
Assessment of Selenium in Aquatic Ecosystems  
of the Waste Rock Creek Area of Kemess Mine 
2016 Status Report

March 2017

Prepared for:

AuRico Metals Inc.
Kemess Mine
Smithers, British Columbia

#200 - 850 Harbourside Drive, North Vancouver, British Columbia, Canada V7P 0A3 • Tel: 1.604.926.3261 • Fax: 1.604.926.5389 • www.hatfieldgroup.com



 

 
#200 - 850 Harbourside Drive, North Vancouver, BC, Canada V7P 0A3 • Tel: 1.604.926.3261 • Toll Free: 1.866.926.3261 • Fax: 1.604.926.5389 • www.hatfieldgroup.com

ASSESSMENT OF SELENIUM 
IN AQUATIC ECOSYSTEMS OF THE 

WASTE ROCK CREEK AREA 
OF KEMESS MINE 

2016 STATUS REPORT 
 

 

 

 

Prepared for: 

AURICO METALS INC. 

KEMESS MINE 

P.O. BOX 3519 

SMITHERS, BC 

CANADA V0J 2N0 
 
 
 

Prepared by: 

HATFIELD CONSULTANTS 

#200 - 850 HARBOURSIDE DRIVE 

NORTH VANCOUVER, BC 

CANADA V7P 0A3 
 
 
 
 

MARCH 2017 
 
 
 

KEM8133 

VERSION 2 



 

Kemess Selenium Assessment i Hatfield 
2016 Status Report 

TABLE OF CONTENTS 

LIST OF TABLES ..................................................................................................ii 
LIST OF FIGURES .................................................................................................ii 
LIST OF APPENDICES ....................................................................................... iii 
ACKNOWLEDGEMENTS .................................................................................... iv 
EXECUTIVE SUMMARY ........................................................................................v 
DISTRIBUTION LIST ........................................................................................... vi 
AMENDMENT RECORD ..................................................................................... vi 

1.0  BACKGROUND ...........................................................................................1 

2.0  STUDY AREA DESCRIPTION .....................................................................4 
2.1  WASTE ROCK CREEK ........................................................................................ 4 

2.2  SEEPAGE COLLECTION SYSTEMS ................................................................... 5 

2.3  ATTICHIKA CREEK ............................................................................................. 6 

3.0  METHODS ...................................................................................................9 
3.1  HISTORICAL SAMPLING..................................................................................... 9 

3.2  SAMPLING IN 2016 .............................................................................................. 9 

3.2.1  Water .................................................................................................... 10 

3.2.2  Sediment ............................................................................................... 10 

3.2.3  Benthos ................................................................................................. 15 

3.2.4  Periphyton ............................................................................................. 17 

3.2.5  Fish ....................................................................................................... 17 

4.0  RESULTS .................................................................................................. 17 
4.1  WATER ............................................................................................................... 18 

4.2  SEDIMENT .......................................................................................................... 25 

4.3  BENTHOS ........................................................................................................... 27 

4.3.1  Selenium in Benthos Tissue ................................................................. 27 

4.3.2  Benthic Community Metrics .................................................................. 29 

4.3.3  Benthic Community Composition .......................................................... 33 

4.4  PERIPHYTON ..................................................................................................... 38 

5.0  SUMMARY AND RECOMMENDATIONS ................................................. 39 

6.0  REFERENCES .......................................................................................... 40 

 



 

Kemess Selenium Assessment ii Hatfield 
2016 Status Report 

LIST OF TABLES 

Table 1  Summary of environmental sampling conducted to support selenium 
investigations in the Kemess area, 2004 to 2016. ............................................................ 13 

Table 2  Summary of fishing effort for Attichika Wetland sampling during September 2016. ........ 17 

Table 3  Selenium concentration in various environmental media in Waste Rock Creek 
and surrounding areas, 2004 to 2016. .............................................................................. 21 

Table 4  Average densities (organisms/m2) of major invertebrate taxa in Waste Rock 
Creek and Attichika wetlands, September 2016. .............................................................. 34 

Table 5  Relative abundance (%) of major invertebrate taxa in Waste Rock Creek and 
Attichika wetlands, September 2016................................................................................. 36 

Table 6  Percent EPT (Ephemeroptera, Plecoptera, Trichoptera) taxa in Waste Rock 
Creek and Attichika Wetlands, September 2006 and 2012 to 2016. ................................ 37 

 

LIST OF FIGURES 

Figure 1  Sampling locations for selenium assessment, September 2016. ....................................... 7 

Figure 2  Total selenium concentration in upper Waste Rock Creek, at mine water quality 
monitoring location WQ-14F, 1996 to 2016 (data from AuRico Gold Inc.). ...................... 19 

Figure 3  Total selenium concentration in water in Waste Rock Creek and lower wetlands, 
2007 to 2016. .................................................................................................................... 19 

Figure 4  Total selenium concentrations in sediment from Waste Rock Creek and lower 
wetlands, 2007 to 2016. .................................................................................................... 25 

Figure 5  Relationship between total selenium and total organic carbon (TOC) in sediments 
from the Waste Rock Creek area, 2012 to 2016. ............................................................. 26 

Figure 6  Relationship between total selenium and percent fines (% clay + % silt) in 
sediments from the Waste Rock Creek area, 2012 to 2016. ............................................ 26 

Figure 7  Relationship between total organic carbon (TOC) and percent fines (% clay + % 
silt) in sediments from the Waste Rock Creek area, 2012 to 2016. ................................. 27 

Figure 8  Total selenium concentration in benthos in Waste Rock Creek and lower 
wetlands, 2006 to 2016. .................................................................................................... 28 

Figure 9  Total selenium concentration in benthos in Attichika Creek, 2016. .................................. 28 

Figure 10  Average total densities (organisms/m2 ± standard deviation) of benthic 
invertebrate communities sampled in Waste Rock Creek and Attichika wetlands, 
September 2006, and 2012 to 2016. ................................................................................ 30 



 

Kemess Selenium Assessment iii Hatfield 
2016 Status Report 

Figure 11  Average taxa richness (# of families, all replicates combined) of benthic 
invertebrate communities sampled in Waste Rock Creek and Attichika wetlands, 
September 2006, and 2012 to 2016. ................................................................................ 31 

Figure 12  Average Simpson’s diversity of benthic invertebrate communities sampled in 
Waste Rock Creek and Attichika wetlands, September 2006, and 2012 to 2016. ........... 32 

Figure 13  Average evenness of benthic invertebrate communities sampled in Waste Rock 
Creek and Attichika wetlands, September 2006, and 2012 to 2016. ................................ 33 

Figure 14  Total selenium concentration in periphyton in Waste Rock Creek and lower 
wetlands, 2006 to 2016. .................................................................................................... 38 

 

LIST OF APPENDICES 

Appendix A1    Analytical Laboratory Data 

Appendix A2    QA/QC 

 



 

Kemess Selenium Assessment iv Hatfield 
2016 Status Report 

ACKNOWLEDGEMENTS 

The 2016 selenium assessment program was undertaken by Hatfield Consultants (North Vancouver, BC) 

with field and logistical support provided by Kemess mine’s Environment Department staff. The field 

sampling was completed by Ms. Natasha Cowie and Mr. Tim Poulton (Hatfield), with assistance from 

Mrs. Katherine Woods, Ms. Jordan Evans, and Mr. Shawn Tomah of AuRico Metals Inc. 

The design of this program was created by discussions amongst AuRico Metals Inc., Hatfield 

Consultants, D. Bustard and Associates, and Gabriele Matscha of the BC Ministry of Environment. This 

status report was prepared by Hatfield Consultants (Ms. Kristy Wade, Ms. Genevieve Lavoie, and 

Mr. Martin Davies), with input from Mr. Dave Bustard. 



 

Kemess Selenium Assessment v Hatfield 
2016 Status Report 

EXECUTIVE SUMMARY 

In 1998, Kemess Mine began placing non-acid-generating waste rock in permanent storage in the upper 

watershed of Waste Rock Creek. This creek is a 3 km long, second-order stream that flows through a series 

of slow-moving ponds near the base of the waste rock storage area before becoming steeper and more 

confined. It eventually flows into a series of wetlands that connect with lower Attichika Creek approximately 

3 km upstream of its confluence with Thutade Lake. An impassable culvert at the Omineca Resource 

Access (ORA) Road prevents upstream movement of fish past 300 m above the Attichika floodplain.  

Concentrations of dissolved selenium in waters of upper Waste Rock Creek increased from typically 

non-detectable levels (i.e., < 0.5 µg/L) in early 2002 to concentrations approaching 100 µg/L in late 2007. 

Analysis of fish tissue, benthos, depositional sediments, and aquatic vegetation in Waste Rock Creek and 

other locations in the Kemess area in 2004, 2006, and 2007 found selenium concentrations in these 

environmental compartments to be at levels of concern, relative to water quality guidelines for the protection 

of aquatic life. A laboratory-based reproductive study undertaken in 2008 that examined effects of varying 

concentrations of selenium in eggs of Dolly Varden collected from Waste Rock Creek on successful egg 

incubation and larval development recommended a tissue-residue threshold of 54 μg/g selenium (by dry 

weight) in Dolly Varden eggs; this concentration was in the mid-range of concentrations actually measured 

in eggs of Dolly Varden from lower Waste Rock Creek in 2007 and 2008. 

Following implementation of seepage-management actions in 2008 that reduced waterborne selenium and 

total flow in Waste Rock Creek, continued monitoring of selenium concentrations in fish and other 

components of the Waste Rock Creek aquatic environment has been undertaken annually since 2009. 

Since that time, selenium concentrations in water have been variable. However, despite a strong and 

relatively consistent seasonal variability within years, peak concentrations of selenium in Waste Rock Creek 

waters have shown consistent declines from 2011 to 2016, potentially indicating the success of long-term 

mitigative measures put in place by AuRico, such as covering waste rock storage with a leach cap and 

connecting the Western Collection Ditch to the Western Diversion Ditch. During fieldwork in September 

2016, selenium concentrations in Waste Rock Creek were approximately 27 µg/L. 

In September 2016, samples of water, sediment, periphyton, and benthos tissue were collected from 

various locations in the Waste Rock Creek catchment and downstream wetlands and analyzed for selenium 

content. Fish tissue sampling also was attempted in the Attichika wetlands, but no fish were captured 

despite extensive effort. Generally, selenium concentrations in water, sediments, periphyton, and benthos in 

2016 were similar to recent historical values at most locations, except in recently impounded areas 

immediately downstream of Waste Rock Creek, where concentrations increased in all aquatic components 

except water. These increases at this location may relate to its recent shift from lotic to lentic character. 

Benthic invertebrate communities collected from Waste Rock Creek and the Attichika wetlands generally 

exhibited slightly increasing density and slightly decreasing richness and diversity with distance 

downstream. Numbers of taxa and diversity were highest in the lotic (erosional) stations of Waste Rock 

Creek and lowest at the lentic (depositional) sites. Benthic community structure at all stations has remained 

similar since initial sampling in 2006 when selenium concentrations were relatively low, suggesting that 

increased selenium concentrations have not had an adverse effect on benthos or benthic invertebrate 

community structure in Waste Rock Creek. 
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1.0 BACKGROUND 

In 1998, the Kemess Mine began to place waste rock in permanent storage in the upper watershed of 

Waste Rock Creek, a short (<3 km), second-order creek that drains a portion of the mine site immediately 

to the west of the mine pit. Although this waste rock is not acid-generating, seepage from the 

waste-rock-storage area that drains to Waste Rock Creek was found to contain increasing concentrations 

of selenium (identified as originating primarily from leach cap rock). Selenium has been shown in other 

aquatic environments to adversely affect fish reproduction and recruitment. 

Given increasing waterborne concentrations of selenium in Waste Rock Creek, the mine initiated analysis 

of selenium in the tissues of fish collected from Waste Rock Creek and nearby Reference Creek in 

September 2004 during the first cycle of the mine’s federal environmental effects monitoring (EEM) 

program (G3 Consulting Ltd. 2005a,b). Analysis of selenium in benthos also has been undertaken on 

samples collected from other waterbodies for the mine’s provincial EEM program since 2004. 

Results of 2004 studies indicated that selenium concentrations in fish from Waste Rock Creek exceeded 

the relevant BC guideline for the protection of aquatic life. This finding led to an expanded effort in 

September 2006 to assess selenium in water, sediment, periphyton, benthos and fish, using samples 

collected for the mine’s annual provincial EEM program (Hatfield Consultants 2007b) and the second 

cycle of the mine’s federal EEM program (Hatfield 2008a). 

Results of 2006 studies were summarized and discussed in a series of technical memos produced by 

Hatfield Consultants (2007a,c) and Golder Associates (2007a,b,c). These results indicated that selenium 

concentrations in Waste Rock Creek water and biota—particularly fish—continued to increase to levels 

well above proposed provincial guidelines. Additional analysis of fish collected by D. Bustard and 

Associates Ltd. in May 2007 from lower Attichika Creek below the confluence of Waste Rock Creek 

indicated that selenium concentrations in fish from lower Attichika Creek were at or below BC guidelines 

(Hatfield 2007c). 

Results of these studies led the BC Ministry of Environment (BC MOE) to request additional, 

comprehensive sampling of selenium in September 2007, in multiple environmental compartments in 

Waste Rock Creek and several other waterbodies in the Kemess mine area (Carmichael 2007a,b). 

Results of the 2007 study (Hatfield et al. 2008) showed increasing selenium concentrations throughout 

the aquatic environment of Waste Rock Creek. 

Continued sampling in 2008 demonstrated similar concentrations of selenium in Waste Rock Creek and 

its downstream wetlands in all environmental samples from 2006 and 2007. From 2006 to 2008, 

concentrations of selenium in Dolly Varden char tissues were high enough in lower Waste Rock Creek 

that some reproductive impairment might be expected. A toxicological survey of larval development was 

undertaken in the Kemess-area char that determined an EC10 (the concentration causing an effect on 

10% of the population of test organisms) of 54 mg/kg would be appropriate for the local 

Waste Rock Creek Dolly Varden population (Golder Associates Ltd. 2009). Despite the high selenium 

concentrations, the presence of fry and several yearlings in lower Waste Rock Creek in 2008 indicate 

successful reproduction of Dolly Varden occurring in this environment (Hatfield 2009a). Following 

discussions with BC MOE in 2010 regarding formal adoption of this EC10 value as a tissue-residue 

threshold, the Ministry indicated its preference for a non-numerical objective for the creek, namely 
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maintenance of “a self-sufficient population of Dolly Varden char in lower Waste Rock Creek that utilizes 

available habitat” (D. Reinheimer, BC MOE, in litt., August 2010). 

In fall 2008, high-selenium seepage water was routed away from the Southern Collection Ditch (and 

downstream Waste Rock Creek), to the tailings impoundment/open pit. Following this diversion, total flow 

was reduced in Waste Rock Creek and a decline in water column selenium concentrations was observed 

at long-term Waste Rock Creek monitoring station WQ-14F. In addition, a long-term selenium-control 

strategy was implemented in 2010 and 2011 that included the placement of a till-and-overburden cover 

over the leach cap material. The till cover provides a low-permeability layer to minimize the infiltration of 

water and eliminate the mobilization of selenium, while the overburden cover provides a rooting and 

growth medium to support a vegetative cover. 

In 2009, following implementation of the water-intercept-and-diversion selenium management actions, 

selenium concentrations in Waste Rock Creek water declined to approximately one-third to one-half of 

the maximum concentration observed in 2007. Selenium concentrations in Dolly Varden char tissues 

showed a similar trend, with consistent year-on-year decreases from 2007 to 2009. The mean selenium 

concentration in Dolly Varden eggs in 2009 was below the tissue-residue threshold of 54 μg/g, although 

burdens in some individual fish exceeded this threshold. Conversely, selenium concentrations in 

sediments and benthos from depositional areas of Waste Rock Creek (i.e., its upper and lower wetlands) 

were higher in 2009 than in previous years. 

Fish density, condition, and age/size-class structure in Waste Rock Creek in 2009 were generally 

consistent with recent years, although more juveniles and fewer adults were collected than in previous 

years. However, numerous Dolly Varden parr collected in 2009 exhibited soft-tissue thickening in various 

body sections around the spine. Preliminary histological examination of a subset of these abnormal 

specimens indicated that this was related to spinal deformities such as vertebral fusion and gapping, 

which were speculated at the time to be potentially related to effects of high-selenium exposure on larval 

development, pending further assessment of these specimens and others collected in 2010 (see below). 

Results of the 2010 assessment indicated general declines in selenium concentrations in all 

environmental media sampled, indicating that management actions taken in 2008 to reduce waterborne 

selenium in Waste Rock Creek had led to reductions in accumulated selenium in the aquatic ecosystem. 

These declines appeared to be relatively slow, with concentrations in 2010 often similar or higher than 

those observed in 2006, when peak selenium concentrations in the creek had not been reached. 

In response to concerns regarding sampling impacts on the small population of fish in lower Waste Rock 

Creek (< 100 individuals), only the upper half of this reach was sampled for fish in September 2010. 

However, only 15 Dolly Varden char were captured in this sampling campaign and char density in the 

creek was historically low, particularly for adult fish. No fish large enough to safely sample non-

destructively using tissue plugs were captured. Four large juveniles were sacrificed and retained for 

tissue analysis; no adults were sacrificed given the low catch success. Following removal of tissue plugs 

for metals analysis, these fish were provided to the Department of Veterinary Pathology/Canadian 

Cooperative Centre for Wildlife Health at the University of Saskatchewan for histopathological analysis. 

In 2010, a more comprehensive histological investigation was undertaken of the five abnormal fish 

provided in 2009 and six fish provided in 2010: four from Waste Rock Creek (two showing abnormalities, 
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and two “normal” fish); and two from North Kemess Creek (a creek unaffected by mine activities) that 

were captured by D. Bustard and Associates and exhibited similar abnormalities to those in Waste Rock 

Creek (Hatfield 2011a). The pathologist’s conclusion from this more comprehensive histopathological 

examination was that the observed deformities in these fish were not related to developmental effects of 

selenium exposure, and likely were related to physical trauma associated with previous sampling. 

Given the intense sampling pressure on resident fish, fish-tissue sampling was not included in the 2011 

selenium program. Water, sediment, periphyton, and benthos were collected for selenium analysis. 

Selenium concentrations in sediment, periphyton, and benthos in lower Waste Rock Creek and 

downstream wetlands generally showed continuing declines in 2011. However, the selenium 

concentration in water showed an increase relative to 2009 and 2010. 

In 2012, sediment, benthos, water, and fish tissue were collected for selenium analysis. Selenium 

concentrations in sediment and benthos were generally variable over time, while selenium concentrations 

in water in 2012 continued to increase relative to the previous three sampling years and fish tissue was 

higher in 2012 than 2009 and 2010 at lower Waste Rock Creek and the Southern Collection Ditch. 

In 2013 no lethal fish sampling was done in Waste Rock Creek to avoid sampling impacts on the small 

resident fish population. Fish sampling was instead conducted in the Attichika wetlands, where rainbow 

trout and bull trout were captured. Concentrations of selenium in tissues of both bull trout and rainbow 

trout were higher in 2013 than previously measured in 2009. Selenium concentrations in sediment, 

periphyton and benthos in lower Waste Rock Creek and the downstream wetlands showed variable 

results in 2013, but had generally increased since 2011. As part of the field survey in 2013, an 

investigation of how water moves from Waste Rock Creek, through the wetlands, and into Attichika Creek 

was investigated using a rhodamine-dye survey. Concentrations of selenium and nitrate were shown to 

dilute to low levels, relative to what was observed in Waste Rock Creek, by the time Attichika Creek was 

reached. Despite high selenium and nitrate concentrations in Waste Rock Creek and parts of the 

wetlands, benthic invertebrate community composition did not demonstrate negative effects caused by 

water quality. 

In addition to fish population monitoring conducted in Waste Rock Creek in 2014, fish were captured for 

tissue analysis from the Attichika Wetlands and lower Attichika Creek. The average selenium 

concentration in Dolly Varden muscle tissue for the Attichika Wetlands was similar in 2009 and 2014; all 

fish captured had selenium tissue concentrations exceeding the site-specific tissue threshold previously 

proposed for Dolly Varden in the Kemess area. Sampling was also conducted in lower Attichika Creek in 

2014, where one Dolly Varden was captured and had a selenium concentration lower than the BC 

guideline for selenium in fish muscle tissue. Selenium concentrations in sediment, periphyton, and 

benthos in lower Waste Rock Creek and downstream wetlands showed variable results in 2014. 

