used to derive these guidelines was undertaken where appropriate.   

 

1.3.2 Water Chemistry Data Used  

This ecological risk assessment was based on existing data from samples representing river substrate (“drive 
point”) water, and river bottom (“epibenthic”) water that were collected in 2009, 2010, and 2011. The available 

data consisted of 21 water sample locations within the study area (Figure 1).  

Fourteen drive point and epibenthic water samples were collected in October 2011 from the area of the river 

where the groundwater plume is discharging. Sampling locations were selected, in part, based on the results of 
the 2009 high-resolution ERI survey (Golder 2010). The ERI survey located two main areas of suspected 
groundwater upwelling (based on conductivity returns in the ERI survey) on the north bank of the Columbia River 



 

AMMONIUM SULPHATE PLUME RE-ENTRY TO COLUMBIA 
RIVER, DOWNSTREAM OF EAST TRAIL 

 

October 31, 2012 
Report No.  1214930087-001-R-Rev0 5 

 

downstream of the TMO complex. Eleven water (drive point and epibenthic) samples (2011-1 to 2011-11) were 
therefore collected from the north bank of the river within these two areas. A third potential discharge area 

identified by weaker conductivity returns was identified on the south bank of the river in the vicinity of a former 
concrete ready-mix plant (Korpack Cement Products Co. Ltd.). Although the conductivities were lower and 
scattered at the third location, further investigation was pursued and three water samples (2011-12 to 2011-14) 

were collected from within this area. In addition, three water samples collected in 2009 (DP-17, MR-12 and 
MR-13) and four samples collected in 2010 (2010-30 to 2010-33) as part of previous groundwater discharge 
investigations (Golder 2010; 2011b) were included in the dataset to supplement the 2011 data. 

All of the water samples were collected in October or November (2009 – 2011), with the exception of station 
DP17, which was sampled on September 2, 2009. In addition, only one sample set (drive-point and epibenthic 

samples) has been collected from each station.  Although these data are from a single seasonal time, the 
majority of the samples were collected during low-flow conditions in the Columbia River (October). Golder (2010) 
found that water quality data collected during low flow periods exhibited characteristics suggesting higher 

constituent concentrations when compared with water quality data collected during medium or high flow periods.  
This is not surprising, given that hydrographs for several monitoring wells indicate the upward vertical hydraulic 
gradient within the aquifer is more pronounced during low-flow periods of April and October (Golder, 2011b). In 

addition, the data indicated an increased dilution between substrate and epibenthic sampling points under 
medium flow conditions compared to low flow conditions. Given this understanding, the data set was considered 
to reasonably represent a conservative depiction of water quality conditions.  

Water samples for laboratory analysis were initially collected from the river bottom (with HDPE sampling hose 
from a peristaltic sampling pump laid flat on the bottom of the river). Following sample collection in the epibenthic 

zone, a river substrate water sample was collected using a Solinst model 615 stainless steel drive point 
piezometer.  The piezometer was driven into the substrate within 10 cm of the location of the epibenthic water 
sample.  The top of the screen on the drive point was driven approximately 15 cm into the river substrate; with a 

screen length of 10 cm, the approximate sample collection depth was 15 to 25 cm below the river bottom.  All 
epibenthic and river substrate water samples were collected using a peristaltic pump and dedicated HDPE 
tubing.  This sampling methodology has been used throughout the studies of the ammonium sulphate plume, 

where feasible.  

The samples collected in this manner provide a representative sample of water quality conditions along the 

immediate river bottom (“epibenthic”) as groundwater “daylights” and within the hyporheic zone (“river substrate”) 
beneath the river bed.  
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2.0 PROBLEM FORMULATION 

2.1 Identification of Potential Receptors 
2.1.1 Receptor Groups 

Freshwater habitats contain organisms from many taxonomic groups.  Each group is likely to respond differently 
to concentrations of contaminants in the aquatic receiving environment. It is not possible to directly assess the 
risk for each individual species, and therefore, it is necessary to simplify the aquatic ecosystem into receptor 

groups and trophic linkages. Per Section 2.3, receptor groups that were retained for the risk assessment focused 
on species that may potentially inhabit or utilize the river bottom, and include: 

 Periphyton; 

 Aquatic macroinvertebrates; and, 

 Fish (including for egg incubation).  

 

A brief description of each of the receptor groups retained is provided in the following paragraphs. 

Primary producers such as periphyton form the base of the aquatic food chain.  Periphyton communities develop 
in close association with hard substrates (rocks, woody debris, plant cover) and are therefore more common in 

flowing environments, such as the Columbia River, where wetted substrate serves as a supporting habitat for 
these communities.  Periphyton is a complex matrix of algae and heterotrophic microbes and serves as an 
important food source for invertebrates and certain fish species.  

Aquatic macroinvertebrates (e.g., aquatic insects) are important intermediate links in aquatic food chains 
because they graze on periphyton or detritus, or prey on other aquatic organisms.  They also serve as fish food 

organisms. 

Fish dominate many freshwater food webs as the top predator and have been observed in the study area.  

Spawning by fish species such as trout is believed unlikely to occur because it would be difficult to construct 
redds in the substrates observed.  However, cobbles protrude from the embedded substrate and while Golder is 
unaware of direct information that it occurs, spawning by species such as whitefish that deposit their eggs in the 

crevices between the cobbles cannot be ruled out. Direct exposure of such eggs to undiluted groundwater in the 
subsurface (which is highly embedded) would be unlikely but they could be exposed to plume constituents as 
measured in the epibenthic water samples, if the adults chose to spawn in those areas. The present risk 

assessment conservatively assumes this to be the case.  

In addition to retaining the receptor groups that have the potential for contact with COPCs in epibenthic water, a 

desktop search was completed to identify provincially and federally listed species for the area using the following 
sources:  

 BC MoE: BC Species and Ecosystem Explorer (http://www.env.gov.bc.ca/atrisk/toolintro.html); 

 Conservation Data Centre: Terrestrial Mapping tool (http://www.env.gov.bc.ca/cdc/access.html); and, 

 Environment Canada: Species at Risk (http://www.speciesatrisk.gc.ca/default_e.cfm). 
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The search was limited to aquatic species and narrowed down based on the ecological setting of the study area. 
The study area is located within the Arrow Boundary Forest District and the Interior Cedar – Hemlock 

biogeoclimatic zone. The results of the search for rare and endangered species in the study area are presented 
in Table 1 (the exported search results including search criteria are provided in Appendix A). The identification of 
a species in a search of this sort identifies them in a presumptive manner only; they may not actually be present. 

The specific habitat characteristics used by those organisms can be used as a screen to reduce this list and then 
information on sightings or specific surveys, where called for, can be carried out. However, the Conservation 
Data Centre mapping tool can be used to determine which listed species have been observed in the area. The 

two red-listed species identified, White Sturgeon (Acipenser transmontanus pop. 2) and Umatilla Dace 
(Rhinichthys umatilla) have been observed in the area. Similarly, of the listed invertebrates, Shortface Lanx 
(Fisherola nuttalli) was rediscovered, after nearly four decades, in the Columbia River adjacent to Teck’s TMO 

complex and within their effluent dilution zone by Teck staff (Mr. Duncan, pers. comm. 2012), and therefore it is 
conservatively assumed that all of the listed invertebrates in Table 1 could inhabit the study area. 

Table 1: Summary of Search for BC Listed Species 

Species Common Name 
Class  

(Common Name) 
BC 
List 

Fishes 

Acipenser transmontanus 
pop. 2 

White Sturgeon (Columbia River population) Ray-finned fish Red 

Rhinichthys umatilla Umatilla Dace Ray-finned fish Red 

Acrocheilus alutaceus Chiselmouth Ray-finned fish Blue 

Cottus confusus Shorthead Sculpin Ray-finned fish Blue 

Cottus hubbsi Columbia Sculpin Ray-finned fish Blue 

Oncorhynchus clarkii lewisi Cutthroat Trout (lewisi subspecies) Ray-finned fish Blue 

Salvelinus confluentus Bull Trout Ray-finned fish Blue 

Invertebrates 

Fisherola nuttalli Shortface Lanx Gastropod Red 

Fluminicola fuscus Ashy Pebblesnail Gastropod Red 

Physella columbiana Rotund Physa Gastropod Red 

Fossaria truncatula Attenuate Fossaria Gastropod Blue 

 

2.2 Identification of Chemicals of Potential Concern 
Chemicals of potential concern (COPCs) at the point of plume discharge were identified by comparing available 
measured water concentrations in epibenthic and drive point samples to the BC WQGs (Approved and Working) 

for the protection of freshwater aquatic life. The BC WQGs have been developed as chronic and/or maximum 
guidelines to protect six major water uses: drinking water, aquatic life (freshwater and marine), wildlife, 
recreation and aesthetics, agriculture (irrigation and livestock watering) and industrial (e.g., food processing 

industry).  For metals, the BC WQG apply to total metals, with the exception of dissolved aluminum and 
dissolved iron.   
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For the purposes of identifying COPCs, the chronic freshwater aquatic life BC WQGs (and CCME WQGs in the 
absence of BC WQGs) were used to screen the chemical concentrations measured in epibenthic and drive point 

water samples. If at least one measured concentration of a chemical exceeded the applicable WQG, then the 
substance was retained for subsequent risk analysis; the screening step was intended to provide a conservative 
narrowing of contaminants while the risk analysis then focused on specific exposure data per the conceptual 

exposure model. Although it is generally recognized that dissolved metal is a more useful predictor of the 
bioavailable fraction of the total metal in water, a metal was conservatively retained if either the total or dissolved 
concentration exceeded the WQG. A chemical that did not have an applicable WQG was not retained. BC 

WQGs have been developed for those chemicals that are generally recognized as being potentially 
environmentally consequential. Those chemicals without an approved or working guideline tend not to be 
associated with known harmful effects or, in the case of several naturally occurring substances, such as calcium, 

magnesium, and sodium, considered to be of low environmental consequence (i.e., inert substances and/or 
essential elements; see Health Canada 2010 for example).  

 

2.2.1 North Bank Samples  

Initially, it was hypothesized that the two areas of plume discharge located on the north bank of the river were 
not linked (i.e., that the westernmost egress was associated with the ammonium sulphate plume whereas the 

easternmost egress further downstream was not). Groundwater discharging further downstream has had a 
longer residence-time in the East Trail Aquifer and therefore greater potential for contamination from offsite 
sources; the aquifer passes underneath an urbanized area, and the Regional District of Kootenay Boundary’s 

McKelvey Creek Landfill is located on the bench above East Trail. However, a multivariate analysis, specifically 
non-metric multidimensional scaling, of the water chemistry data did not support a hypothesis of different 
sources. That analysis suggested that water chemistry was not sufficiently dissimilar to substantiate separate 

treatment of the water in the area of the downstream ERI returns. In addition, based on our conceptual 
understanding of the groundwater and subsurface conditions, a plausible explanation for physical separation of 
the ammonium sulphate plume from this downstream area of ERI returns was not apparent. Therefore, the two 

areas of putative groundwater discharge (as indicated by ERI) along the north bank were considered to be part 
of the ammonium sulphate plume and therefore part of the present risk assessment. 

 

2.2.2 South Bank Samples  

Three samples (2011-12 to 2011-14) were collected from the south bank of the river in the vicinity of the former 
Korpack concrete ready mix plant because ERI returns were noted, albeit of reduced intensity, and samples 

were collected to further investigate these returns. The drive point and epibenthic samples from these locations 
had notably higher concentrations of cadmium and zinc (Appendix B, Tables B-1 and B-2) compared with the 
north bank samples. These three samples were not included in the COPC screening because we are of the view 

that these samples do not reflect plume constituents. The basis for this view is as follows: 

 The absolute and relative concentrations of parameters are not consistent with what was observed at the 

plume discharge areas on the north bank of the river; 
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 Sulphate concentrations are lower (below BC WQG) in the drive point samples from the three south 
bank locations while many of the samples on the north bank have sulphate concentrations that exceed 

the BC WQG; 

 Cadmium and zinc concentrations are noticeably higher in the three south bank samples compared to 

samples from the north bank, with all three drive point samples exceeding the applicable guidelines for 
both cadmium and zinc (total and dissolved) by several fold. If they are part of the ammonium sulphate 
plume, they are in a more distal part of the plume and we would therefore expect lower but not higher 

concentrations; 

 Although ERI returns were noted, the conductivity in that area was lower than observed in other ammonium 

sulphate plume areas. Metals concentrations are higher than observed along the north bank and yet ERI 
returns are weaker suggesting that the samples collected from the south bank near the Korpack facility do 
not originate from the plume; and, 

 A known non-TMO and non-ammonium sulphate source for these metals is located in the Ryan Creek 
drainage.   Ryan Creek drains into the Columbia River on the south bank adjacent to the former Korpack 

plant and water samples collected in the creek in 2005 indicated elevated concentrations of cadmium, silver 
and zinc (Golder 2006). There has been some mining activity historically in Ryan Creek, with a mineral 
claim near the headwaters and historic trench mining activities in the middle portion of the creek.  

Given these observations, Golder is of the view that the sample chemistry obtained in the three south bank 
samples near the Korpack site (2011-12, 2011-13, and 2012-14) do not originate from either TMO or the 

ammonium sulphate plume. The more plausible sources, not related to the present study, appear to be known 
sources in the Ryan Creek drainage. The three south bank samples were therefore excluded from the data set 
used in the risk assessment.  

 

2.2.3 Data Screening Results  

The data obtained from the drive point and epibenthic water samples were screened by calculating a hazard 

quotient (HQ) as follows, where the screening benchmark was the BC WQG (chronic) for freshwater aquatic life:  

 	 = [ ][ 	 ℎ ] 
 

Data from the three south bank samples (near the Korpack site) were included in the tables and screened 
against the applicable guidelines for transparency; however, they were not considered relevant for COPC 
identification in this risk assessment for reasons described above because the samples are not considered to 

represent conditions resulting from the ammonium sulphate plume.  

Table 2 provides a summary of the maximum concentrations and maximum HQs for all COPCs identified from 

the initial screening of the drive point and epibenthic samples.  
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Table 2: Maximum Concentrations and Hazard Quotients of the Chemicals of Potential Concern Retained 
for Further Investigation 

Parameter Maximum Concentration (mg/L) Maximum HQ 

Drive Point Samples 

Chloride 415 2.8 

Nitrate (as N) 7.09 2.4 

Total Phosphorus 0.08a 8.0 

Sulphate 108 2.2 

Aluminum (total) 1.58 32 

Arsenic (total) 0.0118 2.4 

Arsenic (dissolved) 0.0109 2.2 

Cadmium (total) 0.00035 6.9 

Cadmium (dissolved) 0.00026 5.1 

Chromium (total) 0.008 8.0 

Chromium (dissolved) 0.0053 5.3 

Copper (total) 0.0065 1.8 

Iron (total) 2.22 2.2 

Iron (dissolved) 1.51 4.3 

Lead (total) 0.0243 3.4 

Mercury (total) 0.00004 2.0 

Selenium (total) 0.0086 4.3 

Selenium (dissolved) 0.0089 4.5 

Silver (total) 0.00045 2.0 

Zinc (total) 0.077 4.8 

River Bottom Samples 

Total Phosphorus 0.06a 6 

Aluminum (total) 0.148 3.0 

Cadmium (total) 0.00023 11 

Cadmium (dissolved) 0.00004 1.9 

Chromium (total) 0.0026 2.6 

Copper (total) 0.0101 4.2 

Lead (total) 0.0166 3.3 

Silver (total) 0.0001 2.0 

Zinc (total) 0.027 3.6 

Notes: 
Concentrations are expressed in mg/L. 
a  Maximum shown is based on the exclusion of samples MR-12 and DP-32 (duplicate only) as described in the text below. 
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For calculation of the HQ for phosphorus, the total concentrations reported under the general parameters 
category were used rather than the total concentrations measured under the metal category (see Appendix B, 

Tables B-1 and B-2).  This is considered acceptable given that the concentrations of total phosphorus measured 
using both approaches were generally in agreement, albeit detection limits were lower for phosphorus measured 
as a general parameter.  The only exception was the total phosphorus measured at MR-12 which had total 

phosphorus concentrations in both the drive point and epibenthic sample that was around 10 times higher than 
the concentrations of total phosphorus measured as a metal.  In addition, the concentration of total phosphorus 
at MR-B111 was 3 to 24 times higher than the concentrations measured in other drive point and epibenthic 

samples, suggesting that the concentration of total phosphorous was anomalous.  Based on the above, the total 
phosphorus measured at MR-B11 was excluded in the HQ calculations.   

Given that phosphorus is not considered a site related contaminant of concern (see Section 1.1.3); it was 
evaluated further to determine whether it should be retained as a COPC.  The total phosphorus measured in the 
drive point and epibenthic samples (excluding the samples mentioned above) ranged from <0.005 mg/L to 

0.08 mg/L.  Concentrations of total phosphorus measured in upstream drive point and epibenthic samples 
ranged from 0.007 mg/L to 0.09 mg/L (Table 4.7 of Golder 2010, samples RB-SP-L-R1 to R3).  This indicates 
that concentrations measured downgradient in the plume discharge zone are no higher than concentrations 

measured upstream; and therefore, phosphorus was not retained as a COPC.     

A summary of the COPCs identified in relevant drive point or epibenthic water samples were as follows: 

 Chloride; 

 Nitrate (as N); 

 Sulphate; 

 Aluminum (total); 

 Arsenic (total and dissolved); 

 Cadmium (total and dissolved); 

 Chromium (total and dissolved); 

 Copper (total); 

 Iron (total and dissolved); 

 Lead (total); 

 Mercury (total); 

 Selenium (total and dissolved); 

 Silver (total); and, 

 Zinc (total). 

                                                      
1 This excludes the concentration of total phosphorus (measured as a general parameter) of 0.22 mg/L measured in the duplicate sample 
from DP-32.  The original sample was considered a better representation of the actual conditions as: i) both total phosphorus concentrations 
measured in the original sample were similar (0.08 vs 0.06 mg/L); and ii) the concentrations of total phosphorus measured as a metal was 
similar between the original and the duplicate sample (0.06 vs 0.07 mg/L), suggesting that the value of 0.22 mg/L total phosphorus measured 
as a general parameter was anomalous.   



 

AMMONIUM SULPHATE PLUME RE-ENTRY TO COLUMBIA 
RIVER, DOWNSTREAM OF EAST TRAIL 

 

October 31, 2012 
Report No.  1214930087-001-R-Rev0 12 

 

The screening results of drive point and epibenthic water sample chemistry (with concentrations shown) are 
provided in Appendix B (Tables B-1 and B-2), while detailed screening results based on HQ’s are provided in 

Appendix B (Tables B-3 and B-4). Also provided in Appendix B is a summary of COPC identification (Tables B-5 
and B-6). 

 

2.3 Exposure Pathway Evaluation 
The Conceptual Site Model (SLE and Golder, 2012) provides background on the historical activities at the TMO 

complex that are believed to have resulted in the presence of a contaminated groundwater plume beneath the 
Site and describes the flow of that groundwater through sediments underlying the Columbia River and into the 
river itself via the upwelling of groundwater through the riverbed. Upwelling into the Columbia River is further 

detailed in Golder 2010 and Golder 2011b. The nature of the groundwater flow is such that operable exposure 
pathways that could be applied are limited to direct contact (trans-dermal pathway) by freshwater biota with 
COPCs in surface water at the point of discharge into the river. Water quality sampling (Golder 2010) identified 

that while there are elevated COPC concentrations at certain locations within the river bed (drive point samples) 
and at certain locations along the river bed (epibenthic samples), the Columbia River water chemistry is not 
altered as a result of the ammonium sulphate plume. An exception to this observation is within Indian Eddy 

under certain, low-flow conditions.   

An understanding of the habitat characteristics and organism use in the area of the plume are of relevance to the 

interpretation of the results because the nature of the habitat will determine the ecological uses that can be 
made of that habitat. The current understanding of the habitat characteristics in the study area is developed on 
the basis of sidescan sonar surveys, seismic profiling, bathymetry surveys, underwater video surveys and direct 

observations made during sampling, as reported in Golder (2010 and 2011b). Overall, the habitat in the study 
area is relatively homogenous.  At the riverbed, cobbles, which average approximately 16 cm in diameter, are 
the dominant substrate type throughout the study area and are tightly packed against one another. Beneath the 

protruding rock surface, the interstitial spaces are embedded with fines.  

The transition zone between groundwater and surface water (hyporheic zone) is generally known to provide 

habitat for benthic macroinvertebrate organisms which can reside within the voids in the substrate in some areas 
to considerable depths. This is also true of such habitats in areas where there is no groundwater discharge or 
the river is a “losing” stream. However, the extent to which the substrate may be used to depth depends on the 

quality of the river substrate; voids are necessary to provide habitat for benthic organisms and in the absence of 
those voids, the transition zone is of diminished importance for those organisms.  

BC MoE (2012) Draft TG15 is based on an administratively set definition of the ecologically active zone being 
1 m below the surface of the riverbed. TG15 is intended to be of general application on a province-wide basis. A 
1 m ecologically active zone is a reasonable generic estimate of the depth that is important to benthic organisms; 

however, the actual biologically active zone will vary based on the specific conditions and characteristics at the 
site. Benthic organisms can occur at depths of several meters below the substrate (US EPA 2008) at some sites 
and may occur at considerably reduced depth in the substrate through in-filled voids at others. Based on the 

observations during our sampling program and video surveys, the interstices are filled with fine particles and are 
therefore unlikely to provide important habitat for benthic organisms. The embedded substrate does not allow 
light penetration to the interstices, occupies attachment sites and dwelling places and occupies storage spaces 
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for organic matter that organisms which would normally live in such habitats would need. The generic 
assumption described in the draft BC MoE (2012) TG15 that the ecologically active zone occurs to a depth of 

1 m is a reasonable characterization in many places but is not likely to be an accurate characterization of the 
riverbed ecology in the Columbia River where the ammonium sulphate plume discharges for the reasons 
described.  

The conceptual model of the habitat, based on the findings reported in Golder (2010), is that the surface of the 
riverbed would provide habitat for benthic organisms and other potential aquatic receptors, but the substrate 

below the surface would not be a significant zone occupied by aquatic receptors of concern. Hydrogeological 
data and river flow characteristics generally support the view that where the plume discharges into the Columbia 
River, dilution is likely substantial and rapid as the magnitude of river discharge considerably exceeds 

groundwater discharge (Golder 2010). Consequently, water quality impacts appear to be limited to the area of 
river where groundwater is discharging, and within that area, at the river bottom. Based on our current 
understanding of the river habitat, important areas of exposure of aquatic organisms to the constituents of the 

groundwater plume would be at the river bottom and would be characterized by the epibenthic water chemistry. 

 

2.4 Assessment Endpoints and Measures of Effect 
Ecological risk assessment applies the concepts of assessment and measurement endpoints (or measures of 
effect) to translate the overall Site management goals into a specific focus for the risk assessment. In simple 

terms, the assessment endpoints describe what is being protected, and the measurement endpoints describe 
the means used to evaluate whether the ecological values are being protected. The assessment endpoints and 
measures of effect are developed to an extent appropriate for a screening level assessment and are based on 

protection of broad groups of organisms using criteria that are conservative. Assessment endpoints and 
measures of effect are summarized below in Table 3.  

Table 3: Assessment Endpoints and Measures of Effect for Ammonium Sulphate Plume Re-Entry 
Downstream of East Trail 

Receptor Group Assessment Endpoint Measure of Effect 

Fish (free swimming 
and incubating eggs) 

Maintenance of a resident fish 
community not directly impacted by 
elevated concentrations of plume 
constituents. 

Compare appropriate water chemistry data to 
numerical guidelines/standards for the 
protection of aquatic life. 

Aquatic 
Macroinvertebrates  

Maintenance of a benthic community 
not directly impacted by elevated 
concentrations of plume constituents. 

Compare appropriate water chemistry data to 
numeric guidelines for the protection of aquatic 
life. 

Periphyton 

Maintenance of a periphyton 
community not negatively impacted by 
elevated concentrations of plume 
constituents. 

Compare appropriate water chemistry data to 
numeric guidelines for the protection of aquatic 
life. 
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2.5 Conceptual Exposure Model 
Based on the problem formulation, a conceptual exposure model was developed which illustrates the primary 
focus of the risk assessment: the exposure pathway of the ammonium sulphate plume and the aquatic receptors 

that may inhabit the area of plume discharge in the river (Figure 2).  
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3.0 EXPOSURE AND EFFECTS ASSESSMENT 

3.1 Exposure Assessment  
Based on the conceptual exposure model described in the Problem Formulation (see also Figure 2), the area of 
the Columbia River that is used by receptors of concern is the river bed and the overlying Columbia River water. 

The epibenthic water samples fit this model of habitat use and exposure well for receptors at the river bed 
(macroinvertebrates, periphyton, egg incubation and bottom fish). For receptors in the overlying surface water in 
the Columbia River (free swimming fish), the epibenthic samples have been used as a conservative 

characterization of exposure for those receptors.  [March 14, 2013 TEXT ADDITION:  However, based on 

review comments from Environment Canada and the Ministry of Environment, there is insufficient 
information to draw conclusions regarding the habitat values, and in the absence of such, an 

environmental protection objective that protects the substrate is required.  Future revised ecological risk 
assessment reports will be prepared to address this requirement.] 

 

3.2 Effects Assessment (Toxicity Assessment) 
The chronic BC WQGs for the protection of freshwater aquatic life were used as the toxicity reference value 

(TRV). These benchmarks are intended to be broadly protective of aquatic life and, when exposure 
concentrations are compared with these TRVs, they provide a conservative estimate of risk because they 
represent the “safe” level rather than a level at which an effect occurs. As this was a screening level risk 

assessment, it was considered that a conservative TRV was appropriate as an initial assessment.  

Although there is evidence that neither total nor dissolved metal concentrations are good predictors of metal 

bioavailability and toxicity, it is generally recognized that “dissolved” metals (i.e., those passing through a 
0.45 µm filter) are more indicative of the bioavailable fraction of the total metal in water (ICMM 2007) than are 
total metals which typically include non-bioavailable metals associated with particulate material in the water 

sample. Therefore, while the TRV was based on the BC WQG, risk calculations were based on exposure data 
for dissolved and not total metals.  

Risk was conservatively characterized based on the maximum water concentration of each parameter observed 
in all the epibenthic samples, excluding the three samples collected along the south bank of the river (2011-12, 
2011-13, and 2012-14) for the reasons discussed in Section 2.3. Although the hazard quotient and the risk 

quotient (Section 4.0) bear arithmetic similarities, the differences between the two are the selection of which 
samples (epibenthic) represent exposure (risk), consistent with the conceptual exposure model.  

Where risks were predicted using this conservative approach, the underlying data used to develop the water 
quality guideline were evaluated in the context of the inherent conservatism and conditions specific to the site. 
This step was carried out in the risk characterization step.   
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4.0 RISK CHARACTERIZATION 
Risks to aquatic receptors were evaluated by comparing the maximum concentrations of general parameters 
and dissolved metals in epibenthic water samples to the applicable water quality guidelines using a Risk 

Quotient (RQ) approach (Table 3). The risk quotient was calculated using the exposure data that corresponds to 
the conceptual exposure model (epibenthic water chemistry, dissolved metals) and the TRV (BC WQG (chronic) 
for freshwater aquatic life) as follows:  

 	 	 = 	 [ ]
 

 

All general parameters and dissolved metals had RQs less than 1 with the exception of dissolved cadmium, 
where the maximum concentration resulted in a RQ of 1.9 (Table 4).  

This RQ occurred in a single sample; one other sample had a RQ of 1.5 and the RQ did not exceed one in the 
remaining samples. Dissolved mercury had detection limits that were greater than the BC WQG. However, total 

mercury concentrations in all samples were less than the guideline of 0.00002 mg/L, so it was concluded that 
mercury did not present an unacceptable risk. Cadmium risks were re-evaluated by examining the TRV for 
cadmium. This evaluation is presented below.  

Table 4: Maximum Concentrations and Risk Quotients of General Parameters and Dissolved Metals from 
Epibenthic Samples 

Parameter Applicable Guideline Maximum Concentration Max RQ 

General Parameters 

Chloride 150 1.11 0.0074 

Nitrogen, Nitrate as N 3 0.142 0.047 

Sulphate  50 13.3 0.266 

Dissolved Metals 

Aluminum 0.05 0.01 0.2 

Arsenic 0.005 <0.0005 <0.1 

Cadmium 0.00002-0.0004 0.00004 1.9 

Chromium 0.001, 0.0089 0.001 1 

Copper 0.002 - 0.072 0.0006 0.277 

Iron 0.35 0.037 0.106 

Lead 0.005 - 0.021 0.0002 0.04 

Mercury 0.00002 <0.00005 

Selenium 0.002 0.0004 0.2 

Silver 0.00005 - 0.0015 <0.00005 <1 

Zinc 0.008 - 0.231 0.005 0.667 
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4.1.1 Cadmium 

The BC WQG for cadmium for the protection of aquatic life is a Working Guideline adopted from CCME (1999a) 
WQGs for freshwater aquatic life, and the guideline is expressed as a relationship between total cadmium and 
water hardness. The CCME guideline for cadmium is derived from the lowest observed effects concentration 

(LOEC) for the most sensitive test species, Daphnia magna, and includes a tenfold safety factor (CCME 1999b). 
Biesinger and Christensen (1972) observed significant reproductive impairment of D. magna following 21 day 
exposure to cadmium concentrations of 0.00017 mg/L. Reproductive impairment was also observed in 

Daphnia pulex and Ceriodaphnia reticulata at cadmium concentrations 0.0002 mg/L. CCME (1999b) based the 
WQG derivation on a relatively large dataset of acute and chronic toxicity studies, which included chronic toxicity 
data for 21 invertebrate species. The chronic toxicity data summarized in CCME (1999b) for plants and fish 

indicate that these taxa are less sensitive to cadmium than are invertebrates.  

Given that the BC WQG is derived from the LOEC for the most sensitive aquatic species tested, divided by a 

safety factor of 10, the potential risk associated with dissolved cadmium is likely low. If the safety factor is not 
applied to the guideline, the recalculated RQ is 0.19, i.e., the maximum concentration is approximately five times 
lower than the LOEC for cadmium (0.00017 mg/L).   

Given that risk quotients are low, the risks are considered to be acceptable.  

 

4.1.2 Uncertainty Assessment  

Conservative assumptions are applied in the exposure and effects assessment. These assumptions likely result 
in overestimates of actual risk associated with contaminants in the study area. Uncertainties associated with 

various aspects of the assessment are as follows: 

 The exposure concentrations for aquatic receptors were based on the epibenthic water samples that were 

collected during several sampling events, but all in the fall. Typically, seasonal data is preferred as variation 
is expected from season to season.  However, the sampling was conducted under low stage conditions of 
the Columbia River. These conditions provide a conservative representation of groundwater as this period 

of time has been observed to provide the greatest seasonal groundwater flux to the Columbia River;  

 Use of maximum measured concentrations in epibenthic samples as exposure concentrations are likely to 

overestimate risk given that these concentrations are not observed at all locations and therefore aquatic 
receptors are unlikely to be exposed to these concentrations at all times; and 

 The effects concentrations (BC WQGs) employed in this risk assessment likely overestimate risk. 
BC WQGs are conservative environmental benchmarks that correspond with safe conditions; however, they 
are not reliable benchmarks to indicate the presence of a harmful effect. The BC WQGs are based on the 

most sensitive endpoints and test species, and uncertainty and safety factors are generally applied to 
account for inter- and intra-species variability. 
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5.0 CONCLUSIONS  
The risks to ecological receptors from the ammonium sulphate plume at its point of downstream re-entry to the 
Columbia River are acceptable. In Golder’s view, this groundwater does not represent a deleterious substance 

and based on our evaluation, we do not feel that further assessment is warranted. Moreover, we did not identify 
compelling reasons to extend remedial measures to this distal portion of the plume. Golder notes that while it is 
expected that over time, plume chemistry will attenuate following implementation of the Final Remedial Plan, 

there are three monitoring wells in the East Trail Aquifer where routine monitoring is being carried out.  

Golder notes that this risk assessment is limited to that portion of the plume that is downgradient of East Trail 

and we caution that these findings do not apply to that portion of the plume between the TMO complex and East 
Trail, nor do they apply to Indian Eddy.  
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 10/19/2012 APPENDIX A
Table I-1: Rare and Endangered Species in the Study Area

East Trail Ecological Risk Assessment
Trail, BC

 12-1493-0087

Scientific Name
Scientific Name 

Synonyms
English Name English Name Synonyms Species Code Element Code Global Status

Global Status 
Review Date

Prov 
Status

Prov Status Review 
Date

Prov Status 
Change Date

Acipenser transmontanus White Sturgeon F-ACTR AFCAA01050 G4 12-Nov-02 S2 12-Jan-04 10-Nov-94

Acipenser transmontanus  pop. 2
White Sturgeon (Columbia 
River population)

F-ACTR-02 AFCAA01052 G4T3T4Q 29-Jan-03 S1 10-May-10 1-Dec-94

Acrocheilus alutaceus Chiselmouth F-ACAL AFCJB01010 G5 12-Oct-11 S3S4 10-May-10 10-Mar-04

Cottus confusus Shorthead Sculpin F-COCN AFC4E02090 G5 9-Nov-11 S2S3 11-May-10 9-Mar-00

Cottus hubbsi Cottus bairdi hubbsi Columbia Sculpin F-COHU AFC4E02053 G4Q 9-Nov-11 S3 11-May-10 9-May-01

Fisherola nuttalli Shortface Lanx IM-FISNUT IMGASL6010 G2 19-Feb-08 S1 10-Mar-10 10-Mar-10
Fluminicola fuscus Ashy Pebblesnail IM-FLUFUS IMGASG3040 G2 24-Mar-05 SH 16-Dec-08 1-Jan-00
Fossaria truncatula Attenuate Fossaria IM-FOSTRU IMGASL1210 G5 17-Dec-08 S3S4 16-Dec-08 16-Dec-08

Oncorhynchus clarkii lewisi Cutthroat Trout, lewisi 
subspecies

Westslope Cutthroat Trout F-ONCL-LE AFCHA02088 G4T3 31-Jan-03 S3 12-Jan-04 6-Mar-00

Physella columbiana Rotund Physa IM-PHYCOL IMGASM0060 G2 25-Feb-08 SH 16-Dec-08 16-Dec-08

Rhinichthys umatilla Umatilla Dace F-RHUM AFCJB37120 G4 14-Jan-92 S2 17-May-10 31-Jan-92

Salvelinus confluentus Bull Trout F-SACO AFCHA05020 G4 4-Nov-11 S3S4 25-Aug-11 2-Jan-12

Search Criteria
Search Type: Plants & Animals
AND Species Subgroups: Fish, Freshwater OR Beetles 
(Tiger Beetles only) OR Dragonflies & Damselflies OR 
Grasshoppers and Related Insects OR Molluscs, 
Freshwater (Snails, Mussels & Clams) OR Molluscs, 
Terrestrial (Snails & Slugs) OR Other Invertebrates OR 
Spiders (Partial List)
AND Forest Districts:Arrow Boundary Forest District 
(DAB) ( Restricted to Red, Blue, and Legally designated 
species )
AND MOE Regions:4- Kootenay ( Restricted to Red, 
Blue, and Legally designated species )

AND Regional Districts: Kootenay Boundary (KBRD) ( 
Restricted to Red, Blue, and Legally designated species )

AND Habitat Types:Stream/River
AND BGC Zone:ICH
Sort Order:Scientific Name Ascending
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Table I-1: Rare and Endangered Species in the Study Area

East Trail Ecological Risk Assessment
Trail, BC
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Fossaria truncatula
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Salvelinus confluentus

Search Criteria
Search Type: Plants & Animals
AND Species Subgroups: Fish, Freshwater OR Beetles 
(Tiger Beetles only) OR Dragonflies & Damselflies OR 
Grasshoppers and Related Insects OR Molluscs, 
Freshwater (Snails, Mussels & Clams) OR Molluscs, 
Terrestrial (Snails & Slugs) OR Other Invertebrates OR 
Spiders (Partial List)
AND Forest Districts:Arrow Boundary Forest District 
(DAB) ( Restricted to Red, Blue, and Legally designated 
species )
AND MOE Regions:4- Kootenay ( Restricted to Red, 
Blue, and Legally designated species )

AND Regional Districts: Kootenay Boundary (KBRD) ( 
Restricted to Red, Blue, and Legally designated species )

AND Habitat Types:Stream/River
AND BGC Zone:ICH
Sort Order:Scientific Name Ascending

COSEWIC COSEWIC Comments BC List Identified Wildlife Prov Wildlife Act GOERT MBCA SARA

E (Nov 2003) No Status 1-E (Aug 2006)

E (Nov 2003) Red 1-E (Aug 2006)

NAR (May 2003) Blue

SC (Nov 2010) Blue 1-T (Jun 2003)

SC (Nov 2010) Blue 1-SC (Jun 2003)

Red
Red
Blue

SC (Nov 2006) Blue Y (Jun 2006) 1-SC (Feb 2010)

Red

T (Apr 2010) Red 3 (Mar 2005)

C (Jul 2011)
Status Report in preparation (July 

2011)
Blue Y (Jun 2006)
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 10/19/2012 APPENDIX A
Table I-1: Rare and Endangered Species in the Study Area

East Trail Ecological Risk Assessment
Trail, BC

 12-1493-0087

Scientific Name

Acipenser transmontanus

Acipenser transmontanus  pop. 2

Acrocheilus alutaceus

Cottus confusus

Cottus hubbsi

Fisherola nuttalli
Fluminicola fuscus
Fossaria truncatula

Oncorhynchus clarkii lewisi

Physella columbiana
Rhinichthys umatilla

Salvelinus confluentus

Search Criteria
Search Type: Plants & Animals
AND Species Subgroups: Fish, Freshwater OR Beetles 
(Tiger Beetles only) OR Dragonflies & Damselflies OR 
Grasshoppers and Related Insects OR Molluscs, 
Freshwater (Snails, Mussels & Clams) OR Molluscs, 
Terrestrial (Snails & Slugs) OR Other Invertebrates OR 
Spiders (Partial List)
AND Forest Districts:Arrow Boundary Forest District 
(DAB) ( Restricted to Red, Blue, and Legally designated 
species )
AND MOE Regions:4- Kootenay ( Restricted to Red, 
Blue, and Legally designated species )

AND Regional Districts: Kootenay Boundary (KBRD) ( 
Restricted to Red, Blue, and Legally designated species )

AND Habitat Types:Stream/River
AND BGC Zone:ICH
Sort Order:Scientific Name Ascending

SARA Comments National GS CITES Name Category Class (English) Species Level Kingdom Phylum

Partial. Columbia River, Nechako River, Kootenay River and Upper Fraser River 
populations on Schedule 1 (2006-08-15). Lower and Middle Fraser River 
populations on Schedule 3 (2005-03-01).

1 - At Risk (2005) II Vertebrate Animal ray-finned fishes Species Animalia Craniata

Vertebrate Animal ray-finned fishes Population Animalia Craniata

4 - Secure (2005) Vertebrate Animal ray-finned fishes Species Animalia Craniata

1 - At Risk (2005) Vertebrate Animal ray-finned fishes Species Animalia Craniata

3 - Sensitive (2005) Vertebrate Animal ray-finned fishes Species Animalia Craniata

Invertebrate Animal gastropods Species Animalia Mollusca
Invertebrate Animal gastropods Species Animalia Mollusca
Invertebrate Animal gastropods Species Animalia Mollusca

Vertebrate Animal ray-finned fishes Subspecies Animalia Craniata

Invertebrate Animal gastropods Species Animalia Mollusca

2 - May be at risk (2005) Vertebrate Animal ray-finned fishes Species Animalia Craniata

3 - Sensitive (2005) Vertebrate Animal ray-finned fishes Species Animalia Craniata
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 10/19/2012 APPENDIX A
Table I-1: Rare and Endangered Species in the Study Area

East Trail Ecological Risk Assessment
Trail, BC

 12-1493-0087

Scientific Name

Acipenser transmontanus

Acipenser transmontanus  pop. 2

Acrocheilus alutaceus

Cottus confusus

Cottus hubbsi

Fisherola nuttalli
Fluminicola fuscus
Fossaria truncatula

Oncorhynchus clarkii lewisi

Physella columbiana
Rhinichthys umatilla

Salvelinus confluentus

Search Criteria
Search Type: Plants & Animals
AND Species Subgroups: Fish, Freshwater OR Beetles 
(Tiger Beetles only) OR Dragonflies & Damselflies OR 
Grasshoppers and Related Insects OR Molluscs, 
Freshwater (Snails, Mussels & Clams) OR Molluscs, 
Terrestrial (Snails & Slugs) OR Other Invertebrates OR 
Spiders (Partial List)
AND Forest Districts:Arrow Boundary Forest District 
(DAB) ( Restricted to Red, Blue, and Legally designated 
species )
AND MOE Regions:4- Kootenay ( Restricted to Red, 
Blue, and Legally designated species )

AND Regional Districts: Kootenay Boundary (KBRD) ( 
Restricted to Red, Blue, and Legally designated species )

AND Habitat Types:Stream/River
AND BGC Zone:ICH
Sort Order:Scientific Name Ascending

Class Order Family Forest Dist MOE Region Regional Dist

Actinopterygii Acipenseriformes Acipenseridae
DAB;DCC;DCK;DCO;DCS;DHW;DJA;DKA;DKL;DMH;DPG;DQ
U;DVA

2;3;4;5;6;7 MVRD;CKRD;SLRD;TNRD;CSRD;CBRD;KBRD;BNRD;FFRD;FVRD

Actinopterygii Acipenseriformes Acipenseridae DAB;DCO 4 CKRD;CSRD;KBRD

Actinopterygii Cypriniformes Cyprinidae
DAB;DCC;DCH;DCK;DCO;DCS;DKA;DMH;DNI;DOS;DQU;DRM
;DSS_C

3;4;5;7;8 EKRD;CKRD;TNRD;CORD;NORD;CSRD;CBRD;KBRD;FFRD;OSRD

Actinopterygii Scorpaeniformes Cottidae DAB;DCO 4;8 CKRD;KBRD

Actinopterygii Scorpaeniformes Cottidae DAB;DCS;DKL;DOS 3;4;8 CKRD;TNRD;CORD;KBRD;OSRD

Gastropoda Basommatophora Lymnaeidae DAB 4 CKRD;KBRD
Gastropoda Neotaenioglossa Hydrobiidae DAB;DKL;DRM 4 EKRD;CKRD;KBRD
Gastropoda Basommatophora Lymnaeidae DAB;DKL;DOS;DSS_C 4;6;8 CKRD;KBRD;SKRD;OSRD

Actinopterygii Salmoniformes Salmonidae DAB;DCO;DHW;DKL;DRM 3;4;7;8;9 EKRD;CKRD;TNRD;NORD;CSRD;KBRD;FFRD;PRRD;FVRD

Gastropoda Basommatophora Physidae DAB;DCO;DKL;DRM 4;8 EKRD;CKRD;CSRD;KBRD

Actinopterygii Cypriniformes Cyprinidae DAB;DCO;DCS;DKL;DOS 4;8 CKRD;KBRD;OSRD

Actinopterygii Salmoniformes Salmonidae
DAB;DCC;DCH;DCK;DCO;DCS;DFN;DHW;DJA;DKA;DKL;DKM
;DMH;DMK;DNC;DND;DNI;DOS;DPC;DPG;DQU;DRM;DSC;DSI
;DSQ;DSS_B;DSS_C;DVA

1;2;3;4;5;6;7;8;9
EKRD;MVRD;STRD;SCRD;CKRD;SLRD;TNRD;CSRD;CBRD;MWRD;SQ
CRD;KSRD;KBRD;BNRD;FFRD;PRRD;SKRD;NRRD;;;;OSRD;FVRD

Y:\Burnaby\Final\2012\1493\12-1493-0087\1214930087-001-R-Rev0-EcoRA\Components\APP A\
Appendix A.xlsx [I-1 Species]  Golder Associates  Page 4 of 7



 10/19/2012 APPENDIX A
Table I-1: Rare and Endangered Species in the Study Area

East Trail Ecological Risk Assessment
Trail, BC

 12-1493-0087

Scientific Name

Acipenser transmontanus

Acipenser transmontanus  pop. 2

Acrocheilus alutaceus

Cottus confusus

Cottus hubbsi

Fisherola nuttalli
Fluminicola fuscus
Fossaria truncatula

Oncorhynchus clarkii lewisi

Physella columbiana
Rhinichthys umatilla

Salvelinus confluentus

Search Criteria
Search Type: Plants & Animals
AND Species Subgroups: Fish, Freshwater OR Beetles 
(Tiger Beetles only) OR Dragonflies & Damselflies OR 
Grasshoppers and Related Insects OR Molluscs, 
Freshwater (Snails, Mussels & Clams) OR Molluscs, 
Terrestrial (Snails & Slugs) OR Other Invertebrates OR 
Spiders (Partial List)
AND Forest Districts:Arrow Boundary Forest District 
(DAB) ( Restricted to Red, Blue, and Legally designated 
species )
AND MOE Regions:4- Kootenay ( Restricted to Red, 
Blue, and Legally designated species )

AND Regional Districts: Kootenay Boundary (KBRD) ( 
Restricted to Red, Blue, and Legally designated species )

AND Habitat Types:Stream/River
AND BGC Zone:ICH
Sort Order:Scientific Name Ascending

Municipality BGC

BG;CDF;CWH;ICH;IDF;MS;PP;SBS

Castlegar;Nakusp;Slocan;New Denver;Silverton;Revelstoke;Golden;Trail ICH

Castlegar;Quesnel;Grand Forks;Osoyoos;Penticton;West Kelowna;Kelowna;Prince George;Salmon Arm;Princeton;Vernon;Summerland;Lake 
Country;Midway;Sicamous;Oliver;Keremeos;Merritt;Peachland;Logan Lake

BG;ICH;IDF;PP;SBPS;SBS

Castlegar;Slocan;Trail;Montrose ICH;IDF

Castlegar;Slocan;Fruitvale;Princeton;Trail;Rossland;Montrose;Keremeos BG;ICH;IDF;PP

Elkford;Trail;Sparwood;Fernie ICH
Elkford;Sparwood;Fernie ICH

ICH;IDF;PP;SWB
Castlegar;Cranbrook;Invermere;Radium Hot Springs;Greenwood;Nakusp;Slocan;Chetwynd;New Denver;Silverton;Kaslo;Salmo;Creston;Fruitvale;Grand 
Forks;Elkford;Canal Flats;Revelstoke;Salmon Arm;Kimberley;Golden;Trail;Midway;Sicamous;Rossland;Montrose;Warfield;Tumbler 
Ridge;Sparwood;Fernie;Nelson

ESSF;ICH;IDF;MS;SBS

ICH

Castlegar;Slocan;Grand Forks;Princeton;Trail;Montrose;Keremeos BG;ICH;IDF
Delta;Telkwa;Stewart;Castlegar;Cranbrook;Cache Creek;Ashcroft;Hope;Invermere;Dawson Creek;Harrison Hot Springs;Pemberton;Radium Hot 
Springs;100 Mile House;Valemount;Terrace;Chase;Quesnel;Nakusp;Slocan;Northern Rockies;Taylor;Chetwynd;Mackenzie;Hazelton;New Hazelton;Fort 
St. James;Houston;Richmond;Fraser Lake;Vanderhoof;McBride;Clinton;Kent;New 
Denver;Silverton;Kaslo;Salmo;Creston;Fruitvale;Mission;Granisle;Elkford;Canal Flats;Clearwater;Wells;Pitt Meadows;Port Coquitlam;Chilliwack;Langley 
(District);Abbotsford;Surrey;Squamish;Kamloops;Vancouver;Burnaby;Revelstoke;Prince George;New Westminster;Salmon 
Arm;Kimberley;Golden;Trail;Sicamous;Hudsons Hope;Williams Lake;Pouce Coupe;Coquitlam;Rossland;Montrose;Warfield;Fort St. John;Tumbler 
Ridge;Merritt;Maple Ridge;Smithers;Sparwood;Logan Lake;Fernie;Lytton;Lillooet;Nelson

BG;BWBS;CWH;ESSF;ICH;IDF;MS;PP;SBPS
;SBS;SWB
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(Tiger Beetles only) OR Dragonflies & Damselflies OR 
Grasshoppers and Related Insects OR Molluscs, 
Freshwater (Snails, Mussels & Clams) OR Molluscs, 
Terrestrial (Snails & Slugs) OR Other Invertebrates OR 
Spiders (Partial List)
AND Forest Districts:Arrow Boundary Forest District 
(DAB) ( Restricted to Red, Blue, and Legally designated 
species )
AND MOE Regions:4- Kootenay ( Restricted to Red, 
Blue, and Legally designated species )

AND Regional Districts: Kootenay Boundary (KBRD) ( 
Restricted to Red, Blue, and Legally designated species )

AND Habitat Types:Stream/River
AND BGC Zone:ICH
Sort Order:Scientific Name Ascending

Habitat Type Origin Presence Breeding Bird Endemic CF – Action Groups CF – Highest Priority CF – Priority Goal 1

Estuary;Lakes;Ocean;Stream/River Native Regularly occurring N
Monitor Trend; Status Rpt; Wildlife Act; COSEWIC; Plan; Hab 
Restore; Hab Protect; Private Land; Species Mgmt

2 4

Lakes;Stream/River Native Regularly occurring N
Status Rpt; Wildlife Act; COSEWIC; Plan; Species Mgmt; Hab 
Protect; Hab Restore; Private Land; Review Use

2 3

Lakes;Stream/River Native Regularly occurring N Inventory 2 4

Stream/River Native Regularly occurring N
Monitor Trend; Status Rpt; COSEWIC; Plan; Species Mgmt; Hab 
Protect; Hab Restore; Private Land

2 5

Stream/River Native Regularly occurring N
Monitor Trend; COSEWIC; Plan; Status Rpt; Species Mgmt; Hab 
Restore; Hab Protect; Private Land

2 4

Stream/River Native Regularly occurring N Rev Status; Inventory 1 2
Stream/River Native Regularly occurring N Inventory 1 3

Lakes;Stream/River Native Regularly occurring N Inventory 2 4

Lakes;Stream/River Native Regularly occurring N
Status Rpt; COSEWIC; Plan; Hab Restore; Hab Protect; Private 
Land; Review Use; Species Mgmt

2 2

Stream/River Native Regularly occurring N Inventory 1 3

Stream/River Native Regularly occurring N Taxonomy 2 4

Lakes;Stream/River Native Regularly occurring N
Monitor Trend; Review Use; Hab Restore; Species Mgmt; Status Rpt; 
COSEWIC; Plan; Private Land

2 2
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 10/19/2012 APPENDIX A
Table I-1: Rare and Endangered Species in the Study Area

East Trail Ecological Risk Assessment
Trail, BC

 12-1493-0087

Scientific Name

Acipenser transmontanus

Acipenser transmontanus  pop. 2

Acrocheilus alutaceus

Cottus confusus

Cottus hubbsi

Fisherola nuttalli
Fluminicola fuscus
Fossaria truncatula

Oncorhynchus clarkii lewisi

Physella columbiana
Rhinichthys umatilla

Salvelinus confluentus

Search Criteria
Search Type: Plants & Animals
AND Species Subgroups: Fish, Freshwater OR Beetles 
(Tiger Beetles only) OR Dragonflies & Damselflies OR 
Grasshoppers and Related Insects OR Molluscs, 
Freshwater (Snails, Mussels & Clams) OR Molluscs, 
Terrestrial (Snails & Slugs) OR Other Invertebrates OR 
Spiders (Partial List)
AND Forest Districts:Arrow Boundary Forest District 
(DAB) ( Restricted to Red, Blue, and Legally designated 
species )
AND MOE Regions:4- Kootenay ( Restricted to Red, 
Blue, and Legally designated species )

AND Regional Districts: Kootenay Boundary (KBRD) ( 
Restricted to Red, Blue, and Legally designated species )

AND Habitat Types:Stream/River
AND BGC Zone:ICH
Sort Order:Scientific Name Ascending

CF – Priority Goal 2 CF – Priority Goal 3 CDC Maps Mapping Status

6 2 N

6 2 Y

2 3 Y

6 2 Y

2 3 Y

6 1 Y
6 1 Y
2 3 W

2 3 W
Currently the CDC is not mapping this 
subspecies as it is quite wide spread.

6 1 Y

6 2 Y

2 3 W
Currently the CDC is not mapping this species 
as it is quite wide spread.
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 10/19/2012 APPENDIX B
Table B-1

Drive Point Water Chemistry Results – General Parameters and Metals
East Trail Ecological Risk Assessment

Trail, BC

 12-1493-0087

Lab ID K9I0170-06 K9K0216-05 K0J1085-07 K0J1085-09 K0J1085-11 K0J1089-09 K0J1089-02 K1J0446-02 K1J0446-04 K1J0446-06 K1J0446-08 K1J0446-15 K1J0446-10 K1J0446-12

Client ID DP-17 MR-D12 DP-30 DP-31 DP-32 Dup H DP-33 12-10-2011-1DP 12-10-2011-2DP 12-10-2011-3DP 12-10-2011-4DP12-10-2011-24DP12-10-2011-5DP 12-10-2011-6DP

Sample Station ID DP-17 MR-12 2010-30 2010-31 2010-32 2010-32 2010-33 2011-1 2011-2 2011-3 2011-4 2011-4 2011-5 2011-6

Water Sample Type DrivePoint Drive Point Drive Point Drive Point Drive Point Duplicate DP-32 Drive Point Drive Point Drive Point Drive Point Drive Point Duplicate 4 DP Drive Point Drive Point

Date Sampled 02-Sep-09 5-Nov-09 28-Oct-10 28-Oct-10 28-Oct-10 28-Oct-10 28-Oct-10 12-Oct-2011 12-Oct-2011 12-Oct-2011 12-Oct-2011 12-Oct-2011 12-Oct-2011 12-Oct-2011

Field Parameters

Conductivity (uS/cm) - - - 460 81 655 522 1870 1870 479 555 505 421 852 852 124 457

Temperature (C) - - 19.0k 16 9 10.1 10.3 11.2 11.2 11.1 11.7 11.8 11.4 11.8 11.8 12.9 13.6

pH - 6.5 - 9.0 6.5 - 9.0 7.7 - 7.60 7.60 7.35 7.35 7.91 7.25 7.36 7.59 7.89 7.89 8.45 8.21

Dissolved oxygen - 5.5  - 9.5a 8.0L 7.6 - 2.3 9.7 1.1 1.1 20.7 5.9 7.4 8.4 8.5 8.5 8.3 8.6

ORP (mV) - - - 104 - 118 89 -99 -99 80 1 21 -1 9 9 -6 61

General Parameters

Alkalinity, Total as CaCO3 1 - <20b,m 121 55.1 158 174 277 279 149 110 124 104 83.2 83.3 56.6 156

Chloride 0.1 120 150 31.9 0.75 56.7 13.4 415 293 31.1 41.5 32.2 19.2 131 134 0.93 15.2

Fluoride 0.1 0.12b 1.09 - 1.88f 0.13 <0.10 0.13 0.15 0.28 0.33 0.15 <0.10 0.15 0.12 <0.10 <0.10 <0.10 0.14

Hardness (Total as CaCO3) 0.5 - - 218 58.6 297 237 374 388 213 208 184 179 336 335 55.1 251

Hardness (Diss. as CaCO3) 0.5 - - 193 57 263 214 314 332 188 210 170 160 330 320 50 230

Nitrogen, Ammonia as N 0.01 0.20 - 8.5c 0.366 - 1.84c 0.02 0.02 0.02 0.03 0.07 0.08 0.02 <0.01 0.01 <0.01 <0.01 0.01 0.06 0.05

Nitrogen, Nitrate+Nitrite as N 0.02 - - 7.09 0.1 0.07 0.1 0.14 <0.02 2.49 3.05 4.22 4.61 6.82 6.72 0.031 <0.020

Nitrogen, Nitrate as N 0.01 3 3 7.09 0.1 0.07 0.1 0.14 0.01 2.49 3.05 4.22 4.61 6.82 6.72 0.031 <0.010

Nitrogen, Nitrite as N 0.01 0.06 0.02 - 0.2n <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01

Nitrogen, Total Kjeldahl 0.05 - - 0.15 0.22 0.09 0.17 0.22 0.4 0.18 <0.05 <0.05 0.16 <0.05 <0.05 0.2 0.22

Phosphorus, Total 0.005 0.01d - 0.02 0.21 <0.005 <0.005 0.08 0.22 0.04 0.04 0.06 0.01 0.02 0.03 0.07 0.02

Solids, Total Dissolved 0.05 - - 238 65 391 325 1090 1040 304 332 294 247 636 681 104 326

Sulphate 1 - 50 37.6 10.9 103 69.3 108 100 48.7 78.1 54.6 49.9 65.1 65.2 9.5 90.4

pH- lab 0.01 6.5 - 9.0 6.5 - 9.0 8.0 8.02 8.05 7.97 7.95 8.13 7.77 7.86 7.89 7.9 7.92 8 8.16

Conductivity-lab (uS/cm) 2 - - 465 132 643 507 1870 1880 473 511 473 390 790 791 128 501

Total and Dissolved Metals

Aluminum, total 0.033 0.26 0.085 0.062 0.074 0.083 1.58 0.063 0.396 0.036 0.972 0.652 0.543 0.128

Aluminum, dissolved 0.012 0.013 <0.005 0.006 <0.005 <0.005 0.006 <0.005 <0.005 <0.005 <0.005 0.005 0.02 0.005

Antimony, total 0.0001 0.0022 0.0006 0.0002 0.0012 0.0014 0.0015 0.0009 0.0006 0.0001 0.0001 0.0002 0.0002 0.0007 0.0002

Antimony, dissolved 0.002 0.0017 <0.0001 0.0001 0.0011 0.0015 0.0015 0.0004 0.0048 <0.0020 0.0021 <0.0020 <0.0020 <0.0020 <0.0020

Arsenic, total 0.0007 <0.0005 <0.0005 <0.0005 0.0118 0.0107 0.0007 <0.0005 0.0005 <0.0005 0.0008 0.0007 0.001 <0.0005

Arsenic, dissolved 0.0007 <0.0005 <0.0005 <0.0005 0.0109 0.0092 0.0005 0.0006 <0.0005 <0.0005 <0.0005 <0.0005 0.0006 <0.0005

Barium, total 0.118 0.0249 0.13 0.136 0.323 0.339 0.159 0.115 0.111 0.08 0.058 0.059 0.023 0.062

Barium, dissolved 0.104 0.0183 0.123 0.128 0.311 0.299 0.109 0.116 0.099 0.071 0.048 0.048 0.014 0.058

Beryllium, total <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001

Beryllium, dissolved <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001

Bismuth, total <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001

Bismuth, dissolved <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001

Boron, total 0.04 0.002 0.015 0.034 0.128 0.164 0.014 0.048 0.045 0.045 0.011 0.011 <0.004 0.01

Boron, dissolved 0.038 0.002 0.016 0.034 0.125 0.139 0.008 0.056 0.042 0.044 0.012 0.009 <0.004 0.008

Cadmium, total 0.00007 0.00006 <0.00001 0.00007 0.00007 0.00008 0.00008 0.00002 0.00006 0.00003 0.00019 0.00016 0.00007 0.00002

Cadmium, dissolved 0.00005 0.00001 <0.00001 0.00007 0.00003 0.00003 <0.00001 0.00002 0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001

Calcium, total 67 16.9 91.5 74.1 123 124 72.1 61.5 53.9 46.8 103 102 17.6 74

Calcium, dissolved 58.4 16.1 78 66.3 98.8 104 63.8 61.2 50.5 41.5 100 99.3 16.7 69.4

Chromium, total 0.0016 0.0017 0.0018 0.0015 0.0011 0.0015 0.008 0.0008 0.0021 0.0015 0.0051 0.0042 0.0012 0.0008

Chromium, dissolved 0.002 0.0006 0.0016 0.0013 0.0011 0.0009 0.0053 0.0007 0.0011 0.0013 0.0019 0.0022 <0.0005 0.0005

Cobalt, total 0.00015 0.0001 0.00028 0.00045 0.00069 0.00077 0.00099 <0.00005 0.0005 0.00006 0.00094 0.00067 0.00033 0.00021

Cobalt, dissolved 0.0001 <0.00005 0.00011 0.00035 0.0006 0.00059 0.00005 <0.00005 <0.00005 <0.00005 <0.00005 <0.00005 <0.00005 0.00009

Copper, total 0.0016 0.0043 0.0007 0.0035 0.0029 0.0036 0.0065 0.0007 0.0014 0.0004 0.0025 0.002 0.0038 0.0003

Copper, dissolved 0.0006 0.0012 0.0003 0.0019 0.0028 0.0029 0.0002 0.0003 0.0002 <0.0002 <0.0002 <0.0002 0.0003 <0.0002

Iron, total 1.0 0.22 0.27 0.27 0.26 1.57 1.74 2.22 0.1 0.81 0.07 1.75 1.18 0.79 0.22

Iron, dissolved 0.35 0.095 0.04 0.09 0.082 1.51 1.45 0.077 <0.01 <0.01 <0.01 <0.01 <0.01 0.01 <0.01

Lead, total 0.0243 0.0133 0.0006 0.0027 0.0033 0.0035 0.0128 0.0003 0.0007 0.0004 0.0052 0.0056 0.0163 0.0004

Lead, dissolved 0.0029 0.0004 <0.0001 0.0002 0.0003 0.0003 <0.0001 0.0001 0.0008 <0.0001 <0.0001 <0.0001 0.0009 <0.0001

Lithium, total 0.0038 0.0013 0.0061 0.0062 0.0104 0.0138 0.0085 0.0031 0.0042 0.0035 0.0072 0.0071 0.0015 0.007

Lithium, dissolved 0.003 0.0011 0.006 0.0064 0.0105 0.0101 0.0065 0.0033 0.0039 0.0034 0.0064 0.0064 0.0012 0.0067

Magnesium, total 12.4 4.01 16.6 12.7 16.2 19 7.99 13.2 11.9 15 19.3 19.6 2.68 16

Magnesium, dissolved 11.5 4.09 16.5 11.9 16.4 17.5 7.01 13 10.6 13.1 18.8 18.7 2.5 14.9

Manganese, total 0.0085 0.012 0.0099 0.0436 0.456 0.514 0.123 0.0055 0.0284 0.0109 0.0717 0.0569 0.016 0.0088

Manganese, dissolved 0.0068 0.0011 0.0039 0.0404 0.456 0.447 0.0006 0.0015 0.001 0.0006 0.0007 0.0007 0.0006 0.0047

Mercury, total <0.00002 0.00003 <0.00002 <0.000008 <0.00002 <0.00002 <0.00002 <0.00002 <0.00002 <0.00002 <0.00002 <0.00002 0.00003 <0.00002

Mercury, dissolved <0.00002 <0.00002 <0.00005 <0.00005 <0.00005 <0.00005 <0.00005 <0.00002 <0.00002 <0.00002 <0.00002 <0.00002 <0.00002 <0.00002

Molybdenum, total 0.0004 0.0006 0.0035 0.0017 0.0032 0.0034 0.0007 0.0009 0.0016 0.002 0.0007 0.0008 0.0003 0.0061

Molybdenum, dissolved 0.0004 0.0006 0.0034 0.0016 0.0031 0.003 0.0005 0.0017 0.0014 0.0017 0.0007 0.0007 0.0003 0.005

Nickel, total 0.0021 0.001 0.0024 0.0024 0.0033 0.0037 0.005 0.0007 0.0016 0.0008 0.003 0.0018 0.0011 0.0024

Nickel, dissolved 0.0016 0.0007 0.0017 0.0021 0.0025 0.0025 0.0013 0.0006 0.0007 0.0005 0.0003 0.0003 0.0003 0.0022

Phosphorus, total 0.04 0.02 <0.02 <0.02 0.06 0.07 0.11 <0.02 0.04 <0.02 0.21 0.13 0.06 <0.02
Phosphorus, dissolved <0.020 <0.020 <0.020 <0.02 0.059 0.062 <0.02 <0.02 <0.02 <0.02 <0.02 <0.02 <0.02 <0.02
Potassium, total 2.35 0.68 4.72 3.71 7.65 8.75 3.38 2.69 3.24 2.46 2.99 3.12 1.38 5.66

Potassium, dissolved 2.2 0.625 4.19 3.35 7.64 7.66 2.67 2.62 2.81 2.14 2.85 2.85 1.21 5.41

Selenium, total 0.0045 <0.0003 <0.0003 0.0014 <0.0003 <0.0003 0.0011 0.0023 0.0041 0.002 0.0026 0.0027 <0.0005 0.0086

Selenium, dissolved 0.0049 <0.0003 0.0004 0.0014 <0.0003 <0.0003 0.0011 0.0032 0.0048 0.0015 0.0025 0.0027 <0.0005 0.0089

Silicon, total 7.8 2.2 4 3.9 5.8 7.9 10.9 6 8.2 8.9 7.6 7.4 5.5 4.4

Silicon, dissolved 7.56 1.5 4.1 3.92 5.25 5.47 7.65 5.9 7 7.9 6 6.1 4.8 4.2

Silver, total <0.00005 0.00008 <0.00005 0.00006 <0.00005 <0.00005 0.00045 <0.00005 <0.00005 <0.00005 <0.00005 <0.00005 0.0001 <0.00005

Silver, dissolved <0.00005 <0.00005 <0.00005 <0.00005 <0.00005 <0.00005 <0.00005 <0.00005 <0.00005 <0.00005 <0.00005 <0.00005 <0.00005 <0.00005

Sodium, total 10.1 1.49 7.51 5.03 239 247 9.03 16.1 25.8 11.7 7.1 7.23 3.57 6

Sodium, dissolved 9.39 1.49 7.2 5.06 237 235 9 15.6 23 10 6.99 6.96 3.3 5.49

Strontium, total 0.325 0.12 0.337 0.327 0.574 0.666 0.421 0.315 0.254 0.2 0.49 0.536 0.091 0.344

Strontium, dissolved 0.286 0.115 0.371 0.341 0.645 0.629 0.408 0.29 0.222 0.166 0.415 0.467 0.084 0.313

Tellurium, total <0.0002 <0.0002 <0.0002 <0.0002 <0.0002 <0.0002 <0.0002 <0.0002 <0.0002 <0.0002 <0.0002 <0.0002 <0.0002 <0.0002

Tellurium, dissolved <0.0002 <0.0002 <0.0002 <0.0002 <0.0002 <0.0002 <0.0002 <0.0002 <0.0002 <0.0002 <0.0002 <0.0002 <0.0002 <0.0002

Thallium, total <0.00002 <0.00002 <0.00002 <0.00002 <0.00002 <0.00002 0.00004 <0.00002 <0.00002 <0.00002 <0.00002 <0.00002 <0.00002 <0.00002

Thallium, dissolved <0.00002 <0.00002 <0.00002 <0.00002 <0.00002 <0.00002 <0.00002 0.00008 <0.00002 0.00002 <0.00002 <0.00002 <0.00002 <0.00002

Thorium, total <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 0.0006 <0.0001 0.0002 <0.0001 0.0003 0.0002 0.0002 <0.0001

Thorium, dissolved <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001

Tin, total 0.0003 0.0005 <0.0002 <0.0002 <0.0002 <0.0002 0.0004 <0.0002 <0.0002 <0.0002 <0.0002 <0.0002 0.0003 <0.0002

Tin, dissolved <0.0002 <0.0002 <0.0002 <0.0002 <0.0002 <0.0002 <0.0002 <0.0002 <0.0002 <0.0002 <0.0002 <0.0002 <0.0002 <0.0002

Titanium, total <0.005 0.014 0.01 0.008 0.012 0.013 0.123 <0.005 0.033 <0.005 0.078 0.047 0.021 0.009

Titanium, dissolved <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005

Uranium, total 0.0006 0.00057 0.014 0.0101 0.0173 0.0184 0.00351 0.00468 0.00468 0.00153 0.00338 0.00336 0.00043 0.0782

Uranium, dissolved 0.00053 0.00047 0.0149 0.0102 0.0179 0.0187 0.00323 0.00442 0.00387 0.00126 0.00284 0.00282 0.00033 0.0664

Vanadium, total <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 0.005 <0.001 0.002 <0.001 0.004 0.003 0.003 0.001

Vanadium, dissolved <0.0010 <0.0010 <0.0010 <0.0010 <0.0010 <0.0010 0.0027 <0.001 <0.001 <0.001 <0.001 <0.001 0.001 <0.001

Zinc, total 0.006 0.008 0.004 0.077 0.009 0.011 0.035 0.007 <0.004 <0.004 0.04 0.029 0.036 <0.004

Zinc, dissolved 0.0022 0.0014 0.0015 0.0756 0.0064 0.0058 <0.0010 <0.004 <0.004 <0.004 <0.004 <0.004 <0.004 <0.004

Zirconium, total <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 0.0001 0.0005 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001

Zirconium, dissolved <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001

Notes

- 0.02b

0.0005 0.005 0.005

0.005 - 1b

Reported 
Detection 

Limit 
(mg/L)

CCME Freshwater 
Aquatic Life 

Guideline (Jan 
2011) (mg/L)

BC Freshwater 
Aquatic Life 
Guideline 

(BCWQG) (mg/L)

0.005 0.1e 0.05e

0.004 1.5 1.2

0.00001 0.00002 - 0.00011f 0.00002 - 0.00011f

0.0001 - 0.0053b

0.0001 - -

0.00005 - 0.004

0.0002 0.002 - 0.0075f 0.002 - 0.016f

0.2 - <8.0b,m

0.0005 0.001, 0.0089g 0.001, 0.0089b,g

0.01 - -

0.0002 - 0.85 - 2.31f

0.01 0.3

0.0001 0.0015 - 0.0179f 0.005 - 0.021f

0.0001 - 0.014b

0.0002 0.061 - 0.268f 0.025 - 0.150b,f

0.02i 0.01d -

0.00002 0.000026h 0.00002

0.0001 0.073 1.0

0.5 - -

0.00005 0.0001 0.00005 - 0.0015f

0.02 - 373 - 432b,o

0.0005 0.001 0.002

0.0002 - -

0.00002 0.0008 0.0003b,p

0.02 - -

0.001 - -

0.005 - 2.0 - 4.6b,q

0.00002 0.015J 0.3b,r

0.0001 - -

0.0002 - -

0.0001 - -

0.001 - 0.006b,p

0.004 0.03 0.008 - 0.231f

Values expressed in mg/L unless otherwise noted
aLowest acceptable dissolved oxygen concentration, varys for warm and cold water 
biota and life stage; for CCME, guideline of 5.5 mg/L assumed for minimum DO levels.
bInterim guideline for CCME guidelines or working guidelines for BC WQGs.
cGuideline for total ammonia-nitrogen is temperature and pH dependent. Guideline 
range shown is for the temperature and pH ranges measured for the water samples.
dThis is the upper end of the trigger range for total phosphorus for oligotrophic water 
bodies, such as the Lower Columbia River.
eGuideline for aluminum is pH dependent. Guideline used is for waters with a pH ≥ 6.5.
fGuideline is hardness dependent. Guideline range shown is for the range of hardness 
measured in the water samples.
gGuideline for trivalent chromium is 0.0089 mg/L and the guideline for hexavalent 
chromium is 0.001 mg/L; the latter is the principal species found in surface waters.
hGuideline for inorganic mercury.

rWorking guideline for uranium is a maximum guideline.
pGuideline for vanadium is Ontario’s water quality objective for aquatic life.

Underscore = Exceeds CCME guidelines for the protection of freshwater aquatic life.

Yellow highlight = Exceeds BC MoE guidelines for the protection of freshwater aquatic 
life.

iDetection limit for total/dissolved phosphorus is above the CCME guideline for 
freshwater aquatic life; refer instead to total phosphorus analysis under general 
parameters.
JGuideline for uranium applies to total recoverable, unfiltered uranium.
kGuideline for maximum daily temperature for freshwater aquatic life for streams with 
unknown fish distribution.
LGuideline for dissolved oxygen is a 30-day mean value for all life stages other than 
buried embryo/alevin, which is 11.0 mg/L.
mOver 20 mg/L for alkalinity (8 mg/L for calcium), there is low sensitivity to acid inputs.
nGuideline is chloride dependant.
oGuideline for potassium is the threshold for Daphnia magna immobilization.
pGuideline is based on Ontario guideline
qGuideline for titanium is 2.0 mg/L, median threshold level: Scenedesmus , and 4.6 
mg/L, median threshold level: Daphnia . Conservatively used former for screening.
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 10/19/2012 APPENDIX B
Table B-1

Drive Point Water Chemistry Results – General Parameters and Metals
East Trail Ecological Risk Assessment

Trail, BC

 12-1493-0087

Lab ID

Client ID

Sample Station ID

Water Sample Type

Date Sampled

Field Parameters

Conductivity (uS/cm) - - -

Temperature (C) - - 19.0k

pH - 6.5 - 9.0 6.5 - 9.0

Dissolved oxygen - 5.5  - 9.5a 8.0L

ORP (mV) - - -

General Parameters

Alkalinity, Total as CaCO3 1 - <20b,m

Chloride 0.1 120 150

Fluoride 0.1 0.12b 1.09 - 1.88f

Hardness (Total as CaCO3) 0.5 - -

Hardness (Diss. as CaCO3) 0.5 - -

Nitrogen, Ammonia as N 0.01 0.20 - 8.5c 0.366 - 1.84c

Nitrogen, Nitrate+Nitrite as N 0.02 - -

Nitrogen, Nitrate as N 0.01 3 3

Nitrogen, Nitrite as N 0.01 0.06 0.02 - 0.2n

Nitrogen, Total Kjeldahl 0.05 - -

Phosphorus, Total 0.005 0.01d -

Solids, Total Dissolved 0.05 - -

Sulphate 1 - 50

pH- lab 0.01 6.5 - 9.0 6.5 - 9.0

Conductivity-lab (uS/cm) 2 - -

Total and Dissolved Metals

Aluminum, total

Aluminum, dissolved

Antimony, total 0.0001

Antimony, dissolved 0.002

Arsenic, total

Arsenic, dissolved

Barium, total

Barium, dissolved

Beryllium, total

Beryllium, dissolved

Bismuth, total

Bismuth, dissolved

Boron, total

Boron, dissolved

Cadmium, total

Cadmium, dissolved

Calcium, total

Calcium, dissolved

Chromium, total

Chromium, dissolved

Cobalt, total

Cobalt, dissolved

Copper, total

Copper, dissolved

Iron, total 1.0

Iron, dissolved 0.35

Lead, total

Lead, dissolved

Lithium, total

Lithium, dissolved

Magnesium, total

Magnesium, dissolved

Manganese, total

Manganese, dissolved

Mercury, total

Mercury, dissolved

Molybdenum, total

Molybdenum, dissolved

Nickel, total

Nickel, dissolved

Phosphorus, total

Phosphorus, dissolved

Potassium, total

Potassium, dissolved

Selenium, total

Selenium, dissolved

Silicon, total

Silicon, dissolved

Silver, total

Silver, dissolved

Sodium, total

Sodium, dissolved

Strontium, total

Strontium, dissolved

Tellurium, total

Tellurium, dissolved

Thallium, total

Thallium, dissolved

Thorium, total

Thorium, dissolved

Tin, total

Tin, dissolved

Titanium, total

Titanium, dissolved

Uranium, total

Uranium, dissolved

Vanadium, total

Vanadium, dissolved

Zinc, total

Zinc, dissolved

Zirconium, total

Zirconium, dissolved

Notes

- 0.02b

0.0005 0.005 0.005

0.005 - 1b

Reported 
Detection 

Limit 
(mg/L)

CCME Freshwater 
Aquatic Life 

Guideline (Jan 
2011) (mg/L)

BC Freshwater 
Aquatic Life 
Guideline 

(BCWQG) (mg/L)

0.005 0.1e 0.05e

0.004 1.5 1.2

0.00001 0.00002 - 0.00011f 0.00002 - 0.00011f

0.0001 - 0.0053b

0.0001 - -

0.00005 - 0.004

0.0002 0.002 - 0.0075f 0.002 - 0.016f

0.2 - <8.0b,m

0.0005 0.001, 0.0089g 0.001, 0.0089b,g

0.01 - -

0.0002 - 0.85 - 2.31f

0.01 0.3

0.0001 0.0015 - 0.0179f 0.005 - 0.021f

0.0001 - 0.014b

0.0002 0.061 - 0.268f 0.025 - 0.150b,f

0.02i 0.01d -

0.00002 0.000026h 0.00002

0.0001 0.073 1.0

0.5 - -

0.00005 0.0001 0.00005 - 0.0015f

0.02 - 373 - 432b,o

0.0005 0.001 0.002

0.0002 - -

0.00002 0.0008 0.0003b,p

0.02 - -

0.001 - -

0.005 - 2.0 - 4.6b,q

0.00002 0.015J 0.3b,r

0.0001 - -

0.0002 - -

0.0001 - -

0.001 - 0.006b,p

0.004 0.03 0.008 - 0.231f

Values expressed in mg/L unless otherwise noted
aLowest acceptable dissolved oxygen concentration, varys for warm and cold water 
biota and life stage; for CCME, guideline of 5.5 mg/L assumed for minimum DO levels.
bInterim guideline for CCME guidelines or working guidelines for BC WQGs.
cGuideline for total ammonia-nitrogen is temperature and pH dependent. Guideline 
range shown is for the temperature and pH ranges measured for the water samples.
dThis is the upper end of the trigger range for total phosphorus for oligotrophic water 
bodies, such as the Lower Columbia River.
eGuideline for aluminum is pH dependent. Guideline used is for waters with a pH ≥ 6.5.
fGuideline is hardness dependent. Guideline range shown is for the range of hardness 
measured in the water samples.
gGuideline for trivalent chromium is 0.0089 mg/L and the guideline for hexavalent 
chromium is 0.001 mg/L; the latter is the principal species found in surface waters.
hGuideline for inorganic mercury.

rWorking guideline for uranium is a maximum guideline.
pGuideline for vanadium is Ontario’s water quality objective for aquatic life.

Underscore = Exceeds CCME guidelines for the protection of freshwater aquatic life.

Yellow highlight = Exceeds BC MoE guidelines for the protection of freshwater aquatic 
life.

iDetection limit for total/dissolved phosphorus is above the CCME guideline for 
freshwater aquatic life; refer instead to total phosphorus analysis under general 
parameters.
JGuideline for uranium applies to total recoverable, unfiltered uranium.
kGuideline for maximum daily temperature for freshwater aquatic life for streams with 
unknown fish distribution.
LGuideline for dissolved oxygen is a 30-day mean value for all life stages other than 
buried embryo/alevin, which is 11.0 mg/L.
mOver 20 mg/L for alkalinity (8 mg/L for calcium), there is low sensitivity to acid inputs.
nGuideline is chloride dependant.
oGuideline for potassium is the threshold for Daphnia magna immobilization.
pGuideline is based on Ontario guideline
qGuideline for titanium is 2.0 mg/L, median threshold level: Scenedesmus , and 4.6 
mg/L, median threshold level: Daphnia . Conservatively used former for screening.

K1J0446-14 K1J0497-02 K1J0497-15 K1J0497-04 K1J0497-06 K1J0497-08 K1J0497-10 K1J0497-12 K1J0497-14

12-10-2011-7DP 13-10-2011-8DP13-10-2011-28DP13-10-2011-9DP 13-10-2011-10DP 13-10-2011-11DP 13-10-2011-12DP 13-10-2011-13DP 13-10-2011-14DP

2011-7 2011-8 2011-8 2011-9 2011-10 2011-11 2011-12 2011-13 2011-14

Drive Point Drive Point Duplicate 8DP Drive Point Drive Point Drive Point Drive Point Drive Point Drive Point

12-Oct-2011 13-Oct-2011 13-Oct-2011 13-Oct-2011 13-Oct-2011 13-Oct-2011 13-Oct-2011 13-Oct-2011 13-Oct-2011

430 583 583 412 364 611 160 273 167

11.9 11.1 11.1 12.2 12.6 10.0 11.8 10.6 10.5

8.02 7.85 7.85 8.20 8.29 6.91 7.27 7.66 7.29

2.0 8.6 8.6 8.8 8.8 9.0 6.5 9.3 9.3

-75 99 99 60 46 46 52 109 82

138 203 204 117 110 23.3 72.3 81.9 42

6.9 7.94 7.87 13.2 16.4 131 0.8 2.79 3.7

0.25 <0.10 <0.10 0.14 0.11 <0.10 <0.10 <0.10 0.13

188 252 254 165 147 95.8 80.3 116 66.3

180 240 250 150 140 90 80 110 60

<0.01 0.01 0.01 0.02 0.03 0.01 0.02 0.02 0.03

<0.020 4.27 4.26 1.93 1.22 0.796 0.116 1.71 0.416

<0.010 4.27 4.26 1.93 1.22 0.796 0.116 1.71 0.416

<0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01

0.16 0.08 0.16 0.22 0.17 0.06 0.27 0.23 0.09

0.02 0.03 0.008 0.04 0.04 0.08 0.02 0.04 0.03

256 350 349 226 210 355 111 155 126

65.9 66.3 66.1 52.4 37.6 15.8 13.6 38.6 35.5

8.07 7.9 7.95 8.02 8.04 6.95 7.56 7.74 7.41

399 531 533 369 335 542 165 247 169

0.129 0.028 0.02 0.145 0.342 0.075 0.086 0.177 0.095

0.012 0.006 0.007 0.011 0.009 <0.005 <0.005 0.005 0.006

0.0002 0.0006 0.0004 0.0007 0.0007 0.0002 0.0009 0.0013 0.0003

<0.0020 <0.0020 <0.0020 <0.0020 <0.0020 <0.0020 <0.0020 <0.0020 <0.0020

0.0008 <0.0005 <0.0005 0.0015 0.0013 <0.0005 <0.0005 0.0016 <0.0005

0.0006 <0.0005 <0.0005 0.0012 0.0011 <0.0005 <0.0005 0.0009 <0.0005

0.072 0.135 0.133 0.066 0.09 0.043 0.039 0.041 0.02

0.07 0.13 0.13 0.062 0.08 0.041 0.035 0.037 0.018

<0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001

<0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001

<0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001

<0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001

0.007 0.021 0.018 0.017 0.008 0.008 0.008 0.007 0.007

0.005 0.019 0.019 0.016 0.008 0.008 0.006 0.006 0.007

0.00003 0.00004 0.00003 0.00035 0.00023 0.00011 0.00043 0.00112 0.00009

<0.00001 0.00003 0.00002 0.00026 0.00017 0.00008 0.00037 0.00089 0.00006

57.7 79.2 80.2 52.4 47.3 31.4 22.8 32.7 19.3

56.9 76.1 80.2 49.2 45.3 29.4 21.8 30.9 18.5

0.0009 0.0016 0.0015 0.0013 0.0018 0.0013 0.0008 0.0016 0.0025

<0.0005 0.0013 0.0013 0.0011 0.0014 0.001 <0.0005 0.001 0.0023

0.00015 <0.00005 <0.00005 0.00011 0.00028 0.00009 0.00007 0.00013 0.00013

0.00009 <0.00005 <0.00005 <0.00005 <0.00005 <0.00005 <0.00005 <0.00005 <0.00005

0.0018 0.0017 0.0019 0.0031 0.002 0.0005 0.0024 0.0036 0.0011

<0.0002 0.0013 0.0013 0.0009 0.0003 0.0003 0.0008 0.0007 <0.0002

0.42 0.04 0.03 0.23 0.43 0.11 0.11 0.25 0.18

0.06 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01

0.0066 0.0006 <0.0001 0.0008 0.0004 0.0009 0.0004 0.0017 0.0004

<0.0001 0.0001 <0.0001 0.0003 0.0001 <0.0001 <0.0001 0.0008 <0.0001

0.0041 0.007 0.007 0.0046 0.0048 0.0021 0.002 0.0013 0.0034

0.0039 0.0066 0.0069 0.0041 0.0043 0.0019 0.0017 0.0011 0.0031

10.6 13 12.9 8.15 6.9 4.21 5.64 8.25 4.4

10.3 12.5 12.8 7.5 6.57 4.17 5.15 7.95 4.51

0.0152 0.0027 0.0026 0.0135 0.0208 0.0052 0.0069 0.0085 0.0089

0.0109 0.0013 0.0014 0.0011 0.0003 0.0008 0.0009 0.0016 0.003

<0.00002 0.00004 <0.00002 <0.00002 <0.00002 <0.00002 <0.00002 0.00003 <0.00002

<0.00002 <0.00002 <0.00002 <0.00002 <0.00002 <0.00002 <0.00002 <0.00002 <0.00002

0.0048 0.0007 0.0007 0.0025 0.001 <0.0001 0.0003 0.0004 0.0003

0.0043 0.0006 0.0006 0.0022 0.0009 <0.0001 0.0002 0.0004 0.0003

0.0007 0.0007 0.0007 0.0007 0.0008 0.0012 0.0006 0.0008 0.0006

0.0004 0.0005 0.0006 0.0004 0.0002 0.0009 0.0003 0.0004 0.0004

0.03 <0.02 <0.02 0.02 <0.02 <0.02 <0.02 <0.02 <0.02
<0.02 <0.02 <0.02 <0.02 <0.02 <0.02 <0.02 <0.02 <0.02

3.2 3.41 3.35 2.82 2.38 1.98 0.8 0.83 1.64

3.07 3.26 3.37 2.6 2.21 1.91 0.72 0.79 1.59

<0.0005 0.0032 0.0032 0.0015 0.0007 <0.0005 0.0005 0.0005 0.0005

<0.0005 0.0035 0.0031 0.0013 0.0008 <0.0005 <0.0005 0.0008 <0.0005

5.6 6.1 6 5.2 6.9 7.2 2.8 4.2 7.9

5.3 6.2 6 5 6.2 7.1 2.8 3.9 7.8

0.00006 <0.00005 <0.00005 <0.00005 <0.00005 <0.00005 0.00006 0.00007 <0.00005

<0.00005 <0.00005 <0.00005 <0.00005 <0.00005 <0.00005 <0.00005 <0.00005 <0.00005

4.09 5.02 4.97 5.26 5.3 58 1.97 2.54 3.04

4 4.8 4.91 4.72 5.06 54.8 1.82 2.43 2.95

0.306 0.386 0.383 0.308 0.29 0.318 0.133 0.19 0.099

0.273 0.345 0.343 0.269 0.255 0.277 0.118 0.166 0.091

<0.0002 <0.0002 <0.0002 <0.0002 <0.0002 <0.0002 <0.0002 <0.0002 <0.0002

<0.0002 <0.0002 <0.0002 <0.0002 <0.0002 <0.0002 <0.0002 <0.0002 <0.0002

<0.00002 <0.00002 <0.00002 <0.00002 <0.00002 <0.00002 0.00013 0.00006 <0.00002

<0.00002 <0.00002 <0.00002 <0.00002 <0.00002 <0.00002 0.00013 0.00005 <0.00002

0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001

<0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001

0.0002 <0.0002 <0.0002 <0.0002 <0.0002 <0.0002 <0.0002 <0.0002 <0.0002

<0.0002 <0.0002 <0.0002 <0.0002 <0.0002 <0.0002 <0.0002 <0.0002 <0.0002

0.008 <0.005 <0.005 0.007 0.016 <0.005 <0.005 0.008 <0.005

<0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005

0.00849 0.0112 0.0114 0.00765 0.00322 0.0001 0.00027 0.00126 0.00051

0.00766 0.00968 0.0106 0.00643 0.00274 0.00007 0.00022 0.00099 0.00039

0.001 0.001 0.001 0.002 0.003 <0.001 <0.001 <0.001 0.001

<0.001 <0.001 <0.001 <0.001 0.001 <0.001 <0.001 <0.001 <0.001

0.016 <0.004 <0.004 0.017 0.018 0.006 0.032 0.056 0.016

0.004 <0.004 <0.004 0.006 <0.004 0.004 0.022 0.031 0.008

<0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001

<0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001
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 10/19/2012 APPENDIX B
Table B-1

Drive Point Water Chemistry Results – General Parameters and Metals
East Trail Ecological Risk Assessment

Trail, BC

 12-1493-0087

Lab ID K9I0170-05 K9K0216-06 K9K0216-04 K0J1085-06 K0J1085-08 K0J1085-10 K0J1089-01 K1J0446-01 K1J0446-03 K1J0446-05 K1J0446-07 K1J0446-09 K1J0446-11 K1J0446-13

Client ID RB-17 MR-B11 MR-B12 RB-30 RB-31 RB-32 RB-33 12-10-2011-1RB 12-10-2011-2RB 12-10-2011-3RB 12-10-2011-4RB 12-10-2011-5RB 12-10-2011-6RB 12-10-2011-7RB

Sample Station ID DP-17 MR-11 MR-12 2010-30 2010-31 2010-32 2010-33 2011-1 2011-2 2011-3 2011-4 2011-5 2011-6 2011-7

Water Sample Type RiverBottom River Bottom River Bottom River Bottom River Bottom River Bottom River Bottom River Bottom River Bottom River Bottom River Bottom River Bottom River Bottom River Bottom

Date Sampled 02-Sep-09 5-Nov-09 5-Nov-09 28-Oct-10 28-Oct-10 28-Oct-10 28-Oct-10 12-Oct-2011 12-Oct-2011 12-Oct-2011 12-Oct-2011 12-Oct-2011 12-Oct-2011 12-Oct-2011

Field Parameters

Conductivity (uS/cm) - - - 123 84 81 134 132 133 132 118 115 115 115 114 114 121

Temperature (C) - - 19.0k 20 9 9 10.5 10.5 10.4 10.4 13.4 13.4 13.7 13.6 13.8 13.8 13.6

pH - 6.5 - 9.0 6.5 - 9.0 8.4 - - 7.72 7.83 7.92 7.84 8.12 8.13 8.15 7.98 8.22 8.07 8.14

Dissolved oxygen - 5.5  - 9.5a 8.0L 9.1 - - 11.3 11.3 11.5 11.4 7.7 7.3 8.2 8.7 8.5 8.8 9.0

ORP (mV) - - - 78 - - 118 82 74 66 -55 -3 -12 32 40 59 73

General Parameters

Alkalinity, Total as CaCO3 1 - <20b,m 54.3 55.9 56 55.6 56.1 56.4 57 51.6 51.4 51.5 50.7 50.9 50.7 54.2

Chloride 0.1 120 150 0.9 0.73 0.71 1.03 0.88 1.11 1.04 0.6 0.61 0.59 0.6 0.51 0.54 0.82

Fluoride 0.1 0.12b 1.09 - 1.88f <0.10 <0.10 <0.10 <0.10 <0.10 <0.10 <0.10 <0.10 <0.10 <0.10 <0.10 <0.10 <0.10 <0.10

Hardness (Total as CaCO3) 0.5 - - 59.2 59.6 58.3 64.3 61.8 63.5 63.6 60 60.3 62 58.8 55.3 55.3 60.2

Hardness (Diss. as CaCO3) 0.5 - - 58 57 57 57 57 57 62 60 60 50 50 60 50 60

Nitrogen, Ammonia as N 0.01 0.20 - 8.5c 0.366 - 1.84c 0.08 0.02 0.02 0.03 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02

Nitrogen, Nitrate+Nitrite as N 0.02 - - 0.04 0.1 0.09 0.07 0.06 0.06 0.08 0.085 0.091 0.087 0.084 0.072 0.078 0.08

Nitrogen, Nitrate as N 0.01 3 3 0.04 0.1 0.09 0.07 0.06 0.06 0.08 0.085 0.091 0.087 0.084 0.072 0.078 0.08

Nitrogen, Nitrite as N 0.01 0.06 0.02 - 0.2n <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01

Nitrogen, Total Kjeldahl 0.05 - - 0.17 0.18 0.13 0.1 0.19 0.21 0.27 0.36 0.22 0.27 0.18 0.24 0.34 0.26

Phosphorus, Total 0.005 0.01d - <0.005 0.06 0.24 <0.005 <0.005 <0.005 0.02 0.02 0.01 0.01 0.02 0.01 0.01 0.009

Solids, Total Dissolved 0.05 - - 79 61 55 85 93 102 103 90 81 85 80 79 76 95

Sulphate 1 - 50 11.1 12.2 10.8 12.9 12.4 12.4 13.3 10.4 10.1 10.1 10 9.8 9.9 10.9

pH- lab 0.01 6.5 - 9.0 6.5 - 9.0 - 8.0 8.0 7.94 7.88 7.95 7.89 7.89 7.91 7.9 7.91 7.92 7.91 7.93

Conductivity-lab (uS/cm) 2 - - 130 135 133 138 139 138 136 120 120 121 119 118 120 127

Total and Dissolved Metals

Aluminum, total 0.01 0.148 0.032 0.021 0.016 0.054 0.014 0.019 0.015 0.082 0.068 0.016 0.029 0.013

Aluminum, dissolved 0.008 0.01 0.01 <0.005 <0.005 <0.005 <0.005 <0.005 0.006 0.006 0.005 0.006 0.006 0.006

Antimony, total 0.0001 0.0001 0.0011 0.0002 <0.0001 <0.0001 0.0002 <0.0001 0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001

Antimony, dissolved 0.002 <0.0001 0.0004 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 0.0041 <0.0020 <0.0020 0.0021 <0.0020 <0.0020 <0.0020

Arsenic, total <0.0005 <0.0005 <0.0005 <0.0005 <0.0005 <0.0005 <0.0005 <0.0005 <0.0005 <0.0005 <0.0005 <0.0005 <0.0005 <0.0005

Arsenic, dissolved <0.0005 <0.0005 <0.0005 <0.0005 <0.0005 <0.0005 <0.0005 <0.0005 <0.0005 <0.0005 <0.0005 <0.0005 <0.0005 <0.0005

Barium, total 0.0196 0.0245 0.0205 0.0206 0.0202 0.0215 0.0196 0.019 0.018 0.019 0.017 0.016 0.017 0.019

Barium, dissolved 0.0182 0.0182 0.0183 0.0192 0.0194 0.0186 0.0181 0.017 0.017 0.017 0.017 0.017 0.017 0.019

Beryllium, total <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001

Beryllium, dissolved <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001

Bismuth, total <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001

Bismuth, dissolved <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001

Boron, total 0.003 0.003 0.002 0.006 0.005 0.004 0.008 0.007 <0.004 <0.004 <0.004 <0.004 <0.004 <0.004

Boron, dissolved <0.002 0.002 <0.002 <0.004 <0.004 <0.004 <0.004 0.012 0.007 0.006 0.006 <0.004 <0.004 <0.004

Cadmium, total 0.00001 0.00023 0.00001 <0.00001 <0.00001 0.00005 <0.00001 0.00002 0.00002 0.00004 0.00002 <0.00001 0.00002 0.00002

Cadmium, dissolved <0.00001 0.00004 <0.00001 <0.00001 <0.00001 0.00002 <0.00001 0.00002 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001

Calcium, total 17 17.2 16.8 19 18.2 18.9 18.6 17.9 17.9 18.3 17.5 16.3 16.4 18.1

Calcium, dissolved 16.9 16.1 16.3 16.4 16.4 16.6 18.2 16.5 16.6 16.4 16.4 16.6 16.3 17.6

Chromium, total 0.0006 0.0016 0.0016 0.0012 0.0013 0.0026 0.0013 <0.0005 <0.0005 <0.0005 <0.0005 <0.0005 0.0006 0.0007

Chromium, dissolved 0.0006 <0.0005 <0.0005 0.0007 0.001 0.0008 0.0007 <0.0005 <0.0005 <0.0005 <0.0005 <0.0005 <0.0005 0.0005

Cobalt, total <0.00005 0.00018 <0.00005 <0.00005 <0.00005 0.00006 <0.00005 <0.00005 <0.00005 0.00007 <0.00005 <0.00005 <0.00005 <0.00005

Cobalt, dissolved <0.00005 <0.00005 <0.00005 <0.00005 <0.00005 <0.00005 <0.00005 <0.00005 <0.00005 <0.00005 <0.00005 <0.00005 <0.00005 <0.00005

Copper, total 0.0004 0.0101 0.0009 0.0003 0.0028 0.0007 0.0004 0.0004 0.0003 0.0007 0.0004 0.0004 0.0088 0.0005

Copper, dissolved 0.0004 0.0006 0.0005 0.0004 0.0004 0.0004 0.0004 0.0003 0.0004 0.0003 0.0002 0.0003 <0.0002 0.0005

Iron, total 1.0 0.05 0.35 0.07 0.05 0.04 0.09 0.04 0.02 0.01 0.12 0.04 0.02 0.03 0.01

Iron, dissolved 0.35 0.027 0.037 0.036 0.018 0.015 0.014 0.02 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01

Lead, total 0.0002 0.0166 0.001 0.0003 0.0002 0.0021 <0.0001 0.0001 <0.0001 0.0015 0.0005 0.0002 0.0006 0.0001

Lead, dissolved <0.0001 0.0002 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001

Lithium, total 0.0012 0.0013 0.0011 0.0011 0.001 0.001 0.0012 0.0009 0.0009 0.001 0.0009 0.0008 0.0008 0.0011

Lithium, dissolved 0.0009 0.001 0.001 0.0012 0.001 0.001 0.0011 0.001 0.0009 0.0009 0.001 0.0009 0.0009 0.001

Magnesium, total 4.06 4.08 3.98 4.08 4 3.95 4.19 3.7 3.76 3.94 3.66 3.5 3.47 3.62

Magnesium, dissolved 3.8 4.07 4.07 4.01 3.91 3.89 3.93 3.45 3.41 3.33 3.38 3.37 3.3 3.49

Manganese, total 0.002 0.0226 0.0031 0.0029 0.0022 0.0094 0.002 0.0025 0.0022 0.0063 0.004 0.0021 0.0031 0.002

Manganese, dissolved 0.0009 0.0012 0.0009 0.0014 0.001 0.0058 0.0008 0.0012 0.001 0.001 0.0009 0.0009 0.0008 0.0009

Mercury, total <0.00002 <0.00002 <0.00002 <0.00002 <0.00002 <0.00002 <0.00002 <0.00002 <0.00002 <0.00002 <0.00002 <0.00002 <0.00002 <0.00002

Mercury, dissolved <0.00002 <0.00002 <0.00002 <0.00005 <0.00005 <0.00005 <0.00005 <0.00002 <0.00002 <0.00002 <0.00002 <0.00002 <0.00002 <0.00002

Molybdenum, total 0.0006 0.0007 0.0006 0.0006 0.0006 0.0006 0.0006 0.0007 0.0006 0.0006 0.0006 0.0005 0.0005 0.0007

Molybdenum, dissolved 0.0006 0.0006 0.0006 0.0006 0.0006 0.0006 0.0005 0.0014 0.0007 0.0006 0.0006 0.0005 0.0005 0.0006

Nickel, total 0.0007 0.001 0.0007 0.0006 0.0016 0.0007 0.0006 0.0003 0.0003 0.0006 0.0004 0.0003 0.0004 0.0003

Nickel, dissolved 0.0006 0.0007 0.0006 0.0006 0.0006 0.0005 0.0005 0.0004 0.0003 0.0004 0.0003 0.0003 0.0003 0.0004

Phosphorus, total <0.02 0.03 <0.02 <0.02 <0.02 <0.02 <0.02 <0.02 <0.02 0.03 <0.02 <0.02 <0.02 <0.02

Phosphorus, dissolved <0.020 <0.020 <0.020 <0.020 <0.020 <0.020 <0.020 <0.02 <0.02 <0.02 <0.02 <0.02 <0.02 <0.02

Potassium, total 0.55 0.63 0.6 0.6 0.57 0.6 0.58 0.58 0.6 0.65 0.58 0.55 0.55 0.62

Potassium, dissolved 0.539 0.698 0.611 0.526 0.526 0.534 0.54 0.54 0.54 0.52 0.52 0.54 0.52 0.59

Selenium, total <0.0003 <0.0003 <0.0003 <0.0003 0.0004 0.0003 <0.0003 <0.0005 <0.0005 <0.0005 <0.0005 <0.0005 <0.0005 <0.0005

Selenium, dissolved <0.0003 <0.0003 <0.0003 0.0003 0.0004 0.0004 <0.0003 <0.0005 <0.0005 <0.0005 <0.0005 <0.0005 <0.0005 <0.0005

Silicon, total 0.8 1.9 1.5 0.3 0.4 1.3 2.3 1.4 1.4 1.5 1.3 1.2 1.2 1.5

Silicon, dissolved 0.746 1.48 1.47 0.274 0.358 0.958 1.62 1.2 1.2 1.2 1.1 1.3 1.2 1.3

Silver, total <0.00005 0.0001 <0.00005 <0.00005 <0.00005 <0.00005 <0.00005 <0.00005 <0.00005 <0.00005 <0.00005 <0.00005 <0.00005 <0.00005

Silver, dissolved <0.00005 <0.00005 <0.00005 <0.00005 <0.00005 <0.00005 <0.00005 <0.00005 <0.00005 <0.00005 <0.00005 <0.00005 <0.00005 <0.00005

Sodium, total 1.42 1.9 1.4 1.49 1.47 1.68 1.54 1.47 1.49 1.53 1.4 1.34 1.28 1.34

Sodium, dissolved 1.35 2 1.44 1.45 1.39 1.66 1.57 1.34 1.38 1.3 1.27 1.3 1.21 1.31

Strontium, total 0.118 0.118 0.116 0.108 0.108 0.111 0.113 0.106 0.105 0.106 0.099 0.093 0.094 0.109

Strontium, dissolved 0.107 0.116 0.113 0.115 0.116 0.111 0.113 0.089 0.09 0.088 0.088 0.09 0.09 0.094

Tellurium, total <0.0002 <0.0002 <0.0002 <0.0002 <0.0002 <0.0002 <0.0002 <0.0002 <0.0002 <0.0002 <0.0002 <0.0002 <0.0002 <0.0002

Tellurium, dissolved <0.0002 <0.0002 <0.0002 <0.0002 <0.0002 <0.0002 <0.0002 <0.0002 <0.0002 <0.0002 <0.0002 <0.0002 <0.0002 <0.0002

Thallium, total <0.00002 0.00021 <0.00002 <0.00002 <0.00002 <0.00002 <0.00002 <0.00002 <0.00002 <0.00002 <0.00002 <0.00002 <0.00002 <0.00002

Thallium, dissolved <0.00002 0.00019 <0.00002 <0.00002 <0.00002 <0.00002 <0.00002 0.00007 <0.00002 0.00003 0.00003 <0.00002 <0.00002 <0.00002

Thorium, total <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001

Thorium, dissolved <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001

Tin, total 0.0002 0.0006 <0.0002 <0.0002 <0.0002 <0.0002 <0.0002 <0.0002 <0.0002 <0.0002 <0.0002 <0.0002 <0.0002 <0.0002

Tin, dissolved <0.0002 <0.0002 <0.0002 <0.0002 <0.0002 <0.0002 <0.0002 <0.0002 <0.0002 <0.0002 <0.0002 <0.0002 <0.0002 <0.0002

Titanium, total <0.005 0.013 0.005 0.005 <0.005 0.009 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005

Titanium, dissolved <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005

Uranium, total 0.00046 0.00051 0.00047 0.00051 0.0004 0.00043 0.0004 0.00045 0.00044 0.00047 0.00045 0.00041 0.00043 0.0007

Uranium, dissolved 0.00042 0.00044 0.00044 0.00049 0.00041 0.00045 0.00039 0.00043 0.0004 0.00038 0.0004 0.00037 0.00044 0.00069

Vanadium, total <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001

Vanadium, dissolved <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001

Zinc, total 0.001 0.027 0.002 0.002 0.004 0.006 0.001 <0.004 <0.004 0.005 <0.004 <0.004 0.007 <0.004

Zinc, dissolved 0.0023 0.005 0.0018 0.0017 0.0018 0.0016 <0.0010 <0.004 <0.004 <0.004 <0.004 <0.004 <0.004 0.004

Zirconium, total <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001

Zirconium, dissolved <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001

Notes

- 0.02b

0.0005 0.005 0.005

0.005 - 1b

Reported 
Detection 

Limit 
(mg/L)

CCME 
Freshwater 
Aquatic Life 

Guideline (Jan 
2011) (mg/L)

BC Freshwater 
Aquatic Life 
Guideline 

(BCWQG) (mg/L)

0.005 0.1e 0.05e

0.004 1.5 1.2

0.00001 0.00002 - 0.00011f 0.00002 - 0.00011f

0.0001 - 0.0053b

0.0001 - -

0.00005 - 0.004

0.0002 0.002 - 0.0075f 0.002 - 0.016f

0.2 - <8.0b,m

0.0005 0.001, 0.0089g 0.001, 0.0089b,g

0.01 - -

0.0002 - 0.85 - 2.31f

0.01 0.3

0.0001 0.0015 - 0.0179f 0.005 - 0.021f

0.0001 - 0.014b

0.0002 0.061 - 0.268f 0.025 - 0.150b,f

0.02i 0.01d -

0.00002 0.000026h 0.00002

0.0001 0.073 1.0

0.5 - -

0.00005 0.0001 0.00005 - 0.0015f

0.02 - 373 - 432b,o

0.0005 0.001 0.002

0.0002 - -

0.00002 0.0008 0.0003b,p

0.02 - -

0.001 - -

0.005 - 2.0 - 4.6b,q

0.00002 0.015J 0.3b,r

0.0001 - -

0.0002 - -

0.0001 - -

0.001 - 0.006b,p

0.004 0.03 0.008 - 0.231f

Values expressed in mg/L unless otherwise noted
aLowest acceptable dissolved oxygen concentration, varys for warm and cold water 
biota and life stage; for CCME, guideline of 5.5 mg/L assumed for minimum DO 
bInterim guideline for CCME guidelines or working guidelines for BC WQGs.
cGuideline for total ammonia-nitrogen is temperature and pH dependent. Guideline 
range shown is for the temperature and pH ranges measured for the water samples.
dThis is the upper end of the trigger range for total phosphorus for oligotrophic water 
bodies, such as the Lower Columbia River.eGuideline for aluminum is pH dependent. Guideline used is for waters with a pH ≥ 
6 5fGuideline is hardness dependent. Guideline range shown is for the range of hardness 
measured in the water samples.
gGuideline for trivalent chromium is 0.0089 mg/L and the guideline for hexavalent 
chromium is 0.001 mg/L; the latter is the principal species found in surface waters.
hGuideline for inorganic mercury.

rWorking guideline for uranium is a maximum guideline.
pGuideline for vanadium is Ontario’s water quality objective for aquatic life.

Underscore = Exceeds CCME guidelines for the protection of freshwater aquatic life.
Yellow highlight = Exceeds BC MoE guidelines for the protection of freshwater aquatic 
life

iDetection limit for total/dissolved phosphorus is above the CCME guideline for 
freshwater aquatic life; refer instead to total phosphorus analysis under general 
parameters.
JGuideline for uranium applies to total recoverable, unfiltered uranium.
kGuideline for maximum daily temperature for freshwater aquatic life for streams with 
unknown fish distribution.
LGuideline for dissolved oxygen is a 30-day mean value for all life stages other than 
buried embryo/alevin, which is 11.0 mg/L.
mOver 20 mg/L for alkalinity (8 mg/L for calcium), there is low sensitivity to acid inputs.
nGuideline is chloride dependant.
oGuideline for potassium is the threshold for Daphnia magna immobilization.
pGuideline is based on Ontario guideline
qGuideline for titanium is 2.0 mg/L, median threshold level: Scenedesmus , and 4.6 
mg/L, median threshold level: Daphnia . Conservatively used former for screening.
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 10/19/2012 APPENDIX B
Table B-1

Drive Point Water Chemistry Results – General Parameters and Metals
East Trail Ecological Risk Assessment

Trail, BC

 12-1493-0087

Lab ID

Client ID

Sample Station ID

Water Sample Type

Date Sampled

Field Parameters

Conductivity (uS/cm) - - -

Temperature (C) - - 19.0k

pH - 6.5 - 9.0 6.5 - 9.0

Dissolved oxygen - 5.5  - 9.5a 8.0L

ORP (mV) - - -

General Parameters

Alkalinity, Total as CaCO3 1 - <20b,m

Chloride 0.1 120 150

Fluoride 0.1 0.12b 1.09 - 1.88f

Hardness (Total as CaCO3) 0.5 - -

Hardness (Diss. as CaCO3) 0.5 - -

Nitrogen, Ammonia as N 0.01 0.20 - 8.5c 0.366 - 1.84c

Nitrogen, Nitrate+Nitrite as N 0.02 - -

Nitrogen, Nitrate as N 0.01 3 3

Nitrogen, Nitrite as N 0.01 0.06 0.02 - 0.2n

Nitrogen, Total Kjeldahl 0.05 - -

Phosphorus, Total 0.005 0.01d -

Solids, Total Dissolved 0.05 - -

Sulphate 1 - 50

pH- lab 0.01 6.5 - 9.0 6.5 - 9.0

Conductivity-lab (uS/cm) 2 - -

Total and Dissolved Metals

Aluminum, total

Aluminum, dissolved

Antimony, total 0.0001

Antimony, dissolved 0.002

Arsenic, total

Arsenic, dissolved

Barium, total

Barium, dissolved

Beryllium, total

Beryllium, dissolved

Bismuth, total

Bismuth, dissolved

Boron, total

Boron, dissolved

Cadmium, total

Cadmium, dissolved

Calcium, total

Calcium, dissolved

Chromium, total

Chromium, dissolved

Cobalt, total

Cobalt, dissolved

Copper, total

Copper, dissolved

Iron, total 1.0

Iron, dissolved 0.35

Lead, total

Lead, dissolved

Lithium, total

Lithium, dissolved

Magnesium, total

Magnesium, dissolved

Manganese, total

Manganese, dissolved

Mercury, total

Mercury, dissolved

Molybdenum, total

Molybdenum, dissolved

Nickel, total

Nickel, dissolved

Phosphorus, total

Phosphorus, dissolved

Potassium, total

Potassium, dissolved

Selenium, total

Selenium, dissolved

Silicon, total

Silicon, dissolved

Silver, total

Silver, dissolved

Sodium, total

Sodium, dissolved

Strontium, total

Strontium, dissolved

Tellurium, total

Tellurium, dissolved

Thallium, total

Thallium, dissolved

Thorium, total

Thorium, dissolved

Tin, total

Tin, dissolved

Titanium, total

Titanium, dissolved

Uranium, total

Uranium, dissolved

Vanadium, total

Vanadium, dissolved

Zinc, total

Zinc, dissolved

Zirconium, total

Zirconium, dissolved

Notes

- 0.02b

0.0005 0.005 0.005

0.005 - 1b

Reported 
Detection 

Limit 
(mg/L)

CCME 
Freshwater 
Aquatic Life 

Guideline (Jan 
2011) (mg/L)

BC Freshwater 
Aquatic Life 
Guideline 

(BCWQG) (mg/L)

0.005 0.1e 0.05e

0.004 1.5 1.2

0.00001 0.00002 - 0.00011f 0.00002 - 0.00011f

0.0001 - 0.0053b

0.0001 - -

0.00005 - 0.004

0.0002 0.002 - 0.0075f 0.002 - 0.016f

0.2 - <8.0b,m

0.0005 0.001, 0.0089g 0.001, 0.0089b,g

0.01 - -

0.0002 - 0.85 - 2.31f

0.01 0.3

0.0001 0.0015 - 0.0179f 0.005 - 0.021f

0.0001 - 0.014b

0.0002 0.061 - 0.268f 0.025 - 0.150b,f

0.02i 0.01d -

0.00002 0.000026h 0.00002

0.0001 0.073 1.0

0.5 - -

0.00005 0.0001 0.00005 - 0.0015f

0.02 - 373 - 432b,o

0.0005 0.001 0.002

0.0002 - -

0.00002 0.0008 0.0003b,p

0.02 - -

0.001 - -

0.005 - 2.0 - 4.6b,q

0.00002 0.015J 0.3b,r

0.0001 - -

0.0002 - -

0.0001 - -

0.001 - 0.006b,p

0.004 0.03 0.008 - 0.231f

Values expressed in mg/L unless otherwise noted
aLowest acceptable dissolved oxygen concentration, varys for warm and cold water 
biota and life stage; for CCME, guideline of 5.5 mg/L assumed for minimum DO 
bInterim guideline for CCME guidelines or working guidelines for BC WQGs.
cGuideline for total ammonia-nitrogen is temperature and pH dependent. Guideline 
range shown is for the temperature and pH ranges measured for the water samples.
dThis is the upper end of the trigger range for total phosphorus for oligotrophic water 
bodies, such as the Lower Columbia River.eGuideline for aluminum is pH dependent. Guideline used is for waters with a pH ≥ 
6 5fGuideline is hardness dependent. Guideline range shown is for the range of hardness 
measured in the water samples.
gGuideline for trivalent chromium is 0.0089 mg/L and the guideline for hexavalent 
chromium is 0.001 mg/L; the latter is the principal species found in surface waters.
hGuideline for inorganic mercury.

rWorking guideline for uranium is a maximum guideline.
pGuideline for vanadium is Ontario’s water quality objective for aquatic life.

Underscore = Exceeds CCME guidelines for the protection of freshwater aquatic life.
Yellow highlight = Exceeds BC MoE guidelines for the protection of freshwater aquatic 
life

iDetection limit for total/dissolved phosphorus is above the CCME guideline for 
freshwater aquatic life; refer instead to total phosphorus analysis under general 
parameters.
JGuideline for uranium applies to total recoverable, unfiltered uranium.
kGuideline for maximum daily temperature for freshwater aquatic life for streams with 
unknown fish distribution.
LGuideline for dissolved oxygen is a 30-day mean value for all life stages other than 
buried embryo/alevin, which is 11.0 mg/L.
mOver 20 mg/L for alkalinity (8 mg/L for calcium), there is low sensitivity to acid inputs.
nGuideline is chloride dependant.
oGuideline for potassium is the threshold for Daphnia magna immobilization.
pGuideline is based on Ontario guideline
qGuideline for titanium is 2.0 mg/L, median threshold level: Scenedesmus , and 4.6 
mg/L, median threshold level: Daphnia . Conservatively used former for screening.

K1J0497-01 K1J0497-03 K1J0497-05 K1J0497-07 K1J0497-09 K1J0497-11 K1J0497-13

13-10-2011-8RB 13-10-2011-9RB 13-10-2011-10RB 13-10-2011-11RB 13-10-2011-12RB 13-10-2011-13RB 13-10-2011-14RB

2011-8 2011-9 2011-10 2011-11 2011-12 2011-13 2011-14

River Bottom River Bottom River Bottom River Bottom River Bottom River Bottom River Bottom

13-Oct-2011 13-Oct-2011 13-Oct-2011 13-Oct-2011 13-Oct-2011 13-Oct-2011 13-Oct-2011

115 124 113 113 114 116 114

13.1 13.1 13.2 13.5 13.0 13.2 13.7

8.14 8.24 8.27 8.30 8.29 8.19 8.33

9.9 9.7 9.4 9.1 9.5 9.7 9.1

114 65 45 25 28 83 61

51.8 53.4 51.1 51.3 51.1 50.1 50

0.58 0.85 0.47 0.68 0.47 0.5 0.48

<0.10 <0.10 <0.10 <0.10 <0.10 <0.10 <0.10

54.1 57 53.5 54.3 55.5 53.9 54.1

50 50 50 50 50 50 50

0.02 0.01 0.01 0.06 0.01 0.01 0.02

0.106 0.142 0.073 0.069 0.057 0.097 0.069

0.106 0.142 0.073 0.069 0.057 0.097 0.069

<0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01

0.22 0.22 0.2 <0.05 0.37 0.31 0.25

0.01 0.01 0.02 0.05 0.11 0.17 0.09

80 84 80 73 75 81 84

10.1 11.1 9.6 9.7 10.4 10.8 10.3

7.82 7.9 7.89 7.91 7.88 7.87 7.91

118 125 114 115 117 118 115

0.024 0.021 0.016 0.022 0.182 0.066 0.015

0.009 0.008 0.009 0.009 0.008 0.007 0.009

0.0005 0.0003 0.0002 0.0002 0.001 0.0009 0.0007

<0.0020 <0.0020 <0.0020 <0.0020 <0.0020 <0.0020 <0.0020

<0.0005 <0.0005 <0.0005 <0.0005 0.0005 <0.0005 <0.0005

<0.0005 <0.0005 <0.0005 <0.0005 <0.0005 <0.0005 <0.0005

0.017 0.019 0.016 0.017 0.02 0.018 0.016

0.017 0.018 0.016 0.016 0.017 0.017 0.016

<0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001

<0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001

<0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001

<0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001

0.007 0.006 0.004 <0.004 0.008 0.005 0.005

0.006 0.005 0.004 <0.004 0.006 0.005 0.004

0.00002 0.00002 0.00002 0.00001 0.00015 0.00012 0.00004

0.00002 0.00003 0.00002 0.00001 0.00006 0.00009 0.00005

16.2 17.2 15.9 16.1 16.6 16.1 16.1

15.8 16.3 15.2 15.2 15.2 15.6 15.2

0.0005 0.0005 0.0006 0.0006 0.0008 0.0008 0.0005

0.0006 0.0005 0.0005 0.0006 0.0005 0.0006 0.0005

<0.00005 <0.00005 <0.00005 <0.00005 0.00015 <0.00005 <0.00005

<0.00005 <0.00005 <0.00005 <0.00005 0.00007 <0.00005 <0.00005

0.0006 0.0011 0.0004 0.0005 0.0017 0.0011 0.0004

0.0006 0.0006 0.0003 0.0004 0.0012 0.0005 0.0004

0.03 0.02 0.01 0.02 0.32 0.11 0.01

<0.01 <0.01 <0.01 <0.01 0.02 0.02 <0.01

0.0003 0.0008 0.0002 0.0001 0.0052 0.002 <0.0001

<0.0001 <0.0001 <0.0001 <0.0001 0.0002 <0.0001 <0.0001

0.0011 0.0012 0.001 0.001 0.0013 0.0011 0.0011

0.0009 0.0011 0.0009 0.0009 0.0009 0.0009 0.0009

3.3 3.39 3.35 3.39 3.38 3.31 3.33

3.22 3.29 3.21 3.18 3.1 3.17 3.15

0.0022 0.0019 0.0018 0.002 0.0088 0.0047 0.002

0.0006 0.0006 0.0006 0.0007 0.003 0.001 0.0007

<0.00002 <0.00002 <0.00002 <0.00002 <0.00002 <0.00002 <0.00002

<0.00002 <0.00002 <0.00002 <0.00002 <0.00002 <0.00002 <0.00002

0.0006 0.0006 0.0006 0.0006 0.0006 0.0006 0.0006

0.0005 0.0006 0.0005 0.0005 0.0006 0.0005 0.0005

0.0003 0.0004 0.0003 0.0003 0.0006 0.0004 0.0003

0.0004 0.0003 0.0003 0.0003 0.0005 0.0004 0.0003

<0.02 <0.02 <0.02 <0.02 <0.02 <0.02 <0.02

<0.02 <0.02 <0.02 <0.02 <0.02 <0.02 <0.02

0.54 0.61 0.52 0.53 0.56 0.53 0.53

0.53 0.6 0.5 0.51 0.51 0.51 0.51

<0.0005 <0.0005 <0.0005 <0.0005 <0.0005 <0.0005 <0.0005

<0.0005 <0.0005 <0.0005 <0.0005 <0.0005 0.0007 <0.0005

1.2 1.4 1.2 1.2 1.5 1.3 1.2

1.3 1.3 1.2 1.3 1.2 1.2 1.2

0.00006 <0.00005 <0.00005 <0.00005 <0.00005 <0.00005 <0.00005

<0.00005 <0.00005 <0.00005 <0.00005 <0.00005 <0.00005 <0.00005

1.26 1.35 1.25 1.31 1.41 1.41 1.41

1.22 1.3 1.19 1.29 1.33 1.35 1.35

0.097 0.1 0.095 0.096 0.097 0.094 0.095

0.087 0.091 0.085 0.085 0.085 0.086 0.085

<0.0002 <0.0002 <0.0002 <0.0002 <0.0002 <0.0002 <0.0002

<0.0002 <0.0002 <0.0002 <0.0002 <0.0002 <0.0002 <0.0002

<0.00002 <0.00002 <0.00002 <0.00002 0.00007 0.00006 0.00006

<0.00002 <0.00002 <0.00002 <0.00002 0.00006 0.00006 0.00007

<0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001

<0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001

<0.0002 <0.0002 <0.0002 <0.0002 <0.0002 <0.0002 <0.0002

<0.0002 <0.0002 <0.0002 <0.0002 <0.0002 <0.0002 <0.0002

<0.005 <0.005 <0.005 <0.005 0.01 <0.005 <0.005

<0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005

0.00045 0.00067 0.00039 0.00038 0.00044 0.0004 0.00037

0.00042 0.00058 0.00033 0.00033 0.00034 0.00034 0.00033

<0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001

<0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001

<0.004 <0.004 <0.004 <0.004 0.016 0.011 <0.004

0.005 <0.004 <0.004 <0.004 0.006 0.006 <0.004

<0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001

<0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001
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 10/19/2012 APPENDIX B
Table B-1

Drive Point Water Chemistry Results – General Parameters and Metals
East Trail Ecological Risk Assessment

Trail, BC

 12-1493-0087

Lab ID K9I0170-06 K9K0216-05 K0J1085-07 K0J1085-09 K0J1085-11 K0J1089-09 K0J1089-02 K1J0446-02 K1J0446-04 K1J0446-06 K1J0446-08 K1J0446-15 K1J0446-10 K1J0446-12

Client ID DP-17 MR-D12 DP-30 DP-31 DP-32 Dup H DP-33 12-10-2011-1DP 12-10-2011-2DP 12-10-2011-3DP 12-10-2011-4DP12-10-2011-24DP12-10-2011-5DP 12-10-2011-6DP

Sample Station ID DP-17 MR-12 2010-30 2010-31 2010-32 2010-32 2010-33 2011-1 2011-2 2011-3 2011-4 2011-4 2011-5 2011-6

Water Sample Type DrivePoint Drive Point Drive Point Drive Point Drive Point Duplicate DP-32 Drive Point Drive Point Drive Point Drive Point Drive Point Duplicate 4 DP Drive Point Drive Point

Date Sampled 02-Sep-09 5-Nov-09 28-Oct-10 28-Oct-10 28-Oct-10 28-Oct-10 28-Oct-10 12-Oct-2011 12-Oct-2011 12-Oct-2011 12-Oct-2011 12-Oct-2011 12-Oct-2011 12-Oct-2011

Field Parameters

Conductivity (uS/cm) - - - - - - - - - - - - - - - - -

Temperature (C) - - 19.0k - - - - - - - - - - - - - -

pH - 6.5 - 9.0 6.5 - 9.0 - - - - - - - - - - - - - -

Dissolved oxygen - 5.5  - 9.5a 8.0L - - - - - - - - - - - - - -

ORP (mV) - - - - - - - - - - - - - - - - -

General Parameters

Alkalinity, Total as CaCO3 1 - <20b,m - - - - - - - - - - - - - -

Chloride 0.1 120 150 0.213 0.005 0.378 0.089 2.767 1.953 0.207 0.277 0.215 0.128 0.873 0.893 0.006 0.101

Fluoride 0.1 0.12b 1.09 - 1.88f 0.079 <0.089 0.073 0.089 0.15 0.176 0.092 <0.061 0.095 0.077 <0.055 <0.055 <0.091 0.082

Hardness (Total as CaCO3) 0.5 - - - - - - - - - - - - - - - -

Hardness (Diss. as CaCO3) 0.5 - - - - - - - - - - - - - - - -

Nitrogen, Ammonia as N 0.01 0.20 - 8.5c 0.366 - 1.84c 0.196 0.196 0.196 0.294 0.686 0.784 0.196 <0.098 0.098 <0.098 <0.098 0.098 0.588 0.49

Nitrogen, Nitrate+Nitrite as N 0.02 - - - - - - - - - - - - - - - -

Nitrogen, Nitrate as N 0.01 3 3 2.363 0.033 0.023 0.033 0.047 0.003 0.83 1.017 1.407 1.537 2.273 2.24 0.01 <0.003

Nitrogen, Nitrite as N 0.01 0.06 0.02 - 0.2n <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5

Nitrogen, Total Kjeldahl 0.05 - - - - - - - - - - - - - - - -

Phosphorus, Total 0.005 0.01d - - - - - - - - - - - - - - -

Solids, Total Dissolved 0.05 - - - - - - - - - - - - - - - -

Sulphate 1 - 50 0.752 0.218 2.06 1.386 2.16 2 0.974 1.562 1.092 0.998 1.302 1.304 0.19 1.808

pH- lab 0.01 6.5 - 9.0 6.5 - 9.0 - - - - - - - - - - - - - -

Conductivity-lab (uS/cm) 2 - - - - - - - - - - - - - - - -

Total and Dissolved Metals

Aluminum, total 0.66 5.2 1.7 1.24 1.48 1.66 31.6 1.26 7.92 0.72 19.44 13.04 10.86 2.56

Aluminum, dissolved 0.24 0.26 <0.1 0.12 <0.1 <0.1 0.12 <0.1 <0.1 <0.1 <0.1 0.1 0.4 0.1

Antimony, total 0.0001 0.11 0.03 0.01 0.06 0.07 0.075 0.045 0.03 0.005 0.005 0.01 0.01 0.035 0.01

Antimony, dissolved 0.002 0.085 <0.005 0.005 0.055 0.075 0.075 0.02 0.24 <0.1 0.105 <0.1 <0.1 <0.1 <0.1

Arsenic, total 0.14 <0.1 <0.1 <0.1 2.36 2.14 0.14 <0.1 0.1 <0.1 0.16 0.14 0.2 <0.1

Arsenic, dissolved 0.14 <0.1 <0.1 <0.1 2.18 1.84 0.1 0.12 <0.1 <0.1 <0.1 <0.1 0.12 <0.1

Barium, total 0.118 0.025 0.13 0.136 0.323 0.339 0.159 0.115 0.111 0.08 0.058 0.059 0.023 0.062

Barium, dissolved 0.104 0.018 0.123 0.128 0.311 0.299 0.109 0.116 0.099 0.071 0.048 0.048 0.014 0.058

Beryllium, total <0.019 <0.019 <0.019 <0.019 <0.019 <0.019 0.019 <0.019 <0.019 <0.019 <0.019 <0.019 <0.019 <0.019

Beryllium, dissolved <0.019 <0.019 <0.019 <0.019 <0.019 <0.019 <0.019 <0.019 <0.019 <0.019 <0.019 <0.019 <0.019 <0.019

Bismuth, total - - - - - - - - - - - - - -

Bismuth, dissolved - - - - - - - - - - - - - -

Boron, total 0.033 0.002 0.013 0.028 0.107 0.137 0.012 0.04 0.038 0.038 0.009 0.009 <0.003 0.008

Boron, dissolved 0.032 0.002 0.013 0.028 0.104 0.116 0.007 0.047 0.035 0.037 0.01 0.008 <0.003 0.007

Cadmium, total 1.081 2.869 <0.118 1.007 0.68 0.753 1.261 0.322 1.073 0.549 2.023 1.708 3.529 0.274

Cadmium, dissolved 0.772 0.478 <0.118 1.007 0.291 0.282 <0.158 0.322 0.179 <0.183 <0.106 <0.107 <0.504 <0.137

Calcium, total - - - - - - - - - - - - - -

Calcium, dissolved - - - - - - - - - - - - - -

Chromium, total 1.6 1.7 1.8 1.5 1.1 1.5 8 0.8 2.1 1.5 5.1 4.2 1.2 0.8

Chromium, dissolved 2 0.6 1.6 1.3 1.1 0.9 5.3 0.7 1.1 1.3 1.9 2.2 <0.5 0.5

Cobalt, total 0.038 0.025 0.07 0.113 0.173 0.193 0.248 <0.013 0.125 0.015 0.235 0.168 0.083 0.053

Cobalt, dissolved 0.025 <0.013 0.028 0.088 0.15 0.148 0.013 <0.013 <0.013 <0.013 <0.013 <0.013 <0.013 0.023

Copper, total 0.183 1.834 0.059 0.369 0.194 0.232 0.763 0.084 0.19 0.056 0.186 0.149 1.724 0.03

Copper, dissolved 0.069 0.512 0.025 0.2 0.187 0.187 0.023 0.036 0.027 <0.028 <0.015 <0.015 0.136 <0.02

Iron, total 1.0 0.22 0.27 0.27 0.26 1.57 1.74 2.22 0.1 0.81 0.07 1.75 1.18 0.79 0.22

Iron, dissolved 0.35 0.271 0.114 0.257 0.234 4.314 4.143 0.22 <0.029 <0.029 <0.029 <0.029 <0.029 0.029 <0.029

Lead, total 2.042 2.702 0.037 0.21 0.162 0.165 1.099 0.026 0.068 0.04 0.286 0.309 3.395 0.029

Lead, dissolved 0.244 0.081 <0.006 0.016 0.015 0.014 <0.009 0.009 0.078 <0.01 <0.005 <0.006 0.187 <0.007

Lithium, total 0.271 0.093 0.436 0.443 0.743 0.986 0.607 0.221 0.3 0.25 0.514 0.507 0.107 0.5

Lithium, dissolved 0.214 0.079 0.429 0.457 0.75 0.721 0.464 0.236 0.279 0.243 0.457 0.457 0.086 0.479

Magnesium, total - - - - - - - - - - - - - -

Magnesium, dissolved - - - - - - - - - - - - - -

Manganese, total 0.005 0.014 0.005 0.026 0.203 0.222 0.08 0.004 0.02 0.008 0.034 0.027 0.019 0.005

Manganese, dissolved 0.0043 0.0013 0.002 0.025 0.203 0.193 0.0004 0.001 0.001 0.0004 0.0003 0.0003 0.001 0.003

Mercury, total <1 1.5 <1 <0.4 <1 <1 <1 <1 <1 <1 <1 <1 1.5 <1

Mercury, dissolved <1 <1 <2.5 <2.5 <2.5 <2.5 <2.5 <1 <1 <1 <1 <1 <1 <1

Molybdenum, total 0.00040 0.00060 0.0035 0.0017 0.0032 0.0034 0.0007 0.0009 0.0016 0.002 0.0007 0.0008 0.0003 0.0061

Molybdenum, dissolved 0.0004 0.0006 0.0034 0.0016 0.0031 0.003 0.0005 0.0017 0.0014 0.0017 0.0007 0.0007 0.0003 0.005

Nickel, total 0.014 0.04 0.016 0.016 0.022 0.025 0.033 0.005 0.011 0.007 0.02 0.012 0.044 0.016

Nickel, dissolved 0.011 0.028 0.011 0.014 0.017 0.017 0.009 0.004 0.005 0.005 0.002 0.002 0.012 0.015

Phosphorus, total - - - - - - - - - - - - - -

Phosphorus, dissolved - - - - - - - - - - - - - -

Potassium, total 0.006 0.002 0.013 0.01 0.021 0.023 0.009 0.007 0.009 0.007 0.008 0.008 0.004 0.015

Potassium, dissolved 0.006 0.002 0.011 0.009 0.02 0.021 0.007 0.007 0.008 0.006 0.008 0.008 0.003 0.015

Selenium, total 2.25 <0.15 <0.15 0.7 <0.15 <0.15 0.55 1.15 2.05 1 1.3 1.35 <0.25 4.3

Selenium, dissolved 2.45 <0.15 0.2 0.7 <0.15 <0.15 0.55 1.6 2.4 0.75 1.25 1.35 <0.25 4.45

Silicon, total - - - - - - - - - - - - - -

Silicon, dissolved - - - - - - - - - - - - - -

Silver, total <0.033 1.6 <0.033 0.04 <0.033 <0.033 0.3 <0.033 <0.033 <0.033 <0.033 <0.033 2 <0.033

Silver, dissolved <0.033 <1 <0.033 <0.033 <0.033 <0.033 <0.033 <0.033 <0.033 <0.033 <0.033 <0.033 <1 <0.033

Sodium, total - - - - - - - - - - - - - -

Sodium, dissolved - - - - - - - - - - - - - -

Strontium, total - - - - - - - - - - - - - -

Strontium, dissolved - - - - - - - - - - - - - -

Tellurium, total - - - - - - - - - - - - - -

Tellurium, dissolved - - - - - - - - - - - - - -

Thallium, total <0.067 <0.067 <0.067 <0.067 <0.067 <0.067 0.133 <0.067 <0.067 <0.067 <0.067 <0.067 <0.067 <0.067

Thallium, dissolved <0.067 <0.067 <0.067 <0.067 <0.067 <0.067 <0.067 0.267 <0.067 0.067 <0.067 <0.067 <0.067 <0.067

Thorium, total - - - - - - - - - - - - - -

Thorium, dissolved - - - - - - - - - - - - - -

Tin, total - - - - - - - - - - - - - -

Tin, dissolved - - - - - - - - - - - - - -

Titanium, total <0.003 0.007 0.005 0.004 0.006 0.007 0.062 <0.003 0.017 <0.003 0.039 0.024 0.011 0.005

Titanium, dissolved <0.003 <0.003 <0.003 <0.003 <0.003 <0.003 <0.003 <0.003 <0.003 <0.003 <0.003 <0.003 <0.003 <0.003

Uranium, total 0.002 0.002 0.047 0.034 0.058 0.061 0.012 0.016 0.016 0.005 0.011 0.011 0.001 0.261

Uranium, dissolved 0.002 0.002 0.05 0.034 0.06 0.062 0.011 0.015 0.013 0.004 0.009 0.009 0.001 0.221

Vanadium, total <0.167 <0.167 <0.167 <0.167 <0.167 <0.167 0.833 <0.167 0.333 <0.167 0.667 0.5 0.5 0.167

Vanadium, dissolved <0.167 <0.167 <0.167 <0.167 <0.167 <0.167 0.45 <0.167 <0.167 <0.167 <0.167 <0.167 0.167 <0.167

Zinc, total 0.058 1.067 0.025 0.654 0.041 0.048 0.351 0.073 <0.051 <0.054 0.208 0.152 4.8 <0.031

Zinc, dissolved 0.021 0.187 0.009 0.642 0.029 0.025 <0.01 <0.042 <0.051 <0.054 <0.021 <0.021 <0.533 <0.031

Zirconium, total - - - - - - - - - - - - - -

Zirconium, dissolved - - - - - - - - - - - - - -

Notes

rWorking guideline for uranium is a maximum guideline.
pGuideline for vanadium is Ontario’s water quality objective for aquatic life.

Yellow highlight = HQ > 1; exceeds BC MoE water quaility guidelines for the 
protection of freshwater aquatic life.

iDetection limit for total/dissolved phosphorus is above the CCME guideline for 
freshwater aquatic life; refer instead to total phosphorus analysis under general 
parameters.
JGuideline for uranium applies to total recoverable, unfiltered uranium.
kGuideline for maximum daily temperature for freshwater aquatic life for streams 
with unknown fish distribution.
LGuideline for dissolved oxygen is a 30-day mean value for all life stages other than 
buried embryo/alevin, which is 11.0 mg/L.
mOver 20 mg/L for alkalinity (8 mg/L for calcium), there is low sensitivity to acid 
nGuideline is chloride dependant.
oGuideline for potassium is the threshold for Daphnia magna immobilization.
pGuideline is based on Ontario guideline
qGuideline for titanium is 2.0 mg/L, median threshold level: Scenedesmus , and 4.6 
mg/L, median threshold level: Daphnia . Conservatively used former for screening.

The hazard quotient (HQ) is a unitless ratio of exposure concentration (chemical 
concentration in sample) to effects concentration (BC WQG). 
aLowest acceptable dissolved oxygen concentration, varys for warm and cold water 
biota and life stage; for CCME, guideline of 5.5 mg/L assumed for minimum DO 
bInterim guideline for CCME guidelines or working guidelines for BC WQGs.
cGuideline for total ammonia-nitrogen is temperature and pH dependent. Guideline 
range shown is for the temperature and pH ranges measured for the water samples.
dThis is the upper end of the trigger range for total phosphorus for oligotrophic water 
bodies, such as the Lower Columbia River.
eGuideline for aluminum is pH dependent. Guideline used is for waters with a pH ≥ 
fGuideline is hardness dependent. Guideline range shown is for the range of 
hardness measured in the water samples.
gGuideline for trivalent chromium is 0.0089 mg/L and the guideline for hexavalent 
chromium is 0.001 mg/L; the latter is the principal species found in surface waters.
hGuideline for inorganic mercury.

Reported 
Detection 

Limit 
(mg/L)

CCME 
Freshwater 
Aquatic Life 

Guideline (Jan 
2011) (mg/L)

BC Freshwater 
Aquatic Life 
Guideline 

(BCWQG) (mg/L)

0.005 - 1b

0.0001 - 0.0053b

0.005 0.1e 0.05e

- 0.02b

0.0005 0.005 0.005

0.00001 0.00002 - 0.00011f 0.00002 - 0.00011f

0.2 - <8.0b,m

0.0001 - -

0.004 1.5 1.2

0.0002 0.002 - 0.0075f 0.002 - 0.016f

0.01 0.3

0.0001 0.0015 - 0.0179f 0.005 - 0.021f

0.0005 0.001, 0.0089g 0.001, 0.0089b,g

0.00005 - 0.004

0.0002 - 0.85 - 2.31f

0.00002 0.000026h 0.00002

0.0001 - 0.014b

0.01 - -

0.0001 0.073 1.0

0.0002 0.061 - 0.268f 0.025 - 0.150b,f

0.02m 0.01d -

0.0005 0.001 0.002

0.5 - -

0.02 - 373 - 432b,o

0.001 - -

0.0002 - -

0.00005 0.0001 0.00005 - 0.0015f

0.02 - -

0.004 0.03 0.008 - 0.231f

0.0001 - -

0.00002 0.015J 0.3b,r

0.001 - 0.006b,p

0.0002 - -

0.005 - 2.0 - 4.6b,q

0.00002 0.0008 0.0003b,p

0.0001 - -
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 10/19/2012 APPENDIX B
Table B-1

Drive Point Water Chemistry Results – General Parameters and Metals
East Trail Ecological Risk Assessment

Trail, BC

 12-1493-0087

Lab ID

Client ID

Sample Station ID

Water Sample Type

Date Sampled

Field Parameters

Conductivity (uS/cm) - - -

Temperature (C) - - 19.0k

pH - 6.5 - 9.0 6.5 - 9.0

Dissolved oxygen - 5.5  - 9.5a 8.0L

ORP (mV) - - -

General Parameters

Alkalinity, Total as CaCO3 1 - <20b,m

Chloride 0.1 120 150

Fluoride 0.1 0.12b 1.09 - 1.88f

Hardness (Total as CaCO3) 0.5 - -

Hardness (Diss. as CaCO3) 0.5 - -

Nitrogen, Ammonia as N 0.01 0.20 - 8.5c 0.366 - 1.84c

Nitrogen, Nitrate+Nitrite as N 0.02 - -

Nitrogen, Nitrate as N 0.01 3 3

Nitrogen, Nitrite as N 0.01 0.06 0.02 - 0.2n

Nitrogen, Total Kjeldahl 0.05 - -

Phosphorus, Total 0.005 0.01d -

Solids, Total Dissolved 0.05 - -

Sulphate 1 - 50

pH- lab 0.01 6.5 - 9.0 6.5 - 9.0

Conductivity-lab (uS/cm) 2 - -

Total and Dissolved Metals

Aluminum, total

Aluminum, dissolved

Antimony, total 0.0001

Antimony, dissolved 0.002

Arsenic, total

Arsenic, dissolved

Barium, total

Barium, dissolved

Beryllium, total

Beryllium, dissolved

Bismuth, total

Bismuth, dissolved

Boron, total

Boron, dissolved

Cadmium, total

Cadmium, dissolved

Calcium, total

Calcium, dissolved

Chromium, total

Chromium, dissolved

Cobalt, total

Cobalt, dissolved

Copper, total

Copper, dissolved

Iron, total 1.0

Iron, dissolved 0.35

Lead, total

Lead, dissolved

Lithium, total

Lithium, dissolved

Magnesium, total

Magnesium, dissolved

Manganese, total

Manganese, dissolved

Mercury, total

Mercury, dissolved

Molybdenum, total

Molybdenum, dissolved

Nickel, total

Nickel, dissolved

Phosphorus, total

Phosphorus, dissolved

Potassium, total

Potassium, dissolved

Selenium, total

Selenium, dissolved

Silicon, total

Silicon, dissolved

Silver, total

Silver, dissolved

Sodium, total

Sodium, dissolved

Strontium, total

Strontium, dissolved

Tellurium, total

Tellurium, dissolved

Thallium, total

Thallium, dissolved

Thorium, total

Thorium, dissolved

Tin, total

Tin, dissolved

Titanium, total

Titanium, dissolved

Uranium, total

Uranium, dissolved

Vanadium, total

Vanadium, dissolved

Zinc, total

Zinc, dissolved

Zirconium, total

Zirconium, dissolved

Notes

rWorking guideline for uranium is a maximum guideline.
pGuideline for vanadium is Ontario’s water quality objective for aquatic life.

Yellow highlight = HQ > 1; exceeds BC MoE water quaility guidelines for the 
protection of freshwater aquatic life.

iDetection limit for total/dissolved phosphorus is above the CCME guideline for 
freshwater aquatic life; refer instead to total phosphorus analysis under general 
parameters.
JGuideline for uranium applies to total recoverable, unfiltered uranium.
kGuideline for maximum daily temperature for freshwater aquatic life for streams 
with unknown fish distribution.
LGuideline for dissolved oxygen is a 30-day mean value for all life stages other than 
buried embryo/alevin, which is 11.0 mg/L.
mOver 20 mg/L for alkalinity (8 mg/L for calcium), there is low sensitivity to acid 
nGuideline is chloride dependant.
oGuideline for potassium is the threshold for Daphnia magna immobilization.
pGuideline is based on Ontario guideline
qGuideline for titanium is 2.0 mg/L, median threshold level: Scenedesmus , and 4.6 
mg/L, median threshold level: Daphnia . Conservatively used former for screening.

The hazard quotient (HQ) is a unitless ratio of exposure concentration (chemical 
concentration in sample) to effects concentration (BC WQG). 
aLowest acceptable dissolved oxygen concentration, varys for warm and cold water 
biota and life stage; for CCME, guideline of 5.5 mg/L assumed for minimum DO 
bInterim guideline for CCME guidelines or working guidelines for BC WQGs.
cGuideline for total ammonia-nitrogen is temperature and pH dependent. Guideline 
range shown is for the temperature and pH ranges measured for the water samples.
dThis is the upper end of the trigger range for total phosphorus for oligotrophic water 
bodies, such as the Lower Columbia River.
eGuideline for aluminum is pH dependent. Guideline used is for waters with a pH ≥ 
fGuideline is hardness dependent. Guideline range shown is for the range of 
hardness measured in the water samples.
gGuideline for trivalent chromium is 0.0089 mg/L and the guideline for hexavalent 
chromium is 0.001 mg/L; the latter is the principal species found in surface waters.
hGuideline for inorganic mercury.

Reported 
Detection 

Limit 
(mg/L)

CCME 
Freshwater 
Aquatic Life 

Guideline (Jan 
2011) (mg/L)

BC Freshwater 
Aquatic Life 
Guideline 

(BCWQG) (mg/L)

0.005 - 1b

0.0001 - 0.0053b

0.005 0.1e 0.05e

- 0.02b

0.0005 0.005 0.005

0.00001 0.00002 - 0.00011f 0.00002 - 0.00011f

0.2 - <8.0b,m

0.0001 - -

0.004 1.5 1.2

0.0002 0.002 - 0.0075f 0.002 - 0.016f

0.01 0.3

0.0001 0.0015 - 0.0179f 0.005 - 0.021f

0.0005 0.001, 0.0089g 0.001, 0.0089b,g

0.00005 - 0.004

0.0002 - 0.85 - 2.31f

0.00002 0.000026h 0.00002

0.0001 - 0.014b

0.01 - -

0.0001 0.073 1.0

0.0002 0.061 - 0.268f 0.025 - 0.150b,f

0.02m 0.01d -

0.0005 0.001 0.002

0.5 - -

0.02 - 373 - 432b,o

0.001 - -

0.0002 - -

0.00005 0.0001 0.00005 - 0.0015f

0.02 - -

0.004 0.03 0.008 - 0.231f

0.0001 - -

0.00002 0.015J 0.3b,r

0.001 - 0.006b,p

0.0002 - -

0.005 - 2.0 - 4.6b,q

0.00002 0.0008 0.0003b,p

0.0001 - -

K1J0446-14 K1J0497-02 K1J0497-15 K1J0497-04 K1J0497-06 K1J0497-08 K1J0497-10 K1J0497-12 K1J0497-14

12-10-2011-7DP 13-10-2011-8DP13-10-2011-28DP13-10-2011-9DP 13-10-2011-10DP 13-10-2011-11DP 13-10-2011-12DP 13-10-2011-13DP 13-10-2011-14DP

2011-7 2011-8 2011-8 2011-9 2011-10 2011-11 2011-12 2011-13 2011-14

Drive Point Drive Point Duplicate 8DP Drive Point Drive Point Drive Point Drive Point Drive Point Drive Point

12-Oct-2011 13-Oct-2011 13-Oct-2011 13-Oct-2011 13-Oct-2011 13-Oct-2011 13-Oct-2011 13-Oct-2011 13-Oct-2011

- - - - - - - - -

- - - - - - - - -

- - - - - - - - -

- - - - - - - - -

- - - - - - - - -

- - - - - - - - -

0.046 0.053 0.052 0.088 0.109 0.873 0.005 0.019 0.025

0.157 <0.059 <0.059 0.091 0.074 <0.076 <0.08 <0.072 0.111

- - - - - - - - -

- - - - - - - - -

<0.098 0.098 0.098 0.196 0.294 0.098 0.196 0.196 0.294

- - - - - - - - -

<0.003 1.423 1.42 0.643 0.407 0.265 0.039 0.57 0.139

<0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5

- - - - - - - - -

- - - - - - - - -

- - - - - - - - -

1.318 1.326 1.322 1.048 0.752 0.316 0.272 0.772 0.71

- - - - - - - - -

- - - - - - - - -

2.58 0.56 0.4 2.9 6.84 1.5 1.72 3.54 1.9

0.24 0.12 0.14 0.22 0.18 <0.1 <0.1 0.1 0.12

0.01 0.03 0.02 0.035 0.035 0.01 0.045 0.065 0.015

<0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1

0.16 <0.1 <0.1 0.3 0.26 <0.1 <0.1 0.32 <0.1

0.12 <0.1 <0.1 0.24 0.22 <0.1 <0.1 0.18 <0.1

0.072 0.135 0.133 0.066 0.09 0.043 0.039 0.041 0.02

0.07 0.13 0.13 0.062 0.08 0.041 0.035 0.037 0.018

<0.019 <0.019 <0.019 <0.019 <0.019 <0.019 <0.019 <0.019 <0.019

<0.019 <0.019 <0.019 <0.019 <0.019 <0.019 <0.019 <0.019 <0.019

- - - - - - - - -

- - - - - - - - -

0.006 0.018 0.015 0.014 0.007 0.007 0.007 0.006 0.006

0.004 0.016 0.016 0.013 0.007 0.007 0.005 0.005 0.006

0.526 0.546 0.406 6.871 4.987 3.447 15.682 29.77 3.87

<0.175 0.409 0.271 5.104 3.686 2.507 13.494 23.657 2.58

- - - - - - - - -

- - - - - - - - -

0.9 1.6 1.5 1.3 1.8 1.3 0.8 1.6 2.5

<0.5 1.3 1.3 1.1 1.4 1 <0.5 1 2.3

0.038 <0.013 <0.013 0.028 0.07 0.023 0.018 0.033 0.033

0.023 <0.013 <0.013 <0.013 <0.013 <0.013 <0.013 <0.013 <0.013

0.239 0.169 0.187 0.47 0.34 0.13 0.747 0.776 0.415

<0.027 0.129 0.128 0.136 0.051 0.078 0.249 0.151 <0.075

0.42 0.04 0.03 0.23 0.43 0.11 0.11 0.25 0.18

0.171 <0.029 <0.029 <0.029 <0.029 <0.029 <0.029 <0.029 <0.029

0.633 0.044 <0.007 0.086 0.047 0.142 0.07 0.238 0.077

<0.01 0.007 <0.007 0.032 0.012 <0.016 <0.017 0.112 <0.019

0.293 0.5 0.5 0.329 0.343 0.15 0.143 0.093 0.243

0.279 0.471 0.493 0.293 0.307 0.136 0.121 0.079 0.221

- - - - - - - - -

- - - - - - - - -

0.011 0.002 0.002 0.01 0.017 0.005 0.007 0.008 0.01

0.008 0.001 0.001 0.001 0.0002 0.001 0.001 0.001 0.003

<1 2 <1 <1 <1 <1 <1 1.5 <1

<1 <1 <1 <1 <1 <1 <1 <1 <1

0.0048 0.0007 0.0007 0.0025 0.001 <0.0001 0.0003 0.0004 0.0003

0.0043 0.0006 0.0006 0.0022 0.0009 <0.0001 0.0002 0.0004 0.0003

0.005 0.005 0.005 0.006 0.007 0.018 0.009 0.012 0.009

0.003 0.003 0.004 0.004 0.002 0.014 0.005 0.006 0.006

- - - - - - - - -

- - - - - - - - -

0.009 0.009 0.009 0.008 0.006 0.005 0.002 0.002 0.004

0.008 0.009 0.009 0.007 0.006 0.005 0.002 0.002 0.004

<0.25 1.6 1.6 0.75 0.35 <0.25 0.25 0.25 0.25

<0.25 1.75 1.55 0.65 0.4 <0.25 <0.25 0.4 <0.25

- - - - - - - - -

- - - - - - - - -

0.04 <0.033 <0.033 <0.033 <0.033 <1 1.2 0.047 <1

<0.033 <0.033 <0.033 <0.033 <0.033 <1 <1 <0.033 <1

- - - - - - - - -

- - - - - - - - -

- - - - - - - - -

- - - - - - - - -

- - - - - - - - -

- - - - - - - - -

<0.067 <0.067 <0.067 <0.067 <0.067 <0.067 0.433 0.2 <0.067

<0.067 <0.067 <0.067 <0.067 <0.067 <0.067 0.433 0.167 <0.067

- - - - - - - - -

- - - - - - - - -

- - - - - - - - -

- - - - - - - - -

0.004 <0.003 <0.003 0.004 0.008 <0.003 <0.003 0.004 <0.003

<0.003 <0.003 <0.003 <0.003 <0.003 <0.003 <0.003 <0.003 <0.003

0.028 0.037 0.038 0.026 0.011 0.0003 0.001 0.004 0.002

0.026 0.032 0.035 0.021 0.009 0.0002 0.001 0.003 0.001

0.167 0.167 0.167 0.333 0.5 <0.167 <0.167 <0.167 0.167

<0.167 <0.167 <0.167 <0.167 0.167 <0.167 <0.167 <0.167 <0.167

0.198 <0.031 <0.031 0.267 0.358 0.506 4.267 2.074 2.133

0.049 <0.031 <0.031 0.094 <0.08 0.338 2.933 1.148 1.067

- - - - - - - - -

- - - - - - - - -
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 10/19/2012 APPENDIX B
Table B-1

Drive Point Water Chemistry Results – General Parameters and Metals
East Trail Ecological Risk Assessment

Trail, BC

 12-1493-0087

Lab ID K9I0170-05 K9K0216-06 K9K0216-04 K0J1085-06 K0J1085-08 K0J1085-10 K0J1089-01 K1J0446-01 K1J0446-03 K1J0446-05 K1J0446-07 K1J0446-09 K1J0446-11 K1J0446-13

Client ID RB-17 MR-B11 MR-B12 RB-30 RB-31 RB-32 RB-33 12-10-2011-1RB 12-10-2011-2RB 12-10-2011-3RB 12-10-2011-4RB 12-10-2011-5RB 12-10-2011-6RB 12-10-2011-7RB

Sample Station ID DP-17 MR-11 MR-12 2010-30 2010-31 2010-32 2010-33 2011-1 2011-2 2011-3 2011-4 2011-5 2011-6 2011-7

Water Sample Type RiverBottom River Bottom River Bottom River Bottom River Bottom River Bottom River Bottom River Bottom River Bottom River Bottom River Bottom River Bottom River Bottom River Bottom

Date Sampled 02-Sep-09 5-Nov-09 5-Nov-09 28-Oct-10 28-Oct-10 28-Oct-10 28-Oct-10 12-Oct-2011 12-Oct-2011 12-Oct-2011 12-Oct-2011 12-Oct-2011 12-Oct-2011 12-Oct-2011

Field Parameters

Conductivity (uS/cm) - - - - - - - - - - - - - - - - -

Temperature (C) - - 19.0k - - - - - - - - - - - - - -

pH - 6.5 - 9.0 6.5 - 9.0 - - - - - - - - - - - - - -

Dissolved oxygen - 5.5  - 9.5a 8.0L - - - - - - - - - - - - - -

ORP (mV) - - - - - - - - - - - - - - - - -

General Parameters

Alkalinity, Total as CaCO3 1 - <20b,m - - - - - - - - - - - - - -

Chloride 0.1 120 150 0.006 0.005 0.005 0.007 0.006 0.007 0.007 0.004 0.004 0.004 0.004 0.003 0.004 0.005

Fluoride 0.1 0.12b 1.09 - 1.88f <0.089 <0.089 <0.09 <0.086 <0.088 <0.087 <0.087 <0.089 <0.088 <0.088 <0.089 <0.091 <0.091 <0.088

Hardness (Total as CaCO3) 0.5 - - - - - - - - - - - - - - - -

Hardness (Diss. as CaCO3) 0.5 - - - - - - - - - - - - - - - -

Nitrogen, Ammonia as N 0.01 0.20 - 8.5c 0.366 - 1.84c 0.784 0.196 0.196 0.294 0.196 0.196 0.196 0.196 0.196 0.196 0.196 0.196 0.196 0.196

Nitrogen, Nitrate+Nitrite as N 0.02 - - - - - - - - - - - - - - - -

Nitrogen, Nitrate as N 0.01 3 3 0.013 0.033 0.03 0.023 0.02 0.02 0.027 0.028 0.03 0.029 0.028 0.024 0.026 0.027

Nitrogen, Nitrite as N 0.01 0.06 0.02 - 0.2n <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5

Nitrogen, Total Kjeldahl 0.05 - - - - - - - - - - - - - - - -

Phosphorus, Total 0.005 0.01d - - - - - - - - - - - - - - -

Solids, Total Dissolved 0.05 - - - - - - - - - - - - - - - -

Sulphate 1 - 50 0.222 0.244 0.216 0.258 0.248 0.248 0.266 0.208 0.202 0.202 0.2 0.196 0.198 0.218

pH- lab 0.01 6.5 - 9.0 6.5 - 9.0 - - - - - - - - - - - - - -

Conductivity-lab (uS/cm) 2 - - - - - - - - - - - - - - - -

Total and Dissolved Metals

Aluminum, total 0.2 2.96 0.64 0.42 0.32 1.08 0.28 0.38 0.3 1.64 1.36 0.32 0.58 0.26

Aluminum, dissolved 0.16 0.2 0.2 <0.1 <0.1 <0.1 <0.1 <0.1 0.12 0.12 0.1 0.12 0.12 0.12

Antimony, total 0.0001 0.005 0.055 0.01 <0.005 <0.005 0.01 <0.005 0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005

Antimony, dissolved 0.002 <0.005 0.02 <0.005 <0.005 <0.005 <0.005 <0.005 0.205 <0.1 <0.1 0.105 <0.1 <0.1 <0.1

Arsenic, total <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1

Arsenic, dissolved <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1

Barium, total 0.02 0.025 0.021 0.021 0.02 0.022 0.02 0.019 0.018 0.019 0.017 0.016 0.017 0.019

Barium, dissolved 0.018 0.018 0.018 0.019 0.019 0.019 0.018 0.017 0.017 0.017 0.017 0.017 0.017 0.019

Beryllium, total <0.019 <0.019 <0.019 <0.019 <0.019 <0.019 <0.019 <0.019 <0.019 <0.019 <0.019 <0.019 <0.019 <0.019

Beryllium, dissolved <0.019 <0.019 <0.019 <0.019 <0.019 <0.019 <0.019 <0.019 <0.019 <0.019 <0.019 <0.019 <0.019 <0.019

Bismuth, total - - - - - - - - - - - - - -

Bismuth, dissolved - - - - - - - - - - - - - -

Boron, total 0.003 0.003 0.002 0.005 0.004 0.003 0.007 0.006 <0.003 <0.003 <0.003 <0.003 <0.003 <0.003

Boron, dissolved <0.002 0.002 <0.002 <0.003 <0.003 <0.003 <0.003 0.01 0.006 0.005 0.005 <0.003 <0.003 <0.003

Cadmium, total 0.474 10.84 0.48 <0.442 <0.457 2.231 <0.446 0.937 0.933 1.822 0.954 <0.503 1.005 0.934

Cadmium, dissolved <0.474 1.885 <0.48 <0.442 <0.457 0.893 <0.446 0.937 <0.467 <0.456 <0.477 <0.503 <0.503 <0.467

Calcium, total - - - - - - - - - - - - - -

Calcium, dissolved - - - - - - - - - - - - - -

Chromium, total 0.6 1.6 1.6 1.2 1.3 2.6 1.3 <0.5 <0.5 <0.5 <0.5 <0.5 0.6 0.7

Chromium, dissolved 0.6 <0.5 <0.5 0.7 1 0.8 0.7 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 0.5

Cobalt, total <0.013 0.045 <0.013 <0.013 <0.013 0.015 <0.013 <0.013 <0.013 0.018 <0.013 <0.013 <0.013 <0.013

Cobalt, dissolved <0.013 <0.013 <0.013 <0.013 <0.013 <0.013 <0.013 <0.013 <0.013 <0.013 <0.013 <0.013 <0.013 <0.013

Copper, total 0.169 4.237 0.386 0.117 1.133 0.276 0.157 0.167 0.124 0.282 0.17 0.181 3.978 0.208

Copper, dissolved 0.169 0.252 0.214 0.156 0.162 0.157 0.157 0.125 0.166 0.121 0.085 0.136 <0.09 0.208

Iron, total 1.0 0.05 0.35 0.07 0.05 0.04 0.09 0.04 0.02 0.01 0.12 0.04 0.02 0.03 0.01

Iron, dissolved 0.35 0.077 0.106 0.103 0.051 0.043 0.04 0.057 <0.029 <0.029 <0.029 <0.029 <0.029 <0.029 <0.029

Lead, total 0.04 3.348 0.204 0.059 0.04 0.412 <0.02 0.02 <0.02 0.297 0.101 0.042 0.125 0.02

Lead, dissolved <0.02 0.04 <0.02 <0.02 <0.02 <0.02 <0.02 <0.02 <0.02 <0.02 <0.02 <0.021 <0.021 <0.02

Lithium, total 0.086 0.093 0.079 0.079 0.071 0.071 0.086 0.064 0.064 0.071 0.064 0.057 0.057 0.079

Lithium, dissolved 0.064 0.071 0.071 0.086 0.071 0.071 0.079 0.071 0.064 0.064 0.071 0.064 0.064 0.071

Magnesium, total - - - - - - - - - - - - - -

Magnesium, dissolved - - - - - - - - - - - - - -

Manganese, total 0.002 0.026 0.004 0.003 0.003 0.011 0.002 0.003 0.003 0.007 0.005 0.002 0.004 0.002

Manganese, dissolved 0.001 0.0014 0.001 0.002 0.001 0.007 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001

Mercury, total <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1

Mercury, dissolved <1 <1 <1 <2.5 <2.5 <2.5 <2.5 <1 <1 <1 <1 <1 <1 <1

Molybdenum, total 0.00060 0.00070 0.00060 0.0006 0.0006 0.0006 0.0006 0.0007 0.0006 0.0006 0.0006 0.0005 0.0005 0.0007

Molybdenum, dissolved 0.0006 0.0006 0.0006 0.0006 0.0006 0.0006 0.0005 0.0014 0.0007 0.0006 0.0006 0.0005 0.0005 0.0006

Nickel, total 0.028 0.04 0.028 0.009 0.025 0.011 0.009 0.012 0.005 0.009 0.016 0.012 0.016 0.005

Nickel, dissolved 0.024 0.028 0.024 0.009 0.009 0.008 0.008 0.016 0.005 0.006 0.012 0.012 0.012 0.006

Phosphorus, total - - - - - - - - - - - - - -

Phosphorus, dissolved - - - - - - - - - - - - - -

Potassium, total 0.001 0.002 0.002 0.002 0.002 0.002 0.002 0.002 0.002 0.002 0.002 0.001 0.001 0.002

Potassium, dissolved 0.001 0.002 0.002 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.002

Selenium, total <0.15 <0.15 <0.15 <0.15 0.2 0.15 <0.15 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25

Selenium, dissolved <0.15 <0.15 <0.15 0.15 0.2 0.2 <0.15 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25

Silicon, total - - - - - - - - - - - - - -

Silicon, dissolved - - - - - - - - - - - - - -

Silver, total <1 2 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1

Silver, dissolved <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1

Sodium, total - - - - - - - - - - - - - -

Sodium, dissolved - - - - - - - - - - - - - -

Strontium, total - - - - - - - - - - - - - -

Strontium, dissolved - - - - - - - - - - - - - -

Tellurium, total - - - - - - - - - - - - - -

Tellurium, dissolved - - - - - - - - - - - - - -

Thallium, total <0.067 0.7 <0.067 <0.067 <0.067 <0.067 <0.067 <0.067 <0.067 <0.067 <0.067 <0.067 <0.067 <0.067

Thallium, dissolved <0.067 0.633 <0.067 <0.067 <0.067 <0.067 <0.067 0.233 <0.067 0.1 0.1 <0.067 <0.067 <0.067

Thorium, total - - - - - - - - - - - - - -

Thorium, dissolved - - - - - - - - - - - - - -

Tin, total - - - - - - - - - - - - - -

Tin, dissolved - - - - - - - - - - - - - -

Titanium, total <0.003 0.007 0.003 0.003 <0.003 0.005 <0.003 <0.003 <0.003 <0.003 <0.003 <0.003 <0.003 <0.003

Titanium, dissolved <0.003 <0.003 <0.003 <0.003 <0.003 <0.003 <0.003 <0.003 <0.003 <0.003 <0.003 <0.003 <0.003 <0.003

Uranium, total 0.002 0.002 0.002 0.002 0.001 0.001 0.001 0.002 0.001 0.002 0.002 0.001 0.001 0.002

Uranium, dissolved 0.001 0.001 0.001 0.002 0.001 0.002 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.002

Vanadium, total <0.167 <0.167 <0.167 <0.167 <0.167 <0.167 <0.167 <0.167 <0.167 <0.167 <0.167 <0.167 <0.167 <0.167

Vanadium, dissolved <0.167 <0.167 <0.167 <0.167 <0.167 <0.167 <0.167 <0.167 <0.167 <0.167 <0.167 <0.167 <0.167 <0.167

Zinc, total 0.133 3.6 0.267 0.267 0.533 0.8 0.133 <0.533 <0.533 0.667 <0.533 <0.533 0.933 <0.533

Zinc, dissolved 0.307 0.667 0.24 0.227 0.24 0.213 <0.133 <0.533 <0.533 <0.533 <0.533 <0.533 <0.533 0.533

Zirconium, total - - - - - - - - - - - - - -

Zirconium, dissolved - - - - - - - - - - - - - -

Notes

rWorking guideline for uranium is a maximum guideline.
pGuideline for vanadium is Ontario’s water quality objective for aquatic life.

Yellow highlight = Exceeds CCME guidelines for the protection of freshwater aquatic 
life.
Yellow highlight = HQ > 1; exceeds BC MoE water quaility guidelines for the 
protection of freshwater aquatic life.

iDetection limit for total/dissolved phosphorus is above the CCME guideline for 
freshwater aquatic life; refer instead to total phosphorus analysis under general 
parameters.
JGuideline for uranium applies to total recoverable, unfiltered uranium.
kGuideline for maximum daily temperature for freshwater aquatic life for streams 
with unknown fish distribution.
LGuideline for dissolved oxygen is a 30-day mean value for all life stages other than 
buried embryo/alevin, which is 11.0 mg/L.
mOver 20 mg/L for alkalinity (8 mg/L for calcium), there is low sensitivity to acid 
nGuideline is chloride dependant.
oGuideline for potassium is the threshold for Daphnia magna immobilization.
pGuideline is based on Ontario guideline
qGuideline for titanium is 2.0 mg/L, median threshold level: Scenedesmus , and 4.6 
mg/L, median threshold level: Daphnia . Conservatively used former for screening.

The hazard quotient (HQ) is a unitless ratio of exposure concentration (chemical 
concentration in sample) to effects concentration (BC WQG). 
aLowest acceptable dissolved oxygen concentration, varys for warm and cold water 
biota and life stage; for CCME, guideline of 5.5 mg/L assumed for minimum DO 
bInterim guideline for CCME guidelines or working guidelines for BC WQGs.
cGuideline for total ammonia-nitrogen is temperature and pH dependent. Guideline 
range shown is for the temperature and pH ranges measured for the water samples.
dThis is the upper end of the trigger range for total phosphorus for oligotrophic water 
bodies, such as the Lower Columbia River.
eGuideline for aluminum is pH dependent. Guideline used is for waters with a pH ≥ 
fGuideline is hardness dependent. Guideline range shown is for the range of 
hardness measured in the water samples.
gGuideline for trivalent chromium is 0.0089 mg/L and the guideline for hexavalent 
chromium is 0.001 mg/L; the latter is the principal species found in surface waters.
hGuideline for inorganic mercury.

- 0.02b

0.0005 0.005 0.005

0.005 - 1b

Reported 
Detection 

Limit 
(mg/L)

CCME 
Freshwater 
Aquatic Life 

Guideline (Jan 
2011) (mg/L)

BC Freshwater 
Aquatic Life 
Guideline 

(BCWQG) (mg/L)

0.005 0.1e 0.05e

0.004 1.5 1.2

0.00001 0.00002 - 0.00011f 0.00002 - 0.00011f

0.0001 - 0.0053b

0.0001 - -

0.00005 - 0.004

0.0002 0.002 - 0.0075f 0.002 - 0.016f

0.2 - <8.0b,m

0.0005 0.001, 0.0089g 0.001, 0.0089b,g

0.01 - -

0.0002 - 0.85 - 2.31f

0.01 0.3

0.0001 0.0015 - 0.0179f 0.005 - 0.021f

0.0001 - 0.014b

0.0002 0.061 - 0.268f 0.025 - 0.150b,f

0.00002 0.000026h 0.00002

0.0001 0.073 1.0

0.5 - -

0.00005 0.0001 0.00005 - 0.0015f

0.02 - 373 - 432b,o

0.0005 0.001 0.002

0.0002 - -

0.00002 0.0008 0.0003b,p

0.02 - -

0.001 - -

0.0001 - -

0.02m 0.01d -

0.001 - 0.006b,p

0.004 0.03 0.008 - 0.231f

0.005 - 2.0 - 4.6b,q

0.00002 0.015J 0.3b,r

0.0001 - -

0.0002 - -
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 10/19/2012 APPENDIX B
Table B-1

Drive Point Water Chemistry Results – General Parameters and Metals
East Trail Ecological Risk Assessment

Trail, BC

 12-1493-0087

Lab ID

Client ID

Sample Station ID

Water Sample Type

Date Sampled

Field Parameters

Conductivity (uS/cm) - - -

Temperature (C) - - 19.0k

pH - 6.5 - 9.0 6.5 - 9.0

Dissolved oxygen - 5.5  - 9.5a 8.0L

ORP (mV) - - -

General Parameters

Alkalinity, Total as CaCO3 1 - <20b,m

Chloride 0.1 120 150

Fluoride 0.1 0.12b 1.09 - 1.88f

Hardness (Total as CaCO3) 0.5 - -

Hardness (Diss. as CaCO3) 0.5 - -

Nitrogen, Ammonia as N 0.01 0.20 - 8.5c 0.366 - 1.84c

Nitrogen, Nitrate+Nitrite as N 0.02 - -

Nitrogen, Nitrate as N 0.01 3 3

Nitrogen, Nitrite as N 0.01 0.06 0.02 - 0.2n

Nitrogen, Total Kjeldahl 0.05 - -

Phosphorus, Total 0.005 0.01d -

Solids, Total Dissolved 0.05 - -

Sulphate 1 - 50

pH- lab 0.01 6.5 - 9.0 6.5 - 9.0

Conductivity-lab (uS/cm) 2 - -

Total and Dissolved Metals

Aluminum, total

Aluminum, dissolved

Antimony, total 0.0001

Antimony, dissolved 0.002

Arsenic, total

Arsenic, dissolved

Barium, total

Barium, dissolved

Beryllium, total

Beryllium, dissolved

Bismuth, total

Bismuth, dissolved

Boron, total

Boron, dissolved

Cadmium, total

Cadmium, dissolved

Calcium, total

Calcium, dissolved

Chromium, total

Chromium, dissolved

Cobalt, total

Cobalt, dissolved

Copper, total

Copper, dissolved

Iron, total 1.0

Iron, dissolved 0.35

Lead, total

Lead, dissolved

Lithium, total

Lithium, dissolved

Magnesium, total

Magnesium, dissolved

Manganese, total

Manganese, dissolved

Mercury, total

Mercury, dissolved

Molybdenum, total

Molybdenum, dissolved

Nickel, total

Nickel, dissolved

Phosphorus, total

Phosphorus, dissolved

Potassium, total

Potassium, dissolved

Selenium, total

Selenium, dissolved

Silicon, total

Silicon, dissolved

Silver, total

Silver, dissolved

Sodium, total

Sodium, dissolved

Strontium, total

Strontium, dissolved

Tellurium, total

Tellurium, dissolved

Thallium, total

Thallium, dissolved

Thorium, total

Thorium, dissolved

Tin, total

Tin, dissolved

Titanium, total

Titanium, dissolved

Uranium, total

Uranium, dissolved

Vanadium, total

Vanadium, dissolved

Zinc, total

Zinc, dissolved

Zirconium, total

Zirconium, dissolved

Notes

rWorking guideline for uranium is a maximum guideline.
pGuideline for vanadium is Ontario’s water quality objective for aquatic life.

Yellow highlight = Exceeds CCME guidelines for the protection of freshwater aquatic 
life.
Yellow highlight = HQ > 1; exceeds BC MoE water quaility guidelines for the 
protection of freshwater aquatic life.

iDetection limit for total/dissolved phosphorus is above the CCME guideline for 
freshwater aquatic life; refer instead to total phosphorus analysis under general 
parameters.
JGuideline for uranium applies to total recoverable, unfiltered uranium.
kGuideline for maximum daily temperature for freshwater aquatic life for streams 
with unknown fish distribution.
LGuideline for dissolved oxygen is a 30-day mean value for all life stages other than 
buried embryo/alevin, which is 11.0 mg/L.
mOver 20 mg/L for alkalinity (8 mg/L for calcium), there is low sensitivity to acid 
nGuideline is chloride dependant.
oGuideline for potassium is the threshold for Daphnia magna immobilization.
pGuideline is based on Ontario guideline
qGuideline for titanium is 2.0 mg/L, median threshold level: Scenedesmus , and 4.6 
mg/L, median threshold level: Daphnia . Conservatively used former for screening.

The hazard quotient (HQ) is a unitless ratio of exposure concentration (chemical 
concentration in sample) to effects concentration (BC WQG). 
aLowest acceptable dissolved oxygen concentration, varys for warm and cold water 
biota and life stage; for CCME, guideline of 5.5 mg/L assumed for minimum DO 
bInterim guideline for CCME guidelines or working guidelines for BC WQGs.
cGuideline for total ammonia-nitrogen is temperature and pH dependent. Guideline 
range shown is for the temperature and pH ranges measured for the water samples.
dThis is the upper end of the trigger range for total phosphorus for oligotrophic water 
bodies, such as the Lower Columbia River.
eGuideline for aluminum is pH dependent. Guideline used is for waters with a pH ≥ 
fGuideline is hardness dependent. Guideline range shown is for the range of 
hardness measured in the water samples.
gGuideline for trivalent chromium is 0.0089 mg/L and the guideline for hexavalent 
chromium is 0.001 mg/L; the latter is the principal species found in surface waters.
hGuideline for inorganic mercury.