Selenium concentrations in depositional sediments generally decreased compared to 2013 

concentrations. Selenium concentration in periphyton sampled from lower Waste Rock Creek reached a 

historical maximum concentration in 2014, while selenium concentrations in bulk benthos tissue from 

various locations within the Waste Rock Creek watershed and the Attichika wetlands were generally 

lower than observed previously. 

As part of the 2015 selenium program, fish sampling was again conducted in the Attichika wetlands for 

selenium tissue analysis to avoided lethal sampling from the small population of fish residing in Waste 
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Rock Creek. Average selenium concentrations in muscle tissue of Dolly Varden char collected from the 

wetlands were slightly higher in 2015 than previous years, with egg tissue concentrations exceeding the 

site-specific tissue threshold for Dolly Varden in the Kemess area. Water, periphyton, sediment, and 

benthos tissues were analyzed for selenium concentration in 2015, and were generally consistent with 

historical sampling results. Benthic invertebrate communities showed a slight increase in density with 

distance downstream in the Waste Rock Creek system, with the number of taxa and diversity higher in 

lotic (erosional) stations and lower at lentic (deposition) stations. Benthic communities have been 

consistent between sampling years, indicating stability in the benthic communities found in the Waste 

Rock Creek system. 

The current report presents and interprets data collected during the September 2016 sampling program to 

support the Kemess Selenium Management Plan. As part of the sampling program, water, sediment, 

periphyton, and benthic invertebrates were collected and analyzed for selenium concentration. Benthic 

invertebrate community metrics were also assessed as part of this program to evaluate if communities are 

stable over time. Fish sampling was conducted in the Attichika Wetlands during the 2016 sampling 

program, but no fish were captured. In addition to the ongoing monitoring of Waste Rock Creek and the 

lower Attichika Wetlands, extensive sampling of Attichika Creek occurred in 2016 to support the Kemess 

Underground project. The discharge location for dewatering of the pit was selected to be located in 

Attichika Creek, upstream of the Waste Rock Creek confluence, so monitoring efforts were increased 

within the Attichika watershed, with some results presented within this report for context. 

2.0 STUDY AREA DESCRIPTION 

2.1 WASTE ROCK CREEK 

Waste Rock Creek is a relatively short, second-order creek that drains an area of the Kemess mine site 

that includes the mine’s waste-rock-storage area (Figure 1). 

Before placement of waste rock began in Waste Rock Creek basin in 1998, the mid and upper reaches of 

this creek were comprised of a network of seepage-fed stream channels, providing spawning and rearing 

habitat for Dolly Varden char. Detailed habitat descriptions indicated approximately 3 km of stream habitat 

used by Dolly Varden (< 5,000 m2 of habitat) were impacted (Bustard and Hallam Knight Piésold 1995). 

Nearly all (93%) of the areas identified as suitable Dolly Varden spawning habitat were located within the 

impacted zone of Waste Rock Creek above the beaver ponds1. 

A fish-salvage program conducted in 1996 indicated that approximately 3 km of this habitat was actually 

used by fish; 610 Dolly Varden from Waste Rock Creek were successfully transplanted to Diagonal 

Mountain Creek, a stream barren of fish on the west side of Thutade Lake. The recipient stream was 

5 km long with approximately 16,500 m2 of habitat (Bustard 1997). Surveys conducted in Diagonal 

                                                      
1  In total, just less than 65 m2 of habitat upstream from the ORA Road was identified as potential spawning habitat, with 60 m2 of 

the areas with best potential associated with seepage-fed tributaries now under the waste rock pile. Spawning habitat surveys 
were not conducted downstream of the road as part of the pre-development assessment. 
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Mountain Creek in 2004 found a population exceeding 5,000 Dolly Varden, with all age-classes 

represented (Bustard 2004)2. 

A second salvage conducted in July 2001 transplanted 234 Dolly Varden from the mid-reaches of Waste 

Rock Creek to barren ponds in upper Reference Creek. Subsequent observations indicated that this 

transplant was not successful, probably due to poor overwinter survival in these ponds. 

These natural seepage channels and associated spawning habitats have been largely eliminated through 

waste rock placement. Currently, seepage flows from and around the waste rock pile are collected in a 

series of ditches and ponds that flow either to upper Waste Rock Creek or to Reference Creek 

(see Section 2.2). 

The creek flows under the Omineca Resource Access (ORA) Road approximately 800 m downstream of 

its origin. The culvert at the ORA (Figure 1) has a 1-m drop at its outlet that prevents the upstream 

movement of fish. This culvert separates upper Waste Rock Creek from lower Waste Rock Creek, as they 

are referred to in this report. The lower creek extends for approximately 250 m before flowing into a large 

wetland complex in the Attichika Creek floodplain. The stream is typically confined throughout this length, 

with overhanging cut-banks, cobble/gravel bed materials with some pockets of gravel, abundant woody 

debris and thick canopy closure. 

Following diversion of high-selenium seepage flows from upper Waste Rock Creek on September 26, 

2008, total flow has been reduced in Waste Rock Creek. However, assessments of changes in usable 

fish habitat with reduced flow suggest that flows during critical periods are still adequate to support 

Dolly Varden (Bustard and Associates Ltd. 2009). 

The wetland complex below Waste Rock Creek includes extensive impoundments caused by beaver 

activity, and additional natural seepages not connected to Waste Rock Creek, which make the drainage 

pattern of Waste Rock Creek through this wetland complex difficult to follow. The flow pattern in this 

wetland complex appears to vary seasonally and across years, depending on discharge levels in Attichika 

Creek, and changes to beaver dams over time. 

2.2 SEEPAGE COLLECTION SYSTEMS 

Three seepage/runoff collection systems collect water from in and around the waste-rock-storage area, 

namely: 

 Southern Collection Ditch (SCD): This ditch collects flow from the Pit highwall diversion ditch 

and southeastern portion of the waste-rock pile, and captures seepages from a portion of the 

non-acid-generating (NAG) waste-rock pile. These seepage waters flow through a shallow, 

constructed channel (approximately 2 m channel width) to a settling pond, and from there into the 

beaver pond/wetland complex at the head of Waste Rock Creek; 

                                                      
2  Although all Dolly Varden from Waste Rock Creek were transplanted to Diagonal Mountain Creek, the overall Dolly Varden 

compensation program for Kemess South also included fish from South Kemess Creek. These fish were transplanted to 
Tributary 14, a second barren stream on Thutade Lake. The overall goal of these transplant programs was to establish 
self-sustaining populations of approximately 4,000 Dolly Varden, combined across all potential compensation projects. Fish 
population surveys in these two transplant streams in 2004 (eight years after the transplant) indicated this goal was achieved and 
exceeded by up to ten-fold (Bustard 2004). Total habitat in the two recipient streams was five times greater than the impacted 
stream sections (Kemess 1996). 
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 Western Collection Ditch (WCD): The Western Collection Ditch collects seepage flows from the 

southwestern portion of the waste-rock pile, connecting downstream to a series of small ponds 

which flow intermittently to the upper Waste Rock Creek mainstem near WQ-14F, shortly 

downstream of the upper beaver ponds in WRC. In 2014, an extension of the WCD to connect 

into the Western Diversion Ditch (WDD) via a pipeline was undertaken, which includes pinch 

valves for opportunistic control of flows to the WCD; and 

 Western Diversion Ditch (WDD): The Western Diversion Ditch is a constructed channel that 

routes surface runoff and seepage around the western side of the waste-rock pile into Diversion 

Pond and Reference Creek. Before development of the waste-rock storage area, the area 

drained by this ditch flowed to Waste Rock Creek. 

Assessments of seepage water quality at various locations around the waste-rock storage area have 

indicated that high selenium in Waste Rock Creek originates mainly from seepage WR-S3. The interim 

Kemess Selenium Management Plan, reviewed and accepted by the BC MOE in 2008, included the 

construction of a seepage collection pond at WR-S3 to allow for transfer of these waters to the 

tailings-storage facility, thereby routing high-selenium seepage water away from Waste Rock Creek. On 

September 26, 2008 (following completion of 2008 field studies), the mine began pumping seepage 

waters from seepage WR-S3 to the tailings impoundment; on October 15, 2009, this seepage was 

rerouted to the mine pit. The 2008 Selenium Management Plan was updated in 2009, based on results of 

2008 studies.  

2.3 ATTICHIKA CREEK 

The Attichika Creek watershed encompasses all of the Kemess watershed, as well as extensive areas to 

the southeast of the mine (including the Thorne Lake drainage); together these areas comprise nearly 

one-third of the Thutade Lake watershed. Attichika Creek enters Thutade Lake approximately 3 km 

downstream from the main inflow from Waste Rock Creek. Attichika Creek is characterized by a 

low-gradient (< 0.3%) gravel bed channel through much of its lower 17 km. Slower-flowing sidechannels 

and adjacent floodplain wetlands occur in the lower reach of Attichika Creek. Headwater areas in 

Attichika Creek are steeper and more dynamic, but several lakes, including Thorne and McConnell, have 

a moderate influence on flows. More detailed descriptions of Attichika Creek are presented in baseline 

studies prepared by Hallam Knight Piésold (1994) and Hatfield and Bustard (2015). 

Attichika Creek supports populations of bull trout, Dolly Varden, rainbow trout, mountain whitefish, slimy 

sculpin, and longnose suckers. Although most of these species use the lower Attichika Creek mainstem 

primarily for juvenile rearing, slimy sculpins are quite abundant and spawn in the lower sections of 

Attichika Creek. Bull trout spawning is concentrated in the mid- and upper headwater reaches of Attichika 

Creek, while Dolly Varden spawning is suspected to occur mainly in tributaries, especially in the Thorne 

watershed. 

Water quality (including total and dissolved metals) is routinely sampled in Attichika Creek by mine staff at 

three locations: at the ORA Road bridge crossing upstream of the Kemess Creek confluence (station 

EEM-13), downstream of the Kemess Creek confluence (EEM-17), and downstream of the confluence of 

Waste Rock and Reference creeks (EEM-18). The decision for Attichika Creek to be the discharge 

location for the Kemess Underground Project prompted additional sampling by mine staff weekly between 

September and October of 2016 at the proposed discharge location (ATT-DIS) (Figure 1). 
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Figure 1     Sampling locations for selenium assessment, September 2016.

Data Source:
Pleiades 50 cm multi-spectral image,
August 16, 2014, Hatfield Consultants.
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3.0 METHODS 

3.1 HISTORICAL SAMPLING 

Table 1 summarizes historical sampling associated with the assessment of selenium in Kemess-area 

watersheds, from 2004 to 2016. Results of sampling programs undertaken from fall 2004 to fall 2015 

have been presented previously by G3 (2005b), Hatfield (2007a, 2008a, 2009a, 2010a, 2011a, 2012a, 

2013a, 2014a, 2015a, 2016a), Golder (2007a,c), and Hatfield et al. (2008). Frequently, this sampling was 

conducted opportunistically and/or concurrently with other mine-related monitoring, including federal EEM 

programs (i.e., 2004, 2006, and 2012 assessments in Waste Rock and Reference creeks), provincial 

EEM programs (i.e., Hatfield 2006, 2007b, 2008b, 2009b, 2010b, 2011b, 2012b, 2013b, 2014b, 2015b, 

2016b) and the Kemess Underground Baseline survey (Hatfield and Bustard 2015). 

Although this report presents selected historical data and information from these previous surveys, 

readers are referred to Hatfield et al. (2008) and Hatfield and Bustard (2015) for a more comprehensive 

presentation of all historical results. 

3.2 SAMPLING IN 2016 

Field sampling at Kemess Mine occurred from September 14 to 21, 2016. Sampling for the selenium 

program has been timed to occur during the peak spawning period of Dolly Varden char in the Attichika 

watershed and was harmonized with the annual provincial EEM sampling program and supplementary 

data collection in support of the Kemess Underground Project. 

The objective of this sampling program was to collect a sufficient number of samples to assess trends in 

selenium concentrations in water, sediment, periphyton, fish tissue, and benthic invertebrates in Waste 

Rock Creek and areas downstream.  

Samples targeted for collection in September 2016 included: 

 Collection of benthic invertebrates for assessment of community composition and for selenium 

tissue analysis at various locations in the Waste Rock Creek watershed, including: the upper 

beaver pond at the head of Waste Rock Creek (WRC-BP, depositional); lower Waste Rock Creek 

(WRC-1,-3,-5, erosional); the wetland area immediately downstream of its confluence with Waste 

Rock Creek (WRC-WL1, depositional); the Attichika wetlands approximately 1 km downstream of 

Waste Rock Creek (ATWL-1); and the Attichika wetlands near its confluence with Attichika Creek 

(ATWL-3); 

 Collection of sediment from the same depositional stations as the benthic invertebrate samples, 

for analysis of selenium, other metals, and supporting characteristics (i.e., total organic carbon 

and particle-size distribution); 

 Collection of periphyton for analysis of selenium and other metals in all locations where benthic 

invertebrate communities were assessed; 

 Collection of fish muscle tissue from the Attichika wetlands (ATWL-F, -F2, -F3); and  

 Collection of ambient water (by Hatfield or Kemess Environmental Department staff) from 

Waste Rock Creek (WQ-14F), the upper ponds (WRC-BP), the bottom of Waste Rock Creek 

(WRC-Bottom), Attichika wetlands (ATWL-1, ATWL-3), and lower Attichika Creek (EEM-18). 



 

Kemess Selenium Assessment 10 Hatfield 
2016 Status Report 

3.2.1 Water 

Water samples were collected by Hatfield staff (WRC-BP, WRC-Bottom, ATWL-1, ATWL-3, ATT-DIS, 

EEM-13, and ATT-19) and by Kemess Environmental Department staff (WQ-14F and EEM-18).  

In situ water quality measurements were taken alongside all water and benthic invertebrate samples 

collected by Hatfield staff and include pH, temperature, dissolved oxygen, and conductivity. 

All samples were kept cool following collection and were shipped for analysis within 48 hours to Maxxam 

Analytics, Burnaby, BC. Water from each station was analyzed for pH, hardness, total suspended solids, 

sulphate, and total and dissolved metals. 

3.2.1.1 Quality Assurance/Quality Control 

To assess potential contamination in the field, three QA/QC samples were used: field blanks, trip blanks, 

and field duplicates. Field blanks, comprised of a deionized water sample prepared in the field, were used 

to assess contamination from handling the sample. Trip blanks, comprised of a deionized water sample 

prepared in advance of sampling, were used to evaluate the efficacy of sample preservation and storage 

conditions; trip blanks were requested from the analytical laboratory or prepared prior to shipping sample 

containers. Field duplicates were collected to assess the precision of the field sampling and heterogeneity 

of water collected from the same location and depth. Stations used for collection of QA/QC samples were 

randomly selected. 

To identify potentially contaminated samples, field and trip blanks were compared to analytical detection 

limits. Both field and trip blanks with analyte concentrations below or near the detection limits represent 

samples that were collected and handled properly. Results with contaminant concentrations greater than 

five times the detection limits were identified as potentially contaminated during sample collection, 

shipping, or analysis. Field duplicate samples where compared against one another using relative percent 

difference, where a difference of 20 percent or less was considered acceptable, based on accepted lab 

test variability. 

In 2016, all trip blank results were below analytical detection limits. However, field blank results greatly 

exceeded analytical detection limit for most parameters, with the range of high values suggesting mix-up 

of field blank samples with non-blank samples (unrelated to Kemess) at the laboratory. On follow-up with 

the analytical laboratory, the source of this inaccuracy could not be identified. Full QA/QC results are 

provided in Appendix A2. 

3.2.2 Sediment 

Depositional sediments were collected using an Ekman dredge from Waste Rock Creek watershed at 

WRC-BP, WRC-WL1, ATWL-1, and ATWL-3 and from Attichika Creek at EEM-13, EEM-17, EEM-18, 

ATT-19, and ATT-DIS. Three replicate samples were collected per sampling location. The Ekman and all 

other related sampling equipment (i.e., stainless-steel pan and spoon) were cleaned in advance of 

sampling using ambient water and metals-free soap (Liquinox). Sediments from the estimated upper 2 cm 

of the substrate were collected, thoroughly homogenized, and transferred into certified-clean sampling 

jars. All staff handling samples and equipment wore clean latex gloves. 
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Samples were kept cool following collection and were shipped to Maxxam Analytics in coolers with 

icepacks for analysis. Sediment samples were analyzed for total metals, total organic carbon (TOC), and 

particle size distribution. 

3.2.2.1 Quality Assurance/Quality Control 

To assess potential contamination in the field, two types of sediment QA/QC samples were collected for 

analysis: split (duplicate) samples and rinsate samples. Split samples were additional duplicate samples 

collected by mixing sediment grabs within a pan, homogenizing the sediment, and then collecting it jars to 

be analyzed separately. Split samples provide an indication of heterogeneity (differences of concentration 

of an analyte within a sampling site), as well as measurement precision. Relative percent differences 

(RPDs) are calculated for each analyte, such that an RPD exceeding 20% indicated a possible 

quantification problem. 

	
| 	1 	2|

.		 	1	 	2
	 	100 

Sediment grabs were cleaned with metals-free soap and rinsed three times between each sampling site 

to prevent cross-contamination. For the rinsate QA/QC sample, the sediment grab was cleaned with soap 

and rinsed three times with laboratory water. The final rinse water was collected and analyzed to assess 

the adequacy of cleaning procedures. To identify potentially contaminated samples, rinsate samples were 

compared to analytical detection limits. Equipment rinsate samples should be well below the 

concentrations of quantified samples. If rinsate concentrations are greater than five times the detection, 

samples were identified as potentially contaminated during sample collection, shipping, or analysis.  

Field split samples collected in 2016 were mostly within required RPDs, with only total tin and total 

zirconium exceeding a 20% RPD. Both these metals were, however, below five times the detection limit, 

which influences lab precision, making these results not of concern. The rinsate sample collected did 

however indicate a problem. Similar to the field duplicate (Section 3.2.1.1) results were elevated beyond 

Kemess ambient waters for many parameters, making it more likely samples were mixed up in the lab. 

Full QA/QC results are provided in Appendix A2. 
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Table 1 Summary of environmental sampling conducted to support selenium investigations in the Kemess area, 2004 to 2016. 