- 0.02b

0.0005 0.005 0.005

0.005 - 1b

Reported 
Detection 

Limit 
(mg/L)

CCME 
Freshwater 
Aquatic Life 

Guideline (Jan 
2011) (mg/L)

BC Freshwater 
Aquatic Life 
Guideline 

(BCWQG) (mg/L)

0.005 0.1e 0.05e

0.004 1.5 1.2

0.00001 0.00002 - 0.00011f 0.00002 - 0.00011f

0.0001 - 0.0053b

0.0001 - -

0.00005 - 0.004

0.0002 0.002 - 0.0075f 0.002 - 0.016f

0.2 - <8.0b,m

0.0005 0.001, 0.0089g 0.001, 0.0089b,g

0.01 - -

0.0002 - 0.85 - 2.31f

0.01 0.3

0.0001 0.0015 - 0.0179f 0.005 - 0.021f

0.0001 - 0.014b

0.0002 0.061 - 0.268f 0.025 - 0.150b,f

0.00002 0.000026h 0.00002

0.0001 0.073 1.0

0.5 - -

0.00005 0.0001 0.00005 - 0.0015f

0.02 - 373 - 432b,o

0.0005 0.001 0.002

0.0002 - -

0.00002 0.0008 0.0003b,p

0.02 - -

0.001 - -

0.0001 - -

0.02m 0.01d -

0.001 - 0.006b,p

0.004 0.03 0.008 - 0.231f

0.005 - 2.0 - 4.6b,q

0.00002 0.015J 0.3b,r

0.0001 - -

0.0002 - -

K1J0497-01 K1J0497-03 K1J0497-05 K1J0497-07 K1J0497-09 K1J0497-11 K1J0497-13

13-10-2011-8RB 13-10-2011-9RB 13-10-2011-10RB 13-10-2011-11RB 13-10-2011-12RB 13-10-2011-13RB 13-10-2011-14RB

2011-8 2011-9 2011-10 2011-11 2011-12 2011-13 2011-14

River Bottom River Bottom River Bottom River Bottom River Bottom River Bottom River Bottom

13-Oct-2011 13-Oct-2011 13-Oct-2011 13-Oct-2011 13-Oct-2011 13-Oct-2011 13-Oct-2011

- - - - - - -

- - - - - - -

- - - - - - -

- - - - - - -

- - - - - - -

- - - - - - -

0.004 0.006 0.003 0.005 0.003 0.003 0.003

<0.092 <0.09 <0.092 <0.092 <0.091 <0.092 <0.092

- - - - - - -

- - - - - - -

0.196 0.098 0.098 0.588 0.098 0.098 0.196

- - - - - - -

0.035 0.047 0.024 0.023 0.019 0.032 0.023

<0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5

- - - - - - -

- - - - - - -

- - - - - - -

0.202 0.222 0.192 0.194 0.208 0.216 0.206

- - - - - - -

- - - - - - -

0.48 0.42 0.32 0.44 3.64 1.32 0.3

0.18 0.16 0.18 0.18 0.16 0.14 0.18

0.025 0.015 0.01 0.01 0.05 0.045 0.035

<0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1

<0.1 <0.1 <0.1 <0.1 0.1 <0.1 <0.1

<0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1

0.017 0.019 0.016 0.017 0.02 0.018 0.016

0.017 0.018 0.016 0.016 0.017 0.017 0.016

<0.019 <0.019 <0.019 <0.019 <0.019 <0.019 <0.019

<0.019 <0.019 <0.019 <0.019 <0.019 <0.019 <0.019

- - - - - - -

- - - - - - -

0.006 0.005 0.003 <0.003 0.007 0.004 0.004

0.005 0.004 0.003 <0.003 0.005 0.004 0.003

1.024 0.979 1.034 0.511 7.516 6.166 2.049

1.024 1.469 1.034 0.511 3.006 4.625 2.561

- - - - - - -

- - - - - - -

0.5 0.5 0.6 0.6 0.8 0.8 0.5

0.6 0.5 0.5 0.6 0.5 0.6 0.5

<0.013 <0.013 <0.013 <0.013 0.038 <0.013 <0.013

<0.013 <0.013 <0.013 <0.013 0.018 <0.013 <0.013

0.277 0.482 0.187 0.23 0.766 0.51 0.185

0.277 0.263 0.14 0.184 0.541 0.232 0.185

0.03 0.02 0.01 0.02 0.32 0.11 0.01

<0.029 <0.029 <0.029 <0.029 0.057 0.057 <0.029

0.063 0.164 0.042 0.021 1.08 0.42 <0.021

<0.021 <0.021 <0.021 <0.021 0.042 <0.021 <0.021

0.079 0.086 0.071 0.071 0.093 0.079 0.079

0.064 0.079 0.064 0.064 0.064 0.064 0.064

- - - - - - -

- - - - - - -

0.003 0.002 0.002 0.002 0.01 0.006 0.002

0.001 0.001 0.001 0.001 0.004 0.001 0.001

<1 <1 <1 <1 <1 <1 <1

<1 <1 <1 <1 <1 <1 <1

0.0006 0.0006 0.0006 0.0006 0.0006 0.0006 0.0006

0.0005 0.0006 0.0005 0.0005 0.0006 0.0005 0.0005

0.012 0.016 0.012 0.012 0.024 0.016 0.012

0.016 0.012 0.012 0.012 0.02 0.016 0.012

- - - - - - -

- - - - - - -

0.001 0.002 0.001 0.001 0.002 0.001 0.001

0.001 0.002 0.001 0.001 0.001 0.001 0.001

<0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25

<0.25 <0.25 <0.25 <0.25 <0.25 0.35 <0.25

- - - - - - -

- - - - - - -

1.2 <1 <1 <1 <1 <1 <1

<1 <1 <1 <1 <1 <1 <1

- - - - - - -

- - - - - - -

- - - - - - -

- - - - - - -

- - - - - - -

- - - - - - -

<0.067 <0.067 <0.067 <0.067 0.233 0.2 0.2

<0.067 <0.067 <0.067 <0.067 0.2 0.2 0.233

- - - - - - -

- - - - - - -

- - - - - - -

- - - - - - -

<0.003 <0.003 <0.003 <0.003 0.005 <0.003 <0.003

<0.003 <0.003 <0.003 <0.003 <0.003 <0.003 <0.003

0.002 0.002 0.001 0.001 0.001 0.001 0.001

0.001 0.002 0.001 0.001 0.001 0.001 0.001

<0.167 <0.167 <0.167 <0.167 <0.167 <0.167 <0.167

<0.167 <0.167 <0.167 <0.167 <0.167 <0.167 <0.167

<0.533 <0.533 <0.533 <0.533 2.133 1.467 <0.533

0.667 <0.533 <0.533 <0.533 0.8 0.8 <0.533

- - - - - - -

- - - - - - -
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 10/19/2012 APPENDIX B
Table B-1

Drive Point Water Chemistry Results – General Parameters and Metals
East Trail Ecological Risk Assessment

Trail, BC

 12-1493-0087

Parameters Applicable Guideline

[Max] COPC HQs

General Parameters
Alkalinity, Total as CaCO3 <20 279 N -
Chloride 150 415 Y 2.8
Fluoride 1.10 - 2.49 0.33 N 0.18
Hardness (Total as CaCO3) - 388 N -
Hardness (Diss. as CaCO3) - 332 N -
Nitrogen, Ammonia as N 0.366 - 1.84 0.08 N 0.78
Nitrogen, Nitrate+Nitrite as N - 7.09 N -
Nitrogen, Nitrate as N 3 7.09 Y 2.4

Nitrogen, Nitrite as N 0.02 - 0.2 <0.01 N <0.5

Nitrogen, Total Kjeldahl - 0.4 N -

Phosphorus, Total 0.01 0.22 N -

Solids, Total Dissolved - 1090 N -
Sulphate 50 108 Y 2.2
pH- lab 6.5 - 9.0 8.16 N -
Conductivity-lab (µS/cm) - 1880 N -
Total and Dissolved Metals
Aluminum, total 0.05 1.58 Y 32
Aluminum, dissolved 0.05 0.02 N 0.40
Antimony, total 0.02 0.0022 N 0.11

Antimony, dissolved 0.02 0.0048 N 0.24
Arsenic, total 0.005 0.0118 Y 2.4
Arsenic, dissolved 0.005 0.0109 Y 2.2
Barium, total 1 0.339 N 0.34
Barium, dissolved 1 0.311 N 0.31
Beryllium, total 0.0053 0.0001 N 0.02
Beryllium, dissolved 0.0053 <0.0001 N <0.019
Bismuth, total - <0.0001 N -
Bismuth, dissolved - <0.0001 N -
Boron, total 1.2 0.164 N 0.14
Boron, dissolved 1.2 0.139 N 0.12
Cadmium, total 0.00002-0.0004 0.00035 Y 6.9
Cadmium, dissolved 0.00002-0.0004 0.00026 Y 5.1
Calcium, total <8.0 124 N -
Calcium, dissolved <8.0 104 N -
Chromium, total 0.001, 0.0089 0.008 Y 8.0
Chromium, dissolved 0.001, 0.0089 0.0053 Y 5.3
Cobalt, total 0.004 0.00099 N 0.25
Cobalt, dissolved 1.004 0.0006 N 0.15
Copper, total 0.002 - 0.072 0.0065 Y 1.8
Copper, dissolved 0.002 - 0.072 0.0029 N 0.51
Iron, total 1.0 2.22 Y 2.2
Iron, dissolved 0.35 1.51 Y 4.3
Lead, total 0.005 - 0.021 0.0243 Y 3.4
Lead, dissolved 0.005 - 0.021 0.0029 N 0.24
Lithium, total 0.014 0.0138 N 0.99
Lithium, dissolved 0.014 0.0105 N 0.75
Magnesium, total - 19.6 N -
Magnesium, dissolved - 18.8 N -
Manganese, total 0.85 - 2.31 0.514 N 0.22
Manganese, dissolved 0.85 - 2.31 0.456 N 0.20
Mercury, total 0.00002 0.00004 Y 2.0
Mercury, dissolved 0.00002 <0.00005 N <2.5
Molybdenum, total 1.0 0.0061 N 0.01
Molybdenum, dissolved 1.0 0.005 N 0.01
Nickel, total 0.025 - 0.150 0.005 N 0.04
Nickel, dissolved 0.025 - 0.150 0.0025 N 0.03
Phosphorus, total 0.01 0.21 N -
Phosphorus, dissolved 0.01 0.062 N -
Potassium, total 373 - 432 8.75 N 0.02
Potassium, dissolved 374 - 432 7.66 N 0.02
Selenium, total 0.002 0.0086 Y 4.3
Selenium, dissolved 0.002 0.0089 Y 4.5
Silicon, total - 10.9 N -
Silicon, dissolved - 7.9 N -
Silver, total 0.00005 - 0.0015 0.00045 Y 2.0
Silver, dissolved 0.00005 - 0.0015 <0.00005 N <0.033
Sodium, total - 247 N -
Sodium, dissolved - 237 N -
Strontium, total - 0.666 N -
Strontium, dissolved - 0.645 N -
Tellurium, total - <0.0002 N -
Tellurium, dissolved - <0.0002 N -
Thallium, total 0.0003 0.00004 N 0.13
Thallium, dissolved 0.0003 0.00008 N 0.27
Thorium, total - 0.0006 N -
Thorium, dissolved - <0.0001 N -
Tin, total - 0.0005 N -
Tin, dissolved - <0.0002 N -
Titanium, total 2.0 - 4.6 0.123 N 0.06
Titanium, dissolved 2.0 - 4.6 <0.005 N <0.003
Uranium, total 0.3 0.0782 N 0.26
Uranium, dissolved 0.3 0.0664 N 0.22
Vanadium, total 0.006 0.005 N 0.83
Vanadium, dissolved 0.006 0.0027 N 0.45
Zinc, total 0.008 - 0.231 0.077 Y 4.8
Zinc, dissolved 0.008 - 0.231 0.0756 N 0.64
Zirconium, total - 0.0005 N -
Zirconium, dissolved <0.0001 N -

Study Area (Plume Discharge)

Notes
The lowest of the BCWQG and CCME WQG was used to calculate 
the hazard quotient.
The hazard quotient (HQ) is a unitless ratio of exposure 
concentration (chemical concentration in sample) to effects 
concentration (BC WQG).
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 10/19/2012 APPENDIX B
Table B-1

Drive Point Water Chemistry Results – General Parameters and Metals
East Trail Ecological Risk Assessment

Trail, BC

 12-1493-0087

Parameters Applicable Guideline
[Max] COPC HQs

General Parameters

Alkalinity, Total as CaCO3 <20 57 N -

Chloride 150 1.11 N 0.0074

Fluoride 1.10 - 2.49 <0.10 N <0.089

Hardness (Total as CaCO3) - 64.3 N -

Hardness (Diss. as CaCO3) - 62 N -

Nitrogen, Ammonia as N 0.366 - 1.84 0.08 N 0.784

Nitrogen, Nitrate+Nitrite as N - 0.142 N -

Nitrogen, Nitrate as N 3 0.142 N 0.047

Nitrogen, Nitrite as N 0.02 - 0.2 <0.01 N <0.5

Nitrogen, Total Kjeldahl - 0.36 N -

Phosphorus, Total 0.01 0.24 N -

Solids, Total Dissolved - 103 N -

Sulphate 50 13.3 N 0.266

pH- lab 6.5 - 9.0 8.02 N -

Conductivity-lab (µS/cm) - 139 N -

Total and Dissolved Metals
Aluminum, total 0.05 0.148 Y 3.0

Aluminum, dissolved 0.05 0.01 N 0.2

Antimony, total 0.02 0.0011 N 0.055

Antimony, dissolved 0.02 0.0041 N 0.205

Arsenic, total 0.005 <0.0005 N <0.1

Arsenic, dissolved 0.005 <0.0005 N <0.1

Barium, total 1 0.0245 N 0.025

Barium, dissolved 1 0.0194 N 0.019

Beryllium, total 0.0053 <0.0001 N <0.019

Beryllium, dissolved 0.0053 <0.0001 N <0.019

Bismuth, total - <0.0001 N -

Bismuth, dissolved - <0.0001 N -

Boron, total 1.2 0.008 N 0.007

Boron, dissolved 1.2 0.012 N 0.01

Cadmium, total 0.00002-0.0004 0.00023 Y 11

Cadmium, dissolved 0.00002-0.0004 0.00004 Y 1.9

Calcium, total <8.0 19 N -

Calcium, dissolved <8.0 18.2 N -

Chromium, total 0.001, 0.0089 0.0026 Y 2.6

Chromium, dissolved 0.001, 0.0089 0.001 N 1

Cobalt, total 0.004 0.00018 N 0.045

Cobalt, dissolved 1.004 <0.00005 N <0.013

Copper, total 0.002 - 0.072 0.0101 Y 4.2

Copper, dissolved 0.002 - 0.072 0.0006 N 0.277

Iron, total 1.0 0.35 N 0.35

Iron, dissolved 0.35 0.037 N 0.106

Lead, total 0.005 - 0.021 0.0166 Y 3.3

Lead, dissolved 0.005 - 0.021 0.0002 N 0.04

Lithium, total 0.014 0.0013 N 0.093

Lithium, dissolved 0.014 0.0012 N 0.086

Magnesium, total - 4.19 N -

Magnesium, dissolved - 4.07 N -

Manganese, total 0.85 - 2.31 0.0226 N 0.026

Manganese, dissolved 0.85 - 2.31 0.0058 N 0.007

Mercury, total 0.00002 <0.00002 N <1

Mercury, dissolved 0.00002 <0.00005 N <2.5
Molybdenum, total 1.0 0.0007 N 0.0007

Molybdenum, dissolved 1.0 0.0014 N 0.0014

Nickel, total 0.025 - 0.150 0.0016 N 0.04

Nickel, dissolved 0.025 - 0.150 0.0007 N 0.028

Phosphorus, total 0.01 0.03 N -

Phosphorus, dissolved 0.01 <0.020 N -

Potassium, total 373 - 432 0.65 N 0.002

Potassium, dissolved 374 - 432 0.698 N 0.002

Selenium, total 0.002 0.0004 N 0.2

Selenium, dissolved 0.002 0.0004 N 0.2

Silicon, total - 2.3 N -

Silicon, dissolved - 1.62 N -

Silver, total 0.00005 - 0.0015 0.0001 Y 2.0

Silver, dissolved 0.00005 - 0.0015 <0.00005 N <1

Sodium, total - 1.9 N -

Sodium, dissolved - 2 N -

Strontium, total - 0.118 N -

Strontium, dissolved - 0.116 N -

Tellurium, total - <0.0002 N -

Tellurium, dissolved - <0.0002 N -

Thallium, total 0.0003 0.00021 N 0.7

Thallium, dissolved 0.0003 0.00019 N 0.633

Thorium, total - <0.0001 N -

Thorium, dissolved - <0.0001 N -

Tin, total - 0.0006 N -

Tin, dissolved - <0.0002 N -

Titanium, total 2.0 - 4.6 0.013 N 0.007

Titanium, dissolved 2.0 - 4.6 <0.005 N <0.003

Uranium, total 0.3 0.0007 N 0.002

Uranium, dissolved 0.3 0.00069 N 0.002

Vanadium, total 0.006 <0.001 N <0.167

Vanadium, dissolved 0.006 <0.0010 N <0.167

Zinc, total 0.008 - 0.231 0.027 Y 3.6

Zinc, dissolved 0.008 - 0.231 0.005 N 0.667

Zirconium, total - <0.0001 N -

Zirconium, dissolved <0.0001 N -

Study Area (Plume Discharge)

Notes
The lowest of the BCWQG and CCME WQG was used to calculate 
the hazard quotient.
The hazard quotient (HQ) is a unitless ratio of exposure 
concentration (chemical concentration in sample) to effects 
concentration (BC WQG).
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1.0 INTRODUCTION 

Golder Associates Ltd. (Golder) carried out an extraction well drilling and aquifer testing program in 2011 and 
2012 to examine the feasibility of using a hydraulic containment approach for remediation of the ammonium 
sulphate groundwater plume originating from the Teck Metals Ltd (Teck) metallurgical and fertilizer operations in 

Trail, BC.  The results of our investigation are included in this report, which has been prepared in accordance 
with Golder’s work plan, “2011 Revised Work Plan for Extraction Well Design, Drilling, and Installation Oversight, 
and Aquifer Testing, Teck Metals Ltd, Trail, BC,” dated September 29, 2011. 

 

1.1 Background Information and Objectives 

An updated hydrogeological model was used to aid in the conceptual evaluation of hydraulically-based remedial 
measures that may be implemented to contain the ammonium sulphate plume originating from the Teck Trail 
Operations complex (Golder, 20111). Given that the dissolved-phase plume has a large footprint and extends to 

bedrock, two conceptual options for interception had been originally proposed: one where partial interception of 
the shallow plume is achieved thus preventing or reducing discharge of the plume to the Columbia River 
adjacent to the site, and one where the remediation goal is complete interception of the shallow and deep plume 

to the extent feasible. While two interception approaches (partial [shallow] and complete [shallow and deep]) 
were selected to evaluate costs in the Conceptual Remediation Plan (Golder, 2011), there is a continuum of 
possible depths and pumping rates for various degrees of plume capture, and thus an intermediate approach 

may also be applicable. 

The feasibility of using a hydraulic containment approach for remediation of the ammonium sulphate plume was 

examined in more detail by installing and testing a pilot scale extraction well adjacent to the Columbia River 
within the footprint of the plume. The aquifer pumping test was required to verify the bulk hydraulic properties of 
the unconsolidated sediments underlying the Teck Trail Operations complex in the vicinity of the extraction well 

and to provide information with regards to the degree of connection between shallow and deep portions of the 
unconsolidated sediments and on the hydraulic connection between these sediments and the Columbia River.   

 

2.0 WORK PLAN APPROACH 

Initially, only one extraction well (EW2011-1) was proposed for installation, with the intention of eventually 
integrating this extraction well into the full scale remediation design, where adjustment and optimization will be 

conducted as the full-scale system is implemented.  The location of extraction well EW2011-1 is on the riverbank 
road adjacent to the Columbia River near the inferred central portion of the plume, at the edge of the property 
(Figure 2.1).  Multi-level monitoring well MW2009-102 is located approximately 12 m to the west.  As shown on 

Figure 2.1, two other multi-level wells lie to the north (MW2001-6) and south (MW2001-5) of the extraction well 
location, by distances of approximately 190 m and 110 m, respectively. There are also several shallow 
monitoring wells that are situated less than 100 m north of the extraction well.   

                                                      
1 Golder Associates Ltd., 2011. 2011 Conceptual Remediation Plan, Teck Metals Ltd., Trail, British Columbia.  Submitted on July 26, 2011. 
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After completion and development of the extraction well, an aquifer test was conducted at a pumping rate that 
was sufficient for measurements of drawdown response in selected monitoring wells completed within an 

anticipated radius of influence of approximately 200 m.  Based on hydrogeological analysis that was conducted 
prior to the test, a preliminary groundwater pumping rate to meet this objective was estimated to be a minimum 
of 2,000 m3/day (370 USgpm).  

Based on the results of previous analysis (Golder, 2011), the targeted depth of the extraction well was 65 m to 
90 m, depending on the hydrostratigraphy encountered.  Modelling results indicated that a series of extraction 

wells completed within this depth interval would be sufficient to provide capture of both the shallow and deep 
plume. 

The work plan components included completion of the following five tasks: 

 Well siting, preliminary extraction well design, prepare technical specifications, prepare health and 

safety plan, attend project start-up meeting, and other pre-construction activities; 

 Oversight of the drilling, final well screen design and installation oversight, and well development 

oversight; 

 Aquifer test design, prepare specifications, oversight of stepped-discharge and constant rate pumping 

tests, groundwater quality sampling, river level monitoring, and aquifer test data analysis and 
interpretation; 

 Preparation and submission of a draft and final hydrogeologic report; and 

 Carry out project management and regulatory liaison project requirements. 

 

3.0 EXTRACTION WELL DRILLING PROGRAM 

3.1 Well Drilling 

Extraction well EW2011-1 was drilled, installed, and developed between October 24 and November 10, 2011.  
The work was completed by JR Drilling Ltd, Cranbrook, BC, using a Foremost DR24 dual-rotary drilling rig.  The 
initial 22 m of borehole was drilled using compressed air to lift the drill cuttings to the surface.  As a result of the 

shallow water table and presence of fine sand within portions of the formation, heaving sand conditions became 
pronounced and insurmountable at depths greater than 23 m below ground surface (bgs). In order to maintain 
stability of the borehole at greater depths, the drill rig was “re-tooled” and flood reverse circulation drilling with 

water was used to lift the drill cuttings to the surface.  This method was very successful in overcoming and 
eliminating the heaving sand conditions that were previously encountered when drill only with air.     

Nominal 300 mm diameter steel casing was advanced to a total depth of 65.4 mbgs (214.6 ftbgs).  Drill cuttings 
were collected approximately every 1.5 m for the purposes of logging the hydrostratigraphic section with depth 
and performing grain size analysis.  The generalized lithology at this location consists of thick sequences of fine 

to coarse sand and gravel, inter-layered with equally thick units of fine sand and silty sand.  The static water 
level at the time of drilling was 3.6 mbgs, which was approximately equivalent with the elevation of the nearby 
Columbia River.  A field borehole log of the well is provided in Appendix A. 
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Drill cuttings and water were discharged at the surface into two large and sealed steel refuse bins. The first bin 
was used to settle out a majority of the drill cuttings. Water from the first bin then was piped, via gravity flow, into 

the second bin, from which water was pumped and recycled back into the borehole to lift the drill cuttings to the 
surface.  A water truck was available to provide additional makeup water as necessary, as some of the drilling 
water was temporarily lost to the formation. At the end of the drilling program, a vacuum truck was used to 

siphon off the drill water in the refuse bins for transport to the main lagoon for onsite treatment at the effluent 
treatment plant. The drill cuttings were transported to the smelter where they were recycled by adding them to 
the concentrate mix for processing through the smelter. 

 

3.2 Well Screen/Filter Pack Design and Installation 

After drilling the temporarily-cased 300 mm diameter borehole to the targeted depth, the well was completed with 
nominal 200 mm diameter pipe-sized, wire-wrapped, stainless-steel well screen. Nominal 200 mm diameter low 
carbon steel casing was welded in-between the well screen sections to create one continuous assembly up to 

ground surface (no K-packer required). In general, the more permeable units within the hydrostratigraphic 
section were targeted for installation of well screens, providing the unit had sufficient thickness to accommodate 
a minimum well screen length of 1.5 m and was not interbedded with fine sand lenses.  Approximately 23 m of 

well screen was placed in the well over four separate depth intervals: 9.0 – 15.2 mbgs; 24.3 – 35.2 mbgs; 47.1 – 
48.8 mbgs; and 61.0 – 65.4 mbgs (Figure A-1 in Appendix A).  The uppermost sandy gravel unit between 4.0 – 
8.2 mbgs (adjacent to the water table) was not screened, as it was anticipated that the pumping water level 

would drop to near the base of this gravel unit during pumping.  However, as discussed in more detail in the 
following section, 25-mm diameter PVC screen was placed within the filter pack adjacent to this stratigraphic 
section, to allow preferential flow of groundwater from the upper aquifer section down into the uppermost well 

screen. 

A filter pack was placed around the well screens and the blank casing sections between well screens, as the 

300 mm diameter temporary casing was completely removed from the borehole. Placement of a continuous filter 
pack around the well screens and the blank casing between screens should enhance plume capture from zones 
adjacent to the blank casing. Placement of a filter pack also reduced the amount of time required for well 

development, thus limiting the quantity of development water that was required for disposal and treatment.   

For the design purposes of the extraction well, a total of 14 grain size analyses were completed on drill cuttings 

obtained within the hydrostratigraphic section, at depths ranging from 9 to 62 mbgs (30 to 205 ftbgs).  The sieve 
analyses and grain size distribution curves for the samples are included in Appendix B.  As shown on Figures B-
1 and B-2, the 14 sieve samples fall within a wide range in terms of grain size, but generally can be grouped into 

two separate categories, either “fine” or “coarse” sieves. Grain size distribution curves for corresponding filter 
sands and gravels that are commercially available also are provided on Figures B-1 and B-2.  

For the filter pack design, a filter pack material with a larger grain diameter than the formation was initially 
selected so that it would retain most of the formation material.  Once the appropriate filter pack had been 
selected, a well screen slot size was selected that would retain at least 95 percent of the filter pack material. 

The grading of the filter pack typically should consider the sieve analysis for the finest formation material being 
screened.  Based on convention in the water well industry, the formation grain size where 30% passes (70% is 
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retained) is multiplied by a factor generally between 4 and 6 (Driscoll, 1986).  Of the filter sands and gravels that 
were analyzed, two were selected for use: the Target 10-20 filter sand and the Target 4-10 filter gravel.   

The grain size distribution curve for the Target 10-20 filter sand indicates it would retain most of the fine to 
medium formation sand that was screened between 9 and 15 mbgs (~30-50 ftbgs).  The grain size distribution 

curve for the Target 4-10 filter gravel indicates it would retain most of the sandy gravel formations that were 
screened lower in the well. 

After selecting these two filter pack materials, the final step in the well design was selecting well screen slot 
sizes that would retain at least 95% or more of the filter pack. Higher retainage typically equates to less well 
development time, which was desired.  From Figure B-1, 15-slot (0.015 inch or 0.38 mm) well screen will retain 

essentially 100% of the Target 10-20 filter sand.  Thus, 15-slot well screen was selected for the final design 
between 9.0 and 15.2 mbgs, adjacent to the fine to medium sand unit.  From Figure B-2, two well screen slot 
sizes were selected, 40-slot (1.02 mm) and 80-slot (2.03 mm), both of which will retain essentially 100% of the 

Target 4-10 filter gravel.  The 40-slot well screen was selected for the final design between 47.1 and 48.8 mbgs 
(sandy gravel to gravelly sand formation). The 80-slot well screen was selected for the final design at two “sandy 
gravel” locations, between 24.3 and 35.2 mbgs and at the bottom of the well between 61.0 and 65.4 mbgs. 

The well screen sections were manufactured by Variperm Ltd, Calgary, Alberta. The ends of the well screens are 
equipped with short weld rings, approximately 4 cm long. The inside diameter of the well screen is 20.4 cm (8.03 

inches).  Centralizing tabs (four to the round) were installed approximately every 6 m on the outside of the well 
screen/casing assembly to center it within the borehole and to ensure that a filter pack envelope of consistent 
thickness was placed around the well screens. The low-carbon steel blank casing welded between well screens 

has an inside diameter of 20.6 cm and a casing wall thickness of 6.35 mm (0.250 inch). 

 

3.2.1  Filter Pack Installation 

After welding the well screen/blank casing assembly together (with centralizing tabs) and lowering it to the 
bottom of the borehole at 65.4 mbgs, placement of the filter pack commenced by pouring the filter pack material 
down the annulus between the 200 mm diameter well screen assembly and the temporary 300 mm diameter 

steel casing. 

A total of 155 bags (50 lbs each) of Target 4-10 filter gravel were placed into the annulus around the lower three 

well screens and adjoining blank casing sections from the base of the well at 65.4 mbgs up to a depth of 17.1 
mbgs.  Next, a total of 32 bags (50 lbs each) of Target 10-20 filter sand were placed into the annulus 
surrounding, and immediately above and below the uppermost well screen from 17.1 mbgs up to a depth of 7.6 

mbgs.  An additional 13 bags of Target 4-10 filter gravel were used to backfill the annular space between 7.6 and 
4.6 mbgs (adjacent to blank casing).  The remainder of the annular space between 4.6 mbgs and ground surface 
was backfilled with 14 bags (50 lbs each) of medium bentonite chips to form a surface seal around the well.   

Two 4.6 m long sections of 25 mm diameter PVC screen (10-slot), capped at both ends, were placed within the 
filter pack between 5.5 and 10.1 mbgs. The PVC screens overlap the uppermost sandy gravel unit and the top of 

the upper well screen in the extraction well.  Although the uppermost sandy gravel unit is fully saturated under 
non-pumping conditions, it became mostly dewatered during pumping from the well.  This is the reason the well 
was not screened adjacent to this zone, to reduce the potential for bio-fouling in conditions when the water table 
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crosses the well screen. However, the two sections of PVC screen placed in the filter pack should help direct 
groundwater flow from the upper aquifer section down into the uppermost well screen. 

During placement, the filter pack material was poured slowly and uniformly into the well bore to reduce the 
amount of differential settling as it fell through the water column.  As the 300 mm temporary steel casing was 

retracted, the depth to the top of the filter pack was continuously sounded during filling by using a weighted 
measuring line.  The filter pack fill level was always maintained at least 0.5 m up inside the drive shoe on the 300 
mm steel casing to eliminate potential sloughing of formation material into the annulus as the casing was 

retracted. 

The final stickup of the 200 mm diameter well casing is 0.97 m above ground surface. A steel wellhead cover 

was placed over the well.  Concrete barriers were also placed in front of the well to protect it from collision 
damage. A borehole log and an as-built construction diagram (Figure A-1) for extraction well EW2011-1, 
providing more details of the hydrostratigraphic section and well construction, are included in Appendix A.   

 

3.3 Well Development and Surveying 

Extraction well EW2011-1 was developed between November 8 and 10, 2011, using the air lifting capabilities of 
the drill rig.  Initially, the end of the drill steel (equipped with a water-jetting tool) was placed adjacent to the blank 
casing section between the uppermost well screen and second well screen, and air-lift pumping produced muddy 

water and fine sand from the well. 

As well development progressed, the end of the drill steel was slowly lowered, in 0.5 m increments, along the 

entire length of each well screen to the bottom of the well and then slowly raised again to the top of the 
uppermost well screen.  The air supply was intermittently turned on and off during this process so that the water 
column would rise and fall in the well.  This surging action forces water into and out of the well screens and filter 

pack, which helps remove the finer material and pull it into the well.  The flow rate using air-lift pumping was 
estimated by the drilling contractor to be between 1100 m3/day and 1600 m3/day (200 to 300 USgpm).  At the 
end of development, the discharged water was clear and free of sediment.  The bottom of the well was sounded 

to make sure all of the finer sediment pulled into the well during development had been entirely removed. 

Development water was discharged at the surface into two large and sealed steel refuse bins. A vacuum truck 

was used, as necessary, to remove the development water from the refuse bins for transport to the main lagoon 
for onsite treatment at the effluent treatment plant. 

A hand-held GPS instrument was used to obtain northing and easting coordinates of the extraction well location. 
The coordinates of the well are 448062 N, 5439000 E (UTM 11U).  The accuracy of these coordinates is 
estimated to be +/- 3 m.  Vertical elevation of the ground surface and top of steel casing on the extraction well 

was established with a transit level survey, referencing known elevations on nearby monitoring wells.  The 
ground surface next to the extraction well has a geodetic elevation of 410.15 m above sea level (asl). The 
elevation of the top of the steel casing is at 411.12 masl. 

Photographs documenting the drilling activities, well completion details, and well development are included in 
Appendix C. 
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4.0 PILOT SCALE AQUIFER TESTING 

The following section documents the hydrogeological testing carried out on extraction well EW2011-1 during the 
period between January 23 and 26, 2012 and the interpretation of results.  Both stepped-discharge and 
constant-rate pumping tests were completed on the extraction well. Golder provided input for the design and 

completion of the pumping tests.  Aqua Tech Services of Kelowna, BC, set the temporary submersible pump in 
the well, set up the discharge line, operated the testing equipment, and completed manual water level 
measurements.  Prior to installing the test pump into the well, the well was sanitized with a sodium hypochlorite 

solution to a residual available chlorine concentration of approximately 100 ppm.  The test pump intake was set 
at a depth of 20.7 m below top of casing (btoc), resulting in approximately 16 m of available drawdown above the 
top of the pump.  

During testing, discharged water was routed approximately 750 m away from the wellhead to the Teck effluent 
treatment plant (ETP) through 150 mm diameter welded PVC pipe.  The route of the discharge pipe followed the 

river road to the north of the extraction well and then was directed up the hillside to the ETP for treatment. Flow 
rates during testing were measured using an in-line digital flow meter (Krohne Magflow), placed in a straight-
running section of the discharge pipe at the wellhead.  Water level measurements in the extraction well were 

recorded both manually using an electric well sounder and with a Solinst pressure transducer.  Recovery data 
collection occurred for approximately 20 hours at the end of the constant-rate pumping test, until the water level 
had returned to near static (pre-pumping) conditions. 

In addition to monitoring the extraction well during the pumping tests, pressure transducers were also installed in 
25 monitoring wells located up to 500 m away from the pumping well and at various aquifer depths to measure 

hydraulic head changes during pumping.  The network of monitoring wells that were equipped with pressure 
transducers during the pumping test is shown on Figure 4.1. 

Following the correction of drawdown response during testing, data analysis consisted of interpretation of well 
performance during the step-test and interpretation of hydrogeological parameters based on drawdown response 
in the pumping well and the monitoring well network.  The results of the constant-rate test were also used to infer 

overall extent of the drawdown cone that developed in response to pumping from extraction well EW2011-1. 

 

4.1  Pre-Processing of Drawdown Data 

The data collected using pressure transducers that were installed in the pumping well and 25 monitoring wells 
were pre-processed by removing pressure changes that occurred in these wells during the step-test and 

constant-rate test that were not associated with pumping at well EW2011-1.  These changes were related to 
barometric pressure variations and minor fluctuations in the stage of the Columbia River.    

Barometric effects were removed from all pressure data using barometric pressure data collected using two 
surface barologgers and a methodology implemented in the Solinst data management software.  Changes in 
river stage were removed from the pressure data collected during the constant-rate test using river level data 

obtained from two river monitoring stations and considering approximate time-lags between changes in river 
stage and changes in pressure in each well that were observed prior to the pumping test.  Considering the 
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relatively short duration of the step-test and a stable river stage during this test, it was not necessary to correct 
the pressure data collected during the step-test for changes in river stage.   

The corrected pressure data were used to calculate drawdown at well EW2011-1 during the step-test (corrected 
for barometric pressures changes only) and drawdown in this well and all observation wells during the constant-

rate test.  Drawdown was calculated at 30 second intervals by subtracting pressure recorded at each well after 
pumping commenced from the pressure recorded immediately before pumping started.   

 

4.2 Step-Test Analysis 

Stepped-discharge testing was completed to assess the specific capacity and bench mark the efficiency of the 

extraction well at various pumping rates, and to determine the optimum pumping rate to be utilized during the 
constant-rate test.  Four, one-hour consecutive pumping steps were conducted at pumping rates of 818 m3/day 
(150 USgpm), 1,635 m3/day (300 USgpm), 2,453 m3/day (450 USgpm), and 3,270 m3/day (600 USgpm), 

respectively.  At the end of the fourth step, the gate valve was opened up all the way to see what the maximum 
discharge of the pump would be.  After 9 minutes of pumping with the gate valve fully open, the measured 
discharge from the well was at 3,450 m3/day (633 USgpm).   Manually measured water level data collected from 

extraction well EW2011-1 during the step-test are presented in Appendix D (Table D-1).   

Figure 4.2 presents the drawdown response observed in extraction well EW2011-1 during the step-test and 

interpretation of the test results.  This figure shows that at the end of each pumping step, the drawdown 
increases were relatively small, thus allowing for a reasonable assessment of the well’s specific capacity.  The 
specific capacity, or pumping rate divided by drawdown at the end of each pumping step, was found to range 

from approximately 1,073 m3/day/m in step one to 849 m3/day/m in step four.  The corresponding drawdown 
measured in well EW2011-1 increased from approximately 0.76 m in step one to 3.85 m in step four.   

The changes in specific capacity with increasing pumping rate can be used to estimate percent of total head loss 
in the well that is attributable to laminar flow based on the methodology presented by Driscoll (1986) and Kresic 
(1997).  This percentage attributable to laminar flow was estimated to range between about 90% at step one to 

about 70% at step four, indicating that the turbulent losses in the well and in the aquifer material immediately 
adjacent to the well screen were relatively minor.  This suggests that the selected well design resulted in a well 
with reasonably good efficiency.   

The specific capacity values estimated from the step-test were also used to provide a preliminary order-of-
magnitude estimate of aquifer properties near well EW2011-1.  This estimate was based on a simplified 

approach presented by Kasenov (2006) that relates specific capacity to transmissivity.  The aquifer 
transmissivity calculated using this approach was found to be on the order of 0.01 m2/s to 0.02 m2/s (865 m2/day 
to 1,730 m2/day), suggesting moderately high aquifer permeability.  Although these preliminary values do not 

account for the presence of aquifer boundaries or other aquifer/well characteristics (anisotropy, partial 
penetration, etc.) and as such are preliminary in nature, they were considered as a reasonable starting point for 
the subsequent analysis of the constant-rate test.   

Based on the results of the step-test, a design pumping rate of 3,135 m3/day (575 USgpm) was selected for the 
constant-rate pumping test, in order to maintain some back pressure on the gate valve for the duration of the 
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planned 72 hour test.  Maintaining back pressure on this valve is important for keeping the discharge constant.  
After the pump was shut down at the end of the step-test, the well was allowed to recover to near static 

conditions before beginning the constant-rate pumping test.  Recovery was essentially complete within eight 
hours after ending the step-test. 

 

4.3 Well EW2011-1 Constant-Rate Test Analysis 

The constant-rate pumping test at a discharge of 575 USgpm was ended after 36.3 hours of pumping (rather 
than the planned 72-hour test) because the well pump suffered a catastrophic electrical failure within the pump 

and automatically shut off.  However, based on the subsequent interpretation of the data, the pumping test 
length was sufficiently long enough for the purposes of the test.  Manually-recorded water level measurements 
collected from the extraction well during the constant-rate test are presented in Appendix D (Table D-2).  The 

maximum drawdown in the well during the 36-hour constant-rate test was 4.01 m. 

Figure 4.3 presents drawdown and recovery observed in the pumping well and 25 observation wells during the 

constant-rate pumping test.  Key observations that can be made based on these data are as follows: 

 Response in Pumping Well EW2011-1: Drawdown in this well increased rapidly in the first hour of 

pumping to approximately 2.5 m and then gradually increased to approximately 4.0 m towards the end 
of the pumping period.  Drawdown in well EW2011-1 had not fully stabilized after 36.3 hours of 
pumping, suggesting that near-steady-state conditions had not been reached and that continuous 

pumping over an extended period of time would likely result in greater drawdown than the one 
observed during this test.   

 Response in Well MW2009-102 Well Cluster: All six observation wells that are part of this well 
cluster (six 25-mm diameter wells completed in one 200-mm diameter borehole) responded strongly to 
pumping at well EW2011-1.  This was expected as these wells are located at a lateral distance of 

approximately 12.3 m from the pumping well.  The magnitude of drawdown response was greatest in 
observation wells screened within the same depth interval of well screen in the pumping well 
(MW2009-102C, MW2009-102D, and MW2009-102E) and ranged between 0.96 m (MW2009-102E) 

and 1.47 m (MW2009-102C) near the end of the pumping period.  Drawdown responses in the 
observation wells screened below the bottom of the pumping well (MW2009-102A and MW2009-
102B) were smaller and on the order of 0.25 m.  This suggests that the deeper portion of the 

unconsolidated sediments near well EW2011-1 is in hydraulic connection with shallower sediments, 
albeit this connection is somewhat impeded by anisotropy that is related to inter-layering of higher and 
lower permeability zones that were observed during drilling of wells EW2011-1, MW2009-102, and 

other nearby monitoring wells.  Lastly, the smallest drawdown response of approximately 0.23 m was 
recorded in the most shallow observation well MW2009-102F, which is completed across the water 
table and above the uppermost well screen in the pumping well.  Drawdown in this well also lagged in 

time for approximately the first 6 to 8 hours of the pumping test compared to the response in deeper 
wells, likely due to the proximity of the MW2009-102F well screen to the water table and the riverbed.  
As was the case in the pumping well, drawdown in all six observation wells did not stabilize by the end 

of the 36.3 hour pumping period.   



 

DRILLING, INSTALLATION, AND TESTING OF EXTRACTION 
WELL EW2011-1, TECK METALS LTD, TRAIL, BC 

 

October 31, 2012 
Report No. 11-1493-0108-4000 9 

 

 Response in Observation Wells 10 m to 200 m from Pumping Well EW2011-1: All 10 observation 
wells located within 10 m to 200 m distance from the pumping well responded to pumping at well 

EW2011-1.  This result is in good agreement with prior estimates of the areal distance where 
drawdown was expected to be detected that were made prior to the pumping test, suggesting that 
previous estimates of aquifer characteristics derived from single-well response testing and model 

calibration were reasonable approximations of the actual conditions near well EW2011-1.   

The drawdown in these wells at the end of the pumping period ranged between approximately 0.02 m 

in well MW2001-6C completed near the water table approximately 197 m northwest from well 
EW2011-1 to 0.16 m in well MW2001-5A completed at greater depth approximately 108 m southeast 
of the pumping well.  Drawdown measured in all 10 wells showed a consistent pattern of drawdown; 

decreasing with increasing distance from the pumping well and increasing with depth below the water 
table, which would be expected in a weakly heterogeneous anisotropic aquifer affected by a river 
boundary.  Due to the relatively small drawdown in shallow monitoring wells (e.g. MW2009-13, 

MW2001-6C) relative to the magnitude of river fluctuations, estimates of drawdown at these 
installations are approximate.   

 Response in Observation Wells Greater Than 200 m from Pumping Well EW2011-1: The 
responses in nine wells located at a distance that is greater than 200 m from the pumping well were 
difficult to interpret due to the minimal observed drawdown relative to the potential influence of river 

stage fluctuation. Attempts to correct drawdown in these distant observation wells for changes in river 
stage during the pumping test did not provide meaningful results, and largely masked any drawdown 
that might have resulted from pumping.  Responses observed in most upgradient wells up on the 

bench (e.g. MW2003-1 or MW2007-1B) were also affected by pressure fluctuations that appear not to 
be associated with pumping and/or river stage changes.  Nevertheless, an attempt was made to 
provide approximate estimates of drawdown at some of these locations based on water level recovery 

after pumping was terminated. The river stage was relatively constant during recovery monitoring for 
approximately a 6 hour-long period.  Based on this approach, an approximate drawdown on the order 
of 0.02 m was estimated at well MW2009-101D (located 361 m northwest from the pumping well), well 

MW2002-1B (located 363 m southeast from the pumping well), and well MW2007-5A (a deeper well 
located 426 m towards the east on the opposite bank of the Columbia River).  Very weak responses 
were also observed at two wells, MW2003-2B and MW20010-3B, located up to 500 m west of the 

pumping well.   

 

4.3.1 Drawdown Cone Extent 

The drawdown observations discussed in the preceding section were used to delineate the approximate extent 
of the drawdown cone that was created at the end of the pumping period of the constant-rate test in well 
EW2011-1.  The horizontal and vertical extent of the drawdown cone is illustrated on Figure 4.4 in plan and 

cross-sectional view.   

In plan view and cross-sectional view, the extent of the drawdown cone was found to be greatest at the geodetic 

elevation of approximately 350 m to 370 masl), which corresponds to the lower portion of the well screen in well 
EW2011-1.  Within this elevation range, the drawdown cone was found to extend laterally at least 300 m in all 
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directions away from the pumping well, including east beneath the Columbia River bottom.  This relatively 
symmetrical pattern suggests that in the horizontal plane, the unconsolidated sediments within a 300 m radius 

from well EW2011-1 may act a single hydrostratigraphic unit that is laterally isotropic.   

In cross-sectional view, the drawdown cone was found to be elliptical in shape, with observed drawdown at 

depths beneath the bottom of well EW2011-1 and near the water table to be generally less than drawdown 
observed within the 350 m to 370 m elevation interval.  This elliptical pattern suggests that in the vertical plane, 
the unconsolidated sediments along the shoreline adjacent to the pumping test site may be anisotropic and that 

drawdown near the water table could be affected by the presence of the Columbia River.   

Despite this and the fact that well EW2011-1 penetrated approximately only 50% of the total thickness of the 

unconsolidated sediments, drawdown at the end of the pumping period was found to extend up to the depth of 
deepest monitoring well (MW2009-102A at an approximate elevation of 292 m asl).   

In addition to the evaluation of the drawdown cone associated with pumping at well EW2011-1, the response 
data was also used to assess the groundwater flow pattern that had developed at the end of the pumping period 
of the constant-rate test.  Figure 4.5 presents the observed hydraulic heads at the end of the test immediately 

before the pumping was stopped.  This figure also presents corresponding river elevation at the Teck river gauge 
(located approximately 100 m downstream of well EW2011-1), and estimated river water elevations upstream 
from this gauge based on the river gradient that was measured by Golder on August 5, 2011.  These results 

suggest that pumping at well EW2011-1 for a period of approximately 36 hours lowered the hydraulic head in the 
pumping well and adjacent multi-level observation well MW2009-102 below the river elevation, with the 
exception of the two lowermost piezometers (MW2009-102A and MW2009-102B) that are screened below the 

301 m elevation.  Hydraulic heads at multilevel observation well MW2001-5, located approximately 108 m 
southeast from the pumping well, remained marginally above the estimated river level (approximately 0.08 m), 
whereas the hydraulic heads measured at multi-level observation well MW2001-6 (located approximately 189 m 

northwest from the pumping well) were up to 0.80 m above the estimated river elevation.  Because the natural 
groundwater flow direction at the site is oblique to the river shore, with a portion of the deeper aquifer flowing 
underneath the river and into the East Trail Aquifer, it is difficult to accurately establish the extent of the zone 

around the pumping well at the end of the test, where the groundwater flow pattern was altered and directed 
towards the well.  Nevertheless, based on available data, it appears that this zone extended laterally from 
EW2011-1 approximately 100 m upstream and downstream along the river shore, and vertically to an elevation 

of about 300 m asl.     

As indicated in Section 4.3, the drawdown observed in the pumping well and most observation wells had not 

stabilized by the end of the pumping phase of the constant-rate test.  Therefore, it is expected that if well 
EW2011-1 is constantly pumped for extended periods of time (weeks or months) at a similar rate as used during 
the constant-rate test, the resulting drawdown cone would likely be larger than the one observed during the test.  

Similarly, once steady-state conditions are established following prolonged period of pumping, the capture zone 
associated with well EW2011-1 would likely be larger than the zone of altered flow directions and gradients that 
was inferred from the hydraulic head measurements presented on Figure 4.5. 
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4.3.2 Estimates of Hydrogeological Parameters 

The corrected drawdown data recorded during the constant-rate pumping test of well EW2011-1 was used to 
estimate hydrogeological parameters of the unconsolidated sediments within the area of the drawdown cone that 
developed in response to pumping.  The analysis was conducted using AQTESOLV (Duffield, 2007), a 

commercially available software package that includes a library of over sixty analytical solutions for aquifer test 
analysis.   

Based on the observed hydrogeological response during the test and data previously collected from monitoring 
wells completed along the river shoreline, an assumption of the conceptual model adopted for the analysis was 
that the unconsolidated sediments in the vicinity of well EW2011-1 act as a relatively thick unconfined aquifer 

that is affected by a constant head boundary associated with the Columbia River.  Initially, several curve-fitting 
trials were conducted with a range of analytical solutions from simple to complex that allowed incorporation of 
wellbore skin, wellbore storage, and delayed yield responses.   

However, these phenomena were found to have little to no effect on the observed response and thus a Theis 
(1935) solution with a correction for partial penetration and unconfined conditions (Kruseman and de Ridder, 

1990) was used in the analysis.  This correction was deemed applicable considering the relatively small 
magnitude of drawdown observed during the test when compared to the overall thickness of the aquifer.  The 
advantage of using the Theis solution is the relatively small number of parameters required in the solution, which 

allows for more unique estimates of key aquifer properties.   

The analysis consisted of three tasks: 

1) Fitting of drawdown response in pumping well EW2011-1 and the MW2009-102 observation well 
cluster – this analysis focused primarily on near well transmissivity, storativity and anisotropy; 

2) Fitting of drawdown response in wells EW2011-1, MW2009-102D, MW2001-5A, and MW2002-2A – 
this analysis focused on transmissivity and storativity at greater distance from the pumping well based 

on observation wells that were screened at depths corresponding to the bottom part of the well screen 
in well EW2011-1.  These wells were located at distances of approximately 12.3 m, 108 m, and 170 m 
from well EW2011-1, respectively; and 

3) Fitting of drawdown recovery observed in well EW2011-1 after pumping was terminated – this analysis 
provided additional information on aquifer transmissivity and on the significance of hydrogeological 

boundaries.   

The approach adopted in the analysis relied on a simultaneous match of drawdown responses in all wells 

discussed above using a consistent set of aquifer parameters, rather than an attempt to individually match these 
responses by adjusting aquifer parameters for each observation point.  This approach ensures that the analysis 
is internally consistent with the adopted conceptual model, which is not always the case when drawdown from 

each observation well is individually matched, resulting in a somewhat misleading range of aquifer parameters.  
As such, the fit of the Theis analytical model to the measured drawdown discussed below is not always ideal 
because the underlying model is based on the assumption that the aquifer is homogenous, when in reality some 

heterogeneity in aquifer properties is likely present.  However, the difference between observed and predicted 
drawdown at some observation locations is used to make qualitative comments on aquifer properties. 
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Figure 4.6 presents the results of the curve-matching analysis.  As shown on Panel A on this figure, the 
drawdown response observed in the pumping well and the MW2009-102 well cluster (task one) was in a good 

agreement with the analytical model (except for well MW2009-102F).  This indicates that the conceptual model 
and aquifer parameters provide a reasonably good representation of hydrogeological conditions near these 
wells.  The response in MW2009-102F, which is a shallow piezometer that is screened across the water table, 

showed a distinctly different drawdown signature with the drawdown in this observation well substantially 
delayed when compared to response in deeper installations.  This delayed response may be related to the 
shallow gravelly sand zone identified during drilling of well EW2011-1 that: 1) could provide more direct hydraulic 

connection to the riverbed than the one assumed for the entire aquifer, 2) could be affected by larger 
groundwater storage effects as the water table moves within the MW2009-102F well screen in response to 
pumping, and 3) could respond to the effective pumping rate that is lower than assumed in the Theis model (i.e. 

well EW2011-1 well screen does not extend to the gravelly sand zone).   

The match to the response observed in the pumping well and three more distant monitoring wells (task two) is 

presented on Figure 4.6, Panel B.  In agreement with the analysis completed for task one, the analytical model 
agrees well with the response in the pumping well and closest monitoring well MW2009-102D, whereas the 
response predicted at well MW2001-5A and, in particular, well MW2002-2A is greater than the observed 

drawdown.  The observed response in well MW2002-2A is somewhat uncertain because, due to its larger 
distance from the pumping well, it was likely affected by imprecisions of correction procedures for pressure 
changes not related to pumping.  Nevertheless, overall smaller than predicted drawdown at greater distance 

from well EW2011-1 and larger than predicted time-lag of this response suggest a possibility that aquifer 
transmissivity and storativity at this distance could be somewhat greater than the ones estimated from the 
response in the MW2009-102 well cluster.   

Figure 4.6, Panel C presents a match of drawdown recovery recorded in well EW2011-1 with the Theis (1935) 
solution for recovery in a well completed in a confined aquifer of unlimited extent.  This solution does not account 

for the effects of partial penetration and hydrogeological boundaries, and as such, is used for diagnostic 
purposes only.  Despite these limitations, the match of the data for the intermediate period of recovery, before 
potential errors associated with the data correction likely became a factor, resulted in a reasonable “straight line” 

match with this line intersecting the residual time axis much earlier then what would be expected for an 
unbounded aquifer.  This result supports the assumption of a constant head boundary (Columbia River) affecting 
the test results, as was adopted in task one and task two of the analysis.   

The aquifer parameters in the vicinity of well EW2011-1 estimated during the three-task analysis discussed 
above are as follows: 

 Transmissivity – 0.022 m2/s (1,900 m2/day)  

 Horizontal Hydraulic Conductivity – 2 x 10-4 m/s (assuming average aquifer thickness of approximately 
120 m) 

 Anisotropy Ratio (Vertical K : Horizontal K) – 0.35 

 Storativity – 1.5 x 10-3 (-) 
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These estimates, in particular the hydraulic conductivity, are in good agreement with the results of single-well 
response testing conducted previously in wells completed in the riverbank area, and with bulk aquifer properties 

established during the calibration of the numerical groundwater model of the site.   

 

5.0 GROUNDWATER QUALITY ANALYSIS 

Water quality samples were collected from the extraction well for selected parameter analysis throughout the 
duration of the pumping test and for the analysis of a full suite of constituents from water samples collected at 
the end of the constant-rate test.  Field measurements of electrical conductivity, pH, and temperature were 

measured throughout the pumping test in order to actively monitor potential changes in water chemistry over 
time. Discharged water was also routinely tested using ammonia test strips, to get an idea of approximate 
ammonia as N concentrations in the water being discharged to the Teck ETP.  Grab water samples were also 

collected for short turnaround analysis of ammonia as N by Teck’s internal onsite laboratory.  Ammonia 
concentrations remained significantly beneath the limits established by Teck to ensure that the function and 
safety of the ETP was maintained and discharge water quality remained below applicable effluent limits. 

The following suite of parameters was analyzed from a water sample collected from the extraction well at the 
end of the constant-rate test to evaluate the groundwater chemistry: 

 Physical Tests (including conductivity, pH, turbidity, total dissolved solids (TDS), hardness, total 
organic carbon (TOC), and bromide) 

 Nutrients (ammonia as N, nitrate and nitrite as N, total kjeldahl nitrogen (TKN), and total phosphorus); 

 Anion Scan (alkalinity, chloride, fluoride, and sulphate); and 

 Total and Dissolved Metals.  

All samples for water quality analyses were collected from a brass sampling port located on the discharge pipe 
at the wellhead.  Sample bottles that were appropriate for the analysis to be performed were obtained from Caro 

Analytical Services (Caro) of Kelowna, BC.  After the sample bottles were filled, they were immediately placed in 
a chilled cooler for overnight shipment to Caro for analysis.   

The Certificate of Analysis report from Caro is provided in Appendix E.  The water quality laboratory results and 
field parameter measurements are summarized in Table E-1 (in Appendix E), along with the applicable BC CSR 
drinking water (DW) and aquatic life (AW) standards. Those constituent concentrations which exceeded aquatic 

life standards are highlighted in yellow.  Freshwater aquatic life standards were used as a screening benchmark 
for the groundwater samples; however, the concentrations measured do not represent receiving environment 
concentrations.  The AW standards assume at a minimum, 1:10 dilution is available.  Those constituent 

concentrations which exceed DW standards are highlighted in green. Those constituent concentrations which 
exceed both AW and DW standards are highlighted in orange. General parameters that exceeded AW and/or 
DW standards included fluoride, ammonia as N, nitrate as N, sulphate, and TDS.  Total and dissolved metals 

that exceeded AW and/or DW standards included cadmium, cobalt, iron, manganese, thallium, and zinc. 
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6.0 SUMMARY  

A numerical hydrogeological model was previously developed by Golder for the site, based on data available 
through mid-2010 and our conceptual understanding of groundwater flow conditions and contaminant transport 
mechanisms.  The model was developed to assist in the remedial planning stages, acknowledging that it will be 

updated based on ongoing data collection and refined characterization.  Following reasonably good calibration of 
the model, a Groundwater Pump and Treat Evaluation (desk-top study) was carried out in 2011, as part of the 
Conceptual Remediation Plan (Golder, 2011).   

The pilot scale extraction well drilling and testing program that was carried out in 2011 and 2012 has provided 
verification of the bulk hydraulic properties of the unconsolidated sediments underlying the Teck Trail Operations 

complex adjacent to the Columbia River. The aquifer parameter estimates determined from the extraction well 
pumping test (in particular the hydraulic conductivity) are in good agreement with the results of single-well 
response testing (slug tests) conducted previously in monitoring wells completed in the riverbank area, and with 

bulk aquifer properties established during the calibration of the numerical groundwater model.   

The aquifer testing program also provided valuable information with regards to the degree of connection 

between shallow and deep portions of the unconsolidated sediments and on the hydraulic connection between 
these sediments and the Columbia River.  Drawdown response was greatest in observation wells screened 
within the same depth interval of well screen as the extraction well. Drawdown responses in the observation 

wells screened below the bottom of the extraction well were also evident (although to a lesser degree). This 
indicates that the deeper unconsolidated sediments near the extraction well are in hydraulic connection with 
shallower sediments, albeit this connection is somewhat impeded by anisotropy that is related to inter-layering of 

higher and lower permeability zones.  Drawdown responses in the observation wells screened in the shallow 
sediments across the water table were also measured, but were less significant compared to deeper observation 
wells; likely due to the close proximity of, and hydraulic connection with, the Columbia River and the unconfined 

response of these shallow sediments. 

The drawdown cone near the end of the constant-rate test was found to extend laterally at least 300 m in all 

directions away from the extraction well.  However, since drawdown had not fully stabilized by the end of the 
test, this suggests that steady-state conditions had not been reached and that continuous pumping over an 
extended period of time (weeks to months) would likely result in greater drawdown than observed during the test.  

Similarly, once steady-state conditions are established following prolonged periods of pumping, the capture zone 
associated with well EW2011-1 would likely be larger than the zone of altered flow directions and gradients that 
was inferred from the pumping test data. 

 

7.0 LIMITATIONS AND USE OF THIS REPORT  

This report was prepared for the exclusive use of the Client (Borden Ladner Gervais LLP. and Teck Metals Ltd.) 
and their representatives.  The inferences concerning the site conditions contained in this report are based on 
information obtained during the investigations conducted at the site and within the Columbia River by Golder and 

are based solely on the condition at the time of the investigations, as described in this report.  The data 
presented in this report represent groundwater and surface water conditions encountered at the locations at the 
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time of sampling and testing.  Soil and/or groundwater and/or surface water conditions may vary with location, 
depth, time, sampling methodology, analytical techniques and other factors. 

This report was prepared, based in part, on information obtained from historic information sources, data 
collected and reports prepared by others.  In evaluating the subject site, Golder has relied in good faith on 

information provided. The factual data, interpretations and recommendations pertain to a specific project as 
described in this report, based on the information obtained during this assessment by Golder on the dates cited 
in the report, and are not applicable to any other project or site location.  We accept no responsibility for any 

deficiency or inaccuracy contained in this report as a result of our reliance on the aforementioned information. 

The findings and conclusions documented in this report have been prepared for the specific application to this 

project, and have been developed in a manner consistent with that level of care normally exercised by 
environmental professionals currently practising under similar conditions in the jurisdiction.  Golder makes no 
other warranty, expressed or implied and assumes no liability with respect to the use of the information 

contained in this report at the subject site, or any other site, for other than its intended purpose. 

Any use which a third party makes of this report, or any reliance on or decisions to be made based on it, are the 

responsibility of such third parties.  Golder accepts no responsibility for damages, if any, suffered by any third 
party as a result of decisions made or action based on this report. All third parties relying on this report do so at 
their own risk.   

Electronic media is susceptible to unauthorized modification, deterioration and incompatibility and therefore no 
party can rely upon electronic media versions of Golder’s report or other work product. Golder is not responsible 

for any unauthorized use or modifications of this report. 

The Client may rely on the information contained in this report subject to the above limitations.  

Golder makes no other representation whatsoever, including those concerning the legal significance of its 
findings, or as to other legal matters touched on in this report, including, but not limited to, ownership of any 

property, or the application of any law to the facts set forth herein.  With respect to regulatory compliance issues, 
regulatory statutes are subject to interpretation.  These interpretations may change over time, thus the Client 
should review these issues. 

If new information is discovered during future work, including excavations, sampling, soil boring, or other 
investigations, Golder should be requested to re-evaluate the conclusions of this report and to provide 

amendments, as required, prior to any reliance upon the information presented herein. The validity of this report 
is affected by any change of site conditions, purpose, development plans or significant delay from the date of this 
report in initiating or completing the project. 
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9.0 CLOSURE  

We trust the foregoing provides the information you need at this time. Should you have any questions or require 
additional information, please do not hesitate to contact the undersigned. 
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OBSERVED EXCEEDANCES OF AMMONIUM SULPHATE (LIGHTER 
DASHED IN EAST TRAIL WHERE NO DATA AVAILABLE)

TRAIL METALLURGICAL OPERATIONS

REV. 0

Greater Vancouver Office, B.C.

DESIGN

WELL LOCATIONS AND INFERRED EXTENT OF THE 
AMMONIUM SULPHATE GROUNDWATER PLUME

FIGURE 2.1
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PROJECT No. 
DESIGN 
CADD 
CHECK 
REVIEW 

PHASE No.  4000 
REV. SCALE 

TITLE 

PROJECT 

  
  

25MAY12 
25MAY12 
25MAY12 

 WGB 
  

AP 
AP 
WZ 

11-1493-0108 

TESTING OF WELL EW2011-1 
AMMONIUM SULPHATE PLUME INVESTIGATIONS 

TECK METALS LTD, TRAIL, BC 

15OCT12 

NTS 

MONITORING WELLS 
USED DURING TESTING AT 
PUMPING WELL EW2011-1 

FIGURE  4.1 

Monitoring Well  

200 m Radius  
Estimated Prior to Test 
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PROJECT No. 
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REVIEW 

PHASE No.  4000 
REV. SCALE 

TITLE 

PROJECT 

  
  

25MAY12 
25MAY12 
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11-1493-0108 

TESTING OF WELL EW2011-1 
AMMONIUM SULPHATE PLUME INVESTIGATIONS 

TECK METALS LTD, TRAIL, BC 

15OCT12 

NTS 

EW2011-1 STEP TEST 

FIGURE  4.2 
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Measured Drawdown in EW2011-01 versus Elapsed Time Analysis of the Step Test Conducted in EW11-01 

Step 
Pumping Rate 

Q (m3/day) 
Drawdown 

s (m) 
Specific Capacity 
Q/s (m3/day/m) 

s/Q 
(m/m3/day) 

1 818 0.76 1073 9.3E-04 
2 1635 1.58 1035 9.7E-04 
3 2453 2.62 938 1.1E-03 
4 3270 3.85 849 1.2E-03 

laminar head loss constant A (day/m 2 ) 8.27E-04 
turbulent head loss constant B (day 2 /m 5 ) 1.02E-07 

Pumping Rate 
Q (m3/day) 

Turbulent  
Head Loss 

B x Q^2 (m) 
Lp* 

818 0.1 91% 
1635 0.3 83% 
2453 0.6 76% 
3270 1.1 72% 

* Lp is the percentage of the total head loss that is attributable to laminar flow. 
  (see Driscoll 1986, p. 557 for more details) 
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TESTING OF WELL EW2011-1 
AMMONIUM SULPHATE PLUME INVESTIGATIONS 

TECK METALS LTD, TRAIL, BC 

15OCT12 

NTS 

DRAWDOWN OBSERVED DURING 
EW2011-01 CONSTANT RATE TEST 

FIGURE  4.3 
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11-1493-0108 

TESTING OF WELL EW2011-1 
AMMONIUM SULPHATE PLUME INVESTIGATIONS 

TECK METALS LTD, TRAIL, BC 

15OCT12 

NTS 

OBSERVED DRAWDOWN AT THE 
END OF THE EW2011-1 CONSTANT 

RATE TEST 

FIGURE  4.4 

Observed 
Drawdown (m) 

200 m Radius  
Estimated Prior to Test 

Observed 
Drawdown (m) 
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TESTING OF WELL EW2011-1 
AMMONIUM SULPHATE PLUME INVESTIGATIONS 

TECK METALS LTD, TRAIL, BC 

15OCT12 

NTS 

OBSERVED HYDRAULIC HEADS 
AND RIVER ELEVATIONS AT THE END 

OF THE EW2011-1 CONSTANT RATE TEST 

FIGURE  4.5 

Observed Hydraulic 
Head (m) 

Observed River 
Elevation (m) 

200 m Radius  
Estimated Prior to Test 

Observed Hydraulic 
Head (m) 
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ANALYSIS OF DRAWDOWN RESPONSE 
OBSERVED DURING CONSTANT RATE 

TEST AT WELL EW2011-1 

FIGURE  4.6 
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APPENDIX A 
Borehole Log and As-Built Well Construction Diagram for 

Extraction Well EW2011-1 

  



11-1493-0108-2000

+0.97 m

Generalized Lithology 0.0 m

300-mm Borehole
(temporarily cased) GRAVELLY SAND

3.6 m

4.6 m

Gravel Filter Pack 5.5 m

(Target 4-10)
7.6 m

~PWL 8.2 m

9.0 m

Sand Filter Pack 10.1 m

(Target 10-20)

200-mm Pipe Size 15.2 m 15.3 m

Well Screen (15-slot) 17.1 m

GRAVELLY SILTY SAND

200-mm Steel Casing 20.4 m

(0.250-inch wall) FINE SAND 22.9 m

24.3 m

200-mm Pipe Size
Well Screen (80-slot)

SANDY GRAVEL

Gravel Filter Pack
(Target 4-10) 35.2 m

36.3 m

411.12 masl

FINE TO MEDIUM SAND

Ground Surface (410.15 masl) 0.0 m

Bentonite Chips

SANDY GRAVEL

25 mm PVC Screen
(10-slot)

b
el

o
w

 g
ro

u
n

d
 s

u
rf

ac
e

~SWL
4.0 m

40.8 m

INTERBEDDED FINE SAND AND SANDY GRAVEL

200-mm Steel Casing FINE SAND 43.3 - 43.9 M AND 45.1 - 46.0 M

(0.250-inch wall) 46.0 m

47.1 m

200-mm Pipe Size 48.8 m SANDY GRAVEL TO GRAVELLY SAND

Well Screen (40-slot) 49.7 m

53.0 m

MEDIUM TO COARSE SAND 55.8 m

200-mm Steel Casing FINE SAND OTHER THAN

(0.250-inch wall) FINE GRAVEL 56.4 - 57.0 M 59.7 m

61.0 m

200-mm Pipe Size
Well Screen (80-slot) SANDY GRAVEL

66.1 m

Total depth drilled FINE SAND

Drawing not to scale (Lithology below 65.4 m based on well MW2009-102)

Centralizing tabs (4 to the round) installed at 3, 9, 15, 24, 31, 35, 41, 47, 49, 53, 59, and 65 m bgs.
Two 25-mm, 10-slot PVC screens (capped top/bottom) installed in the filter pack between 5.5 and 10.1 m bgs

 As-Built Well Construction
Extraction Well EW2011-1

 Teck Metals Ltd., Trail, BC
 Design: GB

FINE SAND

FINE SAND

End Plate 65.4 m

Check: WZ / DWC FIGURE A-1

D
ep

th
 i

n
 m

et
re

s 

N:\Secure Projects\11-1493-0108 Teck Extraction Well and Pumping Test\Reporting\Appendixes\Appendix A\\Asbuilt Well Construction Schematic.xls 10/15/12



 

Golder Associates 

 
FIELD BOREHOLE LOG 

 
Boring Number EW2011-1 Depth 0 ft to 75 ft Sheet 1 of 3 
Project 11-1493-0108-2000 Job No.  Date Oct-24-2011 
Location River road in front of Teck lead plant, Trail Elevation 410.15 m asl Datum Ground surface 
Casing Nominal 12 inch (0.250-inch wall) Casing  Hammer, wt  drop  
Weather Parly cloudy Sampler Hammer, wt  drop  
Drill Rig DR24 Dual Air Rotary- 0 to 75 feet Driller JR Drilling, Cranbrook Engineer Garrett Brown 

 

DEPTH 
ELEV. 

SOIL STRATIGRAPHY 
DEPTH  
SCALE 

% 
WATER 
RETURN 

WATER SAMPLES 

SAMPLE DESCRIPTION & BORING NOTES 
Type EC pH Temp  

  Feet       Cuttings samples collected from end of discharge tube directed into refuse bin 
  BGS   uS/cm  C   

           Oct-24-2011 Project kickoff, go over HASP, and site inductions; setup; begin drilling 15:30 

           SWL in existing well MW2009-102F, locating 10 m away= 4.66 mbgs (15.3 ft bgs) 

 GRAVELLY SAND 5   No H2O      5 ft-  Gravelly sand; moist; medium gray; fine to medium sand with some fine gravel 

            

  10   No H2O      10 ft-  Gravelly sand; moist; medium gray; fine to coarse sand with some fine gravel 

 - - - - - - - - - - - - - - - - - - -13 ft           

  15   No H2O      15 ft- Sandy gravel; very moist; dark gray; fine to medium gravel and fine to coarse sand 

           Leaking seal in top head; shut down to fix at 16:30 until tomorrow afternoon 

 SANDY GRAVEL 20   Wet      Oct-25-2011 fixed leaking seal; begin drilling at 15:25 

 (water table at ~ 15 ft bgs)          20 ft- Sandy gravel; wet; dark gray; fine to medium gravel and fine to coarse sand 

  25   Wet      25 ft-- Sandy gravel; wet; dark gray; fine to medium gravel and fine to coarse sand 

 - - - - - - - - - - - - - - - - - - -27 ft           

  30   Wet      30 ft- Sand; wet; medium gray; fine to medium grained; trace of silt 

            

 FINE TO MEDIUM SAND 35   Wet      35 ft- Sand; wet; medium gray; fine to medium grained; trace of silt 

            

  40   Wet      40 ft- Sand; wet; medium gray; fine to medium grained; trace of silt 

            

  45   Wet      45 ft- Sand; wet; medium gray; fine to medium grained; trace of silt and fine gravel 

 - - - - - - - - - - - - - - - - - - -48 ft           

 GRAVELLY SILTY SAND 50   Wet      50 ft- Gravelly sand; wet; medium gray; fine to medium silty sand with fine to med. gravel 

            

 - - - - - - - - - - - - - - - - - - -55 ft 55   Wet      55 ft- Sand; wet; medium gray; fine to medium silty sand with trace of gravel 

 SILTY SAND;           

 TRACE OF GRAVEL 60   Wet      60 ft- Sand; wet; medium gray; fine to medium silty sand with trace of gravel 

            

 SILTY SAND 65   Wet      65 ft- Sand; wet; medium gray; fine to medium silty sand 

 - - - - - - - - - - - - - - - - - - -67 ft           

 FINE TO MEDIUM SAND 70   1 gpm      70 ft- Sand; wet; medium gray; fine to medium grained; trace of silt 

            

 - - - - - - - - - - - - - - - - - - 75 ft 75   5 gpm Grab 3680 7.63 12.4  75 ft- No return; but bit chatter indicates potentially gravel. 

           Oct-26-2011- arrived at 07:00; blew hole and cleaned out; making ~5 gpm;  

           Collected water sample from drill stream. Added on another 20 ft section of casing. 

           Could not drill because of sand heave. Tripped out 40 feet of drill steel and two sections of 

           12 inch casing, so now there is only 60 feet of casing with 5 foot stickup; casing 55 ft bgs 

           Discuss situation of heaving sands with Mike Bombardier of JR Drilling and Clare North 

           Make decision to shut down and will now drill well with flood reverse circulation. 

           Leave site around 15:00. Crew expects to mob back to site with different drill rods 

           on either Friday or Saturday (Oct 28 or 29). 

            

            

            

            

            

            

            

            

            

            

            

            

            

            

           Reviewed by: DC/WZ 
           

SAMPLE CONDITION ABBREVIATIONS SPECIAL NOTES: (water conditions etc.) 

  DISTURBED S.T. – Slotted tube Wh – Weight, hammer      
      FAIR T.O. – Thin walled, open Ph – Pressure, hydraulic Time:  Depth of Hole:   
      GOOD T.P. - Thin walled, piston Pm – Pressure, manual Hrs. Productive:  Depth of Casing:   
  LOST W.S. – Wash sample V – In-situ vane shear test Hrs. Delayed:  Depth of Water:   
      



 

Golder Associates 

FIELD BOREHOLE LOG 
 

Boring Number EW2011-1 Depth 75 ft to 200 ft Sheet 2 of 3 
Project 11-1493-0108-2000 Job No.  Date Oct-30-31-2011 
Location River road in front of Teck lead plant, Trail Elevation 410.15 m asl Datum Ground surface 
Casing Nominal 12 inch (0.250-inch wall) Casing  Hammer, wt  drop  
Weather Parly cloudy Sampler Hammer, wt  drop  
Drill Rig DR24 Reverse Circulation Flood- 75-215 ft  Driller JR Drilling, Cranbrook Engineer Garrett Brown 

 

DEPTH 
ELEV. 

SOIL STRATIGRAPHY 
DEPTH  
SCALE 

% 
WATER 
RETURN 

WATER SAMPLES 

SAMPLE DESCRIPTION & BORING NOTES 
Type EC pH Temp  

  Feet       Cuttings samples collected from end of discharge tube directed into refuse bin 
  BGS        

            

 FINE TO MEDIUM SAND           

 - - - - - - - - - - - - - - - - - - 75 ft 75         75 ft- Medium to very coarse sand and fine to medium gravel 

            

  80         80 ft- as above 

            

  85         85 ft – As above 

            

  90         90 ft- As above 

 SANDY GRAVEL           

  95         95 ft- As above 

            

  100         100 ft- As above 

            

  105         105 ft- As above 

            

  110         110 ft- As above 

            

  115         115 ft- As above to a depth of 119 feet. 

 - - - - - - - - - - - - - - - - - 119 ft           

  120         120 ft – Fine sand 

            

 FINE SAND 125         125 ft- Fine sand 

            

  130         130 ft- Fine sand to 134 ft 

 - - - - - - - - - - - - - - - - -134 ft           

  135         135 ft- Fine to v. coarse sand and fine to medium gravel 

 SANDY GRAVEL           

 - - - - - - - - - - - - - -142 ft FINE 140         140 ft-As above to 142 ft, then fine sand from 142 to 144 ft 

 - - - - - - - - - - - - - 144 ft SAND            

 SANDY GRAVEL 145         145 FT- Fine to v. coarse sand and fine to medium gravel to 148 ft 

 - - - - - - - - - - - - - 148 ft FINE           

 - - - - - - - - - - - - - 151 ft SAND 150         150 ft- Fine sand to 151 ft 

            

 SANDY GRAVEL 155         155 ft- Fine to v. coarse sand and fine gravel 

 GRAVELLY SAND           

  160         160 ft- As above to 163 ft 

 - - - - - - - - - - - - - - - - -163 ft           

  165         165 ft- Fine sand 

 FINE SAND           

  170         170 ft- Fine sand to 174 ft 

 - - - - - - - - - - - - - - - - - -174 ft           

  175         175 ft- Medium to coarse sand with occasional fine gravel 

 MEDIUM TO COARSE SAND           

  180         180 ft- Medium to coarse sand to 183 ft 

 - - - - - - - - - - - - - - - - - -183 ft           

  185         185 ft- Fine sand except for thin fine gravel layer between 185 to 187 ft 

 FINE SAND EXCEPT FOR           

 FINE GRAVEL 185-187 FT 190         190 ft- Fine sand 

            

 - - - - - - - - - - - - - - - - - - 196 ft 195         195 ft- Fine sand to 196 ft. 

 SANDY GRAVEL           

  200          

           Reviewed by: DC/WZ 
           

SAMPLE CONDITION ABBREVIATIONS SPECIAL NOTES: (water conditions etc.) 

  DISTURBED S.T. – Slotted tube Wh – Weight, hammer      
      FAIR T.O. – Thin walled, open Ph – Pressure, hydraulic Time:  Depth of Hole:   
      GOOD T.P. - Thin walled, piston Pm – Pressure, manual Hrs. Productive:  Depth of Casing:   
  LOST W.S. – Wash sample V – In-situ vane shear test Hrs. Delayed:  Depth of Water:   
      

 

FIELD BOREHOLE LOG 
 



 

Golder Associates 

Boring Number EW2011-1 Depth 200 ft  to 215 ft Sheet 3 of 3 
Project 11-1493-0108-2000 Job No.  Date Oct-30-31-2011 
Location River road in front of Teck lead plant, Trail Elevation 410.15 m asl Datum Ground surface 
Casing Nominal 12 inch (0.250-inch wall) Casing  Hammer, wt  drop  
Weather Parly cloudy Sampler Hammer, wt  drop  
Drill Rig DR24 Reverse Circulation Flood- 75-215 ft  Driller JR Drilling, Cranbrook Engineer Garrett Brown 

 

DEPTH 
ELEV. 

SOIL STRATIGRAPHY 
DEPTH  
SCALE 

% 
WATER 
RETURN 

WATER SAMPLES 

SAMPLE DESCRIPTION & BORING NOTES 
Type EC pH Temp  

  Feet       Cuttings samples collected from end of discharge tube directed into refuse bin 
  BGS        

            

            

  200         200 ft- Medium to v. coarse sand and fine gravel 

 SANDY GRAVEL           

  205         205 ft- As above 

            

  210         210 ft- As above 

            

 - - - - - - - - - - - - - - - - -215 ft 215         215 ft- As above 

           Bottom of borehole at 215 feet bgs 

            

            

            

            

            

            

            

            

            

            

            

            

            

            

            

            

            

            

            

            

            

            

            

            

            

            

            

            

            

            

            

            

            

            

            

            

            

            

            

            

            

            

            

           Reviewed by: DC/WZ 
           

SAMPLE CONDITION ABBREVIATIONS SPECIAL NOTES: (water conditions etc.) 

  DISTURBED S.T. – Slotted tube Wh – Weight, hammer      
      FAIR T.O. – Thin walled, open Ph – Pressure, hydraulic Time:  Depth of Hole:   
      GOOD T.P. - Thin walled, piston Pm – Pressure, manual Hrs. Productive:  Depth of Casing:   
  LOST W.S. – Wash sample V – In-situ vane shear test Hrs. Delayed:  Depth of Water:   
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APPENDIX B 
Sieve Analyses and Grain Size Distribution Curves 
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FIGURE B-1
GRAIN SIZE ANALYSIS FOR FINE SIEVES AND FILTER PACKS AT TECK METALS EXTRACTION WELL EW2011-1

30-35 ft 40-45 ft 50-55 ft 60-65 ft 165-170 ft 190-195 ft

Target 16-30 filter Target 20-40 filter Rice Eng 16-30 filter 20-slot screen 15-slot screen Target 10-20 filter
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 11-1493-0108-2000

Grain size and sand filter plots.xls/coarse sieves and filter pack Golder Associates 10/15/12
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FIGURE B-2
GRAIN SIZE ANALYSIS FOR COARSE SIEVES AND FILTER PACKS AT TECK METALS EXTRACTION WELL EW2011-1

80-85 ft 90-95 ft 100-105 ft 110-115 ft 140 ft

155-160 ft 175-180 ft 200-205 ft Target 8-16 filter Target 1/8"-1/4" filter
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Filter Gravels

Drill Cuttings

Well Screens



SIEVE ANALYSIS

Project Extraction Well Site

Contract No.11-1493-0108-2000

Pit Name

Material Silty Sand Sample EW2011-1 #1

Date Sampled 25-Oct-11 Location 30'-35'

Date Tested 27-Oct-11 By Jared. O

              MOISTURE DETERMINATION WASH TEST

Mass of Moist Sample g Mass of dry sample g

Mass of Dry Sample g Mass of Washed Sample g

Loss of Moisture g Mass Lost(Passing 0.075mm) 0 g

%  Moisture Passing 0.075mm on Dry Sieve g

Total Passing 0.075mm 0.0 g

Sieve Size Mass Retained %Retained %Passing Mass Retained %Retained %Passing

25.0 0 100.0

19.0 0.0 100.0

12.5 0.0 100.0

9.5 0.0 100.0

4.75 0.0 100.0

2.36 1.1 0.2 99.8

1.18 1.9 0.4 99.3

0.60 11.6 2.6 96.7

0.30 203.3 45.9 50.8

0.15 164.2 37.0 13.8

0.075 29.5 6.7 7.1

PAN 31.6 7.1

TOTAL 443.2
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GRAIN SIZE(mm) 

SIEVE ANALYSIS (WASH)- 

9.5 4.75 0.600 0.075 
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SIEVE ANALYSIS

Project Extraction Well Site

Contract No.11-1493-0108-2000

Pit Name

Material Silty Sand Sample EW2011-1 #2

Date Sampled 25-Oct-11 Location 40'-45'

Date Tested 27-Oct-11 By Jared. O

              MOISTURE DETERMINATION WASH TEST

Mass of Moist Sample g Mass of dry sample 420.2 g

Mass of Dry Sample g Mass of Washed Sample 367.9 g

Loss of Moisture g Mass Lost(Passing 0.075mm) 52.3 g

%  Moisture Passing 0.075mm on Dry Sieve 11.1 g

Total Passing 0.075mm 63.4 g

Sieve Size Mass Retained %Retained %Passing Mass Retained %Retained %Passing

25.0 0 100.0

19.0 0.0 100.0

12.5 0.0 100.0

9.5 3.6 0.9 99.1

4.75 5.7 1.4 97.8

2.36 2.8 0.7 97.1

1.18 20.9 5.0 92.1

0.60 89.4 21.3 70.9

0.30 108.9 25.9 44.9

0.15 97.6 23.2 21.7

0.075 27.7 6.6 15.1

PAN 63.4 15.1

TOTAL 420.0
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GRAIN SIZE(mm) 

SIEVE ANALYSIS (WASH)- 

9.5 4.75 0.600 0.075 
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25.0 0.075 0.600 4.75 



SIEVE ANALYSIS

Project Extraction Well Site

Contract No.11-1493-0108-2000

Pit Name

Material Silty Gravel Sample EW2011-1 #3

Date Sampled 25-Oct-11 Location 50'-55'

Date Tested 27-Oct-11 By Jared. O

              MOISTURE DETERMINATION WASH TEST

Mass of Moist Sample g Mass of dry sample 420.9 g

Mass of Dry Sample g Mass of Washed Sample 356.8 g

Loss of Moisture g Mass Lost(Passing 0.075mm) 64.1 g

%  Moisture Passing 0.075mm on Dry Sieve 14.1 g

Total Passing 0.075mm 78.2 g

Sieve Size Mass Retained %Retained %Passing Mass Retained %Retained %Passing

25.0 0 100.0

19.0 0.0 100.0

12.5 33.9 8.1 91.9

9.5 17.7 4.2 87.7

4.75 29.1 6.9 80.8

2.36 12.8 3.0 77.8

1.18 12.0 2.9 74.9

0.60 40.7 9.7 65.3

0.30 67.8 16.1 49.2

0.15 80.7 19.2 30.0

0.075 48.0 11.4 18.6

PAN 78.2 18.6

TOTAL 420.9
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GRAIN SIZE(mm) 

SIEVE ANALYSIS (WASH)- 

9.5 4.75 0.600 0.075 

12.5 

19.0 

25.0 0.075 0.600 4.75 



SIEVE ANALYSIS

Project Extraction Well Site

Contract No.11-1493-0108-2000

Pit Name

Material Silty Sand Sample EW2011-1 #4

Date Sampled 25-Oct-11 Location 60'-65'

Date Tested 27-Oct-11 By Jared. O

              MOISTURE DETERMINATION WASH TEST

Mass of Moist Sample g Mass of dry sample 530.8 g

Mass of Dry Sample g Mass of Washed Sample 440.9 g

Loss of Moisture g Mass Lost(Passing 0.075mm) 89.9 g

%  Moisture Passing 0.075mm on Dry Sieve 21.0 g

Total Passing 0.075mm 110.9 g

Sieve Size Mass Retained %Retained %Passing Mass Retained %Retained %Passing

25.0 0 100.0

19.0 0.0 100.0

12.5 0.0 100.0

9.5 0.0 100.0

4.75 5.2 1.0 99.0

2.36 8.8 1.7 97.4

1.18 23.7 4.5 92.9

0.60 101.1 19.1 73.8

0.30 101.8 19.2 54.7

0.15 91.7 17.3 37.4

0.075 87.4 16.5 20.9

PAN 110.9 20.9

TOTAL 530.6
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GRAIN SIZE(mm) 

SIEVE ANALYSIS (WASH)- 

9.5 4.75 0.600 0.075 

12.5 

19.0 

25.0 0.075 0.600 4.75 



SIEVE ANALYSIS

Project Extraction Well Site

Contract No.11-1493-0108-2000

Pit Name

Material Clean Gravel Sample EW2011-1 #5

Date Sampled 30-Oct-11 Location 80'-85'

Date Tested 31-Oct-11 By Jared. O

              MOISTURE DETERMINATION WASH TEST

Mass of Moist Sample g Mass of dry sample g

Mass of Dry Sample g Mass of Washed Sample g

Loss of Moisture g Mass Lost(Passing 0.075mm) 0 g

%  Moisture Passing 0.075mm on Dry Sieve g

Total Passing 0.075mm 0.0 g

Sieve Size Mass Retained %Retained %Passing Mass Retained %Retained %Passing

25.0 0 100.0

19.0 0.0 100.0

12.5 64.9 13.5 86.5

9.5 41.4 8.6 77.8

4.75 118.6 24.7 53.1

2.36 107 22.3 30.8

1.18 78.9 16.5 14.3

0.60 47.3 9.9 4.4

0.30 11.1 2.3 2.1

0.15 6.5 1.4 0.8

0.075 2.6 0.5 0.2

PAN 1.0 0.2

TOTAL 479.3
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GRAIN SIZE(mm) 

SIEVE ANALYSIS (WASH)- 

9.5 4.75 0.600 0.075 

12.5 

19.0 

25.0 0.075 0.600 4.75 



SIEVE ANALYSIS

Project Extraction Well Site

Contract No.11-1493-0108-2000

Pit Name

Material Clean Gravel Sample EW2011-1 #6

Date Sampled 30-Oct-11 Location 90'-95'

Date Tested 31-Oct-11 By Jared. O

              MOISTURE DETERMINATION WASH TEST

Mass of Moist Sample g Mass of dry sample g

Mass of Dry Sample g Mass of Washed Sample g

Loss of Moisture g Mass Lost(Passing 0.075mm) 0 g

%  Moisture Passing 0.075mm on Dry Sieve g

Total Passing 0.075mm 0.0 g

Sieve Size Mass Retained %Retained %Passing Mass Retained %Retained %Passing

25.0 0 100.0

19.0 0.0 100.0

12.5 30.4 6.4 93.6

9.5 16 3.4 90.2

4.75 66.5 14.1 76.1

2.36 79.9 16.9 59.2

1.18 88.5 18.8 40.4

0.60 78.4 16.6 23.8

0.30 60.8 12.9 10.9

0.15 30.8 6.5 4.4

0.075 10.4 2.2 2.2

PAN 10.3 2.2

TOTAL 472.0
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GRAIN SIZE(mm) 

SIEVE ANALYSIS (WASH)- 

9.5 4.75 0.600 0.075 

12.5 

19.0 

25.0 0.075 0.600 4.75 



SIEVE ANALYSIS

Project Extraction Well Site

Contract No.11-1493-0108-2000

Pit Name

Material Clean Gravel Sample EW2011-1 #7

Date Sampled 30-Oct-11 Location 100'-105'

Date Tested 31-Oct-11 By Jared. O

              MOISTURE DETERMINATION WASH TEST

Mass of Moist Sample g Mass of dry sample g

Mass of Dry Sample g Mass of Washed Sample g

Loss of Moisture g Mass Lost(Passing 0.075mm) 0 g

%  Moisture Passing 0.075mm on Dry Sieve g

Total Passing 0.075mm 0.0 g

Sieve Size Mass Retained %Retained %Passing Mass Retained %Retained %Passing

25.0 0 100.0

19.0 27.5 5.4 94.6

12.5 29.2 5.7 88.9

9.5 21.5 4.2 84.7

4.75 84.1 16.4 68.3

2.36 88.1 17.2 51.0

1.18 69.9 13.7 37.4

0.60 72.6 14.2 23.2

0.30 68.4 13.4 9.8

0.15 37.6 7.4 2.4

0.075 9.8 1.9 0.5

PAN 2.6 0.5

TOTAL 511.3
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GRAIN SIZE(mm) 

SIEVE ANALYSIS (WASH)- 

9.5 4.75 0.600 0.075 

12.5 

19.0 

25.0 0.075 0.600 4.75 



SIEVE ANALYSIS

Project Extraction Well Site

Contract No.11-1493-0108-2000

Pit Name

Material Clean Gravel Sample EW2011-1 #8

Date Sampled 30-Oct-11 Location 110'-115'

Date Tested 31-Oct-11 By Jared. O

              MOISTURE DETERMINATION WASH TEST

Mass of Moist Sample g Mass of dry sample g

Mass of Dry Sample g Mass of Washed Sample g

Loss of Moisture g Mass Lost(Passing 0.075mm) 0 g

%  Moisture Passing 0.075mm on Dry Sieve g

Total Passing 0.075mm 0.0 g

Sieve Size Mass Retained %Retained %Passing Mass Retained %Retained %Passing

25.0 0 100.0

19.0 18.6 3.7 96.3

12.5 13.2 2.6 93.7

9.5 25.3 5.0 88.7

4.75 113.8 22.4 66.3

2.36 140.6 27.7 38.6

1.18 74.3 14.7 23.9

0.60 60.3 11.9 12.0

0.30 43.0 8.5 3.5

0.15 13.7 2.7 0.8

0.075 2.9 0.6 0.3

PAN 1.3 0.3

TOTAL 507.0
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GRAIN SIZE(mm) 

SIEVE ANALYSIS (WASH)- 

9.5 4.75 0.600 0.075 

12.5 

19.0 

25.0 0.075 0.600 4.75 



SIEVE ANALYSIS

Project Extraction Well Site

Contract No.11-1493-0108-2000

Pit Name

Material Clean Gravel Sample EW2011-1 #9

Date Sampled 31-Oct-01 Location 140'-145'

Date Tested 1-Nov-11 By Jared. O

              MOISTURE DETERMINATION WASH TEST

Mass of Moist Sample g Mass of dry sample g

Mass of Dry Sample g Mass of Washed Sample g

Loss of Moisture g Mass Lost(Passing 0.075mm) 0 g

%  Moisture Passing 0.075mm on Dry Sieve g

Total Passing 0.075mm 0.0 g

Sieve Size Mass Retained %Retained %Passing Mass Retained %Retained %Passing

25.0 0 100.0

19.0 0.0 100.0

12.5 6.3 1.3 98.7

9.5 11.2 2.4 96.3

4.75 91.9 19.6 76.7

2.36 140.6 29.9 46.8

1.18 95.3 20.3 26.5

0.60 52.4 11.2 15.3

0.30 27.5 5.9 9.5

0.15 18.7 4.0 5.5

0.075 17.2 3.7 1.8

PAN 8.6 1.8

TOTAL 469.7
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GRAIN SIZE(mm) 

SIEVE ANALYSIS (WASH)- 

9.5 4.75 0.600 0.075 

12.5 

19.0 

25.0 0.075 0.600 4.75 



SIEVE ANALYSIS

Project Extraction Well Site

Contract No.11-1493-0108-2000

Pit Name

Material Clean Sand Sample EW2011-1 #10

Date Sampled 31-Oct-01 Location 155'-160'

Date Tested 1-Nov-11 By Jared. O

              MOISTURE DETERMINATION WASH TEST

Mass of Moist Sample g Mass of dry sample g

Mass of Dry Sample g Mass of Washed Sample g

Loss of Moisture g Mass Lost(Passing 0.075mm) 0 g

%  Moisture Passing 0.075mm on Dry Sieve g

Total Passing 0.075mm 0.0 g

Sieve Size Mass Retained %Retained %Passing Mass Retained %Retained %Passing

25.0 0 100.0

19.0 0.0 100.0

12.5 0.0 100.0

9.5 0.0 100.0

4.75 27.0 5.7 94.3

2.36 66.5 14.1 80.1

1.18 75.6 16.1 64.1

0.60 124.7 26.5 37.5

0.30 98.3 20.9 16.6

0.15 51.5 10.9 5.7

0.075 22.3 4.7 1.0

PAN 4.5 1.0

TOTAL 470.4
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GRAIN SIZE(mm) 

SIEVE ANALYSIS (WASH)- 

9.5 4.75 0.600 0.075 

12.5 

19.0 

25.0 0.075 0.600 4.75 



SIEVE ANALYSIS

Project Extraction Well Site

Contract No.11-1493-0108-2000

Pit Name

Material Clean Sand Sample EW2011-1 #11

Date Sampled 31-Oct-01 Location 165'-170'

Date Tested 1-Nov-11 By Jared. O

              MOISTURE DETERMINATION WASH TEST

Mass of Moist Sample g Mass of dry sample g

Mass of Dry Sample g Mass of Washed Sample g

Loss of Moisture g Mass Lost(Passing 0.075mm) 0 g

%  Moisture Passing 0.075mm on Dry Sieve g

Total Passing 0.075mm 0.0 g

Sieve Size Mass Retained %Retained %Passing Mass Retained %Retained %Passing

25.0 0 100.0

19.0 0.0 100.0

12.5 0.0 100.0

9.5 0.0 100.0

4.75 0.0 100.0

2.36 1.0 0.3 99.7

1.18 7.9 2.7 96.9

0.60 24.5 8.4 88.5

0.30 64.3 22.0 66.5

0.15 117.8 40.4 26.1

0.075 64.0 21.9 4.2

PAN 12.2 4.2

TOTAL 291.7
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GRAIN SIZE(mm) 

SIEVE ANALYSIS (WASH)- 

9.5 4.75 0.600 0.075 

12.5 

19.0 

25.0 0.075 0.600 4.75 



SIEVE ANALYSIS

Project Extraction Well Site

Contract No.11-1493-0108-2000

Pit Name

Material Clean Sand Sample EW2011-1 #12

Date Sampled 31-Oct-01 Location 175'-180'

Date Tested 1-Nov-11 By Jared. O

              MOISTURE DETERMINATION WASH TEST

Mass of Moist Sample g Mass of dry sample g

Mass of Dry Sample g Mass of Washed Sample g

Loss of Moisture g Mass Lost(Passing 0.075mm) 0 g

%  Moisture Passing 0.075mm on Dry Sieve g

Total Passing 0.075mm 0.0 g

Sieve Size Mass Retained %Retained %Passing Mass Retained %Retained %Passing

25.0 0 100.0

19.0 0.0 100.0

12.5 0.0 100.0

9.5 0.0 100.0

4.75 0.0 100.0

2.36 0.9 0.2 99.8

1.18 22.8 5.2 94.6

0.60 110.3 25.0 69.7

0.30 94.1 21.3 48.4

0.15 125.1 28.3 20.1

0.075 74.7 16.9 3.2

PAN 14.1 3.2

TOTAL 442.0
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GRAIN SIZE(mm) 

SIEVE ANALYSIS (WASH)- 

9.5 4.75 0.600 0.075 

12.5 

19.0 

25.0 0.075 0.600 4.75 



SIEVE ANALYSIS

Project Extraction Well Site

Contract No.11-1493-0108-2000

Pit Name

Material Clean Sand Sample EW2011-1 #13

Date Sampled 31-Oct-01 Location 190'-195'

Date Tested 1-Nov-11 By Jared. O

              MOISTURE DETERMINATION WASH TEST

Mass of Moist Sample g Mass of dry sample g

Mass of Dry Sample g Mass of Washed Sample g

Loss of Moisture g Mass Lost(Passing 0.075mm) 0 g

%  Moisture Passing 0.075mm on Dry Sieve g

Total Passing 0.075mm 0.0 g

Sieve Size Mass Retained %Retained %Passing Mass Retained %Retained %Passing

25.0 0 100.0

19.0 0.0 100.0

12.5 0.0 100.0

9.5 0.0 100.0

4.75 3.4 0.8 99.2

2.36 6.8 1.6 97.6

1.18 5.6 1.3 96.4

0.60 34.7 8.0 88.3

0.30 168.3 38.9 49.5

0.15 150.3 34.7 14.8

0.075 54.6 12.6 2.2

PAN 9.5 2.2

TOTAL 433.2
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GRAIN SIZE(mm) 

SIEVE ANALYSIS (WASH)- 

9.5 4.75 0.600 0.075 

12.5 

19.0 

25.0 0.075 0.600 4.75 



SIEVE ANALYSIS

Project Extraction Well Site

Contract No.11-1493-0108-2000

Pit Name

Material Clean Gravel Sample EW2011-1 #14

Date Sampled 31-Oct-01 Location 200'-205'

Date Tested 1-Nov-11 By Jared. O

              MOISTURE DETERMINATION WASH TEST

Mass of Moist Sample g Mass of dry sample g

Mass of Dry Sample g Mass of Washed Sample g

Loss of Moisture g Mass Lost(Passing 0.075mm) 0 g

%  Moisture Passing 0.075mm on Dry Sieve g

Total Passing 0.075mm 0.0 g

Sieve Size Mass Retained %Retained %Passing Mass Retained %Retained %Passing

25.0 0 100.0

19.0 0.0 100.0

12.5 3.9 0.7 99.3

9.5 14.4 2.7 96.6

4.75 118.8 22.3 74.3

2.36 149.8 28.1 46.2

1.18 100.5 18.9 27.3

0.60 75.9 14.2 13.0

0.30 43.6 8.2 4.9

0.15 19.1 3.6 1.3

0.075 4.9 0.9 0.4

PAN 1.9 0.4

TOTAL 532.8
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GRAIN SIZE(mm) 

SIEVE ANALYSIS (WASH)- 

9.5 4.75 0.600 0.075 

12.5 

19.0 

25.0 0.075 0.600 4.75 
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APPENDIX C 
Photographic Log of Well Construction and Development 

  



11-1493-0108-4000

    Figure C-1. Drill rig set up near existing monitoring well MW2009-102 (upper photo);
    stainless steel end plate welded onto bottom of well (lower photo).

Appendix C Photographic Log.xls/C-1 Golder Associates 10/15/12



11-1493-0108-4000

    Figure C-2. Centralizing tabs welded to well screen weld ring (upper photo);
    lowering well screen/casing section into borehole (lower photo).

Appendix C Photographic Log.xls/C-2 Golder Associates 10/15/12



11-1493-0108-4000

    Figure C-3. Close-up of weld between well screen and casing section (upper photo);
    finished wellhead with concrete barriers for collision protection (lower photo).

Appendix C Photographic Log.xls/C-3 Golder Associates 10/15/12



11-1493-0108-4000

    Figure C-4. Well development (upper and lower photos).

Appendix C Photographic Log.xls/C-4 Golder Associates 10/15/12
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October 31, 2012 
Project No. 11-1493-0108-4000  

 

 

 

 

 

 

 

 

 

 

 

APPENDIX D 
Manually Measured Water Level Data for Extraction Well  

EW2011-1 During Pumping Test 

  



10/15/12 11-1493-0108-3000

Water
Level 

(ft btoc)

Water
Level 

(m btoc)

Draw-
down   

(ft)

Draw-
down   
(m)

Residual
Drawdown

(m)

Pumping
Rate

(USgpm)

Pumping
Rate
(L/s)

Comments

Jan-23-2012 10:00 0 -- 14.45 4.404 0.00 0.000 -- 0 0.0
Jan-23-2012 10:01:30 1.5 -- 15.51 4.727 1.06 0.323 -- 150 9.5

Jan-23-2012 10:03 3 -- 16.72 5.096 2.27 0.692 --
Jan-23-2012 10:04 4 -- 16.74 5.102 2.29 0.698 --
Jan-23-2012 10:06 6 -- 16.76 5.108 2.31 0.704 --
Jan-23-2012 10:08 8 -- 16.78 5.115 2.33 0.710 --
Jan-23-2012 10:10 10 -- 16.80 5.121 2.35 0.716 --
Jan-23-2012 10:12 12 -- 16.80 5.121 2.35 0.716 -- 149 9.4
Jan-23-2012 10:14 14 -- 16.81 5.124 2.36 0.719 --
Jan-23-2012 10:18 18 -- 16.81 5.124 2.36 0.719 --
Jan-23-2012 10:20 20 -- 16.82 5.127 2.37 0.722 -- Ammonia test strip= 1 mg/L

Jan-23-2012 10:22 22 -- 16.84 5.133 2.39 0.728 -- 150 9.5
Jan-23-2012 10:24 24 -- 16.84 5.133 2.39 0.728 --
Jan-23-2012 10:26 26 -- 16.83 5.130 2.38 0.725 --
Jan-23-2012 10:28 28 -- 16 83 5 130 2 38 0 725 --

Clock Time

Table D-1. 
4-Hour Stepped Discharge Test of Extraction Well EW2011-1, 

Teck Metals Ltd, Trail, BC- January 23, 2012
Time since 

pump started 
(minutes)

Time since 
pump stopped 

(minutes)

Start of Stepped Discharge Test at 10:00 on January 23, 2012

Jan 23 2012 10:28 28 16.83 5.130 2.38 0.725
Jan-23-2012 10:30 30 -- 16.83 5.130 2.38 0.725 --
Jan-23-2012 10:32 32 -- 16.83 5.130 2.38 0.725 --
Jan-23-2012 10:34 34 -- 16.83 5.130 2.38 0.725 -- Sample 0000 collected- Teck lab

Jan-23-2012 10:36 36 -- 16.83 5.130 2.38 0.725 --
Jan-23-2012 10:40 40 -- 16.82 5.127 2.37 0.722 -- 148 9.3
Jan-23-2012 10:42 42 -- 16.83 5.130 2.38 0.725 -- 148 9.3
Jan-23-2012 10:44 44 -- 16.83 5.130 2.38 0.725 --
Jan-23-2012 10:46 46 -- 16.83 5.130 2.38 0.725 -- 147 9.3
Jan-23-2012 10:50 50 -- 16.82 5.127 2.37 0.722 --
Jan-23-2012 10:55 55 -- 16.85 5.136 2.40 0.732 -- 150 9.5
Jan-23-2012 10:58 58 -- 16.85 5.136 2.40 0.732 --
Jan-23-2012 10:59 59 -- 16.84 5.133 2.39 0.728 -- 150 9.5
Jan-23-2012 11:00 60 -- 16.84 5.133 2.39 0.728 --
Jan-23-2012 11:01 61 -- 19.12 5.828 4.67 1.423 -- 303 19.1
Jan-23-2012 11:02 62 -- 19.25 5.867 4.80 1.463 --
Jan-23-2012 11:03 63 -- 19.35 5.898 4.90 1.494 -- 303 19.1
Jan-23-2012 11:04 64 -- 19.41 5.916 4.96 1.512 --
Jan-23-2012 11:06 66 -- 19.48 5.938 5.03 1.533 --
Jan-23-2012 11:08 68 -- 19.53 5.953 5.08 1.548 -- 303 19.1
Jan-23-2012 11:10 70 -- 19.55 5.959 5.10 1.554 --
Jan-23-2012 11:12 72 -- 19.57 5.965 5.12 1.561 -- 303 19.1
Jan-23-2012 11:14 74 -- 19.58 5.968 5.13 1.564 --
Jan-23-2012 11:16 76 -- 19.58 5.968 5.13 1.564 --
Jan-23-2012 11:18 78 -- 19.58 5.968 5.13 1.564 --
Jan-23-2012 11:20 80 -- 19.60 5.974 5.15 1.570 -- 301 19.0
Jan-23-2012 11:22 82 -- 19.60 5.974 5.15 1.570 -- 303 19.1
Jan-23-2012 11:24 84 -- 19.60 5.974 5.15 1.570 --
Jan-23-2012 11:26 86 -- 19.60 5.974 5.15 1.570 --
Jan-23-2012 11:30 90 -- 19.61 5.977 5.16 1.573 -- 302 19.1
Jan-23-2012 11:34 94 -- 19.63 5.983 5.18 1.579 --
Jan-23-2012 11:38 98 -- 19.63 5.983 5.18 1.579 --
Jan-23-2012 11:42 102 -- 19.64 5.986 5.19 1.582 -- 301 19.0 pH=6.83; T=18.2C; EC=2830uS

Jan-23-2012 11:46 106 -- 19.64 5.986 5.19 1.582 --
Jan-23-2012 11:50 110 -- 19.65 5.989 5.20 1.585 --
Jan-23-2012 11:54 114 -- 19.64 5.986 5.19 1.582 -- 301 19.0 pH=6.91; T=18.0C; EC=2770uS

Jan-23-2012 11:58 118 -- 19.64 5.986 5.19 1.582 --
Jan-23-2012 12:00 120 -- 19.64 5.986 5.19 1.582 -- pH=6.94; T=18.0C; EC=2760uS

Jan-23-2012 12:01 121 -- 22.28 6.791 7.83 2.387 -- 452 28.5
Jan-23-2012 12:02 122 -- 22.47 6.849 8.02 2.444 --
Jan-23-2012 12:03 123 -- 22.52 6.864 8.07 2.460 --
Jan-23-2012 12:04 124 -- 22.64 6.901 8.19 2.496 --
Jan-23-2012 12:05 125 -- 22.69 6.916 8.24 2.512 --
Jan-23-2012 12:06 126 -- 22.74 6.931 8.29 2.527 --
Jan-23-2012 12:07 127 -- 22.76 6.937 8.31 2.533 --
Jan-23-2012 12:08 128 -- 22.79 6.946 8.34 2.542 -- 452 28.5
Jan-23-2012 12:10 130 -- 22.82 6.956 8.37 2.551 --
Jan-23-2012 12:12 132 -- 22.85 6.965 8.40 2.560 -- 452 28.5 pH=6.87; T=18.0C; EC=2780uS

Jan-23-2012 12:14 134 -- 22.86 6.968 8.41 2.563 --
Jan-23-2012 12:16 136 -- 22.87 6.971 8.42 2.566 --
Jan-23-2012 12:18 138 -- 22.89 6.977 8.44 2.573 --
Jan-23-2012 12:20 140 -- 22.88 6.974 8.43 2.569 --
Jan-23-2012 12:22 142 -- 22.91 6.983 8.46 2.579 --
Jan-23-2012 12:24 144 -- 22.93 6.989 8.48 2.585 -- 452 28.5
Jan-23-2012 12:26 146 -- 22.94 6.992 8.49 2.588 -- pH=6.87; T=17.9C; EC=2800uS

Jan-23-2012 12:28 148 -- 22.94 6.992 8.49 2.588 --
Jan-23-2012 12:30 150 -- 22.95 6.995 8.50 2.591 --
Jan-23-2012 12:34 154 -- 22.95 6.995 8.50 2.591 -- 452 28.5
Jan-23-2012 12:38 158 -- 22.95 6.995 8.50 2.591 -- pH=6.83; T=18.1C; EC=2800uS

Jan-23-2012 12:45 165 -- 22.98 7.004 8.53 2.600 -- 452 28.5
Jan-23-2012 12:50 170 -- 23.01 7.013 8.56 2.609 --
Jan-23-2012 12:54 174 -- 23.01 7.013 8.56 2.609 --
Jan-23-2012 12:58 178 -- 23.02 7.016 8.57 2.612 -- 452 28.5
Jan-23-2012 13:00 180 -- 23.03 7.020 8.58 2.615 --
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10/15/12 11-1493-0108-3000

Water
Level 

(ft btoc)

Water
Level 

(m btoc)

Draw-
down   

(ft)

Draw-
down   
(m)

Residual
Drawdown

(m)

Pumping
Rate

(USgpm)

Pumping
Rate
(L/s)

Comments

Clock Time

Table D-1. 
4-Hour Stepped Discharge Test of Extraction Well EW2011-1, 

Teck Metals Ltd, Trail, BC- January 23, 2012
Time since 

pump started 
(minutes)

Time since 
pump stopped 

(minutes)

Jan-23-2012 13:01 181 -- 26.01 7.928 11.56 3.523 -- 601 37.9
Jan-23-2012 13:02 182 -- 26.19 7.983 11.74 3.578 --
Jan-23-2012 13:03 183 -- 26.33 8.025 11.88 3.621 -- 600 37.9
Jan-23-2012 13:04 184 -- 26.42 8.053 11.97 3.648 -- 600 37.9
Jan-23-2012 13:05 185 -- 26.49 8.074 12.04 3.670 --
Jan-23-2012 13:06 186 -- 26.53 8.086 12.08 3.682 --
Jan-23-2012 13:07 187 -- 26.57 8.099 12.12 3.694 -- pH=6.91; T=17.9C; EC=2830uS

Jan-23-2012 13:08 188 -- 26.61 8.111 12.16 3.706 -- 599 37.8
Jan-23-2012 13:09 189 -- 26.65 8.123 12.20 3.719 --
Jan-23-2012 13:10 190 -- 26.68 8.132 12.23 3.728 --
Jan-23-2012 13:11 191 -- 26.72 8.144 12.27 3.740 --
Jan-23-2012 13:12 192 -- 26.74 8.150 12.29 3.746 --
Jan-23-2012 13:13 193 -- 26.75 8.153 12.30 3.749 --
Jan-23-2012 13:14 194 -- 26.78 8.163 12.33 3.758 -- 601 37.9
Jan-23-2012 13:15 195 -- 26.80 8.169 12.35 3.764 --
Jan-23-2012 13:16 196 -- 26.80 8.169 12.35 3.764 --Jan 23 2012 13:16 196 26.80 8.169 12.35 3.764
Jan-23-2012 13:17 197 -- 26.81 8.172 12.36 3.767 --
Jan-23-2012 13:18 198 -- 26.82 8.175 12.37 3.770 --
Jan-23-2012 13:19 199 -- 26.84 8.181 12.39 3.776 --
Jan-23-2012 13:20 200 -- 26.85 8.184 12.40 3.780 -- 601 37.9 pH=6.85; T=17.9C; EC=2840uS

Jan-23-2012 13:22 202 -- 26.89 8.196 12.44 3.792 --
Jan-23-2012 13:24 204 -- 26.87 8.190 12.42 3.786 --
Jan-23-2012 13:26 206 -- 26.90 8.199 12.45 3.795 --
Jan-23-2012 13:28 208 -- 26.93 8.208 12.48 3.804 --
Jan-23-2012 13:30 210 -- 26.94 8.211 12.49 3.807 -- 601 37.9 Sample 0001 collected- Teck lab

Jan-23-2012 13:32 212 -- 26.96 8.217 12.51 3.813 -- Ammonia test strip= 1 mg/L

Jan-23-2012 13:34 214 -- 26.96 8.217 12.51 3.813 --
Jan-23-2012 13:36 216 -- 26.97 8.220 12.52 3.816 --
Jan-23-2012 13:38 218 -- 26.98 8.224 12.53 3.819 -- 600 37.9
Jan-23-2012 13:40 220 -- 27.01 8.233 12.56 3.828 -- 600 37.9
Jan-23-2012 13:42 222 -- 27.00 8.230 12.55 3.825 --
Jan-23-2012 13:44 224 -- 27.01 8.233 12.56 3.828 --
Jan-23-2012 13:46 226 -- 27.00 8.230 12.55 3.825 --
Jan-23-2012 13:48 228 -- 27.04 8.242 12.59 3.837 --
Jan-23-2012 13:50 230 -- 27.03 8.239 12.58 3.834 --
Jan-23-2012 13:52 232 -- 27.02 8.236 12.57 3.831 -- Ammonia test strip= 1 mg/L

Jan-23-2012 13:54 234 -- 27.07 8.251 12.62 3.847 -- 600 37.9
Jan-23-2012 13:56 236 -- 27.07 8.251 12.62 3.847 -- 600 37.9
Jan-23-2012 13:58 238 -- 27.08 8.254 12.63 3.850 -- pH=6.95; T=18.0C; EC=2860uS

Jan-23-2012 14:00 240 -- 27.09 8.257 12.64 3.853 -- 600 37.9
Jan-23-2012 14:01 241 -- 27.82 8.480 13.37 4.075 -- 633 39.9 Gate valve wide open

Jan-23-2012 14:02 242 -- 27.83 8.483 13.38 4.078 --
Jan-23-2012 14:03 243 -- 27.86 8.492 13.41 4.087 --
Jan-23-2012 14:04 244 -- 27.90 8.504 13.45 4.100 --
Jan-23-2012 14:05 245 -- 27.89 8.501 13.44 4.097 --
Jan-23-2012 14:06 246 -- 27.89 8.501 13.44 4.097 --
Jan-23-2012 14:07 247 -- 27.87 8.495 13.42 4.090 --
Jan-23-2012 14:08 248 -- 27.91 8.507 13.46 4.103 -- 633 39.9
Jan-23-2012 14:09 249 -- 27.96 8.522 13.51 4.118 --

Jan-23-2012 14:10 250 0.5 17.20 5.243 -- -- 0.839 0 0.0
Jan-23-2012 14:11 251 1.5 16.18 4.932 -- -- 0.528
Jan-23-2012 14:12 252 2.5 15.71 4.788 -- -- 0.384
Jan-23-2012 14:13 253 3.5 15.43 4.703 -- -- 0.299
Jan-23-2012 14:14 254 4.5 15.24 4.645 -- -- 0.241
Jan-23-2012 14:15 255 5.5 15.11 4.606 -- -- 0.202
Jan-23-2012 14:16 256 6.5 15.00 4.572 -- -- 0.168
Jan-23-2012 14:17 257 7.5 14.94 4.554 -- -- 0.150
Jan-23-2012 14:18 258 8.5 14.88 4.535 -- -- 0.131
Jan-23-2012 14:19 259 9.5 14.84 4.523 -- -- 0.119
Jan-23-2012 14:20 260 10.5 14.80 4.511 -- -- 0.107
Jan-23-2012 14:21 261 11.5 14.77 4.502 -- -- 0.098

Stepped Discharge Test Recovery Data- Pump off at 14:09:30

Jan-23-2012 14:22 262 12.5 14.74 4.493 -- -- 0.089
Jan-23-2012 14:23 263 13.5 14.72 4.487 -- -- 0.083
Jan-23-2012 14:24 264 14.5 14.71 4.484 -- -- 0.080
Jan-23-2012 14:25 265 15.5 14.70 4.481 -- -- 0.077
Jan-23-2012 14:26 266 16.5 14.68 4.474 -- -- 0.070
Jan-23-2012 14:30 270 20.5 14.66 4.468 -- -- 0.064
Jan-23-2012 14:35 275 25.5 14.62 4.456 -- -- 0.052
Jan-23-2012 14:50 290 40.5 14.58 4.444 -- -- 0.040
Jan-23-2012 15:20 320 70.5 14.56 4.438 -- -- 0.034
Jan-23-2012 16:00 360 110.5 14.54 4.432 -- -- 0.028
Jan-23-2012 16:30 390 140.5 14.53 4.429 -- -- 0.025
Jan-23-2012 17:00 420 170.5 14.52 4.426 -- -- 0.022
Jan-23-2012 18:00 480 230.5 14.51 4.423 -- -- 0.019
Jan-23-2012 20:00 600 350.5 14.50 4.420 -- -- 0.016
Jan-23-2012 21:00 660 410.5 14.50 4.420 -- -- 0.016
Jan-23-2012 22:00 720 470.5 14.50 4.420 -- -- 0.016

End of manual recovery data collection at 22:00 on January 23, 2012.
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10/15/12 11-1493-0108-3000

Water 
Level

(ft btoc)

Water 
Level

(m btoc)

Draw-
down   

(ft)

Draw-
down   
(m)

Residual 
Drawdown

(m)

Pumping
Rate
(L/s)

Pumping
Rate

(USgpm)
Comments - Field Parameters

Jan-23-2012 22:00 0 -- 14.50 4.420 0.00 0.00 -- 0.0 0 Start of test at 22:00:00
Jan-23-2012 22:01 1 -- 24.60 7.498 10.10 3.08 -- 38.0 603
Jan-23-2012 22:02 2 -- 24.56 7.486 10.06 3.07 -- 36.2 574
Jan-23-2012 22:03 3 -- 24.86 7.577 10.36 3.16 -- 36.3 575
Jan-23-2012 22:04 4 -- 25.19 7.678 10.69 3.26 --
Jan-23-2012 22:05 5 -- 25.32 7.718 10.82 3.30 --
Jan-23-2012 22:06 6 -- 25.48 7.766 10.98 3.35 -- 36.3 576
Jan-23-2012 22:07 7 -- 25.52 7.778 11.02 3.36 --
Jan-23-2012 22:08 8 -- 25.63 7.812 11.13 3.39 --
Jan-23-2012 22:09 9 -- 25.67 7.824 11.17 3.40 --
Jan-23-2012 22:10 10 -- 25.71 7.836 11.21 3.42 --
Jan-23-2012 22:12 12 -- 25.80 7.864 11.30 3.44 --
Jan-23-2012 22:14 14 -- 25.84 7.876 11.34 3.46 --
Jan-23-2012 22:16 16 -- 25.87 7.885 11.37 3.47 --
Jan-23-2012 22:18 18 -- 25.91 7.897 11.41 3.48 --

Date
Clock Time

Table D-2.
36-Hour Constant Rate Test of Extraction Well EW2011-1,

Teck Metals Ltd, Trail, BC- January 23-26, 2012
Time since 

pump 
started, t 
(minutes)

Time since 
pump 

stopped, t' 
(minutes)

Jan-23-2012 22:20 20 -- 25.93 7.903 11.43 3.48 -- 36.3 575 EC=2840uS; T=17.5C; pH=6.98
Jan-23-2012 22:25 25 -- 26.01 7.928 11.51 3.51 --
Jan-23-2012 22:30 30 -- 26.02 7.931 11.52 3.51 --
Jan-23-2012 22:40 40 -- 26.10 7.955 11.60 3.54 -- 36.3 575
Jan-23-2012 22:50 50 -- 26.14 7.967 11.64 3.55 --
Jan-23-2012 23:00 60 -- 26.22 7.992 11.72 3.57 -- 36.2 574
Jan-23-2012 23:15 75 -- 26.26 8.004 11.76 3.58 -- 36.3 575
Jan-23-2012 23:30 90 -- 26.36 8.035 11.86 3.61 --
Jan-24-2012 00:00 120 -- 26.45 8.062 11.95 3.64 -- 36.3 576
Jan-24-2012 02:00 240 -- 26.59 8.105 12.09 3.69 -- 36.3 575 EC=1540uS; T=16.2C; pH=6.91
Jan-24-2012 04:00 360 -- 26.80 8.169 12.30 3.75 -- 36.3 575
Jan-24-2012 06:00 480 -- 26.93 8.208 12.43 3.79 -- 36.3 575 Sample 0002 collected-Teck Lab
Jan-24-2012 08:00 600 -- 27.04 8.242 12.54 3.82 -- 36.3 575
Jan-24-2012 10:00 720 -- 27.14 8.272 12.64 3.85 -- 36.3 575 EC=2910uS; T=17.4C; pH=6.91
Jan-24-2012 12:00 840 -- 27.17 8.281 12.67 3.86 -- 36.3 576
Jan-24-2012 14:00 960 -- 27.20 8.291 12.70 3.87 -- 36.3 575
Jan-24-2012 16:00 1080 -- 27.28 8.315 12.78 3.90 -- 36.3 575 EC=3040uS; T=17.5C; pH=6.95
Jan-24-2012 18:00 1200 -- 27.34 8.333 12.84 3.91 -- 36.3 575 Sample 0003 collected-Teck Lab
Jan-24-2012 20:00 1320 -- 27.36 8.339 12.86 3.92 -- 36.3 575 EC=3060uS; T=17.5C; pH=6.95
Jan-24-2012 22:00 1440 -- 27.40 8.352 12.90 3.93 -- 36.2 574 EC=3060uS; T=17.4C; pH=6.95
Jan-25-2012 00:00 1560 -- 27.44 8.364 12.94 3.94 -- 36.2 574 Sample 0004 collected-Teck Lab
Jan-25-2012 02:00 1680 -- 27.46 8.370 12.96 3.95 -- 36.2 574 EC=3090uS; T=17.1C; pH=6.90Jan 25 2012 02:00 1680 27.46 8.370 12.96 3.95 36.2 574 EC 3090uS; T 17.1C; pH 6.90
Jan-25-2012 04:00 1800 -- 27.50 8.382 13.00 3.96 -- 36.2 574 EC=3090uS; T=17.1C; pH=6.90
Jan-25-2012 06:00 1920 -- 27.53 8.391 13.03 3.97 -- 36.3 575 EC=3090uS; T=17.1C; pH=6.85
Jan-25-2012 08:00 2040 -- 27.62 8.419 13.12 4.00 -- 36.3 575 EC=3090uS; T=17.0C; pH=6.85
Jan-25-2012 10:00 2160 -- 27.64 8.425 13.14 4.01 -- 36.2 574 EC=3120uS; T=17.5C; pH=6.91
Jan-25-2012 10:17 2177 -- -- -- -- -- -- 36.2 574 End of pumping test

Jan-25-2012 10:18:30 2178.5 1.5 15.60 4.755 -- -- 0.33 0.0 0 Start of manual recovery data
Jan-25-2012 10:19 2179 2 15.52 4.730 -- -- 0.31 0.0 0
Jan-25-2012 10:20 2180 3 15.32 4.670 -- -- 0.25 0.0 0
Jan-25-2012 10:21 2181 4 15.20 4.633 -- -- 0.21 0.0 0
Jan-25-2012 10:22 2182 5 15.15 4.618 -- -- 0.20 0.0 0
Jan-25-2012 10:23 2183 6 15.10 4.602 -- -- 0.18 0.0 0
Jan-25-2012 10:24 2184 7 15.00 4.572 -- -- 0.15 0.0 0
Jan-25-2012 10:25 2185 8 14.98 4.566 -- -- 0.15 0.0 0
Jan-25-2012 10:26 2186 9 14.96 4.560 -- -- 0.14 0.0 0
Jan-25-2012 10:27 2187 10 14.94 4.554 -- -- 0.13 0.0 0
Jan-25-2012 10:29 2189 12 14.92 4.548 -- -- 0.13 0.0 0
Jan-25-2012 10:31 2191 14 14.90 4.542 -- -- 0.12 0.0 0
Jan-25-2012 10:33 2193 16 14.88 4.535 -- -- 0.12 0.0 0
Jan-25-2012 10:35 2195 18 14.87 4.532 -- -- 0.11 0.0 0
Jan-25-2012 10:37 2197 20 14.86 4.529 -- -- 0.11 0.0 0
Jan-25-2012 10:41 2201 24 14.84 4.523 -- -- 0.10 0.0 0
Jan-25-2012 10:45 2205 28 14 83 4 520 -- -- 0 10 0 0 0Jan 25 2012 10:45 2205 28 14.83 4.520 0.10 0.0 0
Jan-25-2012 10:49 2209 32 14.82 4.517 -- -- 0.10 0.0 0
Jan-25-2012 10:53 2213 36 14.81 4.514 -- -- 0.09 0.0 0
Jan-25-2012 10:57 2217 40 14.80 4.511 -- -- 0.09 0.0 0
Jan-25-2012 11:02 2222 45 14.79 4.508 -- -- 0.09 0.0 0
Jan-25-2012 11:07 2227 50 14.77 4.502 -- -- 0.08 0.0 0
Jan-25-2012 11:12 2232 55 14.77 4.502 -- -- 0.08 0.0 0
Jan-25-2012 11:17 2237 60 14.76 4.499 -- -- 0.08 0.0 0
Jan-25-2012 11:32 2252 75 14.75 4.496 -- -- 0.08 0.0 0
Jan-25-2012 11:47 2267 90 14.73 4.490 -- -- 0.07 0.0 0
Jan-25-2012 12:02 2282 105 14.72 4.487 -- -- 0.07 0.0 0
Jan-25-2012 12:17 2297 120 14.72 4.487 -- -- 0.07 0.0 0
Jan-25-2012 12:47 2327 150 14.71 4.484 -- -- 0.06 0.0 0
Jan-25-2012 13:47 2387 210 14.70 4.481 -- -- 0.06 0.0 0
Jan-25-2012 14:17 2417 240 14.70 4.481 -- -- 0.06 0.0 0
Jan-25-2012 15:17 2477 300 14.69 4.478 -- -- 0.06 0.0 0
Jan-25-2012 16:17 2537 360 14.68 4.474 -- -- 0.05 0.0 0
Jan-26-2012 07:43 3463 1286 14.59 4.447 -- -- 0.03 0.0 0 End of manual recovery data
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APPENDIX E 
Certificate of Analysis and Summary of Groundwater Quality 
Results for Extraction Well EW2011-1 
 



10/15/12

Table E-1.
Summary of Groundwater Quality Results from Extraction Well EW2011-1 January 26, 2012

11-1493-0108-3000

Reported BC CSR Drinking BC CSR Freshwater RESULTS (mg/L)

Detection Water (DW) Aquatic Life (AW) K2A0890-01

Limit Standards-Sch.6 Standards-Sch.6 EW2011-1

(mg/L) May 2011 May 2011 Jan-26-2012

Conductivity (uS/cm) 3120

Temperature (C) ≤15a,b 17.5

6.5-8.5a,b 6.91

GENERAL PARAMETERS

Alkalinity, Total as CaCO3 1 247

Alkalinity, Carbonate as CaCO3 1 <1.0

Alkalinity, Bicarbonate as CaCO3 1 247

Alkalinity, Hydroxide as CaCO3 1 <1.0

0.1 <0.10

0.5 0.8

5 250b 1500 60.3

0.1 1.5 3.0c 3.08

0.5 1070

0.5 1020

2 18.4d 129

0.51 10 400 36.2

0.5 10 400 36

0.01 3.2 2.0e 0.15

5 148

0.005 <0.005

5 500a,b 1920

50 500b 1000 1220

0.1 56.7

0.01 6.5-8.5a,b 7.33

2 3060

0.005 9.5f 0.014

0.0001 0.006 0.2 0.0007

0.0005 0.01 0.050 0.0008

0.005 1 10 0.025

0.0001 0.053 <0.0001

0.0001 <0.0001

0.004 5 50 0.095

0.00001 0.005 0.0006g 0.569

0.2 295

0.0005 0.05 0.01h <0.0005

0.00005 0.04 0.0436

0.0002 1b 0.07i 0.0062

0.01 6.5f 10.9

0.0001 0.01 0.06j 0.0033

0.0001 0.0339

0.01 100b 68.1

0.0002 0.55f 7.44

0.00002 0.001 0.001 <0.00002

0.0001 0.25 10 0.004

0.0002 1.5k 0.033

0.02 <0.02

0.02 8.95

0.0005 0.01 0.01 <0.0005

0.5 20.5

0.00005 0.015l <0.00005

0.02 200b 65.9

0.001 1.41

0.0002 <0.0002

0.00002 0.003 0.00387

0.0001 <0.0001

0.0002 0.001

0.005 1 <0.005

0.00002 0.02 3 0.0117

0.001 <0.001

0.004 5b 0.9m 11

0.0001 <0.0001

LAB ID

WELL/SAMPLE ID

DATE SAMPLED

FIELD PARAMETERS

Nitrogen, Nitrate+Nitrite as N

Nitrogen, Ammonia as N

Hardness (Diss. as CaCO3)

Hardness (Total as CaCO3)

Fluoride

Chloride

Carbon, Total Organic

Bromide

pH

Cobalt, dissolved

Chromium, dissolved

Calcium, dissolved

Cadmium, dissolved

Solids, Total Dissolved

Phosphorus, Total

Nitrogen, Total Kjeldahl 

Nitrogen, Nitrite as N

Nitrogen, Nitrate as N

Conductivity-lab (uS/cm)

pH- lab

Turbidity (NTU)

Sulfate 

DISSOLVED METALS

Zinc, dissolved

Vanadium, dissolved

Uranium, dissolved

Antimony, dissolved

Aluminum, dissolved

Silicon, dissolved

Selenium, dissolved

Potassium, dissolved

Phosphorus, dissolved

Nickel, dissolved

Molybdenum, dissolved

Mercury, dissolved

Manganese, dissolved

Magnesium, dissolved

Lithium, dissolved

Lead, dissolved

Iron, dissolved

Boron, dissolved

Bismuth, dissolved

Beryllium, dissolved

Barium, dissolved

Arsenic, dissolved

Copper, dissolved

Strontium, dissolved

Sodium, dissolved

Silver, dissolved

Titanium, dissolved

Tin, dissolved

Thorium, dissolved

Thallium, dissolved

Tellurium, dissolved

Zirconium, dissolved
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Table E-1.
Summary of Groundwater Quality Results from Extraction Well EW2011-1 January 26, 2012

11-1493-0108-3000

Reported BC CSR Drinking BC CSR Freshwater RESULTS (mg/L)

Detection Water (DW) Aquatic Life (AW) K2A0890-01

Limit Standards-Sch.6 Standards-Sch.6 EW2011-1

(mg/L) May 2011 May 2011 Jan-26-2012

LAB ID

WELL/SAMPLE ID

DATE SAMPLED

0.005 9.5f 0.015

0.0001 0.006 0.2 0.0004

0.0005 0.01 0.050 0.0009

0.005 1 10 0.025

0.0001 0.053 <0.0001

0.0001 <0.0001

0.004 5 50 0.101

0.00001 0.005 0.0006g 0.599

0.2 311

0.0005 0.05 0.01h <0.0005

0.00005 0.04 0.046

0.0002 1b 0.07i 0.0036

0.01 6.5f 14.6

0.0001 0.01 0.06j 0.0034

0.0001 0.0363

0.01 100b 70.8

0.0002 0.55f 7.87

0.00002 0.001 0.001 <0.00002

0.0001 0.25 10 0.0038

0.0002 1.5k 0.0334

0.02 <0.02

0.02 9.41

0.0005 0.01 0.01 <0.0005

0.5 19.2

0.00005 0.015l <0.00005

0.02 200b 68.9

0.001 1.49

0.0002 <0.0002

0.00002 0.003 0.0041

0.0001 <0.0001

0.0002 <0.0002

0.005 1 <0.005

0.00002 0.02 3 0.0121

0.001 <0.001

0.004 5b 0.9m 9.93

0.0001 <0.0001

 Exceeds BC-CSR freshwater aquatic life (AW) standards; assume minimum 1:10 dilution is available.

 Exceeds both BC-CSR AW and DW standards.

 Exceeds BC-CSR drinking water (DW) standards (aesthetic and/or health-based).

aNo DW standard listed for this constituent in BC-CSR Scehdule 6. Listed guideline taken from the GCDWQ.

Analytical results and BC CSR standards reported in mg/L, unless noted otherwise.

TOTAL RECOVERABLE METALS

Antimony, total

Aluminum, total

Mercury, total

Manganese, total

Magnesium, total

Lithium, total

Lead, total

Iron, total

Copper, total

Cobalt, total

Chromium, total

Calcium, total

Cadmium, total

Boron, total

Bismuth, total

Strontium, total

Zirconium, total

Zinc, total

Vanadium, total

Uranium, total

Titanium, total

Beryllium, total

Barium, total

Arsenic, total

Phosphorus, total

Nickel, total

Molybdenum, total

mAW-Standard for zinc is hardness dependent; standard shown assumes hardness of >100 mg/L.

lAW-Standard for silver is hardness dependent; standard shown assumes hardness of >100 mg/L.

kAW-Standard for nickel is hardness dependent; standard shown assumes hardness of >180 mg/L.

jAW-Standard for lead is hardness dependent; standard shown assumes hardness of >150 mg/L.

iAW-Standard for copper is hardness dependent; standard shown assumes hardness of >150 mg/L.

hAW-Standard for trivalent chromium is 0.09 mg/L and the standard for hexavalent chromium is 0.01 mg/L.

gAW-Standard for cadmium is harness dependent; standard shown assumes hardness of 150 to 210 mg/L.

fDW-Standard for aluminum, iron, and manganese is specific to human health; may not address aesthetic concerns.

eAW-Standard for nitrite is chloride dependent; standard shown assumes chloride >10 mg/L.

dAW-Standard for total ammonia-nitrogen is temperature and pH dependent.

cAW-Standard for fluoride is hardness dependent; standard shown assumes hardness of >50 mg/L.

bDW-Standard to protect against taste and odour concerns (not health-based).

Sodium, total

Silver, total

Silicon, total

Selenium, total

Potassium, total

Tin, total

Thorium, total

Thallium, total

Tellurium, total
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REPORTED

RECEIVED / TEMP WORK ORDER

PROJECTFeb-01-12

K2A0890

CERTIFICATE OF ANALYSIS

CLIENT

#301 - 625 Front Street

Nelson BC

V1L 4B6

TEL

FAX

ATTENTION Garrett Brown

Teck Groundwater Sampling

Golder Associates Ltd. (Nelson)

1-250-352-2909

1-250-365-0988

Jan-27-12 07:50  / 3.0 °C

COC #(s) 15187 PROJECT INFO 11-1493-0108-3000

General Comments:

CARO Analytical Services employs methods which are based on those found in “Standard Methods for the Examination of Water 

and Wastewater”, 21st Edition, 2005, published by the American Public Health Association (APHA); US EPA protocols found in “Test 

Methods for Evaluating Solid Waste, Physical/Chemical Methods, SW846”, 3rd Edition; protocols published by the British Columbia 

Ministry of Environment (BCMOE); and/or CCME Canada-wide Standard Reference methods.

Methods not described in these publications are conducted according to procedures accepted by appropriate regulatory agencies, 

and/or are done in accordance with recognized professional standards using accepted testing methodologies and quality control 

efforts except where otherwise agreed to by the client.  

The results in this report apply to the samples analyzed in accordance with the chain of custody document.  This analytical report 

must be reproduced in its entirity.   CARO is not responsible for any loss or damage resulting directly or indirectly from error or 

omission in the conduct of testing.  Liability is limited to the cost of analysis.  Samples will be disposed of 30 days after the test 

report has been issued unless otherwise agreed to in writing. 

•  All solids results are reported on a dry weight basis unless otherwise noted

•  Units: mg/kg = milligrams per kilogram, equivalent to parts per million (ppm)

mg/L = milligrams per litre, equivalent to parts per million (ppm)

ug/L = micrograms per litre, equivalent to parts per billion (ppb)

ug/g = micrograms per gram, equivalent to parts per million (ppm)

ug/m3 = micrograms per cubic meter of air

•  "RDL"  Reported detection limit

•  "<"  Less than reported detection limit

•  "AO" Aesthetic objective

•  "MAC" Maximum acceptable concentration (health-related guideline)

•  "LAB" RMD = Richmond location, KEL = Kelowna location, EDM = Edmonton location, SUB = Subcontracted

Please contact CARO if more information is needed or to provide feedback on our services.

CARO Analytical Services

Final Review Per: Jennifer Shanko, AScT

Administration Coordinator
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CARO Analytical Services

#120 12791 Clarke Place

Richmond, BC  V6V 2H9
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CLIENT

PROJECT

Golder Associates Ltd. (Nelson)

Teck Groundwater Sampling

WORK ORDER #

REPORTED

K2A0890

Feb-01-12

SAMPLE DATA

 Analyte Result RDL Units Prepared Notes
Canadian DW 

Guideline 

(Dec 10)

Analyzed

General Parameters

EW2011-1   (K2A0890-01)   Matrix: Water   Sampled: Jan-26-12 10:00

Jan-30-12mg/LAlkalinity, Total as CaCO3 247 1.0 Jan-27-12

mg/L< 1.0Alkalinity, Carbonate as CaCO3 Jan-30-121.0 Jan-27-12

mg/L247Alkalinity, Bicarbonate as CaCO3 Jan-30-121.0 Jan-27-12

mg/L< 1.0Alkalinity, Hydroxide as CaCO3 Jan-30-121.0 Jan-27-12

mg/L< 0.10Bromide Jan-28-120.10 Jan-27-12

mg/L0.8Carbon, Total Organic Jan-27-120.5 Jan-27-12

mg/L60.3Chloride Jan-28-125.00AO ≤ 250 Jan-27-12

uS/cm3060Conductivity (EC) Jan-27-122 Jan-27-12

mg/L3.08Fluoride Jan-28-120.10MAC = 1.5 Jan-27-12

mg/L1070Hardness, Total (Total as CaCO3) N/A0.50 N/A

mg/L1020Hardness, Total (Diss. as CaCO3) N/A0.50 N/A

mg/L129Nitrogen, Ammonia as N Jan-27-122.00 Jan-27-12

mg/L36.2Nitrogen, Nitrate+Nitrite as N N/A0.510 N/A

mg/L36.0Nitrogen, Nitrate as N Jan-28-120.500MAC = 10 Jan-27-12

mg/L0.15Nitrogen, Nitrite as N Jan-28-120.01MAC = 1 Jan-27-12

mg/L148Nitrogen, Total Kjeldahl Feb-01-125.00 Jan-27-12

pH Units7.33pH Jan-27-120.01AO = 6.5 - 8.5 Jan-27-12

mg/L< 0.005Phosphorus, Total Jan-31-120.005 Jan-27-12

mg/L1920Solids, Total Dissolved Jan-31-125AO ≤ 500 Jan-30-12

mg/L1220Sulfate Jan-28-1250.0AO ≤ 500 Jan-27-12

NTU56.7Turbidity Jan-27-120.1Varies, See Guidelines Jan-27-12

Dissolved Metals

EW2011-1   (K2A0890-01)   Matrix: Water   Sampled: Jan-26-12 10:00

Jan-30-12mg/LAluminum, dissolved 0.014 0.005 Jan-30-12

mg/L0.0007Antimony, dissolved Jan-30-120.0001 Jan-30-12

mg/L0.0008Arsenic, dissolved Jan-30-120.0005 Jan-30-12

mg/L0.025Barium, dissolved Jan-30-120.005 Jan-30-12

mg/L< 0.0001Beryllium, dissolved Jan-30-120.0001 Jan-30-12

mg/L< 0.0001Bismuth, dissolved Jan-30-120.0001 Jan-30-12

mg/L0.095Boron, dissolved Jan-30-120.004 Jan-30-12

mg/L0.569Cadmium, dissolved Jan-30-120.00001 Jan-30-12

mg/L295Calcium, dissolved Jan-30-120.2 Jan-30-12

mg/L< 0.0005Chromium, dissolved Jan-30-120.0005 Jan-30-12

mg/L0.0436Cobalt, dissolved Jan-30-120.00005 Jan-30-12

mg/L0.0062Copper, dissolved Jan-30-120.0002 Jan-30-12

mg/L10.9Iron, dissolved Jan-30-120.01 Jan-30-12

mg/L0.0033Lead, dissolved Jan-30-120.0001 Jan-30-12

mg/L0.0339Lithium, dissolved Jan-30-120.0001 Jan-30-12

mg/L68.1Magnesium, dissolved Jan-30-120.01 Jan-30-12

mg/L7.44Manganese, dissolved Jan-30-120.0002 Jan-30-12

mg/L< 0.00002Mercury, dissolved Jan-30-120.00002 Jan-30-12

mg/L0.0040Molybdenum, dissolved Jan-30-120.0001 Jan-30-12

mg/L0.0330Nickel, dissolved Jan-30-120.0002 Jan-30-12

mg/L< 0.02Phosphorus, dissolved Jan-30-120.02 Jan-30-12
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CLIENT

PROJECT

Golder Associates Ltd. (Nelson)

Teck Groundwater Sampling

WORK ORDER #

REPORTED

K2A0890

Feb-01-12

SAMPLE DATA

 Analyte Result RDL Units Prepared Notes
Canadian DW 

Guideline 

(Dec 10)

Analyzed

Dissolved Metals, Continued

EW2011-1   (K2A0890-01)   Matrix: Water   Sampled: Jan-26-12 10:00, Continued

mg/L8.95Potassium, dissolved Jan-30-120.02 Jan-30-12

mg/L< 0.0005Selenium, dissolved Jan-30-120.0005 Jan-30-12

mg/L20.5Silicon, dissolved Jan-30-120.5 Jan-30-12

mg/L< 0.00005Silver, dissolved Jan-30-120.00005 Jan-30-12

mg/L65.9Sodium, dissolved Jan-30-120.02 Jan-30-12

mg/L1.41Strontium, dissolved Jan-30-120.001 Jan-30-12

mg/L< 0.0002Tellurium, dissolved Jan-30-120.0002 Jan-30-12

mg/L0.00387Thallium, dissolved Jan-30-120.00002 Jan-30-12

mg/L< 0.0001Thorium, dissolved Jan-30-120.0001 Jan-30-12

mg/L0.0010Tin, dissolved Jan-30-120.0002 Jan-30-12

mg/L< 0.005Titanium, dissolved Jan-30-120.005 Jan-30-12

mg/L0.0117Uranium, dissolved Jan-30-120.00002 Jan-30-12

mg/L< 0.001Vanadium, dissolved Jan-30-120.001 Jan-30-12

mg/L11.0Zinc, dissolved Jan-30-120.004 Jan-30-12

mg/L< 0.0001Zirconium, dissolved Jan-30-120.0001 Jan-30-12

Total Recoverable Metals

EW2011-1   (K2A0890-01)   Matrix: Water   Sampled: Jan-26-12 10:00

Jan-30-12mg/LAluminum 0.015 0.005AO ≤ 0.1 Jan-30-12

mg/L0.0004Antimony Jan-30-120.0001MAC = 0.006 Jan-30-12

mg/L0.0009Arsenic Jan-30-120.0005MAC = 0.01 Jan-30-12

mg/L0.025Barium Jan-30-120.005MAC = 1 Jan-30-12

mg/L< 0.0001Beryllium Jan-30-120.0001 Jan-30-12

mg/L< 0.0001Bismuth Jan-30-120.0001 Jan-30-12

mg/L0.101Boron Jan-30-120.004MAC = 5 Jan-30-12

mg/L0.599Cadmium Jan-30-120.00001MAC = 0.005 Jan-30-12

mg/L311Calcium Jan-30-120.2 Jan-30-12

mg/L< 0.0005Chromium Jan-30-120.0005MAC = 0.05 Jan-30-12

mg/L0.0460Cobalt Jan-30-120.00005 Jan-30-12

mg/L0.0036Copper Jan-30-120.0002AO ≤ 1 Jan-30-12

mg/L14.6Iron Jan-30-120.01AO ≤ 0.3 Jan-30-12

mg/L0.0034Lead Jan-30-120.0001MAC = 0.01 Jan-30-12

mg/L0.0363Lithium Jan-30-120.0001 Jan-30-12

mg/L70.8Magnesium Jan-30-120.01 Jan-30-12

mg/L7.87Manganese Jan-30-120.0002AO ≤ 0.05 Jan-30-12

mg/L< 0.00002Mercury Jan-30-120.00002MAC = 0.001 Jan-30-12

mg/L0.0038Molybdenum Jan-30-120.0001 Jan-30-12

mg/L0.0334Nickel Jan-30-120.0002 Jan-30-12

mg/L< 0.02Phosphorus Jan-30-120.02 Jan-30-12

mg/L9.41Potassium Jan-30-120.02 Jan-30-12

mg/L< 0.0005Selenium Jan-30-120.0005MAC = 0.01 Jan-30-12

mg/L19.2Silicon Jan-30-120.5 Jan-30-12

mg/L< 0.00005Silver Jan-30-120.00005 Jan-30-12

mg/L68.9Sodium Jan-30-120.02AO ≤ 200 Jan-30-12

mg/L1.49Strontium Jan-30-120.001 Jan-30-12
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CLIENT

PROJECT

Golder Associates Ltd. (Nelson)

Teck Groundwater Sampling

WORK ORDER #

REPORTED

K2A0890

Feb-01-12

SAMPLE DATA

 Analyte Result RDL Units Prepared Notes
Canadian DW 

Guideline 

(Dec 10)

Analyzed

Total Recoverable Metals, Continued

EW2011-1   (K2A0890-01)   Matrix: Water   Sampled: Jan-26-12 10:00, Continued

mg/L< 0.0002Tellurium Jan-30-120.0002 Jan-30-12

mg/L0.00410Thallium Jan-30-120.00002 Jan-30-12

mg/L< 0.0001Thorium Jan-30-120.0001 Jan-30-12

mg/L< 0.0002Tin Jan-30-120.0002 Jan-30-12

mg/L< 0.005Titanium Jan-30-120.005 Jan-30-12

mg/L0.0121Uranium Jan-30-120.00002MAC = 0.02 Jan-30-12

mg/L< 0.001Vanadium Jan-30-120.001 Jan-30-12

mg/L9.93Zinc Jan-30-120.004AO ≤ 5 Jan-30-12

mg/L< 0.0001Zirconium Jan-30-120.0001 Jan-30-12
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CLIENT

PROJECT

Golder Associates Ltd. (Nelson)

Teck Groundwater Sampling

WORK ORDER #

REPORTED

K2A0890

Feb-01-12

ANALYSIS / REPORT INFORMATION

LABAnalysis Description Method Reference(s) (* = modified from)

Preparation Analysis

APHA 3125 B RMDDissolved Metals APHA 3030 B

APHA 2320 B * KELAlkalinity, all N/A

APHA 4110 B KELBromide by IC N/A

APHA 5310 B KELTotal Organic Carbon N/A

APHA 4110 B KELChloride by IC N/A

APHA 2510 B KELConductivity-Water N/A

APHA 4110 B KELFluoride by IC N/A

APHA 4500-NH3 G * KELAmmonia-N N/A

APHA 4110 B KELNitrate by IC N/A

[CALC] KELNitrate+Nitrite-N

APHA 4110 B KELNitrite by IC N/A

EPA 351.2 * KELTotal Kjeldahl Nitrogen EPA 351.2 *

APHA 4500-H+ B KELpH N/A

APHA 4500-P F * KELPhosphorus, Total (colour) EPA 351.2 *

APHA 2540 C * KELTotal Dissolved Solids (180C) N/A

APHA 4110 B KELSulfate by IC N/A

APHA 2130 B KELTurbidity N/A

APHA 3125 B RMDTotal Recoverable Metals APHA 3030 E *

Confidential and Solicitor Client Priviledged

Additional Information:
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CLIENT

PROJECT

Golder Associates Ltd. (Nelson)

Teck Groundwater Sampling

WORK ORDER #

REPORTED

K2A0890

Feb-01-12

QUALITY CONTROL DATA

The following section reports quality control (QC) data that is associated with your sample data. Groups of samples are prepared in “batches” and 

analyzed in conjunction with quality control samples that ensure your data is of the highest quality. Common QC types include:

• Method Blank (Blk): Laboratory reagent water is carried through sample preparation and analysis steps. Method Blanks indicate that results are 

free from contamination, i.e. not biased high from sources such as the sample container or the laboratory environment

• Duplicate (Dup): Preparation and analysis of a replicate aliquot of a sample. Duplicates provide a measure of the analytical method’s precision, 

i.e.    how reproducible a result is. Duplicates are only reported if they are associated with your sample data.

• Blank Spike (BS): A known amount of standard is carried through sample preparation and analysis steps. Blank Spikes, also known as laboratory 

control samples (LCS), are prepared from a different source of standard than used for the calibration. They ensure that the calibration is acceptable 

(i.e. not biased high or low) and also provide a measure of the analytical method’s accuracy (i.e. closeness of the result to a target value).

• Standard Reference Material (SRM): A material of similar matrix to the samples, externally certified for the parameter(s) listed. Standard 

Reference Materials ensure that the preparation steps in the method are adequate to achieve acceptable recoveries of the parameter(s) tested for.

Each QC type is analyzed at a 5-10% frequency, i.e. one blank/duplicate/spike for every 10 samples. For all types of QC, the specified recovery (% Rec) 

and relative percent difference (RPD) limits are derived from long-term method performance averages and/or prescribed by the reference method.

 Analyte Result

Reporting

Limit Units

Spike

Level

Source

Result % REC

% REC

Limits % RPD

% RPD

Limit Notes 

Dissolved Metals,  Batch B2A0501

Blank (B2A0501-BLK1)  Prepared: Jan-30-12, Analyzed: Jan-30-12

mg/LAluminum, dissolved < 0.005 0.005

mg/L< 0.0001Antimony, dissolved 0.0001

mg/L< 0.0005Arsenic, dissolved 0.0005

mg/L< 0.005Barium, dissolved 0.005

mg/L< 0.0001Beryllium, dissolved 0.0001

mg/L< 0.0001Bismuth, dissolved 0.0001

mg/L< 0.004Boron, dissolved 0.004

mg/L< 0.00001Cadmium, dissolved 0.00001

mg/L< 0.2Calcium, dissolved 0.2

mg/L< 0.0005Chromium, dissolved 0.0005

mg/L< 0.00005Cobalt, dissolved 0.00005

mg/L< 0.0002Copper, dissolved 0.0002

mg/L< 0.01Iron, dissolved 0.01

mg/L< 0.0001Lead, dissolved 0.0001

mg/L< 0.0001Lithium, dissolved 0.0001

mg/L< 0.01Magnesium, dissolved 0.01

mg/L< 0.0002Manganese, dissolved 0.0002

mg/L< 0.00002Mercury, dissolved 0.00002

mg/L< 0.0001Molybdenum, dissolved 0.0001

mg/L< 0.0002Nickel, dissolved 0.0002

mg/L< 0.02Phosphorus, dissolved 0.02

mg/L< 0.02Potassium, dissolved 0.02

mg/L< 0.0005Selenium, dissolved 0.0005

mg/L< 0.5Silicon, dissolved 0.5

mg/L< 0.00005Silver, dissolved 0.00005

mg/L< 0.02Sodium, dissolved 0.02

mg/L< 0.001Strontium, dissolved 0.001

mg/L< 0.0002Tellurium, dissolved 0.0002

mg/L< 0.00002Thallium, dissolved 0.00002

mg/L< 0.0001Thorium, dissolved 0.0001

mg/L< 0.0002Tin, dissolved 0.0002

mg/L< 0.005Titanium, dissolved 0.005

mg/L< 0.00002Uranium, dissolved 0.00002

mg/L< 0.001Vanadium, dissolved 0.001

mg/L< 0.004Zinc, dissolved 0.004

mg/L< 0.0001Zirconium, dissolved 0.0001

Reference (B2A0501-SRM1)  Prepared: Jan-30-12, Analyzed: Jan-30-12

58-142990.209mg/LAluminum, dissolved 0.208 0.005

mg/L 0.0400 75-1251020.0408Antimony, dissolved 0.0001

mg/L 0.404 81-119960.387Arsenic, dissolved 0.0005

mg/L 3.12 83-117993.08Barium, dissolved 0.005
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CLIENT

PROJECT

Golder Associates Ltd. (Nelson)

Teck Groundwater Sampling

WORK ORDER #

REPORTED

K2A0890

Feb-01-12

QUALITY CONTROL DATA

 Analyte Result

Reporting

Limit Units

Spike

Level

Source

Result % REC

% REC

Limits % RPD

% RPD

Limit Notes 

Dissolved Metals,  Batch B2A0501, Continued

Reference (B2A0501-SRM1), Continued  Prepared: Jan-30-12, Analyzed: Jan-30-12

mg/L 0.197 80-120940.186Beryllium, dissolved 0.0001

mg/L 1.61 74-1171011.63Boron, dissolved 0.004

mg/L 0.200 83-117960.191Cadmium, dissolved 0.00001

mg/L 6.50 76-1241076.9Calcium, dissolved 0.2

mg/L 0.401 81-1191060.424Chromium, dissolved 0.0005

mg/L 0.119 76-1241100.131Cobalt, dissolved 0.00005

mg/L 0.781 84-1161110.866Copper, dissolved 0.0002

mg/L 1.17 74-1261081.27Iron, dissolved 0.01

mg/L 0.102 72-128990.101Lead, dissolved 0.0001

mg/L 0.0960 60-1401030.0989Lithium, dissolved 0.0001

mg/L 6.11 81-1191086.61Magnesium, dissolved 0.01

mg/L 0.318 84-1161020.325Manganese, dissolved 0.0002

mg/L 0.387 83-1171030.400Molybdenum, dissolved 0.0001

mg/L 0.789 74-1261090.859Nickel, dissolved 0.0002

mg/L 0.448 68-132830.37Phosphorus, dissolved 0.02

mg/L 2.84 74-126992.82Potassium, dissolved 0.02

mg/L 0.0300 70-130910.0274Selenium, dissolved 0.0005

mg/L 17.4 72-12810518.2Sodium, dissolved 0.02

mg/L 0.979 84-113940.919Strontium, dissolved 0.001

mg/L 0.0350 57-1431120.0393Thallium, dissolved 0.00002

mg/L 0.192 85-115990.190Uranium, dissolved 0.00002

mg/L 0.798 87-1131030.819Vanadium, dissolved 0.001

mg/L 0.800 72-1281030.821Zinc, dissolved 0.004

General Parameters,  Batch K200385

Blank (K200385-BLK1)  Prepared: Jan-27-12, Analyzed: Jan-27-12

mg/LNitrogen, Ammonia as N < 0.01 0.01

Blank (K200385-BLK2)  Prepared: Jan-27-12, Analyzed: Jan-27-12

mg/LNitrogen, Ammonia as N < 0.01 0.01

Blank (K200385-BLK3)  Prepared: Jan-27-12, Analyzed: Jan-27-12

mg/LNitrogen, Ammonia as N < 0.01 0.01

Blank (K200385-BLK4)  Prepared: Jan-27-12, Analyzed: Jan-27-12

mg/LNitrogen, Ammonia as N < 0.01 0.01

LCS (K200385-BS1)  Prepared: Jan-27-12, Analyzed: Jan-27-12

86-11110210.0mg/LNitrogen, Ammonia as N 10.2 0.10

LCS (K200385-BS2)  Prepared: Jan-27-12, Analyzed: Jan-27-12

86-1119910.0mg/LNitrogen, Ammonia as N 9.88 0.10

LCS (K200385-BS3)  Prepared: Jan-27-12, Analyzed: Jan-27-12

86-11110010.0mg/LNitrogen, Ammonia as N 10.0 0.10

LCS (K200385-BS4)  Prepared: Jan-27-12, Analyzed: Jan-27-12

86-11110210.0mg/LNitrogen, Ammonia as N 10.2 0.10

General Parameters,  Batch K200386

Blank (K200386-BLK1)  Prepared: Jan-27-12, Analyzed: Jan-27-12

mg/LBromide < 0.10 0.10

mg/L< 0.10Chloride 0.10

mg/L< 0.10Fluoride 0.10

mg/L< 0.010Nitrogen, Nitrate as N 0.010

mg/L< 0.01Nitrogen, Nitrite as N 0.01

mg/L< 1.0Sulfate 1.0
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General Parameters,  Batch K200386, Continued

Blank (K200386-BLK2)  Prepared: Jan-27-12, Analyzed: Jan-27-12

mg/LBromide < 0.10 0.10

mg/L< 0.10Chloride 0.10

mg/L< 0.10Fluoride 0.10

mg/L< 0.010Nitrogen, Nitrate as N 0.010

mg/L< 0.01Nitrogen, Nitrite as N 0.01

mg/L< 1.0Sulfate 1.0

Blank (K200386-BLK3)  Prepared: Jan-27-12, Analyzed: Jan-28-12

mg/LBromide < 0.10 0.10

mg/L< 0.10Chloride 0.10

mg/L< 0.10Fluoride 0.10

mg/L< 0.010Nitrogen, Nitrate as N 0.010

mg/L< 0.01Nitrogen, Nitrite as N 0.01

mg/L< 1.0Sulfate 1.0

Blank (K200386-BLK4)  Prepared: Jan-27-12, Analyzed: Jan-28-12

mg/LBromide < 0.10 0.10

mg/L< 0.10Chloride 0.10

mg/L< 0.10Fluoride 0.10

mg/L< 0.010Nitrogen, Nitrate as N 0.010

mg/L< 0.01Nitrogen, Nitrite as N 0.01

mg/L< 1.0Sulfate 1.0

LCS (K200386-BS1)  Prepared: Jan-27-12, Analyzed: Jan-27-12

85-115974.00mg/LBromide 3.88 0.10

mg/L 4.00 85-115973.88Chloride 0.10

mg/L 4.00 85-1151014.02Fluoride 0.10

mg/L 4.00 85-1151003.99Nitrogen, Nitrate as N 0.010

mg/L 4.00 85-115923.66Nitrogen, Nitrite as N 0.01

mg/L 4.00 85-115933.7Sulfate 1.0

LCS (K200386-BS2)  Prepared: Jan-27-12, Analyzed: Jan-27-12

85-115974.00mg/LBromide 3.88 0.10

mg/L 4.00 85-115943.78Chloride 0.10

mg/L 4.00 85-1151004.00Fluoride 0.10

mg/L 4.00 85-1151024.07Nitrogen, Nitrate as N 0.010

mg/L 4.00 85-115903.62Nitrogen, Nitrite as N 0.01

mg/L 4.00 85-115943.8Sulfate 1.0

LCS (K200386-BS3)  Prepared: Jan-27-12, Analyzed: Jan-28-12

85-115974.00mg/LBromide 3.86 0.10

mg/L 4.00 85-115953.79Chloride 0.10

mg/L 4.00 85-1151003.98Fluoride 0.10

mg/L 4.00 85-115993.95Nitrogen, Nitrate as N 0.010

mg/L 4.00 85-115903.61Nitrogen, Nitrite as N 0.01

mg/L 4.00 85-115933.7Sulfate 1.0

LCS (K200386-BS4)  Prepared: Jan-27-12, Analyzed: Jan-28-12

85-115974.00mg/LBromide 3.89 0.10

mg/L 4.00 85-115983.92Chloride 0.10

mg/L 4.00 85-1151003.99Fluoride 0.10

mg/L 4.00 85-1151024.06Nitrogen, Nitrate as N 0.010

mg/L 4.00 85-115913.63Nitrogen, Nitrite as N 0.01

mg/L 4.00 85-115943.8Sulfate 1.0

General Parameters,  Batch K200389

Blank (K200389-BLK1)  Prepared: Jan-27-12, Analyzed: Jan-27-12

NTUTurbidity < 0.1 0.1

LCS (K200389-BS1)  Prepared: Jan-27-12, Analyzed: Jan-27-12

85-11510240.0NTUTurbidity 41.0 0.1
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General Parameters,  Batch K200392

Blank (K200392-BLK1)  Prepared: Jan-27-12, Analyzed: Jan-27-12

mg/LCarbon, Total Organic < 0.5 0.5

LCS (K200392-BS1)  Prepared: Jan-27-12, Analyzed: Jan-27-12

80-1208910.0mg/LCarbon, Total Organic 8.9 0.5

General Parameters,  Batch K200410

Blank (K200410-BLK1)  Prepared: Jan-27-12, Analyzed: Jan-27-12

uS/cmConductivity (EC) < 2 2

LCS (K200410-BS2)  Prepared: Jan-27-12, Analyzed: Jan-27-12

93-1041001410uS/cmConductivity (EC) 1410 2

Reference (K200410-SRM1)  Prepared: Jan-27-12, Analyzed: Jan-27-12

98-1021007.00pH UnitspH 6.99 0.01

General Parameters,  Batch K200411

Blank (K200411-BLK1)  Prepared: Jan-27-12, Analyzed: Jan-30-12

mg/LAlkalinity, Total as CaCO3 < 1.0 1.0

mg/L< 1.0Alkalinity, Carbonate as CaCO3 1.0

mg/L< 1.0Alkalinity, Bicarbonate as CaCO3 1.0

mg/L< 1.0Alkalinity, Hydroxide as CaCO3 1.0

LCS (K200411-BS1)  Prepared: Jan-27-12, Analyzed: Jan-30-12

97-108102100mg/LAlkalinity, Total as CaCO3 102 1.0

General Parameters,  Batch K200425

Blank (K200425-BLK1)  Prepared: Jan-30-12, Analyzed: Jan-31-12

mg/LSolids, Total Dissolved < 5 5

Reference (K200425-SRM1)  Prepared: Jan-30-12, Analyzed: Jan-31-12

85-115101240mg/LSolids, Total Dissolved 243 5

General Parameters,  Batch K200428

Blank (K200428-BLK1)  Prepared: Jan-30-12, Analyzed: Feb-01-12

mg/LNitrogen, Total Kjeldahl < 0.05 0.05

LCS (K200428-BS1)  Prepared: Jan-30-12, Analyzed: Feb-01-12

89-11610710.0mg/LNitrogen, Total Kjeldahl 10.7 0.50

General Parameters,  Batch K200430

Blank (K200430-BLK1)  Prepared: Jan-30-12, Analyzed: Jan-31-12

mg/LPhosphorus, Total < 0.005 0.005

LCS (K200430-BS1)  Prepared: Jan-30-12, Analyzed: Jan-31-12

75-1201000.500mg/LPhosphorus, Total 0.50 0.01

Total Recoverable Metals,  Batch B2A0500

Blank (B2A0500-BLK1)  Prepared: Jan-30-12, Analyzed: Jan-30-12

mg/LAluminum < 0.005 0.005

mg/L< 0.0001Antimony 0.0001

mg/L< 0.0005Arsenic 0.0005

mg/L< 0.005Barium 0.005

mg/L< 0.0001Beryllium 0.0001
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Total Recoverable Metals,  Batch B2A0500, Continued

Blank (B2A0500-BLK1), Continued  Prepared: Jan-30-12, Analyzed: Jan-30-12

mg/L< 0.0001Bismuth 0.0001

mg/L< 0.004Boron 0.004

mg/L< 0.00001Cadmium 0.00001

mg/L< 0.2Calcium 0.2

mg/L< 0.0005Chromium 0.0005

mg/L< 0.00005Cobalt 0.00005

mg/L< 0.0002Copper 0.0002

mg/L< 0.01Iron 0.01

mg/L< 0.0001Lead 0.0001

mg/L< 0.0001Lithium 0.0001

mg/L< 0.01Magnesium 0.01

mg/L< 0.0002Manganese 0.0002

mg/L< 0.00002Mercury 0.00002

mg/L< 0.0001Molybdenum 0.0001

mg/L< 0.0002Nickel 0.0002

mg/L< 0.02Phosphorus 0.02

mg/L< 0.02Potassium 0.02

mg/L< 0.0005Selenium 0.0005

mg/L< 0.5Silicon 0.5

mg/L< 0.00005Silver 0.00005

mg/L< 0.02Sodium 0.02

mg/L< 0.001Strontium 0.001

mg/L< 0.0002Tellurium 0.0002

mg/L< 0.00002Thallium 0.00002

mg/L< 0.0001Thorium 0.0001

mg/L< 0.0002Tin 0.0002

mg/L< 0.005Titanium 0.005

mg/L< 0.00002Uranium 0.00002

mg/L< 0.001Vanadium 0.001

mg/L< 0.004Zinc 0.004

mg/L< 0.0001Zirconium 0.0001

Reference (B2A0500-SRM1)  Prepared: Jan-30-12, Analyzed: Jan-30-12

81-1291010.296mg/LAluminum 0.300 0.005

mg/L 0.0505 88-114960.0484Antimony 0.0001

mg/L 0.122 88-114930.114Arsenic 0.0005

mg/L 0.777 72-104920.717Barium 0.005

mg/L 0.0488 76-131910.0446Beryllium 0.0001

mg/L 3.40 75-1211023.48Boron 0.004

mg/L 0.0490 89-111960.0469Cadmium 0.00001

mg/L 10.2 86-12110010.2Calcium 0.2

mg/L 0.242 89-1141050.255Chromium 0.0005

mg/L 0.0366 91-1131130.0412Cobalt 0.00005

mg/L 0.487 91-1151120.544Copper 0.0002

mg/L 0.469 77-1241080.51Iron 0.01

mg/L 0.193 92-1131000.193Lead 0.0001

mg/L 0.390 85-115970.379Lithium 0.0001

mg/L 3.31 78-1201083.59Magnesium 0.01

mg/L 0.109 90-1141030.112Manganese 0.0002

mg/L 0.00456 50-1501090.00496Mercury 0.00002

mg/L 0.197 90-111970.190Molybdenum 0.0001

mg/L 0.242 90-1111080.262Nickel 0.0002

mg/L 0.233 85-115920.21Phosphorus 0.02

mg/L 5.93 84-1131036.11Potassium 0.02

mg/L 0.115 85-115900.104Selenium 0.0005

mg/L 7.64 82-1231078.16Sodium 0.02

mg/L 0.363 88-112900.326Strontium 0.001

mg/L 0.0794 91-1141010.0805Thallium 0.00002

mg/L 0.0192 85-120940.0181Uranium 0.00002

mg/L 0.376 86-1111020.385Vanadium 0.001

mg/L 2.42 85-1111062.57Zinc 0.004
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EXECUTIVE SUMMARY 

The purpose of this work was to develop a Conceptual Site Model (CSM) for the 

Teck Metals Ltd. (Teck) Trail Operations and surrounding areas (herein referred to as the 

“Site”), in Trail, BC. The purpose of the CSM is to provide context and focus to ongoing remedial 

planning activities, for submission to Environment Canada in accordance with an Inspector’s 

Direction, issued on May 31, 2010 (amended February 2012). The Inspector’s Direction 

stipulates that a “2012 Final Remediation Plan” will be prepared and submitted no later than 

October 31, 2012, “complete with estimated costs, prescribed timelines, and measures to be 

taken to prevent discharges of contaminated groundwater to the Columbia River.” 

Hydrogeological investigations have been undertaken by Teck and various consultants on 

different parts of the site over a period of more than fifteen years. This report provides an overview 

of the findings of the various investigations as they relate to the hydrostratigraphy, contaminant 

sources, migration and fate of ammonium sulphate and metals within soil, groundwater and 

surface water at the Site.  

An ammonium sulphate groundwater plume has been identified as a commingled plume of 

several contaminants. Following is a list of parameters that have exceeded applicable regulatory 

standards and guidelines:   

• Ammonia-nitrogen; nitrate-nitrogen; nitrite-nitrogen; fluoride; sulphate; chloride; and 

• dissolved metals/metalloids: antimony; arsenic; cadmium; cobalt; copper, iron, lead; 

manganese; magnesium; selenium; sodium, thallium; uranium, and; zinc. 

Of these parameters, the following are considered key parameters that are used to describe the 

presence, extent, transport and fate of the contaminant plume within the context of the CSM: 

• ammonia-nitrogen; sulphate; nitrate-nitrogen; fluoride; arsenic; cadmium; manganese; zinc; 

and total dissolved solids (TDS) (or electrical conductivity as a plume indicator). 

The report summarizes major potential source areas, including historical and current landfills and 

historical and/or current operations at the Trail Fertilizer Operations (TFO) and Trail Metallurgical 

Operations (TMO) facilities. A zone of higher permeability sand and gravel beneath a portion of 

the Site was identified as a key groundwater flow feature that influences groundwater migration as 

well as fate and transport of groundwater contaminants.  
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A discussion on the fate and transport of the dissolved plume, and numerical modelling of the 

groundwater and contaminant flow system is presented. The information is synthesized into a 

CSM that summarizes a possible depositional history to describe the observed stratigraphy, 

groundwater flow patterns, groundwater-surface water interactions and contaminant plume 

distribution. A summary of current data gaps is also provided, along with a summary of 

implications of the CSM on remedial planning. 

In regard to remedial planning, the report identifies that it is appropriate to plan management of 

the main ammonium sulphate plume separately from management of concerns of contaminant 

issues at other areas; specifically, the Stoney Creek fan (i.e., confluence of Stoney Creek and the 

Columbia River), Iron Ore Roaster Residue Release Area (IORRRA) adjacent to Tadanac, and 

the Slag Fill Area adjacent to downtown Trail. 
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1. INTRODUCTION 

As requested by Borden Ladner Gervais LLP (BLG), SNC-Lavalin Inc., Environment 

Division (SLE) and Golder Associates, Ltd. (Golder) have developed a hydrogeological 

Conceptual Site Model (CSM) for the ammonium sulphate and dissolved metals groundwater 

plume1 beneath the Teck Metals Ltd. (Teck) Trail Operations and surrounding areas (herein 

referred to as the “Site”), in Trail, BC (see Drawing 510392-001 for location).  

The CSM has identified two major components of the ammonium sulphate and dissolved metals 

groundwater plume, hereafter referred to:  

• the main ammonium sulphate plume, consisting of commingled contaminants that appear to 

be discharging to the Columbia River in a discrete area and also migrating through riverbed 

sediments and into the East Trail Aquifer; and 

• more localized contaminated groundwater considered to have separate potential sources and 

groundwater flow paths than those associated with the main ammonium sulphate plume.  

These components are referred to throughout the CSM document. Further discussion of these 

components and rationale for this separation are provided in Section 4.0.  

1.1. Purpose and Scope 

The purpose of this work was to develop a CSM for the Site to provide context and focus to 

ongoing remedial planning activities, as described thus: “During hydrogeological site 

investigations, it is critical for effective planning that the various historical, physical, chemical 

and biological components that define a problem are drawn together into a conceptual site 

model (CSM)”. (Golder Associates Ltd., 2010a).  

Due to the complexity of the Site, hydrogeological investigations have been undertaken by Teck 

and various consultants over a period of more than fifteen years. This report summarizes the 

findings of the various investigations as they relate to the hydrostratigraphy, contaminant 

sources, migration and fate of ammonium sulphate and metals within soil, groundwater and 

surface water at the Site. The CSM has been developed and described in a stand-alone report 

so that it can be a ‘living document’ that continues to be modified and developed as various 

aspects of the of the site hydrogeology continue to be investigated.  
                                                 
1 The “ammonium sulphate groundwater plume” refers to groundwater characterized by elevated levels of nitrogen 

species, sulphate, fluoride, total dissolved solids and metals. Not all plume constituents have been identified at all 
locations within the plume, and there is the potential that the ammonium sulphate groundwater plume is derived 
from more than one potential source. 
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1.2. Roles and Responsibilities 

This CSM report has been prepared under joint cover between SLE and Golder, who have been 

actively performing soil and groundwater assessment work at the Site since 2009 and 2005, 

respectively. As such, this report is a compilation of the conceptual understanding of the Site 

based on the work by these companies as well as historical work performed by others as listed 

in Section 1.3 below. Each company was assigned certain sections to ‘lead’ while also 

performing a review capacity for other sections. The division was mainly based on the focus of 

work completed to date: SLE has mainly performed assessment at operating areas of the Site to 

evaluate potential source areas and groundwater flow paths; and, Golder has mainly performed 

assessment related to evaluation of off-site migration and receptors. In addition to the division 

noted here, SLE and Golder have also been in ongoing communication regarding their 

respective work at the Site and, together with Teck’s technical staff, have been participating in 

ongoing project team meetings.  The roles and responsibilities within this joint cover report were 

defined as follows, with descriptions: 

• SLE, Sections 1-5, 7 and portions of Section 8:  Sections 2 to 5 focus on geology 

(bedrock and surficial), hydrogeology, contaminant characterization and groundwater flow 

paths and general potential source areas. A side-wide CSM is presented in Section 7. 

Implications for risk management for areas considered to have more localized contaminated 

groundwater impacts are contained in Section 8; and,  

• Golder, Section 6 and portions of Section 8: These sections focus on dissolved plume fate 

and transport and implications of the CSM on risk management for the main ammonium 

sulphate groundwater plume. 

1.3. Investigations to Date 

Investigations have been completed by Cominco Engineering Services Limited (CESL), 

Klohn Crippen Consultants Ltd. (Klohn), Golder and SLE between 1993 and 2012. Results of 

the previous investigations are presented in the following reports: 

• SNC-Lavalin Inc., Environment Division 2012a. Preliminary Assessment of Slag Fill Area in 

Trail, BC.  

• SNC-Lavalin Inc., Environment Division 2012b. Environmental Investigation of the Iron Ore 

Roaster Residue Release Area.  
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• SNC-Lavalin Inc., Environment Division 2012c. Supplemental Environmental Investigation, 

Stoney Creek, Teck Metals Ltd., Trail Operations, Trail, BC.  

• SNC-Lavalin Inc., Environment Division 2012d. 2011 Supplemental Groundwater 

Investigation, Teck Metals Ltd. Trail Metallurgical Operations and Trail Fertilizer Operations, 

Trail, BC.  

• SNC-Lavalin Inc., Environment Division, 2011a. Soil and Groundwater Investigation, 

Teck Metals Ltd, Trail Operations, Trail BC., dated June 30, 2011. 

• SNC-Lavalin Inc., Environment Division, 2011b. Phase IB Targeted Historical Review of 

Activities within Stoney Creek Catchment Area, Teck Metals Ltd. Trail Operations. Report 

prepared for Teck Metals Ltd., dated June 30, 2011.  

• SNC-Lavalin Inc., Environment Division, 2010. Limited Historical Review of Potential Source 

Areas of Ammonium Sulphate, Teck Metals Ltd, Trail Operations, Trail BC, dated 

June 30, 2010. 

• Golder Associates Ltd., 2011a. Limited Environmental Investigation in Silver Street Area, 

Warfield, BC, dated October 25, 2011. 

• Golder Associates Ltd., 2011b. Ammonium Sulphate Plume. 2011 Conceptual Remediation 

Plan, Teck Metals Ltd., Trail, BC, dated July 26, 2011. 

• Golder Associates Ltd., 2011c. 2010 Investigations of Groundwater Discharge to the 

Columbia River Near Trail, British Columbia, dated March 31, 2011. 

• Golder Associates Ltd., 2010b. Investigations of Groundwater Discharge to the 

Columbia River Near Trail, British Columbia, dated March 31, 2010. 

• Golder Associates Ltd., 2008a. Recommendations Regarding the Ammonium Sulphate 

Groundwater Plume at the Teck Cominco Smelter in Trail, British Columbia, Final Report, 

dated August 25, 2008. 

• Golder Associates Ltd., 2008b. Supplemental Investigation of an Ammonium Sulphate 

Groundwater Plume at the Teck Cominco Smelter in Trail, British Columbia, Final Report, 

dated June 19, 2008. 
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• Golder Associates Ltd., 2008c. Investigation of an Ammonium Sulphate Groundwater Plume 

in East Trail, British Columbia, Final Report, dated June 19, 2008. 

• Klohn Crippen Consultants Ltd., April 2005. 2003/2004 Trail Smelter Site Groundwater 

Investigations. 

• Klohn Crippen Consultants Ltd., June 2004. Trail Smelter Wide Area Ecological Risk 

Assessment, 2003 Groundwater/Surface Water Investigation Summary Report. 

• Klohn Crippen Consultants Ltd., March 2003. 2001/2002 Trail Smelter Site Groundwater 

Investigations. 

• Klohn Crippen Consultants Ltd., 2002. 2001 Stoney Creek Detailed Water Quality Survey – 

Final Report. 

• Klohn Crippen Consultants Ltd., 2001. Trail Smelter Operations – Lower Stoney Creek Site 

Characterization. 

• Klohn Crippen Consultants Ltd., 1998. Stoney Creek Site Characterization: 1997 

Hydrogeological Investigations. 

• Klohn Crippen Consultants Ltd., 1997a. Warfield Landfill Phase 1 Design. 

• Klohn Crippen Consultants Ltd., 1997b; Stoney Creek Site Characterization. 

• Cominco Engineering Services Ltd., 1993. Environmental Investigation at Stoney Creek. 
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2. SITE DESCRIPTION 

The Site is located in Trail, BC and consists of: zinc and lead smelting operations; fertilizer 

operations; surrounding Teck-owned lands near Stoney Creek; and, the nearby communities of 

Downtown Trail, Tadanac and East Trail in the City of Trail, and the Village of Warfield.  

The Teck Operations Properties and adjacent communities are shown on Drawing 510392--001, 

attached. 

2.1. Teck-Owned Properties 

The Teck-owned properties comprise the Trail Metallurgical Operations (TMO), Trail Fertilizer 

Operations (TFO) and other surrounding properties, the largest area being the Stoney Creek 

area. The Teck-owned properties are bisected by Highway 22. The Stoney Creek area is 

subdivided into Upper Stoney Creek (west of Highway 22) and Lower Stoney Creek 

(between Highway 22 and the Columbia River) as shown on Drawing 510392-001. The 

TMO area is approximately 99 ha, TFO area is approximately 53 ha, and Upper and 

Lower Stoney Creek areas within the Stoney Creek catchment are approximately 150 ha 

combined. 

2.1.1. Trail Metallurgical Operations (TMO) 

TMO consist mainly of zinc and lead smelting operations that include minor produced amounts 

of other trace metals. The current zinc operations consist of roasters, leaching plants, acid 

plants, an absorption plant, an electrolytic and melting plant, and refineries for indium, 

germanium and cadmium. The operations involve the recovery of zinc and other metals from 

zinc concentrate, which is brought in by railcars and trucks and stored in stockpiles until ready 

to be processed. The current lead operations consist of a KIVCET lead smelter, lead, silver, and 

gold refineries and a copper products plant. The operations involve the recovery of lead and 

other metals from lead concentrate, which is brought to the Site by railcar and remains in the 

cars until ready to be processed at the smelter. Elemental sulphur, liquid sulphur dioxide, and 

sulphuric acid are also produced at the Site as a by-product of the refining process for re-use in 

the TMO or TFO operations, and/or for commercial sale. 
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2.1.1.1. Historical Context 

A brief description of the history of the TMO is provided here with details provided in 

SLE 2011b. TMO began operating in 1895 with a copper smelter and, in 1898, a lead smelter 

was constructed. In 1906, the Consolidated Mining and Smelting Company (Cominco) was 

formed and in 1916, zinc production began at TMO. In the 1930s, acid plants were constructed 

and the production of sulphuric acid began from the recovery of sulphur dioxide. Further major 

additions to TMO occurred in 1937 with the start up of the lead smelter absorption plant and in 

1947 with the recovery of zinc and ammonium sulphate from stripped acid solution. In 1966, 

sulphuric acid capacity was increased with the construction of new acid plants. In the 1970s, 

additional modernization and expansion of the TMO occurred, including an additional acid plant. 

In the 1980s, the existing Zinc Electrolytic and Melting Plant was constructed, and rerouting of 

Highway 22 occurred. In 1993, the QSL Lead Smelter (QSL) was constructed, although was in 

operation for only seven months. In 1996, the new KIVCET Lead Smelter began operation to 

replace the QSL. 