Waterbody 
Site  

Character 

Sampling Event1   

September 
2004 

September 
2006 

May  
2007 

September 
2007 

September 
2008 

September 
2009 

September 
2010 

September 
2011 

September 
2012 

September 
2013 

September 
2014 

September 
2015 

September 
2016 

Waste Rock Creek system     

Upper ponds [WRC-BP] Lentic - - - W, S, B, F W, S, B, F W, S, B, F W, S, B W, S, B W, S, B W, S, B W, S, B W, S, B W, S, B 

Upper creek (above ORA Road) Lotic W W* W W, F W W5 W5 W5 W5 W5 W5 W5 W5 

Lower creek (below ORA Road) [WRC-1,3,5] Lotic W, (B), F W, S, P/M, B, F - W, S, P, B, F W, S, B, F S, B, F S, B, F W, B, P W, B, F B, P B, P, F B, P B, P 

Lower wetlands (seepages) [WRC-WL1] Mainly lentic2 - - - W, S, P, (F) W, S, B, F - W, S, P, B W, S, B W, S, B W, S, B W, S, B W, S, B W, S, B 

Lower wetlands [ATWL-1,3] Mainly lentic2 - - - W, S, P, B, F W, S, B, F W, S, B, F* W, S, B W, S, B, P W, S, B W, S, B W, S, B W, S, B W, S, B 

Lower wetlands [ATWL-F, F2, F3] Mainly lentic2 - - - - - - - - - F F F (F) 

Lower wetlands [ATWL-1A, ATWL-1B, 1C, 
1D, 2A, 2B, 2C, 2D] 

Mainly lentic2 - - - - - - - - - W - - - 

Southern Collection Ditch    

Southern Collection Ditch Lotic - - - - F, E4 W5 W5 W5 W5, S, B, F W5 W5 W5 W5 

Reference Creek    

Upper creek (above ORA Road) Lotic W, (B), F* W, S, B, F - - - - - - - - - - - 

Lower creek (below ORA Road) Lotic - W, S, F - W, S, P, F - - - - - - - - - 

Lower wetlands Lentic - - - W, S, P - - - - - - - - - 

Attichika Creek    

Upper creek (above Kemess Ck., EEM-13) Lotic W, (B) W, S, B - W, S, B W - - - - - W5, B6, (P)6, S6 W5, B6, (P)6, S6 W5, B6, (P)6, S6 

Middle creek (below Kemess Ck., EEM-17) Lotic W, (B) W, P, B - W, P, B W - - - - - W5, B6, (P)6, S6 W5, B6, (P)6, S6 W5, B6, (P)6, S6 

Proposed discharge location (ATT-DIS) Lotic - - - - - - - - - - - W5, B6, (P)6, S6 W5, B6, (P)6, S6 

Lower sidechannel (below WRC) Mixed3 - W, S, P, B - W, S, P, B - - - - - - - - - 

Lower creek (below WRC, EEM-18) Lotic W, (B) W, S, P, B, F F W, S, P, B, F W, F W5 W5 W5 W5 W5 W5, B6, (P)6, S6 W5, B6, (P)6, S6 W5, B6, (P)6, S6 

Lower mainstem (ATT-19) Lotic - - - - - - - - - - - W5, B6, (P)6, S6 W5, B6, (P)6, S6 

Kemess Creek    

North Kemess Ck. (headwaters) Lotic - - - W, S, P, F W, F - - - - - - - - 

North Kemess Ck. (lower, EEM-4) Lotic W, (B) W, B - W, P, B W W5 W5 W5 W5 W5 W5, B6, (P)6 W5, B6, (P)6 W5, B6, (P)6 

South Kemess Ck. (lower, EEM-5) Lotic W, (B) W, B - W, P, B W W5 W5 W5 W5 W5 W5, B6, (P)6 W5, B6, (P)6 W5, B6, (P)6 

Middle creek (below Kemess Arch, EEM-3) Lotic W, (B) W, B - W, P, B W W5 W5 W5 W5 W5 W5 W5 W5 

Lower creek (above Attichika Ck., EEM-1) Lotic W, (B) W, B - W, S, P, B W W5 W5 W5 W5 W5 W5, B6, (P)6 W5, B6, (P)6 W5, B6, (P)6 

Airstrip Creek       

Middle creek (below airport road) Lotic - - - W, P, F - - - - F - - - - 

1  Sampling undertaken by G3 Consulting Ltd. (2005b), and Hatfield Consultants and/or D. Bustard (2006 to 2016). 
2  Mainly lentic = Flowing waters, but with low velocity and depositional substrate. 
3  Mixed = This sidechannel likely is lotic/erosional during freshet, but lentic/depositional in other seasons. 
4  In addition to fish collection, Dolly Varden eggs were removed from redds in October 2008. 
5  Routine monthly or quarterly water-quality sampling by Kemess personnel (not selenium program-specific sampling). 
6  Samples were collected in support of the Kemess Underground Project. 

 

W = Water-quality analysis, including total and dissolved metals. 

S = Sediment-quality analysis, including total metals. 

P = Analysis of selenium in periphyton; P/M = analysis of selenium in periphyton and macrophytes; (P) chlorophyll a analysis of periphyton. 

B = Selenium analysis in benthos (in bulk or taxon-specific samples); (B) = taxonomic analysis of benthos, but no tissue chemistry. 

F = Analysis of selenium (total metals) in fish tissues; (F) = fishing undertaken, but no fish were captured. 

E = Analysis of selenium (total metals) in fish eggs dug from redds found in creek (October 2008). 

* Collected in May 2009. 
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3.2.3 Benthos 

In 2016, depositional benthos samples were collected for assessment of community composition and for 

selenium tissue analysis from WRC-BP, WRC-WL1, ATWL-1, and ATWL-3 and from Attichika Creek 

(EEM-13, EEM-17, ATT-DIS, EEM-18, and EEM-19). Three replicate samples were collected per station 

using a six-inch (15-cm) Ekman dredge (sampling area = 0.02 m2). 

The following criteria were satisfied for each replicate grab: 

 The grab did not contain large, foreign objects; 

 An adequate penetration depth was achieved; 

 The Ekman dredge was not overfilled or leaking; and 

 Samples contained as little aquatic vegetation as possible. 

Each grab sample was sieved (202-µm mesh size) within one hour of collection, transferred into a 

pre-labeled sample bottle and preserved with 10% formalin. The purpose of sieving was to remove 

excess silt or clay, making preservation more effective and making it easier for the taxonomist to quantify 

the assemblages in the sample. 

Erosional benthic sampling was conducted along lower Waste Rock creek at stations WRC-1, WRC-3, 

and WRC-5 and Attichika Creek stations using a Hess sampler with a 202-µm screen and a sampling 

area of 0.0908 m2. Three replicate samples were collected per station from areas of similar depth and 

velocity, as follows: 

 The Hess sampler was positioned securely on the stream bottom parallel to the flow (i.e., with the 

cod-end facing downstream); 

 All rocks and large stones within the frame were turned and scrubbed with a plastic brush to 

remove attached biological materials and invertebrates. All stones were examined for attached 

organisms including larval or pupal cases; 

 The remaining gravel was stirred with a 20-cm steel trowel to a depth of 10 cm. The sample was 

agitated for a consistent amount of time (three minutes) using a consistent amount of effort, to 

ensure comparability of samples; and 

 The sample net was rinsed, with all invertebrates washed into the cod-end. Invertebrates were 

transferred to a pre-labeled sample bottle and preserved with 10% formalin. 

All depositional and erosional samples were shipped to Cordillera Consulting (Summerland, BC) 

for sorting. At Cordillera, samples were sorted through a 500-μm screen, with organisms retained by this 

screen kept for analysis. Laboratory analysis of benthos followed federal EEM guidelines for quality 

control and assurance (Environment Canada 2012). Organisms were identified to the lowest practicable 

level by the consulting taxonomist; however, all index calculations were undertaken using Family-level 

taxonomic resolution (or higher), consistent with the Metal Mining EEM Technical Guidance Document 

(Environment Canada 2012). 
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After taxonomic analysis, replicate samples were composited into a single sample for each station. 

Composite samples were shipped to Maxxam Analytics in Vancouver, BC, for analysis of total metals. Total 

metal concentrations determined by Maxxam Analytics were received as both wet weight and dry weight. 

3.2.3.1 Community Metrics 

The following community metrics were calculated using taxonomic data from the 2016 benthic 

invertebrate samples, in accordance with the Metal Mining EEM Technical Guidance Document 

(Environment Canada 2012): 

 Total density: total number of individuals of all taxa collected per station expressed per unit area. 

Raw count data for 2016 were divided by the area of the sampler (i.e., 0.0908 m2 for erosional 

stations and 0.020 m2 for depositional stations); 

 Taxon richness (family): total number of different invertebrate families present at each station; 

 Simpson’s diversity index: Simpson’s diversity index (D) takes into account both the 

abundance pattern and taxonomic richness of the community at each station by determining the 

proportion of individuals of each taxonomic group that contributes to the total. This diversity index 

can range from 0 to 1, with a value of 1 representing the highest diversity. Simpson’s diversity 

index is calculated as: 

 
2

1

p1 



s

i

iD
 

Where: 

 D = Simpson’s index of diversity; 

 S = the total number of taxa (families) at the station; and 

 pi = the proportion of the ith taxon at the station. 

 Evenness (equitability): takes into consideration the abundance of each taxon in proportion to 

total density and the taxonomic richness at the station. Evenness ranges from 0 to 1, with 1 

representing a community where each taxon present is equally abundant and 0 representing 

a community where species differ widely in abundance. Evenness is calculated as: 
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Where: 

 E = Evenness; 

 pi = the proportion of the ith taxon (family) at the station; and 

 S = the total number of taxa at the station. 

3.2.3.2 Quality Assurance/Quality Control 

For QA/QC purposes, previously sorted debris was re-sorted to determine the efficacy of the initial 

sorting. According to the Metal Mining EEM Technical Guidance Document (Environment Canada 2012), 

the average number of individuals in the original sort must account for 90% of the total number of 

individuals enumerated. If the average is less than 90%, re-sorts have to be conducted on all samples. 
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Stations WRC-WL and WRC-1 were selected for re-sorts, and had a sorting efficiency of 98% and 99%, 

respectively; results are presented in Appendix A2. 

3.2.4 Periphyton 

Bulk periphyton samples were collected from rocks located at the Waste Rock Creek upper ponds (WRC-

BP), lower Waste Rock Creek sampling stations (WRC-1, WRC-3, and WRC-5), the lower wetlands 

(WRC-WL1, ATWL-1, and ATWL-3), and Attichika Creek (EEM-13, EEM-17, ATT-DIS, EEM-18, and 

EEM-19). Rocks were selected based on presence of periphyton (non-random sampling). Periphyton was 

scraped from each rock using a scalpel and composited into a glass jar until a sufficient sample was 

collected for selenium analysis. Samples were frozen as soon as possible and shipped to Maxxam 

Analytics in Burnaby, B.C. for analysis. 

3.2.5 Fish 

In previous years, fish have been sacrificed from Waste Rock Creek (WRC) for selenium tissue analysis; 

however, given the small population of adult fish present in lower WRC, in 2016 a lethal fish survey was 

conducted in the Attichika wetlands instead. Despite no fishing in WRC, a visual survey of lower WRC 

indicates some spawning fish were present within the creek.  

Fishing in the Attichika wetlands was conducted using a single panel floating gill net (1.5” mesh, 4’ deep 

by 30’ long). The gill net was set over a total of approximately 51 hours, but no fish were captured 

throughout these sets (Table 2) preventing analysis of fish tissue in 2016. Previously, fish have mostly 

been captured at the lower wetland fishing location (ATWL-F), but in 2016 connections between the 

Attichika Creek mainstem and Attichika wetlands were blocked due to extensive beaver dams. The 

blockages likely lead to low recruitment and immigration from Attichika Creek into the wetland, resulting in 

poor catch success for the 2016 sampling program (Bustard 2017). 

Table 2 Summary of fishing effort for Attichika Wetland sampling during September 
2016. 

Location GPS Coordinates Date and time of Sampled Sampling effort 

ATWL-F 9V 633373 6317567 Sept. 11, 14:00 to Sept 12 08:00 (Overnight set) 18 hours 

ATWL-F2 9V 633121 6317769 Sept. 12, 08:30 to Sept 13 08:00 (Overnight set) 24 hours 

ATWL-F3 9V 633778 6317515 Sept. 13, 09:00 to 18:00 9 hours 

4.0 RESULTS 

A compilation of selenium concentrations in various sampling media at different sampling locations in the 

Waste Rock Creek watershed and vicinity is presented in Table 3. Despite no fish being captured during 

the 2016 sampling program, Table 3 includes historical fish sampling results for fish tissue analysis. 

In April 2014, the British Columbia Ministry of Environment (BC MOE) published selenium guidelines for 

the protection of aquatic life (BC MOE 2014), updating the previous selenium guidelines published in 

2001 (Nagpal and Howell 2001). The updated selenium guidelines included additional guidelines for 

sediment (2 µg/g dw), fish egg/ovary (11 µg/g dw) and muscle/muscle plug (4 µg/g dw), and for alert 
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concentrations in water (1 µg/L) and also included updates to the interim guideline for invertebrate tissue 

(4 µg/g dw). Detailed results presented below are compared against these updated BC selenium 

guidelines for the protection of aquatic life. 

4.1 WATER 

Waterborne concentrations of selenium in upper Waste Rock Creek, which are measured at the mine 

monitoring station WQ-14F, increased from 2002 to 2008, but showed a decline following routing of 

high-selenium NAG seepage flows (WR-S3) away from Waste Rock Creek to the tailings management 

facility on September 26, 2008 (Figure 2). Following the re-routing of WR-S3, total selenium in Waste 

Rock Creek has become highly variable, including more pronounced changes seasonally within the 

creek. Declines in waterborne selenium concentration occurred between 2007 to late 2009 but did not 

last, as selenium concentrations began to shown an increasing trend again from 2009 to 2013. Since 

2013, generally a reduction in selenium concentration has occurred. During the September 2016 field 

program, the concentration of selenium (approximately 27 µg/L) was the lowest measured during a field 

program (September) since 2004. Concentrations of total selenium in water at WQ-14F have exceeded 

the BC water quality guideline for the protection of freshwater aquatic life (2 µg/L) in almost all samples 

since 2004 (Figure 2). 

Throughout the historical dataset, dissolved selenium concentrations at WQ-14F have closely 

corresponded with total Se concentrations, indicating that most waterborne selenium in Waste Rock 

Creek is present in dissolved form. Speciation studies undertaken previously by the mine on samples 

collected in September 2006 indicated that nearly all selenium in Waste Rock Creek water was present 

as selenate (Se6+), with very little selenite (Se4+) or organic selenium present. Additional speciation 

samples collected by mine staff in 2010 also indicated the dominance of selenate relative to all other 

species. 

Total selenium concentrations measured in water during the September 2016 field program in Waste 

Rock Creek and the lower Attichika wetlands are presented in Figure 3. In 2016, the total selenium 

concentration in the Waste Rock Creek upper ponds and the bottom of Waste Rock Creek had the lowest 

concentrations of selenium recorded at these locations since 2007. Despite a strong and relatively 

consistent seasonal variability within years, peak concentrations of selenium at WQ-14F have shown 

consistent declines from 2011 to 2016. 

Total selenium concentration in water at the Attichika wetlands station ATWL-1 was lower than 

concentrations observed over the past five years. Total selenium concentration in water exceeded the BC 

water quality guideline for the protection of freshwater aquatic life (2 µg/L) at all stations for all years 

measured, with the exception of lower Attichika Creek (EEM-18). Concentrations of selenium in lower 

Attichika Creek have remained low and relatively consistent over time and were similar to concentrations 

measured in lower Attichika Creek upstream of the Thutade Lake confluence (ATT-19) in 2016 

(0.20 µg/L) (Figure 3, Appendix A1). 
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Figure 2 Total selenium concentration in upper Waste Rock Creek, at mine water quality 
monitoring location WQ-14F, 1996 to 2016 (data from AuRico Gold Inc.). 

 

Figure 3 Total selenium concentration in water in Waste Rock Creek and lower 
wetlands, 2007 to 2016. 

 

NS = not sampled. 
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Table 3 Selenium concentration in various environmental media in Waste Rock Creek and surrounding areas, 2004 to 2016. 

Environmental 
Medium  

Southern Collection  
Ditch 

Waste Rock Creek 
Attichika Wetlands 

[ATWL-1] 
Attichika Wetlands  

[ATWL-3] Upper Ponds  
[WRC-BP] 

Upper Creek  
(Lotic) 

Lower Creek (Lotic)  
[WRC-1,-3,-5] 

Creek Outlet (Lentic) 
[WRC-WL1] 

n Mean Min Max n Mean Min Max n Mean Min Max n Mean Min Max n Mean Min Max n Mean Min Max n Mean Min Max 

Sediment quality (µg/g dry weight)                                                   

September 2006 - - - - - - - - - - - - - - - - 1 18.4 - - 1 12.1 - - - - - - 

September 2007 1 - - - - 1 36.7 - - 1 23.8 - - - - - - 1 22.6 - - 1 14.9 - - 1 <2.0 - - 

September 2008 1 - - - - 1 41.1 - - 1 48.2 - - - - - - 1 7.42 - - 1 19.3 - - 1 <2.0 - - 

September 2009 - - - - 1 60.6 - - - - - - - - - - 1 5.9 - - 1 22.1 - - - - - - 

September 2010 - - - - 4 34.9 24.5 47.0 - - - - - - - - 4 3.1 1.8 5.0 4 17.6 6.8 32.0 3 2.1 0.6 4.8 

September 2011 - - - - 3 47.9 36.7 58.9 - - - - - - - - 3 2.2 0.9 3.6 3 13.8 8.8 22.7 3 0.7 0.6 0.9 

September 2012 3 6.2 1.4 8.8 3 34.4 22.3 53.5 - - - - - - - - 3 3.5 3.3 3.7 3 17.4 16.3 18.3 3 <0.5 <0.5 <0.5 

September 2013 - - - - 3 39.1 30.6 48.7 - - - - - - - - 3 6.8 3.0 9.2 3 25.9 22.5 31.4 3 3.1 2.1 5.6 

September 2014 - - - - 1 24.2 - - - - - - - - - - 1 12.1 - - 1 25.7 - - 1 <0.5 - - 

September 2015 - - - - 3 48.4 32.0 67.6 - - - - - - - - 3 11.97 10 15.5 3 19.17 12.4 27.3 3 1.68 1.22 1.61 

September 2016 - - - - 9 48.4 36.6 55.2 - - - - - - - - 9 36.5 21.8 48.3 9 29.3 23.8 35.2 9 1.99 1.35 2.53 

Periphyton (µg/g dry weight) 

September 2006 - - - - - - - - - - - - 1 3.5 - - - - - - 1 6.7 - - - - - - 

September 2007 - - - - - - - - - - - - 2 17.7 10.2 25.2 - - - - - - - - 1 <5.0 - - 

September 2008 - - - - - - - - 1 14.5 - - - - - - - - - - 1 30.6 - - 1 14.0 - - 

September 2009 - - - - - - - - - - - - - - - - - - - - - - - - - - - - 

September 20103 - - - - 1 7.31 - - - - - - 3 22.3 13.6 27.2 1 3.6 - - 1 4.7 - - 1 7.2 - - 

September 2011 - - - - - - - - - - - - 3 2.0 1.0 3.2 1 0.3 [bottom WRC] 1 1.7 - - 1 0.1 - - 

September 2012 - - - - - - - - - - - - - - - - - - - - - - - - - - - - 

September 2013 - - - - - - - - - - - - 1 16.1 - - - - - - - - - - - - - - 

September 2014 - - - - - - - - - - - - 3 37.9 20.4 63.8 - - - - - - - - - - - - 

September 2015 - - - - 1 8.40 - - - - - - 3 17.7 14.5 21.7 - 22.8 - - 1 5.55 - - 1 5.01 - - 

September 2016 - - - - 1 47.1 - - - - - - 3 23.3 10.9 35.2 - - - - 1 12.9 - - 1 14.5 - - 

Benthos (µg/g dry weight) 

September 2006 - - - - - - - - - - - - 5 24.4 19.6 29.4 - - - - - - - - - - - - 

September 2007 - - - - 1 33.4 - - - - - - 2 58.6 57.7 59.4 - - - - - - - - - - - - 

September 2008 - - - - 1 87.1 - - - - - - - - - - - - - - 1 33.1 - - 1 82.5 - - 

September 2009 - - - - 1 164 - - - - - - - - - - 1 47.4 - - 1 53.3 - - - - - - 

September 2010 - - - - 1 125 - - - - - - 3 36.4 22.6 55.7 1 23.7 - - 1 112 - - 1 36.2 - - 

September 2011 - - - - 1 128 - - - - - - 3 70.2 35.5 114 1 26.2 - - 1 76.5 - - 2 17.3 - - 

September 2012 1 46.0 - - 1 113 - - - - - - 5 58.1 54.3 60.9 1 44.8 - - 1 119 - - 1 14.2 - - 

September 2013 - - - - 1 113 - - - - - - 3 39.1 33.2 43.5 1 14.5 - - 1 93 - - 1 12.9 - - 

September 2014 - - - - 1 105 - - - - - - 3 46.7 37.3 61.5 1 19 - - 1 99.3 - - 1 19.7 - - 

September 2015 - - - - 1 104 - - - - - - 3 38.9 29.5 44.9 1 25.4 - - 1 94.8 - - 1 23.3 - - 

September 2016 - - - - 1 104 - - - - - - 3 37.3 33.1 43.8 1 145 - - 1 139 - - 1 20.7 - - 

 
## Concentration exceeds recommended BC guideline of 4.0 µg/g (dry weight adjusted) in whole-fish tissue.  1 For upper Waste Rock Creek mainstem, sediments collected from depositional area of primarily lotic creek. 

## Concentration exceeds USEPA (2004) whole-fish tissue criterion of 7.91 µg/g dry weight. 2 Fish tissue results for the Attichika wetlands were from a May 2009 survey. 

## Concentration in eggs exceeds recommended tissue-residue guideline for Waste Rock Creek char of 54 µg/g dry weight. 3 Concentration reported as wet weight, no moisture content measured. 
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Table 3 (Cont’d.) 