2.1.2. Trail Fertilizer Operations (TFO) 

TFO consist of a fertilizer operation which comprises an ammonium sulphate fertilizer plant, a 

germanium plant, ammonia storage tanks, laboratory assay operations, ammonia and 

ammonium sulphate unloading and loading areas (both rail and truck), and a number of storage 

areas and office buildings. 

2.1.2.1. Historical Context 

TFO began operating in 1930 to utilize the sulphuric acid which was being produced at TMO. 

The operations have historically consisted of ammonium sulphate, ammonium nitrate and 

ammonium phosphate plants (as well as associated plants which included an electrolytic 

hydrogen plant [from 1931 to 1968], a nitrogen plant [from 1931 to 1985], synthetic ammonia 

plant [from 1931 to 1985], and natural gas ammonia plant [from 1964 to 1985]). In addition, a 

chloro-alkali plant operated on the Site from 1960 to 1968 and a gallium arsenide plant from 

1982 to 1989. In the 1970s, the ammonium nitrate fertilizer plant ceased operations, and the 

ammonium phosphate fertilizer plant was converted to a granular sulphate fertilizer plant in the 

1990s. The current operations mainly produce ammonium sulphate fertilizers. 
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2.1.3. Other Areas 

Other areas of the Trail Operational Properties not considered part of TMO or TFO are the 

Stoney Creek area, Landfill areas and Duncan Flats. For the purposes of the CSM report, these 

areas are collectively referred to as the Stoney Creek area; however, it is noted that discussion 

of potential sources (Section 5.0) subdivides Stoney Creek into the Landfill areas 

(i.e., south Upper Stoney Creek), north Upper Stoney Creek and Lower Stoney Creek. 

The Stoney Creek area has been previously defined (SLE 2011a) to include the extent of 

inferred surface water catchment area, but also areas of previously identified environmental 

impacts and potential source areas to groundwater (a total of approximately 150 ha).  For the 

purpose of discussion and for consistency with previous environmental investigations, the Site 

has been divided into “Upper Stoney Creek”, which stretches from Thunder Road to 

Highway 22, and “Lower Stoney Creek”, which stretches from Highway 22 to the Columbia 

River. This distinction applies to further references in this report to Upper and Lower Stoney 

Creek. “Upper Stoney Creek” is sometimes subdivided as discussed above. 

Stoney Creek is also known as Topping Creek and the headwaters originate near Rossland in 

the Monashee Mountains located to the west of Trail. The creek flows eastwards for 

approximately 12 km until it discharges to the Columbia River. The headwaters of 

Topping Creek form part of the water supply for the Town of Rossland, with diversion of 

approximately the annual low flow of the creek occurring at the 1,150 m elevation. The 

Stoney Creek area contains historical and current waste management facilities (landfills and 

waste impoundment areas) predominantly related to current and historical operation at TMO 

and TFO. 

2.2. Non-Teck Owned Land 

A number of communities are present surrounding the Teck Operational Properties. These 

communities are shown on Drawing 510392-001and include: 

• Downtown Trail: the oldest community in the City of Trail, which consists of residential, 

commercial, park land, and industrial properties. Trail Creek flows beneath downtown Trail 

through a poorly defined network of culverts into the adjacent Columbia River. A portion of 

downtown Trail is filled with historical slag deposits inferred to be from Trail Operations. 
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• East Trail: is situated across the Highway 22 ‘New Bridge’ and consists mainly of residential 

and commercial properties. East Trail is situated on an alluvial fan-like flat area adjacent to 

the Columbia River and is down slope from the landfill operated by the Regional District of the 

Kootenay-Boundary. 

• Tadanac: The community of Tadanac is situated to the east of TMO and is adjacent to the 

Columbia River. Tadanac is also one of the oldest communities in Trail. 

• Village of Warfield: The village of Warfield is situated to the west and south of TFO 

(Drawing 510392-001).    
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3. SUMMARY OF INVESTIGATION RESULTS 

The following sections provide a summary of results from previous investigations (see 

Section 1.3 for a list of investigations to-date). It is not intended to be comprehensive, but rather 

to provide an overview of information considered to be pertinent to the CSM. The reader is 

referred to the historical reports for additional detail. 

3.1. Topography and Physiography 

Topographic contours of the Site are shown on Drawing 510392-002. Teck’s TMO and TFO are 

situated on a series of raised, relatively flat “benches” or river terraces separated by steep grade 

changes, resulting from historical geological processes. The majority of TFO are situated on a 

bench at approximately 595 metres above sea level (m asl). The grade rises to the west along 

the bedrock-controlled slopes of the Columbia River valley. To the east, the grade drops 

approximately 125 m to a lower bench where the Highway 22 transportation corridor and the 

majority of TMO are situated at approximately 450 m to 475 m asl. The grade then drops 

approximately 45 m from TMO to the Columbia River floodplain at approximately 405 m asl. 

East Trail is located east across the Columbia River from TMO on a fan-like, gently sloping area 

at approximately 410 to 420 m asl.  

Stoney Creek is located immediately north of TMO and TFO and has incised the terraces 

creating a ravine up to 130 m below the level of the TFO and TMO terraces. The upper 

(western) portion of the ravine, more than approximately 200 m west of the Highway 22 bridge, 

is incised into bedrock. Downstream (east) of this location the ravine is incised into overburden, 

with no bedrock exposed. The topography both north and south of the ravine has been modified 

by both soil borrow pits and waste landfills and impoundments. 

Trail Creek is located immediately south of TFO and TMO. Trail Creek is generally proximate to 

Highway 22/3B and is conveyed via a series of unlined canals and culverts through the Warfield 

subdivision of Annable, situated between approximately 510 and 530 m asl, before entering an 

incised bedrock valley of the historic ‘Gulch’ area of Trail and flows through Downtown Trail, 

culverted below street level, before discharging into the Columbia River. Downtown Trail is 

located on the relatively level historical fan of Trail Creek, situated at approximately 

410 to 420 m asl.  
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3.2. Climate and Regional Hydrology 

The local climate is strongly influenced by local physiography. Precipitation generally increases 

with elevation. Summers are relatively hot and dry, with heavy rains, including thundershowers, 

occurring in the spring and summer. Winters are relatively mild (Klohn, 2004). The nearest 

representative Environment Canada climatological station is Warfield (No. 1488700, elev. 

606 m asl), with 86 years of records from 1930-2012. Climate normals for Warfield are 

summarized in Table A. 

Table A: Canadian Climate Normals 1971-2000, Warfield, British Columbia 
 Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Year 

Temp. 
(oC) 
Avg. 
Min. 
Max. 

 
 

-2.8 
-5.2 
-0.4 

 
 

-0.1 
-3.2 
3.0 

 
 

4.2 
-0.3 
8.7 

 
 

9.0 
3.1 

14.8 

 
 

13.4 
7.1 

19.6 

 
 

16.8 
10.4 
23.2 

 

 
 

20.4 
13.0 
27.8 

 
 

20.2 
12.7 
27.5 

 
 

14.9 
8.3 

21.5 

 
 

8.2 
3.5 

12.8 

 
 

1.7 
-0.9 
4.1 

 
 

-2.4 
-4.6 
-0.2 

 
 

8.6 
3.7 

13.5 

Precip. 
Rainfall 
(mm) 

Snowfall 
(cm) 
Total 
(mm) 

 
25.6 

 
52.8 

 
78.4 

 
35.4 

 
30.7 

 
66.1 

 
53.8 

 
10.9 

 
64.8 

 
56.3 

 
1.1 

 
57.4 

 
70.9 

 
0.1 

 
71.0 

 
66.2 

 
0 
 

66.2 

 
44.6 

 
0 
 

44.6 

 
45.4 

 
0 
 

45.4 

 
40.5 

 
0 
 

40.5 

 
50.5 

 
2.0 

 
52.5 

 
62.3 

 
31.6 

 
93.9 

 
37.2 

 
56.9 

 
94.1 

 
588.7 

 
186.1 

 
774.9 

 

The Site is located within the Columbia River watershed. The main surface water body is the 

Columbia River immediately adjacent to the eastern boundary of the TMO. The Columbia River 

flows south towards the international border with the United States, approximately 15 km from 

the southern limit of the Site. Tributary creeks to the Columbia River in the vicinity of the Site, 

include Stoney Creek to the north, Trail Creek to the west and south, Gorge Creek to the south 

of Downtown Trail and Lawley Creek to the north of East Trail. Haley Creek, a tributary to 

Trail Creek, is located along the west and southwest sides of the TFO, and enters Trail Creek 

near Annable. 

Water levels in the Columbia River are managed by a series of upstream dams used for storage 

and/or electricity generation; adjacent to the Site water levels influenced by the flow released 

from the upstream Mica, Revelstoke and Keenleyside storage dams on the Columbia River 

(commissioned in 1973, 1984 and 1968, respectively) and the Libby, Duncan, Cora Linn and 

Brilliant storage dams on the Kootenay River (commissioned in 1975, 1967, 1932 and 1944, 

respectively). The upstream and downstream management by hydroelectric generating stations 
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reduces the influences of spring freshet and creates more consistent river flows over the year. 

As a result of this management, water levels in the Columbia River typically experience two low 

(March and October) and two high (July and December) periods annually. Recent flows in the 

Columbia River at Birchbank during the period July 14-27, 2012 were the highest measured 

since the commissioning of the Mica Dam in 1973. 

Trail Creek drains the Rossland area, which includes the Rossland Mine Line Lands as well as 

the Redstone Golf Course area. It has a total catchment of 51 km2 at an average elevation of 

998 m asl (Klohn, 2004). Topping (Stoney) Creek also drains the Rossland area and ski hill 

area, including areas where historical mining was known to exist. It has a total catchment of 

23 km2 at an average elevation of 1,035 m asl. Both creeks exhibit a typical hydrograph of 

creeks in the area. Trail and Topping (Stoney) Creeks are estimated to have groundwater base 

flows of approximately 18% and 14% of their respective mean annual flows of 45,000 m3/day 

and 21,000 m3/day (Dobson, 2002). Groundwater base flow forms the dominant component of 

flow during low flow periods (typically mid-August to mid-October and mid-December to end of 

February) [Klohn, 2004]. Trail Creek is unregulated; however, Topping Creek forms part of the 

City of Rossland water supply. Rossland has a licence to use 166,000 m3/yr (455 m3/day) from 

Topping Creek, which is close to the estimated five-year return seven-day low flow rate of 

490 m3/day at their point of diversion at approximately 1,150 m asl (Dobson, 2002). 

SLE expects that the City of Rossland water supply diversion results in flows within lower 

Topping (Stoney) Creek being much lower than other unregulated creeks in the area. 

In the vicinity of the Site, Trail and Stoney Creeks are generally interpreted to be losing creeks 

(i.e., losing water to groundwater) where they flow across the TFO and TMO terraces, as they 

are generally perched above the water table.  

3.3. Geology 

The geology in the area typically comprises materials belonging to two distinct geologic units, 

namely: bedrock of intrusive igneous origin and surficial deposits of glacio-fluvial or 

glacio-lacustrine origin. 
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3.3.1. Bedrock Geology and Topography 

Bedrock beneath the area belongs to the Trail Pluton, generally consisting of porphyritic granite, 

granodiorite, quartz monzonite, tonalite, and minor diorite porphyry and breccia of Jurassic age 

(Andrew et al., 1991). Two major structural features are present in the area which may have 

local influence on bedrock structure: the northwest/southeast trending Valkyr Shear Zone, 

located about 6 km north of the Site, and; the north-south trending Champion Lakes Fault, 

located about 6 km east of the Site (Hoy and Dunne, 1998). Neither of these bedrock structures 

are mapped as occurring beneath the Site.  

Bedrock outcrop is visible at many locations along both banks of the Columbia River valley, as 

well as within portions of the Stoney Creek and Trail Creek ravines. Locations of mapped or 

interpreted bedrock outcrops are shown on Drawing 510392-003.  

The depth to bedrock has been investigated through the use of on-shore seismic refraction 

surveys in 1996 and 2000 (Klohn 1997b, 2001, 2003b) as well as by overwater seismic 

refraction and resistivity surveys (Golder, 2008a, 2008b, 2010b, 2011c). Bedrock has been 

intersected in at least 21 boreholes at the Site, providing control for geophysical interpretation. 

Drawing 510392-003 shows conceptual (i.e., hand-edited) bedrock surface elevations for the 

Site. This interpreted bedrock surface was based on:  

• Topography of bedrock outcrops mapped by Klohn (2003b) and Golder (2010b and 2011c). 

• Elevation of bedrock intersections in boreholes drilled during intrusive investigations listed in 

Section 1.3 above (see Table 1 for summary). 

• Geophysical surveys from Klohn (1997b; 2003b) which include TMO, north and south of 

Stoney Creek and within the Haley Creek gulley. The location of geophysical lines are 

included on Drawing 510392-003. 

• River bottom sediment thickness and bedrock elevation inferred by overwater seismic surveys 

(Golder 2010b and 2011c) along the stretch of the Columbia River adjacent to the Site. 

• Drilling depths of deep boreholes across the Site that did not intersect bedrock (used as 

upper bounds on the inferred bedrock surface only; see Table 1 for summary). It is noted that 

for boreholes MW2010-02 and MW2009-102 the bedrock elevation was inferred to be 1 m 

below the elevation of the borehole based on field observations. 
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The depth to bedrock under TFO varies between zero along the slope west of TFO and 

approximately 135 m bgs along the top of the eastern escarpment. The depth to bedrock 

beneath the TMO varies between approximately 120 m and greater than 220 m. The depth to 

bedrock beneath the active Columbia River floodplain varies between zero and greater than 

220 m. The lowest confirmed bedrock elevation is 344 m asl, or about 60 m below current river 

level, at borehole MW2011-102, in the north-western portion of TMO near Highway 22 

(Drawing 510392-003). The deepest borehole that did not intersect bedrock was MW2010-02, 

within the central portion of the TMO, which was drilled to 273 m asl, or 130 m below current 

river level. 

Upstream and downstream of the TMO site, the inferred contours appear to define a 

continuous, ‘V’-shaped buried bedrock channel extending more than 130 m below current river 

level, or below 273 m asl. In the vicinity of the TMO site, the bedrock channel appears to widen 

into a broad, ‘U’-shaped channel. The centreline of the buried channel appears to cross beneath 

the Columbia River near the Bailey Street Bridge and extend eastward beneath East Trail. The 

Trail Middle School well did not intersect bedrock to an elevation of 295 m asl, while borehole 

MW2007-4 intersected bedrock at an elevation of 338.4 m. The bedrock surface is discussed 

further as part of the CSM in Section 7.1. 

3.3.2. Surficial Geology 

Previous drilling investigations (see Table 1 for summary of monitoring well locations and 

completion details and Appendix I for borehole logs) have generally encountered fine sand and 

silt beneath the TFO and TMO sites. Substantial thicknesses of sand and gravel have been 

encountered near surface (up to 20 m depth) beneath both sites. Substantial thicknesses of 

coarse sand to sand and gravel interbeds have also been found near a section of Stoney Creek, 

beneath southern portions of the TMO site and beneath East Trail. Limited thicknesses of till 

have been encountered overlying bedrock near Trail Creek and Stoney Creek.  

Surficial geology is discussed below by operational area, including offsite areas listed in Section 2. 

Interpreted Geological Cross-Sections A-A’ to H-H’ are shown on Drawings 510392-004 to -007, 

with section locations shown in plan view on Drawing 510392-002. Additional discussion on 

surficial geology and inferred depositional environments is provided in Section 7.1. 
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3.3.2.1. TFO 

Surficial geology at TFO generally comprises an upper layer of sand and gravel underlain by an 

extensive thickness of relatively well-sorted fine sand, which generally grades finer with depth to 

a silty sand (Sections A-A’, B-B’ and F-F’ on Drawings 510392-004 and 510392-006). It is noted 

that clayey silt was encountered in the southern portion of TFO. 

3.3.2.2. TMO and East Trail 

Surficial geology beneath the Tadanac terrace at TMO consists of fine sand and silt beneath the 

northern and south-western portions, with a zone of interbedded sand and gravel and coarse 

sand layers beneath the central portion of the Site (see Sections C-C’ and D-D’ on 

Drawing 510392-005). Large thicknesses (i.e., observed for the entire length of a borehole) of 

coarser-grained sands and gravels were observed at locations MW2011-102A/B and 

MW2011-106A/B as shown on Section E-E’ (Drawing 510392-006). Section C-C’ on 

Drawing 510392-005 also shows these boreholes and other boreholes with extensive 

interbedded gravel, sand and gravel and sand layers beneath the central portion of TMO. In 

contrast, soils beneath northern and south-western portions of TMO consist of fine sand and silt 

(see Sections A-A’ and D-D’ on Drawings 503664-004 and 503664-005). It appears that these 

soils become finer with increasing distance eastward at TMO.  

Location MW2007-5, located across the river to the southeast of the Site in East Trail, 

encountered mainly coarse sands and gravels for the entire borehole depth (Section A-A’). The 

proportion of finer-grained materials appears to increase to the east, as observations from the 

Trail Middle School well and MW2007-4 reported relatively finer-grained materials.  

3.3.2.3. Stoney Creek 

Surficial geology in Upper Stoney Creek generally consists of till above bedrock, which pinches 

out down slope and underlies fine sand and sand and gravel units (Section G-G’ on 

Drawing 510392-007). Closer to Highway 22 at TMO, a distinct change in grain size is 

observed, with predominantly finer-grained sands and silts occurring near Stoney Creek (see 

Section G-G’) and  interbedded coarse sands and gravels occurring southwards beneath the 

contractor’s parking lot (by contrast see Section C-C’ in Drawing 510392-005). The location and 

nature of the transition from fine- to coarse-grained materials is uncertain. 
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Surficial geology in Lower Stoney Creek generally consists of finer-grained materials such as 

fine sand and silty sands with some smaller sand and gravel units (Section G-G’). The 

proportion of finer-grained materials is greatest in the vicinity of location MW2001-1, at which 

mainly silty sand was observed. The exception to this is at location MW2002-4A/B, situated 

approximately 50 m from the Columbia River, which has a relatively larger proportion of 

coarser-grained sands and gravels. 

3.3.2.4. Gravel-Rich Zone 

SLE (2012d) evaluated “gravel content” vertically and horizontally across the Site. 

SLE delineated a gravel-rich sand zone (“gravel-rich zone”) within the predominantly sand and 

silt soils underlying the Tadanac terrace and East Trail. The gravel-rich zone was delineated in 

plan view by depth interval in order to provide definition to the interbedded sands and gravels 

identified beneath portions of the Site, TMO, the western portion of East Trail and a portion of 

Stoney Creek (see discussion above).  For illustration and conceptualization purposes, 

SLE assessed the relative amounts of coarser-grained material from all historical borehole logs 

at TMO, in East Trail and the Landfill Areas, and calculated percentage gravel content for each 

borehole.  To provide additional insight into the vertical distribution of the gravel-rich zone, 

gravel percentages for each groundwater-bearing zone (i.e., shallow, intermediate and deep 

water-bearing zones as defined in SLE 2011a and 2012d) were also calculated. Detailed 

calculations and additional methodology descriptions are provided in SLE (2012d). 

Table 2 provides a summary of the calculated percentage of gravel within each interval as well 

as the total percentage across the length of each borehole. The percentage of gravel was 

defined as the cumulative thickness of soil layers logged as “gravel” or “sand and gravel” 

divided by the total borehole length within each interval. The gravel-rich zone was defined 

based on an arbitrary threshold of soil with greater than 30% gravel/sand and gravel layers 

(over the interval of interest) and its inferred extent is shown on Drawing 510392-008 as: 1) over 

the total borehole length; 2) within the shallow groundwater-bearing zone (388 m asl to the 

water table); 3) within the intermediate groundwater-bearing zone (339 to 388 m asl); and, 4) 

within the deep groundwater-bearing zone (below 339 m asl). The actual percentages of 

gravel/sand and gravel layers are not presented on the drawing, but are available in Table 2 for 

reference. 
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The gravel-rich zone is present beneath the central portions of TMO and extends northwesterly 

to Highway 22, Upper Stoney Creek and above into the vicinity of the Landfill areas. As 

previously discussed, the gravel-rich zone is bounded to the east and southwest by relatively 

finer-grained soils. It appears to increase in areal extent at depth and is interpreted to extend 

beneath the Columbia River into East Trail. Additional discussion on the gravel-rich zone, 

surficial geology and inferred depositional environments is provided in Section 7.1. 

3.4. Hydrogeology 

3.4.1. Hydraulic Conductivities 

3.4.1.1. Single Well Response Tests 

Hydraulic conductivity testing in the form of single well response tests was performed at a total 

of 63 monitoring wells at the Site. Table 3 shows a summary of hydraulic conductivity results 

with the source (i.e., consulting company), analytical solution, test type and lithology for 

comparison. It is noted that the majority of tests were conducted on wells situated at TMO and 

Lower Stoney Creek while TFO and Upper Stoney Creek have relatively few hydraulic 

conductivity estimates available. The lack of hydraulic conductivity data in these up-gradient 

areas is generally due to the presence of a relatively thin saturated zone in a relatively 

coarse-grained matrix at depths greater than 60 m; as such, these conditions preclude the use 

of pneumatic methods and create difficulties in inducing and resolving a sufficient hydraulic 

head change, even when using a data logger.  

By contrast, the majority of monitoring wells at TMO and Lower Stoney Creek have been tested. 

Conventional slug tests (both rising and falling) were performed at a number of wells with 

screens near or straddling the water table, and, where the well screen was submerged, 

pneumatic rising and falling tests were performed to allow for greater control of inducing a 

change in hydraulic head. Oscillatory responses were noted in a number of wells.  

Drawing 510392-008 shows the spatial distribution of hydraulic conductivities compared to the 

percentage gravel (total with values shown) and inferred areas containing greater than 30% 

gravel and sand and gravel layers by groundwater-bearing zone. The calculated percentage 

gravel/sand and gravel used to infer the location of the gravel-rich zone are provided in Table 2. 

In general, monitoring wells with higher hydraulic conductivities (i.e., 1×10-4 m/s or greater) are 

situated within the inferred gravel-rich zone; however, there are a number of wells that do not fit 
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this generality. When comparing hydraulic conductivity testing results to observed grain sizes in 

the screened interval (i.e., lithology in Table 3), some results do not appear to be reflective of 

the observed grain size. In particular, some sand and gravel and gravel units appear to have 

lower hydraulic conductivities than expected. This could be due to the presence of interbedded 

finer-grained units in the gravel-rich zone not noted during logging of drilling cuttings, and/or 

incomplete development of monitoring wells prior to response testing.  

Based on the hydraulic conductivity values tabulated on Table 3, a reasonable representative 

bulk hydraulic conductivity value for the sand and silt soils beneath the Tadanac terrace, but 

outside of the gravel-rich zone, is 4x10-5 m/s (Golder, 2011b.)  Hydraulic conductivity estimates 

within the gravel-rich zone are in the general range of 1x10-4 m/s to 2x10-3 m/s; however, more 

representative estimates are available from aquifer pumping tests and are discussed in 

Section 3.4.1.2 below. 

3.4.1.2. Aquifer Pumping Tests 

Four aquifer pumping tests have been performed at TFO and TMO for remedial planning 

purposes. Results from these analyses are described in detail in Klohn (1998), SLE (2011c) and 

Golder (2012) and are summarized in the table below: 

Table B: Summary of Results from Aquifer Pumping Tests 

Pumping 
Well 

Total 
Drawdown 

Observed (m) 

Aquifer Parameter 
Estimates1 

Estimated 
Hydraulic 

Conductivity2 
(m/s) 

Comments 
T (m2/s) S 

Klohn 
(1998) 
PW-1 

6.9 
8x10-6 – 
1.3x10-5 

6x10-6 – 0.18 
3x10-6 to 

4x10-6 

Three m thick gravel layer over 
bedrock north of Upper Stoney 

Creek; combined 
confined/unconfined response 

SLE 
(2011c) 

RW09-01 
3.5 m 2.7x10-3 0.022 6.7x10-4 Gravel layer at water table within 

gravel-rich zone beneath 
south-eastern portion of TMO; 

unconfined response 
SLE 

(2011c) 
RW09-02 

1.5 m 7x10-3 0.03 1.8x10-3 

Golder 
(2012) 

EW2011-1 
4.0 m 2.2x10-2 0.0015 

Kh = 2x10-4 

Kv = 7x10-5 

Bulk hydraulic conductivity values 
for simulating gravel-rich zone 

adjacent to Columbia River 

Notes:  1) Based on responses from pumping and recovery phases in pumping and observation wells 
2) Based on assumed aquifer thicknesses in Klohn and SLE. Based on calibration of 3D transient groundwater flow 

model by Golder. Refer to reports for details. 
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The pumping test of PW-1 was completed within a discrete, 3 m thick gravel layer which was 

overlain by till and underlain by bedrock. Klohn (1998) inferred that the gravel layer was 

continuous, but did not connect hydraulically to Stoney Creek. The well could only be pumped at 

a relatively low rate (6.8 L/min for 19 hours). The aquifer parameters estimated from the 

pumping test are therefore specific to one gravel layer beneath till, and thus has been 

interpreted as having little relevance to the overall hydrogeology of the Site.  

Pumping wells RW09-01 and RW09-02 are completed in a sand and gravel layer, although 

some interbedded finer grained lenses were noted. These pumping wells are interpreted to be 

completed within a discrete gravel layer within the gravel-rich zone. Aquifer pumping tests are 

considered to be more reflective of more regional aquifer parameters and conditions. It is noted 

that the pumping tests at RW09-01 and RW09-02 were relatively short-term and low rate; as 

such, test results are inferred to be representative of a specific gravel layer within the overall 

gravel-rich zone, and not representative of the gravel-rich zone as a whole. 

In January 2012, Golder carried out a 36-hour pumping test at extraction well EW2011-1, 

located along the west river bank within the footprint of the gravel-rich zone and the main 

ammonium sulphate plume. EW2011-1 was constructed with several screened sections across 

gravelly layers within the inferred gravel-rich zone, and was designed to obtain representative 

bulk aquifer parameter estimates for higher permeability zones near the Columbia River. 

Twenty-five wells at various depths and distances from the pumping well were monitored for 

hydraulic head changes (drawdown) during the pumping test and recovery period. The vertical 

and horizontal hydraulic conductivity values shown for the EW2011-1 pumping test in Table B 

above are therefore thought to be representative values of the gravel-rich zone as a whole, at 

least in the area immediately west of the Columbia River beneath the TMO site. 

The bulk hydraulic conductivity of the gravel-rich zone is therefore estimated to be 

approximately five times that of the surrounding sand soils (i.e., 2x10-4 m/s). The hydraulic 

conductivity of individual continuous gravel layers within the gravel-rich zone, however, are on 

the order of 10 to 50 times as conductive as the surrounding sand and silt soils (i.e., 4x10-4 to 

2x10-3 m/s). 
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3.4.2. Groundwater Flow Regime 

The saturated groundwater flow regime at the Site generally consists of two main components: 

1) upland flow areas such as TFO and Upper Stoney Creek; and 2) the regional valley aquifer 

existing within the buried channel beneath TMO, Lower Stoney Creek, the Columbia River and 

East Trail. The boundary between these aquifers is inferred to occur where the regional, 

river-connected, water table intersects the bedrock valley walls, at approximately 410 m asl. 

Recharge to these aquifers is interpreted to be from upslope surface water bodies, infiltration of 

precipitation and infiltration of surface runoff.  

The valley-fill aquifer is known to be continuous beneath the Columbia River from the TMO site 

to East Trail. The aquifer will have complex groundwater/surface water interactions at each 

location where it crosses or extends beneath the Columbia River. For this reason, it has been 

subdivided for the purposes of this CSM report into two main sub-aquifers, referred to hereafter 

as the Tadanac Aquifer and the East Trail Aquifer. 

Due to the substantial depths to the water table at many locations of the Site (approximately 

60 m to the Tadanac aquifer across much of TMO and up to about 120 m or greater to the 

upland aquifer beneath portions of TFO), there is also a considerable component of vertical 

infiltration within the unsaturated zone, which is controlled by annual recharge rates and soil 

moisture retention capacities above the water table. 

The saturated groundwater flow regime is discussed below by aquifer, which generally 

coincides with operational areas and adjacent communities described above. Potentiometric 

elevation measurements from the most recent groundwater monitoring event (SLE, 2012d) are 

summarized in Table 1. Potentiometric elevations and inferred contours are shown in plan on 

Drawings 510392-009 to -011 by interpreted groundwater-bearing zone beneath TMO (the 

Tadanac aquifer), as defined in SLE (2011a and 2012d):      

• Shallow Groundwater-Bearing Zone (SGBZ; approximately 388 m asl to the water table). 

• Intermediate Groundwater-Bearing Zone (IGBZ; approximately 339 m to 389 m asl). This 

interval generally separates the A/B or B/C nested wells at a number of locations across the 

Site. 

• Deep Groundwater-Bearing Zone (DGBZ; approximately 279 m [deepest well screen installed 

to date] to 339 m asl). 
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These zones were defined based on chemistry and vertical hydraulic gradients to provide a 

relatively simple indication of depth distribution of the relatively large saturated thicknesses 

present beneath TMO in plan view (SLE 2011a and 2012d). It is noted that these defined 

intervals are somewhat arbitrary, as the range of well screen depths across the Site is relatively 

continuous; however, arbitrary intervals were considered justified, as discrete vertical 

hydrostratigraphic units have not been identified on a site-wide basis. It is further noted that the 

deepest portion of the Tadanac Aquifer (DGBZ to bedrock, below 279 m asl) has not been 

investigated to date. 

Groundwater flow regime by aquifer and interpreted groundwater-bearing zone is provided 

below. Additional discussion on groundwater flow regime is provided in Section 7.2. 

3.4.2.1. Upland Areas: TFO and Upper Stoney Creek  

Groundwater occurrence within unconsolidated deposits in upland areas generally consists of a 

thin saturated layer (i.e., typically less than 10 m thickness) above bedrock. The exceptions to 

this are the southern portion of TFO and Upper Stoney Creek, where lower-permeability 

materials can lead to larger saturated thicknesses. At least one local bedrock high does not 

have a saturated zone above it (TFO well MW2010-06.)  Horizontal gradients, and thus 

interpreted groundwater flow in these areas, are generally controlled by the slope of the 

underlying bedrock surface, generally toward the valley-fill aquifer. Groundwater flow by area is 

discussed in further detail below.  

Groundwater beneath TFO appears to flow radially from the southeast corner of the terrace 

towards Annable and TMO, with maximum hydraulic gradients of approximately 0.05 m/m and 

0.2 m/m, respectively (Drawing 510392-009). The gradient and flow direction toward TMO 

appear to be controlled by, and are expected to vary with, the slope of the underlying bedrock 

surface. Groundwater recharge to TFO appears to be from upland by Haley Creek and 

infiltration of precipitation over the footprint of the facility.  

In general, groundwater beneath Upper Stoney Creek appears to flow south-eastward towards 

TMO, with maximum hydraulic gradients of approximately 0.2 m/m. Although not detected by 

the existing groundwater monitoring network or shown on Drawing 510392-009, a portion of 

groundwater from the Landfill Areas flows northward to Upper Stoney Creek, as evidenced by 

seepage in the gaining areas of the creek (Klohn, 2002). In addition, a southerly component of 

groundwater flow is inferred to occur from the northern portions of Upper Stoney Creek 

(Klohn, 2002.) A shallow seepage collection system installed and maintained by Teck intercepts 
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contaminated groundwater along the north and south banks of upper Stoney Creek and 

conveys it to the Effluent Treatment Plant (ETP) (Klohn, 1997, 2002; SLE, 2012c). Groundwater 

recharge to the Tadanac aquifer in the area of Upper Stoney Creek appears to be from upland 

areas, losses from Stoney Creek and infiltration of precipitation. 

Lower Stoney Creek is considered a losing creek which recharges the regional aquifer and 

affects the local groundwater flow regime in the vicinity of the creek. The transition from gaining 

to losing creek occurs approximately 200 m west (upstream) of Highway 22. Measurements on 

September 11, 2001 indicate that, on that date, flow within Stoney Creek decreased from 3 L/s 

(260 m3/day) at the beginning of the losing reach to dry (0 L/s) at a point approximately 250 m 

upstream of the confluence with the Columbia River (Klohn, 2002). Additional discussion on 

groundwater-surface water interactions is provided in Section 3.4.3. 

3.4.2.2. Valley Aquifer: TMO, Lower Stoney Creek and East Trail 

Horizontal hydraulic gradients in the shallow groundwater-bearing zone within the Tadanac 

Aquifer are generally south-easterly towards the Columbia River, with a maximum gradient of 

0.005 m/m in February 2012 (Drawing 510392-009). The direction and magnitude of horizontal 

hydraulic gradients is consistent with previous results (i.e., easterly and ranging from 0.0015 to 

0.005 m/m). The eastward overall gradient does not reflect the impact of the gravel-rich zone, 

which has a higher hydraulic conductivity (see 3.4.1.2 above) and may act as a pathway for 

south-eastward groundwater flow. 

Horizontal hydraulic gradients in the intermediate and deep groundwater-bearing zones are of a 

similar order of magnitude to the shallow groundwater-bearing zone; however, the indicated 

groundwater flow direction, assuming horizontal hydraulic isotropy (i.e., perpendicular to 

potentiometric contours), is towards the east, although in the south part of TMO there is a 

southeast component, following the approximate trend of the gravel-rich zone and ultimately the 

centreline of the buried bedrock channel (see Drawings 510392-010 and 510392-011). 

Due to the inferred relative permeability of the gravel-rich zone, this is considered to be a 

potential flow path for southeastward groundwater seepage beneath TMO. Using the 

potentiometric elevations measured in February 2012 (i.e., MW2011-102A to MW2001-5B; see 

Drawing 510392-010), the measured horizontal gradient along the gravel-rich zone was 

approximately 0.0028 m/m or slightly more than half the eastward gradient to the river. As the 

bulk hydraulic conductivity of the gravel-rich zone is estimated to be about five times that of the 

surrounding sand and silt valley-fill soils, this suggests that the gravel-rich zone should be the 
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major seepage pathway. Based on the bulk hydraulic conductivity estimate for the gravel-rich 

zone of 2x10-4 m/s (Golder 2012; see Section 3.4.1.2 above) and an assumed effective porosity 

of 0.3 for the gravel-rich zone, the average linear groundwater seepage velocity along the gravel-

rich zone is estimated to be approximately v = (K * i / n) = (2.4x10-4 m/s * 0.0028 / 0.3) = 70 m/yr. 

The distance from the Stoney Creek culvert beneath Highway 22 to the plume discharge area 

along the gravel-rich zone is approximately 1,800 m, or a groundwater migration time of 

approximately 25 years. Additional discussion is presented in Section 4.0 (contaminant 

distribution) and Section 7.2.  

Vertical hydraulic gradients in the valley-fill Tadanac and East Trail aquifers at the Site are 

generally small (on the order of 0.01 m/m to 0.0001 m/m), with the highest vertical gradients in 

the vicinity of the discharge area to the Columbia River. Vertical hydraulic gradients in the 

shallow portions of the aquifer distant from the Columbia River generally suggest downward 

seepage whereas in the deeper portions of the aquifer they suggest upward seepage (SLE, 

2011a and 2012d). Additional discussion on vertical gradients in the vicinity of the discharge 

area is discussed in Section 3.4.3 below.  

In addition to upland areas and the losing portion of Stoney Creek, groundwater recharge in the 

Tadanac aquifer beneath TMO is also interpreted to occur from the upstream portion of the 

Columbia River. This is discussed further in Section 3.4.3 below. 

3.4.3. Groundwater-Surface Water Interactions 

As discussed above, groundwater at the Site is influenced by upland surface water bodies and 

the Columbia River. A portion of groundwater from beneath TMO ultimately discharges to the 

Columbia River. Details are discussed below. 

3.4.3.1. Stoney, Trail and Haley Creeks 

Up-gradient groundwater recharge is interpreted to occur from the Stoney Creek catchments. In 

the vicinity of the Tadanac terrace (TMO), Stoney Creek is interpreted to be a losing creek 

(i.e., losing water to groundwater) as it is perched above the phreatic groundwater surface. As 

such, additional groundwater recharge exists from Stoney Creek (Klohn, 2001 and Golder, 2010). 

This is supported by downward vertical gradients measured in a nested well set adjacent to lower 

Stoney Creek (MW200-2S/2D/4S/4D), and by observations of lower Stoney Creek going dry 

during the mid-August-mid-October low flow period (Klohn, 2001.) 
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The relationship between Trail Creek, Haley Creek and groundwater at the Site has not been 

investigated as of the date of this report. It appears likely that the lower (culverted) portion of 

Trail Creek is perched above the Tadanac Aquifer water table and would therefore be 

considered a losing creek, depending on whether or not the culvert is water-tight. Soils in this 

area are generally finer than soils observed near the losing portion of Stoney Creek.  

3.4.3.2. Columbia River 

Groundwater recharge in the Tadanac aquifer beneath TMO is also interpreted to occur from 

river water entering the aquifer from the upstream portion of the Columbia River in the vicinity of 

Lower Stoney Creek. However, the gradient created by the River is less than the upland areas 

(i.e., Stoney Creek and the upland aquifer).  

In monitoring locations near the river, groundwater surface elevations beneath TMO are 

influenced by the adjacent river, fluctuating by a similar magnitude of approximately 3 m 

(ranging between approximately 405 and 408 m asl) and with lag times generally two hours or 

less. Water levels in the Trail Middle School well also fluctuate with river levels, with a response 

lag time on the order of eight hours; this suggests that the East Trail aquifer also is hydraulically 

connected to the Columbia River.  

Groundwater discharge to the river (and aquifer recharge from the river during higher flow 

periods) is dependent on river stage, and seasonal groundwater fluctuations diminish with 

distance from the river (Golder, 2010a, 2011a). The importance of the Columbia River as a 

controlling boundary for the groundwater flow system beneath TMO and East Trail and other 

surface water/groundwater interactions that occur during high and low river stages are 

discussed further in the section on contaminant transport (see Sections 6.1 and 6.2 below.) 
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4. CONTAMINANT CHARACTERIZATION  

Consistent with a number of historical reports, the “ammonium sulphate groundwater plume” 

refers to groundwater characterized by elevated levels of nitrogen species, sulphates, total 

dissolved solids and metals underlying Teck’s Trail Operations (TFO and TMO). Not all plume 

constituents have been identified at all locations within the plume; as such, the ammonium 

sulphate plume is considered a commingled plume with a number of different contaminants and 

potential source areas.  

The main contaminants of concern are discussed below in terms of their spatial and vertical 

distribution in groundwater. Discussion on the fate and transport of contaminants is provided 

below in Section 6.0. 

4.1. Contaminants of Concern and Key Indicator Parameters 

As described above, the ammonium sulphate groundwater plume is considered a commingled 

plume of several contaminants. Following is a list of parameters which have exceeded 

applicable Contaminated Sites Regulation (CSR), B.C. Reg. 375/96 (BC MoE, 2010), including 

amendments up to B.C. Reg. 97/2011 standards and Canadian Environmental Quality 

Guidelines (CEQG), Canadian Council of Ministers of the Environment (CCME), Winnipeg MB, 

2007 guidelines:   

• ammonia nitrogen; nitrate nitrogen; nitrite nitrogen; fluoride; sulphate; chloride; and  

• dissolved metals/metalloids: antimony; arsenic; cadmium; cobalt; copper, iron, lead; 

manganese; magnesium; selenium; sodium, thallium; uranium; and zinc.  

It is noted that there is also hydrocarbon contamination at the Site; Light Non-Aqueous Phase 

Liquids (LNAPL) and a dissolved hydrocarbon plume are present near the lead sinter stack. 

These impacts are considered relatively localized and Teck is currently managing them with a 

dedicated remediation system; as such they are outside of the scope of the CSM. For further 

details, please refer to SLE (2011c). 
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SLE (2011a and 2012d) defined a list of “key indicator parameters” in soil and groundwater for 

the Site to assess potential source areas of the ammonium sulphate plume. Details on the 

selection of key indicator parameters are provided in SLE (2011a and 2012d); briefly, key 

indicator parameters were selected based on: 

1) exceedence of applicable CSR standards; 

2) frequent detection in groundwater beneath Trail Operations; and/or 

3) ability to relate the parameter to a potential source at Trail Operations.  

Based on these criteria, key indicator parameters were identified and used to interpret 

groundwater flow paths and potential source areas. An abbreviated list of the parameters 

considered most useful for the CSM is provided below; as concentrations of these parameters all 

exceed the applicable CSR standards, these are also considered the main contaminants of 

concern:  

• sulphate; 

• nitrogen species (specifically ammonia and nitrate);  

• fluoride; and 

• dissolved metals/metalloids (specifically arsenic, cadmium, manganese and zinc). 

Total dissolved solids (TDS) is not a contaminant of concern, but is a useful indicator parameter 

of elevated dissolved concentrations in groundwater which may potentially be related to 

contaminant plumes. TDS has, therefore, been added to the list of key indicator parameters. 

These contaminants of concern are discussed and presented below with respect to spatial and 

vertical distribution in groundwater. 

4.2. Historical Spatial and Vertical Distribution of Contaminants 

Drawings 510392-012 to 510392-020 show colour-coded historical vertical and spatial 

distributions for contaminants of concern updated with the most recent groundwater chemistry 

data. Raw data with referenced dates and sources for these Drawings are shown in Table 4. 

Consistent with previous SLE reports, spatial distributions for each parameter were divided into 

the three groundwater-bearing zones to provide an indication of depth distribution in plan view. 
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In addition, the gravel-rich zone, as defined in Section 3.3.2.4 above, is shown for additional 

interpretation and conceptualization. 

It should be noted that where two nested wells fall into one defined interval, the maximum 

concentration was used. It is also noted that wells situated at TFO and Upper Stoney Creek are 

completed in the upland aquifer, not in the Tadanac Aquifer for which vertical 

groundwater-bearing zones (i.e, SGBZ, IGBZ, DGBZ) have been defined in Section 3.4.2 

above. As the upland aquifer recharges the margin of the Tadanac Aquifer, it is not clear which 

groundwater-bearing zone(s) that the recharge enters. Therefore, TFO and Upper Stoney Creek 

wells have been included on all three plan view maps. The colour coding system to indicate 

magnitude of the detection is summarized in Table C below. 

Table C: Concentration Range Intervals in Groundwater 

Parameter Unit 

Concentration Range in Groundwater By Colour CSR 
Aquatic 

Life 
(AW) 

CSR 
Drinking 

Water 
(DW) 

Green Yellow Orange Pink Red 

Ammonia 
Nitrogen 

mg/L < 18.5 18.5 - 37.0 37.0 - 92.5 92.5 - 185 > 185 
1.31 to 
2001 

n/a 

Sulphate mg/L < 500 500 – 1,000 
1,000 - 
1,500 

1,500 - 
2,000 

> 2,000 1,000 500 

Nitrate 
Nitrogen 

mg/L <10.0 10.0 - 20.0 20.0 - 50.0 50.0 - 100.0 > 100.0 
 0.2 to 

22 
10  

Fluoride mg/L < 1.5 1.5 - 3.0 3.0 - 7.5 7.5 - 15.0 > 15.0 3.0 1.5 

Manganese mg/L < 0.55 0.55 – 1.5 1.5 - 5.0 5.0 - 15.0 > 15.0 n/a 0.55 

Arsenic µg/L < 10 10 - 25 25 – 50 50 - 100 > 100 50 10 

Cadmium µg/L < 0.6 0.6 - 5.0 5.0 - 25.0 25.0 - 100.0 > 100.0 
0.1 to 
0.63 5 

Zinc µg/L < 2,400 
2,400 - 
5,000 

5,000 - 
25,000 

25,000 - 
50,000 

> 50,000 
75 to 

2,4003 5,000 

TDS mg/L < 500 500 – 1,000 
1,000 – 
2,000 

2,000 – 
3,500 

> 3,500 n/a 5004 

1. standard dependent on pH; 18.5 for pH 7.0 to 7.5 
2. standard dependent on chloride concentration 
3. standard dependent on hardness

4. Canadian Drinking Water Quality Guideline aesthetic objective; no CSR DW standard exists 
 

Concentration ranges were generally selected based the range of parameter values and, where 

applicable, appropriate CSR AW and DW standards. Where possible, range intervals were 

selected as multiples of either CSR AW or DW standards (whichever is the most conservative); 

however, it should be noted that not all multipliers are the same for each parameter, and that 

the multipliers were selected based on the ranges for each parameter for the select data series. 
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The distribution of contaminants of concern indicates that some contaminants are relatively 

widespread while others appear to be restricted in spatial and/or vertical extent. A discussion of 

the spatial and vertical distribution by indicator contaminant is provided in Section 4.2.3 below. 

In general, upland and upgradient areas (i.e., TFO and Upper Stoney Creek) appear to have 

higher contaminant concentrations as well as more restricted assemblages of contaminants. 

At TMO, within the Tadanac Aquifer, the number of contaminants, concentrations and 

assemblage generally appears to be greater, with the majority of contaminants present within 

the gravel-rich zone; this is discussed further below. 

4.2.1. Contaminant Distribution at TMO and the Gravel-Rich Zone  

At TMO, the spatial distribution of the majority of the contaminants of concern appears to be 

roughly coincident with the gravel-rich zone. Appreciable concentrations of contaminants of 

concern are generally not present east (hydraulically down-gradient) of the gravel-rich zone 

beneath the community of Tadanac; as such, the gravel-rich zone is inferred to provide a 

pathway for south-eastward migration of contaminants of concern. This is consistent with the 

hydraulic conductivity and gradient along the gravel-rich zone versus the lower hydraulic 

conductivity of the surrounding finer-grained soils (see Section 3.4.2.2 above.) 

The distribution of contaminants suggests that contaminant plumes from various up-gradient 

sources (e.g., TFO and Upper Stoney Creek), as well as vadose zone sources located within 

the TMO (i.e., above the gravel-rich zone), are comingling within the gravel-rich zone. 

Concentrations of certain parameters within TMO, in particular ammonia and sulphate, are 

highest at depth within the gravel-rich zone. In addition, contaminant concentrations are 

generally highest in the south-eastern portion of the gravel-rich zone, near the intersection with 

the Columbia River. Upward vertical hydraulic gradients are higher in this area during stable and 

falling river stages, and elevated contaminant concentrations have been measured in 

discharging groundwater (Golder 2010a, 2011a). The commingled plume is therefore inferred to 

migrate to the Columbia River via the gravel-rich zone and discharge over a relatively restricted 

reach upstream of the Bailey Street Bridge, or migrate beneath the river and eastwards beneath 

East Trail. Elevated concentrations of sulphate, manganese and TDS have been measured at 

depth in East Trail suggesting migration at depth under the Columbia River. Additional 

discussion on the fate and transport of contaminants is provided in Section 6.0. 
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4.2.2. Main Ammonium Sulphate Plume vs. Localized Sources 

Based the inferred groundwater flow path and contaminant migration via the gravel-rich zone 

within the valley-fill aquifer, and spatial and vertical distribution of contaminants of concern in 

groundwater, subsequent discussion of contaminated groundwater at the Site has been 

separated into two components: 

• the main ammonium sulphate plume, consisting of commingled contaminants present in the 

gravel-rich zone and interpreted to be discharging to the Columbia River and migrating to 

East Trail; and 

• more localized contaminated groundwater from potential sources such as sources in 

Lower Stoney Creek including the former Regal Landfill and other waste areas, (SLE, 2012c), 

Iron Ore Roaster Residue Area (SLE, 2012b), and slag fill present beneath Downtown Trail 

(SLE, 2012a).  

Additional discussion of these components is provided in Section 8.0, Implications on 

Risk Management. 

4.2.3. Distribution by Key Indicator Parameter  

Detailed discussion of the distribution of contaminants of concern and key indicator parameters 

is provided in SLE (2011a and 2012d). Below is a summary by contaminant as shown on 

Drawing 510392-012 to -020, with reference to groundwater-bearing zones (SGBZ, IGBZ; 

DGBZ) at TMO, and the main ammonium groundwater plume and/or potential localized 

groundwater issues as defined above:  

• Ammonia nitrogen:  present at elevated concentrations beneath TFO, between TFO and 

TMO, and beneath TMO, with the highest concentrations present at TFO and within the 

eastern portion of the gravel-rich zone under TMO. No appreciable concentrations are 

present in Lower Stoney Creek. Ammonia nitrogen is not present in Upper Stoney Creek in 

appreciable amounts, with the exception of LF-1. It is present throughout the vertical 

groundwater profile in the vicinity of the gravel-rich zone at TMO, and migrating off-site in the 

main ammonium sulphate plume that is at least 700 m wide in the DGBZ and approximately 

300 m wide in the SGBZ. Concentrations are below CSR AW across the river in 

MW2007-5A/B, suggesting attenuation of ammonia concentrations, but ammonia nitrogen 

has been measured in Indian Eddy in the Columbia River near the Trail suburb of 

Sunningdale (Golder, 2011a).  
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• Sulphate: does not appear to be as widespread as ammonia. Present at elevated 

concentrations beneath TFO and TMO, with the highest concentrations below TFO and within 

the eastern portion of the gravel-rich zone under TMO. Present at several shallow and 

intermediate-depth wells in Lower Stoney Creek, suggesting the presence of limited local 

sources in this area. Not present in Upper Stoney Creek in appreciable amounts, with the 

exception of LF-1. Similar to ammonia, it is present throughout the vertical groundwater 

profile at TMO and is migrating off-site in the main ammonium sulphate plume. Sulphate is 

migrating to the Columbia River over a broader reach than ammonia, approximately 1 km 

wide. Elevated concentrations are present across the river in MW2007-5A/B indicating 

migration into East Trail. The plume is largely undelineated beneath East Trail. 

• Nitrate:  potentially related to the ammonia plume due to nitrification of ammonia to nitrate. 

Largely present in the same areas as ammonia, and therefore is likely related to similar 

ammonium sources; however, elevated nitrate is present at some wells in the western 

portions of the gravel-rich zone. Nitrate is not elevated over as broad an area in shallow 

groundwater adjacent to the Columbia River as ammonia, possibly indicating attenuation due 

to denitrification in shallow groundwater. Nitrate is present at somewhat elevated 

concentrations at two wells in Lower Stoney Creek, indicating limited local sources (likely the 

Regal Landfill.) 

• Fluoride:  appears to be relatively widespread, and present in the main ammonium sulphate 

plume as well as within Lower Stoney Creek. Present at elevated concentrations beneath 

TFO, between TFO and TMO, and beneath TMO, with the highest concentrations below TFO 

(MW2010-05) and LF-1 in the Landfill Areas in Upper Stoney Creek. Present throughout the 

vertical groundwater profile at TMO and migrating in the main ammonium sulphate plume to 

the discharge area. Not present at elevated concentrations in wells beneath East Trail. 

Shallow and intermediate groundwater appears to be impacted in Upper and 

Lower Stoney Creek.  Potential historical sources are limited to either TFO or the phosphate 

rock used as a raw material in those operations. 
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• Dissolved Manganese: appears to be relatively widespread, and present in the main 

ammonium sulphate plume as well as beneath TFO and within Lower Stoney Creek. The 

highest concentrations are at LF-1 in the Landfill Areas in Upper Stoney Creek and within the 

south-eastern portion of the gravel-rich zone at depth. Present throughout the vertical 

groundwater profile at TMO and in the main ammonium sulphate plume towards the 

discharge area. Also present at elevated concentrations at depth in the nearest well 

(MW2007-5A) across the river in East Trail. Shallow and intermediate groundwater appears 

to be impacted in Lower Stoney Creek. Potential sources can be residual material from ore 

processing or reductive dissolution of manganese oxides naturally present in glacially-derived 

soil due to organic biodegradation (typically related to organics in landfills). 

• Dissolved Cadmium: the most widespread dissolved metal within groundwater at Site, and 

present in the main ammonium sulphate plume as well as within Lower Stoney Creek. The 

highest concentrations are at: LF-1 in the Landfill Areas in Upper Stoney Creek; MW-106A 

down-gradient of Upper Stoney Creek; and, within the eastern portion of the gravel-rich zone 

in the across the entire vertical profile of groundwater. Present at somewhat elevated 

elevated concentrations beneath TFO and between TFO and TMO and present throughout 

the vertical groundwater profile at TMO. Shallow and intermediate groundwater appears to be 

impacted in Lower Stoney Creek. Potential sources can be zinc ore concentrates, residual 

material from ore processing or contaminated demolition debris.  

• Dissolved Zinc: not as widely distributed in groundwater as cadmium. Present at elevated 

concentrations throughout the vertical groundwater profile beneath portions of TMO 

(i.e., the main ammonium sulphate plume) as well as Lower Stoney Creek. The highest 

concentrations are at LF-1 in the Landfill Areas in Upper Stoney Creek and shallow 

groundwater at MW2010-3C near the former Glover Storage Ponds at TMO. Potential 

sources similar to those of cadmium. One reason for the apparent reduced distribution of zinc 

contamination versus cadmium contamination in groundwater is that the groundwater 

standards are hardness based, and at higher hardness (as measured in groundwater at the 

Site), the applicable standard is relatively high (up to 2,400 µg/L). If the data were compared 

to lower hardness standards (e.g., which may be more consistent with the receiving 

environment), then zinc exceedences may be somewhat more widespread within the main 

groundwater plume. 
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• Arsenic: Dissolved arsenic is not widespread within groundwater at the Site. Present in 

Upper Stoney Creek, Lower Stoney Creek and the SGBZ and IGBZ at three locations within 

TMO. The highest concentrations are in Upper Stoney Creek where known former historical 

sources exist. Arsenic seepage to Upper Stoney Creek surface water and groundwater is 

being addressed by mitigation, beginning in the 1990s, of arsenic source areas and 

interception of shallow arsenic seepages.  
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5. POTENTIAL CONTAMINANT SOURCE AREAS 

Potential contaminant source areas have been identified mainly based on the distribution of 

contaminants in groundwater at the Site. Additional consideration has been given to limited 

historical reviews performed by SLE (2010 and 2011b).  

As the gravel-rich zone is inferred to be the preferential groundwater flow path for contaminant 

migration within the Tadanac aquifer, this section is divided into two parts: 1) source areas for 

the main ammonium sulphate groundwater plume, and; 2) other potential source areas 

considered relatively localized and separate from the main groundwater plume. 

5.1. Main Ammonium Sulphate Plume 

Previous investigations have identified a number of potential source areas that are likely 

responsible for the commingled main ammonium sulphate plume at TFO, TMO and 

Upper Stoney Creek. Other more localized potential sources to groundwater within the main 

ammonium sulphate plume within the gravel-rich zone have also been identified and are 

discussed in Sections 5.2 and 5.3 below.  

The main up-gradient potential source areas are as follows, with interpreted major and minor 

contaminant assemblages based on the contaminants of concern defined above: 

• Trail Fertilizer Operations (TFO): ammonia, sulphate, nitrate with minor fluoride from process 

areas, as well as dissolved cadmium, manganese and zinc from waste 

management/landfilling activities; 

• Upper Stoney Creek: dissolved arsenic with minor fluoride, nitrate and dissolved cadmium 

from waste management and landfilling activities; and 

• Landfill Areas: fluoride, sulphate, dissolved cadmium, manganese and zinc with minor 

ammonia, sulphate and nitrate from landfilling activities.  

These areas are discussed below in further detail followed by a discussion of potential sources 

at TMO. 
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5.1.1. Trail Fertilizer Operations 

Based on results from previous investigations, TFO is considered a major potential source area 

for ammonium, sulphate, and nitrate, as well as a minor potential source area for fluoride, 

dissolved cadmium, manganese and zinc. Findings from investigations in TFO are discussed in 

detail in SLE (2010a, 2011a and 2012d) and are summarized below. 

5.1.1.1. Up-gradient of Former Nitrate Storage Shed 

Results from monitoring wells installed in the vicinity of and down-gradient from the former 

nitrate storage shed in 2011 indicated relatively high concentrations of ammonia, sulphate and 

nitrate. Samples from MW2011-108 reported the highest concentrations of these parameters at 

the Site to date. Reported results from MW2011-104 for these parameters were also relatively 

high when compared to historical data across the Site. It is noted that this well is screened 

approximately 12 m higher than MW2011-108A and, as such, groundwater impacts in the 

relatively thick saturated zone in the southern portion of TFO appear to be greater at depth.  

The relatively high concentrations in these wells suggest a source up-gradient of the former 

nitrate storage shed. Groundwater impacts appear to be greater at depth, which suggests the 

former nitrate storage shed is a less significant source; however, the nitrate storage shed area 

may be a source of local impacts to MW2011-104. Elevated concentrations of contaminants of 

concern include ammonia, sulphate, nitrate and nitrite, with lesser (although still elevated) 

impacts of fluoride, cadmium and zinc, suggesting the area up gradient of the former nitrate 

storage shed is a major contributor of these parameters to the main ammonium sulphate plume.  

5.1.1.2. Other Potential Sources 

Other areas of TFO are considered to be contributors to the main ammonium sulphate 

groundwater plume. Elevated concentrations of ammonia, sulphate, nitrate, nitrite, fluoride, 

manganese, arsenic and cadmium in groundwater were reported at other areas of TFO as well 

as in the down-gradient intermdiate well, MW2011-107A. Other potential sources identified in 

SLE (2011a) were the Granular Ammonium Sulphate Plant (former Phosphate Plant) where 

groundwater samples from MW2010-05 reported elevated concentrations of sulphate, ammonia, 

nitrate, fluoride, and dissolved manganese, arsenic and cadmium. Soil in the vicinity of 

MW2010-06 was identified to be a potential source of nitrate and sulphate; however, 

groundwater has been present above bedrock since installation and, as such, groundwater 

concentrations have not been measured.  
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5.1.2. Upper Stoney Creek 

High dissolved arsenic concentrations have been historically identified in Upper Stoney Creek 

and remedial works on former source areas were completed in the 1990s and early 2000s. An 

interceptor system to capture groundwater with dissolved arsenic is currently present in the 

northern parts of Upper Stoney Creek. It is noted that concentrations of arsenic have improved 

in both surface water and groundwater. however, Upper Stoney Creek may still be a contributor 

of dissolved arsenic to the main ammonium sulphate groundwater plume; this is interpreted to 

occur via the gravel-rich zone, which is inferred to intersect groundwater in Upper Stoney Creek.  

5.1.3. Landfill Areas  

This section refers to the Landfill Areas, which are located between Upper Stoney Creek and 

TFO (i.e., Warfield Landfills). Three landfills have been identified in this area: two former landfills 

and one existing landfill. Please refer to SLE (2010b) for additional details. These areas have 

collectively been termed “Landfill Areas” as it is unclear as to the contribution of each to 

groundwater impacts.  

Monitoring well LF-1 is considered to be reflective of down-gradient groundwater quality from 

the Landfill Areas. Samples from this well reported elevated ammonia, nitrate, fluoride, sulphate 

and dissolved cadmium, manganese and zinc. LF-1 is located up gradient from the gravel-rich 

zone and, as such, it is inferred that the Landfill Areas are a source of these constituents to the 

main ammonium sulphate plume. Klohn (1997b, 2001) identified shallow zinc- and 

cadmium-contaminated groundwater seepage from the Landfill Areas northward to 

Upper Stoney Creek; this was partially mitigated by a shallow interceptor trench installed along 

the south bank of Upper Stoney Creek in 1997. 

Similar elevated contaminants of concern (i.e., fluoride, dissolved cadmium, manganese and zinc) 

were also identified in monitoring well MW2011-106A, in addition to arsenic (considered to be 

associated with a source from the northern section of Upper Stoney Creek). This assemblage of 

contaminants was neither historically observed in wells in Upper Stoney Creek nor in 

MW2011-103; therefore, it is inferred that impacts at MW2011-106A may be related to both 

Upper Stoney Creek groundwater and groundwater from the Landfill Areas.  



 

   

 
35 

 

510392 / October 31, 2012 
Printed on Recycled Paper 

 

5.1.4. Trail Metallurgical Operations  

A number of potential sources were investigated at TMO that would be considered more 

localized and impacting shallow groundwater within TMO. SLE performed a soil and 

groundwater investigation to attempt to correlate previously observed soil impacts with shallow 

groundwater (SLE, 2011a). A number of potential sources in TMO, and their associated 

potential contaminants of concern, were identified as follows:  

• Sulphide Leaching Plant Residue Piles: (ammonia, sulphate, cadmium, zinc). An acid front 

has been identified as extending to 40 m bgs; elevated ammonia, lead and arsenic 

concentrations and soluble sulphate, cadmium and zinc were measured in the vadose zone 

soils. Shallow groundwater beneath this location is impacted with nitrate, sulphate, fluoride, 

and dissolved cadmium, magnesium, manganese, thallium, uranium and zinc above 

applicable standards (SLE, 2012d).  

• Former Glover Tower Ponds: (sulphate, fluoride and dissolved metals). An acid front was 

identified to 30 m bgs, with ammonia, cadmium, copper, lead and zinc impacts observed in 

soil. Leachability (SPLP) tests suggested the potential for groundwater impacts. Results from 

groundwater sampling indicated shallow groundwater in this area contains elevated 

concentrations of nitrate, sulphate, fluoride and dissolved cadmium, magnesium, manganese 

and zinc; as such, this area appears to be a localized source of groundwater impacts to the 

main ammonium sulphate plume. 

• Former Zinc Absorption Plant:  (ammonia, sulphate and phosphorus). Soils in this area 

were highly acidic to approximately 14 m bgs and contained elevated concentrations of 

sulphate, ammonia and phosphorus to approximately 40 m bgs. SLE (2011a) concluded that 

shallow groundwater was not impacted in this area; however, it is noted that the shallow wells 

in this area are impacted with free-phase hydrocarbons and, as such, the groundwater quality 

may be affected by geochemically reducing conditions resulting from the degradation of 

dissolved hydrocarbons. Strongly reducing conditions associated with degradation of 

hydrocarbons would be expected to reduce sulphate to sulphide, resulting in the precipitation 

of dissolved metals from groundwater. Since the intermediate and deep wells in the areas 

appear to have relatively significant impacts and no up gradient source has been identified, 

the Former Zinc Absorption Plant appears to be a source to the main ammonium sulphate 

plume. 
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• Other Potential Source Areas:  Shallow groundwater chemistry suggests that other sources 

of impacts to groundwater occur near the following wells at TMO: MW2001-1B (metals); 

MW2007-1A/B (ammonia, nitrate, fluoride); MW2003-2B (fluoride). Intermediate and deep 

groundwater impacts occurring in areas where there are no significant shallow impacts 

suggest that additional source areas occur up-gradient (northwest) of the following wells: 

MW2001-1A (fluoride, phosphorous); MW2010-02 (ammonia, nitrate, sulphate, metals; 

MW2002-2 (nitrate, phosphorous).  

5.2. Lower Stoney Creek 

The Lower Stoney Creek area is considered to be hydraulically cross-gradient to the main 

ammonium sulphate plume, and groundwater flow in this area is not interpreted to be influenced 

by the gravel-rich zone. Therefore, potential sources in Lower Stoney Creek are not considered 

to be contributors to the main ammonium sulphate plume.  

Monitoring wells MW2011-101A/B and 2000-1 are situated down-gradient of the former 

Regal Landfill in Lower Stoney Creek. Groundwater quality results from these wells indicated 

elevated concentrations of nitrate, sulphate, fluoride, dissolved cadmium, manganese and zinc. 

As such, it appears that: a) the former Regal Landfill; b) other historical landfills along 

Stoney Creek (SLE, 2012c); c) infiltration of Stoney Creek surface water; and, d) impacted 

sediments along Stoney Creek, are all potential localized sources of groundwater impacts in the 

Lower Stoney Creek area.  

The groundwater flow regime in Lower Stoney Creek is not clearly understood at present. 

5.3. Other Potential Source Areas Not Related to the Main Plume 

5.3.1. Iron Ore Roaster Residue Release Area 

The Iron Ore Roaster Residue Release Area (IORRRA) represents the location where effluent 

was discharged by gravity from settling ponds related to a roaster historically located at TMO 

and consists of exposed, iron-oxidized material that appeared to be acid-generating. Details are 

provided in SLE (2012a) with a brief summary as follows: 

• The IORRRA exists in a general fan-shaped spatial distribution of iron-stained soils and other 

debris such as ceramics, glass and wood approximately 550 m2 in spatial extent. 
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• Concentrations of metals in the majority of the area were above applicable CSR standards, 

and acid-generating, highly oxidized, leachable material appeared to be present near ground 

surface. 

• Deeper soils had lower iron content, higher pH, lower concentrations of total metals, fewer 

leachable metals and a gradual colour change transition from red-orange stained soil at 

surface to brown soil at depth. Acidic leachate, high in metals, appeared to be neutralized 

within the soil profile resulting in secondary mineral precipitation and adsorption of metals.  

• Shallow groundwater was of good quality with no metals exceedences of standards or 

guidelines. This was in contrast to results from porewater from river sediments 

(Golder, 2011a); it appears that water samples collected from previous drive-point samples 

may be impacted by contamination from local sediment rather than of shallow groundwater 

discharging to the Columbia River. 

Material in the IORRRA was interpreted not to be a source of localized groundwater impacts 

and not a direct contributor to surface water impacts in the Columbia River via groundwater due 

to the assumed buffering capacity of the underlying unsaturated zone (SLE, 2012b.). 

5.3.2. Slag Fill Area 

Historically, smelter slag was used as fill beneath portions of downtown Trail. Data from the 

drive-point sampling and geophysical program conducted in Golder (2011a) indicated that 

impacted groundwater or pore water (e.g., cadmium, zinc, and other metals above applicable 

standards or guidelines) was present along the shore of the Columbia River to the south of the 

Bailey St. Bridge. Impacts were observed both adjacent to the slag fill area as well as further 

downstream. A visual survey completed in 2012 did not encounter any exposed slag material 

that might correlate to a potential source to groundwater impacts along the shore of the 

Columbia River and, as such, the source of the metals in drive-point samples is currently 

unknown (SLE, 2012a), but may be associated with slag deposits in the general area.  
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6. DISSOLVED PLUME FATE AND TRANSPORT 

The main ammonium sulphate groundwater plume underlying TMO acts as a source for offsite 

(i.e., beyond Teck-Owned Properties) transport of contaminants towards the Columbia River 

and the deeper portion of the East Trail Aquifer. As discussed in Section 5.0 above, 

groundwater up-gradient of TMO, including contaminated groundwater underlying the TFO, 

Upper Stoney Creek, and surface water infiltration (e.g., from the Columbia River, Stoney and 

Trail Creeks and precipitation) are sources of recharge to the groundwater system underlying 

TMO and downgradient locations.  

Fate and transport processes of the dissolved phase plume include advection, dispersion, 

chemical or bio-chemical transformation, chemical precipitation and sorption. Advection is the 

process by which solutes, which may be natural constituents or contaminants, are transported 

by the bulk motion of groundwater flow. Because of advection, non-reactive constituents 

dissolved in groundwater travel at approximately the same average linear velocity as water. 

Solutes in groundwater also spread out and mix (disperse) due to the microscopic variations in 

velocities within and between pore spaces and because of molecular diffusion 

(constituents moving because of their kinetic energy in the direction of the concentration 

gradient). In addition to the transport processes mentioned above, there are several important 

mechanisms that may play a role in the attenuation of ammonium in subsurface soils and 

groundwater. In addition to dilution (via Columbia River water), chemical and biological 

mechanisms likely influence ammonium concentrations in groundwater underlying the TMO Site 

and downgradient locations. These mechanisms include solution-surface interaction processes 

(such as adsorption, absorption, surface complexation, surface precipitation, and ion exchange) 

and bio-chemical reaction by aerobic nitrification, anaerobic nitrification, and de-nitrification. 

These attenuation processes are discussed further in Section 6.1.2. 

The main control on groundwater flow is the hydraulic conductivity of sediments underlying the 

Site. The river stage also has a significant influence on groundwater flow and plume transport to 

the Columbia River.  

While the bedrock channel controls the overall regional groundwater flow, small changes in the 

bedrock surface are hypothesized to not have a significant influence on the groundwater plume 

transport mechanisms. The permeability contrast between the bedrock and the overburden at the 

Site is likely greater than two orders in magnitude and therefore, the bedrock surface is considered 

to be a no-flow boundary for the groundwater plume migrating through the overlying sediments.  



 

Groundwater sampling from shallow wells, drive point water sampling and overwater ERI along 

the Columbia River, and the results from groundwater modelling indicate that the shallow 

impacted groundwater discharges to the Columbia River adjacent to the TMO Site. However, 

based on numerical modelling results and downgradient well data in East Trail, a portion of the 

groundwater plume (primarily sulphate, TDS, and manganese as discussed below) appears to 

be migrating underneath the Columbia River through the unconsolidated aquifer at elevations as 

deep as 280 m asl, or greater. The plume then appears to continue migrating through the 

deeper portion of the East Trail Aquifer, eventually discharging back into riverbed sediments, 

and/or the river itself, approximately 1.3 km downstream of the Bailey Street Bridge. A simplified 

conceptual model of the plume transport into, and under, the Columbia River is indicated in 

Figure 6-1.  

Figure 6-1: Schematic Diagram of Conceptual Plume Flow Paths 

 

With respect to Figure 6-1, the shallower ammonium sulphate and metals plume comprises 

elevated concentrations of metals, ammonia, and sulphate that have been detected during 

previous investigations in shallow groundwater below the riverbed on the west shore of the river 

(Flow path A) and in Indian Eddy (Flow path B). Just west of the Columbia River adjacent to 

TMO, examination of depth profile data from wells with multiple completion zones suggests that 

concentrations of select metals (e.g., F, Cd, Pb, Zn) are higher in shallow groundwater than 

deeper groundwater. The opposite trend, although not strongly indicated, is observed for 

ammonium and sulphate with generally lower concentrations at shallower depths. 

   

 
39 

 

510392 / October 31, 2012 
Printed on Recycled Paper 

 



 

   

 
40 

 

510392 / October 31, 2012 
Printed on Recycled Paper 

 

The deeper ammonium sulphate plume beneath TMO appears to extend to the base of the 

unconsolidated deposits. Where it crosses beneath the river, the width of the groundwater 

plume is approximately 1,000 m. On the downgradient side of the river, where the deep 

groundwater plume enters into the East Trail Aquifer (Figure 6-1, Flow paths C and D), water 

quality impacts are discernable primarily at depth (as deep as 308 masl in well MW2007-5A). 

However, current data suggests that some potential contaminants, particularly nitrogen species, 

have attenuated along the groundwater flow path. Key indicator parameters sulphate and 

manganese, as well as other groundwater impacts including elevated concentrations of TDS, 

sodium, and magnesium, are largely un-attenuated and the plume of these constituents extends 

further downgradient at depth in East Trail. Shallow groundwater within the East Trail Aquifer 

shows only minor signs of plume impacts when compared to the chemistry of the deeper 

groundwater plume, although limited data exists to support this. 

The contributions from other potential downgradient sources have not been characterized.  

For example, the potential contribution of the Regional District of Kootenay Boundary’s 

McKelvey Creek Landfill, located on the bench above East Trail, remains uncertain.  

6.1. Hydrogeological and Geochemical Modelling 

A groundwater flow and transport model and equilibrium thermodynamic geochemical model 

were developed in 2010, and presented in Golder, 2011. The modelling efforts were completed 

to further the understanding of the evolution of the dissolved phase plume and differences 

between shallow and deep groundwater flow and solute transport systems. The modelling also 

provided for a more integrated understanding of dissolved fate and transport. Summaries of the 

findings of these two modelling studies are presented below. 

6.1.1. Numerical Model of Groundwater Flow 

A hydrogeological model was developed and calibrated by Golder for the Site in 2010 to assist 

in remedial planning efforts. Further refinement and recalibration of the model was carried out in 

2011 and 2012, as new bedrock elevation data and additional information on hydraulic 

properties became available and the conceptual understanding of groundwater flow conditions 

and contaminant transport mechanisms were advanced. The numerical code that was used for 

the development of the model was FEFLOW, a finite-element code capable of simulating 

saturated-unsaturated groundwater flow and density-coupled solute transport in heterogeneous 
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and anisotropic media. FEFLOW is particularly well suited for development of a Site numerical 

model, as the code allows for simultaneous predictions of groundwater flow and solute transport 

and because it is capable of accurately representing dynamic interaction between surface water 

and groundwater along the Columbia River using specialized boundary conditions. A more 

thorough discussion of the model setup, extent, boundary conditions, input parameters, and 

calibration is presented in Golder, 2011c. 

Based on calibration to the continuous head measurements between April 2009 and 

February 2011, the model also is capable of predicting reasonably well the attenuation of 

hydraulic head fluctuations at monitoring wells that are located at various distances from the 

Columbia River, for all river stages considered during calibration.  

In 2011, the model was used to conduct a series of exploratory simulations to assess off-Site 

migration of the dissolved phase plume. Sulphate was used as a conservative tracer, since it is 

primarily affected by advection and hydrodynamic dispersion and not attenuated by degradation 

and other retardation processes. In these simulations, the predicted plume pattern was 

qualitatively compared to the inferred extent of the sulphate plume established based on data 

from East Trail monitoring wells, drive-point river sampling data, and electrical resistivity imaging 

surveys on the Columbia River. 

Off-Site evolution of the solute plume was simulated over a 60-year period. This time period was 

selected assuming that it took approximately 20 years for the plume to become fully established 

along the west shore of the Columbia River and considering the potential time that the 

contaminant sources at the Site had been active (i.e., on the order of 80 years or more). 

Drawing 510392-021 presents the predicted extent of the dissolved phase sulphate plume at 

various depths and for different simulation times. The results presented on Panel A of 

Drawing 510392-021 (Deep Plume) indicate that it takes approximately 10 years simulation time 

for the deep portion of the plume to extend from the TMO Site beneath the riverbed to the East 

Trail Aquifer, and an additional 30 to 40 years to move along the base of the East Trail Aquifer 

towards its discharge zone into the sediments underlying the Columbia River. The calibrated 

model adequately captures the overall shape of this deep off-Site plume as the plume front 

reaches the most downgradient and deep monitoring well MW2007-4A while by-passing the 

Trail Middle School Well that is located north from the main plume axis.  
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Panel B of Drawing 510392-021 (Shallow Plume) shows the predicted evaluation of the shallow 

sulphate plume. These results indicate that after approximately 10 years, the discharge zone of 

this plume achieves its ultimate configuration along the riverbed immediately east of the TMO 

Site. At later times, the model correctly reproduces the absence of elevated sulphate in the 

shallow portion of the East Trail Aquifer, as corroborated by the observed results of monitoring 

at shallow wells installed in the area.  Furthermore, the model correctly reproduces the overall 

extent of the plume discharge zone immediately east of the TMO Site and near the southeast 

end of the East Trail Aquifer that was inferred from the epibenthic and drive point water 

sampling and electrical resistivity imaging geophysical investigations (Panel C of 

Drawing 510392-021: Plume at Riverbed). 

After simulation of the 2012 pumping test of EW2011-1, (see Section 3.4.1.2 above), the model 

was again checked against past calibration targets of hydraulic head snapshots in 

September 2009 and December 2010 and hydraulic head fluctuations between April 2009 and 

February 2011. The recently updated model was considered capable of reproducing the 

hydraulic head data and response to pumping with reasonable accuracy. 

6.1.1.1. Groundwater Pathways for the Dissolved Phase Plume 

Based on the results of hydrogeological modelling and interpretation of Site data, key 

groundwater pathways for the dissolved phase plume have been identified (Drawing 510392-022):  

• Pathway I represents groundwater present beneath the TMO Site at shallow and intermediate 

depths that discharges to the Columbia River immediately to the east of the Site.  

• Pathway II represents deep groundwater flowing from the Site, under the riverbed and into 

the East Trail Aquifer, eventually discharging to the river downstream of East Trail.  

Consistent with the conceptual understanding, both shallow and deep groundwater appears to be 

strongly affected by changes in the stage of the Columbia River. During times when the river level 

is low or decreasing, groundwater flows along a shallow easterly flow path under moderate 

hydraulic gradient, with discharge to the Columbia River (Drawing 510392-022, middle panel). 

During times when the river level is high or significantly rising, groundwater flow beneath the TMO 

Site remains in a generally eastward direction under low hydraulic gradient; however, near the 

shoreline, there is a localized reversal in the shallow groundwater flow direction (i.e., bank 

storage) back towards the TMO Site due to recharge of river water to the underlying sediments. 
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(Drawing 510392-022, bottom panel). This reversal, which typically takes place several times 

during the year (usually during freshet in June/July and again during higher reservoir release flows 

in December/January) leads to mixing of river water with on-Site groundwater along the river 

shores and beneath the riverbed. In addition, periodic recharge of water likely also pushes the 

dissolved plume downward and promotes migration of the dissolved plume toward the East Trail 

Aquifer.  

6.1.2. Hydrochemical Characterization and Geochemical Modelling 

Hydrochemical characterization and development of a geochemical model for the Site were 

carried out in 2010 (Golder, 2011c.)  The objectives of the investigation were to identify the 

hydrochemical characteristics of the plume and receiving water types and to identify the 

geochemical and biological controls on groundwater chemistry downgradient of the TMO. The 

modelling simulations used the equilibrium thermodynamic modelling code PHREEQC to 

simulate mixing and chemical reaction within the plume. 

From a geochemical perspective, the main ammonium sulphate plume underlying the TMO is 

composed of chemically distinct upper and lower zones (Figure 6-1). The upper or shallow 

zone, with elevated concentrations of key plume parameters, discharges to the west side of the 

Columbia River and also upwells to the east side of the Columbia River, including Indian Eddy. 

On the west bank, discharges include elevated concentrations of ammonia, cadmium, fluoride 

and zinc. On the east bank, including Indian Eddy, key indicators remain present, but lower 

concentrations of ammonia, cadmium, fluoride, and zinc are measured.  

Based on geochemical analysis and groundwater modelling, a considerable portion of the 

observed changes in groundwater chemistry as the plume approaches the Columbia River can 

be explained by dilution or mixing with river water. This mixing likely takes place seasonally 

during periods of high river flow when river water recharges the aquifer. Mixing explains 

approximately one quarter to a third of the observed changes in nitrogen species concentrations 

in the shallow aquifer. The balance of the decline in total nitrogen species may be the result of 

aerobic and anaerobic nitrification or biological nitrogen uptake.  

The lower or deep groundwater zone within the main ammonium sulphate plume (Figure 6-1), 

which is characterized by elevated ammonium and sulphate but lower concentrations of 

cadmium, fluoride, and zinc, appears to be migrating downgradient in the deep aquifer beneath 
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the Columbia River toward the East Trail Aquifer. Sulphate, TDS, and manganese are present 

in wells of the East Trail Aquifer; however, nitrogen species are conspicuously low or absent. 

Again, mixing with Columbia River water explains most of the observed changes in key plume 

parameter concentrations other than nitrogen species (such as ammonia) observed in the 

East Trail Aquifer. The significance of Columbia River water in the deep East Trail Aquifer is 

indicated, for example, by the chemistry in the Trail Middle School Well, which is located outside 

of the plume and therefore lacks any of the key plume parameters. Major element chemistry in 

the Trail Middle School Well is comparable to Columbia River water.  

However, mixing or dilution accounts for only a small fraction (4%) of the decline in total 

nitrogen concentrations observed between the deep ammonium sulphate plume and the deep 

East Trail Aquifer. Although the data are not conclusive, several mechanisms may explain the 

observed absence of nitrogen species in the East Trail Aquifer.  

Although ammonium distribution coefficients (Kd) and retardation factors (R) are site specific, 

R values on the order of three to four are consistent with unconsolidated clastic aquifers, generally 

similar to the Tadanac Aquifer and East Trail Aquifer. Selective retardation of ammonium within 

the deep Tadanac Aquifer with ammonium transport velocities of one-quarter to one-third of the 

groundwater velocity would allow relatively un-retarded plume parameters (e.g., sulphate and 

manganese) to migrate with the plume in the absence of ammonium into the East Trail Aquifer. 

Thus, if retardation is slowing down the transport of ammonium, the evolution of the plume is 

somewhat uncertain, with the ammonium front potentially continuing to advance over time. 

Perhaps more significantly, deep groundwater in the East Trail Aquifer has negative 

oxidation-reduction-potential (ORP) values (compared to the Trail Middle School well), 

suggesting that chemical reactions in the deep groundwater upgradient of the East Trail Aquifer 

consume available oxygen in the groundwater.  

Aerobic nitrification, as evidenced by the presence of nitrate, appears to be occurring in the 

deep ammonium sulphate plume beneath the TMO Site, along the trailing edge of the 

ammonium-rich groundwater zone. However, some wells at the TMO Site near the 

Columbia River have low nitrate concentrations and high ammonium concentrations, suggesting 

that nitrification is not operating in all locations. 
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6.2. Groundwater/Surface Water Interactions  

Based on the results from hydrogeological modelling, the timing of groundwater upwelling to the 

river and recharge of river water to the underlying sediments appears to be controlled less by 

the absolute river level than by the rate of change in river stage. When the river level rises, river 

water recharges the underlying sediments. The reverse is apparent for groundwater upwelling to 

the river, when most of this discharge is predicted to occur during times of dropping river levels. 

Deep groundwater flow towards the east likely occurs during both low (or decreasing) river 

stages and high (or rising) river stages. The river stage appears to alter the groundwater 

hydraulic gradient. As the river stage changes from low to high, hydraulic gradients change from 

moderate to low beneath the TMO Site and from low to moderate in the East Trail Aquifer. 

However, the main influence of the changes in river stage on the deep groundwater flow 

pathway is that during high or rising river stage, river water is likely recharging shallow 

sediments in the East Trail Aquifer. This recharge, together with recharge from direct 

precipitation and run-off from the uplands located to the northeast, likely explains the absence of 

elevated plume constituent concentrations in shallow groundwater in the East Trail Aquifer.  

6.2.1. Columbia River Bed Discharge and Indian Eddy 

Where the plume discharges into the Columbia River, dilution is substantial and rapid (with the 

exception of Indian Eddy during low river flow conditions). This is expected because the 

Columbia River flow adjacent to the TMO Site is approximately four orders of magnitude greater 

than the groundwater flux (Golder, 2011c). 

A considerable number of drive-point (groundwater) samples (obtained between 15 and 25 cm 

below the river bed) and epibenthic (near-bottom) river water samples were collected in the 

Columbia River between Stoney Creek and Rock Island (downstream of East Trail) in 2009 and 

2010 (Golder 2010b and 2011c). The exposure conditions at the riverbed indicate that there is 

considerable dilution occurring at most locations, including areas of groundwater discharge 

where contaminant concentrations in epibenthicriver water samples are typically two or more 

orders of magnitude lower compared to drive-point samples.  

However, in some of the river stations sampled in 2009 and 2010, in particular those located 

along the western shore of the TMO Site adjacent to the gravel island and in Indian Eddy 

(during low-flow conditions), concentrations in epibenthic samples were higher than the CCME 

water quality guidelines for freshwater aquatic life.  
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While dilution is substantial along most reaches of the river, in Indian Eddy, there is less dilution 

during low flow conditions and consequently higher concentrations of contaminants of concern 

are present. This appears to be correlated with low river stages and the reduction in flow 

through the eddy across shallow sections of the gravel bar exposed at low water levels. In 

extreme low river stages, water in the middle and north end of the eddy is stagnant compared to 

the main river and the area of low water quality may encompass a significant portion of the total 

eddy area.  

Conductivity and pressure (stage height) monitoring equipment is currently installed in Indian 

Eddy. The results to date indicate that low water quality is a concern when water levels fall 

below approximately 3.9 metres on the Birchbank gauge (about 1,450 m3/s river flow), typically 

during a two to four week period early in the year (e.g., April) and then later in the year 

(e.g., October/November).  

Based on downstream river water chemistry collected between Trail and Waneta, the 

groundwater plume does not appear to be resulting in appreciable changes to water quality of 

the Columbia River. The water quality impacts to the river appear to be primarily limited to the 

area near where the groundwater plume discharges (adjacent to the TMO Site and downstream 

of East Trail) and possibly to a short mixing distance in the water column immediately above the 

point of discharge. 

  



 

   

 
47 

 

510392 / October 31, 2012 
Printed on Recycled Paper 

 

7. CONCEPTUAL SITE MODEL 

The following Conceptual Site Model (CSM) provides a conceptual framework that integrates 

these results and discusses their importance to contaminant sources and migration for a 

remedial planning basis at the Site. As such, the CSM is interpretive, and will be subject to 

change as results of further investigations become available. 

7.1. Geological History and Depositional Environment 

The Site is located along the Columbia River Valley within south-eastern BC. The 

Columbia River divides the Monashee Mountains to the west from the Selkirk Mountains to the 

east. The valley floor is located at about 400 m asl, with a series of raised terraces located 

along both sides of the river at elevations up to approximately 600 m asl. 

Drilling and geophysical investigations have identified a deep buried river channel beneath the 

current Columbia River valley. This channel is inferred to be the valley of the pre-glacial 

Columbia River. The channel is generally ‘V’-shaped, indicating probable fluvial origin, although 

in the vicinity of TMO it is wider and ‘U’-shaped, indicating possible modification during 

glaciation. The depth of the channel is not currently known, but likely extends to 270 m asl or 

lower. The current course of the Columbia River meanders across the pre-glacial valley, 

resulting in surficial soils extending 140 m or more below current river level where the current 

river crosses the axis of the buried valley.  

Surficial soil deposits beneath the area typically comprise glacio-fluvial and glacio-lacustrine 

deposits associated with the end of the last glaciation. At the end of the last glacial period, 

valley glaciers in the area melted relatively rapidly by down-wasting, which left a stagnant plug 

of ice that formed an ice dam in the valley. This dam caused the formation of a number of 

glacial lakes between the glacial ice and the valley walls resulting in the massive deposition of 

glaciolacustrine fine sands and silts. After the ice dam melted, the Columbia River resumed 

down-cutting in the valley resulting in the numerous terraces along the valley length 

(GSC, 2009; Anderton, 2008; McDonald, 1995.) 



 

   

 
48 

 

510392 / October 31, 2012 
Printed on Recycled Paper 

 

Soils encountered beneath much of the Site generally consist of fine sands, silty fine sands and 

sandy silts which are consistent with a glacio-fluvial origin. Surficial soils directly underlying the 

raised terraces consist of approximately 10 m to 20 m of sands and gravels, which are 

interpreted as post-glacial floodplain soils related to the down-cutting of the Columbia River 

following deglaciation. A gravel-rich zone has been identified within the glacio-lacustrine soils, 

extending from Upper Stoney Creek eastward beneath East Trail. This gravel-rich zone appears 

to provide a pathway for groundwater flow and contaminant transport to the southeast beneath 

the site. The origin of this gravel-rich zone is not known, but may be related to deltaic deposits 

from tributary streams such as Stoney Creek, and/or glacio-fluvial deposits resulting from 

meltwater flows during deglaciation. The gravel-rich zone consists of layers of gravel and sand 

and gravel within the glacio-lacustrine sand deposits; for mapping and reporting purposes, the 

‘gravel-rich zone’ is considered to be zones of soil that contained greater than 30% gravel 

and/or sand and gravel layers. The gravel-rich zone extends from bedrock beneath the buried 

channel to above the water table, and to ground surface in some locations. The gravel-rich zone 

appears to become coarser-grained and wider with depth. Individual gravel layers within the 

gravel-rich zone interfinger with glacio-lacustrine sand layers, making the lateral boundaries of 

the gravel-rich zone imprecise and subject to interpretation. 

7.2. Interpreted Groundwater Flow and Distribution of Contaminants 

Aquifers beneath the Site generally consist of two zones; the valley aquifer within the buried 

channel of the Columbia River and upland flow areas. The valley fill aquifer, which is inferred to 

be continuous through the Columbia River valley upstream and downstream of the Site, is 

further subdivided by the current position of the Columbia River into the Tadanac Aquifer 

beneath TMO and the East Trail Aquifer beneath East Trail. Groundwater flow within upland 

flow areas generally occurs within a relatively thin zone (i.e., less than 10 m) saturated 

thickness above bedrock. Recharge is from vertical infiltration of precipitation and snow melt. 

Horizontal gradients are primarily controlled by the slope of the underlying bedrock surface, and 

are generally towards the valley fill aquifer. Groundwater flow is also locally towards creeks that 

are incised to bedrock within the upland areas (Upper Stoney Creek, Trail Creek.) 
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The boundary between the upland and valley fill aquifers occurs where the regional, 

river-connected, water table intersects the bedrock valley walls, at approximately 410 m asl. 

Horizontal hydraulic gradients are generally towards the Columbia River within shallow portions 

of the valley fill aquifer, although gradients within the deeper portion of the aquifer are 

sub-parallel to the river eastwards along the buried channel. Vertical gradients further from the 

river are generally downwards, while vertical gradients near the river are upwards during 

periods of falling river stage and downwards during rising river stage. Groundwater recharge to 

the valley fill aquifer occurs along the margins of the aquifer from upland recharge, as well as 

vertical infiltration of precipitation, snowmelt and potentially leakage from utilities within the 

footprint of the aquifer. Stoney Creek also provides recharge to the aquifer as it crosses from 

upland areas onto the aquifer; interactions between Trail Creek and the aquifer have not been 

investigated, although Trail Creek likely also has a losing reach where it crosses the aquifer. 

The Columbia River provides recharge to the aquifer during rising stages. Discharge from the 

aquifer is to the Columbia River during stable and falling stages (e.g., low water periods during 

the late winter and early fall), and from down-valley flow beneath East Trail. It is noted that the 

actual timing of groundwater discharge and recharge appears to be controlled less by the 

absolute river level than by the rate of change in river stage. 

The gravel-rich zone provides a pathway for groundwater seepage and contaminant migration 

to the southeast within the Tadanac Aquifer. The bulk horizontal hydraulic conductivity of the 

gravel-rich zone is estimated to be on the order of five times that of the surrounding glacio-

lacustrine sands, with the hydraulic conductivity of individual gravel layers within the gravel-rich 

zone even higher. Horizontal hydraulic gradients along the gravel-rich zone are approximately 

half of the horizontal gradient towards the Columbia River through the glacio-lacustrine sands. 

This suggests that the gravel-rich zone should be the preferred pathway for groundwater 

migration and contaminant transport from upper Stoney Creek, beneath TMO to the Columbia 

River and beneath to East Trail. Evaluation of contaminant migration patterns also suggests that 

the gravel-rich zone forms the dominant pathway for contaminant migration. The extent of the 

gravel-rich zone beneath and downstream of East Trail is uncertain, but monitoring of 

piezometric response to river stage fluctuations at the Trail Middle School Well suggests that a 

high permeability feature extends beneath East Trail. 
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Groundwater flow rates along the gravel-rich zone are estimated to be on the order of 70 m/yr. 

Based on this estimate, conservative contaminants (ones that are not retarded through sorption 

or decay) such as sulphate and fluoride would require on the order of 25 years to migrate from 

upper Stoney Creek to the Columbia River southeast of the TMO. Reactive contaminants that 

can sorb to soil particles, such as metals and ammonia, will be retarded relative to conservative 

contaminants and would require a longer period for plume migration. 

There are various sources of groundwater impacts at the Site. The Landfill Areas described 

above between TFO and Upper Stoney Creek impact the upland aquifer, which in turn impacts 

the valley aquifer northwest of TMO. The Landfill Areas and the arsenic laydown area formerly 

impacted upper Stoney Creek and subsequently the Tadanac aquifer beneath TMO, although 

groundwater interceptors along upper Stoney Creek have acted to mitigate these impacts since 

the 1990s. Several areas within the TMO are also inferred to impact the valley-fill aquifer 

beneath the Site. The gravel-rich zone within the aquifer provides a preferential pathway for 

groundwater flow and contaminant migration, resulting in the contaminant plumes from all these 

various sources comingling to become the main ammonium sulphate plume, which migrates to 

the Columbia River over an approximately 1,000 m wide reach upstream of the Bailey Street 

bridge, or migrating beneath the river and eastwards beneath East Trail. The narrow and 

somewhat discontinuous nature of the gravel-rich zone at shallow depth results in varying 

concentrations of contaminants between adjacent wells within this reach, and may contribute to 

focused discharge of contaminated groundwater within Indian Eddy along the east bank of the 

Columbia River within this area. 

Groundwater impacts along or in the vicinity of lower Stoney Creek are not controlled by 

preferential flow along the gravel-rich zone, and may migrate directly to the Columbia River. 

Such sources include the former Regal Landfill, the IORRRA and landfill debris and sediments 

within the lower Stoney Creek gulley and fan. Further work is required to assess the need for 

mitigation of impacts from these potential source areas. 

Conceptual Drawings showing three dimensional cross-sections and plan view have been 

generated and are shown in Drawings 510392-023 and -024.  
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7.3. Uncertainties 

The following uncertainties are identified within the CSM: 

• Lateral Extent of the gravel-rich zone at Depth:  The lateral extent of the gravel-rich zone 

beneath the TMO is relatively well defined at the shallow and intermediate depths. The lateral 

extent is not well defined at depth. Due to the considerable difficulty and expense of 

advancing boreholes and completing monitoring wells with the base of the buried channel 

beneath TMO, seven deep wells (i.e. completed below 339 m asl) have been installed at 

TMO and one in East Trail. Six of these wells have been installed within the main ammonium 

sulphate groundwater plume and have intersected the gravel-rich zone. One well 

(MW2000-2D) has been installed east of the gravel-rich zone near lower Stoney Creek. The 

western extent of the gravel-rich zone at depth is bounded by the western buried channel 

wall, but the eastern limit beneath TMO and the Columbia River has not been bound. This 

uncertainty is not considered critical, as the importance of this feature is in its influence on 

fate and transport of the groundwater plume, which is discussed in the next bullet. 

• Lateral Extent of the Main Ammonium Sulphate Plume at Depth: The lateral extent of the 

main ammonium sulphate groundwater plume has been bound at shallow and intermediate 

depths, and generally coincides with the bounds of the gravel-rich zone. The plume 

discharges to the Columbia River over a reach about 1,000 m in length. Neither the upstream 

(eastern) nor downstream (western) limits of the plume have been bound at depth. This 

uncertainty is not considered critical in terms of addressing the Inspector’s Direction, as 

Golder has conducted electrical resistivity imaging (ERI along the Columbia River (Golder, 

2008c, 2010b) which provides confidence that locations where this plume is discharging to 

the river have been determined. 

• Lateral extent of the gravel-rich zone and Main Plume beneath Tadanac Subdivision:  

The current delineation of the gravel-rich zone and main ammonium sulphate groundwater 

plume between TMO and the Tadanac subdivision is limited to one shallow/intermediate well 

(MW2001-1A/1B) and several shallow wells between Tadanac and the Columbia River. 

Again, sufficient ERI work has been conducted to have confidence that the ammonium 

sulphate plume is not discharging east of the Tadanac subdivision. 
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• Groundwater Flow and Contaminant Plume beneath East Trail: Relatively few wells have 

been installed beneath East Trail. The CSM identifies the pre-glacial buried valley extending 

beneath East Trail as a pathway for groundwater plume migration, and available groundwater 

data suggests that an attenuated portion (i.e., TDS, sulphate and manganese) of the main 

ammonium sulphate plume is migrating beneath the Columbia River and East Trail. The 

gravel-rich zone has been identified at depth in MW2007-5A beneath East Trail, but its further 

extent has not been delineated. Based upon the available driller’s log, the Trail Middle School 

well does not appear to have intersected the gravel-rich zone, but the rapid response of water 

levels to changes in river stage at this location suggests that a high-permeability feature does 

extend beneath East Trail. This uncertainty has been addressed by overwater seismic 

refraction and ERI surveys (Golder, 2008c, 2010b, 2011c) which serve to identify the 

approximate location of the buried valley and potential locations of plume discharge 

downstream of East Trail, ensuring that drive point and benthic water sampling was suitably 

located for the collection of representative samples. 

• Groundwater beneath Lower Stoney Creek:  Monitoring has identified the presence of 

sulphate- and metals- impacted groundwater beneath the lower Stoney Creek area. 

Investigations have also identified impacted pore water within the Stoney Creek fan; however, 

it is not currently known if the poor-quality pore water within the fan is related to discharging 

groundwater, impacted stream/fan sediments, or both. 

• Migration of Groundwater Plume from TFO to TMO:  A dissolved groundwater plume has 

been identified in several wells beneath TFO, and has been inferred to migrate eastward 

along the bedrock slope to co-mingle with the main ammonium sulphate plume. At present, 

no wells exist along the inferred seepage pathway between TFO and TMO to confirm this 

interpretation. 
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8. IMPLICATIONS FOR RISK MANAGEMENT 

Based on our understanding of the Conceptual Site Model, knowledge of contaminant source 

areas (as identified in Section 5.0), and the processes of the dissolved plume fate and transport, 

a Conceptual Remedial Framework was developed by Golder in 2011b. The remedial 

framework comprises the objectives, goals, and performance metrics for remedial action. 

Components of the remedial framework include remedial strategies, remedial objectives 

relevant to potential strategies, and remedial goals. These three components are discussed in 

more detail below, in the context of the implications for risk management.  

8.1. Remedial Strategies 

The primary remedial approach proposed for the Site is risk management, which considers 

strategies including hydraulic containment (partial or full), interception, and treatment of the 

groundwater plume to prevent discharge of the plume to the Columbia River and reduction of 

potential human exposure through administrative controls, such as restrictions on groundwater 

use. Source control and/or removal are remedial strategies that are also considered in areas 

where they may be feasible and effective. 

8.2. Remedial Objectives 

Remedial strategies may be blended into an overall remedial approach that either attains 

existing applicable and relevant generic environmental quality criteria (subject to background 

environmental quality) or achieves compliance with risk-based site specific criteria agreed upon 

with regulatory bodies. As complete source removal and treatment of the groundwater plume 

may be infeasible in the foreseeable future, it is proposed to pursue a site-specific risk-based 

approach, with a focus on reducing potentially unacceptable ecological risks as soon as 

practicable. More specifically, the reduction of ecological risks will be based on control of the 

pathway to the Columbia River, through a pump and treat strategy primarily focused on the 

shallow to intermediate depth groundwater that is upwelling to the river. Although 

hydrogeological modelling has indicated that hydraulic interception of deep groundwater also 

can be obtained through a pump and treat strategy, contaminant reduction/institutional controls 

for the deep groundwater system that flows into the East Trail Aquifer are being proposed for 

reduction of ecological risks.  
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Therefore, the current remedial objectives relevant to the remedial strategies being considered 

are:  

1) Meet the requirements identified in an Inspector’s Direction, issued by Environment 

Canada on May 31, 2010 (with revisions issued on February 21, 2012), that stipulates a 

“2012 Final Remediation Plan” will be prepared and submitted no later than 

October 31, 2012, “complete with estimated costs, prescribed timelines, and measures to 

be taken to prevent discharges of contaminated groundwater to the Columbia River.”   

2) With respect to ecological risk pathways: 

a) Achieve conditions of acceptable ecological risk to aquatic organisms through 

reduction in flux of contaminated groundwater discharging into the Columbia River. 

b) Implement measures that improve water quality and over the long-term lead to either 

generic or site-specific, risk-based guidelines being met in ecologically relevant 

discharge zones, subject to practical limits of feasible technologies and background 

considerations (i.e., remediation to below background is not practical). 

c) In this respect, a conceptual understanding of habitat use is important to define the 

assessment and measurement endpoints. The conceptual understanding of habitat 

use was presented in Golder, 2010b.  

3) With respect to human health pathways; 

a) Achieve conditions of acceptable human health risk for the groundwater ingestion 

drinking water pathway through groundwater risk management, as warranted, for the 

East Trail Aquifer. 

b) Implement measures that improve groundwater quality and over the long-term term 

lead to drinking water guidelines being met in the East Trail Aquifer, subject to 

practical limits of feasible technologies and background considerations. 
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8.2.1. Attainment of Requirements of the Inspector’s Direction and Acceptable 

Ecological Risk 

Plume interception and control is of importance to the remedial approach selected for the main 

plume adjacent to Teck’s Trail Operations. While complete plume capture and control would 

control risks by removing exposure, there are limits to the feasibility of complete plume capture 

given the plume’s extent. Although hydrogeological model simulations have indicated that full 

plume capture can be obtained using a pump and treat strategy, the remedial approach is 

based on partial capture, oriented around risk management and compliance with the 

Environment Canada Inspector’s Direction.  

Achieving conditions of acceptable ecological risk and attainment of requirements specified in 

the Inspector’s Direction will require measures that prevent or reduce contact of contaminated 

groundwater with the ecologically active zone of the Columbia River bed. The assessment 

documented in Golder, 2010b suggests that the depth of the ecologically active zone is shallow 

and thus limiting the groundwater plume to an acceptable depth below the river bed surface 

(including a safety margin to address uncertainty) would prevent contact of the plume 

constituents with the ecologically active zone. Specific metrics for hydraulic control must provide 

for a factor of safety, consider remedial uncertainty, be informed by hydrogeological data, be 

acceptable to regulators, reflect predictive groundwater modelling, and account for changes to 

the Columbia River hydrology (e.g., consideration of stage heights/flow volumes for different 

periods of the year).  

For partial plume capture and control, it is intended that risks are managed by controlling 

exposure of receptors at the river bed; however, a long-term risk-based approach to address the 

plume migrating into the East Trail Aquifer will likely be required. The extent of active risk 

management measures that would be needed, if any, will be evaluated as part of the final 

remediation plan’s implementation.  

It is intended that ecological risks at the Columbia River bed will be addressed concurrently with 

addressing the requirements of the Environment Canada Inspector’s Direction through hydraulic 

control and contaminant removal of intercepted groundwater. This risk management will be 

predicated on our understanding of habitat use as detailed in Golder, 2010b. Specifically, risks 

will be controlled by controlling exposure of ecological receptors that may exist on the river bed; 

however, significant receptors are believed not to be present at depth within the hyporheic zone. 
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Water quality conditions within Indian Eddy are addressed separately as part of the remediation 

plan. Over the short term, the objective is to undertake measures that, in the absence of 

intervention (groundwater pump and treat), reduce degraded water quality conditions that occur 

approximately twice per year during periods of low flow. A separate initiative is underway to 

identify appropriate short term measures for Indian Eddy. Over the long term, the objective for 

Indian Eddy is to intercept the groundwater plume through the pump and treat strategy, such 

that it does not enter Indian Eddy.  

8.2.2. Acceptable Human Health Risk 

Deeper portions of the groundwater plume may not be completely captured using a pump and 

treat strategy and will potentially flow at depth into the East Trail Aquifer. An assessment of 

human health risk will likely be necessary. Based on existing groundwater chemistry in 

East Trail monitoring wells, there is a possibility that aesthetic water quality (and possibly health 

risks) will be considered to be unacceptable. Risk management measures would likely require 

that groundwater use be restricted. Discussions with respect to Section 56 (1) of the 

Environmental Management Act regarding technical feasibility, cost and other factors will likely 

be necessary with the BC MoE (and possibly other ministries such as Health).  

Monitoring would be necessary to confirm the effectiveness of control measures, and a human 

health risk assessment may be warranted to evaluate potential risks in the short term until 

control measures are effective. It is anticipated that such a risk assessment would be based on 

contemporary conditions and future conditions. To our knowledge, the East Trail Aquifer 

presently is not used as a drinking water source, and therefore an immediate human health risk 

would not be present as a result of the groundwater chemistry beneath East Trail. 

8.3. Remedial Goals 

The overall goal of remediation is to comply with the objectives outlined above with a preference 

for permanent solutions, taking into account technical feasibility, risk, costs, economic benefits 

and the effectiveness of intervention measures.  

Overall, this may entail:   

1) continuing improvement in the environmental performance of the Site, including the 

Stoney Creek catchment, and prevention of releases to the environment; 
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2) continuing remediation of shallow, accessible contaminant sources, through removal, 

treatment and/or containment, when feasible; 

3) eliminating or significantly reducing the discharge of contaminants to the Columbia River in 

the main reach adjacent to the southeast portion of the TMO site and Indian Eddy;  

4) avoiding remedial measures that accelerate the downgradient movement of the plume 

unless it can be shown that the long-term benefit with such a strategy outweighs potential 

negative short-term consequences; and 

5) considering phased or interim remedial measures targeted for higher priority (i.e., risk) 

areas such as Indian Eddy.  

8.3.1. 2012 Final Remediation Plan 

Golder is preparing a 2012 Final Remediation Plan that addresses the discharge of 

contaminated groundwater to the Columbia River originating from Teck’s Trail Operations and 

the requirements of the Inspector’s Direction. The primary focus of the 2012 Final Remediation 

Plan is the main ammonium sulphate plume, given that the potential environmental issues 

associated with this area warrant prioritization and because the investigations in that area are 

advanced by several years, relative to other areas. These other areas include Stoney Creek, the 

former iron ore roaster residue release area, and the slag fill area downstream of the 

Bailey Street Bridge along the west shoreline.  

8.3.1.1. Main Ammonium Sulphate Plume 

In the course of the remediation planning process, Golder initially identified a wide range of 

potentially applicable remedial approaches. The feasibility and implementation of these 

technologies were then evaluated based on the Conceptual Site Model and our understanding 

of the nature and extent of subsurface contamination, remediation technology characteristics, 

and specific constraints associated with the Site. Through this evaluation, a hydraulic 

containment (partial or full), interception, and treatment strategy was short-listed as the primary 

remediation focus. To further support the evaluation of a hydraulic containment approach, a 

groundwater modelling study was conducted where the hydrogeological model previously 

developed by Golder was updated and used to evaluate specific plume interception scenarios. 

Five hydraulically-based remedial options for shallow and deep pumping scenarios 
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(with addition of barrier walls and injection wells) for capture of the ammonium sulphate plume 

were assessed using the numerical model. Of the options assessed, the model predicted near 

complete capture of both the shallow and deep plume at low river stage (when contaminant 

upwelling to the river is the greatest), using a series of three extraction wells positioned along 

the river road within the footprint of the ammonium sulphate plume and completed to a depth of 

approximately 320 masl. Recently revised modelling simulations indicate these wells would 

have to be pumped at a combined rate of approximately 5,700 m3/day. The added benefits of 

using a barrier wall and/or injection wells in conjunction with groundwater extraction would be 

minimal relative to the geotechnical and geochemical challenges that would need to be 

overcome with installation and operation.  

Due to geologic variability, uncertainty and technology limitations, the actual effectiveness of a 

deep plume capture strategy is uncertain. Given this uncertainty, the feasibility of using a 

hydraulic containment approach for remediation of the ammonium sulphate plume was 

examined in more detail by installing and testing a pilot scale extraction well adjacent to the 

Columbia River within the footprint of the plume. The aquifer parameter estimates determined 

from the extraction well pumping test (in particular the hydraulic conductivity) are in good 

agreement with the results of single-well response testing (slug tests) conducted previously in 

monitoring wells completed in the riverbank area, and with bulk aquifer properties established 

during the calibration of the numerical model.  

The aquifer testing program also provided valuable information with regards to the degree of 

connection between shallow and deep portions of the unconsolidated sediments and on the 

hydraulic connection between these sediments and the Columbia River. Drawdown response 

was greatest in observation wells screened within the same depth interval of well screen as the 

extraction well. Drawdown responses in the observation wells screened below the bottom of the 

extraction well were also evident (although to a lesser degree). This indicates that the deeper 

unconsolidated sediments near the extraction well are in hydraulic connection with shallower 

sediments, albeit this connection is somewhat impeded by anisotropy that is related to 

inter-layering of higher and lower permeability zones. Drawdown responses in the observation 

wells screened in the shallow sediments across the water table were also measured, but were 

less significant compared to deeper observation wells; likely due to the close proximity of, and 

hydraulic connection with, the Columbia River and the unconfined response of these shallow 

sediments. 
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The drawdown cone near the end of the constant-rate test was found to extend laterally at least 

300 m in all directions away from the extraction well. However, since drawdown had not fully 

stabilized by the end of the test, this suggests that steady-state conditions had not been 

reached and that continuous pumping over an extended period of time (weeks to months) would 

likely result in greater drawdown than observed during the test. Similarly, once steady-state 

conditions are established following prolonged periods of pumping, the capture zone associated 

with well EW2011-1 would likely be larger than the zone of altered flow directions and gradients 

that was inferred from the pumping test data. 

Additional model simulation exercises are being carried out, using the results from the 

pilot-scale aquifer test, to help identify the number of extraction wells, their locations, and 

pumping rates required to prevent discharges of contaminated water to the Columbia River. It is 

recommended that construction and operation of the groundwater remediation system be 

implemented using a two-phase approach: 

• Phase One: In this phase, one new extraction well would be installed near the river shore, 

north of extraction well EW2011-1, and a treatment plant capable of treating discharge from 

both wells would be constructed. Both wells would then be operated for approximately one 

year, spanning periods of high and low river stages, and the hydrogeological response in 

adjacent piezometers would be monitored to gain additional information on aquifer properties, 

capture zone extent and groundwater discharge quality. 

• Phase Two: In this phase, one or two additional extraction wells would be installed along the 

river shore, based on information gathered during Phase One monitoring. The overall system 

discharge would be adjusted, such that the capture zone created by the wells has the desired 

extent. Additional treatment trains would be added to the treatment plant to accommodate 

discharge from these additional extraction wells, and if necessary, adjustments would be 

made to the treatment process using additional data on groundwater discharge quality.  

The benefits of the above approach is that it allows for refinement of the final system 

configuration based on long-term response data collected during Phase One, thus avoiding the 

potential for over- or under-design of the treatment facility. The design of the treatment plant will 

incorporate modular treatment trains that will allow for implementation of this phased approach. 
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8.3.2. Lower Stoney Creek 

As previously discussed, potential sources identified in Lower Stoney Creek are not considered 

to be contributors to the main ammonium sulphate groundwater plume. A number of potential 

sources to groundwater impacts have been identified in Lower Stoney Creek. The local 

groundwater flow regime and discharge areas are not well understood in the Lower Stoney 

Creek area and the contribution of contaminated sediments within the Stoney Creek fan is 

unknown (SLE, 2012c); as such, it is unclear as to the sources of the impacted groundwater or 

porewater measured in historical drive point samples collected in the vicinity of the 

Stoney Creek fan and adjacent to the fan in the Columbia River and the potential for 

contaminated groundwater discharge to the Columbia River.  

The recommended approach for the Final Remediation Plan for the Lower Stoney Creek fan 

area consists of: 

• Additional investigation of soil, sediment and groundwater quality and flow regime in the 

Lower Stoney Creek area. Data gaps to be evaluated would be: 1) groundwater quality and 

flow regime up-gradient and in the vicinity of the former Regal Landfill; 2) groundwater 

discharge dynamics and surface water interactions in the Stoney Creek fan and adjacent to 

the Columbia River; 3) further assessment of porewater characteristics and sediment quality 

and leachability in the Stoney Creek fan; and, 4) sediment transport in Stoney Creek. 

• Evaluation of remedial options for impacted groundwater and identified source areas. 

• Selection of a remedial option(s) and implementation. 

Additional detail for the Final Remediation Plan for the Lower Stoney Creek Area is provided in 

SLE (2012c). 

8.3.3. Iron Ore Roaster Residue Release Area (IORRRA) 

Natural attenuation of leachate from the “suspected source material” in the IORRRA appears to 

be occurring as shallow groundwater beneath the deposited material was of good quality. As 

such, it appears that this material is not impacting groundwater quality or is not a direct 

contributor to surface water impacts in the Columbia River via groundwater. Preliminary findings 

from porewater from river sediments (Golder, 2011a) suggest that drive point samples may be 

biased by contamination from local sediment deposits rather than of shallow groundwater 

discharging to the Columbia River.  
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The recommended approach for the Final Remediation Plan for the IORRRA consists of: 

• Further investigation and delineation of porewater and sediment quality and leachability in the 

vicinity of the IORRRA to evaluate the significance and interaction with the Columbia River. 

• Evaluation of remedial options. 

• Potential excavation of the upland “suspected source material” at the ground surface. 

Although natural attenuation of leachate due to buffering is considered to be occurring, this 

material may warrant remediation as the majority of it is above Upper Cap Concentration 

CSR standards and would be considered a continual source of contaminant loading to the 

underlying soil and groundwater once the buffering capacity is depleted.  

Additional detail for the Final Remediation Plan for the IORRRA is provided in SLE (2012b). 

8.3.4. Slag Fill Area 

The source of the impacted groundwater or pore water in the drive point chemistry in the 

Columbia river adjacent to the Slag Fill area is currently unknown (SLE, 2012a). As previously 

discussed, smelter slag is known to have been used as fill beneath portions of downtown Trail; 

however, soil and groundwater quality and groundwater flow regime and discharge areas are 

unknown beneath Downtown Trail.  

The recommended approach for the Final Remediation Plan for the Slag Fill Area consists of: 

• Investigation soil and shallow groundwater quality as well as groundwater flow regime 

beneath Downtown Trail, in particular the Slag Fill Area. This would be in the form of an 

intrusive drilling program. 

• If appropriate, evaluate potential remedial options. 

Additional detail for the Final Remediation Plan for the Slag Fill Area is provided in SLE (2012a). 
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9. GENERAL LIMITATIONS AND CONFIDENTIALITY 

This report has been prepared by SNC-Lavalin Inc., Environment Division (SLE) and 

Golder Associates, Ltd. (Golder) for the exclusive use of Teck Metals Ltd. (Teck), who has been 

party to the development of the scope of work for this project and understands its limitations.  

This report is intended to provide information to Teck to assist it in making business decisions. 

SLE and Golder is not a party to the various considerations underlying the business decisions, 

and does not make recommendations regarding such business decisions. In providing this 

report, SLE and Golder accepts no liability or responsibility in respect of the Site described in 

this report or for any business decisions relating to the Site, including decisions in respect of the 

purchase, sale or investment in the Site. 

Any use, reliance on, or decision made by a third party based on this report is the sole 

responsibility of such third party. SLE and Golder accepts no liability or responsibility for any 

damages that may be suffered or incurred by any third party as a result of the use of, reliance 

on, or any decision made based on this report. 

The findings, conclusions and recommendations in this report have been developed in a 

manner consistent with the level of skill normally exercised by environmental professionals 

currently practising under similar conditions in the area. The findings contained in this report are 

based, in part, upon information provided by others. If any of the information is inaccurate, 

modifications to the findings, conclusions and recommendations may be necessary. 

The findings, conclusions and recommendations presented by SLE and Golder in this report 

reflect SLE’s and Golder’s best judgement based on the site conditions at the time of the site 

inspection on the date(s) set out in this report and on information available at the time of 

preparation of this report. They have been prepared for specific application to this site and are 

based, in part, upon visual observation of the site, subsurface investigation at discrete locations 

and depths, and specific analysis of specific materials as described in this report during a 

specific time interval. The findings cannot be extended to previous or future site conditions or to 

portions of the site which were unavailable for direct observation, subsurface locations which 

were not investigated directly, or materials or analysis which were not specified. Substances 

other than those described may exist within the site, reported substance parameters may exist 

in areas of the site not investigated, and concentrations of substances greater or less than those 

reported may exist between sample locations. 



 

   

 
63 

 

510392 / October 31, 2012 
Printed on Recycled Paper 

 

The findings and conclusions of this report are valid only as of the date of this report. If site 

conditions change, new information is discovered, or unexpected site conditions are 

encountered in future work, including excavations, borings, or other studies, SLE and Golder 

should be requested to re-evaluate the findings, conclusions and/or recommendations of this 

report, and to provide amendments as required. 

Copying of this report is not permitted without the written permission of Teck, SLE and Golder. 
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Table 1: Summary of Borehole Locations, Monitoring Well Completion Details, Depth to Bedrock and Potentiometric Elevations

Northing Easting
Ground 
Surface

Reference 
(Top of Casing)

Top of 
Screen

Bottom of 
Screen

Center of 
Screen

Bedrock 
Surface

Date 
Measured

Elevation  
(m asl)

MW09-02 5439055 447811 470.44 470.24 411.0 403.79 407.40 - - -
MW09-05 5439063 447815 470.22 470.21 408.65 405.59 407.12 - - -
MW09-10 5439066 447824 470.08 470.00 410.03 405.38 407.71 - - -
MW09-13 5439066 447975 410.18 411.08 408.66 406.51 407.59 - - -
MW09-14 5439047 447992 410.09 411.03 408.41 406.31 407.36 - - -
MW09-16 5439083 447964 410.08 410.99 408.40 406.27 407.33 - - -
MW09-17 5439071 447849 458.00 458.10 409.99 405.52 407.75 - - -
MW09-19 5439109 447951 410.07 411.04 408.55 406.47 407.51 - Feb-13-2012 407.449
MW09-20 5439065 447896 455.72 456.69 409.54 405.94 407.74 - - -
MW09-21 5439086 447877 455.97 456.91 409.79 406.16 407.97 - - -
MW09-23 5439131 447935 409.99 410.94 408.16 406.06 407.11 - - -
MW09-24 5439165 447917 410.05 411.02 408.22 406.14 407.18 - - -
MW09-31A 5439077 447854 457.76 458.56 370.89 370.17 370.53 - - -
MW09-31B 5439077 447854 457.76 458.56 387.35 386.63 386.99 - - -
MW09-32 5438958 447845 470.75 470.67 409.18 404.53 406.85 - - -
MW2001-1A 5439494 447419 470.03 469.96 374.93 370.53 372.73 - Feb-13-2012 408.54

MW2001-1B 5439494 447419 470.03 469.98 403.73 399.33 401.53 - Feb-13-2012 408.36
MW2001-2A 5438599 447878 474.34 474.31 363.54 359.14 361.34 360.64 - -

MW2001-2B 5438595 447880 474.42 474.38 408.32 405.22 406.77 - Feb-14-2012 407.46
MW2001-4 5439557 447769 455.24 455.22 402.44 397.84 400.14 - Feb-13-2012 407.19
MW2001-5A 5438908 448119 409.94 410.77 361.94 360.44 361.19 - Feb-13-2012 406.03
MW2001-5B 5438908 448119 409.94 410.76 378.74 375.74 377.24 - Feb-13-2012 406.01
MW2001-5C 5438911 448118 409.88 410.57 398.88 394.38 396.63 - Feb-13-2012 405.93
MW2001-6A 5439140 447935 409.98 410.74 351.48 346.88 349.18 - Feb-13-2012 407.07
MW2001-6B 5439140 447935 409.98 410.78 391.48 386.88 389.03 - Feb-13-2012 406.66
MW2001-6C 5439149 447933 410.07 410.81 405.57 400.97 403.27 - Feb-13-2012 406.68
MW2001-8A 5439517 447845 409.73 410.11 383.03 378.43 380.73 - Feb-13-2012 406.76
MW2001-8B 5439517 447845 409.73 410.26 394.63 390.03 392.33 - Feb-13-2012 406.72
MW2002-1A 5438673 448220 416.40 416.39 345.80 341.30 343.57 < 338.70 Feb-13-2012 405.93
MW2002-1B 5438673 448220 416.40 416.39 372.80 368.20 370.52 - Feb-13-2012 405.96
MW2002-1C 5438673 448220 416.40 416.34 396.40 391.90 394.12 - Feb-13-2012 405.77
MW2002-2A 5438974 447894 467.90 468.73 388.70 384.10 386.40 - Feb-13-2012 407.00
MW2002-2B 5438974 447894 467.90 468.57 406.90 402.40 404.65 - Feb-13-2012 407.03
MW2002-3 5438906 448113 409.80 410.62 318.40 313.80 316.10 <313.8 - -

Potentiometric SurfaceLocation Elevation (m asl)

Well Name
TMO
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Table 1 (Cont'd): Summary of Borehole Locations, Monitoring Well Completion Details, Depth to Bedrock and Potentiometric Elevations

Northing Easting
Ground 
Surface

Reference 
(Top of Casing)

Top of 
Screen

Bottom of 
Screen

Center of 
Screen

Bedrock 
Surface

Date 
Measured

Elevation  
(m asl)

MW2003-1 5439037 447231 482.11 482.96 388.41 385.31 386.86 - Feb-13-2012 408.93
MW2003-2A 5439053 447692 471.66 472.03 348.26 345.16 346.71 <345.09 Feb-13-2012 407.94
MW2003-2B 5439053 447692 471.66 472.08 390.86 387.86 389.36 - Feb-13-2012 407.91
MW2007-1A 5439469 446979 483.59 484.11 373.89 369.29 371.59 <362.89 Feb-13-2012 409.14
MW2007-1B 5439469 446979 483.59 484.15 407.29 402.69 404.99 - Feb-13-2012 409.32
MW2007-2A 5438836 447399 482.76 483.33 384.96 381.86 383.41 381.86 Feb-13-2012 408.85
MW2007-2B 5438836 447399 482.76 483.36 406.16 403.06 404.61 - Feb-13-2012 408.81
MW2007-3A 5438964 447518 480.04 480.73 381.84 377.24 379.54 <359.64 Feb-13-2012 408.27
MW2007-3B 5438964 447518 480.04 480.80 406.74 402.14 404.44 - Feb-13-2012 408.37
MW2009-101A 5439315 447886 410.81 411.46 294.11 292.61 293.36 < 284.31 - -
MW2009-101B 5439315 447886 410.81 411.48 304.31 302.81 303.56 - - -
MW2009-101C 5439315 447886 410.81 411.52 336.21 334.71 335.46 - - -
MW2009-101D 5439315 447886 410.81 411.55 354.01 352.51 353.26 - - -
MW2009-101E 5439315 447886 410.81 411.59 393.81 392.31 393.06 - - -
MW2009-101F 5439315 447886 410.81 411.64 408.41 405.41 406.91 - - -
MW2009-102A 5439003 448050 410.17 410.91 292.87 291.37 292.12 < 289.77 - -
MW2009-102B 5439003 448050 410.17 410.93 302.17 300.67 301.42 - - -
MW2009-102C 5439003 448050 410.17 410.96 347.07 345.57 346.32 - - -
MW2009-102D 5439003 448050 410.17 411.01 364.57 363.07 363.82 - - -
MW2009-102E 5439003 448050 410.17 411.03 389.37 387.87 388.62 - - -
MW2009-102F 5439003 448050 410.17 411.09 407.77 404.77 406.27 - - -
MW2010-02A 5439299 447441 475.00 476.01 280.8 279.3 280.04 < 273.2 Feb-13-2012 408.10

MW2010-02B 5439297 447443 474.95 475.91 340.8 339.2 339.95 - Feb-13-2012 408.06

MW2010-02C 5439297 447443 474.95 475.84 408.2 403.7 406.73 - Feb-13-2012 408.21

MW2010-03A 5439179 447591 472.08 473.04 337.3 335.8 336.60 < 335.88 Feb-13-2012 408.00

MW2010-03B 5439176 447593 472.00 472.74 382.8 381.3 382.02 - Feb-13-2012 407.86

MW2010-03C 5439176 447592 472.00 472.84 408.2 405.1 406.58 - Feb-13-2012 407.82

MW2010-04A 5438950 447508 480.24 481.09 345.6 344.0 344.75 < 344.04 Feb-13-2012 408.48

MW2010-04B 5438950 447508 480.24 481.10 411.0 404.9 408.00 - Feb-13-2012 408.35
MW2011-102A 5439665 446863 485.15 485.96 357.35 355.85 356.60 344.05 Feb-13-2012 410.07
MW2011-102B 5439665 446863 485.15 485.98 396.05 394.55 395.30 - Feb-13-2012 409.81
MW2011-107A 5439454 446860 489.59 490.45 370.49 368.99 369.74 349.79 Feb-13-2012 410.33
MW2011-107B 5439454 446860 489.59 490.45 406.59 405.09 405.84 - Feb-13-2012 410.36

Well Name

Location Elevation (m asl) Potentiometric Surface

TMO (Cont'd)
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Table 1  (Cont'd): Summary of Borehole Locations, Monitoring Well Completion Details, Depth to Bedrock and Potentiometric Elevations

Northing Easting
Ground 
Surface

Reference 
(Top of Casing)

Top of 
Screen

Bottom of 
Screen

Center of 
Screen

Bedrock 
Surface

Date 
Measured

Elevation  
(m asl)

MW11-01 5438814 446871 459.71 459.61 453.86 452.21 453.05 451.50 Feb-15-2012 <452.31
MW11-02 5438581 446256 517.93 517.86 515.13 513.51 514.38 < 513.10 Jun-2-2011 515.77
MW11-03 5438647 446439 512.11 512.05 510.06 508.45 509.30 < 508.20 Feb-15-2012 510.46
MW11-05 5438595 446584 506.09 506.02 504.29 503.32 503.92 < 503.00 Feb-15-2012 504.10
MW2010-01A 5439150 446590 594.76 595.63 470.0 468.5 469.31 468.36 Feb-13-2012 470.18
MW2010-01B 5439150 446590 594.76 595.54 532.2 529.1 - - - -
MW2010-05 5439189 446252 599.82 600.82 534.0 529.5 532.52 532.12 Feb-13-2012 533.33
MW2010-06 5438978 446215 600.35 601.33 555.3 550.7 553.70 552.55 Feb-13-2012 <550.70
MW2011-104 5438844 446371 597.97 598.86 509.07 507.57 508.32 499.37 Feb-13-2012 520.00
MW2011-105 5439276 446457 598.98 599.85 493.48 491.98 492.73 491.88 - -
MW2011-108A 5438841 446523 599.31 600.26 497.01 495.51 496.26 492.31 Feb-13-2012 513.01
MW2011-108B 5438841 446523 599.31 600.26 509.41 507.91 508.66 - - -

MW2000-1 5440218 446848 475.50 475.37 397.90 396.40 397.15 < 388.00 Oct-8-2011 409.20
MW2000-2D 5440275 447039 427.90 428.56 336.60 335.10 335.85 345.60 Feb-13-2012 407.55
MW2000-2S 5440275 447039 427.90 428.58 424.30 421.30 422.80 - Feb-13-2012 422.00
MW2000-3D 5440048 447003 467.90 468.53 387.10 385.60 386.35 < 352.1 Feb-13-2012 407.80
MW2000-3S 5440048 447003 467.90 468.51 403.00 401.50 402.25 - Feb-13-2012 407.76
MW2000-4D 5440275 447039 427.50 428.30 401.00 399.50 400.25 - Feb-13-2012 408.07
MW2000-4S 5440275 447039 427.50 428.30 407.70 406.20 406.95 - Feb-13-2012 410.14
MW2001-3A 5440306 447296 412.52 413.15 380.82 377.82 379.32 - Feb-13-2012 407.28
MW2001-3B 5440306 447296 412.52 413.14 391.02 385.92 388.72 - Feb-13-2012 407.24
MW2001-3C 5440306 447296 412.52 413.44 404.92 400.32 402.62 - Feb-13-2012 407.23
MW2001-7A 5440062 447618 410.05 410.88 386.75 382.15 384.45 - Feb-13-2012 407.15
MW2001-7B 5440062 447618 410.05 410.89 403.75 399.15 401.30 - Feb-13-2012 407.13
MW2002-4A 5440436 447057 423.00 423.88 355.90 351.40 353.65 - Feb-13-2012 407.54
MW2002-4B 5440436 447057 423.00 423.89 392.50 387.90 390.20 - Feb-13-2012 407.58
MW2011-101A 5440349 446975 453.88 454.82 358.48 356.98 357.73 353.98 Feb-13-2012 411.52
MW2011-101B 5440349 446976 453.94 454.94 407.24 405.74 406.49 - Jan-31-2012 407.83
MW2011-103 5440046 446759 483.63 484.63 394.73 393.23 393.98 392.53 Feb-13-2012 410.98
MW2011-106A 5439839 446846 484.43 485.20 376.43 374.93 375.68 359.43 Feb-13-2012 409.61
MW2011-106B 5439841 446846 484.60 485.42 424.70 423.20 423.95 - Feb-13-2012 <430.02
MW2011-109A 5440367 447241 412.90 413.76 377.50 376.00 376.75 - Feb-13-2012 407.20
MW2011-109B 5440367 447241 412.90 413.73 391.50 390.00 390.75 - Feb-13-2012 407.21
MW2011-110 5440218 447431 411.27 411.09 406.27 404.77 405.52 - Feb-13-2012 407.07

Lower Stoney Creek / Tadanac

Elevation (m asl) Potentiometric Surface

TFO
Well Name

Location
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Table 1  (Cont'd): Summary of Borehole Locations, Monitoring Well Completion Details, Depth to Bedrock and Potentiometric Elevations

Northing Easting
Ground 
Surface

Reference 
(Top of PVC)

Top of 
Screen

Bottom of 
Screen

Center of 
Screen

Bedrock 
Surface

Date 
Measured

Elevation  
(m asl)

AA-1 5439860 446630 466.78 - - - - - - -
AA-2 5439872 446656 465.20 - - - - - - -
AA-3 5439824 446662 481.54 - - - - - - -
DF-8 5440023 446247 - - - - - 541.00 - -
GW-1D 5439916 446294 506.60 506.60 479.90 477.10 478.50 477.00 - -
GW-1S 5439916 446294 506.60 506.60 499.20 494.60 496.90 - - -
GW-2 5439916 446294 506.60 506.60 491.40 488.50 489.95 <484.60 - -
GW-3D 5439870 446561 468.60 469.15 435.40 432.50 433.95 433.75 Feb-13-2012 442.76
GW-3S 5439870 446561 468.60 469.11 464.00 461.00 462.50 - Feb-13-2012 462.1
MW03-02 5440021 445953 571.10 571.90 554.30 549.80 552.05 549.00 - -
MW03-09 5439954 445977 543.00 542.32 541.80 540.30 541.05 540.25 - -

LF-1 5439524 446591 529.73 - - - 438.29 Feb-16-2012 438.51
LF-2 5439620 446149 588.00 588.57 - - - 533.71 Feb-13-2012 539.60
LF-3 5439460 446592 569.80 570.56 - - - 509.27 Feb-13-2012 <507.93

MW2007-4A 5438320 449576 418.94 419.52 341.60 337.00 339.34 - - -
MW2007-4B 5438320 449576 418.94 419.55 394.50 389.40 391.95 - Feb-13-2012 404.61
MW2007-5A 5438875 448469 414.95 415.74 311.80 307.20 309.45 < 306.75 Feb-13-2012 405.70
MW2007-5B 5438875 448469 414.95 415.77 391.20 386.60 388.85 - Feb-13-2012 405.72
MW2009-103A 5438470 448693 418.60 418.50 406.70 402.10 404.40 <359.10 - -
Trail Middle School 5438570 449285 416.08 - 322.20 305.50 313.83 - - -

Notes
Bottom and Top of screen elevations were estimated from BH Logs for MW11-series, GW-series wells
Potentiometric Elevations for MW2001-1B and MW2007-4B were obtained from pressure transducer data from Golder
Potentiometric Elevation for MW2000-1 was obtained from Klohn Crippen

Landfill

Well Name

Location Elevation (m asl) Potentiometric Surface

East Trail

Upper Stoney Creek
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TABLE 2: Summary of Percentage Gravel by Depth Interval

% Gravel in Interval % Gravel in BH
Well Total

TMO
MW09-20 32% 0% - - - 26%
MW09-21 12% 0% - - - 12%
MW09-31A 3% 38% 34% - - 28%
MW2001-1A 9% 0% 0% - - 5%
MW2001-2A 9% 0% 0% - - 5%
MW2001-4 34% 0% 0% - - 17%
MW2001-5A 0% 20% 12% - - 16%
MW2001-6A 0% 47% 24% - - 31%
MW2001-6C 0% 21% - - - 42%
MW2001-8A 0% 0% 0% - - 0%
MW2002-1A 0% 0% 3% 0% - 2%
MW2002-2A 35% 17% 18% - - 35%
MW2002-3 0% 0% 0% 64% - 17%
MW2003-1 0% 0% 0% - - 0%
MW2003-2A 25% 75% 56% - - 45%
MW2007-1A 61% 40% 39% - - 61%
MW2007-2A 16% 0% 0% - - 11%
MW2007-3A 18% 0% 13% - - 16%
MW2009-101A 0% 17% 0% 61% - 29%
MW2009-102A 0% 57% 71% 29% - 49%
MW2010-02A 57% 0% 46% 87% - 59%
MW2010-03A 37% 36% 38% 100% - 39%
MW2010-04A 17% 0% 8% - - 12%
MW2011-102A 73% 68% 37% - - 62%
MW2011-107A 62% 22% 18% - - 46%

TFO
MW11-01 0% - - - 0% 0%
MW11-02 0% - - - 44% 25%
MW11-03 100% - - - 56% 75%
MW11-05 0% - - - 87% 31%
MW2010-01A 24% - - - 0% 24%
MW2010-05 17% - - - 18% 17%
MW2010-06 39% - - - - 39%
MW2011-104 7% - - - 0% 6%
MW2011-108A 4% - - - 37% 11%

Lower Stoney Creek / Tadanac
MW2000-1 1% 18% - - - 5%
MW2000-2D 0% 0% 22% 0% - 12%
MW2000-3D 66% 31% 46% - - 59%
MW2000-4D 8% 10% - - - 12%
MW2001-3A 51% 0% 0% - - 6%
MW2001-7A 0% 0% 0% - - 0%
MW2002-4A 46% 83% 43% - - 61%
MW2011-101A 30% 0% 14% - - 21%
MW2011-103 14% 17% - - - 15%
MW2011-106A 95% 88% 44% - - 90%
MW2011-109A 100% 43% 0% - - 31%
MW2011-110 0% 0% - - - 0%

Upper Stoney Creek
AA-1 0% - - - - 0%
AA-2 0% - - - 26% 8%
AA-3 5% - - - - 5%
GW-1D 14% - - - 100% 60%
GW-1S 0% - - - 0% 0%
GW-2 0% - - - 82% 34%
GW-3D 9% - - - 0% 6%
GW-3S 35% - - - 0% 30%
MW03-02 17% - - - - 17%
MW03-09 0% - - - 32% 18%

Landfill
LF#1 40% - - - 0% 40%
LF#2 13% - - - 0% 11%
LF#3 100% - - - - 100%

East Trail
MW2007-4A 58% 0% 0% 0% - 9%
MW2007-5A 50% 25% 59% 90% - 62%
MW2009-103A 0% 13% 6% - - 15%
Trail Middle School 45% 13% 0% 3% - 7%

Unsaturated Shallow Intermediate Deep Saturated
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Table 3: Summary of Hydraulic Conductivity and Lithology

Groundwater Bearing 
Zone Well Name Hydraulic Conductivity Source Analysis Method Test Type Lithology Surrounding the Screen

TMO
MW09-18 2.8E-06 SNC Bouwer and Rice AVG of Rising & Falling SILT
MW09-20 4.2E-06 SNC Bouwer and Rice AVG of Rising & Falling SILT
MW09-21 1.4E-06 SNC Bouwer and Rice AVG of Rising & Falling SILT
MW09-30 2.6E-06 SNC Bouwer and Rice AVG of Rising & Falling SILT
MW2001-1B - - - - SAND (f)
MW2001-2B - - - - SAND (f)
MW2001-4 2E-5 to 5E-5  (3.5E-5) Klohn Crippen Hvorslev (1951)/Bouwer and Rice (1976) Rising (Slug) SAND (f)
MW2001-5C 1E-5 to 6E-5  (3E-5) Klohn Crippen Hvorslev (1951) Rising (Slug) SAND and GRAVEL
MW2001-6B 7.0E-04 Klohn Crippen McElwee et al (1992) Oscillating (Slug) SAND and GRAVEL
MW2001-6C 2E-5 to 5E-5  (3.5E-5) Klohn Crippen Hvorslev (1951) Rising (Slug) SAND and GRAVEL
MW2001-8B 3.0E-05 Klohn Crippen Hvorslev (1951)/Bouwer and Rice Rising (Slug) SAND (f), some silt
MW2002-1C 1E-4 to 2E-4 (1.5E-4) Klohn Crippen Hvorslev (1951) Rising (Slug) SAND, some gravel
MW2002-2B - - - - SAND (f - m)
MW2003-2B 1.0E-03 Klohn Crippen McElwee et al (1992) Oscillating (Slug) SAND and GRAVEL
MW2007-1B 2.9E-05 Golder Bouwer and Rice (1976) Pneumatic SAND (f-m)
MW2007-2B 1.6E-05 Golder Bouwer and Rice (1976) Pneumatic SAND (f)
MW2007-3B* - - - - SAND (f - c)
MW2009-101E - - - - SAND and GRAVEL (f-c)
MW2009-101F - - - - SAND (f-m)
MW2009-102E - - - - SAND and GRAVEL (f-c)
MW2009-102F - - - - SAND (f-c), some gravel
MW2010-02C 7.8E-06 SNC Bouwer and Rice Rising & Falling (slug) SILTY SAND (f)
MW2010-03C 2.6E-05 SNC Bouwer and Rice Rising head (slug) SAND (f-m)
MW2010-04B - - - - SAND (f), some silt
MW2011-102B 2.3E-04 SNC Bouwer-Rice - Unconfined Pneumatic Rising GRAVELLY SAND
MW2011-107B 4.9E-05 SNC Hvorslev - Confined Pneumatic Rising SAND and GRAVEL (f-c)

Lower Stoney Creek / Tadanac
MW2000-1 - - - - SILTY SAND (f)
MW2000-2S 5E-6 to 8E-6 (6.5E-6) Klohn Crippen Bouwer and Rice Falling Head SAND (f)
MW2000-3S - - - - GRAVELLY SAND (m-c)
MW2000-4D 5.2E-05 Klohn Crippen Hvorslev Falling Head SILTY SAND (f) and GRAVEL (f)
MW2000-4S 4.0E-5 to 4.8E-5 (4.5E-5) Klohn Crippen Hvorslev Falling Head SAND (m-c) and GRAVEL 
MW2001-3B 3.0E-05 Klohn Crippen Hvorslev (1951) Rising (Slug) SAND (f), some silt
MW2001-3C 2.0E-05 Klohn Crippen Bouwer and Rice - SAND (m)
MW2001-7B 1.0E-05 Klohn Crippen Bouwer and Rice - SILTY SAND (f)
MW2002-4B 1E-3 to 2E-3 (1.5E-3) Klohn Crippen McElwee et al (1992) Oscillating (Slug) GRAVEL and SAND
MW2011-101B - - - - SAND (f-m)
MW2011-103 3.8E-05 SNC Hvorslev - Confined Pneumatic Rising GRAVEL (f), some sand (f-m)
MW2011-106B - - - - GRAVEL (f-c)
MW2011-109B 5.1E-05 SNC Hvorslev - Confined Pneumatic Rising SILTY SAND (f)
MW2011-110 1.8E-04 SNC Bouwer-Rice - Unconfined Pneumatic Rising SAND (f-c)

East Trail
MW2007-4B 3.9E-05 Golder Bouwer and Rice (1976) Pneumatic SAND (f-m)
MW2007-5B 1.3E-05 Golder Bouwer and Rice (1976) Pneumatic SILTY GRAVEL
MW2009-103 - - - - SAND (f-m)

Shallow Groundwater 
Bearing Zone
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Table 3 (Cont'd): Summary of Hydraulic Conductivity and Lithology

Groundwater Bearing 
Zone Well Name Hydraulic Conductivity Source Analysis Method Test Type Lithology Surrounding the Screen

TMO
MW2001-1A 2E-5 to 4E-5 (3E-5) Klohn Crippen Hvorslev (1951)/Bouwer and Rice (1976) Rising (Slug) SAND (f), silty
MW2001-2A 1E-6 to 6E-6 (3.5 E-6) Klohn Crippen Hvorslev (1951) Rising (Slug) SILT / BEDROCK
MW2001-5A 2E-5 to 4E-5  (3E-5) Klohn Crippen Hvorslev (1951) Rising (Slug) SAND and GRAVEL
MW2001-5B 3.0E-05 Klohn Crippen Hvorslev (1951) Rising (Slug) SAND and GRAVEL
MW2001-6A 3.0E-04 Klohn Crippen McElwee et al (1992) Oscillating (Slug) GRAVEL and SAND
MW2001-8A 5.0E-05 Klohn Crippen Hvorslev (1951)/Bouwer and Rice Rising (Slug) SAND (f), some silt
MW2002-1A 9E-5 to 1E-4 (9.5E-5) Klohn Crippen Hvorslev (1951) Rising (Slug) SAND (f-m)
MW2002-1B 2.0E-04 Klohn Crippen Hvorslev (1951) Rising (Slug) SAND
MW2002-2A 7E-5 to 1E-4 (8.5E-5) Klohn Crippen Hvorslev (1951) Rising (Slug) SANDY GRAVEL
MW2003-1 7.00E-05 Klohn Crippen Hvorslev (1951) Rising (Slug) SAND (f)
MW2003-2A 6.0E-04 Klohn Crippen McElwee et al (1992) Oscillating (Slug) SAND and GRAVEL
MW2007-1A 5.4E-05 Golder Copper-Bredehoeft-Papadopulos (1967) Pneumatic SAND and GRAVEL (f-c)
MW2007-2A 5.4E-05 Golder Bouwer and Rice (1976) Pneumatic SAND (f) / BEDROCK
MW2007-3A 1.6E-04 Golder Butler and Zhan (2004) Pneumatic SAND (f-c), some gravel (f)
MW2009-101D - - - - SAND (f-m)
MW2009-102C - - - - SAND and GRAVEL (f-c)
MW2009-102D - - - - SAND and GRAVEL (f-c)
MW2010-02B 6.3E-05 SNC Bouwer and Rice Pneumatic Rising SANDY GRAVEL (f-c)
MW2010-03B 3.5E-05 SNC Bouwer and Rice Pneumatic Rising SILT, some sand (f)
MW2010-04A 3.5E-05 SNC Bouwer and Rice Pneumatic Rising SAND (f), some silt underlain by BEDROCK
MW2011-102A 5.9E-05 SNC Hvorslev - Confined Pneumatic Rising GRAVEL (f-c), some sand (c)
MW2011-107A 3.0E-05 SNC Hvorslev - Confined Pneumatic Rising SAND and GRAVEL (f-c)

Lower Stoney Creek / Tadanac
MW2000-3D - - - - SAND (c ) and GRAVEL (f)
MW2001-3A 4.0E-05 Klohn Crippen Hvorslev (1951) Falling &Rising (Slug) SAND (f)
MW2001-7A 2E-5 to 7E-5  (4.5E-5) Klohn Crippen Hvorslev (1951)/Bouwer and Rice (1976) Rising (Slug) SAND (f), some silt
MW2002-4A 7E-4 to 9E-4 (8E-4) Klohn Crippen McElwee et al (1992) Oscillating (Slug) SAND (m-c)
MW2011-101A 1.1E-05 SNC Hvorslev - Confined Pneumatic Rising SAND (f) and GRAVEL (f-c)
MW2011-106A 4.2E-05 SNC Bouwer-Rice - Unconfined Pneumatic Rising SAND and GRAVEL (f-c)
MW2011-109A 7.4E-06 SNC Hvorslev - Confined Pneumatic Rising SILTY SAND (f)

East Trail
MW2007-4A 1.4E-04 Golder Bouwer and Rice (1976) Pneumatic SAND (f) / BEDROCK

TMO
MW2002-3 3.0E-04 Klohn Crippen McElwee et al (1992) Oscillating (Slug) SANDY GRAVEL
MW2009-101A - - - - SAND and GRAVEL (f-c)
MW2009-101B - - - - SAND and GRAVEL (f-c)
MW2009-101C - - - - SAND and GRAVEL (f-c)
MW2009-102A - - - - SAND and GRAVEL (f-c)
MW2009-102B - - - - SAND and GRAVEL (f-c)
MW2010-02A 2.1E-04 SNC Bouwer and Rice Pneumatic Rising SAND (m-c) and GRAVEL (f-c)
MW2010-03A 2.6E-03 SNC Bulter - High K Pneumatic Oscillating SAND AND GRAVEL (f-c)

Lower Stoney Creek / Tadanac
MW2000-2D 7.9E-5 to 9.0E-5 (8.5E-5) Klohn Crippen Hvorslev Falling Head BEDROCK

East Trail
MW2007-5A 6.8E-04 Golder Butler and Zhan (2004) Pneumatic SANDY GRAVEL
Trail Middle School - - - - SAND (f)

Intermediate 
Groundwater Bearing 

Zone

Deep Groundwater 
Bearing Zone
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Table 3 (Cont'd): Summary of Hydraulic Conductivity and Lithology

Groundwater Bearing 
Zone Well Name Hydraulic Conductivity Source Analysis Method Test Type Lithology Surrounding the Screen

TFO
MW11-01 - - - - GRAVELLY SAND (m-c)
MW11-02 - - - - SAND (f-c) and GRAVEL
MW11-03 - - - - SAND (f-c) and GRAVEL (m)
MW11-05 - - - - SANDY GRAVEL 
MW2010-01A - - - - SAND (f-m)
MW2010-01B - - - - SAND (f-c) and GRAVEL (f-c)
MW2010-05 2.9E-05 SNC - Rising & Falling (Slug) SAND (f-m) and GRAVEL (f-c) / BEDROCK
MW2010-06 - - - - SAND and GRAVEL (f-c)
MW2011-104 2.7E-07 SNC Hvorslev - Confined Pneumatic Rising SAND (f-c)
MW2011-105* - - - - GRAVEL (f-c) some sand (f-c)
MW2011-108A - - - - GRAVEL (f-c)
MW2011-108B* - - - - SILTY SAND

Upper Stoney Creek
MW03-09 - - - - SAND (f-c) and GRAVEL (f-c)
MW03-02 - - - - SAND (f-m) and GRAVEL (m-c)
GW-1D - - - - SAND AND GRAVEL    
GW-1S - - - - SAND (f-m)
GW-2 - - - - SAND AND GRAVEL    
GW-3D - - - - SAND (f)
GW-3S - - - - SAND (f)

Landfill
LF-1 - - - - SAND (f)
LF-2 - - - - TILL (primarily SAND and GRAVEL)
LF-3 - - - - SANDand GRAVEL / BEDROCK

Notes:

*Hydraulic Conductivity Testing not completed because bentonite is present in the well and surrounding filter pack

Klohn Crippen results for 2001, 2002 and 2003 wells  show a range in values which was "provided accounting for a non-linear (logarithmic converted) responses and variability in duplicate tests. The middle value between 
max and min values was used for was used for bulk K calculation" (from report). The middle value was also used for the map.

Wells completed in a 
different 

hydrostratigraphic 
unit

Klohn Crippen results for 2000 wells show a range in values. These test were completed by adding a volume of water. The range in values are due to different volumes of water being added. The median value is used for the 
map.
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Table 4: Summary of Dissolved Groundwater Concentrations - Select Parameters

Groundwater 
Bearing Zone Well Name Sample Date

SO4 
(mg/L)

NH3-N 
(mg/L) 

NO3-N 
(mg/L) 

F 
(mg/L)

Mn
 (mg/L)

As
 (µg/L)

Cd
 (µg/L)

Zn
 (µg/L) TDS Sample Date

TDS 
(mg/L)

MW09-11 2009/08 - 2010/06 410 12 28.0 6.11 1.98 0.70 9.11 492 2010/06 1,000
MW09-13 2009/08 - 2010/06 1,600 18 5.0 5.94 12.90 535 37.40 643 2010/06 2,700
MW09-14 2009/08 - 2010/06 1,300 14 2.1 2.75 6.14 8.00 317 8,060 2010/06 2,033
MW09-20 2009/08 - 2010/06 970 5.9 33.0 4.60 1.23 0.90 0.92 739 2010/06 2,400
MW09-24 2009/08 - 2010/06 71 < 0.005 0.0 3.84 0.004 0.30 118 3,250 2010/06 140
MW09-28 2009/08 - 2010/06 1,200 15.0 <0.02 1.87 2.57 2.50 188 1,210 2010/06 3,100
MW09-31A/B 2009/08 - 2010/06 1,020 120 10.3 7.08 3.08 0.90 2.76 847 2010/06 1,600
MW2001-1B 2009/09 - 2009/11 420 0.1 < 0.1 0.36 0.66 5,300 2.0 19 2002-05-21 2,010
MW2001-2B 2005-10-17 45 0.3 - 0.52 0.96 - 0.2 34 2002-05-20 272
MW2001-4 2009/09 - 2009/11 54 0.1 - < 0.01 < 0.001 3.5 < 0.1 3 2002-05-17 228
MW2001-5C 2009/09 - 2009/11 1,980 160 8.5 4.30 18.00 - 370 11,000 2002-05-16 3,590
MW2001-6B/C 2009/09 - 2009/11 1,380 220 - 4.40 7.70 - 2.8 100 2002-05-16 2,600
MW2001-8B 2009/09 - 2009/11 750 0.1 - 0.57 1.80 1.1 < 0.1 < 1 2002-05-15 1,370
MW2002-1C 2009/09 - 2009/11 48 0.7 - 0.13 0.01 - 11.0 80 2002-06-08 601
MW2002-2B 2009/09 - 2009/11 4,500 870 43.4 6.20 9.60 - 2,200 6,600 2002-06-10 2,600
MW2003-2B 2009/09 - 2009/11 660 110 - 9.90 0.61 - 160 1,600 - -
MW2007-1B - - - - - - - - - - -
MW2007-2B 2008-12-04 63 0.02 - 0.11 0.02 - < 0.1 < 1 2007-07-09 360
MW2007-3B 2007-07-11 - 32 - 0.82 0.48 - 0.3 58 2007-07-11 1,260
MW2009-101E/F 2009/11 727 0.64 <0.01 0.88 0.85 2.20 0.01 5 2009/11 727
MW2009-102E/F 2009/11 1,400 154 76.0 9.07 9.41 2.50 4,220 5,360 2009/11 2,360
MW2010-02C 2012/02/14 1,810 3.89 27.0 2.12 6.56 0.80 74.70 5,500 2012/02/14 3,170
MW2010-03C 2012/02/14 2,110 7.04 28.6 3.51 10.70 < 0.5 15,900 339,000 2012/02/14 3,590
MW2010-04B - - - - - - - - - - -
MW2011-102B 2012/02/08 628 0.55 33.3 1.80 0.34 < 0.5 3.22 782 2012/02/08 1,410
MW2011-107B 2012/02/09 220 0.16 10.3 1.34 0.26 2.00 0.10 7 2012/02/09 619

MW2000-1 2002-05-02 - - - - - - - - 2002-05-18 3,690
MW2000-2S - - - - - - - - - - -
MW2000-3S 2009/09/15 111 0.25 - 6.90 2.20 1.0 47.0 6,000 2002-05-15 551
MW2000-4D - - - - - - - - - - -
MW2000-4S 2009/11/12 <15 0.08 - 1.40 0.02 37.0 34.0 2,600 2002-05-15 102
MW2001-3B 2009/09 - 2009/11 570 0.36 - 0.04 1.00 1.3 < 0.1 1 2002-05-15 825
MW2001-3C 2009/09 - 2009/11 102 0.44 - 0.18 < 0.001 0.8 < 0.1 4 2002-05-16 367
MW2001-7B 2009/09 - 2009/11 51 0.66 - 0.27 0.001 2.2 < 0.1 140 2002-05-15 276
MW2002-4B 2009/09 - 2009/11 <15 0.50 - 3.00 0.001 33.0 9.1 2,400 2002-06-08 169
MW2011-101B 2012/02/09 106 0.03 1.03 0.25 1.77 0.80 0.20 17 2012/02/09 442
MW2011-103 2012/02/09 107 < 0.01 9.29 0.38 0.004 3,210 0.02 < 4 2012/02/09 337

MW2011-106B - - - - - - - - - - -
MW2011-109B 2012/01/23 300 0.03 5.88 0.65 0.12 0.80 0.05 < 4 2012/01/23 741
MW2011-110 2012/04/04 54 0.02 0.04 0.14 0.04 < 0.5 0.12 11 2012/01/25 204

MW2007-4B 2009/11 76 < 0.01 2.94 < 0.1 0.01 0.7 0.03 17 - -
MW2007-5B 2009/11 - < 0.01 2.46 < 0.1 - - 0.05 - 2007-05-02 306
MW2009-103 2009/11 67 0.04 5.64 0.11 0.02 0.5 0.02 4 2009/11 273

Shallow Ground-
water Bearing 

Zone

TMO

Lower Stoney Creek / Tadanac 

East Trail

Lower Stoney Creek / Tadanac (Cont'd)
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Table 4 (Cont'd): Summary of Dissolved Groundwater Concentrations - Select Parameters

Groundwater 
Bearing Zone Well Name Sample Date

SO4 
(mg/L)

NH3-N 
(mg/L) 

NO3-N 
(mg/L) 

F 
(mg/L)

Mn
 (mg/L)

As
 (µg/L)

Cd
 (µg/L)

Zn
 (µg/L) TDS Sample Date

TDS 
(mg/L)

MW2001-1A 2009/09 - 2009/11 420 0.17 < 0.25 4.50 0.17 23.0 13.0 91 2002-05-21 1,250
MW2001-2A - - - - - - - - - - -
MW2001-5A/B 2009/09 - 2009/11 3,300 670 6.72 3.00 23.0 - 280 2,000 2002-06-08 5,770
MW2001-6A 2009/09 - 2009/11 1,050 100 - 6.50 4.30 - 1.1 7 2002-05-16 2,410
MW2001-8A 2009/09 - 2009/11 570 0.10 - 0.60 0.98 1.2 < 0.1 2 2002-05-15 933
MW2002-1A/B 2009/09 - 2009/11 1,380 0.65 - 0.10 0.09 - 0.6 31 2002-06-08 1,630
MW2002-2A 2009/09 - 2009/11 2,430 300 62.10 5.90 11.0 - 3,500 7,500 2002-06-18 4,220
MW2003-1 2009/09 - 2009/11 66 0.64 - 0.07 < 0.001 - < 0.1 3 - -
MW2003-2A 2009/09 - 2009/11 1,020 140 - 2.50 1.50 - 67.0 560 - -
MW2007-1A 2009/09 - 2009/11 600 100 79.9 11.90 1.40 - 0.4 10 2007-07-30 848
MW2007-2A 2009/09 - 2009/11 <15 0.40 1.8 0.23 0.001 - 0.4 13 2007-07-30 179
MW2007-3A 2009/09 - 2009/11 4,200 890 22.1 0.33 11.0 - 24.0 7,600 2007-07-09 10,200
MW2009-101D 2009/11 2,330 314 22.2 0.16 0.09 0.70 0.51 11 2009/11 2,330
MW2009-102C/D 2009/11 915 106 42.7 3.62 4.90 1.40 592 37 2009/11 1,600
MW2010-02B 2012/02/14 1,110 7.25 6.45 2.78 3.86 18.30 206 10,100 2012/02/14 1,840
MW2010-03B 2012/02/14 1,490 245 36.60 5.34 0.75 < 0.5 539 3,080 2012/02/14 2,010
MW2010-04A 2012/02/14 590 31 1.52 0.48 0.10 < 0.5 3.40 73 2012/02/14 979
MW2011-102A 2012/02/08 143 < 0.01 17.60 0.86 0.02 < 0.5 0.05 10 2012/02/08 461
MW2011-107A 2012/02/09 596 125 105.0 13.40 2.81 10.10 0.71 67 2012/02/09 1,300

MW2000-3D 2009-09-15 144 0.28 - 9.00 1.30 2.1 0.3 < 1 2002-05-15 504
MW2001-3A 2009/09 - 2009/11 135 0.31 - 0.29 0.25 33.0 < 0.1 < 1 2002-05-15 218
MW2001-7A 2009/09 - 2009/11 120 0.52 - 0.48 0.28 1.2 < 0.1 1 2002-05-15 710
MW2002-4A 2009/09 - 2009/11 660 0.54 - 0.44 0.001 2.0 0.3 14 2002-06-08 1,430
MW2011-101A 2012/02/09 1,350 1.58 16.30 1.65 14.10 < 0.5 235 22,500 2012/02/09 2,440
MW2011-106A 2012/0208 368 2.91 11.90 2.59 3.79 8,810 489 30,300 2012/02/08 669
MW2011-109A 2012/02/27 598 0.04 3.69 0.62 0.03 < 0.5 0.04 10 2012/02/27 1,050

MW2007-4A 2009/11 & 2007/05 370 0.39 - <0.01 0.19 - <0.1 <1 2007-05-02 1,740

MW2002-3 2009/09 - 2009/11 3,600 450 0.9 0.16 28.0 - 24.0 1,400 2002-06-10 4,920
MW2009-101A/B/C 2009/11 2,580 434 18.2 0.27 9.53 1.00 4.9 24 2009/11 3,660
MW2009-102A/B 2009/11 1,070 114 62.5 1.99 5.36 0.60 329.0 14 2009/11 1,070
MW2010-02A 2012/02/14 1,950 31.6 24.3 2.31 19.60 1.30 154.0 29,300 2012/02/14 3,220
MW2010-03A 2012/02/14 772 75.2 53.9 8.97 1.58 < 0.5 134.0 6,910 2012/02/14 1,450

MW2000-2D 2008-09-10 870 0.20 - 0.73 2.20 15.0 3.8 370 2002-05-15 1,400

MW2007-5A 2009/09 - 2009/11 2,400 0.89 < 0.25 0.33 2.90 - 0.4 < 1 2007-05-02 3,900
Trail Middle School 2007-05-02 11 0.06 0.08 <0.04 0.001 1 1 2007-05-02 82

MW11-01 - - - - - - - - - - -
MW11-02 - - - - - - - - - - -
MW11-03 - - - - - - - - - - -
MW11-05 - - - - - - - - - - -
MW2010-01A 2012/02/16 591 96.7 65 9.94 2.93 2.50 1.48 12,300 2012/02/16 1,230
MW2010-01B - - - - - - - - - - -
MW2010-05 2012/02/16 1,970 434 302 27.00 11.70 13.70 8.03 2,090 2012/02/16 2,760

MW2010-06 - - - - - - - - - - -

MW2011-104 2012/02/23 2,560 573 59.7 6.90 1.46 1.00 0.32 381 2012/02/23 3,540

MW2011-105 - - - - - - - - - - -
MW2011-108A 2012/05/08 10,700 2,660 123 3.37 5.95 < 0.5 3.59 31,500 2012/05/08 13,700
MW2011-108B - - - - - - - - - - -

TFO

Wells completed 
in a different 

hydro-
stratigraphic unit

TMO

TMO

Lower Stoney Creek / Tadanac

East Trail

Intermediate 
Ground-water 
bearing zone

Deep Ground-
water bearing 

zone Stoney Creek / Tadanac

East Trail
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Table 4 (Cont'd): Summary of Dissolved Groundwater Concentrations - Select Parameters

Groundwater 
Bearing Zone Well Name Sample Date

SO4 
(mg/L)

NH3-N 
(mg/L) 

NO3-N 
(mg/L) 

F 
(mg/L)

Mn
 (mg/L)

As
 (µg/L)

Cd
 (µg/L)

Zn
 (µg/L) TDS Sample Date

TDS 
(mg/L)

MW03-09 - - - - - - - - - - -
MW03-02 - - - - - - - - - - -
GW-1D 2002/05/17 165 0.01 1.80 2.30 0.13 36,800 0.80 640 2002-05-21 510
GW-1S - - - - - - - - - - -
GW-2 2002/05/17 295 0.01 4 2.30 0.01 95,300 4.50 150 2002-05-20 814
GW-3D 2012/03/28 & 2002/05/17 33 <0.1 10.6 1.90 0.02 5,800 <0.1 6 2002-05-17 507
GW-3S - - - - - - - - - - -

LF-1 2011/11/30 1,480 51.3 41.4 15.70 23.40 3.20 1,690 287,000 2011/11/30 2,620
LF-2 - - - - - - - - - - -
LF-3 - - - - - - - - - - -

Data Sources for Table 4 were provided by: SLE for 2010, 2011 & LF#1 wells; Teck for 2000, 2001, 2002, 2003, 2007 and 09 series wells; GW-1D and -2 are from Klohn Crippen; 
GW-3D is from Teck (SO4, NH3-N, F, As, Cd and Zn) and Klohn Crippen (NO3-N, Mn and Temperature).

Landfill

Upper Stoney Creek

Wells completed 
in a different 

hydro-
stratigraphic unit 

(Cont'd)
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Information Sources: Notes:
1. Original map in colour.
2. All locations are approximate and are for representation purposes only. 
SLE assumes no responsibility for the accuracy of the sample locations
shown.
3. Data for MW2010-01A, MW2010-05, MW2011-104, MW2011-108A,
LF#1, GW-1D, GW-2 and GW-3D are shown for all three groundwater
bearing zones as they are considered to be within a different
hydrostratigraphic unit.
4. Note that where two or more well screens at a single monitoring
well location fall in the same groundwater bearing zone, the maximum
concentration from all analyses from those screens is used to colour the
maps.
5. The Gravel Rich Zone is the estimated area from BH logs, where the 
gravel content was greater than 30%.

                                                           Satellite imagery provided by Teck Metals Ltd.
Groundwater data for:
- 2010, 2011 wells were sampled by SLE and analyzed between 2012-01 and 2012-05.
- LF#1 was sampled 2011-11-30 by SLE.
- All 2000, 2001, 2002, 2003, 2007, 2009  and -09 series wells were provided by Teck
Metals Ltd. or Golder and analyzed between August and November 2009, except
MW2007-5A (analyzed 2009-06-04), MW2007-3B (analyzed 2007-07-11), MW2007-2B
(analyzed 2008-12-04), MW2001-2B (analyzed 2005-10-17), MW09 wells analyzed for
metals and sulphate in June 2010 and MW2000-1 sampled by Klohn Crippen (analyzed
2002-05-02) .
- GW-1D and GW-2 were obtained from Klohn Crippen (sampled 02-05-17).
- GW-3D was determined from two sources - SO4, NH3-N, F,As, Cd and Zn were obtained
from Teck (sampled 2012-03-18), and Temperature, NO3-N and Mn were  obtained from
Klohn Crippen (sampled 2002-05-17).
- The Trail Middle School Well was sampled by Golder on 2007-05-02.
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Information Sources: Notes:
1. Original map in colour.
2. All locations are approximate and are for representation purposes only. SLE
assumes no responsibility for the accuracy of the sample locations shown.
3. Data for MW2010-01A, MW2010-05, MW2011-104, MW2011-108A, LF#1, GW-1D,
GW-2 and GW-3D are shown for all three groundwater bearing zones as they are
considered to be within a different hydrostratigraphic unit.
4. Note that where two or more well screens at a single monitoring well location fall
in the same groundwater bearing zone, the maximum concentration from all analyses
from those screens is used to colour the maps.
5. The Gravel Rich Zone is the estimated area from BH logs, where the gravel
content was greater than 30%.

Groundwater data for:
- 2010, 2011 wells were sampled and analyzed between 2012-01 and 2012-05.
- LF#1 was sampled 2011-11-30 by SLE.
- All 2000, 2001, 2002, 2003 and 2007 series wells were provided by Teck
  Metals Ltd., and analyzed between August and November 2009, except
  MW2007-5A (analyzed 2009-06-04), MW2007-3B (analyzed 2007-07-11),
  MW2007-2B (analyzed 2008-12-04), MW2001-2B (analyzed 2005-10-17);
  MW09 series wells, analyzed for metals and sulphate in June 2010.
- GW-1D and GW-2 were obtained from Klohn Crippen (sampled 02-05-17).
- GW-3D was determined from two sources - SO4, NH3-N, F,As, Cd and Zn
 were obtained from Teck (sampled 2012-03-18), and Temperature, NO3-N
  and Mn were  obtained from Klohn Crippen (sampled 2002-05-17).
- MW2007-04A/B and MW2009-103 were sampled by Golder November 2009.
- The Trail Middle School Well was sampled by Golder on 2007-05-02.

Satellite imagery provided by Teck Metals Ltd.Estimated
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Teck Metals Ltd. Teck Metals Ltd., Trail, B.C.
Vertical and Horizontal Distribution of

Nitrate Nitrogen in Groundwater
Map Custodian: Checked By: Drawing #:
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Information Sources: Notes:                                                           Satellite imagery provided by Teck Metals Ltd.
Groundwater data for:
- 2010, 2011 wells were sampled by SLE and analyzed between 2012-01 and 2012-05.
- LF#1 was sampled 2011-11-30 by SLE.
- All 2000, 2001, 2002, 2003, 2007, 2009  and -09 series wells were provided by Teck
Metals Ltd. or Golder and analyzed between August and November 2009, except
MW2007-5A (analyzed 2009-06-04), MW2007-3B (analyzed 2007-07-11), MW2007-2B
(analyzed 2008-12-04), MW2001-2B (analyzed 2005-10-17), MW09 wells analyzed for
metals and sulphate in June 2010 and MW2000-1 sampled by Klohn Crippen (analyzed
2002-05-02) .
- GW-1D and GW-2 were obtained from Klohn Crippen (sampled 02-05-17).
- GW-3D was determined from two sources - SO4, NH3-N, F,As, Cd and Zn were obtained
from Teck (sampled 2012-03-18), and Temperature, NO3-N and Mn were  obtained from
Klohn Crippen (sampled 2002-05-17).
- The Trail Middle School Well was sampled by Golder on 2007-05-02.

1. Original map in colour.
2. All locations are approximate and are for representation purposes only. 
SLE assumes no responsibility for the accuracy of the sample locations
shown.
3. Data for MW2010-01A, MW2010-05, MW2011-104, MW2011-108A,
LF#1, GW-1D, GW-2 and GW-3D are shown for all three groundwater
bearing zones as they are considered to be within a different
hydrostratigraphic unit.
4. Note that where two or more well screens at a single monitoring
well location fall in the same groundwater bearing zone, the maximum
concentration from all analyses from those screens is used to colour the
maps.
5. The Gravel Rich Zone is the estimated area from BH logs, where the 
gravel content was greater than 30%.
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Teck Metals Ltd. Teck Metals Ltd., Trail, B.C.
Vertical and Horizontal Distribution of

Fluoride in Groundwater
Map Custodian: Checked By: Drawing #:
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µ
Information Sources: Notes:                                                           Satellite imagery provided by Teck Metals Ltd.
Groundwater data for:
- 2010, 2011 wells were sampled by SLE and analyzed between 2012-01 and 2012-05.
- LF#1 was sampled 2011-11-30 by SLE.
- All 2000, 2001, 2002, 2003, 2007, 2009  and -09 series wells were provided by Teck
Metals Ltd. or Golder and analyzed between August and November 2009, except
MW2007-5A (analyzed 2009-06-04), MW2007-3B (analyzed 2007-07-11), MW2007-2B
(analyzed 2008-12-04), MW2001-2B (analyzed 2005-10-17), MW09 wells analyzed for
metals and sulphate in June 2010 and MW2000-1 sampled by Klohn Crippen (analyzed
2002-05-02) .
- GW-1D and GW-2 were obtained from Klohn Crippen (sampled 02-05-17).
- GW-3D was determined from two sources - SO4, NH3-N, F,As, Cd and Zn were obtained
from Teck (sampled 2012-03-18), and Temperature, NO3-N and Mn were  obtained from
Klohn Crippen (sampled 2002-05-17).
- The Trail Middle School Well was sampled by Golder on 2007-05-02.

1. Original map in colour.
2. All locations are approximate and are for representation purposes only. 
SLE assumes no responsibility for the accuracy of the sample locations
shown.
3. Data for MW2010-01A, MW2010-05, MW2011-104, MW2011-108A,
LF#1, GW-1D, GW-2 and GW-3D are shown for all three groundwater
bearing zones as they are considered to be within a different
hydrostratigraphic unit.
4. Note that where two or more well screens at a single monitoring
well location fall in the same groundwater bearing zone, the maximum
concentration from all analyses from those screens is used to colour the
maps.
5. The Gravel Rich Zone is the estimated area from BH logs, where the 
gravel content was greater than 30%.
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Teck Metals Ltd. Teck Metals Ltd., Trail, B.C.
Vertical and Horizontal Distribution of

Manganese in Groundwater
Map Custodian: Checked By: Drawing #:
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Information Sources: Notes:                                                           Satellite imagery provided by Teck Metals Ltd.
Groundwater data for:
- 2010, 2011 wells were sampled by SLE and analyzed between 2012-01 and 2012-05.
- LF#1 was sampled 2011-11-30 by SLE.
- All 2000, 2001, 2002, 2003, 2007, 2009  and -09 series wells were provided by Teck
Metals Ltd. or Golder and analyzed between August and November 2009, except
MW2007-5A (analyzed 2009-06-04), MW2007-3B (analyzed 2007-07-11), MW2007-2B
(analyzed 2008-12-04), MW2001-2B (analyzed 2005-10-17), MW09 wells analyzed for
metals and sulphate in June 2010 and MW2000-1 sampled by Klohn Crippen (analyzed
2002-05-02) .
- GW-1D and GW-2 were obtained from Klohn Crippen (sampled 02-05-17).
- GW-3D was determined from two sources - SO4, NH3-N, F,As, Cd and Zn were obtained
from Teck (sampled 2012-03-18), and Temperature, NO3-N and Mn were  obtained from
Klohn Crippen (sampled 2002-05-17).
- The Trail Middle School Well was sampled by Golder on 2007-05-02.

1. Original map in colour.
2. All locations are approximate and are for representation purposes only. 
SLE assumes no responsibility for the accuracy of the sample locations
shown.
3. Data for MW2010-01A, MW2010-05, MW2011-104, MW2011-108A,
LF#1, GW-1D, GW-2 and GW-3D are shown for all three groundwater
bearing zones as they are considered to be within a different
hydrostratigraphic unit.
4. Note that where two or more well screens at a single monitoring well
location fall in the same groundwater bearing zone, the maximum
concentration from all analyses from those screens is used to colour the
maps.
5. The Gravel Rich Zone is the estimated area from BH logs, where the 
gravel content was greater than 30%.
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Teck Metals Ltd. Teck Metals Ltd., Trail, B.C.
Vertical and Horizontal Distribution of

Cadmium in Groundwater
Map Custodian: Checked By: Drawing #:
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Information Sources: Notes:                                                           Satellite imagery provided by Teck Metals Ltd.
Groundwater data for:
- 2010, 2011 wells were sampled by SLE and analyzed between 2012-01 and 2012-05.
- LF#1 was sampled 2011-11-30 by SLE.
- All 2000, 2001, 2002, 2003, 2007, 2009  and -09 series wells were provided by Teck
Metals Ltd. or Golder and analyzed between August and November 2009, except
MW2007-5A (analyzed 2009-06-04), MW2007-3B (analyzed 2007-07-11), MW2007-2B
(analyzed 2008-12-04), MW2001-2B (analyzed 2005-10-17), MW09 wells analyzed for
metals and sulphate in June 2010 and MW2000-1 sampled by Klohn Crippen (analyzed
2002-05-02) .
- GW-1D and GW-2 were obtained from Klohn Crippen (sampled 02-05-17).
- GW-3D was determined from two sources - SO4, NH3-N, F,As, Cd and Zn were obtained
from Teck (sampled 2012-03-18), and Temperature, NO3-N and Mn were  obtained from
Klohn Crippen (sampled 2002-05-17).
- The Trail Middle School Well was sampled by Golder on 2007-05-02.

1. Original map in colour.
2. All locations are approximate and are for representation purposes only. 
SLE assumes no responsibility for the accuracy of the sample locations
shown.
3. Data for MW2010-01A, MW2010-05, MW2011-104, MW2011-108A,
LF#1, GW-1D, GW-2 and GW-3D are shown for all three groundwater
bearing zones as they are considered to be within a different
hydrostratigraphic unit.
4. Note that where two or more well screens at a single monitoring
well location fall in the same groundwater bearing zone, the maximum
concentration from all analyses from those screens is used to colour the
maps.
5. The Gravel Rich Zone is the estimated area from BH logs, where the 
gravel content was greater than 30%.
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Information Sources: Notes:                                                           Satellite imagery provided by Teck Metals Ltd.
Groundwater data for:
- 2010, 2011 wells were sampled by SLE and analyzed between 2012-01 and 2012-05.
- LF#1 was sampled 2011-11-30 by SLE.
- All 2000, 2001, 2002, 2003, 2007, 2009  and -09 series wells were provided by Teck
Metals Ltd. or Golder and analyzed between August and November 2009, except
MW2007-5A (analyzed 2009-06-04), MW2007-3B (analyzed 2007-07-11), MW2007-2B
(analyzed 2008-12-04), MW2001-2B (analyzed 2005-10-17), MW09 wells analyzed for
metals and sulphate in June 2010 and MW2000-1 sampled by Klohn Crippen (analyzed
2002-05-02) .
- GW-1D and GW-2 were obtained from Klohn Crippen (sampled 02-05-17).
- GW-3D was determined from two sources - SO4, NH3-N, F,As, Cd and Zn were obtained
from Teck (sampled 2012-03-18), and Temperature, NO3-N and Mn were  obtained from
Klohn Crippen (sampled 2002-05-17).
- The Trail Middle School Well was sampled by Golder on 2007-05-02.

1. Original map in colour.
2. All locations are approximate and are for representation purposes only. 
SLE assumes no responsibility for the accuracy of the sample locations
shown.
3. Data for MW2010-01A, MW2010-05, MW2011-104, MW2011-108A,
LF#1, GW-1D, GW-2 and GW-3D are shown for all three groundwater
bearing zones as they are considered to be within a different
hydrostratigraphic unit.
4. Note that where two or more well screens at a single monitoring
well location fall in the same groundwater bearing zone, the maximum
concentration from all analyses from those screens is used to colour the
maps.
5. The Gravel Rich Zone is the estimated area from BH logs, where the 
gravel content was greater than 30%.
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Information Sources: Notes:                                                           Satellite imagery provided by Teck Metals Ltd.
Groundwater data for:
- 2010, 2011 wells were sampled by SLE and analyzed between 2012-01 and 2012-05.
- LF#1 was sampled 2011-11-30 by SLE.
- All 2000, 2001, 2002, 2003, 2007, 2009  and -09 series wells were provided by Teck
Metals Ltd. or Golder and analyzed between August and November 2009, except
MW2007-5A (analyzed 2009-06-04), MW2007-3B (analyzed 2007-07-11), MW2007-2B
(analyzed 2008-12-04), MW2001-2B (analyzed 2005-10-17), MW09 wells analyzed for
metals and sulphate in June 2010 and MW2000-1 sampled by Klohn Crippen (analyzed
2002-05-02) .
- GW-1D and GW-2 were obtained from Klohn Crippen (sampled 02-05-17).
- GW-3D was determined from two sources - SO4, NH3-N, F,As, Cd and Zn were obtained
from Teck (sampled 2012-03-18), and Temperature, NO3-N and Mn were  obtained from
Klohn Crippen (sampled 2002-05-17).
- The Trail Middle School Well was sampled by Golder on 2007-05-02.

1. Original map in colour.
2. All locations are approximate and are for representation purposes only. 
SLE assumes no responsibility for the accuracy of the sample locations
shown.
3. Data for MW2010-01A, MW2010-05, MW2011-104, MW2011-108A,
LF#1, GW-1D, GW-2 and GW-3D are shown for all three groundwater
bearing zones as they are considered to be within a different
hydrostratigraphic unit.
4. Note that where two or more well screens at a single monitoring
well location fall in the same groundwater bearing zone, the maximum
concentration from all analyses from those screens is used to colour the
maps.
5. The Gravel Rich Zone is the estimated area from BH logs, where the 
gravel content was greater than 30%.
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µ

Information Sources: Notes:
1. Original map in colour.
2. All locations are approximate and are for representation purposes only. SLE
assumes no responsibility for the accuracy of the sample locations shown.
3. Data for MW2010-01A, MW2010-05, MW2011-104, MW2011-108A, LF#1, GW-1D,
GW-2 and GW-3D are shown for all three groundwater bearing zones as they are
considered to be within a different hydrostratigraphic unit.
4. Note that where two or more well screens at a single monitoring well location fall
in the same groundwater bearing zone, the maximum concentration from all analyses
from those screens is used to colour the maps.
5. The Gravel Rich Zone is the estimated area from BH logs, where the gravel
content was greater than 30%.

For 510392 (CSM):
Satellite imagery provided by Teck Metals Ltd.
TDS concentrations for:
-GW-1, 2, 3, 2000, 2001 and 2002 wells were sampled by
 Klohn Crippen in May –June 2002
-2007 wells were sampled by Golder in May-July 2007,
-2009 wells were sampled by Golder in November 2009
-2010 and 2011 wells were sampled between January and May 2012
-LF#1 was sampled in November 2011 by SLE
-Trail Middle School Well was sampled by Golder in May 2007
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LF-series Wells – Klohn Crippen, 1997 
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0.30

6.00

10.70

481.81

476.11

471.41

ASPHALT
SAND (SP)
Fine to medium, trace to some gravel (fine, angular), very
trace silt, brown, damp.

SAND (SW)
Fine to coarse, some gravel (sub-angular), well graded,
brown, dry.

SAND (SP)
Fine, trace silt, brown, dry.

11.7 m:  small boulder
12.0 m:  becoming light brown.
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12.0 m:  trace of gravel.

33.0 m:  slightly damp.

36.0 m:  some silt, slightly damp.
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51.8 m:  trace to some silt, dry.

54.9 m:  trace silt, trace medium sand, dry.

57.9 m:  trace silt, light greyish brown.
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76.20
405.91

70.1 m:  Fine to medium sand, some silt, moist.

SAND (SP)
Medium, trace silt, light greyish brown, moist.
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Installation Details for MW2003-1

Concrete Seal       0 - 0.3 m
Slough                 0.3 - 61.0 m
Grout                   61.0 - 92.8 m
Bentonite             92.8 - 93.5 m

80.70

82.30

85.30

88.40

97.00

End of Hole at 97.00 m

401.41

399.81

396.81

393.71

385.11

SAND (SP),
Coarse, trace gravel, trace silt, light greyish brown, moist.

SAND (SW)
Fine to medium, trace coarse, trace gravel, light greyish
brown, moist.

SAND (SP)
Fine to coarse, trace silt, light greyish brown, moist.

86.3 m:  some gravel.

SAND (SP)
Fine, very trace silt, light greyish brown, wet.
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Sand                   93.5 - 96.8 m
Screen                93.7 - 96.8 m
Slough                96.8 - 97.0 m

Stick Up Above Ground Surface

MW2003-1    0.85 m

Water Level Depth from TOP (Nov 19/04)

MW2003-1   73.0 m
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0.30

10.70

471.36

460.96

ASPHALT
SAND and GRAVEL (GW)
Fine to coarse gravel (sub-rounded to angular), fine to
coarse sand, brown, moist.

- occasional cobbles

10.6 m:  silt/clay seam ~7.5 cm thick
SAND (SP)
Fine, trace to some silt, greyish brown with tinge of orange,
moist.

10.5 m:  silt/clay seam ~7.5 cm thick

15.3 - 24.4 m:  damp

1

PROJECT NO.:

471.7

SHEET     OF

Trail, British Columbia

M07433A31

LOGGED BY:

LOCATION:

CHECKED BY:

8 MW2003-02HOLE NO.:

FL

2003/2004 Groundwater Investigation

Continued Next Page

PROJECT:

P
E

R
 0

.1
5m

Nov 24/03

471.66

DESCRIPTION OF MATERIALS

TEST HOLE LOG
D

E
P

T
H

 (
m

)

S
P

T
 B

LO
W

S DRILL METHOD:

COORDINATES (m):

GROUND ELEV. (m):

D
E

T
A

IL
S

IN
S

T
R

U
M

E
N

T

Nov 20/03STARTED: FINISHED:

S
A

M
P

LE
 T

Y
P

E

S
A

M
P

LE
 L

O
C

.

2000 4000 6000 8000 10000

S
Y

M
B

O
L

E 447691.71N 447691.71

Field pH

Field EC - uS/cm

Air Dual Rotary

3 5 7 9 11

K
C

 T
H

 L
O

G
 -

 G
R

O
U

N
D

W
A

T
E

R
  D

R
IL

LL
~

1.
G

P
J 

 K
C

_D
A

T
A

.G
D

T
  6

/1
/0

4

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20



24.40

29.90

35.10

39.60

447.26

441.76

436.56

432.06

SAND (SM)
Silty, greyish brown, moist.

SAND and GRAVEL (SP-GP)
Fine sand, fine gravel (sub-rounded to sub-angular),
greyish brown, moist.

32.6  - 33.6 m:  trace clumps of clay/silt.

SAND and GRAVEL (SW-GP)
Fine to coarse sand, fine gravel (subrounded to angular),
brown, dry.

SAND (SW-GP)
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51.80

57.30

419.86

414.36

Fine to medium, some gravel to gravelly, (fine,
sub-rounded to angular), brown, dry.

42.7 - 45.7 m:  increasing gravel content

SAND and GRAVEL (SW-GP)
Fine to coarse sand (well graded), fine gravel (sub-rounded
to sub-angular), brown, dry.

SAND (SW)
Fine to coarse, trace gravel, trace silt, light brown, dry.

SAND (SP)
Fine to medium, brown, damp.
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64.00

70.10

407.66

401.56

SAND (SP-GP)
Medium to coarse, gravelly (sub-rounded to sub-angular),
brown, moist.

SAND and GRAVEL (SP-GW)
Fine to coarse sand, fine gravel (sub-rounded to
sub-angular), trace silt, wet.

4

PROJECT NO.:

471.7

SHEET     OF

Trail, British Columbia

M07433A31

LOGGED BY:

LOCATION:

CHECKED BY:

8 MW2003-02HOLE NO.:

FL

2003/2004 Groundwater Investigation

Continued Next Page

PROJECT:

P
E

R
 0

.1
5m

Nov 24/03

471.66

DESCRIPTION OF MATERIALS

TEST HOLE LOG
D

E
P

T
H

 (
m

)

S
P

T
 B

LO
W

S DRILL METHOD:

COORDINATES (m):

GROUND ELEV. (m):

D
E

T
A

IL
S

IN
S

T
R

U
M

E
N

T

Nov 20/03STARTED: FINISHED:

S
A

M
P

LE
 T

Y
P

E

S
A

M
P

LE
 L

O
C

.

2000 4000 6000 8000 10000

S
Y

M
B

O
L

E 447691.71N 447691.71

Field pH

Field EC - uS/cm

Air Dual Rotary

3 5 7 9 11

K
C

 T
H

 L
O

G
 -

 G
R

O
U

N
D

W
A

T
E

R
  D

R
IL

LL
~

1.
G

P
J 

 K
C

_D
A

T
A

.G
D

T
  6

/1
/0

4

61

62

63

64

65

66

67

68

69

70

71

72

73

74

75

76

77

78

79

80



85.30

91.40

97.50

386.36

380.26

374.16
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Installation Details for MW2003-2A and -2B

Bentonite             0 - 0.3 m
Slough                 0.3 - 45.7 m
Grout                   45.7 - 79.8 m
Bentonite             79.8 - 80.5 m
Sand                   80.5 - 83.8 m
Screen - 2B          80.8 - 83.8 m
Bentonite             83.8 - 93.0 m
Slough                 93.0 - 118.9 m
Bentonite             118.9 - 123.1 m
Sand                   123.1 - 126.5 m
Screen - 2A         123.4 - 126.5 m

Stick Up Above Ground Surface

MW2003-2A    0.44 m
MW2003-2B    0.49 m

Water Level Depth from TOP (Nov 24/04)

MW2003-2A   63.82 m
MW2003-2B   63.73 m

Drill Water Quality

Depth (m)    pH     EC (uS/cm)

73.1            7.76    650
76.2            7.54    900
79.2            -          2200
82.3            7.85    2100
85.3              -        2100
88.4           7.96     2100
91.4           7.44     2000
94.5           7.44     2200
100.6         7.60     -
103.6         -          2400
106.7         7.81    2220
109.7         -          2200
112.8         7.80    2400

126.50

End of Hole at 126.50 m
345.16
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115.8         -          2400
118.9         7.86    2300
121.9         -          2400
125.0         7.74    2400
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2007-series Wells – Golder Associates, 2007 
  



































































 

2009-series Wells – Golder Associates, 2009 
  



















 

09-series Wells – SLE, 2009 
  





















































































































































































































































































































































































































































 

2010-series Wells – SLE, 2010 
  

















































































 

2011-series Wells – SLE, 2011 
  

































































































































 

11-series Wells – Golder, 2011 
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EXECUTIVE SUMMARY 

A supplemental environmental investigation has been conducted in the area of Stoney Creek, 

located north of Teck Metals Ltd.’s (Teck’s) Trail Operations, specifically east of Highway 22 to 

the Columbia River (“Lower Stoney Creek”). The Investigation was a component of a larger 

environmental investigation program in support of ongoing environmental management of the 

Site.  This report focuses on the findings related to soil, groundwater, sediments and surface 

water interactions in the Lower Stoney Creek study area, specifically in regard to possible 

sources of contamination previously observed in the Lower Stoney Creek fan located at the 

confluence of Stoney Creek and the Columbia River. 

The main objectives of the supplemental environmental investigation were as follows: 

• expand the groundwater monitoring network to assess groundwater quality and flow regime 

in the Lower Stoney Creek area; 

• assess the environmental quality of six historical waste deposits located on the slopes of 

Lower Stoney Creek between Highway 22 and the rail trestle; 

• perform a preliminary assessment of sediment quality in Lower Stoney Creek; 

• assess soil, groundwater, sediment and surface water interactions using historical and 

recent data; and, 

• if possible, identify management options. 

To achieve the project objectives, SLE completed an investigation program that included drilling, 

groundwater, soil and sediment sampling.  The results of the investigation indicated the following. 

• Four of the six historical waste deposits contained material that would be classified as 

Hazardous Waste based on Toxicity leachate testing procedure (TCLP) test results.  

Leachate results suggest that the deposits could affect groundwater quality through 

infiltration of precipitation within their footprints.  All of the waste deposits were considered 

geotechnically stable, but may be subject to localized sloughing.  The toe of one of the 

deposits is being undermined by Stoney Creek, which may lead to some instability of that 

pile.  Surface runoff across the face of the deposits could result in migration of finer grained 

material towards Stoney Creek. 
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• In general, the groundwater flow regime in the Stoney Creek area is similar to that indicated 

in previous investigations – a regional valley-fill aquifer is present beneath Lower Stoney 

Creek.  Lower Stoney Creek is a losing system and is perched above the regional aquifer.  

Downward vertical gradients and major ion chemistry suggest infiltrating Stoney Creek 

surface water recharges groundwater in the Stoney Creek fan.  

• Groundwater flow regime on north side of Lower Stoney Creek is not well investigated. 

Groundwater data suggests that the former Regal Landfill may be a source of groundwater 

contamination; however, groundwater flow in this area is expected to be influenced by 

bedrock topography, and the contaminant migration pathway(s) from potential historical 

sources including the former Regal Landfill require further assessment.  

• Groundwater chemistry indicates that contaminant sources in Upper Stoney Creek 

(i.e., west of Highway 22) do not contribute to groundwater contamination observed in Lower 

Stoney Creek, or in the Stoney Creek fan. 

• Chemistry results for sediment samples indicate that sediment quality in Lower Stoney 

Creek is poor and above applicable standards.  There is generally a chemistry gradient 

along Lower Stoney Creek (i.e., decreasing concentrations toward the mouth of Stoney 

Creek) and concentrations in sediments in lower reaches of Stoney Creek are similar to 

those measured previously within the Stoney Creek fan; as such, Stoney Creek sediments 

could represent a source of contamination to sediments in the fan.  Sediment chemistry 

results suggest that the source of sediment contamination in Lower Stoney Creek may be 

related additional unidentified sources up stream of the residue piles and areas investigated 

as part of this study. 

The report makes recommendations for further work, which include: 

• further assessment of vertical groundwater gradients groundwater-surface water 

interactions:   

• assessment of upland groundwater flow regime and quality in the vicinity of the former 

Regal Landfill; 

• assessment of groundwater conditions beneath Lower Stoney Creek; 
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• further assessment of potential sources of sediment contamination in Lower Stoney Creek; 

• further assessment of the distribution and characteristics of contamination observed in the 

Stoney Creek fan; 

• assessment of sediment chemistry (e.g., leachability); and  

• development of management options following completion of the above. 
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1. INTRODUCTION 

SNC-Lavalin Inc., Environment Division (SLE) has conducted a limited supplemental 

environmental investigation (the “Investigation”) in the area of Lower Stoney Creek, located 

north of Teck Metals Ltd.’s (Teck) Trail Fertilizer Operations (TFO) and Trail Metallurgical 

Operations (TMO) in Trail, BC (Drawing 503664I-001).  The study area (i.e., Lower Stoney 

Creek) consists of the portion of the Stoney Creek catchment north of the TMO and east of 

Highway 22 to the Columbia River.  For reference, Upper Stoney Creek is defined as portions of 

the catchment north of the TFO and west of Highway 22 (Drawing 503664I-002). 

The Investigation was a component of a larger environmental investigation program in support 

of ongoing environmental management of the Site, the majority of which was focused towards 

investigation of an ammonium sulphate groundwater plume1 (hereafter referred to as the 

ammonium sulphate plume) present mainly beneath TFO and TMO.  An Inspector’s Direction 

related to investigation and management of discharge of the main ammonium sulphate plume to 

the Columbia River was issued by Environment Canada in 2009 and was amended to include 

Stoney Creek and other areas in 2010.  Additional details on the main ammonium sulphate 

groundwater plume with respect to the Inspector’s Direction and are provided in the 2011 

Groundwater Investigation (SLE, 2012a).   

This report focuses on the findings related to Stoney Creek as, with the exception of 

groundwater in Upper Stoney Creek, it is considered a separate issue to the main ammonium 

sulphate plume.  The work was carried out according to the terms and conditions of the 

Engineering/Environmental Services Agreement between SLE and Teck (Agreement No. 

ESA06-1004, amended August 17, 2011).  

1.1. Related Previous Investigations 

The Investigation follows previous investigations in the Stoney Creek area completed by SLE, 

Golder Associates Ltd. (Golder), Klohn Crippen Consultants Ltd. (Klohn), and Cominco 

Engineering Services Limited (CESL) between 1993 and 2011. Results of previous 

investigations related to Stoney Creek are presented in the following reports: 

                                                 
1  Ammonium sulphate groundwater plume refers to groundwater characterized by elevated levels of nitrogen, 

sulphates, total dissolved solids and metals underlying TML’s Trail Metallurgical Operations. As not all plume 
constituents have been identified at all locations within the plume, there is the potential that the ammonium 
sulphate groundwater plume is derived from more than one potential source 
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• SNC-Lavalin Inc., Environment Division (SLE), 2011a. Soil and Groundwater Investigation, 

Teck Metals Ltd, Trail Operations, Trail BC; 

• SNC-Lavalin Inc., Environment Division (SLE), 2011b. Phase IB Targeted Historical Review 

of Activities within Stoney Creek Catchment Area, Teck Metals Ltd. Trail Operations. Report 

prepared for Teck Metals Ltd.;  

• Golder Associates Ltd., 2011. 2010 Investigations of Groundwater Discharge to the 

Columbia River Near Trail, British Columbia; 

• Teck Cominco Metals Ltd., 2008.  Stoney Creek Monitoring Program Trending Study. 

• Klohn Crippen Consultants Ltd., 2002. 2001 Stoney Creek Detailed Water Quality Survey – 

Final Report; 

• Klohn Crippen Consultants Ltd., 2001. Trail Smelter Operations – Lower Stoney Creek Site 

Characterization; 

• Klohn Crippen Consultants Ltd., 1998. Stoney Creek Site Characterization: 1997 

Hydrogeological Investigations; 

• Klohn Crippen Consultants Ltd., 1997a. Stoney Creek Site Characterization; 

• Klohn Crippen Consultants Ltd., 1997b. Warfield Landfill Phase 1 Design; and, 

• Cominco Engineering Services Ltd., 1993. Environmental Investigation at Stoney Creek.  

Pertinent background and details from these investigations are provided in Section 2.0.  Notable 

findings from recent (2010 and 2011) investigations by SLE and Golder related to Stoney Creek 

and the Inspector’s Direction are below and were used to develop scope:  

• Conceptually, the Upper Stoney Creek area was identified as a source of contaminants to 

the main groundwater plume in TMO, and a gravelly delta feature was speculated to be a 

groundwater flow pathway (SLE, 2011a); 
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• Groundwater containing fluoride, arsenic, cadmium, zinc and manganese is present in the 

Lower Stoney Creek area.  Impacted groundwater may be discharging in the Stoney Creek 

fan area and potentially upwelling into the Columbia River (Golder 2011); and, 

• The Regal Landfill and other waste deposit areas are potential contaminant sources for 

groundwater and surface water quality (SLE, 2011a). 

Other notable findings from these studies were considered related to main ammonium sulphate 

plume and are discussed separately in the 2011 Groundwater Investigation report (SLE, 2012a). 

1.2. 2011 Concurrent Investigations 

Four additional environmental investigations were performed concurrently by SLE in 2011/2012 

to assess potential areas of concern identified in the Inspector’s Direction and by Golder (2011):   

1) 2011 Groundwater Investigation: supplemental groundwater investigation to address 

conceptual model data gaps for a better understanding of the main ammonium sulphate 

groundwater plume; 

2) Iron Ore Roaster Residue Release Area (IORRRA) Investigation: soil and groundwater 

investigation related to historical effluent discharge from former iron ore roaster in regard 

to previous drive point data in the adjacent Columbia River; and, 

3) Slag Fill Area Investigation: a visual reconnaissance of the Columbia River shoreline 

south of Helena Street to assess whether significant slag is present and comparison to 

previous drive point data in the adjacent Columbia River.  

Of these programs, the 2011 Groundwater Investigation has the greatest overlap with the 

Investigation at Stoney Creek.  As such, some details relating to groundwater assessment are 

duplicated in the 2011 Groundwater Investigation and other details, including results of a 

borehole geophysical survey performed on newly-installed monitoring wells, are provided in the 

2011 Groundwater Investigation report (SLE, 2012a).   

It is also noted that a Conceptual Site Model report (“CSM Report”) has been generated which 

incorporates both historical data and the three investigations described above.  The CSM report 

was intended to provide context for and focus to ongoing remedial planning activities. 
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1.3. Objectives and Scope of Work 

The scope of work for the investigation was provided to Mr. Ross Switzer of BLG on 

October 6, 2011.  Sediment sampling in Lower Stoney Creek was added to the scope of work 

based on discussions with Teck on November 9, 2011. 

As mentioned above, the Investigation is part of an ongoing, larger site-wide environmental 

investigation being performed for BLG and Teck in support of environmental management of the 

Site.  This investigation provides additional insight into soil, groundwater and surface water 

conditions and interactions in the study area.       

1.3.1. Project Objectives 

The main objectives of the Investigation were as follows: 

• Expand the groundwater monitoring network at the Site to assess potential sources of 

groundwater impacts in Lower Stoney Creek; 

• Preliminary assessment of the potential contribution of contaminants from the groundwater 

component of Lower Stoney Creek to the Columbia River; 

• Assess identified Areas of Environmental Concern (AECs) on the upland slopes of Lower 

Stoney Creek and conduct additional reconnaissance for other suspect fill areas; and, 

• If possible, identify near-term management and/or remedial options for AECs identified to 

have potential impacts to groundwater and/or surface water in Stoney Creek and/or the 

Columbia River. 

1.3.2. Scope of Work 

The following scope of work was carried out to meet these objectives: 

• Borehole drilling, monitoring well installation, groundwater sampling, and hydraulic 

conductivity testing, of individual and/or multiple (vertically nested) groundwater monitoring 

wells at four locations.  The majority of boreholes were advanced to the inferred bedrock 

surface to assess bedrock topography; 
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• Assess and (if possible) delineate soil quality for Areas of Environmental Concern (AECs) 

indentified by Teck on upland portions of Lower Stoney Creek near Highway 22.  In 

addition, perform a limited field reconnaissance to identify additional suspect fill areas (if 

present); and, 

• Obtain sediment samples in a portion of Lower Stoney Creek near Highway 22.    

Specific objectives and rationale for the drilling and installation of monitoring wells in the area of 

Stoney Creek are summarized in Table A. 

Table A: Objectives for 2011 Monitoring Well Locations Near Stoney Creek 
Monitoring Well ID Objectives 

MW2011-101A/B Groundwater quality and flow regime down gradient from the former Regal Landfill and 
bedrock elevation.   

MW2011-103 Groundwater quality and flow regime down gradient of Upper Stoney Creek and upper 
portions of Lower Stoney Creek and bedrock elevation.   

MW2011-106A/B Groundwater quality and flow regime down gradient of potential sources in Upper 
Stoney Creek; relative geochemical and hydraulic influence of Upper Stoney Creek; 
assess potential arsenic and zinc sources identified in SLE (2011b); assess extent of 
inferred gravel-rich zone identified in SLE (2011a).   

MW2011-109A/B Groundwater quality and flow regime down gradient of Lower Stoney Creek; 
Groundwater-surface water interactions with Stoney Creek and the Columbia River; 
and the geophysical anomaly observed in SLE (2011a). 

 

 
  



 

   

 
6 503664 – I011/ October 31, 2012 

Printed on Recycled Paper 

 

2. BACKGROUND  

The following sections provide relevant site information and a summary of previous 

investigations considered pertinent to the Investigation of Stoney Creek. 

2.1. Topography and Physiography 

Stoney Creek flows approximately 80 metres (m) to 500 m north of the TMO and TFO and has 

incised a ravine up to 130 m below the level of the TFO and TMO terraces. The western portion 

of the ravine, more than approximately 200 m west of Highway 22, is incised into bedrock 

whereas the eastern portion is incised into overlying sediments. The surface topography north 

and south of the ravine has been modified by industrial activities including soil borrow pits and 

waste landfills and impoundments. 

2.2. Hydrology 

Stoney Creek is identified as Topping Creek in the British Columbia Ministry of Environment 

(MoE) Water Resources Atlas2.  According to the MoE’s Habitat Wizard3 mapping utility, the 

Topping (Stoney) Creek drainage includes portions of the Rossland Range mountains to the 

west, including upland areas where historical mining operations occurred, and flows towards the 

east for approximately 12 km until it discharges to the Columbia River.  It has a total catchment 

of approximately 23 km2 at an average elevation of 1,035 m above sea level.   

Stoney Creek exhibits a typical hydrograph for creeks in the area.  Groundwater base flow (14% 

of a mean annual flow of 21,000 m3/day) forms the dominant component of flow during low flow 

periods, typically mid-August to mid-October and mid-December to end of February (Klohn, 

2004).  The City of Rossland has a licence to use 166,000 m3/yr (455 m3/day) from Topping 

Creek, which is close to the estimated five-year return seven-day low flow rate of 490 m3/day at 

their point of diversion at approximately 1,150 m asl (Dobson et al., 2002). The City of Rossland 

water supply diversion likely results in low flows at lower elevations of Stoney Creek being much 

lower than other unregulated creeks in the area. 

                                                 
2  http://www.env.gov.bc.ca/wsd/data_searches/wrbc/index.html 
3  http://www.env.gov.bc.ca/habwiz/ 
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2.3. Surficial Geology and Hydrogeological Setting 

Lithology at the Site comprises glaciofluvial and glaciolacustrine sediments that are assumed to 

be associated with the end of the Fraser Glaciation (about 10,000 B.P).  At the end of the 

glaciation, valley glaciers in the area melted relatively rapidly by down-wasting which left a 

stagnant plug of ice that formed an ice dam in the valley.  This dam caused the formation of a 

number of glacial lakes resulting in the massive deposition of fine sand and silt.  After the ice 

dam melted and the glacial lakes drained, the Columbia River cut downward through the 

sediments resulting in a series of elevated terraces along the length of the valley 

(Anderton, 2008; GSC, 2009; McDonald, 1995.).  The Stoney Creek gully has been created by 

similar down-cutting of Stoney Creek through two elevated terraces. 

Lower Stoney Creek has been interpreted as a losing system, where the creek flows as much 

as 30 m above the regional water table (Klohn, 2001).  This results in groundwater recharge by 

the creek and local mounding of a saturated zone in the underlying sediments.   

A zone of extensive interbedded fine to coarse sand and sand-and-gravel sediments extending 

from ground surface to bedrock has been identified beneath the south-central portion of the 

TMO. This gravel-rich zone is inferred to be a delta built out from the mouth of an historic major 

tributary, possibly from Stoney Creek (SLE 2011a). 

2.4. Previous Investigations 

This investigation supplements previous work completed at Stoney Creek between 1993 and 

2011 by CESL, Klohn, Golder, SLE and Teck.  Previous investigations have identified a number 

of impacts to soil, groundwater and/or surface water from various interpreted sources.   

Remedial activities including remedial excavation, construction and upgrading of permanent 

storage facilities, and construction and upgrading of two seepage collection systems have been 

completed by Teck in the Upper Stoney Creek catchment area to address some of the identified 

impacts to surface water and groundwater.   

2.4.1. CESL Soil Investigation 

In 1992 CESL conducted a subsurface investigation on the north side of Stoney Creek and west 

of Highway 22 to delineate the extent of suspected arsenic contamination in soil (CESL, 1993).  
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Thirteen boreholes were advanced to a maximum depth of 7 m below ground surface with 

samples collected at 1 m intervals. Results indicated approximately 1,450 m3 of arsenic-

contaminated soil, with reported arsenic concentrations in the range of 175 to 358,000 ppm 

(0.0175% to 35.8%).  Notable concentrations of other heavy metals were reported including 

antimony (14.0%), cadmium (0.5%), lead (3.4%), and zinc (45.2%).  Metals concentrations 

decreased outside the visibly impacted soil; however, elevated concentrations were still 

reported for antimony (2.0%), arsenic (0.6%), cadmium (0.5%), lead (2.2%), and zinc (42.4%). 

CESL recommended a risk management approach to reduce potential exposure risks by either 

containment, contaminant removal, or a combination of both.  Further investigation was 

recommended to delineate the observed contamination and develop a remedial plan.  

2.4.2. Klohn Surface Water and Groundwater Investigation 

An environmental investigation was conducted by Klohn in 1996 including: collection of surface 

water samples; a geophysical survey to map bedrock elevations in the vicinity of the creek, and; 

installation of five nested groundwater monitoring wells at three locations in Upper Stoney Creek 

(GW-1S/D, GW-2, and GW-3S/D) to assess groundwater quality and flow regime (Klohn, 1997). 

Investigation results indicated two primary sources of contamination impacting surface water 

quality in Upper Stoney Creek via groundwater seepage: the arsenic disposal and other waste 

impoundments north of the creek (“north Upper Stoney Creek”; Seep #1); and, the various old 

and new landfills (“Landfill Areas”; Seeps #2 and #3) south of the creek (Drawing 503664I-002).  

Primary contaminants associated with these sources included arsenic and antimony from north 

Upper Stoney Creek and cadmium and zinc from the Landfill Areas.  Geophysical data 

suggested the former Regal Landfill was a source of contamination to Lower Stoney Creek. 

From these results, a preliminary hydrogeological and contaminant mass balance model was 

developed for Stoney Creek and recommendations were made for improving surface water 

quality.  A pumping well (PW-1) was installed in 1997 to assess the feasibility of hydraulic 

capture of contaminants from the north Upper Stoney Creek area; results from pumping at a 

relatively low rate (6.8 L/min for 19 hours) indicated a continuous gravel layer with no hydraulic 

connection to Stoney Creek. In September 1997, Teck installed seepage collectors on the north 

(“Seep Collector #1”) and south sides of Stoney Creek (“Seep Collector #2 and #3”) to recover 

contaminated groundwater seepage and direct it to the TMO Effluent Treatment Plant (ETP). 
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A study of Lower Stoney Creek was conducted in 2000 including: geophysical surveys to map 

the underlying bedrock and groundwater table beneath Lower Stoney Creek and areas of Upper 

Stoney Creek; and, installation of nested groundwater monitoring wells at three locations near 

Lower Stoney Creek.  The overall objectives for installing the monitoring wells included: 

investigation of the potential for contaminated groundwater flow from the Regal Landfill; 

determination of whether Lower Stoney Creek was a gaining stream or a losing stream, and; 

determining the regional flow gradient towards the TMO and towards the Columbia River. 

Data from the 2000-series monitoring wells indicated that Lower Stoney Creek is a losing 

system and, therefore, the potential for contamination of surface water from groundwater inflows 

was inferred to be low.  Surface water runoff from contaminated areas on the surrounding valley 

slopes was identified as the primary pathway for contaminant loadings to Lower Stoney Creek. 

A detailed water quality survey was conducted in Stoney Creek in 2001 (Klohn, 2002).  Results 

identified sources of contamination to Upper Stoney Creek including a diffuse zone of cadmium 

and zinc seepage originating from the “Old Landfill”, and a zone of arsenic seepage originating 

from waste impoundments on land on the north side of Upper Stoney Creek.  In addition, slightly 

elevated cadmium concentrations in Upper Stoney Creek suggested the presence of an 

unknown cadmium source west of the Old Landfill.  None of the tested parameters in the 

Columbia River exceeded applicable standards and no evidence of contaminated seeps was 

detected during low-flow conditions on the west bank of the Columbia River. 

Klohn reported that the #1 Seep Collector appeared to be effectively capturing groundwater 

because no visible seeps were observed entering Stoney Creek in the vicinity of the collection 

system.  Seep Collectors #2 and #3 appeared to be in good condition; however, algae and fine 

sediment were observed in the collectors indicating a concern for potential clogging.  Klohn 

recommended that the algae and sand-filled gravel should be regularly replaced with clean 

gravel to maximize the seep collection capacity.   

Comparing the 2001 water quality results to the 1996 results, the total arsenic, cadmium, and 

zinc loads were reduced by an estimated 86%, 90%, and 83%, respectively, near Highway 22. 

This was attributed to installation of the seepage collection system by Teck (Klohn, 2002).  It is 

noted that these findings were based on total metals concentrations, not dissolved constituents. 
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2.4.3. Teck Remediation and Surface Water Sampling 

Since 1952, high-arsenic baghouse dust from the TMO had been stored at waste 

impoundments on land north of Upper Stoney Creek (i.e., Duncan Flats.)  In 1989, the majority 

of this material was relocated to a nearby covered arsenic pile.  Starting in 1997, the remaining 

stockpiled arsenic was mined and processed by sieving and washing to separate arsenic from 

intermixed coarse sand and gravel.  The separated arsenic was placed in sacks and transferred 

to the copper arsenate products plant at the TMO.  Teck worked to remove all of the high-grade 

arsenic stockpiles, thereby removing a potential source of arsenic to Stoney Creek. 

Additional remedial activities were carried out in the Stoney Creek catchment including: 

installation of a low permeability cap on the old industrial landfill on the south side of Upper 

Stoney Creek (2002); upgrades to the Upper Stoney Creek seepage collection system 

(2003/2004); excavation and permanent enclosure of contaminated soils and residual materials 

in a permitted storage facility in Duncan Flats (2004/2005); and, diversion of two sources of 

incremental minor metals discharge from the TMO to Lower Stoney Creek (2006). 

In 2008 Teck conducted a trending study (Teck, 2008) to compare surface water quality in 

Stoney Creek before and after the remedial activities were carried out.  Teck concluded that 

Stoney Creek water quality improved from 1997 to 2008, including a reduction in the average 

total metal concentrations at Lower Stoney Creek monitoring station “Site 8” (approximately 

15 m upstream of the Stoney Creek fan).  Notable results included: 62% reduction for total 

arsenic, 50% for total cadmium, 90% reduction for total lead, and 73% reduction for total zinc 

(Teck, 2008).  It is noted that these findings were based on total metals concentrations, not 

dissolved constituents. 

Reported concentrations of cadmium and zinc in the low flow periods at Site 8 continued to 

exceed concentrations that would impact fish toxicity. The average cadmium concentration at 

Site 8 remained approximately ten times higher than target values and the average total zinc 

concentration was approximately three times higher. 

2.4.4. Golder Stoney Creek Fan and Columbia River Sampling 

A water and sediment sampling program was conducted in the Stoney Creek and TMO area 

during low-flow conditions in the fall of 2010 (Golder, 2011).  Pertinent results of the program 

include the following: 
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• Fluoride and metals concentrations (primarily arsenic, cadmium and zinc) above applicable 

CCME guidelines were identified in drive point samples from the substrate collected in the 

Stoney Creek fan area; 

• Arsenic, cadmium and zinc concentrations above applicable CCME guidelines were 

reported for surface water samples that were obtained from Stoney Creek monitoring 

stations “Site 5” (located west of Highway 22) and Site 8; 

• Arsenic, cadmium and zinc concentrations above applicable CCME guidelines were 

reported for several surface water samples that were obtained from the inferred Stoney 

Creek/Columbia River mixing zone; 

• Sediment samples obtained along the shoreline in the Stoney Creek/Tadanac area typically 

exceeded the CCME guidelines for arsenic, cadmium, lead, mercury and zinc; and, 

• Historical fluoride, arsenic, cadmium, manganese and zinc concentrations above applicable 

Contaminated Sites Regulation (CSR)4 Standards were reported for groundwater samples 

in the area of Stoney Creek.  By comparing chemistry results for nested monitoring wells, it 

appeared that arsenic, cadmium, manganese and zinc concentrations were highest at 

shallower depths, with potential discharge to the Columbia River. 

2.4.5. SLE Targeted Historical Review 

SLE conducted a targeted historical review of waste management practices and activities within 

a portion of the Stoney Creek catchment area (SLE 2011b).  Forty potential source areas were 

identified with various potential contaminants of concern (PCOCs) including metals, ammonia, 

nitrate, nitrite, sulphate, phosphate, fluoride, pH, hydrocarbons, polyaromatic hydrocarbons 

(PAHs), dioxins and furans and polychlorinated biphenyls (PCBs).  The selection of the PCOCs 

was based on waste materials identified within the potential source areas and concentrations 

recorded in previous investigations of surface water and groundwater quality in the Stoney 

Creek catchment. 

  

                                                 
4  Contaminated Sites Regulation (CSR), B.C. Reg. 375/96, including amendments up to B.C. Reg. 97/2011. 
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The spatial distribution of PCOCs was grouped into four general areas: 

• Upper Stoney Creek north, containing potential source areas for metals and hydrocarbons; 

• Upper Stoney Creek south, containing potential source areas for metals and fertilizer 

products; 

• Lower Stoney Creek north containing potential source areas for metals, fertilizer products 

and hydrocarbons; and, 

• Lower Stoney Creek south containing potential source areas for metals. 

Low solubility/mobility PCOCs, such as PCBs and dioxins and furans were interpreted to be 

localized within existing permitted landfills and therefore were not considered a significant 

potential impact to Stoney Creek or groundwater. 

2.5. Preliminary Assessment of Lower Stoney Creek AECs 

Preliminary soil quality assessment conducted by Teck identified four areas of environmental 

concern (AECs) in Lower Stoney Creek, including: a “glass and ceramic debris pile”, a “brown 

residue area”, a “south white residue area” and a “north white residue area” (Drawing 

503664I-003).  These AECs appear to represent locations of “unknown historic process 

materials” that were deposited in Lower Stoney Creek sometime during the operation of the 

TMO (SLE 2011b). 

Laboratory analytical results for a composite soil sample collected by Teck from the glass and 

ceramic debris pile in July 2003 indicated that leachate quality exceeded the BC Hazardous 

Waste Regulation Leachate Quality (HWLQ) Standards for concentrations of arsenic, cadmium 

and lead.  Soil samples from the brown residue area, south white residue area and north white 

residue area had concentrations of metals below the laboratory method detection limit, however 

it is noted that the method detection limit for several parameters was above the most 

conservative soil criteria. 

Laboratory analytical results provided by Teck are attached in Appendix I. 
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3. REGULATORY FRAMEWORK 

The following is a review of the regulatory standards, criteria, and guidelines applicable at the 

time this report was prepared. The potential contaminants of concern (PCOCs) were compared 

to current standards contained in the following provincial regulations and federal guidelines: 

• Contaminated Sites Regulation (CSR), B.C. Reg. 375/96, including amendments up to B.C. 

Reg. 97/2011. 

• Hazardous Waste Regulation (HWR), B.C. Reg. 63/88, including amendments up to 

B.C. Reg. 63/2009. 

• Canadian Environmental Quality Guidelines (CEQG), Canadian Council of Ministers of the 

Environment (CCME), Winnipeg, MB, 2007. 

3.1. Applicable Groundwater Standards 

Groundwater Standards are provided in Schedule 6 of the CSR.  Considering the potential 

receptors and water use(s) for groundwater at the Site, estimated travel times to the receptors 

and potential preferential pathways, applicable groundwater Standards were selected based on 

the following rationale:  

• the CSR aquatic life water use (AW) Standards apply based on the location of the Site 

within 300 m of the Columbia River and/or Stoney Creek; and, 

• CSR drinking water use (DW) standards for groundwater are applicable for protection of 

future groundwater as per CSR Technical Guidance Document 6 (BC MoE, 2010a). 

There are currently no federal guidelines applicable to groundwater. 

3.2. Applicable Soil Standards 

The applicable Soil Standards are provided in CSR Schedule 4 (Generic Numerical Soil 

Standards) and CSR Schedule 5 (Matrix Numerical Soil Standards).  Based on the current 

industrial land use, the CSR Schedule 4 Industrial (IL) Standards were used for the assessment 

of soil quality.  For the purposes of determining the applicable Schedule 5 IL Standards, the 

following site-specific factors were considered: 
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• Human Health Protection: Intake of contaminated soil (mandatory at all sites); and, 

Groundwater used for drinking water. 

• Environmental Protection: Toxicity to soil invertebrates and plants (mandatory at all 

sites); and, groundwater flow to surface water used by aquatic life (Freshwater). 

Toxicity leachate testing procedure (TCLP) testing results were compared to the HWR 

Hazardous Waste Leachate Quality (HWLQ) Standards.  No CSR Standards currently apply for 

comparison of synthetic precipitation leaching procedure (SPLP) testing results, however these 

results have compared to the CSR Schedule 6 Generic Numerical Water Standards to provide a 

general frame of reference. 

3.3. Applicable Sediment Standards 

Applicable sediment criteria are provided in Schedule 9 of the CSR (Generic Numerical 

Sediment Criteria), as the sample locations were not situated in the fan (i.e., confluence with the 

Columbia River).  For the purposes of this report, we have selected CSR typical sediment use 

(freshwater, SedQCSCS); however a broader assessment of applicable standards should be 

performed for future sediment studies. 

3.4. CSR Protocol 11 Upper Cap Concentrations 

The BC MoE has derived upper cap concentrations (CSR UCC) for soil, water, sediment, and 

vapour under Protocol 11 for Contaminated Sites: “Upper Cap Concentrations for Substances 

Listed in the Contaminated Sites Regulation” (BC MoE, 2010b).  The CSR UCC are intended for 

application under the BC CSR Protocol 12 for Contaminated Sites: “Site Risk Classification, 

Reclassification and Reporting” (BC MoE, 2010c) which describes procedures for classifying 

sites based on their risk to the environment or human health.  According to Protocol 12, 

conditions for classifying sites as high risk include the presence of substances at concentrations 

above the CSR UCC.  These are concentrations established by the MoE for substances with 

numerical standards in the CSR and which, when present in the exposure zone of soil, water, 

sediment or vapour, could pose high risks to the environment or human health.  Under 

Protocol 12, if upper cap concentrations are exceeded, an analysis of exposure pathways 

usually must be carried out to determine if a site is classified as high risk. 
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4. METHODS 

The field program was carried out between October 11, 2011 and February 16, 2012 and 

comprised the following tasks: 

1) Borehole drilling and installation of groundwater monitoring wells; 

2) Field reconnaissance in Lower Stoney Creek to identify other AECs based on visual 

observations; 

3) Collection of shallow soil samples from each AEC for laboratory analysis; 

4) Sediment sampling in Lower Stoney Creek; 

5) Preliminary slope stability assessment; 

6) Elevation survey of new groundwater monitoring wells; and, 

7) Groundwater sampling. 

Field activities were undertaken, as applicable, in accordance with SLE preferred operating 

procedures (POPs), and Teck and SLE Health and Safety programs. The detailed scope and 

methodology for field activities are provided in Appendix II and SLE (2012a). Photographs of 

field activities are included in Appendix III. A brief summary of field activities is provided below.  

4.1. Groundwater Assessment 

Seven boreholes at four locations were advanced in the Lower Stoney Creek area (Drawing 

503664I-003) between October 20 and December 15, 2011.  Single or nested groundwater 

monitoring wells were installed at each location borehole for a total of seven monitoring wells 

(MW2011-101A/B, MW2011-103, MW2011-106A/B and MW2011-109A/B).  A summary of 

monitoring well installation details is included in Table 1 and schematics of the well installations 

are provided in Appendix IV.  Well development was conducted upon completion of the drilling 

program by air lifting. Locations and elevations of monitoring wells were surveyed by Kootenay 

Technical Services of Trail, BC. 
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4.2. Shallow Soil Assessment 

Shallow soil samples were collected from accessible areas of the Lower Stoney Creek AECs 

and additional suspect fill areas between October 11 and October 14, 2011.  A fall restraint 

system was required for the work because some AECs are located on steep slopes.  SLE 

contracted Terra Erosion Control Ltd. (Terra) of Nelson, BC to supply the fall arrest system and 

to provide a safety watch during sample collection.  Details are provided in Appendix II. 

Each sample was field screened for metals using hand-held x-ray fluorescence (XRF) 

spectrometer.  The XRF results were used to select a representative subset of samples for 

analysis of total metals, synthetic precipitation leachate procedure (SPLP) and/or toxicity 

characteristic leachate procedure (TCLP) testing.  Details are provided in Appendix II. 

4.3. Sediment Sampling 

Sediment samples were collected at seven locations in Lower Stoney Creek on 

November 29, 2011.  Each sample was obtained from a relatively low energy location along the 

creek bed where deposits of silt- and sand-sized particles were observed.  Details are provided 

in Appendix II. 

4.4. Preliminary Slope Stability Assessment 

SLE contracted SNT Engineering Ltd. (SNT) of Nelson, BC to conduct a preliminary slope 

stability assessment in Lower Stoney Creek on December 1, 2011.  Details regarding their field 

methods are provided in their report, attached in Appendix V.  The slope stability assessment 

was limited to a review of available historical data and a visual site reconnaissance, and did not 

include an intrusive investigation. 

4.5. Laboratory Analysis and Quality Assurance / Quality Control 

Groundwater, soil and sediment samples were submitted to CARO Analytical Services (CARO) 

in Richmond, BC for analysis of dissolved metals, total metals, SPLP and/or TCLP.  CARO is 

accredited by the Canadian Association for Laboratory Accreditation Inc. (CALA) for analysis of 

environmental samples.    
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A Quality Assurance/Quality Control (QA/QC) program was implemented during the collection 

and analysis of sample media. The program included the use of trained field staff, the collection 

and analysis of blind duplicates, the use of Canadian Association for Laboratory Accreditation 

Inc. (CALA) certified laboratories, as well as other industry standard practices. Further detail 

and results of the QA/QC are attached in Appendix VI. 
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5. GROUNDWATER ASSESSMENT RESULTS 

As previously discussed, the groundwater assessment component of the Investigation has 

overlap with the 2011 Groundwater Investigation.  Pertinent results from the 2011 Groundwater 

Investigation for Stoney Creek are presented below; however, additional detail and discussion 

with regards to the larger, site wide investigation are provided in SLE (2012a).   

5.1. Subsurface Conditions 

Borehole locations are shown on Drawing 503664I-003.  The lithology observed at each location 

is summarized in the borehole logs and monitoring well installation details are provided in the 

respective monitoring well completion diagrams (Appendix IV). 

Subsurface conditions are similar to the results of previous investigations; consisting of variable 

deposits of silt, sand, and gravel overlying bedrock.  A thick gravel unit was observed from 

approximately 21.3 m to 100.6 m depth at MW2011-106A.  The location and thickness of this 

gravel unit appears to be consistent with a gravel-rich zone underlying the TMO site 

(SLE 2011a).  

Finer sediments (silty sand) were observed from approximately 35.0 m to 45.7 m depth at 

MW2011-109A/B, the maximum depth of drilling.  An abrupt colour transition from brown/grey 

silty sand to grey silty sand was observed in this borehole at approximately 45.4 m depth.  The 

rate of cuttings return rapidly increased in the grey silty sand (i.e., heaving sands), which limited 

the total drilling depth because the volume of cuttings exceeded the capacity for disposal. 

Boreholes MW2011-101A, MW2011-103 and MW2011-106A were advanced to the inferred 

bedrock surface; however, borehole MW2011-109A had to be terminated at shallower depth 

because of the difficult drilling conditions. 

5.2. Groundwater Flow Regime 

Groundwater levels were measured in the 2011 monitoring wells as part of a larger, site-wide 

monitoring event between February 13 and February 16, 2011.  Groundwater elevations for 

each new monitoring well and selected historical monitoring wells near Stoney Creek are 

summarized in Table 1.  
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Groundwater elevations for the shallow groundwater-bearing zone (phreatic surface to 

388 m asl; see SLE [2012a] for details), interpreted potentiometric contours, and inferred 

groundwater flow direction have been plotted on Drawing 503664I-004.  Groundwater is inferred 

to flow generally to the east in the study area; however, it is noted that this interpretation is 

based on limited information from the north side of the creek.  Bedrock topography to the north 

and northeast of the rail trestle in Lower Stoney Creek are expected to have a local influence on 

the groundwater flow direction.     

Horizontal hydraulic gradients in the study area appear to indicate two different flow regimes: 

Upper Stoney Creek with a gradient of approximately 0.2 m/m; and Lower Stoney Creek with a 

gradient ranging between 0.009 to 0.004 m/m.  The gradient and flow direction in Upper Stoney 

Creek appears to be controlled by, and are expected to vary with, the slope of the underlying 

bedrock and/or till surface.  Saturated thicknesses are much greater in Lower Stoney Creek as it 

is considered to be part of the valley-fill aquifer at TMO; as such, the gradient and flow direction 

appears to be influenced by the combination of upland recharge and the Columbia River. 

Vertical gradients in nested wells for the monitoring event are summarized in Table B. 

Table B: Vertical Groundwater Gradients for Selected Monitoring Wells in the Stoney 
Creek Catchment Area   

Vertical Gradient Calculated 
 for Nested Monitoring Wells 

Elevation of Centre of 
Screen (m asl) 

Potentiometric 
Elevation (m asl) 

Vertical Gradient1 

MW2000-2S 422.80 422.00 
-0.166 

MW2000-2D 335.85 407.55 

MW2000-4S 406.95 410.14 -0.310 
MW2000-4D 400.25 408.065 

MW2000-3S 402.25 407.76 
0.0025 

MW2000-3D 386.35 407.8 

MW2001-3B  388.72 407.241 
0.0036 

MW2001-3A 379.32 407.275 

MW2001-3C  402.62 407.234 
0.0005 

MW2001-3B 388.72 407.241 

MW2002-2B  404.65 407.033 
-0.00170 

MW2002-2A 386.4 407.002 

MW2011-109B 390.75 407.214 
-0.0010 

MW2011-109A 376.75 407.2 

Notes:  1) Positive values indicate upward gradient and negative values indicate downward gradient.  
2) The vertical gradient in MW2011-101A/B and MW2011-106A/B could not be calculated as the pump in MW2011-101B 
interfered with water level measurement and MW2011-106B was damaged.   
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The highest downward vertical gradients were observed at monitoring wells MW2000-2S/D and 

MW2000-4S/D which are located in relatively close proximity to Stoney Creek upstream of the 

fan.  The strong downward gradients observed at this quadruple-nested location are consistent 

with historical results and the concept that Lower Stoney Creek is locally recharging the regional 

valley-fill aquifer.   

Closer to the fan at MW2002-4A/B and MW2011-109A/B downward vertical gradients 

decreased to between 0.001 and 0.002 for the monitoring event.  Review of historical monthly 

data from 2002/2003 provided by Teck for MW2002-4A/B indicated that a downward gradient is 

typically present at this location for the majority of the year; the exception to was in June and 

July when the Columbia River is typically at its highest.  Pressure transducer data provided by 

Golder for MW2002-4B and the Columbia River indicated water levels in MW2002-4B are 

influenced by fluctuations in the Columbia River, with the amplitude of water level fluctuations in 

MW2002-4B approximately 76% of the river; however, the small increase in water level of 

0.23 m in the Columbia River and 0.06 cm in MW2002-4B between 18-24 hours before the 

monitoring event did not appear to affect the direction of the vertical gradient.  Based on 

historical data provided by Teck and Golder, vertical gradients in the vicinity of the fan appear to 

be controlled by the fluctuations of the Columbia River.  It is noted, however, that pressure 

transducer data were not available for the nested pairs in the vicinity of the fan.  

In contrast, the vertical flow regime appears to differ downstream of the Stoney Creek fan along 

the river bank where vertical gradients at MW2001-3A/B/C were upward for the monitoring 

event.  This is consistent with historical monthly monitoring data for 2002/2003 provided by Teck 

when upward vertical gradients were measured for the majority of the year, with the exception of 

March 2002, November 2002 and March 2003 when downward vertical gradients were 

measured; March and November is typically when Columbia River levels are lowest.   

The vertical gradient further inland at MW2000-3D/S was upward for the monitoring event.  

Review of historical monthly data from 2002/2003 from Teck indicated the vertical gradient at 

this location alternated between slightly upward and downward, and no apparent seasonal trend 

was noted.      
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5.2.1. Hydraulic Conductivities 

Single well response tests and resulting hydraulic conductivities for Stoney Creek monitoring 

wells are presented in SLE (2012a) and summarized in Table C. 

Table C: Mean Hydraulic Conductivity for 2011 Monitoring Wells 

Well ID Mean K (m/s) Stratigraphy Within the Screened Interval 

MW2011-101A 1.1x10-5 SAND and GRAVEL  

MW2011-103 3.8x10-5 GRAVEL , some sand  

MW2011-106A 4.6x10-5 SAND and GRAVEL  

MW2011-109A 7.4x10-6 SILTY SAND  

MW2011-109B 5.1x10-5 SILTY SAND  

  

Groundwater flow velocities based on the hydraulic conductivities and horizontal hydraulic 

gradients for the regional valley fill aquifer were presented in SLE (2012a) and were as follows:   

• 7 m/yr to 20 m/yr in the silty sand to silt units,  

• 20 m/yr to 60 m/yr in the sand units, and 

• 90 m/yr to 260 m/yr within the sand and gravel units. 

5.2.2. Groundwater Quality 

Laboratory Certificates of Analysis for groundwater samples are provided in Appendix V of the 

2011 Supplemental Groundwater Investigation. Analytical results are summarized in Tables 2 

and 3. Reported concentrations of several parameters exceeded the CSR AW and/or DW 

Standards, summarized in Table D. 
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Table D: Summary of Exceedences in Groundwater 

Monitoring Well ID 

Parameter 
Exceeding 
Applicable 
Standard 

Reported Concentration in 
Groundwater Sample 

(mg/L) 

CSR AW 
Standard 

(mg/L) 

CSR DW 
Standard 

(mg/L) 

MW2011-101A 

Nitrate Nitrogen 16.3 400 10 

Magnesium 111 n/a 100 

Sulphate 1350 1,000 500 

Fluoride 1.65 3 (H>50)a 1.5 

Manganese 14.1 n/a 0.55 

Dissolved Cadmium 235 0.6 (H>210)a 5 

Dissolved Zinc 22,500 
2,400 

(H>400)a 
5,000 

MW2011-101B Manganese 1.77 n/a 0.55 

MW2011-103 Dissolved Arsenic 3210 50 10 

MW2011-106A 

Nitrate Nitrogen 11.9 400 10 

Fluoride 2.59 3 (H>50)a 1.5 

Manganese 3.79 n/a 0.55 

Dissolved Arsenic 8810 50 10 

Dissolved Cadmium 489 0.6 (H>210)a 5 

Dissolved Selenium 22.3 10 10 

Dissolved Zinc 30,300 
1,650 (H 200-

<300)a 
5,000 

MW2011-109A Sulphate 598 1,000 500 

Note: a) Standard is hardness dependent 

 
The groundwater analytical results are also summarized on Drawing 503664I-005 
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6. SOIL AND SEDIMENT ASSESSMENT RESULTS 

6.1. Field Reconnaissance 

Three additional suspect fill areas were identified during the field reconnaissance on 

October 11, 2011 based on visual observation of stressed vegetation and/or discolouration of 

soil.  These include: a “black residue area” on the south slope adjacent to Highway 22; a “grey 

residue area” in the bottom of the Stoney Creek ravine; and, a “south iron residue area” on the 

south slope southwest of the rail trestle.  The black residue area appeared to be incorporated 

into the embankment fill for Highway 22; however, the grey residue area and the south iron 

residue area appeared to be isolated and consistent with unknown process materials described 

in Klohn Crippen (2001) and SLE (2011b). 

For the purpose of discussion, each fill area has been identified as an AEC.  The Lower Stoney 

Creek AECs are shown on Drawing 503664I-003 and are summarized in Table E.  Each AEC 

has been assigned an acronym for reference.  The brown residue and south white residue 

areas have been combined into a single AEC because they are contiguous. 

Table E: Lower Stoney Creek AECs 
Location Identifier Acronym General Site Location 

Glass and Ceramic Debris Pile GCP 
South slope approximately 20 m north of Stoney Creek 
Road 

Brown Residue Area and South White 
Residue Area 

BRA, 
SWRA 

South slope approximately 60 m east of Highway 22 

Black Residue Area BLA South slope approximately 30 m east of Highway 22 

North White Residue Area NWRA 
North slope, approximately 60 m south of the current 
ferrous granules pile 

Grey Residue Area GRA 
Base of Stoney Creek gulley, approximately 30 m east of 
the Highway 22 culvert 

South Iron Residue Area SIRA 
South slope, approximately 60 m southwest of the CPR 
bridge 

 
6.2. Field Screening 

Soil sample locations for each AEC are shown in Drawings 503664I-006 through 503664I-009.  

Hand-held XRF field screening results are summarized in Table 4.   The XRF results for arsenic, 

copper, lead and zinc were compared to laboratory results using linear regression (Figures 1 to 4).  

The correlation between XRF and laboratory results for arsenic was poor, with an r2 value of 

0.32 (Figure 1).  A stronger correlation was observed for copper, lead and zinc; with r2 values of 
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0.85, 0.78, and 0.93, respectively (Figures 2 through 4).  The regression analysis indicates that 

the measured values are not sufficient to characterize the soil according to applicable 

standards; however, the results suggest the XRF field screening provides an order of magnitude 

estimate of copper, lead and zinc concentrations and a reasonable comparison of parameter 

concentrations in a set of samples, thus allowing for a more targeted laboratory analytical 

program.  The XRF results were used to select samples with a range of inferred total metals 

concentrations for laboratory analysis; soil samples with comparatively high concentrations were 

selected for leachability testing. 

6.3. Soil Quality 

Laboratory Certificates of Analysis are attached in Appendix VII.  Soil quality results for each of 

the Lower Stoney Creek AECs are summarized in the following sections. 

6.3.1. Glass and Ceramic Debris Pile 

Six grid lines approximately four metres apart were established at the GCP (Drawing 

503664I-006, Photograph 1).  Grid lines GC L1 through GC L4 were established in the suspect 

fill, while grid lines GC L5 and GC L6 were located adjacent to the visual limits of the pile to 

potentially delineate the suspect fill.  Soil samples were collected approximately every three 

metres along each grid line. 

The fill was described as SAND, some gravel, trace to some silt, brown to black, loose, moist, 

containing construction debris and domestic refuse (bricks, metal, glass, wood, ceramic).  The 

inferred native soil was described as SAND and GRAVEL, some silt, containing cobbles and 

boulders, brown, loose to compact.  The surface area of the fill was approximately 600 m2.  The 

vertical thickness could not be confirmed using hand-dug test pits. 

Total Metals in Soil 

Forty-eight soil samples were collected at the GCP.  Twenty-six samples (including four field 

duplicates) were selected for laboratory analysis of total metals based on the XRF field 

screening results.  Laboratory analytical results for each sample are summarized in Table 5.  

Reported concentrations of metals in each of the samples exceeded one or more of the CSR IL 

Standards, with approximately 60% of the samples containing concentrations above the 



 

   

 
25 503664 – I011/ October 31, 2012 

Printed on Recycled Paper 

 

CSR Protocol 11 IL Upper Cap Concentrations (IL UCC, BC MoE 2010b).  A summary of the 

parameters exceeding applicable standards is provided in Table F and Drawing 503664I-006. 

Table F: Summary of Total Metal Exceedences in Soil, GCP 

Parameter 

Range of 
Reported 

Concentrations 

(µg/g) 

CSR IL Standard 

(µg/g) 

Number of 
Samples 

Exceeding 
CSR IL 

CSR IL UCC2 

(µg/g) 

Number of 
Samples 

Exceeding 
CSR IL UCC 

Antimony 48.3 - 556 40 21 400 2 

Arsenic 16.6 - 406 15 16 1,000 0 

Barium 533 – 1,660 400 15 15,000 0 

Cadmium 3.29 - 973 1.5 - 251 26 5,000 0 

Chromium 61.2 – 80.7 60 3 7,000 0 

Copper 139 – 4,290 90 - 2501 18 2,500 11 

Lead 127 – 30,400 100 – 2,000 25 20,000 13 

Manganese 20,800 – 49,500 19,000 15 190,000 0 

Selenium 10.8 – 30.5 10 7 100 0 

Silver 41.3 – 54.1 40 10 400 0 

Tin 592 – 2,930 300 16 3,000 0 

Zinc 313 – 163,000 150 – 600 26 6,000 16 

Note: 1) Standard is pH dependent; 2) CSR Protocol 11 Upper Cap Concentrations. 

 

Leachable Metals in Soil 

Four samples from the GCP were submitted for TCLP and SPLP testing and an additional five 

were submitted for SPLP testing only (Table 6). The reported TCLP leachate concentration of 

cadmium, lead and zinc for each of the four samples tested exceeded the BC HWR standards, 

indicating that the soil would be classified as hazardous waste. SPLP results were up to about 

50 times lower than TCLP results, although the results indicate that leachate concentrations of 

cadmium and zinc would exceed the Schedule 6 CSR DW and AW Standards, but that lead was 

not readily leachable under precipitation conditions.  The SPLP testing results were below the 

BC HWR Standards. 
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6.3.2. Brown Residue Area and South White Residue Area 

The brown residue area and south white residue area (Photograph 2) are located approximately 

65 m east of Highway 22.  These deposits are contiguous but appear to be derived from 

different source materials.  The material in the brown residue area was described as metal 

debris, including metal shavings, fasteners and small machine parts.  The south white residue 

area was lower in the slope and the soil is described as SAND, fine to medium grained, trace 

silt, trace gravel, containing cobbles and boulders, light grey, loose to compact, containing 

construction debris (metal, concrete, wood).  Both of these soils appeared to occur within a 

larger deposit of fill that is described as SAND and GRAVEL, some silt, containing cobbles and 

boulders, brown, loose to compact, containing construction debris (metal, concrete, wood).  The 

surface area of the BRA/SWRA was approximately 100 m2; the vertical thickness could not be 

confirmed. 

Twelve soil samples were obtained from the BRA/SWRA along three grid lines (Drawing 

503664I-007).  Four samples were collected in the suspect fill, and the remaining eight were 

collected in the adjacent fill to potentially delineate the material on the surface of the slope. 

Ten samples were selected for laboratory analysis based on field screening results (Table 5).  

The reported concentrations of metals in each sample exceed one or more of the CSR IL 

Standards. Two samples collected within the brown residue area had concentrations of 

antimony, copper and tin above the CSR IL UCC.  Metals concentrations in the sample obtained 

from the south white residue were below the CSR IL UCC, and four of six samples analyzed 

from the adjacent fill contained concentrations of antimony, arsenic, lead and/or zinc above the 

CSR IL UCC.  The reported exceedences for samples from the adjacent brown fill indicate that 

the poor quality soil has not been delineated, and the boundaries of the AEC cannot be defined 

based on visual indicators. 

Parameters exceeding the applicable standards are summarized in Table G and Drawing 

503664I-007. 
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Table G: Summary of Total Metal Exceedences in Soil, BRA/SWRA 

Parameter 

Range of 
Reported 

Concentrations 
(µg/g) 

CSR IL 
Standard 

(µg/g) 

Number of 
Samples 

Exceeding 
CSR IL 

CSR IL UCC2 

(µg/g) 

Number of 
Samples 

Exceeding 
CSR IL UCC 

Antimony 45.8 – 1,410 40 8 400 3 

Arsenic 173 – 1,130 15 8 1,000 1 

Cadmium 7.23 – 100 1.5 - 251 8 5,000 0 

Chromium 145 – 716 60 3 7,000 0 

Copper 296 – 40,800 90 - 2501 8 2,500 3 

Lead 1,920 – 25,900 100 – 2,000 8 20,000 2 

Molybdenum 79.1 – 187 40 2 400 0 

Nickel 817 500 1 5,000 0 

Selenium 10.4, 21.5 10 2 100 0 

Tin 362 – 4,080 300 5 3,000 2 

Zinc 663 - 26,200 150 - 600 8 6,000 4 

Note: 1) Standard is pH dependent; 2) CSR Protocol 11 Upper Cap Concentrations. 

 

Leachable Metals in Soil 

One sample from upslope of the brown residue area and one from the south white residue area 

were submitted for TCLP and SPLP testing; an additional sample from the brown residue area 

was submitted for SPLP testing only (Table 6).  The reported concentrations of lead in the TCLP 

extractions (130,000 µg/L and 5,200 µg/L) exceed the BC HWR standard of 5,000 µg/L; the high 

TCLP lead result was the highest of all samples submitted for leachate testing by three times, 

although the total lead concentration in the same sample was generally lower than most other 

samples submitted for leachate testing. 

The SPLP testing results indicate that leachate concentrations of antimony, cadmium, cobalt, 

copper, lead, manganese and/or zinc exceed the Schedule 6 CSR DW and AW Standards.  The 

leachate results from the sample submitted from the south white residue pile indicated some 

similarities to the material tested from the north white residue area - i.e., elevated SPLP 

concentrations of some parameters such as aluminum, antimony, arsenic and calcium, although 

not all parameters that were observed to be elevated from the north white residue area 

(e.g., chromium, iron, potassium, titanium).  The SPLP testing results were below the BC HWR 

Standards. 
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6.3.3. Black Residue Area 

Soil samples were collected from two grid lines at the black residue area (Drawing 503664I-008, 

Photograph 3).  This suspect fill area was identified based on observation of discoloured SILT, 

some sand, containing cobbles and boulders, black, loose, containing construction debris 

(bricks).  Black, vitreous, silt- and sand-sized particles in the soil resembled slag, which may be 

consistent with an “iron tailings pile” that was identified in Klohn (2001).  The inferred slag 

appeared to be bounded to the east by overlying SAND and GRAVEL, some silt, containing 

cobbles and boulders, brown, loose to compact, containing construction debris (metal, concrete, 

wood).  One grid line (BL L1) was established in the brown soil and a second grid line (BL L2) 

was established in the suspect fill.  The approximate area of the BLA was 175 m2, however the 

suspect fill could not be bounded to the northwest because it appears to be incorporated into 

the Highway 22 embankment fill. 

Eight soil samples were collected at the black residue area and a total of five were selected for 

analysis of total metals based on field screening (Table 5).  Antimony, arsenic, cadmium, 

copper, lead and zinc concentrations in each sample exceed the CSR IL Standards; arsenic and 

zinc in one sample (TP-BL02L2-111013) exceeds the CSR IL UCC.  Parameters exceeding the 

applicable standards are summarized in Table H and Drawing 503664I-008. 

Table H: Summary of Total Metal Exceedences in Soil, BLA 

Parameter 

Range of 
Reported 

Concentrations 
(µg/g) 

CSR IL 
Standard 

(µg/g) 

Number of 
Samples 

Exceeding 
CSR IL 

CSR IL UCC2 

(µg/g) 

Number of 
Samples 

Exceeding 
CSR IL UCC 

Antimony 59.2 - 179 40 5 400 0 

Arsenic 104 – 1,070 15 5 1,000 1 

Cadmium 7.87 – 23.2 1.5 - 251 5 5,000 0 

Copper 116 - 754 90 - 2501 5 2,500 0 

Lead 2,410 – 11,000 100 – 2,000 5 20,000 0 

Zinc 930 - 7,960 150 - 600 5 6,000 1 

Note: 1) Standard is pH dependent; 2) CSR Protocol 11 Upper Cap Concentrations. 

Leachable Metals in Soil 

One sample from the BLRA (TP-BL02L2-111013) was submitted for TCLP and SPLP testing 

and one sample (TP-BL05L2-111013) was submitted for SPLP testing only (Table 6).  The 
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concentration of lead (15,000 µg/L) in the TCLP extraction exceeded the BC HWR standard of 

5,000 µg/L, indicating that the material was hazardous waste.  SPLP testing results indicate that 

leachate concentrations of cadmium, copper, lead, and zinc exceed the Schedule 6 CSR DW 

and AW Standards.  One of the SPLP results from the two samples tested from this pile had the 

highest leachable lead concentration, despite having one of the lowest total lead concentrations.  

The reported SPLP leachate concentration of 8,700 µg/L for sample TP-BL05L2-111013 was 

above the BC HWR Standard of 5,000 µg/L. 

6.3.4. North White Residue Area 

Two samples were collected at accessible locations in the upper portion of the north white 

residue area (Drawing 503664I-009, Photograph 4).  The approximate area of the NWRA was 

200 m2, however only the top 30 m2 were considered safe for sampling because of the presence 

of large overhanging debris in a loose soil matrix.  The suspect contaminated soil has a similar 

appearance to the south white residue area (SWRA), described as SAND, fine to medium, 

some silt, trace gravel, containing cobbles and boulders, light grey, loose to compact, containing 

yellow solids (gravel sized) and construction debris (metal, concrete, wood).  The yellow solids 

appear to be sand- to gravel-sized particles of elemental sulphur. 

Laboratory analytical results for the soil samples are summarized in Table 5.  The reported 

concentrations of metals in both samples exceeded one or more of the CSR IL Standards and 

the CSR IL UCC.  The total lead concentrations were among the highest measured from any of 

the piles sampled.  Parameters exceeding the applicable standards are summarized in Table I 

and Drawing 503664I-009. 

Table I: Summary of Total Metal Exceedences in Soil, NWRA 

Parameter 
Range of Reported 

Concentrations 
(µg/g) 

CSR IL Standard 
(µg/g) 

CSR IL UCC2 

(µg/g) 

Antimony 130 – 314 40 400 

Arsenic 324 – 432 15 1,000 

Cadmium 16.5 – 28.0 1.5 - 251 5,000 

Copper 103 – 218 90 - 2501 2,500 

Lead 32,500 – 36,400 100 – 2,000 20,000 

Tin 1,130 – 1,890 300 3,000 

Zinc 3,750 – 6,810 150 - 600 6,000 

Note: 1) Standard is pH dependent; 2) CSR Protocol 11 Upper Cap Concentrations. 
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Leachable Metals in Soil 

One sample from the north white residue area (TP-NWR-02-111014) was submitted for TCLP 

and SPLP testing (Table 6).  The reported concentration of lead (15,000 µg/L) in the TCLP 

extraction exceeded the BC HWR standard of 5,000 µg/L and SPLP testing results indicate that 

leachate concentrations of aluminum, antimony, arsenic, cadmium, chromium, copper, lead, 

manganese and zinc exceed the Schedule 6 CSR DW and AW Standards but were below the 

BC HWR Standards.  In general, the leachate results from the sample tested were very different 

from any of the other samples tested, containing high (often the highest and sometimes by 

multiple orders of magnitude) concentrations of TCLP and/or SPLP leachable aluminum, 

antimony, arsenic, calcium, chromium, copper, iron, magnesium, manganese, potassium, tin, 

titanium and zinc.   

6.3.5. Grey Residue Area 

One sample was collected at the grey residue area (Drawing 503664I-009, Photograph 5).  The 

suspect material is described as SILT, grey, stiff, fissured, moist.  Analytical results for the soil 

sample are summarized in Table 5.  The reported concentration of antimony (77 µg/g), arsenic 

(20 µg/g) and lead (140 µg/g) exceeded the CSR IL Standards (40 µg/g, 15 µg/g and 100 µg/g, 

respectively) but were below the CSR IL UCC.  Because of the relatively low metals 

concentrations reported, leachate testing was not requested for this sample.  The surface area 

of the grey residue area was approximately 80 m2; however the vertical thickness could not be 

confirmed. 

6.3.6. South Iron Residue Area 

One sample was collected at the SIRA (Drawing 503664I-009, Photograph 6).  The soil is 

described as SAND and GRAVEL, trace silt, containing cobbles and boulders, orange-brown 

(iron staining), compact, moist.  Laboratory analytical results for the soil sample are summarized 

in Table 5.  The reported concentration of antimony (65 µg/g), arsenic (80 µg/g), cadmium 

(6.34 µg/g), copper (130 µg/g), lead (1,800 µg/g) and zinc (670 µg/g) exceed the CSR IL 

Standards (40 µg/g), 15 µg/g 1.5 µg/g, 90 µg/g, 100 µg/g, and 150 µg/g respectively) but are 

below the CSR IL UCC.  Leachate testing was not requested for this sample. The total area of 

the SIRA is approximately 300 m2, and the vertical thickness of the suspect fill could not be 

confirmed. 
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6.3.7. Results Summary 

A comparative summary of the results from the various piles tested is found below in Table J.  

Cadmium, lead and zinc were chosen as common indicator parameters for comparison; it is 

noted that in each area, cadmium, lead and zinc are included only if their concentrations 

exceeded applicable CSR Standards. 

Table J: Comparative Summary of Soil Analytical Results – Lower Stoney Creek AECs 

Parameter 
Total No. 
Samples 
Analyzed 

% of 
Samples 

Exceeding 
Standard 

Maximum 
Concentration 

Mean 
Concentration  

Median 
Concentration 

Units 

Glass and Ceramic Debris Pile  

Total Metals Cadmium 

26 

100 973 348 364 µg/g 

Lead 96 33,400 15,226 19,600 µg/g 

Zinc 100 163,000 70,369 86,350 µg/g 

TCLP 
Leachate 

Cadmium 

4 100 

5,900 5,075 5,900 µg/L 

Lead 40,000 28,375 33,000 µg/L 

Zinc 910,000 772,500 775,000 µg/L 

SPLP 
Leachate 

Cadmium 

9 N/S 

490 162 140 µg/L 

Lead 50 MDL MDL µg/L 

Zinc 27,000 12,411 11,000 µg/L 

Brown Residue Area 

Total Metals Cadmium 8 100 
 

100 42 38 µg/g 

Lead 25,900 12,040 11,050 µg/g 

Zinc 26,200 6,945 4,050 µg/g 

TCLP 
Leachate 

Lead 1 100 130,000 N/A N/A µg/L 

SPLP 
Leachate 

Lead 2 N/S 4,900 N/A N/A µg/L 

South White Residue Area 

Total Metals Cadmium 
2 100 

6.15 N/A N/A µg/g 

Lead 2,080 N/A N/A µg/g 

TCLP 
Leachate 

Lead 1 100 5,200 N/A N/A µg/L 

SPLP 
Leachate 

Lead 1 N/S 2,100 N/A N/A µg/L 

Black Residue Area 

Total Metals Cadmium 

5 100 

23.0 17 18 µg/g 

Lead 11,000 6,642 7,620 µg/g 

Zinc 7,960 4,088 3,930 µg/g 

TCLP 
Leachate 

Lead 1 100 15,000 N/A N/A µg/L 

SPLP 
Leachate 

Lead 2 N/S 8,700 N/A N/A µg/L 
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Table J (Cont’d): Comparative Summary of Soil Analytical Results – Lower Stoney Creek 
AECs 

Parameter 
Total No. 
Samples 
Analyzed 

% of 
Samples 

Exceeding 
Standard 

Maximum 
Concentration 

Mean 
Concentration  

Median 
Concentration 

Units 

North White Residue Area 

Total Metals 

Cadmium 

2 100 

28.0 N/A N/A µg/g 
Lead 36,400 N/A N/A µg/g 
Zinc 6,810 N/A N/A µg/g 

TCLP 
Leachate 

Lead 1 100 15,000 N/A N/A µg/L 

SPLP 
Leachate 

Lead 1 N/S 2,500 N/A N/A µg/L 

Grey Residue Area1 

Total Metals Lead 1 100 140 N/A N/A µg/g 
South Iron Residue Area1 

Total Metals 

Cadmium 

1 100 

6.34 N/A N/A µg/g 
Lead 1,800 N/A N/A µg/g 
Zinc 670 N/A N/A µg/g 

Notes:  

MDL – Sample results generally less than laboratory method detection limit,  

N/S – No applicable CSR Standard,  

N/A – Insufficient sample population for comparison,  

1) Samples from this AEC not submitted for leachability testing 
 

6.4. Sediment Quality 

Laboratory Certificates of Analysis for sediment samples is attached in Appendix VII.  Seven 

sediment samples were obtained from Stoney Creek (Drawing 503664I-010) and submitted for 

analysis of total metals.  Results for the sediment samples have been summarized in Table 7 

and compared to the CSR SedQC (Typical), the CSR Sediment UCC (Typical).  Concentrations 

of arsenic, cadmium, chromium, copper, lead, mercury and/or zinc in each sediment sample 

were above the applied sediment criteria.  In addition, the concentration of arsenic, cadmium, 

lead, mercury and/or zinc in six samples exceeded the CSR Sediment UCC.  The parameter 

exceedences are summarized in Table K and Drawing 503664I-010. 
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Table K: Summary of Parameter Exceedences in Sediment 

Parameter 
Range of Reported 

Concentrations 
(µg/g) 

CSR FW Sediment (µg/g) CSR FW Sediment UCC (µg/g) 

Typical Typical 

Arsenic 20 – 38,000 20 200 

Cadmium 2.64 – 542 4.2 42 

Chromium 47 – 80 110 1,100 

Copper 130 – 1,000 240 2,400 

Lead 150 – 8,000 110 1,100 

Mercury 1.6 – 330 0.58 5.8 

Zinc 260 – 5,600 380 3,800 

 

6.5. Quality Assurance/Quality Control 

Results from the QA/QC program are discussed in Appendix VI.  Results for some soil duplicate 

pairs exceeded the Data Quality Objective (DQO) of 60% due to the presence of anthropogenic 

materials (domestic refuse and/or construction debris); however, data from the analytical 

laboratory program is considered reliable and representative and as such it is considered 

unlikely that the QA/QC issues identified will impact the data interpretation and discussion.  

6.6. Preliminary Slope Stability Assessment 

Results of SNT’s preliminary slope stability assessment are provided in Attachment IV, including 

the results of particle size analysis for selected soil samples.  Pertinent findings with respect to 

the inferred slope conditions and implications for potential contaminant loading to Stoney Creek 

are summarized below. 

Glass and Ceramic Debris Pile 

The potential for soil to be transported into Stoney Creek by surficial sloughing or sliding is 

inferred to be low; however, erosion of the bench at the base of the GCP combined with 

undermining of the slope by Stoney Creek may result in a potential for land movement, which 

would result in direct transport of soil into the creek. 

There is a direct surface flow connection between the GCP and Stoney Creek. Surface runoff 

and erosion caused by snowmelt or storm events can transport soil to Stoney Creek. 
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Brown Residue Area and South White Residue Area 

There are no visual indications of instability or significant surface erosion at the BRA/SWRA and 

the potential for soil to be transported from the BRA/SWRA into Stoney Creek by surficial 

sloughing or sliding is considered low. 

There is a direct surface flow connection between the BRA/SWRA and Stoney Creek. Surface 

runoff and erosion caused by snowmelt or rainfall events can transport soil to Stoney Creek. 

North White Residue Area 

Erosion on the east side of the Highway 22 culvert has resulted in undercutting of the NWRA 

and over steepening of the slopes above the plunge pool (Photograph 7 and 8).  Rill and gully 

erosion is occurring at the NWRA, transporting soil towards the creek at the toe of the slope.  

There is direct connectivity between the gravitational movement of soil and Stoney Creek, and 

soil can be transported directly to the creek in the event of surficial sloughing or sliding. 

There is also a direct surface flow connection between the NWRA and Stoney Creek, meaning 

that surface runoff and erosion caused by snowmelt or rainfall events can transport sediment 

directly to the creek. 

Additional AECs 

The additional AECs (BLRA, GRA and SIRA) were not included in the preliminary slope stability 

assessment.  However, based on the above results, the following comments are made by SLE: 

Black Residue Area 

The potential for soil to be transported to Stoney Creek by surficial sloughing or sliding is low; 

but it is likely that surface runoff and erosion caused by snowmelt or rainfall events can 

transport soil to Stoney Creek. 

Grey Residue Area 

Soil from the GRA will likely be transported into Stoney Creek in the event of sloughing or 

undermining of the slope.  However, it is noted that this material is relatively fine grained and 

compact, which likely increases the relative stability of the soil.  It is possible that surface runoff 

and erosion caused by snowmelt or rainfall events can transport soil from the GRA directly to 

Stoney Creek. 
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South Iron Residue Area 

The SIRA is high on the gully slopes and is set back approximately 45 m from the creek.  Based 

on its location, it is inferred that soil from the SIRA will not be transported to Stoney Creek in the 

event of surficial sloughing or undermining of the slope.  However, it is likely that surface runoff 

and erosion caused by snowmelt or rainfall events can transport sediment to the creek. 
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7. DISCUSSION 

7.1. Groundwater Flow Regime and Surface Water Interactions 

Data from the 2011 monitoring wells indicate a similar groundwater flow regime to previous 

investigations; however, some refinements are noted.  Groundwater flow regime is discussed 

below and separated into the two separate flow regimes: Upper Stoney Creek and Lower 

Stoney Creek.  More detailed discussion including conditions at TMO and TFO presented in 

SLE (2012a) and SLE and Golder (2012b). 

7.1.1. Upper Stoney Creek 

Reported lithology for selected monitoring wells is summarized on geologic cross sections 

oriented roughly parallel (A-A’) and perpendicular (B-B’, Drawing 503664I-011) to the Stoney 

Creek gully.  The approximate elevation of Stoney Creek has been projected onto cross section 

(A-A’), supporting the concept that lower portions of Stoney Creek recharge groundwater. 

Groundwater recharge in Upper Stoney Creek appears to be from upland areas, losses from 

Stoney Creek and infiltration of precipitation.  Stoney Creek transitions from gaining 

(i.e., receiving recharge from groundwater) to losing (i.e., losing water to groundwater) 

approximately 200 m west (upstream) of Highway 22.  At this transition, Stoney Creek 

recharges the upland aquifer which is inferred to be above the bedrock/till surface.  

In general, groundwater in the upland aquifer beneath Upper Stoney Creek appears to flow 

eastward with hydraulic gradients relatively similar to the inferred slope of the bedrock surface 

(Drawing 503664I-011).  Locally, the bedrock surface is expected to influence groundwater flow, 

with some flow inferred to be relatively perpendicular to the creek from both the north and south 

as evidenced by seepage in the gaining areas of Stoney Creek (Klohn, 2002).   

Projection of the water table slope beneath Upper Stoney Creek suggests groundwater in the 

upland aquifer following the bedrock slope would intersect the relatively flat water table of the 

regional valley-fill aquifer at approximately the location of Highway 22.  Although geographically 

situated in Lower Stoney Creek, monitoring wells MW2011-103 and -106A/B are down gradient 

of Upper Stoney Creek and completed within the valley-fill aquifer.  The gravelly sediments 

observed in MW2011-106A/B suggests it is part of the gravel-rich zone defined in SLE (2011a), 

SLE (2012a) and SLE and Golder (2012b), which is interpreted to provide a pathway for Upper 
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Stoney Creek groundwater to flow under the TMO.  By contrast, relatively finer-grained 

sediments were observed at MW2011-103, suggesting a relative impediment to groundwater 

flow; the location and nature of the transition from fine- to coarse-grained sediments is 

uncertain. 

7.1.2. Lower Stoney Creek 

The presence of the gravel-rich zone appears to separate groundwater flow in Upper Stoney 

Creek from Lower Stoney Creek; this is further supported by groundwater chemistry discussed 

in sections below.  Groundwater occurrence in the Lower Stoney Creek area has only been 

investigated in the regional valley fill aquifer; groundwater flow direction is mainly to the east.  

Groundwater flow in upland areas (i.e., Regal Landfill) is expected to be influenced by the 

bedrock surface elevation. 

Groundwater in the regional aquifer in Lower Stoney Creek is influenced by the losing Stoney 

Creek, upland areas to the north and northwest, and the Columbia River.  As shown on Drawing 

503664I-011, the projected Stoney Creek is perched above the regional groundwater table and 

is interpreted to recharge the regional aquifer; the magnitude of recharge is expected to be 

seasonal dependent on surface flow in Lower Stoney Creek.  This is supported by strong 

downward vertical gradients measured in a nested well set adjacent to lower Stoney Creek 

(MW2002-2S/2D/4S/4D), and by observations of lower Stoney Creek going dry during the Mid-

August-mid-October low flow period (Klohn, 2001). 

The gradient between Stoney Creek and the regional groundwater table appears to dissipate in 

the vicinity of the Stoney Creek fan (Drawing 503664I-011).  Downward vertical gradients were 

observed in nested wells MW2002-4A/B and MW2011-109A/B; however, it is noted no monitoring 

wells have been completed in the fan itself.  Limited historical gradient data in MW2002-4A/B 

suggest downward seepage throughout most of the year except when the Columbia River levels 

are relatively high (i.e., June, July).  By contrast, the upward vertical gradients at MW2001-3A/B/C 

suggest a different vertical flow regime; limited historical vertical gradients at this location indicate 

downward gradients when Columbia River levels are low.  As such, two different vertical flow 

regimes are noted adjacent to the Columbia River water both upstream and downstream, both 

appear to be influenced differently by river levels.  It is unknown, however, as to how seasonal 

vertical gradients in the fan itself are affected by Columbia River levels.     
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7.2. Groundwater Quality Impacts and Potential Source Areas 

A brief discussion of the groundwater quality results and potential source areas is provided 

below.  Concentrations of selected groundwater parameters (arsenic, cadmium, zinc) have been 

plotted in plan (Drawing 503664I-005) and on the cross sections (Drawing 503664I-011) to 

show the distribution of impacts near identified source areas. 

7.2.1. Upper Stoney Creek 

Groundwater impacts have been historically identified in Upper Stoney Creek including:  

• Elevated dissolved arsenic, cadmium and zinc in GW-1S/D.  These monitoring wells are 

located in the area of the gaining Stoney Creek and contaminated seepage, in particular an 

arsenic seep on the north bank of Upper Stoney Creek (Seep #1) and cadmium and zinc 

seepages from the south bank of Upper Stoney Creek (Seep #2 and #3) (Klohn, 2001); 

• Elevated dissolved arsenic and zinc at down gradient wells GW-3S/D.  The concentration of 

arsenic in the shallow monitoring well (GW-3S) was two orders of magnitude less than 

GW-1S/D while the concentration of zinc was an order of magnitude higher; as such, an 

additional source of zinc impacts was inferred.   The concentration of arsenic was 58 times 

higher in the deeper sample (GW-3D) suggesting that arsenic-impacted groundwater is 

migrating along the bedrock surface. 

As MW2011-103 and -106A/B are considered down gradient of Upper Stoney Creek and 

reflective of up gradient sources, groundwater quality at these locations is discussed here: 

• MW2011-103: elevated dissolved arsenic was reported at this location.  Based on the 

relative proximity of this monitoring well to GW-3D, it is inferred that groundwater at 

MW2011-103 is also impacted by groundwater flow from sources in north Upper Stoney 

Creek.  Suspect fill quality in the Highway 22 abutment fills (including the NWRA) may also 

be contributing to the metals contamination; however, the relatively low SPLP leachate 

arsenic concentrations from the NWRA suggest arsenic impacts are more likely associated 

with either the suspect abutment fill or a source further up gradient (i.e., sources north of 

Upper Stoney Creek). 
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• MW2011-106A: The elevated arsenic at this location also suggests a hydraulic connection 

to sources north of Upper Stoney Creek.  Based on elevated nitrate nitrogen, fluoride, 

manganese, dissolved cadmium, dissolved selenium and dissolved zinc; it is inferred that 

impacts at MW2011-106A are likely related to at least one additional source.  These 

parameters appear to be associated with the up-gradient Landfill Areas, although additional 

investigation would be required to confirm this.    

Remedial works undertaken by Teck in Upper Stoney Creek appear to have improved surface 

water quality, including a step-change improvement in 2004 coincident with construction of a 

permanent storage facility for arsenical wastes at Duncan Flats north of Upper Stoney Creek 

(Teck, 2008).  Groundwater quality also appears to have improved, with dissolved arsenic 

concentrations at GW-3D of 5,800 µg/L (sampled and reported by Teck) reduced from historical 

concentrations of 24,400 µg/L (Klohn, 2003).  Given the limited monitoring network in Upper 

Stoney Creek and uncertainty with regards to groundwater flow direction(s), it is unclear as to 

whether groundwater impacts observed at MW2011-103 and -106A are reflective of pre- or 

post-remedial groundwater quality; additional investigation and monitoring would be required. 

7.2.2. Lower Stoney Creek 

As discussed above, the majority of groundwater from Upper Stoney Creek is considered to flow 

eastward via the gravel-rich zone to commingle with the main ammonium sulphate plume 

beneath TMO and, as such, groundwater quality impacts in Lower Stoney Creek would appear 

to be localized to the Lower Stoney Creek area.  This is supported by historical groundwater 

chemistry at MW2000-1, which indicates a significant decrease in dissolved arsenic combined 

with a significant increase in dissolved zinc, likely reflecting the influence of the upland former 

Regal Landfill potential source area (Klohn, 2001).     

Potential sources to groundwater impacts localized to the Lower Stoney Creek area include: 

• The former Regal Landfill and other historical land uses such as a former gas station 

(SLE, 2011b) situated in upland areas to the north and northwest of Lower Stoney Creek; 

• Surface water from losing portions of  Stoney Creek which is impacted with dissolved 

arsenic, cadmium and zinc (Klohn, 2001; Golder, 2011); and, 
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• Leachable materials in identified AECs. 

Elevated concentrations of a number of parameters (nitrate nitrogen, magnesium, sulphate, 

fluoride, manganese, dissolved cadmium and dissolved zinc) at MW2011-101A are similar to 

historical chemistry at MW2000-1 and suggest that impacted groundwater from the Regal 

Landfill flows at depth near the bedrock surface towards the east.  As downward gradients were 

present at MW2002-04A/B and the shallow well at this location appears to be more impacted, 

the data suggests that the impacts at MW2002-04A/B are related to a shallow source (such as 

the losing Stoney Creek) rather than upward groundwater seepage.  Golder (2011) indicated the 

highest historical flouride, arsenic, cadmium, manganese and zinc concentrations were from 

samples from shallow monitoring wells installed in the area of Lower Stoney Creek.  Additional 

investigation would be required to further assess the source of shallow groundwater impacts. 

Elevated manganese was detected in shallow groundwater at MW2011-101B and may be 

associated with shallow impacts from the former Regal Landfill, or may be associated with other 

historical activities in the area such as a former gas station (SLE, 2011b).     

Elevated sulphate concentrations were reported from MW2011-109A. Potential sources of 

sulphate include the former Regal Landfill and leachable material from the Lower Stoney Creek 

AECs; however, additional investigation would be required to identify the source of sulphate. 

7.3. Stoney Creek Fan and Major Ion Chemistry 

A number of 2011 drive point samples in the area of the Stoney Creek fan and Columbia River 

confluence contained elevated fluoride and metals concentrations and river bottom samples had 

elevated concentrations of arsenic, cadmium and zinc concentrations above applicable 

guidelines (Golder 2011).  A number of these parameters may be associated with various 

sources identified above and, as such, it is difficult to identify a particular source and/or 

migration pathway for these contaminants to the Stoney Creek fan and Columbia River.  

To provide some insight, major ion chemistry from water samples from a number of different 

sources have been plotted on Piper trilinear plots, discussed below.  
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7.3.1. Groundwater Monitoring Wells 

Groundwater samples obtained in the area of Stoney Creek by Klohn, SLE, Teck and/or Golder 

are plotted in Figure 5.  The graphical representation correlates well with previous groupings 

proposed by Klohn (2002); however, additional groupings are apparent by summarizing the data 

including: 

1) Lower Stoney Creek groundwater: calcium-bicarbonate to calcium-sulphate to calcium-

bicarbonate-sulphate dominant water; also characterized by relatively low TDS and 

variable dissolved metal concentrations; 

2) Groundwater down gradient of known landfill areas: calcium-sulphate dominant water; 

characterized by relatively high TDS, sulphate and dissolved metal concentrations; and,  

3) Upper Stoney Creek groundwater: sodium-bicarbonate to sodium-sulphate dominant 

water; also characterized by relatively low TDS and sulphate concentrations but high 

dissolved arsenic and metal concentrations. 

Based on the groundwater groupings, it appears that Lower Stoney Creek groundwater 

represents a mixing zone, which is consistent with the basic concept that: 1) impacted 

groundwater from source areas near Upper Stoney Creek enters the creek via base flow and 

recharges groundwater in the losing portion of Lower Stoney Creek, and 2) groundwater from 

additional local sources in the Lower Stoney Creek area (e.g., Regal Landfill, Lower Stoney 

Creek AECs) flows down gradient towards the east impacting groundwater quality along the 

flow path. 

7.3.2. Stoney Creek and Columbia River Surface Water 

Major ion chemistry for surface water and river bottom samples obtained by Golder (2011) have 

been plotted in Figure 6.  Two additional surface water types were identified:  

• Columbia River surface water: a calcium-bicarbonate dominant water based on river bottom 

samples from the Columbia River upstream of the Stoney Creek fan (Stations 18-22); and,  

• Stoney Creek surface water: a calcium-sulphate to calcium-sulphate-bicarbonate dominant 

water based on Stoney Creek monitoring stations Site 5 and Site 8. 
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7.3.3. Stoney Creek Fan and Columbia River Drive Point Samples 

Each of the groundwater types appears to be present in the drive point piezometer samples 

(Figure 7) with the exception of Upper Stoney Creek groundwater.  Based on the results the 

following spatial observations were made, with supporting observations of contaminants of 

concern: 

• Drive points on the inner portion of the Stoney Creek fan (stations 13, 14, 17) appear to 

have similar major ion chemistry to the Stoney Creek surface water type.  Concentrations of 

dissolved arsenic, cadmium and zinc from these stations are also similar to Stoney Creek 

samples;    

• Drive points in the Columbia river downstream of the Stoney Creek fan (stations 20 and 21) 

also appear to have similar major ion chemistry to the Stoney Creek surface water type;  

• Off shore drive point station MC4 has similar major ion chemistry to the Columbia River 

surface water type; 

• Drive point stations 12, 15, 16, 18 and 19 on the outer portion of the Stoney Creek fan have 

similar major ion chemistry to the Lower Stoney Creek groundwater type.  Notable 

differences in chemistry from Stoney Creek surface water were: reported dissolved 

cadmium concentrations were lower by at least two orders of magnitude, and; reported 

fluoride concentrations were higher by an order of magnitude; 

• Drive point station 11 (Columbia River, downstream of the Stoney Creek fan) has similar 

major ion chemistry to Lower Stoney Creek groundwater, but appears to be influenced by 

mixing with groundwater near potential source areas.  Reported concentrations of nitrate-

nitrogen from this location were higher than Stoney Creek and Columbia River surface 

water; and, 

• Off shore drive point station MC3 has similar major ion chemistry to groundwater near 

potential source areas. 
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Based on the above spatial observations, the following general trends were noted: 

• Major ion chemistry suggests groundwater from Upper Stoney Creek is not present at the 

Stoney Creek fan or Columbia river samples;  

• The Stoney Creek water type appears to be present in drive point samples, suggesting 

infiltration of surface water to groundwater in the Stoney Creek fan.  As such, exceedances 

of applicable standards and guidelines may result from impacted Stoney Creek; and, 

• The scatter for major ions for drive points suggests mixing of a number of different water 

types; as such, contaminant migration pathways and the proportion of inputs from Stoney 

Creek compared to groundwater sources for individual drive points are unclear.  

It is also noted that, where collected, the corresponding river sediment sample generally 

reported total metals exceedances for arsenic, cadmium, lead, mercury and zinc (Golder, 2011).  

In addition, for certain water samples, total metals concentrations were orders of magnitude 

higher than dissolved metals.  No leachability or solubility testing was performed on sediment 

from the Stoney Creek fan or Columbia River samples; therefore, it is unclear as to the influence 

that impacted sediment pore water may have on water samples obtained from the drive points. 

7.4. Soil Quality 

In general, the soil quality of the AECs assessed was poor with many CSR IL and UCC 

exceedences. Some AECs could not be horizontally delineated and the vertical extent 

(i.e., thickness) of each AEC could not be determined.  Individual AECS are discussed below. 

7.4.1. Glass and Ceramic Debris Pile 

Analytical results for soil samples from the GCP exceeded CSR IL standards for one or more 

metal constituents, with reported concentrations of antimony, copper, lead and/or zinc in 

approximately 60% of the samples above their respective CSR IL UCC standard.  The highest 

concentrations were reported for samples collected in the inferred fill, along grid lines 1 through 

4.  Elevated concentrations of metals in samples from the adjacent inferred native soil (grid lines 

5 and 6) exceeded the applicable standards for antimony, arsenic, cadmium, lead and/or zinc.  

Relatively high concentrations of metals have historically been measured in shallow soil in the 

area of the City of Trail, and the source of these metals was inferred to be atmospheric 



 

   

 
44 503664 – I011/ October 31, 2012 

Printed on Recycled Paper 

 

deposition. As such, the elevated metals in the adjacent native soil may not be associated with 

poor fill quality at the GCP. 

Based on the reported CSR UCC exceedences and the position of the material within the upper 

1 m of soil and the estimated areal extent of 600 m2, the GCP would be classified a high risk site 

according to the BC MoE Site Risk Classification criteria (BC MoE, 2010c). 

Leachable metal concentrations above the BC HWLQ were reported for samples that were 

submitted for TCLP testing, indicating that the fill would be classified as hazardous waste.  In 

addition, SPLP testing results indicated that leachate concentrations of cadmium and zinc 

exceeded the CSR Schedule 6 DW and AW Standards.  Based on these results, it is possible 

that leachate from the GCP could affect groundwater quality beneath Lower Stoney Creek. 

It is inferred that surface runoff and erosion caused by snowmelt or rainfall events can transport 

soil from the GCP to Stoney Creek; however, there appeared to be low direct connectivity 

between the gravitational movement of soil.  This was partially attributable to the presence of an 

elevated bench at the base of the GCP.  It is noted that erosion of soil at the toe of the slope by 

Stoney Creek may eventually undermine the bench resulting in a direct sliding risk. 

7.4.2. Brown Residue Area and South White Residue Area 

The concentrations of metals in each sample from the BRA/SWRA exceeded one or more of the 

CSR IL Standards.  Two samples collected within the brown residue area had concentrations of 

antimony, copper and tin above the CSR IL UCC.  Metals concentrations in a sample from the 

south white residue area were below the CSR IL UCC. 

The soils of the BRA/SWRA occur within a larger volume of brown soil that was interpreted to 

be fill based on the presence of construction debris.  The observed metals impacts at APEC #2 

were not delineated, indicating that the adjacent brown fill was also impacted.  The results 

indicate that the poor quality soil at the BRA/SWRA cannot be delineated based on visual 

observations.  The reported concentrations of antimony, arsenic, lead and/or zinc in four of six 

samples collected from the brown fill exceeded the CSR IL UCC.  Based on the CSR IL UCC 

exceedences and the location of the material within the upper 1 m of soil, the BRA/SWRA would 

be classified a high risk site. 
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The concentration of lead in TCLP extract for two samples exceeds the BC HWLQ, indicating 

that the soil in both the brown and white residue areas would be classified as hazardous waste.  

SPLP testing results for three samples indicate that leachate concentrations of antimony, 

arsenic, cadmium, cobalt, copper, lead, manganese, nickel and/or zinc exceed the Schedule 6 

CSR DW and AW Standards.  Results of SPLP testing suggest that leachate from the 

BRA/SWRA could affect groundwater quality beneath Lower Stoney Creek. 

Leachate testing was not conducted for samples from the adjacent fill, however based on the 

CSR IL UCC exceedences, it is likely that this material also has the potential to affect 

groundwater quality at Lower Stoney Creek. 

There were no visual indications of instability or significant surface erosion at the BRA/SWRA, 

and the potential for material to be transported into Stoney Creek in the event of surficial 

sloughing or sliding was inferred to be low.  However, surface runoff and erosion caused by 

snowmelt or rainfall events can transport soil from the BRA/SWRA to Stoney Creek. 

7.4.3. Black Residue Area 

Investigation of the black reside area was performed based on visual assessment.  The inferred 

area of impact was identified based on the presence of black, vitreous silt- and sand-sized 

particles (i.e., inferred to be slag) and construction debris (i.e., concrete, bricks).  The black soil 

appeared to be overlain by brown fill to the east, which was similar to the larger volume of fill 

that encompasses the BRA/SWRA.  The black soil was not bounded to the west because it 

appeared to extend into the embankment fill of Highway 22. 

Concentrations of antimony, arsenic, cadmium, copper, lead and zinc in each of the soil samples 

selected for analysis exceeded the CSR IL Standards.  The concentrations of antimony, cadmium 

and copper were relatively similar in both soil types; however, arsenic, lead and zinc concentrations 

were up to an order of magnitude higher in the BLRA when compared to the overlying brown fill.  

The concentration of arsenic and zinc in one sample from the BLRA exceeded the CSR IL UCC.  

Because the black soil was not bounded to the west it was not possible to determine if the BLRA 

would be considered a high risk site.  The concentration of lead in the TCLP extraction for one 

sample exceeded the HWLQ, indicating that the soil would be classified as hazardous waste; 

however, it is noted that lead leachate concentrations are typically overestimated using TCLP.  
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SPLP testing results indicated that leachate concentrations of cadmium, copper, lead, and zinc 

exceeded the Schedule 6 CSR DW and AW Standards, suggesting that soil at BLRA has the 

potential to impact groundwater quality in Lower Stoney Creek. 

Slope conditions at the BLRA were not investigated during the preliminary slope stability 

assessment; however because of its close proximity to the BRA/SWRA, it is reasonable to 

expect that conditions at the BLRA are similar.  It is therefore inferred that the potential for soil 

to be transported to Stoney Creek in the event of surficial sloughing or sliding is low, and that 

surface runoff and erosion caused by snowmelt or rainfall events can transport soil from the 

BLRA to Stoney Creek. 

7.4.4. North White Residue Area 

The total footprint of the NWRA could not be investigated because of loose slope conditions and 

the presence of overhanging debris.  It is estimated that the upper 10% of the NWRA was 

accessible for sampling, which likely extends to Stoney Creek at the toe of the slope.  The 

concentration of metals in two samples from the NWRA exceed the CSR IL Standards for 

antimony, arsenic, cadmium, copper, lead, tin and zinc; measured lead concentrations were 

among the highest measured from any of the locations, and measured mercury concentrations, 

although not exceeding the numeric standard, were an order of magnitude higher than those 

measured in any other pile..  In addition, the concentration of lead (both samples) and zinc (one 

sample) exceeded the CSR IL UCC.  Because the soil impacts were not bounded in any 

direction it is not possible to determine if the NWRA would be considered a high risk site. 

The concentration of lead in the TCLP extraction for one sample exceeds the HWLQ, indicating 

that the soil would be classified as hazardous waste.  SPLP testing results indicated that 

leachate concentrations of arsenic, cadmium, chromium, copper, lead, manganese and zinc 

exceed the Schedule 6 CSR DW and AW Standards suggesting that soil at the NWRA has the 

potential to impact groundwater quality at Lower Stoney Creek.  Because the lower portion of 

the NWRA may be in direct contact with Stoney Creek, it is also inferred that leachate from soil 

has potential to impact surface water and sediment quality.  In general, the leachate 

characteristics of the material tested from this pile were quite different from other piles – TCLP 

and/or SPLP leachate concentrations were among the highest measured of all the piles; in 

addition, generally, a higher percentage of total metals seemed to leach from these samples 

than from samples at other locations. 
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There is currently a direct surface flow connection between the NWRA and Stoney Creek, 

meaning that surface runoff and erosion caused by snowmelt or rainfall events can transport soil 

directly to Stoney Creek.  There is also direct connectivity for gravitational movement of soil 

meaning that surficial sloughing and/or slope failure can cause material from the NWRA to be 

deposited directly in the creek. Stoney Creek is currently eroding the toe of the slope, which is 

likely to increase the potential for localized slope failure. 

7.4.5. Grey Residue Area 

The location of the grey residue area is consistent with unknown historic process materials 

(SLE 2011b).  The concentration of antimony, arsenic and lead in a soil sample exceed the 

CSR IL Standards, but are below the CSR IL UCC.  Soil from the GRA will likely be transported 

directly to Stoney Creek in the event of sloughing or undermining of the slope; however this 

material is relatively stable compared to soil of the other AECs.  It is likely that surface runoff 

and erosion caused by snowmelt or rainfall events can transport soil from the GRA directly to 

Stoney Creek; however, based on the relatively small size of the AEC (approximately 80 m2) 

and the relatively high stability, it is inferred that the input of contaminants is low. 

7.4.6. South Iron Residue Area 

One soil sample was obtained at the SIRA for preliminary characterization.  The concentration 

of antimony, arsenic, cadmium, copper, lead and zinc in the sample exceed the CSR IL 

Standards but are below the CSR IL UCC.  The total area of the SIRA was approximately 

300 m2.  This material is high on the gully slopes and is set back approximately 45 m from the 

creek; as such, it is inferred that the input of contaminants from this AEC to Stoney Creek is low. 

7.5. Sediment Quality 

Each sediment sample exceeded one or more of the BC CSR Schedule 9 Standards.  In 

addition, six of the seven samples exceeded the CSR FWS UCC Standards for arsenic, 

cadmium, lead, mercury and/or zinc.  The pH of the sample from location SC-07 was 3.2, 

compared to the neutral pH values measured in the other samples.  

Contaminant concentrations were highest in samples 100 m of Highway 22 and generally 

decreased downstream.  Metals concentrations in samples furthest from Highway 22 were 
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comparable to river sediment samples obtained by Golder near the Stoney Creek fan in 2010; 

however, it is noted that portions of the Stoney Creek fan likely alternate between periods of 

deposition and erosion depending on flows in Stoney Creek and the Columbia River. 

A review of the sediment chemistry results suggests that the source of the contamination may 

be at least in part from an upstream source from the local waste deposits that were investigated 

as part of this assessment; however, it is acknowledged that the north white residue pile, 

highway embankment were not fully characterized.  This interpretation is based on the 

concentrations of contaminants at locations SC-01 and SC-07, the two western-most (upstream) 

samples, which were generally the most contaminated sediment samples: 

• antimony, which was measured in SC-07 at a concentration over 50 times the maximum 

concentration from any of the residue areas (74,000 µg/g versus 1,410 µg/g measured in 

one sample from the brown residue area); 

• arsenic, which was measured at location SC-07 at a concentration 30 times higher than the 

maximum value measured in any of the residue areas (38,000 µg/g versus 1,130 µg/g 

measured in one sample from the brown residue area and 1,070 µg/g measured in one 

sample from the black residue area); 

• cadmium, which was measured at location SC-07 at a concentration that exceeded the 80th 

percentile of all measured concentrations from the residue areas (although the highest 

concentrations of which were observed in the glass ceramic pile, which is relatively close to 

location SC-07); 

• mercury, which was measured at location SC-01 at a concentration 30 times higher than the 

maximum value measured in any of the waste piles (330 µg/g versus 11 µg/g and 11.2 µg/g 

measured in the two samples from the north white residue area); and, 

• copper, which was three to five times lower than the mean copper concentration from all the 

samples tested from the residue areas; 

• lead, which was about 1.5 to three times lower than the mean lead concentration from all the 

samples tested from the residue areas; and, 
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• zinc, which was about eight times lower than the mean zinc concentration from all the 

samples tested from the residue areas. 

Based on the sediment sampling results, it is inferred that metals contamination in Stoney Creek 

sediments could potentially affect surface water and groundwater quality; however, additional 

assessment of sediments is required to investigate this further, or whether suspension and 

physical redeposition of contaminated sediments represents a bigger environmental concern.  

Based on the CSR FWS UCC exceedences, sediments in the creek bed would be classified a 

high risk site according to the BC MoE Site Risk Classification criteria (BC MoE, 2010c). 

7.6. Quality Assurance/Quality Control 

The rate of analysis of duplicate samples was approximately 10% for soil, which satisfies the 

quality control objective.  The calculated RPDs for soil ranged from 0% to 95%, which is above 

the data quality objective of 60% however this is likely the result of sample heterogeneity rather 

than deficiencies in the method of sample collection.  It should be noted that the RPDs for key 

soil parameters including copper (5-45%), lead (11-40%) and zinc (2-24%) were below the data 

quality objective, indicating that the laboratory analytical results for parameters that typically 

exceeded the CSR UCC were within the tolerance range. 

Based on the results of the QA/QC program, it is inferred that the results of the soil sampling 

program are accurate and representative of actual site conditions at the time of the 

investigation. 

No duplicate sediment samples were submitted for analysis however the sediment analytical 

results are considered suitable for a preliminary assessment of sediment quality in Stoney 

Creek. 

7.7. Potential Erosion of the Highway 22 Embankment Fill 

Visual observations made during this investigation suggest that the Highway 22 embankment fill 

is at least partially constructed from potentially contaminated soil that extend from the 

BRA/SWRA through the embankment fill and encompassing the NWRA.  This is based on the 

following lines of evidence: 
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• Soil impacts have not been delineated at the BRA/SWRA, BLRA or NWRA; 

• Soil east of the BLRA is similar to the brown fill that encompasses the BRA/SWRA and soil 

west of the BLRA is inferred to be impacted based on the presence of vitreous particles and 

construction debris. 

Storm water on the east side of Highway 22 is currently collected from ditches and is discharged 

to Stoney Creek through a 300 mm diameter pipe that has been installed on top of the east 

slope of the highway embankment fill.  At the time of the field reconnaissance, this pipe 

terminated at an elevation approximately 10 m above the toe of the embankment slope 

(Photograph 9).  Based on visual observations, it appeared that the storm water discharge is 

eroding the highway embankment.  The quality of the embankment fill has not been assessed, 

however based on the observation of discoloured soil, the lack of vegetation and the presence 

of construction debris; it is inferred that the soil quality is poor.  The pipe discharge is located 

within approximately 30 m of the Highway 22 Stoney Creek culvert discharge, meaning that the 

potential for mobilization of soil from the slope directly to Stoney Creek is high.  Assuming that 

the soil quality is poor, the storm water discharge may be a mechanism for mobilization of 

contaminated material to Stoney Creek.    
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8. SUMMARY AND CONCLUSIONS 

The Investigation comprised a groundwater, soil and sediment study in the Stoney Creek area.  

Where possible, results from previous investigations were incorporated to meet the project 

objectives. The following conclusions were made: 

• In general, the groundwater flow regime in the Stoney Creek area is similar to that indicated 

in previous investigations.  Two aquifers with differing flow regimes appear to be present: 

an upland aquifer influenced by bedrock topography in Upper Stoney Creek and a regional 

valley-fill aquifer in Lower Stoney Creek.  Additional insight from the Investigation is 

provided below: 

 In Upper Stoney Creek, subsurface lithology, contaminant distribution and major ion 

chemistry from down gradient 2011 monitoring wells suggest a contaminant migration 

pathway towards the TMO via a gravel-rich zone. As such, contaminants identified in 

Upper Stoney Creek groundwater are inferred to be transported southeast towards the 

TMO and not to Lower Stoney Creek;   

 In Lower Stoney Creek, the creek becomes a losing system and is perched above the 

regional aquifer until hydraulic gradients dissipate in the Stoney Creek fan, or until the 

creek runs dry as documented in previous years.  Downward vertical gradients and 

major ion chemistry suggest losing (i.e., infiltrating) Stoney Creek surface water 

recharges groundwater in the Stoney Creek fan;          

• Groundwater flow regime on north side of Stoney Creek is not well investigated.  

Groundwater flow in these areas is expected to be influenced by bedrock topography; 

however, the contaminant migration pathways from potential historical sources including 

current and former impoundments on the north side of Upper Stoney Creek and the Regal 

Landfill are unknown;   

• Potential source areas to identified groundwater impacts in Upper Stoney Creek include: 

the waste impoundments north of Upper Stoney Creek; and, the Landfill Areas south of 

Upper Stoney Creek.  Potential sources to groundwater impacts in Lower Stoney Creek 

include the former Regal Landfill to the north, Stoney Creek surface water; the Lower 

Stoney Creek AECs; and, the highway embankment fill;   
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• Historical drive point samples obtained by Golder from the Stoney Creek fan and the 

adjacent Columbia River in the vicinity of the fan appear to be influenced by a number of 

different water types.  The following conclusions were made from the drive point samples:  

 Groundwater from Upper Stoney Creek does not appear to be present at the Stoney 

Creek fan or Columbia river;  

 The Stoney Creek water type appears to be present in drive point samples, suggesting 

infiltration of surface water to groundwater in the Stoney Creek fan.  As such, 

exceedances of applicable standards and guidelines may be a result of impacted 

Stoney Creek surface water; and, 

 The scatter for major ions for drive points suggests mixing of a number of different 

water types.  As such, it is unclear as to actual contaminant migration pathways and 

the proportion of loading associated with Stoney Creek surface water compared to 

groundwater sources for individual drive points; 

• Soil quality results from the Lower Stoney Creek AECs indicate that each AEC is a potential 

source of contamination to groundwater, surface water and sediment; 

 A number of AECs have poor quality soil exceeding both CSR IL and UCC standards.  

The highest metals concentrations are percentage values, with the highest cadmium 

and zinc concentrations observed at the GCP, the highest arsenic and copper 

concentrations observed at the BRA/SWRA and BLA, and the highest lead and 

mercury concentrations at the NWRA.  Laboratory testing results indicate that the 

GCP, BRA/SWRA, BLA and NWRA contain leachable metals.  

 Ongoing erosion is currently occurring at the toe of the NWRA and surficial sloughing 

and/or slope failure can cause material from the NWRA to be deposited directly in the 

creek. 

 Other AECs appear to be relatively more stable; however, surface runoff and erosion 

caused by snowmelt or rainfall events can transport soil from these AECs to Stoney 

Creek. 
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• The Highway 22 embankment fill appears to be at least partially constructed with suspect 

contaminated soils that extend from the BRA/SWRA through the embankment fill and 

encompassing the NWRA.  A storm sewer discharge is located approximately 10 m above 

Stoney Creek and it appears that the storm water may be a mechanism for mobilization of 

impacted soil directly to Stoney Creek through erosion of the embankment material. 

• Chemistry results for sediment samples suggest that sediment quality in Lower Stoney 

Creek is poor and above CSR IL and UCC standards.  Although there is generally a 

chemistry gradient along Lower Stoney Creek (i.e., decreasing concentrations toward the 

mouth of Stoney Creek) concentrations in sediments are similar to those measured by 

Golder within the Stoney Creek fan, and could represent a source of contaminated 

sediments in the fan. 

• Sediment chemistry results suggest that the source of sediment contamination in Lower 

Stoney Creek may not be the residue piles and areas investigated as part of this study and 

instead may be related to unidentified sources further upstream.    

• The source of elevated metals in drive point peizometer samples may be influenced by 

leaching of poor-quality sediment. Influence from Stoney Creek and Columbia River surface 

water may indicate that some of the elevated metals may be indicative of local sediment 

pore water chemistry rather than groundwater chemistry. 
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9. FINAL REMEDIATION PLAN AND RECOMMENDATIONS 

SLE understands that, as part of the Inspector’s Direction, Environment Canada requires a 

‘Final Remediation Plan’ to address the discharge of contaminated groundwater to Columbia 

River surface water at Teck Trail Operations.  Golder are submitting a Final Remediation Plan 

with details and timelines to satisfy the requirements for the main ammonium sulphate plume; 

this Section is intended to satisfy the requirement for Lower Stoney Creek as it is considered a 

separate issue to the main ammonium sulphate plume.  As discussed, Upper Stoney Creek 

groundwater is interpreted to be transported towards the TMO; as such, it is currently being 

addressed by Golder in the Final Remediation Plan for the main ammonium sulphate plume. 

The groundwater discharge dynamics in the vicinity of the Stoney Creek fan is not well 

understood.  It is currently not possible to identify the source of the exceedences of applicable 

standards and guidelines observed in pore water from drive points in the Stoney Creek fan and 

the Columbia River adjacent to the fan.  However potential sources include one or more of: 

contaminated groundwater either from the former Regal Landfill area or the Lower Stoney Creek 

AECs; Stoney Creek surface water; and, contaminated sediments, possibly transported through 

run off from Stoney Creek.   

We understand that detailed steps and timelines are required for the Stoney Creek Final 

Remediation Plan, which can include additional assessment.  Based on the results of the 

Investigation and the current conceptual understanding, the proposed remediation plan for 

groundwater in the Lower Stoney Creek fan and adjacent Columbia River focuses on further 

assessment of the potential sources and contaminant migration pathways for the observed drive 

point impacts, to be followed by remedial options analysis, selection of preferred remedial 

activities, and implementation.   

9.1. Proposed Assessment Tasks with Associated Rationale and Timelines 

2013 

The majority of the tasks proposed in 2013 are associated with developing a more detailed 

understanding of sediment, groundwater and surface water sources, conditions and interactions 

in Lower Stoney Creek.  Following are tasks proposed to be completed in 2013:  
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• Assessment of vertical gradients: The spatial distribution of drive point impacts in the 

Stoney Creek fan and the Columbia River adjacent to the fan is not uniform and the existing 

network of wells may not capture localized upwelling (if occurring).  As such, the following is 

recommended:   

 Access permitting, installation of up to two nested groundwater monitoring wells in the 

vicinity of the Stoney Creek fan to assess vertical gradients where drive point impacts 

have been observed;  

 Access permitting, installation of one nested groundwater well along the assumed flow 

path between the former Regal Landfill and the Columbia River.   

• Assessment of the temporal component of groundwater-surface water interactions:  

Current nested monitoring well pairs suggest a downward vertical gradient during the most 

recent monitoring round; however it is unclear as to whether the gradient changes with 

seasonal Stoney Creek flows and the fluctuations of the dam-controlled Columbia River.  

 Installation of data loggers in nested pairs in the Stoney Creek fan and adjacent to the 

Columbia River.  This would supplement the existing data logger set currently 

managed by Golder.  A full year of water level data would be required; as such data 

reduction could not be completed until 2014. 

 Perform targeted groundwater and surface water sampling events in low and high flow 

conditions in Stoney Creek and low and high flow conditions in the Columbia River.  

This may include additional drive point sampling in the vicinity of the Stoney Creek fan 

and adjacent to the Columbia River. 

 Analyze a subset of samples from the above program for stable isotopes of deuterium 

and oxygen-18 to perform a qualitative assessment of recharge elevations.  Stoney 

Creek surface water and groundwater in the valley fill aquifer should show a different 

stable isotopic signature due to different recharge elevations; as such, results may 

provide support to the concept that infiltrating Stoney Creek surface water is impacting 

groundwater and drive point chemistry.  SLE has performed these analyses at other 

sites in the Kootenays with a high degree of success and costs for analysis are 

relatively low.       
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• Assessment of upland groundwater flow regime and quality in the vicinity of the 

former Regal Landfill:  At present the groundwater flow regime to the north of Lower 

Stoney Creek is unknown but is assumed to be controlled by bedrock.  Additional 

assessment in this area would provide information on contaminant transport and the 

potential assessment of remedial options. 

 Access permitting, installation of monitoring wells both up gradient and down gradient 

of the assumed footprint of the Regal Landfill.   

• Assessment of groundwater conditions down gradient of the Lower Stoney Creek 

AECs and Highway 22 embankment fill:  Leachability data from these AECs suggest the 

potential for groundwater impacts and the soil quality of the embankment fill is expected to 

be poor.   

 Install at least one groundwater monitoring well to assess groundwater quality.  

Depending on accessibility, the location of this monitoring well may also provide 

information for estimating the thickness of one of the Lower Stoney Creek AECs and/or 

the Highway 22 embankment fill.  

• Assessment of sediment leachability:  an identified potential source for the impacted 

drive point samples is the leachability of the adjacent sediments.    

 Conduct a more detailed assessment of metals impacts in the Stoney Creek fan by 

collecting sediment samples adjacent to drive point locations.  Submit the sediment 

samples for leachate testing to assess the potential loading associated with impacted 

sediment pore water. 

• Assessment of sediment contaminant sources:  sediment quality results from Lower 

Stoney Creek appear to indicate that the observed contamination may result from additional 

sources up stream of the Lower Stoney Creek AECs. 

 Conduct a more detailed assessment of sediment impacts by collecting sediment 

samples in Upper and Lower Stoney Creek to an upstream “background” station.  

Submit the sediment samples for leachate testing. 
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• Assessment of potential sediment transport: based on the direct surface flow 

connectivity and inferred erosion of the Lower Stoney Creek AECs and the observed 

impacted sediment chemistry in Lower Stoney Creek, transport of contaminated material 

appears to be occurring through the lower reaches of Stoney Creek. 

 Conduct a surface water quality survey in Stoney Creek (including total and dissolved 

metals) during spring freshet, when suspended load is anticipated to be the highest. 

2014 

Results from the proposed 2013 investigations should allow for a more detailed understanding 

of potential sources, contaminant transport, and discharge dynamics in the vicinity of the Stoney 

Creek fan and adjacent Columbia River.  A remedial options analysis will be prepared in 2014, 

which may involve additional targeted investigation and pilot testing to assess the feasibility of 

one or more remedial options.      

2015 and subsequent years 

The current limited understanding does not permit projection beyond the remedial options 

analysis stage; however, it is expected that 2015 and subsequent years would involve 

implementation and monitoring of the selected remedial option(s), if warranted. 
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10. GENERAL LIMITATIONS AND CONFIDENTIALITY 

This report has been prepared by SNC-Lavalin Inc., Environment Division (SLE) for the 

exclusive use of Borden Ladner Gervais LLP and Teck Metals Ltd., who have been party to the 

development of the scope of work for this project and understand its limitations.  

This report is intended to provide information to Borden Ladner Gervais LLP to assist it in 

providing advice and Teck Metals Ltd. to assist it in making business decisions. SLE is not a 

party to the various considerations underlying the decisions, and does not make 

recommendations regarding such decisions. In providing this report, SLE accepts no liability or 

responsibility in respect of the site described in this report or for any business or legal decisions 

relating to the site, including decisions in respect of the management, closure, modification, 

purchase, sale or investment in the site. 

Any use, reliance on, or decision made by a third party based on this report is the sole 

responsibility of such third party. SLE accepts no liability or responsibility for any damages that 

may be suffered or incurred by any third party as a result of the use of, reliance on, or any 

decision made based on this report. 

The findings, conclusions and recommendations in this report have been developed in a 

manner consistent with the level of skill normally exercised by environmental professionals 

currently practising under similar conditions in the area. The findings contained in this report are 

based, in large part, upon information provided by others. If any of the information is inaccurate, 

modifications to the findings, conclusions and recommendations may be necessary. 

The findings, conclusions and recommendations presented by SLE in this report reflect SLE’s 

best judgement based on the site conditions at the time of the site inspection on the date(s) set 

out in this report and on information available at the time of preparation of this report. They have 

been prepared for specific application to this site and are based, in part, upon visual observation 

of the site, subsurface investigation at discrete locations and depths, and specific analysis of 

specific materials as described in this report during a specific time interval. The findings cannot 

be extended to previous or future site conditions or to portions of the site which were 

unavailable for direct observation, subsurface locations which were not investigated directly, or 

materials or analysis which were not specified. Substances other than those described may 

exist within the site, reported substance parameters may exist in areas of the site not 
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investigated, and concentrations of substances greater or less than those reported may exist 

between sample locations. 

The findings and conclusions of this report are valid only as of the date of this report. If site 

conditions change, new information is discovered, or unexpected site conditions are 

encountered in future work, including additional information review and interviews, excavations, 

borings, or other studies, SLE should be requested to re-evaluate the findings, conclusions 

and/or recommendations of this report, and to provide amendments as required. 

Copying of this report is not permitted without the written permission of Borden Ladner Gervais 

LLP, Teck Metals Ltd. and SLE. 
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FIGURES 
 

1. Regression Analysis of Field XRF Screening Results – Arsenic 
2. Regression Analysis of Field XRF Screening Results – Copper 
3. Regression Analysis of Field XRF Screening Results – Lead 
4. Regression Analysis of Field XRF Screening Results – Zinc 
5. Piper Trilinear Plot – Groundwater Samples 
6. Piper Trilinear Plot – Surface Water Samples 
7. Piper Trilinear Plot – Drive Point Peizometer Samples  
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Figure 1: Regression Analysis for Arsenic in Soil
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Figure 2: Regression Analysis for Copper in Soil
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Figure 3: Regression Analysis for Lead in Soil
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Figure 4:  Regression Analysis for Zinc in Soil
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TABLE 1:  Summary of Groundwater Monitoring Well Installation Details and Field Measured Parameters
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(masl) (masl)  (m) (masl) (mbgs) (masl) (m/s) (yyyy mm dd) (mbtoc) (mbgs) (masl) (yyyy mm dd) (pH) (mg/L) (µS/cm) (ºC) (mV)
MW2011-101A 453.88 454.82 0.94 356.98 95.4 - 96.9 353.98 1.1E-05 2012 02 13 43.30 42.36 411.52 2012 02 09 4.93 1.67 3,143 9.3 -113.0
MW2011-101B 453.94 454.94 1.00 405.74 46.7 - 48.2 - - 2012 01 31 47.11 46.11 407.83 2012 02 09 5.00 1.44 847 8.0 -158.9
MW2011-103 483.63 484.63 1.00 393.23 88.9 - 90.4 392.53 3.8E-05 2012 02 13 73.65 72.65 410.98 2012 02 09 4.84 9.11 616 10.0 -31.5
MW2011-106A 484.43 485.20 0.77 374.93 108.0 - 109.5 359.43 4.2E-05 2012 02 13 75.59 74.82 409.61 2012 02 08 5.93 7.74 641 8.9 186.7
MW2011-106B** 484.60 485.42 0.81 423.20 59.9 - 61.4 - - 2012 02 13 - - - - - - - - -

2012 02 13 6.56 5.70 407.20 2012 01 23 - 8.95 1,564 8.7 -61.3
- - - - 2012 02 27 7.55 3.57 1,187 9.2 108.8

2012 02 13 6.52 5.69 407.21 2012 01 23 - 4.20 1,168 9.2 -61.4
- - - - 2012 02 27 7.58 1.46 933 9.3 95.6

* Bottom of screen elevation calculated as: (ground elevation) - (bottom of screen elevation) - (sump length, if applicable)
** Well is damaged

5.1E-05

35.4 - 36.9 - 7.4E-06

MW2011-109B 412.90 413.73 0.83 390.00 21.4 - 22.9 -

376.00

W
el

l I
D

MW2011-109A 412.90 413.76 0.86
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TABLE 2:  Summary of Analytical Results for Physical and Inorganic Parameters in Groundwater

Physical Parameters Field Parameters Nitrogen Parameters Major Ions Geochemical Indicators
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Location ID (yyyy mm dd) (µS/cm) (pH) (mg/L) (mg/L) (mg/L) (pH) (mg/L) (µS/cm) (ºC) (mV) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L)

MW2011-101A MW2011-101A-120209 2012 02 09 2,640 7.29 2,440 1,400 272 4.93 1.67 3,143 9.3 -113 1.58 16.3 < 0.01 1.69 18.0 377 111 10.8 69.2 272 73.1 1,350 1.65 < 0.01 14.1 < 0.02

MW2011-101B MW2011-101B-120209 2012 02 09 730 7.91 442 259 171 5.00 1.44 847 8.0 -158.9 0.03 1.03 0.04 0.18 1.25 79.2 14.7 6.32 42.9 171 74.6 106 0.25 0.02 1.77 < 0.02

MW2011-103 MW2011-103-120209 2012 02 09 496 7.92 337 212 120 4.84 9.11 616 10.0 -31.5 0.01 9.29 < 0.01 < 0.05 9.29 63.2 13.2 2.83 13.6 120 3.61 107 0.38 < 0.01 0.0035 0.04

MW2011-106A MW2011-106A-120208 2012 02 08 890 6.76 669 211 33.4 5.93 7.74 641 8.9 186.7 2.91 11.9 < 0.01 4.87 16.8 49.4 21.4 4.12 79.3 33.4 18.0 368 2.59 < 0.01 3.79 0.03

MW2011-109A MW2011-109A-120123 2012 01 23 1,300 7.80 1,050 662 109 - 8.95 1,564 8.7 -61.3 0.03 3.99 < 0.01 0.07 4.06 192 44.3 8.11 17.9 109 21.1 558 0.40 < 0.01 0.161 < 0.02

MW2011-109A-120227 2012 02 27 1,320 7.82 1,070 674 108 7.55 3.57 1,187 9.2 108.8 0.04 3.69 < 0.01 0.18 3.87 196 44.8 7.78 18.0 108 20.1 598 0.62 < 0.01 0.031 0.03

MW2011-109B MW2011-109B-120123 2012 01 23 962 7.88 670 416 104 - 4.20 1,168 9.2 -61.4 0.03 5.88 < 0.01 0.09 5.97 119 29.0 5.20 24.3 104 47.2 300 0.65 < 0.01 0.120 < 0.02

MW2011-109B-120227 2012 02 27 1,030 7.84 741 471 113 7.58 1.46 933 9.3 95.6 0.02 5.97 < 0.01 0.10 6.06 135 32.6 5.33 22.6 113 40.4 337 0.59 < 0.01 0.0205 0.07
BC Standards

11.3 (pH 7.5-<8.0)
18.4 (pH<7.0) 0.4 (Cl 2.0-<4.0)

   CSR Aquatic Life (AW)a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a 18.5 (pH 7.0-<7.5) 400 2 (Cl>10.0) n/a n/a n/a n/a n/a n/a n/a 1,500 1,000 3 (H>50) n/a n/a n/a
   CSR Drinking Water (DW) n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a 10 3.2 n/a n/a n/a 100 n/a 200 n/a 250 500 1.5 6.5 0.55 n/a

Associated CARO files: K2A0797, K2B0379, K2B0903. Note these CARO reports are included in an Appendix in the 2011 Supplemental Groundwater Investigation.

All terms defined within the body of SLE's report.

<     Denotes concentration less than indicated detection limit or RPD less than indicated value.

-      Denotes analysis not conducted.

n/a  Denotes no applicable standard.

BOLD Concentration greater than CSR Aquatic Life (AW) standard.

SHADOW Concentration greater than CSR Drinking Water (DW) standard.

a  Standard to protect freshwater aquatic life.
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TABLE 3:  Summary of Analytical Results for Metals in Groundwater

Physical Parameters Dissolved Metals
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(yyyy mm dd) (pH) (mg/L) (µS/cm) (µg/L) (µg/L) (µg/L) (µg/L) (µg/L) (µg/L) (µg/L) (µg/L) (µg/L) (µg/L) (µg/L) (µg/L) (µg/L) (µg/L) (µg/L) (µg/L) (µg/L) (µg/L) (µg/L) (µg/L) (µg/L) (µg/L) (µg/L) (µg/L) (µg/L)
MW2011-101A MW2011-101A-120209 2012 02 09 7.29 1,400 2,640 < 5 0.7 < 0.5 30 < 0.1 < 0.1 107 235 0.5 4.34 1.0 0.4 65.0 < 0.02 2.0 66.8 < 0.5 < 0.05 2,460 0.06 < 0.2 < 5 12.4 < 1 22,500
MW2011-101B MW2011-101B-120209 2012 02 09 7.91 259 730 5 1.2 0.8 130 < 0.1 < 0.1 20 0.20 < 0.5 1.69 0.7 0.2 2.5 < 0.02 48.0 3.7 1.2 < 0.05 674 0.04 < 0.2 < 5 4.97 < 1 17
MW2011-103 MW2011-103-120209 2012 02 09 7.92 212 496 5 3.9 3,210 46 < 0.1 < 0.1 17 0.02 1.4 < 0.05 0.5 < 0.1 5.5 < 0.02 1.7 0.4 5.9 < 0.05 267 < 0.02 < 0.2 < 5 5.59 10 < 4

MW2011-106A MW2011-106A-120208 2012 02 08 6.76 211 890 694 1.7 8,810 23 0.3 < 0.1 186 489 0.7 23.5 7.3 0.4 4.5 < 0.02 8.8 82.5 22.3 < 0.05 342 0.08 < 0.2 < 5 0.21 7 30,300
MW2011-109A MW2011-109A-120123 2012 01 23 7.80 662 1,300 < 5 0.9 < 0.5 55 < 0.1 < 0.1 194 0.13 < 0.5 1.30 0.8 < 0.1 7.1 < 0.02 5.0 3.4 2.7 < 0.05 686 0.04 0.4 < 5 14.1 < 1 77

MW2011-109A-120227 2012 02 27 7.82 674 1,320 < 5 0.8 < 0.5 36 < 0.1 < 0.1 202 0.04 < 0.5 0.40 0.2 < 0.1 8.7 < 0.02 2.6 1.9 3.1 < 0.05 737 0.04 < 0.2 < 5 14.2 < 1 10

MW2011-109B MW2011-109B-120123 2012 01 23 7.88 416 962 < 5 0.7 0.8 83 < 0.1 < 0.1 83 0.05 0.7 0.15 0.5 0.1 5.3 < 0.02 4.4 1.9 2.8 < 0.05 463 0.04 0.4 < 5 11.1 < 1 < 4

MW2011-109B-120227 2012 02 27 7.84 471 1,030 6 1.1 1.9 51 < 0.1 < 0.1 105 0.05 0.9 0.14 0.4 0.1 5.4 < 0.02 2.7 0.8 2.9 < 0.05 538 0.03 < 0.2 < 5 12.9 < 1 < 4
BC Standards

   CSR Aquatic Life (AW)a n/a n/a n/a n/a 200 50 10,000 53 n/a 50,000 0.6 (H>210)b 10c 40 90 (H>200)
110 (H 200-<300)

160 (H>300) n/a 1 10,000 1,500 (H>180) 10 15 (H>100) n/a 3 n/a 1,000 3,000 n/a

1,650 (H 200-<300)

2,400 (H>400)d

   CSR Drinking Water (DW) n/a n/a n/a 9,500 6 10 1,000 n/a n/a 5,000 5 50 n/a 1,000 10 730 1 250 n/a 10 n/a 22,000 n/a 22,000 n/a 20 n/a 5,000

Associated CARO files: K2A0797, K2B0379, K2B0903. Note these CARO reports are included in an Appendix in the 2011 Supplemental Groundwater Investigation.

All terms defined within the body of SLE's report.

<     Denotes concentration less than indicated detection limit or RPD less than indicated value.

-      Denotes analysis not conducted.

n/a  Denotes no applicable standard.

BOLD Concentration greater than CSR Aquatic Life (AW) standard.

SHADOW Concentration greater than CSR Drinking Water (DW) standard.

a  Standard to protect freshwater aquatic life.
b  There is no Cadmium standard specified for H >= 210; therefore, the standard for H=150-<210 is applied as a conservative comparison.
c  Individual standards exist for Cr +3 and Cr +6.  Reported value represents more stringent standard.
d  There is no Zinc standard specified for H >= 400; therefore, the standard for H=300-<400 is applied as a conservative comparison.
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Table 4: Hand-held XRF Field Screening Results

Arsenic Lead Zinc Molybdenum Zirconium Strontium Rubidium Selenium Mercury Copper Nickel Cobalt Iron Manganese Chromium
(mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg)

200 TP-GC01L1 101 1,102 811 0 195 646 85 3 0 1 47 15 35,436 714 240

201 TP-GC02L1 992 15,444 185,571 9 17 496 37 25 0 3,510 15 72 211,385 45,637 1,004

202 TP-GC03L1 1,039 23,072 223,372 6 21 346 30 33 0 4,981 373 1 198,145 74,675 676

203 TP-GC04L1 1,151 20,223 180,450 16 32 339 48 54 0 3,984 72 53 201,559 58,090 1,580

204 TP-GC05L1 1,352 22,111 119,622 5 81 376 48 36 0 3,600 330 41 171,046 43,551 468

205 TP-GC06L1 1,062 18,081 124,067 15 14 239 24 11 0 4,152 93 68 142,105 39,252 13

206 TP-GC07L1 717 18,059 190,575 12 21 347 44 24 0 3,857 239 0 132,345 62,204 796

207 TP-GC08L1 872 15,671 100,581 6 61 232 24 32 0 2,004 0 18 158,382 51,860 348

208 TP-GC09L1 1,283 19,949 139,992 9 23 277 52 25 0 4,507 125 2 141,197 50,562 613

209 TP-GC10L1 856 13,352 86,457 11 0 166 13 6 0 1,284 0 28 76,926 33,813 331

210 TP-GC11L1 718 10,284 199,963 8 0 253 14 39 0 2,875 276 0 145,883 121,949 12

211 TP-GC12L1 506 12,346 211,106 5 25 292 20 12 0 954 70 18 192,085 104,974 1,012
212 TP-GC13L1 53 19,031 203,478 20 20 312 44 3 0 419 262 63 574,045 79,790 1,888

213 TP-GC00L2 304 4,464 2,316 4 170 650 67 8 0 38 0 45 47,546 1,055 355

214 TP-GC01L2 535 16,649 206,736 23 15 310 43 13 0 3,607 182 40 92,440 45,206 103

215 TP-GC02L2 1,473 21,156 279,470 23 0 501 36 6 0 5,418 221 52 220,494 72,110 308

216 TP-GC03L2 1,516 22,880 188,554 15 18 357 34 42 0 4,909 159 41 239,793 62,088 931

217 TP-GC04L2 738 15,250 167,264 19 7 434 32 26 0 2,480 168 15 157,491 48,771 1,002

218 TP-GC05L2 826 17,821 228,699 18 7 406 32 23 0 3,825 366 71 200,514 78,806 769

219 TP-GC06L2 196 10,382 149,102 0 33 275 19 1 0 2,375 182 40 78,165 52,818 629

220 TP-GC07L2 358 9,098 105,134 5 2 257 20 11 0 1,939 177 10 53,502 36,986 567

221 TP-GC08L2 383 13,936 266,363 10 0 481 47 9 0 7,484 53 30 95,304 78,696 734

222 TP-GC09L2 793 20,045 211,710 8 23 376 39 40 0 3,676 0 26 137,742 57,648 309

223 TP-GC10L2 819 18,758 219,498 15 12 335 30 10 0 3,134 0 4 108,763 51,436 983

224 TP-GC11L2 698 15,490 179,422 3 15 221 32 22 0 2,273 300 11 105,482 58,441 496
225 TP-GC12L2 810 9,692 195,919 10 19 241 33 26 0 1,804 260 0 125,413 96,181 1,259

226 TP-GC00L3 152 1,338 710 5 231 682 71 11 0 8 0 11 23,049 481 382

227 TP-GC01L3 899 15,958 247,127 19 22 516 40 45 0 7,239 157 9 190,520 87,274 1,292

228 TP-GC02L3 1,226 26,905 261,355 17 17 414 47 0 0 6,098 146 112 201,147 82,348 350

229 TP-GC03L3 538 24,282 267,584 14 18 402 30 7 0 6,851 359 76 191,849 86,194 1,214

230 TP-GC04L3 170 11,727 127,303 3 0 205 15 2 0 3,690 290 4 55,130 43,292 570

231 TP-GC05L3 345 7,770 127,195 1 1 175 27 15 0 5,507 80 31 39,015 33,441 211

232 TP-GC06L3 789 17,813 253,957 6 12 424 36 18 0 4,315 132 29 138,787 98,784 765

233 TP-GC07L3 322 6,875 102,421 5 3 241 15 25 0 1,734 0 37 49,988 36,169 392

234 TP-GC08L3 682 15,213 341,578 17 0 372 41 4 0 4,906 75 51 90,031 96,019 108

235 TP-GC09L3 274 11,788 246,775 1 1 416 19 2 0 2,369 315 60 69,896 81,669 1,033
236 TP-GC10L3 236 15,780 158,190 5 13 349 29 40 0 1,519 99 16 105,883 57,298 50

237 TP-GC00L4 115 934 490 0 219 639 61 12 0 62 63 20 23,333 608 194

238 TP-GC01L4 1,258 11,958 12,841 3 108 239 28 27 0 863 0 287 367,689 6,694 936

239 TP-GC02L4 165 1,211 1,159 5 216 552 71 6 0 52 36 11 18,629 599 111

240 TP-GC03L4 1,104 20,111 170,936 6 47 290 53 43 0 4,061 35 22 215,126 52,372 1,509

241 TP-GC04L4 409 14,873 216,191 1 19 231 31 1 0 4,410 199 5 82,885 73,814 609

242 TP-GC05L4 1,309 21,678 179,231 10 24 295 28 11 0 3,953 137 57 145,061 55,624 61

243 TP-GC06L4 938 19,203 222,375 3 11 262 40 3 0 4,073 44 9 119,249 66,510 1,242

244 TP-GC07L4 393 12,556 254,157 4 6 502 40 7 0 2,217 54 24 72,852 104,420 294

245 TP-GC08L4 225 12,748 225,017 9 27 447 42 1 0 2,225 266 0 99,089 64,012 665
246 TP-GC09L4 884 35,481 388,489 16 11 387 21 96 0 2,977 1,368 25 119,960 128,121 1,369

Reading No Sample ID
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Table 4 (Continued): Hand-held XRF Field Screening Results

Arsenic Lead Zinc Molybdenum Zirconium Strontium Rubidium Selenium Mercury Copper Nickel Cobalt Iron Manganese Chromium
(mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg)

248 TP-GC00L5 91 497 241 5 298 801 88 10 0 0 85 24 19,606 592 78

249 TP-GC01L5 19 321 126 0 173 479 70 2 0 9 79 13 17,907 564 142

250 TP-GC02L5 132 1,603 644 3 213 584 66 2 0 88 28 13 19,410 583 262

251 TP-GC03L5 36 567 359 0 165 441 65 2 0 4 19 14 17,527 469 115
252 TP-GC04L5 71 600 214 2 297 645 77 11 0 0 53 17 17,762 489 73

253 TP-GC00L6 209 2,405 713 1 275 519 60 2 0 33 99 22 26,703 828 397

254 TP-GC01L6 8 167 607 1 202 549 84 1 0 0 32 11 17,249 303 456

255 TP-GC02L6 26 159 81 3 216 614 104 16 0 14 52 11 18,930 871 140

256 TP-GC03L6 10 59 113 4 239 890 93 11 0 0 23 2 17,306 716 140

257 TP-GC04L6 152 1,039 764 5 295 639 84 0 0 43 2 8 25,099 345 247

258 TP-GC05L6 5 152 176 4 322 566 68 0 0 15 41 18 16,332 280 164
259 TP-GC06L6 78 797 469 4 275 535 66 15 0 31 78 4 19,517 377 163

260 TP-SWR01L2 126 1,197 383 1 120 402 46 7 0 12 0 15 11,088 346 69
265 TP-SWR02L2 30 159 38 1 111 410 40 2 0 0 5 9 6,558 141 137

266 TP-BR01L1 998 2,383 763 3 203 603 71 16 0 141 27 1 29,540 486 153
267 TP-BR02L1 2,279 17,921 16,384 6 132 824 80 15 0 1,914 0 89 82,877 1,538 246

268 TP-BR01L2 258 2,499 607 4 182 570 59 12 0 790 0 55 56,923 704 442

269 TP-BR02L2 618 6,271 6,558 55 41 178 2 23 0 69,411 51 136 817,385 13,895 1,001

270 TP-BR03L2 1,450 17,521 3,485 66 197 252 16 52 13 26,602 238 149 822,099 11,743 1,861

271 TP-BR04L2 582 3,556 3,387 194 141 260 26 24 0 7,558 83 245 1,043,549 13,838 4,564
272 TP-BR05L2 202 7,039 3,654 6 247 616 82 19 0 859 0 30 33,532 569 218

273 TP-BR02L3 462 9,673 3,827 9 251 571 83 14 0 1,039 3 20 42,119 576 119
274 TP-BR03L3 514 11,932 5,698 3 275 570 61 21 0 1,827 128 28 46,346 1,047 177

275 TP-BL01L2 207 4,206 2,448 6 141 668 82 9 0 431 27 22 86,820 795 275

276 TP-BL02L2 1,699 11,396 7,949 2 49 85 10 8 0 0 0 316 1,708,561 5,647 989

277 TP-BL03L2 1,166 9,222 5,447 14 14 67 0 11 0 0 0 235 1,834,980 8,952 286

278 TP-BL04L2 1,374 8,323 7,371 10 21 172 0 48 0 0 0 698 1,864,397 9,293 1,887
279 TP-BL05L2 838 5,748 4,062 4 58 137 11 22 0 276 0 250 1,276,224 6,822 715

280 TP-BL01L1 155 3,883 1,799 2 258 640 87 7 5 1,081 87 4 22,040 476 409

281 TP-BL02L1 24 293 407 3 193 616 81 3 0 8 59 16 11,930 415 224

282 TP-BL03L1 73 923 486 4 207 634 77 10 0 106 11 8 13,823 302 250
283 TP-BL04L1 0 307 206 3 194 618 69 3 0 55 1 16 10,965 339 169

284 TP-NWR-01-TOP 34 20,570 3,180 3 258 444 50 9 0 70 143 4 3,789 138 172

285 TP-NWR-02 1,422 27,458 11,347 5 120 424 45 11 7 227 0 11 12,508 731 56

Reading No Sample ID
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TABLE 5:  Summary of Soil Analytical Results for Total Metals - Test Pits

AEC GCP  

Sample Location
TP-GC01L1-

111011 TP-GC02L1-111011
TP-GC06L1-

111011
TP-GC10L1-

111011
TP-GC00L2-

111012 TP-GC02L2-111011
TP-GC07L2-

111011
TP-GC12L2-

111011
TP-GC00L3-

111012 TP-GC03L3-111011
TP-GC08L3-

111012
TP-GC00L4-

111012
TP-GC01L4-

111012 TP-GC04L4-111012
TP-GC06L4-

111012
TP-GC09L4-

111012
TP-GC00L5-

111012
BC Standards

Sample ID
TP-GC01L1-

111011
TP-GC02L1-

111011
TP-DUPA-

111011 QA/QC
TP-GC06L1-

111011
TP-GC10L1-

111011
TP-GC00L2-

111012
TP-GC02L2-

111011
TP-DUPB-

111011 QA/QC
TP-GC07L2-

111011
TP-GC12L2-

111011
TP-GC00L3-

111012
TP-GC03L3-

111011
TP-DUPC-

111011 QA/QC
TP-GC08L3-

111012
TP-GC00L4-

111012
TP-GC01L4-

111012
TP-GC04L4-

111012
TP-DUPD-

111012 QA/QC
TP-GC06L4-

111012
TP-GC09L4-

111012
TP-GC00L5-

111012 CSR CSR
Sample Date (yyyy mm dd) 2011 10 11 2011 10 11 Duplicate of RPD % 2011 10 11 2011 10 11 2011 10 12 2011 10 11 Duplicate of RPD % 2011 10 11 2011 10 11 2011 10 12 2011 10 11 Duplicate of RPD % 2011 10 12 2011 10 12 2011 10 12 2011 10 12 Duplicate of RPD % 2011 10 12 2011 10 12 2011 10 12 Industrial Industrial

Depth Interval (m) 0.0 - 0.3 0.0 - 0.3
TP-GC02L1-

111011 0.0 - 0.3 0.0 - 0.3 0.0 - 0.3 0.0 - 0.3
TP-GC02L2-

111011 0.0 - 0.3 0.0 - 0.3 0.0 - 0.3 0.0 - 0.3
TP-GC03L3-

111011 0.0 - 0.3 0.0 - 0.3 0.0 - 0.3 0.0 - 0.3
TP-GC04L4-

111012 0.0 - 0.3 0.0 - 0.3 0.0 - 0.3
Land Usea

(IL)
Land Use
(IL UCC)

Parameter Units Analytical Results
Physical Parameters
pH pH 4.5 6.4 6.2 3 6.2 5.9 4.6 6.4 6.4 0 6.3 6.1 4.6 6.4 6.2 3 7.0 4.8 5.0 6.2 6.3 2 6.4 6.4 5.2 n/a n/a
Total Metals
Antimony µg/g 111 556 199 95 354 424 118 253 265 5 225 217 80.7 260 350 30 245 67.8 339 277 291 5 281 291 27.2 40 400

Arsenic µg/g 134 10.7 14.9 33 22.6 41.4 162 11.7 20.3 54 13.5 159 109 12.9 11.6 11 7.8 94.1 406 16.6 20.3 20 19.7 20 35.9 15 1,000

Barium µg/g 400 1,660 692 82 1,500 1,230 146 1,210 597 68 988 1,040 194 1,210 650 60 388 131 590 1,260 587 73 533 680 127 400 15,000
Beryllium µg/g 0.3 0.6 0.6 0 0.3 0.3 0.3 0.6 0.7 15 0.6 0.5 0.4 0.5 0.5 0 0.7 0.2 0.2 0.7 0.5 33 0.6 0.4 0.3 8 80
Boron µg/g 2.3 85.4 78.1 9 53.5 49.4 2.9 86.7 90.8 5 73.3 64 2.9 85.3 106 22 106 < 2.0 47.7 101 109 8 100 158 2.8 n/a 1,000,000
Cadmium µg/g 14.7 656 516 24 521 311 13.7 503 416 19 703 604 8.37 766 555 32 8.64 73.3 657 762 15 701 269 3.30 1.5 (pH<6.5) 5,000

973 2.5 (pH 7.0-<7.5)  
25 (pH 7.5-<8.0)  

Chromium µg/g 29.6 45.2 59.4 27 55 49.2 30.9 49.4 80.7 48 45.8 40.7 30.8 65.3 61.2 7 48.1 24.9 53.7 51.6 57.0 10 56.7 58.2 21.9 60 7,000
Cobalt µg/g 1.9 5.1 5.2 2 6.4 6.7 3.0 6.1 5.5 10 5.3 6.2 7.0 7.7 6.5 17 4.2 5.7 5.9 6.7 5.5 20 6.5 6.1 6.4 300 3,000
Copper µg/g 152 139 88.6 77.2 90 (pH<5.0) 2,500

1,110 38.6 100 (pH 5.0-<5.5)  

1,760 200 (pH 5.5-<6.0)  

4,290 4,100 5 3,150 3,900 2,670 37 1,760 888 3,090 4,860 45 3,110 3,010 3,920 26 2,600 1,570 250 (pH>6.0)  

Lead µg/g 2,060 24,300 2,650 1,690 1,090 11,000 373 100 (pH<6.0) 20,000

18,200 25,100 32 19,100 20,100 30,100 40 20,300 22,400 26,900 33,400 22 27,800 25,000 11 26,800 30,400 250 (pH 6.0-<6.5)  

25,600 2,000 (pH>6.5)  

Manganese µg/g 930 20,800 32,300 43 26,300 28,600 491 31,900 33,000 3 32,000 44,300 408 34,100 34,800 2 46,600 394 4,070 39,000 36,700 6 36,700 49,500 363 19,000 190,000
Mercury µg/g 1.61 1.37 2.04 39 3.77 5.53 2.77 1.92 1.75 9 1.29 2.43 1.83 3.57 2.82 24 2.16 1.34 5.47 3.08 3.27 6 3.21 4.25 0.39 150 1,500
Molybdenum µg/g 3.4 12.6 14.6 15 14 8.8 1.8 13.9 21.3 42 7.5 5.2 1.1 17.6 14.7 18 13.5 1.0 11.3 12.7 10.9 15 12.0 13.8 0.4 40 400
Nickel µg/g 26.3 75.4 136 57 70.1 50 16.4 83.2 110 28 52.3 44.9 18.4 89.8 140 44 47.4 15.9 93.7 86.8 93.0 7 81.7 66.3 14.7 500 5,000
Selenium µg/g 2.2 9.0 8.4 7 9.3 9.1 2.8 10.8 7.7 34 7.7 30.5 1.9 11.6 8.8 28 11.9 1.4 5.9 13.4 8.9 40 14.2 11.8 < 0.5 10 100
Silver µg/g 6.9 37.0 33.2 11 41.3 35.5 13.8 49.3 43.7 12 33.6 36 5.0 49.5 44.3 11 42 3.9 22.6 49.1 44.9 9 54.1 41.7 0.9 40 400
Thallium µg/g 1.7 2.1 2.0 5 2.5 3.6 2.1 2.2 1.5 38 0.8 1.3 1.8 2.2 2.3 4 1.0 1.3 3.0 2.6 3.0 14 1.4 1.0 0.7 n/a 5,500
Tin µg/g 264 854 810 5 1,250 969 72.9 818 1,590 64 795 1,430 33.1 1,460 767 62 796 44.8 2,930 899 592 41 993 1,980 9.3 300 3,000

Uranium µg/g 1.2 1.3 1.4 7 1.7 1.8 1.9 1.8 2.2 20 1.5 1.6 1.2 1.9 1.7 11 1.9 1.2 1.2 2.6 2.0 26 1.9 1.7 1 200 2,000
Vanadium µg/g 33.5 19.2 18.6 3 22.4 24.3 38.8 22.5 22.5 0 20.4 15.9 35.7 20.4 23.2 13 19.5 33.7 23.6 27.8 27.6 < 1 27.5 16.9 30.1 n/a 200,000
Zinc µg/g 1,790 70,700 1,340 895 885 11,100 313 150 (pH<6.0) 6,000

99,400 127,000 24 77,700 121,000 117,000 3 95,000 109,000 119,000 121,000 2 148,000 151,000 2 135,000 163,000 300 (pH 6.0-<6.5)  

157,000 600 (pH>6.5)  

Associated CARO files: CK10334, CL10418.

All terms defined within the body of SLE's report.

<     Denotes concentration less than indicated detection limit or RPD less than indicated value.

-      Denotes analysis not conducted.

n/a  Denotes no applicable standard.

RPD  Denotes relative percent difference.

*      RPDs are not normally calculated where one or more concentrations are less than five times MDL.

BOLD Concentration greater than CSR Industrial Land Use (IL) standard.

SHADOW Concentration greater than CSR Industrial Land Use Upper Cap Concentration (IL UCC) standard.

a  The site-specific factors used for determining the matrix standards for this site include: groundwater used for drinking water, toxicity to soil invertebrates and plants,
     groundwater flow to surface water used by freshwater aquatic life,  and  intake of contaminated soil  (whichever is most stringent).
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TABLE 5 (Cont'd):  Summary of Soil Analytical Results for Total Metals - Test Pits

AEC GCP BRA/SWRA BLA NWRA GRA SIRA

Sample Location
TP-GC02L5-

111012
TP-GC04L5-

111012
TP-GC01L6-

111012
TP-GC03L6-

111012
TP-GC05L6-

111012
TP-BR01L1-

111013
TP-BR02L1-

111013
TP-BR01L2-

111013
TP-BR02L2-

111013
TP-BR03L2-

111013
TP-BR05L2-

111013
TP-BR02L3-

111013
TP-BR03L3-

111013
TP-SWR01L2-

111013
TP-SWR02L2-

111013
TP-BL01L1-

111014
TP-BL03L1-

111014
TP-BL01L2-

111012
TP-BL02L2-

111013
TP-BL05L2-

111013
TP-NWR-01-Top-

111014
TP-NWR-02-

111014
TP-GRA-01 

112911
TP-SIRA-
01 120111

BC Standards

Sample ID
TP-GC02L5-

111012
TP-GC04L5-

111012
TP-GC01L6-

111012
TP-GC03L6-

111012
TP-GC05L6-

111012
TP-BR01L1-

111013
TP-BR02L1-

111013
TP-BR01L2-

111013
TP-BR02L2-

111013
TP-BR03L2-

111013
TP-BR05L2-

111013
TP-BR02L3-

111013
TP-BR03L3-

111013
TP-SWR01L2-

111013
TP-SWR02L2-

111013
TP-BL01L1-

111014
TP-BL03L1-

111014
TP-BL01L2-

111012
TP-BL02L2-

111013
TP-BL05L2-

111013
TP-NWR-01-Top-

111014
TP-NWR-02-

111014
TP-GRA-01 

112911
TP-SIRA-
01 120111 CSR CSR

Sample Date (yyyy mm dd) 2011 10 12 2011 10 12 2011 10 12 2011 10 12 2011 10 12 2011 10 13 2011 10 13 2011 10 13 2011 10 13 2011 10 13 2011 10 13 2011 10 13 2011 10 13 2011 10 13 2011 10 13 2011 10 14 2011 10 14 2011 10 12 2011 10 13 2011 10 13 2011 10 14 2011 10 14 2011 11 29 2011 12 01 Industrial Industrial

Depth Interval (m) 0.0 - 0.3 0.0 - 0.3 0.0 - 0.3 0.0 - 0.3 0.0 - 0.3 0.0 - 0.3 0.0 - 0.3 0.0 - 0.3 0.0 - 0.3 0.0 - 0.3 0.0 - 0.3 0.0 - 0.3 0.0 - 0.3 0.0 - 0.3 0.0 - 0.3 0.0 - 0.3 0.0 - 0.3 0.0 - 0.3 0.0 - 0.3 0.0 - 0.3 0.0 - 0.3 0.0 - 0.3 0.0 - 0.3 0.0 - 0.3
Land Usea

(IL)
Land Use
(IL UCC)

Parameter Units Analytical Results
Physical Parameters
pH pH 4.6 4.1 4.7 4.5 4.3 4.8 6.0 4.6 5.3 5.4 4.3 4.5 5.2 3.2 3.5 5.2 4.8 5.0 3.8 3.7 1.6 1.8 5.2 3.9 n/a n/a
Total Metals
Antimony µg/g 13.1 48.3 4.6 10.6 4.2 45.8 1,010 199 537 1,410 216 269 371 89.8 1.2 106 59.2 179 86.5 68.7 130 314 77 65 40 400

Arsenic µg/g 23.5 51.6 5.6 16.6 6.7 268 1,130 173 277 271 265 431 445 72.6 26 193 104 483 1,070 693 324 432 20 80 15 1,000

Barium µg/g 163 145 137 202 78.9 67.6 316 97.1 120 125 150 135 172 141 83.5 108 89.7 124 35.0 38.0 218 77.7 110 130 400 15,000
Beryllium µg/g 0.3 0.2 0.5 0.5 0.2 < 0.1 0.5 < 0.1 0.1 < 0.1 0.3 0.3 0.3 < 0.1 < 0.1 0.3 0.1 < 0.1 < 0.1 < 0.1 < 0.1 < 0.1 < 0.1 0.1 8 80
Boron µg/g < 2.0 < 2.0 < 2.0 < 2.0 < 2.0 2.2 14.7 3.3 24.3 5.4 3.2 2.8 3.7 < 2.0 < 2.0 < 2.0 < 2.0 5.4 23.8 23.8 < 2.0 < 2.0 < 2.0 < 2.0 n/a 1,000,000
Cadmium µg/g 3.50 3.64 7.13 4.94 3.29 9.37 100 7.23 53.7 45.4 26.9 30.3 62.6 3.15 6.15 17.5 7.87 21.2 23.2 13.7 16.5 28.0 0.76 6.34 1.5 (pH<6.5) 5,000

2.5 (pH 7.0-<7.5)  
25 (pH 7.5-<8.0)  

Chromium µg/g 26.0 23.5 29.5 34.3 26.7 20.9 39 145 458 716 22.8 20.3 21.8 11.5 4.7 20.4 13.6 19.3 5.1 4.6 1.4 3.7 45 21 60 7,000
Cobalt µg/g 7.7 7.5 7.9 5.8 7.5 3.1 2.4 1.0 7.2 13.9 4.9 5.9 7.5 0.7 0.5 5.1 3.9 7.4 14.6 5.7 0.3 0.9 0.2 2.7 300 3,000
Copper µg/g 70.3 70.3 35.0 58.0 18.3 296 505 1,210 1,470 37.5 7.5 382 116 157 103 218 130 90 (pH<5.0) 2,500

40,800 37,600 2,980 694 754 7.1 100 (pH 5.0-<5.5)  

200 (pH 5.5-<6.0)  

1,680 250 (pH>6.0)  

Lead µg/g 127 912 120 257 86.5 2,700 1,920 5,400 7,900 14,200 16,200 25,900 2,080 309 4,430 2,410 7,750 11,000 7,620 32,500 36,400 140 1,800 100 (pH<6.0) 20,000

22,100 250 (pH 6.0-<6.5)  
2,000 (pH>6.5)  

Manganese µg/g 296 458 399 540 251 221 1,170 1,020 1,800 2,820 406 354 488 73.4 27.8 216 184 491 718 797 19.7 57.2 2.4 160 19,000 190,000
Mercury µg/g 0.21 0.46 0.13 0.26 0.11 1.13 2.88 2.12 3.91 3.25 2.96 1.54 1.95 2.12 0.13 1.25 0.41 1.45 0.99 1.06 11.2 11.0 4.6 0.81 150 1,500
Molybdenum µg/g 0.4 0.6 0.5 0.8 0.5 1.9 8.5 14.7 79.1 187 1.6 1.1 2.0 3.5 1.4 0.9 0.5 1.3 1.5 1.5 1.4 4.4 1.0 1.5 40 400
Nickel µg/g 19.0 15.9 19.4 17.2 14.9 11.1 42.8 53.7 487 817 17.0 19.6 28.0 5.1 2.3 14.7 10.3 16.8 14.5 12.7 0.7 2.6 3.8 7.9 500 5,000
Selenium µg/g < 0.5 0.8 < 0.5 < 0.5 < 0.5 1.8 21.5 4.8 3.4 7.8 6.2 7.6 10.4 3.3 < 0.5 4.0 1.9 4.2 1.0 1.1 4.9 4.8 6.3 1.4 10 100
Silver µg/g 0.4 1.6 0.6 1.0 < 0.2 4.2 18.9 3.5 17.4 12.5 20.3 18.4 26.3 4.7 < 0.2 7.1 2.7 12.1 26.6 19.2 24.8 23.7 0.5 7.2 40 400
Thallium µg/g 1.2 1.1 0.3 0.5 0.2 21.9 7.9 1.4 2.6 2.2 4.7 7.2 7.5 0.9 0.3 4.9 2.9 4.5 1.5 1.4 2.0 1.6 0.1 1.2 n/a 5,500
Tin µg/g 3.1 7.3 3.7 4.6 1.1 10.0 512 185 3,170 4,080 177 362 533 123 22.0 154 72.4 237 129 140 1,130 1,890 1.3 21.9 300 3,000

Uranium µg/g 0.7 0.9 1.2 1.7 1.0 1.2 2.0 2.1 0.6 0.5 1.1 1.0 1.1 0.4 0.1 0.9 0.7 1.0 0.5 0.4 0.1 0.2 2.1 0.7 200 2,000
Vanadium µg/g 33.3 35 37.0 41.8 39.4 22.5 30.4 23.7 15.0 23.7 29.0 26.6 26.9 6.9 8.9 30.2 20.4 26.4 5.7 7.3 2.1 4.3 24 30 n/a 200,000
Zinc µg/g 339 401 964 493 267 1,270 663 1,990 1,640 6,290 6,110 11,400 548 41.8 2,070 930 3,930 7,960 5,550 3,750 6,810 34 670 150 (pH<6.0) 6,000

26,200 300 (pH 6.0-<6.5)  
600 (pH>6.5)  

Associated CARO files: CK10334, CL10418.

All terms defined within the body of SLE's report.

<     Denotes concentration less than indicated detection limit or RPD less than indicated value.

-      Denotes analysis not conducted.

n/a  Denotes no applicable standard.

RPD  Denotes relative percent difference.

*      RPDs are not normally calculated where one or more concentrations are less than five times MDL.

BOLD Concentration greater than CSR Industrial Land Use (IL) standard.

SHADOW Concentration greater than CSR Industrial Land Use Upper Cap Concentration (IL UCC) standard.

a  The site-specific factors used for determining the matrix standards for this site include: groundwater used for drinking water, toxicity to soil invertebrates and plants,
     groundwater flow to surface water used by freshwater aquatic life,  and  intake of contaminated soil  (whichever is most stringent).
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TABLE 6:  Summary of Analytical Results for Leachable Metals

AEC GCP BRA/SWRA BLA NWRA

Sample Location
TP-GC02L1-

111011
TP-GC06L1-

111011
TP-GC02L2-

111011
TP-GC07L2-

111011
TP-GC12L2-

111011
TP-GC03L3-

111011
TP-GC08L3-

111012
TP-GC04L4-

111012
TP-GC09L4-

111012
TP-BR03L2-

111013
TP-BR05L2-

111013
TP-SWR01L2-

111013
TP-BL02L2-

111013
TP-BL05L2-

111013
TP-NWR-02-

111014
BC Standards

Sample ID
TP-GC02L1-

111011
TP-GC06L1-

111011
TP-GC02L2-

111011
TP-GC07L2-

111011
TP-GC12L2-

111011
TP-GC03L3-

111011
TP-GC08L3-

111012
TP-GC04L4-

111012
TP-GC09L4-

111012
TP-BR03L2-

111013
TP-BR05L2-

111013
TP-SWR01L2-

111013
TP-BL02L2-

111013
TP-BL05L2-

111013
TP-NWR-02-

111014 HWR CSR CSR

Sample Date (yyyy mm dd) 2011 10 11 2011 10 11 2011 10 11 2011 10 11 2011 10 11 2011 10 11 2011 10 12 2011 10 12 2011 10 12 2011 10 13 2011 10 13 2011 10 13 2011 10 13 2011 10 13 2011 10 14 Leachate Quality Drinking Water Aquatic Lifea

(HWLQ) (DW) (AW)
Parameter Units Analytical Results
Physical Parameters
Final TCLP pH pH 5.9 - - 5.8 5.4 - - 5.9 - - 4.9 4.8 4.9 - 4.6 n/a n/a n/a
SPLP Extraction Final pH pH 6.4 6.4 6.5 6.7 6.4 6.5 6.6 4.3 6.2 4.8 4.2 3.8 4.2 4.0 2.4 n/a n/a n/a
TCLP Metals
Aluminum µg/L < 100 - - 270 360 - - < 100 - - 2,000 420 430 - 38,000 n/a n/a n/a
Antimony µg/L < 5 - - < 5 < 5 - - < 5 - - 10 40 < 5 - 130 n/a n/a n/a
Arsenic µg/L < 50 - - < 50 < 50 - - < 50 - - < 50 < 50 < 50 - 450 2,500 n/a n/a
Barium µg/L < 1,000 - - < 1,000 < 1,000 - - < 1,000 - - < 1,000 < 1,000 < 1,000 - < 1,000 100,000 n/a n/a
Beryllium µg/L < 50 - - < 50 < 50 - - < 50 - - < 50 < 50 < 50 - < 50 n/a n/a n/a
Boron µg/L 540 - - 500 560 - - 800 - - < 500 < 500 < 500 - < 500 500,000 n/a n/a
Cadmium µg/L 5,500 - - 4,600 4,300 - - 5,900 - - 210 20 80 - 220 500 n/a n/a
Calcium µg/L 69,000 - - 190,000 96,000 - - 47,000 - - 29,000 790,000 < 5,000 - 630,000 n/a n/a n/a
Chromium µg/L < 50 - - < 50 < 50 - - < 50 - - < 50 < 50 < 50 - 90 5,000 n/a n/a
Cobalt µg/L < 20 - - < 20 < 20 - - < 20 - - < 20 < 20 < 20 - 30 n/a n/a n/a
Copper µg/L 1,200 - - 320 190 - - 660 - - 6,400 210 130 - 2,500 100,000 n/a n/a
Iron µg/L < 1,000 - - < 1,000 < 1,000 - - < 1,000 - - < 1,000 1,500 < 1,000 - 85,000 n/a n/a n/a
Lead µg/L 33,000 - - 33,000 7,500 - - 40,000 - - 130,000 5,200 15,000 - 15,000 5,000 n/a n/a
Lithium µg/L < 50 - - < 50 < 50 - - < 50 - - < 50 < 50 < 50 - < 50 n/a n/a n/a
Magnesium µg/L < 5,000 - - 5,100 < 5,000 - - < 5,000 - - < 5,000 < 5,000 < 5,000 - 12,000 n/a n/a n/a
Manganese µg/L 7,700 - - 11,000 7,600 - - 4,400 - - 560 80 70 - 2,000 n/a n/a n/a
Mercury µg/L < 2 - - < 2 < 2 - - < 2 - - < 2 < 2 < 2 - 2 100 n/a n/a
Molybdenum µg/L < 5 - - < 5 < 5 - - < 5 - - < 5 < 5 < 5 - < 5 n/a n/a n/a
Nickel µg/L 230 - - 140 110 - - 220 - - < 100 < 100 < 100 - < 100 n/a n/a n/a
Potassium µg/L < 5,000 - - 7,000 5,500 - - < 5,000 - - < 5,000 < 5,000 < 5,000 - 8,100 n/a n/a n/a
Selenium µg/L 50 - - < 50 < 50 - - < 50 - - < 50 < 50 < 50 - < 50 1,000 n/a n/a
Silver µg/L < 1 - - < 1 < 1 - - < 1 - - < 1 < 1 < 1 - < 1 5,000 n/a n/a
Strontium µg/L 620 - - 1,400 730 - - 550 - - 240 820 60 - 520 n/a n/a n/a
Thallium µg/L < 10 - - < 10 < 10 - - < 10 - - < 10 < 10 < 10 - 10 n/a n/a n/a
Tin µg/L < 50 - - < 50 < 50 - - < 50 - - < 50 < 50 < 50 - 490 n/a n/a n/a
Titanium µg/L < 100 - - < 100 < 100 - - < 100 - - < 100 < 100 < 100 - 1,100 n/a n/a n/a
Uranium µg/L < 20 - - < 20 < 20 - - < 20 - - < 20 < 20 < 20 - < 20 10,000 n/a n/a
Vanadium µg/L < 50 - - < 50 < 50 - - < 50 - - < 50 < 50 < 50 - < 50 n/a n/a n/a
Zinc µg/L 900,000 - - 650,000 630,000 - - 910,000 - - 29,000 870 6,300 - 44,000 500,000 n/a n/a
Synthetic Precipitation Leachate Procedure
Aluminum (Al) µg/L < 50 < 50 < 50 < 50 < 50 < 50 < 50 < 50 < 50 < 50 270 710 110 250 35,000 n/a 9,500 n/a
Antimony (Sb) µg/L < 5 < 5 < 5 < 5 < 5 < 5 < 5 < 5 < 5 < 5 8 850 < 5 < 5 40 n/a 6 200
Arsenic (As) µg/L < 50 < 50 < 50 < 50 < 50 < 50 < 50 < 50 < 50 < 50 < 50 250 < 50 < 50 190 n/a 10 50
Barium (Ba) µg/L < 500 < 500 < 500 < 500 < 500 < 500 < 500 < 500 < 500 < 500 < 500 < 500 < 500 < 500 < 500 n/a 1,000 10,000
Beryllium (Be) µg/L < 50 < 50 < 50 < 50 < 50 < 50 < 50 < 50 < 50 < 50 < 50 < 50 < 50 < 50 < 50 n/a n/a 53
Bismuth (Bi) µg/L < 50 < 50 < 50 < 50 < 50 < 50 < 50 < 50 < 50 < 50 < 50 < 50 < 50 < 50 < 50 n/a n/a n/a
Boron (B) µg/L < 500 < 500 < 500 < 500 < 500 < 500 < 500 < 500 < 500 < 500 < 500 < 500 < 500 < 500 < 500 n/a 5,000 50,000

Cadmium (Cd) µg/L 170 100 140 70 70 170 490 150 100 60 120 10 50 80 190 n/a 5 0.1 - 0.6c

Calcium (Ca) µg/L 9,900 < 5,000 8,600 22,000 < 5,000 11,000 190,000 < 5,000 < 5,000 < 5,000 8,200 560,000 < 5,000 < 5,000 210,000 n/a n/a n/a

Chromium (Cr) µg/L < 20 < 20 < 20 < 20 < 20 < 20 < 20 < 20 < 20 < 20 < 20 < 20 < 20 < 20 60 n/a 50 10b

Cobalt (Co) µg/L < 20 < 20 < 20 < 20 < 20 < 20 < 20 < 20 < 20 40 < 20 < 20 < 20 < 20 20 n/a n/a 40

Copper (Cu) µg/L < 50 < 50 < 50 < 50 < 50 < 50 < 50 < 50 < 50 790 2,000 190 50 610 2,500 n/a 1,000 20 - 90c

Iron (Fe) µg/L < 1,000 < 1,000 < 1,000 < 1,000 < 1,000 < 1,000 < 1,000 < 1,000 < 1,000 < 1,000 < 1,000 < 1,000 < 1,000 < 1,000 77,000 n/a 6,500 n/a

Lead (Pb) µg/L < 20 40 < 20 < 20 < 20 < 20 50 < 20 30 30 4,900 2,100 1,900 8,700 2,500 n/a 10 40 - 160c

Lithium (Li) µg/L < 50 < 50 < 50 < 50 < 50 < 50 < 50 < 50 < 50 < 50 < 50 < 50 < 50 < 50 < 50 n/a 730 n/a
Magnesium (Mg) µg/L < 5,000 < 5,000 < 5,000 < 5,000 < 5,000 < 5,000 < 5,000 < 5,000 < 5,000 < 5,000 < 5,000 < 5,000 < 5,000 < 5,000 11,000 n/a 100,000 n/a
Manganese (Mn) µg/L 20 40 < 5 9 9 < 5 < 5 5 20 2,500 350 80 50 260 1,600 n/a 550 n/a
Mercury (Hg) µg/L < 2 < 2 < 2 < 2 < 2 < 2 < 2 < 2 < 2 < 2 < 2 < 2 < 2 < 2 < 2 n/a 1 1
Molybdenum (Mo) µg/L < 5 < 5 < 5 < 5 < 5 < 5 < 5 < 5 < 5 < 5 < 5 < 5 < 5 < 5 < 5 n/a 250 10,000

Nickel (Ni) µg/L < 100 < 100 < 100 < 100 < 100 < 100 < 100 < 100 < 100 290 < 100 < 100 < 100 < 100 < 100 n/a n/a 250 - 1,500c

Potassium (K) µg/L < 5,000 < 5,000 < 5,000 < 5,000 < 5,000 < 5,000 < 5,000 < 5,000 < 5,000 < 5,000 < 5,000 < 5,000 < 5,000 < 5,000 6,100 n/a n/a n/a
Selenium (Se) µg/L < 50 < 50 < 50 < 50 < 50 < 50 < 50 < 50 < 50 < 50 < 50 < 50 < 50 < 50 < 50 n/a 10 10

Silver (Ag) µg/L < 1 < 1 < 1 < 1 < 1 < 1 < 1 < 1 < 1 < 1 < 1 < 1 < 1 < 1 2 n/a n/a 0.5 - 15c

Strontium (Sr) µg/L 120 < 50 130 160 60 150 720 80 150 < 50 60 500 < 50 80 220 n/a 22,000 n/a
Tellerium (Te) µg/L < 200 < 200 < 200 < 200 < 200 < 200 < 200 < 200 < 200 < 200 < 200 < 200 < 200 < 200 < 200 n/a n/a n/a
Thallium (Tl) µg/L < 10 < 10 < 10 < 10 < 10 < 10 < 10 < 10 < 10 < 10 < 10 < 10 < 10 < 10 10 n/a n/a 3
Tin (Sn) µg/L < 50 < 50 < 50 < 50 < 50 < 50 < 50 < 50 < 50 < 50 < 50 < 50 < 50 < 50 < 50 n/a 22,000 n/a
Titanium (Ti) µg/L < 100 < 100 < 100 < 100 < 100 < 100 < 100 < 100 < 100 < 100 < 100 < 100 < 100 < 100 910 n/a n/a 1,000
Uranium (U) µg/L < 20 < 20 < 20 < 20 < 20 < 20 < 20 < 20 < 20 < 20 < 20 < 20 < 20 < 20 < 20 n/a 20 3,000
Vanadium (V) µg/L < 50 < 50 < 50 < 50 < 50 < 50 < 50 < 50 < 50 < 50 < 50 < 50 < 50 < 50 60 n/a n/a n/a

Zinc (Zn) µg/L 9,800 14,000 7,800 5,400 14,000 7,700 11,000 15,000 27,000 1,700 16,000 660 2,100 6,600 41,000 n/a 5,000 75 - 2,400c

Zirconium (Zr) µg/L < 50 < 50 < 50 < 50 < 50 < 50 < 50 < 50 < 50 < 50 < 50 < 50 < 50 < 50 < 50 n/a n/a n/a

Associated CARO file: CK10334.
a  Standard to protect freshwater aquatic life.

All terms defined within the body of SLE's report.
b  Individual standards exist for Cr +3 and Cr +6.  Reported value represents more stringent standard.

<     Denotes concentration less than indicated detection limit or RPD less than indicated value.
c  Hardness dependant standard, range provided.

-      Denotes analysis not conducted.

n/a  Denotes no applicable standard.

BOLD Concentration greater than or equal to HWR Leachate Quality (HWLQ) standard.
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TABLE 7:  Summary of Soil Analytical Results for Total Metals - Sediment

Sample Location SED-SC-01 112911 SED-SC-02 112911 SED-SC-03 112911 SED-SC-04 112911 SED-SC-05 112911 SED-SC-06 112911 SED-SC-07 112911 BC Standards

Sample ID SED-SC-01 112911 SED-SC-02 112911 SED-SC-03 112911 SED-SC-04 112911 SED-SC-05 112911 SED-SC-06 112911 SED-SC-07 112911
CSR

Fresh Water
CSR

Fresh Water

Sample Date (yyyy mm dd) 2011 11 29 2011 11 29 2011 11 29 2011 11 29 2011 11 29 2011 11 29 2011 11 29 Sediment Sediment 

Depth Interval (m) 0.0 - 0.3 0.0 - 0.3 0.0 - 0.3 0.0 - 0.3 0.0 - 0.3 0.0 - 0.3 0.0 - 0.3 (Typical) Upper Cap

Concentration

Parameter Units Analytical Results (FWS UCC)

Physical Parameters

pH pH 7.2 7.3 7.3 7.4 7.6 7.4 3.2 n/a n/a

Total Metals

Antimony µg/g 1,100 1,600 500 810 16 250 74,000 n/a n/a
Arsenic µg/g 920 1,400 550 750 20 280 38,000 20.0 200

Barium µg/g 470 190 110 150 41 81 270 n/a n/a

Boron µg/g 8.0 2.4 < 2.0 < 2.0 < 2.0 < 2.0 4.3 n/a n/a

Beryllium µg/g 0.3 0.3 0.3 0.4 0.2 0.3 0.2 n/a n/a
Cadmium µg/g 71.5 90.8 34.8 61.3 2.64 18.6 542 4.2 42

Chromium µg/g 80 47 22 24 12 16 16 110 1,100

Cobalt µg/g 2.4 1.2 0.9 1.1 3.0 5.4 2.4 n/a n/a

Copper µg/g 1,000 660 270 380 29 130 580 240.0 2,400
Lead µg/g 8,000 5,300 2,500 4,100 150 1,300 4,300 110.0 1,100

Manganese µg/g 1,800 1,400 670 980 160 440 540 n/a n/a
Mercury µg/g 330 26 23 33 1.6 13 21 0.58 5.8

Molybdenum µg/g 12 2.5 1.8 2.3 0.5 1.1 1.4 n/a n/a

Nickel µg/g 28 18 12 15 7.2 12 14 n/a n/a

Selenium µg/g 13 5.4 3.0 4.5 < 0.5 1.7 200 n/a n/a

Silver µg/g 21 20 5.7 11 0.4 3.9 65 n/a n/a

Thallium µg/g 2.8 3.9 2.3 3.3 0.2 1.1 37 n/a n/a

Tin µg/g 263 239 81.0 119 3.6 32.1 87.6 n/a n/a

Uranium µg/g 1.8 1.2 0.8 1.2 0.5 0.7 1.6 n/a n/a

Vanadium µg/g 30 27 22 26 15 20 29 n/a n/a
Zinc µg/g 5,500 5,600 2,700 3,900 260 1,500 5,200 380.0 3,800

Associated CARO file: CL10418.