Environmental 
Medium 

Southern Collection  
Ditch 

Waste Rock Creek 
Attichika Wetlands 

[ATWL-1] 
Attichika Wetlands  

[ATWL-3] Upper Ponds  
[WRC-BP] 

Upper Creek  
(Lotic) 

Lower Creek (Lotic)  
[WRC-1,-3,-5] 

Creek Outlet (Lentic) 
[WRC-WL1] 

n Mean Min Max n Mean Min Max n Mean Min Max n Mean Min Max n Mean Min Max n Mean Min Max n Mean Min Max 

Fish - Dolly Varden (µg/g dry weight) 
September 2004 - - - - - - - - - - - - 6 10.5 8.0 12.5 - - - - - - - - - - - - 
September 2006 

(i) Whole body - - - - - - - - - - - - 9 43.9 22.9 67.2 - - - - - - - - - - - - 
(ii) Eggs - - - - - - - - - - - - 1 68.8 - - - - - - - - - - - - - - 

September 2007 
(i) Whole body - - - - 8 89.7 66.7 109.0 2 71.5 53.1 90.0 10 43.6 19.6 69.6 - - - - - - - - - - - - 
(ii) Muscle - - - - 7 118.4 76.3 229.0 2 78.5 62.1 94.9 10 48.8 19.6 77.4 - - - - - - - - - - - - 
(iii) Eggs - - - - 5 126.0 102.0 185.0 - - - - 2 66.5 40.7 92.3 - - - - - - - - - - - - 

September 2008 
(i) Whole body 1 36.0 - - - - - - - - - - 1 37.2 - - - - - - - - - - - - - - 
(ii) Muscle 4 30.8 18.8 44.6 1 71.4 - - - - - - 9 53.8 39.2 88.8 - - - - - - - - - - - - 
(iii) Eggs1 3 18.9 10.3 24.7 1 96.4 - - - - - - 9 52.7 22.8 65.8 - - - - - - - - - - - - 

September 20092 
(i) Muscle - - - - - - - - - - - - 8 41.9 20.4 62.5 - - - - 3 56.2 27.6 85.2 - - - - 
(ii) Eggs - - - - - - - - - - - - 7 47.5 25.1 70.5 - - - - - - - - - - - - 

September 2010 
(i) Muscle - - - - - - - - - - - - 4 38.4 30.7 50.9 - - - - - - - - - - - - 
(ii) Eggs - - - - - - - - - - - - - - - - - - - - - - - - - - - - 

September 2011 - - - - - - - - - - - - - - - - - - - - - - - - - - - - 
September 2012 

(i) Muscle 3 47.2 35.5 66.0 - - - - - - - - 4 57.5 41.6 72.7 - - - - - - - - - - - - 
(ii) Eggs 2 51.9 44.9 59.0 - - - - - - - - 2 53.4 43.4 63.3 - - - - - - - - - - - - 

September 2014                              
(i) Muscle  - - - - - - - - - - - - - - - - - - - - 7 57.4 49.8 67.2 - - - - 
(ii) Eggs  - - - - - - - - - - - - - - - - - - - - 2 76.2 62.0 90.4 - - - - 

September 2015                              
(i) Muscle  - - - - - - - - - - - - - - - - - - - - 3 65.1 47.0 76.8 - - - - 
(ii) Eggs  - - - - - - - - - - - - - - - - - - - - 1 87.4 - - - - - - 

September 2016  - - - - - - - - - - - - - - - - - - - - No Fish Captured - - - - 

Fish - Rainbow Trout (µg/g dry weight)  
May 2009 

(i) Muscle - - - - - - - - - - - - - - - - - - - - 2 37.8 28.6 47.1 - - - - 
September 2013 

(i) Muscle - - - - - - - - - - - - - - - - - - - - 10 53.6 40.7 67.9 - - - - 
September 2015                              

(i) Muscle  - - - - - - - - - - - - - - - - - - - - 3 67.2 62.9 71.7 - - - - 
(ii) Eggs  - - - - - - - - - - - - - - - - - - - - 1 101.5   - - - - 

Fish - Bull Trout (µg/g dry weight) 
May 2009 

(i) Muscle - - - - - - - - - - - - - - - - - - - - 1 27.1 - - - - - - 
September 2013 

(i) Muscle   - - - - - - - - - - - - - - - - - - - - 3 42.8 33.1 52.0 - - - - 
September 2015                              

(i) Muscle  - - - - - - - - - - - - - - - - - - - - 5 43.4 32.9 51.1 - - - - 
 

## Concentration exceeds recommended BC guideline of 4.0 µg/g (dry weight adjusted) in whole-fish tissue. 1 For upper Waste Rock Creek mainstem, sediments collected from depositional area of primarily lotic creek. 

## Concentration exceeds USEPA (2004) whole-fish tissue criterion of 7.91 µg/g dry weight. 2 Fish tissue results for the Attichika wetlands were from a May 2009 survey. 

## Concentration in eggs exceeds recommended tissue-residue guideline for Waste Rock Creek char of 54 µg/g dry weight. 3 Concentration reported as wet weight, no moisture content measured. 
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4.2 SEDIMENT 

In 2016, the selenium concentration in depositional sediments was generally higher than historical results. 

The concentration in the Waste Rock Creek upper ponds was identical in 2015 and 2016 samples, with 

both concentrations representing the highest values in previous sampling years, with the exception of 

2009. Selenium concentration in sediments at the base of Waste Rock Creek have increased since 2011, 

with the concentration in 2016 reaching the highest measured in the past 10 years. Total selenium 

concentration at the Attichika Wetlands (ATWL-1) has been variable over time, but was also higher in 

2016 than previously measured (Figure 4). Total selenium concentration in sediment exceeded the BC 

alert concentration threshold for the protection of freshwater aquatic life (2 µg/g dw) at all stations over 

each sampling year except at lower wetland site ATWL-3, which only showed exceedances in 2010 and 

2013 and has consistently had a low concentration of selenium in sediment (Figure 4). 

In 2016 additional sediment quality sampling was conducted on Attichika Creek (EEM-13, EEM-17, 

ATT-DIS, EEM-18, and ATT-19) in support of the Kemess Underground Project. All results for selenium 

concentration were below detection limit (<0.5 µg/g dw). 

A moderate relationship between total selenium in sediment and total organic carbon (TOC) was 

observed among stations (Figure 5). This relationship is consistent with the understood mechanisms for 

selenium accumulation in lentic environments, through cycling of organic matter (e.g., see Stewart et al. 

2010). In 2016, there was also a positive relationship between total selenium and percent fines in 

sediment (Figure 6), and between TOC and percent fines in sediment (Figure 7), indicating that total 

selenium concentration and TOC in sediment increase with the increasing percentage of silt and clay in 

the sediment. 

Figure 4 Total selenium concentrations in sediment from Waste Rock Creek and 
lower wetlands, 2007 to 2016. 

 

NS = not sampled, Data from 2010 to 2015 based on 3 replicate samples, 2016 includes 9 replicates per site. 
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Figure 5 Relationship between total selenium and total organic carbon (TOC) in 
sediments from the Waste Rock Creek area, 2012 to 2016. 

 

2016 sample were analyzed independently instead of a composite of three jars, therefore 2016 includes nine samples per site 
instead of three. 

Figure 6 Relationship between total selenium and percent fines (% clay + % silt) in 
sediments from the Waste Rock Creek area, 2012 to 2016. 

 

2013 particle size analysis is a composite of subsample 1 and 3 for each station. Total selenium is shown as the average of the 
three subsamples. 

The average of the three samples assessed for metal concentration at each site was used to represent total selenium in the 2016 
sample.  
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Figure 7 Relationship between total organic carbon (TOC) and percent fines (% clay 
+ % silt) in sediments from the Waste Rock Creek area, 2012 to 2016. 

 

2013 particle size analysis is a composite of subsample 1 and 3 for each station. Total selenium is shown as the average of the 
three subsamples. 

The average of the three samples assessed for metal concentration at each site was used to represent total selenium in the 2016 
sample.  

4.3 BENTHOS 

A summary of the key findings from the benthic invertebrate tissue analysis and community survey is 

presented below. Raw data used for benthic metrics for each replicate station are presented in 

Appendix 1. 

4.3.1 Selenium in Benthos Tissue 

In 2016, selenium concentrations in bulk benthos tissue were lower than 2015 concentrations at Lower 

Waste Rock Creek, and the Lower Wetlands at Attichika Creek (ATWL-3) and the same concentration in 

the Waste Rock Creek upper ponds. Concentrations have generally been declining at Waste Rock Creek 

upper ponds and lower Waste Rock Creek since 2009 and 2011 respectively (Figure 8). The selenium 

concentration at the bottom of Waste Rock Creek and in the lower Attichika wetlands (ATWL-1) showed 

an increase in 2016 relative previous years, reaching maximum values at both sites in 2016. Selenium 

Concentrations have generally been increasing since 2013 at bottom of Waste Rock and in the Attichika 

Wetlands (ATWL-1 and ATWL-3). Total selenium concentration in benthic invertebrate tissue greatly 

exceeded the BC guideline for the protection of freshwater aquatic life (4 mg/kg dw) at all stations each 

sampling year (Figure 8). 
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Figure 8 Total selenium concentration in benthos in Waste Rock Creek and lower 
wetlands, 2006 to 2016. 

 

Error bars on Lower WRC (2006 and 2012 (n=5), 2007 (n=2), 2010, 2011, 2013, 2014, 2015, and 2016 (n=3)) indicate min/max. 

2012 results were converted to dry weight using the 2011 average % moisture (87.3%). 

 

Selenium concentrations were low in Attichika Creek, relative to Waste Rock Creek, and did not 

demonstrate an increasing concentration following the confluence with Waste Rock Creek (i.e., at stations 

EEM-18 or ATT-19) (Figure 9). Concentrations were overall relatively similar amongst all sites in Attichika 

Creek. Total selenium in bulk benthos tissue collected from stations on Attichika Creek in 2016 were all 

below the BC guideline for the protection of freshwater aquatic life (4 mg/kg dw) (Figure 9).  

Figure 9 Total selenium concentration in benthos in Attichika Creek, 2016. 
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4.3.2 Benthic Community Metrics 

In 2016, prior to bulk benthic tissue analysis, organisms in each replicate (three per station) were 

identified to the lowest practicable taxonomic level, allowing for calculation of benthic community metrics 

(i.e., total density, total taxonomic richness, Simpson’s diversity, and evenness) and comparison of these 

metrics between stations. Benthic community metrics for communities sampled in September 2016 from 

Waste Rock Creek upper ponds, lower Waste Rock Creek, and the Attichika wetlands are presented in 

Figure 10 to Figure 13. Data are presented as mean values ± standard deviation (or, for richness, total 

taxa among all replicates), as well as by individual replicate. Historical data from lower Waste Rock Creek 

(WRC-1, WRC-3, and WRC-5) collected during the 2006 and 2012 federal EEM sampling programs have 

also been included for comparison, along with data from 2013 to 2015 at all sampling locations. 

Invertebrate communities generally exhibited slightly increasing density with distance downstream in the 

Waste Rock Creek system, with highest density in 2016 observed at Attichika wetland station ATWL-1. 

The Attichika wetland station at the Attichika Creek confluence (ATWL-3), had a lower density than 

ATWL-1, but was higher than previously measured in 2016. WRC-BP and WRC-WL1 were within the 

range of previously observed densities at their respective sites. In 2016, total benthic invertebrate 

densities at stations WRC-3 and WRC-5 were similar to previous years, while total density at WRC-1 was 

lower in 2016 than previously measured (Figure 10). Lower density at erosional (lotic) station WRC-1 is 

likely attributed to changes in the density of true flies (Diptera), where densities decreased approximately 

eight fold at WRC-1 between 2015 and 2016. Reductions in in average density at ATWL-1 may be 

attributed to changes in the density of chironomid midges, where densities were 10 times lower in 2016 

compared to 2015. 
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Figure 10 Average total densities (organisms/m2 ± standard deviation) of benthic 
invertebrate communities sampled in Waste Rock Creek and Attichika 
wetlands, September 2006, and 2012 to 2016. 

 

In 2016, the average number of individual taxa at each station ranged from 13 to 26 taxa (Figure 11). 

Numbers of taxa were highest in the lotic (erosional) stations of Waste Rock Creek and lowest at the 

lentic (depositional) stations. When considering only lentic (depositional) stations (WRC-BP, WRC-WL1, 

ATWL-1 and ATWL-3), numbers of taxa increased with distance downstream in the Waste Rock Creek 

system. In 2016, taxa richness was at a historical high in all lentic stations, with the exception of ATWL-1. 

Numbers of taxa present in lotic areas of Waste Rock Creek were variable over time and comparable to 

historical results from 2006, and 2012 to 2015.  
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Figure 11 Average taxa richness (# of families, all replicates combined) of benthic 
invertebrate communities sampled in Waste Rock Creek and Attichika 
wetlands, September 2006, and 2012 to 2016. 

 

In 2016, average Simpson’s Diversity ranged from 0.21 (WRC-WL1) to 0.86 (WRC-3), with diversity being 

the highest at the lotic (erosional) stations along Waste Rock Creek. In the lentic (depositional sites), 

diversity was highest in Attichika Wetlands (ATWL-1) in 2016. Diversity at the erosional stations WRC-1, 

WRC-3, and WRC-5 showed some variability among sampling years, but were generally similar in 2016. 

Diversity in 2016 was within the range of previous results at all sites, with the exception of ATWL-1 which 

was higher in 2016 than historically measured, and WRC-WL1, which was lower than historically 

measured (Figure 12). 
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Figure 12 Average Simpson’s diversity of benthic invertebrate communities sampled 
in Waste Rock Creek and Attichika wetlands, September 2006, and 2012 to 
2016. 

 

Evenness of benthic invertebrate communities was variable across all stations in 2016, ranging from 0.16 

at WRC-WL1 to 0.48 at ATWL-1 (Figure 13). When considering only depositional (lentic) stations 

WRC-BP, WRC-WL1, ATWL-1 and ATWL-3, evenness generally shows increasing patterns with distance 

downstream in the Waste Rock Creek system. This was not the case in 2016, when the yearly low 

occurred at WRC-WL1 and the yearly (and historical) high occurred at ATWL-1. In 2016, evenness at the 

erosional (lotic) stations was generally similar among sites, but higher than all historical sampling with the 

exception of 2006 values (Figure 13). Although evenness was generally higher at all stations in 2016 

compared to 2015, results were within the range of previous observations at all locations except ATWL-1. 
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Figure 13 Average evenness of benthic invertebrate communities sampled in Waste 
Rock Creek and Attichika wetlands, September 2006, and 2012 to 2016. 

 

4.3.3 Benthic Community Composition 

The mean density and relative abundance of each taxon (aggregated to family level) is presented in 

Table 4 and Table 5. Benthic communities from three depositional stations (WRC-BP, WRC-WL1, 

ATWL-3) consisted primarily (>60%) of chironomids (midges) in 2016, while ATWL-1 consisted mostly of 

oligochaete (segmented worms) (63.2%) and bivalves (27.8%) (Table 4, Table 5). The erosional stations 

(WRC-1, WRC-3, WRC-5) consisted of chironomids (midges), mayflies (particularly high proportions of 

Baetidae, Ephemerellidae, and Heptageniidae), and stoneflies (Nemouridae). 

EPT taxa (i.e., mayflies, stoneflies, and caddisflies), a group that is sensitive to pollutants and favours well-

oxygenated, lotic habitats, made up more than half of the benthos present at stations WRC-1, WRC-3, and 

WRC-5, comprising of between 64% and 78% of the benthos present at each of the three stations 

(Table 6). The relative abundance of EPT taxa at station WRC-1, was slightly higher than the relative 

abundance of EPT taxa from 2006 (Hatfield 2008a), and 2012 to 2015 (Hatfield 2014c, Hatfield 2014a, 

Hatfield 2015a, Hatfield 2016a). EPT taxa at WRC-3 were in higher proportions in 2016 (78.05%) than all 

previous sampling years, with the exception of 2014 (79.86%). At WRC-5, the 2016 relative abundance of 

EPT taxa was higher than 2012 and 2013 results, but lower than 2006, 2014, and 2015 results. Given 

that EPT taxa favour lotic habitats, very few EPT taxa were present in the lentic habitats of WRC-BP, 

WRC-WL1, ATWL-1, and ATWL-3, ranging from 0.15 to 3.03% EPT taxa. Chironomids (midges) were 

present at all stations and present in highest abundance at WRC-BP, WRC-WL1, and ATWL-3 (Table 6). 
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Table 4 Average densities (organisms/m2) of major invertebrate taxa in Waste Rock Creek 
and Attichika wetlands, September 2016. 

Creek and Waste Rock Creek Attichika Wetlands 

station Upstream   Downstream 

WRC-BP WRC-1 WRC-3 WRC-5 WRC-WL ATWL-1 ATWL-3 

Taxon (Lentic) (Lotic) (Lotic) (Lotic) (Lentic) (Lentic) (Lentic) 

Ephemeroptera (Mayflies)               

Ameletidae 0 11 15 26 0 0 0 

Baetidae 17 349 1,024 830 67 33 33 

Ephemerellidae 17 66 569 169 0 0 17 

Heptageniidae 17 132 367 389 0 0 0 

Plecoptera (Stoneflies) 0 0 0 0 0 0 0 

Capniidae 0 4 4 7 0 0 0 

Chloroperlidae 17 88 272 250 0 0 0 

Leuctridae 0 11 40 26 0 17 17 

Nemouridae 0 151 492 400 0 33 0 

Perlodidae 33 0 4 4 0 0 0 

Taeniopterygidae 0 40 323 95 17 0 0 

Trichoptera (Caddisflies) 0 0 0 0 0 0 0 

Brachycentridae 0 0 0 4 0 0 0 

Glossosomatidae 17 18 59 37 0 0 0 

Hydropsychidae 0 7 37 15 0 0 0 

Hydroptilidae 0 0 0 0 0 0 67 

Lepidostomatidae 0 18 15 51 0 0 0 

Limnephilidae 0 0 0 0 0 0 17 

Philopotamidae 0 0 0 0 0 33 0 

Rhyacophilidae 0 44 125 70 0 0 17 

Unidentified 0 11 11 4 0 0 0 

Diptera (True flies) 0 0 0 0 0 0 0 

Ceratopogonidae 0 0 7 0 0 650 100 

Chironomidae 2,417 264 690 1,134 14,317 1,083 9,550 

Empididae 0 7 132 117 0 17 0 

Simuliidae 0 15 15 0 0 0 0 

Tipulidae 0 0 22 22 17 17 250 

Coleoptera (Beetle) 0 0 0 0 0 0 0 

Elmidae 0 0 0 0 0 0 17 

Scirtidae 0 0 0 0 17 0 0 

Crustacea 0 0 0 0 0 0 0 

Amphipoda 0 0 0 0 0 33 0 

Gammaridae 483 0 0 0 300 133 33 
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Table 4 (Cont’d.) 

Creek and Waste Rock Creek Attichika Wetlands 

station Upstream   Downstream 

WRC-BP WRC-1 WRC-3 WRC-5 WRC-WL ATWL-1 ATWL-3 

Taxon (Lentic) (Lotic) (Lotic) (Lotic) (Lentic) (Lentic) (Lentic) 

Trombidiformes (Mites) 0 0 0 0 0 0 0 

Hygrobatidae 0 0 0 0 17 0 0 

Lebertiidae 0 0 7 0 17 0 33 

Limnesiidae 0 0 0 0 17 0 0 

Mideopsidae 0 0 4 0 0 0 0 

Oxidae 0 0 0 0 17 0 0 

Sperchontidae 0 15 26 15 0 0 0 

Torrenticolidae 0 0 15 0 0 0 17 

Unidentified 0 0 11 0 17 0 0 

Gastropoda 0 0 0 0 0 0 0 

Unidentified 0 0 0 4 0 0 0 

Bivalvia 17 4 15 0 667 6,300 2,333 

Oligochaeta (Segmented worms) 817 4 0 11 617 14,350 1,967 

Total density 3,850 1,259 4,299 3,678 16,100 22,700 14,467 

Warmer colours indicate higher values. 
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Table 5 Relative abundance (%) of major invertebrate taxa in Waste Rock Creek and 
Attichika wetlands, September 2016. 