All terms defined within the body of SLE's report.

<     Denotes concentration less than indicated detection limit or RPD less than indicated value.

-      Denotes analysis not conducted.

n/a  Denotes no applicable standard.

BOLD Concentration greater than CSR Fresh Water Sediment (FW Sediment) standard.

SHADOW Concentration greater than CSR Fresh Water Sediment Upper Cap Concentration (FWS UCC) standard.
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APPENDIX I 
 

Background Information 



g

Lower Stoney Creek: Unknown Historic Process Materials, east of Main Highway
Sample Type: EF00 Lot Al2O3 As Bi CaO Cd Co Cr Cu Fe In MgO Mn Ni Pb S Sb SiO2 Sn Tl Zn
Sample Date: July 7, 2003 % % % % % % % % % % % % % % % % % % % %
South Side White material 1 9.1 < 0.01 < 0.01 8.4 < 0.01 < 0.01 < 0.01 < 0.01 0.6 < 0.01 0.22 0.01 < 0.01 0.04 4.2 < 0.01 55 < 0.01 < 0.01 0.04
South Side Brown material 2 0.66 < 0.01 < 0.01 30 < 0.01 < 0.01 0.01 < 0.01 0.51 < 0.01 0.03 < 0.01 < 0.01 0.07 18 < 0.01 12.9 < 0.01 < 0.01 0.05
North Side White material 3 10.1 < 0.01 < 0.01 4.2 < 0.01 < 0.01 < 0.01 < 0.01 1.3 < 0.01 0.42 0.02 < 0.01 0.2 1.6 0.01 64 0.04 < 0.01 0.04
South Side Glass-Ceramic pile 4 5 < 0.01 < 0.01 2.8 0.04 < 0.01 0.02 0.52 19.4 < 0.01 0.73 2.8 < 0.01 3.5 0.36 0.03 21.6 0.52 < 0.01 11.7

Sample Date: July 16, 2003
South Side Glass-Ceramic Compo 1 7.2 < 0.01 < 0.01 2.5 0.06 < 0.01 0.03 0.47 11.6 0.02 0.85 3.7 0.02 2.7 0.8 0.02 27.6 0.22 < 0.01 14.3
South Side Orange Gravel Compo 2 11.8 < 0.01 < 0.01 2.3 < 0.01 < 0.01 < 0.01 0.02 5.4 0.02 1.4 0.07 < 0.01 0.2 0.34 < 0.01 66 0.02 < 0.01 0.1

Glass-ceramic compo (July 16, 2003 sample) sent to Norwest Labs on July 24, 2003 for Leachate Testing 

Leachate Inorganic - TCLP
Leachate Quality Standards Units Analyte Results Detection Limits

mg/L Antimony <0.2 0.2
5.00 mg/L Arsenic 0.4 0.2

100.00100.00 m /Lmg/L Barium 0.588 0.005Barium 0.588 0.005
mg/L Beryllium <0.005 0.005

500.00 mg/L Boron 0.7 0.1
0.50 mg/L Cadmium 10.8 0.005
5.00 mg/L Chromium <0.01 0.01

mg/L Cobalt 0.01 0.01
100.00 mg/L Copper 0.55 0.01

mg/L Iron <0.02 0.02
5.00 mg/L Lead 23.8 0.05
0.10 mg/L Mercury <0.001 0.001

mg/L Nickel 0.22 0.01
1.00 mg/L Selenium <0.4 0.4
5.00 mg/L Silver <0.02 0.02

mg/L Thallium <0.03 0.03
10.00 mg/L Uranium <0.6 0.6

mg/L Vanadium 0.01 0.01
500.00 mg/L Zinc 973 0.005

mg/L Zirconium <0.05 0.05
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FIELD METHODOLOGY 

 

1. INVESTIGATION FIELD METHODS 

Field activities were undertaken between October 2011 and February 2012 and comprised the 

following: 

• Drilling program (ground clearance, drilling and soil sampling, monitoring well installation and 

monitoring well development); 

• Hydraulic conductivity testing; 

• Groundwater sampling; 

• Soil quality assessment of Lower Stoney Creek AECs;  

• Sediment sampling; and, 

• Surveying. 

Field activities were undertaken, as applicable, in accordance with SNC-Lavalin Inc., 

Environment Division (SLE) preferred operating procedures (POPs) and Teck Metals Ltd. (Teck) 

and SLE’s Health and Safety programs. The methodology is summarized below. 
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2. DRILLING PROGRAM 

2.1. Utility Clearance 

In consultation with Teck, preliminary field reconnaissance of the work areas was undertaken 

prior to the start of the intrusive work. Monitoring well locations were finalized during the field 

reconnaissance through an assessment of drilling logistics and site specific health and safety 

considerations.  

The drilling program was conducted under Teck excavation permits and, where applicable, 

overhead permits. The excavation permits were required to determine the location of 

underground services in the vicinity of the proposed borehole/monitoring well locations. 

2.2. Borehole Drilling 

Under contract with Teck, a dual rotary Barber rig was supplied by Beck Drilling and 

Environmental Services Ltd. (Beck) of Calgary, Alberta, and was used to install seven 

groundwater monitoring wells. The boreholes were drilled with a nominal 8” (203.2 mm) OD 

threaded casing to depth.  SLE monitored the drilling and collected representative soil samples 

at regular intervals for field identification of soil and logging. 

2.3. Monitoring Well Construction 

Single monitoring wells were constructed using a Schedule 80, 0.010” slot PVC well screen with 

a 10/20 pre-packed sand filter.  For nested wells, the deep installation was constructed using a 

pre-packed screen; and the shallow installation was constructed using a Schedule 80, 0.020” 

slot PVC well screen that was placed in the borehole and backfilled with 10/20 filter sand.  A 

primary seal was installed above each screen using coated bentonite pellets and/or chips.  The 

remaining annulus was backfilled based on the local ground conditions and consisted of 

variable intervals of borehole slough, bentonite chips and/or bentonite grout. 

2.4. Monitoring Well Development 

Monitoring wells were developed between December 15 and December 16, 2011 to remove fine 

sediments from the sand pack (where applicable) and surrounding aquifer formation and to improve 

the hydraulic connection between the monitoring well and formation. Development was conducted 

by air-lifting groundwater using an air compressor and PVC drop pipe. Monitoring well development 

took place in accordance with SLE PoP.  Groundwater field parameters including temperature, 

conductivity, pH, and oxidation reduction potential were monitored during development.   
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2.1. Single Well Response Testing 

SLE personnel conducted falling and rising-head single well response (slug) tests in between 

January 30 and February 2, 2012.  Prior to initiating the slug tests, static water levels were 

measured. Well response tests were then conducted by pressurizing the well casing using 

compressed nitrogen gas1. This resulted in a lowering of the water level within the well casing 

while not changing the total head within the well screen. Once the inflow of nitrogen was 

stopped and the head had stabilized at static, the nitrogen in the casing was released 

“instantaneously” by opening a purge valve. The recovery of water level was monitored using a 

Solinst® levelogger suspended within the saturated water column. The response testing data 

was downloaded and analyzed using appropriate analytical solutions using AQTESOLV™ Pro 4.0 

computer software. 

2.2. Groundwater Sampling 

Groundwater sampling of the 2011 wells was completed by SLE personnel between 

January 23, 2012 and February 27, 2012. Dedicated MicroPurge® bladder pumps were 

installed in each monitoring well for low-flow groundwater sampling, and sampling was 

conducted using compressed nitrogen as the drive gas.  Prior to sampling, each monitoring well 

was purged of stagnant water.  Groundwater field parameters including temperature, 

conductivity, pH, and oxidation reduction potential were monitored during purging.  Purging was 

carried out until relative stabilization of pH and conductivity in at least three consecutive 

measurements was observed.  Samples were obtained after the field parameters stabilized.   

Groundwater samples were submitted to CARO Analytical Services Ltd. (CARO) in Kelowna, BC 

under standard chain-of-custody procedures for analysis. 

                                                 
1  The nitrogen based slug testing system was adapted from a method detailed in Hamilton, K.T., Li, F., 2003. A Nitrogen Slug 

Permeability Testing System.  In Proceedings of  the 17th Annual Vancouver Geotechnical Society Symposium  ‐ Geotechnical 
Engineering for Geoenvironmental Applications. 



 

   

 
4 503664 I011 / October 31, 2012 

Printed on Recycled Paper 

 

2.3. Surface Soil Sample Collection 

Soil samples were obtained from the Lower Stoney Creek AECs between October 11 and 

October 14, 2011.  SLE contracted Terra Erosion Control Ltd. (Terra) of Nelson, BC to supply a 

fall arrest system and to provide a safety watch during sample collection.  A primary (travel) line 

and a safety line were laid out from the top of the slope and secured to a skid-steer loader.  

Field personnel were secured to the lines using a harness, lanyards and independent locking 

descenders.  Before sampling was conducted the surface of the slope was scaled to protect 

workers from falling/ravelling materials including boulders, cobbles and/or loose construction 

debris.  Fall restraint was not required for the GRA and SIRA because the locations could be 

accessed on foot from the base of the Stoney Creek gully. 

Sampling grids were established at the GCP, BRA/SWRA and BLRA where relatively stable 

slope conditions were observed and the potential risk to workers was inferred to be low. Soil 

samples were collected outside the observed areas of impact to potentially delineate each AEC 

on the surface and to allow for a comparison of chemistry with inferred native soil.  Loose soil 

and overhanging debris were encountered at the NWRA and because of concerns for worker 

safety, soil samples could only be collected from two test pits in the upper portion of the AEC.  

One composite soil sample was collected at GRA and SIRA for preliminary characterization of 

soil. 

Soil samples were obtained from shallow, hand-dug test pits.  The maximum depth of the test 

pits was typically less than 0.3 m because of sloughing conditions and/or the presence of 

oversized particles.  Samples were collected using a stainless steel shovel or trowel and 

handled using new, disposable nitrile gloves. The sampling equipment was decontaminated 

between each location using soap, distilled water and a plastic brush. 

Representative samples were collected using a stainless steel hand trowel and new, disposable 

nitrile gloves.  The sampling equipment was decontaminated between each location using soap, 

distilled water and a plastic brush 

To assist with assessing potential metal concentrations in the soil, and aid in the selection of soil 

samples for chemical analysis, soil samples were screened in the field with an XRF analyzer 

provided by Teck, which SLE’s field technicians are trained to operate. Soil was placed in 

Ziploc® bags and homogenized prior to analysis with the XRF unit. XRF readings were obtained 
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through the side of the Ziploc® bag.  The concentrations of the primary metals of concern 

(arsenic, lead and zinc) from the XRF were recorded in the field and used for comparison 

purposes to assist in determining if deeper or additional step-out test pits were required, and/or 

to select soil samples for laboratory analysis.  A complete digital set of XRF results was 

downloaded from the unit following the field work, and are included in Appendix IV.  While it was 

recognized that the accuracy of the XRF method may not allow quantification of results at 

concentrations near the Contaminated Sites Regulation (CSR)2  standard, it provided a gross 

indicator for locations where metals concentrations are significantly elevated. 

2.4. Sediment Sampling 

Sediment samples were collected at seven locations in Lower Stoney Creek on 

November 29, 2011.  Representative samples were collected using a stainless steel hand trowel 

and new, disposable nitrile gloves.  The sampling equipment was decontaminated between 

each location using soap, distilled water and a plastic brush.  Sample locations were 

photographed and recorded using a hand-held GPS. 

                                                 
2  Contaminated Sites Regulation (CSR), B.C. Reg. 375/96, including amendments up to B.C. Reg. 97/2011. 
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Photograph 1:  Glass Ceramic Pile
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Photograph 2: Brown Residue and South White Residue Areas 
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Photograph 3: Black Residue Area 
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Photograph 4: North White Residue Area 
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Photograph 5: Grey Residue Area 



 

 

503664-I011

 

Photograph 6:  South Iron Residue Area 
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Photograph 7: Stoney Creek culvert and plunge pool at base of Suspect Fill Area #4.  Note 
oversteepening of toe of slope. 
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Photograph 8: Stoney Creek shoreline at the toe of North White Residue Area 
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Photograph 9: Terminus of Highway 22 storm sewer.  Note erosion of soil at toe of slope. 
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Borehole Logs and Monitoring Well Completion Details 
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Introduction and terms of reference 
 
At the request of Randy Williams, B.Sc., GIT, Project Geoscientist for SNC- Lavalin 
Environment, SNT Engineering Ltd (SNT) conducted a preliminary slope stability assessment of 
selected slopes adjacent to Stoney Creek (also known as Topping Creek).     
 
The site is part of Teck Metals Ltd (Teck) Trail operations and is located east of Highway 22 
adjacent to both sides of Stoney Creek (see Figure 1). 

The purpose of the review was to describe the short term slope stability of slopes adjacent to 
Stoney Creek, to identify conceptual long term alternatives for improving slope stability, and to 
identify potential slope stability issues with respect to potential removal of some of the soil. 

 

Information Reviewed 
 
Information supplied and reviewed included: 
 

 A borehole hole log (GW3) installed in 1996 to 41.1m.  Hole is located upstream of 
Highway 22.   

 
 A monitoring well log (86.6m deep) completed by Klohn-Crippen installed near Stoney 

Creek in 2000 (hole MW2000-1) located about 115m to the south of the Stoney Creek 
escarpment (just east of the  railway tracks). Note on the SNC-Lavalin map dated Feb 1, 
2011 this hole is plotted on the north side of Stoney Creek.   

 
 A borehole log by Hardy BBT Ltd. installed in 1991 (hole TH-1) drilled to 27.7m.  Hole 

located at Aldridge Avenue (Highway 22). 
 

 Klohn-Crippen 1997 Stoney Creek Sections A, B, D, longitudinal profile, and historical 
land use map with cross section locations noted.    
 

 Particle size analyses by Caro Analytical Services of select samples. 
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Site description, history, and field observations 
 
The site is located at the north end of Teck’s Trail operations (see Figure 2) and was reviewed by 
the undersigned with Randy Williams, B.Sc., GIT on December 1.  Mr. Williams located and 
described the specific fill sites of interest to focus the field review and subsequent assessment.  
The sites are described briefly as follows: 

 North White Residue Area (NWRA) 
 South White Residue Area (SWRA) 
 Brown Residue Area (BRA) 
 Glass and Ceramic Pile (GCP) 
 Iron Residue Area (IRA) 
 Black Residue Area (BLRA) 

 
Each site was reviewed from the top of the escarpment and from their slope toes.  At the time of 
the field review the upper ground surface was frozen and the sites could not be safely traversed.  
 

 
Figure 1  Site location 
 

 
Figure 2 Site location with ortho image 
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In addition to the review of the noted sites Stoney Creek was walked from the railway bridge to 
the highway culvert and observations were made with respect to the adjacent slopes (some 
natural and some disturbed).    
 
Each site is described separately below. 
 
General Site Conditions 
 
The local bedrock is part of a laccolith pluton (see Figure 3) comprised of middle Jurassic 
granites, granodiorite and quartz monzonite (BCGS 1998 and GSC 2004).  The surficial geology 
of the study area is influenced by Pleistocene glaciations (see Figure 4) with deposits of 
glacioafluvial gravels, sand, and till/discontinuous ground moraines (BCGS 2005 and GSC 
2004).  
 
Stoney Creek has incised through the benched Pleistocene fluvial deposits to form a series of 
steep (70% to 80%) escarpments.  At the study area the main escarpment is formed with a bench 
at the Highway 22 elevation or about 480m with Stoney Creek at 448m.  Stoney Creek drops a 
further 55m to the Columbia River.  
 
Drill hole logs (Klohn-Crippen 1997 and 2000 and Hardy BBT 1991) indicate the presence of 
sand to a variable depth to bedrock (35m to over 86m).  Pore pressure monitoring (Klohn 1997) 
has indicated a dropping water table from Stoney Creek towards the escarpment.     
 
During the field review some of the natural escarpment was visible while other areas were 
covered with end dumped and pushed fills.  Some local fluvial benches were observed above the 
active Stoney Creek channel likely formed during post glacial downcutting.     
 
 

 
Figure 3 Bedrock Geology 
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Figure 4 Pleistocene deposits 
 
 
Specific Fill Sites 
 
Specific fill sites of interest are discussed in the following sections. 
 
North White Residue Area 
 
The North White Residue Area (NWRA) is located between UTM coordinates 4446780E/ 
5440008N and 446807E/5439997N and is shown on Figure 5 and Photos 1 though 6.  The 
NWRA is exposed and visible from about the 473m elevation to the 451m elevation where 
surficial dumped soil has incurred significant erosion. The width of exposure is typically 5m; 
however, at the 451m elevation a narrow band of apparent NWRA extends for an additional 
10m.  The exposed area is about 200 m2; however, it is expected that the areal extent of the 
NWRA exceeds what is exposed and visible.  
 
Below the 451m elevation erosion of the underlying fluvial and glacial outwash deposits by the 
culvert discharge and plunge pool has resulted in undercutting of the surficial dumped soil and 
undercutting of the NWRA.  The exposure of the NWRA has resulted in subsequent rill and 
gully erosion of the NWRA. 
 
Particle size analyses indicate that the NWRA is comprised of primarily sand size particles with 
9% to 18% silt size.  The typical slope angle of the NWRA is 80%.  There is no indication of 
subsurface flow exit points or local saturation or partial saturation of fills.  This is supported by 
Klohn-Crippen (1997) cross section D – groundwater profile.   
 

Pleistocene 
deposits 
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There is direct connectivity between the gravitational movement of NWRA material and Stoney 
Creek.  In the event of surficial sloughing or undermining of the slope by Stoney Creek, NWRA 
material will likely be transported into Stoney Creek.  There is also a direct surface flow 
connection between NWRA material and Stoney Creek.  Surface runoff and erosion caused from 
snowmelt or intense summer rainstorms can be transported to Stoney Creek.      

 
Figure 5 Some of the fill locations of interest  
 

  
Photo 1 NWRA looking north  Photo 2 NWRA looking northwest 
 
 

NWRA 

SWRA 

BRA 

GCP 

BLRA 
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Photo 3 NWRA from crest of fill Photo 4 NWRA at undercut toe 
 

  
Photo 5 NWRA looking upslope Photo 6 NWRA and plunge pool 

 

South White Residue Area 
 
The South White Residue Area (SWRA) is located between UTM coordinates 
446827E/5439931N and 446822E/5439942E and has an exposed surface area of approximately 
50m2 (see Photos 7 to 10). 

The SWRA slope angle is about 85%.  There are no indications of instability or significant 
surface erosion.  There is low direct connectivity between the gravitational movement of SWRA 
material and Stoney Creek.  In the event of surficial sloughing or sliding, SWRA material will 
not likely be transported into Stoney Creek.  There is a direct surface flow connection between 
SWRA material and Stoney Creek.  Surface runoff and erosion caused from snowmelt or intense 
summer rainstorms can be transported to Stoney Creek.      
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Photo 7 SWRA looking south Photo 8 SWRA looking south west 
 

  
Photo 9 Upper SWRA  Photo 10 Lower SWRA 
 

Brown Residue Area 
 
The Brown Residue Area (BRA) is located between 446829E/5439923N and 
446817E/5439938N and has an exposed surface of about 50m2 (see Photos 11 to 14).   

Particle size analyses indicate the BRA matrix is comprised of sand size particles with less than 
5% silt size (well drained).  The BRA slope angle is about 85%.  There are no indications of 
instability or significant surface erosion.  There is also a low direct connectivity between the 
gravitational movement of BRA material and Stoney Creek.  In the event of surficial sloughing 
or sliding, BRA material will not likely be transported into Stoney Creek.  There is a direct 
surface flow connection between BRA material and Stoney Creek.  Surface runoff and erosion 
caused from snowmelt or intense summer rainstorms can be transported to Stoney Creek.      
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Photo 11 BRA looking east Photo 12 BRA looking south 
 

  

Photo 13  BRA from toe Photo 14 BRA from lower toe 
 

Glass and Ceramic Pile 
 
The Glass and Ceramic Pile (GCP) is located between UTM coordinates 446871E/54400000N 
and 446886E/5439973E and has an exposed surface area of about 600m2(see photos 15 to 18). 

The toe of the GCP is located approximately 4m from the edge of a glaciofluvial terrace (see 
Photo 18) with a steepened upper 2m scarp (55°) and flatter lower slopes (6m at 75%).    

Particle size analyses indicate the GCP matrix is primarily sand sized particles with 6 to 12% silt 
size. The GCP slope angle is about 80%.  There are no indications of instability or significant 
surface erosion.  There is low direct connectivity between the gravitational movement of GCP 
material and Stoney Creek.  In the event of surficial sloughing or sliding, GCP material will not 
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likely be transported into Stoney Creek.  However, continued retrogression of the terrace of 
Stoney Creek could undermine the toe of the GCP resulting in a direct sliding connectivity of 
material to Stoney Creek.  There is also a direct surface flow connection between GCP material 
and Stoney Creek.  Surface runoff and erosion caused from snowmelt or intense summer 
rainstorms can be transported to Stoney Creek.      
 

  

Photo 15  GCP looking down Photo 16  GCP looking down 
 

 

  

Photo 17  GCP looking south east Photo 18 Fluvial terrace at toe of GCP  
 

Iron Residue Area 

The Iron Residue Area (IRA) is located on the south bank of Stoney Creek between the GCP and 
the railway (see Photo 19) and appears to be comprised of sandy gravel fill that was dumped 
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from the Stoney Creek Road to a bench half way downslope. The fill appears to have been 
dumped relatively recently and appears to be primarily comprised of soil particles.   

 

Photo 19 IRA (Photo by Randy Williams). 

 

Black Residue Area (BLRA) 
 
The Black Residue Area (BLRA) is located in the southwest corner between the BRA and 
Highway 22.   Particle size analyses indicated the BLRA has a high silt size fraction (between 
40% and 50%).  The BLRA was not specifically reviewed in the field.  
 
Other Site Observations 
 
Other site observations not specifically related to the noted fills were made and are discussed 
below.   
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Westside 300mm poly pipe  
 
Surface water is collected from the ditches and shoulder of Highway 22 and directed into a 
concrete intake structure and 300mm poly pipe-flume (see Figure 6). Photos 20 to 23 show the 
collection area and existing ditches and areas of surface flow that direct water to the pipe.  The 
pipe was installed about 10m short of the toe of fill and has resulted in erosion at the toe (Photos 
24 to 26).  The erosion has exposed a rusty coloured fill as shown in Photo 27. 

 

 

Figure 6 Highway surface-water drain pipe   
 

  
Photo 20 runoff collection Photo 21 surficial flow 
   

Westside 
300 pipe 
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Photo 22 surficial flow Photo 23 armoured ditch 
 

  

Photo 24 300mm pipe discharge Photo 25 300mm pipe discharge 
 

  

Photo 26 erosion below pipe discharge Photo 27 rusty fill uncovered by culvert 
discharge erosion 



Stoney Ck Preliminary Slope Assessment  SNT Engineering Ltd. 

14 
 

Westside undercutting 
 
At a location 446796E/ 5439950N there is some undercutting of the fill near the slope toe likely 
as a result of surficial water directed down the contact location between the highway fill and 
southside fills (see Photo 28).  
 
The erosion has exposed a grey residue material overlying a black fill.  Immediately downslope 
of the site there is evidence of surface flow and resulting erosion.  
 

 

Photo 28 Westside undercut 
 

Machine Access 

A machine access trail has been constructed from Stoney Creek road to a location near Stoney 
Creek (see Figure 7).  The road terminates near a large pipe (estimated 1000mm diameter) shown 
in photo 29.  This trail (photo 30) could potentially be utilized for tracked machine access for 
potential remediation purposes if required.    
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Figure 7 Existing machine access trail  
 

  

Photo 29 1000mm(estimated) pipe discharge Photo 30 Existing machine access trail 
 
 
Slope Stability Analyses 
 
It is understood there has been no strength testing of the either the natural sands and gravels 
adjacent to Stoney Creek or of the dumped fills; however, there is likely some strength testing of 
tills and fluvial sands and gravels to the south, at the plant site, collected for the purposes of 
foundation design.   There is no indication of deep seated instabilities relating to the fills other 
than the noted erosion as discussed above.  Fill strengths have been estimated based on particle 
size and density correlations. The strength estimates are shown in Table 1. 
 

1000mm pipe Existing 
machine 
access trail 
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The purpose of the strength estimates and preliminary slope stability analyses is to allow for 
conceptual planning and slope stability assessment for various configurations of soil and slope 
remediation if required and as a starting point for documenting soil parameters.  

Table 1 Assumed material properties  

Material Soil 
Classification1 

φ2 – RD3 = 25% φ – RD = 50% pore pressure 

NWRA SM-SC/SW/SP-SM 28 32 none 

SWRA    none 

BRA GW-GP 32 35 none 

GCP GM/GW-GP/SP-SM 32 35 none 

SP    none 

BL RA SM-SC 28 32 none 

in situ sands and 
gravels 

  35 none 

1 - Unified Soil Classification System 
2 - φ is assumed soil shear strength 
3 - RD is assumed soil relative density 
 
Although preliminary stability analyses were conducted of the NWRA there are too many 
unknown variables to provide an accurate representation of the present slope stability 
analytically.  Variables include the thickness of fills, variability of the fills, material behind the 
fills and lateral extent of the fills.  However, further slope stability analyses with refined material 
parameters and defined areal extents could aid in developing sequencing plans for fill removal.  
 
In general the fill sites appear dry. The process of end dumping fills results in relatively loose 
deposits with front face slope angles consistent with their natural angle of repose or internal 
friction angle.  As such there is little opportunity to steepen the fill slope angles either 
permanently or temporarily during construction or removal. Potential removal of the fills would 
have to either be from the top down or via a small dragline operation that could remove 
sequential thicknesses of the fills perpendicular to the face.  Once the fill is removed the native 
ground underneath would be disturbed and prone to erosion if left oversteepened or unvegetated.   

If fill is potentially removed via truck and excavator an access road would likely have to be 
constructed from the lower Stoney Creek Road (under the railway bridge) to the fill locations. 
The road would have to be designed and located in order to be stable for haul use and in order to 
not cause slope instabilities.  
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Levels of Effort  

Several levels of effort are noted depending on the project and site objectives and practical 
constraints.  Potential levels of effort and descriptions are provided in Table 2. 
 

Table 2 Levels of effort and considerations 

Levels of 
effort 

Description Method Considerations 

Level 1 Prevent soil from directly 
entering Stoney Creek from 
landslide processes 

 Stabilise slopes (deep seated) 

 Extend Stoney Creek Culvert 
beyond landslide influence 
zone 

 

 

 Potential in-stream works 

 Access 

Level 2 Prevent soil from directly 
entering Stoney Creek from 
landslide or surficial 
erosion/runoff processes 

 Stabilize slopes (deep seated 
and surficial) 

 Extend Stoney Creek culvert 
beyond landslide and surficial 
erosion influence area  

 Potential in-stream works 

 Access  

Level 3 Limit surface water  
discharge from identified 
sites to  Stoney Creek  

 Blanket the fills with 
overburden or membranes 

 Visual Impact 

 Long-term maintenance  

Level 4 Prevent surface water 
discharge from identified 
sites to enter regional 
groundwater system.  

 Remove fills  Extent of fills requiring removal 

 Impact to Highway 22 

 Access for rock trucks 

 Disturbance of native ground 
underneath fills and potential for 
increased erosion and 
contamination 

 Slope stability of undermined 
slopes 

 Hauling route  

  

Additional work /information required 
 
A more detailed assessment of potential removal options would require delineation of the areal 
extent and depth of identified fills.  The known extent (laterally and depth) of the fill sites will 
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QUALITY ASSURANCE AND QUALITY CONTROL 

 

1. QUALITY ASSURANCE AND QUALITY CONTROL – METHODS 

A Quality Assurance/Quality Control (QA/QC) program was implemented during the collection 

and analysis of sample media. The program included the use of trained field staff, the collection 

and analysis of blind duplicates, the use of Canadian Association for Laboratory Accreditation 

Inc. (CALA) certified laboratories, as well as other industry standard practices. 

Using the blind duplicate sample results, analytical precision was assessed by calculating the 

relative percent difference (RPD) between the results of each sample and its associated 

duplicate.  The RPD is the absolute value of the difference between the two results divided by 

the average of the two results and is reported as a percentage, demonstrated as follows: 

 

100% 

 
Where:  

    A = Parameter concentration in sample 

    B = Parameter concentration in duplicate sample 

 

Visual reconnaissance of the Lower Stoney Creek APECs indicated that suspect fill soil is highly 

heterogenous.  A relatively high data quality objective of 60% for soil RPDs was therefore 

established to account for sample heterogeneity and “in jar” variability.  When the analytical 

result of the original or duplicate sample was less than five times the laboratory method 

detection limit, RPDs were not calculated because the results are not considered meaningful 

due to an increase in analytical variability.  Calculated RPDs above the data quality objective 

were reviewed on a case-by-case basis. 
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2. QUALITY ASSURANCE AND QUALITY CONTROL – RESULTS 

2.1. Split Sample Duplicate Analysis 

A total of 45 soil samples were selected for laboratory analysis, including four split sample 

duplicates.  The duplicate frequency for soil is approximately 10%, which satisfies the target 

frequency established for the QA/QC program.  A duplicate sediment sample was not submitted 

for analysis because of the preliminary nature of the investigation. 

The range of calculated RPDs for the duplicate soil samples is summarized in Table 1 below. 

Table 1: Results of Split Sample Duplicate Analysis 
Duplicate Sample 

Identifiers 
Range of Calculated RPDs 

(%) 
Average RPD for 

Sample Set 
(%) 

Number of RPDs 
Above Data Quality 

Objective 

TP-GC02L1-111011 and 
TP-DupA 

0 - 95 25 2 

TP-GC02L2-111011 and 
TP-DupB 

0 - 68 26 2 

TP-GC03L3-111011 and 
TP-DupC 

0 - 62 22 1 

TP-GC04L4-111012 and 
TP-DupD 

1 - 73 19 1 

 

The range of RPDs exceeds the established DQO of 60%; however it is noted that the duplicate 

samples were collected from heterogeneous soil containing anthropogenic debris including 

domestic refuse, scrap metal and construction materials.  It is inferred that the range of RPDs 

results from the heterogeneous sample media, with potential analytical variability caused by the 

particles of anthropogenic debris. 

It is noted that the DQO exceedences are limited to one or two analytes for each sample pair 

and that the average RPD for all parameters is in the range of 19-22%.  In addition, for each of 

the DQO exceedences the analytical variability does not result in a different soil quality 

classification.  Based on the above, it is inferred that the laboratory analytical results are reliable 

and representative of actual site conditions at the time of the investigation. 
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2.2. Review of Laboratory QA/QC Procedures 

SLE reviewed the Laboratory Quality Control Data provided in the Laboratory Certificates of 

Analysis (Appendix VIII).  The laboratory appears to have met their own standards and internal 

targets with the exception of two quality control qualifiers summarized below. 

Table 2:  Summary of Laboratory Quality Control Qualifiers 
CARO 
Work 

Order # 
Sample Identifier 

Sample 
Type 

QC 
Qualifier 

Description 
Laboratory Rationale 

for Acceptance of 
Data 

CK10334 All soil samples Grab HT 

Parameter analyzed 
outside of the 
EPA/BCMOE/APHA 
recommended holding 
time. 

N/A 

CK10334 

B1K0286-DUP2 
B1K0287-DUP2 
B1K0287-DUP3 
B1K0277-DUP1 

Laboratory 
Duplicate 

RPD 
Relative percent difference 
of duplicate analysis is 
outside of control limits. 

Data accepted based 
on acceptable 
performance of other 
batch QC. 

 

The holding time (HT) qualifier is applicable to analysis of mercury in all soil samples.  Each of 

the soil samples was submitted within 45 days of collection; however according to the 

BC Environmental Laboratory Manual (MoE, 2009), the recommended holding time for mercury 

is 28 days, compared to 180 days for the other metals.  The shorter holding time is based on the 

potential for volatilization of mercury in the sample, thus resulting in potential downward bias of 

the analytical results.   

Analysis for total mercury does not differentiate between organic mercury compounds and 

elemental mercury, meaning that it is not possible to estimate the potential bias because the 

stability of mercury in a soil sample is variable.  It is noted that mercury was not specifically 

identified as a PCOC for this investigation, and that the concentration in each soil sample was in 

the range of 0.11 - 5.53 µg/g, compared to the most conservative CSR IL Standard of 150 µg/g.   

Based on the likely presence of different forms of mercury in the soil samples it is inferred that 

the potential for volatilization to cause a significant reduction in the sample concentration during 

the 45 day holding time is low.  Analytical results closer to the standard would require a more 

rigorous assessment of reliability; however it is inferred that the holding time exceedence for 

mercury does not adversely affect the results of this investigation. 

Each of the sediment samples was submitted within the recommended holding time. 



   

 
4 503664 I011 / October 31, 2012 

Printed on Recycled Paper 

 

 

3. QUALITY ASSURANCE AND QUALITY CONTROL – CONCLUSIONS 

Based on the results of the QA/QC program, it is inferred that the results of the soil sampling 

program are accurate and representative of actual site conditions at the time of the 

investigation. 

No duplicate sediment samples were submitted for analysis; however the sediment analytical 

results are considered suitable for a preliminary assessment of sediment quality in Stoney 

Creek. 
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CERTIFICATE OF ANALYSIS

CLIENT SNC-Lavalin Environment Inc. (Nelson)

#3-520 Lake Street

Nelson BC

V1L 4C6

TEL

FAX

(250) 354-1664

(250) 354-3896

ATTENTION Stefan Humphries

RECEIVED / TEMP WORK ORDER

REPORTED May-04-12

COC #(s)

PROJECT SLE #503664

PROJECT INFO Teck Metals Ltd.

General Comments:

CARO Analytical Services employs methods which are based on those found in “Standard Methods for the Examination of Water 

and Wastewater”, 21st Edition, 2005, published by the American Public Health Association (APHA); US EPA protocols found in “Test 

Methods for Evaluating Solid Waste, Physical/Chemical Methods, SW846”, 3rd Edition; protocols published by the British Columbia 

Ministry of Environment (BCMOE); and/or CCME Canada-wide Standard Reference methods.

Methods not described in these publications are conducted according to procedures accepted by appropriate regulatory agencies, 

and/or are done in accordance with recognized professional standards using accepted testing methodologies and quality control 

efforts except where otherwise agreed to by the client.  

The results in this report apply to the samples analyzed in accordance with the chain of custody document.  This analytical report 

must be reproduced in its entirety.   CARO is not responsible for any loss or damage resulting directly or indirectly from error or 

omission in the conduct of testing.  Liability is limited to the cost of analysis.  Samples will be disposed of 30 days after the test 

report has been issued unless otherwise agreed to in writing. 

•  All solids results are reported on a dry weight basis unless otherwise noted

•  Units: mg/kg = milligrams per kilogram, equivalent to parts per million (ppm)

mg/L = milligrams per litre, equivalent to parts per million (ppm)

ug/L = micrograms per litre, equivalent to parts per billion (ppb)

ug/g = micrograms per gram, equivalent to parts per million (ppm)

ug/m3 = micrograms per cubic meter of air

•  "RDL"  Reported detection limit

•  "<"  Less than reported detection limit

•  "AO" Aesthetic objective

•  "MAC" Maximum acceptable concentration (health-related guideline)

•  "LAB" RMD = Richmond location, KEL = Kelowna location, EDM = Edmonton location, SUB = Subcontracted

Please contact CARO if more information is needed or to provide feedback on our services.

CARO Analytical Services

Final Review Per: Paul Thandi, B.Sc., PChem For Patrick Novak, B.Sc., PChem

Vice President, Corporate Services

#120 12791 Clarke Place #102 3677 Highway 97N 17225 109 Avenue

Richmond, BC  V6V 2H9 Kelowna, BC  V1X 5C3 Edmonton, AB  T5S 1H7

Tel: 604-279-1499  Fax: 604-279-1599 Tel: 250-765-9646  Fax: 250-765-3893 Tel: 780-489-9100  Fax: 780-489-9700

www.caro.ca

Locations:

CK10334

25319, 24970, 24971, 25153

Nov-23-11 12:20 / 13.0 °C
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CLIENT

PROJECT

SNC-Lavalin Environment Inc. (Nelson)

SLE #503664

WORK ORDER #

REPORTED

CK10334

May-04-12

SAMPLE DATA

 Analyte Result RDL Units Prepared NotesAnalyzed

General Parameters

TP-GC01L1-111011   (CK10334-01)   Matrix: Soil   Sampled: Oct-11-11

Nov-28-11pH unitspH 4.5 0.1 Nov-25-11

TP-GC02L1-111011   (CK10334-02)   Matrix: Soil   Sampled: Oct-11-11

Nov-28-11pH unitspH 6.4 0.1 Nov-25-11

TP-GC06L1-111011   (CK10334-03)   Matrix: Soil   Sampled: Oct-11-11

Nov-28-11pH unitspH 6.2 0.1 Nov-25-11

TP-GC10L1-111011   (CK10334-04)   Matrix: Soil   Sampled: Oct-11-11

Nov-28-11pH unitspH 5.9 0.1 Nov-25-11

TP-GC00L2-111012   (CK10334-05)   Matrix: Soil   Sampled: Oct-12-11

Nov-28-11pH unitspH 4.6 0.1 Nov-25-11

TP-GC02L2-111011   (CK10334-06)   Matrix: Soil   Sampled: Oct-11-11

Nov-28-11pH unitspH 6.4 0.1 Nov-25-11

TP-GC07L2-111011   (CK10334-07)   Matrix: Soil   Sampled: Oct-11-11

Nov-28-11pH unitspH 6.3 0.1 Nov-25-11

TP-GC12L2-111011   (CK10334-08)   Matrix: Soil   Sampled: Oct-11-11

Nov-28-11pH unitspH 6.1 0.1 Nov-25-11

TP-GC00L3-111012   (CK10334-09)   Matrix: Soil   Sampled: Oct-12-11

Nov-28-11pH unitspH 4.6 0.1 Nov-25-11

TP-GC03L3-111011   (CK10334-10)   Matrix: Soil   Sampled: Oct-11-11

Nov-28-11pH unitspH 6.4 0.1 Nov-25-11

TP-GC08L3-111011   (CK10334-11)   Matrix: Soil   Sampled: Oct-12-11

Nov-28-11pH unitspH 7.0 0.1 Nov-25-11

TP-GC00L4-111012   (CK10334-12)   Matrix: Soil   Sampled: Oct-12-11

Nov-28-11pH unitspH 4.8 0.1 Nov-25-11

TP-GC01L4-111012   (CK10334-13)   Matrix: Soil   Sampled: Oct-12-11

Nov-28-11pH unitspH 5.0 0.1 Nov-25-11

TP-GC04L4-111012   (CK10334-14)   Matrix: Soil   Sampled: Oct-12-11

Nov-28-11pH unitspH 6.2 0.1 Nov-25-11

TP-GC06L4-111012   (CK10334-15)   Matrix: Soil   Sampled: Oct-12-11

Nov-28-11pH unitspH 6.4 0.1 Nov-25-11

TP-GC09L4-111012   (CK10334-16)   Matrix: Soil   Sampled: Oct-12-11

Nov-28-11pH unitspH 6.4 0.1 Nov-25-11

TP-GC00L5-111012   (CK10334-17)   Matrix: Soil   Sampled: Oct-12-11

Nov-28-11pH unitspH 5.2 0.1 Nov-25-11
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CLIENT

PROJECT

SNC-Lavalin Environment Inc. (Nelson)

SLE #503664

WORK ORDER #

REPORTED

CK10334

May-04-12

SAMPLE DATA

 Analyte Result RDL Units Prepared NotesAnalyzed

General Parameters, Continued

TP-GC02L5-111012   (CK10334-18)   Matrix: Soil   Sampled: Oct-12-11

Nov-28-11pH unitspH 4.6 0.1 Nov-25-11

TP-GC04L5-111012   (CK10334-19)   Matrix: Soil   Sampled: Oct-12-11

Nov-28-11pH unitspH 4.1 0.1 Nov-25-11

TP-GC01L6-111012   (CK10334-20)   Matrix: Soil   Sampled: Oct-12-11

Nov-28-11pH unitspH 4.7 0.1 Nov-25-11

TP-GC03L6-111012   (CK10334-21)   Matrix: Soil   Sampled: Oct-12-11

Nov-28-11pH unitspH 4.5 0.1 Nov-25-11

TP-GC05L6-111012   (CK10334-22)   Matrix: Soil   Sampled: Oct-12-11

Nov-28-11pH unitspH 4.3 0.1 Nov-25-11

TP-SWR01L2-111013   (CK10334-23)   Matrix: Soil   Sampled: Oct-13-11

Nov-28-11pH unitspH 3.2 0.1 Nov-25-11

TP-SWR02L2-111013   (CK10334-24)   Matrix: Soil   Sampled: Oct-13-11

Nov-28-11pH unitspH 3.5 0.1 Nov-25-11

TP-BR01L1-111013   (CK10334-25)   Matrix: Soil   Sampled: Oct-13-11

Nov-28-11pH unitspH 4.8 0.1 Nov-25-11

TP-BR02L1-111013   (CK10334-26)   Matrix: Soil   Sampled: Oct-13-11

Nov-28-11pH unitspH 6.0 0.1 Nov-25-11

TP-BR01L2-111013   (CK10334-27)   Matrix: Soil   Sampled: Oct-13-11

Nov-28-11pH unitspH 4.6 0.1 Nov-25-11

TP-BR02L2-111013   (CK10334-28)   Matrix: Soil   Sampled: Oct-13-11

Nov-28-11pH unitspH 5.3 0.1 Nov-25-11

TP-BR03L2-111013   (CK10334-29)   Matrix: Soil   Sampled: Oct-13-11

Nov-28-11pH unitspH 5.4 0.1 Nov-25-11

TP-BR05L2-111013   (CK10334-30)   Matrix: Soil   Sampled: Oct-13-11

Nov-28-11pH unitspH 4.3 0.1 Nov-25-11

TP-BR02L3-111013   (CK10334-31)   Matrix: Soil   Sampled: Oct-13-11

Nov-28-11pH unitspH 4.5 0.1 Nov-25-11

TP-BR03L3-111013   (CK10334-32)   Matrix: Soil   Sampled: Oct-13-11

Nov-28-11pH unitspH 5.2 0.1 Nov-25-11

TP-BL01L2-111012   (CK10334-33)   Matrix: Soil   Sampled: Oct-12-11

Nov-28-11pH unitspH 5.0 0.1 Nov-25-11

TP-BL02L2-111013   (CK10334-34)   Matrix: Soil   Sampled: Oct-13-11

Nov-28-11pH unitspH 3.8 0.1 Nov-25-11
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CLIENT

PROJECT

SNC-Lavalin Environment Inc. (Nelson)

SLE #503664

WORK ORDER #

REPORTED

CK10334

May-04-12

SAMPLE DATA

 Analyte Result RDL Units Prepared NotesAnalyzed

General Parameters, Continued

TP-BL05L2-111013   (CK10334-35)   Matrix: Soil   Sampled: Oct-13-11

Nov-28-11pH unitspH 3.7 0.1 Nov-25-11

TP-BL01L1-111014   (CK10334-36)   Matrix: Soil   Sampled: Oct-14-11

Nov-28-11pH unitspH 5.2 0.1 Nov-25-11

TP-BL03L1-111014   (CK10334-37)   Matrix: Soil   Sampled: Oct-14-11

Nov-28-11pH unitspH 4.8 0.1 Nov-25-11

TP-NWR-01-TOP-111014   (CK10334-38)   Matrix: Soil   Sampled: Oct-14-11

Nov-28-11pH unitspH 1.6 0.1 Nov-25-11

TP-NWR-02-111014   (CK10334-39)   Matrix: Soil   Sampled: Oct-14-11

Nov-28-11pH unitspH 1.8 0.1 Nov-25-11

TP-DUPA-111011   (CK10334-40)   Matrix: Soil   Sampled: Oct-11-11

Nov-28-11pH unitspH 6.2 0.1 Nov-25-11

TP-DUPB-111011   (CK10334-41)   Matrix: Soil   Sampled: Oct-11-11

Nov-28-11pH unitspH 6.4 0.1 Nov-25-11

TP-DUPC-111011   (CK10334-42)   Matrix: Soil   Sampled: Oct-11-11

Nov-28-11pH unitspH 6.2 0.1 Nov-25-11

TP-DUPD-111012   (CK10334-43)   Matrix: Soil   Sampled: Oct-12-11

Nov-28-11pH unitspH 6.3 0.1 Nov-25-11

Strong Acid Leachable Metals

TP-GC01L1-111011   (CK10334-01)   Matrix: Soil   Sampled: Oct-11-11

Nov-25-11ug/gAntimony 111 0.1 Nov-24-11

ug/g134Arsenic Nov-25-110.4 Nov-24-11

ug/g400Barium Nov-25-111.0 Nov-24-11

ug/g0.3Beryllium Nov-25-110.1 Nov-24-11

ug/g2.3Boron Nov-25-112.0 Nov-24-11

ug/g14.7Cadmium Nov-25-110.04 Nov-24-11

ug/g29.6Chromium Nov-25-111.0 Nov-24-11

ug/g1.9Cobalt Nov-25-110.1 Nov-24-11

ug/g152Copper Nov-25-110.2 Nov-24-11

ug/g2060Lead Nov-25-110.2 Nov-24-11

ug/g930Manganese Nov-25-110.4 Nov-24-11

ug/g1.61 HTMercury Nov-25-110.05 Nov-24-11

ug/g3.4Molybdenum Nov-25-110.1 Nov-24-11

ug/g26.3Nickel Nov-25-110.4 Nov-24-11

ug/g2.2Selenium Nov-25-110.5 Nov-24-11

ug/g6.9Silver Nov-25-110.2 Nov-24-11

ug/g1.7Thallium Nov-25-110.1 Nov-24-11

ug/g264Tin Nov-25-110.2 Nov-24-11

ug/g1.2Uranium Nov-25-110.1 Nov-24-11

ug/g33.5Vanadium Nov-25-110.4 Nov-24-11
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CLIENT

PROJECT

SNC-Lavalin Environment Inc. (Nelson)

SLE #503664

WORK ORDER #

REPORTED

CK10334

May-04-12

SAMPLE DATA

 Analyte Result RDL Units Prepared NotesAnalyzed

Strong Acid Leachable Metals, Continued

TP-GC01L1-111011   (CK10334-01)   Matrix: Soil   Sampled: Oct-11-11, Continued

ug/g1790Zinc Nov-25-112.0 Nov-24-11

TP-GC02L1-111011   (CK10334-02)   Matrix: Soil   Sampled: Oct-11-11

Nov-25-11ug/gAntimony 556 0.1 Nov-24-11

ug/g10.7Arsenic Nov-25-110.4 Nov-24-11

ug/g1660Barium Nov-25-111.0 Nov-24-11

ug/g0.6Beryllium Nov-25-110.1 Nov-24-11

ug/g85.4Boron Nov-25-112.0 Nov-24-11

ug/g656Cadmium Nov-25-110.04 Nov-24-11

ug/g45.2Chromium Nov-25-111.0 Nov-24-11

ug/g5.1Cobalt Nov-25-110.1 Nov-24-11

ug/g4290Copper Nov-25-110.2 Nov-24-11

ug/g18200Lead Nov-25-110.2 Nov-24-11

ug/g20800Manganese Nov-25-110.4 Nov-24-11

ug/g1.37 HTMercury Nov-25-110.05 Nov-24-11

ug/g12.6Molybdenum Nov-25-110.1 Nov-24-11

ug/g75.4Nickel Nov-25-110.4 Nov-24-11

ug/g9.0Selenium Nov-25-110.5 Nov-24-11

ug/g37.0Silver Nov-25-110.2 Nov-24-11

ug/g2.1Thallium Nov-25-110.1 Nov-24-11

ug/g854Tin Nov-25-110.2 Nov-24-11

ug/g1.3Uranium Nov-25-110.1 Nov-24-11

ug/g19.2Vanadium Nov-25-110.4 Nov-24-11

ug/g99400Zinc Nov-25-112.0 Nov-24-11

TP-GC06L1-111011   (CK10334-03)   Matrix: Soil   Sampled: Oct-11-11

Nov-25-11ug/gAntimony 354 0.1 Nov-24-11

ug/g22.6Arsenic Nov-25-110.4 Nov-24-11

ug/g1500Barium Nov-25-111.0 Nov-24-11

ug/g0.3Beryllium Nov-25-110.1 Nov-24-11

ug/g53.5Boron Nov-25-112.0 Nov-24-11

ug/g521Cadmium Nov-25-110.04 Nov-24-11

ug/g55.0Chromium Nov-25-111.0 Nov-24-11

ug/g6.4Cobalt Nov-25-110.1 Nov-24-11

ug/g3150Copper Nov-25-110.2 Nov-24-11

ug/g19100Lead Nov-25-110.2 Nov-24-11

ug/g26300Manganese Nov-25-110.4 Nov-24-11

ug/g3.77 HTMercury Nov-25-110.05 Nov-24-11

ug/g14.0Molybdenum Nov-25-110.1 Nov-24-11

ug/g70.1Nickel Nov-25-110.4 Nov-24-11

ug/g9.3Selenium Nov-25-110.5 Nov-24-11

ug/g41.3Silver Nov-25-110.2 Nov-24-11

ug/g2.5Thallium Nov-25-110.1 Nov-24-11

ug/g1250Tin Nov-25-110.2 Nov-24-11

ug/g1.7Uranium Nov-25-110.1 Nov-24-11

ug/g22.4Vanadium Nov-25-110.4 Nov-24-11

ug/g77700Zinc Nov-25-112.0 Nov-24-11
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CLIENT

PROJECT

SNC-Lavalin Environment Inc. (Nelson)

SLE #503664

WORK ORDER #

REPORTED

CK10334

May-04-12

SAMPLE DATA

 Analyte Result RDL Units Prepared NotesAnalyzed

Strong Acid Leachable Metals, Continued

TP-GC10L1-111011   (CK10334-04)   Matrix: Soil   Sampled: Oct-11-11

Nov-25-11ug/gAntimony 424 0.1 Nov-24-11

ug/g41.4Arsenic Nov-25-110.4 Nov-24-11

ug/g1230Barium Nov-25-111.0 Nov-24-11

ug/g0.3Beryllium Nov-25-110.1 Nov-24-11

ug/g49.4Boron Nov-25-112.0 Nov-24-11

ug/g311Cadmium Nov-25-110.04 Nov-24-11

ug/g49.2Chromium Nov-25-111.0 Nov-24-11

ug/g6.7Cobalt Nov-25-110.1 Nov-24-11

ug/g1760Copper Nov-25-110.2 Nov-24-11

ug/g24300Lead Nov-25-110.2 Nov-24-11

ug/g28600Manganese Nov-25-110.4 Nov-24-11

ug/g5.53 HTMercury Nov-25-110.05 Nov-24-11

ug/g8.8Molybdenum Nov-25-110.1 Nov-24-11

ug/g50.0Nickel Nov-25-110.4 Nov-24-11

ug/g9.1Selenium Nov-25-110.5 Nov-24-11

ug/g35.5Silver Nov-25-110.2 Nov-24-11

ug/g3.6Thallium Nov-25-110.1 Nov-24-11

ug/g969Tin Nov-25-110.2 Nov-24-11

ug/g1.8Uranium Nov-25-110.1 Nov-24-11

ug/g24.3Vanadium Nov-25-110.4 Nov-24-11

ug/g70700Zinc Nov-25-112.0 Nov-24-11

TP-GC00L2-111012   (CK10334-05)   Matrix: Soil   Sampled: Oct-12-11

Nov-25-11ug/gAntimony 118 0.1 Nov-24-11

ug/g162Arsenic Nov-25-110.4 Nov-24-11

ug/g146Barium Nov-25-111.0 Nov-24-11

ug/g0.3Beryllium Nov-25-110.1 Nov-24-11

ug/g2.9Boron Nov-25-112.0 Nov-24-11

ug/g13.7Cadmium Nov-25-110.04 Nov-24-11

ug/g30.9Chromium Nov-25-111.0 Nov-24-11

ug/g3.0Cobalt Nov-25-110.1 Nov-24-11

ug/g139Copper Nov-25-110.2 Nov-24-11

ug/g2650Lead Nov-25-110.2 Nov-24-11

ug/g491Manganese Nov-25-110.4 Nov-24-11

ug/g2.77 HTMercury Nov-25-110.05 Nov-24-11

ug/g1.8Molybdenum Nov-25-110.1 Nov-24-11

ug/g16.4Nickel Nov-25-110.4 Nov-24-11

ug/g2.8Selenium Nov-25-110.5 Nov-24-11

ug/g13.8Silver Nov-25-110.2 Nov-24-11

ug/g2.1Thallium Nov-25-110.1 Nov-24-11

ug/g72.9Tin Nov-25-110.2 Nov-24-11

ug/g1.9Uranium Nov-25-110.1 Nov-24-11

ug/g38.8Vanadium Nov-25-110.4 Nov-24-11

ug/g1340Zinc Nov-25-112.0 Nov-24-11

TP-GC02L2-111011   (CK10334-06)   Matrix: Soil   Sampled: Oct-11-11

Nov-25-11ug/gAntimony 253 0.1 Nov-24-11
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CLIENT

PROJECT

SNC-Lavalin Environment Inc. (Nelson)

SLE #503664

WORK ORDER #

REPORTED

CK10334

May-04-12

SAMPLE DATA

 Analyte Result RDL Units Prepared NotesAnalyzed

Strong Acid Leachable Metals, Continued

TP-GC02L2-111011   (CK10334-06)   Matrix: Soil   Sampled: Oct-11-11, Continued

ug/g11.7Arsenic Nov-25-110.4 Nov-24-11

ug/g1210Barium Nov-25-111.0 Nov-24-11

ug/g0.6Beryllium Nov-25-110.1 Nov-24-11

ug/g86.7Boron Nov-25-112.0 Nov-24-11

ug/g503Cadmium Nov-25-110.04 Nov-24-11

ug/g49.4Chromium Nov-25-111.0 Nov-24-11

ug/g6.1Cobalt Nov-25-110.1 Nov-24-11

ug/g3900Copper Nov-25-110.2 Nov-24-11

ug/g20100Lead Nov-25-110.2 Nov-24-11

ug/g31900Manganese Nov-25-110.4 Nov-24-11

ug/g1.92 HTMercury Nov-25-110.05 Nov-24-11

ug/g13.9Molybdenum Nov-25-110.1 Nov-24-11

ug/g83.2Nickel Nov-25-110.4 Nov-24-11

ug/g10.8Selenium Nov-25-110.5 Nov-24-11

ug/g49.3Silver Nov-25-110.2 Nov-24-11

ug/g2.2Thallium Nov-25-110.1 Nov-24-11

ug/g818Tin Nov-25-110.2 Nov-24-11

ug/g1.8Uranium Nov-25-110.1 Nov-24-11

ug/g22.5Vanadium Nov-25-110.4 Nov-24-11

ug/g121000Zinc Nov-25-112.0 Nov-24-11

TP-GC07L2-111011   (CK10334-07)   Matrix: Soil   Sampled: Oct-11-11

Nov-25-11ug/gAntimony 225 0.1 Nov-24-11

ug/g13.5Arsenic Nov-25-110.4 Nov-24-11

ug/g988Barium Nov-25-111.0 Nov-24-11

ug/g0.6Beryllium Nov-25-110.1 Nov-24-11

ug/g73.3Boron Nov-25-112.0 Nov-24-11

ug/g703Cadmium Nov-25-110.04 Nov-24-11

ug/g45.8Chromium Nov-25-111.0 Nov-24-11

ug/g5.3Cobalt Nov-25-110.1 Nov-24-11

ug/g1760Copper Nov-25-110.2 Nov-24-11

ug/g20300Lead Nov-25-110.2 Nov-24-11

ug/g32000Manganese Nov-25-110.4 Nov-24-11

ug/g1.29 HTMercury Nov-25-110.05 Nov-24-11

ug/g7.5Molybdenum Nov-25-110.1 Nov-24-11

ug/g52.3Nickel Nov-25-110.4 Nov-24-11

ug/g7.7Selenium Nov-25-110.5 Nov-24-11

ug/g33.6Silver Nov-25-110.2 Nov-24-11

ug/g0.8Thallium Nov-25-110.1 Nov-24-11

ug/g795Tin Nov-25-110.2 Nov-24-11

ug/g1.5Uranium Nov-25-110.1 Nov-24-11

ug/g20.4Vanadium Nov-25-110.4 Nov-24-11

ug/g95000Zinc Nov-25-112.0 Nov-24-11

TP-GC12L2-111011   (CK10334-08)   Matrix: Soil   Sampled: Oct-11-11

Nov-25-11ug/gAntimony 217 0.1 Nov-24-11

ug/g159Arsenic Nov-25-110.4 Nov-24-11
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CLIENT

PROJECT

SNC-Lavalin Environment Inc. (Nelson)

SLE #503664

WORK ORDER #

REPORTED

CK10334

May-04-12

SAMPLE DATA

 Analyte Result RDL Units Prepared NotesAnalyzed

Strong Acid Leachable Metals, Continued

TP-GC12L2-111011   (CK10334-08)   Matrix: Soil   Sampled: Oct-11-11, Continued

ug/g1040Barium Nov-25-111.0 Nov-24-11

ug/g0.5Beryllium Nov-25-110.1 Nov-24-11

ug/g64.0Boron Nov-25-112.0 Nov-24-11

ug/g604Cadmium Nov-25-110.04 Nov-24-11

ug/g40.7Chromium Nov-25-111.0 Nov-24-11

ug/g6.2Cobalt Nov-25-110.1 Nov-24-11

ug/g888Copper Nov-25-110.2 Nov-24-11

ug/g22400Lead Nov-25-110.2 Nov-24-11

ug/g44300Manganese Nov-25-110.4 Nov-24-11

ug/g2.43 HTMercury Nov-25-110.05 Nov-24-11

ug/g5.2Molybdenum Nov-25-110.1 Nov-24-11

ug/g44.9Nickel Nov-25-110.4 Nov-24-11

ug/g30.5Selenium Nov-25-110.5 Nov-24-11

ug/g36.0Silver Nov-25-110.2 Nov-24-11

ug/g1.3Thallium Nov-25-110.1 Nov-24-11

ug/g1430Tin Nov-25-110.2 Nov-24-11

ug/g1.6Uranium Nov-25-110.1 Nov-24-11

ug/g15.9Vanadium Nov-25-110.4 Nov-24-11

ug/g109000Zinc Nov-25-112.0 Nov-24-11

TP-GC00L3-111012   (CK10334-09)   Matrix: Soil   Sampled: Oct-12-11

Nov-25-11ug/gAntimony 80.7 0.1 Nov-24-11

ug/g109Arsenic Nov-25-110.4 Nov-24-11

ug/g194Barium Nov-25-111.0 Nov-24-11

ug/g0.4Beryllium Nov-25-110.1 Nov-24-11

ug/g2.9Boron Nov-25-112.0 Nov-24-11

ug/g8.37Cadmium Nov-25-110.04 Nov-24-11

ug/g30.8Chromium Nov-25-111.0 Nov-24-11

ug/g7.0Cobalt Nov-25-110.1 Nov-24-11

ug/g88.6Copper Nov-25-110.2 Nov-24-11

ug/g1690Lead Nov-25-110.2 Nov-24-11

ug/g408Manganese Nov-25-110.4 Nov-24-11

ug/g1.83 HTMercury Nov-25-110.05 Nov-24-11

ug/g1.1Molybdenum Nov-25-110.1 Nov-24-11

ug/g18.4Nickel Nov-25-110.4 Nov-24-11

ug/g1.9Selenium Nov-25-110.5 Nov-24-11

ug/g5.0Silver Nov-25-110.2 Nov-24-11

ug/g1.8Thallium Nov-25-110.1 Nov-24-11

ug/g33.1Tin Nov-25-110.2 Nov-24-11

ug/g1.2Uranium Nov-25-110.1 Nov-24-11

ug/g35.7Vanadium Nov-25-110.4 Nov-24-11

ug/g895Zinc Nov-25-112.0 Nov-24-11

TP-GC03L3-111011   (CK10334-10)   Matrix: Soil   Sampled: Oct-11-11

Nov-25-11ug/gAntimony 260 0.1 Nov-24-11

ug/g12.9Arsenic Nov-25-110.4 Nov-24-11

ug/g1210Barium Nov-25-111.0 Nov-24-11
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CLIENT

PROJECT

SNC-Lavalin Environment Inc. (Nelson)

SLE #503664

WORK ORDER #

REPORTED

CK10334

May-04-12

SAMPLE DATA

 Analyte Result RDL Units Prepared NotesAnalyzed

Strong Acid Leachable Metals, Continued

TP-GC03L3-111011   (CK10334-10)   Matrix: Soil   Sampled: Oct-11-11, Continued

ug/g0.5Beryllium Nov-25-110.1 Nov-24-11

ug/g85.3Boron Nov-25-112.0 Nov-24-11

ug/g766Cadmium Nov-25-110.04 Nov-24-11

ug/g65.3Chromium Nov-25-111.0 Nov-24-11

ug/g7.7Cobalt Nov-25-110.1 Nov-24-11

ug/g3090Copper Nov-25-110.2 Nov-24-11

ug/g26900Lead Nov-25-110.2 Nov-24-11

ug/g34100Manganese Nov-25-110.4 Nov-24-11

ug/g3.57 HTMercury Nov-25-110.05 Nov-24-11

ug/g17.6Molybdenum Nov-25-110.1 Nov-24-11

ug/g89.8Nickel Nov-25-110.4 Nov-24-11

ug/g11.6Selenium Nov-25-110.5 Nov-24-11

ug/g49.5Silver Nov-25-110.2 Nov-24-11

ug/g2.2Thallium Nov-25-110.1 Nov-24-11

ug/g1460Tin Nov-25-110.2 Nov-24-11

ug/g1.9Uranium Nov-25-110.1 Nov-24-11

ug/g20.4Vanadium Nov-25-110.4 Nov-24-11

ug/g119000Zinc Nov-25-112.0 Nov-24-11

TP-GC08L3-111011   (CK10334-11)   Matrix: Soil   Sampled: Oct-12-11

Nov-25-11ug/gAntimony 245 0.1 Nov-24-11

ug/g7.8Arsenic Nov-25-110.4 Nov-24-11

ug/g388Barium Nov-25-111.0 Nov-24-11

ug/g0.7Beryllium Nov-25-110.1 Nov-24-11

ug/g106Boron Nov-25-112.0 Nov-24-11

ug/g973Cadmium Nov-25-110.04 Nov-24-11

ug/g48.1Chromium Nov-25-111.0 Nov-24-11

ug/g4.2Cobalt Nov-25-110.1 Nov-24-11

ug/g3110Copper Nov-25-110.2 Nov-24-11

ug/g25600Lead Nov-25-110.2 Nov-24-11

ug/g46600Manganese Nov-25-110.4 Nov-24-11

ug/g2.16 HTMercury Nov-25-110.05 Nov-24-11

ug/g13.5Molybdenum Nov-25-110.1 Nov-24-11

ug/g47.4Nickel Nov-25-110.4 Nov-24-11

ug/g11.9Selenium Nov-25-110.5 Nov-24-11

ug/g42.0Silver Nov-25-110.2 Nov-24-11

ug/g1.0Thallium Nov-25-110.1 Nov-24-11

ug/g796Tin Nov-25-110.2 Nov-24-11

ug/g1.9Uranium Nov-25-110.1 Nov-24-11

ug/g19.5Vanadium Nov-25-110.4 Nov-24-11

ug/g157000Zinc Nov-25-112.0 Nov-24-11

TP-GC00L4-111012   (CK10334-12)   Matrix: Soil   Sampled: Oct-12-11

Nov-25-11ug/gAntimony 67.8 0.1 Nov-24-11

ug/g94.1Arsenic Nov-25-110.4 Nov-24-11

ug/g131Barium Nov-25-111.0 Nov-24-11

ug/g0.2Beryllium Nov-25-110.1 Nov-24-11
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CLIENT

PROJECT

SNC-Lavalin Environment Inc. (Nelson)

SLE #503664

WORK ORDER #

REPORTED

CK10334

May-04-12

SAMPLE DATA

 Analyte Result RDL Units Prepared NotesAnalyzed

Strong Acid Leachable Metals, Continued

TP-GC00L4-111012   (CK10334-12)   Matrix: Soil   Sampled: Oct-12-11, Continued

ug/g< 2.0Boron Nov-25-112.0 Nov-24-11

ug/g8.64Cadmium Nov-25-110.04 Nov-24-11

ug/g24.9Chromium Nov-25-111.0 Nov-24-11

ug/g5.7Cobalt Nov-25-110.1 Nov-24-11

ug/g77.2Copper Nov-25-110.2 Nov-24-11

ug/g1090Lead Nov-25-110.2 Nov-24-11

ug/g394Manganese Nov-25-110.4 Nov-24-11

ug/g1.34 HTMercury Nov-25-110.05 Nov-24-11

ug/g1.0Molybdenum Nov-25-110.1 Nov-24-11

ug/g15.9Nickel Nov-25-110.4 Nov-24-11

ug/g1.4Selenium Nov-25-110.5 Nov-24-11

ug/g3.9Silver Nov-25-110.2 Nov-24-11

ug/g1.3Thallium Nov-25-110.1 Nov-24-11

ug/g44.8Tin Nov-25-110.2 Nov-24-11

ug/g1.2Uranium Nov-25-110.1 Nov-24-11

ug/g33.7Vanadium Nov-25-110.4 Nov-24-11

ug/g885Zinc Nov-25-112.0 Nov-24-11

TP-GC01L4-111012   (CK10334-13)   Matrix: Soil   Sampled: Oct-12-11

Nov-25-11ug/gAntimony 339 0.1 Nov-24-11

ug/g406Arsenic Nov-25-110.4 Nov-24-11

ug/g590Barium Nov-25-111.0 Nov-24-11

ug/g0.2Beryllium Nov-25-110.1 Nov-24-11

ug/g47.7Boron Nov-25-112.0 Nov-24-11

ug/g73.3Cadmium Nov-25-110.04 Nov-24-11

ug/g53.7Chromium Nov-25-111.0 Nov-24-11

ug/g5.9Cobalt Nov-25-110.1 Nov-24-11

ug/g1110Copper Nov-25-110.2 Nov-24-11

ug/g11000Lead Nov-25-110.2 Nov-24-11

ug/g4070Manganese Nov-25-110.4 Nov-24-11

ug/g5.47 HTMercury Nov-25-110.05 Nov-24-11

ug/g11.3Molybdenum Nov-25-110.1 Nov-24-11

ug/g93.7Nickel Nov-25-110.4 Nov-24-11

ug/g5.9Selenium Nov-25-110.5 Nov-24-11

ug/g22.6Silver Nov-25-110.2 Nov-24-11

ug/g3.0Thallium Nov-25-110.1 Nov-24-11

ug/g2930Tin Nov-25-110.2 Nov-24-11

ug/g1.2Uranium Nov-25-110.1 Nov-24-11

ug/g23.6Vanadium Nov-25-110.4 Nov-24-11

ug/g11100Zinc Nov-25-112.0 Nov-24-11

TP-GC04L4-111012   (CK10334-14)   Matrix: Soil   Sampled: Oct-12-11

Nov-25-11ug/gAntimony 277 0.1 Nov-24-11

ug/g16.6Arsenic Nov-25-110.4 Nov-24-11

ug/g1260Barium Nov-25-111.0 Nov-24-11

ug/g0.7Beryllium Nov-25-110.1 Nov-24-11

ug/g101Boron Nov-25-112.0 Nov-24-11
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CLIENT

PROJECT

SNC-Lavalin Environment Inc. (Nelson)

SLE #503664

WORK ORDER #

REPORTED

CK10334

May-04-12

SAMPLE DATA

 Analyte Result RDL Units Prepared NotesAnalyzed

Strong Acid Leachable Metals, Continued

TP-GC04L4-111012   (CK10334-14)   Matrix: Soil   Sampled: Oct-12-11, Continued

ug/g657Cadmium Nov-25-110.04 Nov-24-11

ug/g51.6Chromium Nov-25-111.0 Nov-24-11

ug/g6.7Cobalt Nov-25-110.1 Nov-24-11

ug/g3010Copper Nov-25-110.2 Nov-24-11

ug/g27800Lead Nov-25-110.2 Nov-24-11

ug/g39000Manganese Nov-25-110.4 Nov-24-11

ug/g3.08 HTMercury Nov-25-110.05 Nov-24-11

ug/g12.7Molybdenum Nov-25-110.1 Nov-24-11

ug/g86.8Nickel Nov-25-110.4 Nov-24-11

ug/g13.4Selenium Nov-25-110.5 Nov-24-11

ug/g49.1Silver Nov-25-110.2 Nov-24-11

ug/g2.6Thallium Nov-25-110.1 Nov-24-11

ug/g899Tin Nov-25-110.2 Nov-24-11

ug/g2.6Uranium Nov-25-110.1 Nov-24-11

ug/g27.8Vanadium Nov-25-110.4 Nov-24-11

ug/g148000Zinc Nov-25-112.0 Nov-24-11

TP-GC06L4-111012   (CK10334-15)   Matrix: Soil   Sampled: Oct-12-11

Nov-25-11ug/gAntimony 281 0.1 Nov-24-11

ug/g19.7Arsenic Nov-25-110.4 Nov-24-11

ug/g533Barium Nov-25-111.0 Nov-24-11

ug/g0.6Beryllium Nov-25-110.1 Nov-24-11

ug/g100Boron Nov-25-112.0 Nov-24-11

ug/g701Cadmium Nov-25-110.04 Nov-24-11

ug/g56.7Chromium Nov-25-111.0 Nov-24-11

ug/g6.5Cobalt Nov-25-110.1 Nov-24-11

ug/g2600Copper Nov-25-110.2 Nov-24-11

ug/g26800Lead Nov-25-110.2 Nov-24-11

ug/g36700Manganese Nov-25-110.4 Nov-24-11

ug/g3.21 HTMercury Nov-25-110.05 Nov-24-11

ug/g12.0Molybdenum Nov-25-110.1 Nov-24-11

ug/g81.7Nickel Nov-25-110.4 Nov-24-11

ug/g14.2Selenium Nov-25-110.5 Nov-24-11

ug/g54.1Silver Nov-25-110.2 Nov-24-11

ug/g1.4Thallium Nov-25-110.1 Nov-24-11

ug/g993Tin Nov-25-110.2 Nov-24-11

ug/g1.9Uranium Nov-25-110.1 Nov-24-11

ug/g27.5Vanadium Nov-25-110.4 Nov-24-11

ug/g135000Zinc Nov-25-112.0 Nov-24-11

TP-GC09L4-111012   (CK10334-16)   Matrix: Soil   Sampled: Oct-12-11

Nov-25-11ug/gAntimony 291 0.1 Nov-24-11

ug/g20.0Arsenic Nov-25-110.4 Nov-24-11

ug/g680Barium Nov-25-111.0 Nov-24-11

ug/g0.4Beryllium Nov-25-110.1 Nov-24-11

ug/g158Boron Nov-25-112.0 Nov-24-11

ug/g269Cadmium Nov-25-110.04 Nov-24-11
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CLIENT

PROJECT

SNC-Lavalin Environment Inc. (Nelson)

SLE #503664

WORK ORDER #

REPORTED

CK10334

May-04-12

SAMPLE DATA

 Analyte Result RDL Units Prepared NotesAnalyzed

Strong Acid Leachable Metals, Continued

TP-GC09L4-111012   (CK10334-16)   Matrix: Soil   Sampled: Oct-12-11, Continued

ug/g58.2Chromium Nov-25-111.0 Nov-24-11

ug/g6.1Cobalt Nov-25-110.1 Nov-24-11

ug/g1570Copper Nov-25-110.2 Nov-24-11

ug/g30400Lead Nov-25-110.2 Nov-24-11

ug/g49500Manganese Nov-25-110.4 Nov-24-11

ug/g4.25 HTMercury Nov-25-110.05 Nov-24-11

ug/g13.8Molybdenum Nov-25-110.1 Nov-24-11

ug/g66.3Nickel Nov-25-110.4 Nov-24-11

ug/g11.8Selenium Nov-25-110.5 Nov-24-11

ug/g41.7Silver Nov-25-110.2 Nov-24-11

ug/g1.0Thallium Nov-25-110.1 Nov-24-11

ug/g1980Tin Nov-25-110.2 Nov-24-11

ug/g1.7Uranium Nov-25-110.1 Nov-24-11

ug/g16.9Vanadium Nov-25-110.4 Nov-24-11

ug/g163000Zinc Nov-25-112.0 Nov-24-11

TP-GC00L5-111012   (CK10334-17)   Matrix: Soil   Sampled: Oct-12-11

Nov-25-11ug/gAntimony 27.2 0.1 Nov-24-11

ug/g35.9Arsenic Nov-25-110.4 Nov-24-11

ug/g127Barium Nov-25-111.0 Nov-24-11

ug/g0.3Beryllium Nov-25-110.1 Nov-24-11

ug/g2.8Boron Nov-25-112.0 Nov-24-11

ug/g3.30Cadmium Nov-25-110.04 Nov-24-11

ug/g21.9Chromium Nov-25-111.0 Nov-24-11

ug/g6.4Cobalt Nov-25-110.1 Nov-24-11

ug/g38.6Copper Nov-25-110.2 Nov-24-11

ug/g373Lead Nov-25-110.2 Nov-24-11

ug/g363Manganese Nov-25-110.4 Nov-24-11

ug/g0.39 HTMercury Nov-25-110.05 Nov-24-11

ug/g0.4Molybdenum Nov-25-110.1 Nov-24-11

ug/g14.7Nickel Nov-25-110.4 Nov-24-11

ug/g< 0.5Selenium Nov-25-110.5 Nov-24-11

ug/g0.9Silver Nov-25-110.2 Nov-24-11

ug/g0.7Thallium Nov-25-110.1 Nov-24-11

ug/g9.3Tin Nov-25-110.2 Nov-24-11

ug/g1.0Uranium Nov-25-110.1 Nov-24-11

ug/g30.1Vanadium Nov-25-110.4 Nov-24-11

ug/g313Zinc Nov-25-112.0 Nov-24-11

TP-GC02L5-111012   (CK10334-18)   Matrix: Soil   Sampled: Oct-12-11

Nov-25-11ug/gAntimony 13.1 0.1 Nov-24-11

ug/g23.5Arsenic Nov-25-110.4 Nov-24-11

ug/g163Barium Nov-25-111.0 Nov-24-11

ug/g0.3Beryllium Nov-25-110.1 Nov-24-11

ug/g< 2.0Boron Nov-25-112.0 Nov-24-11

ug/g3.50Cadmium Nov-25-110.04 Nov-24-11

ug/g26.0Chromium Nov-25-111.0 Nov-24-11
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CLIENT

PROJECT

SNC-Lavalin Environment Inc. (Nelson)

SLE #503664

WORK ORDER #

REPORTED

CK10334

May-04-12

SAMPLE DATA

 Analyte Result RDL Units Prepared NotesAnalyzed

Strong Acid Leachable Metals, Continued

TP-GC02L5-111012   (CK10334-18)   Matrix: Soil   Sampled: Oct-12-11, Continued

ug/g7.7Cobalt Nov-25-110.1 Nov-24-11

ug/g70.3Copper Nov-25-110.2 Nov-24-11

ug/g127Lead Nov-25-110.2 Nov-24-11

ug/g296Manganese Nov-25-110.4 Nov-24-11

ug/g0.21 HTMercury Nov-25-110.05 Nov-24-11

ug/g0.4Molybdenum Nov-25-110.1 Nov-24-11

ug/g19.0Nickel Nov-25-110.4 Nov-24-11

ug/g< 0.5Selenium Nov-25-110.5 Nov-24-11

ug/g0.4Silver Nov-25-110.2 Nov-24-11

ug/g1.2Thallium Nov-25-110.1 Nov-24-11

ug/g3.1Tin Nov-25-110.2 Nov-24-11

ug/g0.7Uranium Nov-25-110.1 Nov-24-11

ug/g33.3Vanadium Nov-25-110.4 Nov-24-11

ug/g339Zinc Nov-25-112.0 Nov-24-11

TP-GC04L5-111012   (CK10334-19)   Matrix: Soil   Sampled: Oct-12-11

Nov-25-11ug/gAntimony 48.3 0.1 Nov-24-11

ug/g51.6Arsenic Nov-25-110.4 Nov-24-11

ug/g145Barium Nov-25-111.0 Nov-24-11

ug/g0.2Beryllium Nov-25-110.1 Nov-24-11

ug/g< 2.0Boron Nov-25-112.0 Nov-24-11

ug/g3.64Cadmium Nov-25-110.04 Nov-24-11

ug/g23.5Chromium Nov-25-111.0 Nov-24-11

ug/g7.5Cobalt Nov-25-110.1 Nov-24-11

ug/g70.3Copper Nov-25-110.2 Nov-24-11

ug/g912Lead Nov-25-110.2 Nov-24-11

ug/g458Manganese Nov-25-110.4 Nov-24-11

ug/g0.46 HTMercury Nov-25-110.05 Nov-24-11

ug/g0.6Molybdenum Nov-25-110.1 Nov-24-11

ug/g15.9Nickel Nov-25-110.4 Nov-24-11

ug/g0.8Selenium Nov-25-110.5 Nov-24-11

ug/g1.6Silver Nov-25-110.2 Nov-24-11

ug/g1.1Thallium Nov-25-110.1 Nov-24-11

ug/g7.3Tin Nov-25-110.2 Nov-24-11

ug/g0.9Uranium Nov-25-110.1 Nov-24-11

ug/g35.0Vanadium Nov-25-110.4 Nov-24-11

ug/g401Zinc Nov-25-112.0 Nov-24-11

TP-GC01L6-111012   (CK10334-20)   Matrix: Soil   Sampled: Oct-12-11

Nov-25-11ug/gAntimony 4.6 0.1 Nov-24-11

ug/g5.6Arsenic Nov-25-110.4 Nov-24-11

ug/g137Barium Nov-25-111.0 Nov-24-11

ug/g0.5Beryllium Nov-25-110.1 Nov-24-11

ug/g< 2.0Boron Nov-25-112.0 Nov-24-11

ug/g7.13Cadmium Nov-25-110.04 Nov-24-11

ug/g29.5Chromium Nov-25-111.0 Nov-24-11

ug/g7.9Cobalt Nov-25-110.1 Nov-24-11
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CLIENT

PROJECT

SNC-Lavalin Environment Inc. (Nelson)

SLE #503664

WORK ORDER #

REPORTED

CK10334

May-04-12

SAMPLE DATA

 Analyte Result RDL Units Prepared NotesAnalyzed

Strong Acid Leachable Metals, Continued

TP-GC01L6-111012   (CK10334-20)   Matrix: Soil   Sampled: Oct-12-11, Continued

ug/g35.0Copper Nov-25-110.2 Nov-24-11

ug/g120Lead Nov-25-110.2 Nov-24-11

ug/g399Manganese Nov-25-110.4 Nov-24-11

ug/g0.13 HTMercury Nov-25-110.05 Nov-24-11

ug/g0.5Molybdenum Nov-25-110.1 Nov-24-11

ug/g19.4Nickel Nov-25-110.4 Nov-24-11

ug/g< 0.5Selenium Nov-25-110.5 Nov-24-11

ug/g0.6Silver Nov-25-110.2 Nov-24-11

ug/g0.3Thallium Nov-25-110.1 Nov-24-11

ug/g3.7Tin Nov-25-110.2 Nov-24-11

ug/g1.2Uranium Nov-25-110.1 Nov-24-11

ug/g37.0Vanadium Nov-25-110.4 Nov-24-11

ug/g964Zinc Nov-25-112.0 Nov-24-11

TP-GC03L6-111012   (CK10334-21)   Matrix: Soil   Sampled: Oct-12-11

Nov-25-11ug/gAntimony 10.6 0.1 Nov-24-11

ug/g16.6Arsenic Nov-25-110.4 Nov-24-11

ug/g202Barium Nov-25-111.0 Nov-24-11

ug/g0.5Beryllium Nov-25-110.1 Nov-24-11

ug/g< 2.0Boron Nov-25-112.0 Nov-24-11

ug/g4.94Cadmium Nov-25-110.04 Nov-24-11

ug/g34.3Chromium Nov-25-111.0 Nov-24-11

ug/g5.8Cobalt Nov-25-110.1 Nov-24-11

ug/g58.0Copper Nov-25-110.2 Nov-24-11

ug/g257Lead Nov-25-110.2 Nov-24-11

ug/g540Manganese Nov-25-110.4 Nov-24-11

ug/g0.26 HTMercury Nov-25-110.05 Nov-24-11

ug/g0.8Molybdenum Nov-25-110.1 Nov-24-11

ug/g17.2Nickel Nov-25-110.4 Nov-24-11

ug/g< 0.5Selenium Nov-25-110.5 Nov-24-11

ug/g1.0Silver Nov-25-110.2 Nov-24-11

ug/g0.5Thallium Nov-25-110.1 Nov-24-11

ug/g4.6Tin Nov-25-110.2 Nov-24-11

ug/g1.7Uranium Nov-25-110.1 Nov-24-11

ug/g41.8Vanadium Nov-25-110.4 Nov-24-11

ug/g493Zinc Nov-25-112.0 Nov-24-11

TP-GC05L6-111012   (CK10334-22)   Matrix: Soil   Sampled: Oct-12-11

Nov-25-11ug/gAntimony 4.2 0.1 Nov-24-11

ug/g6.7Arsenic Nov-25-110.4 Nov-24-11

ug/g78.9Barium Nov-25-111.0 Nov-24-11

ug/g0.2Beryllium Nov-25-110.1 Nov-24-11

ug/g< 2.0Boron Nov-25-112.0 Nov-24-11

ug/g3.29Cadmium Nov-25-110.04 Nov-24-11

ug/g26.7Chromium Nov-25-111.0 Nov-24-11

ug/g7.5Cobalt Nov-25-110.1 Nov-24-11

ug/g18.3Copper Nov-25-110.2 Nov-24-11
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CLIENT

PROJECT

SNC-Lavalin Environment Inc. (Nelson)

SLE #503664

WORK ORDER #

REPORTED

CK10334

May-04-12

SAMPLE DATA

 Analyte Result RDL Units Prepared NotesAnalyzed

Strong Acid Leachable Metals, Continued

TP-GC05L6-111012   (CK10334-22)   Matrix: Soil   Sampled: Oct-12-11, Continued

ug/g86.5Lead Nov-25-110.2 Nov-24-11

ug/g251Manganese Nov-25-110.4 Nov-24-11

ug/g0.11 HTMercury Nov-25-110.05 Nov-24-11

ug/g0.5Molybdenum Nov-25-110.1 Nov-24-11

ug/g14.9Nickel Nov-25-110.4 Nov-24-11

ug/g< 0.5Selenium Nov-25-110.5 Nov-24-11

ug/g< 0.2Silver Nov-25-110.2 Nov-24-11

ug/g0.2Thallium Nov-25-110.1 Nov-24-11

ug/g1.1Tin Nov-25-110.2 Nov-24-11

ug/g1.0Uranium Nov-25-110.1 Nov-24-11

ug/g39.4Vanadium Nov-25-110.4 Nov-24-11

ug/g267Zinc Nov-25-112.0 Nov-24-11

TP-SWR01L2-111013   (CK10334-23)   Matrix: Soil   Sampled: Oct-13-11

Nov-25-11ug/gAntimony 89.8 0.1 Nov-24-11

ug/g72.6Arsenic Nov-25-110.4 Nov-24-11

ug/g141Barium Nov-25-111.0 Nov-24-11

ug/g< 0.1Beryllium Nov-25-110.1 Nov-24-11

ug/g< 2.0Boron Nov-25-112.0 Nov-24-11

ug/g3.15Cadmium Nov-25-110.04 Nov-24-11

ug/g11.5Chromium Nov-25-111.0 Nov-24-11

ug/g0.7Cobalt Nov-25-110.1 Nov-24-11

ug/g37.5Copper Nov-25-110.2 Nov-24-11

ug/g2080Lead Nov-25-110.2 Nov-24-11

ug/g73.4Manganese Nov-25-110.4 Nov-24-11

ug/g2.12 HTMercury Nov-25-110.05 Nov-24-11

ug/g3.5Molybdenum Nov-25-110.1 Nov-24-11

ug/g5.1Nickel Nov-25-110.4 Nov-24-11

ug/g3.3Selenium Nov-25-110.5 Nov-24-11

ug/g4.7Silver Nov-25-110.2 Nov-24-11

ug/g0.9Thallium Nov-25-110.1 Nov-24-11

ug/g123Tin Nov-25-110.2 Nov-24-11

ug/g0.4Uranium Nov-25-110.1 Nov-24-11

ug/g6.9Vanadium Nov-25-110.4 Nov-24-11

ug/g548Zinc Nov-25-112.0 Nov-24-11

TP-SWR02L2-111013   (CK10334-24)   Matrix: Soil   Sampled: Oct-13-11

Nov-28-11ug/gAntimony 1.2 0.1 Nov-24-11

ug/g26.0Arsenic Nov-28-110.4 Nov-24-11

ug/g83.5Barium Nov-28-111.0 Nov-24-11

ug/g< 0.1Beryllium Nov-28-110.1 Nov-24-11

ug/g< 2.0Boron Nov-28-112.0 Nov-24-11

ug/g6.15Cadmium Nov-28-110.04 Nov-24-11

ug/g4.7Chromium Nov-28-111.0 Nov-24-11

ug/g0.5Cobalt Nov-28-110.1 Nov-24-11

ug/g7.5Copper Nov-28-110.2 Nov-24-11

ug/g309Lead Nov-28-110.2 Nov-24-11
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CLIENT

PROJECT

SNC-Lavalin Environment Inc. (Nelson)

SLE #503664

WORK ORDER #

REPORTED

CK10334

May-04-12

SAMPLE DATA

 Analyte Result RDL Units Prepared NotesAnalyzed

Strong Acid Leachable Metals, Continued

TP-SWR02L2-111013   (CK10334-24)   Matrix: Soil   Sampled: Oct-13-11, Continued

ug/g27.8Manganese Nov-28-110.4 Nov-24-11

ug/g0.13 HTMercury Nov-28-110.05 Nov-24-11

ug/g1.4Molybdenum Nov-28-110.1 Nov-24-11

ug/g2.3Nickel Nov-28-110.4 Nov-24-11

ug/g< 0.5Selenium Nov-28-110.5 Nov-24-11

ug/g< 0.2Silver Nov-28-110.2 Nov-24-11

ug/g0.3Thallium Nov-28-110.1 Nov-24-11

ug/g22.0Tin Nov-28-110.2 Nov-24-11

ug/g0.1Uranium Nov-28-110.1 Nov-24-11

ug/g8.9Vanadium Nov-28-110.4 Nov-24-11

ug/g41.8Zinc Nov-28-112.0 Nov-24-11

TP-BR01L1-111013   (CK10334-25)   Matrix: Soil   Sampled: Oct-13-11

Nov-28-11ug/gAntimony 45.8 0.1 Nov-24-11

ug/g268Arsenic Nov-28-110.4 Nov-24-11

ug/g67.6Barium Nov-28-111.0 Nov-24-11

ug/g< 0.1Beryllium Nov-28-110.1 Nov-24-11

ug/g2.2Boron Nov-28-112.0 Nov-24-11

ug/g9.37Cadmium Nov-28-110.04 Nov-24-11

ug/g20.9Chromium Nov-28-111.0 Nov-24-11

ug/g3.1Cobalt Nov-28-110.1 Nov-24-11

ug/g296Copper Nov-28-110.2 Nov-24-11

ug/g2700Lead Nov-28-110.2 Nov-24-11

ug/g221Manganese Nov-28-110.4 Nov-24-11

ug/g1.13 HTMercury Nov-28-110.05 Nov-24-11

ug/g1.9Molybdenum Nov-28-110.1 Nov-24-11

ug/g11.1Nickel Nov-28-110.4 Nov-24-11

ug/g1.8Selenium Nov-28-110.5 Nov-24-11

ug/g4.2Silver Nov-28-110.2 Nov-24-11

ug/g21.9Thallium Nov-28-110.1 Nov-24-11

ug/g10.0Tin Nov-28-110.2 Nov-24-11

ug/g1.2Uranium Nov-28-110.1 Nov-24-11

ug/g22.5Vanadium Nov-28-110.4 Nov-24-11

ug/g1270Zinc Nov-28-112.0 Nov-24-11

TP-BR02L1-111013   (CK10334-26)   Matrix: Soil   Sampled: Oct-13-11

Nov-28-11ug/gAntimony 1010 0.1 Nov-24-11

ug/g1130Arsenic Nov-28-110.4 Nov-24-11

ug/g316Barium Nov-28-111.0 Nov-24-11

ug/g0.5Beryllium Nov-28-110.1 Nov-24-11

ug/g14.7Boron Nov-28-112.0 Nov-24-11

ug/g100Cadmium Nov-28-110.04 Nov-24-11

ug/g39.0Chromium Nov-28-111.0 Nov-24-11

ug/g2.4Cobalt Nov-28-110.1 Nov-24-11

ug/g1680Copper Nov-28-110.2 Nov-24-11

ug/g22100Lead Nov-28-110.2 Nov-24-11

ug/g1170Manganese Nov-28-110.4 Nov-24-11
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CLIENT

PROJECT

SNC-Lavalin Environment Inc. (Nelson)

SLE #503664

WORK ORDER #

REPORTED

CK10334

May-04-12

SAMPLE DATA

 Analyte Result RDL Units Prepared NotesAnalyzed

Strong Acid Leachable Metals, Continued

TP-BR02L1-111013   (CK10334-26)   Matrix: Soil   Sampled: Oct-13-11, Continued

ug/g2.88 HTMercury Nov-28-110.05 Nov-24-11

ug/g8.5Molybdenum Nov-28-110.1 Nov-24-11

ug/g42.8Nickel Nov-28-110.4 Nov-24-11

ug/g21.5Selenium Nov-28-110.5 Nov-24-11

ug/g18.9Silver Nov-28-110.2 Nov-24-11

ug/g7.9Thallium Nov-28-110.1 Nov-24-11

ug/g512Tin Nov-28-110.2 Nov-24-11

ug/g2.0Uranium Nov-28-110.1 Nov-24-11

ug/g30.4Vanadium Nov-28-110.4 Nov-24-11

ug/g26200Zinc Nov-28-112.0 Nov-24-11

TP-BR01L2-111013   (CK10334-27)   Matrix: Soil   Sampled: Oct-13-11

Nov-28-11ug/gAntimony 199 0.1 Nov-24-11

ug/g173Arsenic Nov-28-110.4 Nov-24-11

ug/g97.1Barium Nov-28-111.0 Nov-24-11

ug/g< 0.1Beryllium Nov-28-110.1 Nov-24-11

ug/g3.3Boron Nov-28-112.0 Nov-24-11

ug/g7.23Cadmium Nov-28-110.04 Nov-24-11

ug/g145Chromium Nov-28-111.0 Nov-24-11

ug/g1.0Cobalt Nov-28-110.1 Nov-24-11

ug/g505Copper Nov-28-110.2 Nov-24-11

ug/g1920Lead Nov-28-110.2 Nov-24-11

ug/g1020Manganese Nov-28-110.4 Nov-24-11

ug/g2.12 HTMercury Nov-28-110.05 Nov-24-11

ug/g14.7Molybdenum Nov-28-110.1 Nov-24-11

ug/g53.7Nickel Nov-28-110.4 Nov-24-11

ug/g4.8Selenium Nov-28-110.5 Nov-24-11

ug/g3.5Silver Nov-28-110.2 Nov-24-11

ug/g1.4Thallium Nov-28-110.1 Nov-24-11

ug/g185Tin Nov-28-110.2 Nov-24-11

ug/g2.1Uranium Nov-28-110.1 Nov-24-11

ug/g23.7Vanadium Nov-28-110.4 Nov-24-11

ug/g663Zinc Nov-28-112.0 Nov-24-11

TP-BR02L2-111013   (CK10334-28)   Matrix: Soil   Sampled: Oct-13-11

Nov-28-11ug/gAntimony 537 0.1 Nov-24-11

ug/g277Arsenic Nov-28-110.4 Nov-24-11

ug/g120Barium Nov-28-111.0 Nov-24-11

ug/g0.1Beryllium Nov-28-110.1 Nov-24-11

ug/g24.3Boron Nov-28-112.0 Nov-24-11

ug/g53.7Cadmium Nov-28-110.04 Nov-24-11

ug/g458Chromium Nov-28-111.0 Nov-24-11

ug/g7.2Cobalt Nov-28-110.1 Nov-24-11

ug/g40800Copper Nov-28-110.2 Nov-24-11

ug/g5400Lead Nov-28-110.2 Nov-24-11

ug/g1800Manganese Nov-28-110.4 Nov-24-11

ug/g3.91 HTMercury Nov-28-110.05 Nov-24-11

Page 17 of 54CARO Analytical Services



CLIENT

PROJECT

SNC-Lavalin Environment Inc. (Nelson)

SLE #503664

WORK ORDER #

REPORTED

CK10334

May-04-12

SAMPLE DATA

 Analyte Result RDL Units Prepared NotesAnalyzed

Strong Acid Leachable Metals, Continued

TP-BR02L2-111013   (CK10334-28)   Matrix: Soil   Sampled: Oct-13-11, Continued

ug/g79.1Molybdenum Nov-28-110.1 Nov-24-11

ug/g487Nickel Nov-28-110.4 Nov-24-11

ug/g3.4Selenium Nov-28-110.5 Nov-24-11

ug/g17.4Silver Nov-28-110.2 Nov-24-11

ug/g2.6Thallium Nov-28-110.1 Nov-24-11

ug/g3170Tin Nov-28-110.2 Nov-24-11

ug/g0.6Uranium Nov-28-110.1 Nov-24-11

ug/g15.0Vanadium Nov-28-110.4 Nov-24-11

ug/g1990Zinc Nov-28-112.0 Nov-24-11

TP-BR03L2-111013   (CK10334-29)   Matrix: Soil   Sampled: Oct-13-11

Nov-28-11ug/gAntimony 1410 0.1 Nov-24-11

ug/g271Arsenic Nov-28-110.4 Nov-24-11

ug/g125Barium Nov-28-111.0 Nov-24-11

ug/g< 0.1Beryllium Nov-28-110.1 Nov-24-11

ug/g5.4Boron Nov-28-112.0 Nov-24-11

ug/g45.4Cadmium Nov-28-110.04 Nov-24-11

ug/g716Chromium Nov-28-111.0 Nov-24-11

ug/g13.9Cobalt Nov-28-110.1 Nov-24-11

ug/g37600Copper Nov-28-110.2 Nov-24-11

ug/g7900Lead Nov-28-110.2 Nov-24-11

ug/g2820Manganese Nov-28-110.4 Nov-24-11

ug/g3.25 HTMercury Nov-28-110.05 Nov-24-11

ug/g187Molybdenum Nov-28-110.1 Nov-24-11

ug/g817Nickel Nov-28-110.4 Nov-24-11

ug/g7.8Selenium Nov-28-110.5 Nov-24-11

ug/g12.5Silver Nov-28-110.2 Nov-24-11

ug/g2.2Thallium Nov-28-110.1 Nov-24-11

ug/g4080Tin Nov-28-110.2 Nov-24-11

ug/g0.5Uranium Nov-28-110.1 Nov-24-11

ug/g23.7Vanadium Nov-28-110.4 Nov-24-11

ug/g1640Zinc Nov-28-112.0 Nov-24-11

TP-BR05L2-111013   (CK10334-30)   Matrix: Soil   Sampled: Oct-13-11

Nov-28-11ug/gAntimony 216 0.1 Nov-24-11

ug/g265Arsenic Nov-28-110.4 Nov-24-11

ug/g150Barium Nov-28-111.0 Nov-24-11

ug/g0.3Beryllium Nov-28-110.1 Nov-24-11

ug/g3.2Boron Nov-28-112.0 Nov-24-11

ug/g26.9Cadmium Nov-28-110.04 Nov-24-11

ug/g22.8Chromium Nov-28-111.0 Nov-24-11

ug/g4.9Cobalt Nov-28-110.1 Nov-24-11

ug/g1210Copper Nov-28-110.2 Nov-24-11

ug/g14200Lead Nov-28-110.2 Nov-24-11

ug/g406Manganese Nov-28-110.4 Nov-24-11

ug/g2.96 HTMercury Nov-28-110.05 Nov-24-11

ug/g1.6Molybdenum Nov-28-110.1 Nov-24-11
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CLIENT

PROJECT

SNC-Lavalin Environment Inc. (Nelson)

SLE #503664

WORK ORDER #

REPORTED

CK10334

May-04-12

SAMPLE DATA

 Analyte Result RDL Units Prepared NotesAnalyzed

Strong Acid Leachable Metals, Continued

TP-BR05L2-111013   (CK10334-30)   Matrix: Soil   Sampled: Oct-13-11, Continued

ug/g17.0Nickel Nov-28-110.4 Nov-24-11

ug/g6.2Selenium Nov-28-110.5 Nov-24-11

ug/g20.3Silver Nov-28-110.2 Nov-24-11

ug/g4.7Thallium Nov-28-110.1 Nov-24-11

ug/g177Tin Nov-28-110.2 Nov-24-11

ug/g1.1Uranium Nov-28-110.1 Nov-24-11

ug/g29.0Vanadium Nov-28-110.4 Nov-24-11

ug/g6290Zinc Nov-28-112.0 Nov-24-11

TP-BR02L3-111013   (CK10334-31)   Matrix: Soil   Sampled: Oct-13-11

Nov-28-11ug/gAntimony 269 0.1 Nov-24-11

ug/g431Arsenic Nov-28-110.4 Nov-24-11

ug/g135Barium Nov-28-111.0 Nov-24-11

ug/g0.3Beryllium Nov-28-110.1 Nov-24-11

ug/g2.8Boron Nov-28-112.0 Nov-24-11

ug/g30.3Cadmium Nov-28-110.04 Nov-24-11

ug/g20.3Chromium Nov-28-111.0 Nov-24-11

ug/g5.9Cobalt Nov-28-110.1 Nov-24-11

ug/g1470Copper Nov-28-110.2 Nov-24-11

ug/g16200Lead Nov-28-110.2 Nov-24-11

ug/g354Manganese Nov-28-110.4 Nov-24-11

ug/g1.54 HTMercury Nov-28-110.05 Nov-24-11

ug/g1.1Molybdenum Nov-28-110.1 Nov-24-11

ug/g19.6Nickel Nov-28-110.4 Nov-24-11

ug/g7.6Selenium Nov-28-110.5 Nov-24-11

ug/g18.4Silver Nov-28-110.2 Nov-24-11

ug/g7.2Thallium Nov-28-110.1 Nov-24-11

ug/g362Tin Nov-28-110.2 Nov-24-11

ug/g1.0Uranium Nov-28-110.1 Nov-24-11

ug/g26.6Vanadium Nov-28-110.4 Nov-24-11

ug/g6110Zinc Nov-28-112.0 Nov-24-11

TP-BR03L3-111013   (CK10334-32)   Matrix: Soil   Sampled: Oct-13-11

Nov-28-11ug/gAntimony 371 0.1 Nov-24-11

ug/g445Arsenic Nov-28-110.4 Nov-24-11

ug/g172Barium Nov-28-111.0 Nov-24-11

ug/g0.3Beryllium Nov-28-110.1 Nov-24-11

ug/g3.7Boron Nov-28-112.0 Nov-24-11

ug/g62.6Cadmium Nov-28-110.04 Nov-24-11

ug/g21.8Chromium Nov-28-111.0 Nov-24-11

ug/g7.5Cobalt Nov-28-110.1 Nov-24-11

ug/g2980Copper Nov-28-110.2 Nov-24-11

ug/g25900Lead Nov-28-110.2 Nov-24-11

ug/g488Manganese Nov-28-110.4 Nov-24-11

ug/g1.95 HTMercury Nov-28-110.05 Nov-24-11

ug/g2.0Molybdenum Nov-28-110.1 Nov-24-11

ug/g28.0Nickel Nov-28-110.4 Nov-24-11
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CLIENT

PROJECT

SNC-Lavalin Environment Inc. (Nelson)

SLE #503664

WORK ORDER #

REPORTED

CK10334

May-04-12

SAMPLE DATA

 Analyte Result RDL Units Prepared NotesAnalyzed

Strong Acid Leachable Metals, Continued

TP-BR03L3-111013   (CK10334-32)   Matrix: Soil   Sampled: Oct-13-11, Continued

ug/g10.4Selenium Nov-28-110.5 Nov-24-11

ug/g26.3Silver Nov-28-110.2 Nov-24-11

ug/g7.5Thallium Nov-28-110.1 Nov-24-11

ug/g533Tin Nov-28-110.2 Nov-24-11

ug/g1.1Uranium Nov-28-110.1 Nov-24-11

ug/g26.9Vanadium Nov-28-110.4 Nov-24-11

ug/g11400Zinc Nov-28-112.0 Nov-24-11

TP-BL01L2-111012   (CK10334-33)   Matrix: Soil   Sampled: Oct-12-11

Nov-28-11ug/gAntimony 179 0.1 Nov-24-11

ug/g483Arsenic Nov-28-110.4 Nov-24-11

ug/g124Barium Nov-28-111.0 Nov-24-11

ug/g< 0.1Beryllium Nov-28-110.1 Nov-24-11

ug/g5.4Boron Nov-28-112.0 Nov-24-11

ug/g21.2Cadmium Nov-28-110.04 Nov-24-11

ug/g19.3Chromium Nov-28-111.0 Nov-24-11

ug/g7.4Cobalt Nov-28-110.1 Nov-24-11

ug/g754Copper Nov-28-110.2 Nov-24-11

ug/g7750Lead Nov-28-110.2 Nov-24-11

ug/g491Manganese Nov-28-110.4 Nov-24-11

ug/g1.45 HTMercury Nov-28-110.05 Nov-24-11

ug/g1.3Molybdenum Nov-28-110.1 Nov-24-11

ug/g16.8Nickel Nov-28-110.4 Nov-24-11

ug/g4.2Selenium Nov-28-110.5 Nov-24-11

ug/g12.1Silver Nov-28-110.2 Nov-24-11

ug/g4.5Thallium Nov-28-110.1 Nov-24-11

ug/g237Tin Nov-28-110.2 Nov-24-11

ug/g1.0Uranium Nov-28-110.1 Nov-24-11

ug/g26.4Vanadium Nov-28-110.4 Nov-24-11

ug/g3930Zinc Nov-28-112.0 Nov-24-11

TP-BL02L2-111013   (CK10334-34)   Matrix: Soil   Sampled: Oct-13-11

Nov-28-11ug/gAntimony 86.5 0.1 Nov-24-11

ug/g1070Arsenic Nov-28-110.4 Nov-24-11

ug/g35.0Barium Nov-28-111.0 Nov-24-11

ug/g< 0.1Beryllium Nov-28-110.1 Nov-24-11

ug/g23.8Boron Nov-28-112.0 Nov-24-11

ug/g23.2Cadmium Nov-28-110.04 Nov-24-11

ug/g5.1Chromium Nov-28-111.0 Nov-24-11

ug/g14.6Cobalt Nov-28-110.1 Nov-24-11

ug/g116Copper Nov-28-110.2 Nov-24-11

ug/g11000Lead Nov-28-110.2 Nov-24-11

ug/g718Manganese Nov-28-110.4 Nov-24-11

ug/g0.99 HTMercury Nov-28-110.05 Nov-24-11

ug/g1.5Molybdenum Nov-28-110.1 Nov-24-11

ug/g14.5Nickel Nov-28-110.4 Nov-24-11

ug/g1.0Selenium Nov-28-110.5 Nov-24-11

Page 20 of 54CARO Analytical Services



CLIENT

PROJECT

SNC-Lavalin Environment Inc. (Nelson)

SLE #503664

WORK ORDER #

REPORTED

CK10334

May-04-12

SAMPLE DATA

 Analyte Result RDL Units Prepared NotesAnalyzed

Strong Acid Leachable Metals, Continued

TP-BL02L2-111013   (CK10334-34)   Matrix: Soil   Sampled: Oct-13-11, Continued

ug/g26.6Silver Nov-28-110.2 Nov-24-11

ug/g1.5Thallium Nov-28-110.1 Nov-24-11

ug/g129Tin Nov-28-110.2 Nov-24-11

ug/g0.5Uranium Nov-28-110.1 Nov-24-11

ug/g5.7Vanadium Nov-28-110.4 Nov-24-11

ug/g7960Zinc Nov-28-112.0 Nov-24-11

TP-BL05L2-111013   (CK10334-35)   Matrix: Soil   Sampled: Oct-13-11

Nov-28-11ug/gAntimony 68.7 0.1 Nov-24-11

ug/g693Arsenic Nov-28-110.4 Nov-24-11

ug/g38.0Barium Nov-28-111.0 Nov-24-11

ug/g< 0.1Beryllium Nov-28-110.1 Nov-24-11

ug/g23.8Boron Nov-28-112.0 Nov-24-11

ug/g13.7Cadmium Nov-28-110.04 Nov-24-11

ug/g4.6Chromium Nov-28-111.0 Nov-24-11

ug/g5.7Cobalt Nov-28-110.1 Nov-24-11

ug/g157Copper Nov-28-110.2 Nov-24-11

ug/g7620Lead Nov-28-110.2 Nov-24-11

ug/g797Manganese Nov-28-110.4 Nov-24-11

ug/g1.06 HTMercury Nov-28-110.05 Nov-24-11

ug/g1.5Molybdenum Nov-28-110.1 Nov-24-11

ug/g12.7Nickel Nov-28-110.4 Nov-24-11

ug/g1.1Selenium Nov-28-110.5 Nov-24-11

ug/g19.2Silver Nov-28-110.2 Nov-24-11

ug/g1.4Thallium Nov-28-110.1 Nov-24-11

ug/g140Tin Nov-28-110.2 Nov-24-11

ug/g0.4Uranium Nov-28-110.1 Nov-24-11

ug/g7.3Vanadium Nov-28-110.4 Nov-24-11

ug/g5550Zinc Nov-28-112.0 Nov-24-11

TP-BL01L1-111014   (CK10334-36)   Matrix: Soil   Sampled: Oct-14-11

Nov-28-11ug/gAntimony 106 0.1 Nov-24-11

ug/g193Arsenic Nov-28-110.4 Nov-24-11

ug/g108Barium Nov-28-111.0 Nov-24-11

ug/g0.3Beryllium Nov-28-110.1 Nov-24-11

ug/g< 2.0Boron Nov-28-112.0 Nov-24-11

ug/g17.5Cadmium Nov-28-110.04 Nov-24-11

ug/g20.4Chromium Nov-28-111.0 Nov-24-11

ug/g5.1Cobalt Nov-28-110.1 Nov-24-11

ug/g694Copper Nov-28-110.2 Nov-24-11

ug/g4430Lead Nov-28-110.2 Nov-24-11

ug/g216Manganese Nov-28-110.4 Nov-24-11

ug/g1.25 HTMercury Nov-28-110.05 Nov-24-11

ug/g0.9Molybdenum Nov-28-110.1 Nov-24-11

ug/g14.7Nickel Nov-28-110.4 Nov-24-11

ug/g4.0Selenium Nov-28-110.5 Nov-24-11

ug/g7.1Silver Nov-28-110.2 Nov-24-11
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CLIENT

PROJECT

SNC-Lavalin Environment Inc. (Nelson)

SLE #503664

WORK ORDER #

REPORTED

CK10334

May-04-12

SAMPLE DATA

 Analyte Result RDL Units Prepared NotesAnalyzed

Strong Acid Leachable Metals, Continued

TP-BL01L1-111014   (CK10334-36)   Matrix: Soil   Sampled: Oct-14-11, Continued

ug/g4.9Thallium Nov-28-110.1 Nov-24-11

ug/g154Tin Nov-28-110.2 Nov-24-11

ug/g0.9Uranium Nov-28-110.1 Nov-24-11

ug/g30.2Vanadium Nov-28-110.4 Nov-24-11

ug/g2070Zinc Nov-28-112.0 Nov-24-11

TP-BL03L1-111014   (CK10334-37)   Matrix: Soil   Sampled: Oct-14-11

Nov-28-11ug/gAntimony 59.2 0.1 Nov-24-11

ug/g104Arsenic Nov-28-110.4 Nov-24-11

ug/g89.7Barium Nov-28-111.0 Nov-24-11

ug/g0.1Beryllium Nov-28-110.1 Nov-24-11

ug/g< 2.0Boron Nov-28-112.0 Nov-24-11

ug/g7.87Cadmium Nov-28-110.04 Nov-24-11

ug/g13.6Chromium Nov-28-111.0 Nov-24-11

ug/g3.9Cobalt Nov-28-110.1 Nov-24-11

ug/g382Copper Nov-28-110.2 Nov-24-11

ug/g2410Lead Nov-28-110.2 Nov-24-11

ug/g184Manganese Nov-28-110.4 Nov-24-11

ug/g0.41 HTMercury Nov-28-110.05 Nov-24-11

ug/g0.5Molybdenum Nov-28-110.1 Nov-24-11

ug/g10.3Nickel Nov-28-110.4 Nov-24-11

ug/g1.9Selenium Nov-28-110.5 Nov-24-11

ug/g2.7Silver Nov-28-110.2 Nov-24-11

ug/g2.9Thallium Nov-28-110.1 Nov-24-11

ug/g72.4Tin Nov-28-110.2 Nov-24-11

ug/g0.7Uranium Nov-28-110.1 Nov-24-11

ug/g20.4Vanadium Nov-28-110.4 Nov-24-11

ug/g930Zinc Nov-28-112.0 Nov-24-11

TP-NWR-01-TOP-111014   (CK10334-38)   Matrix: Soil   Sampled: Oct-14-11

Nov-28-11ug/gAntimony 130 0.1 Nov-24-11

ug/g324Arsenic Nov-28-110.4 Nov-24-11

ug/g218Barium Nov-28-111.0 Nov-24-11

ug/g< 0.1Beryllium Nov-28-110.1 Nov-24-11

ug/g< 2.0Boron Nov-28-112.0 Nov-24-11

ug/g16.5Cadmium Nov-28-110.04 Nov-24-11

ug/g1.4Chromium Nov-28-111.0 Nov-24-11

ug/g0.3Cobalt Nov-28-110.1 Nov-24-11

ug/g103Copper Nov-28-110.2 Nov-24-11

ug/g32500Lead Nov-28-110.2 Nov-24-11

ug/g19.7Manganese Nov-28-110.4 Nov-24-11

ug/g11.2 HTMercury Nov-28-110.05 Nov-24-11

ug/g1.4Molybdenum Nov-28-110.1 Nov-24-11

ug/g0.7Nickel Nov-28-110.4 Nov-24-11

ug/g4.9Selenium Nov-28-110.5 Nov-24-11

ug/g24.8Silver Nov-28-110.2 Nov-24-11

ug/g2.0Thallium Nov-28-110.1 Nov-24-11
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SAMPLE DATA

 Analyte Result RDL Units Prepared NotesAnalyzed

Strong Acid Leachable Metals, Continued

TP-NWR-01-TOP-111014   (CK10334-38)   Matrix: Soil   Sampled: Oct-14-11, Continued

ug/g1130Tin Nov-28-110.2 Nov-24-11

ug/g0.1Uranium Nov-28-110.1 Nov-24-11

ug/g2.1Vanadium Nov-28-110.4 Nov-24-11

ug/g3750Zinc Nov-28-112.0 Nov-24-11

TP-NWR-02-111014   (CK10334-39)   Matrix: Soil   Sampled: Oct-14-11

Nov-28-11ug/gAntimony 314 0.1 Nov-24-11

ug/g432Arsenic Nov-28-110.4 Nov-24-11

ug/g77.7Barium Nov-28-111.0 Nov-24-11

ug/g< 0.1Beryllium Nov-28-110.1 Nov-24-11

ug/g< 2.0Boron Nov-28-112.0 Nov-24-11

ug/g28.0Cadmium Nov-28-110.04 Nov-24-11

ug/g3.7Chromium Nov-28-111.0 Nov-24-11

ug/g0.9Cobalt Nov-28-110.1 Nov-24-11

ug/g218Copper Nov-28-110.2 Nov-24-11

ug/g36400Lead Nov-28-110.2 Nov-24-11

ug/g57.2Manganese Nov-28-110.4 Nov-24-11

ug/g11.0 HTMercury Nov-28-110.05 Nov-24-11

ug/g4.4Molybdenum Nov-28-110.1 Nov-24-11

ug/g2.6Nickel Nov-28-110.4 Nov-24-11

ug/g4.8Selenium Nov-28-110.5 Nov-24-11

ug/g23.7Silver Nov-28-110.2 Nov-24-11

ug/g1.6Thallium Nov-28-110.1 Nov-24-11

ug/g1890Tin Nov-28-110.2 Nov-24-11

ug/g0.2Uranium Nov-28-110.1 Nov-24-11

ug/g4.3Vanadium Nov-28-110.4 Nov-24-11

ug/g6810Zinc Nov-28-112.0 Nov-24-11

TP-DUPA-111011   (CK10334-40)   Matrix: Soil   Sampled: Oct-11-11

Nov-28-11ug/gAntimony 199 0.1 Nov-24-11

ug/g14.9Arsenic Nov-28-110.4 Nov-24-11

ug/g692Barium Nov-28-111.0 Nov-24-11

ug/g0.6Beryllium Nov-28-110.1 Nov-24-11

ug/g78.1Boron Nov-28-112.0 Nov-24-11

ug/g516Cadmium Nov-28-110.04 Nov-24-11

ug/g59.4Chromium Nov-28-111.0 Nov-24-11

ug/g5.2Cobalt Nov-28-110.1 Nov-24-11

ug/g4100Copper Nov-28-110.2 Nov-24-11

ug/g25100Lead Nov-28-110.2 Nov-24-11

ug/g32300Manganese Nov-28-110.4 Nov-24-11

ug/g2.04 HTMercury Nov-28-110.05 Nov-24-11

ug/g14.6Molybdenum Nov-28-110.1 Nov-24-11

ug/g136Nickel Nov-28-110.4 Nov-24-11

ug/g8.4Selenium Nov-28-110.5 Nov-24-11

ug/g33.2Silver Nov-28-110.2 Nov-24-11

ug/g2.0Thallium Nov-28-110.1 Nov-24-11

ug/g810Tin Nov-28-110.2 Nov-24-11
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PROJECT
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SLE #503664
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REPORTED

CK10334
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SAMPLE DATA

 Analyte Result RDL Units Prepared NotesAnalyzed

Strong Acid Leachable Metals, Continued

TP-DUPA-111011   (CK10334-40)   Matrix: Soil   Sampled: Oct-11-11, Continued

ug/g1.4Uranium Nov-28-110.1 Nov-24-11

ug/g18.6Vanadium Nov-28-110.4 Nov-24-11

ug/g127000Zinc Nov-28-112.0 Nov-24-11

TP-DUPB-111011   (CK10334-41)   Matrix: Soil   Sampled: Oct-11-11

Nov-28-11ug/gAntimony 265 0.1 Nov-24-11

ug/g20.3Arsenic Nov-28-110.4 Nov-24-11

ug/g597Barium Nov-28-111.0 Nov-24-11

ug/g0.7Beryllium Nov-28-110.1 Nov-24-11

ug/g90.8Boron Nov-28-112.0 Nov-24-11

ug/g416Cadmium Nov-28-110.04 Nov-24-11

ug/g80.7Chromium Nov-28-111.0 Nov-24-11

ug/g5.5Cobalt Nov-28-110.1 Nov-24-11

ug/g2670Copper Nov-28-110.2 Nov-24-11

ug/g30100Lead Nov-28-110.2 Nov-24-11

ug/g33000Manganese Nov-28-110.4 Nov-24-11

ug/g1.75 HTMercury Nov-28-110.05 Nov-24-11

ug/g21.3Molybdenum Nov-28-110.1 Nov-24-11

ug/g110Nickel Nov-28-110.4 Nov-24-11

ug/g7.7Selenium Nov-28-110.5 Nov-24-11

ug/g43.7Silver Nov-28-110.2 Nov-24-11

ug/g1.5Thallium Nov-28-110.1 Nov-24-11

ug/g1590Tin Nov-28-110.2 Nov-24-11

ug/g2.2Uranium Nov-28-110.1 Nov-24-11

ug/g22.5Vanadium Nov-28-110.4 Nov-24-11

ug/g117000Zinc Nov-28-112.0 Nov-24-11

TP-DUPC-111011   (CK10334-42)   Matrix: Soil   Sampled: Oct-11-11

Nov-28-11ug/gAntimony 350 0.1 Nov-24-11

ug/g11.6Arsenic Nov-28-110.4 Nov-24-11

ug/g650Barium Nov-28-111.0 Nov-24-11

ug/g0.5Beryllium Nov-28-110.1 Nov-24-11

ug/g106Boron Nov-28-112.0 Nov-24-11

ug/g555Cadmium Nov-28-110.04 Nov-24-11

ug/g61.2Chromium Nov-28-111.0 Nov-24-11

ug/g6.5Cobalt Nov-28-110.1 Nov-24-11

ug/g4860Copper Nov-28-110.2 Nov-24-11

ug/g33400Lead Nov-28-110.2 Nov-24-11

ug/g34800Manganese Nov-28-110.4 Nov-24-11

ug/g2.82 HTMercury Nov-28-110.05 Nov-24-11

ug/g14.7Molybdenum Nov-28-110.1 Nov-24-11

ug/g140Nickel Nov-28-110.4 Nov-24-11

ug/g8.8Selenium Nov-28-110.5 Nov-24-11

ug/g44.3Silver Nov-28-110.2 Nov-24-11

ug/g2.3Thallium Nov-28-110.1 Nov-24-11

ug/g767Tin Nov-28-110.2 Nov-24-11

ug/g1.7Uranium Nov-28-110.1 Nov-24-11
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CLIENT

PROJECT

SNC-Lavalin Environment Inc. (Nelson)

SLE #503664

WORK ORDER #

REPORTED

CK10334

May-04-12

SAMPLE DATA

 Analyte Result RDL Units Prepared NotesAnalyzed

Strong Acid Leachable Metals, Continued

TP-DUPC-111011   (CK10334-42)   Matrix: Soil   Sampled: Oct-11-11, Continued

ug/g23.2Vanadium Nov-28-110.4 Nov-24-11

ug/g121000Zinc Nov-28-112.0 Nov-24-11

TP-DUPD-111012   (CK10334-43)   Matrix: Soil   Sampled: Oct-12-11

Nov-28-11ug/gAntimony 291 0.1 Nov-24-11

ug/g20.3Arsenic Nov-28-110.4 Nov-24-11

ug/g587Barium Nov-28-111.0 Nov-24-11

ug/g0.5Beryllium Nov-28-110.1 Nov-24-11

ug/g109Boron Nov-28-112.0 Nov-24-11

ug/g762Cadmium Nov-28-110.04 Nov-24-11

ug/g57.0Chromium Nov-28-111.0 Nov-24-11

ug/g5.5Cobalt Nov-28-110.1 Nov-24-11

ug/g3920Copper Nov-28-110.2 Nov-24-11

ug/g25000Lead Nov-28-110.2 Nov-24-11

ug/g36700Manganese Nov-28-110.4 Nov-24-11

ug/g3.27 HTMercury Nov-28-110.05 Nov-24-11

ug/g10.9Molybdenum Nov-28-110.1 Nov-24-11

ug/g93.0Nickel Nov-28-110.4 Nov-24-11

ug/g8.9Selenium Nov-28-110.5 Nov-24-11

ug/g44.9Silver Nov-28-110.2 Nov-24-11

ug/g3.0Thallium Nov-28-110.1 Nov-24-11

ug/g592Tin Nov-28-110.2 Nov-24-11

ug/g2.0Uranium Nov-28-110.1 Nov-24-11

ug/g27.6Vanadium Nov-28-110.4 Nov-24-11

ug/g151000Zinc Nov-28-112.0 Nov-24-11

Toxicity Characteristic Leaching Procedure (TCLP) Metals

TP-GC02L1-111011   (CK10334-02)   Matrix: Soil   Sampled: Oct-11-11

Nov-25-11mg/LAluminum < 0.10 0.10 Nov-24-11

mg/L< 0.005Antimony Nov-25-110.005 Nov-24-11

mg/L< 0.05Arsenic Nov-25-110.05 Nov-24-11

mg/L< 1.0Barium Nov-25-111.0 Nov-24-11

mg/L< 0.05Beryllium Nov-25-110.05 Nov-24-11

mg/L0.54Boron Nov-25-110.50 Nov-24-11

mg/L5.5Cadmium Nov-25-110.001 Nov-24-11

mg/L69Calcium Nov-25-115.0 Nov-24-11

mg/L< 0.05Chromium Nov-25-110.05 Nov-24-11

mg/L< 0.02Cobalt Nov-25-110.02 Nov-24-11

mg/L1.2Copper Nov-25-110.10 Nov-24-11

mg/L< 1.0Iron Nov-25-111.0 Nov-24-11

mg/L< 0.05Lithium Nov-25-110.05 Nov-24-11

mg/L33Lead Nov-25-110.02 Nov-24-11

mg/L< 5.0Magnesium Nov-25-115.0 Nov-24-11

mg/L7.7Manganese Nov-25-110.005 Nov-24-11

mg/L< 0.002Mercury Nov-25-110.002 Nov-24-11

mg/L< 0.005Molybdenum Nov-25-110.005 Nov-24-11
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CLIENT

PROJECT

SNC-Lavalin Environment Inc. (Nelson)

SLE #503664

WORK ORDER #
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CK10334

May-04-12

SAMPLE DATA

 Analyte Result RDL Units Prepared NotesAnalyzed

Toxicity Characteristic Leaching Procedure (TCLP) Metals, Continued

TP-GC02L1-111011   (CK10334-02)   Matrix: Soil   Sampled: Oct-11-11, Continued

mg/L0.23Nickel Nov-25-110.10 Nov-24-11

mg/L< 5.0Potassium Nov-25-115.0 Nov-24-11

mg/L0.05Selenium Nov-25-110.05 Nov-24-11

mg/L< 0.001Silver Nov-25-110.001 Nov-24-11

mg/L0.62Strontium Nov-25-110.05 Nov-24-11

mg/L< 0.01Thallium Nov-25-110.01 Nov-24-11

mg/L< 0.05Tin Nov-25-110.05 Nov-24-11

mg/L< 0.10Titanium Nov-25-110.10 Nov-24-11

mg/L< 0.02Uranium Nov-25-110.02 Nov-24-11

mg/L< 0.05Vanadium Nov-25-110.05 Nov-24-11

mg/L900Zinc Nov-25-110.50 Nov-24-11

mg/L5.9Final Extract pH Nov-25-11Nov-24-11

mg/L1.0Extraction Fluid # Nov-25-11Nov-24-11

TP-GC07L2-111011   (CK10334-07)   Matrix: Soil   Sampled: Oct-11-11

Nov-25-11mg/LAluminum 0.27 0.10 Nov-24-11

mg/L< 0.005Antimony Nov-25-110.005 Nov-24-11

mg/L< 0.05Arsenic Nov-25-110.05 Nov-24-11

mg/L< 1.0Barium Nov-25-111.0 Nov-24-11

mg/L< 0.05Beryllium Nov-25-110.05 Nov-24-11

mg/L0.50Boron Nov-25-110.50 Nov-24-11

mg/L4.6Cadmium Nov-25-110.001 Nov-24-11

mg/L190Calcium Nov-25-115.0 Nov-24-11

mg/L< 0.05Chromium Nov-25-110.05 Nov-24-11

mg/L< 0.02Cobalt Nov-25-110.02 Nov-24-11

mg/L0.32Copper Nov-25-110.10 Nov-24-11

mg/L< 1.0Iron Nov-25-111.0 Nov-24-11

mg/L33Lead Nov-25-110.02 Nov-24-11

mg/L< 0.05Lithium Nov-25-110.05 Nov-24-11

mg/L5.1Magnesium Nov-25-115.0 Nov-24-11

mg/L11Manganese Nov-25-110.005 Nov-24-11

mg/L< 0.002Mercury Nov-25-110.002 Nov-24-11

mg/L< 0.005Molybdenum Nov-25-110.005 Nov-24-11

mg/L0.14Nickel Nov-25-110.10 Nov-24-11

mg/L7.0Potassium Nov-25-115.0 Nov-24-11

mg/L< 0.05Selenium Nov-25-110.05 Nov-24-11

mg/L< 0.001Silver Nov-25-110.001 Nov-24-11

mg/L1.4Strontium Nov-25-110.05 Nov-24-11

mg/L< 0.01Thallium Nov-25-110.01 Nov-24-11

mg/L< 0.05Tin Nov-25-110.05 Nov-24-11

mg/L< 0.10Titanium Nov-25-110.10 Nov-24-11

mg/L< 0.02Uranium Nov-25-110.02 Nov-24-11

mg/L< 0.05Vanadium Nov-25-110.05 Nov-24-11

mg/L650Zinc Nov-25-110.50 Nov-24-11

mg/L5.8Final Extract pH Nov-25-11Nov-24-11

mg/L1.0Extraction Fluid # Nov-25-11Nov-24-11

Page 26 of 54CARO Analytical Services



CLIENT

PROJECT

SNC-Lavalin Environment Inc. (Nelson)

SLE #503664

WORK ORDER #

REPORTED
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SAMPLE DATA

 Analyte Result RDL Units Prepared NotesAnalyzed

Toxicity Characteristic Leaching Procedure (TCLP) Metals, Continued

TP-GC12L2-111011   (CK10334-08)   Matrix: Soil   Sampled: Oct-11-11

Nov-25-11mg/LAluminum 0.36 0.10 Nov-24-11

mg/L< 0.005Antimony Nov-25-110.005 Nov-24-11

mg/L< 0.05Arsenic Nov-25-110.05 Nov-24-11

mg/L< 1.0Barium Nov-25-111.0 Nov-24-11

mg/L< 0.05Beryllium Nov-25-110.05 Nov-24-11

mg/L0.56Boron Nov-25-110.50 Nov-24-11

mg/L4.3Cadmium Nov-25-110.001 Nov-24-11

mg/L96Calcium Nov-25-115.0 Nov-24-11

mg/L< 0.05Chromium Nov-25-110.05 Nov-24-11

mg/L< 0.02Cobalt Nov-25-110.02 Nov-24-11

mg/L0.19Copper Nov-25-110.10 Nov-24-11

mg/L< 1.0Iron Nov-25-111.0 Nov-24-11

mg/L7.5Lead Nov-25-110.02 Nov-24-11

mg/L< 0.05Lithium Nov-25-110.05 Nov-24-11

mg/L< 5.0Magnesium Nov-25-115.0 Nov-24-11

mg/L7.6Manganese Nov-25-110.005 Nov-24-11

mg/L< 0.002Mercury Nov-25-110.002 Nov-24-11

mg/L< 0.005Molybdenum Nov-25-110.005 Nov-24-11

mg/L0.11Nickel Nov-25-110.10 Nov-24-11

mg/L5.5Potassium Nov-25-115.0 Nov-24-11

mg/L< 0.05Selenium Nov-25-110.05 Nov-24-11

mg/L< 0.001Silver Nov-25-110.001 Nov-24-11

mg/L0.73Strontium Nov-25-110.05 Nov-24-11

mg/L< 0.01Thallium Nov-25-110.01 Nov-24-11

mg/L< 0.05Tin Nov-25-110.05 Nov-24-11

mg/L< 0.10Titanium Nov-25-110.10 Nov-24-11

mg/L< 0.02Uranium Nov-25-110.02 Nov-24-11

mg/L< 0.05Vanadium Nov-25-110.05 Nov-24-11

mg/L630Zinc Nov-25-110.50 Nov-24-11

mg/L5.4Final Extract pH Nov-25-11Nov-24-11

mg/L1.0Extraction Fluid # Nov-25-11Nov-24-11

TP-GC04L4-111012   (CK10334-14)   Matrix: Soil   Sampled: Oct-12-11

Nov-25-11mg/LAluminum < 0.10 0.10 Nov-24-11

mg/L< 0.005Antimony Nov-25-110.005 Nov-24-11

mg/L< 0.05Arsenic Nov-25-110.05 Nov-24-11

mg/L< 1.0Barium Nov-25-111.0 Nov-24-11

mg/L< 0.05Beryllium Nov-25-110.05 Nov-24-11

mg/L0.80Boron Nov-25-110.50 Nov-24-11

mg/L5.9Cadmium Nov-25-110.001 Nov-24-11

mg/L47Calcium Nov-25-115.0 Nov-24-11

mg/L< 0.05Chromium Nov-25-110.05 Nov-24-11

mg/L< 0.02Cobalt Nov-25-110.02 Nov-24-11

mg/L0.66Copper Nov-25-110.10 Nov-24-11

mg/L< 1.0Iron Nov-25-111.0 Nov-24-11

mg/L40Lead Nov-25-110.02 Nov-24-11

mg/L< 0.05Lithium Nov-25-110.05 Nov-24-11
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Toxicity Characteristic Leaching Procedure (TCLP) Metals, Continued

TP-GC04L4-111012   (CK10334-14)   Matrix: Soil   Sampled: Oct-12-11, Continued

mg/L< 5.0Magnesium Nov-25-115.0 Nov-24-11

mg/L4.4Manganese Nov-25-110.005 Nov-24-11

mg/L< 0.002Mercury Nov-25-110.002 Nov-24-11

mg/L< 0.005Molybdenum Nov-25-110.005 Nov-24-11

mg/L0.22Nickel Nov-25-110.10 Nov-24-11

mg/L< 5.0Potassium Nov-25-115.0 Nov-24-11

mg/L< 0.05Selenium Nov-25-110.05 Nov-24-11

mg/L< 0.001Silver Nov-25-110.001 Nov-24-11

mg/L0.55Strontium Nov-25-110.05 Nov-24-11

mg/L< 0.01Thallium Nov-25-110.01 Nov-24-11

mg/L< 0.05Tin Nov-25-110.05 Nov-24-11

mg/L< 0.10Titanium Nov-25-110.10 Nov-24-11

mg/L< 0.02Uranium Nov-25-110.02 Nov-24-11

mg/L< 0.05Vanadium Nov-25-110.05 Nov-24-11

mg/L910Zinc Nov-25-110.50 Nov-24-11

mg/L5.9Final Extract pH Nov-25-11Nov-24-11

mg/L1.0Extraction Fluid # Nov-25-11Nov-24-11

TP-SWR01L2-111013   (CK10334-23)   Matrix: Soil   Sampled: Oct-13-11

Nov-25-11mg/LAluminum 0.42 0.10 Nov-24-11

mg/L0.04Antimony Nov-25-110.005 Nov-24-11

mg/L< 0.05Arsenic Nov-25-110.05 Nov-24-11

mg/L< 1.0Barium Nov-25-111.0 Nov-24-11

mg/L< 0.05Beryllium Nov-25-110.05 Nov-24-11

mg/L< 0.50Boron Nov-25-110.50 Nov-24-11

mg/L0.02Cadmium Nov-25-110.001 Nov-24-11

mg/L790Calcium Nov-25-115.0 Nov-24-11

mg/L< 0.05Chromium Nov-25-110.05 Nov-24-11

mg/L< 0.02Cobalt Nov-25-110.02 Nov-24-11

mg/L0.21Copper Nov-25-110.10 Nov-24-11

mg/L1.5Iron Nov-25-111.0 Nov-24-11

mg/L< 0.05Lithium Nov-25-110.05 Nov-24-11

mg/L5.2Lead Nov-25-110.02 Nov-24-11

mg/L< 5.0Magnesium Nov-25-115.0 Nov-24-11

mg/L0.08Manganese Nov-25-110.005 Nov-24-11

mg/L< 0.002Mercury Nov-25-110.002 Nov-24-11

mg/L< 0.005Molybdenum Nov-25-110.005 Nov-24-11

mg/L< 0.10Nickel Nov-25-110.10 Nov-24-11

mg/L< 5.0Potassium Nov-25-115.0 Nov-24-11

mg/L< 0.05Selenium Nov-25-110.05 Nov-24-11

mg/L< 0.001Silver Nov-25-110.001 Nov-24-11

mg/L0.82Strontium Nov-25-110.05 Nov-24-11

mg/L< 0.01Thallium Nov-25-110.01 Nov-24-11

mg/L< 0.05Tin Nov-25-110.05 Nov-24-11

mg/L< 0.10Titanium Nov-25-110.10 Nov-24-11

mg/L< 0.02Uranium Nov-25-110.02 Nov-24-11

mg/L< 0.05Vanadium Nov-25-110.05 Nov-24-11
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CLIENT

PROJECT

SNC-Lavalin Environment Inc. (Nelson)

SLE #503664

WORK ORDER #

REPORTED

CK10334

May-04-12

SAMPLE DATA

 Analyte Result RDL Units Prepared NotesAnalyzed

Toxicity Characteristic Leaching Procedure (TCLP) Metals, Continued

TP-SWR01L2-111013   (CK10334-23)   Matrix: Soil   Sampled: Oct-13-11, Continued

mg/L0.87Zinc Nov-25-110.50 Nov-24-11

mg/L4.8Final Extract pH Nov-25-11Nov-24-11

mg/L1.0Extraction Fluid # Nov-25-11Nov-24-11

TP-BR05L2-111013   (CK10334-30)   Matrix: Soil   Sampled: Oct-13-11

Nov-25-11mg/LAluminum 2.0 0.10 Nov-24-11

mg/L0.01Antimony Nov-25-110.005 Nov-24-11

mg/L< 0.05Arsenic Nov-25-110.05 Nov-24-11

mg/L< 1.0Barium Nov-25-111.0 Nov-24-11

mg/L< 0.05Beryllium Nov-25-110.05 Nov-24-11

mg/L< 0.50Boron Nov-25-110.50 Nov-24-11

mg/L0.21Cadmium Nov-25-110.001 Nov-24-11

mg/L29Calcium Nov-25-115.0 Nov-24-11

mg/L< 0.05Chromium Nov-25-110.05 Nov-24-11

mg/L< 0.02Cobalt Nov-25-110.02 Nov-24-11

mg/L6.4Copper Nov-25-110.10 Nov-24-11

mg/L< 1.0Iron Nov-25-111.0 Nov-24-11

mg/L130Lead Nov-25-110.02 Nov-24-11

mg/L< 0.05Lithium Nov-25-110.05 Nov-24-11

mg/L< 5.0Magnesium Nov-25-115.0 Nov-24-11

mg/L0.56Manganese Nov-25-110.005 Nov-24-11

mg/L< 0.002Mercury Nov-25-110.002 Nov-24-11

mg/L< 0.005Molybdenum Nov-25-110.005 Nov-24-11

mg/L< 0.10Nickel Nov-25-110.10 Nov-24-11

mg/L< 5.0Potassium Nov-25-115.0 Nov-24-11

mg/L< 0.05Selenium Nov-25-110.05 Nov-24-11

mg/L< 0.001Silver Nov-25-110.001 Nov-24-11

mg/L0.24Strontium Nov-25-110.05 Nov-24-11

mg/L< 0.01Thallium Nov-25-110.01 Nov-24-11

mg/L< 0.05Tin Nov-25-110.05 Nov-24-11

mg/L< 0.10Titanium Nov-25-110.10 Nov-24-11

mg/L< 0.02Uranium Nov-25-110.02 Nov-24-11

mg/L< 0.05Vanadium Nov-25-110.05 Nov-24-11

mg/L29Zinc Nov-25-110.50 Nov-24-11

mg/L4.9Final Extract pH Nov-25-11Nov-24-11

mg/L1.0Extraction Fluid # Nov-25-11Nov-24-11

TP-BL02L2-111013   (CK10334-34)   Matrix: Soil   Sampled: Oct-13-11

Nov-25-11mg/LAluminum 0.43 0.10 Nov-24-11

mg/L< 0.005Antimony Nov-25-110.005 Nov-24-11

mg/L< 0.05Arsenic Nov-25-110.05 Nov-24-11

mg/L< 1.0Barium Nov-25-111.0 Nov-24-11

mg/L< 0.05Beryllium Nov-25-110.05 Nov-24-11

mg/L< 0.50Boron Nov-25-110.50 Nov-24-11

mg/L0.08Cadmium Nov-25-110.001 Nov-24-11

mg/L< 5.0Calcium Nov-25-115.0 Nov-24-11

mg/L< 0.05Chromium Nov-25-110.05 Nov-24-11
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PROJECT

SNC-Lavalin Environment Inc. (Nelson)

SLE #503664

WORK ORDER #
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May-04-12

SAMPLE DATA

 Analyte Result RDL Units Prepared NotesAnalyzed

Toxicity Characteristic Leaching Procedure (TCLP) Metals, Continued

TP-BL02L2-111013   (CK10334-34)   Matrix: Soil   Sampled: Oct-13-11, Continued

mg/L< 0.02Cobalt Nov-25-110.02 Nov-24-11

mg/L0.13Copper Nov-25-110.10 Nov-24-11

mg/L< 1.0Iron Nov-25-111.0 Nov-24-11

mg/L15Lead Nov-25-110.02 Nov-24-11

mg/L< 0.05Lithium Nov-25-110.05 Nov-24-11

mg/L< 5.0Magnesium Nov-25-115.0 Nov-24-11

mg/L0.07Manganese Nov-25-110.005 Nov-24-11

mg/L< 0.002Mercury Nov-25-110.002 Nov-24-11

mg/L< 0.005Molybdenum Nov-25-110.005 Nov-24-11

mg/L< 0.10Nickel Nov-25-110.10 Nov-24-11

mg/L< 5.0Potassium Nov-25-115.0 Nov-24-11

mg/L< 0.05Selenium Nov-25-110.05 Nov-24-11

mg/L< 0.001Silver Nov-25-110.001 Nov-24-11

mg/L0.06Strontium Nov-25-110.05 Nov-24-11

mg/L< 0.01Thallium Nov-25-110.01 Nov-24-11

mg/L< 0.05Tin Nov-25-110.05 Nov-24-11

mg/L< 0.10Titanium Nov-25-110.10 Nov-24-11

mg/L< 0.02Uranium Nov-25-110.02 Nov-24-11

mg/L< 0.05Vanadium Nov-25-110.05 Nov-24-11

mg/L6.3Zinc Nov-25-110.50 Nov-24-11

mg/L4.9Final Extract pH Nov-25-11Nov-24-11

mg/L1.0Extraction Fluid # Nov-25-11Nov-24-11

TP-NWR-02-111014   (CK10334-39)   Matrix: Soil   Sampled: Oct-14-11

Nov-25-11mg/LAluminum 38 0.10 Nov-24-11

mg/L0.13Antimony Nov-25-110.005 Nov-24-11

mg/L0.45Arsenic Nov-25-110.05 Nov-24-11

mg/L< 1.0Barium Nov-25-111.0 Nov-24-11

mg/L< 0.05Beryllium Nov-25-110.05 Nov-24-11

mg/L< 0.50Boron Nov-25-110.50 Nov-24-11

mg/L0.22Cadmium Nov-25-110.001 Nov-24-11

mg/L630Calcium Nov-25-115.0 Nov-24-11

mg/L0.09Chromium Nov-25-110.05 Nov-24-11

mg/L0.03Cobalt Nov-25-110.02 Nov-24-11

mg/L2.5Copper Nov-25-110.10 Nov-24-11

mg/L85Iron Nov-25-111.0 Nov-24-11

mg/L15Lead Nov-25-110.02 Nov-24-11

mg/L< 0.05Lithium Nov-25-110.05 Nov-24-11

mg/L12Magnesium Nov-25-115.0 Nov-24-11

mg/L2.0Manganese Nov-25-110.005 Nov-24-11

mg/L0.002Mercury Nov-25-110.002 Nov-24-11

mg/L< 0.005Molybdenum Nov-25-110.005 Nov-24-11

mg/L< 0.10Nickel Nov-25-110.10 Nov-24-11

mg/L8.1Potassium Nov-25-115.0 Nov-24-11

mg/L< 0.05Selenium Nov-25-110.05 Nov-24-11

mg/L< 0.001Silver Nov-25-110.001 Nov-24-11

mg/L0.52Strontium Nov-25-110.05 Nov-24-11
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CLIENT

PROJECT

SNC-Lavalin Environment Inc. (Nelson)

SLE #503664

WORK ORDER #
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May-04-12

SAMPLE DATA

 Analyte Result RDL Units Prepared NotesAnalyzed

Toxicity Characteristic Leaching Procedure (TCLP) Metals, Continued

TP-NWR-02-111014   (CK10334-39)   Matrix: Soil   Sampled: Oct-14-11, Continued

mg/L0.01Thallium Nov-25-110.01 Nov-24-11

mg/L0.49Tin Nov-25-110.05 Nov-24-11

mg/L1.1Titanium Nov-25-110.10 Nov-24-11

mg/L< 0.02Uranium Nov-25-110.02 Nov-24-11

mg/L< 0.05Vanadium Nov-25-110.05 Nov-24-11

mg/L44Zinc Nov-25-110.50 Nov-24-11

mg/L4.6Final Extract pH Nov-25-11Nov-24-11

mg/L1.0Extraction Fluid # Nov-25-11Nov-24-11

Synthetic Precipitation Leaching Procedure (SPLP) Metals

TP-GC02L1-111011   (CK10334-02)   Matrix: Soil   Sampled: Oct-11-11

Nov-28-11mg/LAluminum < 0.05 0.05 Nov-24-11

mg/L< 0.005Antimony Nov-28-110.005 Nov-24-11

mg/L< 0.05Arsenic Nov-28-110.05 Nov-24-11

mg/L< 0.50Barium Nov-28-110.50 Nov-24-11

mg/L< 0.05Beryllium Nov-28-110.05 Nov-24-11

mg/L< 0.05Bismuth Nov-28-110.05 Nov-24-11

mg/L< 0.50Boron Nov-28-110.50 Nov-24-11

mg/L0.17Cadmium Nov-28-110.001 Nov-24-11

mg/L9.9Calcium Nov-28-115.0 Nov-24-11

mg/L< 0.02Chromium Nov-28-110.02 Nov-24-11

mg/L< 0.02Cobalt Nov-28-110.02 Nov-24-11

mg/L< 0.05Copper Nov-28-110.05 Nov-24-11

mg/L< 1.0Iron Nov-28-111.0 Nov-24-11

mg/L< 0.02Lead Nov-28-110.02 Nov-24-11

mg/L< 0.05Lithium Nov-28-110.05 Nov-24-11

mg/L< 5.0Magnesium Nov-28-115.0 Nov-24-11

mg/L0.02Manganese Nov-28-110.005 Nov-24-11

mg/L< 0.002Mercury Nov-28-110.002 Nov-24-11

mg/L< 0.005Molybdenum Nov-28-110.005 Nov-24-11

mg/L< 0.10Nickel Nov-28-110.10 Nov-24-11

mg/L< 5.0Potassium Nov-28-115.0 Nov-24-11

mg/L< 0.05Selenium Nov-28-110.05 Nov-24-11

mg/L< 0.001Silver Nov-28-110.001 Nov-24-11

mg/L0.12Strontium Nov-28-110.05 Nov-24-11

mg/L< 0.20Tellurium Nov-28-110.20 Nov-24-11

mg/L< 0.01Thallium Nov-28-110.01 Nov-24-11

mg/L< 0.05Tin Nov-28-110.05 Nov-24-11

mg/L< 0.10Titanium Nov-28-110.10 Nov-24-11

mg/L< 0.02Uranium Nov-28-110.02 Nov-24-11

mg/L< 0.05Vanadium Nov-28-110.05 Nov-24-11

mg/L9.8Zinc Nov-28-110.50 Nov-24-11

mg/L< 0.05Zirconium Nov-28-110.05 Nov-24-11

mg/L6.4Final Extract pH Nov-28-11Nov-24-11

mg/L0.0Extraction Fluid # Nov-28-11Nov-24-11
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CLIENT

PROJECT

SNC-Lavalin Environment Inc. (Nelson)

SLE #503664

WORK ORDER #

REPORTED

CK10334

May-04-12

SAMPLE DATA

 Analyte Result RDL Units Prepared NotesAnalyzed

Synthetic Precipitation Leaching Procedure (SPLP) Metals, Continued

TP-GC06L1-111011   (CK10334-03)   Matrix: Soil   Sampled: Oct-11-11

Nov-28-11mg/LAluminum < 0.05 0.05 Nov-24-11

mg/L< 0.005Antimony Nov-28-110.005 Nov-24-11

mg/L< 0.05Arsenic Nov-28-110.05 Nov-24-11

mg/L< 0.50Barium Nov-28-110.50 Nov-24-11

mg/L< 0.05Beryllium Nov-28-110.05 Nov-24-11

mg/L< 0.05Bismuth Nov-28-110.05 Nov-24-11

mg/L< 0.50Boron Nov-28-110.50 Nov-24-11

mg/L0.10Cadmium Nov-28-110.001 Nov-24-11

mg/L< 5.0Calcium Nov-28-115.0 Nov-24-11

mg/L< 0.02Chromium Nov-28-110.02 Nov-24-11

mg/L< 0.02Cobalt Nov-28-110.02 Nov-24-11

mg/L< 0.05Copper Nov-28-110.05 Nov-24-11

mg/L< 1.0Iron Nov-28-111.0 Nov-24-11

mg/L< 0.05Lithium Nov-28-110.05 Nov-24-11

mg/L0.04Lead Nov-28-110.02 Nov-24-11

mg/L< 5.0Magnesium Nov-28-115.0 Nov-24-11

mg/L0.04Manganese Nov-28-110.005 Nov-24-11

mg/L< 0.002Mercury Nov-28-110.002 Nov-24-11

mg/L< 0.005Molybdenum Nov-28-110.005 Nov-24-11

mg/L< 0.10Nickel Nov-28-110.10 Nov-24-11

mg/L< 5.0Potassium Nov-28-115.0 Nov-24-11

mg/L< 0.05Selenium Nov-28-110.05 Nov-24-11

mg/L< 0.001Silver Nov-28-110.001 Nov-24-11

mg/L< 0.05Strontium Nov-28-110.05 Nov-24-11

mg/L< 0.20Tellurium Nov-28-110.20 Nov-24-11

mg/L< 0.01Thallium Nov-28-110.01 Nov-24-11

mg/L< 0.05Tin Nov-28-110.05 Nov-24-11

mg/L< 0.10Titanium Nov-28-110.10 Nov-24-11

mg/L< 0.02Uranium Nov-28-110.02 Nov-24-11

mg/L< 0.05Vanadium Nov-28-110.05 Nov-24-11

mg/L14Zinc Nov-28-110.50 Nov-24-11

mg/L< 0.05Zirconium Nov-28-110.05 Nov-24-11

mg/L6.4Final Extract pH Nov-28-11Nov-24-11

mg/L0.0Extraction Fluid # Nov-28-11Nov-24-11

TP-GC02L2-111011   (CK10334-06)   Matrix: Soil   Sampled: Oct-11-11

Nov-28-11mg/LAluminum < 0.05 0.05 Nov-24-11

mg/L< 0.005Antimony Nov-28-110.005 Nov-24-11

mg/L< 0.05Arsenic Nov-28-110.05 Nov-24-11

mg/L< 0.50Barium Nov-28-110.50 Nov-24-11

mg/L< 0.05Beryllium Nov-28-110.05 Nov-24-11

mg/L< 0.05Bismuth Nov-28-110.05 Nov-24-11

mg/L< 0.50Boron Nov-28-110.50 Nov-24-11

mg/L0.14Cadmium Nov-28-110.001 Nov-24-11

mg/L8.6Calcium Nov-28-115.0 Nov-24-11

mg/L< 0.02Chromium Nov-28-110.02 Nov-24-11

mg/L< 0.02Cobalt Nov-28-110.02 Nov-24-11

Page 32 of 54CARO Analytical Services



CLIENT

PROJECT

SNC-Lavalin Environment Inc. (Nelson)

SLE #503664

WORK ORDER #

REPORTED

CK10334

May-04-12

SAMPLE DATA

 Analyte Result RDL Units Prepared NotesAnalyzed

Synthetic Precipitation Leaching Procedure (SPLP) Metals, Continued

TP-GC02L2-111011   (CK10334-06)   Matrix: Soil   Sampled: Oct-11-11, Continued

mg/L< 0.05Copper Nov-28-110.05 Nov-24-11

mg/L< 1.0Iron Nov-28-111.0 Nov-24-11

mg/L< 0.05Lithium Nov-28-110.05 Nov-24-11

mg/L< 0.02Lead Nov-28-110.02 Nov-24-11

mg/L< 5.0Magnesium Nov-28-115.0 Nov-24-11

mg/L< 0.005Manganese Nov-28-110.005 Nov-24-11

mg/L< 0.002Mercury Nov-28-110.002 Nov-24-11

mg/L< 0.005Molybdenum Nov-28-110.005 Nov-24-11

mg/L< 0.10Nickel Nov-28-110.10 Nov-24-11

mg/L< 5.0Potassium Nov-28-115.0 Nov-24-11

mg/L< 0.05Selenium Nov-28-110.05 Nov-24-11

mg/L< 0.001Silver Nov-28-110.001 Nov-24-11

mg/L0.13Strontium Nov-28-110.05 Nov-24-11

mg/L< 0.20Tellurium Nov-28-110.20 Nov-24-11

mg/L< 0.01Thallium Nov-28-110.01 Nov-24-11

mg/L< 0.05Tin Nov-28-110.05 Nov-24-11

mg/L< 0.10Titanium Nov-28-110.10 Nov-24-11

mg/L< 0.02Uranium Nov-28-110.02 Nov-24-11

mg/L< 0.05Vanadium Nov-28-110.05 Nov-24-11

mg/L7.8Zinc Nov-28-110.50 Nov-24-11

mg/L< 0.05Zirconium Nov-28-110.05 Nov-24-11

mg/L6.5Final Extract pH Nov-28-11Nov-24-11

mg/L0.0Extraction Fluid # Nov-28-11Nov-24-11

TP-GC07L2-111011   (CK10334-07)   Matrix: Soil   Sampled: Oct-11-11

Nov-28-11mg/LAluminum < 0.05 0.05 Nov-24-11

mg/L< 0.005Antimony Nov-28-110.005 Nov-24-11

mg/L< 0.05Arsenic Nov-28-110.05 Nov-24-11

mg/L< 0.50Barium Nov-28-110.50 Nov-24-11

mg/L< 0.05Beryllium Nov-28-110.05 Nov-24-11

mg/L< 0.05Bismuth Nov-28-110.05 Nov-24-11

mg/L< 0.50Boron Nov-28-110.50 Nov-24-11

mg/L0.07Cadmium Nov-28-110.001 Nov-24-11

mg/L22Calcium Nov-28-115.0 Nov-24-11

mg/L< 0.02Chromium Nov-28-110.02 Nov-24-11

mg/L< 0.02Cobalt Nov-28-110.02 Nov-24-11

mg/L< 0.05Copper Nov-28-110.05 Nov-24-11

mg/L< 1.0Iron Nov-28-111.0 Nov-24-11

mg/L< 0.05Lithium Nov-28-110.05 Nov-24-11

mg/L< 0.02Lead Nov-28-110.02 Nov-24-11

mg/L< 5.0Magnesium Nov-28-115.0 Nov-24-11

mg/L0.009Manganese Nov-28-110.005 Nov-24-11

mg/L< 0.002Mercury Nov-28-110.002 Nov-24-11

mg/L< 0.005Molybdenum Nov-28-110.005 Nov-24-11

mg/L< 0.10Nickel Nov-28-110.10 Nov-24-11

mg/L< 5.0Potassium Nov-28-115.0 Nov-24-11

mg/L< 0.05Selenium Nov-28-110.05 Nov-24-11
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PROJECT
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May-04-12

SAMPLE DATA

 Analyte Result RDL Units Prepared NotesAnalyzed

Synthetic Precipitation Leaching Procedure (SPLP) Metals, Continued

TP-GC07L2-111011   (CK10334-07)   Matrix: Soil   Sampled: Oct-11-11, Continued

mg/L< 0.001Silver Nov-28-110.001 Nov-24-11

mg/L0.16Strontium Nov-28-110.05 Nov-24-11

mg/L< 0.20Tellurium Nov-28-110.20 Nov-24-11

mg/L< 0.01Thallium Nov-28-110.01 Nov-24-11

mg/L< 0.05Tin Nov-28-110.05 Nov-24-11

mg/L< 0.10Titanium Nov-28-110.10 Nov-24-11

mg/L< 0.02Uranium Nov-28-110.02 Nov-24-11

mg/L< 0.05Vanadium Nov-28-110.05 Nov-24-11

mg/L5.4Zinc Nov-28-110.50 Nov-24-11

mg/L< 0.05Zirconium Nov-28-110.05 Nov-24-11

mg/L6.7Final Extract pH Nov-28-11Nov-24-11

mg/L0.0Extraction Fluid # Nov-28-11Nov-24-11

TP-GC12L2-111011   (CK10334-08)   Matrix: Soil   Sampled: Oct-11-11

Nov-28-11mg/LAluminum < 0.05 0.05 Nov-24-11

mg/L< 0.005Antimony Nov-28-110.005 Nov-24-11

mg/L< 0.05Arsenic Nov-28-110.05 Nov-24-11

mg/L< 0.50Barium Nov-28-110.50 Nov-24-11

mg/L< 0.05Beryllium Nov-28-110.05 Nov-24-11

mg/L< 0.05Bismuth Nov-28-110.05 Nov-24-11

mg/L< 0.50Boron Nov-28-110.50 Nov-24-11

mg/L0.07Cadmium Nov-28-110.001 Nov-24-11

mg/L< 5.0Calcium Nov-28-115.0 Nov-24-11

mg/L< 0.02Chromium Nov-28-110.02 Nov-24-11

mg/L< 0.02Cobalt Nov-28-110.02 Nov-24-11

mg/L< 0.05Copper Nov-28-110.05 Nov-24-11

mg/L< 1.0Iron Nov-28-111.0 Nov-24-11

mg/L< 0.05Lithium Nov-28-110.05 Nov-24-11

mg/L< 0.02Lead Nov-28-110.02 Nov-24-11

mg/L< 5.0Magnesium Nov-28-115.0 Nov-24-11

mg/L0.009Manganese Nov-28-110.005 Nov-24-11

mg/L< 0.002Mercury Nov-28-110.002 Nov-24-11

mg/L< 0.005Molybdenum Nov-28-110.005 Nov-24-11

mg/L< 0.10Nickel Nov-28-110.10 Nov-24-11

mg/L< 5.0Potassium Nov-28-115.0 Nov-24-11

mg/L< 0.05Selenium Nov-28-110.05 Nov-24-11

mg/L< 0.001Silver Nov-28-110.001 Nov-24-11

mg/L0.06Strontium Nov-28-110.05 Nov-24-11

mg/L< 0.20Tellurium Nov-28-110.20 Nov-24-11

mg/L< 0.01Thallium Nov-28-110.01 Nov-24-11

mg/L< 0.05Tin Nov-28-110.05 Nov-24-11

mg/L< 0.10Titanium Nov-28-110.10 Nov-24-11

mg/L< 0.02Uranium Nov-28-110.02 Nov-24-11

mg/L< 0.05Vanadium Nov-28-110.05 Nov-24-11

mg/L14Zinc Nov-28-110.50 Nov-24-11

mg/L< 0.05Zirconium Nov-28-110.05 Nov-24-11

mg/L6.4Final Extract pH Nov-28-11Nov-24-11
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 Analyte Result RDL Units Prepared NotesAnalyzed

Synthetic Precipitation Leaching Procedure (SPLP) Metals, Continued

TP-GC12L2-111011   (CK10334-08)   Matrix: Soil   Sampled: Oct-11-11, Continued

mg/L0.0Extraction Fluid # Nov-28-11Nov-24-11

TP-GC03L3-111011   (CK10334-10)   Matrix: Soil   Sampled: Oct-11-11

Nov-28-11mg/LAluminum < 0.05 0.05 Nov-24-11

mg/L< 0.005Antimony Nov-28-110.005 Nov-24-11

mg/L< 0.05Arsenic Nov-28-110.05 Nov-24-11

mg/L< 0.50Barium Nov-28-110.50 Nov-24-11

mg/L< 0.05Beryllium Nov-28-110.05 Nov-24-11

mg/L< 0.05Bismuth Nov-28-110.05 Nov-24-11

mg/L< 0.50Boron Nov-28-110.50 Nov-24-11

mg/L0.17Cadmium Nov-28-110.001 Nov-24-11

mg/L11Calcium Nov-28-115.0 Nov-24-11

mg/L< 0.02Chromium Nov-28-110.02 Nov-24-11

mg/L< 0.02Cobalt Nov-28-110.02 Nov-24-11

mg/L< 0.05Copper Nov-28-110.05 Nov-24-11

mg/L< 1.0Iron Nov-28-111.0 Nov-24-11

mg/L< 0.02Lead Nov-28-110.02 Nov-24-11

mg/L< 0.05Lithium Nov-28-110.05 Nov-24-11

mg/L< 5.0Magnesium Nov-28-115.0 Nov-24-11

mg/L< 0.005Manganese Nov-28-110.005 Nov-24-11

mg/L< 0.002Mercury Nov-28-110.002 Nov-24-11

mg/L< 0.005Molybdenum Nov-28-110.005 Nov-24-11

mg/L< 0.10Nickel Nov-28-110.10 Nov-24-11

mg/L< 5.0Potassium Nov-28-115.0 Nov-24-11

mg/L< 0.05Selenium Nov-28-110.05 Nov-24-11

mg/L< 0.001Silver Nov-28-110.001 Nov-24-11

mg/L0.15Strontium Nov-28-110.05 Nov-24-11

mg/L< 0.20Tellurium Nov-28-110.20 Nov-24-11

mg/L< 0.01Thallium Nov-28-110.01 Nov-24-11

mg/L< 0.05Tin Nov-28-110.05 Nov-24-11

mg/L< 0.10Titanium Nov-28-110.10 Nov-24-11

mg/L< 0.02Uranium Nov-28-110.02 Nov-24-11

mg/L< 0.05Vanadium Nov-28-110.05 Nov-24-11

mg/L7.7Zinc Nov-28-110.50 Nov-24-11

mg/L< 0.05Zirconium Nov-28-110.05 Nov-24-11

mg/L6.5Final Extract pH Nov-28-11Nov-24-11

mg/L0.0Extraction Fluid # Nov-28-11Nov-24-11

TP-GC08L3-111011   (CK10334-11)   Matrix: Soil   Sampled: Oct-12-11

Nov-28-11mg/LAluminum < 0.05 0.05 Nov-24-11

mg/L< 0.005Antimony Nov-28-110.005 Nov-24-11

mg/L< 0.05Arsenic Nov-28-110.05 Nov-24-11

mg/L< 0.50Barium Nov-28-110.50 Nov-24-11

mg/L< 0.05Beryllium Nov-28-110.05 Nov-24-11

mg/L< 0.05Bismuth Nov-28-110.05 Nov-24-11

mg/L< 0.50Boron Nov-28-110.50 Nov-24-11

mg/L0.49Cadmium Nov-28-110.001 Nov-24-11
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PROJECT

SNC-Lavalin Environment Inc. (Nelson)

SLE #503664

WORK ORDER #
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CK10334

May-04-12

SAMPLE DATA

 Analyte Result RDL Units Prepared NotesAnalyzed

Synthetic Precipitation Leaching Procedure (SPLP) Metals, Continued

TP-GC08L3-111011   (CK10334-11)   Matrix: Soil   Sampled: Oct-12-11, Continued

mg/L190Calcium Nov-28-115.0 Nov-24-11

mg/L< 0.02Chromium Nov-28-110.02 Nov-24-11

mg/L< 0.02Cobalt Nov-28-110.02 Nov-24-11

mg/L< 0.05Copper Nov-28-110.05 Nov-24-11

mg/L< 1.0Iron Nov-28-111.0 Nov-24-11

mg/L0.05Lead Nov-28-110.02 Nov-24-11

mg/L< 0.05Lithium Nov-28-110.05 Nov-24-11

mg/L< 5.0Magnesium Nov-28-115.0 Nov-24-11

mg/L< 0.005Manganese Nov-28-110.005 Nov-24-11

mg/L< 0.002Mercury Nov-28-110.002 Nov-24-11

mg/L< 0.005Molybdenum Nov-28-110.005 Nov-24-11

mg/L< 0.10Nickel Nov-28-110.10 Nov-24-11

mg/L< 5.0Potassium Nov-28-115.0 Nov-24-11

mg/L< 0.05Selenium Nov-28-110.05 Nov-24-11

mg/L< 0.001Silver Nov-28-110.001 Nov-24-11

mg/L0.72Strontium Nov-28-110.05 Nov-24-11

mg/L< 0.20Tellurium Nov-28-110.20 Nov-24-11

mg/L< 0.01Thallium Nov-28-110.01 Nov-24-11

mg/L< 0.05Tin Nov-28-110.05 Nov-24-11

mg/L< 0.10Titanium Nov-28-110.10 Nov-24-11

mg/L< 0.02Uranium Nov-28-110.02 Nov-24-11

mg/L< 0.05Vanadium Nov-28-110.05 Nov-24-11

mg/L11Zinc Nov-28-110.50 Nov-24-11

mg/L< 0.05Zirconium Nov-28-110.05 Nov-24-11

mg/L6.6Final Extract pH Nov-28-11Nov-24-11

mg/L0.0Extraction Fluid # Nov-28-11Nov-24-11

TP-GC04L4-111012   (CK10334-14)   Matrix: Soil   Sampled: Oct-12-11

Nov-28-11mg/LAluminum < 0.05 0.05 Nov-24-11

mg/L< 0.005Antimony Nov-28-110.005 Nov-24-11

mg/L< 0.05Arsenic Nov-28-110.05 Nov-24-11

mg/L< 0.50Barium Nov-28-110.50 Nov-24-11

mg/L< 0.05Beryllium Nov-28-110.05 Nov-24-11

mg/L< 0.05Bismuth Nov-28-110.05 Nov-24-11

mg/L< 0.50Boron Nov-28-110.50 Nov-24-11

mg/L0.15Cadmium Nov-28-110.001 Nov-24-11

mg/L< 5.0Calcium Nov-28-115.0 Nov-24-11

mg/L< 0.02Chromium Nov-28-110.02 Nov-24-11

mg/L< 0.02Cobalt Nov-28-110.02 Nov-24-11

mg/L< 0.05Copper Nov-28-110.05 Nov-24-11

mg/L< 1.0Iron Nov-28-111.0 Nov-24-11

mg/L< 0.02Lead Nov-28-110.02 Nov-24-11

mg/L< 0.05Lithium Nov-28-110.05 Nov-24-11

mg/L< 5.0Magnesium Nov-28-115.0 Nov-24-11

mg/L0.005Manganese Nov-28-110.005 Nov-24-11

mg/L< 0.002Mercury Nov-28-110.002 Nov-24-11

mg/L< 0.005Molybdenum Nov-28-110.005 Nov-24-11
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SAMPLE DATA

 Analyte Result RDL Units Prepared NotesAnalyzed

Synthetic Precipitation Leaching Procedure (SPLP) Metals, Continued

TP-GC04L4-111012   (CK10334-14)   Matrix: Soil   Sampled: Oct-12-11, Continued

mg/L< 0.10Nickel Nov-28-110.10 Nov-24-11

mg/L< 5.0Potassium Nov-28-115.0 Nov-24-11

mg/L< 0.05Selenium Nov-28-110.05 Nov-24-11

mg/L< 0.001Silver Nov-28-110.001 Nov-24-11

mg/L0.08Strontium Nov-28-110.05 Nov-24-11

mg/L< 0.20Tellurium Nov-28-110.20 Nov-24-11

mg/L< 0.01Thallium Nov-28-110.01 Nov-24-11

mg/L< 0.05Tin Nov-28-110.05 Nov-24-11

mg/L< 0.10Titanium Nov-28-110.10 Nov-24-11

mg/L< 0.02Uranium Nov-28-110.02 Nov-24-11

mg/L< 0.05Vanadium Nov-28-110.05 Nov-24-11

mg/L15Zinc Nov-28-110.50 Nov-24-11

mg/L< 0.05Zirconium Nov-28-110.05 Nov-24-11

mg/L4.3Final Extract pH Nov-28-11Nov-24-11

mg/L0.0Extraction Fluid # Nov-28-11Nov-24-11

TP-GC09L4-111012   (CK10334-16)   Matrix: Soil   Sampled: Oct-12-11

Nov-28-11mg/LAluminum < 0.05 0.05 Nov-24-11

mg/L< 0.005Antimony Nov-28-110.005 Nov-24-11

mg/L< 0.05Arsenic Nov-28-110.05 Nov-24-11

mg/L< 0.50Barium Nov-28-110.50 Nov-24-11

mg/L< 0.05Beryllium Nov-28-110.05 Nov-24-11

mg/L< 0.05Bismuth Nov-28-110.05 Nov-24-11

mg/L< 0.50Boron Nov-28-110.50 Nov-24-11

mg/L0.10Cadmium Nov-28-110.001 Nov-24-11

mg/L< 5.0Calcium Nov-28-115.0 Nov-24-11

mg/L< 0.02Chromium Nov-28-110.02 Nov-24-11

mg/L< 0.02Cobalt Nov-28-110.02 Nov-24-11

mg/L< 0.05Copper Nov-28-110.05 Nov-24-11

mg/L< 1.0Iron Nov-28-111.0 Nov-24-11

mg/L0.03Lead Nov-28-110.02 Nov-24-11

mg/L< 0.05Lithium Nov-28-110.05 Nov-24-11

mg/L< 5.0Magnesium Nov-28-115.0 Nov-24-11

mg/L0.02Manganese Nov-28-110.005 Nov-24-11

mg/L< 0.002Mercury Nov-28-110.002 Nov-24-11

mg/L< 0.005Molybdenum Nov-28-110.005 Nov-24-11

mg/L< 0.10Nickel Nov-28-110.10 Nov-24-11

mg/L< 5.0Potassium Nov-28-115.0 Nov-24-11

mg/L< 0.05Selenium Nov-28-110.05 Nov-24-11

mg/L< 0.001Silver Nov-28-110.001 Nov-24-11

mg/L0.15Strontium Nov-28-110.05 Nov-24-11

mg/L< 0.20Tellurium Nov-28-110.20 Nov-24-11

mg/L< 0.01Thallium Nov-28-110.01 Nov-24-11

mg/L< 0.05Tin Nov-28-110.05 Nov-24-11

mg/L< 0.10Titanium Nov-28-110.10 Nov-24-11

mg/L< 0.02Uranium Nov-28-110.02 Nov-24-11

mg/L< 0.05Vanadium Nov-28-110.05 Nov-24-11
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PROJECT
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SAMPLE DATA

 Analyte Result RDL Units Prepared NotesAnalyzed

Synthetic Precipitation Leaching Procedure (SPLP) Metals, Continued

TP-GC09L4-111012   (CK10334-16)   Matrix: Soil   Sampled: Oct-12-11, Continued

mg/L27Zinc Nov-28-110.50 Nov-24-11

mg/L< 0.05Zirconium Nov-28-110.05 Nov-24-11

mg/L6.2Final Extract pH Nov-28-11Nov-24-11

mg/L0.0Extraction Fluid # Nov-28-11Nov-24-11

TP-SWR01L2-111013   (CK10334-23)   Matrix: Soil   Sampled: Oct-13-11

Nov-28-11mg/LAluminum 0.71 0.05 Nov-24-11

mg/L0.85Antimony Nov-28-110.005 Nov-24-11

mg/L0.25Arsenic Nov-28-110.05 Nov-24-11

mg/L< 0.50Barium Nov-28-110.50 Nov-24-11

mg/L< 0.05Beryllium Nov-28-110.05 Nov-24-11

mg/L< 0.05Bismuth Nov-28-110.05 Nov-24-11

mg/L< 0.50Boron Nov-28-110.50 Nov-24-11

mg/L0.01Cadmium Nov-28-110.001 Nov-24-11

mg/L560Calcium Nov-28-115.0 Nov-24-11

mg/L< 0.02Chromium Nov-28-110.02 Nov-24-11

mg/L< 0.02Cobalt Nov-28-110.02 Nov-24-11

mg/L0.19Copper Nov-28-110.05 Nov-24-11

mg/L< 1.0Iron Nov-28-111.0 Nov-24-11

mg/L2.1Lead Nov-28-110.02 Nov-24-11

mg/L< 0.05Lithium Nov-28-110.05 Nov-24-11

mg/L< 5.0Magnesium Nov-28-115.0 Nov-24-11

mg/L0.08Manganese Nov-28-110.005 Nov-24-11

mg/L< 0.002Mercury Nov-28-110.002 Nov-24-11

mg/L< 0.005Molybdenum Nov-28-110.005 Nov-24-11

mg/L< 0.10Nickel Nov-28-110.10 Nov-24-11

mg/L< 5.0Potassium Nov-28-115.0 Nov-24-11

mg/L< 0.05Selenium Nov-28-110.05 Nov-24-11

mg/L< 0.001Silver Nov-28-110.001 Nov-24-11

mg/L0.50Strontium Nov-28-110.05 Nov-24-11

mg/L< 0.20Tellurium Nov-28-110.20 Nov-24-11

mg/L< 0.01Thallium Nov-28-110.01 Nov-24-11

mg/L< 0.05Tin Nov-28-110.05 Nov-24-11

mg/L< 0.10Titanium Nov-28-110.10 Nov-24-11

mg/L< 0.02Uranium Nov-28-110.02 Nov-24-11

mg/L< 0.05Vanadium Nov-28-110.05 Nov-24-11

mg/L0.66Zinc Nov-28-110.50 Nov-24-11

mg/L< 0.05Zirconium Nov-28-110.05 Nov-24-11

mg/L3.8Final Extract pH Nov-28-11Nov-24-11

mg/L0.0Extraction Fluid # Nov-28-11Nov-24-11

TP-BR03L2-111013   (CK10334-29)   Matrix: Soil   Sampled: Oct-13-11

Nov-28-11mg/LAluminum < 0.05 0.05 Nov-24-11

mg/L< 0.005Antimony Nov-28-110.005 Nov-24-11

mg/L< 0.05Arsenic Nov-28-110.05 Nov-24-11

mg/L< 0.50Barium Nov-28-110.50 Nov-24-11

mg/L< 0.05Beryllium Nov-28-110.05 Nov-24-11
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SAMPLE DATA

 Analyte Result RDL Units Prepared NotesAnalyzed

Synthetic Precipitation Leaching Procedure (SPLP) Metals, Continued

TP-BR03L2-111013   (CK10334-29)   Matrix: Soil   Sampled: Oct-13-11, Continued

mg/L< 0.05Bismuth Nov-28-110.05 Nov-24-11

mg/L< 0.50Boron Nov-28-110.50 Nov-24-11

mg/L0.06Cadmium Nov-28-110.001 Nov-24-11

mg/L< 5.0Calcium Nov-28-115.0 Nov-24-11

mg/L< 0.02Chromium Nov-28-110.02 Nov-24-11

mg/L0.04Cobalt Nov-28-110.02 Nov-24-11

mg/L0.79Copper Nov-28-110.05 Nov-24-11

mg/L< 1.0Iron Nov-28-111.0 Nov-24-11

mg/L0.03Lead Nov-28-110.02 Nov-24-11

mg/L< 0.05Lithium Nov-28-110.05 Nov-24-11

mg/L< 5.0Magnesium Nov-28-115.0 Nov-24-11

mg/L2.5Manganese Nov-28-110.005 Nov-24-11

mg/L< 0.002Mercury Nov-28-110.002 Nov-24-11

mg/L< 0.005Molybdenum Nov-28-110.005 Nov-24-11

mg/L0.29Nickel Nov-28-110.10 Nov-24-11

mg/L< 5.0Potassium Nov-28-115.0 Nov-24-11

mg/L< 0.05Selenium Nov-28-110.05 Nov-24-11

mg/L< 0.001Silver Nov-28-110.001 Nov-24-11

mg/L< 0.05Strontium Nov-28-110.05 Nov-24-11

mg/L< 0.20Tellurium Nov-28-110.20 Nov-24-11

mg/L< 0.01Thallium Nov-28-110.01 Nov-24-11

mg/L< 0.05Tin Nov-28-110.05 Nov-24-11

mg/L< 0.10Titanium Nov-28-110.10 Nov-24-11

mg/L< 0.02Uranium Nov-28-110.02 Nov-24-11

mg/L< 0.05Vanadium Nov-28-110.05 Nov-24-11

mg/L1.7Zinc Nov-28-110.50 Nov-24-11

mg/L< 0.05Zirconium Nov-28-110.05 Nov-24-11

mg/L4.8Final Extract pH Nov-28-11Nov-24-11

mg/L0.0Extraction Fluid # Nov-28-11Nov-24-11

TP-BR05L2-111013   (CK10334-30)   Matrix: Soil   Sampled: Oct-13-11

Nov-28-11mg/LAluminum 0.27 0.05 Nov-24-11

mg/L0.008Antimony Nov-28-110.005 Nov-24-11

mg/L< 0.05Arsenic Nov-28-110.05 Nov-24-11

mg/L< 0.50Barium Nov-28-110.50 Nov-24-11

mg/L< 0.05Beryllium Nov-28-110.05 Nov-24-11

mg/L< 0.05Bismuth Nov-28-110.05 Nov-24-11

mg/L< 0.50Boron Nov-28-110.50 Nov-24-11

mg/L0.12Cadmium Nov-28-110.001 Nov-24-11

mg/L8.2Calcium Nov-28-115.0 Nov-24-11

mg/L< 0.02Chromium Nov-28-110.02 Nov-24-11

mg/L< 0.02Cobalt Nov-28-110.02 Nov-24-11

mg/L2.0Copper Nov-28-110.05 Nov-24-11

mg/L< 1.0Iron Nov-28-111.0 Nov-24-11

mg/L4.9Lead Nov-28-110.02 Nov-24-11

mg/L< 0.05Lithium Nov-28-110.05 Nov-24-11

mg/L< 5.0Magnesium Nov-28-115.0 Nov-24-11
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SAMPLE DATA

 Analyte Result RDL Units Prepared NotesAnalyzed

Synthetic Precipitation Leaching Procedure (SPLP) Metals, Continued

TP-BR05L2-111013   (CK10334-30)   Matrix: Soil   Sampled: Oct-13-11, Continued

mg/L0.35Manganese Nov-28-110.005 Nov-24-11

mg/L< 0.002Mercury Nov-28-110.002 Nov-24-11

mg/L< 0.005Molybdenum Nov-28-110.005 Nov-24-11

mg/L< 0.10Nickel Nov-28-110.10 Nov-24-11

mg/L< 5.0Potassium Nov-28-115.0 Nov-24-11

mg/L< 0.05Selenium Nov-28-110.05 Nov-24-11

mg/L< 0.001Silver Nov-28-110.001 Nov-24-11

mg/L0.06Strontium Nov-28-110.05 Nov-24-11

mg/L< 0.20Tellurium Nov-28-110.20 Nov-24-11

mg/L< 0.01Thallium Nov-28-110.01 Nov-24-11

mg/L< 0.05Tin Nov-28-110.05 Nov-24-11

mg/L< 0.10Titanium Nov-28-110.10 Nov-24-11

mg/L< 0.02Uranium Nov-28-110.02 Nov-24-11

mg/L< 0.05Vanadium Nov-28-110.05 Nov-24-11

mg/L16Zinc Nov-28-110.50 Nov-24-11

mg/L< 0.05Zirconium Nov-28-110.05 Nov-24-11

mg/L4.2Final Extract pH Nov-28-11Nov-24-11

mg/L0.0Extraction Fluid # Nov-28-11Nov-24-11

TP-BL02L2-111013   (CK10334-34)   Matrix: Soil   Sampled: Oct-13-11

Nov-28-11mg/LAluminum 0.11 0.05 Nov-24-11

mg/L< 0.005Antimony Nov-28-110.005 Nov-24-11

mg/L< 0.05Arsenic Nov-28-110.05 Nov-24-11

mg/L< 0.50Barium Nov-28-110.50 Nov-24-11

mg/L< 0.05Beryllium Nov-28-110.05 Nov-24-11

mg/L< 0.05Bismuth Nov-28-110.05 Nov-24-11

mg/L< 0.50Boron Nov-28-110.50 Nov-24-11

mg/L0.05Cadmium Nov-28-110.001 Nov-24-11

mg/L< 5.0Calcium Nov-28-115.0 Nov-24-11

mg/L< 0.02Chromium Nov-28-110.02 Nov-24-11

mg/L< 0.02Cobalt Nov-28-110.02 Nov-24-11

mg/L0.05Copper Nov-28-110.05 Nov-24-11

mg/L< 1.0Iron Nov-28-111.0 Nov-24-11

mg/L1.9Lead Nov-28-110.02 Nov-24-11

mg/L< 0.05Lithium Nov-28-110.05 Nov-24-11

mg/L< 5.0Magnesium Nov-28-115.0 Nov-24-11

mg/L0.05Manganese Nov-28-110.005 Nov-24-11

mg/L< 0.002Mercury Nov-28-110.002 Nov-24-11

mg/L< 0.005Molybdenum Nov-28-110.005 Nov-24-11

mg/L< 0.10Nickel Nov-28-110.10 Nov-24-11

mg/L< 5.0Potassium Nov-28-115.0 Nov-24-11

mg/L< 0.05Selenium Nov-28-110.05 Nov-24-11

mg/L< 0.001Silver Nov-28-110.001 Nov-24-11

mg/L< 0.05Strontium Nov-28-110.05 Nov-24-11

mg/L< 0.20Tellurium Nov-28-110.20 Nov-24-11

mg/L< 0.01Thallium Nov-28-110.01 Nov-24-11

mg/L< 0.05Tin Nov-28-110.05 Nov-24-11
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PROJECT
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SAMPLE DATA

 Analyte Result RDL Units Prepared NotesAnalyzed

Synthetic Precipitation Leaching Procedure (SPLP) Metals, Continued

TP-BL02L2-111013   (CK10334-34)   Matrix: Soil   Sampled: Oct-13-11, Continued

mg/L< 0.10Titanium Nov-28-110.10 Nov-24-11

mg/L< 0.02Uranium Nov-28-110.02 Nov-24-11

mg/L< 0.05Vanadium Nov-28-110.05 Nov-24-11

mg/L2.1Zinc Nov-28-110.50 Nov-24-11

mg/L< 0.05Zirconium Nov-28-110.05 Nov-24-11

mg/L4.2Final Extract pH Nov-28-11Nov-24-11

mg/L0.0Extraction Fluid # Nov-28-11Nov-24-11

TP-BL05L2-111013   (CK10334-35)   Matrix: Soil   Sampled: Oct-13-11

Nov-28-11mg/LAluminum 0.25 0.05 Nov-24-11

mg/L< 0.005Antimony Nov-28-110.005 Nov-24-11

mg/L< 0.05Arsenic Nov-28-110.05 Nov-24-11

mg/L< 0.50Barium Nov-28-110.50 Nov-24-11

mg/L< 0.05Beryllium Nov-28-110.05 Nov-24-11

mg/L< 0.05Bismuth Nov-28-110.05 Nov-24-11

mg/L< 0.50Boron Nov-28-110.50 Nov-24-11

mg/L0.08Cadmium Nov-28-110.001 Nov-24-11

mg/L< 5.0Calcium Nov-28-115.0 Nov-24-11

mg/L< 0.02Chromium Nov-28-110.02 Nov-24-11

mg/L< 0.02Cobalt Nov-28-110.02 Nov-24-11

mg/L0.61Copper Nov-28-110.05 Nov-24-11

mg/L< 1.0Iron Nov-28-111.0 Nov-24-11

mg/L8.7Lead Nov-28-110.02 Nov-24-11

mg/L< 0.05Lithium Nov-28-110.05 Nov-24-11

mg/L< 5.0Magnesium Nov-28-115.0 Nov-24-11

mg/L0.26Manganese Nov-28-110.005 Nov-24-11

mg/L< 0.002Mercury Nov-28-110.002 Nov-24-11

mg/L< 0.005Molybdenum Nov-28-110.005 Nov-24-11

mg/L< 0.10Nickel Nov-28-110.10 Nov-24-11

mg/L< 5.0Potassium Nov-28-115.0 Nov-24-11

mg/L< 0.05Selenium Nov-28-110.05 Nov-24-11

mg/L< 0.001Silver Nov-28-110.001 Nov-24-11

mg/L0.08Strontium Nov-28-110.05 Nov-24-11

mg/L< 0.20Tellurium Nov-28-110.20 Nov-24-11

mg/L< 0.01Thallium Nov-28-110.01 Nov-24-11

mg/L< 0.05Tin Nov-28-110.05 Nov-24-11

mg/L< 0.10Titanium Nov-28-110.10 Nov-24-11

mg/L< 0.02Uranium Nov-28-110.02 Nov-24-11

mg/L< 0.05Vanadium Nov-28-110.05 Nov-24-11

mg/L6.6Zinc Nov-28-110.50 Nov-24-11

mg/L< 0.05Zirconium Nov-28-110.05 Nov-24-11

mg/L4.0Final Extract pH Nov-28-11Nov-24-11

mg/L0.0Extraction Fluid # Nov-28-11Nov-24-11

TP-NWR-02-111014   (CK10334-39)   Matrix: Soil   Sampled: Oct-14-11

Nov-28-11mg/LAluminum 35 0.05 Nov-24-11

mg/L0.04Antimony Nov-28-110.005 Nov-24-11
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SAMPLE DATA

 Analyte Result RDL Units Prepared NotesAnalyzed

Synthetic Precipitation Leaching Procedure (SPLP) Metals, Continued

TP-NWR-02-111014   (CK10334-39)   Matrix: Soil   Sampled: Oct-14-11, Continued

mg/L0.19Arsenic Nov-28-110.05 Nov-24-11

mg/L< 0.50Barium Nov-28-110.50 Nov-24-11

mg/L< 0.05Beryllium Nov-28-110.05 Nov-24-11

mg/L< 0.05Bismuth Nov-28-110.05 Nov-24-11

mg/L< 0.50Boron Nov-28-110.50 Nov-24-11

mg/L0.19Cadmium Nov-28-110.001 Nov-24-11

mg/L210Calcium Nov-28-115.0 Nov-24-11

mg/L0.06Chromium Nov-28-110.02 Nov-24-11

mg/L0.02Cobalt Nov-28-110.02 Nov-24-11

mg/L2.5Copper Nov-28-110.05 Nov-24-11

mg/L77Iron Nov-28-111.0 Nov-24-11

mg/L< 0.05Lithium Nov-28-110.05 Nov-24-11

mg/L2.5Lead Nov-28-110.02 Nov-24-11

mg/L11Magnesium Nov-28-115.0 Nov-24-11

mg/L1.6Manganese Nov-28-110.005 Nov-24-11

mg/L< 0.002Mercury Nov-28-110.002 Nov-24-11

mg/L< 0.005Molybdenum Nov-28-110.005 Nov-24-11

mg/L< 0.10Nickel Nov-28-110.10 Nov-24-11

mg/L6.1Potassium Nov-28-115.0 Nov-24-11

mg/L< 0.05Selenium Nov-28-110.05 Nov-24-11

mg/L0.002Silver Nov-28-110.001 Nov-24-11

mg/L0.22Strontium Nov-28-110.05 Nov-24-11

mg/L< 0.20Tellurium Nov-28-110.20 Nov-24-11

mg/L0.01Thallium Nov-28-110.01 Nov-24-11

mg/L< 0.05Tin Nov-28-110.05 Nov-24-11

mg/L0.91Titanium Nov-28-110.10 Nov-24-11

mg/L< 0.02Uranium Nov-28-110.02 Nov-24-11

mg/L0.06Vanadium Nov-28-110.05 Nov-24-11

mg/L41Zinc Nov-28-110.50 Nov-24-11

mg/L< 0.05Zirconium Nov-28-110.05 Nov-24-11

mg/L2.4Final Extract pH Nov-28-11Nov-24-11

mg/L0.0Extraction Fluid # Nov-28-11Nov-24-11

Sample Qualifiers:

HT Parameter(s) analyzed outside of the recommended holding time.
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ANALYSIS / REPORT INFORMATION

LABAnalysis Description Method Reference(s) (* = modified from)

Preparation Analysis

APHA 4500-H+ RMDpH in Soil (1:2 Soil/Water) N/A

EPA 6020A RMDStrong Acid Leachable Metals SALM V.2 (BCMOE)

EPA 6020A RMDSynthetic Precipitation Leaching Procedure (SPLP) Metals EPA 1312

EPA 6020A RMDToxicity Characteristic Leaching Procedure (TCLP) Metals EPA 1311

Confidential and Solicitor Client Privileged 

Report revised May 04, 2012.

Additional Information:
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QUALITY CONTROL DATA

The following section reports quality control (QC) data that is associated with your sample data. Groups of samples are prepared in “batches” and 

analyzed in conjunction with quality control samples that ensure your data is of the highest quality. Common QC types include:

• Method Blank (Blk): Laboratory reagent water is carried through sample preparation and analysis steps. Method Blanks indicate that results are 

free from contamination, i.e. not biased high from sources such as the sample container or the laboratory environment

• Duplicate (Dup): Preparation and analysis of a replicate aliquot of a sample. Duplicates provide a measure of the analytical method’s precision, 

i.e.    how reproducible a result is. Duplicates are only reported if they are associated with your sample data.

• Blank Spike (BS): A known amount of standard is carried through sample preparation and analysis steps. Blank Spikes, also known as laboratory 

control samples (LCS), are prepared from a different source of standard than used for the calibration. They ensure that the calibration is acceptable 

(i.e. not biased high or low) and also provide a measure of the analytical method’s accuracy (i.e. closeness of the result to a target value).

• Standard Reference Material (SRM): A material of similar matrix to the samples, externally certified for the parameter(s) listed. Standard 

Reference Materials ensure that the preparation steps in the method are adequate to achieve acceptable recoveries of the parameter(s) tested for.

Each QC type is analyzed at a 5-10% frequency, i.e. one blank/duplicate/spike for every 10 samples. For all types of QC, the specified recovery (% Rec) 

and relative percent difference (RPD) limits are derived from long-term method performance averages and/or prescribed by the reference method.

 Analyte Result

Reporting

Limit Units

Spike

Level

Source

Result % REC

% REC

Limits % RPD

% RPD

Limit Notes 

General Parameters,  Batch B1K0314

Duplicate (B1K0314-DUP1)  Prepared: Nov-25-11, Analyzed: Nov-28-11Source: CK10334-05

4pH unitspH 4.64.4 50.1

Duplicate (B1K0314-DUP2)  Prepared: Nov-25-11, Analyzed: Nov-28-11Source: CK10334-12

5pH unitspH 4.84.6 50.1

Duplicate (B1K0314-DUP3)  Prepared: Nov-25-11, Analyzed: Nov-28-11Source: CK10334-22

< 1pH unitspH 4.34.3 50.1

Duplicate (B1K0314-DUP4)  Prepared: Nov-25-11, Analyzed: Nov-28-11Source: CK10334-36

1pH unitspH 5.25.3 50.1

Duplicate (B1K0314-DUP5)  Prepared: Nov-25-11, Analyzed: Nov-28-11Source: CK10334-42

3pH unitspH 6.26.4 50.1

Reference (B1K0314-SRM1)  Prepared: Nov-25-11, Analyzed: Nov-28-11

90-1151076.10pH unitspH 6.5 0.1

Reference (B1K0314-SRM2)  Prepared: Nov-25-11, Analyzed: Nov-28-11

90-1151066.10pH unitspH 6.4 0.1

Reference (B1K0314-SRM3)  Prepared: Nov-25-11, Analyzed: Nov-28-11

90-1151046.10pH unitspH 6.4 0.1

Reference (B1K0314-SRM4)  Prepared: Nov-25-11, Analyzed: Nov-28-11

90-1151026.10pH unitspH 6.2 0.1

Reference (B1K0314-SRM5)  Prepared: Nov-25-11, Analyzed: Nov-28-11

90-1151036.10pH unitspH 6.3 0.1

Strong Acid Leachable Metals,  Batch B1K0286

Blank (B1K0286-BLK1)  Prepared: Nov-24-11, Analyzed: Nov-25-11

ug/gAntimony < 0.1 0.1

ug/g< 0.4Arsenic 0.4

ug/g< 1.0Barium 1.0

ug/g< 0.1Beryllium 0.1

ug/g< 2.0Boron 2.0

ug/g< 0.04Cadmium 0.04

ug/g< 1.0Chromium 1.0

ug/g< 0.1Cobalt 0.1

ug/g< 0.2Copper 0.2
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 Analyte Result

Reporting

Limit Units

Spike

Level

Source

Result % REC

% REC

Limits % RPD

% RPD

Limit Notes 

Strong Acid Leachable Metals,  Batch B1K0286, Continued

Blank (B1K0286-BLK1), Continued  Prepared: Nov-24-11, Analyzed: Nov-25-11

ug/g< 0.2Lead 0.2

ug/g< 0.4Manganese 0.4

ug/g< 0.05Mercury 0.05

ug/g< 0.1Molybdenum 0.1

ug/g< 0.4Nickel 0.4

ug/g< 0.5Selenium 0.5

ug/g< 0.2Silver 0.2

ug/g< 0.1Thallium 0.1

ug/g< 0.2Tin 0.2

ug/g< 0.1Uranium 0.1

ug/g< 0.4Vanadium 0.4

ug/g< 2.0Zinc 2.0

Blank (B1K0286-BLK2)  Prepared: Nov-24-11, Analyzed: Nov-25-11

ug/gAntimony < 0.1 0.1

ug/g< 0.4Arsenic 0.4

ug/g< 1.0Barium 1.0

ug/g< 0.1Beryllium 0.1

ug/g< 2.0Boron 2.0

ug/g< 0.04Cadmium 0.04

ug/g< 1.0Chromium 1.0

ug/g< 0.1Cobalt 0.1

ug/g< 0.2Copper 0.2

ug/g< 0.2Lead 0.2

ug/g< 0.4Manganese 0.4

ug/g< 0.05Mercury 0.05

ug/g< 0.1Molybdenum 0.1

ug/g< 0.4Nickel 0.4

ug/g< 0.5Selenium 0.5

ug/g< 0.2Silver 0.2

ug/g< 0.1Thallium 0.1

ug/g< 0.2Tin 0.2

ug/g< 0.1Uranium 0.1

ug/g< 0.4Vanadium 0.4

ug/g< 2.0Zinc 2.0

Blank (B1K0286-BLK3)  Prepared: Nov-24-11, Analyzed: Nov-25-11

ug/gAntimony < 0.1 0.1

ug/g< 0.4Arsenic 0.4

ug/g< 1.0Barium 1.0

ug/g< 0.1Beryllium 0.1

ug/g< 2.0Boron 2.0

ug/g< 0.04Cadmium 0.04

ug/g< 1.0Chromium 1.0

ug/g< 0.1Cobalt 0.1

ug/g< 0.2Copper 0.2

ug/g< 0.2Lead 0.2

ug/g< 0.4Manganese 0.4

ug/g< 0.05Mercury 0.05

ug/g< 0.1Molybdenum 0.1

ug/g< 0.4Nickel 0.4

ug/g< 0.5Selenium 0.5

ug/g< 0.2Silver 0.2

ug/g< 0.1Thallium 0.1

ug/g< 0.2Tin 0.2

ug/g< 0.1Uranium 0.1

ug/g< 0.4Vanadium 0.4

ug/g< 2.0Zinc 2.0

Duplicate (B1K0286-DUP2)  Prepared: Nov-24-11, Analyzed: Nov-25-11Source: CK10334-12

4ug/gAntimony 67.864.9 400.1

ug/g 490.8 94.1Arsenic 300.4

ug/g 10145 131Barium 301.0

ug/g0.3 0.2Beryllium 400.1

ug/g< 2.0 < 2.0Boron 302.0
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 Analyte Result

Reporting

Limit Units

Spike

Level

Source

Result % REC

% REC

Limits % RPD

% RPD

Limit Notes 

Strong Acid Leachable Metals,  Batch B1K0286, Continued

Duplicate (B1K0286-DUP2), Continued  Prepared: Nov-24-11, Analyzed: Nov-25-11Source: CK10334-12

ug/g 68.13 8.64Cadmium 300.04

ug/g 125.3 24.9Chromium 301.0

ug/g < 15.7 5.7Cobalt 300.1

ug/g 1185.9 77.2Copper 300.2

ug/g 21110 1090Lead 400.2

ug/g 2388 394Manganese 300.4

ug/g 171.60 1.34Mercury 400.05

ug/g 100.9 1.0Molybdenum 400.1

ug/g 315.3 15.9Nickel 300.4

ug/g1.5 1.4Selenium 300.5

ug/g 64.10 3.88Silver 400.2

ug/g 31.4 1.3Thallium 300.1

ug/g RPD7620.1 44.8Tin 400.2

ug/g 71.2 1.2Uranium 300.1

ug/g < 134.0 33.7Vanadium 300.4

ug/g 14773 885Zinc 302.0

Duplicate (B1K0286-DUP3)  Prepared: Nov-24-11, Analyzed: Nov-25-11Source: CK10334-22

4ug/gAntimony 4.24.4 400.1

ug/g 36.9 6.7Arsenic 300.4

ug/g 1188.1 78.9Barium 301.0

ug/g0.3 0.2Beryllium 400.1

ug/g< 2.0 < 2.0Boron 302.0

ug/g 13.32 3.29Cadmium 300.04

ug/g 1029.6 26.7Chromium 301.0

ug/g 27.3 7.5Cobalt 300.1

ug/g 619.3 18.3Copper 300.2

ug/g 879.7 86.5Lead 400.2

ug/g 10226 251Manganese 300.4

ug/g0.13 0.11Mercury 400.05

ug/g < 10.5 0.5Molybdenum 400.1

ug/g 1116.7 14.9Nickel 300.4

ug/g< 0.5 < 0.5Selenium 300.5

ug/g0.20 0.20Silver 400.2

ug/g0.2 0.2Thallium 300.1

ug/g 161.3 1.1Tin 400.2

ug/g 31.0 1.0Uranium 300.1

ug/g 541.5 39.4Vanadium 300.4

ug/g 5282 267Zinc 302.0

Reference (B1K0286-SRM1)  Prepared: Nov-24-11, Analyzed: Nov-25-11

62-1581407.30ug/gAntimony 10.2 0.1

ug/g 23.2 83-11210023.3Arsenic 0.4

ug/g 294 61-128119350Barium 1.0

ug/g 0.410 57-1411020.4Beryllium 0.1

ug/g 38.0 57-13912648.1Boron 2.0

ug/g 1.98 76-1281232.43Cadmium 0.04

ug/g 48.0 88-11810349.5Chromium 1.0

ug/g 8.75 87-113958.3Cobalt 0.1

ug/g 296 89-11596284Copper 0.2

ug/g 166 85-115114190Lead 0.2

ug/g 253 88-114104263Manganese 0.4

ug/g 2.88 65-1441203.47Mercury 0.05

ug/g 4.57 83-1261205.5Molybdenum 0.1

ug/g 31.6 90-1129530.1Nickel 0.4

ug/g 1.02 64-1571441.5Selenium 0.5

ug/g 1.17 60-1111011.18Silver 0.2

ug/g 0.450 79-102970.4Thallium 0.1

ug/g 19.1 74-12312223.4Tin 0.2

ug/g 1.64 75-106991.6Uranium 0.1

ug/g 74.4 83-12410074.4Vanadium 0.4

ug/g 337 86-118102345Zinc 2.0

Reference (B1K0286-SRM2)  Prepared: Nov-24-11, Analyzed: Nov-25-11

62-1581317.30ug/gAntimony 9.6 0.1
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 Analyte Result

Reporting

Limit Units

Spike

Level

Source

Result % REC

% REC

Limits % RPD

% RPD

Limit Notes 

Strong Acid Leachable Metals,  Batch B1K0286, Continued

Reference (B1K0286-SRM2), Continued  Prepared: Nov-24-11, Analyzed: Nov-25-11

ug/g 23.2 83-1129822.7Arsenic 0.4

ug/g 294 61-128106312Barium 1.0

ug/g 0.410 57-1411180.5Beryllium 0.1

ug/g 38.0 57-13912045.5Boron 2.0

ug/g 1.98 76-1281212.40Cadmium 0.04

ug/g 48.0 88-11810148.3Chromium 1.0

ug/g 8.75 87-113958.4Cobalt 0.1

ug/g 296 89-11596284Copper 0.2

ug/g 166 85-115111184Lead 0.2

ug/g 253 88-114104262Manganese 0.4

ug/g 2.88 65-1441143.29Mercury 0.05

ug/g 4.57 83-1261165.3Molybdenum 0.1

ug/g 31.6 90-1129630.4Nickel 0.4

ug/g 1.02 64-1571191.2Selenium 0.5

ug/g 1.17 60-111971.14Silver 0.2

ug/g 0.450 79-102930.4Thallium 0.1

ug/g 19.1 74-12310620.2Tin 0.2

ug/g 1.64 75-106921.5Uranium 0.1

ug/g 74.4 83-1249873.1Vanadium 0.4

ug/g 337 86-11899334Zinc 2.0

Reference (B1K0286-SRM3)  Prepared: Nov-24-11, Analyzed: Nov-25-11

62-1581277.30ug/gAntimony 9.3 0.1

ug/g 23.2 83-1129923.0Arsenic 0.4

ug/g 294 61-128101296Barium 1.0

ug/g 0.410 57-141780.3Beryllium 0.1

ug/g 38.0 57-13910640.4Boron 2.0

ug/g 1.98 76-1281132.24Cadmium 0.04

ug/g 48.0 88-1189746.6Chromium 1.0

ug/g 8.75 87-113938.1Cobalt 0.1

ug/g 296 89-11595282Copper 0.2

ug/g 166 85-115104173Lead 0.2

ug/g 253 88-114101256Manganese 0.4

ug/g 2.88 65-1441123.22Mercury 0.05

ug/g 4.57 83-1261145.2Molybdenum 0.1

ug/g 31.6 90-1129630.2Nickel 0.4

ug/g 1.02 64-1571281.3Selenium 0.5

ug/g 1.17 60-111961.12Silver 0.2

ug/g 0.450 79-102930.4Thallium 0.1

ug/g 19.1 74-12310119.3Tin 0.2

ug/g 1.64 75-106881.4Uranium 0.1

ug/g 74.4 83-1249671.2Vanadium 0.4

ug/g 337 86-11898330Zinc 2.0

Strong Acid Leachable Metals,  Batch B1K0287

Blank (B1K0287-BLK1)  Prepared: Nov-24-11, Analyzed: Nov-28-11

ug/gAntimony < 0.1 0.1

ug/g< 0.4Arsenic 0.4

ug/g< 1.0Barium 1.0

ug/g< 0.1Beryllium 0.1

ug/g< 2.0Boron 2.0

ug/g< 0.04Cadmium 0.04

ug/g< 1.0Chromium 1.0

ug/g< 0.1Cobalt 0.1

ug/g< 0.2Copper 0.2

ug/g< 0.2Lead 0.2

ug/g< 0.4Manganese 0.4

ug/g< 0.05Mercury 0.05

ug/g< 0.1Molybdenum 0.1

ug/g< 0.4Nickel 0.4

ug/g< 0.5Selenium 0.5

ug/g< 0.2Silver 0.2

ug/g< 0.1Thallium 0.1

ug/g< 0.2Tin 0.2
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 Analyte Result

Reporting

Limit Units

Spike

Level

Source

Result % REC

% REC

Limits % RPD

% RPD

Limit Notes 

Strong Acid Leachable Metals,  Batch B1K0287, Continued

Blank (B1K0287-BLK1), Continued  Prepared: Nov-24-11, Analyzed: Nov-28-11

ug/g< 0.1Uranium 0.1

ug/g< 0.4Vanadium 0.4

ug/g< 2.0Zinc 2.0

Blank (B1K0287-BLK2)  Prepared: Nov-24-11, Analyzed: Nov-28-11

ug/gAntimony < 0.1 0.1

ug/g< 0.4Arsenic 0.4

ug/g< 1.0Barium 1.0

ug/g< 0.1Beryllium 0.1

ug/g< 2.0Boron 2.0

ug/g< 0.04Cadmium 0.04

ug/g< 1.0Chromium 1.0

ug/g< 0.1Cobalt 0.1

ug/g< 0.2Copper 0.2

ug/g< 0.2Lead 0.2

ug/g< 0.4Manganese 0.4

ug/g< 0.05Mercury 0.05

ug/g< 0.1Molybdenum 0.1

ug/g< 0.4Nickel 0.4

ug/g< 0.5Selenium 0.5

ug/g< 0.2Silver 0.2

ug/g< 0.1Thallium 0.1

ug/g< 0.2Tin 0.2

ug/g< 0.1Uranium 0.1

ug/g< 0.4Vanadium 0.4

ug/g< 2.0Zinc 2.0

Blank (B1K0287-BLK3)  Prepared: Nov-24-11, Analyzed: Nov-28-11

ug/gAntimony < 0.1 0.1

ug/g< 0.4Arsenic 0.4

ug/g< 1.0Barium 1.0

ug/g< 0.1Beryllium 0.1

ug/g< 2.0Boron 2.0

ug/g< 0.04Cadmium 0.04

ug/g< 1.0Chromium 1.0

ug/g< 0.1Cobalt 0.1

ug/g< 0.2Copper 0.2

ug/g< 0.2Lead 0.2

ug/g< 0.4Manganese 0.4

ug/g< 0.05Mercury 0.05

ug/g< 0.1Molybdenum 0.1

ug/g< 0.4Nickel 0.4

ug/g< 0.5Selenium 0.5

ug/g< 0.2Silver 0.2

ug/g< 0.1Thallium 0.1

ug/g< 0.2Tin 0.2

ug/g< 0.1Uranium 0.1

ug/g< 0.4Vanadium 0.4

ug/g< 2.0Zinc 2.0

Duplicate (B1K0287-DUP2)  Prepared: Nov-24-11, Analyzed: Nov-28-11Source: CK10334-29

10ug/gAntimony 14101270 400.1

ug/g 5286 271Arsenic 300.4

ug/g 26161 125Barium 301.0

ug/g< 0.1 < 0.1Beryllium 400.1

ug/g5.2 5.4Boron 302.0

ug/g 246.4 45.4Cadmium 300.04

ug/g 26929 716Chromium 301.0

ug/g 714.9 13.9Cobalt 300.1

ug/g RPD6219700 37600Copper 300.2

ug/g < 17930 7900Lead 400.2

ug/g 32740 2820Manganese 300.4

ug/g 43.40 3.25Mercury 400.05

ug/g 13213 187Molybdenum 400.1

ug/g RPD1072700 817Nickel 300.4
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 Analyte Result

Reporting

Limit Units

Spike

Level

Source

Result % REC

% REC

Limits % RPD

% RPD

Limit Notes 

Strong Acid Leachable Metals,  Batch B1K0287, Continued

Duplicate (B1K0287-DUP2), Continued  Prepared: Nov-24-11, Analyzed: Nov-28-11Source: CK10334-29

ug/g 17.9 7.8Selenium 300.5

ug/g 2210.0 12.5Silver 400.2

ug/g 22.1 2.2Thallium 300.1

ug/g 243190 4080Tin 400.2

ug/g 20.5 0.5Uranium 300.1

ug/g RPD3217.2 23.7Vanadium 300.4

ug/g 161390 1640Zinc 302.0

Duplicate (B1K0287-DUP3)  Prepared: Nov-24-11, Analyzed: Nov-28-11Source: CK10334-39

8ug/gAntimony 314289 400.1

ug/g < 1432 432Arsenic 300.4

ug/g RPD5046.6 77.7Barium 301.0

ug/g< 0.1 < 0.1Beryllium 400.1

ug/g< 2.0 < 2.0Boron 302.0

ug/g 328.9 28.0Cadmium 300.04

ug/g3.4 3.7Chromium 301.0

ug/g 41.0 0.9Cobalt 300.1

ug/g 9239 218Copper 300.2

ug/g 534700 36400Lead 400.2

ug/g 358.9 57.2Manganese 300.4

ug/g 812.0 11.0Mercury 400.05

ug/g 34.5 4.4Molybdenum 400.1

ug/g 112.8 2.6Nickel 300.4

ug/g 94.4 4.8Selenium 300.5

ug/g < 123.8 23.7Silver 400.2

ug/g < 11.6 1.6Thallium 300.1

ug/g 21850 1890Tin 400.2

ug/g0.2 0.2Uranium 300.1

ug/g 24.2 4.3Vanadium 300.4

ug/g 77310 6810Zinc 302.0

Reference (B1K0287-SRM1)  Prepared: Nov-24-11, Analyzed: Nov-28-11

62-1581307.30ug/gAntimony 9.5 0.1

ug/g 23.2 83-11210524.3Arsenic 0.4

ug/g 294 61-128108319Barium 1.0

ug/g 0.410 57-1411150.5Beryllium 0.1

ug/g 38.0 57-13912547.6Boron 2.0

ug/g 1.98 76-1281152.27Cadmium 0.04

ug/g 48.0 88-11810249.2Chromium 1.0

ug/g 8.75 87-113877.6Cobalt 0.1

ug/g 296 89-115102302Copper 0.2

ug/g 166 85-115112185Lead 0.2

ug/g 253 88-114101255Manganese 0.4

ug/g 2.88 65-1441133.26Mercury 0.05

ug/g 4.57 83-1261155.3Molybdenum 0.1

ug/g 31.6 90-1129831.0Nickel 0.4

ug/g 1.02 64-1571171.2Selenium 0.5

ug/g 1.17 60-111871.01Silver 0.2

ug/g 0.450 79-102890.4Thallium 0.1

ug/g 19.1 74-1237514.3Tin 0.2

ug/g 1.64 75-106961.6Uranium 0.1

ug/g 74.4 83-12410477.3Vanadium 0.4

ug/g 337 86-118105354Zinc 2.0

Reference (B1K0287-SRM2)  Prepared: Nov-24-11, Analyzed: Nov-28-11

62-1581577.30ug/gAntimony 11.5 0.1

ug/g 23.2 83-11210724.9Arsenic 0.4

ug/g 294 61-128112331Barium 1.0

ug/g 0.410 57-141960.4Beryllium 0.1

ug/g 38.0 57-13913149.8Boron 2.0

ug/g 1.98 76-1281142.26Cadmium 0.04

ug/g 48.0 88-11810550.6Chromium 1.0

ug/g 8.75 87-113918.0Cobalt 0.1

ug/g 296 89-115104307Copper 0.2

ug/g 166 85-115112186Lead 0.2
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CLIENT

PROJECT

SNC-Lavalin Environment Inc. (Nelson)

SLE #503664

WORK ORDER #

REPORTED

CK10334

May-04-12

QUALITY CONTROL DATA

 Analyte Result

Reporting

Limit Units

Spike

Level

Source

Result % REC

% REC

Limits % RPD

% RPD

Limit Notes 

Strong Acid Leachable Metals,  Batch B1K0287, Continued

Reference (B1K0287-SRM2), Continued  Prepared: Nov-24-11, Analyzed: Nov-28-11

ug/g 253 88-114102258Manganese 0.4

ug/g 2.88 65-1441203.45Mercury 0.05

ug/g 4.57 83-1261195.4Molybdenum 0.1

ug/g 31.6 90-11210031.8Nickel 0.4

ug/g 1.02 64-1571351.4Selenium 0.5

ug/g 1.17 60-1111001.17Silver 0.2

ug/g 0.450 79-102990.4Thallium 0.1

ug/g 19.1 74-12311522.0Tin 0.2

ug/g 1.64 75-1061051.7Uranium 0.1

ug/g 74.4 83-12410578.2Vanadium 0.4

ug/g 337 86-118106358Zinc 2.0

Reference (B1K0287-SRM3)  Prepared: Nov-24-11, Analyzed: Nov-28-11

62-1581377.30ug/gAntimony 10.0 0.1

ug/g 23.2 83-11210925.3Arsenic 0.4

ug/g 294 61-128112328Barium 1.0

ug/g 0.410 57-1411080.4Beryllium 0.1

ug/g 38.0 57-13912346.6Boron 2.0

ug/g 1.98 76-1281092.16Cadmium 0.04

ug/g 48.0 88-11810650.9Chromium 1.0

ug/g 8.75 87-113938.1Cobalt 0.1

ug/g 296 89-115102301Copper 0.2

ug/g 166 85-115111185Lead 0.2

ug/g 253 88-114100254Manganese 0.4

ug/g 2.88 65-1441253.60Mercury 0.05

ug/g 4.57 83-1261135.1Molybdenum 0.1

ug/g 31.6 90-11210131.9Nickel 0.4

ug/g 1.02 64-1571421.4Selenium 0.5

ug/g 1.17 60-111911.07Silver 0.2

ug/g 0.450 79-102920.4Thallium 0.1

ug/g 19.1 74-12311421.7Tin 0.2

ug/g 1.64 75-106971.6Uranium 0.1

ug/g 74.4 83-12410678.9Vanadium 0.4

ug/g 337 86-118108364Zinc 2.0

Synthetic Precipitation Leaching Procedure (SPLP) Metals,  Batch B1K0288

Blank (B1K0288-BLK1)  Prepared: Nov-24-11, Analyzed: Nov-28-11

mg/LAluminum < 0.05 0.05

mg/L< 0.005Antimony 0.005

mg/L< 0.05Arsenic 0.05

mg/L< 0.50Barium 0.50

mg/L< 0.05Beryllium 0.05

mg/L< 0.05Bismuth 0.05

mg/L< 0.50Boron 0.50

mg/L< 0.001Cadmium 0.001

mg/L< 5.0Calcium 5.0

mg/L< 0.02Chromium 0.02

mg/L< 0.02Cobalt 0.02

mg/L< 0.05Copper 0.05

mg/L< 1.0Iron 1.0

mg/L< 0.02Lead 0.02

mg/L< 0.05Lithium 0.05

mg/L< 5.0Magnesium 5.0

mg/L< 0.005Manganese 0.005

mg/L< 0.002Mercury 0.002

mg/L< 0.005Molybdenum 0.005

mg/L< 0.10Nickel 0.10

mg/L< 5.0Potassium 5.0

mg/L< 0.05Selenium 0.05

mg/L< 0.001Silver 0.001

mg/L< 0.05Strontium 0.05

mg/L< 0.20Tellurium 0.20

mg/L< 0.01Thallium 0.01

mg/L< 0.05Tin 0.05
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PROJECT
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CK10334

May-04-12

QUALITY CONTROL DATA

 Analyte Result

Reporting

Limit Units

Spike

Level

Source

Result % REC

% REC

Limits % RPD

% RPD

Limit Notes 

Synthetic Precipitation Leaching Procedure (SPLP) Metals,  Batch B1K0288, Continued

Blank (B1K0288-BLK1), Continued  Prepared: Nov-24-11, Analyzed: Nov-28-11

mg/L< 0.10Titanium 0.10

mg/L< 0.02Uranium 0.02

mg/L< 0.05Vanadium 0.05

mg/L< 0.50Zinc 0.50

mg/L< 0.05Zirconium 0.05

mg/L5.0Final Extract pH

mg/L0.0Extraction Fluid #

Blank (B1K0288-BLK2)  Prepared: Nov-24-11, Analyzed: Nov-28-11

mg/LAluminum < 0.05 0.05

mg/L< 0.005Antimony 0.005

mg/L< 0.05Arsenic 0.05

mg/L< 0.50Barium 0.50

mg/L< 0.05Beryllium 0.05

mg/L< 0.05Bismuth 0.05

mg/L< 0.50Boron 0.50

mg/L< 0.001Cadmium 0.001

mg/L< 5.0Calcium 5.0

mg/L< 0.02Chromium 0.02

mg/L< 0.02Cobalt 0.02

mg/L< 0.05Copper 0.05

mg/L< 1.0Iron 1.0

mg/L< 0.02Lead 0.02

mg/L< 0.05Lithium 0.05

mg/L< 5.0Magnesium 5.0

mg/L< 0.005Manganese 0.005

mg/L< 0.002Mercury 0.002

mg/L< 0.005Molybdenum 0.005

mg/L< 0.10Nickel 0.10

mg/L< 5.0Potassium 5.0

mg/L< 0.05Selenium 0.05

mg/L< 0.001Silver 0.001

mg/L< 0.05Strontium 0.05

mg/L< 0.20Tellurium 0.20

mg/L< 0.01Thallium 0.01

mg/L< 0.05Tin 0.05

mg/L< 0.10Titanium 0.10

mg/L< 0.02Uranium 0.02

mg/L< 0.05Vanadium 0.05

mg/L< 0.50Zinc 0.50

mg/L< 0.05Zirconium 0.05

mg/L5.0Final Extract pH

mg/L0.0Extraction Fluid #

Duplicate (B1K0288-DUP1)  Prepared: Nov-24-11, Analyzed: Nov-28-11Source: CK10334-06

mg/LAluminum < 0.05< 0.05 300.05

mg/L< 0.005 < 0.005Antimony 300.005

mg/L< 0.05 < 0.05Arsenic 300.05

mg/L< 0.50 < 0.50Barium 300.50

mg/L< 0.05 < 0.05Beryllium 300.05

mg/L< 0.05 < 0.05Bismuth 300.05

mg/L< 0.50 < 0.50Boron 300.50

mg/L 30.14 0.14Cadmium 300.001

mg/L7.91 8.63Calcium 305.0

mg/L< 0.02 < 0.02Chromium 300.02

mg/L< 0.02 < 0.02Cobalt 300.02

mg/L< 0.05 < 0.05Copper 300.05

mg/L< 1.0 < 1.0Iron 301.0

mg/L< 0.02 < 0.02Lead 300.02

mg/L< 0.05 < 0.05Lithium 300.05

mg/L< 5.0 < 5.0Magnesium 305.0

mg/L< 0.005 < 0.005Manganese 300.005

mg/L< 0.002 < 0.002Mercury 300.002

mg/L< 0.005 < 0.005Molybdenum 300.005

mg/L< 0.10 < 0.10Nickel 300.10
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 Analyte Result
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Limit Units

Spike

Level

Source

Result % REC

% REC

Limits % RPD

% RPD

Limit Notes 

Synthetic Precipitation Leaching Procedure (SPLP) Metals,  Batch B1K0288, Continued

Duplicate (B1K0288-DUP1), Continued  Prepared: Nov-24-11, Analyzed: Nov-28-11Source: CK10334-06

mg/L< 5.0 < 5.0Potassium 305.0

mg/L< 0.05 < 0.05Selenium 300.05

mg/L< 0.001 < 0.001Silver 300.001

mg/L0.12 0.13Strontium 300.05

mg/L< 0.20 < 0.20Tellurium 300.20

mg/L< 0.01 < 0.01Thallium 300.01

mg/L< 0.05 < 0.05Tin 300.05

mg/L< 0.10 < 0.10Titanium 300.10

mg/L< 0.02 < 0.02Uranium 300.02

mg/L< 0.05 < 0.05Vanadium 300.05

mg/L 47.50 7.78Zinc 300.50

mg/L< 0.05 < 0.05Zirconium 300.05

mg/L 16.45 6.52Final Extract pH 10

mg/L0.00 0.00Extraction Fluid # 200

Duplicate (B1K0288-DUP2)  Prepared: Nov-24-11, Analyzed: Nov-28-11Source: CK10334-16

mg/LAluminum < 0.05< 0.05 300.05

mg/L< 0.005 < 0.005Antimony 300.005

mg/L< 0.05 < 0.05Arsenic 300.05

mg/L< 0.50 < 0.50Barium 300.50

mg/L< 0.05 < 0.05Beryllium 300.05

mg/L< 0.05 < 0.05Bismuth 300.05

mg/L< 0.50 < 0.50Boron 300.50

mg/L 50.10 0.10Cadmium 300.001

mg/L< 5.0 < 5.0Calcium 305.0

mg/L< 0.02 < 0.02Chromium 300.02

mg/L< 0.02 < 0.02Cobalt 300.02

mg/L< 0.05 < 0.05Copper 300.05

mg/L< 1.0 < 1.0Iron 301.0

mg/L0.02 0.03Lead 300.02

mg/L< 0.05 < 0.05Lithium 300.05

mg/L< 5.0 < 5.0Magnesium 305.0

mg/L0.02 0.02Manganese 300.005

mg/L< 0.002 < 0.002Mercury 300.002

mg/L< 0.005 < 0.005Molybdenum 300.005

mg/L< 0.10 < 0.10Nickel 300.10

mg/L< 5.0 < 5.0Potassium 305.0

mg/L< 0.05 < 0.05Selenium 300.05

mg/L< 0.001 < 0.001Silver 300.001

mg/L0.15 0.15Strontium 300.05

mg/L< 0.20 < 0.20Tellurium 300.20

mg/L< 0.01 < 0.01Thallium 300.01

mg/L< 0.05 < 0.05Tin 300.05

mg/L< 0.10 < 0.10Titanium 300.10

mg/L< 0.02 < 0.02Uranium 300.02

mg/L< 0.05 < 0.05Vanadium 300.05

mg/L 225.9 26.5Zinc 300.50

mg/L< 0.05 < 0.05Zirconium 300.05

mg/L 16.29 6.21Final Extract pH 10

mg/L0.00 0.00Extraction Fluid # 200

Toxicity Characteristic Leaching Procedure (TCLP) Metals,  Batch B1K0277

Blank (B1K0277-BLK1)  Prepared: Nov-23-11, Analyzed: Nov-25-11

mg/LAluminum < 0.10 0.10

mg/L< 0.005Antimony 0.005

mg/L< 0.05Arsenic 0.05

mg/L< 1.0Barium 1.0

mg/L< 0.05Beryllium 0.05

mg/L< 0.50Boron 0.50

mg/L< 0.001Cadmium 0.001

mg/L< 5.0Calcium 5.0

mg/L< 0.05Chromium 0.05

mg/L< 0.02Cobalt 0.02

mg/L< 0.10Copper 0.10
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Source

Result % REC

% REC

Limits % RPD

% RPD

Limit Notes 

Toxicity Characteristic Leaching Procedure (TCLP) Metals,  Batch B1K0277, Continued

Blank (B1K0277-BLK1), Continued  Prepared: Nov-23-11, Analyzed: Nov-25-11

mg/L< 1.0Iron 1.0

mg/L< 0.02Lead 0.02

mg/L< 0.05Lithium 0.05

mg/L< 5.0Magnesium 5.0

mg/L< 0.005Manganese 0.005

mg/L< 0.002Mercury 0.002

mg/L< 0.005Molybdenum 0.005

mg/L< 0.10Nickel 0.10

mg/L< 5.0Potassium 5.0

mg/L< 0.05Selenium 0.05

mg/L< 0.001Silver 0.001

mg/L< 0.05Strontium 0.05

mg/L< 0.01Thallium 0.01

mg/L< 0.05Tin 0.05

mg/L< 0.10Titanium 0.10

mg/L< 0.02Uranium 0.02

mg/L< 0.05Vanadium 0.05

mg/L< 0.50Zinc 0.50

mg/L4.9Final Extract pH

mg/L1.0Extraction Fluid #

Duplicate (B1K0277-DUP1)  Prepared: Nov-24-11, Analyzed: Nov-25-11Source: CK10334-14

mg/LAluminum < 0.10< 0.10 500.10

mg/L< 0.005 < 0.005Antimony 500.005

mg/L< 0.05 < 0.05Arsenic 500.05

mg/L< 1.0 < 1.0Barium 501.0

mg/L< 0.05 < 0.05Beryllium 500.05

mg/L0.78 0.80Boron 500.50

mg/L 174.97 5.90Cadmium 500.001

mg/L < 146.5 46.8Calcium 505.0

mg/L< 0.05 < 0.05Chromium 500.05

mg/L< 0.02 < 0.02Cobalt 500.02

mg/L 20.67 0.66Copper 500.10

mg/L< 1.0 < 1.0Iron 501.0

mg/L RPD5821.7 39.5Lead 500.02

mg/L< 0.05 < 0.05Lithium 500.05

mg/L< 5.0 < 5.0Magnesium 505.0

mg/L 133.84 4.38Manganese 500.005

mg/L< 0.002 < 0.002Mercury 500.002

mg/L< 0.005 < 0.005Molybdenum 500.005

mg/L0.23 0.22Nickel 500.10

mg/L< 5.0 < 5.0Potassium 505.0

mg/L0.05 0.05Selenium 500.05

mg/L< 0.001 < 0.001Silver 500.001

mg/L 80.51 0.55Strontium 500.05

mg/L< 0.01 < 0.01Thallium 500.01

mg/L< 0.05 < 0.05Tin 500.05

mg/L< 0.10 < 0.10Titanium 500.10

mg/L< 0.02 < 0.02Uranium 500.02

mg/L< 0.05 < 0.05Vanadium 500.05

mg/L < 1914 907Zinc 500.50

Reference (B1K0277-SRM1)  Prepared: Nov-24-11, Analyzed: Nov-25-11

108-1451371.84mg/LArsenic 2.52 0.05

mg/L 3.43 46-160812.78Barium 1.0

mg/L 8.85 64-121948.28Cadmium 0.001

mg/L 0.467 16-112600.28Chromium 0.05

mg/L 1.75 40-128731.28Lead 0.02

mg/L 0.198 6-1841340.27Mercury 0.002

mg/L 8.63 63-1161129.70Selenium 0.05

mg/L 0.0372 41-104600.02Silver 0.001
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QUALITY CONTROL DATA

QC Qualifiers:

RPD Relative percent difference (RPD) of duplicate analysis are outside of control limits.  Data accepted based on acceptable 

performance of other batch QC.

Page 54 of 54CARO Analytical Services



CERTIFICATE OF ANALYSIS

CLIENT SNC-Lavalin Environment Inc. (Nelson)

#3-520 Lake Street

Nelson BC

V1L 4C6

TEL

FAX

(250) 354-1664

(250) 354-3896

ATTENTION Stefan Humphries

RECEIVED / TEMP WORK ORDER

REPORTED Jan-10-12

COC #(s)

PROJECT 503664-I011

PROJECT INFO Teck Metals Ltd.

General Comments:

CARO Analytical Services employs methods which are based on those found in “Standard Methods for the Examination of Water 

and Wastewater”, 21st Edition, 2005, published by the American Public Health Association (APHA); US EPA protocols found in 

“Test Methods for Evaluating Solid Waste, Physical/Chemical Methods, SW846”, 3rd Edition; protocols published by the British 

Columbia Ministry of Environment (BCMOE); and/or CCME Canada-wide Standard Reference methods.

Methods not described in these publications are conducted according to procedures accepted by appropriate regulatory agencies, 

and/or are done in accordance with recognized professional standards using accepted testing methodologies and quality control 

efforts except where otherwise agreed to by the client.  

The results in this report apply to the samples analyzed in accordance with the chain of custody document.  This analytical report 

must be reproduced in its entirity.   CARO is not responsible for any loss or damage resulting directly or indirectly from error or 

omission in the conduct of testing.  Liability is limited to the cost of analysis.  Samples will be disposed of 30 days after the test 

report has been issued unless otherwise agreed to in writing. 

•  All solids results are reported on a dry weight basis unless otherwise noted

•  Units: mg/kg = milligrams per kilogram, equivalent to parts per million (ppm)

mg/L = milligrams per litre, equivalent to parts per million (ppm)

ug/L = micrograms per litre, equivalent to parts per billion (ppb)

ug/g = micrograms per gram, equivalent to parts per million (ppm)

ug/m3 = micrograms per cubic meter of air

•  "RDL"  Reported detection limit

•  "<"  Less than reported detection limit

•  "AO" Aesthetic objective

•  "MAC" Maximum acceptable concentration (health-related guideline)

•  "LAB" RMD = Richmond location, KEL = Kelowna location, EDM = Edmonton location, SUB = Subcontracted

Please contact CARO if more information is needed or to provide feedback on our services.

CARO Analytical Services

Final Review Per: Paul Thandi, B.Sc., PChem For Patrick Novak, B.Sc., PChem

Business Manager, Richmond

#120 12791 Clarke Place #102 3677 Highway 97N 17225 109 Avenue

Richmond, BC  V6V 2H9 Kelowna, BC  V1X 5C3 Edmonton, AB  T5S 1H7

Tel: 604-279-1499  Fax: 604-279-1599 Tel: 250-765-9646  Fax: 250-765-3893 Tel: 780-489-9100  Fax: 780-489-9700

www.caro.ca

Locations:

CL10418

25315

Dec-23-11 10:30 / 8.0 °C
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CLIENT

PROJECT

SNC-Lavalin Environment Inc. (Nelson)

503664-I011

WORK ORDER #

REPORTED

CL10418

Jan-10-12

SAMPLE DATA

 Analyte Result RDL Units Prepared NotesAnalyzed

General Parameters

SED-SC-01 112911   (CL10418-01)   Matrix: Solid   Sampled: Nov-29-11 10:30

Dec-29-11pH unitspH 7.2 0.1 Dec-28-11

SED-SC-02 112911   (CL10418-02)   Matrix: Solid   Sampled: Nov-29-11 10:39

Dec-29-11pH unitspH 7.3 0.1 Dec-28-11

SED-SC-03 112911   (CL10418-03)   Matrix: Solid   Sampled: Nov-29-11 11:25

Dec-29-11pH unitspH 7.3 0.1 Dec-28-11

SED-SC-04 112911   (CL10418-04)   Matrix: Solid   Sampled: Nov-29-11 11:36

Dec-29-11pH unitspH 7.4 0.1 Dec-28-11

SED-SC-05 112911   (CL10418-05)   Matrix: Solid   Sampled: Nov-29-11 11:45

Dec-29-11pH unitspH 7.6 0.1 Dec-28-11

SED-SC-06 112911   (CL10418-06)   Matrix: Solid   Sampled: Nov-29-11 16:00

Dec-29-11pH unitspH 7.4 0.1 Dec-28-11

SED-SC-07 112911   (CL10418-07)   Matrix: Solid   Sampled: Nov-29-11 15:48

Dec-29-11pH unitspH 3.2 0.1 Dec-28-11

TP-GRA-01 112911   (CL10418-08)   Matrix: Solid   Sampled: Nov-29-11 10:17

Dec-29-11pH unitspH 5.2 0.1 Dec-28-11

TP-SIRA-01 120111   (CL10418-09)   Matrix: Solid   Sampled: Dec-01-11 14:00

Dec-29-11pH unitspH 3.9 0.1 Dec-28-11

Strong Acid Leachable Metals

SED-SC-01 112911   (CL10418-01)   Matrix: Solid   Sampled: Nov-29-11 10:30

Dec-29-11mg/kgAntimony 1100 0.1 Dec-28-11

mg/kg920Arsenic Dec-29-110.4 Dec-28-11

mg/kg470Barium Dec-29-111.0 Dec-28-11

mg/kg0.3Beryllium Dec-29-110.1 Dec-28-11

mg/kg8.0Boron Dec-29-112.0 Dec-28-11

mg/kg71.5Cadmium Dec-29-110.04 Dec-28-11

mg/kg80Chromium Dec-29-111.0 Dec-28-11

mg/kg2.4Cobalt Dec-29-110.1 Dec-28-11

mg/kg1000Copper Dec-29-110.2 Dec-28-11

mg/kg8000Lead Dec-29-110.2 Dec-28-11

mg/kg1800Manganese Dec-29-110.4 Dec-28-11

mg/kg330Mercury Dec-29-110.05 Dec-28-11

mg/kg12Molybdenum Dec-29-110.1 Dec-28-11

mg/kg28Nickel Dec-29-110.4 Dec-28-11

mg/kg13Selenium Dec-29-110.5 Dec-28-11

mg/kg21Silver Dec-29-110.2 Dec-28-11

mg/kg2.8Thallium Dec-29-110.1 Dec-28-11

mg/kg263Tin Dec-29-110.2 Dec-28-11

mg/kg1.8Uranium Dec-29-110.1 Dec-28-11
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CLIENT

PROJECT

SNC-Lavalin Environment Inc. (Nelson)

503664-I011

WORK ORDER #

REPORTED

CL10418

Jan-10-12

SAMPLE DATA

 Analyte Result RDL Units Prepared NotesAnalyzed

Strong Acid Leachable Metals, Continued

SED-SC-01 112911   (CL10418-01)   Matrix: Solid   Sampled: Nov-29-11 10:30, Continued

mg/kg30Vanadium Dec-29-110.4 Dec-28-11

mg/kg5500Zinc Dec-29-112.0 Dec-28-11

SED-SC-02 112911   (CL10418-02)   Matrix: Solid   Sampled: Nov-29-11 10:39

Dec-29-11mg/kgAntimony 1600 0.1 Dec-28-11

mg/kg1400Arsenic Dec-29-110.4 Dec-28-11

mg/kg190Barium Dec-29-111.0 Dec-28-11

mg/kg0.3Beryllium Dec-29-110.1 Dec-28-11

mg/kg2.4Boron Dec-29-112.0 Dec-28-11

mg/kg90.8Cadmium Dec-29-110.04 Dec-28-11

mg/kg47Chromium Dec-29-111.0 Dec-28-11

mg/kg1.2Cobalt Dec-29-110.1 Dec-28-11

mg/kg660Copper Dec-29-110.2 Dec-28-11

mg/kg5300Lead Dec-29-110.2 Dec-28-11

mg/kg1400Manganese Dec-29-110.4 Dec-28-11

mg/kg26Mercury Dec-29-110.05 Dec-28-11

mg/kg2.5Molybdenum Dec-29-110.1 Dec-28-11

mg/kg18Nickel Dec-29-110.4 Dec-28-11

mg/kg5.4Selenium Dec-29-110.5 Dec-28-11

mg/kg20Silver Dec-29-110.2 Dec-28-11

mg/kg3.9Thallium Dec-29-110.1 Dec-28-11

mg/kg239Tin Dec-29-110.2 Dec-28-11

mg/kg1.2Uranium Dec-29-110.1 Dec-28-11

mg/kg27Vanadium Dec-29-110.4 Dec-28-11

mg/kg5600Zinc Dec-29-112.0 Dec-28-11

SED-SC-03 112911   (CL10418-03)   Matrix: Solid   Sampled: Nov-29-11 11:25

Dec-29-11mg/kgAntimony 500 0.1 Dec-28-11

mg/kg550Arsenic Dec-29-110.4 Dec-28-11

mg/kg110Barium Dec-29-111.0 Dec-28-11

mg/kg0.3Beryllium Dec-29-110.1 Dec-28-11

mg/kg< 2.0Boron Dec-29-112.0 Dec-28-11

mg/kg34.8Cadmium Dec-29-110.04 Dec-28-11

mg/kg22Chromium Dec-29-111.0 Dec-28-11

mg/kg0.9Cobalt Dec-29-110.1 Dec-28-11

mg/kg270Copper Dec-29-110.2 Dec-28-11

mg/kg2500Lead Dec-29-110.2 Dec-28-11

mg/kg670Manganese Dec-29-110.4 Dec-28-11

mg/kg23Mercury Dec-29-110.05 Dec-28-11

mg/kg1.8Molybdenum Dec-29-110.1 Dec-28-11

mg/kg12Nickel Dec-29-110.4 Dec-28-11

mg/kg3.0Selenium Dec-29-110.5 Dec-28-11

mg/kg5.7Silver Dec-29-110.2 Dec-28-11

mg/kg2.3Thallium Dec-29-110.1 Dec-28-11

mg/kg81.0Tin Dec-29-110.2 Dec-28-11

mg/kg0.8Uranium Dec-29-110.1 Dec-28-11

mg/kg22Vanadium Dec-29-110.4 Dec-28-11
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CLIENT

PROJECT

SNC-Lavalin Environment Inc. (Nelson)

503664-I011

WORK ORDER #

REPORTED

CL10418

Jan-10-12

SAMPLE DATA

 Analyte Result RDL Units Prepared NotesAnalyzed

Strong Acid Leachable Metals, Continued

SED-SC-03 112911   (CL10418-03)   Matrix: Solid   Sampled: Nov-29-11 11:25, Continued

mg/kg2700Zinc Dec-29-112.0 Dec-28-11

SED-SC-04 112911   (CL10418-04)   Matrix: Solid   Sampled: Nov-29-11 11:36

Dec-29-11mg/kgAntimony 810 0.1 Dec-28-11

mg/kg750Arsenic Dec-29-110.4 Dec-28-11

mg/kg150Barium Dec-29-111.0 Dec-28-11

mg/kg0.4Beryllium Dec-29-110.1 Dec-28-11

mg/kg< 2.0Boron Dec-29-112.0 Dec-28-11

mg/kg61.3Cadmium Dec-29-110.04 Dec-28-11

mg/kg24Chromium Dec-29-111.0 Dec-28-11

mg/kg1.1Cobalt Dec-29-110.1 Dec-28-11

mg/kg380Copper Dec-29-110.2 Dec-28-11

mg/kg4100Lead Dec-29-110.2 Dec-28-11

mg/kg980Manganese Dec-29-110.4 Dec-28-11

mg/kg33Mercury Dec-29-110.05 Dec-28-11

mg/kg2.3Molybdenum Dec-29-110.1 Dec-28-11

mg/kg15Nickel Dec-29-110.4 Dec-28-11

mg/kg4.5Selenium Dec-29-110.5 Dec-28-11

mg/kg11Silver Dec-29-110.2 Dec-28-11

mg/kg3.3Thallium Dec-29-110.1 Dec-28-11

mg/kg119Tin Dec-29-110.2 Dec-28-11

mg/kg1.2Uranium Dec-29-110.1 Dec-28-11

mg/kg26Vanadium Dec-29-110.4 Dec-28-11

mg/kg3900Zinc Dec-29-112.0 Dec-28-11

SED-SC-05 112911   (CL10418-05)   Matrix: Solid   Sampled: Nov-29-11 11:45

Dec-29-11mg/kgAntimony 16 0.1 Dec-28-11

mg/kg20Arsenic Dec-29-110.4 Dec-28-11

mg/kg41Barium Dec-29-111.0 Dec-28-11

mg/kg0.2Beryllium Dec-29-110.1 Dec-28-11

mg/kg< 2.0Boron Dec-29-112.0 Dec-28-11

mg/kg2.64Cadmium Dec-29-110.04 Dec-28-11

mg/kg12Chromium Dec-29-111.0 Dec-28-11

mg/kg3.0Cobalt Dec-29-110.1 Dec-28-11

mg/kg29Copper Dec-29-110.2 Dec-28-11

mg/kg150Lead Dec-29-110.2 Dec-28-11

mg/kg160Manganese Dec-29-110.4 Dec-28-11

mg/kg1.6Mercury Dec-29-110.05 Dec-28-11

mg/kg0.5Molybdenum Dec-29-110.1 Dec-28-11

mg/kg7.2Nickel Dec-29-110.4 Dec-28-11

mg/kg< 0.5Selenium Dec-29-110.5 Dec-28-11

mg/kg0.4Silver Dec-29-110.2 Dec-28-11

mg/kg0.2Thallium Dec-29-110.1 Dec-28-11

mg/kg3.6Tin Dec-29-110.2 Dec-28-11

mg/kg0.5Uranium Dec-29-110.1 Dec-28-11

mg/kg15Vanadium Dec-29-110.4 Dec-28-11

mg/kg260Zinc Dec-29-112.0 Dec-28-11
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CLIENT

PROJECT

SNC-Lavalin Environment Inc. (Nelson)

503664-I011

WORK ORDER #

REPORTED

CL10418

Jan-10-12

SAMPLE DATA

 Analyte Result RDL Units Prepared NotesAnalyzed

Strong Acid Leachable Metals, Continued

SED-SC-06 112911   (CL10418-06)   Matrix: Solid   Sampled: Nov-29-11 16:00

Dec-29-11mg/kgAntimony 250 0.1 Dec-28-11

mg/kg280Arsenic Dec-29-110.4 Dec-28-11

mg/kg81Barium Dec-29-111.0 Dec-28-11

mg/kg0.3Beryllium Dec-29-110.1 Dec-28-11

mg/kg< 2.0Boron Dec-29-112.0 Dec-28-11

mg/kg18.6Cadmium Dec-29-110.04 Dec-28-11

mg/kg16Chromium Dec-29-111.0 Dec-28-11

mg/kg5.4Cobalt Dec-29-110.1 Dec-28-11

mg/kg130Copper Dec-29-110.2 Dec-28-11

mg/kg1300Lead Dec-29-110.2 Dec-28-11

mg/kg440Manganese Dec-29-110.4 Dec-28-11

mg/kg13Mercury Dec-29-110.05 Dec-28-11

mg/kg1.1Molybdenum Dec-29-110.1 Dec-28-11

mg/kg12Nickel Dec-29-110.4 Dec-28-11

mg/kg1.7Selenium Dec-29-110.5 Dec-28-11

mg/kg3.9Silver Dec-29-110.2 Dec-28-11

mg/kg1.1Thallium Dec-29-110.1 Dec-28-11

mg/kg32.1Tin Dec-29-110.2 Dec-28-11

mg/kg0.7Uranium Dec-29-110.1 Dec-28-11

mg/kg20Vanadium Dec-29-110.4 Dec-28-11

mg/kg1500Zinc Dec-29-112.0 Dec-28-11

SED-SC-07 112911   (CL10418-07)   Matrix: Solid   Sampled: Nov-29-11 15:48

Dec-29-11mg/kgAntimony 74000 0.1 Dec-28-11

mg/kg38000Arsenic Dec-29-110.4 Dec-28-11

mg/kg270Barium Dec-29-111.0 Dec-28-11

mg/kg0.2Beryllium Dec-29-110.1 Dec-28-11

mg/kg4.3Boron Dec-29-112.0 Dec-28-11

mg/kg542Cadmium Dec-29-110.04 Dec-28-11

mg/kg16Chromium Dec-29-111.0 Dec-28-11

mg/kg2.4Cobalt Dec-29-110.1 Dec-28-11

mg/kg580Copper Dec-29-110.2 Dec-28-11

mg/kg4300Lead Dec-29-110.2 Dec-28-11

mg/kg540Manganese Dec-29-110.4 Dec-28-11

mg/kg21Mercury Dec-29-110.05 Dec-28-11

mg/kg1.4Molybdenum Dec-29-110.1 Dec-28-11

mg/kg14Nickel Dec-29-110.4 Dec-28-11

mg/kg200Selenium Dec-29-110.5 Dec-28-11

mg/kg65Silver Dec-29-110.2 Dec-28-11

mg/kg37Thallium Dec-29-110.1 Dec-28-11

mg/kg87.6Tin Dec-29-110.2 Dec-28-11

mg/kg1.6Uranium Dec-29-110.1 Dec-28-11

mg/kg29Vanadium Dec-29-110.4 Dec-28-11

mg/kg5200Zinc Dec-29-112.0 Dec-28-11

TP-GRA-01 112911   (CL10418-08)   Matrix: Solid   Sampled: Nov-29-11 10:17

Dec-29-11mg/kgAntimony 77 0.1 Dec-28-11
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CLIENT

PROJECT

SNC-Lavalin Environment Inc. (Nelson)

503664-I011

WORK ORDER #

REPORTED

CL10418

Jan-10-12

SAMPLE DATA

 Analyte Result RDL Units Prepared NotesAnalyzed

Strong Acid Leachable Metals, Continued

TP-GRA-01 112911   (CL10418-08)   Matrix: Solid   Sampled: Nov-29-11 10:17, Continued

mg/kg20Arsenic Dec-29-110.4 Dec-28-11

mg/kg110Barium Dec-29-111.0 Dec-28-11

mg/kg< 0.1Beryllium Dec-29-110.1 Dec-28-11

mg/kg< 2.0Boron Dec-29-112.0 Dec-28-11

mg/kg0.76Cadmium Dec-29-110.04 Dec-28-11

mg/kg45Chromium Dec-29-111.0 Dec-28-11

mg/kg0.2Cobalt Dec-29-110.1 Dec-28-11

mg/kg7.1Copper Dec-29-110.2 Dec-28-11

mg/kg140Lead Dec-29-110.2 Dec-28-11

mg/kg2.4Manganese Dec-29-110.4 Dec-28-11

mg/kg4.6Mercury Dec-29-110.05 Dec-28-11

mg/kg1.0Molybdenum Dec-29-110.1 Dec-28-11

mg/kg3.8Nickel Dec-29-110.4 Dec-28-11

mg/kg6.3Selenium Dec-29-110.5 Dec-28-11

mg/kg0.5Silver Dec-29-110.2 Dec-28-11

mg/kg0.1Thallium Dec-29-110.1 Dec-28-11

mg/kg1.3Tin Dec-29-110.2 Dec-28-11

mg/kg2.1Uranium Dec-29-110.1 Dec-28-11

mg/kg24Vanadium Dec-29-110.4 Dec-28-11

mg/kg34Zinc Dec-29-112.0 Dec-28-11

TP-SIRA-01 120111   (CL10418-09)   Matrix: Solid   Sampled: Dec-01-11 14:00

Dec-29-11mg/kgAntimony 65 0.1 Dec-28-11

mg/kg80Arsenic Dec-29-110.4 Dec-28-11

mg/kg130Barium Dec-29-111.0 Dec-28-11

mg/kg0.1Beryllium Dec-29-110.1 Dec-28-11

mg/kg< 2.0Boron Dec-29-112.0 Dec-28-11

mg/kg6.34Cadmium Dec-29-110.04 Dec-28-11

mg/kg21Chromium Dec-29-111.0 Dec-28-11

mg/kg2.7Cobalt Dec-29-110.1 Dec-28-11

mg/kg130Copper Dec-29-110.2 Dec-28-11

mg/kg1800Lead Dec-29-110.2 Dec-28-11

mg/kg160Manganese Dec-29-110.4 Dec-28-11

mg/kg0.81Mercury Dec-29-110.05 Dec-28-11

mg/kg1.5Molybdenum Dec-29-110.1 Dec-28-11

mg/kg7.9Nickel Dec-29-110.4 Dec-28-11

mg/kg1.4Selenium Dec-29-110.5 Dec-28-11

mg/kg7.2Silver Dec-29-110.2 Dec-28-11

mg/kg1.2Thallium Dec-29-110.1 Dec-28-11

mg/kg21.9Tin Dec-29-110.2 Dec-28-11

mg/kg0.7Uranium Dec-29-110.1 Dec-28-11

mg/kg30Vanadium Dec-29-110.4 Dec-28-11

mg/kg670Zinc Dec-29-112.0 Dec-28-11
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CLIENT

PROJECT

SNC-Lavalin Environment Inc. (Nelson)

503664-I011

WORK ORDER #

REPORTED

CL10418

Jan-10-12

ANALYSIS / REPORT INFORMATION

LABAnalysis Description Method Reference(s) (* = modified from)

Preparation Analysis

APHA 4500-H+ RMDpH in Soil (1:2 Soil/Water) N/A

EPA 6020A RMDStrong Acid Leachable Metals SALM V.2 (BCMOE)
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CLIENT

PROJECT

SNC-Lavalin Environment Inc. (Nelson)

503664-I011

WORK ORDER #

REPORTED

CL10418

Jan-10-12

QUALITY CONTROL DATA

The following section reports quality control (QC) data that is associated with your sample data. Groups of samples are prepared in “batches” and 

analyzed in conjunction with quality control samples that ensure your data is of the highest quality. Common QC types include:

• Method Blank (Blk): Laboratory reagent water is carried through sample preparation and analysis steps. Method Blanks indicate that results are 

free from contamination, i.e. not biased high from sources such as the sample container or the laboratory environment

• Duplicate (Dup): Preparation and analysis of a replicate aliquot of a sample. Duplicates provide a measure of the analytical method’s precision, 

i.e.    how reproducible a result is. Duplicates are only reported if they are associated with your sample data.

• Blank Spike (BS): A known amount of standard is carried through sample preparation and analysis steps. Blank Spikes, also known as laboratory 

control samples (LCS), are prepared from a different source of standard than used for the calibration. They ensure that the calibration is acceptable 

(i.e. not biased high or low) and also provide a measure of the analytical method’s accuracy (i.e. closeness of the result to a target value).

• Standard Reference Material (SRM): A material of similar matrix to the samples, externally certified for the parameter(s) listed. Standard 

Reference Materials ensure that the preparation steps in the method are adequate to achieve acceptable recoveries of the parameter(s) tested for.

Each QC type is analyzed at a 5-10% frequency, i.e. one blank/duplicate/spike for every 10 samples. For all types of QC, the specified recovery (% Rec) 

and relative percent difference (RPD) limits are derived from long-term method performance averages and/or prescribed by the reference method.

 Analyte Result

Reporting

Limit Units

Spike

Level

Source

Result % REC

% REC

Limits % RPD

% RPD

Limit Notes 

General Parameters,  Batch B1L0341

Duplicate (B1L0341-DUP2)  Prepared: Dec-28-11, Analyzed: Dec-29-11Source: CL10418-08

5pH unitspH 5.25.4 50.1

Reference (B1L0341-SRM1)  Prepared: Dec-28-11, Analyzed: Dec-29-11

90-1151086.10pH unitspH 6.6 0.1

Reference (B1L0341-SRM2)  Prepared: Dec-28-11, Analyzed: Dec-29-11

90-1151096.10pH unitspH 6.6 0.1

Reference (B1L0341-SRM3)  Prepared: Dec-28-11, Analyzed: Dec-29-11

90-1151086.10pH unitspH 6.6 0.1

Strong Acid Leachable Metals,  Batch B1L0331

Blank (B1L0331-BLK1)  Prepared: Dec-28-11, Analyzed: Dec-29-11

mg/kgAntimony < 0.1 0.1

mg/kg< 0.4Arsenic 0.4

mg/kg< 1.0Barium 1.0

mg/kg< 0.1Beryllium 0.1

mg/kg< 2.0Boron 2.0

mg/kg< 0.04Cadmium 0.04

mg/kg< 1.0Chromium 1.0

mg/kg< 0.1Cobalt 0.1

mg/kg< 0.2Copper 0.2

mg/kg< 0.2Lead 0.2

mg/kg< 0.4Manganese 0.4

mg/kg< 0.05Mercury 0.05

mg/kg< 0.1Molybdenum 0.1

mg/kg< 0.4Nickel 0.4

mg/kg< 0.5Selenium 0.5

mg/kg< 0.2Silver 0.2

mg/kg< 0.1Thallium 0.1

mg/kg< 0.2Tin 0.2

mg/kg< 0.1Uranium 0.1

mg/kg< 0.4Vanadium 0.4

mg/kg< 2.0Zinc 2.0

Duplicate (B1L0331-DUP1)  Prepared: Dec-28-11, Analyzed: Dec-29-11Source: CL10418-04

6mg/kgAntimony 815768 400.1

mg/kg 6708 751Arsenic 300.4

mg/kg 11165 148Barium 301.0

mg/kg0.3 0.4Beryllium 300.1

mg/kg2.3 < 2.0Boron 302.0
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CLIENT

PROJECT

SNC-Lavalin Environment Inc. (Nelson)

503664-I011

WORK ORDER #

REPORTED

CL10418

Jan-10-12

QUALITY CONTROL DATA

 Analyte Result

Reporting

Limit Units

Spike

Level

Source

Result % REC

% REC

Limits % RPD

% RPD

Limit Notes 

Strong Acid Leachable Metals,  Batch B1L0331, Continued

Duplicate (B1L0331-DUP1), Continued  Prepared: Dec-28-11, Analyzed: Dec-29-11Source: CL10418-04

mg/kg 757.1 61.3Cadmium 300.04

mg/kg 525.6 24.3Chromium 301.0

mg/kg 11.1 1.1Cobalt 300.1

mg/kg 3390 380Copper 300.2

mg/kg 74350 4050Lead 400.2

mg/kg 31010 983Manganese 300.4

mg/kg 1939.9 33.0Mercury 400.05

mg/kg 32.2 2.3Molybdenum 400.1

mg/kg 1113.4 14.9Nickel 300.4

mg/kg 14.4 4.5Selenium 300.5

mg/kg 611.9 11.2Silver 400.2

mg/kg 184.0 3.3Thallium 300.1

mg/kg 2121 119Tin 400.2

mg/kg 21.2 1.2Uranium 300.1

mg/kg 327.0 26.3Vanadium 300.4

mg/kg 74210 3910Zinc 302.0

Reference (B1L0331-SRM1)  Prepared: Dec-28-11, Analyzed: Dec-29-11

62-1581587.30mg/kgAntimony 11.5 0.1

mg/kg 23.2 83-11211125.7Arsenic 0.4

mg/kg 294 61-12897285Barium 1.0

mg/kg 0.410 57-1411390.6Beryllium 0.1

mg/kg 38.0 57-13910841.0Boron 2.0

mg/kg 1.98 76-1281142.26Cadmium 0.04

mg/kg 48.0 88-11811053.0Chromium 1.0

mg/kg 8.75 87-113907.9Cobalt 0.1

mg/kg 296 89-115108321Copper 0.2

mg/kg 166 85-115110182Lead 0.2

mg/kg 253 88-114107271Manganese 0.4

mg/kg 2.88 65-1441323.81Mercury 0.05

mg/kg 4.57 83-1261165.3Molybdenum 0.1

mg/kg 31.6 90-11210232.1Nickel 0.4

mg/kg 1.02 64-1571511.5Selenium 0.5

mg/kg 1.17 60-1111001.2Silver 0.2

mg/kg 0.450 79-102950.4Thallium 0.1

mg/kg 19.1 74-12310920.9Tin 0.2

mg/kg 1.64 75-106971.6Uranium 0.1

mg/kg 74.4 83-12411081.7Vanadium 0.4

mg/kg 337 86-118111375Zinc 2.0
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Particle Size
 (Dry Sieve Fraction) & (Wet Sieve Fraction)

Conducted By: Nicolas Carbajales
Date: December 20, 2011 to January 6, 2012

Sample ID: CK10334-03 Client ID: TP-GC06L1-111011

Sieve Size Weight (g) % Retained Accumulated % Retained

80.0mm 0.00 0.00% 0.0%
56.0 mm 0.00 0.00% 0.0%
40.0mm 0.00 0.00% 0.0%
25.0 mm 0.00 0.00% 0.0%
19.0mm 7.94 3.59% 3.6%
12.5 mm 6.19 2.80% 6.4%
4.75 mm 51.15 23.10% 29.5%
2.00 mm 33.81 15.27% 44.8%
1.18 mm 20.53 9.27% 54.0%
600 um 22.08 9.97% 64.0%
425 um 10.40 4.70% 68.7%
300 um 9.60 4.34% 73.0%
150 um 16.51 7.46% 80.5%
75 um 16.60 7.50% 88.0%
Pan 26.59 12.01% 100.0%

Total Sample Weight 221.4

Sample ID: CK10334-07 Client ID: TP-GC07L2-111011

Sieve Size Weight (g) % Retained Accumulated % Retained

80.0mm 0.00 0.00% 0.0%
56.0 mm 0.00 0.00% 0.0%
40.0mm 0.00 0.00% 0.0%
25.0 mm 27.94 16.28% 16.3%
19.0 mm 5.60 3.26% 19.5%
12.5 mm 19.73 11.49% 31.0%
4.75 mm 56.45 32.88% 63.9%
2.00 mm 14.23 8.29% 72.2%
1.18 mm 6.47 3.77% 76.0%
600 um 8.12 4.73% 80.7%
425 um 4.60 2.68% 83.4%
300 um 4.71 2.74% 86.1%
150 um 7.96 4.64% 90.8%
75 um 5.79 3.37% 94.1%
Pan 10.07 5.87% 100.0%

Total Sample Weight 171.7



Sample ID: CK10334-11 Client ID: TP-GC08L3-111011

Sieve Size Weight (g) % Retained Accumulated % Retained

80.0mm 0.00 0.00% 0.0%
56.0 mm 0.00 0.00% 0.0%
40.0mm 0.00 0.00% 0.0%
25.0 mm 0.00 0.00% 0.0%
19.0 mm 0.00 0.00% 0.0%
12.5 mm 7.53 3.93% 3.9%
4.75 mm 32.39 16.93% 20.9%
2.00 mm 22.99 12.01% 32.9%
1.18 mm 23.80 12.44% 45.3%
600 um 30.43 15.90% 61.2%
425 um 14.34 7.49% 68.7%
300 um 12.28 6.42% 75.1%
150 um 18.50 9.67% 84.8%
75 um 12.49 6.53% 91.3%
Pan 16.62 8.68% 100.0%

Total Sample Weight 191.4

Sample ID: CK10334-28 Client ID: TP-BR02L2-111013

Sieve Size Weight (g) % Retained Accumulated % Retained

80.0mm 0.00 0.00% 0.00%
56.0 mm 0.00 0.00% 0.00%
40.0mm 0.00 0.00% 0.00%
25.0 mm 0.00 0.00% 0.00%
19.0 mm 5.60 2.04% 2.04%
12.5 mm 19.27 7.00% 9.04%
4.75 mm 88.68 32.23% 41.27%
2.00 mm 64.00 23.26% 64.53%
1.18 mm 30.58 11.11% 75.64%
600 um 21.21 7.71% 83.35%
425 um 7.37 2.68% 86.03%
300 um 6.20 2.25% 88.28%
150 um 12.72 4.62% 92.90%
75 um 10.71 3.89% 96.79%
Pan 8.82 3.21% 100.00%

Total Sample Weight 275.2



Sample ID: CK10334-29 Client ID: TP-BR03L2-111013

Sieve Size Weight (g) % Retained Accumulated % Retained

80.0mm 0.00 0.00% 0.00%
56.0 mm 0.00 0.00% 0.00%
40.0mm 0.00 0.00% 0.00%
25.0 mm 0.00 0.00% 0.00%
19.0 mm 0.00 0.00% 0.00%
12.5 mm 0.83 0.32% 0.32%
4.75 mm 59.26 22.80% 23.12%
2.00 mm 77.82 29.94% 53.05%
1.18 mm 36.30 13.96% 67.01%
600 um 24.61 9.47% 76.48%
425 um 9.47 3.64% 80.12%
300 um 8.44 3.25% 83.37%
150 um 17.84 6.86% 90.23%
75 um 15.11 5.81% 96.05%
Pan 10.28 3.95% 100.00%

Total Sample Weight 260.0

Sample ID: CK10334-34 Client ID: TP-BL02L2-111013

Sieve Size Weight (g) % Retained Accumulated % Retained

80.0mm 0.00 0.00% 0.00%
56.0 mm 0.00 0.00% 0.00%56.0 mm 0.00 0.00% 0.00%
40.0mm 0.00 0.00% 0.00%
25.0 mm 0.00 0.00% 0.00%
19.0 mm 0.00 0.00% 0.00%
12.5 mm 0.00 0.00% 0.00%
4.75 mm 4.75 2.05% 2.05%
2.00 mm 6.26 2.70% 4.74%
1.18 mm 4.88 2.10% 6.84%
600 um 7.12 3.07% 9.91%
425 um 5.38 2.32% 12.23%
300 um 7.27 3.13% 15.36%
150 um 26.52 11.42% 26.78%
75 um 70.57 30.39% 57.17%
Pan 99.47 42.83% 100.00%

Total Sample Weight 232.2



Sample ID: CK10334-35 Client ID: TP-BL05L2-111013

Sieve Size Weight (g) % Retained Accumulated % Retained

80.0mm 0.00 0.00% 0.00%
56.0 mm 0.00 0.00% 0.00%
40.0mm 0.00 0.00% 0.00%
25.0 mm 0.00 0.00% 0.00%
19.0 mm 0.00 0.00% 0.00%
12.5 mm 11.38 4.06% 4.06%
4.75 mm 4.78 1.71% 5.77%
2.00 mm 5.66 2.02% 7.79%
1.18 mm 3.98 1.42% 9.21%
600 um 6.72 2.40% 11.61%
425 um 5.06 1.81% 13.41%
300 um 7.54 2.69% 16.10%
150 um 26.87 9.59% 25.69%
75 um 79.13 28.24% 53.93%
Pan 129.10 46.07% 100.00%

Total Sample Weight 280.2

Sample ID: CK10334-38 Client ID: TP-NWR-01-TOP-111014

Sieve Size Weight (g) % Retained Accumulated % Retained

80.0mm 0.00 0.00% 0.00%
56.0 mm 0.00 0.00% 0.00%
40.0mm 0.00 0.00% 0.00%40.0mm 0.00 0.00% 0.00%
25.0 mm 0.00 0.00% 0.00%
19.0 mm 0.00 0.00% 0.00%
12.5 mm 0.00 0.00% 0.00%
4.75 mm 10.52 5.68% 5.68%
2.00 mm 9.16 4.94% 10.62%
1.18 mm 5.81 3.14% 13.76%
600 um 7.81 4.22% 17.97%
425 um 5.56 3.00% 20.97%
300 um 12.03 6.49% 27.47%
150 um 28.03 15.13% 42.60%
75 um 76.00 41.02% 83.62%
Pan 30.4 16.38% 100.00%

Total Sample Weight 185.3



Sample ID: CK10334-39 Client ID: TP-NWR-02-111014

Sieve Size Weight (g) % Retained Accumulated % Retained

80.0mm 0.00 0.00% 0.0%
56.0 mm 0.00 0.00% 0.00%
40.0mm 0.00 0.00% 0.00%
25.0 mm 0.00 0.00% 0.00%
19.0 mm 17.15 5.65% 5.65%
12.5 mm 23.41 7.71% 13.36%
4.75 mm 36.03 11.87% 25.23%
2.00 mm 31.03 10.22% 35.45%
1.18 mm 21.77 7.17% 42.62%
600 um 23.57 7.76% 50.38%
425 um 13.19 4.34% 54.72%
300 um 18.32 6.03% 60.76%
150 um 59.21 19.50% 80.26%
75 um 37.91 12.49% 92.75%
Pan 22.02 7.25% 100.00%

Total Sample Weight 303.6

Particle Size (Wet Sieve)

Sample ID: CK10334-34 Client ID: TP-BL02L2-111013

Fraction Weight (g) % Retained Accumulated % Retained
#100(>150um) 37.56 27.52% 27.52%#100(>150um) 37.56 27.52% 27.52%
#200(75um - 150um) 37.06 27.15% 54.67%
Pan (<75um) 61.87 45.33% 100.00%

Total Sample Weight 136.49

Sample ID: CK10334-35 Client ID: TP-BL05L2-111013

Fraction Weight (g) % Retained Accumulated % Retained
#100(>150um) 33.13 22.95% 22.95%
#200(75um - 150um) 39.05 27.04% 49.99%
Pan (<75um) 72.23 50.01% 100.00%

Total Sample Weight 144.41

Sample ID: CK10334-38 Client ID: TP-NWR-01-TOP-111014

Fraction Weight (g) % Retained Accumulated % Retained
#100(>150um) 60.01 44.42% 44.42%
#200(75um - 150um) 38.90 28.79% 73.22%
Pan (<75um) 36.18 26.78% 100.00%

Total Sample Weight 135.09
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EXECUTIVE SUMMARY 

A limited soil and groundwater investigation has been undertaken at the Iron Ore Roaster Residue 

Release Area (IORRRA) at Teck Metals Ltd.’s (“Teck”) Trail Metallurgical Operations (TMO), (the 

“Site”) located near Trail, BC (Drawing 503663-IOR-001). Anecdotal historical information from 

Teck indicated the IORRRA represents the location where effluent was discharged by gravity from 

settling ponds related to a roaster historically located at TMO. Based on site visits, the IORRRA 

consists of exposed, iron-oxidized material in the vicinity of and downslope from a wood-stave 

pipe, surrounded by partially-vegetated oxidized material. An investigation was completed by 

SNC-Lavalin Inc., Environment Division (SLE) to assess the potential for current and future water 

quality impacts to the Columbia River. The investigation consisted of both soil and groundwater 

components via test pitting, surficial soil sampling and borehole advancement. The main findings 

of the investigation were: 

• A fan-shaped spatial distribution of iron-stained soils and other debris such as ceramics, 

glass and wood was observed. 

• The majority of soils tested contained concentrations exceeding at least one of the applicable 

Contaminated Sites Regulation1 (CSR) Industrial Land Use (IL) standards for metals and as 

such no delineation to CSR standards was achieved. 

• Acid-generating, highly oxidized, leachable material appeared to be present at the 

near-surface (i.e., up to approximately < 0.8 m), with relatively high metals concentrations 

observed. Some of the samples analyzed exceeded Protocol 12 Upper Cap Concentrations 

(UCC) for arsenic and/or zinc. 

• In general, deeper soils (i.e., > 0.8 m depth) had lower iron content and lower concentrations 

of total metals. These soils also generally had fewer leachable metals and relatively lower 

leachate concentrations. 

• Based on the observed gradual transition from red-orange stained soil at surface to brown 

soil at depth and an increase in soil pH reported from samples at depth, acidic leachate 

appears to be neutralized within the soil profile resulting in secondary mineral precipitation.  

                                                 
1  Contaminated Sites Regulation (CSR), B.C. Reg. 375/96, including amendments up to B.C. Reg. 97/2011. 
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• Since iron oxyhydroxides have a relatively high adsorptive capacity, the presence of these 

minerals in the soil profile may also act to limit contaminant load to groundwater. 

• Shallow groundwater is of good quality with no exceedances of any CSR aquatic life (AW) or 

British Columbia Approved Water Quality Guidelines2 (BCAWQG) standards for water, and 

circumneutral pH. 

• The groundwater results contrast with the results of previous investigations of river sediments 

and porewater by Golder Associates Ltd.; it appears that water samples collected from 

previous drive point samples may be biased by contamination from local sediment rather than 

of shallow groundwater discharging to the Columbia River. 

• As numerical delineation was not achieved to CSR Standards at the site, a qualitative risk-

based approach was used to identify soils which could be considered “suspect source 

material” for possible remediation. Based on this approach, the volume of material was 

approximated to be 440 m3.  

• It appears that the “suspected source material” in the IORRRA is not impacting groundwater 

quality or is not a direct contributor to surface water impacts in the Columbia River via 

groundwater due to the assumed buffering capacity of the underlying unsaturated zone; 

however, this material may warrant remediation as the majority of it is above UCC standards 

and would be considered a continual source of contaminant loading to the underlying soil and 

groundwater once the buffering capacity is depleted. 

This report makes recommendations for further work, which include: 

• further assessment of sediment chemistry (e.g., leachability) and spatial extent of impacted 

sediments in the Columbia River; 

• additional groundwater sampling;  

• additional geochemical assessment of source materials to understand natural attenuation; 

and 

• development of management options following completion of the above. 

                                                 
2  Water, Air and Climate Change Branch, MoE, British Columbia Approved Water Quality Guidelines (Criteria), 

2006 Edition, (BCAWQG). 
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1. INTRODUCTION 

SNC-Lavalin Inc., Environment Division (SLE) is pleased to provide the results of our 

environmental investigation of the Iron Ore Roaster Residue Release Area (IORRRA) at 

Teck Metals Ltd. (Teck) Trail Metallurgical Operations (TMO), (the “Site”) located near Trail, BC 

(Drawing 503664-IOR-001). The work was completed according to the terms and conditions of 

the Engineering/Environmental Services Agreement (Agreement No. ESA06-1004, amended 

August 17, 2011) between SLE and Teck, and in general accordance with the scope of work 

provided in our work plan dated October 6, 2011.  

The environmental investigation was a component of a larger environmental investigation 

program in support of ongoing environmental management of the Site. An Inspector’s Direction 

related to investigation and management of discharge groundwater to the Columbia River was 

issued by Environment Canada in 2009 and was amended to include Stoney Creek and other 

areas, including the IORRRA in 2010. This report focuses on the findings related to IORRRA as 

it is considered a separate issue to the main ammonium sulphate plume. Concurrent 2011 

investigations to assess potential areas of concern identified in the Inspector’s Direction 

included: 

1) 2011 Groundwater Investigation; 

2) Supplemental Environmental Investigation at Stoney Creek; and 

3) Slag Fill Area Investigation.  

It is also noted that a Conceptual Site Model report (“CSM Report”) has been generated which 

incorporates both historical data, the three investigations described above and the IORRRA 

investigation. The CSM report was intended to provide context for and focus to ongoing 

remedial planning activities. 
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2. BACKGROUND 

Anecdotal historical information from Teck indicated the IORRRA represents the location where 

effluent was discharged by gravity from settling ponds related to a roaster historically located at 

TMO. The iron ore was imported from the Sullivan Mine in Kimberley, BC for an unknown period 

to provide a sulphate source for the fertilizer plant in Warfield.  

Based on previous site visits, the IORRRA visually consists of exposed, iron-oxidized material in 

the vicinity of and downslope from a wood-stave pipe, surrounded by partially-vegetated 

oxidized material (see photo 1). The area of the exposed residue is approximately 175 m2, as 

defined by visual observation of apparent iron staining; miscellaneous debris is present 

including glass, ceramic and wood-stave piping. Iron staining is also present along the banks of 

the Columbia River with concreted ferricrete (i.e., sediments cemented by iron oxyhydroxide 

minerals) material in a localized area down-slope of the exposed material.  

Iron-stained sediment also appears to be present within the interstices of cobbles in the bed of 

the Columbia River. Relatively low pH (minimum of 3.61) and concentrations of a number of 

dissolved metals above applicable guidelines were reported from temporary drive point 

piezometer samples in the Columbia River adjacent to the IORRRA (Golder 20111). 

Geophysical electrical conductivity anomalies from Electrical Resistivity Imaging (ERI) were also 

observed at and beneath the bottom of the Columbia River down slope from the IORRRA 

(Golder, 2011). Based on past river bottom drive point water chemistry (i.e., pH < 4; high 

sulphate, dissolved iron and other metals), shallow ERI anomalies, and the visual presence of 

ferricrete material, it was assumed there may be localized metal leaching and acid rock 

drainage (ML/ARD) from unoxidized (i.e., unroasted) material resulting in groundwater and 

surface water quality impacts.  

  

                                                 
1  Golder Associates Ltd. 2011. 2010 Investigations of Groundwater Discharge to the Columbia River near Trail, 

British Columbia, Dated March 31, 2011. 
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3. OBJECTIVE AND SCOPE OF WORK 

The objective of the work was to assess subsurface conditions with respect to current and 

potential future impacts of the IORRRA to observed water quality impacts in the Columbia River, 

with a specific focus towards near-term management and/or remedial actions. The general 

scope of work consisted of a limited soil and groundwater investigation, including:   

• Soil quality characterization in the form of surficial soil sampling and a test pitting program to 

characterize soils potentially contaminated from the historical effluent discharge. Horizontal 

and vertical extents of material were assessed through soil quality and leachability testing; 

with selected material tested for ML/ARD prediction. 

• Groundwater assessment in the form of a groundwater monitoring well to assess 

groundwater quality near the Columbia River and provide a possible monitoring point for 

future comparison after remedial activities. Groundwater quality and the local flow regime 

were assessed in the context of the larger pre-existing monitoring well network and historical 

drive point data. 
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4. FIELD METHODOLOGY 

The field investigation of the IORRRA consisted of soil and groundwater components which took 

place on the following dates: 

• December 8, 2011: Test pitting investigation using an excavator supplied by Impact 

Equipment Ltd. (Impact). 

• December 14, 2011: Surficial soil sampling as part of clean-up efforts for a small release of 

diesel on the river road. 

• December 15, 2011: One borehole was drilled using a dual rotary rig provided by 

Beck Drilling & Environmental Services Ltd. (Beck). Soil samples were collected and a 

shallow monitoring well was installed. 

• Two groundwater monitoring and sampling events on January 25, and April 4, 2012. 

Field activities were undertaken, as applicable, in accordance with SLE Preferred Operating 

Procedures (POPs) and Health and Safety programs. The detailed scope and methodology for 

field activities are provided in Appendix I (Field Methodology) and are summarized below. 

Photographs of field activities are included in Appendix II (Site Photographs). 

4.1. Soil Investigations 

Soil investigations consisted of test pitting, opportunistic surficial soil sampling, and borehole 

advancement, described below. The majority of soil samples were field-screened for certain 

metals using a hand-held x-ray fluorescence spectroscopy (XRF) unit. Select soil samples also 

underwent contact tests.  

A detailed description of methodology for each soil investigation event is provided in Appendix I 

with general descriptions below. Soil sample type and locations are shown on 

Drawing 503664-IOR-002. 

4.1.1. Test Pitting Investigation 

A total of 19 test pits were excavated to assess horizontal and vertical extent of potential 

impacts to soils (see Photo 2). To provide context for observed high field XRF readings in test 

pits that appeared to be outside of the iron-stained area, five surficial soil samples (0 m to 
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0.10 m) were analyzed by XRF (samples with identification “SS11-“ on the drawings) but were 

not submitted for laboratory analysis. The approximate locations of surficial soil samples and 

test pits are shown on Drawing 503664-IOR-002. Based on XRF and contact test results, 

selected soil samples from test pits were sent to the laboratory for analysis. 

4.1.1. Soil Investigation on River Road 

A total of seven soil samples were opportunistically collected from shallow test pits as part of 

clean-up activities of a small release of 50 – 70 L of diesel (as estimated by the contractor) on 

the river road (samples with identification prefix “TP-RE-” on the drawings). Approximate 

locations are shown on Drawing 503664-002; selected samples were submitted for laboratory 

analyses. 

4.1.2. Dual Air Rotary Borehole Investigation 

Borehole BH2011-110 was advanced on the access road to aid in the vertical delineation and 

characterization of source materials and to install a shallow groundwater monitoring well. The 

location of the borehole is shown on Drawing 503664-IOR-002; select samples were submitted 

for laboratory analyses. 

4.2. Groundwater Investigation 

One groundwater monitoring well, MW2011-110, was installed to assess shallow groundwater 

quality. Monitoring well installation details are included in the borehole log in Appendix III and 

the location is shown on Drawing 503664-IOR-002. Additional well construction details are 

presented in Appendix III.  

4.3. Surveying 

The monitoring well was surveyed by Kootenay Technical Surveys of Trail, BC in January 2012. 

Top-of-casing and ground elevation, in metres above sea level (masl) were surveyed using local 

control points to allow for comparison to the larger groundwater monitoring well network. 

The X,Y coordinates were recorded in the Teck Grid reference system. 
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4.4. Laboratory Analysis 

4.4.1. Soil Analyses 

A subset of the samples was analyzed based on XRF and contact test results, as follows: 

• 27 samples and 2 duplicate samples were analyzed for total metals (SALM including pH). 

• 17 samples were analyzed for synthetic precipitation leachate procedure (SPLP) and five 

samples were analyzed for toxicity characteristic leachate procedure (TCLP) to assess 

leachability and determine if the material is considered hazardous waste. 

• Four samples were analyzed for sulphide content to assess the remaining potential for acid 

generation. The original scope of work indicated static acid generation/neutralization would 

be performed on oxidized samples; however, there was no observable unoxidized 

(i.e., notably grey) and soil contact test results indicated acid-generating conditions. 

Therefore, no samples were analyzed for static acid generation/neutralization testing. 

Samples were sent to Caro Analytical Services (Caro) in Kelowna, BC for analysis of total 

metals, SPLP and TCLP. Samples were submitted to Acme Analytical Laboratories Ltd. (Acme) 

in Vancouver, BC for total sulphur analyses.  

4.4.2. Groundwater Analyses 

Two groundwater samples and one duplicate sample was sent to Caro Analytical Services 

(Caro) in Kelowna, BC for analysis of: dissolved metals; total dissolved solids (TDS); anions 

(specifically chloride, fluoride, ammonia, nitrate, nitrate, TKN, total nitrogen, total phosphorus 

and sulphate); acidity and/or alkalinity (as applicable); and hardness.   
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5. RESULTS 

5.1. Regulatory Framework 

The BC Contaminated Sites Regulation2 (CSR) informs the investigation and remediation of 

contaminated sites by defining numerical standards (including generic, matrix, and site specific) 

for concentrations of substances in soil, vapour, sediments and groundwater. In addition, the 

BC Ministry of Environment (MoE) recently finalized Protocol 12 for Site Risk Classification, 

Reclassification and Reporting, which provides Upper Cap Concentrations (UCC) for the 

purposes of assessing whether the subject site would be considered a “High Risk” site. The 

overall management of contaminated sites also needs to consider the Hazardous Waste 

Regulation3 (HWR) (BC MoE, 2009), particularly with respect to management of wastes 

generated at contaminated sites.  

Federal criteria exist for soil, sediments and surface water; however, as the lands at the 

IORRRA fall under provincial jurisdiction and there are no applicable federal criteria for 

groundwater, federal criteria have not been considered. 

5.1.1. Applicable Site Standards 

Based on the assumed land use in the vicinity of the IORRRA, CSR industrial use (IL) standards 

for soil were used for comparison in this report. The selection of soil matrix standards (CSR 

Schedule 5) for comparison requires additional information including details on site-specific 

factors (i.e., exposure pathways) that consider the risk to, and protection of, human health and 

the environment (i.e., receptors). Since the Site is industrial, a number of exposure pathways do 

not apply; Table A below lists the site-specific factors and the pathways considered applicable.  

                                                 
2  Contaminated Sites Regulation (CSR), B.C. Reg. 375/96, including amendments up to B.C. Reg. 97/2011. 
3  Hazardous Waste Regulation (HWR), B.C. Reg. 63/88, including amendments up to B.C. Reg. 63/2009. 
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Table A: Site-specific Factors for Soil Matrix Standards 
Site-specific Factor Applies Does Not Apply 

Protection of Human Health   

• Intake of contaminated soil (mandatory at all sites)   

• Groundwater used for drinking water    

Protection of the Environment   

• Toxicity to soil invertebrates and plants (mandatory at all sites)   

• Livestock ingesting soil and fodder   

• Major microbial functional impairment   

• Groundwater flow to surface water used by aquatic life  Freshwater  
Marine/Estuarine  

 

• Groundwater used for livestock watering    

• Groundwater used for irrigation watering    

 
The following criteria were used for comparison to groundwater analytical results:  

• CSR aquatic life water use (AW) standards: the Columbia River is located within 300 m from 

the Site and as such aquatic life standards apply. 

• BC Water Quality Guidelines4 (BCAWQG): The draft Technical Guidance 155 indicates AW 

standards are to be used between 300 and 10 m from a surface water body with BCAWQG to 

be applied within 1 m inland of the high water mark. MW2011-110 is greater than 1 m from 

the assumed high water mark and as such BCAWQG technically do not apply; however, they 

have been compared to be conservative. 

• CSR drinking water use (DW) standards: DW standards are applicable to protect future 

groundwater as per CSR Technical Guidance Document 66 (BC MoE, 2010b), whether or not 

the aquifer is currently used for obtaining potable water.  

The TCLP results were compared to BC HWR Leachate Quality Standards to assess whether 

material would be considered hazardous waste and SPLP results were compared to CSR AW 

and DW water standards and BCAWQG for comparison purposes only (i.e., should not be 

considered ‘exceedances’ as SPLP leachate would not be directly applicable due to dilution). 

                                                 
4  Water, Air and Climate Change Branch, MoE, British Columbia Approved Water Quality Guidelines (Criteria), 2006 

Edition (BCAWQG). 
5 Technical Guidance 15: 1 Draft 5 August 2009. Compliance Points for the Protection of Aquatic Receiving 

Environments. 
6  Technical Guidance 6: February 1, 2011 Version 2 July 2010. Water Use Determination. 
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5.2. Soil Results 

5.2.1. Field Observations of Iron Staining 

The degree of visual iron staining decreased with depth, as seen in the drill cuttings from 

BH2010-110 (see Photo 3), becoming indistinguishable at approximately 5.0 m below ground 

surface. Iron staining was noted in 11 of 19 test pits, with soils ranging from reddish-orange to 

orange in colour in the iron stained test pits versus brown to light brown in unstained test pits 

(see Photos 4 to 6).  

5.2.2. XRF and Contact Tests 

Most soil samples were analyzed with the XRF, with the exception of the surface soil samples 

along the access road (samples “TP-RE-“). The XRF results were downloaded from the unit 

following field work and corrected by applying the error reading to negative results; corrected XRF 

results for lead, zinc and arsenic are included in the test pit logs (Appendix III), while raw XRF 

data is presented in Appendix IV. It is noted that these data should be considered as gross 

indicators of metals concentrations in samples not sent for laboratory analysis as these results are 

not considered as accurate as laboratory results; however, they do provide an order of magnitude 

appraisal of metals concentrations in locations where no laboratory analysis was performed.  

Contact tests were performed on selected soil samples based on XRF data; results are included 

in Appendix III. The rinse pH ranged between 2.46 and 4.80, with the majority of the samples 

with high iron content (i.e., XRF values > 100,000) having a pH of less than 3.15. 

5.2.3. Analytical Results for Total Metals and Sulphide Content  

Laboratory analytical results, including sulphide content, are presented in Table 1 and compared 

to the CSR IL standards where applicable. Laboratory analytical reports are presented in 

Appendix V. Lab-analyzed soil concentrations for lead, zinc, arsenic and iron were compared with 

XRF results, with relatively good correlations for zinc and arsenic (r2 = 0.95 and 0.93, respectively) 

and slightly poorer correlations for lead and iron (r2 = 0.78 and 0.84, respectively). As previously 

discussed the XRF results are considered gross indicators of metals concentrations.  
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Of the 27 soil samples analyzed for total metals, all but two exceeded CSR IL standards for 

metals, with exceedances for arsenic, barium, cadmium, copper, lead and zinc observed. 

Maximum concentrations of metals above CSR IL standards are summarized in Table B below. 

Table B: Maximum Metals Concentration in Soil 

Metal 
No. of 

Exceedances 
Maximum Concentration 

Observed (mg/kg) 
Location of Max 
Concentration 

CSR IL Standard 
(mg/kg) 

Arsenic 23 5,900 TP11-15 15 

Barium 1 525 TP11-16 400 

Cadmium 11 180 TP11-13 1.5 – 2.01 

Copper 5 377 TP11-16 90 – 2501 

Lead 22 17,000 TP11-15 250 – 2,0001 

Zinc 18 12,000 TP11-13 150 – 6001 
1- standard is pH dependant and therefore a range is presented 

 
In general, the highest metals concentrations were observed in iron stained soils with 

concentrations dropping by an order of magnitude in many test pits at approximately 0.8 m in 

depth, despite soils still exhibiting iron staining. Test pits with no iron staining generally had 

metals concentrations orders of magnitude below iron stained test pits. Sulphide concentrations 

in soils ranged from <0.02% (BH2011-10-1-111215) to 1.22% (TP11-12-1-111208). 

5.2.4. Leachable Metals in Soil 

The results for TCLP and SPLP are summarized in Table 2. One sample analyzed for TCLP 

(TP11-13-1-111208) exceeded the BC HWR Leachate Quality standard for cadmium 

(2,400 µg/L) and as such would be considered hazardous waste. 

All samples analyzed via SPLP had leachate metals concentrations above the CSR AW, DW 

and/or BCAWQG standards or guidelines. While these results are not regulated by the standards 

listed, this comparison provides some context on potential leachate from these soils and their 

possible effect on groundwater quality. Leachate results exceeded the standards and/or 

guidelines for aluminum, antimony, arsenic, cadmium, copper, iron, lead, manganese and zinc.  

5.3. Groundwater Results 

The groundwater in the IORRRA was neutral, with a pH between 6.83 and 7.59 recorded in the 

field. The conductivity ranged from 330 µS/cm to 445 µS/cm, the uncorrected ORP ranged from 

-115.5 mV to 176.6 mV and the DO ranged from 0.44 mg/L to 3.79 mg/L. There were no 

exceedances of any CSR standards or BCAWQG guidelines for any parameters tested. 
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5.4. QA/QC Results 

Two blind duplicate QA/QC soil samples were collected and submitted for total metals analysis, 

as outlined in the QA/QC protocol (Appendix I). Results of the relative percent difference (RPD) 

calculations for the QA/QC program are included in the analytical tables and summarized below: 

• calculated RPDs for soil sample duplicate pair TP11-13-1-111208 and TP11-DUPA-111208 

were greater than the maximum acceptable value of 60% for cadmium (119% RPD), cobalt 

(80%), lead (154%), manganese (108%), zinc (76%) and magnesium (119%); and 

• calculated RPDs for soil sample duplicate pair TP11-15-2-111208 and TP11-DUPB-111208 

were all less than the maximum acceptable value of 60%. 

It is noted that although one of the duplicate pairs had RPD values higher than the SLE’s 

targets, all duplicate pairs were either less than or greater than the applicable standards. As 

such, the relatively high RPD values do not affect the interpretation of these results.   
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6. DISCUSSION 

The following provides a discussion of soil quality, distribution, and groundwater quality with 

respect to current and potential future impacts of the IORRRA to observed water quality impacts 

in the Columbia River, with a specific focus towards near-term management and/or remedial 

actions, if necessary. 

6.1. Delineation and Spatial Distribution of Soil Quality 

The majority of soils exceeded at least one of the applicable CSR standards for metals; as such, 

no delineation to CSR standards was achieved, with some of the samples analyzed exceeding 

the Environmental Health UCC for arsenic and/or zinc. It is noted, however, that visual 

delineation of the horizontal and vertical extent of the iron-stained soils was achieved as there 

was a relatively distinct observable difference between the soils (i.e., reddish-orange vs. brown).  

Analytical and XRF concentrations in the brown-coloured soils exceeded applicable CSR 

standards for arsenic, cadmium, lead and zinc. Relatively high concentrations of these metals 

have historically been measured in shallow soil in the adjacent community of Tadanac and the 

source of these metals was inferred to be atmospheric deposition; as such, metals impacts 

measured in the brown-coloured soil in the IORRRA were not considered to be related to the 

former iron ore roaster residue and were not investigated further. Further evidence of 

differences between suspected iron ore source material and adjacent soils are provided in the 

‘weight of evidence’ approach to defining soil volumes of source material outlined in Section 6.5.  

A fan-shaped spatial distribution of iron-stained soils was observed, appearing to originate from 

the wood-stave pipe which is consistent with an upslope former effluent discharge; it is noted 

that the spatial extent of the northern edge of the ‘fan’ was larger than to the south. It is also 

noted that iron-stained material appears to extend into the Columbia River; this includes both 

concreted ferricrete material and sediment situated within the interstices of cobbles in the river 

bed. Spatial distributions of soil concentrations of arsenic, lead, zinc and iron along with the 

inferred distribution of iron-stained soils are shown in Drawings 503664-IOR-003 to -006.  
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6.2. Vertical Distribution of Soil Quality and Geochemical Conceptual Model  

Iron ore roaster residue and other debris such as ceramics, glass and wood are present at the 

near-surface (i.e., up to approximately 0.8 mbgs) in the IORRRA. The iron ore residue source 

material is acid-generating, highly oxidized, leachable and relatively high in metals, based on: 

• relatively high concentrations of iron (up to 340,000 ppm or 34%) in the upper approximately 

0.8 m of test pits in conjunction with highly-stained soils; 

• sulphide content ranging from 0.5 to 1.22% suggesting residual unoxidized sulphide minerals 

are still present in some areas; however, the relatively low sulphide content and highly 

stained soils suggests that the majority of sulphide minerals have been already oxidized; 

• low contact rinse pH was measured, indicating acid-generating conditions are present; and 

• metals and leachable metals concentrations were generally higher in shallow soils to a depth 

of 0.8 mbgs. 

In general, deeper soils (i.e., >0.8 m depth) appear to a have lower iron content and have lower 

concentrations of total metals. These soils also had fewer leachable metals and relatively lower 

leachate concentrations, with the exception of aluminum in TP11-13. 

Infiltration of acidic, iron- and metal-rich leachate from surficial source materials appears to have 

migrated to deeper soils. However, based on the observed gradual transition from red-orange 

stained soil at surface to brown soil at depth (see Photo 3) and an increase in soil pH reported 

from samples at depth, this acidic leachate appears to be neutralized within the soil profile. 

Secondary iron oxyhydroxide minerals would precipitate during neutralization of the acid front, 

as evidenced by the high degree of iron staining below the suspected source material.  

Iron oxyhydroxides have a relatively high adsorptive capacity and as such the observed leachable 

concentrations of aluminum, cadmium and lead from deeper soils may be a result of desorption 

from iron oxyhydroxide minerals in deeper soils, although additional mineralogical and leach 

extraction tests would be required to confirm this. If sorption processes are occurring in deeper 

soils, then metal uptake from leachate may result in a reduced contaminant load to groundwater.  
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6.3. Groundwater Quality and Comparison to Drive Point Chemistry  

Based on comparison of water levels in MW2011-110 and the remainder of wells at the site, 

shallow groundwater is assumed to flow toward the Columbia River; as such, MW2011-110 is 

inferred to be hydraulically downgradient of the bulk of the IORRRA source material. As 

evidenced from two groundwater sampling events, groundwater in MW2011-110 is of good 

quality with no exceedances of any CSR AW or BCAWQG standards for water, circumneutral 

pH, and no elevated concentrations of dissolved aluminum, cadmium, iron, lead or zinc as 

reported from upgradient soil leachability tests and downgradient drive point water chemistry. A 

spatial comparison of groundwater analytical results, soil leachability, and historical drive point 

chemistry is shown on Drawing 503664-IOR-006. 

Based on the groundwater results, there appears to be no groundwater pathway for dissolved 

contaminants from the iron ore source material to the Columbia River. These results are in 

contrast to those reported in Golder’s investigation of sediment and porewater quality in 2010, 

and it therefore appears that water samples collected from drive point samples may be more 

reflective of effects from localized sediment deposition rather than of shallow groundwater 

discharging to the Columbia River. This is supported by:  

• iron-stained sediment material present in the interstitial of cobbles in the Columbia River bed;   

• sediment chemistry for Golder’s sample 6 indicated relatively low pH, a soluble sulphate 

concentration of 464 mg/L and concentrations of arsenic, cadmium, lead, mercury and zinc 

above CCME guidelines (Golder, 2011); 

• drive point chemistry from Golder’s samples 6, 8, and MC1 (Golder, 2011) shows similar 

concentrations to parameters observed in leachate from one or more of the samples from the 

iron ore source material, including: low pH, dissolved aluminum; cadmium; calcium; 

chromium; copper; iron; magnesium; silver; strontium; and zinc; and 

• groundwater results from downgradient MW2011-110 indicating little to no impacts from the 

parameters indicated above. 

It is noted that the second sampling event took place after a period of sustained precipitation 

(i.e., after several days of rain) in an attempt to assess the potential for ‘flushing’ of 

contaminants from the IORRRA. Similar groundwater chemistry was reported from the second 

sample; as such, this supports the concept that drive point chemistry is more reflective of 
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sediment pore water and shallow groundwater is relatively unimpacted. Additional leachability 

studies of near-shore sediments would be required to confirm a sediment pore water influence. 

6.4. Summary of CSR Protocol 12 High Risk Conditions 

Review of the analytical soil results detailed in Table 1 indicated exceedances of the Protocol 11 

Upper Cap Concentrations (UCC) for various parameters, as shown in 

Drawings 503664-IOR-003 through -006. Concentrations of arsenic and/or zinc exceeded the 

applicable Environmental Health UCC in soil samples collected from the upper 0.6 m of test pits 

TP11-1, TP11-3, TP11-12, TP11-13, TP11-15 and TP11-16. 

There were no groundwater exceedances for any Protocol 11 UCC standards. 

As there are exceedances of the Protocol 11 Environmental Health UCC for soils within the top 

metre, the soils are undeveloped land, the soils are terrestrial habitat, and the spatial extent of 

soils are greater than 250 m2 in area, the subject site would be considered a “High Risk” site; 

however, at this time it is anticipated that a requirement for Site Risk Classification Reporting 

would only be triggered if and when a Notification of Independent Remediation were to be 

submitted in order to carry out remedial works at the subject site. At this time, the preparation of 

a Site Risk Classification Report is not considered appropriate.  

It is noted that a Site Risk Classification has been submitted for Teck’s Operational Properties, 

however, this Site lies outside the boundaries of the Operational Properties at this time, thus would 

require a separate submission. Should Teck obtain this property at a future date, the Site would fall 

under the existing Site Risk Classification, and no additional reporting would be required. 

6.5. Suspected Source Material Volume Estimates  

As numerical delineation was not achieved to CSR Standards at the site, a qualitative risk-

based comparison was used to identify soils which could be considered “suspect source 

material”. These soils were identified by comparing the total metals, SPLP and contact test 

results, as well as the presence of iron stained soils, and grouping the soils based on a weight 

of evidence approach. Samples which exceeded more than one of the criteria were considered 

suspect source material, while samples which had one or no exceedances of the criteria were 

considered ‘adjacent soils’. Table A in Appendix VI provides a classification of suspected source 

materials vs. adjacent soils based on this weight of evidence approach. 
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Based on an spatial extent of suspect source materials of  approximately 550 m2, as shown in 

drawing 503664-IOR-008, and an average approximate depth observed in the field of 0.8 m, the 

approximate volume of suspect source material is 440 m3. It appears that the “suspected source 

material” in the IORRRA is not impacting groundwater quality or is not a direct contributor to 

surface water impacts in the Columbia River via groundwater due to the assumed buffering 

capacity of the underlying unsaturated zone; however, this material may warrant remediation as 

the majority of it is above UCC standards and would be considered a continual source of 

contaminant loading to the underlying soil and groundwater once the buffering capacity is 

depleted. 
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7. CONCLUSIONS  

An environmental investigation of the IORRRA was completed by SLE to assess the potential 

for current and future water quality impacts to the Columbia River. The investigation consisted 

of both soil and groundwater components via test pitting, surficial soil sampling and borehole 

advancement. The main findings of the investigation were: 

• A fan-shaped spatial distribution of iron-stained soils and other debris such as ceramics, 

glass and wood was observed. 

• The majority of soils tested contained concentrations exceeding at least one of the applicable 

CSR IL standards for metals and as such no delineation to CSR standards was achieved.  

• Acid-generating, highly oxidized, leachable material appeared to be present at the 

near-surface (i.e., up to approximately < 0.8 m), with relatively high metals concentrations 

observed. Some of the samples analyzed exceeded Protocol 12 Upper Cap Concentrations 

(UCC) for arsenic and/or zinc. 

• In general, deeper soils (i.e., >0.8 m depth) had lower iron content and lower concentrations 

of total metals. These soils also generally had fewer leachable metals and relatively lower 

leachate concentrations. 

• Based on the observed gradual transition from red-orange stained soil at surface to brown 

soil at depth and an increase in soil pH reported from samples at depth, acidic leachate 

appears to be neutralized within the soil profile resulting in secondary mineral precipitation. 

Since iron oxyhydroxides have a relatively high adsorptive capacity, the presence of these 

minerals in the soil profile may also act to limit contaminant load to groundwater. 

• Shallow groundwater is of good quality with no exceedances of any CSR AW or BCAWQG 

standards for water, and circumneutral pH. 

• The groundwater results contrast with the results of previous investigations of river sediments 

and porewater by Golder Associates Ltd.; it appears that water samples collected from 

previous drive point samples may be biased by contamination from local sediment rather than 

of shallow groundwater discharging to the Columbia River. 
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• As numerical delineation was not achieved to CSR Standards at the site, a qualitative risk-

based approach was used to identify soils which could be considered “suspect source 

material” for possible remediation. Based on this approach, the volume of material was 

approximated to be 440 m3.  

• It appears that the “suspected source material” in the IORRRA is not impacting groundwater 

quality or is not a direct contributor to surface water impacts in the Columbia River via 

groundwater due to the assumed buffering capacity of the underlying unsaturated zone; 

however, this material may warrant remediation as the majority of it is above UCC standards 

and would be considered a continual source of contaminant loading to the underlying soil and 

groundwater once the buffering capacity is depleted. 
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8. FINAL REMEDIATION PLAN AND RECOMMENDATIONS 

SLE understands that, as part of the Inspector’s Direction, Environment Canada requires a 

‘Final Remediation Plan’ to address the discharge of contaminated groundwater to 

Columbia River surface water at Teck Trail Operations. This Section is intended to satisfy the 

requirement for the IORRRA as it is considered a separate issue to the main ammonium 

sulphate plume.  

We understand that detailed steps and timelines are required for the IORRRA Final 

Remediation Plan, which can include additional assessment. Based on the results of the 

Investigation and the current conceptual understanding, the proposed remediation plan for 

groundwater in IORRRA focuses on further assessment, to be followed by remedial options 

analysis, selection of preferred remedial activities, and implementation.  

8.1. Proposed Assessment Tasks with Associated Rationale and Timelines 

2013: 

The majority of the tasks proposed in 2013 are associated with developing a more detailed 

understanding of source material in the IORRRA and sediment in the Columbia River. Following 

are tasks proposed to be completed in 2013:  

• Sediment Investigation in the Columbia River: an identified potential source for the 

impacted drive point samples is the leachability of the adjacent sediments.  

 Conduct a more detailed assessment of metals impacts in the Columbia River adjacent 

to the IORRRA. This would consist of a survey (video or manual) of the areal extent of 

visually impacted (i.e., iron-stained) sediment and collection of sediment samples for 

total metals and leachability analyses. Additional drive point samples will also be 

performed to assess the spatial extent of pore water chemistry.  

• Additional Groundwater Sampling of MW2011-110: Groundwater sampling will be 

performed to confirm low groundwater concentrations of parameters of concern. Additional 

parameters will be collected for geochemical assessment (see below). 
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• Additional Geochemistry Assessment:  Natural attenuation is inferred based on low 

groundwater concentrations, the reduction in iron staining with depth and standard 

leachability testing in comparison to sediment pore water samples. If the material is to remain 

in place, additional geochemistry assessment is proposed to confirm natural attenuation and 

potentially provide an estimation of buffering capacity and duration. 

 A limited test-pitting program will be performed to collect samples for shake flask 

leachability (a test performed under neutral conditions and able to analyze anions) and 

mineralogy (to assess secondary mineralization).  

2014 

Results from the proposed 2013 investigations should allow for a more detailed understanding 

of the source material and natural attenuation, potential causes for the observed drive point 

chemistry, and areal extent of potentially impacted sediments. A remedial options analysis will 

be prepared in 2014, which may involve additional targeted investigation and pilot testing to 

assess the feasibility of one or more remedial options. This may include, but is not limited to: 

sediment removal from selected areas; source material removal; and, risk assessment.  

2015 and subsequent years 

The current limited understanding does not permit projection beyond the remedial options 

analysis stage; however, it is expected that 2015 and subsequent years would involve 

implementation and monitoring of the selected remedial option(s). 
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9. GENERAL LIMITATIONS 

This report has been prepared by SNC-Lavalin Inc., Environment Division (SLE) for the 

exclusive use of Borden Ladner Gervais LLP and Teck Metals Ltd., who have been party to the 

development of the scope of work for this project and understand its limitations.  

This report is intended to provide information to Borden Ladner Gervais LLP to assist it in 

providing advice and Teck Metals Ltd. to assist it in making business decisions. SLE is not a 

party to the various considerations underlying the decisions, and does not make 

recommendations regarding such decisions. In providing this report, SLE accepts no liability or 

responsibility in respect of the site described in this report or for any business or legal decisions 

relating to the site, including decisions in respect of the management, closure, modification, 

purchase, sale or investment in the site. 

Any use, reliance on, or decision made by a third party based on this report is the sole 

responsibility of such third party. SLE accepts no liability or responsibility for any damages that 

may be suffered or incurred by any third party as a result of the use of, reliance on, or any 

decision made based on this report. 

The findings, conclusions and recommendations in this report have been developed in a 

manner consistent with the level of skill normally exercised by environmental professionals 

currently practicing under similar conditions in the area. The findings contained in this report are 

based, in large part, upon information provided by others. If any of the information is inaccurate, 

modifications to the findings, conclusions and recommendations may be necessary. 

The findings, conclusions and recommendations presented by SLE in this report reflect SLE’s 

best judgement based on the site conditions at the time of the site inspection on the date(s) set 

out in this report and on information available at the time of preparation of this report. They have 

been prepared for specific application to this site and are based, in part, upon visual observation 

of the site, subsurface investigation at discrete locations and depths, and specific analysis of 

specific materials as described in this report during a specific time interval. The findings cannot 

be extended to previous or future site conditions or to portions of the site which were 

unavailable for direct observation, subsurface locations which were not investigated directly, or 

materials or analysis which were not specified. Substances other than those described may 

exist within the site, reported substance parameters may exist in areas of the site not 
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investigated, and concentrations of substances greater or less than those reported may exist 

between sample locations. 

The findings and conclusions of this report are valid only as of the date of this report. If site 

conditions change, new information is discovered, or unexpected site conditions are 

encountered in future work, including additional information review and interviews, excavations, 

borings, or other studies, SLE should be requested to re-evaluate the findings, conclusions 

and/or recommendations of this report, and to provide amendments as required. 

Copying of this report is not permitted without the written permission of Borden Ladner Gervais 

LLP, Teck Metals Ltd. and SLE. 
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TABLE 1:  Summary of Soil Analytical Results for Total Metals

Area Suspect Source Material Area  

Sample Location 2011-110 TP11-1 TP11-2 TP11-3 TP11-4 TP11-8 TP11-12 TP11-13 TP11-15 TP11-16 TP11-17
BC Standards

Sample ID
BH2011-110-1-

111215
BH2011-110-2-

111215
TP11-1-1-

111208
TP11-2-2-

111208
TP11-3-2-

111208
TP11-4-2-

111208
TP11-8-1-

111208
TP11-8-2-

111208
TP11-12-1-

111208
TP11-13-1-

111208
TP11-DUPA-

111208 QA/QC
TP11-13-2-

111208
TP11-15-2-

111208
TP11-DUPB-

111208 QA/QC
TP11-16-1-

111208
TP11-17-1-

111208
TP11-17-2-

111208 CSR CSR

Sample Date (yyyy mm dd) 2011 12 15 2011 12 15 2011 12 08 2011 12 08 2011 12 08 2011 12 08 2011 12 08 2011 12 08 2011 12 08 2011 12 08 Duplicate of RPD % 2011 12 08 2011 12 08 Duplicate of RPD % 2011 12 08 2011 12 08 2011 12 08 Industrial Industrial

Depth Interval (m) 0.6 - 1.2 1.8 - 2.4 0.5 - 0.6 0.8 - 0.9 0.3 - 0.5 0.7 - 0.8 0.3 - 0.4 0.8 - 0.9 0.2 - 0.3 0.5 - 0.6
TP11-13-1-

111208 1.2 - 1.3 0.4 - 0.5
TP11-15-2-

111208 0.0 - 0.2 0.2 - 0.3 0.3 - 0.4
Land Usea

(IL)
Land Use
(IL UCC)

Parameter Units Analytical Results

Field Parmeters

Contact pH pH - - 3.14 3.23 2.90 3.58 3.09 3.86 2.46 2.91 2.91 0 - 2.66 2.66 0 - 2.87 3.03 n/a n/a

Contact Conductivity µS/cm - - 770 100 210 60 150 50 510 1,590 1,590 0 - 340 340 0 - 140 70 n/a n/a

Physical Parameters

pH pH 5.2 4.4 2.7 3.2 3.2 3.8 3.3 3.8 2.9 5.3 4.4 19 2.9 3.1 3.0 3 6.9 3.3 3.2 n/a n/a

Sulphide Content

Sulphide % < 0.02 - - - 0.50 - - - 1.22 - - - - 0.70 - - - - - n/a n/a

Total Metals

Antimony µg/g 32 1.1 3 0.9 200 29 2.5 0.1 160 62 87 37 5.8 180 260 36 265 150 38 n/a 400
Arsenic µg/g 120 5.7 1,100 390 1,400 200 730 68 5,100 3,600 4,200 15 160 5,500 5,900 7 1,070 380 79 15 1,000

Barium µg/g 73 39 100 130 79 79 130 38 190 86 100 15 90 390 250 44 525 67 100 400 15,000

Beryllium µg/g < 0.1 0.2 < 0.1 0.1 0.2 0.1 0.2 0.1 0.2 0.4 0.4 * < 0.1 0.4 0.4 * 0.3 0.1 0.1 n/a 80

Cadmium µg/g 1.18 0.28 0.08 0.17 2.56 0.15 0.27 0.11 1.39 180 45.4 119 0.34 1.97 1.55 24 1.93 0.28 1.5 (pH<6.5) 5,000

95.5 2 (pH<7.0)

Chromium µg/g 17 12 28 49 6.9 9.8 37 11 4.1 12 19 45 8.7 6.3 6.6 5 14.4 8.6 12 60 7,000

Cobalt µg/g 2.1 2.5 1.7 4.5 0.1 1.4 4 2.3 0.3 1.4 0.6 80 1.1 3.8 2.1 58 0.5 0.2 2.1 n/a 3,000

Copper µg/g 9 34 26 100 35 36 9.2 320 290 10 16 300 340 13 76 38 90 (pH<5.0) 2,500

42 320 100 (pH 5.0-<5.5)  

377 250 (pH>5.5)

Lead µg/g 1,700 73 860 210 12,000 2,000 71 3 12,000 9,300 12,000 154 280 17,000 13,000 27 7,600 2,600 100 (pH<6.0) 20,000

6,960 2,000

Lithium µg/g 7.2 7.9 4 16 2.1 5.8 18 6.8 0.9 1.5 1.4 7 3.1 1.7 1.7 0 - 4.5 8.9 n/a n/a

Manganese µg/g 150 82 77 180 820 180 150 70 1,700 14,000 4,200 108 68 200 170 16 9,510 630 140 n/a n/a

Mercury µg/g 0.3 < 0.05 0.08 < 0.05 2.4 0.4 < 0.05 < 0.05 4.3 1.0 1.5 40 0.11 0.81 0.77 5 1.39 1.2 0.57 150 1,500

Molybdenum µg/g 2.5 0.5 1.5 2 2.7 0.9 2.2 0.2 5.3 7.2 9 22 0.4 6.6 6.1 8 4.5 1.2 0.6 n/a 400

Nickel µg/g 11 4.7 4.1 13 1.4 3.7 14 6 1.5 6 3 * 2.7 1.9 1.5 * 5.2 2.1 5.4 n/a 5,000

Selenium µg/g 0.7 < 0.5 < 0.5 0.6 1.8 < 0.5 < 0.5 < 0.5 3 3.6 3.8 5 < 0.5 6 5.4 11 3.5 1.6 < 0.5 n/a 100

Silver µg/g 3 < 0.2 1 0.3 16 3 0.7 < 0.2 46 42 52 21 0.8 73 57 25 37.6 8.6 2.8 n/a 400

Strontium µg/g 20 17 41 41 16 21 29 21 29 140 120 15 48 29 27 7 - 16 19 n/a n/a

Tin µg/g 13.3 0.7 3.4 0.9 73.8 9.9 1.4 0.2 98.1 38.4 59.7 43 2 136 128 6 50.8 41.6 8.7 n/a 3,000

Uranium µg/g 0.9 0.5 0.2 0.8 0.5 0.3 1.2 0.3 0.6 3.1 2.1 38 0.2 1.1 0.9 20 3.4 0.3 0.2 n/a n/a

Vanadium µg/g 17 17 74 90 17 23 56 13 12 11 11 0 35 13 15 14 20.8 22 28 n/a 200,000
Zinc µg/g 290 60 72 81 3,000 550 100 31 3,800 12,000 5,400 76 88 3,000 2,400 22 2,200 330 150 (pH<6.0) 6,000

10,200 600 (pH>6.0)

Aluminum µg/g 2,800 2,800 2,700 7,100 1,600 2,900 7,200 3,200 1,300 2,400 2,200 9 1,800 1,900 1,800 5 4,770 2,700 4,000 n/a n/a

Bismuth µg/g 1.1 0.1 0.3 0.2 4.6 0.7 0.3 < 0.1 8.7 8.4 9.9 16 0.2 15 14 7 20.3 3.2 1.1 n/a n/a

Boron µg/g 2.2 < 2 4.7 3 28 4.1 < 2 < 2 13 4.6 3.3 * 6.3 14 9.5 * 6.8 15 8.7 n/a 1,000,000

Calcium µg/g 970 650 1,100 1,800 220 420 1,500 880 830 56,000 45,000 22 2,900 < 100 < 100 * 43,100 < 100 100 n/a n/a

Iron µg/g 32,000 16,000 100,000 73,000 200,000 64,000 53,000 11,000 340,000 180,000 190,000 5 31,000 220,000 230,000 4 67,100 120,000 40,000 n/a n/a

Magnesium µg/g 2,300 1,900 890 4,200 570 1,600 3,500 2,100 210 15,000 3,800 119 690 210 220 5 23,800 1,200 1,900 n/a n/a

Phosphorus µg/g 614 375 613 1,400 426 409 980 419 578 447 387 14 121 307 367 18 980 374 300 n/a n/a

Potassium µg/g 730 590 1,600 1,400 670 960 1,300 510 810 570 810 35 1,000 1,000 1,100 10 960 930 950 n/a n/a

Silicon µg/g 8,000 8,600 11,000 13,000 11,000 5,800 13,000 8,700 9,900 11,000 7,500 * 13,000 13,000 8,400 * 27,000 8,100 8,300 n/a n/a

Sodium µg/g 220 130 870 360 120 150 260 85 170 160 190 * 700 180 170 * 110 190 280 n/a n/a

Sulphur µg/g 1,700 < 1,000 9,200 2,800 12,000 2,700 2,100 < 1,000 22,000 53,000 50,000 6 8,100 14,000 14,000 0 20,000 6,900 3,200 n/a n/a

Tellurium µg/g 0.1 < 0.1 0.2 < 0.1 < 0.1 < 0.1 < 0.1 < 0.1 0.2 < 0.1 0.1 * < 0.1 0.3 0.3 * 0.7 0.3 0.1 n/a n/a

Thallium µg/g 0.8 0.1 0.9 0.3 4 1.2 0.2 < 0.1 2.4 0.3 0.4 * 0.3 0.6 0.6 0 1.4 3.3 1.7 n/a 5,500

Thorium µg/g 5 2.1 2.6 5.4 1.5 2.1 7.3 2.1 1 1.1 1.3 * 1.1 1.8 2 * 2.4 1.4 1.6 n/a n/a

Titanium µg/g 330 410 1,400 1,100 470 670 790 350 130 70 97 32 1,000 170 130 27 285 590 760 n/a n/a

Zirconium µg/g < 2 < 2 6 3 3 2 3 < 2 4 2 4 * < 2 4 2 * 3 < 2 < 2 n/a n/a

Associated CARO file: CB20183, K2A0434, CL10302.

Associated Acme file: VAC12000160.

All terms defined within the body of SLE's report.

<     Denotes concentration less than indicated detection limit or RPD less than indicated value.

-      Denotes analysis not conducted.

n/a  Denotes no applicable standard.

RPD  Denotes relative percent difference.

*      RPDs are not normally calculated where one or more concentrations are less than five times MDL.

BOLD Concentration greater than CSR Industrial Land Use (IL) standard.

SHADOW Concentration greater than CSR Industrial Land Use Upper Cap Concentration (IL UCC) standard.

a  The site-specific factors used for determining the matrix standards for this site include: groundwater used for drinking water, toxicity to soil invertebrates and plants,
     groundwater flow to surface water used by freshwater aquatic life,  and  intake of contaminated soil  (whichever is most stringent).
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TABLE 1 (Cont'd):  Summary of Soil Analytical Results for Total Metals

Area Suspect Source Material Area (Cont'd) Adjacent Soils  

Sample Location
TP-RE-01-

121411
TP-RE-04-

121411 TP11-5 TP11-6 TP11-7 TP11-10 TP11-11 TP11-14 TP11-18
TP-RE-03-

121411
TP-RE-05-

121411
TP-RE-07-

121411
BC Standards

Sample ID
TP-RE-01-

121411
TP-RE-04-

121411
TP11-5-1-

111208
TP11-6-1-

111208
TP11-7-1-

111208
TP11-10-1-

111208
TP11-11-1-

111208
TP11-14-1-

111208
TP11-18-1-

111208
TP-RE-03-

121411
TP-RE-05-

121411
TP-RE-07-

121411 CSR CSR

Sample Date (yyyy mm dd) 2011 12 14 2011 12 14 2011 12 08 2011 12 08 2011 12 08 2011 12 08 2011 12 08 2011 12 08 2011 12 08 2011 12 14 2011 12 14 2011 12 14 Industrial Industrial

Depth Interval (m) 0.0 - 0.1 0.4 0.2 - 0.3 0.4 - 0.5 0.2 - 0.3 0.2 - 0.3 0.4 - 0.5 0.4 - 0.5 0.0 - 0.2 0.0 - 0.1 0.3 0.3
Land Usea

(IL)
Land Use
(IL UCC)

Parameter Units Analytical Results

Field Parmeters

Contact pH pH - - - 4.80 4.47 - 4.44 - 3.26 - - - n/a n/a

Contact Conductivity µS/cm - - - 0 0 - 30 - 50 - - - n/a n/a

Physical Parameters

pH pH 5.3 3.7 5.2 5.3 5.2 5.4 5.1 3.5 3.3 5.0 3.7 4.6 n/a n/a

Sulphide Content

Sulphide % - - - - - - - - - - - - n/a n/a

Total Metals

Antimony µg/g 24.5 33 4.6 13 5.6 1.1 2.7 3.2 47 19.9 77.7 50.3 n/a 400
Arsenic µg/g 114 154 6.3 46 35 3.8 15 50.7 85 92.4 334 196 15 1,000

Barium µg/g 84 95.7 49 130 120 61.2 62 61.3 74 75.8 152 123 400 15,000

Beryllium µg/g 0.2 0.1 0.1 0.4 0.3 0.1 0.1 < 0.1 0.2 0.2 0.2 0.3 n/a 80

Cadmium µg/g 3.45 1.11 1.57 1.25 3.31 0.08 0.1 0.36 0.16 7.82 3.16 1.31 1.5 (pH<6.5) 5,000

2 (pH<7.0)

Chromium µg/g 17.5 28.4 13 22 32 16.1 13 16.8 11 14.7 16.3 13.4 60 7,000

Cobalt µg/g 2 2.4 4.4 5.8 2.2 2.2 1.9 3.4 2.1 2.3 1.7 1.5 n/a 3,000

Copper µg/g 35.9 7.8 29 75.4 49 90 (pH<5.0) 2,500

36.1 13.6 17 17 11.1 13 43.1 100 (pH 5.0-<5.5)  
250 (pH>5.5)

Lead µg/g 1,210 2,010 102 250 120 14.5 130 40.9 2,600 990 3,950 2,910 100 (pH<6.0) 20,000

2,000

Lithium µg/g - - - 15 21 - 7.1 - 9.2 - - - n/a n/a

Manganese µg/g 175 280 182 180 420 138 89 187 200 168 256 256 n/a n/a

Mercury µg/g 0.37 0.52 0.05 0.22 0.06 < 0.05 < 0.05 < 0.05 0.44 0.64 1.28 0.78 150 1,500

Molybdenum µg/g 1.6 1.2 0.2 1.8 1.3 0.3 0.4 0.2 0.5 1.5 1.7 2.9 n/a 400

Nickel µg/g 6.4 7.2 8.9 13 14 6.1 4.9 6.4 5.2 6.9 4.9 4.2 n/a 5,000

Selenium µg/g 0.5 0.7 < 0.5 0.8 0.6 < 0.5 < 0.5 < 0.5 < 0.5 0.7 1.9 1.2 n/a 100

Silver µg/g 3.5 2.9 < 0.2 0.9 0.4 < 0.2 0.3 0.3 2.6 8.7 7 4.4 n/a 400

Strontium µg/g - - - 39 30 - 30 - 20 - - - n/a n/a

Tin µg/g 10.7 9.6 0.6 1.6 1.2 0.4 1 0.4 14.8 8.8 31.2 15.8 n/a 3,000

Uranium µg/g 0.8 1.1 0.9 3.4 3.2 0.3 0.3 0.5 0.2 0.8 1.1 1.2 n/a n/a

Vanadium µg/g 22.3 54.7 21.6 35 67 30.4 26 26.9 25 18 26.5 25.1 n/a 200,000
Zinc µg/g 380 524 276 200 880 37.4 57 65 470 596 684 475 150 (pH<6.0) 6,000

600 (pH>6.0)

Aluminum µg/g 3,460 3,780 4,620 5,800 7,800 4,310 3,800 4,510 3,800 3,290 3,320 3,280 n/a n/a

Bismuth µg/g 2.1 0.6 0.1 0.4 0.3 0.1 0.2 0.1 0.9 12 2.3 1 n/a n/a

Boron µg/g < 2 < 2 < 2 < 2 < 2 < 2 < 2 < 2 11 < 2 < 2 < 2 n/a 1,000,000

Calcium µg/g 1,870 2,100 2,350 5,900 4,300 1,390 870 1,140 100 2,160 1,770 2,520 n/a n/a

Iron µg/g 27,200 69,000 11,800 20,000 34,000 24,700 26,000 19,700 44,000 20,600 59,400 56,200 n/a n/a

Magnesium µg/g 1,980 2,310 2,620 2,800 4,100 2,660 2,300 2,300 2,000 1,890 1,810 1,850 n/a n/a

Phosphorus µg/g 820 1,400 900 1,880 1,540 810 535 1,200 319 670 2,000 2,200 n/a n/a

Potassium µg/g 840 1,200 770 800 1,100 1,000 980 550 830 910 1,100 1,100 n/a n/a

Silicon µg/g < 3,000 < 3,000 12,000 < 3,000 4,400 18,000 15,000 13,000 9,500 < 3,000 < 3,000 < 3,000 n/a n/a

Sodium µg/g 210 180 130 160 130 230 240 100 200 330 230 190 n/a n/a

Sulphur µg/g 1,100 2,200 < 1,000 < 1,000 < 1,000 1,900 1,800 1,500 3,000 1,000 3,600 3,300 n/a n/a

Tellurium µg/g 1.2 0.1 < 0.1 0.2 < 0.1 < 0.1 < 0.1 < 0.1 0.1 10.3 0.4 0.1 n/a n/a

Thallium µg/g 0.7 1.5 0.2 0.3 0.2 < 0.1 0.2 0.2 1.6 0.7 3.5 1.2 n/a 5,500

Thorium µg/g 3.7 4.1 4.2 7.4 8.4 2.7 2.2 4.7 1.4 4.4 5.2 4.2 n/a n/a

Titanium µg/g 389 733 443 560 950 791 750 527 730 391 450 469 n/a n/a

Zirconium µg/g 2 2 < 2 2 < 2 < 2 < 2 < 2 < 2 < 2 < 2 < 2 n/a n/a

Associated CARO file: CB20183, K2A0434, CL10302.

Associated Acme file: VAC12000160.

All terms defined within the body of SLE's report.

<     Denotes concentration less than indicated detection limit or RPD less than indicated value.

-      Denotes analysis not conducted.

n/a  Denotes no applicable standard.

RPD  Denotes relative percent difference.

*      RPDs are not normally calculated where one or more concentrations are less than five times MDL.

BOLD Concentration greater than CSR Industrial Land Use (IL) standard.

SHADOW Concentration greater than CSR Industrial Land Use Upper Cap Concentration (IL UCC) standard.

a  The site-specific factors used for determining the matrix standards for this site include: groundwater used for drinking water, toxicity to soil invertebrates and plants,
     groundwater flow to surface water used by freshwater aquatic life,  and  intake of contaminated soil  (whichever is most stringent).
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TABLE 2:  Summary of Soil Analytical Results for Leachable Metals

Area Suspect Source Material Area Adjacent Soils BC Standards BC Guidelines

Sample Location 2011-110 TP11-1 TP11-3 TP11-4 TP11-12 TP11-13 TP11-15 TP11-16 TP11-7 TP11-10 TP11-14 TP11-18   

Sample ID
BH2011-110-1-

111215
BH2011-110-2-

111215
TP11-1-1-

111208
TP11-3-2-

111208
TP11-4-2-

111208
TP11-12-1-

111208
TP11-13-1-

111208
TP11-13-2-

111208
TP11-13-3-

111208
TP11-15-2-

111208
TP11-15-3-

111208
TP11-16-1-

111208
TP11-7-1-

111208
TP11-10-1-

111208
TP11-14-1-

111208
TP11-18-1-

111208
TP11-18-2-

111208 HWR CSR CSR BCWQG

Sample Date (yyyy mm dd) 2011 12 08 2011 12 15 2011 12 08 2011 12 08 2011 12 08 2011 12 08 2011 12 08 2011 12 08 2011 12 08 2011 12 08 2011 12 08 2011 12 08 2011 12 08 2011 12 08 2011 12 08 2011 12 08 2011 12 08 Leachate Quality Aquatic Lifeb Drinking Water Aquatic Lifec,d

Depth Interval (m) 0.6 - 1.2 1.8 - 2.4 0.5 - 0.6 0.3 - 0.5 0.7 - 0.8 0.2 - 0.3 0.5 - 0.6 1.2 - 1.3 1.4 - 1.5 0.4 - 0.5 0.8 - 0.9 0.0 - 0.2 0.2 - 0.3 0.2 - 0.3 0.4 - 0.5 0.0 - 0.2 0.5 - 0.6 (HWLQ) (AW) (DW) (AW)

Parameter Units Analytical Results

Physical Parameters

Final TCLP pH pH 4.9 4.9 - - - 4.8 5.0 - - 4.8 - - - - - - - n/a n/a n/a n/a

SPLP Extraction Final pH pH 4.5 4.1 3.4 3.4 5.1 3.2 4.0 3.7 3.6 3.4 3.9 7.2 4.8 4.0 4.3 3.6 4.0 n/a n/a n/a n/a

TCLP Metals

Aluminum µg/L 510 1,100 - - - < 100 3,700 - - < 100 - - - - - - - n/a n/a n/a n/a

Antimony µg/L < 5 < 5 - - - < 5 < 5 - - < 5 - - - - - - - n/a n/a n/a n/a

Arsenic µg/L < 50 < 50 - - - < 50 < 50 - - < 50 - - - - - - - 2,500 n/a n/a n/a

Barium µg/L < 1,000 < 1,000 - - - < 1,000 < 1,000 - - < 1,000 - - - - - - - 100,000 n/a n/a n/a

Beryllium µg/L < 50 < 50 - - - < 50 < 50 - - < 50 - - - - - - - n/a n/a n/a n/a

Boron µg/L < 500 < 500 - - - < 500 < 500 - - < 500 - - - - - - - 500,000 n/a n/a n/a

Cadmium µg/L 10 6 - - - < 1 2,400 - - < 1 - - - - - - - 500 n/a n/a n/a

Calcium µg/L 18,000 8,100 - - - 22,000 44,000,000 - - < 5,000 - - - - - - - n/a n/a n/a n/a

Chromium µg/L < 50 < 50 - - - < 50 < 50 - - < 50 - - - - - - - 5,000 n/a n/a n/a

Cobalt µg/L < 20 < 20 - - - < 20 < 20 - - < 20 - - - - - - - n/a n/a n/a n/a

Copper µg/L 130 < 100 - - - < 100 230 - - < 100 - - - - - - - 100,000 n/a n/a n/a

Iron µg/L 1,200 < 1,000 - - - < 1,000 1,300 - - < 1,000 - - - - - - - n/a n/a n/a n/a

Lead µg/L 370 < 20 - - - 910 280 - - 120 - - - - - - - 5,000 n/a n/a n/a

Lithium µg/L < 50 < 50 - - - < 50 < 50 - - < 50 - - - - - - - n/a n/a n/a n/a

Magnesium µg/L < 5,000 < 5,000 - - - < 5,000 54,000 - - < 5,000 - - - - - - - n/a n/a n/a n/a

Manganese µg/L 220 280 - - - 30 18,000 - - 20 - - - - - - - n/a n/a n/a n/a

Mercury µg/L < 2 < 2 - - - < 2 < 2 - - < 2 - - - - - - - 100 n/a n/a n/a

Molybdenum µg/L < 5 < 5 - - - < 5 < 5 - - < 5 - - - - - - - n/a n/a n/a n/a

Nickel µg/L < 100 < 100 - - - < 100 130 - - < 100 - - - - - - - n/a n/a n/a n/a

Potassium µg/L < 5,000 < 5,000 - - - < 5,000 < 5,000 - - < 5,000 - - - - - - - n/a n/a n/a n/a

Selenium µg/L < 50 < 50 - - - < 50 < 50 - - < 50 - - - - - - - 1,000 n/a n/a n/a

Silver µg/L < 1 < 1 - - - < 1 < 1 - - < 1 - - - - - - - 5,000 n/a n/a n/a

Strontium µg/L 90 < 50 - - - 140 1,200 - - < 50 - - - - - - - n/a n/a n/a n/a

Thallium µg/L < 10 < 10 - - - < 10 < 10 - - < 10 - - - - - - - n/a n/a n/a n/a

Tin µg/L < 50 < 50 - - - < 50 < 50 - - < 50 - - - - - - - n/a n/a n/a n/a

Titanium µg/L < 100 < 100 - - - < 100 < 100 - - < 100 - - - - - - - n/a n/a n/a n/a

Uranium µg/L < 20 < 20 - - - < 20 < 20 - - < 20 - - - - - - - 10,000 n/a n/a n/a

Vanadium µg/L < 50 < 50 - - - < 50 < 50 - - < 50 - - - - - - - n/a n/a n/a n/a

Zinc µg/L < 500 910 - - - < 500 110,000 - - < 500 - - - - - - - 500,000 n/a n/a n/a

Synthetic Precipitation Leachate Procedure

Aluminum (Al) µg/L 160 < 50 1,100 610 200 190 < 50 810 970 220 70 310 3,300 1,700 140 270 90 n/a n/a 9,500 100 (pH>6.5)f

Antimony (Sb) µg/L < 5 < 5 < 5 < 5 < 5 < 5 < 5 < 5 < 5 < 5 < 5 20 < 5 < 5 < 5 < 5 < 5 n/a 200 6 n/a

Arsenic (As) µg/L < 50a < 50a < 50a < 50a < 50a < 50a < 50a < 50a < 50a < 50a < 50a
50 < 50a < 50a < 50a < 50a < 50a

n/a 50 10 n/a

Barium (Ba) µg/L < 500 < 500 < 500 < 500 < 500 < 500 < 500 < 500 < 500 < 500 < 500 < 500 < 500 < 500 < 500 < 500 < 500 n/a 10,000 1,000 n/a

Beryllium (Be) µg/L < 50 < 50 < 50 < 50 < 50 < 50 < 50 < 50 < 50 < 50 < 50 < 50 < 50 < 50 < 50 < 50 < 50 n/a 53 n/a n/a

Bismuth (Bi) µg/L < 50 < 50 < 50 < 50 < 50 < 50 < 50 < 50 < 50 < 50 < 50 < 50 < 50 < 50 < 50 < 50 < 50 n/a n/a n/a n/a
Boron (B) µg/L < 500 < 500 < 500 < 500 < 500 < 500 < 500 < 500 < 500 < 500 < 500 < 500 < 500 < 500 < 500 < 500 < 500 n/a 50,000 5,000 n/a

Cadmium (Cd) µg/L < 1a
1 2 3 < 1a

1 290 10 3 3 < 1a
8 < 1a < 1a

4 2 2 n/a 0.6 (H 150-<210) 5 n/a

Calcium (Ca) µg/L 5,300 < 5,000 29,000 < 5,000 < 5,000 14,000 25,000,000 170,000 87,000 < 5,000 < 5,000 25,000 < 5,000 < 5,000 < 5,000 < 5,000 < 5,000 n/a n/a n/a n/a

Chromium (Cr) µg/L < 20a < 20a < 20a < 20a < 20a < 20a < 20a < 20a < 20a < 20a < 20a < 20a < 20a < 20a < 20a < 20a < 20a n/a 10e 50 n/a

Cobalt (Co) µg/L < 20 < 20 < 20 < 20 < 20 < 20 < 20 < 20 < 20 < 20 < 20 < 20 < 20 < 20 < 20 < 20 < 20 n/a 40 n/a n/a
Copper (Cu) µg/L < 50 < 50 80 < 50 < 50 < 50 < 50 < 50 < 50 < 50 < 50 < 50 < 50 < 50 < 50 < 50 < 50 n/a 70 (H 150-<175) 1,000 n/a

Iron (Fe) µg/L < 1,000a < 1,000a < 1,000a < 1,000a < 1,000a < 1,000a < 1,000a < 1,000a < 1,000a < 1,000a < 1,000a
1,800 4,100 14,000 < 1,000a < 1,000a < 1,000a

n/a n/a 6,500 350 (max)

Lead (Pb) µg/L 70 < 20a < 20a
8,500 40 3,300 < 20a < 20a < 20a

320 < 20a
520 < 20a < 20a < 20a

5,600 < 20a
n/a 60 (H 100-<200) 10 n/a

Lithium (Li) µg/L < 50 < 50 < 50 < 50 < 50 < 50 < 50 < 50 < 50 < 50 < 50 < 50 < 50 < 50 < 50 < 50 < 50 n/a n/a 730 n/a
Magnesium (Mg) µg/L < 5,000 < 5,000 < 5,000 < 5,000 < 5,000 < 5,000 24,000 < 5,000 < 5,000 < 5,000 < 5,000 < 5,000 < 5,000 < 5,000 < 5,000 < 5,000 < 5,000 n/a n/a 100,000 n/a

Manganese (Mn) µg/L 40 70 80 150 20 30 3,500 220 150 20 20 90 40 30 130 40 40 n/a n/a 550 n/a

Mercury (Hg) µg/L < 2a < 2a < 2a < 2a < 2a < 2a < 2a < 2a < 2a < 2a < 2a < 2a < 2a < 2a < 2a < 2a < 2a n/a 1 1 n/a

Molybdenum (Mo) µg/L < 5 < 5 < 5 < 5 < 5 < 5 < 5 < 5 < 5 < 5 < 5 < 5 < 5 < 5 < 5 < 5 < 5 n/a 10,000 250 n/a

Nickel (Ni) µg/L < 100 < 100 < 100 < 100 < 100 < 100 < 100 < 100 < 100 < 100 < 100 < 100 < 100 < 100 < 100 < 100 < 100 n/a 1,100 (H 120-<180) n/a n/a

Potassium (K) µg/L < 5,000 < 5,000 < 5,000 < 5,000 < 5,000 < 5,000 < 5,000 < 5,000 < 5,000 < 5,000 < 5,000 < 5,000 < 5,000 < 5,000 < 5,000 < 5,000 < 5,000 n/a n/a n/a n/a

Selenium (Se) µg/L < 50a < 50a < 50a < 50a < 50a < 50a < 50a < 50a < 50a < 50a < 50a < 50a < 50a < 50a < 50a < 50a < 50a n/a 10 10 n/a

Silver (Ag) µg/L < 1 < 1 < 1 < 1 < 1 < 1 < 1 < 1 < 1 < 1 < 1 2 < 1 < 1 < 1 < 1 < 1 n/a 15 (H>100) n/a n/a

Strontium (Sr) µg/L < 50 < 50 < 50 50 < 50 110 720 180 100 < 50 < 50 60 < 50 < 50 < 50 < 50 < 50 n/a n/a 22,000 n/a

Tellerium (Te) µg/L < 200 < 200 < 200 < 200 < 200 < 200 < 200 < 200 < 200 < 200 < 200 < 200 < 200 < 200 < 200 < 200 < 200 n/a n/a n/a n/a

Thallium (Tl) µg/L < 10a < 10a < 10a < 10a < 10a < 10a < 10a < 10a < 10a < 10a < 10a < 10a < 10a < 10a < 10a < 10a < 10a n/a 3 n/a n/a

Tin (Sn) µg/L < 50 < 50 < 50 < 50 < 50 < 50 < 50 < 50 < 50 < 50 < 50 < 50 < 50 < 50 < 50 < 50 < 50 n/a n/a 22,000 n/a

Titanium (Ti) µg/L < 100 < 100 < 100 < 100 < 100 < 100 < 100 < 100 < 100 < 100 < 100 < 100 120 320 < 100 < 100 < 100 n/a 1,000 n/a n/a

Uranium (U) µg/L < 20 < 20 < 20 < 20 < 20 < 20 < 20 < 20 < 20 < 20 < 20 < 20 < 20 < 20 < 20 < 20 < 20 n/a 3,000 20 n/a
Vanadium (V) µg/L < 50 < 50 < 50 < 50 < 50 < 50 < 50 < 50 < 50 < 50 < 50 < 50 < 50 < 50 < 50 < 50 < 50 n/a n/a n/a n/a

Zinc (Zn) µg/L < 500 < 500 < 500 < 500 < 500 < 500 14,000 820 590 < 500 < 500 720 < 500 < 500 < 500 < 500 < 500 n/a 900 (H 100-<200) 5,000 n/a

Zirconium (Zr) µg/L < 50 < 50 < 50 < 50 < 50 < 50 < 50 < 50 < 50 < 50 < 50 < 50 < 50 < 50 < 50 < 50 < 50 n/a n/a n/a n/a

Associated CARO file: CB20183, K2A0434.
a  Laboratory detection limit exceeds regulatory standards.

All terms defined within the body of SLE's report.
b  Standard to protect freshwater aquatic life.

<     Denotes concentration less than indicated detection limit or RPD less than indicated value.
c  British Columbia Approved Water Quality Guidelines 2006 Edition, updated 2009.

-      Denotes analysis not conducted.
d  A Compendium of Working Water Quality Guidelines for British Columbia, updated August 2006.

n/a  Denotes no applicable standard.
e  Individual standards exist for Cr +3 and Cr +6.  Reported value represents more stringent standard.
f  pH is of Groundwater.

BOLD Concentration greater than or equal to HWR Leachate Quality (HWLQ) standard.

SHADOW Concentration greater than CSR Aquatic Life (AW) standard.

OUTLINE Concentration greater than CSR Drinking Water (DW) standard.

SHADED Concentration greater than or equal to BCWQG Aquatic Life (AW) guideline.
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TABLE 3:  Summary of Analytical Results for Metals in Groundwater

Sample Location MW2011-110 BC Standards BC Guidelines

Sample ID
MW2011-110-

120125
MW2011-A-

120125 QA/QC
MW2011-110-

120404** CSR CSR BCWQG

Sample Date (yyyy mm dd) 2012 01 25 Duplicate of RPD % 2012 04 04 Aquatic Lifea Drinking Water Aquatic Lifeb,c

MW2011-110-
120125

(AW) (DW) (AW)

Parameter Units Analytical Results

Field Parameters

pH (field) pH 7.59 7.59 0 6.83 n/a n/a 6.5 - 9.0

Conductivity (field) µS/cm 445 445 0 330 n/a n/a n/a

ORP (field) mV -115.5 -115.5 0 176.6 n/a n/a n/a

Temperature (field) oC 8.66 8.66 0 8.25 n/a n/a n/a

DO (field) mg/L 3.79 3.79 0 0.44 n/a n/a n/a

Physical Parameters

pH pH 7.83 7.83 0 7.88 n/a n/a n/a

Hardness mg/L 174 173 < 1 177 n/a n/a n/a

Conductivity µS/cm 365 368 < 1 381 n/a n/a n/a

Total Dissolved Solids mg/L 204 203 < 1 180 n/a n/a n/a

Total Kjeldahl Nitrogen (N) mg/L 0.07 < 0.05 * 0.08 n/a n/a n/a

Total Nitrogen (N) mg/L 0.104 < 0.05 * 0.121 n/a n/a n/a

Dissolved Inorganics

Dissolved Aluminum µg/L < 5 < 5 * < 5 n/a 9,500 100 (pH>6.5)

Dissolved Calcium mg/L 49.0 49.1 < 1 50.3 n/a n/a n/a

Dissolved Iron µg/L < 10 < 10 * < 10 n/a 6,500 350 (max)

Dissolved Magnesium mg/L 12.6 12.3 2 12.5 n/a 100 n/a

Dissolved Manganese µg/L 111 110 < 1 38.6 n/a 550 n/a

Dissolved Potassium mg/L 4.49 4.40 2 4.44 n/a n/a n/a

Dissolved Sodium mg/L 5.03 4.98 < 1 4.76 n/a 200 n/a

Ammonia Nitrogen µg/L < 10 < 10 * 11,300 (pH 7.5-<8.0) n/a n/a

20 18,400 (pH<7.0)   

Nitrate Nitrogen µg/L 38 40 * 37 400,000 10,000 32,800 (max)

Nitrite Nitrogen µg/L < 10 < 10 * < 10 200 (Cl<2.0) 3,200 60 (Cl<2)

Nitrate+Nitrite Nitrogen µg/L 38 40 * 37 400,000 10,000 60 (Cl<2)

Chloride mg/L 1.86 1.85 < 1 1.66 1,500 250 600

Fluoride µg/L 200 190 * 140 3,000 (H>50) 1,500 300 (H>50)

Sulphate mg/L 50.4 50 < 1 53.8 1,000 500 100 (max)

Total Alkalinity (as CaCO3) mg/L 140 139 < 1 143 n/a n/a n/a

Alkalinity, Bicarbonate (as CaCO3) mg/L 140 139 < 1 - n/a n/a n/a

Alkalinity, Carbonate (as CaCO3) mg/L < 1.0 < 1.0 * - n/a n/a n/a

Alkalinity, Hydroxide (as CaCO3) mg/L < 1.0 < 1.0 * - n/a n/a n/a

Dissolved Metals

Antimony µg/L 0.4 0.4 * 0.8 200 6 n/a

Arsenic µg/L < 0.5 < 0.5 * < 0.5 50 10 n/a

Barium µg/L 58 57 2 53 10,000 1,000 n/a

Beryllium µg/L < 0.1 < 0.1 * < 0.1 53 n/a n/a

Boron µg/L 49 49 0 49 50,000 5,000 n/a

Cadmium µg/L 0.05 0.04 * 0.12 0.6 (H 150-<210) 5 n/a

Chromium µg/L 1.0 1.1 * 1.2 10d 50 n/a

Cobalt µg/L 0.26 0.23 * 0.13 40 n/a n/a

Copper µg/L 0.4 0.5 * 70 (H 150-<175) 1,000 n/a

0.4 80 (H 175-<200)   

Lead µg/L < 0.1 < 0.1 * 0.4 60 (H 100-<200) 10 n/a

Lithium µg/L 0.2 0.2 * 0.1 n/a 730 n/a

Mercury µg/L < 0.02 < 0.02 * < 0.02 1 1 n/a

Molybdenum µg/L 2.8 2.8 0 1.9 10,000 250 n/a

Nickel µg/L 1.0 1.1 10 0.7 1,100 (H 120-<180) n/a n/a

Selenium µg/L < 0.5 < 0.5 * < 0.5 10 10 n/a

Silver µg/L < 0.05 < 0.05 * < 0.05 15 (H>100) n/a n/a

Thallium µg/L 0.03 0.03 * 0.04 3 n/a n/a

Titanium µg/L < 5 < 5 * < 5 1,000 n/a n/a

Uranium µg/L 0.23 0.23 0 0.4 3,000 20 n/a

Vanadium µg/L < 1 < 1 * < 1 n/a n/a n/a

Zinc µg/L < 4 < 4 * 11 900 (H 100-<200) 5,000 n/a

Bismuth mg/L < 0.0001 < 0.0001 * < 0.0001 n/a n/a n/a

Phosphorus mg/L < 0.02 < 0.02 * < 0.02 n/a n/a n/a

Silicon mg/L 3.3 3.3 0 2.4 n/a n/a n/a

Strontium mg/L 0.279 0.278 < 1 0.343 n/a 22 n/a

Sulphur mg/L - - - 21 n/a n/a n/a

Tellurium µg/L < 0.2 < 0.2 * < 0.2 n/a n/a n/a

Thorium mg/L < 0.0001 < 0.0001 * < 0.0001 n/a n/a n/a

Tin mg/L < 0.0002 < 0.0002 * < 0.0002 n/a 22 n/a

Zirconium mg/L < 0.0001 < 0.0001 * < 0.0001 n/a n/a n/a

Associated CARO files: K2A0855, K2D0206.
a  Standard to protect freshwater aquatic life.

All terms defined within the body of SLE's report.
b  British Columbia Approved Water Quality Guidelines 2006 Edition, updated 2009.

<     Denotes concentration less than indicated detection limit or RPD less than indicated value.
c  A Compendium of Working Water Quality Guidelines for British Columbia, updated August 2006.

-      Denotes analysis not conducted.
d  Individual standards exist for Cr +3 and Cr +6.  Reported value represents more stringent standard.

n/a  Denotes no applicable standard. ** Field parameters collected next day.

RPD  Denotes relative percent difference.

*      RPDs are not normally calculated where one or more concentrations are less than five times MDL.

BOLD Concentration greater than CSR Aquatic Life (AW) standard.

SHADOW Concentration greater than CSR Drinking Water (DW) standard.

OUTLINE Concentration greater than or equal to BCWQG Aquatic Life (AW) guideline.
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Partially
Vegetated Area

Monitoring Well
Sample

Sample below CSR
and/or BCQWG Standards

Sample above CSR
and/or BCQWG Standards

Drive Point
Sample

SPLP Soil
Sample

BC Standards / Guidelines Aluminum Cadmium Iron Lead Zinc
µg/L µg/L µg/L µg/L µg/L

CSR Aquatic Life (AW) n/a 0.6 (H 150-<210) n/a 60 (H 100-<200) 900 (H 100-<200)

CSR Drinking Water (DW) 9,500 5 6,500 10 5,000

BCWQG Aquatic Life (AW) 100 (pH>6.5) n/a 350 (max) n/a n/a

Former Wood
Stave Pipe

Sample Location TP11-1
Sample Date Depth Aluminum Cadmium Iron Lead Zinc

Sample ID yyyy mm dd m µg/L µg/L µg/L µg/L µg/L
TP11-1-1-111208 2011 12 08 0.5 - 0.6 1,100 2 < 1,000a < 20a < 500

Sample Location TP11-3
Sample Date Depth Aluminum Cadmium Iron Lead Zinc

Sample ID yyyy mm dd m µg/L µg/L µg/L µg/L µg/L
TP11-3-2-111208 2011 12 08 0.3 - 0.5 610 3 < 1,000a 8,500 < 500

Sample Location TP11-4
Sample Date Depth Aluminum Cadmium Iron Lead Zinc

Sample ID yyyy mm dd m µg/L µg/L µg/L µg/L µg/L
TP11-4-2-111208 2011 12 08 0.7 - 0.8 200 < 1a < 1,000a 40 < 500

Sample Location TP11-12
Sample Date Depth Aluminum Cadmium Iron Lead Zinc

Sample ID yyyy mm dd m µg/L µg/L µg/L µg/L µg/L
TP11-12-1-111208 2011 12 08 0.2 - 0.3 190 1 < 1,000a 3,300 < 500

Sample Location TP11-13
Sample Date Depth Aluminum Cadmium Iron Lead Zinc

Sample ID yyyy mm dd m µg/L µg/L µg/L µg/L µg/L
TP11-13-1-111208 2011 12 08 0.5 - 0.6 < 50 290 < 1,000a < 20a 14,000
TP11-13-2-111208 2011 12 08 1.2 - 1.3 810 10 < 1,000a < 20a 820

TP11-13-3-111208 2011 12 08 1.4 - 1.5 970 3 < 1,000a < 20a 590

Sample Location TP11-15
Sample Date Depth Aluminum Cadmium Iron Lead Zinc

Sample ID yyyy mm dd m µg/L µg/L µg/L µg/L µg/L
TP11-15-2-111208 2011 12 08 0.4 - 0.5 220 3 < 1,000a 320 < 500

TP11-15-3-111208 2011 12 08 0.8 - 0.9 70 < 1a < 1,000a < 20a < 500

Sample Location TP11-16
Sample Date Depth Aluminum Cadmium Iron Lead Zinc

Sample ID yyyy mm dd m µg/L µg/L µg/L µg/L µg/L
TP11-16-1-111208 2011 12 08 0.0 - 0.2 310 8 1,800 520 720

Sample Location TP11-18
Sample Date Depth Aluminum Cadmium Iron Lead Zinc

Sample ID yyyy mm dd m µg/L µg/L µg/L µg/L µg/L
TP11-18-1-111208 2011 12 08 0.0 - 0.2 270 2 < 1,000a 5,600 < 500

TP11-18-2-111208 2011 12 08 0.5 - 0.6 90 2 < 1,000a < 20a < 500

Sample Location TP11-7
Sample Date Depth Aluminum Cadmium Iron Lead Zinc

Sample ID yyyy mm dd m µg/L µg/L µg/L µg/L µg/L
TP11-7-1-111208 2011 12 08 0.2 - 0.3 3,300 < 1a 4,100 < 20a < 500

Sample Location TP11-10
Sample Date Depth Aluminum Cadmium Iron Lead Zinc

Sample ID yyyy mm dd m µg/L µg/L µg/L µg/L µg/L
TP11-10-1-111208 2011 12 08 0.2 - 0.3 1,700 < 1a 14,000 < 20a < 500

Sample Location TP11-14
Sample Date Depth Aluminum Cadmium Iron Lead Zinc

Sample ID yyyy mm dd m µg/L µg/L µg/L µg/L µg/L
TP11-14-1-111208 2011 12 08 0.4 - 0.5 140 4 < 1,000a < 20a < 500

Water SamplesSoil Sample

Sample Location
pH (field) Hardness Aluminum Cadmium Iron Lead Zinc Sulphate

Sample Date pH mg/L µg/L µg/L µg/L µg/L µg/L mg/L
2012-01-25 7.59 174 <5 0.05 <10 <0.1 <4 50.4

2012-04-05 7.88 193 <5 0.12 <10 0.4 11 53.8

MW2011-110

Sample Location
pH (field) Hardness Aluminum Cadmium Iron Lead Zinc Sulphate

Sample Date pH mg/L µg/L µg/L µg/L µg/L µg/L mg/L
2010-10-18 3.61 584 18,800 28.5 367,000 28.1 46,800 1,670

6

Sample Location
pH (field) Hardness Aluminum Cadmium Iron Lead Zinc Sulphate

Sample Date pH mg/L µg/L µg/L µg/L µg/L µg/L mg/L
2010-10-19 7.57 259 6 <0.1 154 <0.1 7 126

9

Sample Location
pH (field) Hardness Aluminum Cadmium Iron Lead Zinc Sulphate

Sample Date pH mg/L µg/L µg/L µg/L µg/L µg/L mg/L
2010-10-19 6.27 110 108 0.17 55 0.1 7.3 65.4

8

Sample Location
pH (field) Hardness Aluminum Cadmium Iron Lead Zinc Sulphate

Sample Date pH mg/L µg/L µg/L µg/L µg/L µg/L mg/L
2010-10-27 6.74 761 576 0.09 29,400 8.6 4,230 875

MC1
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APPENDIX I 
 

Field Methodology 



FIELD METHODOLOGY 

SNC-Lavalin Inc., Environment Division (SLE) completed the field investigation of the Iron Ore 

Roaster Residue Release Area (IORRRA) between December 2011 and April 2012. The 

investigation consisted of soil and groundwater components which took place on the following 

dates: 

• December 8, 2011:  Test pitting investigation using an excavator supplied by Impact 

Equipment Ltd. (Impact). 

• December 14, 2011:  Surficial soil sampling on the river as part of clean-up efforts for a small 

release of diesel on the river road which was subsequently remediated. 

• December 15, 2011:  One borehole was drilled using a dual rotary rig provided by 

Beck Drilling & Environmental Services Ltd. (Beck).  Soil samples were collected and a 

shallow monitoring well was installed. 

• Two groundwater monitoring and sampling events on January 25, and April 4, 2012. 

Field activities were undertaken, as applicable, in accordance with SLE Preferred Operating 

Procedures (POPs) and Health and Safety programs. The detailed scope and methodology for 

field activities are summarized below.  

SOIL INVESTIGATION 

Test Pitting Investigation 

SLE observed the excavation of 19 test pits in the IORRA on December 8, 2011. The test pits 

were excavated by Impact Equipment Ltd (see Photograph 2). Soil samples were collected at 

surface (within the top 0.2 m) and from subsurface locations within the top 0.5 m, 1.0 m, and at 

1.0 m intervals thereafter and/or at observed stratigraphic breaks. All samples were field screened 

for metals concentrations using an XRF, and a subset were sent for laboratory analysis.  

During test pitting, the soil descriptions (grain size, distribution, density, colour, moisture content, 

and apparent contamination) were visually logged (see photo 4). Depths to changes in 

stratigraphy were made with a measuring tape. Samples representative of each stratigraphic unit 

were collected manually from the excavation face with a clean hand trowel and dedicated nitrile 

gloves, and were placed directly into a clean, labelled polyethylene bag, and homogenized. 
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Soil Investigation on River Road 

A total of seven soil samples were collected from shallow test pits as part of clean-up activities of a 

small spill (*i.e., 50-70 L of diesel; less than PEP reportable) on the river road (samples with 

identification prefix “TP-RE-“ on the drawings). Impacted soils were removed immediately and 

confirmatory samples were collected. Samples were collected at a depth of 0 m to 0.15 m and 

0.30 m to 0.40 m using clean shovel and dedicated nitrile gloves. Each soil sample was placed into 

a clean, labeled glass jar and placed on ice for shipment to Caro Analytical Services (Caro). 

Dual Air Rotary Borehole Investigation 

Borehole BH2011-10 was advanced on the access road to aid in the vertical delineation and 

characterization of source materials and to install a shallow groundwater monitoring well. Grab 

soil samples were collected from within the top 1.0 m, and at 1.0 m intervals and/or at perceived 

stratigraphic breaks. Samples were collected by using a stainless steel vessel to collect drill 

cuttings from the discharge cyclone. Samples were placed on a clean wooden board for 

comparison and description (see Photo 3). A total of five grab samples from the cuttings were 

collected into clean, labelled Ziploc® bags and homogenized. Soil descriptions (grain size 

distribution, density, colour, moisture content, and apparent contamination [if present]) were 

recorded for each sample and for the entire length of the borehole; these descriptions were 

utilized to estimate the subsurface lithology. 

XRF Field Screening 

To assist with assessing potential metal concentrations in the soil, and aid in the selection of soil 

samples for chemical analysis, soil samples were screened in the field with an XRF analyzer 

provided by Teck, which SLE’s field technicians are trained to operate. Soil was placed in 

Ziploc® bags and homogenized prior to analysis with the XRF unit. XRF readings were obtained 

through the side of the Ziploc® bag. The concentrations of the primary metals of concern 

(arsenic, lead and zinc) from the XRF were recorded in the field and used for comparison 

purposes to assist in determining if deeper or additional step-out test pits were required, and/or 

to select soil samples for laboratory analysis. A complete digital set of XRF results was 

downloaded from the unit following the field work, and are included in Appendix IV. While it was 

recognized that the accuracy of the XRF method may not allow quantification of results at 

concentrations near the CSR standard, it provided a gross indicator for locations where metals 

concentrations are significantly elevated.  
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Contact Tests 

To assist in determining if the soils are acid generating, and aid in the selection of soil samples 

for chemical analysis, select samples from a cross section of XRF derived metals 

concentrations underwent contact testing (i.e., rinse pH, conductivity). Field contact tests 

provide a rapid way of assessing the current condition of mine wastes, and give an indication of 

whether mineral weathering has resulted in the development of acidic conditions within the 

waste material, as well as an indication of the presence of soluble secondary minerals that have 

formed and been retained by the waste material. Acidic rinse pH values are a direct indication of 

acid rock drainage (ARD) in the waste materials and conductivity measurements are often a 

good indication of the amount of soluble oxidation products. 

Contact tests were completed by mixing approximately 50 g of lightly packed soil with 50 mL of 

distilled water (i.e., ~1:1 ratio by weight). Sample containers were agitated and let stand for a 

minimum of 10 minutes, after which, the pH and conductivity of the supernatant liquid were 

measured and recorded. Field contact tests provide a rapid way of assessing the current 

condition of metals impacted soils, and give an indication of whether historic weathering has 

resulted in the development of acidic conditions within the waste material, as well as an 

indication of the presence of soluble secondary minerals that have formed and been retained by 

the waste material. Acidic rinse pH values are a direct indication of acid rock drainage (ARD) in 

the waste materials. Conductivity measurements are often a good indication of the amount of 

soluble oxidation products, but can also be indicative of soluble minerals such as calcite, which 

contribute alkalinity to the solutions at pH values above 4.5. Contact test results are included in 

Table 1, attached. 

GROUNDWATER INVESTIGATION 

Groundwater Monitoring Well Construction 

The well screen was a #20-slot (0.5 mm) and was surrounded by a 10/20 silica sandpack. 

Bentonite pellets were placed above the sandpack to roughly 3 m above the groundwater table, 

and bentonite chips were placed from there to just below ground surface to prevent infiltration of 

surface runoff and/or shallow groundwater. The bentonite pellets and chips were hydrated at 

each location using a minimum of 20 L of water. The monitoring well was completed with a steel 

flush mount protector and cemented in an apron-style fashion to prevent pooling of surface 

water and subsequent infiltration into the well, as well as to provide the least interference to the 

river road.  
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Groundwater Monitoring and Well Development 

On January 25, 2012 the monitoring well was monitored and developed. Monitoring includes 

measuring the depth to water and depth to bottom the well from a surveyed reference point on 

the top-of-casing. The well was developed following SLE’s preferred operating procedures, 

which include: surging for a maximum of three minutes using dedicated 16 mm HDPE tubing 

with an attached foot valve and surge block, beginning at the bottom of the screen and working 

upward; followed by purging which includes the removal of at least three well volumes or until 

the discharge water was clear and/or the field parameters (pH, conductivity, dissolved oxygen, 

oxidation-reduction potential (ORP) and temperature) were stabilized.  

Groundwater Purging and Sampling  

Once the well was developed, one groundwater sample and one duplicate sample were 

collected on January 25, 2012. A second sample was collected on April 4, 2012. The samples 

were collected using dedicated 6 mm HDPE tubing and a low-flow peristaltic pump to transfer 

the water into laboratory-supplied bottles. Field parameters of pH, conductivity, dissolved 

oxygen, ORP and temperature were recorded before sampling.  

The samples for dissolved metals analysis were field-filtered using dedicated 0.45 µm Waterra® 

in-line filters connected to the HDPE tubing by a short section of Master Flex tubing. A minimum 

of three filter volumes of sample water was allowed to pass through the filter before the samples 

were collected. All samples were preserved using laboratory-supplied preservatives where 

applicable and placed into coolers on ice. All samples were shipped with chain-of-custody 

documentation to Caro Analytical Services in Kelowna, BC. 

QUALITY ASSURANCE / QUALITY CONTROL 

SLE personnel followed internally established QA/QC protocols for all sampling events and 

verified QA/QC programs implemented by laboratories. SLE’s QA/QC program included the 

following: 

• Field Procedures: 

 Written field instructions. 

 Use of in-house training. 

 Implementation of SLE preferred operating procedures (POPs). 
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 Senior supervision of staff. 

 Documentation of all field activities. 

 Collection of samples in a manner appropriate for the prevention of cross 

contamination and other field sampling errors: 

 Samples were collected using appropriate contaminant-free utensils and placed 

in contaminant-free containers specifically designed for such use and appropriate 

to the subsequent analyses. 

 Decontamination of sampling equipment between samples. 

 Adherence to laboratory sampling and analysis protocols (e.g., hold times, sample 

containers, preservatives, detection limits, approved methodology). 

 Use of an appropriate coding system for submitting samples to analytical laboratories to 

ensure that information concerning sample location or expected concentrations was 

unavailable. 

 Chain-of-Custody documentation for sample submission. Chain-of-custody forms were 

established to trace the movement and handling of samples from the point of collection 

to their final destination. 

• Duplicate Procedures: 

 Submission of a blind field duplicate at an approximate frequency of 1 per 10 samples 

analyzed. This included implementation of corrective action plans if acceptable limits 

were exceeded. 