Creek and Waste Rock Creek Attichika Wetlands 

station Upstream   Downstream 

WRC-BP WRC-1 WRC-3 WRC-5 WRC-WL ATWL-1 ATWL-3 

Taxon (Lentic) (Lotic) (Lotic) (Lotic) (Lentic) (Lentic) (Lentic) 

Ephemeroptera (Mayflies) 

Ameletidae 0.0% 0.9% 0.3% 0.7% 0.0% 0.0% 0.0% 

Baetidae 0.4% 27.7% 23.8% 22.6% 0.4% 0.1% 0.2% 

Ephemerellidae 0.4% 5.2% 13.2% 4.6% 0.0% 0.0% 0.1% 

Heptageniidae 0.4% 10.5% 8.5% 10.6% 0.0% 0.0% 0.0% 

Plecoptera (Stoneflies) 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 

Capniidae 0.0% 0.3% 0.1% 0.2% 0.0% 0.0% 0.0% 

Chloroperlidae 0.4% 7.0% 6.3% 6.8% 0.0% 0.0% 0.0% 

Leuctridae 0.0% 0.9% 0.9% 0.7% 0.0% 0.1% 0.1% 

Nemouridae 0.0% 12.0% 11.4% 10.9% 0.0% 0.1% 0.0% 

Perlodidae 0.9% 0.0% 0.1% 0.1% 0.0% 0.0% 0.0% 

Taeniopterygidae 0.0% 3.2% 7.5% 2.6% 0.1% 0.0% 0.0% 

Trichoptera (Caddisflies) 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 

Brachycentridae 0.0% 0.0% 0.0% 0.1% 0.0% 0.0% 0.0% 

Glossosomatidae 0.4% 1.5% 1.4% 1.0% 0.0% 0.0% 0.0% 

Hydropsychidae 0.0% 0.6% 0.9% 0.4% 0.0% 0.0% 0.0% 

Hydroptilidae 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.5% 

Lepidostomatidae 0.0% 1.5% 0.3% 1.4% 0.0% 0.0% 0.0% 

Limnephilidae 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.1% 

Philopotamidae 0.0% 0.0% 0.0% 0.0% 0.0% 0.1% 0.0% 

Rhyacophilidae 0.0% 3.5% 2.9% 1.9% 0.0% 0.0% 0.1% 

Unidentified 0.0% 0.9% 0.3% 0.1% 0.0% 0.0% 0.0% 

Diptera (True flies) 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 

Ceratopogonidae 0.0% 0.0% 0.2% 0.0% 0.0% 2.9% 0.7% 

Chironomidae 62.8% 21.0% 16.1% 30.8% 88.9% 4.8% 66.0% 

Empididae 0.0% 0.6% 3.1% 3.2% 0.0% 0.1% 0.0% 

Simuliidae 0.0% 1.2% 0.3% 0.0% 0.0% 0.0% 0.0% 

Tipulidae 0.0% 0.0% 0.5% 0.6% 0.1% 0.1% 1.7% 

Coleoptera (Beetle) 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 

Elmidae 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.1% 

Scirtidae 0.0% 0.0% 0.0% 0.0% 0.1% 0.0% 0.0% 

Crustacea 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 

Amphipoda 0.0% 0.0% 0.0% 0.0% 0.0% 0.1% 0.0% 

Gammaridae 12.6% 0.0% 0.0% 0.0% 1.9% 0.6% 0.2% 
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Table 5 (Cont’d.) 

Creek and Waste Rock Creek Attichika Wetlands 

station Upstream   Downstream 

WRC-BP WRC-1 WRC-3 WRC-5 WRC-WL ATWL-1 ATWL-3 

Taxon (Lentic) (Lotic) (Lotic) (Lotic) (Lentic) (Lentic) (Lentic) 

Trombidiformes (Mites) 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 

Hygrobatidae 0.0% 0.0% 0.0% 0.0% 0.1% 0.0% 0.0% 

Lebertiidae 0.0% 0.0% 0.2% 0.0% 0.1% 0.0% 0.2% 

Limnesiidae 0.0% 0.0% 0.0% 0.0% 0.1% 0.0% 0.0% 

Mideopsidae 0.0% 0.0% 0.1% 0.0% 0.0% 0.0% 0.0% 

Oxidae 0.0% 0.0% 0.0% 0.0% 0.1% 0.0% 0.0% 

Sperchontidae 0.0% 1.2% 0.6% 0.4% 0.0% 0.0% 0.0% 

Torrenticolidae 

Unidentified 0.0% 0.0% 0.3% 0.0% 0.1% 0.0% 0.0% 

Gastropoda 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 

Unidentified 0.0% 0.0% 0.0% 0.1% 0.0% 0.0% 0.0% 

Bivalvia 0.4% 0.3% 0.3% 0.0% 4.1% 27.8% 16.1% 

Oligochaeta (Segmented 

worms) 21.2% 0.3% 0.0% 0.3% 3.8% 63.2% 13.6% 

 Total density 100.0% 100.0% 99.7% 100.0% 100.0% 100.0% 99.9% 

Warmer colours indicate higher values. 

Table 6 Percent EPT (Ephemeroptera, Plecoptera, Trichoptera) taxa in Waste Rock Creek 
and Attichika Wetlands, September 2006 and 2012 to 2016. 

Year 

Waste Rock Creek Attichika Wetlands 

Upstream   Downstream 

WRC-BP WRC-1 WRC-3 WRC-5 WRC-WL ATWL-1 ATWL-3 

(Lentic) (Lotic) (Lotic) (Lotic) (Lentic) (Lentic) (Lentic) 

2016 3.03% 75.51% 78.05% 64.57% 0.52% 0.51% 1.15% 

2015 4.27% 66.05% 65.11% 65.71% 0.80% 0.47% 0.17% 

2014 4.38% 64.15% 79.86% 73.44% 1.71% 0.28% 0.57% 

2013 3.07% 61.33% 74.76% 72.73% 0.00% 0.72% 0.32% 

2012 - 69.31% 49.67% 55.62% - - - 

2006 - 45.60% 35.21% 63.64% - - - 



 

Kemess Selenium Assessment 38 Hatfield 
2016 Status Report 

4.4 PERIPHYTON 

Selenium concentrations in periphyton from the Waste Rock Creek and Attichika wetland system have 

been highly variable over time (Figure 14). The selenium concentration in periphyton in the Waste Rock 

Creek upper ponds was substantially higher in 2016 than the previous two sampling events (2010 and 

2015). The Attichika wetlands station (ATWL-3) also showed higher results in 2016 than previously 

measured, but similar concentrations to 2008 results. Overall, selenium concentrations in 2016 were 

higher than concentrations in 2015, but in most cases were within or close to previously measured 

concentrations (Figure 14).  

In 2016 additional sampling of Attichika Creek was conducted to support the decision to put the discharge 

location for the Kemess Underground Project in Attichika Creek. Selenium concentrations in periphyton 

samples were analyzed in stations EEM-13, EEM-17, ATT-DIS, and ATT-19. Concentrations of selenium 

were very low in periphyton found in Attichika Creek, relative Waste Rock Creek, and ranged from 0.43 to 

0.88 mg/kg dw (Appendix A1). 

Figure 14 Total selenium concentration in periphyton in Waste Rock Creek and lower 
wetlands, 2006 to 2016. 

 
NS=not sampled 

Note: Periphyton volumes for 2011 were reported as mg/kg wet weight and moisture content was not measured, therefore, 2011 
values are not included in this analysis. Periphyton volumes in 2012 were too small for sample collection and analysis. Laboratory 
methods changed in 2016, so samples results were provided in wet and converted to dry weight using percent moisture content. 
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5.0 SUMMARY AND RECOMMENDATIONS 

Efforts to reduce selenium concentrations in water of Waste Rock Creek through rerouting high-selenium 

seepage from WR-S3 to the tailings management facility (September 26, 2008) resulted in long-term 

declines in selenium concentrations in water in the aquatic ecosystem of Waste Rock Creek, that 

continued to be observed in 2016. Concentrations have been highly variability, with general increases in 

selenium concentrations in upper Waste Rock Creek (WQ-14F) during 2009 to 2012 and consistent 

declines since early 2013. Increased concentrations occurring in 2009 are likely attributed to the severing 

of the connection with the north pit highwall diversion ditch, which previously provided a freshwater supply 

to Waste Rock Creek. This connection was re-established through the installation of a pipeline in 2013, 

increasing the level of freshwater into the WRC system during open water seasons, contributing to lower 

selenium concentrations. 

Selenium concentrations in sediment, periphyton, and benthos in lower Waste Rock Creek and 

downstream wetlands showed variable results in 2016. The selenium concentration in periphyton in 

Waste Rock Creek and the Attichika Wetlands were high in 2016, but most sites were still within historical 

concentrations ranges. Selenium concentrations in bulk benthos tissue were lower than 2015 

concentrations at Waste Rock Creek upper ponds, lower Waste Rock Creek, and the lower wetlands at 

Attichika Creek confluence, showing general declining trends since 2011. Increases were however, 

observed at the Waste Rock Creek bottom and lower wetlands sites in 2016, where selenium 

concentrations in benthos and sediment reached respective new maximum concentration measured. 

Selenium has generally increased at the bottom of Waste Rock Creek (WRC-WL1) in sediment and bulk 

benthic samples since 2013, concurrent with this area being impounded by beaver dams and shifting 

from a lotic to lentic character. Locations further downstream in the Attichika wetlands (which have not 

changed in their lentic character) have not demonstrated an increasing trend in recent years, suggesting 

impacts may be limited to the Waste Rock Creek wetlands. Trends at the bottom ponds of Waste Rock 

Creek may be linked to shifts between lentic and lotic environments resulting from beaver activities and 

reductions in flows between locations. Overall, selenium concentrations are much lower downstream in 

the Attichika Wetlands confluence with Attichika Creek (ATWL-3) and were shown to be even lower within 

Attichika Creek during additional sampling in 2016. Selenium in biological media collected in Attichika 

Creek were much lower than sampling within the Waste Rock Creek system and did not differ upstream 

and downstream of the Waste Rock Creek confluence, suggesting no effects of selenium on Attichika 

Creek.  

Benthic invertebrate communities collected from Waste Rock Creek and the Attichika wetlands generally 

exhibited slightly increasing density and slightly decreasing richness and diversity with distance 

downstream. Numbers of taxa and diversity were highest in the lotic (erosional) stations of Waste Rock 

Creek and lowest at the lentic (depositional) sites. Benthic community structure at all stations has 

remained similar since initial sampling in 2006 when selenium concentrations were relatively low, 

suggesting that increased selenium concentrations have not had an adverse effect on benthos or benthic 

invertebrate community structure in Waste Rock Creek.  
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Table A1.1     Raw benthic invertebrate counts, Waste Rock Creek system, September 2016.

Location

Date
Replicates 1 2 3 1 2 3 1 2 3 1 2 3 1 2 3 1 2 3 1 2 3
Organisms
Phylum: Arthropoda - - - - - - - - - - - - - - - - - - - - -
Subphylum: Hexapoda - - - - - - - - - - - - - - - - - - - - -
 Class: Insecta - - - - - - - - - - - - - - - - - - - - -
  Order: Ephemeroptera - - - - - - - - - - - - - - - - - - - - -
   Family: Ameletidae - - - - - - - - - - - - - - - - - - - - -
Ameletus - - - 1 1 1 - 4 - 1 1 5 - - - - - - - - -
   Family: Baetidae - - - - - - - - - - - - - - - - - - - - -
Baetis - - 1 21 34 35 86 82 76 52 104 54 - 1 - - 2 - - - -
Baetis tricaudatus group - - - - 1 - - - - - - - - - - - - - - - -
Baetis bicaudatus - - - 2 - 2 14 8 13 - 11 5 - - - - - - - - -
Callibaetis - - - - - - - - - - - - 3 - - - - - 2 - -
   Family: Ephemerellidae - - - 7 4 6 32 63 60 12 20 14 - - - - - - - - 1
Drunella doddsii - 1 - - - 1 - - - - - - - - - - - - - - -
   Family: Heptageniidae - - 1 11 2 23 17 49 34 28 47 30 - - - - - - - - -
Rhithrogena - - - - - - - - - - 1 - - - - - - - - - -

  Order: Plecoptera - - - - - - - - - - - - - - - - - - - - -
   Family: Capniidae - - - - 1 - - - 1 - - 2 - - - - - - - - -
   Family: Chloroperlidae - - - 5 5 3 13 16 13 10 9 13 - - - - - - - - -
Paraperla - - - - - - - 1 - 1 - - - - - - - - - - -
Sweltsa - 1 - 2 7 2 15 9 7 6 15 14 - - - - - - - - -
   Family: Leuctridae - - - 1 - 2 - 10 1 - - 7 - - - 1 - - 1 - -
   Family: Nemouridae - - - - - - - - - - - - - - - - - - - - -
Visoka cataractae - - - - - - 1 - - - - - - - - - - - - - -
Zapada - - - 3 4 15 15 63 36 31 45 9 - - - 1 - - - - -
Zapada cinctipes - - - 3 8 8 10 4 3 5 9 7 - - - - - - - - -
Zapada columbiana - - - - - - - - 2 1 1 1 - - - 1 - - - - -
   Family: Perlodidae 1 1 - - - - 1 - - 1 - - - - - - - - - - -
   Family: Taeniopterygidae - - - 2 1 8 40 29 19 5 15 6 - 1 - - - - - - -

  Order: Trichoptera - - - 1 - 2 2 1 - - 1 - - - - - - - - - -
   Family: Brachycentridae - - - - - - - - - - - - - - - - - - - - -
Brachycentrus americanus - - - - - - - - - - - 1 - - - - - - - - -
   Family: Glossosomatidae - - - - - - 1 - - - - - - - - - - - - - -
Glossosoma - - 1 3 2 - 3 8 4 1 7 2 - - - - - - - - -
   Family: Hydropsychidae - - - - - - - - - - - - - - - - - - - - -
Parapsyche - - - - - 2 7 3 - - 1 3 - - - - - - - - -
   Family: Hydroptilidae - - - - - - - - - - - - - - - - - - - - -
Hydroptila - - - - - - - - - - - - - - - - - - 2 2 -
   Family: Lepidostomatidae - - - - - - - - - - - - - - - - - - - - -
Lepidostoma - - - - 5 - - 4 - 3 7 4 - - - - - - - - -
   Family: Limnephilidae - - - - - - - - - - - - - - - - - - - - -

Waste Rock Creek Upper Ponds Waste Rock Creek Waste Rock Creek Wetlands Attichika Wetlands

WRC-BP ATWL-3WRC-1 WRC-3 WRC-5 WRC-WL ATWL-1
Sep 2015 Sep 2015Sep 2015 Sep 2015 Sep 2015 Sep 2015 Sep 2015



Table A1.1      (Cont'd.)

Location

Date
Replicates 1 2 3 1 2 3 1 2 3 1 2 3 1 2 3 1 2 3 1 2 3
Organisms
Limnephilus - - - - - - - - - - - - - - - - - - 1 - -
   Family: Philopotamidae - - - - - - - - - - - - - - - - - - - - -
Chimarra - - - - - - - - - - - - - - - - 2 - - - -
   Family: Rhyacophilidae - - - - - - - - - - - - - - - - - - - - -
Rhyacophila - - - 4 2 4 14 13 2 1 5 9 - - - - - - - - -
Rhyacophila betteni group - - - - - - - - 3 - 1 2 - - - - - - - - -
Rhyacophila brunnea/vemna group - - - - - 1 - 1 - - - - - - - - - - - - 1
Rhyacophila narvae - - - - 1 - 1 - - - - 1 - - - - - - - - -

  Order: Coleoptera - - - - - - - - - - - - - - - - - - - - -
   Family: Elmidae - - - - - - - - - - - - - - - - - - - - -
Heterlimnius - - - - - - - - - - - - - - - - - - - - 1
   Family: Scirtidae - - - - - - - - - - - - - - - - - - - - -
Cyphon - - - - - - - - - - - - 1 - - - - - - - -

  Order: Diptera - - - - - - - - - - - - - - - - - - - - -
   Family: Ceratopogonidae - - - - - - - - - - - - - - - - - - - - -
Ceratopogon - - - - - - - - - - - - - - - - - 8 - - -
Culicoides - - - - - - - - - - - - - - - 1 - - - - -
Dasyhelea - - - - - - - - - - - - - - - - - 1 - - -
Probezzia - - - - - - - 1 1 - - - - - - 1 22 6 2 3 1
   Family: Chironomidae 50 54 41 23 20 29 29 105 54 108 156 45 279 227 353 11 28 26 244 188 141
   Family: Empididae - - - - - - - 1 - - - - - - - - - - - - -
Chelifera/ Metachela - - - - - 2 4 5 9 5 16 7 - - - - - - - - -
Neoplasta - - - - - - 1 5 4 - - 3 - - - - - 1 - - -
Oreogeton - - - - - - 2 1 4 - 1 - - - - - - - - - -
   Family: Simuliidae - - - - - - - - - - - - - - - - - - - - -
Simulium - - - - 1 3 2 1 1 - - - - - - - - - - - -
   Family: Tipulidae - - - - - - - - - - - - - - - - - - - - -
Antocha - - - - - - - - - - - - - - - - - - - - 1
Dicranota - - - - - - 2 3 - - 1 4 - - 1 - - 1 - - -
Limnophila - - - - - - 1 - - - - 1 - - - - - - - - -
Tipula - - - - - - - - - - - - - - - - - - 6 8 -

Subphylum: Chelicerata - - - - - - - - - - - - - - - - - - - - -
 Class: Arachnida - - - - - - - - - - - - - - - - - - - - -
  Order: Trombidiformes - - - - - - - - 3 - - - - 1 - - - - - - -
   Family: Hygrobatidae - - - - - - - - - - - - - - - - - - - - -
Hygrobates - - - - - - - - - - - - - - 1 - - - - - -
   Family: Lebertiidae - - - - - - - - - - - - - - - - - - - - -
Lebertia - - - - - - 1 1 - - - - 1 - - - - - 1 1 -
   Family: Limnesiidae - - - - - - - - - - - - - - - - - - - - -

Waste Rock Creek Upper Ponds Waste Rock Creek Waste Rock Creek Wetlands Attichika Wetlands
WRC-BP WRC-1 WRC-3 WRC-5 WRC-WL ATWL-1 ATWL-3

Sep 2015 Sep 2015Sep 2015 Sep 2015 Sep 2015 Sep 2015 Sep 2015



Table A1.1      (Cont'd.)