• Laboratory Procedures: 

 Use of a laboratory accredited by the Canadian Association for Laboratory Accreditation 

Inc. (CALA). 

• Office-Based Procedures: 

 procedures to confirm accurate transcription of laboratory data into tables; and 

 review of laboratory QC performance (standards, spike recoveries, etc.) to confirm 

results were within acceptable limits.  
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Using the blind field duplicate sample results, analytical precision was evaluated by calculating 

the relative percent difference (RPD) between the results of each sample and its associated 

duplicate. The RPD is the absolute value of the difference between the two results divided by 

the average of the two results and is reported as a percentage, demonstrated as follows: 

RPD = abs [(Csample - Cduplicate)/(Csample + Cduplicate)/2]*100 

Due to sample heterogeneity, SLE’s target range for RPDs was 60% for total metals and 

hydrocarbons in soils, and 30% for metals and inorganics in water. RPD values greater than 

these values indicated that the variability was outside of SLE’s target range. When the analytical 

result of the original or duplicate sample was less than five times the laboratory detection limit, 

RPDs were not considered meaningful due to a relative increase in analytical variability at or 

near detection limits. Therefore, RPDs in such scenarios were not calculated. 
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Site Photographs 
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Photograph 2: Excavator digging test pit on 
December 9, 2011. Note iron 
staining in test pits in 
foreground (TP11-2 & TP11-1).  

Photograph 1:  Iron Ore Roaster Residue Area, looking upslope from 
access road at centre of area. 
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Photograph 4: Iron stained test pit (TP11-1). 

Photograph 3: Drill cuttings from BH2011-110. Note decreasing iron staining 
with depth. 



 

 

 

Photograph 5: Iron stained test pit (TP11-12). 

Photograph 6: Unstained test pit (TP11-18). 
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Test Pit Logs, Borehole Logs and Contact Test Results 
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Contact Test and Select XRF Results

Test Pit
Lead

(mg/kg)
Arsenic
(mg/kg)

Iron
(mg/kg)

Contact 
pH

Contact 
Conductivity 

(µS/cm)
TP11-1-1 485 804 126,537 3.14 770
TP11-1-2 223 543 87,182 - -
TP11-1-3 55 142 23,272 - -
TP11-2-1 166 210 31,152 - -
TP11-2-2 190 284 75,509 3.23 100
TP11-2-3 5 25 12,787 - -
TP11-3-1 274 30 9,887 - -
TP11-3-2 3,918 674 110,301 2.90 210
TP11-4-1 265 13 11,032 - -
TP11-4-2 539 144 36,241 3.58 60
TP11-4-3 509 5 26,366 - -
TP11-5-1 213 0 12,419 - -
TP11-5-2 175 22 15,533 - -
TP11-6-1 347 65 16,799 4.80 0
TP11-7-1 409 76 25,475 4.47 0
TP11-7-2 37 16 9,002 - -
TP11-8-1 61 762 59,244 3.09 150
TP11-8-2 32 65 9,937 3.86 50
TP11-8-3 39 61 12,870 - -
TP11-9-1 44 16 26,240 - -
TP11-9-2 32 17 26,979 - -
TP11-10-1 70 26 25,157 - -
TP11-10-2 31 11 29,049 - -
TP11-11-1 126 40 23,854 4.44 30
TP11-12-1 6,596 3,880 531,628 2.46 510
TP11-12N-1 4,508 72 88,219 - -
TP11-12-2 776 99 24,400 - -
TP11-12-3 143 3 20,112 - -
TP11-12-4 64 13 25,6735,6 3 - -
TP11-13-1 4,075 2,266 215,194 2.91 1,590
TP11-13-2 101 85 24,565 - -
TP11-13-3 119 9 33,122 - -
TP11-14-1 54 10 18,609 - -
TP11-14-2 27 14 8,894 - -
TP11-15-1 2,499 853 33,416 - -
TP11-15-2 5,019 2,782 185,907 2.66 340
TP11-15-3 65 6 16,132 - -
TP11-16-1 3,567 520 47,697 - -
TP11-16-2 424 44 17,670 - -
TP11-17-1 4,559 253 133,333 2.87 140
TP11-17-2 3,801 35 75,170 3.03 70
TP11-17-3 58 23 22,910 - -
TP11-18-1 2,070 58 31,890 3.26 50
TP11-18-2 69 26 24,394 - -
TP11-19-1 30 46 32,699 - -
TP11-19-2 95 16 26,712 - -
TP11-19-3 37 8 7,498 - -

SNC-LAVALIN ENVIRONMENT 1 of 1  503664 H011
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Raw XRF Data

Sample ID Duration Units Mo Mo Error Zr Zr Error Sr Sr Error Rb Rb Error Pb Pb Error Se Se Error As As Error Hg Hg Error Zn Zn Error Cu Cu Error Ni Ni Error Co Co Error Fe Fe Error Mn Mn Error Cr Cr Error
SS11-1 1.03 ppm -7.55 16.04 120.25 60.42 122.06 56.2 25.41 28.58 3701.58 509.53 -34.59 50.8 668.68 411.24 5.91 27.76 2890.08 595.1 291.62 406.88 -258.32 409.11 126.31 107.03 32049.26 3606.81 -91.04 927.95 221.14 1137.22
SS11-2 1.03 ppm -7.52 15.61 149.8 64.47 221.99 66.79 28.37 28.69 4600.76 538.38 -7.4 56.86 218.47 406.49 -10.67 22.16 1660.67 447.08 154.03 342.42 -422.6 267.72 2.63 55.1 11193.72 2076.8 1004.86 1019.29 -366.58 680.59
SS11-3 1.49 ppm 3.4 11.62 35.45 30.49 129.59 39.5 3.98 13.56 2749.25 311.24 -5.48 36.55 73.32 232.46 -3.18 16.15 3605.12 454.87 -24.63 212.3 -108.04 249.47 36.76 36.66 5552.77 1111.35 13.06 464.5 69.39 609.26
SS11-4 1.26 ppm -3.54 13.59 94.93 47.81 160.02 51.57 24.59 23.49 3590.28 421.89 -22.65 42.94 270.06 323.37 -5.29 20.02 2178.76 439.3 12.45 278.8 -71.2 329.31 17.33 64.37 19914.4 2406.82 401.67 840.94 710.83 1033.47
SS11-5 0.92 ppm -11.66 19.2 289.51 90.87 361.9 89 38.02 32.23 2429.72 429.41 68.87 77.62 317.81 337.01 -18.08 21.39 357.31 306.61 108.52 373.22 -228.17 442.85 175.18 133.21 49040.12 4573.71 1081.17 1362.59 -248.24 1036.38
TP11-1-1 11.89 ppm 1.1 8.52 333.67 33.6 428.14 33.32 58.65 12.63 484.58 68.99 -6.97 19.6 804.04 83.08 -7.18 9.53 -5.59 93.62 27.11 147.14 -105.72 190.79 77.84 65.29 126537.21 2518.04 781.65 593.59 100.78 534.44
TP11-1-2 11.78 ppm 1.52 6.97 247.04 27.34 504.79 31.87 67.29 11.83 222.72 44.51 10.69 17.76 542.65 58.13 0.94 8.17 33.44 78.44 -17.61 114.69 -113.92 146.85 29.68 47.78 87181.68 1862.88 589.5 448.43 -53.85 399.27
TP11-1-3 12.12 ppm 2.15 5.99 151.15 22.87 602.31 32.35 77.57 11.77 55.48 26.48 1.83 14.64 141.77 30.3 -7.63 6.7 -16.26 66.88 -44.24 100.68 -76.43 120.46 8.78 23.82 23272.37 915.68 193.35 273.66 364.3 330.8
TP11-2-1 12.47 ppm 0.43 6.31 288.22 26.27 546.88 29.98 72.27 11.06 165.76 36.16 13.38 15.46 209.66 37.99 -1.84 6.82 42.04 67.94 -66.53 94.78 -42.46 118.57 -3.26 25.89 31152.14 1020.78 258 284.23 166.06 306.83
TP11-2-2 5.11 ppm -0.29 11.84 419.14 50.96 530.33 50.3 50.79 16.28 190.16 64.87 16.12 27.82 283.94 71.92 -10.4 11.48 77.17 125.95 -84.84 173.89 -6.56 233.27 4.45 68.02 75509.27 2682.54 308.07 637.87 290.71 650.81
TP11-2-3 5.46 ppm 0.82 8.19 156.15 32.31 601.83 45.49 87.46 17.4 5.16 28.61 13.01 21.61 24.51 25.1 0.24 9.74 2.73 91.99 -76.27 131.13 -67.75 159.69 4.97 25.44 12787.1 966.47 229.06 330.7 -230.4 315.37
TP11-3-1 5.68 ppm -2.71 7.55 121.7 28.15 392.51 37.43 55.21 14.36 274.27 63.56 4.46 20.8 30.42 49.29 -9.97 8.97 159.43 107.26 -155.4 127.68 1.68 169.59 5.69 23.08 9886.79 861.75 -32.33 288.53 126.79 389.86
TP11-3-2 6.48 ppm 5.81 11.07 182.45 38.02 392.55 44.16 66.62 19.35 3917.83 255.06 24.5 35.93 674.27 204.72 -12.87 13.34 539.96 173.59 -182.34 186.54 -86.78 258.82 36.66 82.54 110301.34 3218.33 2101.8 901.15 41.77 709.34
TP11-4-1 6.6 ppm 0.87 8.02 189.82 30.23 408.88 35.85 57.15 13.7 264.7 58.92 4.35 19.68 13.35 44.54 -8.14 8.7 208.19 105.95 -11.01 134.46 26.17 165.4 21.49 23.91 11032.18 852.43 103.89 298.33 41.35 356.6
TP11-4-2 6.6 ppm -2.72 7.42 122.07 29.1 549.75 42.18 63.4 14.81 539.11 82.35 12.98 22.22 143.95 68.34 -9.37 9.08 -35.11 90.54 96.44 149.27 -56.06 170.74 9.14 39.71 36241.42 1543.47 307.83 424.91 274.47 461.37
TP11-4-3 6.94 ppm 2.02 8.83 280.63 36.52 633.4 44.05 69.11 15.05 509.27 78.35 6.27 20.73 5.16 58.09 -6.96 9.07 -37.81 88.11 15.77 139.92 -25.24 167.66 12.9 33.72 26366.29 1292.89 706.63 432.59 157.84 416.48
TP11-5-1 7.05 ppm -5.52 6.87 194.59 30.78 657.64 41.88 63.75 13.52 213.42 50.53 2.84 17.92 0.36 37.4 -6.55 8.09 204.83 97.5 -13.14 121.42 -130.34 136.6 14.89 22.91 12419.22 842.93 266.13 302.09 -54.26 314.97
TP11-5-2 6.82 ppm -3.67 7.06 178.58 29.92 591.45 40.48 72.89 14.49 174.75 47.64 3.44 18.42 22.06 37.1 3.57 9.06 39.36 86.41 9.63 124.94 -77.61 142.71 -2.79 24.32 15532.98 949.86 301.83 324.65 83.46 351.07
TP11-6-1 7.39 ppm 1.41 8.28 309.58 34.09 501.47 36.84 67.72 13.81 347.43 61.82 6.49 18.88 64.86 49.5 -5.93 8.32 130.4 93.37 1.06 125.88 44.06 157.38 22.29 26.38 16798.87 971.43 515.53 355.75 190.16 370.96
TP11-7-1 7.5 ppm 0.14 8.2 258.77 34.87 703.04 44.55 63.17 13.98 409.42 68.61 8.06 20.14 75.5 54.96 -6.61 8.81 296.74 109.82 -125.04 124.02 8.78 163.42 2.8 31.46 25475.25 1224.7 666.04 406.47 -22.87 370.29
TP11-7-2 6.59 ppm 1.53 7.58 169.85 30.37 652.11 42.76 69 14.28 37.07 30.91 7.15 18.66 -6.44 22.1 -5.45 8.29 -23.27 80.67 -65.99 119.43 -29.81 146.17 -1.43 19.38 9001.75 743.85 190.71 282.78 -118.89 298.71
TP11-8-1 7.16 ppm 3.63 9.52 302.59 37.53 494.01 40.61 68.44 15.3 61.41 37.2 -4.37 20.66 762.29 78.23 -3.63 10.19 54.85 102.73 -46.32 146.1 -99.84 185.71 53.07 52.24 59243.52 1984.71 602.04 525.82 320.47 522.1
TP11-8-2 6.93 ppm 1.52 6.68 78.15 24.56 612.64 40.07 87.64 15.23 31.54 27.9 -9.14 15.61 64.67 28.44 -6.82 7.83 -56.04 73.71 -166.34 105.22 -54.91 138.02 0.07 19.61 9936.51 750.37 40.1 255.47 21.31 314.9
TP11-8-3 7.28 ppm -2.62 6.97 198.15 29.39 580.37 38.38 85 14.75 39.11 29.18 0.56 16.82 61.47 28.44 -7.93 7.65 -11.94 77.63 -34.51 116.58 122.22 153.27 -1.96 21.46 12870.06 832.93 219.15 285.56 -127.58 290.86
TP11-9-1 7.39 ppm -2.2 7.46 205.29 30.58 530.72 38.48 69.06 14.09 44.06 31.28 -3.03 17.56 16.15 25.59 -2.28 8.78 9.8 85.33 -118.92 118.86 -92.36 149.77 11.79 31.84 26239.75 1223.03 259.8 355.54 162.49 389.49
TP11-9-2 8.19 ppm -4.25 6.75 214.52 28.85 544.59 36.13 70.4 13.18 32.48 27.34 0.19 16.52 17.41 22.7 -1.5 8.08 67.57 82.81 -42.89 114.22 -16.43 143.98 14.05 30 26978.91 1149.27 97.65 306.13 -58.55 325.62
TP11-10-1 6.93 ppm 0.69 7.87 196.56 31.65 602.76 41.9 71.25 14.7 70.03 35.85 -6.04 17.55 -0.67 26.94 -1.24 9.06 -18.62 85.1 -71.49 125.95 26.78 161.7 -11.36 30.8 25157.14 1229.49 390.35 378.07 187.6 401.02
TP11-10-2 7.05 ppm 4.62 9.93 427.55 41.98 631.83 43.94 69.85 14.99 30.89 30.71 -10.69 17.71 11.21 25.03 -2.2 9.46 -17.97 89.53 -146.77 127.52 40.34 177.13 36.35 36.31 29048.88 1351.07 219.08 380.68 185.2 424.77
TP11-11-1 7.16 ppm -1.98 7.57 222.53 31.7 563.6 39.64 66.53 13.93 125.55 42.5 8.15 19.09 40.47 35.09 -7.16 8.31 -16.79 82.52 -112.5 119.05 37.16 159.56 4.95 30.22 23853.56 1170.86 278.98 349.11 65.24 368.31
TP11-12-1 7.39 ppm 2.63 12.97 19.42 28.92 65.37 30.41 11.15 16 6596.27 402.52 -13.59 51.19 3880.32 381.56 -8.52 22.3 1961.18 334.93 -244.89 300.77 -357.51 480.48 204.71 220.21 531627.81 8598.47 4331.84 1984.05 -636.35 1498.94
TP11-12-2 7.05 ppm -1.84 7.36 198.18 29.9 494.58 37.08 58.34 13.25 776.05 89.42 -2.24 18.39 98.52 70.19 -8.97 8.16 63.82 88.69 -19.22 123.94 -68.52 147.48 -2.45 29.96 24399.57 1176.01 308.53 356.59 215.38 391.1
TP11-12-3 7.05 ppm 0.69 8.28 303.53 34.39 515.28 37.78 70.81 14.2 142.53 44.06 5.04 18.5 2.89 32.92 -5.74 8.31 19.3 84.92 -9.81 124.79 -51.04 150.64 25.37 28.93 20112.44 1071.33 240.31 328.74 5.73 347.94
TP11-12-4 7.27 ppm -1.67 8.19 275.39 34.58 554.63 40.23 50 12.69 63.51 35.19 -0.42 18.49 -11.8 25.02 -5.62 8.81 36.22 91.11 -35.69 131.35 -5.12 162.95 7.1 32.08 25673.15 1240.84 418.89 376.18 -192.03 339.77
TP11-12N 7.05 ppm 0.15 9.74 194.63 36.43 416.9 42.36 56.13 17.22 4508.13 254.78 -14.31 28.75 71.97 189.28 -13.2 12.13 683.85 170.05 -19.39 182.76 -95.62 227.37 -3.83 67.98 88218.63 2689.86 968.02 705.91 348.34 661.32
TP11-13-1 7.16 ppm 0.78 10.23 34.7 27.06 200.16 35.79 31.8 16.15 4075.49 277.24 -38.6 33.24 2266.37 259.79 -26.74 15.35 5299.33 413.17 -47.41 241.38 95.54 338.33 -15.93 120.63 215194.06 4805.32 10161.74 1652.64 -424.98 922.09
TP11-13-2 6.82 ppm -0.47 8.6 309.47 36.38 547.83 40.56 70.13 14.76 101.35 41.43 11.7 20.48 85.16 38.51 -4.24 8.99 87.17 95.76 -31.82 131.71 19.99 166.74 16.94 32.39 24564.63 1230.09 160.38 343.31 -188.91 339.56
TP11-13-3 7.16 ppm 2.23 8.88 278.2 35.93 576.54 42.18 62.36 14.32 118.99 43.4 -10.8 17.87 8.73 33.5 -4.59 9.34 17.47 93.63 -38.36 137.13 -90.37 165.32 16.99 37.6 33122.15 1443.54 92.27 375.16 76.87 415.95
TP11-14-1 7.05 ppm 3.42 8.02 189.13 30.57 545.28 39.7 64.74 13.99 54.1 33.6 0.52 18.32 10.09 26.4 -4.73 8.7 5.97 86.7 -53.52 127.03 63 162.6 -8.11 26.67 18609.29 1057.2 343.1 343.72 -118.83 331.73
TP11-14-2 6.82 ppm 3.94 7.53 164.05 28.7 588.68 39.69 82.67 14.97 27.32 28.04 -0.94 16.99 -5.57 20.32 0.23 8.5 82.26 87.17 -18.56 119.05 -38.11 140.72 0.85 18.94 8893.99 719.81 246.71 290.28 163.8 342.6
TP11-15-1 7.05 ppm 2.33 7.81 112.62 27.45 456.2 38.14 70.59 15.7 2499.44 166.76 27.75 26.76 853.23 143.68 -6.75 9.89 417.9 125.38 76.64 148.48 -22.07 177.3 34.7 38.82 33416.11 1455.43 504.31 434.89 -112.89 397.89
TP11-15-2 6.93 ppm 3.78 9.99 64.9 26.56 126.5 28.47 34.03 15.76 5019.08 288.16 10.13 37.95 2782.24 269.49 -8.94 14.86 493.21 176.28 175.25 223.47 -303.92 273.86 95.56 107.66 185907.42 4170.64 1118.59 965.5 -427.26 778.6
TP11-15-3 7.39 ppm -3.59 7.2 227.02 30.57 534.18 37.39 67.86 13.57 65.46 33.13 -5.65 16.32 -16.81 22.96 -5.47 8.06 -5.45 80.16 -1.66 120.75 -146.7 133.06 2.7 24.36 16132.45 939.67 622.68 354.27 -23.37 324.78
TP11-16-1 7.61 ppm -5.87 7.33 122.69 27.87 318.82 34.09 41.38 13.82 3567.14 206.15 16.5 28.3 520.35 163.42 0.81 11.96 5087.13 315.38 171.94 173.98 37.33 200.58 -13.91 45.5 47697.38 1813.46 5585.38 891.29 -52.18 493.26
TP11-16-2 7.17 ppm -7 7.53 302.9 34.31 504.73 37.43 72.33 14.39 424.14 68.87 30.72 22.1 43.51 53 -6.92 8.43 1198.64 155.5 -12.1 126.5 7.47 154.66 3.86 26.23 17670.25 1009.95 1007.53 412.16 -151.96 321.24
TP11-17-1 7.05 ppm 0.28 9.9 199.42 37.3 434.5 43.64 39.35 15.56 4558.74 258.34 -22.56 28.48 252.69 196.11 -4.8 13.15 879.87 184.58 20.83 189.43 -99.16 239.74 -35.37 83.06 133332.61 3330.3 2460.23 910.9 -182.76 672.23
TP11-17-2 7.28 ppm -3 9.3 266.1 37.66 399.02 39.25 58.03 16.26 3800.94 222.34 21.65 30.14 35.47 164.45 -12.81 11.03 494.28 146.86 -52.59 165.06 48.77 216.79 -26 58.76 75170.47 2356.32 1621.09 687.58 -136.16 531.16
TP11-17-3 6.94 ppm 7.37 8.82 244.36 33.2 533.54 39.67 73.71 14.91 58.4 35.18 9.4 19.84 -3.44 25.78 -1.49 9.08 -38.31 83.69 -38.67 128.1 -179.53 145.74 26.54 31.61 22910.06 1178.78 588.03 393.52 17.7 370.9
TP11-18-1 6.83 ppm 2.26 9.31 289.05 37.29 488.96 40.74 62.45 15.42 2069.73 157.18 -2.3 22.86 -56.38 114.04 -7.65 9.92 150.21 110.32 -75.94 143.4 71.6 191.07 23.19 38.82 31890.21 1473.28 334.4 422.8 -40.55 418.77
TP11-18-2 7.05 ppm -0.04 8.05 233.28 32.41 513.61 38.8 72.16 14.71 69.47 35.79 -5.27 17.7 -1.21 26.82 -2.65 8.97 10.72 87.9 -58.6 127.36 -42.48 159.5 26.18 32.32 24394.15 1209.35 436.96 379.7 85.98 384.29
TP11-19-1 6.82 ppm 3.46 9.71 319.77 39.52 594.6 44.79 75.23 16.19 30.4 34.11 15.76 22.86 45.62 31.18 -1.16 10.25 250.37 117.91 -134.86 138.89 45.91 187.17 4.99 38.53 32698.56 1502.17 683.92 473.71 390.79 490.43
TP11-19-2 6.82 ppm 1.51 8.87 273.66 36.62 619.6 44.25 86.86 16.69 94.84 41.34 -1.84 19.3 -13.01 29.47 -5.31 9.34 282.51 115.36 -3.56 142.45 105.5 186.6 49.5 36.36 26711.7 1322.15 967.84 471.88 290.45 447.31
TP11-19-3 6.93 ppm 2.42 7.21 132.5 27.97 669.4 42.04 90.83 15.59 37.31 30.39 10.49 18.59 8.01 23.45 -3.71 8.18 -21.95 77.86 -171.55 107.07 49.69 150.53 15.35 18.86 7498.45 664.77 253.39 279.05 -121.25 286.63
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CERTIFICATE OF ANALYSIS

CLIENT SNC-Lavalin Environment Inc. (Nelson)

#3-520 Lake Street

Nelson BC

V1L 4C6

TEL

FAX

(250) 354-1664

(250) 354-3896

ATTENTION Scott Poirier

RECEIVED / TEMP WORK ORDER

REPORTED Feb-16-12 PROJECT 503664

PROJECT INFO Teck Metals Ltd

General Comments:

CARO Analytical Services employs methods which are based on those found in “Standard Methods for the Examination of Water 

and Wastewater”, 21st Edition, 2005, published by the American Public Health Association (APHA); US EPA protocols found in 

“Test Methods for Evaluating Solid Waste, Physical/Chemical Methods, SW846”, 3rd Edition; protocols published by the British 

Columbia Ministry of Environment (BCMOE); and/or CCME Canada-wide Standard Reference methods.

Methods not described in these publications are conducted according to procedures accepted by appropriate regulatory agencies, 

and/or are done in accordance with recognized professional standards using accepted testing methodologies and quality control 

efforts except where otherwise agreed to by the client.  

The results in this report apply to the samples analyzed in accordance with the chain of custody document.  This analytical report 

must be reproduced in its entirity.   CARO is not responsible for any loss or damage resulting directly or indirectly from error or 

omission in the conduct of testing.  Liability is limited to the cost of analysis.  Samples will be disposed of 30 days after the test 

report has been issued unless otherwise agreed to in writing. 

•  All solids results are reported on a dry weight basis unless otherwise noted

•  Units: mg/kg = milligrams per kilogram, equivalent to parts per million (ppm)

mg/L = milligrams per litre, equivalent to parts per million (ppm)

ug/L = micrograms per litre, equivalent to parts per billion (ppb)

ug/g = micrograms per gram, equivalent to parts per million (ppm)

ug/m3 = micrograms per cubic meter of air

•  "RDL"  Reported detection limit

•  "<"  Less than reported detection limit

•  "AO" Aesthetic objective

•  "MAC" Maximum acceptable concentration (health-related guideline)

•  "LAB" RMD = Richmond location, KEL = Kelowna location, EDM = Edmonton location, SUB = Subcontracted

Please contact CARO if more information is needed or to provide feedback on our services.

CARO Analytical Services

Final Review Per: Paul Thandi, B.Sc., PChem For Patrick Novak, B.Sc., PChem

Vice President, Corporate Services

#120 12791 Clarke Place #102 3677 Highway 97N 17225 109 Avenue

Richmond, BC  V6V 2H9 Kelowna, BC  V1X 5C3 Edmonton, AB  T5S 1H7

Tel: 604-279-1499  Fax: 604-279-1599 Tel: 250-765-9646  Fax: 250-765-3893 Tel: 780-489-9100  Fax: 780-489-9700

www.caro.ca

Locations:

CB20183Feb-07-12 16:30 / 6.0 °C
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CLIENT

PROJECT

SNC-Lavalin Environment Inc. (Nelson)

503664

WORK ORDER #

REPORTED

CB20183

Feb-16-12

SAMPLE DATA

 Analyte Result RDL Units Prepared NotesAnalyzed

General Parameters

TP11-5-1-111208   (CB20183-02)   Matrix: Soil   Sampled: Dec-08-11

HTFeb-13-12pH unitspH 5.2 0.1 Feb-13-12

TP11-10-1-111208   (CB20183-04)   Matrix: Soil   Sampled: Dec-08-11

HTFeb-13-12pH unitspH 5.4 0.1 Feb-13-12

TP11-14-1-111208   (CB20183-06)   Matrix: Soil   Sampled: Dec-08-11

HTFeb-13-12pH unitspH 3.5 0.1 Feb-13-12

TP11-16-1-111208   (CB20183-08)   Matrix: Soil   Sampled: Dec-08-11

HTFeb-13-12pH unitspH 6.9 0.1 Feb-13-12

Strong Acid Leachable Metals

TP11-5-1-111208   (CB20183-02)   Matrix: Soil   Sampled: Dec-08-11

Feb-09-12ug/gAluminum 4620 20 Feb-09-12

ug/g4.6Antimony Feb-09-120.1 Feb-09-12

ug/g6.3Arsenic Feb-09-120.4 Feb-09-12

ug/g49.0Barium Feb-09-121.0 Feb-09-12

ug/g0.1Beryllium Feb-09-120.1 Feb-09-12

ug/g0.1Bismuth Feb-09-120.1 Feb-09-12

ug/g< 2.0Boron Feb-09-122.0 Feb-09-12

ug/g1.57Cadmium Feb-09-120.04 Feb-09-12

ug/g2350Calcium Feb-09-12100 Feb-09-12

ug/g13.0Chromium Feb-09-121.0 Feb-09-12

ug/g4.4Cobalt Feb-09-120.1 Feb-09-12

ug/g13.6Copper Feb-09-120.2 Feb-09-12

ug/g11800Iron Feb-09-1220 Feb-09-12

ug/g102Lead Feb-09-120.2 Feb-09-12

ug/g7.5Lithium Feb-09-120.1 Feb-09-12

ug/g2620Magnesium Feb-09-1210 Feb-09-12

ug/g182Manganese Feb-09-120.4 Feb-09-12

ug/g0.05Mercury Feb-09-120.05 Feb-09-12

ug/g0.2Molybdenum Feb-09-120.1 Feb-09-12

ug/g8.9Nickel Feb-09-120.4 Feb-09-12

ug/g900Phosphorus Feb-09-1210 Feb-09-12

ug/g770Potassium Feb-09-1210 Feb-09-12

ug/g< 0.5Selenium Feb-09-120.5 Feb-09-12

ug/g12000Silicon Feb-09-123000 Feb-09-12

ug/g< 0.2Silver Feb-09-120.2 Feb-09-12

ug/g130Sodium Feb-09-1240 Feb-09-12

ug/g30Strontium Feb-09-120.2 Feb-09-12

ug/g< 1000Sulfur Feb-09-121000 Feb-09-12

ug/g< 0.1Tellurium Feb-09-120.1 Feb-09-12

ug/g0.2Thallium Feb-09-120.1 Feb-09-12

ug/g4.2Thorium Feb-09-120.5 Feb-09-12

ug/g0.6Tin Feb-09-120.2 Feb-09-12

ug/g443Titanium Feb-09-122.0 Feb-09-12

ug/g0.9Uranium Feb-09-120.1 Feb-09-12
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CLIENT

PROJECT

SNC-Lavalin Environment Inc. (Nelson)

503664

WORK ORDER #

REPORTED

CB20183

Feb-16-12

SAMPLE DATA

 Analyte Result RDL Units Prepared NotesAnalyzed

Strong Acid Leachable Metals, Continued

TP11-5-1-111208   (CB20183-02)   Matrix: Soil   Sampled: Dec-08-11, Continued

ug/g21.6Vanadium Feb-09-120.4 Feb-09-12

ug/g276Zinc Feb-09-122.0 Feb-09-12

ug/g< 2Zirconium Feb-09-122 Feb-09-12

TP11-10-1-111208   (CB20183-04)   Matrix: Soil   Sampled: Dec-08-11

Feb-09-12ug/gAluminum 4310 20 Feb-09-12

ug/g1.1Antimony Feb-09-120.1 Feb-09-12

ug/g3.8Arsenic Feb-09-120.4 Feb-09-12

ug/g61.2Barium Feb-09-121.0 Feb-09-12

ug/g0.1Beryllium Feb-09-120.1 Feb-09-12

ug/g0.1Bismuth Feb-09-120.1 Feb-09-12

ug/g< 2.0Boron Feb-09-122.0 Feb-09-12

ug/g0.08Cadmium Feb-09-120.04 Feb-09-12

ug/g1390Calcium Feb-09-12100 Feb-09-12

ug/g16.1Chromium Feb-09-121.0 Feb-09-12

ug/g2.2Cobalt Feb-09-120.1 Feb-09-12

ug/g11.1Copper Feb-09-120.2 Feb-09-12

ug/g24700Iron Feb-09-1220 Feb-09-12

ug/g14.5Lead Feb-09-120.2 Feb-09-12

ug/g9.0Lithium Feb-09-120.1 Feb-09-12

ug/g2660Magnesium Feb-09-1210 Feb-09-12

ug/g138Manganese Feb-09-120.4 Feb-09-12

ug/g< 0.05Mercury Feb-09-120.05 Feb-09-12

ug/g0.3Molybdenum Feb-09-120.1 Feb-09-12

ug/g6.1Nickel Feb-09-120.4 Feb-09-12

ug/g810Phosphorus Feb-09-1210 Feb-09-12

ug/g1000Potassium Feb-09-1210 Feb-09-12

ug/g< 0.5Selenium Feb-09-120.5 Feb-09-12

ug/g18000Silicon Feb-09-123000 Feb-09-12

ug/g< 0.2Silver Feb-09-120.2 Feb-09-12

ug/g230Sodium Feb-09-1240 Feb-09-12

ug/g32Strontium Feb-09-120.2 Feb-09-12

ug/g1900Sulfur Feb-09-121000 Feb-09-12

ug/g< 0.1Tellurium Feb-09-120.1 Feb-09-12

ug/g< 0.1Thallium Feb-09-120.1 Feb-09-12

ug/g2.7Thorium Feb-09-120.5 Feb-09-12

ug/g0.4Tin Feb-09-120.2 Feb-09-12

ug/g791Titanium Feb-09-122.0 Feb-09-12

ug/g0.3Uranium Feb-09-120.1 Feb-09-12

ug/g30.4Vanadium Feb-09-120.4 Feb-09-12

ug/g37.4Zinc Feb-09-122.0 Feb-09-12

ug/g< 2Zirconium Feb-09-122 Feb-09-12

TP11-14-1-111208   (CB20183-06)   Matrix: Soil   Sampled: Dec-08-11

Feb-09-12ug/gAluminum 4510 20 Feb-09-12

ug/g3.2Antimony Feb-09-120.1 Feb-09-12

ug/g50.7Arsenic Feb-09-120.4 Feb-09-12
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CLIENT

PROJECT

SNC-Lavalin Environment Inc. (Nelson)

503664

WORK ORDER #

REPORTED

CB20183

Feb-16-12

SAMPLE DATA

 Analyte Result RDL Units Prepared NotesAnalyzed

Strong Acid Leachable Metals, Continued

TP11-14-1-111208   (CB20183-06)   Matrix: Soil   Sampled: Dec-08-11, Continued

ug/g61.3Barium Feb-09-121.0 Feb-09-12

ug/g< 0.1Beryllium Feb-09-120.1 Feb-09-12

ug/g0.1Bismuth Feb-09-120.1 Feb-09-12

ug/g< 2.0Boron Feb-09-122.0 Feb-09-12

ug/g0.36Cadmium Feb-09-120.04 Feb-09-12

ug/g1140Calcium Feb-09-12100 Feb-09-12

ug/g16.8Chromium Feb-09-121.0 Feb-09-12

ug/g3.4Cobalt Feb-09-120.1 Feb-09-12

ug/g7.8Copper Feb-09-120.2 Feb-09-12

ug/g19700Iron Feb-09-1220 Feb-09-12

ug/g40.9Lead Feb-09-120.2 Feb-09-12

ug/g8.3Lithium Feb-09-120.1 Feb-09-12

ug/g2300Magnesium Feb-09-1210 Feb-09-12

ug/g187Manganese Feb-09-120.4 Feb-09-12

ug/g< 0.05Mercury Feb-09-120.05 Feb-09-12

ug/g0.2Molybdenum Feb-09-120.1 Feb-09-12

ug/g6.4Nickel Feb-09-120.4 Feb-09-12

ug/g1200Phosphorus Feb-09-1210 Feb-09-12

ug/g550Potassium Feb-09-1210 Feb-09-12

ug/g< 0.5Selenium Feb-09-120.5 Feb-09-12

ug/g13000Silicon Feb-09-123000 Feb-09-12

ug/g0.3Silver Feb-09-120.2 Feb-09-12

ug/g100Sodium Feb-09-1240 Feb-09-12

ug/g14Strontium Feb-09-120.2 Feb-09-12

ug/g1500Sulfur Feb-09-121000 Feb-09-12

ug/g< 0.1Tellurium Feb-09-120.1 Feb-09-12

ug/g0.2Thallium Feb-09-120.1 Feb-09-12

ug/g4.7Thorium Feb-09-120.5 Feb-09-12

ug/g0.4Tin Feb-09-120.2 Feb-09-12

ug/g527Titanium Feb-09-122.0 Feb-09-12

ug/g0.5Uranium Feb-09-120.1 Feb-09-12

ug/g26.9Vanadium Feb-09-120.4 Feb-09-12

ug/g65.0Zinc Feb-09-122.0 Feb-09-12

ug/g< 2Zirconium Feb-09-122 Feb-09-12

TP11-16-1-111208   (CB20183-08)   Matrix: Soil   Sampled: Dec-08-11

Feb-09-12ug/gAluminum 4770 20 Feb-09-12

ug/g265Antimony Feb-09-120.1 Feb-09-12

ug/g1070Arsenic Feb-09-120.4 Feb-09-12

ug/g525Barium Feb-09-121.0 Feb-09-12

ug/g0.3Beryllium Feb-09-120.1 Feb-09-12

ug/g20.3Bismuth Feb-09-120.1 Feb-09-12

ug/g6.8Boron Feb-09-122.0 Feb-09-12

ug/g95.5Cadmium Feb-09-120.04 Feb-09-12

ug/g43100Calcium Feb-09-12100 Feb-09-12

ug/g14.4Chromium Feb-09-121.0 Feb-09-12

ug/g0.5Cobalt Feb-09-120.1 Feb-09-12
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CLIENT

PROJECT

SNC-Lavalin Environment Inc. (Nelson)

503664

WORK ORDER #

REPORTED

CB20183

Feb-16-12

SAMPLE DATA

 Analyte Result RDL Units Prepared NotesAnalyzed

Strong Acid Leachable Metals, Continued

TP11-16-1-111208   (CB20183-08)   Matrix: Soil   Sampled: Dec-08-11, Continued

ug/g377Copper Feb-09-120.2 Feb-09-12

ug/g67100Iron Feb-09-1220 Feb-09-12

ug/g6960Lead Feb-09-120.2 Feb-09-12

ug/g6.9Lithium Feb-09-120.1 Feb-09-12

ug/g23800Magnesium Feb-09-1210 Feb-09-12

ug/g9510Manganese Feb-09-120.4 Feb-09-12

ug/g1.39Mercury Feb-09-120.05 Feb-09-12

ug/g4.5Molybdenum Feb-09-120.1 Feb-09-12

ug/g5.2Nickel Feb-09-120.4 Feb-09-12

ug/g980Phosphorus Feb-09-1210 Feb-09-12

ug/g960Potassium Feb-09-1210 Feb-09-12

ug/g3.5Selenium Feb-09-120.5 Feb-09-12

ug/g27000Silicon Feb-09-123000 Feb-09-12

ug/g37.6Silver Feb-09-120.2 Feb-09-12

ug/g110Sodium Feb-09-1240 Feb-09-12

ug/g135Strontium Feb-09-120.2 Feb-09-12

ug/g20000Sulfur Feb-09-121000 Feb-09-12

ug/g0.7Tellurium Feb-09-120.1 Feb-09-12

ug/g1.4Thallium Feb-09-120.1 Feb-09-12

ug/g2.4Thorium Feb-09-120.5 Feb-09-12

ug/g50.8Tin Feb-09-120.2 Feb-09-12

ug/g285Titanium Feb-09-122.0 Feb-09-12

ug/g3.4Uranium Feb-09-120.1 Feb-09-12

ug/g20.8Vanadium Feb-09-120.4 Feb-09-12

ug/g10200Zinc Feb-09-122.0 Feb-09-12

ug/g3Zirconium Feb-09-122 Feb-09-12

Synthetic Precipitation Leaching Procedure (SPLP) Metals

TP11-4-2-111208   (CB20183-01)   Matrix: Soil   Sampled: Dec-08-11

Feb-09-12mg/LAluminum 0.20 0.05 Feb-08-12

mg/L< 0.005Antimony Feb-09-120.005 Feb-08-12

mg/L< 0.05Arsenic Feb-09-120.05 Feb-08-12

mg/L< 0.50Barium Feb-09-120.50 Feb-08-12

mg/L< 0.05Beryllium Feb-09-120.05 Feb-08-12

mg/L< 0.05Bismuth Feb-09-120.05 Feb-08-12

mg/L< 0.50Boron Feb-09-120.50 Feb-08-12

mg/L< 0.001Cadmium Feb-09-120.001 Feb-08-12

mg/L< 5.0Calcium Feb-09-125.0 Feb-08-12

mg/L< 0.02Chromium Feb-09-120.02 Feb-08-12

mg/L< 0.02Cobalt Feb-09-120.02 Feb-08-12

mg/L< 0.05Copper Feb-09-120.05 Feb-08-12

mg/L< 1.0Iron Feb-09-121.0 Feb-08-12

mg/L0.04Lead Feb-09-120.02 Feb-08-12

mg/L< 0.05Lithium Feb-09-120.05 Feb-08-12

mg/L< 5.0Magnesium Feb-09-125.0 Feb-08-12

mg/L0.02Manganese Feb-09-120.005 Feb-08-12
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CLIENT

PROJECT

SNC-Lavalin Environment Inc. (Nelson)

503664

WORK ORDER #

REPORTED

CB20183

Feb-16-12

SAMPLE DATA

 Analyte Result RDL Units Prepared NotesAnalyzed

Synthetic Precipitation Leaching Procedure (SPLP) Metals, Continued

TP11-4-2-111208   (CB20183-01)   Matrix: Soil   Sampled: Dec-08-11, Continued

mg/L< 0.002Mercury Feb-09-120.002 Feb-08-12

mg/L< 0.005Molybdenum Feb-09-120.005 Feb-08-12

mg/L< 0.10Nickel Feb-09-120.10 Feb-08-12

mg/L< 5.0Potassium Feb-09-125.0 Feb-08-12

mg/L< 0.05Selenium Feb-09-120.05 Feb-08-12

mg/L< 0.001Silver Feb-09-120.001 Feb-08-12

mg/L< 0.05Strontium Feb-09-120.05 Feb-08-12

mg/L< 0.20Tellurium Feb-09-120.20 Feb-08-12

mg/L< 0.01Thallium Feb-09-120.01 Feb-08-12

mg/L< 0.05Tin Feb-09-120.05 Feb-08-12

mg/L< 0.10Titanium Feb-09-120.10 Feb-08-12

mg/L< 0.02Uranium Feb-09-120.02 Feb-08-12

mg/L< 0.05Vanadium Feb-09-120.05 Feb-08-12

mg/L< 0.50Zinc Feb-09-120.50 Feb-08-12

mg/L< 0.05Zirconium Feb-09-120.05 Feb-08-12

mg/L5.1Final Extract pH Feb-09-12Feb-08-12

mg/L1.0Extraction Fluid # Feb-09-12Feb-08-12

TP11-7-1-111208   (CB20183-03)   Matrix: Soil   Sampled: Dec-08-11

Feb-09-12mg/LAluminum 3.3 0.05 Feb-08-12

mg/L< 0.005Antimony Feb-09-120.005 Feb-08-12

mg/L< 0.05Arsenic Feb-09-120.05 Feb-08-12

mg/L< 0.50Barium Feb-09-120.50 Feb-08-12

mg/L< 0.05Beryllium Feb-09-120.05 Feb-08-12

mg/L< 0.05Bismuth Feb-09-120.05 Feb-08-12

mg/L< 0.50Boron Feb-09-120.50 Feb-08-12

mg/L< 0.001Cadmium Feb-09-120.001 Feb-08-12

mg/L< 5.0Calcium Feb-09-125.0 Feb-08-12

mg/L< 0.02Chromium Feb-09-120.02 Feb-08-12

mg/L< 0.02Cobalt Feb-09-120.02 Feb-08-12

mg/L< 0.05Copper Feb-09-120.05 Feb-08-12

mg/L4.1Iron Feb-09-121.0 Feb-08-12

mg/L< 0.02Lead Feb-09-120.02 Feb-08-12

mg/L< 0.05Lithium Feb-09-120.05 Feb-08-12

mg/L< 5.0Magnesium Feb-09-125.0 Feb-08-12

mg/L0.04Manganese Feb-09-120.005 Feb-08-12

mg/L< 0.002Mercury Feb-09-120.002 Feb-08-12

mg/L< 0.005Molybdenum Feb-09-120.005 Feb-08-12

mg/L< 0.10Nickel Feb-09-120.10 Feb-08-12

mg/L< 5.0Potassium Feb-09-125.0 Feb-08-12

mg/L< 0.05Selenium Feb-09-120.05 Feb-08-12

mg/L< 0.001Silver Feb-09-120.001 Feb-08-12

mg/L< 0.05Strontium Feb-09-120.05 Feb-08-12

mg/L< 0.20Tellurium Feb-09-120.20 Feb-08-12

mg/L< 0.01Thallium Feb-09-120.01 Feb-08-12

mg/L< 0.05Tin Feb-09-120.05 Feb-08-12

mg/L0.12Titanium Feb-09-120.10 Feb-08-12
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CLIENT

PROJECT

SNC-Lavalin Environment Inc. (Nelson)

503664

WORK ORDER #

REPORTED

CB20183

Feb-16-12

SAMPLE DATA

 Analyte Result RDL Units Prepared NotesAnalyzed

Synthetic Precipitation Leaching Procedure (SPLP) Metals, Continued

TP11-7-1-111208   (CB20183-03)   Matrix: Soil   Sampled: Dec-08-11, Continued

mg/L< 0.02Uranium Feb-09-120.02 Feb-08-12

mg/L< 0.05Vanadium Feb-09-120.05 Feb-08-12

mg/L< 0.50Zinc Feb-09-120.50 Feb-08-12

mg/L< 0.05Zirconium Feb-09-120.05 Feb-08-12

mg/L4.8Final Extract pH Feb-09-12Feb-08-12

mg/L1.0Extraction Fluid # Feb-09-12Feb-08-12

TP11-10-1-111208   (CB20183-04)   Matrix: Soil   Sampled: Dec-08-11

Feb-09-12mg/LAluminum 1.7 0.05 Feb-08-12

mg/L< 0.005Antimony Feb-09-120.005 Feb-08-12

mg/L< 0.05Arsenic Feb-09-120.05 Feb-08-12

mg/L< 0.50Barium Feb-09-120.50 Feb-08-12

mg/L< 0.05Beryllium Feb-09-120.05 Feb-08-12

mg/L< 0.05Bismuth Feb-09-120.05 Feb-08-12

mg/L< 0.50Boron Feb-09-120.50 Feb-08-12

mg/L< 0.001Cadmium Feb-09-120.001 Feb-08-12

mg/L< 5.0Calcium Feb-09-125.0 Feb-08-12

mg/L< 0.02Chromium Feb-09-120.02 Feb-08-12

mg/L< 0.02Cobalt Feb-09-120.02 Feb-08-12

mg/L< 0.05Copper Feb-09-120.05 Feb-08-12

mg/L14Iron Feb-09-121.0 Feb-08-12

mg/L< 0.02Lead Feb-09-120.02 Feb-08-12

mg/L< 0.05Lithium Feb-09-120.05 Feb-08-12

mg/L< 5.0Magnesium Feb-09-125.0 Feb-08-12

mg/L0.03Manganese Feb-09-120.005 Feb-08-12

mg/L< 0.002Mercury Feb-09-120.002 Feb-08-12

mg/L< 0.005Molybdenum Feb-09-120.005 Feb-08-12

mg/L< 0.10Nickel Feb-09-120.10 Feb-08-12

mg/L< 5.0Potassium Feb-09-125.0 Feb-08-12

mg/L< 0.05Selenium Feb-09-120.05 Feb-08-12

mg/L< 0.001Silver Feb-09-120.001 Feb-08-12

mg/L< 0.05Strontium Feb-09-120.05 Feb-08-12

mg/L< 0.20Tellurium Feb-09-120.20 Feb-08-12

mg/L< 0.01Thallium Feb-09-120.01 Feb-08-12

mg/L< 0.05Tin Feb-09-120.05 Feb-08-12

mg/L0.32Titanium Feb-09-120.10 Feb-08-12

mg/L< 0.02Uranium Feb-09-120.02 Feb-08-12

mg/L< 0.05Vanadium Feb-09-120.05 Feb-08-12

mg/L< 0.50Zinc Feb-09-120.50 Feb-08-12

mg/L< 0.05Zirconium Feb-09-120.05 Feb-08-12

mg/L4.0Final Extract pH Feb-09-12Feb-08-12

mg/L1.0Extraction Fluid # Feb-09-12Feb-08-12

TP11-13-3-111208   (CB20183-05)   Matrix: Soil   Sampled: Dec-08-11

Feb-09-12mg/LAluminum 0.97 0.05 Feb-08-12

mg/L< 0.005Antimony Feb-09-120.005 Feb-08-12

mg/L< 0.05Arsenic Feb-09-120.05 Feb-08-12
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CLIENT

PROJECT

SNC-Lavalin Environment Inc. (Nelson)

503664

WORK ORDER #

REPORTED

CB20183

Feb-16-12

SAMPLE DATA

 Analyte Result RDL Units Prepared NotesAnalyzed

Synthetic Precipitation Leaching Procedure (SPLP) Metals, Continued

TP11-13-3-111208   (CB20183-05)   Matrix: Soil   Sampled: Dec-08-11, Continued

mg/L< 0.50Barium Feb-09-120.50 Feb-08-12

mg/L< 0.05Beryllium Feb-09-120.05 Feb-08-12

mg/L< 0.05Bismuth Feb-09-120.05 Feb-08-12

mg/L< 0.50Boron Feb-09-120.50 Feb-08-12

mg/L0.003Cadmium Feb-09-120.001 Feb-08-12

mg/L87Calcium Feb-09-125.0 Feb-08-12

mg/L< 0.02Chromium Feb-09-120.02 Feb-08-12

mg/L< 0.02Cobalt Feb-09-120.02 Feb-08-12

mg/L< 0.05Copper Feb-09-120.05 Feb-08-12

mg/L< 1.0Iron Feb-09-121.0 Feb-08-12

mg/L< 0.02Lead Feb-09-120.02 Feb-08-12

mg/L< 0.05Lithium Feb-09-120.05 Feb-08-12

mg/L< 5.0Magnesium Feb-09-125.0 Feb-08-12

mg/L0.15Manganese Feb-09-120.005 Feb-08-12

mg/L< 0.002Mercury Feb-09-120.002 Feb-08-12

mg/L< 0.005Molybdenum Feb-09-120.005 Feb-08-12

mg/L< 0.10Nickel Feb-09-120.10 Feb-08-12

mg/L< 5.0Potassium Feb-09-125.0 Feb-08-12

mg/L< 0.05Selenium Feb-09-120.05 Feb-08-12

mg/L< 0.001Silver Feb-09-120.001 Feb-08-12

mg/L0.10Strontium Feb-09-120.05 Feb-08-12

mg/L< 0.20Tellurium Feb-09-120.20 Feb-08-12

mg/L< 0.01Thallium Feb-09-120.01 Feb-08-12

mg/L< 0.05Tin Feb-09-120.05 Feb-08-12

mg/L< 0.10Titanium Feb-09-120.10 Feb-08-12

mg/L< 0.02Uranium Feb-09-120.02 Feb-08-12

mg/L< 0.05Vanadium Feb-09-120.05 Feb-08-12

mg/L0.59Zinc Feb-09-120.50 Feb-08-12

mg/L< 0.05Zirconium Feb-09-120.05 Feb-08-12

mg/L3.6Final Extract pH Feb-09-12Feb-08-12

mg/L1.0Extraction Fluid # Feb-09-12Feb-08-12

TP11-14-1-111208   (CB20183-06)   Matrix: Soil   Sampled: Dec-08-11

Feb-09-12mg/LAluminum 0.14 0.05 Feb-08-12

mg/L< 0.005Antimony Feb-09-120.005 Feb-08-12

mg/L< 0.05Arsenic Feb-09-120.05 Feb-08-12

mg/L< 0.50Barium Feb-09-120.50 Feb-08-12

mg/L< 0.05Beryllium Feb-09-120.05 Feb-08-12

mg/L< 0.05Bismuth Feb-09-120.05 Feb-08-12

mg/L< 0.50Boron Feb-09-120.50 Feb-08-12

mg/L0.004Cadmium Feb-09-120.001 Feb-08-12

mg/L< 5.0Calcium Feb-09-125.0 Feb-08-12

mg/L< 0.02Chromium Feb-09-120.02 Feb-08-12

mg/L< 0.02Cobalt Feb-09-120.02 Feb-08-12

mg/L< 0.05Copper Feb-09-120.05 Feb-08-12

mg/L< 1.0Iron Feb-09-121.0 Feb-08-12

mg/L< 0.02Lead Feb-09-120.02 Feb-08-12
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CLIENT

PROJECT

SNC-Lavalin Environment Inc. (Nelson)

503664

WORK ORDER #

REPORTED

CB20183

Feb-16-12

SAMPLE DATA

 Analyte Result RDL Units Prepared NotesAnalyzed

Synthetic Precipitation Leaching Procedure (SPLP) Metals, Continued

TP11-14-1-111208   (CB20183-06)   Matrix: Soil   Sampled: Dec-08-11, Continued

mg/L< 0.05Lithium Feb-09-120.05 Feb-08-12

mg/L< 5.0Magnesium Feb-09-125.0 Feb-08-12

mg/L0.13Manganese Feb-09-120.005 Feb-08-12

mg/L< 0.002Mercury Feb-09-120.002 Feb-08-12

mg/L< 0.005Molybdenum Feb-09-120.005 Feb-08-12

mg/L< 0.10Nickel Feb-09-120.10 Feb-08-12

mg/L< 5.0Potassium Feb-09-125.0 Feb-08-12

mg/L< 0.05Selenium Feb-09-120.05 Feb-08-12

mg/L< 0.001Silver Feb-09-120.001 Feb-08-12

mg/L< 0.05Strontium Feb-09-120.05 Feb-08-12

mg/L< 0.20Tellurium Feb-09-120.20 Feb-08-12

mg/L< 0.01Thallium Feb-09-120.01 Feb-08-12

mg/L< 0.05Tin Feb-09-120.05 Feb-08-12

mg/L< 0.10Titanium Feb-09-120.10 Feb-08-12

mg/L< 0.02Uranium Feb-09-120.02 Feb-08-12

mg/L< 0.05Vanadium Feb-09-120.05 Feb-08-12

mg/L< 0.50Zinc Feb-09-120.50 Feb-08-12

mg/L< 0.05Zirconium Feb-09-120.05 Feb-08-12

mg/L4.3Final Extract pH Feb-09-12Feb-08-12

mg/L1.0Extraction Fluid # Feb-09-12Feb-08-12

TP11-15-3-111208   (CB20183-07)   Matrix: Soil   Sampled: Dec-08-11

Feb-09-12mg/LAluminum 0.07 0.05 Feb-08-12

mg/L< 0.005Antimony Feb-09-120.005 Feb-08-12

mg/L< 0.05Arsenic Feb-09-120.05 Feb-08-12

mg/L< 0.50Barium Feb-09-120.50 Feb-08-12

mg/L< 0.05Beryllium Feb-09-120.05 Feb-08-12

mg/L< 0.05Bismuth Feb-09-120.05 Feb-08-12

mg/L< 0.50Boron Feb-09-120.50 Feb-08-12

mg/L< 0.001Cadmium Feb-09-120.001 Feb-08-12

mg/L< 5.0Calcium Feb-09-125.0 Feb-08-12

mg/L< 0.02Chromium Feb-09-120.02 Feb-08-12

mg/L< 0.02Cobalt Feb-09-120.02 Feb-08-12

mg/L< 0.05Copper Feb-09-120.05 Feb-08-12

mg/L< 1.0Iron Feb-09-121.0 Feb-08-12

mg/L< 0.02Lead Feb-09-120.02 Feb-08-12

mg/L< 0.05Lithium Feb-09-120.05 Feb-08-12

mg/L< 5.0Magnesium Feb-09-125.0 Feb-08-12

mg/L0.02Manganese Feb-09-120.005 Feb-08-12

mg/L< 0.002Mercury Feb-09-120.002 Feb-08-12

mg/L< 0.005Molybdenum Feb-09-120.005 Feb-08-12

mg/L< 0.10Nickel Feb-09-120.10 Feb-08-12

mg/L< 5.0Potassium Feb-09-125.0 Feb-08-12

mg/L< 0.05Selenium Feb-09-120.05 Feb-08-12

mg/L< 0.001Silver Feb-09-120.001 Feb-08-12

mg/L< 0.05Strontium Feb-09-120.05 Feb-08-12

mg/L< 0.20Tellurium Feb-09-120.20 Feb-08-12
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CLIENT

PROJECT

SNC-Lavalin Environment Inc. (Nelson)

503664

WORK ORDER #

REPORTED

CB20183

Feb-16-12

SAMPLE DATA

 Analyte Result RDL Units Prepared NotesAnalyzed

Synthetic Precipitation Leaching Procedure (SPLP) Metals, Continued

TP11-15-3-111208   (CB20183-07)   Matrix: Soil   Sampled: Dec-08-11, Continued

mg/L< 0.01Thallium Feb-09-120.01 Feb-08-12

mg/L< 0.05Tin Feb-09-120.05 Feb-08-12

mg/L< 0.10Titanium Feb-09-120.10 Feb-08-12

mg/L< 0.02Uranium Feb-09-120.02 Feb-08-12

mg/L< 0.05Vanadium Feb-09-120.05 Feb-08-12

mg/L< 0.50Zinc Feb-09-120.50 Feb-08-12

mg/L< 0.05Zirconium Feb-09-120.05 Feb-08-12

mg/L3.9Final Extract pH Feb-09-12Feb-08-12

mg/L1.0Extraction Fluid # Feb-09-12Feb-08-12

TP11-16-1-111208   (CB20183-08)   Matrix: Soil   Sampled: Dec-08-11

Feb-09-12mg/LAluminum 0.31 0.05 Feb-08-12

mg/L0.02Antimony Feb-09-120.005 Feb-08-12

mg/L0.05Arsenic Feb-09-120.05 Feb-08-12

mg/L< 0.50Barium Feb-09-120.50 Feb-08-12

mg/L< 0.05Beryllium Feb-09-120.05 Feb-08-12

mg/L< 0.05Bismuth Feb-09-120.05 Feb-08-12

mg/L< 0.50Boron Feb-09-120.50 Feb-08-12

mg/L0.008Cadmium Feb-09-120.001 Feb-08-12

mg/L25Calcium Feb-09-125.0 Feb-08-12

mg/L< 0.02Chromium Feb-09-120.02 Feb-08-12

mg/L< 0.02Cobalt Feb-09-120.02 Feb-08-12

mg/L< 0.05Copper Feb-09-120.05 Feb-08-12

mg/L1.8Iron Feb-09-121.0 Feb-08-12

mg/L0.52Lead Feb-09-120.02 Feb-08-12

mg/L< 0.05Lithium Feb-09-120.05 Feb-08-12

mg/L< 5.0Magnesium Feb-09-125.0 Feb-08-12

mg/L0.09Manganese Feb-09-120.005 Feb-08-12

mg/L< 0.002Mercury Feb-09-120.002 Feb-08-12

mg/L< 0.005Molybdenum Feb-09-120.005 Feb-08-12

mg/L< 0.10Nickel Feb-09-120.10 Feb-08-12

mg/L< 5.0Potassium Feb-09-125.0 Feb-08-12

mg/L< 0.05Selenium Feb-09-120.05 Feb-08-12

mg/L0.002Silver Feb-09-120.001 Feb-08-12

mg/L0.06Strontium Feb-09-120.05 Feb-08-12

mg/L< 0.20Tellurium Feb-09-120.20 Feb-08-12

mg/L< 0.01Thallium Feb-09-120.01 Feb-08-12

mg/L< 0.05Tin Feb-09-120.05 Feb-08-12

mg/L< 0.10Titanium Feb-09-120.10 Feb-08-12

mg/L< 0.02Uranium Feb-09-120.02 Feb-08-12

mg/L< 0.05Vanadium Feb-09-120.05 Feb-08-12

mg/L0.72Zinc Feb-09-120.50 Feb-08-12

mg/L< 0.05Zirconium Feb-09-120.05 Feb-08-12

mg/L7.2Final Extract pH Feb-09-12Feb-08-12

mg/L1.0Extraction Fluid # Feb-09-12Feb-08-12
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CLIENT

PROJECT

SNC-Lavalin Environment Inc. (Nelson)

503664

WORK ORDER #

REPORTED

CB20183

Feb-16-12

SAMPLE DATA

 Analyte Result RDL Units Prepared NotesAnalyzed

Synthetic Precipitation Leaching Procedure (SPLP) Metals, Continued

TP11-18-2-111208   (CB20183-09)   Matrix: Soil   Sampled: Dec-08-11

Feb-09-12mg/LAluminum 0.09 0.05 Feb-08-12

mg/L< 0.005Antimony Feb-09-120.005 Feb-08-12

mg/L< 0.05Arsenic Feb-09-120.05 Feb-08-12

mg/L< 0.50Barium Feb-09-120.50 Feb-08-12

mg/L< 0.05Beryllium Feb-09-120.05 Feb-08-12

mg/L< 0.05Bismuth Feb-09-120.05 Feb-08-12

mg/L< 0.50Boron Feb-09-120.50 Feb-08-12

mg/L0.002Cadmium Feb-09-120.001 Feb-08-12

mg/L< 5.0Calcium Feb-09-125.0 Feb-08-12

mg/L< 0.02Chromium Feb-09-120.02 Feb-08-12

mg/L< 0.02Cobalt Feb-09-120.02 Feb-08-12

mg/L< 0.05Copper Feb-09-120.05 Feb-08-12

mg/L< 1.0Iron Feb-09-121.0 Feb-08-12

mg/L< 0.02Lead Feb-09-120.02 Feb-08-12

mg/L< 0.05Lithium Feb-09-120.05 Feb-08-12

mg/L< 5.0Magnesium Feb-09-125.0 Feb-08-12

mg/L0.04Manganese Feb-09-120.005 Feb-08-12

mg/L< 0.002Mercury Feb-09-120.002 Feb-08-12

mg/L< 0.005Molybdenum Feb-09-120.005 Feb-08-12

mg/L< 0.10Nickel Feb-09-120.10 Feb-08-12

mg/L< 5.0Potassium Feb-09-125.0 Feb-08-12

mg/L< 0.05Selenium Feb-09-120.05 Feb-08-12

mg/L< 0.001Silver Feb-09-120.001 Feb-08-12

mg/L< 0.05Strontium Feb-09-120.05 Feb-08-12

mg/L< 0.20Tellurium Feb-09-120.20 Feb-08-12

mg/L< 0.01Thallium Feb-09-120.01 Feb-08-12

mg/L< 0.05Tin Feb-09-120.05 Feb-08-12

mg/L< 0.10Titanium Feb-09-120.10 Feb-08-12

mg/L< 0.02Uranium Feb-09-120.02 Feb-08-12

mg/L< 0.05Vanadium Feb-09-120.05 Feb-08-12

mg/L< 0.50Zinc Feb-09-120.50 Feb-08-12

mg/L< 0.05Zirconium Feb-09-120.05 Feb-08-12

mg/L4.0Final Extract pH Feb-09-12Feb-08-12

mg/L1.0Extraction Fluid # Feb-09-12Feb-08-12

Sample Qualifiers:

HT Parameter(s) analyzed outside of the recommended holding time.
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CLIENT

PROJECT

SNC-Lavalin Environment Inc. (Nelson)

503664

WORK ORDER #

REPORTED

CB20183

Feb-16-12

ANALYSIS / REPORT INFORMATION

LABAnalysis Description Method Reference(s) (* = modified from)

Preparation Analysis

APHA 4500-H+ RMDpH in Soil (1:2 Soil/Water) N/A

EPA 6020A RMDStrong Acid Leachable Metals SALM V.2 (BCMOE)

EPA 6020A RMDSynthetic Precipitation Leaching Procedure (SPLP) Metals EPA 1312

Page 12 of 16CARO Analytical Services



CLIENT

PROJECT

SNC-Lavalin Environment Inc. (Nelson)

503664

WORK ORDER #

REPORTED

CB20183

Feb-16-12

QUALITY CONTROL DATA

The following section reports quality control (QC) data that is associated with your sample data. Groups of samples are prepared in “batches” and 

analyzed in conjunction with quality control samples that ensure your data is of the highest quality. Common QC types include:

• Method Blank (Blk): Laboratory reagent water is carried through sample preparation and analysis steps. Method Blanks indicate that results are 

free from contamination, i.e. not biased high from sources such as the sample container or the laboratory environment

• Duplicate (Dup): Preparation and analysis of a replicate aliquot of a sample. Duplicates provide a measure of the analytical method’s precision, 

i.e.    how reproducible a result is. Duplicates are only reported if they are associated with your sample data.

• Blank Spike (BS): A known amount of standard is carried through sample preparation and analysis steps. Blank Spikes, also known as laboratory 

control samples (LCS), are prepared from a different source of standard than used for the calibration. They ensure that the calibration is acceptable 

(i.e. not biased high or low) and also provide a measure of the analytical method’s accuracy (i.e. closeness of the result to a target value).

• Standard Reference Material (SRM): A material of similar matrix to the samples, externally certified for the parameter(s) listed. Standard 

Reference Materials ensure that the preparation steps in the method are adequate to achieve acceptable recoveries of the parameter(s) tested for.

Each QC type is analyzed at a 5-10% frequency, i.e. one blank/duplicate/spike for every 10 samples. For all types of QC, the specified recovery (% Rec) 

and relative percent difference (RPD) limits are derived from long-term method performance averages and/or prescribed by the reference method.

 Analyte Result

Reporting

Limit Units

Spike

Level

Source

Result % REC

% REC

Limits % RPD

% RPD

Limit Notes 

General Parameters,  Batch B2B0241

Duplicate (B2B0241-DUP2)  Prepared: Feb-13-12, Analyzed: Feb-13-12Source: CB20183-02

2pH unitspH 5.25.4 50.1

Reference (B2B0241-SRM1)  Prepared: Feb-13-12, Analyzed: Feb-13-12

90-1151006.10pH unitspH 6.1 0.1

Reference (B2B0241-SRM2)  Prepared: Feb-13-12, Analyzed: Feb-13-12

90-1151016.10pH unitspH 6.2 0.1

Strong Acid Leachable Metals,  Batch B2B0170

Blank (B2B0170-BLK1)  Prepared: Feb-09-12, Analyzed: Feb-09-12

ug/gAluminum < 20 20

ug/g< 0.1Antimony 0.1

ug/g< 0.4Arsenic 0.4

ug/g< 1.0Barium 1.0

ug/g< 0.1Beryllium 0.1

ug/g< 0.1Bismuth 0.1

ug/g< 2.0Boron 2.0

ug/g< 0.04Cadmium 0.04

ug/g< 100Calcium 100

ug/g< 1.0Chromium 1.0

ug/g< 0.1Cobalt 0.1

ug/g< 0.2Copper 0.2

ug/g< 20Iron 20

ug/g< 0.2Lead 0.2

ug/g< 0.1Lithium 0.1

ug/g< 10Magnesium 10

ug/g< 0.4Manganese 0.4

ug/g< 0.05Mercury 0.05

ug/g< 0.1Molybdenum 0.1

ug/g< 0.4Nickel 0.4

ug/g< 10Phosphorus 10

ug/g< 10Potassium 10

ug/g< 0.5Selenium 0.5

ug/g< 3000Silicon 3000

ug/g< 0.2Silver 0.2

ug/g< 40Sodium 40

ug/g< 0.2Strontium 0.2

ug/g< 1000Sulfur 1000

ug/g< 0.1Tellurium 0.1

ug/g< 0.1Thallium 0.1

ug/g< 0.5Thorium 0.5

ug/g< 0.2Tin 0.2
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CLIENT

PROJECT

SNC-Lavalin Environment Inc. (Nelson)

503664

WORK ORDER #

REPORTED

CB20183

Feb-16-12

QUALITY CONTROL DATA

 Analyte Result

Reporting

Limit Units

Spike

Level

Source

Result % REC

% REC

Limits % RPD

% RPD

Limit Notes 

Strong Acid Leachable Metals,  Batch B2B0170, Continued

Blank (B2B0170-BLK1), Continued  Prepared: Feb-09-12, Analyzed: Feb-09-12

ug/g< 2.0Titanium 2.0

ug/g< 0.1Uranium 0.1

ug/g< 0.4Vanadium 0.4

ug/g< 2.0Zinc 2.0

ug/g< 2Zirconium 2

Duplicate (B2B0170-DUP1)  Prepared: Feb-09-12, Analyzed: Feb-09-12Source: CB20183-04

< 1ug/gAluminum 43104320 3020

ug/g 170.9 1.1Antimony 400.1

ug/g 53.6 3.8Arsenic 300.4

ug/g 260.3 61.2Barium 301.0

ug/g0.1 0.1Beryllium 400.1

ug/g0.1 0.1Bismuth 300.1

ug/g< 2.0 < 2.0Boron 302.0

ug/g0.06 0.08Cadmium 300.04

ug/g < 11400 1390Calcium 30100

ug/g < 115.9 16.1Chromium 301.0

ug/g 22.2 2.2Cobalt 300.1

ug/g 810.3 11.1Copper 300.2

ug/g 224100 24700Iron 3020

ug/g 713.5 14.5Lead 400.2

ug/g 99.9 9.0Lithium 300.1

ug/g < 12660 2660Magnesium 3010

ug/g 6129 138Manganese 300.4

ug/g< 0.05 < 0.05Mercury 400.05

ug/g0.3 0.3Molybdenum 400.1

ug/g 26.0 6.1Nickel 300.4

ug/g < 1810 810Phosphorus 3010

ug/g 8947 1030Potassium 3010

ug/g0.5 0.5Selenium 300.5

ug/g 219000 18000Silicon 403000

ug/g< 0.2 < 0.2Silver 400.2

ug/g 9248 226Sodium 3040

ug/g 1328.0 31.8Strontium 300.2

ug/g1700 1900Sulfur 301000

ug/g< 0.1 < 0.1Tellurium 300.1

ug/g0.1 0.1Thallium 300.1

ug/g 12.7 2.7Thorium 300.5

ug/g0.4 0.4Tin 400.2

ug/g 4763 791Titanium 402.0

ug/g0.3 0.3Uranium 300.1

ug/g 230.9 30.4Vanadium 300.4

ug/g 535.6 37.4Zinc 302.0

ug/g< 2 < 2Zirconium 302

Reference (B2B0170-SRM1)  Prepared: Feb-09-12, Analyzed: Feb-09-12

78-12011717500ug/gAluminum 20500 20

ug/g 7.30 62-15815311.2Antimony 0.1

ug/g 23.2 83-11211225.9Arsenic 0.4

ug/g 294 61-12889262Barium 1.0

ug/g 0.410 57-1411390.6Beryllium 0.1

ug/g 0.390 73-103900.4Bismuth 0.1

ug/g 38.0 57-13913149.7Boron 2.0

ug/g 1.98 76-1281152.27Cadmium 0.04

ug/g 7800 83-1211108620Calcium 100

ug/g 48.0 88-11811454.6Chromium 1.0

ug/g 8.75 87-113887.7Cobalt 0.1

ug/g 296 89-115105312Copper 0.2

ug/g 31200 86-11110031200Iron 20

ug/g 166 85-115102170Lead 0.2

ug/g 25.3 63-13712431.3Lithium 0.1

ug/g 9900 81-12011611500Magnesium 10

ug/g 253 88-114103259Manganese 0.4

ug/g 2.88 65-1441113.20Mercury 0.05

ug/g 4.57 83-1261195.4Molybdenum 0.1
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CLIENT

PROJECT

SNC-Lavalin Environment Inc. (Nelson)

503664

WORK ORDER #

REPORTED

CB20183

Feb-16-12

QUALITY CONTROL DATA

 Analyte Result

Reporting

Limit Units

Spike

Level

Source

Result % REC

% REC

Limits % RPD

% RPD

Limit Notes 

Strong Acid Leachable Metals,  Batch B2B0170, Continued

Reference (B2B0170-SRM1), Continued  Prepared: Feb-09-12, Analyzed: Feb-09-12

ug/g 31.6 90-1129530.0Nickel 0.4

ug/g 840 82-115115960Phosphorus 10

ug/g 3100 75-1221103420Potassium 10

ug/g 1.02 64-1571361.4Selenium 0.5

ug/g 1.17 60-111881.03Silver 0.2

ug/g 18600 66-13812523300Sodium 40

ug/g 68.0 79-12010269.1Strontium 0.2

ug/g 12200 54-15510913000Sulfur 1000

ug/g 0.450 79-102900.4Thallium 0.1

ug/g 2.33 71-1051012.4Thorium 0.5

ug/g 19.1 74-12310720.4Tin 0.2

ug/g 900 58-1601391250Titanium 2.0

ug/g 1.64 75-106881.4Uranium 0.1

ug/g 74.4 83-12411585.4Vanadium 0.4

ug/g 337 86-118108365Zinc 2.0

ug/g 12.0 59-108698Zirconium 2

Synthetic Precipitation Leaching Procedure (SPLP) Metals,  Batch B2B0164

Blank (B2B0164-BLK1)  Prepared: Feb-08-12, Analyzed: Feb-09-12

mg/LAluminum < 0.05 0.05

mg/L< 0.005Antimony 0.005

mg/L< 0.05Arsenic 0.05

mg/L< 0.50Barium 0.50

mg/L< 0.05Beryllium 0.05

mg/L< 0.05Bismuth 0.05

mg/L< 0.50Boron 0.50

mg/L< 0.001Cadmium 0.001

mg/L< 5.0Calcium 5.0

mg/L< 0.02Chromium 0.02

mg/L< 0.02Cobalt 0.02

mg/L< 0.05Copper 0.05

mg/L< 1.0Iron 1.0

mg/L< 0.02Lead 0.02

mg/L< 0.05Lithium 0.05

mg/L< 5.0Magnesium 5.0

mg/L< 0.005Manganese 0.005

mg/L< 0.002Mercury 0.002

mg/L< 0.005Molybdenum 0.005

mg/L< 0.10Nickel 0.10

mg/L< 5.0Potassium 5.0

mg/L< 0.05Selenium 0.05

mg/L< 0.001Silver 0.001

mg/L< 0.05Strontium 0.05

mg/L< 0.20Tellurium 0.20

mg/L< 0.01Thallium 0.01

mg/L< 0.05Tin 0.05

mg/L< 0.10Titanium 0.10

mg/L< 0.02Uranium 0.02

mg/L< 0.05Vanadium 0.05

mg/L< 0.50Zinc 0.50

mg/L< 0.05Zirconium 0.05

mg/L5.0Final Extract pH

mg/L1.0Extraction Fluid #

Duplicate (B2B0164-DUP1)  Prepared: Feb-08-12, Analyzed: Feb-09-12Source: CB20183-05

1mg/LAluminum 0.970.96 300.05

mg/L< 0.005 < 0.005Antimony 300.005

mg/L< 0.05 < 0.05Arsenic 300.05

mg/L< 0.50 < 0.50Barium 300.50

mg/L< 0.05 < 0.05Beryllium 300.05

mg/L< 0.05 < 0.05Bismuth 300.05

mg/L< 0.50 < 0.50Boron 300.50

mg/L0.003 0.003Cadmium 300.001

mg/L 682.1 86.9Calcium 305.0
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CLIENT

PROJECT

SNC-Lavalin Environment Inc. (Nelson)

503664

WORK ORDER #

REPORTED

CB20183

Feb-16-12

QUALITY CONTROL DATA

 Analyte Result

Reporting

Limit Units

Spike

Level

Source

Result % REC

% REC

Limits % RPD

% RPD

Limit Notes 

Synthetic Precipitation Leaching Procedure (SPLP) Metals,  Batch B2B0164, Continued

Duplicate (B2B0164-DUP1), Continued  Prepared: Feb-08-12, Analyzed: Feb-09-12Source: CB20183-05

mg/L< 0.02 < 0.02Chromium 300.02

mg/L< 0.02 < 0.02Cobalt 300.02

mg/L< 0.05 < 0.05Copper 300.05

mg/L< 1.0 < 1.0Iron 301.0

mg/L< 0.02 < 0.02Lead 300.02

mg/L< 0.05 < 0.05Lithium 300.05

mg/L< 5.0 < 5.0Magnesium 305.0

mg/L 60.16 0.15Manganese 300.005

mg/L< 0.002 < 0.002Mercury 300.002

mg/L< 0.005 < 0.005Molybdenum 300.005

mg/L< 0.10 < 0.10Nickel 300.10

mg/L< 5.0 < 5.0Potassium 305.0

mg/L< 0.05 < 0.05Selenium 300.05

mg/L< 0.001 < 0.001Silver 300.001

mg/L0.10 0.10Strontium 300.05

mg/L< 0.20 < 0.20Tellurium 300.20

mg/L< 0.01 < 0.01Thallium 300.01

mg/L< 0.05 < 0.05Tin 300.05

mg/L< 0.10 < 0.10Titanium 300.10

mg/L< 0.02 < 0.02Uranium 300.02

mg/L< 0.05 < 0.05Vanadium 300.05

mg/L< 0.50 0.59Zinc 300.50

mg/L< 0.05 < 0.05Zirconium 300.05

mg/L 43.72 3.59Final Extract pH 10

mg/L < 11.00 1.00Extraction Fluid # 200
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CERTIFICATE OF ANALYSIS

CLIENT SNC-Lavalin Environment Inc. (Nelson)

#3-520 Lake Street

Nelson BC

V1L 4C6

TEL

FAX

(250) 354-1664

(250) 354-3896

ATTENTION Stefan Humphries

RECEIVED / TEMP WORK ORDER

REPORTED Feb-16-12

COC #(s)

PROJECT 503664

PROJECT INFO Teck Metals Ltd

General Comments:

CARO Analytical Services employs methods which are based on those found in “Standard Methods for the Examination of Water 

and Wastewater”, 21st Edition, 2005, published by the American Public Health Association (APHA); US EPA protocols found in 

“Test Methods for Evaluating Solid Waste, Physical/Chemical Methods, SW846”, 3rd Edition; protocols published by the British 

Columbia Ministry of Environment (BCMOE); and/or CCME Canada-wide Standard Reference methods.

Methods not described in these publications are conducted according to procedures accepted by appropriate regulatory agencies, 

and/or are done in accordance with recognized professional standards using accepted testing methodologies and quality control 

efforts except where otherwise agreed to by the client.  

The results in this report apply to the samples analyzed in accordance with the chain of custody document.  This analytical report 

must be reproduced in its entirity.   CARO is not responsible for any loss or damage resulting directly or indirectly from error or 

omission in the conduct of testing.  Liability is limited to the cost of analysis.  Samples will be disposed of 30 days after the test 

report has been issued unless otherwise agreed to in writing. 

•  All solids results are reported on a dry weight basis unless otherwise noted

•  Units: mg/kg = milligrams per kilogram, equivalent to parts per million (ppm)

mg/L = milligrams per litre, equivalent to parts per million (ppm)

ug/L = micrograms per litre, equivalent to parts per billion (ppb)

ug/g = micrograms per gram, equivalent to parts per million (ppm)

ug/m3 = micrograms per cubic meter of air

•  "RDL"  Reported detection limit

•  "<"  Less than reported detection limit

•  "AO" Aesthetic objective

•  "MAC" Maximum acceptable concentration (health-related guideline)

•  "LAB" RMD = Richmond location, KEL = Kelowna location, EDM = Edmonton location, SUB = Subcontracted

Please contact CARO if more information is needed or to provide feedback on our services.

CARO Analytical Services

Final Review Per: Paul Thandi, B.Sc., PChem For Patrick Novak, B.Sc., PChem

Vice President, Corporate Services

#120 12791 Clarke Place #102 3677 Highway 97N 17225 109 Avenue

Richmond, BC  V6V 2H9 Kelowna, BC  V1X 5C3 Edmonton, AB  T5S 1H7

Tel: 604-279-1499  Fax: 604-279-1599 Tel: 250-765-9646  Fax: 250-765-3893 Tel: 780-489-9100  Fax: 780-489-9700

www.caro.ca

Locations:

CL10302

25316

Dec-16-11 10:22 / 3.0 °C

Page 1 of 12CARO Analytical Services

http://www.caro.ca


CLIENT

PROJECT

SNC-Lavalin Environment Inc. (Nelson)

503664

WORK ORDER #

REPORTED

CL10302

Feb-16-12

SAMPLE DATA

 Analyte Result RDL Units Prepared NotesAnalyzed

General Parameters

TP-RE-01-121411   (CL10302-01)   Matrix: Soil   Sampled: Dec-14-11

Dec-19-11%Moisture 20.1 0.1 Dec-16-11

pH units5.3pH Dec-21-110.1 Dec-20-11

TP-RE-03-121411   (CL10302-02)   Matrix: Soil   Sampled: Dec-14-11

Dec-19-11%Moisture 20.1 0.1 Dec-16-11

pH units5.0pH Dec-21-110.1 Dec-20-11

TP-RE-04-121411   (CL10302-03)   Matrix: Soil   Sampled: Dec-14-11

Dec-19-11%Moisture 7.9 0.1 Dec-16-11

pH units3.7pH Dec-21-110.1 Dec-20-11

TP-RE-05-121411   (CL10302-04)   Matrix: Soil   Sampled: Dec-14-11

Dec-19-11%Moisture 11.2 0.1 Dec-16-11

pH units3.7pH Dec-21-110.1 Dec-20-11

TP-RE-06-121411   (CL10302-05)   Matrix: Soil   Sampled: Dec-14-11

Dec-19-11%Moisture 11.6 0.1 Dec-16-11

TP-RE-07-121411   (CL10302-06)   Matrix: Soil   Sampled: Dec-14-11

Dec-19-11%Moisture 11.2 0.1 Dec-16-11

pH units4.6pH Dec-21-110.1 Dec-20-11

TP-RE-08-121411   (CL10302-07)   Matrix: Soil   Sampled: Dec-14-11

Dec-19-11%Moisture 10.1 0.1 Dec-16-11

Strong Acid Leachable Metals

TP-RE-01-121411   (CL10302-01)   Matrix: Soil   Sampled: Dec-14-11

Dec-21-11ug/gAluminum 3460 20 Dec-20-11

ug/g24.5Antimony Dec-21-110.1 Dec-20-11

ug/g114Arsenic Dec-21-110.4 Dec-20-11

ug/g84.0Barium Dec-21-111.0 Dec-20-11

ug/g0.2Beryllium Dec-21-110.1 Dec-20-11

ug/g2.1Bismuth Dec-21-110.1 Dec-20-11

ug/g< 2.0Boron Dec-21-112.0 Dec-20-11

ug/g3.45Cadmium Dec-21-110.04 Dec-20-11

ug/g1870Calcium Dec-21-11100 Dec-20-11

ug/g17.5Chromium Dec-21-111.0 Dec-20-11

ug/g2.0Cobalt Dec-21-110.1 Dec-20-11

ug/g36.1Copper Dec-21-110.2 Dec-20-11

ug/g27200Iron Dec-21-1120 Dec-20-11

ug/g1210Lead Dec-21-110.2 Dec-20-11

ug/g5.7Lithium Dec-21-110.1 Dec-20-11

ug/g1980Magnesium Dec-21-1110 Dec-20-11

ug/g175Manganese Dec-21-110.4 Dec-20-11

ug/g0.37Mercury Dec-21-110.05 Dec-20-11

ug/g1.6Molybdenum Dec-21-110.1 Dec-20-11

ug/g6.4Nickel Dec-21-110.4 Dec-20-11
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CLIENT

PROJECT

SNC-Lavalin Environment Inc. (Nelson)

503664

WORK ORDER #

REPORTED

CL10302

Feb-16-12

SAMPLE DATA

 Analyte Result RDL Units Prepared NotesAnalyzed

Strong Acid Leachable Metals, Continued

TP-RE-01-121411   (CL10302-01)   Matrix: Soil   Sampled: Dec-14-11, Continued

ug/g820Phosphorus Dec-21-1110 Dec-20-11

ug/g840Potassium Dec-21-1110 Dec-20-11

ug/g0.5Selenium Dec-21-110.5 Dec-20-11

ug/g< 3000Silicon Dec-21-113000 Dec-20-11

ug/g3.5Silver Dec-21-110.2 Dec-20-11

ug/g210Sodium Dec-21-1140 Dec-20-11

ug/g27Strontium Dec-21-110.2 Dec-20-11

ug/g1100Sulfur Dec-21-111000 Dec-20-11

ug/g1.2Tellurium Dec-21-110.1 Dec-20-11

ug/g0.7Thallium Dec-21-110.1 Dec-20-11

ug/g3.7Thorium Dec-21-110.5 Dec-20-11

ug/g10.7Tin Dec-21-110.2 Dec-20-11

ug/g389Titanium Dec-21-112.0 Dec-20-11

ug/g0.8Uranium Dec-21-110.1 Dec-20-11

ug/g22.3Vanadium Dec-21-110.4 Dec-20-11

ug/g380Zinc Dec-21-112.0 Dec-20-11

ug/g2Zirconium Dec-21-112 Dec-20-11

TP-RE-03-121411   (CL10302-02)   Matrix: Soil   Sampled: Dec-14-11

Dec-21-11ug/gAluminum 3290 20 Dec-20-11

ug/g19.9Antimony Dec-21-110.1 Dec-20-11

ug/g92.4Arsenic Dec-21-110.4 Dec-20-11

ug/g75.8Barium Dec-21-111.0 Dec-20-11

ug/g0.2Beryllium Dec-21-110.1 Dec-20-11

ug/g12.0Bismuth Dec-21-110.1 Dec-20-11

ug/g< 2.0Boron Dec-21-112.0 Dec-20-11

ug/g7.82Cadmium Dec-21-110.04 Dec-20-11

ug/g2160Calcium Dec-21-11100 Dec-20-11

ug/g14.7Chromium Dec-21-111.0 Dec-20-11

ug/g2.3Cobalt Dec-21-110.1 Dec-20-11

ug/g43.1Copper Dec-21-110.2 Dec-20-11

ug/g20600Iron Dec-21-1120 Dec-20-11

ug/g990Lead Dec-21-110.2 Dec-20-11

ug/g6.1Lithium Dec-21-110.1 Dec-20-11

ug/g1890Magnesium Dec-21-1110 Dec-20-11

ug/g168Manganese Dec-21-110.4 Dec-20-11

ug/g0.64Mercury Dec-21-110.05 Dec-20-11

ug/g1.5Molybdenum Dec-21-110.1 Dec-20-11

ug/g6.9Nickel Dec-21-110.4 Dec-20-11

ug/g670Phosphorus Dec-21-1110 Dec-20-11

ug/g910Potassium Dec-21-1110 Dec-20-11

ug/g0.7Selenium Dec-21-110.5 Dec-20-11

ug/g< 3000Silicon Dec-21-113000 Dec-20-11

ug/g8.7Silver Dec-21-110.2 Dec-20-11

ug/g330Sodium Dec-21-1140 Dec-20-11

ug/g28Strontium Dec-21-110.2 Dec-20-11

ug/g1000Sulfur Dec-21-111000 Dec-20-11
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CLIENT

PROJECT

SNC-Lavalin Environment Inc. (Nelson)

503664

WORK ORDER #

REPORTED

CL10302

Feb-16-12

SAMPLE DATA

 Analyte Result RDL Units Prepared NotesAnalyzed

Strong Acid Leachable Metals, Continued

TP-RE-03-121411   (CL10302-02)   Matrix: Soil   Sampled: Dec-14-11, Continued

ug/g10.3Tellurium Dec-21-110.1 Dec-20-11

ug/g0.7Thallium Dec-21-110.1 Dec-20-11

ug/g4.4Thorium Dec-21-110.5 Dec-20-11

ug/g8.8Tin Dec-21-110.2 Dec-20-11

ug/g391Titanium Dec-21-112.0 Dec-20-11

ug/g0.8Uranium Dec-21-110.1 Dec-20-11

ug/g18.0Vanadium Dec-21-110.4 Dec-20-11

ug/g596Zinc Dec-21-112.0 Dec-20-11

ug/g< 2Zirconium Dec-21-112 Dec-20-11

TP-RE-04-121411   (CL10302-03)   Matrix: Soil   Sampled: Dec-14-11

Dec-21-11ug/gAluminum 3780 20 Dec-20-11

ug/g33.0Antimony Dec-21-110.1 Dec-20-11

ug/g154Arsenic Dec-21-110.4 Dec-20-11

ug/g95.7Barium Dec-21-111.0 Dec-20-11

ug/g0.1Beryllium Dec-21-110.1 Dec-20-11

ug/g0.6Bismuth Dec-21-110.1 Dec-20-11

ug/g< 2.0Boron Dec-21-112.0 Dec-20-11

ug/g1.11Cadmium Dec-21-110.04 Dec-20-11

ug/g2100Calcium Dec-21-11100 Dec-20-11

ug/g28.4Chromium Dec-21-111.0 Dec-20-11

ug/g2.4Cobalt Dec-21-110.1 Dec-20-11

ug/g35.9Copper Dec-21-110.2 Dec-20-11

ug/g69000Iron Dec-21-1120 Dec-20-11

ug/g2010Lead Dec-21-110.2 Dec-20-11

ug/g6.7Lithium Dec-21-110.1 Dec-20-11

ug/g2310Magnesium Dec-21-1110 Dec-20-11

ug/g280Manganese Dec-21-110.4 Dec-20-11

ug/g0.52Mercury Dec-21-110.05 Dec-20-11

ug/g1.2Molybdenum Dec-21-110.1 Dec-20-11

ug/g7.2Nickel Dec-21-110.4 Dec-20-11

ug/g1400Phosphorus Dec-21-1110 Dec-20-11

ug/g1200Potassium Dec-21-1110 Dec-20-11

ug/g0.7Selenium Dec-21-110.5 Dec-20-11

ug/g< 3000Silicon Dec-21-113000 Dec-20-11

ug/g2.9Silver Dec-21-110.2 Dec-20-11

ug/g180Sodium Dec-21-1140 Dec-20-11

ug/g20Strontium Dec-21-110.2 Dec-20-11

ug/g2200Sulfur Dec-21-111000 Dec-20-11

ug/g0.1Tellurium Dec-21-110.1 Dec-20-11

ug/g1.5Thallium Dec-21-110.1 Dec-20-11

ug/g4.1Thorium Dec-21-110.5 Dec-20-11

ug/g9.6Tin Dec-21-110.2 Dec-20-11

ug/g733Titanium Dec-21-112.0 Dec-20-11

ug/g1.1Uranium Dec-21-110.1 Dec-20-11

ug/g54.7Vanadium Dec-21-110.4 Dec-20-11

ug/g524Zinc Dec-21-112.0 Dec-20-11
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CLIENT

PROJECT

SNC-Lavalin Environment Inc. (Nelson)

503664

WORK ORDER #

REPORTED

CL10302

Feb-16-12

SAMPLE DATA

 Analyte Result RDL Units Prepared NotesAnalyzed

Strong Acid Leachable Metals, Continued

TP-RE-04-121411   (CL10302-03)   Matrix: Soil   Sampled: Dec-14-11, Continued

ug/g2Zirconium Dec-21-112 Dec-20-11

TP-RE-05-121411   (CL10302-04)   Matrix: Soil   Sampled: Dec-14-11

Dec-21-11ug/gAluminum 3320 20 Dec-20-11

ug/g77.7Antimony Dec-21-110.1 Dec-20-11

ug/g334Arsenic Dec-21-110.4 Dec-20-11

ug/g152Barium Dec-21-111.0 Dec-20-11

ug/g0.2Beryllium Dec-21-110.1 Dec-20-11

ug/g2.3Bismuth Dec-21-110.1 Dec-20-11

ug/g< 2.0Boron Dec-21-112.0 Dec-20-11

ug/g3.16Cadmium Dec-21-110.04 Dec-20-11

ug/g1770Calcium Dec-21-11100 Dec-20-11

ug/g16.3Chromium Dec-21-111.0 Dec-20-11

ug/g1.7Cobalt Dec-21-110.1 Dec-20-11

ug/g75.4Copper Dec-21-110.2 Dec-20-11

ug/g59400Iron Dec-21-1120 Dec-20-11

ug/g3950Lead Dec-21-110.2 Dec-20-11

ug/g5.2Lithium Dec-21-110.1 Dec-20-11

ug/g1810Magnesium Dec-21-1110 Dec-20-11

ug/g256Manganese Dec-21-110.4 Dec-20-11

ug/g1.28Mercury Dec-21-110.05 Dec-20-11

ug/g1.7Molybdenum Dec-21-110.1 Dec-20-11

ug/g4.9Nickel Dec-21-110.4 Dec-20-11

ug/g2000Phosphorus Dec-21-1110 Dec-20-11

ug/g1100Potassium Dec-21-1110 Dec-20-11

ug/g1.9Selenium Dec-21-110.5 Dec-20-11

ug/g< 3000Silicon Dec-21-113000 Dec-20-11

ug/g7.0Silver Dec-21-110.2 Dec-20-11

ug/g230Sodium Dec-21-1140 Dec-20-11

ug/g29Strontium Dec-21-110.2 Dec-20-11

ug/g3600Sulfur Dec-21-111000 Dec-20-11

ug/g0.4Tellurium Dec-21-110.1 Dec-20-11

ug/g3.5Thallium Dec-21-110.1 Dec-20-11

ug/g5.2Thorium Dec-21-110.5 Dec-20-11

ug/g31.2Tin Dec-21-110.2 Dec-20-11

ug/g450Titanium Dec-21-112.0 Dec-20-11

ug/g1.1Uranium Dec-21-110.1 Dec-20-11

ug/g26.5Vanadium Dec-21-110.4 Dec-20-11

ug/g684Zinc Dec-21-112.0 Dec-20-11

ug/g< 2Zirconium Dec-21-112 Dec-20-11

TP-RE-07-121411   (CL10302-06)   Matrix: Soil   Sampled: Dec-14-11

Dec-21-11ug/gAluminum 3280 20 Dec-20-11

ug/g50.3Antimony Dec-21-110.1 Dec-20-11

ug/g196Arsenic Dec-21-110.4 Dec-20-11

ug/g123Barium Dec-21-111.0 Dec-20-11

ug/g0.3Beryllium Dec-21-110.1 Dec-20-11
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CLIENT

PROJECT

SNC-Lavalin Environment Inc. (Nelson)

503664

WORK ORDER #

REPORTED

CL10302

Feb-16-12

SAMPLE DATA

 Analyte Result RDL Units Prepared NotesAnalyzed

Strong Acid Leachable Metals, Continued

TP-RE-07-121411   (CL10302-06)   Matrix: Soil   Sampled: Dec-14-11, Continued

ug/g1.0Bismuth Dec-21-110.1 Dec-20-11

ug/g< 2.0Boron Dec-21-112.0 Dec-20-11

ug/g1.31Cadmium Dec-21-110.04 Dec-20-11

ug/g2520Calcium Dec-21-11100 Dec-20-11

ug/g13.4Chromium Dec-21-111.0 Dec-20-11

ug/g1.5Cobalt Dec-21-110.1 Dec-20-11

ug/g49.0Copper Dec-21-110.2 Dec-20-11

ug/g56200Iron Dec-21-1120 Dec-20-11

ug/g2910Lead Dec-21-110.2 Dec-20-11

ug/g5.5Lithium Dec-21-110.1 Dec-20-11

ug/g1850Magnesium Dec-21-1110 Dec-20-11

ug/g256Manganese Dec-21-110.4 Dec-20-11

ug/g0.78Mercury Dec-21-110.05 Dec-20-11

ug/g2.9Molybdenum Dec-21-110.1 Dec-20-11

ug/g4.2Nickel Dec-21-110.4 Dec-20-11

ug/g2200Phosphorus Dec-21-1110 Dec-20-11

ug/g1100Potassium Dec-21-1110 Dec-20-11

ug/g1.2Selenium Dec-21-110.5 Dec-20-11

ug/g< 3000Silicon Dec-21-113000 Dec-20-11

ug/g4.4Silver Dec-21-110.2 Dec-20-11

ug/g190Sodium Dec-21-1140 Dec-20-11

ug/g34Strontium Dec-21-110.2 Dec-20-11

ug/g3300Sulfur Dec-21-111000 Dec-20-11

ug/g0.1Tellurium Dec-21-110.1 Dec-20-11

ug/g1.2Thallium Dec-21-110.1 Dec-20-11

ug/g4.2Thorium Dec-21-110.5 Dec-20-11

ug/g15.8Tin Dec-21-110.2 Dec-20-11

ug/g469Titanium Dec-21-112.0 Dec-20-11

ug/g1.2Uranium Dec-21-110.1 Dec-20-11

ug/g25.1Vanadium Dec-21-110.4 Dec-20-11

ug/g475Zinc Dec-21-112.0 Dec-20-11

ug/g< 2Zirconium Dec-21-112 Dec-20-11

Aggregate Organic Parameters

RS1TP-RE-01-121411   (CL10302-01)   Matrix: Soil   Sampled: Dec-14-11

Dec-21-11mg/kg dryEPHs (10-19) 126000 2500 Dec-16-11

mg/kg dry16100EPHs (19-32) Dec-21-112500 Dec-16-11

RS1TP-RE-03-121411   (CL10302-02)   Matrix: Soil   Sampled: Dec-14-11

Dec-21-11mg/kg dryEPHs (10-19) 87700 2500 Dec-16-11

mg/kg dry11600EPHs (19-32) Dec-21-112500 Dec-16-11

TP-RE-04-121411   (CL10302-03)   Matrix: Soil   Sampled: Dec-14-11

Dec-17-11mg/kg dryEPHs (10-19) 901 250 Dec-16-11

mg/kg dry293EPHs (19-32) Dec-17-11250 Dec-16-11
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CLIENT

PROJECT

SNC-Lavalin Environment Inc. (Nelson)

503664

WORK ORDER #

REPORTED

CL10302

Feb-16-12

SAMPLE DATA

 Analyte Result RDL Units Prepared NotesAnalyzed

Aggregate Organic Parameters, Continued

TP-RE-05-121411   (CL10302-04)   Matrix: Soil   Sampled: Dec-14-11

Dec-17-11mg/kg dryEPHs (10-19) < 250 250 Dec-16-11

mg/kg dry< 250EPHs (19-32) Dec-17-11250 Dec-16-11

TP-RE-06-121411   (CL10302-05)   Matrix: Soil   Sampled: Dec-14-11

Dec-17-11mg/kg dryEPHs (10-19) < 250 250 Dec-16-11

mg/kg dry< 250EPHs (19-32) Dec-17-11250 Dec-16-11

TP-RE-07-121411   (CL10302-06)   Matrix: Soil   Sampled: Dec-14-11

Dec-17-11mg/kg dryEPHs (10-19) 967 250 Dec-16-11

mg/kg dry337EPHs (19-32) Dec-17-11250 Dec-16-11

TP-RE-08-121411   (CL10302-07)   Matrix: Soil   Sampled: Dec-14-11

Dec-17-11mg/kg dryEPHs (10-19) < 250 250 Dec-16-11

mg/kg dry< 250EPHs (19-32) Dec-17-11250 Dec-16-11

Sample Qualifiers:

RS1 Reported Detection Limits (RDL) for this sample have been raised due to high analyte concentration and/or matrix 

interference.
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CLIENT

PROJECT

SNC-Lavalin Environment Inc. (Nelson)

503664

WORK ORDER #

REPORTED

CL10302

Feb-16-12

ANALYSIS / REPORT INFORMATION

LABAnalysis Description Method Reference(s) (* = modified from)

Preparation Analysis

BCMOE RMDEPH in Soil EPA 3570 *

ASTM D2216 RMDDry Weight (moisture) N/A

APHA 4500-H+ RMDpH in Soil (1:2 Soil/Water) N/A

EPA 6020A RMDStrong Acid Leachable Metals SALM V.2 (BCMOE)
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CLIENT

PROJECT

SNC-Lavalin Environment Inc. (Nelson)

503664

WORK ORDER #

REPORTED

CL10302

Feb-16-12

QUALITY CONTROL DATA

The following section reports quality control (QC) data that is associated with your sample data. Groups of samples are prepared in “batches” and 

analyzed in conjunction with quality control samples that ensure your data is of the highest quality. Common QC types include:

• Method Blank (Blk): Laboratory reagent water is carried through sample preparation and analysis steps. Method Blanks indicate that results are 

free from contamination, i.e. not biased high from sources such as the sample container or the laboratory environment

• Duplicate (Dup): Preparation and analysis of a replicate aliquot of a sample. Duplicates provide a measure of the analytical method’s precision, 

i.e.    how reproducible a result is. Duplicates are only reported if they are associated with your sample data.

• Blank Spike (BS): A known amount of standard is carried through sample preparation and analysis steps. Blank Spikes, also known as laboratory 

control samples (LCS), are prepared from a different source of standard than used for the calibration. They ensure that the calibration is acceptable 

(i.e. not biased high or low) and also provide a measure of the analytical method’s accuracy (i.e. closeness of the result to a target value).

• Standard Reference Material (SRM): A material of similar matrix to the samples, externally certified for the parameter(s) listed. Standard 

Reference Materials ensure that the preparation steps in the method are adequate to achieve acceptable recoveries of the parameter(s) tested for.

Each QC type is analyzed at a 5-10% frequency, i.e. one blank/duplicate/spike for every 10 samples. For all types of QC, the specified recovery (% Rec) 

and relative percent difference (RPD) limits are derived from long-term method performance averages and/or prescribed by the reference method.

 Analyte Result

Reporting

Limit Units

Spike

Level

Source

Result % REC

% REC

Limits % RPD

% RPD

Limit Notes 

Aggregate Organic Parameters,  Batch B1L0220

Blank (B1L0220-BLK1)  Prepared: Dec-16-11, Analyzed: Dec-17-11

mg/kg wetEPHs (10-19) < 250 250

mg/kg wet< 250EPHs (19-32) 250

Reference (B1L0220-SRM2)  Prepared: Dec-16-11, Analyzed: Dec-17-11

62-1321123020mg/kg wetEPHs (10-19) 3390 250

mg/kg wet 4330 65-1331084670EPHs (19-32) 250

General Parameters,  Batch B1L0222

Duplicate (B1L0222-DUP2)  Prepared: Dec-16-11, Analyzed: Dec-19-11Source: CL10302-07

1.0%Moisture 10.110.2 400.1

General Parameters,  Batch B1L0267

Duplicate (B1L0267-DUP4)  Prepared: Dec-20-11, Analyzed: Dec-21-11Source: CL10302-03

< 1pH unitspH 3.73.7 50.1

Reference (B1L0267-SRM1)  Prepared: Dec-20-11, Analyzed: Dec-21-11

90-1151056.10pH unitspH 6.4 0.1

Reference (B1L0267-SRM2)  Prepared: Dec-20-11, Analyzed: Dec-21-11

90-1151076.10pH unitspH 6.5 0.1

Reference (B1L0267-SRM3)  Prepared: Dec-20-11, Analyzed: Dec-21-11

90-1151066.10pH unitspH 6.5 0.1

Reference (B1L0267-SRM4)  Prepared: Dec-20-11, Analyzed: Dec-21-11

90-1151046.10pH unitspH 6.3 0.1

Strong Acid Leachable Metals,  Batch B1L0269

Blank (B1L0269-BLK1)  Prepared: Dec-20-11, Analyzed: Dec-21-11

ug/gAluminum < 20 20

ug/g< 0.1Antimony 0.1

ug/g< 0.4Arsenic 0.4

ug/g< 1.0Barium 1.0

ug/g< 0.1Beryllium 0.1

ug/g< 0.1Bismuth 0.1

ug/g< 2.0Boron 2.0

ug/g< 0.04Cadmium 0.04

ug/g< 100Calcium 100
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CLIENT

PROJECT

SNC-Lavalin Environment Inc. (Nelson)

503664

WORK ORDER #

REPORTED

CL10302

Feb-16-12

QUALITY CONTROL DATA

 Analyte Result

Reporting

Limit Units

Spike

Level

Source

Result % REC

% REC

Limits % RPD

% RPD

Limit Notes 

Strong Acid Leachable Metals,  Batch B1L0269, Continued

Blank (B1L0269-BLK1), Continued  Prepared: Dec-20-11, Analyzed: Dec-21-11

ug/g< 1.0Chromium 1.0

ug/g< 0.1Cobalt 0.1

ug/g< 0.2Copper 0.2

ug/g< 20Iron 20

ug/g< 0.2Lead 0.2

ug/g< 0.1Lithium 0.1

ug/g< 10Magnesium 10

ug/g< 0.4Manganese 0.4

ug/g< 0.05Mercury 0.05

ug/g< 0.1Molybdenum 0.1

ug/g< 0.4Nickel 0.4

ug/g< 10Phosphorus 10

ug/g< 10Potassium 10

ug/g< 0.5Selenium 0.5

ug/g< 3000Silicon 3000

ug/g< 0.2Silver 0.2

ug/g< 40Sodium 40

ug/g< 0.2Strontium 0.2

ug/g< 1000Sulfur 1000

ug/g< 0.1Tellurium 0.1

ug/g< 0.1Thallium 0.1

ug/g< 0.5Thorium 0.5

ug/g< 0.2Tin 0.2

ug/g< 2.0Titanium 2.0

ug/g< 0.1Uranium 0.1

ug/g< 0.4Vanadium 0.4

ug/g< 2.0Zinc 2.0

ug/g< 2Zirconium 2

Blank (B1L0269-BLK2)  Prepared: Dec-20-11, Analyzed: Dec-21-11

ug/gAluminum < 20 20

ug/g< 0.1Antimony 0.1

ug/g< 0.4Arsenic 0.4

ug/g< 1.0Barium 1.0

ug/g< 0.1Beryllium 0.1

ug/g< 0.1Bismuth 0.1

ug/g< 2.0Boron 2.0

ug/g< 0.04Cadmium 0.04

ug/g< 100Calcium 100

ug/g< 1.0Chromium 1.0

ug/g< 0.1Cobalt 0.1

ug/g< 0.2Copper 0.2

ug/g< 20Iron 20

ug/g< 0.2Lead 0.2

ug/g< 0.1Lithium 0.1

ug/g< 10Magnesium 10

ug/g< 0.4Manganese 0.4

ug/g< 0.05Mercury 0.05

ug/g< 0.1Molybdenum 0.1

ug/g< 0.4Nickel 0.4

ug/g< 10Phosphorus 10

ug/g< 10Potassium 10

ug/g< 0.5Selenium 0.5

ug/g< 3000Silicon 3000

ug/g< 0.2Silver 0.2

ug/g< 40Sodium 40

ug/g< 0.2Strontium 0.2

ug/g< 1000Sulfur 1000

ug/g< 0.1Tellurium 0.1

ug/g< 0.1Thallium 0.1

ug/g< 0.5Thorium 0.5

ug/g< 0.2Tin 0.2

ug/g< 2.0Titanium 2.0

ug/g< 0.1Uranium 0.1

ug/g< 0.4Vanadium 0.4
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CLIENT

PROJECT

SNC-Lavalin Environment Inc. (Nelson)

503664

WORK ORDER #

REPORTED

CL10302

Feb-16-12

QUALITY CONTROL DATA

 Analyte Result

Reporting

Limit Units

Spike

Level

Source

Result % REC

% REC

Limits % RPD

% RPD

Limit Notes 

Strong Acid Leachable Metals,  Batch B1L0269, Continued

Blank (B1L0269-BLK2), Continued  Prepared: Dec-20-11, Analyzed: Dec-21-11

ug/g< 2.0Zinc 2.0

ug/g< 2Zirconium 2

Duplicate (B1L0269-DUP2)  Prepared: Dec-20-11, Analyzed: Dec-21-11Source: CL10302-06

5ug/gAluminum 32803440 3020

ug/g < 149.8 50.3Antimony 400.1

ug/g 8213 196Arsenic 300.4

ug/g 6115 123Barium 301.0

ug/g0.2 0.3Beryllium 400.1

ug/g 31.0 1.0Bismuth 300.1

ug/g< 2.0 < 2.0Boron 302.0

ug/g 71.22 1.31Cadmium 300.04

ug/g 32450 2520Calcium 30100

ug/g 912.3 13.4Chromium 301.0

ug/g 81.6 1.5Cobalt 300.1

ug/g 250.0 49.0Copper 300.2

ug/g 760400 56200Iron 3020

ug/g 32990 2910Lead 400.2

ug/g 106.1 5.5Lithium 300.1

ug/g 61970 1850Magnesium 3010

ug/g 9279 256Manganese 300.4

ug/g 90.85 0.78Mercury 400.05

ug/g 213.5 2.9Molybdenum 400.1

ug/g 24.3 4.2Nickel 300.4

ug/g 12200 2200Phosphorus 3010

ug/g 61210 1140Potassium 3010

ug/g1.0 1.2Selenium 300.5

ug/g< 3000 < 3000Silicon 403000

ug/g 44.54 4.37Silver 400.2

ug/g184 191Sodium 3040

ug/g 1529.6 34.5Strontium 300.2

ug/g3600 3300Sulfur 301000

ug/g0.1 0.1Tellurium 300.1

ug/g 131.4 1.2Thallium 300.1

ug/g < 14.2 4.2Thorium 300.5

ug/g 516.5 15.8Tin 400.2

ug/g 2461 469Titanium 402.0

ug/g < 11.2 1.2Uranium 300.1

ug/g 424.0 25.1Vanadium 300.4

ug/g 7510 475Zinc 302.0

ug/g< 2 2Zirconium 302

Reference (B1L0269-SRM1)  Prepared: Dec-20-11, Analyzed: Dec-21-11

78-12010217500ug/gAluminum 17800 20

ug/g 7.30 62-15813910.2Antimony 0.1

ug/g 23.2 83-11210524.4Arsenic 0.4

ug/g 294 61-12890266Barium 1.0

ug/g 0.410 57-1411250.5Beryllium 0.1

ug/g 0.390 73-103900.4Bismuth 0.1

ug/g 38.0 57-13911643.9Boron 2.0

ug/g 1.98 76-1281072.12Cadmium 0.04

ug/g 7800 83-1211027990Calcium 100

ug/g 48.0 88-11810550.6Chromium 1.0

ug/g 8.75 87-113877.6Cobalt 0.1

ug/g 296 89-115101299Copper 0.2

ug/g 31200 86-1119830500Iron 20

ug/g 166 85-115105174Lead 0.2

ug/g 25.3 63-13710225.7Lithium 0.1

ug/g 9900 81-12010210100Magnesium 10

ug/g 253 88-114100254Manganese 0.4

ug/g 2.88 65-1441153.30Mercury 0.05

ug/g 4.57 83-1261115.1Molybdenum 0.1

ug/g 31.6 90-1129630.5Nickel 0.4

ug/g 840 82-11593780Phosphorus 10

ug/g 3100 75-1221003100Potassium 10
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CLIENT

PROJECT

SNC-Lavalin Environment Inc. (Nelson)

503664

WORK ORDER #

REPORTED

CL10302

Feb-16-12

QUALITY CONTROL DATA

 Analyte Result

Reporting

Limit Units

Spike

Level

Source

Result % REC

% REC

Limits % RPD

% RPD

Limit Notes 

Strong Acid Leachable Metals,  Batch B1L0269, Continued

Reference (B1L0269-SRM1), Continued  Prepared: Dec-20-11, Analyzed: Dec-21-11

ug/g 1.02 64-1571441.5Selenium 0.5

ug/g 1.17 60-1111061.24Silver 0.2

ug/g 18600 66-13810018600Sodium 40

ug/g 68.0 79-12010470.6Strontium 0.2

ug/g 12200 54-1559512000Sulfur 1000

ug/g 0.450 79-102900.4Thallium 0.1

ug/g 2.33 71-105952.2Thorium 0.5

ug/g 19.1 74-12310720.4Tin 0.2

ug/g 900 58-1601281150Titanium 2.0

ug/g 1.64 75-106941.5Uranium 0.1

ug/g 74.4 83-12410477.4Vanadium 0.4

ug/g 337 86-118105353Zinc 2.0

ug/g 12.0 59-108698Zirconium 2

Reference (B1L0269-SRM2)  Prepared: Dec-20-11, Analyzed: Dec-21-11

78-12010517500ug/gAluminum 18300 20

ug/g 7.30 62-15814510.6Antimony 0.1

ug/g 23.2 83-11210925.3Arsenic 0.4

ug/g 294 61-12893274Barium 1.0

ug/g 0.410 57-1411040.4Beryllium 0.1

ug/g 0.390 73-103930.4Bismuth 0.1

ug/g 38.0 57-13911744.3Boron 2.0

ug/g 1.98 76-1281152.27Cadmium 0.04

ug/g 7800 83-1211068230Calcium 100

ug/g 48.0 88-11810852.0Chromium 1.0

ug/g 8.75 87-113907.8Cobalt 0.1

ug/g 296 89-115104309Copper 0.2

ug/g 31200 86-11110131400Iron 20

ug/g 166 85-115109181Lead 0.2

ug/g 25.3 63-13710827.4Lithium 0.1

ug/g 9900 81-12010810700Magnesium 10

ug/g 253 88-114104263Manganese 0.4

ug/g 2.88 65-1441173.37Mercury 0.05

ug/g 4.57 83-1261185.4Molybdenum 0.1

ug/g 31.6 90-1129831.0Nickel 0.4

ug/g 840 82-11597820Phosphorus 10

ug/g 3100 75-1221013140Potassium 10

ug/g 1.02 64-1571491.5Selenium 0.5

ug/g 1.17 60-111921.07Silver 0.2

ug/g 18600 66-13810419300Sodium 40

ug/g 68.0 79-12010672.3Strontium 0.2

ug/g 12200 54-1559912000Sulfur 1000

ug/g 0.450 79-102940.4Thallium 0.1

ug/g 2.33 71-105992.3Thorium 0.5

ug/g 19.1 74-12310920.8Tin 0.2

ug/g 900 58-1601301170Titanium 2.0

ug/g 1.64 75-106981.6Uranium 0.1

ug/g 74.4 83-12410779.7Vanadium 0.4

ug/g 337 86-118109367Zinc 2.0

ug/g 12.0 59-108729Zirconium 2

Page 12 of 12CARO Analytical Services



CERTIFICATE OF ANALYSIS

CLIENT SNC-Lavalin Environment Inc. (Nelson)

#3 - 520 Lake Street

Nelson BC

V1L 4C6

TEL

FAX

1-250-354-1664

1-250-354-3896

ATTENTION Stefan Humphries

RECEIVED / TEMP WORK ORDER

REPORTED Apr-12-12

COC #(s)

PROJECT Teck Metals Ltd.

PROJECT INFO 503664-H011

General Comments:

CARO Analytical Services employs methods which are based on those found in “Standard Methods for the Examination of Water 

and Wastewater”, 21st Edition, 2005, published by the American Public Health Association (APHA); US EPA protocols found in “Test 

Methods for Evaluating Solid Waste, Physical/Chemical Methods, SW846”, 3rd Edition; protocols published by the British Columbia 

Ministry of Environment (BCMOE); and/or CCME Canada-wide Standard Reference methods.

Methods not described in these publications are conducted according to procedures accepted by appropriate regulatory agencies, 

and/or are done in accordance with recognized professional standards using accepted testing methodologies and quality control 

efforts except where otherwise agreed to by the client.  

The results in this report apply to the samples analyzed in accordance with the chain of custody document.  This analytical report 

must be reproduced in its entirety.   CARO is not responsible for any loss or damage resulting directly or indirectly from error or 

omission in the conduct of testing.  Liability is limited to the cost of analysis.  Samples will be disposed of 30 days after the test 

report has been issued unless otherwise agreed to in writing. 

•  All solids results are reported on a dry weight basis unless otherwise noted

•  Units: mg/kg = milligrams per kilogram, equivalent to parts per million (ppm)

mg/L = milligrams per litre, equivalent to parts per million (ppm)

ug/L = micrograms per litre, equivalent to parts per billion (ppb)

ug/g = micrograms per gram, equivalent to parts per million (ppm)

ug/m3 = micrograms per cubic meter of air

•  "RDL"  Reported detection limit

•  "<"  Less than reported detection limit

•  "AO" Aesthetic objective

•  "MAC" Maximum acceptable concentration (health-related guideline)

•  "LAB" RMD = Richmond location, KEL = Kelowna location, EDM = Edmonton location, SUB = Subcontracted

Please contact CARO if more information is needed or to provide feedback on our services.

CARO Analytical Services

Final Review Per: Jennifer Shanko, AScT

Administration Coordinator

#120 12791 Clarke Place #102 3677 Highway 97N 17225 109 Avenue

Richmond, BC  V6V 2H9 Kelowna, BC  V1X 5C3 Edmonton, AB  T5S 1H7

Tel: 604-279-1499  Fax: 604-279-1599 Tel: 250-765-9646  Fax: 250-765-3893 Tel: 780-489-9100  Fax: 780-489-9700

www.caro.ca

Locations:

K2A0434

No COC #s

Jan-13-12 11:04 / 16.0 °C
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CLIENT

PROJECT

SNC-Lavalin Environment Inc. (Nelson)

Teck Metals Ltd.

WORK ORDER #

REPORTED

K2A0434

Apr-12-12

SAMPLE DATA

 Analyte Result RDL Units Prepared NotesAnalyzed

General Parameters

TP11-1-1-111208   (K2A0434-01)   Matrix: Solid   Sampled: Dec-08-11

Jan-18-12pH unitspH 2.7 0.1 Jan-17-12

TP11-2-2-111208   (K2A0434-02)   Matrix: Solid   Sampled: Dec-08-11

Jan-18-12pH unitspH 3.2 0.1 Jan-17-12

TP11-3-2-111208   (K2A0434-03)   Matrix: Solid   Sampled: Dec-08-11

Jan-18-12pH unitspH 3.2 0.1 Jan-17-12

TP11-4-2-111208   (K2A0434-04)   Matrix: Solid   Sampled: Dec-08-11

Jan-18-12pH unitspH 3.8 0.1 Jan-17-12

TP11-6-1-111208   (K2A0434-05)   Matrix: Solid   Sampled: Dec-08-11

Jan-18-12pH unitspH 5.3 0.1 Jan-17-12

TP11-7-1-111208   (K2A0434-06)   Matrix: Solid   Sampled: Dec-08-11

Jan-18-12pH unitspH 5.2 0.1 Jan-17-12

TP11-8-1-111208   (K2A0434-07)   Matrix: Solid   Sampled: Dec-08-11

Jan-18-12pH unitspH 3.3 0.1 Jan-17-12

TP11-8-2-111208   (K2A0434-08)   Matrix: Solid   Sampled: Dec-08-11

Jan-18-12pH unitspH 3.8 0.1 Jan-17-12

TP11-11-1-111208   (K2A0434-09)   Matrix: Solid   Sampled: Dec-08-11

Jan-18-12pH unitspH 5.1 0.1 Jan-17-12

TP11-12-1-111208   (K2A0434-10)   Matrix: Solid   Sampled: Dec-08-11

Jan-18-12pH unitspH 2.9 0.1 Jan-17-12

TP11-13-1-111208   (K2A0434-11)   Matrix: Solid   Sampled: Dec-08-11

Jan-18-12pH unitspH 5.3 0.1 Jan-17-12

TP11-13-2-111208   (K2A0434-12)   Matrix: Solid   Sampled: Dec-08-11

Jan-18-12pH unitspH 2.9 0.1 Jan-17-12

TP11-15-2-111208   (K2A0434-13)   Matrix: Solid   Sampled: Dec-08-11

Jan-18-12pH unitspH 3.1 0.1 Jan-17-12

TP11-17-1-111208   (K2A0434-14)   Matrix: Solid   Sampled: Dec-08-11

Jan-18-12pH unitspH 3.3 0.1 Jan-17-12

TP11-17-2-111208   (K2A0434-15)   Matrix: Solid   Sampled: Dec-08-11

Jan-18-12pH unitspH 3.2 0.1 Jan-17-12

TP11-18-1-111208   (K2A0434-16)   Matrix: Solid   Sampled: Dec-08-11

Jan-18-12pH unitspH 3.3 0.1 Jan-17-12

TP Dup A -111208   (K2A0434-17)   Matrix: Solid   Sampled: Dec-08-11

Jan-18-12pH unitspH 4.4 0.1 Jan-17-12
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CLIENT

PROJECT

SNC-Lavalin Environment Inc. (Nelson)

Teck Metals Ltd.

WORK ORDER #

REPORTED

K2A0434

Apr-12-12

SAMPLE DATA

 Analyte Result RDL Units Prepared NotesAnalyzed

General Parameters, Continued

TP Dup B -111208   (K2A0434-18)   Matrix: Solid   Sampled: Dec-08-11

Jan-18-12pH unitspH 3.0 0.1 Jan-17-12

BH 2011-110-1-111215   (K2A0434-19)   Matrix: Solid   Sampled: Dec-08-11

Jan-18-12pH unitspH 5.2 0.1 Jan-17-12

BH 2011-110-2-111215   (K2A0434-20)   Matrix: Solid   Sampled: Dec-08-11

Jan-18-12pH unitspH 4.4 0.1 Jan-17-12

Strong Acid Leachable Metals

TP11-1-1-111208   (K2A0434-01)   Matrix: Solid   Sampled: Dec-08-11

Jan-18-12mg/kgAluminum 2700 20 Jan-17-12

mg/kg3.0Antimony Jan-18-120.1 Jan-17-12

mg/kg1100Arsenic Jan-18-120.4 Jan-17-12

mg/kg100Barium Jan-18-121.0 Jan-17-12

mg/kg< 0.1Beryllium Jan-18-120.1 Jan-17-12

mg/kg0.3Bismuth Jan-18-120.1 Jan-17-12

mg/kg4.7Boron Jan-18-122.0 Jan-17-12

mg/kg0.08Cadmium Jan-18-120.04 Jan-17-12

mg/kg1100Calcium Jan-18-12100 Jan-17-12

mg/kg28Chromium Jan-18-121.0 Jan-17-12

mg/kg1.7Cobalt Jan-18-120.1 Jan-17-12

mg/kg34Copper Jan-18-120.2 Jan-17-12

mg/kg100000Iron Jan-18-1220 Jan-17-12

mg/kg860Lead Jan-18-120.2 Jan-17-12

mg/kg4.0Lithium Jan-18-120.1 Jan-17-12

mg/kg890Magnesium Jan-18-1210 Jan-17-12

mg/kg77Manganese Jan-18-120.4 Jan-17-12

mg/kg0.08Mercury Jan-18-120.05 Jan-17-12

mg/kg1.5Molybdenum Jan-18-120.1 Jan-17-12

mg/kg4.1Nickel Jan-18-120.4 Jan-17-12

mg/kg613Phosphorus Jan-18-1210 Jan-17-12

mg/kg1600Potassium Jan-18-1210 Jan-17-12

mg/kg< 0.5Selenium Jan-18-120.5 Jan-17-12

mg/kg11000Silicon Jan-18-123000 Jan-17-12

mg/kg1.0Silver Jan-18-120.2 Jan-17-12

mg/kg870Sodium Jan-18-1240 Jan-17-12

mg/kg41Strontium Jan-18-120.2 Jan-17-12

mg/kg9200Sulfur Jan-18-121000 Jan-17-12

mg/kg0.2Tellurium Jan-18-120.1 Jan-17-12

mg/kg0.9Thallium Jan-18-120.1 Jan-17-12

mg/kg2.6Thorium Jan-18-120.5 Jan-17-12

mg/kg3.4Tin Jan-18-120.2 Jan-17-12

mg/kg1400Titanium Jan-18-122.0 Jan-17-12

mg/kg0.2Uranium Jan-18-120.1 Jan-17-12

mg/kg74Vanadium Jan-18-120.4 Jan-17-12

mg/kg72Zinc Jan-18-122.0 Jan-17-12
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CLIENT

PROJECT

SNC-Lavalin Environment Inc. (Nelson)

Teck Metals Ltd.

WORK ORDER #

REPORTED

K2A0434

Apr-12-12

SAMPLE DATA

 Analyte Result RDL Units Prepared NotesAnalyzed

Strong Acid Leachable Metals, Continued

TP11-1-1-111208   (K2A0434-01)   Matrix: Solid   Sampled: Dec-08-11, Continued

mg/kg6Zirconium Jan-18-122 Jan-17-12

TP11-2-2-111208   (K2A0434-02)   Matrix: Solid   Sampled: Dec-08-11

Jan-18-12mg/kgAluminum 7100 20 Jan-17-12

mg/kg0.9Antimony Jan-18-120.1 Jan-17-12

mg/kg390Arsenic Jan-18-120.4 Jan-17-12

mg/kg130Barium Jan-18-121.0 Jan-17-12

mg/kg0.1Beryllium Jan-18-120.1 Jan-17-12

mg/kg0.2Bismuth Jan-18-120.1 Jan-17-12

mg/kg3.0Boron Jan-18-122.0 Jan-17-12

mg/kg0.17Cadmium Jan-18-120.04 Jan-17-12

mg/kg1800Calcium Jan-18-12100 Jan-17-12

mg/kg49Chromium Jan-18-121.0 Jan-17-12

mg/kg4.5Cobalt Jan-18-120.1 Jan-17-12

mg/kg26Copper Jan-18-120.2 Jan-17-12

mg/kg73000Iron Jan-18-1220 Jan-17-12

mg/kg210Lead Jan-18-120.2 Jan-17-12

mg/kg16Lithium Jan-18-120.1 Jan-17-12

mg/kg4200Magnesium Jan-18-1210 Jan-17-12

mg/kg180Manganese Jan-18-120.4 Jan-17-12

mg/kg< 0.05Mercury Jan-18-120.05 Jan-17-12

mg/kg2.0Molybdenum Jan-18-120.1 Jan-17-12

mg/kg13Nickel Jan-18-120.4 Jan-17-12

mg/kg1400Phosphorus Jan-18-1210 Jan-17-12

mg/kg1400Potassium Jan-18-1210 Jan-17-12

mg/kg0.6Selenium Jan-18-120.5 Jan-17-12

mg/kg13000Silicon Jan-18-123000 Jan-17-12

mg/kg0.3Silver Jan-18-120.2 Jan-17-12

mg/kg360Sodium Jan-18-1240 Jan-17-12

mg/kg41Strontium Jan-18-120.2 Jan-17-12

mg/kg2800Sulfur Jan-18-121000 Jan-17-12

mg/kg< 0.1Tellurium Jan-18-120.1 Jan-17-12

mg/kg0.3Thallium Jan-18-120.1 Jan-17-12

mg/kg5.4Thorium Jan-18-120.5 Jan-17-12

mg/kg0.9Tin Jan-18-120.2 Jan-17-12

mg/kg1100Titanium Jan-18-122.0 Jan-17-12

mg/kg0.8Uranium Jan-18-120.1 Jan-17-12

mg/kg90Vanadium Jan-18-120.4 Jan-17-12

mg/kg81Zinc Jan-18-122.0 Jan-17-12

mg/kg3Zirconium Jan-18-122 Jan-17-12

TP11-3-2-111208   (K2A0434-03)   Matrix: Solid   Sampled: Dec-08-11

Jan-18-12mg/kgAluminum 1600 20 Jan-17-12

mg/kg200Antimony Jan-18-120.1 Jan-17-12

mg/kg1400Arsenic Jan-18-120.4 Jan-17-12

mg/kg79Barium Jan-18-121.0 Jan-17-12

mg/kg0.2Beryllium Jan-18-120.1 Jan-17-12
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CLIENT

PROJECT

SNC-Lavalin Environment Inc. (Nelson)

Teck Metals Ltd.

WORK ORDER #

REPORTED

K2A0434

Apr-12-12

SAMPLE DATA

 Analyte Result RDL Units Prepared NotesAnalyzed

Strong Acid Leachable Metals, Continued

TP11-3-2-111208   (K2A0434-03)   Matrix: Solid   Sampled: Dec-08-11, Continued

mg/kg4.6Bismuth Jan-18-120.1 Jan-17-12

mg/kg28Boron Jan-18-122.0 Jan-17-12

mg/kg2.56Cadmium Jan-18-120.04 Jan-17-12

mg/kg220Calcium Jan-18-12100 Jan-17-12

mg/kg6.9Chromium Jan-18-121.0 Jan-17-12

mg/kg0.1Cobalt Jan-18-120.1 Jan-17-12

mg/kg100Copper Jan-18-120.2 Jan-17-12

mg/kg200000Iron Jan-18-1220 Jan-17-12

mg/kg12000Lead Jan-18-120.2 Jan-17-12

mg/kg2.1Lithium Jan-18-120.1 Jan-17-12

mg/kg570Magnesium Jan-18-1210 Jan-17-12

mg/kg820Manganese Jan-18-120.4 Jan-17-12

mg/kg2.4Mercury Jan-18-120.05 Jan-17-12

mg/kg2.7Molybdenum Jan-18-120.1 Jan-17-12

mg/kg1.4Nickel Jan-18-120.4 Jan-17-12

mg/kg426Phosphorus Jan-18-1210 Jan-17-12

mg/kg670Potassium Jan-18-1210 Jan-17-12

mg/kg1.8Selenium Jan-18-120.5 Jan-17-12

mg/kg11000Silicon Jan-18-123000 Jan-17-12

mg/kg16Silver Jan-18-120.2 Jan-17-12

mg/kg120Sodium Jan-18-1240 Jan-17-12

mg/kg16Strontium Jan-18-120.2 Jan-17-12

mg/kg12000Sulfur Jan-18-121000 Jan-17-12

mg/kg< 0.1Tellurium Jan-18-120.1 Jan-17-12

mg/kg4.0Thallium Jan-18-120.1 Jan-17-12

mg/kg1.5Thorium Jan-18-120.5 Jan-17-12

mg/kg73.8Tin Jan-18-120.2 Jan-17-12

mg/kg470Titanium Jan-18-122.0 Jan-17-12

mg/kg0.5Uranium Jan-18-120.1 Jan-17-12

mg/kg17Vanadium Jan-18-120.4 Jan-17-12

mg/kg3000Zinc Jan-18-122.0 Jan-17-12

mg/kg3Zirconium Jan-18-122 Jan-17-12

TP11-4-2-111208   (K2A0434-04)   Matrix: Solid   Sampled: Dec-08-11

Jan-18-12mg/kgAluminum 2900 20 Jan-17-12

mg/kg29Antimony Jan-18-120.1 Jan-17-12

mg/kg200Arsenic Jan-18-120.4 Jan-17-12

mg/kg79Barium Jan-18-121.0 Jan-17-12

mg/kg0.1Beryllium Jan-18-120.1 Jan-17-12

mg/kg0.7Bismuth Jan-18-120.1 Jan-17-12

mg/kg4.1Boron Jan-18-122.0 Jan-17-12

mg/kg0.15Cadmium Jan-18-120.04 Jan-17-12

mg/kg420Calcium Jan-18-12100 Jan-17-12

mg/kg9.8Chromium Jan-18-121.0 Jan-17-12

mg/kg1.4Cobalt Jan-18-120.1 Jan-17-12

mg/kg35Copper Jan-18-120.2 Jan-17-12

mg/kg64000Iron Jan-18-1220 Jan-17-12
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CLIENT

PROJECT

SNC-Lavalin Environment Inc. (Nelson)

Teck Metals Ltd.

WORK ORDER #

REPORTED

K2A0434

Apr-12-12

SAMPLE DATA

 Analyte Result RDL Units Prepared NotesAnalyzed

Strong Acid Leachable Metals, Continued

TP11-4-2-111208   (K2A0434-04)   Matrix: Solid   Sampled: Dec-08-11, Continued

mg/kg2000Lead Jan-18-120.2 Jan-17-12

mg/kg5.8Lithium Jan-18-120.1 Jan-17-12

mg/kg1600Magnesium Jan-18-1210 Jan-17-12

mg/kg180Manganese Jan-18-120.4 Jan-17-12

mg/kg0.40Mercury Jan-18-120.05 Jan-17-12

mg/kg0.9Molybdenum Jan-18-120.1 Jan-17-12

mg/kg3.7Nickel Jan-18-120.4 Jan-17-12

mg/kg409Phosphorus Jan-18-1210 Jan-17-12

mg/kg960Potassium Jan-18-1210 Jan-17-12

mg/kg< 0.5Selenium Jan-18-120.5 Jan-17-12

mg/kg5800Silicon Jan-18-123000 Jan-17-12

mg/kg3.0Silver Jan-18-120.2 Jan-17-12

mg/kg150Sodium Jan-18-1240 Jan-17-12

mg/kg21Strontium Jan-18-120.2 Jan-17-12

mg/kg2700Sulfur Jan-18-121000 Jan-17-12

mg/kg< 0.1Tellurium Jan-18-120.1 Jan-17-12

mg/kg1.2Thallium Jan-18-120.1 Jan-17-12

mg/kg2.1Thorium Jan-18-120.5 Jan-17-12

mg/kg9.9Tin Jan-18-120.2 Jan-17-12

mg/kg670Titanium Jan-18-122.0 Jan-17-12

mg/kg0.3Uranium Jan-18-120.1 Jan-17-12

mg/kg23Vanadium Jan-18-120.4 Jan-17-12

mg/kg550Zinc Jan-18-122.0 Jan-17-12

mg/kg2Zirconium Jan-18-122 Jan-17-12

TP11-6-1-111208   (K2A0434-05)   Matrix: Solid   Sampled: Dec-08-11

Jan-18-12mg/kgAluminum 5800 20 Jan-17-12

mg/kg13Antimony Jan-18-120.1 Jan-17-12

mg/kg46Arsenic Jan-18-120.4 Jan-17-12

mg/kg130Barium Jan-18-121.0 Jan-17-12

mg/kg0.4Beryllium Jan-18-120.1 Jan-17-12

mg/kg0.4Bismuth Jan-18-120.1 Jan-17-12

mg/kg< 2.0Boron Jan-18-122.0 Jan-17-12

mg/kg1.25Cadmium Jan-18-120.04 Jan-17-12

mg/kg5900Calcium Jan-18-12100 Jan-17-12

mg/kg22Chromium Jan-18-121.0 Jan-17-12

mg/kg5.8Cobalt Jan-18-120.1 Jan-17-12

mg/kg17Copper Jan-18-120.2 Jan-17-12

mg/kg20000Iron Jan-18-1220 Jan-17-12

mg/kg250Lead Jan-18-120.2 Jan-17-12

mg/kg15Lithium Jan-18-120.1 Jan-17-12

mg/kg2800Magnesium Jan-18-1210 Jan-17-12

mg/kg180Manganese Jan-18-120.4 Jan-17-12

mg/kg0.22Mercury Jan-18-120.05 Jan-17-12

mg/kg1.8Molybdenum Jan-18-120.1 Jan-17-12

mg/kg13Nickel Jan-18-120.4 Jan-17-12

mg/kg1880Phosphorus Jan-18-1210 Jan-17-12
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CLIENT

PROJECT

SNC-Lavalin Environment Inc. (Nelson)

Teck Metals Ltd.

WORK ORDER #

REPORTED

K2A0434

Apr-12-12

SAMPLE DATA

 Analyte Result RDL Units Prepared NotesAnalyzed

Strong Acid Leachable Metals, Continued

TP11-6-1-111208   (K2A0434-05)   Matrix: Solid   Sampled: Dec-08-11, Continued

mg/kg800Potassium Jan-18-1210 Jan-17-12

mg/kg0.8Selenium Jan-18-120.5 Jan-17-12

mg/kg< 3000Silicon Jan-18-123000 Jan-17-12

mg/kg0.9Silver Jan-18-120.2 Jan-17-12

mg/kg160Sodium Jan-18-1240 Jan-17-12

mg/kg39Strontium Jan-18-120.2 Jan-17-12

mg/kg< 1000Sulfur Jan-18-121000 Jan-17-12

mg/kg0.2Tellurium Jan-18-120.1 Jan-17-12

mg/kg0.3Thallium Jan-18-120.1 Jan-17-12

mg/kg7.4Thorium Jan-18-120.5 Jan-17-12

mg/kg1.6Tin Jan-18-120.2 Jan-17-12

mg/kg560Titanium Jan-18-122.0 Jan-17-12

mg/kg3.4Uranium Jan-18-120.1 Jan-17-12

mg/kg35Vanadium Jan-18-120.4 Jan-17-12

mg/kg200Zinc Jan-18-122.0 Jan-17-12

mg/kg2Zirconium Jan-18-122 Jan-17-12

TP11-7-1-111208   (K2A0434-06)   Matrix: Solid   Sampled: Dec-08-11

Jan-18-12mg/kgAluminum 7800 20 Jan-17-12

mg/kg5.6Antimony Jan-18-120.1 Jan-17-12

mg/kg35Arsenic Jan-18-120.4 Jan-17-12

mg/kg120Barium Jan-18-121.0 Jan-17-12

mg/kg0.3Beryllium Jan-18-120.1 Jan-17-12

mg/kg0.3Bismuth Jan-18-120.1 Jan-17-12

mg/kg< 2.0Boron Jan-18-122.0 Jan-17-12

mg/kg3.31Cadmium Jan-18-120.04 Jan-17-12

mg/kg4300Calcium Jan-18-12100 Jan-17-12

mg/kg32Chromium Jan-18-121.0 Jan-17-12

mg/kg2.2Cobalt Jan-18-120.1 Jan-17-12

mg/kg17Copper Jan-18-120.2 Jan-17-12

mg/kg34000Iron Jan-18-1220 Jan-17-12

mg/kg120Lead Jan-18-120.2 Jan-17-12

mg/kg21Lithium Jan-18-120.1 Jan-17-12

mg/kg4100Magnesium Jan-18-1210 Jan-17-12

mg/kg420Manganese Jan-18-120.4 Jan-17-12

mg/kg0.06Mercury Jan-18-120.05 Jan-17-12

mg/kg1.3Molybdenum Jan-18-120.1 Jan-17-12

mg/kg14Nickel Jan-18-120.4 Jan-17-12

mg/kg1540Phosphorus Jan-18-1210 Jan-17-12

mg/kg1100Potassium Jan-18-1210 Jan-17-12

mg/kg0.6Selenium Jan-18-120.5 Jan-17-12

mg/kg4400Silicon Jan-18-123000 Jan-17-12

mg/kg0.4Silver Jan-18-120.2 Jan-17-12

mg/kg130Sodium Jan-18-1240 Jan-17-12

mg/kg30Strontium Jan-18-120.2 Jan-17-12

mg/kg< 1000Sulfur Jan-18-121000 Jan-17-12

mg/kg< 0.1Tellurium Jan-18-120.1 Jan-17-12
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CLIENT

PROJECT

SNC-Lavalin Environment Inc. (Nelson)

Teck Metals Ltd.

WORK ORDER #

REPORTED

K2A0434

Apr-12-12

SAMPLE DATA

 Analyte Result RDL Units Prepared NotesAnalyzed

Strong Acid Leachable Metals, Continued

TP11-7-1-111208   (K2A0434-06)   Matrix: Solid   Sampled: Dec-08-11, Continued

mg/kg0.2Thallium Jan-18-120.1 Jan-17-12

mg/kg8.4Thorium Jan-18-120.5 Jan-17-12

mg/kg1.2Tin Jan-18-120.2 Jan-17-12

mg/kg950Titanium Jan-18-122.0 Jan-17-12

mg/kg3.2Uranium Jan-18-120.1 Jan-17-12

mg/kg67Vanadium Jan-18-120.4 Jan-17-12

mg/kg880Zinc Jan-18-122.0 Jan-17-12

mg/kg< 2Zirconium Jan-18-122 Jan-17-12

TP11-8-1-111208   (K2A0434-07)   Matrix: Solid   Sampled: Dec-08-11

Jan-18-12mg/kgAluminum 7200 20 Jan-17-12

mg/kg2.5Antimony Jan-18-120.1 Jan-17-12

mg/kg730Arsenic Jan-18-120.4 Jan-17-12

mg/kg130Barium Jan-18-121.0 Jan-17-12

mg/kg0.2Beryllium Jan-18-120.1 Jan-17-12

mg/kg0.3Bismuth Jan-18-120.1 Jan-17-12

mg/kg< 2.0Boron Jan-18-122.0 Jan-17-12

mg/kg0.27Cadmium Jan-18-120.04 Jan-17-12

mg/kg1500Calcium Jan-18-12100 Jan-17-12

mg/kg37Chromium Jan-18-121.0 Jan-17-12

mg/kg4.0Cobalt Jan-18-120.1 Jan-17-12

mg/kg36Copper Jan-18-120.2 Jan-17-12

mg/kg53000Iron Jan-18-1220 Jan-17-12

mg/kg71Lead Jan-18-120.2 Jan-17-12

mg/kg18Lithium Jan-18-120.1 Jan-17-12

mg/kg3500Magnesium Jan-18-1210 Jan-17-12

mg/kg150Manganese Jan-18-120.4 Jan-17-12

mg/kg< 0.05Mercury Jan-18-120.05 Jan-17-12

mg/kg2.2Molybdenum Jan-18-120.1 Jan-17-12

mg/kg14Nickel Jan-18-120.4 Jan-17-12

mg/kg980Phosphorus Jan-18-1210 Jan-17-12

mg/kg1300Potassium Jan-18-1210 Jan-17-12

mg/kg< 0.5Selenium Jan-18-120.5 Jan-17-12

mg/kg13000Silicon Jan-18-123000 Jan-17-12

mg/kg0.7Silver Jan-18-120.2 Jan-17-12

mg/kg260Sodium Jan-18-1240 Jan-17-12

mg/kg29Strontium Jan-18-120.2 Jan-17-12

mg/kg2100Sulfur Jan-18-121000 Jan-17-12

mg/kg< 0.1Tellurium Jan-18-120.1 Jan-17-12

mg/kg0.2Thallium Jan-18-120.1 Jan-17-12

mg/kg7.3Thorium Jan-18-120.5 Jan-17-12

mg/kg1.4Tin Jan-18-120.2 Jan-17-12

mg/kg790Titanium Jan-18-122.0 Jan-17-12

mg/kg1.2Uranium Jan-18-120.1 Jan-17-12

mg/kg56Vanadium Jan-18-120.4 Jan-17-12

mg/kg100Zinc Jan-18-122.0 Jan-17-12

mg/kg3Zirconium Jan-18-122 Jan-17-12
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CLIENT

PROJECT

SNC-Lavalin Environment Inc. (Nelson)

Teck Metals Ltd.

WORK ORDER #

REPORTED

K2A0434

Apr-12-12

SAMPLE DATA

 Analyte Result RDL Units Prepared NotesAnalyzed

Strong Acid Leachable Metals, Continued

TP11-8-2-111208   (K2A0434-08)   Matrix: Solid   Sampled: Dec-08-11

Jan-18-12mg/kgAluminum 3200 20 Jan-17-12

mg/kg0.1Antimony Jan-18-120.1 Jan-17-12

mg/kg68Arsenic Jan-18-120.4 Jan-17-12

mg/kg38Barium Jan-18-121.0 Jan-17-12

mg/kg0.1Beryllium Jan-18-120.1 Jan-17-12

mg/kg< 0.1Bismuth Jan-18-120.1 Jan-17-12

mg/kg< 2.0Boron Jan-18-122.0 Jan-17-12

mg/kg0.11Cadmium Jan-18-120.04 Jan-17-12

mg/kg880Calcium Jan-18-12100 Jan-17-12

mg/kg11Chromium Jan-18-121.0 Jan-17-12

mg/kg2.3Cobalt Jan-18-120.1 Jan-17-12

mg/kg9.2Copper Jan-18-120.2 Jan-17-12

mg/kg11000Iron Jan-18-1220 Jan-17-12

mg/kg3.0Lead Jan-18-120.2 Jan-17-12

mg/kg6.8Lithium Jan-18-120.1 Jan-17-12

mg/kg2100Magnesium Jan-18-1210 Jan-17-12

mg/kg70Manganese Jan-18-120.4 Jan-17-12

mg/kg< 0.05Mercury Jan-18-120.05 Jan-17-12

mg/kg0.2Molybdenum Jan-18-120.1 Jan-17-12

mg/kg6.0Nickel Jan-18-120.4 Jan-17-12

mg/kg419Phosphorus Jan-18-1210 Jan-17-12

mg/kg510Potassium Jan-18-1210 Jan-17-12

mg/kg< 0.5Selenium Jan-18-120.5 Jan-17-12

mg/kg8700Silicon Jan-18-123000 Jan-17-12

mg/kg< 0.2Silver Jan-18-120.2 Jan-17-12

mg/kg85Sodium Jan-18-1240 Jan-17-12

mg/kg21Strontium Jan-18-120.2 Jan-17-12

mg/kg< 1000Sulfur Jan-18-121000 Jan-17-12

mg/kg< 0.1Tellurium Jan-18-120.1 Jan-17-12

mg/kg< 0.1Thallium Jan-18-120.1 Jan-17-12

mg/kg2.1Thorium Jan-18-120.5 Jan-17-12

mg/kg0.2Tin Jan-18-120.2 Jan-17-12

mg/kg350Titanium Jan-18-122.0 Jan-17-12

mg/kg0.3Uranium Jan-18-120.1 Jan-17-12

mg/kg13Vanadium Jan-18-120.4 Jan-17-12

mg/kg31Zinc Jan-18-122.0 Jan-17-12

mg/kg< 2Zirconium Jan-18-122 Jan-17-12

TP11-11-1-111208   (K2A0434-09)   Matrix: Solid   Sampled: Dec-08-11

Jan-18-12mg/kgAluminum 3800 20 Jan-17-12

mg/kg2.7Antimony Jan-18-120.1 Jan-17-12

mg/kg15Arsenic Jan-18-120.4 Jan-17-12

mg/kg62Barium Jan-18-121.0 Jan-17-12

mg/kg0.1Beryllium Jan-18-120.1 Jan-17-12

mg/kg0.2Bismuth Jan-18-120.1 Jan-17-12

mg/kg< 2.0Boron Jan-18-122.0 Jan-17-12

mg/kg0.10Cadmium Jan-18-120.04 Jan-17-12
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CLIENT

PROJECT

SNC-Lavalin Environment Inc. (Nelson)

Teck Metals Ltd.

WORK ORDER #

REPORTED

K2A0434

Apr-12-12

SAMPLE DATA

 Analyte Result RDL Units Prepared NotesAnalyzed

Strong Acid Leachable Metals, Continued

TP11-11-1-111208   (K2A0434-09)   Matrix: Solid   Sampled: Dec-08-11, Continued

mg/kg870Calcium Jan-18-12100 Jan-17-12

mg/kg13Chromium Jan-18-121.0 Jan-17-12

mg/kg1.9Cobalt Jan-18-120.1 Jan-17-12

mg/kg13Copper Jan-18-120.2 Jan-17-12

mg/kg26000Iron Jan-18-1220 Jan-17-12

mg/kg130Lead Jan-18-120.2 Jan-17-12

mg/kg7.1Lithium Jan-18-120.1 Jan-17-12

mg/kg2300Magnesium Jan-18-1210 Jan-17-12

mg/kg89Manganese Jan-18-120.4 Jan-17-12

mg/kg< 0.05Mercury Jan-18-120.05 Jan-17-12

mg/kg0.4Molybdenum Jan-18-120.1 Jan-17-12

mg/kg4.9Nickel Jan-18-120.4 Jan-17-12

mg/kg535Phosphorus Jan-18-1210 Jan-17-12

mg/kg980Potassium Jan-18-1210 Jan-17-12

mg/kg< 0.5Selenium Jan-18-120.5 Jan-17-12

mg/kg15000Silicon Jan-18-123000 Jan-17-12

mg/kg0.3Silver Jan-18-120.2 Jan-17-12

mg/kg240Sodium Jan-18-1240 Jan-17-12

mg/kg30Strontium Jan-18-120.2 Jan-17-12

mg/kg1800Sulfur Jan-18-121000 Jan-17-12

mg/kg< 0.1Tellurium Jan-18-120.1 Jan-17-12

mg/kg0.2Thallium Jan-18-120.1 Jan-17-12

mg/kg2.2Thorium Jan-18-120.5 Jan-17-12

mg/kg1.0Tin Jan-18-120.2 Jan-17-12

mg/kg750Titanium Jan-18-122.0 Jan-17-12

mg/kg0.3Uranium Jan-18-120.1 Jan-17-12

mg/kg26Vanadium Jan-18-120.4 Jan-17-12

mg/kg57Zinc Jan-18-122.0 Jan-17-12

mg/kg< 2Zirconium Jan-18-122 Jan-17-12

TP11-12-1-111208   (K2A0434-10)   Matrix: Solid   Sampled: Dec-08-11

Jan-18-12mg/kgAluminum 1300 20 Jan-17-12

mg/kg160Antimony Jan-18-120.1 Jan-17-12

mg/kg5100Arsenic Jan-18-120.4 Jan-17-12

mg/kg190Barium Jan-18-121.0 Jan-17-12

mg/kg0.2Beryllium Jan-18-120.1 Jan-17-12

mg/kg8.7Bismuth Jan-18-120.1 Jan-17-12

mg/kg13Boron Jan-18-122.0 Jan-17-12

mg/kg1.39Cadmium Jan-18-120.04 Jan-17-12

mg/kg830Calcium Jan-18-12100 Jan-17-12

mg/kg4.1Chromium Jan-18-121.0 Jan-17-12

mg/kg0.3Cobalt Jan-18-120.1 Jan-17-12

mg/kg320Copper Jan-18-120.2 Jan-17-12

mg/kg340000Iron Jan-18-1220 Jan-17-12

mg/kg12000Lead Jan-18-120.2 Jan-17-12

mg/kg0.9Lithium Jan-18-120.1 Jan-17-12

mg/kg210Magnesium Jan-18-1210 Jan-17-12
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CLIENT

PROJECT

SNC-Lavalin Environment Inc. (Nelson)

Teck Metals Ltd.

WORK ORDER #

REPORTED

K2A0434

Apr-12-12

SAMPLE DATA

 Analyte Result RDL Units Prepared NotesAnalyzed

Strong Acid Leachable Metals, Continued

TP11-12-1-111208   (K2A0434-10)   Matrix: Solid   Sampled: Dec-08-11, Continued

mg/kg1700Manganese Jan-18-120.4 Jan-17-12

mg/kg4.3Mercury Jan-18-120.05 Jan-17-12

mg/kg5.3Molybdenum Jan-18-120.1 Jan-17-12

mg/kg1.5Nickel Jan-18-120.4 Jan-17-12

mg/kg578Phosphorus Jan-18-1210 Jan-17-12

mg/kg810Potassium Jan-18-1210 Jan-17-12

mg/kg3.0Selenium Jan-18-120.5 Jan-17-12

mg/kg9900Silicon Jan-18-123000 Jan-17-12

mg/kg46Silver Jan-18-120.2 Jan-17-12

mg/kg170Sodium Jan-18-1240 Jan-17-12

mg/kg29Strontium Jan-18-120.2 Jan-17-12

mg/kg22000Sulfur Jan-18-121000 Jan-17-12

mg/kg0.2Tellurium Jan-18-120.1 Jan-17-12

mg/kg2.4Thallium Jan-18-120.1 Jan-17-12

mg/kg1.0Thorium Jan-18-120.5 Jan-17-12

mg/kg98.1Tin Jan-18-120.2 Jan-17-12

mg/kg130Titanium Jan-18-122.0 Jan-17-12

mg/kg0.6Uranium Jan-18-120.1 Jan-17-12

mg/kg12Vanadium Jan-18-120.4 Jan-17-12

mg/kg3800Zinc Jan-18-122.0 Jan-17-12

mg/kg4Zirconium Jan-18-122 Jan-17-12

TP11-13-1-111208   (K2A0434-11)   Matrix: Solid   Sampled: Dec-08-11

Jan-18-12mg/kgAluminum 2400 20 Jan-17-12

mg/kg62Antimony Jan-18-120.1 Jan-17-12

mg/kg3600Arsenic Jan-18-120.4 Jan-17-12

mg/kg86Barium Jan-18-121.0 Jan-17-12

mg/kg0.4Beryllium Jan-18-120.1 Jan-17-12

mg/kg8.4Bismuth Jan-18-120.1 Jan-17-12

mg/kg4.6Boron Jan-18-122.0 Jan-17-12

mg/kg180Cadmium Jan-18-120.04 Jan-17-12

mg/kg56000Calcium Jan-18-12100 Jan-17-12

mg/kg12Chromium Jan-18-121.0 Jan-17-12

mg/kg1.4Cobalt Jan-18-120.1 Jan-17-12

mg/kg320Copper Jan-18-120.2 Jan-17-12

mg/kg180000Iron Jan-18-1220 Jan-17-12

mg/kg9300Lead Jan-18-120.2 Jan-17-12

mg/kg1.5Lithium Jan-18-120.1 Jan-17-12

mg/kg15000Magnesium Jan-18-1210 Jan-17-12

mg/kg14000Manganese Jan-18-120.4 Jan-17-12

mg/kg1.0Mercury Jan-18-120.05 Jan-17-12

mg/kg7.2Molybdenum Jan-18-120.1 Jan-17-12

mg/kg6.0Nickel Jan-18-120.4 Jan-17-12

mg/kg447Phosphorus Jan-18-1210 Jan-17-12

mg/kg570Potassium Jan-18-1210 Jan-17-12

mg/kg3.6Selenium Jan-18-120.5 Jan-17-12

mg/kg11000Silicon Jan-18-123000 Jan-17-12
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CLIENT

PROJECT

SNC-Lavalin Environment Inc. (Nelson)

Teck Metals Ltd.

WORK ORDER #

REPORTED

K2A0434

Apr-12-12

SAMPLE DATA

 Analyte Result RDL Units Prepared NotesAnalyzed

Strong Acid Leachable Metals, Continued

TP11-13-1-111208   (K2A0434-11)   Matrix: Solid   Sampled: Dec-08-11, Continued

mg/kg42Silver Jan-18-120.2 Jan-17-12

mg/kg160Sodium Jan-18-1240 Jan-17-12

mg/kg140Strontium Jan-18-120.2 Jan-17-12

mg/kg53000Sulfur Jan-18-121000 Jan-17-12

mg/kg< 0.1Tellurium Jan-18-120.1 Jan-17-12

mg/kg0.3Thallium Jan-18-120.1 Jan-17-12

mg/kg1.1Thorium Jan-18-120.5 Jan-17-12

mg/kg38.4Tin Jan-18-120.2 Jan-17-12

mg/kg70Titanium Jan-18-122.0 Jan-17-12

mg/kg3.1Uranium Jan-18-120.1 Jan-17-12

mg/kg11Vanadium Jan-18-120.4 Jan-17-12

mg/kg12000Zinc Jan-18-122.0 Jan-17-12

mg/kg2Zirconium Jan-18-122 Jan-17-12

TP11-13-2-111208   (K2A0434-12)   Matrix: Solid   Sampled: Dec-08-11

Jan-18-12mg/kgAluminum 1800 20 Jan-17-12

mg/kg5.8Antimony Jan-18-120.1 Jan-17-12

mg/kg160Arsenic Jan-18-120.4 Jan-17-12

mg/kg90Barium Jan-18-121.0 Jan-17-12

mg/kg< 0.1Beryllium Jan-18-120.1 Jan-17-12

mg/kg0.2Bismuth Jan-18-120.1 Jan-17-12

mg/kg6.3Boron Jan-18-122.0 Jan-17-12

mg/kg0.34Cadmium Jan-18-120.04 Jan-17-12

mg/kg2900Calcium Jan-18-12100 Jan-17-12

mg/kg8.7Chromium Jan-18-121.0 Jan-17-12

mg/kg1.1Cobalt Jan-18-120.1 Jan-17-12

mg/kg16Copper Jan-18-120.2 Jan-17-12

mg/kg31000Iron Jan-18-1220 Jan-17-12

mg/kg280Lead Jan-18-120.2 Jan-17-12

mg/kg3.1Lithium Jan-18-120.1 Jan-17-12

mg/kg690Magnesium Jan-18-1210 Jan-17-12

mg/kg68Manganese Jan-18-120.4 Jan-17-12

mg/kg0.11Mercury Jan-18-120.05 Jan-17-12

mg/kg0.4Molybdenum Jan-18-120.1 Jan-17-12

mg/kg2.7Nickel Jan-18-120.4 Jan-17-12

mg/kg121Phosphorus Jan-18-1210 Jan-17-12

mg/kg1000Potassium Jan-18-1210 Jan-17-12

mg/kg< 0.5Selenium Jan-18-120.5 Jan-17-12

mg/kg13000Silicon Jan-18-123000 Jan-17-12

mg/kg0.8Silver Jan-18-120.2 Jan-17-12

mg/kg700Sodium Jan-18-1240 Jan-17-12

mg/kg48Strontium Jan-18-120.2 Jan-17-12

mg/kg8100Sulfur Jan-18-121000 Jan-17-12

mg/kg< 0.1Tellurium Jan-18-120.1 Jan-17-12

mg/kg0.3Thallium Jan-18-120.1 Jan-17-12

mg/kg1.1Thorium Jan-18-120.5 Jan-17-12

mg/kg2.0Tin Jan-18-120.2 Jan-17-12
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CLIENT

PROJECT

SNC-Lavalin Environment Inc. (Nelson)

Teck Metals Ltd.

WORK ORDER #

REPORTED

K2A0434

Apr-12-12

SAMPLE DATA

 Analyte Result RDL Units Prepared NotesAnalyzed

Strong Acid Leachable Metals, Continued

TP11-13-2-111208   (K2A0434-12)   Matrix: Solid   Sampled: Dec-08-11, Continued

mg/kg1000Titanium Jan-18-122.0 Jan-17-12

mg/kg0.2Uranium Jan-18-120.1 Jan-17-12

mg/kg35Vanadium Jan-18-120.4 Jan-17-12

mg/kg88Zinc Jan-18-122.0 Jan-17-12

mg/kg< 2Zirconium Jan-18-122 Jan-17-12

TP11-15-2-111208   (K2A0434-13)   Matrix: Solid   Sampled: Dec-08-11

Jan-18-12mg/kgAluminum 1900 20 Jan-17-12

mg/kg180Antimony Jan-18-120.1 Jan-17-12

mg/kg5500Arsenic Jan-18-120.4 Jan-17-12

mg/kg390Barium Jan-18-121.0 Jan-17-12

mg/kg0.4Beryllium Jan-18-120.1 Jan-17-12

mg/kg15Bismuth Jan-18-120.1 Jan-17-12

mg/kg14Boron Jan-18-122.0 Jan-17-12

mg/kg1.97Cadmium Jan-18-120.04 Jan-17-12

mg/kg< 100Calcium Jan-18-12100 Jan-17-12

mg/kg6.3Chromium Jan-18-121.0 Jan-17-12

mg/kg3.8Cobalt Jan-18-120.1 Jan-17-12

mg/kg300Copper Jan-18-120.2 Jan-17-12

mg/kg220000Iron Jan-18-1220 Jan-17-12

mg/kg17000Lead Jan-18-120.2 Jan-17-12

mg/kg1.7Lithium Jan-18-120.1 Jan-17-12

mg/kg210Magnesium Jan-18-1210 Jan-17-12

mg/kg200Manganese Jan-18-120.4 Jan-17-12

mg/kg0.81Mercury Jan-18-120.05 Jan-17-12

mg/kg6.6Molybdenum Jan-18-120.1 Jan-17-12

mg/kg1.9Nickel Jan-18-120.4 Jan-17-12

mg/kg307Phosphorus Jan-18-1210 Jan-17-12

mg/kg1000Potassium Jan-18-1210 Jan-17-12

mg/kg6.0Selenium Jan-18-120.5 Jan-17-12

mg/kg13000Silicon Jan-18-123000 Jan-17-12

mg/kg73Silver Jan-18-120.2 Jan-17-12

mg/kg180Sodium Jan-18-1240 Jan-17-12

mg/kg29Strontium Jan-18-120.2 Jan-17-12

mg/kg14000Sulfur Jan-18-121000 Jan-17-12

mg/kg0.3Tellurium Jan-18-120.1 Jan-17-12

mg/kg0.6Thallium Jan-18-120.1 Jan-17-12

mg/kg1.8Thorium Jan-18-120.5 Jan-17-12

mg/kg136Tin Jan-18-120.2 Jan-17-12

mg/kg170Titanium Jan-18-122.0 Jan-17-12

mg/kg1.1Uranium Jan-18-120.1 Jan-17-12

mg/kg13Vanadium Jan-18-120.4 Jan-17-12

mg/kg3000Zinc Jan-18-122.0 Jan-17-12

mg/kg4Zirconium Jan-18-122 Jan-17-12

TP11-17-1-111208   (K2A0434-14)   Matrix: Solid   Sampled: Dec-08-11

Jan-18-12mg/kgAluminum 2700 20 Jan-17-12
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CLIENT

PROJECT

SNC-Lavalin Environment Inc. (Nelson)

Teck Metals Ltd.

WORK ORDER #

REPORTED

K2A0434

Apr-12-12

SAMPLE DATA

 Analyte Result RDL Units Prepared NotesAnalyzed

Strong Acid Leachable Metals, Continued

TP11-17-1-111208   (K2A0434-14)   Matrix: Solid   Sampled: Dec-08-11, Continued

mg/kg150Antimony Jan-18-120.1 Jan-17-12

mg/kg380Arsenic Jan-18-120.4 Jan-17-12

mg/kg67Barium Jan-18-121.0 Jan-17-12

mg/kg0.1Beryllium Jan-18-120.1 Jan-17-12

mg/kg3.2Bismuth Jan-18-120.1 Jan-17-12

mg/kg15Boron Jan-18-122.0 Jan-17-12

mg/kg1.93Cadmium Jan-18-120.04 Jan-17-12

mg/kg< 100Calcium Jan-18-12100 Jan-17-12

mg/kg8.6Chromium Jan-18-121.0 Jan-17-12

mg/kg0.2Cobalt Jan-18-120.1 Jan-17-12

mg/kg76Copper Jan-18-120.2 Jan-17-12

mg/kg120000Iron Jan-18-1220 Jan-17-12

mg/kg7600Lead Jan-18-120.2 Jan-17-12

mg/kg4.5Lithium Jan-18-120.1 Jan-17-12

mg/kg1200Magnesium Jan-18-1210 Jan-17-12

mg/kg630Manganese Jan-18-120.4 Jan-17-12

mg/kg1.2Mercury Jan-18-120.05 Jan-17-12

mg/kg1.2Molybdenum Jan-18-120.1 Jan-17-12

mg/kg2.1Nickel Jan-18-120.4 Jan-17-12

mg/kg374Phosphorus Jan-18-1210 Jan-17-12

mg/kg930Potassium Jan-18-1210 Jan-17-12

mg/kg1.6Selenium Jan-18-120.5 Jan-17-12

mg/kg8100Silicon Jan-18-123000 Jan-17-12

mg/kg8.6Silver Jan-18-120.2 Jan-17-12

mg/kg190Sodium Jan-18-1240 Jan-17-12

mg/kg16Strontium Jan-18-120.2 Jan-17-12

mg/kg6900Sulfur Jan-18-121000 Jan-17-12

mg/kg0.3Tellurium Jan-18-120.1 Jan-17-12

mg/kg3.3Thallium Jan-18-120.1 Jan-17-12

mg/kg1.4Thorium Jan-18-120.5 Jan-17-12

mg/kg41.6Tin Jan-18-120.2 Jan-17-12

mg/kg590Titanium Jan-18-122.0 Jan-17-12

mg/kg0.3Uranium Jan-18-120.1 Jan-17-12

mg/kg22Vanadium Jan-18-120.4 Jan-17-12

mg/kg2200Zinc Jan-18-122.0 Jan-17-12

mg/kg< 2Zirconium Jan-18-122 Jan-17-12

TP11-17-2-111208   (K2A0434-15)   Matrix: Solid   Sampled: Dec-08-11

Jan-18-12mg/kgAluminum 4000 20 Jan-17-12

mg/kg38Antimony Jan-18-120.1 Jan-17-12

mg/kg79Arsenic Jan-18-120.4 Jan-17-12

mg/kg100Barium Jan-18-121.0 Jan-17-12

mg/kg0.1Beryllium Jan-18-120.1 Jan-17-12

mg/kg1.1Bismuth Jan-18-120.1 Jan-17-12

mg/kg8.7Boron Jan-18-122.0 Jan-17-12

mg/kg0.28Cadmium Jan-18-120.04 Jan-17-12

mg/kg100Calcium Jan-18-12100 Jan-17-12
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CLIENT

PROJECT

SNC-Lavalin Environment Inc. (Nelson)

Teck Metals Ltd.

WORK ORDER #

REPORTED

K2A0434

Apr-12-12

SAMPLE DATA

 Analyte Result RDL Units Prepared NotesAnalyzed

Strong Acid Leachable Metals, Continued

TP11-17-2-111208   (K2A0434-15)   Matrix: Solid   Sampled: Dec-08-11, Continued

mg/kg12Chromium Jan-18-121.0 Jan-17-12

mg/kg2.1Cobalt Jan-18-120.1 Jan-17-12

mg/kg38Copper Jan-18-120.2 Jan-17-12

mg/kg40000Iron Jan-18-1220 Jan-17-12

mg/kg2600Lead Jan-18-120.2 Jan-17-12

mg/kg8.9Lithium Jan-18-120.1 Jan-17-12

mg/kg1900Magnesium Jan-18-1210 Jan-17-12

mg/kg140Manganese Jan-18-120.4 Jan-17-12

mg/kg0.57Mercury Jan-18-120.05 Jan-17-12

mg/kg0.6Molybdenum Jan-18-120.1 Jan-17-12

mg/kg5.4Nickel Jan-18-120.4 Jan-17-12

mg/kg300Phosphorus Jan-18-1210 Jan-17-12

mg/kg950Potassium Jan-18-1210 Jan-17-12

mg/kg< 0.5Selenium Jan-18-120.5 Jan-17-12

mg/kg8300Silicon Jan-18-123000 Jan-17-12

mg/kg2.8Silver Jan-18-120.2 Jan-17-12

mg/kg280Sodium Jan-18-1240 Jan-17-12

mg/kg19Strontium Jan-18-120.2 Jan-17-12

mg/kg3200Sulfur Jan-18-121000 Jan-17-12

mg/kg0.1Tellurium Jan-18-120.1 Jan-17-12

mg/kg1.7Thallium Jan-18-120.1 Jan-17-12

mg/kg1.6Thorium Jan-18-120.5 Jan-17-12

mg/kg8.7Tin Jan-18-120.2 Jan-17-12

mg/kg760Titanium Jan-18-122.0 Jan-17-12

mg/kg0.2Uranium Jan-18-120.1 Jan-17-12

mg/kg28Vanadium Jan-18-120.4 Jan-17-12

mg/kg330Zinc Jan-18-122.0 Jan-17-12

mg/kg< 2Zirconium Jan-18-122 Jan-17-12

TP11-18-1-111208   (K2A0434-16)   Matrix: Solid   Sampled: Dec-08-11

Jan-18-12mg/kgAluminum 3800 20 Jan-17-12

mg/kg47Antimony Jan-18-120.1 Jan-17-12

mg/kg85Arsenic Jan-18-120.4 Jan-17-12

mg/kg74Barium Jan-18-121.0 Jan-17-12

mg/kg0.2Beryllium Jan-18-120.1 Jan-17-12

mg/kg0.9Bismuth Jan-18-120.1 Jan-17-12

mg/kg11Boron Jan-18-122.0 Jan-17-12

mg/kg0.16Cadmium Jan-18-120.04 Jan-17-12

mg/kg100Calcium Jan-18-12100 Jan-17-12

mg/kg11Chromium Jan-18-121.0 Jan-17-12

mg/kg2.1Cobalt Jan-18-120.1 Jan-17-12

mg/kg29Copper Jan-18-120.2 Jan-17-12

mg/kg44000Iron Jan-18-1220 Jan-17-12

mg/kg2600Lead Jan-18-120.2 Jan-17-12

mg/kg9.2Lithium Jan-18-120.1 Jan-17-12

mg/kg2000Magnesium Jan-18-1210 Jan-17-12

mg/kg200Manganese Jan-18-120.4 Jan-17-12
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CLIENT

PROJECT

SNC-Lavalin Environment Inc. (Nelson)

Teck Metals Ltd.

WORK ORDER #

REPORTED

K2A0434

Apr-12-12

SAMPLE DATA

 Analyte Result RDL Units Prepared NotesAnalyzed

Strong Acid Leachable Metals, Continued

TP11-18-1-111208   (K2A0434-16)   Matrix: Solid   Sampled: Dec-08-11, Continued

mg/kg0.44Mercury Jan-18-120.05 Jan-17-12

mg/kg0.5Molybdenum Jan-18-120.1 Jan-17-12

mg/kg5.2Nickel Jan-18-120.4 Jan-17-12

mg/kg319Phosphorus Jan-18-1210 Jan-17-12

mg/kg830Potassium Jan-18-1210 Jan-17-12

mg/kg< 0.5Selenium Jan-18-120.5 Jan-17-12

mg/kg9500Silicon Jan-18-123000 Jan-17-12

mg/kg2.6Silver Jan-18-120.2 Jan-17-12

mg/kg200Sodium Jan-18-1240 Jan-17-12

mg/kg20Strontium Jan-18-120.2 Jan-17-12

mg/kg3000Sulfur Jan-18-121000 Jan-17-12

mg/kg0.1Tellurium Jan-18-120.1 Jan-17-12

mg/kg1.6Thallium Jan-18-120.1 Jan-17-12

mg/kg1.4Thorium Jan-18-120.5 Jan-17-12

mg/kg14.8Tin Jan-18-120.2 Jan-17-12

mg/kg730Titanium Jan-18-122.0 Jan-17-12

mg/kg0.2Uranium Jan-18-120.1 Jan-17-12

mg/kg25Vanadium Jan-18-120.4 Jan-17-12

mg/kg470Zinc Jan-18-122.0 Jan-17-12

mg/kg< 2Zirconium Jan-18-122 Jan-17-12

TP Dup A -111208   (K2A0434-17)   Matrix: Solid   Sampled: Dec-08-11

Jan-18-12mg/kgAluminum 2200 20 Jan-17-12

mg/kg87Antimony Jan-18-120.1 Jan-17-12

mg/kg4200Arsenic Jan-18-120.4 Jan-17-12

mg/kg100Barium Jan-18-121.0 Jan-17-12

mg/kg0.4Beryllium Jan-18-120.1 Jan-17-12

mg/kg9.9Bismuth Jan-18-120.1 Jan-17-12

mg/kg3.3Boron Jan-18-122.0 Jan-17-12

mg/kg45.4Cadmium Jan-18-120.04 Jan-17-12

mg/kg45000Calcium Jan-18-12100 Jan-17-12

mg/kg19Chromium Jan-18-121.0 Jan-17-12

mg/kg0.6Cobalt Jan-18-120.1 Jan-17-12

mg/kg290Copper Jan-18-120.2 Jan-17-12

mg/kg190000Iron Jan-18-1220 Jan-17-12

mg/kg12000Lead Jan-18-120.2 Jan-17-12

mg/kg1.4Lithium Jan-18-120.1 Jan-17-12

mg/kg3800Magnesium Jan-18-1210 Jan-17-12

mg/kg4200Manganese Jan-18-120.4 Jan-17-12

mg/kg1.5Mercury Jan-18-120.05 Jan-17-12

mg/kg9.0Molybdenum Jan-18-120.1 Jan-17-12

mg/kg3.0Nickel Jan-18-120.4 Jan-17-12

mg/kg387Phosphorus Jan-18-1210 Jan-17-12

mg/kg810Potassium Jan-18-1210 Jan-17-12

mg/kg3.8Selenium Jan-18-120.5 Jan-17-12

mg/kg7500Silicon Jan-18-123000 Jan-17-12

mg/kg52Silver Jan-18-120.2 Jan-17-12
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CLIENT

PROJECT

SNC-Lavalin Environment Inc. (Nelson)

Teck Metals Ltd.

WORK ORDER #

REPORTED

K2A0434

Apr-12-12

SAMPLE DATA

 Analyte Result RDL Units Prepared NotesAnalyzed

Strong Acid Leachable Metals, Continued

TP Dup A -111208   (K2A0434-17)   Matrix: Solid   Sampled: Dec-08-11, Continued

mg/kg190Sodium Jan-18-1240 Jan-17-12

mg/kg120Strontium Jan-18-120.2 Jan-17-12

mg/kg50000Sulfur Jan-18-121000 Jan-17-12

mg/kg0.1Tellurium Jan-18-120.1 Jan-17-12

mg/kg0.4Thallium Jan-18-120.1 Jan-17-12

mg/kg1.3Thorium Jan-18-120.5 Jan-17-12

mg/kg59.7Tin Jan-18-120.2 Jan-17-12

mg/kg97Titanium Jan-18-122.0 Jan-17-12

mg/kg2.1Uranium Jan-18-120.1 Jan-17-12

mg/kg11Vanadium Jan-18-120.4 Jan-17-12

mg/kg5400Zinc Jan-18-122.0 Jan-17-12

mg/kg4Zirconium Jan-18-122 Jan-17-12

TP Dup B -111208   (K2A0434-18)   Matrix: Solid   Sampled: Dec-08-11

Jan-18-12mg/kgAluminum 1800 20 Jan-17-12

mg/kg260Antimony Jan-18-120.1 Jan-17-12

mg/kg5900Arsenic Jan-18-120.4 Jan-17-12

mg/kg250Barium Jan-18-121.0 Jan-17-12

mg/kg0.4Beryllium Jan-18-120.1 Jan-17-12

mg/kg14Bismuth Jan-18-120.1 Jan-17-12

mg/kg9.5Boron Jan-18-122.0 Jan-17-12

mg/kg1.55Cadmium Jan-18-120.04 Jan-17-12

mg/kg< 100Calcium Jan-18-12100 Jan-17-12

mg/kg6.6Chromium Jan-18-121.0 Jan-17-12

mg/kg2.1Cobalt Jan-18-120.1 Jan-17-12

mg/kg340Copper Jan-18-120.2 Jan-17-12

mg/kg230000Iron Jan-18-1220 Jan-17-12

mg/kg13000Lead Jan-18-120.2 Jan-17-12

mg/kg1.7Lithium Jan-18-120.1 Jan-17-12

mg/kg220Magnesium Jan-18-1210 Jan-17-12

mg/kg170Manganese Jan-18-120.4 Jan-17-12

mg/kg0.77Mercury Jan-18-120.05 Jan-17-12

mg/kg6.1Molybdenum Jan-18-120.1 Jan-17-12

mg/kg1.5Nickel Jan-18-120.4 Jan-17-12

mg/kg367Phosphorus Jan-18-1210 Jan-17-12

mg/kg1100Potassium Jan-18-1210 Jan-17-12

mg/kg5.4Selenium Jan-18-120.5 Jan-17-12

mg/kg8400Silicon Jan-18-123000 Jan-17-12

mg/kg57Silver Jan-18-120.2 Jan-17-12

mg/kg170Sodium Jan-18-1240 Jan-17-12

mg/kg27Strontium Jan-18-120.2 Jan-17-12

mg/kg14000Sulfur Jan-18-121000 Jan-17-12

mg/kg0.3Tellurium Jan-18-120.1 Jan-17-12

mg/kg0.6Thallium Jan-18-120.1 Jan-17-12

mg/kg2.0Thorium Jan-18-120.5 Jan-17-12

mg/kg128Tin Jan-18-120.2 Jan-17-12

mg/kg130Titanium Jan-18-122.0 Jan-17-12
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CLIENT

PROJECT

SNC-Lavalin Environment Inc. (Nelson)

Teck Metals Ltd.

WORK ORDER #

REPORTED

K2A0434

Apr-12-12

SAMPLE DATA

 Analyte Result RDL Units Prepared NotesAnalyzed

Strong Acid Leachable Metals, Continued

TP Dup B -111208   (K2A0434-18)   Matrix: Solid   Sampled: Dec-08-11, Continued

mg/kg0.9Uranium Jan-18-120.1 Jan-17-12

mg/kg15Vanadium Jan-18-120.4 Jan-17-12

mg/kg2400Zinc Jan-18-122.0 Jan-17-12

mg/kg2Zirconium Jan-18-122 Jan-17-12

BH 2011-110-1-111215   (K2A0434-19)   Matrix: Solid   Sampled: Dec-08-11

Jan-18-12mg/kgAluminum 2800 20 Jan-17-12

mg/kg32Antimony Jan-18-120.1 Jan-17-12

mg/kg120Arsenic Jan-18-120.4 Jan-17-12

mg/kg73Barium Jan-18-121.0 Jan-17-12

mg/kg< 0.1Beryllium Jan-18-120.1 Jan-17-12

mg/kg1.1Bismuth Jan-18-120.1 Jan-17-12

mg/kg2.2Boron Jan-18-122.0 Jan-17-12

mg/kg1.18Cadmium Jan-18-120.04 Jan-17-12

mg/kg970Calcium Jan-18-12100 Jan-17-12

mg/kg17Chromium Jan-18-121.0 Jan-17-12

mg/kg2.1Cobalt Jan-18-120.1 Jan-17-12

mg/kg42Copper Jan-18-120.2 Jan-17-12

mg/kg32000Iron Jan-18-1220 Jan-17-12

mg/kg1700Lead Jan-18-120.2 Jan-17-12

mg/kg7.2Lithium Jan-18-120.1 Jan-17-12

mg/kg2300Magnesium Jan-18-1210 Jan-17-12

mg/kg150Manganese Jan-18-120.4 Jan-17-12

mg/kg0.30Mercury Jan-18-120.05 Jan-17-12

mg/kg2.5Molybdenum Jan-18-120.1 Jan-17-12

mg/kg11Nickel Jan-18-120.4 Jan-17-12

mg/kg614Phosphorus Jan-18-1210 Jan-17-12

mg/kg730Potassium Jan-18-1210 Jan-17-12

mg/kg0.7Selenium Jan-18-120.5 Jan-17-12

mg/kg8000Silicon Jan-18-123000 Jan-17-12

mg/kg3.0Silver Jan-18-120.2 Jan-17-12

mg/kg220Sodium Jan-18-1240 Jan-17-12

mg/kg20Strontium Jan-18-120.2 Jan-17-12

mg/kg1700Sulfur Jan-18-121000 Jan-17-12

mg/kg0.1Tellurium Jan-18-120.1 Jan-17-12

mg/kg0.8Thallium Jan-18-120.1 Jan-17-12

mg/kg5.0Thorium Jan-18-120.5 Jan-17-12

mg/kg13.3Tin Jan-18-120.2 Jan-17-12

mg/kg330Titanium Jan-18-122.0 Jan-17-12

mg/kg0.9Uranium Jan-18-120.1 Jan-17-12

mg/kg17Vanadium Jan-18-120.4 Jan-17-12

mg/kg290Zinc Jan-18-122.0 Jan-17-12

mg/kg< 2Zirconium Jan-18-122 Jan-17-12

BH 2011-110-2-111215   (K2A0434-20)   Matrix: Solid   Sampled: Dec-08-11

Jan-18-12mg/kgAluminum 2800 20 Jan-17-12

mg/kg1.1Antimony Jan-18-120.1 Jan-17-12
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CLIENT

PROJECT

SNC-Lavalin Environment Inc. (Nelson)

Teck Metals Ltd.