Location

Date
Replicates 1 2 3 1 2 3 1 2 3 1 2 3 1 2 3 1 2 3 1 2 3
Organisms
Limnesia - - - - - - - - - - - - - 1 - - - - - - -
   Family: Mideopsidae - - - - - - - - - - - - - - - - - - - - -
Mideopsis - - - - - - - 1 - - - - - - - - - - - - -
   Family: Oxidae - - - - - - - - - - - - - - - - - - - - -
Oxus - - - - - - - - - - - - - - 1 - - - - - -
   Family: Sperchontidae - - - - - - - - - - - - - - - - - - - - -
Sperchon - - - - 3 - 3 2 2 - 1 3 - - - - - - - - -
Sperchonopsis - - - - - 1 - - - - - - - - - - - - - - -
   Family: Torrenticolidae - - - - - - - - - - - - - - - - - - - - -
Testudacarus - - - - - - - 3 1 - - - - - - - - - - - -
Torrenticola - - - - - - - - - - - - - - - - - - 1 - -

 Class: Malacostraca - - - - - - - - - - - - - - - - - - - - -
  Order: Amphipoda - - - - - - - - - - - - - - - - - 2 - - -
   Family: Gammaridae - - - - - - - - - - - - - - - - - - - - -
Gammarus 27 1 1 - - - - - - - - - 16 2 - - - 8 2 - -

Phylum: Mollusca - - - - - - - - - - - - - - - - - - - - -
 Class: Bivalvia - - - - - - - - - - - - - - - - - - - - -
  Order: Veneroida - - - - - - - - - - - - - - - - - - - - -
   Family: Pisidiidae - - - - 1 - - 1 2 - - - 4 7 16 42 108 75 19 37 16
Pisidium - 1 - - - - - 1 - - - - 4 4 4 22 86 43 13 33 20
Sphaerium - - - - - - - - - - - - 1 - - - - 2 - - 2

 Class: Gastropoda - - - - - - - - - - - 1 - - - - - - - - -

Phylum: Annelida - - - - - - - - - - - - - - - - - - - - -
Subphylum: Clitellata - - - - - - - - - - - - - - - - - - - - -
 Class: Oligochaeta - - - - - - - - - - - - - - - - - - - - -
  Order: Lumbriculida - - - - - - - - - - - - - - - - - - - - -
   Family: Lumbriculidae - - - - - - - - - - - - - - - - - - - - -
Lumbriculus 10 6 9 - - - - - - - - - - - - 56 156 58 3 3 1

  Order: Tubificida - - - - - - - - - - - - - - - - - - - - -
   Family: Enchytraeidae - - - - - - - - - - - - - - - - - - - - -
Enchytraeus - - - - 1 - - - - 2 1 - - - - - - - 54 39 11
   Family: Naididae - - - - - - - - - - - - - - - - - - - - -
Nais - - - - - - - - - - - - 2 4 10 - - - - 1 -
Tubifex 7 1 3 - - - - - - - - - - - 4 43 58 24 1 - 1
    Subfamily: Tubificinae with hair chaetae - 3 - - - - - - - - - - - - - - - - - - -

    Subfamily: Tubificinae without hair chaetae 5 3 2 - - - - - - - - - 2 5 10 83 300 83 2 1 1
Totals: 102 76 65 91 108 156 319 503 361 275 480 259 315 257 406 264 766 344 356 320 204

Waste Rock Creek Upper Ponds Waste Rock Creek Waste Rock Creek Wetlands Attichika Wetlands
ATWL-1 ATWL-3

Sep 2015 Sep 2015 Sep 2015 Sep 2015 Sep 2015 Sep 2015 Sep 2015
WRC-BP WRC-1 WRC-3 WRC-5 WRC-WL



MAXXAM JOB #: B682810
Received: 2016/09/22, 10:00

CERTIFICATE OF ANALYSIS

Your C.O.C. #: 504827-01-01

Report Date: 2016/10/03
Report #: R2274463

Version: 1 - Final

Attention:Natasha Cowie

HATFIELD CONSULTANTS
200-850 HARBOURSIDE DR.
NORTH VANCOUVER, BC
CANADA          V7L0A3

Sample Matrix: Water
# Samples Received: 9

Analytical MethodLaboratory Method
Date
Analyzed

Date
ExtractedQuantityAnalyses

SM 22 2310 B mBBY6SOP-000372016/09/23N/A8Acidity pH 4.5 & pH 8.3 (as CaCO3)

SM 22 2320 B mBBY6SOP-000262016/09/232016/09/238Alkalinity - Water

SM 22-4500-Cl G mAB SOP-000202016/09/28N/A8Chloride by Automated Colourimetry (1)

SM 22 5310 C mBBY6SOP-000032016/09/23N/A5Carbon (DOC) - field filtered/preserved (2)

SM 22 5310 C mBBY6SOP-000032016/09/26N/A2Carbon (DOC) - field filtered/preserved (2)

SM 22 5310 C mBBY6SOP-000032016/09/23N/A1Carbon (DOC) - unfiltered/unpreserved (2)

SM 22 2510 B mBBY6SOP-000262016/09/23N/A8Conductance - water

SM 22 4500-F C mBBY6SOP-000482016/09/23N/A8Fluoride - Mining Clients

Auto CalcBBY WI-000332016/09/24N/A2Hardness Total (calculated as CaCO3)

Auto CalcBBY WI-000332016/09/27N/A2Hardness Total (calculated as CaCO3)

Auto CalcBBY WI-000332016/09/28N/A4Hardness Total (calculated as CaCO3)

Auto CalcBBY WI-000332016/09/29N/A1Hardness Total (calculated as CaCO3)

Auto CalcBBY WI-000332016/09/28N/A8Hardness (calculated as CaCO3)

BCMOE BCLM Oct2013 mBBY7SOP-000152016/09/28N/A8Mercury (Dissolved-LowLevel) by CVAF

BCMOE BCLM Oct2013 mBBY7SOP-000152016/09/282016/09/288Mercury (Total-LowLevel) by CVAF

EPA 6020B R2 mBBY7SOP-000022016/09/26N/A8Bromide as Bromine (Br) by ICPMS

EPA 6020B R2 mBBY7SOP-000022016/09/28N/A8Na, K, Ca, Mg, S by CRC ICPMS (diss.)

EPA 6020B R2 mBBY7SOP-000022016/09/28N/A8Elements by ICPMS Low Level (dissolved)

BCLM2005,EPA6020bR2mBBY7SOP-00003,2016/09/232016/09/232Elements by ICPMS Digested LL (total)

BCLM2005,EPA6020bR2mBBY7SOP-00003,2016/09/272016/09/262Elements by ICPMS Digested LL (total)

BCLM2005,EPA6020bR2mBBY7SOP-00003,2016/09/24N/A2Na, K, Ca, Mg, S by CRC ICPMS (total)

BCLM2005,EPA6020bR2mBBY7SOP-00003,2016/09/27N/A2Na, K, Ca, Mg, S by CRC ICPMS (total)

BCLM2005,EPA6020bR2mBBY7SOP-00003,2016/09/28N/A4Na, K, Ca, Mg, S by CRC ICPMS (total)

BCLM2005,EPA6020bR2mBBY7SOP-00003,2016/09/29N/A1Na, K, Ca, Mg, S by CRC ICPMS (total)

BCLM2005,EPA6020bR2mBBY7SOP-00003,2016/09/27N/A4Elements by ICPMS Low Level (total)

BCLM2005,EPA6020bR2mBBY7SOP-00003,2016/09/29N/A1Elements by ICPMS Low Level (total)

SM 22 4500-N C mBBY6SOP-000162016/09/272016/09/277Nitrogen (Total)

SM 22 4500-N C mBBY6SOP-000162016/10/032016/10/011Nitrogen (Total)

SM 22 4500-NH3- G mBBY6SOP-000092016/09/23N/A1Ammonia-N  (Unpreserved)

SM 22 4500-NH3- G mBBY6SOP-000092016/09/23N/A7Ammonia-N  (Preserved)
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MAXXAM JOB #: B682810
Received: 2016/09/22, 10:00

CERTIFICATE OF ANALYSIS

Your C.O.C. #: 504827-01-01

Report Date: 2016/10/03
Report #: R2274463

Version: 1 - Final

Attention:Natasha Cowie

HATFIELD CONSULTANTS
200-850 HARBOURSIDE DR.
NORTH VANCOUVER, BC
CANADA          V7L0A3

Sample Matrix: Water
# Samples Received: 9

Analytical MethodLaboratory Method
Date
Analyzed

Date
ExtractedQuantityAnalyses

SM 22 4500-NO3- I mBBY6SOP-000102016/09/23N/A7Nitrate+Nitrite (N) (low level)

SM 22 4500-NO3- I mBBY6SOP-000102016/09/29N/A1Nitrate+Nitrite (N) (low level)

SM 22 4500-NO3- I mBBY6SOP-000102016/09/23N/A8Nitrite (N) (low level)

SM 22 4500-NO3- I mBBY6SOP-000102016/09/27N/A8Nitrogen - Nitrate (as N)

BCMOE Reqs 08/14BBY7 WI-000042016/09/23N/A7Filter and HNO3 Preserve for Metals

BCMOE Reqs 08/14BBY7 WI-000042016/09/28N/A1Filter and HNO3 Preserve for Metals

SM 22 4500-H+ B mBBY6SOP-000262016/09/23N/A8pH Water (3)

SM 22 4500-P E mBBY6SOP-000132016/09/23N/A8Orthophosphate by Konelab (low level)

SM 22 4500-SO4 E mAB SOP-000182016/09/28N/A8Sulphate by Automated Colourimetry (1)

CalculationBBY WI-000332016/09/27N/A2TKN (Calc. TN, N/N) total

CalculationBBY WI-000332016/09/28N/A6TKN (Calc. TN, N/N) total

SM 22 5310 C mBBY6SOP-000032016/09/23N/A6Carbon (Total Organic) (4)

SM 22 5310 C mBBY6SOP-000032016/09/26N/A2Carbon (Total Organic) (4)

SM 22 4500-P E mBBY6SOP-000132016/09/272016/09/277Phosphorus-P (LL Tot, dissolved) - FF/FP

SM 22 4500-P E mBBY6SOP-000132016/09/272016/09/271Phosphorus-P (LL Tot, dissolved) - UF/UP

SM 22 2540 DBBY6SOP-000342016/09/272016/09/267Total Suspended Solids-Low Level

SM 22 2540 DBBY6SOP-000342016/09/282016/09/271Total Suspended Solids-Low Level

SM 22 2130 B mBBY6SOP-000272016/09/23N/A8Turbidity

Reference Method suffix “m” indicates test methods incorporate validated modifications from specific reference methods to improve performance.

* RPDs calculated using raw data. The rounding of final results may result in the apparent difference.

(1) This test was performed by Maxxam Calgary Environmental
(2) DOC present in the sample should be considered as non-purgeable DOC.
(3) The BC-MOE and APHA Standard Method require pH to be analysed within 15 minutes of sampling and therefore field analysis is required for compliance. All Laboratory pH
analyses in this report are reported past the BC-MOE/APHA Standard Method  holding time.
(4) TOC present in the sample should be considered as non-purgeable TOC.
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Maxxam Job #: B682810
Report Date: 2016/10/03

HATFIELD CONSULTANTS

RESULTS OF CHEMICAL ANALYSES OF  WATER

Lab-Dup = Laboratory Initiated Duplicate

RDL = Reportable Detection Limit

84094740.102.4584094742.04NTUTurbidity

84109531.02.184109535.0mg/LTotal Suspended Solids

Physical Properties

84091707.8784091707.97pHpH

84091711.02968409171311uS/cmConductivity

Physical Properties

84097320.0200.8330.81984097311.19mg/LTotal Nitrogen (N)

84124600.00200.004884124600.00760.0075mg/LNitrite (N)

84124590.00200.63584124590.9670.938mg/LNitrate plus Nitrite (N)

84090050.00500.01784090060.039mg/LTotal Ammonia (N)

84067710.0200.18484067710.250mg/LTotal Total Kjeldahl Nitrogen (Calc)

84126430.00200.004484126430.00440.0044mg/LDissolved Phosphorus (P)

Nutrients

84140121.02.484140862.5mg/LDissolved Chloride (Cl)

84140331.053841409255mg/LDissolved Sulphate (SO4)

84085220.00100.003284085220.00350.0037mg/LOrthophosphate (P)

Anions

84091630.50<0.508409163<0.50mg/LHydroxide (OH)

84091630.50<0.508409163<0.50mg/LCarbonate (CO3)

84091630.501078409163115mg/LBicarbonate (HCO3)

84091630.50<0.508409163<0.50mg/LAlkalinity (PP as CaCO3)

84083600.50<0.508408360<0.50<0.50mg/LAcidity (pH 8.3)

84116780.503.4984095313.17mg/LTotal Organic Carbon (C)

84091630.5087.8840916394.4mg/LAlkalinity (Total as CaCO3)

84083600.50<0.508408360<0.50<0.50mg/LAcidity (pH 4.5)

84116770.503.4384095293.29mg/LDissolved Organic Carbon (C)

Misc. Inorganics

84067940.00200.63084067940.931mg/LNitrate (N)

ONSITEN/AFIELDONSITEFIELDN/AFilter and HNO3 Preservation

Calculated Parameters

84089380.0100.06784089380.067mg/LFluoride (F)

Misc. Inorganics

QC BatchRDL
ATWL-3
Lab-Dup

ATWL-3QC Batch
ATWL-1
Lab-Dup

ATWL-1UNITS

504827-01-01504827-01-01504827-01-01504827-01-01COC Number

2016/09/20
 10:00

2016/09/20
 10:00

2016/09/20
 11:15

2016/09/20
 11:15

Sampling Date

PO6383PO6383PO6366PO6366Maxxam ID
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Maxxam Job #: B682810
Report Date: 2016/10/03

HATFIELD CONSULTANTS

RESULTS OF CHEMICAL ANALYSES OF  WATER

(1) Detection limits raised due to dilution to bring analyte within the calibrated range.

N/A = Not Applicable

Lab-Dup = Laboratory Initiated Duplicate

RDL = Reportable Detection Limit

84109531.011.684109538.2mg/LTotal Suspended Solids

Physical Properties

84091708.2284091708.19pHpH

84091711.05878409171585uS/cmConductivity

Physical Properties

84097320.10    4.16 (1)8409731    4.25 (1)mg/LTotal Nitrogen (N)

84124600.00200.027184124600.0270mg/LNitrite (N)

84124590.010    4.06 (1)8412459    4.17 (1)mg/LNitrate plus Nitrite (N)

84090050.00500.07184090050.070mg/LTotal Ammonia (N)

84067710.100.118406771<0.10mg/LTotal Total Kjeldahl Nitrogen (Calc)

84126430.00200.009084126430.0214mg/LDissolved Phosphorus (P)

Nutrients

84140861.02.084140122.1mg/LDissolved Chloride (Cl)

84140921.01108414033110mg/LDissolved Sulphate (SO4)

84085220.00100.007684085220.0077mg/LOrthophosphate (P)

Anions

84091630.50<0.508409163<0.50mg/LHydroxide (OH)

84091630.50<0.508409163<0.50mg/LCarbonate (CO3)

84091630.502298409163229mg/LBicarbonate (HCO3)

84091630.50<0.508409163<0.50mg/LAlkalinity (PP as CaCO3)

84083600.50<0.508408360<0.50mg/LAcidity (pH 8.3)

84095320.504.7284116785.63mg/LTotal Organic Carbon (C)

84091630.501888409163187mg/LAlkalinity (Total as CaCO3)

84083600.50<0.508408360<0.50mg/LAcidity (pH 4.5)

84095300.505.4984116775.19mg/LDissolved Organic Carbon (C)

Misc. Inorganics

84067940.0104.0384067944.14mg/LNitrate (N)

ONSITEN/AFIELDONSITEFIELDN/AFilter and HNO3 Preservation

Calculated Parameters

84089380.0100.10084089380.0990.100mg/LFluoride (F)

Misc. Inorganics

QC BatchRDLWRC-DUPQC Batch
WRC-BP
Lab-Dup

WRC-BPUNITS

504827-01-01504827-01-01504827-01-01COC Number

2016/09/21
 08:00

2016/09/21
 07:45

2016/09/21
 07:45

Sampling Date

PO6385PO6384PO6384Maxxam ID
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Maxxam Job #: B682810
Report Date: 2016/10/03

HATFIELD CONSULTANTS

RESULTS OF CHEMICAL ANALYSES OF  WATER

Lab-Dup = Laboratory Initiated Duplicate

RDL = Reportable Detection Limit

84094740.106.8484094748.65NTUTurbidity

QC BatchRDLWRC-DUPQC Batch
WRC-BP
Lab-Dup

WRC-BPUNITS

504827-01-01504827-01-01504827-01-01COC Number

2016/09/21
 08:00

2016/09/21
 07:45

2016/09/21
 07:45

Sampling Date

PO6385PO6384PO6384Maxxam ID
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Maxxam Job #: B682810
Report Date: 2016/10/03

HATFIELD CONSULTANTS

RESULTS OF CHEMICAL ANALYSES OF  WATER

(3) pH result is greater than the highest calibration standard of pH 10.00.

(2) Detection limits raised due to dilution to bring analyte within the calibrated range.

(1) RDL raised due to sample matrix interference.

N/A = Not Applicable

Lab-Dup = Laboratory Initiated Duplicate

RDL = Reportable Detection Limit

8409170    10.1 (3)84091707.57pHpH

84091711.0269084091711.0121uS/cmConductivity

Physical Properties

84097310.0200.33484097310.0200.107mg/LTotal Nitrogen (N)

84124600.00200.006784124600.0020<0.0020mg/LNitrite (N)

84124590.00200.19584124590.0020<0.0020mg/LNitrate plus Nitrite (N)

84090060.00500.009384080020.00500.0082mg/LTotal Ammonia (N)

84067710.0200.13984067710.0200.107mg/LTotal Total Kjeldahl Nitrogen (Calc)

84126430.00200.006584126430.00200.0024mg/LDissolved Phosphorus (P)

Nutrients

84140861.06884140861.01.7mg/LDissolved Chloride (Cl)

841409210    850 (2)84140921.020mg/LDissolved Sulphate (SO4)

84085220.00100.004684085220.00100.0013mg/LOrthophosphate (P)

Anions

84091630.50<0.5084091630.50<0.50mg/LHydroxide (OH)

84091630.5018284091630.50<0.50mg/LCarbonate (CO3)

84091630.5048.584091630.5045.7mg/LBicarbonate (HCO3)

84091630.5015284091630.50<0.50mg/LAlkalinity (PP as CaCO3)

84083600.50<0.5084083600.50<0.50mg/LAcidity (pH 8.3)

84095320.504.5384095310.502.98mg/LTotal Organic Carbon (C)

84091630.5034484091630.5037.5mg/LAlkalinity (Total as CaCO3)

84083600.50<0.5084083600.50<0.50mg/LAcidity (pH 4.5)

84095300.504.3984095300.503.002.93mg/LDissolved Organic Carbon (C)

Misc. Inorganics

84067940.00200.18884067940.0020<0.0020mg/LNitrate (N)

ONSITEN/AFIELDONSITEN/AFIELDN/AFilter and HNO3 Preservation

Calculated Parameters

84089380.10    8.00 (1)84089380.0100.065mg/LFluoride (F)

Misc. Inorganics

QC BatchRDLATT-20QC BatchRDL
ATT-19

Lab-Dup
ATT-19UNITS

504827-01-01504827-01-01504827-01-01COC Number

2016/09/20
 17:45

2016/09/20
 15:00

2016/09/20
 15:00

Sampling Date

PO6387PO6386PO6386Maxxam ID
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Maxxam Job #: B682810
Report Date: 2016/10/03

HATFIELD CONSULTANTS

RESULTS OF CHEMICAL ANALYSES OF  WATER

Lab-Dup = Laboratory Initiated Duplicate

RDL = Reportable Detection Limit

84094740.100.1384094740.100.65NTUTurbidity

84109531.01.184109531.0<1.0mg/LTotal Suspended Solids

Physical Properties

QC BatchRDLATT-20QC BatchRDL
ATT-19

Lab-Dup
ATT-19UNITS

504827-01-01504827-01-01504827-01-01COC Number

2016/09/20
 17:45

2016/09/20
 15:00

2016/09/20
 15:00

Sampling Date

PO6387PO6386PO6386Maxxam ID
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Maxxam Job #: B682810
Report Date: 2016/10/03

HATFIELD CONSULTANTS

RESULTS OF CHEMICAL ANALYSES OF  WATER

(2) Sample was originally analysed within hold time. Data quality required investigation. Re-analysis was completed past
recommended hold time.

(1) Sample preserved to extend hold time.

N/A = Not Applicable

Lab-Dup = Laboratory Initiated Duplicate

RDL = Reportable Detection Limit

84091707.8584091705.93pHpH

84091711.025184091712.9uS/cmConductivity

Physical Properties

84187910.0200.46484097310.038mg/LTotal Nitrogen (N)

84124600.00200.00238412460<0.0020mg/LNitrite (N)

84163650.0020    1.04 (2)8412459<0.0020mg/LNitrate plus Nitrite (N)

84090060.00500.00818408005<0.0050mg/LTotal Ammonia (N)

84067710.020<0.02084067710.038mg/LTotal Total Kjeldahl Nitrogen (Calc)

84126430.00200.003484125930.0039    0.0028 (1)mg/LDissolved Phosphorus (P)

Nutrients

84140861.02.78414086<1.0mg/LDissolved Chloride (Cl)

84140921.0418414092<1.0mg/LDissolved Sulphate (SO4)

84085220.00100.00298408522<0.0010mg/LOrthophosphate (P)

Anions

84091630.50<0.508409163<0.50mg/LHydroxide (OH)

84091630.50<0.508409163<0.50mg/LCarbonate (CO3)

84091630.5090.78409163<0.50mg/LBicarbonate (HCO3)

84091630.50<0.508409163<0.50mg/LAlkalinity (PP as CaCO3)

84083600.50<0.508408360<0.50mg/LAcidity (pH 8.3)

84095320.501.338409531<0.50mg/LTotal Organic Carbon (C)

84091630.5074.38409163<0.50mg/LAlkalinity (Total as CaCO3)

84083600.50<0.508408360<0.50mg/LAcidity (pH 4.5)

84095290.502.428409487<0.50mg/LDissolved Organic Carbon (C)

Misc. Inorganics

84067940.00201.048406794<0.0020mg/LNitrate (N)

ONSITEN/AFIELDONSITEFIELDN/AFilter and HNO3 Preservation

Calculated Parameters

84089380.0100.05084089380.015mg/LFluoride (F)

Misc. Inorganics

QC BatchRDLWRC-WL1QC Batch
TRIP BLANK

 Lab-Dup
TRIP BLANKUNITS

504827-01-01504827-01-01504827-01-01COC Number

2016/09/20
 12:00

2016/09/202016/09/20Sampling Date

PO6395PO6388PO6388Maxxam ID
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Maxxam Job #: B682810
Report Date: 2016/10/03

HATFIELD CONSULTANTS

RESULTS OF CHEMICAL ANALYSES OF  WATER

Lab-Dup = Laboratory Initiated Duplicate

RDL = Reportable Detection Limit

84094740.100.668409474<0.10NTUTurbidity

84123881.0<1.08410953<1.0mg/LTotal Suspended Solids

Physical Properties

QC BatchRDLWRC-WL1QC Batch
TRIP BLANK

 Lab-Dup
TRIP BLANKUNITS

504827-01-01504827-01-01504827-01-01COC Number

2016/09/20
 12:00

2016/09/202016/09/20Sampling Date

PO6395PO6388PO6388Maxxam ID
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Maxxam Analytics International Corporation o/a Maxxam Analytics Burnaby: 4606 Canada Way V5G 1K5 Telephone(604) 734-7276 Fax(604) 731-2386



Maxxam Job #: B682810
Report Date: 2016/10/03

HATFIELD CONSULTANTS

ELEMENTS BY ATOMIC SPECTROSCOPY (WATER)

RDL = Reportable Detection Limit

84117890.0100.012<0.010mg/LBromide (Br)

ANIONS

QC BatchRDLWRC-WL1TRIP BLANKUNITS

504827-01-01504827-01-01COC Number

2016/09/20
 12:00

2016/09/20Sampling Date

PO6395PO6388Maxxam ID

(1) RDL raised due to sample matrix interference.

RDL = Reportable Detection Limit

84117890.10    0.19 (1)0.010<0.010<0.0100.0100.0120.012mg/LBromide (Br)

ANIONS

QC BatchRDLATT-20RDLATT-19WRC-DUPWRC-BPATWL-3ATWL-1UNITS

504827-01-01504827-01-01504827-01-01504827-01-01504827-01-01504827-01-01COC Number

2016/09/20
 17:45

2016/09/20
 15:00

2016/09/21
 08:00

2016/09/21
 07:45

2016/09/20
 10:00

2016/09/20
 11:15

Sampling Date

PO6387PO6386PO6385PO6384PO6383PO6366Maxxam ID
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Maxxam Job #: B682810
Report Date: 2016/10/03

HATFIELD CONSULTANTS

LOW LEVEL TOTAL METALS IN WATER (WATER)

RDL = Reportable Detection Limit

84070130.250.64mg/LTotal Potassium (K)

84070130.25<0.25mg/LTotal Magnesium (Mg)

84070130.251.28mg/LTotal Calcium (Ca)

84127100.00050<0.00050mg/LTotal Zirconium (Zr)

84127100.000500.0111mg/LTotal Zinc (Zn)

84127100.00100.0328mg/LTotal Vanadium (V)

84127100.0000100.000036mg/LTotal Uranium (U)

84127100.0025<0.0025mg/LTotal Titanium (Ti)

84127100.0010<0.0010mg/LTotal Tin (Sn)

84127100.000010<0.000010mg/LTotal Thallium (Tl)

84127100.000250.0214mg/LTotal Strontium (Sr)

84127100.000025<0.000025mg/LTotal Silver (Ag)

84127100.2525.0mg/LTotal Silicon (Si)

84127100.000200.00354mg/LTotal Selenium (Se)

84127100.0100.151mg/LTotal Phosphorus (P)

84127100.000100.00615mg/LTotal Nickel (Ni)

84127100.000250.0818mg/LTotal Molybdenum (Mo)

84127100.000250.00275mg/LTotal Manganese (Mn)

84127100.00250.0500mg/LTotal Lithium (Li)

84127100.0000250.000143mg/LTotal Lead (Pb)

84127100.00500.0690mg/LTotal Iron (Fe)

84127100.000250.00643mg/LTotal Copper (Cu)

84127100.0000250.000060mg/LTotal Cobalt (Co)

84127100.000500.00155mg/LTotal Chromium (Cr)

84127100.000025<0.000025mg/LTotal Cadmium (Cd)

84127100.0502.38mg/LTotal Boron (B)

84127100.000025<0.000025mg/LTotal Bismuth (Bi)

84127100.000050<0.000050mg/LTotal Beryllium (Be)

84127100.000100.00264mg/LTotal Barium (Ba)

84127100.000100.00343mg/LTotal Arsenic (As)

84127100.000100.00046mg/LTotal Antimony (Sb)

84127100.00250.0802mg/LTotal Aluminum (Al)

Total Metals by ICPMS

84077780.503.19mg/LTotal Hardness (CaCO3)

Calculated Parameters

QC BatchRDLRIN-1UNITS

504827-01-01COC Number

2016/09/20
 18:15

Sampling Date

PO6390Maxxam ID
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Maxxam Job #: B682810
Report Date: 2016/10/03

HATFIELD CONSULTANTS

LOW LEVEL TOTAL METALS IN WATER (WATER)

RDL = Reportable Detection Limit

840701315235mg/LTotal Sulphur (S)

84070130.25521mg/LTotal Sodium (Na)

QC BatchRDLRIN-1UNITS

504827-01-01COC Number

2016/09/20
 18:15

Sampling Date

PO6390Maxxam ID
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Maxxam Job #: B682810
Report Date: 2016/10/03

HATFIELD CONSULTANTS

LOW LEVEL DISSOLVED METALS WITH CV HG (WATER)

(1) Dissolved greater than total.  Reanalysis yields similar results.

Lab-Dup = Laboratory Initiated Duplicate

RDL = Reportable Detection Limit

84115720.000100.000840.000390.00044mg/LDissolved Zinc (Zn)

84115720.000200.000370.000230.00022mg/LDissolved Vanadium (V)

84115720.00000200.0006780.0001210.000136mg/LDissolved Uranium (U)

84115720.000500.000690.00053<0.00050mg/LDissolved Titanium (Ti)

84115720.00020<0.00020<0.00020<0.00020mg/LDissolved Tin (Sn)

84115720.0000020<0.0000020<0.0000020<0.0000020mg/LDissolved Thallium (Tl)

84115720.0000500.6010.1990.208mg/LDissolved Strontium (Sr)

84115720.0000050<0.0000050<0.0000050<0.0000050mg/LDissolved Silver (Ag)

84115720.0503.973.323.71mg/LDissolved Silicon (Si)

84115720.0000400.02840.005950.00784mg/LDissolved Selenium (Se)

84115720.00200.02930.00810.0060mg/LDissolved Phosphorus (P)

84115720.0000200.0002090.0002250.000157mg/LDissolved Nickel (Ni)

84115720.0000500.005740.002030.00215mg/LDissolved Molybdenum (Mo)

84115720.0000500.06820.02340.0361mg/LDissolved Manganese (Mn)

84115720.00050    0.00300 (1)0.000700.00059mg/LDissolved Lithium (Li)

84115720.00000500.00003000.00000900.0000120mg/LDissolved Lead (Pb)

84115720.00100.08950.1520.212mg/LDissolved Iron (Fe)

84115720.0000500.001210.0006880.000547mg/LDissolved Copper (Cu)

84115720.00000500.00007000.00006100.0000710mg/LDissolved Cobalt (Co)

84115720.00010<0.00010<0.00010<0.00010mg/LDissolved Chromium (Cr)

84115720.0000050<0.00000500.0000050<0.0000050mg/LDissolved Cadmium (Cd)

84115720.0100.011<0.010<0.010mg/LDissolved Boron (B)

84115720.0000050<0.0000050<0.0000050<0.0000050mg/LDissolved Bismuth (Bi)

84115720.000010<0.000010<0.000010<0.000010mg/LDissolved Beryllium (Be)

84115720.0000200.09360.03890.0386mg/LDissolved Barium (Ba)

84115720.0000200.0005410.0002350.000189mg/LDissolved Arsenic (As)

84115720.0000200.0001450.0000370.000055mg/LDissolved Antimony (Sb)

84115720.000500.01510.007700.00567mg/LDissolved Aluminum (Al)

Dissolved Metals by ICPMS

84143250.0020<0.0020<0.0020<0.0020<0.0020ug/LDissolved Mercury (Hg)

Elements

84079570.50194105106mg/LDissolved Hardness (CaCO3)

Misc. Inorganics

QC BatchRDLWRC-BPATWL-3
ATWL-1
Lab-Dup

ATWL-1UNITS

504827-01-01504827-01-01504827-01-01504827-01-01COC Number

2016/09/21
 07:45

2016/09/20
 10:00

2016/09/20
 11:15

2016/09/20
 11:15

Sampling Date

PO6384PO6383PO6366PO6366Maxxam ID
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Maxxam Job #: B682810
Report Date: 2016/10/03

HATFIELD CONSULTANTS

LOW LEVEL DISSOLVED METALS WITH CV HG (WATER)

Lab-Dup = Laboratory Initiated Duplicate

RDL = Reportable Detection Limit

84070123.031.815.517.2mg/LDissolved Sulphur (S)

84070120.05053.921.222.1mg/LDissolved Sodium (Na)

84070120.0500.7050.5740.509mg/LDissolved Potassium (K)

84070120.0505.443.443.42mg/LDissolved Magnesium (Mg)

84070120.05068.836.436.8mg/LDissolved Calcium (Ca)

84115720.00010<0.00010<0.00010<0.00010mg/LDissolved Zirconium (Zr)

QC BatchRDLWRC-BPATWL-3
ATWL-1
Lab-Dup

ATWL-1UNITS

504827-01-01504827-01-01504827-01-01504827-01-01COC Number

2016/09/21
 07:45

2016/09/20
 10:00

2016/09/20
 11:15

2016/09/20
 11:15

Sampling Date

PO6384PO6383PO6366PO6366Maxxam ID
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Maxxam Job #: B682810
Report Date: 2016/10/03

HATFIELD CONSULTANTS

LOW LEVEL DISSOLVED METALS WITH CV HG (WATER)

(1) Dissolved greater than total.  Reanalysis yields similar results.

RDL = Reportable Detection Limit

84115720.00050<0.0005084115720.00010<0.000108411572<0.00010mg/LDissolved Zirconium (Zr)

84163310.000500.0014284115720.00010    0.00172 (1)84115720.00041mg/LDissolved Zinc (Zn)

84115720.00100.035384115720.000200.0002284115720.00042mg/LDissolved Vanadium (V)

84115720.0000100.00002884115720.00000200.00010584115720.000598mg/LDissolved Uranium (U)

84115720.0025<0.002584115720.00050<0.000508411572<0.00050mg/LDissolved Titanium (Ti)

84115720.0010<0.001084115720.00020<0.000208411572<0.00020mg/LDissolved Tin (Sn)

84115720.000010<0.00001084115720.0000020<0.00000208411572<0.0000020mg/LDissolved Thallium (Tl)

84115720.000250.0096684115720.0000500.065984115720.606mg/LDissolved Strontium (Sr)

84115720.000025<0.00002584115720.0000050<0.00000508411572<0.0000050mg/LDissolved Silver (Ag)

84115720.2534.384115720.0503.2284115724.04mg/LDissolved Silicon (Si)

84115720.000200.0045384115720.0000400.00018284115720.0283mg/LDissolved Selenium (Se)

84115720.010<0.01084115720.00200.006484115720.0102mg/LDissolved Phosphorus (P)

84115720.000100.0004484115720.0000200.00012284115720.000264mg/LDissolved Nickel (Ni)

84115720.000250.093084115720.0000500.0055884115720.00519mg/LDissolved Molybdenum (Mo)

84163310.000250.0005084115720.0000500.0051284115720.0688mg/LDissolved Manganese (Mn)

84115720.00250.060584115720.00050<0.0005084163310.00256mg/LDissolved Lithium (Li)

84115720.0000250.00002784115720.00000500.000009084115720.0000120mg/LDissolved Lead (Pb)

84115720.00500.007084115720.00100.050684115720.0831mg/LDissolved Iron (Fe)

84115720.000250.0038684115720.0000500.00070884115720.00112mg/LDissolved Copper (Cu)

84115720.0000250.00002784115720.00000500.000018084115720.0000670mg/LDissolved Cobalt (Co)

84115720.000500.0008984115720.00010<0.000108411572<0.00010mg/LDissolved Chromium (Cr)

84115720.000025<0.00002584115720.00000500.00000508411572<0.0000050mg/LDissolved Cadmium (Cd)

84115720.0502.5684115720.010<0.0108411572<0.010mg/LDissolved Boron (B)

84115720.000025<0.00002584115720.0000050<0.000005084115720.0000050mg/LDissolved Bismuth (Bi)

84115720.000050<0.00005084115720.000010<0.0000108411572<0.000010mg/LDissolved Beryllium (Be)

84115720.000100.0007884115720.0000200.014284115720.0814mg/LDissolved Barium (Ba)

84115720.000100.0038784115720.0000200.00022284115720.000517mg/LDissolved Arsenic (As)

84115720.000100.0005384115720.0000200.00002684115720.000125mg/LDissolved Antimony (Sb)

84115720.00250.025484115720.000500.012784115720.00542mg/LDissolved Aluminum (Al)

Dissolved Metals by ICPMS

84143250.00200.003384143250.00200.00218414325<0.0020ug/LDissolved Mercury (Hg)

Elements

84079570.500.7284079570.5047.88407957193mg/LDissolved Hardness (CaCO3)

Misc. Inorganics

QC BatchRDLATT-20QC BatchRDLATT-19QC BatchWRC-DUPUNITS

504827-01-01504827-01-01504827-01-01COC Number

2016/09/20
 17:45

2016/09/20
 15:00

2016/09/21
 08:00

Sampling Date

PO6387PO6386PO6385Maxxam ID

Page 16 of 35

Maxxam Analytics International Corporation o/a Maxxam Analytics Burnaby: 4606 Canada Way V5G 1K5 Telephone(604) 734-7276 Fax(604) 731-2386



Maxxam Job #: B682810
Report Date: 2016/10/03

HATFIELD CONSULTANTS

LOW LEVEL DISSOLVED METALS WITH CV HG (WATER)

RDL = Reportable Detection Limit

84070121526884070123.05.7840701231.5mg/LDissolved Sulphur (S)

84070120.2553084070120.0504.23840701251.8mg/LDissolved Sodium (Na)

84070120.250.6684070120.0500.27684070120.694mg/LDissolved Potassium (K)

84070120.25<0.2584070120.0501.6384070125.39mg/LDissolved Magnesium (Mg)

84070120.250.2984070120.05016.5840701268.3mg/LDissolved Calcium (Ca)

QC BatchRDLATT-20QC BatchRDLATT-19QC BatchWRC-DUPUNITS

504827-01-01504827-01-01504827-01-01COC Number

2016/09/20
 17:45

2016/09/20
 15:00

2016/09/21
 08:00

Sampling Date

PO6387PO6386PO6385Maxxam ID
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Maxxam Job #: B682810
Report Date: 2016/10/03

HATFIELD CONSULTANTS

LOW LEVEL DISSOLVED METALS WITH CV HG (WATER)

RDL = Reportable Detection Limit

84070120.05028.4<0.050mg/LDissolved Calcium (Ca)

84115720.00010<0.00010<0.00010mg/LDissolved Zirconium (Zr)

84115720.000100.000550.00016mg/LDissolved Zinc (Zn)

84115720.00020<0.00020<0.00020mg/LDissolved Vanadium (V)

84115720.00000200.0000680<0.0000020mg/LDissolved Uranium (U)

84115720.00050<0.00050<0.00050mg/LDissolved Titanium (Ti)

84115720.00020<0.00020<0.00020mg/LDissolved Tin (Sn)

84115720.00000200.0000020<0.0000020mg/LDissolved Thallium (Tl)

84115720.0000500.118<0.000050mg/LDissolved Strontium (Sr)

84115720.0000050<0.0000050<0.0000050mg/LDissolved Silver (Ag)

84115720.0503.42<0.050mg/LDissolved Silicon (Si)

84115720.0000400.00316<0.000040mg/LDissolved Selenium (Se)

84115720.00200.0065<0.0020mg/LDissolved Phosphorus (P)

84115720.0000200.000127<0.000020mg/LDissolved Nickel (Ni)

84115720.0000500.00122<0.000050mg/LDissolved Molybdenum (Mo)

84115720.0000500.0237<0.000050mg/LDissolved Manganese (Mn)

84115720.000500.00053<0.00050mg/LDissolved Lithium (Li)

84115720.0000050<0.0000050<0.0000050mg/LDissolved Lead (Pb)

84115720.00100.130<0.0010mg/LDissolved Iron (Fe)

84115720.0000500.000420<0.000050mg/LDissolved Copper (Cu)

84115720.00000500.0000670<0.0000050mg/LDissolved Cobalt (Co)

84115720.00010<0.00010<0.00010mg/LDissolved Chromium (Cr)

84115720.0000050<0.0000050<0.0000050mg/LDissolved Cadmium (Cd)

84115720.010<0.010<0.010mg/LDissolved Boron (B)

84115720.0000050<0.0000050<0.0000050mg/LDissolved Bismuth (Bi)

84115720.000010<0.000010<0.000010mg/LDissolved Beryllium (Be)

84115720.0000200.02550.000024mg/LDissolved Barium (Ba)

84115720.0000200.000147<0.000020mg/LDissolved Arsenic (As)

84115720.0000200.000041<0.000020mg/LDissolved Antimony (Sb)

84115720.000500.00464<0.00050mg/LDissolved Aluminum (Al)

Dissolved Metals by ICPMS

84143250.0020<0.0020<0.0020ug/LDissolved Mercury (Hg)

Elements

84079570.5082.3<0.50mg/LDissolved Hardness (CaCO3)

Misc. Inorganics

QC BatchRDLWRC-WL1TRIP BLANKUNITS

504827-01-01504827-01-01COC Number

2016/09/20
 12:00

2016/09/20Sampling Date

PO6395PO6388Maxxam ID
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Maxxam Job #: B682810
Report Date: 2016/10/03

HATFIELD CONSULTANTS

LOW LEVEL DISSOLVED METALS WITH CV HG (WATER)

RDL = Reportable Detection Limit

84070123.010.4<3.0mg/LDissolved Sulphur (S)

84070120.0509.48<0.050mg/LDissolved Sodium (Na)

84070120.0500.460<0.050mg/LDissolved Potassium (K)

84070120.0502.80<0.050mg/LDissolved Magnesium (Mg)

QC BatchRDLWRC-WL1TRIP BLANKUNITS

504827-01-01504827-01-01COC Number

2016/09/20
 12:00

2016/09/20Sampling Date

PO6395PO6388Maxxam ID
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Maxxam Job #: B682810
Report Date: 2016/10/03

HATFIELD CONSULTANTS

LOW LEVEL TOTAL METALS WITH CV HG (WATER)

RDL = Reportable Detection Limit

84070130.25<0.250.05015.634.2mg/LTotal Calcium (Ca)

84114540.00050<0.000500.00010<0.00010<0.00010mg/LTotal Zirconium (Zr)

84114540.000500.003530.000100.000260.00352mg/LTotal Zinc (Zn)

84114540.00100.03710.000200.000240.00044mg/LTotal Vanadium (V)

84114540.0000100.0000290.00000200.00009700.000118mg/LTotal Uranium (U)

84114540.0025<0.00250.00050<0.000500.00083mg/LTotal Titanium (Ti)

84114540.0010<0.00100.00020<0.00020<0.00020mg/LTotal Tin (Sn)

84114540.000010<0.0000100.0000020<0.0000020<0.0000020mg/LTotal Thallium (Tl)