WORK ORDER #

REPORTED

K2A0434

Apr-12-12

SAMPLE DATA

 Analyte Result RDL Units Prepared NotesAnalyzed

Strong Acid Leachable Metals, Continued

BH 2011-110-2-111215   (K2A0434-20)   Matrix: Solid   Sampled: Dec-08-11, Continued

mg/kg5.7Arsenic Jan-18-120.4 Jan-17-12

mg/kg39Barium Jan-18-121.0 Jan-17-12

mg/kg0.2Beryllium Jan-18-120.1 Jan-17-12

mg/kg0.1Bismuth Jan-18-120.1 Jan-17-12

mg/kg< 2.0Boron Jan-18-122.0 Jan-17-12

mg/kg0.28Cadmium Jan-18-120.04 Jan-17-12

mg/kg650Calcium Jan-18-12100 Jan-17-12

mg/kg12Chromium Jan-18-121.0 Jan-17-12

mg/kg2.5Cobalt Jan-18-120.1 Jan-17-12

mg/kg9.0Copper Jan-18-120.2 Jan-17-12

mg/kg16000Iron Jan-18-1220 Jan-17-12

mg/kg73Lead Jan-18-120.2 Jan-17-12

mg/kg7.9Lithium Jan-18-120.1 Jan-17-12

mg/kg1900Magnesium Jan-18-1210 Jan-17-12

mg/kg82Manganese Jan-18-120.4 Jan-17-12

mg/kg< 0.05Mercury Jan-18-120.05 Jan-17-12

mg/kg0.5Molybdenum Jan-18-120.1 Jan-17-12

mg/kg4.7Nickel Jan-18-120.4 Jan-17-12

mg/kg375Phosphorus Jan-18-1210 Jan-17-12

mg/kg590Potassium Jan-18-1210 Jan-17-12

mg/kg< 0.5Selenium Jan-18-120.5 Jan-17-12

mg/kg8600Silicon Jan-18-123000 Jan-17-12

mg/kg< 0.2Silver Jan-18-120.2 Jan-17-12

mg/kg130Sodium Jan-18-1240 Jan-17-12

mg/kg17Strontium Jan-18-120.2 Jan-17-12

mg/kg< 1000Sulfur Jan-18-121000 Jan-17-12

mg/kg< 0.1Tellurium Jan-18-120.1 Jan-17-12

mg/kg0.1Thallium Jan-18-120.1 Jan-17-12

mg/kg2.1Thorium Jan-18-120.5 Jan-17-12

mg/kg0.7Tin Jan-18-120.2 Jan-17-12

mg/kg410Titanium Jan-18-122.0 Jan-17-12

mg/kg0.5Uranium Jan-18-120.1 Jan-17-12

mg/kg17Vanadium Jan-18-120.4 Jan-17-12

mg/kg60Zinc Jan-18-122.0 Jan-17-12

mg/kg< 2Zirconium Jan-18-122 Jan-17-12

Toxicity Characteristic Leaching Procedure (TCLP) Metals

TP11-12-1-111208   (K2A0434-10)   Matrix: Solid   Sampled: Dec-08-11

Jan-17-12mg/LAluminum < 0.10 0.10 Jan-16-12

mg/L< 0.005Antimony Jan-17-120.005 Jan-16-12

mg/L< 0.05Arsenic Jan-17-120.05 Jan-16-12

mg/L< 1.0Barium Jan-17-121.0 Jan-16-12

mg/L< 0.05Beryllium Jan-17-120.05 Jan-16-12

mg/L< 0.50Boron Jan-17-120.50 Jan-16-12

mg/L< 0.001Cadmium Jan-17-120.001 Jan-16-12

mg/L22Calcium Jan-17-125.0 Jan-16-12
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CLIENT

PROJECT

SNC-Lavalin Environment Inc. (Nelson)

Teck Metals Ltd.

WORK ORDER #

REPORTED

K2A0434

Apr-12-12

SAMPLE DATA

 Analyte Result RDL Units Prepared NotesAnalyzed

Toxicity Characteristic Leaching Procedure (TCLP) Metals, Continued

TP11-12-1-111208   (K2A0434-10)   Matrix: Solid   Sampled: Dec-08-11, Continued

mg/L< 0.05Chromium Jan-17-120.05 Jan-16-12

mg/L< 0.02Cobalt Jan-17-120.02 Jan-16-12

mg/L< 0.10Copper Jan-17-120.10 Jan-16-12

mg/L< 1.0Iron Jan-17-121.0 Jan-16-12

mg/L0.91Lead Jan-17-120.02 Jan-16-12

mg/L< 0.05Lithium Jan-17-120.05 Jan-16-12

mg/L< 5.0Magnesium Jan-17-125.0 Jan-16-12

mg/L0.03Manganese Jan-17-120.005 Jan-16-12

mg/L< 0.002Mercury Jan-17-120.002 Jan-16-12

mg/L< 0.005Molybdenum Jan-17-120.005 Jan-16-12

mg/L< 0.10Nickel Jan-17-120.10 Jan-16-12

mg/L< 5.0Potassium Jan-17-125.0 Jan-16-12

mg/L< 0.05Selenium Jan-17-120.05 Jan-16-12

mg/L< 0.001Silver Jan-17-120.001 Jan-16-12

mg/L0.14Strontium Jan-17-120.05 Jan-16-12

mg/L< 0.01Thallium Jan-17-120.01 Jan-16-12

mg/L< 0.05Tin Jan-17-120.05 Jan-16-12

mg/L< 0.10Titanium Jan-17-120.10 Jan-16-12

mg/L< 0.02Uranium Jan-17-120.02 Jan-16-12

mg/L< 0.05Vanadium Jan-17-120.05 Jan-16-12

mg/L< 0.50Zinc Jan-17-120.50 Jan-16-12

mg/L4.8Final Extract pH Jan-17-12Jan-16-12

mg/L1.0Extraction Fluid # Jan-17-12Jan-16-12

TP11-13-1-111208   (K2A0434-11)   Matrix: Solid   Sampled: Dec-08-11

Jan-17-12mg/LAluminum 3.7 0.10 Jan-16-12

mg/L< 0.005Antimony Jan-17-120.005 Jan-16-12

mg/L< 0.05Arsenic Jan-17-120.05 Jan-16-12

mg/L< 1.0Barium Jan-17-121.0 Jan-16-12

mg/L< 0.05Beryllium Jan-17-120.05 Jan-16-12

mg/L< 0.50Boron Jan-17-120.50 Jan-16-12

mg/L2.4Cadmium Jan-17-120.001 Jan-16-12

mg/L44000Calcium Jan-17-125.0 Jan-16-12

mg/L< 0.05Chromium Jan-17-120.05 Jan-16-12

mg/L< 0.02Cobalt Jan-17-120.02 Jan-16-12

mg/L0.23Copper Jan-17-120.10 Jan-16-12

mg/L1.3Iron Jan-17-121.0 Jan-16-12

mg/L0.28Lead Jan-17-120.02 Jan-16-12

mg/L< 0.05Lithium Jan-17-120.05 Jan-16-12

mg/L54Magnesium Jan-17-125.0 Jan-16-12

mg/L18Manganese Jan-17-120.005 Jan-16-12

mg/L< 0.002Mercury Jan-17-120.002 Jan-16-12

mg/L< 0.005Molybdenum Jan-17-120.005 Jan-16-12

mg/L0.13Nickel Jan-17-120.10 Jan-16-12

mg/L< 5.0Potassium Jan-17-125.0 Jan-16-12

mg/L< 0.05Selenium Jan-17-120.05 Jan-16-12

mg/L< 0.001Silver Jan-17-120.001 Jan-16-12
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CLIENT

PROJECT

SNC-Lavalin Environment Inc. (Nelson)

Teck Metals Ltd.

WORK ORDER #

REPORTED

K2A0434

Apr-12-12

SAMPLE DATA

 Analyte Result RDL Units Prepared NotesAnalyzed

Toxicity Characteristic Leaching Procedure (TCLP) Metals, Continued

TP11-13-1-111208   (K2A0434-11)   Matrix: Solid   Sampled: Dec-08-11, Continued

mg/L1.2Strontium Jan-17-120.05 Jan-16-12

mg/L< 0.01Thallium Jan-17-120.01 Jan-16-12

mg/L< 0.05Tin Jan-17-120.05 Jan-16-12

mg/L< 0.10Titanium Jan-17-120.10 Jan-16-12

mg/L< 0.02Uranium Jan-17-120.02 Jan-16-12

mg/L< 0.05Vanadium Jan-17-120.05 Jan-16-12

mg/L110Zinc Jan-17-120.50 Jan-16-12

mg/L5.0Final Extract pH Jan-17-12Jan-16-12

mg/L1.0Extraction Fluid # Jan-17-12Jan-16-12

TP11-15-2-111208   (K2A0434-13)   Matrix: Solid   Sampled: Dec-08-11

Jan-17-12mg/LAluminum < 0.10 0.10 Jan-16-12

mg/L< 0.005Antimony Jan-17-120.005 Jan-16-12

mg/L< 0.05Arsenic Jan-17-120.05 Jan-16-12

mg/L< 1.0Barium Jan-17-121.0 Jan-16-12

mg/L< 0.05Beryllium Jan-17-120.05 Jan-16-12

mg/L< 0.50Boron Jan-17-120.50 Jan-16-12

mg/L< 0.001Cadmium Jan-17-120.001 Jan-16-12

mg/L< 5.0Calcium Jan-17-125.0 Jan-16-12

mg/L< 0.05Chromium Jan-17-120.05 Jan-16-12

mg/L< 0.02Cobalt Jan-17-120.02 Jan-16-12

mg/L< 0.10Copper Jan-17-120.10 Jan-16-12

mg/L< 1.0Iron Jan-17-121.0 Jan-16-12

mg/L0.12Lead Jan-17-120.02 Jan-16-12

mg/L< 0.05Lithium Jan-17-120.05 Jan-16-12

mg/L< 5.0Magnesium Jan-17-125.0 Jan-16-12

mg/L0.02Manganese Jan-17-120.005 Jan-16-12

mg/L< 0.002Mercury Jan-17-120.002 Jan-16-12

mg/L< 0.005Molybdenum Jan-17-120.005 Jan-16-12

mg/L< 0.10Nickel Jan-17-120.10 Jan-16-12

mg/L< 5.0Potassium Jan-17-125.0 Jan-16-12

mg/L< 0.05Selenium Jan-17-120.05 Jan-16-12

mg/L< 0.001Silver Jan-17-120.001 Jan-16-12

mg/L< 0.05Strontium Jan-17-120.05 Jan-16-12

mg/L< 0.01Thallium Jan-17-120.01 Jan-16-12

mg/L< 0.05Tin Jan-17-120.05 Jan-16-12

mg/L< 0.10Titanium Jan-17-120.10 Jan-16-12

mg/L< 0.02Uranium Jan-17-120.02 Jan-16-12

mg/L< 0.05Vanadium Jan-17-120.05 Jan-16-12

mg/L< 0.50Zinc Jan-17-120.50 Jan-16-12

mg/L4.8Final Extract pH Jan-17-12Jan-16-12

mg/L1.0Extraction Fluid # Jan-17-12Jan-16-12

BH 2011-110-1-111215   (K2A0434-19)   Matrix: Solid   Sampled: Dec-08-11

Jan-17-12mg/LAluminum 0.51 0.10 Jan-16-12

mg/L< 0.005Antimony Jan-17-120.005 Jan-16-12

mg/L< 0.05Arsenic Jan-17-120.05 Jan-16-12

Page 21 of 38CARO Analytical Services



CLIENT

PROJECT

SNC-Lavalin Environment Inc. (Nelson)

Teck Metals Ltd.

WORK ORDER #

REPORTED

K2A0434

Apr-12-12

SAMPLE DATA

 Analyte Result RDL Units Prepared NotesAnalyzed

Toxicity Characteristic Leaching Procedure (TCLP) Metals, Continued

BH 2011-110-1-111215   (K2A0434-19)   Matrix: Solid   Sampled: Dec-08-11, Continued

mg/L< 1.0Barium Jan-17-121.0 Jan-16-12

mg/L< 0.05Beryllium Jan-17-120.05 Jan-16-12

mg/L< 0.50Boron Jan-17-120.50 Jan-16-12

mg/L0.01Cadmium Jan-17-120.001 Jan-16-12

mg/L18Calcium Jan-17-125.0 Jan-16-12

mg/L< 0.05Chromium Jan-17-120.05 Jan-16-12

mg/L< 0.02Cobalt Jan-17-120.02 Jan-16-12

mg/L0.13Copper Jan-17-120.10 Jan-16-12

mg/L1.2Iron Jan-17-121.0 Jan-16-12

mg/L0.37Lead Jan-17-120.02 Jan-16-12

mg/L< 0.05Lithium Jan-17-120.05 Jan-16-12

mg/L< 5.0Magnesium Jan-17-125.0 Jan-16-12

mg/L0.22Manganese Jan-17-120.005 Jan-16-12

mg/L< 0.002Mercury Jan-17-120.002 Jan-16-12

mg/L< 0.005Molybdenum Jan-17-120.005 Jan-16-12

mg/L< 0.10Nickel Jan-17-120.10 Jan-16-12

mg/L< 5.0Potassium Jan-17-125.0 Jan-16-12

mg/L< 0.05Selenium Jan-17-120.05 Jan-16-12

mg/L< 0.001Silver Jan-17-120.001 Jan-16-12

mg/L0.09Strontium Jan-17-120.05 Jan-16-12

mg/L< 0.01Thallium Jan-17-120.01 Jan-16-12

mg/L< 0.05Tin Jan-17-120.05 Jan-16-12

mg/L< 0.10Titanium Jan-17-120.10 Jan-16-12

mg/L< 0.02Uranium Jan-17-120.02 Jan-16-12

mg/L< 0.05Vanadium Jan-17-120.05 Jan-16-12

mg/L< 0.50Zinc Jan-17-120.50 Jan-16-12

mg/L4.9Final Extract pH Jan-17-12Jan-16-12

mg/L1.0Extraction Fluid # Jan-17-12Jan-16-12

BH 2011-110-2-111215   (K2A0434-20)   Matrix: Solid   Sampled: Dec-08-11

Jan-17-12mg/LAluminum 1.1 0.10 Jan-16-12

mg/L< 0.005Antimony Jan-17-120.005 Jan-16-12

mg/L< 0.05Arsenic Jan-17-120.05 Jan-16-12

mg/L< 1.0Barium Jan-17-121.0 Jan-16-12

mg/L< 0.05Beryllium Jan-17-120.05 Jan-16-12

mg/L< 0.50Boron Jan-17-120.50 Jan-16-12

mg/L0.006Cadmium Jan-17-120.001 Jan-16-12

mg/L8.1Calcium Jan-17-125.0 Jan-16-12

mg/L< 0.05Chromium Jan-17-120.05 Jan-16-12

mg/L< 0.02Cobalt Jan-17-120.02 Jan-16-12

mg/L< 0.10Copper Jan-17-120.10 Jan-16-12

mg/L< 1.0Iron Jan-17-121.0 Jan-16-12

mg/L< 0.02Lead Jan-17-120.02 Jan-16-12

mg/L< 0.05Lithium Jan-17-120.05 Jan-16-12

mg/L< 5.0Magnesium Jan-17-125.0 Jan-16-12

mg/L0.28Manganese Jan-17-120.005 Jan-16-12

mg/L< 0.002Mercury Jan-17-120.002 Jan-16-12
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CLIENT

PROJECT

SNC-Lavalin Environment Inc. (Nelson)

Teck Metals Ltd.

WORK ORDER #

REPORTED

K2A0434

Apr-12-12

SAMPLE DATA

 Analyte Result RDL Units Prepared NotesAnalyzed

Toxicity Characteristic Leaching Procedure (TCLP) Metals, Continued

BH 2011-110-2-111215   (K2A0434-20)   Matrix: Solid   Sampled: Dec-08-11, Continued

mg/L< 0.005Molybdenum Jan-17-120.005 Jan-16-12

mg/L< 0.10Nickel Jan-17-120.10 Jan-16-12

mg/L< 5.0Potassium Jan-17-125.0 Jan-16-12

mg/L< 0.05Selenium Jan-17-120.05 Jan-16-12

mg/L< 0.001Silver Jan-17-120.001 Jan-16-12

mg/L< 0.05Strontium Jan-17-120.05 Jan-16-12

mg/L< 0.01Thallium Jan-17-120.01 Jan-16-12

mg/L< 0.05Tin Jan-17-120.05 Jan-16-12

mg/L< 0.10Titanium Jan-17-120.10 Jan-16-12

mg/L< 0.02Uranium Jan-17-120.02 Jan-16-12

mg/L< 0.05Vanadium Jan-17-120.05 Jan-16-12

mg/L0.91Zinc Jan-17-120.50 Jan-16-12

mg/L4.9Final Extract pH Jan-17-12Jan-16-12

mg/L1.0Extraction Fluid # Jan-17-12Jan-16-12

Synthetic Precipitation Leaching Procedure (SPLP) Metals

TP11-1-1-111208   (K2A0434-01)   Matrix: Solid   Sampled: Dec-08-11

Jan-17-12mg/LAluminum 1.1 0.05 Jan-16-12

mg/L< 0.005Antimony Jan-17-120.005 Jan-16-12

mg/L< 0.05Arsenic Jan-17-120.05 Jan-16-12

mg/L< 0.50Barium Jan-17-120.50 Jan-16-12

mg/L< 0.05Beryllium Jan-17-120.05 Jan-16-12

mg/L< 0.05Bismuth Jan-17-120.05 Jan-16-12

mg/L< 0.50Boron Jan-17-120.50 Jan-16-12

mg/L0.002Cadmium Jan-17-120.001 Jan-16-12

mg/L29Calcium Jan-17-125.0 Jan-16-12

mg/L< 0.02Chromium Jan-17-120.02 Jan-16-12

mg/L< 0.02Cobalt Jan-17-120.02 Jan-16-12

mg/L0.08Copper Jan-17-120.05 Jan-16-12

mg/L< 1.0Iron Jan-17-121.0 Jan-16-12

mg/L< 0.02Lead Jan-17-120.02 Jan-16-12

mg/L< 0.05Lithium Jan-17-120.05 Jan-16-12

mg/L< 5.0Magnesium Jan-17-125.0 Jan-16-12

mg/L0.08Manganese Jan-17-120.005 Jan-16-12

mg/L< 0.002Mercury Jan-17-120.002 Jan-16-12

mg/L< 0.005Molybdenum Jan-17-120.005 Jan-16-12

mg/L< 0.10Nickel Jan-17-120.10 Jan-16-12

mg/L< 5.0Potassium Jan-17-125.0 Jan-16-12

mg/L< 0.05Selenium Jan-17-120.05 Jan-16-12

mg/L< 0.001Silver Jan-17-120.001 Jan-16-12

mg/L< 0.05Strontium Jan-17-120.05 Jan-16-12

mg/L< 0.20Tellurium Jan-17-120.20 Jan-16-12

mg/L< 0.01Thallium Jan-17-120.01 Jan-16-12

mg/L< 0.05Tin Jan-17-120.05 Jan-16-12

mg/L< 0.10Titanium Jan-17-120.10 Jan-16-12

mg/L< 0.02Uranium Jan-17-120.02 Jan-16-12
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CLIENT

PROJECT

SNC-Lavalin Environment Inc. (Nelson)

Teck Metals Ltd.

WORK ORDER #

REPORTED

K2A0434

Apr-12-12

SAMPLE DATA

 Analyte Result RDL Units Prepared NotesAnalyzed

Synthetic Precipitation Leaching Procedure (SPLP) Metals, Continued

TP11-1-1-111208   (K2A0434-01)   Matrix: Solid   Sampled: Dec-08-11, Continued

mg/L< 0.05Vanadium Jan-17-120.05 Jan-16-12

mg/L< 0.50Zinc Jan-17-120.50 Jan-16-12

mg/L< 0.05Zirconium Jan-17-120.05 Jan-16-12

mg/L3.4Final Extract pH Jan-17-12Jan-16-12

mg/L1.0Extraction Fluid # Jan-17-12Jan-16-12

TP11-3-2-111208   (K2A0434-03)   Matrix: Solid   Sampled: Dec-08-11

Jan-17-12mg/LAluminum 0.61 0.05 Jan-16-12

mg/L< 0.005Antimony Jan-17-120.005 Jan-16-12

mg/L< 0.05Arsenic Jan-17-120.05 Jan-16-12

mg/L< 0.50Barium Jan-17-120.50 Jan-16-12

mg/L< 0.05Beryllium Jan-17-120.05 Jan-16-12

mg/L< 0.05Bismuth Jan-17-120.05 Jan-16-12

mg/L< 0.50Boron Jan-17-120.50 Jan-16-12

mg/L0.003Cadmium Jan-17-120.001 Jan-16-12

mg/L< 5.0Calcium Jan-17-125.0 Jan-16-12

mg/L< 0.02Chromium Jan-17-120.02 Jan-16-12

mg/L< 0.02Cobalt Jan-17-120.02 Jan-16-12

mg/L< 0.05Copper Jan-17-120.05 Jan-16-12

mg/L< 1.0Iron Jan-17-121.0 Jan-16-12

mg/L8.5Lead Jan-17-120.02 Jan-16-12

mg/L< 0.05Lithium Jan-17-120.05 Jan-16-12

mg/L< 5.0Magnesium Jan-17-125.0 Jan-16-12

mg/L0.15Manganese Jan-17-120.005 Jan-16-12

mg/L< 0.002Mercury Jan-17-120.002 Jan-16-12

mg/L< 0.005Molybdenum Jan-17-120.005 Jan-16-12

mg/L< 0.10Nickel Jan-17-120.10 Jan-16-12

mg/L< 5.0Potassium Jan-17-125.0 Jan-16-12

mg/L< 0.05Selenium Jan-17-120.05 Jan-16-12

mg/L< 0.001Silver Jan-17-120.001 Jan-16-12

mg/L0.05Strontium Jan-17-120.05 Jan-16-12

mg/L< 0.20Tellurium Jan-17-120.20 Jan-16-12

mg/L< 0.01Thallium Jan-17-120.01 Jan-16-12

mg/L< 0.05Tin Jan-17-120.05 Jan-16-12

mg/L< 0.10Titanium Jan-17-120.10 Jan-16-12

mg/L< 0.02Uranium Jan-17-120.02 Jan-16-12

mg/L< 0.05Vanadium Jan-17-120.05 Jan-16-12

mg/L< 0.50Zinc Jan-17-120.50 Jan-16-12

mg/L< 0.05Zirconium Jan-17-120.05 Jan-16-12

mg/L3.4Final Extract pH Jan-17-12Jan-16-12

mg/L1.0Extraction Fluid # Jan-17-12Jan-16-12

TP11-12-1-111208   (K2A0434-10)   Matrix: Solid   Sampled: Dec-08-11

Jan-17-12mg/LAluminum 0.19 0.05 Jan-16-12

mg/L< 0.005Antimony Jan-17-120.005 Jan-16-12

mg/L< 0.05Arsenic Jan-17-120.05 Jan-16-12

mg/L< 0.50Barium Jan-17-120.50 Jan-16-12
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CLIENT

PROJECT

SNC-Lavalin Environment Inc. (Nelson)

Teck Metals Ltd.

WORK ORDER #

REPORTED

K2A0434

Apr-12-12

SAMPLE DATA

 Analyte Result RDL Units Prepared NotesAnalyzed

Synthetic Precipitation Leaching Procedure (SPLP) Metals, Continued

TP11-12-1-111208   (K2A0434-10)   Matrix: Solid   Sampled: Dec-08-11, Continued

mg/L< 0.05Beryllium Jan-17-120.05 Jan-16-12

mg/L< 0.05Bismuth Jan-17-120.05 Jan-16-12

mg/L< 0.50Boron Jan-17-120.50 Jan-16-12

mg/L0.001Cadmium Jan-17-120.001 Jan-16-12

mg/L14Calcium Jan-17-125.0 Jan-16-12

mg/L< 0.02Chromium Jan-17-120.02 Jan-16-12

mg/L< 0.02Cobalt Jan-17-120.02 Jan-16-12

mg/L< 0.05Copper Jan-17-120.05 Jan-16-12

mg/L< 1.0Iron Jan-17-121.0 Jan-16-12

mg/L3.3Lead Jan-17-120.02 Jan-16-12

mg/L< 0.05Lithium Jan-17-120.05 Jan-16-12

mg/L< 5.0Magnesium Jan-17-125.0 Jan-16-12

mg/L0.03Manganese Jan-17-120.005 Jan-16-12

mg/L< 0.002Mercury Jan-17-120.002 Jan-16-12

mg/L< 0.005Molybdenum Jan-17-120.005 Jan-16-12

mg/L< 0.10Nickel Jan-17-120.10 Jan-16-12

mg/L< 5.0Potassium Jan-17-125.0 Jan-16-12

mg/L< 0.05Selenium Jan-17-120.05 Jan-16-12

mg/L< 0.001Silver Jan-17-120.001 Jan-16-12

mg/L0.11Strontium Jan-17-120.05 Jan-16-12

mg/L< 0.20Tellurium Jan-17-120.20 Jan-16-12

mg/L< 0.01Thallium Jan-17-120.01 Jan-16-12

mg/L< 0.05Tin Jan-17-120.05 Jan-16-12

mg/L< 0.10Titanium Jan-17-120.10 Jan-16-12

mg/L< 0.02Uranium Jan-17-120.02 Jan-16-12

mg/L< 0.05Vanadium Jan-17-120.05 Jan-16-12

mg/L< 0.50Zinc Jan-17-120.50 Jan-16-12

mg/L< 0.05Zirconium Jan-17-120.05 Jan-16-12

mg/L3.2Final Extract pH Jan-17-12Jan-16-12

mg/L1.0Extraction Fluid # Jan-17-12Jan-16-12

TP11-13-1-111208   (K2A0434-11)   Matrix: Solid   Sampled: Dec-08-11

Jan-17-12mg/LAluminum < 0.05 0.05 Jan-16-12

mg/L< 0.005Antimony Jan-17-120.005 Jan-16-12

mg/L< 0.05Arsenic Jan-17-120.05 Jan-16-12

mg/L< 0.50Barium Jan-17-120.50 Jan-16-12

mg/L< 0.05Beryllium Jan-17-120.05 Jan-16-12

mg/L< 0.05Bismuth Jan-17-120.05 Jan-16-12

mg/L< 0.50Boron Jan-17-120.50 Jan-16-12

mg/L0.29Cadmium Jan-17-120.001 Jan-16-12

mg/L25000Calcium Jan-17-125.0 Jan-16-12

mg/L< 0.02Chromium Jan-17-120.02 Jan-16-12

mg/L< 0.02Cobalt Jan-17-120.02 Jan-16-12

mg/L< 0.05Copper Jan-17-120.05 Jan-16-12

mg/L1.0Iron Jan-17-121.0 Jan-16-12

mg/L< 0.02Lead Jan-17-120.02 Jan-16-12

mg/L< 0.05Lithium Jan-17-120.05 Jan-16-12
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CLIENT

PROJECT

SNC-Lavalin Environment Inc. (Nelson)

Teck Metals Ltd.

WORK ORDER #

REPORTED

K2A0434

Apr-12-12

SAMPLE DATA

 Analyte Result RDL Units Prepared NotesAnalyzed

Synthetic Precipitation Leaching Procedure (SPLP) Metals, Continued

TP11-13-1-111208   (K2A0434-11)   Matrix: Solid   Sampled: Dec-08-11, Continued

mg/L24Magnesium Jan-17-125.0 Jan-16-12

mg/L3.5Manganese Jan-17-120.005 Jan-16-12

mg/L< 0.002Mercury Jan-17-120.002 Jan-16-12

mg/L< 0.005Molybdenum Jan-17-120.005 Jan-16-12

mg/L< 0.10Nickel Jan-17-120.10 Jan-16-12

mg/L< 5.0Potassium Jan-17-125.0 Jan-16-12

mg/L< 0.05Selenium Jan-17-120.05 Jan-16-12

mg/L< 0.001Silver Jan-17-120.001 Jan-16-12

mg/L0.72Strontium Jan-17-120.05 Jan-16-12

mg/L< 0.20Tellurium Jan-17-120.20 Jan-16-12

mg/L< 0.01Thallium Jan-17-120.01 Jan-16-12

mg/L< 0.05Tin Jan-17-120.05 Jan-16-12

mg/L< 0.10Titanium Jan-17-120.10 Jan-16-12

mg/L< 0.02Uranium Jan-17-120.02 Jan-16-12

mg/L< 0.05Vanadium Jan-17-120.05 Jan-16-12

mg/L14Zinc Jan-17-120.50 Jan-16-12

mg/L< 0.05Zirconium Jan-17-120.05 Jan-16-12

mg/L4.0Final Extract pH Jan-17-12Jan-16-12

mg/L1.0Extraction Fluid # Jan-17-12Jan-16-12

TP11-13-2-111208   (K2A0434-12)   Matrix: Solid   Sampled: Dec-08-11

Jan-17-12mg/LAluminum 0.81 0.05 Jan-16-12

mg/L< 0.005Antimony Jan-17-120.005 Jan-16-12

mg/L< 0.05Arsenic Jan-17-120.05 Jan-16-12

mg/L< 0.50Barium Jan-17-120.50 Jan-16-12

mg/L< 0.05Beryllium Jan-17-120.05 Jan-16-12

mg/L< 0.05Bismuth Jan-17-120.05 Jan-16-12

mg/L< 0.50Boron Jan-17-120.50 Jan-16-12

mg/L0.01Cadmium Jan-17-120.001 Jan-16-12

mg/L170Calcium Jan-17-125.0 Jan-16-12

mg/L< 0.02Chromium Jan-17-120.02 Jan-16-12

mg/L< 0.02Cobalt Jan-17-120.02 Jan-16-12

mg/L< 0.05Copper Jan-17-120.05 Jan-16-12

mg/L< 1.0Iron Jan-17-121.0 Jan-16-12

mg/L< 0.02Lead Jan-17-120.02 Jan-16-12

mg/L< 0.05Lithium Jan-17-120.05 Jan-16-12

mg/L< 5.0Magnesium Jan-17-125.0 Jan-16-12

mg/L0.22Manganese Jan-17-120.005 Jan-16-12

mg/L< 0.002Mercury Jan-17-120.002 Jan-16-12

mg/L< 0.005Molybdenum Jan-17-120.005 Jan-16-12

mg/L< 0.10Nickel Jan-17-120.10 Jan-16-12

mg/L< 5.0Potassium Jan-17-125.0 Jan-16-12

mg/L< 0.05Selenium Jan-17-120.05 Jan-16-12

mg/L< 0.001Silver Jan-17-120.001 Jan-16-12

mg/L0.18Strontium Jan-17-120.05 Jan-16-12

mg/L< 0.20Tellurium Jan-17-120.20 Jan-16-12

mg/L< 0.01Thallium Jan-17-120.01 Jan-16-12
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CLIENT

PROJECT

SNC-Lavalin Environment Inc. (Nelson)

Teck Metals Ltd.

WORK ORDER #

REPORTED

K2A0434

Apr-12-12

SAMPLE DATA

 Analyte Result RDL Units Prepared NotesAnalyzed

Synthetic Precipitation Leaching Procedure (SPLP) Metals, Continued

TP11-13-2-111208   (K2A0434-12)   Matrix: Solid   Sampled: Dec-08-11, Continued

mg/L< 0.05Tin Jan-17-120.05 Jan-16-12

mg/L< 0.10Titanium Jan-17-120.10 Jan-16-12

mg/L< 0.02Uranium Jan-17-120.02 Jan-16-12

mg/L< 0.05Vanadium Jan-17-120.05 Jan-16-12

mg/L0.82Zinc Jan-17-120.50 Jan-16-12

mg/L< 0.05Zirconium Jan-17-120.05 Jan-16-12

mg/L3.7Final Extract pH Jan-17-12Jan-16-12

mg/L1.0Extraction Fluid # Jan-17-12Jan-16-12

TP11-15-2-111208   (K2A0434-13)   Matrix: Solid   Sampled: Dec-08-11

Jan-17-12mg/LAluminum 0.22 0.05 Jan-16-12

mg/L< 0.005Antimony Jan-17-120.005 Jan-16-12

mg/L< 0.05Arsenic Jan-17-120.05 Jan-16-12

mg/L< 0.50Barium Jan-17-120.50 Jan-16-12

mg/L< 0.05Beryllium Jan-17-120.05 Jan-16-12

mg/L< 0.05Bismuth Jan-17-120.05 Jan-16-12

mg/L< 0.50Boron Jan-17-120.50 Jan-16-12

mg/L0.003Cadmium Jan-17-120.001 Jan-16-12

mg/L< 5.0Calcium Jan-17-125.0 Jan-16-12

mg/L< 0.02Chromium Jan-17-120.02 Jan-16-12

mg/L< 0.02Cobalt Jan-17-120.02 Jan-16-12

mg/L< 0.05Copper Jan-17-120.05 Jan-16-12

mg/L< 1.0Iron Jan-17-121.0 Jan-16-12

mg/L0.32Lead Jan-17-120.02 Jan-16-12

mg/L< 0.05Lithium Jan-17-120.05 Jan-16-12

mg/L< 5.0Magnesium Jan-17-125.0 Jan-16-12

mg/L0.02Manganese Jan-17-120.005 Jan-16-12

mg/L< 0.002Mercury Jan-17-120.002 Jan-16-12

mg/L< 0.005Molybdenum Jan-17-120.005 Jan-16-12

mg/L< 0.10Nickel Jan-17-120.10 Jan-16-12

mg/L< 5.0Potassium Jan-17-125.0 Jan-16-12

mg/L< 0.05Selenium Jan-17-120.05 Jan-16-12

mg/L< 0.001Silver Jan-17-120.001 Jan-16-12

mg/L< 0.05Strontium Jan-17-120.05 Jan-16-12

mg/L< 0.20Tellurium Jan-17-120.20 Jan-16-12

mg/L< 0.01Thallium Jan-17-120.01 Jan-16-12

mg/L< 0.05Tin Jan-17-120.05 Jan-16-12

mg/L< 0.10Titanium Jan-17-120.10 Jan-16-12

mg/L< 0.02Uranium Jan-17-120.02 Jan-16-12

mg/L< 0.05Vanadium Jan-17-120.05 Jan-16-12

mg/L< 0.50Zinc Jan-17-120.50 Jan-16-12

mg/L< 0.05Zirconium Jan-17-120.05 Jan-16-12

mg/L3.4Final Extract pH Jan-17-12Jan-16-12

mg/L1.0Extraction Fluid # Jan-17-12Jan-16-12

TP11-18-1-111208   (K2A0434-16)   Matrix: Solid   Sampled: Dec-08-11

Jan-17-12mg/LAluminum 0.27 0.05 Jan-16-12

Page 27 of 38CARO Analytical Services



CLIENT

PROJECT

SNC-Lavalin Environment Inc. (Nelson)

Teck Metals Ltd.

WORK ORDER #

REPORTED

K2A0434

Apr-12-12

SAMPLE DATA

 Analyte Result RDL Units Prepared NotesAnalyzed

Synthetic Precipitation Leaching Procedure (SPLP) Metals, Continued

TP11-18-1-111208   (K2A0434-16)   Matrix: Solid   Sampled: Dec-08-11, Continued

mg/L< 0.005Antimony Jan-17-120.005 Jan-16-12

mg/L< 0.05Arsenic Jan-17-120.05 Jan-16-12

mg/L< 0.50Barium Jan-17-120.50 Jan-16-12

mg/L< 0.05Beryllium Jan-17-120.05 Jan-16-12

mg/L< 0.05Bismuth Jan-17-120.05 Jan-16-12

mg/L< 0.50Boron Jan-17-120.50 Jan-16-12

mg/L0.002Cadmium Jan-17-120.001 Jan-16-12

mg/L< 5.0Calcium Jan-17-125.0 Jan-16-12

mg/L< 0.02Chromium Jan-17-120.02 Jan-16-12

mg/L< 0.02Cobalt Jan-17-120.02 Jan-16-12

mg/L< 0.05Copper Jan-17-120.05 Jan-16-12

mg/L< 1.0Iron Jan-17-121.0 Jan-16-12

mg/L5.6Lead Jan-17-120.02 Jan-16-12

mg/L< 0.05Lithium Jan-17-120.05 Jan-16-12

mg/L< 5.0Magnesium Jan-17-125.0 Jan-16-12

mg/L0.04Manganese Jan-17-120.005 Jan-16-12

mg/L< 0.002Mercury Jan-17-120.002 Jan-16-12

mg/L< 0.005Molybdenum Jan-17-120.005 Jan-16-12

mg/L< 0.10Nickel Jan-17-120.10 Jan-16-12

mg/L< 5.0Potassium Jan-17-125.0 Jan-16-12

mg/L< 0.05Selenium Jan-17-120.05 Jan-16-12

mg/L< 0.001Silver Jan-17-120.001 Jan-16-12

mg/L< 0.05Strontium Jan-17-120.05 Jan-16-12

mg/L< 0.20Tellurium Jan-17-120.20 Jan-16-12

mg/L< 0.01Thallium Jan-17-120.01 Jan-16-12

mg/L< 0.05Tin Jan-17-120.05 Jan-16-12

mg/L< 0.10Titanium Jan-17-120.10 Jan-16-12

mg/L< 0.02Uranium Jan-17-120.02 Jan-16-12

mg/L< 0.05Vanadium Jan-17-120.05 Jan-16-12

mg/L< 0.50Zinc Jan-17-120.50 Jan-16-12

mg/L< 0.05Zirconium Jan-17-120.05 Jan-16-12

mg/L3.6Final Extract pH Jan-17-12Jan-16-12

mg/L1.0Extraction Fluid # Jan-17-12Jan-16-12

BH 2011-110-1-111215   (K2A0434-19)   Matrix: Solid   Sampled: Dec-08-11

Jan-17-12mg/LAluminum 0.16 0.05 Jan-16-12

mg/L< 0.005Antimony Jan-17-120.005 Jan-16-12

mg/L< 0.05Arsenic Jan-17-120.05 Jan-16-12

mg/L< 0.50Barium Jan-17-120.50 Jan-16-12

mg/L< 0.05Beryllium Jan-17-120.05 Jan-16-12

mg/L< 0.05Bismuth Jan-17-120.05 Jan-16-12

mg/L< 0.50Boron Jan-17-120.50 Jan-16-12

mg/L< 0.001Cadmium Jan-17-120.001 Jan-16-12

mg/L5.3Calcium Jan-17-125.0 Jan-16-12

mg/L< 0.02Chromium Jan-17-120.02 Jan-16-12

mg/L< 0.02Cobalt Jan-17-120.02 Jan-16-12

mg/L< 0.05Copper Jan-17-120.05 Jan-16-12
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CLIENT

PROJECT

SNC-Lavalin Environment Inc. (Nelson)

Teck Metals Ltd.

WORK ORDER #

REPORTED

K2A0434

Apr-12-12

SAMPLE DATA

 Analyte Result RDL Units Prepared NotesAnalyzed

Synthetic Precipitation Leaching Procedure (SPLP) Metals, Continued

BH 2011-110-1-111215   (K2A0434-19)   Matrix: Solid   Sampled: Dec-08-11, Continued

mg/L1.1Iron Jan-17-121.0 Jan-16-12

mg/L0.07Lead Jan-17-120.02 Jan-16-12

mg/L< 0.05Lithium Jan-17-120.05 Jan-16-12

mg/L< 5.0Magnesium Jan-17-125.0 Jan-16-12

mg/L0.04Manganese Jan-17-120.005 Jan-16-12

mg/L< 0.002Mercury Jan-17-120.002 Jan-16-12

mg/L< 0.005Molybdenum Jan-17-120.005 Jan-16-12

mg/L< 0.10Nickel Jan-17-120.10 Jan-16-12

mg/L< 5.0Potassium Jan-17-125.0 Jan-16-12

mg/L< 0.05Selenium Jan-17-120.05 Jan-16-12

mg/L< 0.001Silver Jan-17-120.001 Jan-16-12

mg/L< 0.05Strontium Jan-17-120.05 Jan-16-12

mg/L< 0.20Tellurium Jan-17-120.20 Jan-16-12

mg/L< 0.01Thallium Jan-17-120.01 Jan-16-12

mg/L< 0.05Tin Jan-17-120.05 Jan-16-12

mg/L< 0.10Titanium Jan-17-120.10 Jan-16-12

mg/L< 0.02Uranium Jan-17-120.02 Jan-16-12

mg/L< 0.05Vanadium Jan-17-120.05 Jan-16-12

mg/L< 0.50Zinc Jan-17-120.50 Jan-16-12

mg/L< 0.05Zirconium Jan-17-120.05 Jan-16-12

mg/L4.5Final Extract pH Jan-17-12Jan-16-12

mg/L1.0Extraction Fluid # Jan-17-12Jan-16-12

BH 2011-110-2-111215   (K2A0434-20)   Matrix: Solid   Sampled: Dec-08-11

Jan-17-12mg/LAluminum < 0.05 0.05 Jan-16-12

mg/L< 0.005Antimony Jan-17-120.005 Jan-16-12

mg/L< 0.05Arsenic Jan-17-120.05 Jan-16-12

mg/L< 0.50Barium Jan-17-120.50 Jan-16-12

mg/L< 0.05Beryllium Jan-17-120.05 Jan-16-12

mg/L< 0.05Bismuth Jan-17-120.05 Jan-16-12

mg/L< 0.50Boron Jan-17-120.50 Jan-16-12

mg/L0.001Cadmium Jan-17-120.001 Jan-16-12

mg/L< 5.0Calcium Jan-17-125.0 Jan-16-12

mg/L< 0.02Chromium Jan-17-120.02 Jan-16-12

mg/L< 0.02Cobalt Jan-17-120.02 Jan-16-12

mg/L< 0.05Copper Jan-17-120.05 Jan-16-12

mg/L< 1.0Iron Jan-17-121.0 Jan-16-12

mg/L< 0.02Lead Jan-17-120.02 Jan-16-12

mg/L< 0.05Lithium Jan-17-120.05 Jan-16-12

mg/L< 5.0Magnesium Jan-17-125.0 Jan-16-12

mg/L0.07Manganese Jan-17-120.005 Jan-16-12

mg/L< 0.002Mercury Jan-17-120.002 Jan-16-12

mg/L< 0.005Molybdenum Jan-17-120.005 Jan-16-12

mg/L< 0.10Nickel Jan-17-120.10 Jan-16-12

mg/L< 5.0Potassium Jan-17-125.0 Jan-16-12

mg/L< 0.05Selenium Jan-17-120.05 Jan-16-12

mg/L< 0.001Silver Jan-17-120.001 Jan-16-12
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CLIENT

PROJECT

SNC-Lavalin Environment Inc. (Nelson)

Teck Metals Ltd.

WORK ORDER #

REPORTED

K2A0434

Apr-12-12

SAMPLE DATA

 Analyte Result RDL Units Prepared NotesAnalyzed

Synthetic Precipitation Leaching Procedure (SPLP) Metals, Continued

BH 2011-110-2-111215   (K2A0434-20)   Matrix: Solid   Sampled: Dec-08-11, Continued

mg/L< 0.05Strontium Jan-17-120.05 Jan-16-12

mg/L< 0.20Tellurium Jan-17-120.20 Jan-16-12

mg/L< 0.01Thallium Jan-17-120.01 Jan-16-12

mg/L< 0.05Tin Jan-17-120.05 Jan-16-12

mg/L< 0.10Titanium Jan-17-120.10 Jan-16-12

mg/L< 0.02Uranium Jan-17-120.02 Jan-16-12

mg/L< 0.05Vanadium Jan-17-120.05 Jan-16-12

mg/L< 0.50Zinc Jan-17-120.50 Jan-16-12

mg/L< 0.05Zirconium Jan-17-120.05 Jan-16-12

mg/L4.1Final Extract pH Jan-17-12Jan-16-12

mg/L1.0Extraction Fluid # Jan-17-12Jan-16-12
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CLIENT

PROJECT

SNC-Lavalin Environment Inc. (Nelson)

Teck Metals Ltd.

WORK ORDER #

REPORTED

K2A0434

Apr-12-12

ANALYSIS / REPORT INFORMATION

LABAnalysis Description Method Reference(s) (* = modified from)

Preparation Analysis

APHA 4500-H+ RMDpH in Soil (1:2 Soil/Water) N/A

EPA 6020A RMDStrong Acid Leachable Metals SALM V.2 (BCMOE)

EPA 6020A RMDSynthetic Precipitation Leaching Procedure (SPLP) Metals EPA 1312

EPA 6020A RMDToxicity Characteristic Leaching Procedure (TCLP) Metals EPA 1311

Security Seal on Cooler 3 of 4 was not intact when received at CARO Analytical Services.  

 

Apr.12/12- This is an amended report.  The Sample ID's have been corrected, as per Vicky Lipinski's email request.    

Apr.12/12- This is an amended report.  The Project Info. has been corrected, as per Vicky Lipinski's email request.

Additional Information:

Page 31 of 38CARO Analytical Services



CLIENT

PROJECT

SNC-Lavalin Environment Inc. (Nelson)

Teck Metals Ltd.

WORK ORDER #
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Apr-12-12

QUALITY CONTROL DATA

The following section reports quality control (QC) data that is associated with your sample data. Groups of samples are prepared in “batches” and 

analyzed in conjunction with quality control samples that ensure your data is of the highest quality. Common QC types include:

• Method Blank (Blk): Laboratory reagent water is carried through sample preparation and analysis steps. Method Blanks indicate that results are 

free from contamination, i.e. not biased high from sources such as the sample container or the laboratory environment

• Duplicate (Dup): Preparation and analysis of a replicate aliquot of a sample. Duplicates provide a measure of the analytical method’s precision, 

i.e.    how reproducible a result is. Duplicates are only reported if they are associated with your sample data.

• Blank Spike (BS): A known amount of standard is carried through sample preparation and analysis steps. Blank Spikes, also known as laboratory 

control samples (LCS), are prepared from a different source of standard than used for the calibration. They ensure that the calibration is acceptable 

(i.e. not biased high or low) and also provide a measure of the analytical method’s accuracy (i.e. closeness of the result to a target value).

• Standard Reference Material (SRM): A material of similar matrix to the samples, externally certified for the parameter(s) listed. Standard 

Reference Materials ensure that the preparation steps in the method are adequate to achieve acceptable recoveries of the parameter(s) tested for.

Each QC type is analyzed at a 5-10% frequency, i.e. one blank/duplicate/spike for every 10 samples. For all types of QC, the specified recovery (% Rec) 

and relative percent difference (RPD) limits are derived from long-term method performance averages and/or prescribed by the reference method.

 Analyte Result

Reporting

Limit Units

Spike

Level

Source

Result % REC

% REC

Limits % RPD

% RPD

Limit Notes 

General Parameters,  Batch B2A0288

Duplicate (B2A0288-DUP1)  Prepared: Jan-17-12, Analyzed: Jan-18-12Source: K2A0434-08

1pH unitspH 3.83.8 50.1

Duplicate (B2A0288-DUP2)  Prepared: Jan-17-12, Analyzed: Jan-18-12Source: K2A0434-17

< 1pH unitspH 4.44.4 50.1

Reference (B2A0288-SRM1)  Prepared: Jan-17-12, Analyzed: Jan-18-12

90-1151036.10pH unitspH 6.3 0.1

Reference (B2A0288-SRM2)  Prepared: Jan-17-12, Analyzed: Jan-18-12

90-1151036.10pH unitspH 6.3 0.1

Strong Acid Leachable Metals,  Batch B2A0282

Blank (B2A0282-BLK1)  Prepared: Jan-17-12, Analyzed: Jan-18-12

mg/kgAluminum < 20 20

mg/kg< 0.1Antimony 0.1

mg/kg< 0.4Arsenic 0.4

mg/kg< 1.0Barium 1.0

mg/kg< 0.1Beryllium 0.1

mg/kg< 0.1Bismuth 0.1

mg/kg< 2.0Boron 2.0

mg/kg< 0.04Cadmium 0.04

mg/kg< 100Calcium 100

mg/kg< 1.0Chromium 1.0

mg/kg< 0.1Cobalt 0.1

mg/kg< 0.2Copper 0.2

mg/kg< 20Iron 20

mg/kg< 0.2Lead 0.2

mg/kg< 0.1Lithium 0.1

mg/kg< 10Magnesium 10

mg/kg< 0.4Manganese 0.4

mg/kg< 0.05Mercury 0.05

mg/kg< 0.1Molybdenum 0.1

mg/kg< 0.4Nickel 0.4

mg/kg< 10Phosphorus 10

mg/kg< 10Potassium 10

mg/kg< 0.5Selenium 0.5

mg/kg< 3000Silicon 3000

mg/kg< 0.2Silver 0.2

mg/kg< 40Sodium 40

mg/kg< 0.2Strontium 0.2

mg/kg< 1000Sulfur 1000
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PROJECT
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QUALITY CONTROL DATA

 Analyte Result

Reporting

Limit Units

Spike

Level

Source

Result % REC

% REC

Limits % RPD

% RPD

Limit Notes 

Strong Acid Leachable Metals,  Batch B2A0282, Continued

Blank (B2A0282-BLK1), Continued  Prepared: Jan-17-12, Analyzed: Jan-18-12

mg/kg< 0.1Tellurium 0.1

mg/kg< 0.1Thallium 0.1

mg/kg< 0.5Thorium 0.5

mg/kg< 0.2Tin 0.2

mg/kg< 2.0Titanium 2.0

mg/kg< 0.1Uranium 0.1

mg/kg< 0.4Vanadium 0.4

mg/kg< 2.0Zinc 2.0

mg/kg< 2Zirconium 2

Blank (B2A0282-BLK2)  Prepared: Jan-17-12, Analyzed: Jan-18-12

mg/kgAluminum < 20 20

mg/kg< 0.1Antimony 0.1

mg/kg< 0.4Arsenic 0.4

mg/kg< 1.0Barium 1.0

mg/kg< 0.1Beryllium 0.1

mg/kg< 0.1Bismuth 0.1

mg/kg< 2.0Boron 2.0

mg/kg< 0.04Cadmium 0.04

mg/kg< 100Calcium 100

mg/kg< 1.0Chromium 1.0

mg/kg< 0.1Cobalt 0.1

mg/kg< 0.2Copper 0.2

mg/kg< 20Iron 20

mg/kg< 0.2Lead 0.2

mg/kg< 0.1Lithium 0.1

mg/kg< 10Magnesium 10

mg/kg< 0.4Manganese 0.4

mg/kg< 0.05Mercury 0.05

mg/kg< 0.1Molybdenum 0.1

mg/kg< 0.4Nickel 0.4

mg/kg< 10Phosphorus 10

mg/kg< 10Potassium 10

mg/kg< 0.5Selenium 0.5

mg/kg< 3000Silicon 3000

mg/kg< 0.2Silver 0.2

mg/kg< 40Sodium 40

mg/kg< 0.2Strontium 0.2

mg/kg< 1000Sulfur 1000

mg/kg< 0.1Tellurium 0.1

mg/kg< 0.1Thallium 0.1

mg/kg< 0.5Thorium 0.5

mg/kg< 0.2Tin 0.2

mg/kg< 2.0Titanium 2.0

mg/kg< 0.1Uranium 0.1

mg/kg< 0.4Vanadium 0.4

mg/kg< 2.0Zinc 2.0

mg/kg< 2Zirconium 2

Duplicate (B2A0282-DUP1)  Prepared: Jan-17-12, Analyzed: Jan-18-12Source: K2A0434-08

5mg/kgAluminum 31603000 3020

mg/kg0.1 0.1Antimony 400.1

mg/kg 672.9 68.4Arsenic 300.4

mg/kg 1342.8 37.6Barium 301.0

mg/kg0.1 0.1Beryllium 300.1

mg/kg< 0.1 < 0.1Bismuth 300.1

mg/kg< 2.0 < 2.0Boron 302.0

mg/kg0.12 0.11Cadmium 300.04

mg/kg 181050 883Calcium 30100

mg/kg 611.2 10.5Chromium 301.0

mg/kg 72.5 2.3Cobalt 300.1

mg/kg 49.5 9.2Copper 300.2

mg/kg 1012500 11300Iron 3020

mg/kg 183.7 3.0Lead 400.2

mg/kg 47.1 6.8Lithium 300.1
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QUALITY CONTROL DATA

 Analyte Result

Reporting

Limit Units

Spike

Level

Source

Result % REC

% REC

Limits % RPD

% RPD

Limit Notes 

Strong Acid Leachable Metals,  Batch B2A0282, Continued

Duplicate (B2A0282-DUP1), Continued  Prepared: Jan-17-12, Analyzed: Jan-18-12Source: K2A0434-08

mg/kg 81910 2060Magnesium 3010

mg/kg 1077.7 70.4Manganese 300.4

mg/kg< 0.05 < 0.05Mercury 400.05

mg/kg0.2 0.2Molybdenum 400.1

mg/kg 16.0 6.0Nickel 300.4

mg/kg 7450 419Phosphorus 3010

mg/kg < 1510 511Potassium 3010

mg/kg< 0.5 < 0.5Selenium 300.5

mg/kg< 3000 8700Silicon 403000

mg/kg< 0.2 < 0.2Silver 400.2

mg/kg83 85Sodium 3040

mg/kg 321.3 20.6Strontium 300.2

mg/kg< 1000 < 1000Sulfur 301000

mg/kg< 0.1 < 0.1Tellurium 300.1

mg/kg< 0.1 < 0.1Thallium 300.1

mg/kg2.5 2.1Thorium 300.5

mg/kg0.2 0.2Tin 400.2

mg/kg 6368 348Titanium 402.0

mg/kg0.4 0.3Uranium 300.1

mg/kg 1014.4 13.1Vanadium 300.4

mg/kg 232.0 31.2Zinc 302.0

mg/kg< 2 < 2Zirconium 302

Duplicate (B2A0282-DUP2)  Prepared: Jan-17-12, Analyzed: Jan-18-12Source: K2A0434-18

17mg/kgAluminum 18102160 3020

mg/kg 23333 264Antimony 400.1

mg/kg 36100 5900Arsenic 300.4

mg/kg RPD53438 253Barium 301.0

mg/kg0.4 0.4Beryllium 300.1

mg/kg 114.3 14.2Bismuth 300.1

mg/kg7.9 9.5Boron 302.0

mg/kg 81.69 1.55Cadmium 300.04

mg/kg< 100 < 100Calcium 30100

mg/kg 67.0 6.6Chromium 301.0

mg/kg 92.2 2.1Cobalt 300.1

mg/kg 2348 339Copper 300.2

mg/kg 4240000 232000Iron 3020

mg/kg 213200 13000Lead 400.2

mg/kg 71.8 1.7Lithium 300.1

mg/kg 14249 217Magnesium 3010

mg/kg 4176 169Manganese 300.4

mg/kg < 10.77 0.77Mercury 400.05

mg/kg 46.3 6.1Molybdenum 400.1

mg/kg1.6 1.5Nickel 300.4

mg/kg 5385 367Phosphorus 3010

mg/kg 51140 1090Potassium 3010

mg/kg 65.1 5.4Selenium 300.5

mg/kg14000 8400Silicon 403000

mg/kg < 157.4 57.1Silver 400.2

mg/kg196 175Sodium 3040

mg/kg 1030.5 27.5Strontium 300.2

mg/kg 615000 14000Sulfur 301000

mg/kg0.3 0.3Tellurium 300.1

mg/kg 50.6 0.6Thallium 300.1

mg/kg2.1 2.0Thorium 300.5

mg/kg 6121 128Tin 400.2

mg/kg < 1134 133Titanium 402.0

mg/kg 31.0 0.9Uranium 300.1

mg/kg 615.5 14.6Vanadium 300.4

mg/kg 52520 2390Zinc 302.0

mg/kg2 2Zirconium 302

Reference (B2A0282-SRM1)  Prepared: Jan-17-12, Analyzed: Jan-18-12

78-1209417500mg/kgAluminum 16400 20

mg/kg 7.30 62-15813810.1Antimony 0.1
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 Analyte Result

Reporting

Limit Units

Spike

Level

Source

Result % REC

% REC

Limits % RPD

% RPD

Limit Notes 

Strong Acid Leachable Metals,  Batch B2A0282, Continued

Reference (B2A0282-SRM1), Continued  Prepared: Jan-17-12, Analyzed: Jan-18-12

mg/kg 23.2 83-1129321.5Arsenic 0.4

mg/kg 294 61-128107314Barium 1.0

mg/kg 0.410 57-141740.3Beryllium 0.1

mg/kg 0.390 73-103880.3Bismuth 0.1

mg/kg 38.0 57-13912346.9Boron 2.0

mg/kg 1.98 76-1281102.18Cadmium 0.04

mg/kg 7800 83-121937260Calcium 100

mg/kg 48.0 88-11810048.1Chromium 1.0

mg/kg 8.75 87-113887.7Cobalt 0.1

mg/kg 296 89-11598292Copper 0.2

mg/kg 31200 86-11110332100Iron 20

mg/kg 166 85-115106176Lead 0.2

mg/kg 25.3 63-13711328.5Lithium 0.1

mg/kg 9900 81-120898780Magnesium 10

mg/kg 253 88-114103260Manganese 0.4

mg/kg 2.88 65-144982.83Mercury 0.05

mg/kg 4.57 83-1261125.1Molybdenum 0.1

mg/kg 31.6 90-1129028.5Nickel 0.4

mg/kg 840 82-11583694Phosphorus 10

mg/kg 3100 75-122922860Potassium 10

mg/kg 1.02 64-1571321.3Selenium 0.5

mg/kg 1.17 60-1111071.3Silver 0.2

mg/kg 18600 66-1388816400Sodium 40

mg/kg 68.0 79-12010370.1Strontium 0.2

mg/kg 12200 54-1558911000Sulfur 1000

mg/kg 0.450 79-102950.4Thallium 0.1

mg/kg 2.33 71-105982.3Thorium 0.5

mg/kg 19.1 74-12310920.8Tin 0.2

mg/kg 900 58-1601221090Titanium 2.0

mg/kg 1.64 75-106941.5Uranium 0.1

mg/kg 74.4 83-1249973.4Vanadium 0.4

mg/kg 337 86-118105353Zinc 2.0

mg/kg 12.0 59-108607Zirconium 2

Reference (B2A0282-SRM2)  Prepared: Jan-17-12, Analyzed: Jan-18-12

78-12011317500mg/kgAluminum 19800 20

mg/kg 7.30 62-15814710.7Antimony 0.1

mg/kg 23.2 83-11210724.7Arsenic 0.4

mg/kg 294 61-128112330Barium 1.0

mg/kg 0.410 57-1411380.6Beryllium 0.1

mg/kg 0.390 73-103910.4Bismuth 0.1

mg/kg 38.0 57-13913551.4Boron 2.0

mg/kg 1.98 76-1281142.26Cadmium 0.04

mg/kg 7800 83-121977550Calcium 100

mg/kg 48.0 88-11810751.2Chromium 1.0

mg/kg 8.75 87-113958.4Cobalt 0.1

mg/kg 296 89-115104307Copper 0.2

mg/kg 31200 86-11110432600Iron 20

mg/kg 166 85-115110183Lead 0.2

mg/kg 25.3 63-13713734.7Lithium 0.1

mg/kg 9900 81-12011411300Magnesium 10

mg/kg 253 88-114105265Manganese 0.4

mg/kg 2.88 65-1441073.09Mercury 0.05

mg/kg 4.57 83-1261165.3Molybdenum 0.1

mg/kg 31.6 90-1129530.1Nickel 0.4

mg/kg 840 82-11588736Phosphorus 10

mg/kg 3100 75-122932880Potassium 10

mg/kg 1.02 64-1571511.5Selenium 0.5

mg/kg 1.17 60-111881.0Silver 0.2

mg/kg 18600 66-13811220900Sodium 40

mg/kg 68.0 79-12010772.6Strontium 0.2

mg/kg 12200 54-1559211000Sulfur 1000

mg/kg 0.450 79-102950.4Thallium 0.1

mg/kg 2.33 71-105962.2Thorium 0.5

mg/kg 19.1 74-12311221.5Tin 0.2
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 Analyte Result

Reporting

Limit Units

Spike

Level

Source

Result % REC

% REC

Limits % RPD

% RPD

Limit Notes 

Strong Acid Leachable Metals,  Batch B2A0282, Continued

Reference (B2A0282-SRM2), Continued  Prepared: Jan-17-12, Analyzed: Jan-18-12

mg/kg 900 58-1601281150Titanium 2.0

mg/kg 1.64 75-106971.6Uranium 0.1

mg/kg 74.4 83-12410376.8Vanadium 0.4

mg/kg 337 86-118110370Zinc 2.0

mg/kg 12.0 59-108607Zirconium 2

Synthetic Precipitation Leaching Procedure (SPLP) Metals,  Batch B2A0251

Blank (B2A0251-BLK1)  Prepared: Jan-16-12, Analyzed: Jan-17-12

mg/LAluminum < 0.05 0.05

mg/L< 0.005Antimony 0.005

mg/L< 0.05Arsenic 0.05

mg/L< 0.50Barium 0.50

mg/L< 0.05Beryllium 0.05

mg/L< 0.05Bismuth 0.05

mg/L< 0.50Boron 0.50

mg/L< 0.001Cadmium 0.001

mg/L< 5.0Calcium 5.0

mg/L< 0.02Chromium 0.02

mg/L< 0.02Cobalt 0.02

mg/L< 0.05Copper 0.05

mg/L< 1.0Iron 1.0

mg/L< 0.02Lead 0.02

mg/L< 0.05Lithium 0.05

mg/L< 5.0Magnesium 5.0

mg/L< 0.005Manganese 0.005

mg/L< 0.002Mercury 0.002

mg/L< 0.005Molybdenum 0.005

mg/L< 0.10Nickel 0.10

mg/L< 5.0Potassium 5.0

mg/L< 0.05Selenium 0.05

mg/L< 0.001Silver 0.001

mg/L< 0.05Strontium 0.05

mg/L< 0.20Tellurium 0.20

mg/L< 0.01Thallium 0.01

mg/L< 0.05Tin 0.05

mg/L< 0.10Titanium 0.10

mg/L< 0.02Uranium 0.02

mg/L< 0.05Vanadium 0.05

mg/L< 0.50Zinc 0.50

mg/L< 0.05Zirconium 0.05

mg/L5.0Final Extract pH

mg/L1.0Extraction Fluid #

Duplicate (B2A0251-DUP1)  Prepared: Jan-16-12, Analyzed: Jan-17-12Source: K2A0434-12

10mg/LAluminum 0.810.73 300.05

mg/L< 0.005 < 0.005Antimony 300.005

mg/L< 0.05 < 0.05Arsenic 300.05

mg/L< 0.50 < 0.50Barium 300.50

mg/L< 0.05 < 0.05Beryllium 300.05

mg/L< 0.05 < 0.05Bismuth 300.05

mg/L< 0.50 < 0.50Boron 300.50

mg/L < 10.01 0.01Cadmium 300.001

mg/L 22139 173Calcium 305.0

mg/L< 0.02 < 0.02Chromium 300.02

mg/L< 0.02 < 0.02Cobalt 300.02

mg/L0.05 < 0.05Copper 300.05

mg/L< 1.0 < 1.0Iron 301.0

mg/L< 0.02 < 0.02Lead 300.02

mg/L< 0.05 < 0.05Lithium 300.05

mg/L< 5.0 < 5.0Magnesium 305.0

mg/L 40.23 0.22Manganese 300.005

mg/L< 0.002 < 0.002Mercury 300.002

mg/L< 0.005 < 0.005Molybdenum 300.005

mg/L< 0.10 < 0.10Nickel 300.10
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 Analyte Result

Reporting

Limit Units
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Level

Source

Result % REC

% REC

Limits % RPD

% RPD

Limit Notes 

Synthetic Precipitation Leaching Procedure (SPLP) Metals,  Batch B2A0251, Continued

Duplicate (B2A0251-DUP1), Continued  Prepared: Jan-16-12, Analyzed: Jan-17-12Source: K2A0434-12

mg/L< 5.0 < 5.0Potassium 305.0

mg/L< 0.05 < 0.05Selenium 300.05

mg/L< 0.001 < 0.001Silver 300.001

mg/L0.15 0.18Strontium 300.05

mg/L< 0.20 < 0.20Tellurium 300.20

mg/L< 0.01 < 0.01Thallium 300.01

mg/L< 0.05 < 0.05Tin 300.05

mg/L< 0.10 < 0.10Titanium 300.10

mg/L< 0.02 < 0.02Uranium 300.02

mg/L< 0.05 < 0.05Vanadium 300.05

mg/L0.85 0.82Zinc 300.50

mg/L< 0.05 < 0.05Zirconium 300.05

mg/L 13.73 3.69Final Extract pH 10

mg/L < 11.00 1.00Extraction Fluid # 200

Toxicity Characteristic Leaching Procedure (TCLP) Metals,  Batch B2A0250

Blank (B2A0250-BLK1)  Prepared: Jan-16-12, Analyzed: Jan-17-12

mg/LAluminum < 0.10 0.10

mg/L< 0.005Antimony 0.005

mg/L< 0.05Arsenic 0.05

mg/L< 1.0Barium 1.0

mg/L< 0.05Beryllium 0.05

mg/L< 0.50Boron 0.50

mg/L< 0.001Cadmium 0.001

mg/L< 5.0Calcium 5.0

mg/L< 0.05Chromium 0.05

mg/L< 0.02Cobalt 0.02

mg/L< 0.10Copper 0.10

mg/L< 1.0Iron 1.0

mg/L< 0.02Lead 0.02

mg/L< 0.05Lithium 0.05

mg/L< 5.0Magnesium 5.0

mg/L< 0.005Manganese 0.005

mg/L< 0.002Mercury 0.002

mg/L< 0.005Molybdenum 0.005

mg/L< 0.10Nickel 0.10

mg/L< 5.0Potassium 5.0

mg/L< 0.05Selenium 0.05

mg/L< 0.001Silver 0.001

mg/L< 0.05Strontium 0.05

mg/L< 0.01Thallium 0.01

mg/L< 0.05Tin 0.05

mg/L< 0.10Titanium 0.10

mg/L< 0.02Uranium 0.02

mg/L< 0.05Vanadium 0.05

mg/L< 0.50Zinc 0.50

mg/L4.9Final Extract pH

mg/L1.0Extraction Fluid #

Duplicate (B2A0250-DUP1)  Prepared: Jan-16-12, Analyzed: Jan-17-12Source: K2A0434-11

34mg/LAluminum 3.742.64 500.10

mg/L< 0.005 < 0.005Antimony 500.005

mg/L< 0.05 < 0.05Arsenic 500.05

mg/L< 1.0 < 1.0Barium 501.0

mg/L< 0.05 < 0.05Beryllium 500.05

mg/L< 0.50 < 0.50Boron 500.50

mg/L 72.26 2.42Cadmium 500.001

mg/L < 144100 44400Calcium 505.0

mg/L< 0.05 < 0.05Chromium 500.05

mg/L< 0.02 < 0.02Cobalt 500.02

mg/L0.21 0.23Copper 500.10

mg/L1.30 1.32Iron 501.0

mg/L 220.22 0.28Lead 500.02

mg/L< 0.05 < 0.05Lithium 500.05

Page 37 of 38CARO Analytical Services



CLIENT

PROJECT

SNC-Lavalin Environment Inc. (Nelson)

Teck Metals Ltd.

WORK ORDER #

REPORTED

K2A0434

Apr-12-12

QUALITY CONTROL DATA

 Analyte Result

Reporting

Limit Units

Spike

Level

Source

Result % REC

% REC

Limits % RPD

% RPD

Limit Notes 

Toxicity Characteristic Leaching Procedure (TCLP) Metals,  Batch B2A0250, Continued

Duplicate (B2A0250-DUP1), Continued  Prepared: Jan-16-12, Analyzed: Jan-17-12Source: K2A0434-11

mg/L 456.1 53.9Magnesium 505.0

mg/L 1019.9 18.0Manganese 500.005

mg/L< 0.002 < 0.002Mercury 500.002

mg/L< 0.005 < 0.005Molybdenum 500.005

mg/L0.13 0.13Nickel 500.10

mg/L< 5.0 < 5.0Potassium 505.0

mg/L< 0.05 < 0.05Selenium 500.05

mg/L< 0.001 < 0.001Silver 500.001

mg/L 31.12 1.16Strontium 500.05

mg/L< 0.01 < 0.01Thallium 500.01

mg/L< 0.05 < 0.05Tin 500.05

mg/L< 0.10 < 0.10Titanium 500.10

mg/L< 0.02 < 0.02Uranium 500.02

mg/L< 0.05 < 0.05Vanadium 500.05

mg/L 1095.5 106Zinc 500.50

Reference (B2A0250-SRM1)  Prepared: Jan-16-12, Analyzed: Jan-17-12

90-12512211.7mg/LArsenic 14.2 0.05

mg/L 0.247 46-160119< 1.0Barium 1.0

mg/L 8.20 64-1211129.15Cadmium 0.001

mg/L 0.0747 50-1501450.11Chromium 0.05

mg/L 1.78 40-128891.59Lead 0.02

mg/L 1.17 30-150360.42Mercury 0.002

mg/L 20.3 63-11611623.5Selenium 0.05

mg/L 0.605 41-125570.35Silver 0.001

QC Qualifiers:

RPD Relative percent difference (RPD) of duplicate analysis are outside of control limits.  Data accepted based on acceptable 

performance of other batch QC.
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CERTIFICATE OF ANALYSIS

CLIENT SNC-Lavalin Environment Inc. (Nelson)

#3 - 520 Lake Street

Nelson BC

V1L 4C6

TEL

FAX

1-250-354-1664

1-250-354-3896

ATTENTION Stefan Humphries

RECEIVED / TEMP WORK ORDER

REPORTED Apr-12-12

COC #(s)

PROJECT 503664

PROJECT INFO 530664

General Comments:

CARO Analytical Services employs methods which are based on those found in “Standard Methods for the Examination of Water 

and Wastewater”, 21st Edition, 2005, published by the American Public Health Association (APHA); US EPA protocols found in “Test 

Methods for Evaluating Solid Waste, Physical/Chemical Methods, SW846”, 3rd Edition; protocols published by the British Columbia 

Ministry of Environment (BCMOE); and/or CCME Canada-wide Standard Reference methods.

Methods not described in these publications are conducted according to procedures accepted by appropriate regulatory agencies, 

and/or are done in accordance with recognized professional standards using accepted testing methodologies and quality control 

efforts except where otherwise agreed to by the client.  

The results in this report apply to the samples analyzed in accordance with the chain of custody document.  This analytical report 

must be reproduced in its entirety.   CARO is not responsible for any loss or damage resulting directly or indirectly from error or 

omission in the conduct of testing.  Liability is limited to the cost of analysis.  Samples will be disposed of 30 days after the test 

report has been issued unless otherwise agreed to in writing. 

•  All solids results are reported on a dry weight basis unless otherwise noted

•  Units: mg/kg = milligrams per kilogram, equivalent to parts per million (ppm)

mg/L = milligrams per litre, equivalent to parts per million (ppm)

ug/L = micrograms per litre, equivalent to parts per billion (ppb)

ug/g = micrograms per gram, equivalent to parts per million (ppm)

ug/m3 = micrograms per cubic meter of air

•  "RDL"  Reported detection limit

•  "<"  Less than reported detection limit

•  "AO" Aesthetic objective

•  "MAC" Maximum acceptable concentration (health-related guideline)

•  "LAB" RMD = Richmond location, KEL = Kelowna location, EDM = Edmonton location, SUB = Subcontracted

Please contact CARO if more information is needed or to provide feedback on our services.

CARO Analytical Services

Final Review Per: Jennifer Shanko, AScT

Administration Coordinator

#120 12791 Clarke Place #102 3677 Highway 97N 17225 109 Avenue

Richmond, BC  V6V 2H9 Kelowna, BC  V1X 5C3 Edmonton, AB  T5S 1H7

Tel: 604-279-1499  Fax: 604-279-1599 Tel: 250-765-9646  Fax: 250-765-3893 Tel: 780-489-9100  Fax: 780-489-9700

www.caro.ca

Locations:

K2A0855

18784

Jan-26-12 08:40 / 2.0 °C
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CLIENT

PROJECT

SNC-Lavalin Environment Inc. (Nelson)

503664

WORK ORDER #

REPORTED

K2A0855

Apr-12-12

SAMPLE DATA

 Analyte Result RDL Units Prepared NotesAnalyzed

General Parameters

MW2011-110-120125   (K2A0855-01)   Matrix: Water   Sampled: Jan-25-12

Jan-27-12mg/LAlkalinity, Total as CaCO3 140 1.0 Jan-26-12

mg/L< 1.0Alkalinity, Carbonate as CaCO3 Jan-27-121.0 Jan-26-12

mg/L140Alkalinity, Bicarbonate as CaCO3 Jan-27-121.0 Jan-26-12

mg/L< 1.0Alkalinity, Hydroxide as CaCO3 Jan-27-121.0 Jan-26-12

mg/L1.86Chloride Jan-27-120.10 Jan-27-12

uS/cm365Conductivity (EC) Jan-27-122 Jan-26-12

mg/L0.20Fluoride Jan-27-120.10 Jan-27-12

mg/L174Hardness, Total (Diss. as CaCO3) N/A0.50 N/A

mg/L< 0.01Nitrogen, Ammonia as N Jan-27-120.01 Jan-26-12

mg/L0.038Nitrogen, Nitrate+Nitrite as N N/A0.010 N/A

mg/L0.038Nitrogen, Nitrate as N Jan-27-120.010 Jan-27-12

mg/L< 0.01Nitrogen, Nitrite as N Jan-27-120.01 Jan-27-12

mg/L0.07Nitrogen, Total Kjeldahl Feb-01-120.05 Jan-26-12

mg/L0.104Nitrogen, Total N/A0.050 N/A

pH Units7.83pH Jan-27-120.01 Jan-26-12

mg/L< 0.01Phosphorus, Total as P Jan-31-120.01 Jan-26-12

mg/L204Solids, Total Dissolved Jan-27-125 Jan-26-12

mg/L50.4Sulfate Jan-27-121.0 Jan-27-12

MW2011-A-120125   (K2A0855-02)   Matrix: Water   Sampled: Jan-25-12

Jan-27-12mg/LAlkalinity, Total as CaCO3 139 1.0 Jan-26-12

mg/L< 1.0Alkalinity, Carbonate as CaCO3 Jan-27-121.0 Jan-26-12

mg/L139Alkalinity, Bicarbonate as CaCO3 Jan-27-121.0 Jan-26-12

mg/L< 1.0Alkalinity, Hydroxide as CaCO3 Jan-27-121.0 Jan-26-12

mg/L1.85Chloride Jan-27-120.10 Jan-27-12

uS/cm368Conductivity (EC) Jan-27-122 Jan-26-12

mg/L0.19Fluoride Jan-27-120.10 Jan-27-12

mg/L173Hardness, Total (Diss. as CaCO3) N/A0.50 N/A

mg/L< 0.01Nitrogen, Ammonia as N Jan-27-120.01 Jan-26-12

mg/L0.040Nitrogen, Nitrate+Nitrite as N N/A0.010 N/A

mg/L0.040Nitrogen, Nitrate as N Jan-27-120.010 Jan-27-12

mg/L< 0.01Nitrogen, Nitrite as N Jan-27-120.01 Jan-27-12

mg/L< 0.05Nitrogen, Total Kjeldahl Feb-01-120.05 Jan-26-12

mg/L< 0.050Nitrogen, Total N/A0.050 N/A

pH Units7.83pH Jan-27-120.01 Jan-26-12

mg/L0.01Phosphorus, Total as P Jan-31-120.01 Jan-26-12

mg/L203Solids, Total Dissolved Jan-27-125 Jan-26-12

mg/L50.0Sulfate Jan-27-121.0 Jan-27-12

Dissolved Metals

MW2011-110-120125   (K2A0855-01)   Matrix: Water   Sampled: Jan-25-12

Jan-30-12mg/LAluminum, dissolved < 0.005 0.005 Jan-30-12

mg/L0.0004Antimony, dissolved Jan-30-120.0001 Jan-30-12

mg/L< 0.0005Arsenic, dissolved Jan-30-120.0005 Jan-30-12

mg/L0.058Barium, dissolved Jan-30-120.005 Jan-30-12

mg/L< 0.0001Beryllium, dissolved Jan-30-120.0001 Jan-30-12
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CLIENT

PROJECT

SNC-Lavalin Environment Inc. (Nelson)

503664

WORK ORDER #

REPORTED

K2A0855

Apr-12-12

SAMPLE DATA

 Analyte Result RDL Units Prepared NotesAnalyzed

Dissolved Metals, Continued

MW2011-110-120125   (K2A0855-01)   Matrix: Water   Sampled: Jan-25-12, Continued

mg/L< 0.0001Bismuth, dissolved Jan-30-120.0001 Jan-30-12

mg/L0.049Boron, dissolved Jan-30-120.004 Jan-30-12

mg/L0.00005Cadmium, dissolved Jan-30-120.00001 Jan-30-12

mg/L49.0Calcium, dissolved Jan-30-120.2 Jan-30-12

mg/L0.0010Chromium, dissolved Jan-30-120.0005 Jan-30-12

mg/L0.00026Cobalt, dissolved Jan-30-120.00005 Jan-30-12

mg/L0.0004Copper, dissolved Jan-30-120.0002 Jan-30-12

mg/L< 0.01Iron, dissolved Jan-30-120.01 Jan-30-12

mg/L< 0.0001Lead, dissolved Jan-30-120.0001 Jan-30-12

mg/L0.0002Lithium, dissolved Jan-30-120.0001 Jan-30-12

mg/L12.6Magnesium, dissolved Jan-30-120.01 Jan-30-12

mg/L0.111Manganese, dissolved Jan-30-120.0002 Jan-30-12

mg/L< 0.00002Mercury, dissolved Jan-30-120.00002 Jan-30-12

mg/L0.0028Molybdenum, dissolved Jan-30-120.0001 Jan-30-12

mg/L0.0010Nickel, dissolved Jan-30-120.0002 Jan-30-12

mg/L< 0.02Phosphorus, dissolved Jan-30-120.02 Jan-30-12

mg/L4.49Potassium, dissolved Jan-30-120.02 Jan-30-12

mg/L< 0.0005Selenium, dissolved Jan-30-120.0005 Jan-30-12

mg/L3.3Silicon, dissolved Jan-30-120.5 Jan-30-12

mg/L< 0.00005Silver, dissolved Jan-30-120.00005 Jan-30-12

mg/L5.03Sodium, dissolved Jan-30-120.02 Jan-30-12

mg/L0.279Strontium, dissolved Jan-30-120.001 Jan-30-12

mg/L< 0.0002Tellurium, dissolved Jan-30-120.0002 Jan-30-12

mg/L0.00003Thallium, dissolved Jan-30-120.00002 Jan-30-12

mg/L< 0.0001Thorium, dissolved Jan-30-120.0001 Jan-30-12

mg/L< 0.0002Tin, dissolved Jan-30-120.0002 Jan-30-12

mg/L< 0.005Titanium, dissolved Jan-30-120.005 Jan-30-12

mg/L0.00023Uranium, dissolved Jan-30-120.00002 Jan-30-12

mg/L< 0.001Vanadium, dissolved Jan-30-120.001 Jan-30-12

mg/L< 0.004Zinc, dissolved Jan-30-120.004 Jan-30-12

mg/L< 0.0001Zirconium, dissolved Jan-30-120.0001 Jan-30-12

MW2011-A-120125   (K2A0855-02)   Matrix: Water   Sampled: Jan-25-12

Jan-30-12mg/LAluminum, dissolved < 0.005 0.005 Jan-30-12

mg/L0.0004Antimony, dissolved Jan-30-120.0001 Jan-30-12

mg/L< 0.0005Arsenic, dissolved Jan-30-120.0005 Jan-30-12

mg/L0.057Barium, dissolved Jan-30-120.005 Jan-30-12

mg/L< 0.0001Beryllium, dissolved Jan-30-120.0001 Jan-30-12

mg/L< 0.0001Bismuth, dissolved Jan-30-120.0001 Jan-30-12

mg/L0.049Boron, dissolved Jan-30-120.004 Jan-30-12

mg/L0.00004Cadmium, dissolved Jan-30-120.00001 Jan-30-12

mg/L49.1Calcium, dissolved Jan-30-120.2 Jan-30-12

mg/L0.0011Chromium, dissolved Jan-30-120.0005 Jan-30-12

mg/L0.00023Cobalt, dissolved Jan-30-120.00005 Jan-30-12

mg/L0.0005Copper, dissolved Jan-30-120.0002 Jan-30-12

mg/L< 0.01Iron, dissolved Jan-30-120.01 Jan-30-12

mg/L< 0.0001Lead, dissolved Jan-30-120.0001 Jan-30-12
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CLIENT

PROJECT

SNC-Lavalin Environment Inc. (Nelson)

503664

WORK ORDER #

REPORTED

K2A0855

Apr-12-12

SAMPLE DATA

 Analyte Result RDL Units Prepared NotesAnalyzed

Dissolved Metals, Continued

MW2011-A-120125   (K2A0855-02)   Matrix: Water   Sampled: Jan-25-12, Continued

mg/L0.0002Lithium, dissolved Jan-30-120.0001 Jan-30-12

mg/L12.3Magnesium, dissolved Jan-30-120.01 Jan-30-12

mg/L0.110Manganese, dissolved Jan-30-120.0002 Jan-30-12

mg/L< 0.00002Mercury, dissolved Jan-30-120.00002 Jan-30-12

mg/L0.0028Molybdenum, dissolved Jan-30-120.0001 Jan-30-12

mg/L0.0011Nickel, dissolved Jan-30-120.0002 Jan-30-12

mg/L< 0.02Phosphorus, dissolved Jan-30-120.02 Jan-30-12

mg/L4.40Potassium, dissolved Jan-30-120.02 Jan-30-12

mg/L< 0.0005Selenium, dissolved Jan-30-120.0005 Jan-30-12

mg/L3.3Silicon, dissolved Jan-30-120.5 Jan-30-12

mg/L< 0.00005Silver, dissolved Jan-30-120.00005 Jan-30-12

mg/L4.98Sodium, dissolved Jan-30-120.02 Jan-30-12

mg/L0.278Strontium, dissolved Jan-30-120.001 Jan-30-12

mg/L< 0.0002Tellurium, dissolved Jan-30-120.0002 Jan-30-12

mg/L0.00003Thallium, dissolved Jan-30-120.00002 Jan-30-12

mg/L< 0.0001Thorium, dissolved Jan-30-120.0001 Jan-30-12

mg/L< 0.0002Tin, dissolved Jan-30-120.0002 Jan-30-12

mg/L< 0.005Titanium, dissolved Jan-30-120.005 Jan-30-12

mg/L0.00023Uranium, dissolved Jan-30-120.00002 Jan-30-12

mg/L< 0.001Vanadium, dissolved Jan-30-120.001 Jan-30-12

mg/L< 0.004Zinc, dissolved Jan-30-120.004 Jan-30-12

mg/L< 0.0001Zirconium, dissolved Jan-30-120.0001 Jan-30-12
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CLIENT

PROJECT

SNC-Lavalin Environment Inc. (Nelson)

503664

WORK ORDER #

REPORTED

K2A0855

Apr-12-12

ANALYSIS / REPORT INFORMATION

LABAnalysis Description Method Reference(s) (* = modified from)

Preparation Analysis

APHA 3125 B RMDDissolved Metals APHA 3030 B

EPA 351.2 * KELTotal Kjeldahl Nitrogen EPA 351.2 *

Calc KELTotal Nitrogen (TKN + NO3-N+NO2-N) N/A

APHA 4500-P F * KELPhosphorus, Total (colour) EPA 351.2 *

APHA 4500-NH3 G * KELAmmonia-N N/A

APHA 4500-H+ B KELpH N/A

APHA 4110 B KELChloride by IC N/A

APHA 4110 B KELFluoride by IC N/A

APHA 4110 B KELNitrite by IC N/A

APHA 4110 B KELNitrate by IC N/A

APHA 4110 B KELSulfate by IC N/A

APHA 2540 C * KELTotal Dissolved Solids (180C) N/A

APHA 2510 B KELConductivity-Water N/A

APHA 2320 B * KELAlkalinity, total N/A

 

Apr.12/12- This is an amended report.  The Sample ID's have corrected, as per Vicky Lipinski's email request.

Additional Information:
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CLIENT

PROJECT

SNC-Lavalin Environment Inc. (Nelson)

503664

WORK ORDER #

REPORTED

K2A0855

Apr-12-12

QUALITY CONTROL DATA

The following section reports quality control (QC) data that is associated with your sample data. Groups of samples are prepared in “batches” and 

analyzed in conjunction with quality control samples that ensure your data is of the highest quality. Common QC types include:

• Method Blank (Blk): Laboratory reagent water is carried through sample preparation and analysis steps. Method Blanks indicate that results are 

free from contamination, i.e. not biased high from sources such as the sample container or the laboratory environment

• Duplicate (Dup): Preparation and analysis of a replicate aliquot of a sample. Duplicates provide a measure of the analytical method’s precision, 

i.e.    how reproducible a result is. Duplicates are only reported if they are associated with your sample data.

• Blank Spike (BS): A known amount of standard is carried through sample preparation and analysis steps. Blank Spikes, also known as laboratory 

control samples (LCS), are prepared from a different source of standard than used for the calibration. They ensure that the calibration is acceptable 

(i.e. not biased high or low) and also provide a measure of the analytical method’s accuracy (i.e. closeness of the result to a target value).

• Standard Reference Material (SRM): A material of similar matrix to the samples, externally certified for the parameter(s) listed. Standard 

Reference Materials ensure that the preparation steps in the method are adequate to achieve acceptable recoveries of the parameter(s) tested for.

Each QC type is analyzed at a 5-10% frequency, i.e. one blank/duplicate/spike for every 10 samples. For all types of QC, the specified recovery (% Rec) 

and relative percent difference (RPD) limits are derived from long-term method performance averages and/or prescribed by the reference method.

 Analyte Result

Reporting

Limit Units

Spike

Level

Source

Result % REC

% REC

Limits % RPD

% RPD

Limit Notes 

Dissolved Metals,  Batch B2A0501

Blank (B2A0501-BLK1)  Prepared: Jan-30-12, Analyzed: Jan-30-12

mg/LAluminum, dissolved < 0.005 0.005

mg/L< 0.0001Antimony, dissolved 0.0001

mg/L< 0.0005Arsenic, dissolved 0.0005

mg/L< 0.005Barium, dissolved 0.005

mg/L< 0.0001Beryllium, dissolved 0.0001

mg/L< 0.0001Bismuth, dissolved 0.0001

mg/L< 0.004Boron, dissolved 0.004

mg/L< 0.00001Cadmium, dissolved 0.00001

mg/L< 0.2Calcium, dissolved 0.2

mg/L< 0.0005Chromium, dissolved 0.0005

mg/L< 0.00005Cobalt, dissolved 0.00005

mg/L< 0.0002Copper, dissolved 0.0002

mg/L< 0.01Iron, dissolved 0.01

mg/L< 0.0001Lead, dissolved 0.0001

mg/L< 0.0001Lithium, dissolved 0.0001

mg/L< 0.01Magnesium, dissolved 0.01

mg/L< 0.0002Manganese, dissolved 0.0002

mg/L< 0.00002Mercury, dissolved 0.00002

mg/L< 0.0001Molybdenum, dissolved 0.0001

mg/L< 0.0002Nickel, dissolved 0.0002

mg/L< 0.02Phosphorus, dissolved 0.02

mg/L< 0.02Potassium, dissolved 0.02

mg/L< 0.0005Selenium, dissolved 0.0005

mg/L< 0.5Silicon, dissolved 0.5

mg/L< 0.00005Silver, dissolved 0.00005

mg/L< 0.02Sodium, dissolved 0.02

mg/L< 0.001Strontium, dissolved 0.001

mg/L< 0.0002Tellurium, dissolved 0.0002

mg/L< 0.00002Thallium, dissolved 0.00002

mg/L< 0.0001Thorium, dissolved 0.0001

mg/L< 0.0002Tin, dissolved 0.0002

mg/L< 0.005Titanium, dissolved 0.005

mg/L< 0.00002Uranium, dissolved 0.00002

mg/L< 0.001Vanadium, dissolved 0.001

mg/L< 0.004Zinc, dissolved 0.004

mg/L< 0.0001Zirconium, dissolved 0.0001

Reference (B2A0501-SRM1)  Prepared: Jan-30-12, Analyzed: Jan-30-12

58-142990.209mg/LAluminum, dissolved 0.208 0.005

mg/L 0.0400 75-1251020.0408Antimony, dissolved 0.0001

mg/L 0.404 81-119960.387Arsenic, dissolved 0.0005

mg/L 3.12 83-117993.08Barium, dissolved 0.005

mg/L 0.197 80-120940.186Beryllium, dissolved 0.0001
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CLIENT

PROJECT

SNC-Lavalin Environment Inc. (Nelson)

503664

WORK ORDER #

REPORTED

K2A0855

Apr-12-12

QUALITY CONTROL DATA

 Analyte Result

Reporting

Limit Units

Spike

Level

Source

Result % REC

% REC

Limits % RPD

% RPD

Limit Notes 

Dissolved Metals,  Batch B2A0501, Continued

Reference (B2A0501-SRM1), Continued  Prepared: Jan-30-12, Analyzed: Jan-30-12

mg/L 1.61 74-1171011.63Boron, dissolved 0.004

mg/L 0.200 83-117960.191Cadmium, dissolved 0.00001

mg/L 6.50 76-1241076.9Calcium, dissolved 0.2

mg/L 0.401 81-1191060.424Chromium, dissolved 0.0005

mg/L 0.119 76-1241100.131Cobalt, dissolved 0.00005

mg/L 0.781 84-1161110.866Copper, dissolved 0.0002

mg/L 1.17 74-1261081.27Iron, dissolved 0.01

mg/L 0.102 72-128990.101Lead, dissolved 0.0001

mg/L 0.0960 60-1401030.0989Lithium, dissolved 0.0001

mg/L 6.11 81-1191086.61Magnesium, dissolved 0.01

mg/L 0.318 84-1161020.325Manganese, dissolved 0.0002

mg/L 0.387 83-1171030.400Molybdenum, dissolved 0.0001

mg/L 0.789 74-1261090.859Nickel, dissolved 0.0002

mg/L 0.448 68-132830.37Phosphorus, dissolved 0.02

mg/L 2.84 74-126992.82Potassium, dissolved 0.02

mg/L 0.0300 70-130910.0274Selenium, dissolved 0.0005

mg/L 17.4 72-12810518.2Sodium, dissolved 0.02

mg/L 0.979 84-113940.919Strontium, dissolved 0.001

mg/L 0.0350 57-1431120.0393Thallium, dissolved 0.00002

mg/L 0.192 85-115990.190Uranium, dissolved 0.00002

mg/L 0.798 87-1131030.819Vanadium, dissolved 0.001

mg/L 0.800 72-1281030.821Zinc, dissolved 0.004

General Parameters,  Batch K200379

Blank (K200379-BLK1)  Prepared: Jan-26-12, Analyzed: Jan-27-12

mg/LSolids, Total Dissolved < 5 5

Reference (K200379-SRM1)  Prepared: Jan-26-12, Analyzed: Jan-27-12

85-11598240mg/LSolids, Total Dissolved 236 5

General Parameters,  Batch K200383

Blank (K200383-BLK1)  Prepared: Jan-26-12, Analyzed: Jan-27-12

mg/LAlkalinity, Total as CaCO3 < 1.0 1.0

uS/cm< 2Conductivity (EC) 2

Blank (K200383-BLK2)  Prepared: Jan-26-12, Analyzed: Jan-27-12

mg/LAlkalinity, Total as CaCO3 < 1.0 1.0

uS/cm< 2Conductivity (EC) 2

LCS (K200383-BS1)  Prepared: Jan-26-12, Analyzed: Jan-27-12

96-108101100mg/LAlkalinity, Total as CaCO3 101 1.0

LCS (K200383-BS2)  Prepared: Jan-26-12, Analyzed: Jan-27-12

96-108102100mg/LAlkalinity, Total as CaCO3 102 1.0

LCS (K200383-BS3)  Prepared: Jan-26-12, Analyzed: Jan-27-12

93-104981410uS/cmConductivity (EC) 1390 2

LCS (K200383-BS4)  Prepared: Jan-26-12, Analyzed: Jan-27-12

93-104991410uS/cmConductivity (EC) 1390 2

Reference (K200383-SRM1)  Prepared: Jan-26-12, Analyzed: Jan-27-12

98-1021007.00pH UnitspH 6.99 0.01

Reference (K200383-SRM2)  Prepared: Jan-26-12, Analyzed: Jan-27-12

98-1021007.00pH UnitspH 7.00 0.01

General Parameters,  Batch K200385
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CLIENT

PROJECT

SNC-Lavalin Environment Inc. (Nelson)

503664

WORK ORDER #

REPORTED

K2A0855

Apr-12-12

QUALITY CONTROL DATA

 Analyte Result

Reporting

Limit Units

Spike

Level

Source

Result % REC

% REC

Limits % RPD

% RPD

Limit Notes 

General Parameters,  Batch K200385, Continued

Blank (K200385-BLK1)  Prepared: Jan-27-12, Analyzed: Jan-27-12

mg/LNitrogen, Ammonia as N < 0.01 0.01

Blank (K200385-BLK2)  Prepared: Jan-27-12, Analyzed: Jan-27-12

mg/LNitrogen, Ammonia as N < 0.01 0.01

Blank (K200385-BLK3)  Prepared: Jan-27-12, Analyzed: Jan-27-12

mg/LNitrogen, Ammonia as N < 0.01 0.01

Blank (K200385-BLK4)  Prepared: Jan-27-12, Analyzed: Jan-27-12

mg/LNitrogen, Ammonia as N < 0.01 0.01

LCS (K200385-BS1)  Prepared: Jan-27-12, Analyzed: Jan-27-12

86-11110210.0mg/LNitrogen, Ammonia as N 10.2 0.10

LCS (K200385-BS2)  Prepared: Jan-27-12, Analyzed: Jan-27-12

86-1119910.0mg/LNitrogen, Ammonia as N 9.88 0.10

LCS (K200385-BS3)  Prepared: Jan-27-12, Analyzed: Jan-27-12

86-11110010.0mg/LNitrogen, Ammonia as N 10.0 0.10

LCS (K200385-BS4)  Prepared: Jan-27-12, Analyzed: Jan-27-12

86-11110210.0mg/LNitrogen, Ammonia as N 10.2 0.10

General Parameters,  Batch K200386

Blank (K200386-BLK1)  Prepared: Jan-27-12, Analyzed: Jan-27-12

mg/LChloride < 0.10 0.10

mg/L< 0.10Fluoride 0.10

mg/L< 0.010Nitrogen, Nitrate as N 0.010

mg/L< 0.01Nitrogen, Nitrite as N 0.01

mg/L< 1.0Sulfate 1.0

Blank (K200386-BLK2)  Prepared: Jan-27-12, Analyzed: Jan-27-12

mg/LChloride < 0.10 0.10

mg/L< 0.10Fluoride 0.10

mg/L< 0.010Nitrogen, Nitrate as N 0.010

mg/L< 0.01Nitrogen, Nitrite as N 0.01

mg/L< 1.0Sulfate 1.0

Blank (K200386-BLK3)  Prepared: Jan-27-12, Analyzed: Jan-28-12

mg/LChloride < 0.10 0.10

mg/L< 0.10Fluoride 0.10

mg/L< 0.010Nitrogen, Nitrate as N 0.010

mg/L< 0.01Nitrogen, Nitrite as N 0.01

mg/L< 1.0Sulfate 1.0

Blank (K200386-BLK4)  Prepared: Jan-27-12, Analyzed: Jan-28-12

mg/LChloride < 0.10 0.10

mg/L< 0.10Fluoride 0.10

mg/L< 0.010Nitrogen, Nitrate as N 0.010

mg/L< 0.01Nitrogen, Nitrite as N 0.01

mg/L< 1.0Sulfate 1.0

LCS (K200386-BS1)  Prepared: Jan-27-12, Analyzed: Jan-27-12

85-115974.00mg/LChloride 3.88 0.10

mg/L 4.00 85-1151014.02Fluoride 0.10

mg/L 4.00 85-1151003.99Nitrogen, Nitrate as N 0.010

mg/L 4.00 85-115923.66Nitrogen, Nitrite as N 0.01

mg/L 4.00 85-115933.7Sulfate 1.0

LCS (K200386-BS2)  Prepared: Jan-27-12, Analyzed: Jan-27-12

85-115944.00mg/LChloride 3.78 0.10
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CLIENT

PROJECT

SNC-Lavalin Environment Inc. (Nelson)

503664

WORK ORDER #

REPORTED

K2A0855

Apr-12-12

QUALITY CONTROL DATA

 Analyte Result

Reporting

Limit Units

Spike

Level

Source

Result % REC

% REC

Limits % RPD

% RPD

Limit Notes 

General Parameters,  Batch K200386, Continued

LCS (K200386-BS2), Continued  Prepared: Jan-27-12, Analyzed: Jan-27-12

mg/L 4.00 85-1151004.00Fluoride 0.10

mg/L 4.00 85-1151024.07Nitrogen, Nitrate as N 0.010

mg/L 4.00 85-115903.62Nitrogen, Nitrite as N 0.01

mg/L 4.00 85-115943.8Sulfate 1.0

LCS (K200386-BS3)  Prepared: Jan-27-12, Analyzed: Jan-28-12

85-115954.00mg/LChloride 3.79 0.10

mg/L 4.00 85-1151003.98Fluoride 0.10

mg/L 4.00 85-115993.95Nitrogen, Nitrate as N 0.010

mg/L 4.00 85-115903.61Nitrogen, Nitrite as N 0.01

mg/L 4.00 85-115933.7Sulfate 1.0

LCS (K200386-BS4)  Prepared: Jan-27-12, Analyzed: Jan-28-12

85-115984.00mg/LChloride 3.92 0.10

mg/L 4.00 85-1151003.99Fluoride 0.10

mg/L 4.00 85-1151024.06Nitrogen, Nitrate as N 0.010

mg/L 4.00 85-115913.63Nitrogen, Nitrite as N 0.01

mg/L 4.00 85-115943.8Sulfate 1.0

General Parameters,  Batch K200428

Blank (K200428-BLK1)  Prepared: Jan-30-12, Analyzed: Feb-01-12

mg/LNitrogen, Total Kjeldahl < 0.05 0.05

LCS (K200428-BS1)  Prepared: Jan-30-12, Analyzed: Feb-01-12

89-11610710.0mg/LNitrogen, Total Kjeldahl 10.7 0.50

Duplicate (K200428-DUP1)  Prepared: Jan-30-12, Analyzed: Feb-01-12Source: K2A0855-02

mg/LNitrogen, Total Kjeldahl < 0.05< 0.05 150.05

General Parameters,  Batch K200430

Blank (K200430-BLK1)  Prepared: Jan-30-12, Analyzed: Jan-31-12

mg/LPhosphorus, Total as P < 0.01 0.01

LCS (K200430-BS1)  Prepared: Jan-30-12, Analyzed: Jan-31-12

75-1201000.500mg/LPhosphorus, Total as P 0.50 0.02
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CERTIFICATE OF ANALYSIS

CLIENT SNC-Lavalin Environment Inc. (Nelson)

#3 - 520 Lake Street

Nelson BC

V1L 4C6

TEL

FAX

1-250-354-1664

1-250-354-3896

ATTENTION Stefan Humphries

RECEIVED / TEMP WORK ORDER

REPORTED Apr-16-12

COC #(s)

PROJECT 503664

PROJECT INFO 530664

General Comments:

CARO Analytical Services employs methods which are based on those found in “Standard Methods for the Examination of Water 

and Wastewater”, 21st Edition, 2005, published by the American Public Health Association (APHA); US EPA protocols found in “Test 

Methods for Evaluating Solid Waste, Physical/Chemical Methods, SW846”, 3rd Edition; protocols published by the British Columbia 

Ministry of Environment (BCMOE); and/or CCME Canada-wide Standard Reference methods.

Methods not described in these publications are conducted according to procedures accepted by appropriate regulatory agencies, 

and/or are done in accordance with recognized professional standards using accepted testing methodologies and quality control 

efforts except where otherwise agreed to by the client.  

The results in this report apply to the samples analyzed in accordance with the chain of custody document.  This analytical report 

must be reproduced in its entirety.   CARO is not responsible for any loss or damage resulting directly or indirectly from error or 

omission in the conduct of testing.  Liability is limited to the cost of analysis.  Samples will be disposed of 30 days after the test 

report has been issued unless otherwise agreed to in writing. 

•  All solids results are reported on a dry weight basis unless otherwise noted

•  Units: mg/kg = milligrams per kilogram, equivalent to parts per million (ppm)

mg/L = milligrams per litre, equivalent to parts per million (ppm)

ug/L = micrograms per litre, equivalent to parts per billion (ppb)

ug/g = micrograms per gram, equivalent to parts per million (ppm)

ug/m3 = micrograms per cubic meter of air

•  "RDL"  Reported detection limit

•  "<"  Less than reported detection limit

•  "AO" Aesthetic objective

•  "MAC" Maximum acceptable concentration (health-related guideline)

•  "LAB" RMD = Richmond location, KEL = Kelowna location, EDM = Edmonton location, SUB = Subcontracted

Please contact CARO if more information is needed or to provide feedback on our services.

CARO Analytical Services

Final Review Per: Jennifer Shanko, AScT

Administration Coordinator

#120 12791 Clarke Place #102 3677 Highway 97N 17225 109 Avenue

Richmond, BC  V6V 2H9 Kelowna, BC  V1X 5C3 Edmonton, AB  T5S 1H7

Tel: 604-279-1499  Fax: 604-279-1599 Tel: 250-765-9646  Fax: 250-765-3893 Tel: 780-489-9100  Fax: 780-489-9700

www.caro.ca

Locations:

K2D0206

16436

Apr-05-12 08:20 / 5.0 °C
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CLIENT

PROJECT

SNC-Lavalin Environment Inc. (Nelson)

503664

WORK ORDER #

REPORTED

K2D0206

Apr-16-12

SAMPLE DATA

 Analyte Result RDL Units Prepared NotesAnalyzed

General Parameters

MW2011-110-120404   (K2D0206-01)   Matrix: Water   Sampled: Apr-04-12 14:45

Apr-05-12mg/LAlkalinity, Total as CaCO3 143 1.0 Apr-05-12

mg/L1.66Chloride Apr-06-120.10 Apr-05-12

uS/cm381Conductivity (EC) Apr-05-122 Apr-05-12

mg/L0.14Fluoride Apr-06-120.10 Apr-05-12

mg/L193Hardness, Total (Total as CaCO3) N/A5.0 N/A

mg/L177Hardness, Total (Diss. as CaCO3) N/A0.50 N/A

mg/L0.02Nitrogen, Ammonia as N Apr-13-120.01 Apr-05-12

mg/L0.037Nitrogen, Nitrate+Nitrite as N N/A0.010 N/A

mg/L0.037Nitrogen, Nitrate as N Apr-06-120.010 Apr-05-12

mg/L< 0.01Nitrogen, Nitrite as N Apr-06-120.01 Apr-05-12

mg/L0.08Nitrogen, Total Kjeldahl Apr-12-120.05 Apr-05-12

mg/L0.121Nitrogen, Total N/A0.050 N/A

pH Units7.88pH Apr-05-120.01 Apr-05-12

mg/L< 0.01Phosphorus, Total as P Apr-12-120.01 Apr-05-12

mg/L180Solids, Total Dissolved Apr-11-125 Apr-05-12

mg/L53.8Sulfate Apr-06-121.0 Apr-05-12

Dissolved Metals

MW2011-110-120404   (K2D0206-01)   Matrix: Water   Sampled: Apr-04-12 14:45

Apr-10-12mg/LAluminum, dissolved < 0.005 0.005 Apr-10-12

mg/L0.0008Antimony, dissolved Apr-10-120.0001 Apr-10-12

mg/L< 0.0005Arsenic, dissolved Apr-10-120.0005 Apr-10-12

mg/L0.053Barium, dissolved Apr-10-120.005 Apr-10-12

mg/L< 0.0001Beryllium, dissolved Apr-10-120.0001 Apr-10-12

mg/L< 0.0001Bismuth, dissolved Apr-10-120.0001 Apr-10-12

mg/L0.049Boron, dissolved Apr-10-120.004 Apr-10-12

mg/L0.00012Cadmium, dissolved Apr-10-120.00001 Apr-10-12

mg/L50.3Calcium, dissolved Apr-10-120.2 Apr-10-12

mg/L0.0012Chromium, dissolved Apr-10-120.0005 Apr-10-12

mg/L0.00013Cobalt, dissolved Apr-10-120.00005 Apr-10-12

mg/L0.0004Copper, dissolved Apr-10-120.0002 Apr-10-12

mg/L< 0.01Iron, dissolved Apr-10-120.01 Apr-10-12

mg/L0.0004Lead, dissolved Apr-10-120.0001 Apr-10-12

mg/L0.0001Lithium, dissolved Apr-10-120.0001 Apr-10-12

mg/L12.5Magnesium, dissolved Apr-10-120.01 Apr-10-12

mg/L0.0386Manganese, dissolved Apr-10-120.0002 Apr-10-12

mg/L< 0.00002Mercury, dissolved Apr-10-120.00002 Apr-10-12

mg/L0.0019Molybdenum, dissolved Apr-10-120.0001 Apr-10-12

mg/L0.0007Nickel, dissolved Apr-10-120.0002 Apr-10-12

mg/L< 0.02Phosphorus, dissolved Apr-10-120.02 Apr-10-12

mg/L4.44Potassium, dissolved Apr-10-120.02 Apr-10-12

mg/L< 0.0005Selenium, dissolved Apr-10-120.0005 Apr-10-12

mg/L2.4Silicon, dissolved Apr-10-120.5 Apr-10-12

mg/L< 0.00005Silver, dissolved Apr-10-120.00005 Apr-10-12

mg/L4.76Sodium, dissolved Apr-10-120.02 Apr-10-12

mg/L0.343Strontium, dissolved Apr-10-120.001 Apr-10-12

Page 2 of 9CARO Analytical Services



CLIENT

PROJECT

SNC-Lavalin Environment Inc. (Nelson)

503664

WORK ORDER #

REPORTED

K2D0206

Apr-16-12

SAMPLE DATA

 Analyte Result RDL Units Prepared NotesAnalyzed

Dissolved Metals, Continued

MW2011-110-120404   (K2D0206-01)   Matrix: Water   Sampled: Apr-04-12 14:45, Continued

mg/L21Sulfur, dissolved Apr-10-121 Apr-10-12

mg/L< 0.0002Tellurium, dissolved Apr-10-120.0002 Apr-10-12

mg/L0.00004Thallium, dissolved Apr-10-120.00002 Apr-10-12

mg/L< 0.0001Thorium, dissolved Apr-10-120.0001 Apr-10-12

mg/L< 0.0002Tin, dissolved Apr-10-120.0002 Apr-10-12

mg/L< 0.005Titanium, dissolved Apr-10-120.005 Apr-10-12

mg/L0.00040Uranium, dissolved Apr-10-120.00002 Apr-10-12

mg/L< 0.001Vanadium, dissolved Apr-10-120.001 Apr-10-12

mg/L0.011Zinc, dissolved Apr-10-120.004 Apr-10-12

mg/L< 0.0001Zirconium, dissolved Apr-10-120.0001 Apr-10-12

Total Recoverable Metals

MW2011-110-120404   (K2D0206-01)   Matrix: Water   Sampled: Apr-04-12 14:45

Apr-10-12mg/LCalcium, total 55 2 Apr-10-12

mg/L13.3Magnesium, total Apr-10-120.1 Apr-10-12
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CLIENT

PROJECT

SNC-Lavalin Environment Inc. (Nelson)

503664

WORK ORDER #

REPORTED

K2D0206

Apr-16-12

ANALYSIS / REPORT INFORMATION

LABAnalysis Description Method Reference(s) (* = modified from)

Preparation Analysis

APHA 3125 B RMDDissolved Metals APHA 3030B

EPA 351.2 * KELTotal Kjeldahl Nitrogen EPA 351.2 *

Calc KELTotal Nitrogen (TKN + NO3-N+NO2-N) N/A

APHA 4500-P F * KELPhosphorus, Total (colour) EPA 351.2 *

APHA 4500-NH3 G * KELAmmonia-N N/A

APHA 4500-H+ B KELpH N/A

APHA 4110 B KELChloride by IC N/A

APHA 4110 B KELFluoride by IC N/A

APHA 4110 B KELNitrite by IC N/A

APHA 4110 B KELNitrate by IC N/A

APHA 4110 B KELSulfate by IC N/A

APHA 2540 C * KELTotal Dissolved Solids (180C) N/A

APHA 2510 B KELConductivity-Water N/A

APHA 2320 B * KELAlkalinity, total N/A

APHA 3125 B RMDTotal Recoverable Metals APHA 3030E *
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CLIENT

PROJECT

SNC-Lavalin Environment Inc. (Nelson)

503664

WORK ORDER #

REPORTED

K2D0206

Apr-16-12

QUALITY CONTROL DATA

The following section reports quality control (QC) data that is associated with your sample data. Groups of samples are prepared in “batches” and 

analyzed in conjunction with quality control samples that ensure your data is of the highest quality. Common QC types include:

• Method Blank (Blk): Laboratory reagent water is carried through sample preparation and analysis steps. Method Blanks indicate that results are 

free from contamination, i.e. not biased high from sources such as the sample container or the laboratory environment

• Duplicate (Dup): Preparation and analysis of a replicate aliquot of a sample. Duplicates provide a measure of the analytical method’s precision, 

i.e.    how reproducible a result is. Duplicates are only reported if they are associated with your sample data.

• Blank Spike (BS): A known amount of standard is carried through sample preparation and analysis steps. Blank Spikes, also known as laboratory 

control samples (LCS), are prepared from a different source of standard than used for the calibration. They ensure that the calibration is acceptable 

(i.e. not biased high or low) and also provide a measure of the analytical method’s accuracy (i.e. closeness of the result to a target value).

• Standard Reference Material (SRM): A material of similar matrix to the samples, externally certified for the parameter(s) listed. Standard 

Reference Materials ensure that the preparation steps in the method are adequate to achieve acceptable recoveries of the parameter(s) tested for.

Each QC type is analyzed at a 5-10% frequency, i.e. one blank/duplicate/spike for every 10 samples. For all types of QC, the specified recovery (% Rec) 

and relative percent difference (RPD) limits are derived from long-term method performance averages and/or prescribed by the reference method.

 Analyte Result

Reporting

Limit Units

Spike

Level

Source

Result % REC

% REC

Limits % RPD

% RPD

Limit Notes 

Dissolved Metals,  Batch B2D0142

Blank (B2D0142-BLK1)  Prepared: Apr-10-12, Analyzed: Apr-10-12

mg/LAluminum, dissolved < 0.005 0.005

mg/L< 0.0001Antimony, dissolved 0.0001

mg/L< 0.0005Arsenic, dissolved 0.0005

mg/L< 0.005Barium, dissolved 0.005

mg/L< 0.0001Beryllium, dissolved 0.0001

mg/L< 0.0001Bismuth, dissolved 0.0001

mg/L< 0.004Boron, dissolved 0.004

mg/L< 0.00001Cadmium, dissolved 0.00001

mg/L< 0.2Calcium, dissolved 0.2

mg/L< 0.0005Chromium, dissolved 0.0005

mg/L< 0.00005Cobalt, dissolved 0.00005

mg/L< 0.0002Copper, dissolved 0.0002

mg/L< 0.01Iron, dissolved 0.01

mg/L< 0.0001Lead, dissolved 0.0001

mg/L< 0.0001Lithium, dissolved 0.0001

mg/L< 0.01Magnesium, dissolved 0.01

mg/L< 0.0002Manganese, dissolved 0.0002

mg/L< 0.00002Mercury, dissolved 0.00002

mg/L< 0.0001Molybdenum, dissolved 0.0001

mg/L< 0.0002Nickel, dissolved 0.0002

mg/L< 0.02Phosphorus, dissolved 0.02

mg/L< 0.02Potassium, dissolved 0.02

mg/L< 0.0005Selenium, dissolved 0.0005

mg/L< 0.5Silicon, dissolved 0.5

mg/L< 0.00005Silver, dissolved 0.00005

mg/L< 0.02Sodium, dissolved 0.02

mg/L< 0.001Strontium, dissolved 0.001

mg/L< 1Sulfur, dissolved 1

mg/L< 0.0002Tellurium, dissolved 0.0002

mg/L< 0.00002Thallium, dissolved 0.00002

mg/L< 0.0001Thorium, dissolved 0.0001

mg/L< 0.0002Tin, dissolved 0.0002

mg/L< 0.005Titanium, dissolved 0.005

mg/L< 0.00002Uranium, dissolved 0.00002

mg/L< 0.001Vanadium, dissolved 0.001

mg/L< 0.004Zinc, dissolved 0.004

mg/L< 0.0001Zirconium, dissolved 0.0001

Duplicate (B2D0142-DUP1)  Prepared: Apr-10-12, Analyzed: Apr-10-12Source: K2D0206-01

mg/LAluminum, dissolved 0.005< 0.005 150.005

mg/L< 0.0001 0.0008Antimony, dissolved 450.0001

mg/L< 0.0005 < 0.0005Arsenic, dissolved 120.0005

mg/L 10.053 0.053Barium, dissolved 70.005
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CLIENT

PROJECT

SNC-Lavalin Environment Inc. (Nelson)

503664

WORK ORDER #

REPORTED

K2D0206

Apr-16-12

QUALITY CONTROL DATA

 Analyte Result

Reporting

Limit Units

Spike

Level

Source

Result % REC

% REC

Limits % RPD

% RPD

Limit Notes 

Dissolved Metals,  Batch B2D0142, Continued

Duplicate (B2D0142-DUP1), Continued  Prepared: Apr-10-12, Analyzed: Apr-10-12Source: K2D0206-01

mg/L< 0.0001 < 0.0001Beryllium, dissolved 260.0001

mg/L< 0.0001 < 0.0001Bismuth, dissolved 200.0001

mg/L 60.046 0.049Boron, dissolved 140.004

mg/L 60.00011 0.00012Cadmium, dissolved 240.00001

mg/L < 150.1 50.3Calcium, dissolved 90.2

mg/L0.0012 0.0012Chromium, dissolved 260.0005

mg/L0.00014 0.00013Cobalt, dissolved 120.00005

mg/L0.0003 0.0004Copper, dissolved 210.0002

mg/L< 0.01 < 0.01Iron, dissolved 110.01

mg/L0.0004 0.0004Lead, dissolved 210.0001

mg/L0.0001 0.0001Lithium, dissolved 90.0001

mg/L < 112.5 12.5Magnesium, dissolved 80.01

mg/L < 10.0388 0.0386Manganese, dissolved 100.0002

mg/L0.00002 < 0.00002Mercury, dissolved 330.00002

mg/L 50.0018 0.0019Molybdenum, dissolved 150.0001

mg/L0.0007 0.0007Nickel, dissolved 200.0002

mg/L< 0.02 < 0.02Phosphorus, dissolved 230.02

mg/L < 14.43 4.44Potassium, dissolved 130.02

mg/L< 0.0005 < 0.0005Selenium, dissolved 220.0005

mg/L2.4 2.4Silicon, dissolved 100.5

mg/L< 0.00005 < 0.00005Silver, dissolved 210.00005

mg/L < 14.77 4.76Sodium, dissolved 90.02

mg/L 20.336 0.343Strontium, dissolved 80.001

mg/L 819 21Sulfur, dissolved 181

mg/L< 0.0002 < 0.0002Tellurium, dissolved 200.0002

mg/L0.00003 0.00004Thallium, dissolved 90.00002

mg/L< 0.0001 < 0.0001Thorium, dissolved 100.0001

mg/L< 0.0002 < 0.0002Tin, dissolved 100.0002

mg/L< 0.005 < 0.005Titanium, dissolved 100.005

mg/L 10.00039 0.00040Uranium, dissolved 100.00002

mg/L< 0.001 < 0.001Vanadium, dissolved 100.001

mg/L0.012 0.011Zinc, dissolved 150.004

mg/L< 0.0001 < 0.0001Zirconium, dissolved 100.0001

Reference (B2D0142-SRM1)  Prepared: Apr-10-12, Analyzed: Apr-10-12

58-142990.209mg/LAluminum, dissolved 0.206 0.005

mg/L 0.0400 75-1251250.0502Antimony, dissolved 0.0001

mg/L 0.404 81-1191050.423Arsenic, dissolved 0.0005

mg/L 3.12 83-1171023.20Barium, dissolved 0.005

mg/L 0.197 80-1201030.204Beryllium, dissolved 0.0001

mg/L 1.61 74-1171061.71Boron, dissolved 0.004

mg/L 0.200 83-117990.198Cadmium, dissolved 0.00001

mg/L 6.50 76-1241087.0Calcium, dissolved 0.2

mg/L 0.401 81-1191050.419Chromium, dissolved 0.0005

mg/L 0.119 76-1241060.127Cobalt, dissolved 0.00005

mg/L 0.781 84-1161070.835Copper, dissolved 0.0002

mg/L 1.17 74-1261061.24Iron, dissolved 0.01

mg/L 0.102 72-1281020.104Lead, dissolved 0.0001

mg/L 0.0960 60-1401090.105Lithium, dissolved 0.0001

mg/L 6.11 81-1191076.54Magnesium, dissolved 0.01

mg/L 0.318 84-1161030.327Manganese, dissolved 0.0002

mg/L 0.387 83-1171080.417Molybdenum, dissolved 0.0001

mg/L 0.789 74-1261050.830Nickel, dissolved 0.0002

mg/L 0.448 68-132940.42Phosphorus, dissolved 0.02

mg/L 2.84 74-1261063.02Potassium, dissolved 0.02

mg/L 0.0300 70-1301030.0309Selenium, dissolved 0.0005

mg/L 17.4 72-12810418.1Sodium, dissolved 0.02

mg/L 0.979 84-1131020.997Strontium, dissolved 0.001

mg/L 0.0350 57-1431160.0404Thallium, dissolved 0.00002

mg/L 0.192 85-1151010.193Uranium, dissolved 0.00002

mg/L 0.798 87-1131010.802Vanadium, dissolved 0.001

mg/L 0.800 72-1281030.825Zinc, dissolved 0.004

General Parameters,  Batch K201437
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CLIENT

PROJECT

SNC-Lavalin Environment Inc. (Nelson)

503664

WORK ORDER #

REPORTED

K2D0206

Apr-16-12

QUALITY CONTROL DATA

 Analyte Result

Reporting

Limit Units

Spike

Level

Source

Result % REC

% REC

Limits % RPD

% RPD

Limit Notes 

General Parameters,  Batch K201437, Continued

Blank (K201437-BLK1)  Prepared: Apr-05-12, Analyzed: Apr-13-12

mg/LNitrogen, Ammonia as N < 0.01 0.01

Blank (K201437-BLK2)  Prepared: Apr-05-12, Analyzed: Apr-13-12

mg/LNitrogen, Ammonia as N < 0.01 0.01

Blank (K201437-BLK3)  Prepared: Apr-05-12, Analyzed: Apr-13-12

mg/LNitrogen, Ammonia as N < 0.01 0.01

LCS (K201437-BS1)  Prepared: Apr-05-12, Analyzed: Apr-13-12

86-1119810.0mg/LNitrogen, Ammonia as N 9.81 0.10

LCS (K201437-BS2)  Prepared: Apr-05-12, Analyzed: Apr-13-12

86-1119810.0mg/LNitrogen, Ammonia as N 9.80 0.10

LCS (K201437-BS3)  Prepared: Apr-05-12, Analyzed: Apr-13-12

86-1119510.0mg/LNitrogen, Ammonia as N 9.48 0.10

General Parameters,  Batch K201457

Blank (K201457-BLK1)  Prepared: Apr-05-12, Analyzed: Apr-11-12

mg/LSolids, Total Dissolved < 5 5

Reference (K201457-SRM1)  Prepared: Apr-05-12, Analyzed: Apr-11-12

85-115102240mg/LSolids, Total Dissolved 245 5

General Parameters,  Batch K201460

Blank (K201460-BLK1)  Prepared: Apr-05-12, Analyzed: Apr-05-12

mg/LChloride < 0.10 0.10

mg/L< 0.10Fluoride 0.10

mg/L< 0.010Nitrogen, Nitrate as N 0.010

mg/L< 0.01Nitrogen, Nitrite as N 0.01

mg/L< 1.0Sulfate 1.0

Blank (K201460-BLK2)  Prepared: Apr-05-12, Analyzed: Apr-05-12

mg/LChloride < 0.10 0.10

mg/L< 0.10Fluoride 0.10

mg/L< 0.010Nitrogen, Nitrate as N 0.010

mg/L< 0.01Nitrogen, Nitrite as N 0.01

mg/L< 1.0Sulfate 1.0

Blank (K201460-BLK3)  Prepared: Apr-05-12, Analyzed: Apr-06-12

mg/LChloride < 0.10 0.10

mg/L< 0.10Fluoride 0.10

mg/L< 0.010Nitrogen, Nitrate as N 0.010

mg/L< 0.01Nitrogen, Nitrite as N 0.01

mg/L< 1.0Sulfate 1.0

Blank (K201460-BLK4)  Prepared: Apr-05-12, Analyzed: Apr-06-12

mg/LChloride < 0.10 0.10

mg/L< 0.10Fluoride 0.10

mg/L< 0.010Nitrogen, Nitrate as N 0.010

mg/L< 0.01Nitrogen, Nitrite as N 0.01

mg/L< 1.0Sulfate 1.0

Blank (K201460-BLK5)  Prepared: Apr-05-12, Analyzed: Apr-06-12

mg/LChloride < 0.10 0.10

mg/L< 0.10Fluoride 0.10

mg/L< 0.010Nitrogen, Nitrate as N 0.010

mg/L< 0.01Nitrogen, Nitrite as N 0.01

mg/L< 1.0Sulfate 1.0
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CLIENT

PROJECT

SNC-Lavalin Environment Inc. (Nelson)

503664

WORK ORDER #

REPORTED

K2D0206

Apr-16-12

QUALITY CONTROL DATA

 Analyte Result

Reporting

Limit Units

Spike

Level

Source

Result % REC

% REC

Limits % RPD

% RPD

Limit Notes 

General Parameters,  Batch K201460, Continued

LCS (K201460-BS1)  Prepared: Apr-05-12, Analyzed: Apr-05-12

85-115924.00mg/LChloride 3.69 0.10

mg/L 4.00 85-1151034.10Fluoride 0.10

mg/L 4.00 85-1151024.08Nitrogen, Nitrate as N 0.010

mg/L 4.00 85-115993.97Nitrogen, Nitrite as N 0.01

mg/L 4.00 85-115973.9Sulfate 1.0

LCS (K201460-BS2)  Prepared: Apr-05-12, Analyzed: Apr-05-12

85-115934.00mg/LChloride 3.71 0.10

mg/L 4.00 85-1151054.19Fluoride 0.10

mg/L 4.00 85-1151024.08Nitrogen, Nitrate as N 0.010

mg/L 4.00 85-115993.98Nitrogen, Nitrite as N 0.01

mg/L 4.00 85-115973.9Sulfate 1.0

LCS (K201460-BS3)  Prepared: Apr-05-12, Analyzed: Apr-06-12

85-115924.00mg/LChloride 3.68 0.10

mg/L 4.00 85-1151044.15Fluoride 0.10

mg/L 4.00 85-1151024.08Nitrogen, Nitrate as N 0.010

mg/L 4.00 85-115993.94Nitrogen, Nitrite as N 0.01

mg/L 4.00 85-115973.9Sulfate 1.0

LCS (K201460-BS4)  Prepared: Apr-05-12, Analyzed: Apr-06-12

85-115934.00mg/LChloride 3.72 0.10

mg/L 4.00 85-1151054.19Fluoride 0.10

mg/L 4.00 85-1151024.08Nitrogen, Nitrate as N 0.010

mg/L 4.00 85-115983.93Nitrogen, Nitrite as N 0.01

mg/L 4.00 85-115983.9Sulfate 1.0

LCS (K201460-BS5)  Prepared: Apr-05-12, Analyzed: Apr-06-12

85-115934.00mg/LChloride 3.70 0.10

mg/L 4.00 85-1151034.14Fluoride 0.10

mg/L 4.00 85-1151024.09Nitrogen, Nitrate as N 0.010

mg/L 4.00 85-115993.94Nitrogen, Nitrite as N 0.01

mg/L 4.00 85-115973.9Sulfate 1.0

General Parameters,  Batch K201464

Blank (K201464-BLK1)  Prepared: Apr-05-12, Analyzed: Apr-05-12

mg/LAlkalinity, Total as CaCO3 < 1.0 1.0

uS/cm< 2Conductivity (EC) 2

Blank (K201464-BLK2)  Prepared: Apr-05-12, Analyzed: Apr-05-12

mg/LAlkalinity, Total as CaCO3 < 1.0 1.0

uS/cm< 2Conductivity (EC) 2

LCS (K201464-BS1)  Prepared: Apr-05-12, Analyzed: Apr-05-12

96-108103100mg/LAlkalinity, Total as CaCO3 103 1.0

LCS (K201464-BS2)  Prepared: Apr-05-12, Analyzed: Apr-05-12

96-108103100mg/LAlkalinity, Total as CaCO3 103 1.0

LCS (K201464-BS3)  Prepared: Apr-05-12, Analyzed: Apr-05-12

93-1041001410uS/cmConductivity (EC) 1410 2

LCS (K201464-BS4)  Prepared: Apr-05-12, Analyzed: Apr-05-12

93-1041001410uS/cmConductivity (EC) 1410 2

Reference (K201464-SRM1)  Prepared: Apr-05-12, Analyzed: Apr-05-12

98-1021007.00pH UnitspH 6.99 0.01

Reference (K201464-SRM2)  Prepared: Apr-05-12, Analyzed: Apr-05-12

98-1021007.00pH UnitspH 6.99 0.01

Page 8 of 9CARO Analytical Services
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PROJECT

SNC-Lavalin Environment Inc. (Nelson)
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WORK ORDER #

REPORTED
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QUALITY CONTROL DATA

 Analyte Result

Reporting

Limit Units

Spike

Level

Source

Result % REC

% REC

Limits % RPD

% RPD

Limit Notes 

General Parameters,  Batch K201466

Blank (K201466-BLK1)  Prepared: Apr-10-12, Analyzed: Apr-12-12

mg/LNitrogen, Total Kjeldahl < 0.05 0.05

Blank (K201466-BLK2)  Prepared: Apr-10-12, Analyzed: Apr-12-12

mg/LNitrogen, Total Kjeldahl < 0.05 0.05

LCS (K201466-BS1)  Prepared: Apr-10-12, Analyzed: Apr-12-12

89-11611010.0mg/LNitrogen, Total Kjeldahl 11.0 0.50

LCS (K201466-BS2)  Prepared: Apr-10-12, Analyzed: Apr-12-12

89-11610610.0mg/LNitrogen, Total Kjeldahl 10.6 0.50

General Parameters,  Batch K201467

Blank (K201467-BLK1)  Prepared: Apr-10-12, Analyzed: Apr-12-12

mg/LPhosphorus, Total as P < 0.01 0.01

LCS (K201467-BS1)  Prepared: Apr-10-12, Analyzed: Apr-12-12

75-120930.500mg/LPhosphorus, Total as P 0.46 0.02

Duplicate (K201467-DUP1)  Prepared: Apr-10-12, Analyzed: Apr-12-12Source: K2D0206-01

mg/LPhosphorus, Total as P < 0.01< 0.01 190.01

Total Recoverable Metals,  Batch B2D0139

Blank (B2D0139-BLK1)  Prepared: Apr-10-12, Analyzed: Apr-10-12

mg/LCalcium, total < 2 2

mg/L< 0.1Magnesium, total 0.1

Blank (B2D0139-BLK2)  Prepared: Apr-10-12, Analyzed: Apr-10-12

mg/LCalcium, total < 2 2

mg/L< 0.1Magnesium, total 0.1

Reference (B2D0139-SRM1)  Prepared: Apr-10-12, Analyzed: Apr-10-12

86-1219910.2mg/LCalcium, total 10 2

mg/L 3.31 78-1201103.6Magnesium, total 0.1

Reference (B2D0139-SRM2)  Prepared: Apr-10-12, Analyzed: Apr-10-12

86-1219910.2mg/LCalcium, total 10 2

mg/L 3.31 78-1201093.6Magnesium, total 0.1
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0 0.02

TP11-3-2-111208 Soil 0.842 0.50
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Prep Wash
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Weight of Evidence Analysis 



   

 
1 503664 / October 31, 2012 

Printed on Recycled Paper 

 

TABLE A: Weight of Evidence Approach to Define Suspected Source Material 

  
Sample 

Location 

Contact pH Arsenic Cadmium Iron Lead Zinc 
Leachable 
Cadmium 

Leachable 
Lead 

Iron 
Staining 

  < 3.25 
> 1,000 
mg/kg > 50 mg/kg 

> 50,000 
mg/kg 

> 5,000 
mg/kg 

> 2,000 
mg/kg > 5 µg/L > 50 µg/L Present 

Adjacent 
Soils 

TP-RE-03                   

TP-RE-05       Y           

TP-RE-07       Y           

TP11-5                   

TP11-6                   

TP11-7                   

TP11-10                 Y 

TP11-11                 Y 

TP11-14                   

TP11-18               Y   

TP11-19                   

Suspect 
Source 
Material 

BH2011-10               Y Y 

TP-RE-01                 Y 

TP-RE-04       Y         Y 

TP11-1 Y Y   Y         Y 

TP11-2 Y     Y         Y 

TP11-3 Y Y   Y Y Y   Y Y 

TP11-4       Y         Y 

TP11-8 Y     Y         Y 

TP11-12 Y Y   Y Y Y   Y Y 

TP11-13 Y Y Y Y Y Y Y   Y 

TP11-15 Y Y   Y Y Y   Y Y 

TP11-16   Y Y Y Y Y Y Y   

TP11-17 Y     Y Y Y       

TP11-9                 Y 

Grey box denotes sample not analyzed for select parameter. 
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Telephone: (250) 354-1664 
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Member of the SNC  LAVALIN Group 
 

 
 
October 31, 2012 Project 503664 F011 
 
Teck Metals Ltd. 
Trail Metallurgical Operations  
PO Box 1000 
Trail, BC  V1R 4L8 
 
ATTENTION: Ms. Clare North, Superintendent, Environmental Projects 
 
REFERENCE: Preliminary Assessment of Slag Fill Area in Trail BC 
 
 
1. INTRODUCTION 

As requested by Teck Metals Ltd. (Teck) SNC-Lavalin Inc., Environment Division (SLE) has 
completed a preliminary assessment of a “Slag Fill Area”, including potential areas of 
slag-containing fill along the western shoreline of the Columbia River in Trail, BC 
(Drawing 503664F-001). The Site is generally described as the western shoreline of the 
Columbia River between the Victoria Street Bridge and the “old bridge” at Riverside Avenue 
(Drawing 503664F-002). 

This assessment was a component of a larger environmental investigation program in support 
of ongoing environmental management of the Site.  An Inspector’s Direction related to 
investigation and management of discharge groundwater to the Columbia River was issued by 
Environment Canada in 2009 and was amended to include Stoney Creek and other areas, 
including the Slag Fill Area in 2010.  This report focuses on the findings related to Slag Fill Area 
as it is considered a separate issue to the main ammonium sulphate plume.  Concurrent 2011 
investigations to assess areas of concern identified in the Inspector’s Direction included:   

1) 2011 Groundwater Investigation; 

2) Supplemental Environmental Investigation at Stoney Creek; and, 

3) Iron Ore Roaster Residue Release Area Investigation.  

The work was completed according to the terms and conditions of the Engineering/Environmental 
Services Agreement (Agreement No. ESA06-1004, amended August 17, 2011) between SLE and 
Teck.  
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1.1. Background and Understanding 

Documents provided by Teck (Attachment 1) indicate that in the early 1900s, slag material 
originating from the Trail Metallurgical Operations (TMO) was proposed to be used by the City 
of Trail under an agreement with the Consolidated Mining and Smelting Company to fill low lying 
areas and a portion of Trail Creek within city limits (the “Slag Fill Area”). Placement of this fill 
was proposed to cover approximately 3.5 hectares (ha) from Victoria Street to Spokane Street 
(north to south) and from Cedar Street to the Columbia River shoreline (west to east). The total 
thickness of the proposed slag fill is unknown. 

Fill placement may have been coincident with a rerouting of Trail Creek from a historical 
confluence with the Columbia River north of Spokane Street to the current confluence near 
Farwell Street. SLE understands that Trail Creek currently flows through a culvert under the City 
of Trail from Perdue Street in West Trail to the outfall at the Columbia River. 

1.2. Objectives and Scope of Work 

Preliminary site reconnaissance conducted on October 26, 2011 indicated that the surface of the 
Slag Fill Area is covered by commercial and residential development, and that the eastern 
boundary is defined by a concrete retaining wall that extends along the Columbia River shoreline 
from the Victoria Street Bridge to Helena Street (Drawing 503664F-002, Photograph 1).  Based on 
these observations, it appears that the Slag Fill Area (as shown in historical documents) is 
contained and would only be accessible by intrusive investigation. 

Teck requested that SLE conduct a visual reconnaissance of the Columbia River shoreline 
south of Helena Street to assess whether areas of slag fill exist outside the previously defined 
Slag Fill Area. If suspect fill was observed, a preliminary assessment would be carried out to 
assess soil quality and delineate (if possible) its spatial extent along the shoreline. 

For the purpose of this assessment, slag is defined as black, vitreous, sand- to gravel-sized 
particles that are by-products of the smelting process, and “suspect fill” is defined as fill that 
contains slag. 

2. METHODS 

Field activities were undertaken on March 22, 2012. The western shoreline of the Columbia River 
was traversed on foot from Riverside Road in the south to the Victoria Street Bridge in the north. 
The shoreline is defined by mixed deposits of inferred native soil and imported fill. Local zones of 
fill containing construction materials were observed along the shoreline, including asphalt 
pavement, concrete debris and bricks (Drawing 503664F-002). The source of the construction 
materials could not be confirmed; however in some locations it appeared to have been placed as 
armour protection for the shoreline against erosion (Photograph 2). One area of suspect fill was 
observed approximately 20 metres south of Groutage Avenue (Photograph 3). 
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The approximate extent of the visible fill units was assessed and mapped along the shoreline 
using a hand-held GPS with accuracy in the range of +/- 3-20 metres. The approximate location 
of each fill unit is summarized below. 

Table A: Approximate Locations of Imported Fill Materials Observed in Study Area 

Description of Fill 
Material 

Containing 
Slag? 

Hand-held GPS Coordinates 

Start End 

Latitude Longitude Latitude Longitude 

Asphalt Pavement N 49.093325 -117.701455 49.093374 -117.701775 

Concrete Debris N 49.093718 -117.703372 49.094092 -117.703998 

Suspect Fill Y 49.093984 -117.703856 49.094077 -117.703777 

 

Slag was not observed in the asphalt pavement and concrete fill and therefore no additional 
investigation was carried out. However, based on the presence of slag (Photograph 4) soil 
samples were obtained in the area of the suspect fill for preliminary assessment of soil quality 
and potential delineation along the shoreline. 

Surficial samples were collected using a stainless steel shovel from test pits with a total depth 
less than 0.3 metres. The samples were handled using new, disposable nitrile gloves and 
sampling equipment was decontaminated between each location using soap, distilled water and 
a plastic brush. 

3. SOIL QUALITY RESULTS 

3.1. Applicable Soil Quality Standards 

The investigation and remediation of contaminated sites in British Columbia is regulated by the 
BC Ministry of Environment under the BC Environmental Management Act (SBC 2003, Chapter 
53); the BC Contaminated Sites Regulation (CSR), B.C. Reg. 375/96, including amendments up 
to B.C. Reg. 97/2011; and the BC Hazardous Waste Regulation (HWR, BC Reg. 63/88, includes 
amendments up to B.C. Reg. 63/2009). The BC CSR provides generic, matrix, and site-specific 
numerical Standards for concentrations of substances in soil. Separate Standards are provided 
based on land use including Agricultural (AL), Urban Park (PL), Residential (RL), 
Commercial (CL), and Industrial (IL) activities.  

Based on information provided by the City of Trail (Attachment 2) land in the area of the Site is 
zoned P-2 (Parks and Recreation) and R-7 (Medium Density Multiple Family Residential). 
Accordingly, the applicable criteria for assessment of soil quality are the CSR PL and RL 
Standards. 

Applicable PL/RL Standards were obtained from Schedule 4 (Generic Numerical Standards) 
and Schedule 5 (Matrix Numerical Standards) of the CSR. For the purposes of determining the 
applicable Matrix Numerical Standards, the following site-specific factors were considered: 
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Human Health Protection  

• Intake of contaminated soil (mandatory at all sites). 

• Groundwater used for drinking water. 

t all sites). 

ace water used by aquatic life (Freshwater). 

 SAND, some gravel, 
containing cobbles and construction debris (bricks, concrete). Based on visual observations, it is 

esents less than 30% of the total volume of fill. The approximate length 
of the fill is nine metres, measured along the base of the slope above the shoreline (Drawing 

 
and 6, respectively). The soil samples were submitted to CARO Analytical Services (CARO) in 

ndards (µg/g) (µg/g) 

Environmental Protection  

• Toxicity to soil invertebrates and plants (mandatory a

• Major microbial functional impairment. 

• Groundwater flow to surf

3.2. Results 

The suspect fill is generally described as loose, dark brown to black

estimated that slag repr

503664F-002). The horizontal extent inland could not be measured as the top of the slope was 
paved for parking and/or residential road surfaces. An asphalt walking path is located at the 
base of the slope (Photograph 3) but posted signs indicate that the path is closed to the public. 

One sample (TPSFA-02-120322) was obtained from the suspect fill, and additional samples 
were obtained from test pits in inferred native soil and/or “clean” fill located upstream 
(TPSFA-03-120322) and downstream (TPSFA-01-120322) of the suspect fill (Photographs 5

Richmond, BC for analysis of total metals. Laboratory analytical results for each sample are 
summarized in Table 1 (attached) compared to applicable CSR Standards, and the laboratory 
Certificate of Analysis is provided in Attachment 4. Parameters exceeding the applicable 
standards are summarized below. 

Table B:  Summary of Total Metal Exceedences in Soil 

Sample Identifier 
Parameters Exceeding  

CSR RL Sta
Concentration in Sample CSR PL/RL Standard 

TPSFA-01-120322 Zinc 544 450 

TPSFA-02-120322 

Arsenic 70.3 20 

Cobalt 92.9 50 

C  2  opper ,260 150 

Lead 3,670 500 

Mol m ybdenu 32.9 10 

Zinc 14,400 450 

TPSFA-03-120322 
C  admium 4.1 2.5a 

Zinc 640 450 

Notes: a) Standard is pH dependent 
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The surface of the suspect fill red by ve n; however recent rbance 
was observed which has be ted to pedestrian tra (Photograph 3). Because of the 
d  particles wer served on the surface the walking path an ng the 

 

s of laboratory analysis of soil samples, the suspect fill contains 
 molybdenum and zinc above applicable CSR 

nt of the impacted fill is approximately nine metres along the 
shoreline; however the horizontal extent inland could not be measured because the area is 

 the suspect fill (Photograph 7) suggests that recent 

ls impacts identified in the upstream 

oint sampling program conducted by Golder  indicated impacted 
groundwater or pore water (e.g., cadmium, zinc, and other metals above applicable standards 

River to the south of the Bailey 
Street Bridge.  Impacts were observed both adjacent to the Slag Fill Area as well as further 

is generally cove getatio distu
en attribu ffic 

isturbance, slag e ob
Columbia River.

 of d alo
shoreline between the path and the 

4. DISCUSSION 

4.1. Suspect Fill 

Based on the result
concentrations of arsenic, cobalt, copper, lead,
standards. The visible exte

covered by commercial and/or residential development. No additional areas of suspect fill were 
observed along the western Columbia River shoreline between the Victoria Street Bridge and 
the “old bridge” at Riverside Avenue. 

Based on the presence of bricks and concrete, it is inferred that the suspect fill may have been 
deposited as part of a building demolition; potentially indicating that it is a localized deposit 
related to historical construction activities rather than extension of the previously identified Slag 
Fill Area. A cut in pavement above
underground utility work has been conducted in the area. 

The concentration of cadmium and/or zinc in soil samples collected upstream and downstream 
of the fill exceeded the CSR PL/RL Standards. Relatively high concentrations of these metals 
have historically been measured in soil in the City of Trail and the source of these metals was 
inferred to be atmospheric deposition. As such, the meta
and downstream samples were not considered to be related to the suspect fill and no additional 
investigation was carried out. 

4.2. Relation to Historical Drive Point Chemistry 

Historical data from the drive p 1

or guidelines) was present along the shore of the Columbia 

downstream.  This survey did not encounter any slag material that would be considered a 
potential source to groundwater impacts along the shore of the Columbia River and as such the 
source of the drive point chemistry is currently unknown.  It is noted that the suspect fill material 
identified was located at or near the top of the bank and therefore would not be considered a 
significant source to groundwater impacts.   

                                                 
1  Golder Associates Ltd., 2011. 2010 Inve stigations of Groundwater Discharge to the Columbia River near Trail, 

British Columbia. Dated March 31, 2011. 
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5. FINAL REMEDIATION PLAN AND RECOMMENDATIONS 

SLE understands that, as part of the Inspector’s Direction, Environment Canada requires a 
‘Final Remediation Plan’ to address discharge of contaminated groundwater to Columbia River 
surface water at Teck Trail Operations. This Section is intended to satisfy the requirement for 
the Slag Fill Area as it is considered a separate issue to the main ammonium sulphate plume.   

We understand that detailed steps and timelines are required for the Slag Fill Area Final 

5.1. Proposed Assessment Tasks with Associated Rationale and Timelines 

Remediation Plan, which can include additional assessment.  Further to this preliminary 
assessment, additional investigation is proposed to understand the potential source of observed 
drive point impacts by Golder.   

2013: 

The majority of the tasks proposed in 2013 are associated with developing an understanding of 
inland (i.e., assumed up gradient) shallow groundwater and flow regime and quality and near-

sed 
ompleted in 2013:  

• Up Gradient Soil and Groundwater Investigation:  An understanding of up gradient 

le drilling investigation and monitoring well installation in the vicinity 
of the Slag Fill Area, access permitting, to assess soil as well as shallow groundwater 

tals and leachate quality. Monitoring and sampling of the wells would be 
undertaken during high and low flows of the Columbia River.    

ill Area       

shore sediment characterization in the vicinity of the Slag Fill Area.  Following are tasks propo
to be c

groundwater quality and flow regime is required to assess the potential discharge to the 
Columbia River. 

 Conduct a boreho

quality and flow regime. The investigation would comprise drilling of at least three 
boreholes and installation of three monitoring wells. Soil samples would be analyzed 
for total me

• Sediment Investigation in the Columbia River:  A potential source for the impacted drive 
point samples could be the leachability of the adjacent sediments.    

 Conduct a sampling program to assess leachability of the sediments in the vicinity in 
the near shore of the Columbia River in the vicinity of the Slag F

2014 

Results from the proposed 2013 investigations should allow for a more detailed understanding 
on whether the slag fill is a source of groundwater impacts to the Columbia River. If 
groundwater or sediment is identified to be a source of impacts to the Columbia River, a 

ial options analysis will be prepared in 2014, which may include risk assessment.    remed
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6. GENERAL LIMITATIONS AND LIABILITY 

This report has been prepared by SNC-Lavalin Inc., Environment Division (SLE) for the 
exclusive use of Borden Ladner Gervais LLP and Teck Metals Ltd., who have been party to the 
development of the scope of work for this project and understand its limitations.  

This report is intended to provide information to Borden Ladner Gervais LLP to assist it in 

s no liability or 
responsibility in respect of the site described in this report or for any business or legal decisions 

y others. If any of the information is inaccurate, 
modifications to the findings, conclusions and recommendations may be necessary. 

observation 
of the site, subsurface investigation at discrete locations and depths, and specific analysis of 

LE should be requested to re-evaluate the findings, conclusions 
and/or recommendations of this report, and to provide amendments as required. 

LLP, Teck Metals Ltd. and SLE. 

providing advice and to Teck Metals Ltd. to assist it in making business decisions. SLE is not a 
party to the various considerations underlying the decisions, and does not make 
recommendations regarding such decisions. In providing this report, SLE accept

relating to the site, including decisions in respect of the management, closure, modification, 
purchase, sale or investment in the site. 

Any use, reliance on, or decision made by a third party based on this report is the sole 
responsibility of such third party. SLE accepts no liability or responsibility for any damages that 
may be suffered or incurred by any third party as a result of the use of, reliance on, or any 
decision made based on this report. 

The findings, conclusions and recommendations in this report have been developed in a 
manner consistent with the level of skill normally exercised by environmental professionals 
currently practising under similar conditions in the area. The findings contained in this report are 
based, in large part, upon information provided b

The findings, conclusions and recommendations presented by SLE in this report reflect SLE’s 
best judgement based on the site conditions at the time of the site inspection on the date(s) set 
out in this report and on information available at the time of preparation of this report. They have 
been prepared for specific application to this site and are based, in part, upon visual 

specific materials as described in this report during a specific time interval. The findings cannot 
be extended to previous or future site conditions or to portions of the site which were 
unavailable for direct observation, subsurface locations which were not investigated directly, or 
materials or analysis which were not specified. Substances other than those described may 
exist within the site, reported substance parameters may exist in areas of the site not 
investigated, and concentrations of substances greater or less than those reported may exist 
between sample locations. 

The findings and conclusions of this report are valid only as of the date of this report. If site 
conditions change, new information is discovered, or unexpected site conditions are 
encountered in future work, including additional information review and interviews, excavations, 
borings, or other studies, S

Copying of this report is not permitted without the written permission of Borden Ladner Gervais 
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7. CLOSURE 

We trust that the information presented above is suitable for your current requirements. Please 
feel free to contact the undersigned if you have any questions. 

 

 

 D. Walker, P.Eng. 
roject Geoscientist      Senior Project Manager 

NC-LAVALIN INC., ENVIRONMENT DIVISION 
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TABLE 1: Summary of Analytical Results for Metals in Soil

Sample Location TPSFA-01-120322 TPSFA-02-120322 TPSFA-03-120322 BC Standards

Sample ID TPSFA-01-120322 TPSFA-02-120322 TPSFA-03-120322 CSR CSR

Sample Date (yyyy mm dd) 2012 03 22 2012 03 22 2012 03 22 Urban Park Residential

Depth Interval (m) 0.0 - 0.3 0.0 - 0.3 0.0 - 0.3 Land Usea Land Usea

(PL) (RL)

Parameter Units Analytical Results

Physical Parameters

pH pH 7.2 8.5 7.3 n/a n/a

Total Metals

Antimony µg/g 5.7 15.9 4.3 20 20
Arsenic µg/g 6.3 70.3 10.6 20 20

Barium µg/g 78.5 542 65.7 1,000 1,000

Beryllium µg/g 0.2 0.9 0.3 4 4

Boron µg/g < 2.0 22.6 < 2.0 n/a n/a
Cadmium µg/g 1.94 4.10 2.5 (pH 7.0-<7.5) 2.5 (pH 7.0-<7.5)

5.03 35 (pH>7.5)b 35 (pH>7.5)b

Chromium µg/g 15.7 48.4 19.1 60c 60c

Cobalt µg/g 4.5 92.9 5.5 50 50

Copper µg/g 60.1 2,260 45.8 150 150

Lead µg/g 107 3,670 150 500 500

Manganese µg/g 224 1,580 257 1,800 1,800

Mercury µg/g 0.08 0.36 0.08 15 15
Molybdenum µg/g 0.8 32.9 1.0 10 10

Nickel µg/g 9.4 23.1 11.8 100 100

Selenium µg/g 0.5 1.5 0.7 3 3

Silver µg/g 0.4 8.6 0.4 20 20

Thallium µg/g 0.2 0.2 0.2 n/a n/a

Tin µg/g 2.3 32.7 1.6 50 50

Uranium µg/g 0.7 3.0 1.1 16 16

Vanadium µg/g 24.1 123 30.8 200 200
Zinc µg/g 544 14,400 640 450 450

Associated CARO files: CD20233, CD20510.

All terms defined within the body of SLE's report.

<     Denotes concentration less than indicated detection limit or RPD less than indicated value.

-      Denotes analysis not conducted.

n/a  Denotes no applicable standard.

BOLD Concentration greater than CSR Urban Park Land Use (PL) standard.

SHADOW Concentration greater than CSR Residential Land Use (RL) standard.

a  The site-specific factors used for determining the matrix standards for this site include: intake of contaminated soil, toxicity to soil invertebrates and plants,
     and groundwater flow to surface water used by freshwater aquatic life  (whichever is most stringent).
b  If land is used to grow produce for human consumption, the standard is 3 ug/g; if not, the standard is 35 ug/g.
c  Individual standards exist for Cr +3 and Cr +6.  Reported value represents more stringent standard.

SNC-LAVALIN ENVIRONMENT Page 1 of 1
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• 503664F-001 – Location Plan 
• 503664F-002 – Site Plan 
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Teck Historical Information 
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City of Trail Zoning Maps 
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Site Photographs 
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Photograph 1: Western Shoreline of Columbia River near Slag Filled Area. 
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Photograph 2: Concrete rip rap and mixed construction debris along shoreline. 
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    Photograph 3:  Suspect Fill along shoreline.  Note asphalt walking path at toe of slope 
and disturbance of slope surface. 
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Photograph 4: Slag-containing fill.  Black particles are inferred slag (TPSFA-02-120322).  
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Photograph 5:  Inferred native soil and/or “clean” fill upstream of suspect fill 
(TPSFA-03-120322).  
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Photograph 6:  Inferred native soil and/or “clean” fill downstream of suspect fill 
(TPSFA-01-120322). 

  



 

 

 
 

Photograph 7:  Asphalt pavement above suspect fill.  Note manhole cover and 
cut in asphalt under vehicles, potentially indicating recent 
underground utility work. 

 

503664 F011



 

 

ATTACHMENT 4 
 

Laboratory Certificates of Analysis 



CERTIFICATE OF ANALYSIS

CLIENT SNC-Lavalin Environment Inc. (Nelson)

#3-520 Lake Street

Nelson BC

V1L 4C6

TEL

FAX

(250) 354-1664

(250) 354-3896

ATTENTION Stefan Humphries

RECEIVED / TEMP WORK ORDER

REPORTED Apr-20-12 PROJECT 503664-F011

PROJECT INFO 503664-F011

General Comments:

CARO Analytical Services employs methods which are based on those found in “Standard Methods for the Examination of Water 

and Wastewater”, 21st Edition, 2005, published by the American Public Health Association (APHA); US EPA protocols found in “Test 

Methods for Evaluating Solid Waste, Physical/Chemical Methods, SW846”, 3rd Edition; protocols published by the British Columbia 

Ministry of Environment (BCMOE); and/or CCME Canada-wide Standard Reference methods.

Methods not described in these publications are conducted according to procedures accepted by appropriate regulatory agencies, 

and/or are done in accordance with recognized professional standards using accepted testing methodologies and quality control 

efforts except where otherwise agreed to by the client.  

The results in this report apply to the samples analyzed in accordance with the chain of custody document.  This analytical report 

must be reproduced in its entirety.   CARO is not responsible for any loss or damage resulting directly or indirectly from error or 

omission in the conduct of testing.  Liability is limited to the cost of analysis.  Samples will be disposed of 30 days after the test 

report has been issued unless otherwise agreed to in writing. 

•  All solids results are reported on a dry weight basis unless otherwise noted

•  Units: mg/kg = milligrams per kilogram, equivalent to parts per million (ppm)

mg/L = milligrams per litre, equivalent to parts per million (ppm)

ug/L = micrograms per litre, equivalent to parts per billion (ppb)

ug/g = micrograms per gram, equivalent to parts per million (ppm)

ug/m3 = micrograms per cubic meter of air

•  "RDL"  Reported detection limit

•  "<"  Less than reported detection limit

•  "AO" Aesthetic objective

•  "MAC" Maximum acceptable concentration (health-related guideline)

•  "LAB" RMD = Richmond location, KEL = Kelowna location, EDM = Edmonton location, SUB = Subcontracted

Please contact CARO if more information is needed or to provide feedback on our services.

CARO Analytical Services

Final Review Per: Cecil Chiu, B.Sc., PChem For Paul Thandi, B.Sc., PChem

Customer Service Representative, Richmond

#120 12791 Clarke Place #102 3677 Highway 97N 17225 109 Avenue

Richmond, BC  V6V 2H9 Kelowna, BC  V1X 5C3 Edmonton, AB  T5S 1H7

Tel: 604-279-1499  Fax: 604-279-1599 Tel: 250-765-9646  Fax: 250-765-3893 Tel: 780-489-9100  Fax: 780-489-9700

www.caro.ca

Locations:

CD20233Apr-13-12 10:00 / 16.0 °C
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http://www.caro.ca


CLIENT

PROJECT

SNC-Lavalin Environment Inc. (Nelson)

503664-F011

WORK ORDER #

REPORTED

CD20233

Apr-20-12

SAMPLE DATA

 Analyte Result RDL Units Prepared NotesAnalyzed

General Parameters

TPSFA-02-120322   (CD20233-01)   Matrix: Soil   Sampled: Mar-22-12

Apr-18-12pH unitspH 8.5 0.1 Apr-18-12

Strong Acid Leachable Metals

TPSFA-02-120322   (CD20233-01)   Matrix: Soil   Sampled: Mar-22-12

Apr-18-12ug/gAntimony 15.9 0.1 Apr-18-12

ug/g70.3Arsenic Apr-18-120.4 Apr-18-12

ug/g542Barium Apr-18-121.0 Apr-18-12

ug/g0.9Beryllium Apr-18-120.1 Apr-18-12

ug/g22.6Boron Apr-18-122.0 Apr-18-12

ug/g5.03Cadmium Apr-18-120.04 Apr-18-12

ug/g48.4Chromium Apr-18-121.0 Apr-18-12

ug/g92.9Cobalt Apr-18-120.1 Apr-18-12

ug/g2260Copper Apr-18-120.2 Apr-18-12

ug/g3670Lead Apr-18-120.2 Apr-18-12

ug/g1580Manganese Apr-18-120.4 Apr-18-12

ug/g0.36Mercury Apr-18-120.05 Apr-18-12

ug/g32.9Molybdenum Apr-18-120.1 Apr-18-12

ug/g23.1Nickel Apr-18-120.4 Apr-18-12

ug/g1.5Selenium Apr-18-120.5 Apr-18-12

ug/g8.6Silver Apr-18-120.2 Apr-18-12

ug/g0.2Thallium Apr-18-120.1 Apr-18-12

ug/g32.7Tin Apr-18-120.2 Apr-18-12

ug/g3.0Uranium Apr-18-120.1 Apr-18-12

ug/g123Vanadium Apr-18-120.4 Apr-18-12

ug/g14400Zinc Apr-18-122.0 Apr-18-12

Page 2 of 5CARO Analytical Services



CLIENT

PROJECT

SNC-Lavalin Environment Inc. (Nelson)

503664-F011

WORK ORDER #

REPORTED

CD20233

Apr-20-12

ANALYSIS / REPORT INFORMATION

LABAnalysis Description Method Reference(s) (* = modified from)

Preparation Analysis

APHA 4500-H+ RMDpH in Soil (1:2 Soil/Water) N/A

EPA 6020A RMDStrong Acid Leachable Metals SALM V.2 (BCMOE)
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CLIENT

PROJECT

SNC-Lavalin Environment Inc. (Nelson)

503664-F011

WORK ORDER #

REPORTED

CD20233

Apr-20-12

QUALITY CONTROL DATA

The following section reports quality control (QC) data that is associated with your sample data. Groups of samples are prepared in “batches” and 

analyzed in conjunction with quality control samples that ensure your data is of the highest quality. Common QC types include:

• Method Blank (Blk): Laboratory reagent water is carried through sample preparation and analysis steps. Method Blanks indicate that results are 

free from contamination, i.e. not biased high from sources such as the sample container or the laboratory environment

• Duplicate (Dup): Preparation and analysis of a replicate aliquot of a sample. Duplicates provide a measure of the analytical method’s precision, 

i.e.    how reproducible a result is. Duplicates are only reported if they are associated with your sample data.

• Blank Spike (BS): A known amount of standard is carried through sample preparation and analysis steps. Blank Spikes, also known as laboratory 

control samples (LCS), are prepared from a different source of standard than used for the calibration. They ensure that the calibration is acceptable 

(i.e. not biased high or low) and also provide a measure of the analytical method’s accuracy (i.e. closeness of the result to a target value).

• Standard Reference Material (SRM): A material of similar matrix to the samples, externally certified for the parameter(s) listed. Standard 

Reference Materials ensure that the preparation steps in the method are adequate to achieve acceptable recoveries of the parameter(s) tested for.

Each QC type is analyzed at a 5-10% frequency, i.e. one blank/duplicate/spike for every 10 samples. For all types of QC, the specified recovery (% Rec) 

and relative percent difference (RPD) limits are derived from long-term method performance averages and/or prescribed by the reference method.

 Analyte Result

Reporting

Limit Units

Spike

Level

Source

Result % REC

% REC

Limits % RPD

% RPD

Limit Notes 

General Parameters,  Batch B2D0350

Reference (B2D0350-SRM1)  Prepared: Apr-18-12, Analyzed: Apr-18-12

90-1151006.56pH unitspH 6.6 0.1

Strong Acid Leachable Metals,  Batch B2D0343

Blank (B2D0343-BLK1)  Prepared: Apr-18-12, Analyzed: Apr-18-12

ug/gAntimony < 0.1 0.1

ug/g< 0.4Arsenic 0.4

ug/g< 1.0Barium 1.0

ug/g< 0.1Beryllium 0.1

ug/g< 2.0Boron 2.0

ug/g< 0.04Cadmium 0.04

ug/g< 1.0Chromium 1.0

ug/g< 0.1Cobalt 0.1

ug/g< 0.2Copper 0.2

ug/g< 0.2Lead 0.2

ug/g< 0.4Manganese 0.4

ug/g< 0.05Mercury 0.05

ug/g< 0.1Molybdenum 0.1

ug/g< 0.4Nickel 0.4

ug/g< 0.5Selenium 0.5

ug/g< 0.2Silver 0.2

ug/g< 0.1Thallium 0.1

ug/g< 0.2Tin 0.2

ug/g< 0.1Uranium 0.1

ug/g< 0.4Vanadium 0.4

ug/g< 2.0Zinc 2.0

Duplicate (B2D0343-DUP1)  Prepared: Apr-18-12, Analyzed: Apr-18-12Source: CD20233-01

15ug/gAntimony 15.913.7 400.1

ug/g 765.6 70.3Arsenic 300.4

ug/g 11602 542Barium 301.0

ug/g 40.9 0.9Beryllium 400.1

ug/g 624.0 22.6Boron 302.0

ug/g 253.90 5.03Cadmium 300.04

ug/g 551.1 48.4Chromium 301.0

ug/g 786.3 92.9Cobalt 300.1

ug/g 122000 2260Copper 300.2

ug/g 63450 3670Lead 400.2

ug/g 11560 1580Manganese 300.4

ug/g 340.26 0.36Mercury 400.05

ug/g 434.3 32.9Molybdenum 400.1

ug/g 1120.8 23.1Nickel 300.4

ug/g1.4 1.5Selenium 300.5
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CLIENT

PROJECT

SNC-Lavalin Environment Inc. (Nelson)

503664-F011

WORK ORDER #

REPORTED

CD20233

Apr-20-12

QUALITY CONTROL DATA

 Analyte Result

Reporting

Limit Units

Spike

Level

Source

Result % REC

% REC

Limits % RPD

% RPD

Limit Notes 

Strong Acid Leachable Metals,  Batch B2D0343, Continued

Duplicate (B2D0343-DUP1), Continued  Prepared: Apr-18-12, Analyzed: Apr-18-12Source: CD20233-01

ug/g < 18.54 8.56Silver 400.2

ug/g0.2 0.2Thallium 300.1

ug/g 1129.2 32.7Tin 400.2

ug/g 73.2 3.0Uranium 300.1

ug/g 12139 123Vanadium 300.4

ug/g 513700 14400Zinc 302.0

Reference (B2D0343-SRM1)  Prepared: Apr-18-12, Analyzed: Apr-18-12

62-1581327.30ug/gAntimony 9.7 0.1

ug/g 23.2 83-11211125.7Arsenic 0.4

ug/g 294 61-12885250Barium 1.0

ug/g 0.410 57-141870.4Beryllium 0.1

ug/g 38.0 57-13910941.2Boron 2.0

ug/g 1.98 76-1281162.29Cadmium 0.04

ug/g 48.0 88-11810751.2Chromium 1.0

ug/g 8.75 87-1131059.2Cobalt 0.1

ug/g 296 89-115106315Copper 0.2

ug/g 166 85-115103172Lead 0.2

ug/g 253 88-114101257Manganese 0.4

ug/g 2.88 65-1441083.10Mercury 0.05

ug/g 4.57 83-1261125.1Molybdenum 0.1

ug/g 31.6 90-11210432.9Nickel 0.4

ug/g 1.02 64-1571021.0Selenium 0.5

ug/g 1.17 60-111921.08Silver 0.2

ug/g 0.450 79-102920.4Thallium 0.1

ug/g 19.1 74-12310219.5Tin 0.2

ug/g 1.64 75-106901.5Uranium 0.1

ug/g 74.4 83-12410678.7Vanadium 0.4

ug/g 337 86-118110369Zinc 2.0
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CERTIFICATE OF ANALYSIS

CLIENT SNC-Lavalin Environment Inc. (Nelson)

#3-520 Lake Street

Nelson BC

V1L 4C6

TEL

FAX

(250) 354-1664

(250) 354-3896

ATTENTION Stefan Humphries

RECEIVED / TEMP WORK ORDER

REPORTED May-03-12

COC #(s)

PROJECT 503664-F011

PROJECT INFO 503664-F011

General Comments:

CARO Analytical Services employs methods which are based on those found in “Standard Methods for the Examination of Water 

and Wastewater”, 21st Edition, 2005, published by the American Public Health Association (APHA); US EPA protocols found in “Test 

Methods for Evaluating Solid Waste, Physical/Chemical Methods, SW846”, 3rd Edition; protocols published by the British Columbia 

Ministry of Environment (BCMOE); and/or CCME Canada-wide Standard Reference methods.

Methods not described in these publications are conducted according to procedures accepted by appropriate regulatory agencies, 

and/or are done in accordance with recognized professional standards using accepted testing methodologies and quality control 

efforts except where otherwise agreed to by the client.  

The results in this report apply to the samples analyzed in accordance with the chain of custody document.  This analytical report 

must be reproduced in its entirety.   CARO is not responsible for any loss or damage resulting directly or indirectly from error or 

omission in the conduct of testing.  Liability is limited to the cost of analysis.  Samples will be disposed of 30 days after the test 

report has been issued unless otherwise agreed to in writing. 

•  All solids results are reported on a dry weight basis unless otherwise noted

•  Units: mg/kg = milligrams per kilogram, equivalent to parts per million (ppm)

mg/L = milligrams per litre, equivalent to parts per million (ppm)

ug/L = micrograms per litre, equivalent to parts per billion (ppb)

ug/g = micrograms per gram, equivalent to parts per million (ppm)

ug/m3 = micrograms per cubic meter of air

•  "RDL"  Reported detection limit

•  "<"  Less than reported detection limit

•  "AO" Aesthetic objective

•  "MAC" Maximum acceptable concentration (health-related guideline)

•  "LAB" RMD = Richmond location, KEL = Kelowna location, EDM = Edmonton location, SUB = Subcontracted

Please contact CARO if more information is needed or to provide feedback on our services.

CARO Analytical Services

Final Review Per: Paul Thandi, B.Sc., PChem

Customer Service Representative, Richmond

#120 12791 Clarke Place #102 3677 Highway 97N 17225 109 Avenue

Richmond, BC  V6V 2H9 Kelowna, BC  V1X 5C3 Edmonton, AB  T5S 1H7

Tel: 604-279-1499  Fax: 604-279-1599 Tel: 250-765-9646  Fax: 250-765-3893 Tel: 780-489-9100  Fax: 780-489-9700

www.caro.ca

Locations:

CD20510

online
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CLIENT

PROJECT

SNC-Lavalin Environment Inc. (Nelson)

503664-F011

WORK ORDER #

REPORTED

CD20510

May-03-12

SAMPLE DATA

 Analyte Result RDL Units Prepared NotesAnalyzed

General Parameters

TPSFA-01-120322   (CD20510-01)   Matrix: Soil   Sampled: Mar-22-12

Apr-27-12pH unitspH 7.2 0.1 Apr-27-12

TPSFA-03-120322   (CD20510-02)   Matrix: Soil   Sampled: Mar-22-12

Apr-27-12pH unitspH 7.3 0.1 Apr-27-12

Strong Acid Leachable Metals

TPSFA-01-120322   (CD20510-01)   Matrix: Soil   Sampled: Mar-22-12

Apr-30-12ug/gAntimony 5.7 0.1 Apr-27-12

ug/g6.3Arsenic Apr-30-120.4 Apr-27-12

ug/g78.5Barium Apr-30-121.0 Apr-27-12

ug/g0.2Beryllium Apr-30-120.1 Apr-27-12

ug/g< 2.0Boron Apr-30-122.0 Apr-27-12

ug/g1.94Cadmium Apr-30-120.04 Apr-27-12

ug/g15.7Chromium Apr-30-121.0 Apr-27-12

ug/g4.5Cobalt Apr-30-120.1 Apr-27-12

ug/g60.1Copper Apr-30-120.2 Apr-27-12

ug/g107Lead Apr-30-120.2 Apr-27-12

ug/g224Manganese Apr-30-120.4 Apr-27-12

ug/g0.08 HTMercury Apr-30-120.05 Apr-27-12

ug/g0.8Molybdenum Apr-30-120.1 Apr-27-12

ug/g9.4Nickel Apr-30-120.4 Apr-27-12

ug/g0.5Selenium Apr-30-120.5 Apr-27-12

ug/g0.4Silver Apr-30-120.2 Apr-27-12

ug/g0.2Thallium Apr-30-120.1 Apr-27-12

ug/g2.3Tin Apr-30-120.2 Apr-27-12

ug/g0.7Uranium Apr-30-120.1 Apr-27-12

ug/g24.1Vanadium Apr-30-120.4 Apr-27-12

ug/g544Zinc Apr-30-122.0 Apr-27-12

TPSFA-03-120322   (CD20510-02)   Matrix: Soil   Sampled: Mar-22-12

Apr-30-12ug/gAntimony 4.3 0.1 Apr-27-12

ug/g10.6Arsenic Apr-30-120.4 Apr-27-12

ug/g65.7Barium Apr-30-121.0 Apr-27-12

ug/g0.3Beryllium Apr-30-120.1 Apr-27-12

ug/g< 2.0Boron Apr-30-122.0 Apr-27-12

ug/g4.10Cadmium Apr-30-120.04 Apr-27-12

ug/g19.1Chromium Apr-30-121.0 Apr-27-12

ug/g5.5Cobalt Apr-30-120.1 Apr-27-12

ug/g45.8Copper Apr-30-120.2 Apr-27-12

ug/g150Lead Apr-30-120.2 Apr-27-12

ug/g257Manganese Apr-30-120.4 Apr-27-12

ug/g0.08 HTMercury Apr-30-120.05 Apr-27-12

ug/g1.0Molybdenum Apr-30-120.1 Apr-27-12

ug/g11.8Nickel Apr-30-120.4 Apr-27-12

ug/g0.7Selenium Apr-30-120.5 Apr-27-12

ug/g0.4Silver Apr-30-120.2 Apr-27-12
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CLIENT

PROJECT

SNC-Lavalin Environment Inc. (Nelson)

503664-F011

WORK ORDER #

REPORTED

CD20510

May-03-12

SAMPLE DATA

 Analyte Result RDL Units Prepared NotesAnalyzed

Strong Acid Leachable Metals, Continued

TPSFA-03-120322   (CD20510-02)   Matrix: Soil   Sampled: Mar-22-12, Continued

ug/g0.2Thallium Apr-30-120.1 Apr-27-12

ug/g1.6Tin Apr-30-120.2 Apr-27-12

ug/g1.1Uranium Apr-30-120.1 Apr-27-12

ug/g30.8Vanadium Apr-30-120.4 Apr-27-12

ug/g640Zinc Apr-30-122.0 Apr-27-12

Sample Qualifiers:

HT Parameter(s) analyzed outside of the recommended holding time.
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CLIENT

PROJECT

SNC-Lavalin Environment Inc. (Nelson)

503664-F011

WORK ORDER #

REPORTED

CD20510

May-03-12

ANALYSIS / REPORT INFORMATION

LABAnalysis Description Method Reference(s) (* = modified from)

Preparation Analysis

APHA 4500-H+ RMDpH in Soil (1:2 Soil/Water) N/A

EPA 6020A RMDStrong Acid Leachable Metals SALM V.2 (BCMOE)
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CLIENT

PROJECT

SNC-Lavalin Environment Inc. (Nelson)

503664-F011

WORK ORDER #

REPORTED

CD20510

May-03-12

QUALITY CONTROL DATA

The following section reports quality control (QC) data that is associated with your sample data. Groups of samples are prepared in “batches” and 

analyzed in conjunction with quality control samples that ensure your data is of the highest quality. Common QC types include:

• Method Blank (Blk): Laboratory reagent water is carried through sample preparation and analysis steps. Method Blanks indicate that results are 

free from contamination, i.e. not biased high from sources such as the sample container or the laboratory environment

• Duplicate (Dup): Preparation and analysis of a replicate aliquot of a sample. Duplicates provide a measure of the analytical method’s precision, 

i.e.    how reproducible a result is. Duplicates are only reported if they are associated with your sample data.

• Blank Spike (BS): A known amount of standard is carried through sample preparation and analysis steps. Blank Spikes, also known as laboratory 

control samples (LCS), are prepared from a different source of standard than used for the calibration. They ensure that the calibration is acceptable 

(i.e. not biased high or low) and also provide a measure of the analytical method’s accuracy (i.e. closeness of the result to a target value).

• Standard Reference Material (SRM): A material of similar matrix to the samples, externally certified for the parameter(s) listed. Standard 

Reference Materials ensure that the preparation steps in the method are adequate to achieve acceptable recoveries of the parameter(s) tested for.

Each QC type is analyzed at a 5-10% frequency, i.e. one blank/duplicate/spike for every 10 samples. For all types of QC, the specified recovery (% Rec) 

and relative percent difference (RPD) limits are derived from long-term method performance averages and/or prescribed by the reference method.

 Analyte Result

Reporting

Limit Units

Spike

Level

Source

Result % REC

% REC

Limits % RPD

% RPD

Limit Notes 

General Parameters,  Batch B2D0561

Reference (B2D0561-SRM1)  Prepared: Apr-27-12, Analyzed: Apr-27-12

90-115996.56pH unitspH 6.5 0.1

Strong Acid Leachable Metals,  Batch B2D0548

Blank (B2D0548-BLK1)  Prepared: Apr-27-12, Analyzed: Apr-30-12

ug/gAntimony < 0.1 0.1

ug/g< 0.4Arsenic 0.4

ug/g< 1.0Barium 1.0

ug/g< 0.1Beryllium 0.1

ug/g< 2.0Boron 2.0

ug/g< 0.04Cadmium 0.04

ug/g< 1.0Chromium 1.0

ug/g< 0.1Cobalt 0.1

ug/g< 0.2Copper 0.2

ug/g< 0.2Lead 0.2

ug/g< 0.4Manganese 0.4

ug/g< 0.05Mercury 0.05

ug/g< 0.1Molybdenum 0.1

ug/g< 0.4Nickel 0.4

ug/g< 0.5Selenium 0.5

ug/g< 0.2Silver 0.2

ug/g< 0.1Thallium 0.1

ug/g< 0.2Tin 0.2

ug/g< 0.1Uranium 0.1

ug/g< 0.4Vanadium 0.4

ug/g< 2.0Zinc 2.0

Reference (B2D0548-SRM1)  Prepared: Apr-27-12, Analyzed: Apr-30-12

62-1581197.30ug/gAntimony 8.7 0.1

ug/g 23.2 83-11210123.5Arsenic 0.4

ug/g 294 61-12893272Barium 1.0

ug/g 0.410 57-141860.4Beryllium 0.1

ug/g 38.0 57-13910037.9Boron 2.0

ug/g 1.98 76-1281062.11Cadmium 0.04

ug/g 48.0 88-11810148.5Chromium 1.0

ug/g 8.75 87-113998.6Cobalt 0.1

ug/g 296 89-115102302Copper 0.2

ug/g 166 85-115106176Lead 0.2

ug/g 253 88-11496243Manganese 0.4

ug/g 2.88 65-144922.65Mercury 0.05

ug/g 4.57 83-1261044.8Molybdenum 0.1

ug/g 31.6 90-11210533.2Nickel 0.4

ug/g 1.02 64-1571021.0Selenium 0.5
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CLIENT

PROJECT

SNC-Lavalin Environment Inc. (Nelson)

503664-F011

WORK ORDER #

REPORTED

CD20510

May-03-12

QUALITY CONTROL DATA

 Analyte Result

Reporting

Limit Units

Spike

Level

Source

Result % REC

% REC

Limits % RPD

% RPD

Limit Notes 

Strong Acid Leachable Metals,  Batch B2D0548, Continued

Reference (B2D0548-SRM1), Continued  Prepared: Apr-27-12, Analyzed: Apr-30-12

ug/g 1.17 60-111871.01Silver 0.2

ug/g 0.450 79-102820.4Thallium 0.1

ug/g 19.1 74-1239718.6Tin 0.2

ug/g 1.64 75-106881.4Uranium 0.1

ug/g 74.4 83-12410074.3Vanadium 0.4

ug/g 337 86-118104350Zinc 2.0
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