84114540.000250.009100.0000500.06250.187mg/LTotal Strontium (Sr)

84114540.000025<0.0000250.0000050<0.0000050<0.0000050mg/LTotal Silver (Ag)

84114540.2529.30.0502.993.23mg/LTotal Silicon (Si)

84114540.000200.004140.0000400.0001970.00634mg/LTotal Selenium (Se)

84114540.010<0.0100.00200.00280.0276mg/LTotal Phosphorus (P)

84114540.000100.000630.0000200.0001250.000289mg/LTotal Nickel (Ni)

84114540.000250.09540.0000500.005600.00193mg/LTotal Molybdenum (Mo)

84114540.00025<0.000250.0000500.006260.0309mg/LTotal Manganese (Mn)

84114540.00250.05770.00050<0.00050<0.00050mg/LTotal Lithium (Li)

84114540.0000250.0000440.0000050<0.00000500.0000300mg/LTotal Lead (Pb)

84114540.00500.01440.00100.07300.329mg/LTotal Iron (Fe)

84114540.000250.004670.0000500.0007200.000907mg/LTotal Copper (Cu)

84114540.000025<0.0000250.00000500.00002200.0000970mg/LTotal Cobalt (Co)

84114540.000500.000960.000100.000110.00017mg/LTotal Chromium (Cr)

84114540.000025<0.0000250.0000050<0.00000500.0000080mg/LTotal Cadmium (Cd)

84114540.0502.620.010<0.010<0.010mg/LTotal Boron (B)

84114540.000025<0.0000250.0000050<0.0000050<0.0000050mg/LTotal Bismuth (Bi)

84114540.000050<0.0000500.000010<0.000010<0.000010mg/LTotal Beryllium (Be)

84114540.000100.001060.0000200.01440.0395mg/LTotal Barium (Ba)

84114540.000100.004060.0000200.0002250.000287mg/LTotal Arsenic (As)

84114540.000100.000570.0000200.0000290.000047mg/LTotal Antimony (Sb)

84114540.00250.03290.000500.01940.0476mg/LTotal Aluminum (Al)

Total Metals by ICPMS

84143360.00200.00440.0020<0.0020<0.0020ug/LTotal Mercury (Hg)

Elements

84077780.50<0.500.5045.899.3mg/LTotal Hardness (CaCO3)

Calculated Parameters

QC BatchRDLATT-20RDLATT-19ATWL-3UNITS

504827-01-01504827-01-01504827-01-01COC Number

2016/09/20
 17:45

2016/09/20
 15:00

2016/09/20
 10:00

Sampling Date

PO6387PO6386PO6383Maxxam ID
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Maxxam Job #: B682810
Report Date: 2016/10/03

HATFIELD CONSULTANTS

LOW LEVEL TOTAL METALS WITH CV HG (WATER)

RDL = Reportable Detection Limit

8407013152773.05.616.4mg/LTotal Sulphur (S)

84070130.255810.0504.2620.7mg/LTotal Sodium (Na)

84070130.250.720.0500.2650.550mg/LTotal Potassium (K)

84070130.25<0.250.0501.653.39mg/LTotal Magnesium (Mg)

QC BatchRDLATT-20RDLATT-19ATWL-3UNITS

504827-01-01504827-01-01504827-01-01COC Number

2016/09/20
 17:45

2016/09/20
 15:00

2016/09/20
 10:00

Sampling Date

PO6387PO6386PO6383Maxxam ID
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Maxxam Job #: B682810
Report Date: 2016/10/03

HATFIELD CONSULTANTS

LOW LEVEL TOTAL METALS WITH CV HG (WATER)

RDL = Reportable Detection Limit

84070130.050<0.050mg/LTotal Calcium (Ca)

84114540.00010<0.00010mg/LTotal Zirconium (Zr)

84114540.00010<0.00010mg/LTotal Zinc (Zn)

84114540.00020<0.00020mg/LTotal Vanadium (V)

84114540.0000020<0.0000020mg/LTotal Uranium (U)

84114540.00050<0.00050mg/LTotal Titanium (Ti)

84114540.00020<0.00020mg/LTotal Tin (Sn)

84114540.0000020<0.0000020mg/LTotal Thallium (Tl)

84114540.000050<0.000050mg/LTotal Strontium (Sr)

84114540.0000050<0.0000050mg/LTotal Silver (Ag)

84114540.050<0.050mg/LTotal Silicon (Si)

84114540.000040<0.000040mg/LTotal Selenium (Se)

84114540.0020<0.0020mg/LTotal Phosphorus (P)

84114540.000020<0.000020mg/LTotal Nickel (Ni)

84114540.000050<0.000050mg/LTotal Molybdenum (Mo)

84114540.000050<0.000050mg/LTotal Manganese (Mn)

84114540.00050<0.00050mg/LTotal Lithium (Li)

84114540.0000050<0.0000050mg/LTotal Lead (Pb)

84114540.0010<0.0010mg/LTotal Iron (Fe)

84114540.000050<0.000050mg/LTotal Copper (Cu)

84114540.0000050<0.0000050mg/LTotal Cobalt (Co)

84114540.00010<0.00010mg/LTotal Chromium (Cr)

84114540.0000050<0.0000050mg/LTotal Cadmium (Cd)

84114540.010<0.010mg/LTotal Boron (B)

84114540.0000050<0.0000050mg/LTotal Bismuth (Bi)

84114540.000010<0.000010mg/LTotal Beryllium (Be)

84114540.000020<0.000020mg/LTotal Barium (Ba)

84114540.000020<0.000020mg/LTotal Arsenic (As)

84114540.000020<0.000020mg/LTotal Antimony (Sb)

84114540.00050<0.00050mg/LTotal Aluminum (Al)

Total Metals by ICPMS

84143360.0020<0.0020ug/LTotal Mercury (Hg)

Elements

84077780.50<0.50mg/LTotal Hardness (CaCO3)

Calculated Parameters

QC BatchRDLTRIP BLANKUNITS

504827-01-01COC Number

2016/09/20Sampling Date

PO6388Maxxam ID
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Maxxam Job #: B682810
Report Date: 2016/10/03

HATFIELD CONSULTANTS

LOW LEVEL TOTAL METALS WITH CV HG (WATER)

RDL = Reportable Detection Limit

84070133.0<3.0mg/LTotal Sulphur (S)

84070130.050<0.050mg/LTotal Sodium (Na)

84070130.050<0.050mg/LTotal Potassium (K)

84070130.050<0.050mg/LTotal Magnesium (Mg)

QC BatchRDLTRIP BLANKUNITS

504827-01-01COC Number

2016/09/20Sampling Date

PO6388Maxxam ID
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Maxxam Job #: B682810
Report Date: 2016/10/03

HATFIELD CONSULTANTS

LL TOTAL METALS (DIGESTED) WITH CV HG

RDL = Reportable Detection Limit

84070130.2533.268.6840701364.335.8mg/LTotal Calcium (Ca)

84113310.00010<0.000100.0001384090730.00011<0.00010mg/LTotal Zirconium (Zr)

84113310.00100.00130.001484090730.00120.0012mg/LTotal Zinc (Zn)

84113310.000200.000350.0010784090730.000840.00054mg/LTotal Vanadium (V)

84113310.00000500.00009100.00061984090730.0006130.000143mg/LTotal Uranium (U)

84113310.0020<0.00200.007184090730.00430.0024mg/LTotal Titanium (Ti)

84113310.00020<0.00020<0.000208409073<0.00020<0.00020mg/LTotal Tin (Sn)

84113310.0000020<0.00000200.00000208409073<0.0000020<0.0000020mg/LTotal Thallium (Tl)

84113310.0000500.1340.61784090730.5520.208mg/LTotal Strontium (Sr)

84113310.000010<0.000010<0.0000108409073<0.000010<0.000010mg/LTotal Silver (Ag)

84113310.0504.094.5784090734.383.88mg/LTotal Silicon (Si)

84113310.0000400.005350.030784090730.02870.00810mg/LTotal Selenium (Se)

84113310.00500.02330.047784090730.03070.0339mg/LTotal Phosphorus (P)

84113310.000100.000240.0004584090730.000340.00024mg/LTotal Nickel (Ni)

84113310.0000500.001490.0053584090730.005030.00218mg/LTotal Molybdenum (Mo)

84113310.000100.02520.089284090730.08280.0406mg/LTotal Manganese (Mn)

84113310.00050<0.000500.0021084090730.00214<0.00050mg/LTotal Lithium (Li)

84113310.0000200.0000460.00016384090730.0001190.000045mg/LTotal Lead (Pb)

84113310.00500.3900.48884090730.3740.544mg/LTotal Iron (Fe)

84113310.000100.000890.0025984090730.002180.00105mg/LTotal Copper (Cu)

84113310.0000100.0001110.00017284090730.0001250.000113mg/LTotal Cobalt (Co)

84113310.000100.000230.0003184090730.000230.00021mg/LTotal Chromium (Cr)

84113310.00000500.00000800.000010084090730.00000800.0000050mg/LTotal Cadmium (Cd)

84113310.010<0.0100.01184090730.011<0.010mg/LTotal Boron (B)

84113310.000010<0.000010<0.0000108409073<0.000010<0.000010mg/LTotal Bismuth (Bi)

84113310.000010<0.0000100.0000158409073<0.000010<0.000010mg/LTotal Beryllium (Be)

84113310.0000500.02710.089684090730.08830.0401mg/LTotal Barium (Ba)

84113310.0000200.0002430.00082484090730.0006720.000250mg/LTotal Arsenic (As)

84113310.0000200.0000400.00012284090730.0001220.000049mg/LTotal Antimony (Sb)

84113310.00300.06810.34384090730.2370.214mg/LTotal Aluminum (Al)

Total Metals by ICPMS

84143360.0020<0.0020<0.00208414336<0.0020<0.0020ug/LTotal Mercury (Hg)

Elements

84077780.5095.01938407778182103mg/LTotal Hardness (CaCO3)

Calculated Parameters

QC BatchRDLWRC-WL1WRC-DUPQC BatchWRC-BPATWL-1UNITS

504827-01-01504827-01-01504827-01-01504827-01-01COC Number

2016/09/20
 12:00

2016/09/21
 08:00

2016/09/21
 07:45

2016/09/20
 11:15

Sampling Date

PO6395PO6385PO6384PO6366Maxxam ID
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Maxxam Job #: B682810
Report Date: 2016/10/03

HATFIELD CONSULTANTS

LL TOTAL METALS (DIGESTED) WITH CV HG

Lab-Dup = Laboratory Initiated Duplicate

RDL = Reportable Detection Limit

84143360.0020<0.0020ug/LTotal Mercury (Hg)

Elements

QC BatchRDL
WRC-WL1
Lab-Dup

UNITS

504827-01-01COC Number

2016/09/20
 12:00

Sampling Date

PO6395Maxxam ID

RDL = Reportable Detection Limit

84070133.012.333.9840701331.917.5mg/LTotal Sulphur (S)

84070130.2511.352.6840701348.720.6mg/LTotal Sodium (Na)

84070130.250.440.6884070130.690.53mg/LTotal Potassium (K)

84070130.252.905.3484070135.213.36mg/LTotal Magnesium (Mg)

QC BatchRDLWRC-WL1WRC-DUPQC BatchWRC-BPATWL-1UNITS

504827-01-01504827-01-01504827-01-01504827-01-01COC Number

2016/09/20
 12:00

2016/09/21
 08:00

2016/09/21
 07:45

2016/09/20
 11:15

Sampling Date

PO6395PO6385PO6384PO6366Maxxam ID

Page 25 of 35

Maxxam Analytics International Corporation o/a Maxxam Analytics Burnaby: 4606 Canada Way V5G 1K5 Telephone(604) 734-7276 Fax(604) 731-2386



Maxxam Job #: B682810
Report Date: 2016/10/03

HATFIELD CONSULTANTS

GENERAL COMMENTS

Each temperature is the average of up to three cooler temperatures taken at receipt

5.7°CPackage 2

5.3°CPackage 1

Sample PO6390-01 Elements by ICPMS Low Level (total): RDL raised due to sample matrix interference.
LOW LEVEL TOTAL METALS IN WATER (WATER) Comments

Sample PO6387-05 Elements by ICPMS Low Level (dissolved): RDL raised due to sample matrix interference.
Sample PO6387-05 Elements by ICPMS Low Level (dissolved): RDL raised due to sample matrix interference.

LOW LEVEL DISSOLVED METALS WITH CV HG (WATER) Comments

Sample PO6387-04 Elements by ICPMS Low Level (total): Applied 10% rule
RDL raised due to sample matrix interference.

LOW LEVEL TOTAL METALS WITH CV HG (WATER) Comments

Sample PO6385, Elements by ICPMS Low Level (dissolved): Test repeated.
Sample PO6387, Elements by ICPMS Low Level (dissolved): Test repeated.

Results relate only to the items tested.
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HATFIELD CONSULTANTSMaxxam Job #: B682810
Report Date: 2016/10/03

QUALITY ASSURANCE REPORT

QC LimitsValue (%)UNITSValueQC Limits% RecoveryQC Limits% RecoveryDateParameterQC Batch

RPDMethod BlankSpiked BlankMatrix Spike

20NCmg/L<0.005080 - 1209880 - 120992016/09/23Total Ammonia (N)8408002

20NCmg/L<0.005080 - 12010380 - 120952016/09/23Total Ammonia (N)8408005

20NCmg/L<0.502016/09/23Acidity (pH 4.5)8408360

20NCmg/L<0.5080 - 120992016/09/23Acidity (pH 8.3)8408360

20NCmg/L
0.0016,

RDL=0.0010
80 - 1209480 - 120932016/09/23Orthophosphate (P)8408522

201.0mg/L
0.017,

RDL=0.010
80 - 1209880 - 1201032016/09/23Fluoride (F)8408938

202.0mg/L<0.005080 - 1209880 - 120NC2016/09/23Total Ammonia (N)8409005

20NCmg/L<0.005080 - 1209880 - 120982016/09/23Total Ammonia (N)8409006

mg/L<0.003080 - 12010980 - 120NC2016/09/23Total Aluminum (Al)8409073

mg/L<0.00002080 - 12010480 - 120NC2016/09/23Total Antimony (Sb)8409073

mg/L<0.00002080 - 12010480 - 1201032016/09/23Total Arsenic (As)8409073

mg/L<0.00005080 - 12010680 - 120NC2016/09/23Total Barium (Ba)8409073

mg/L<0.00001080 - 12010480 - 1201082016/09/23Total Beryllium (Be)8409073

20NCmg/L<0.00001080 - 12010980 - 120962016/09/23Total Bismuth (Bi)8409073

mg/L<0.01080 - 12010080 - 120NC2016/09/23Total Boron (B)8409073

mg/L<0.000005080 - 12010280 - 120972016/09/23Total Cadmium (Cd)8409073

mg/L<0.0001080 - 12010380 - 120NC2016/09/23Total Chromium (Cr)8409073

mg/L<0.00001080 - 12010480 - 1201022016/09/23Total Cobalt (Co)8409073

mg/L<0.0001080 - 12010780 - 120972016/09/23Total Copper (Cu)8409073

mg/L<0.005080 - 12010580 - 120NC2016/09/23Total Iron (Fe)8409073

mg/L<0.00002080 - 12010880 - 1201032016/09/23Total Lead (Pb)8409073

mg/L<0.0005080 - 1209880 - 120NC2016/09/23Total Lithium (Li)8409073

mg/L<0.0001080 - 12010580 - 120NC2016/09/23Total Manganese (Mn)8409073

mg/L<0.00005080 - 12010480 - 120NC2016/09/23Total Molybdenum (Mo)8409073

mg/L<0.0001080 - 12010480 - 120NC2016/09/23Total Nickel (Ni)8409073

mg/L<0.00502016/09/23Total Phosphorus (P)8409073

mg/L<0.00004080 - 12010480 - 120NC2016/09/23Total Selenium (Se)8409073

mg/L<0.0502016/09/23Total Silicon (Si)8409073

mg/L<0.00001080 - 1208680 - 120802016/09/23Total Silver (Ag)8409073

mg/L<0.00005080 - 1209680 - 120NC2016/09/23Total Strontium (Sr)8409073

mg/L<0.000002080 - 1208980 - 120     71 (1)2016/09/23Total Thallium (Tl)8409073
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HATFIELD CONSULTANTSMaxxam Job #: B682810
Report Date: 2016/10/03

QUALITY ASSURANCE REPORT(CONT'D)

QC LimitsValue (%)UNITSValueQC Limits% RecoveryQC Limits% RecoveryDateParameterQC Batch

RPDMethod BlankSpiked BlankMatrix Spike

mg/L<0.0002080 - 12010680 - 120942016/09/23Total Tin (Sn)8409073

mg/L<0.002080 - 12010680 - 120NC2016/09/23Total Titanium (Ti)8409073

mg/L<0.000005080 - 12010980 - 120NC2016/09/23Total Uranium (U)8409073

mg/L<0.0002080 - 12010280 - 120NC2016/09/23Total Vanadium (V)8409073

mg/L<0.001080 - 12011280 - 1201042016/09/23Total Zinc (Zn)8409073

mg/L<0.000102016/09/23Total Zirconium (Zr)8409073

20NCmg/L<0.502016/09/23Alkalinity (PP as CaCO3)8409163

200.47mg/L<0.5080 - 1209880 - 120NC2016/09/23Alkalinity (Total as CaCO3)8409163

200.47mg/L<0.502016/09/23Bicarbonate (HCO3)8409163

20NCmg/L<0.502016/09/23Carbonate (CO3)8409163

20NCmg/L<0.502016/09/23Hydroxide (OH)8409163

N/A1.397 - 1031022016/09/23pH8409170

200uS/cm<1.080 - 1201012016/09/23Conductivity8409171

200.16NTU<0.1080 - 1201002016/09/23Turbidity8409474

20NCmg/L<0.5080 - 12011280 - 1201142016/09/23Dissolved Organic Carbon (C)8409487

203.0mg/L<0.5080 - 12011580 - 120NC2016/09/23Dissolved Organic Carbon (C)8409529

202.4mg/L<0.5080 - 12011480 - 1201012016/09/23Dissolved Organic Carbon (C)8409530

20NCmg/L<0.5080 - 12011480 - 1201072016/09/23Total Organic Carbon (C)8409531

20NCmg/L<0.5080 - 12011380 - 1201052016/09/23Total Organic Carbon (C)8409532

201.0mg/L<0.02080 - 12010580 - 1201012016/09/27Total Nitrogen (N)8409731

201.7mg/L<0.02080 - 12010380 - 120NC2016/09/27Total Nitrogen (N)8409732

mg/L<1.080 - 120992016/09/27Total Suspended Solids8410953

20NCmg/L<0.003080 - 12010780 - 1201102016/09/27Total Aluminum (Al)8411331

200mg/L<0.00002080 - 1209880 - 1201172016/09/27Total Antimony (Sb)8411331

202.3mg/L<0.00002080 - 12010380 - 120NC2016/09/27Total Arsenic (As)8411331

202.5mg/L<0.00005080 - 12010380 - 120NC2016/09/27Total Barium (Ba)8411331

20NCmg/L<0.00001080 - 12010380 - 1201072016/09/27Total Beryllium (Be)8411331

20NCmg/L<0.00001080 - 1209780 - 1201122016/09/27Total Bismuth (Bi)8411331

204.2mg/L<0.01080 - 12010080 - 120NC2016/09/27Total Boron (B)8411331

20NCmg/L<0.000005080 - 12010580 - 1201052016/09/27Total Cadmium (Cd)8411331

20NCmg/L<0.0001080 - 12010180 - 1201002016/09/27Total Chromium (Cr)8411331

200.61mg/L<0.00001080 - 12010080 - 120962016/09/27Total Cobalt (Co)8411331
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HATFIELD CONSULTANTSMaxxam Job #: B682810
Report Date: 2016/10/03

QUALITY ASSURANCE REPORT(CONT'D)

QC LimitsValue (%)UNITSValueQC Limits% RecoveryQC Limits% RecoveryDateParameterQC Batch

RPDMethod BlankSpiked BlankMatrix Spike

200.14mg/L<0.0001080 - 12010680 - 120952016/09/27Total Copper (Cu)8411331

202.2mg/L<0.005080 - 12010780 - 120NC2016/09/27Total Iron (Fe)8411331

20NCmg/L<0.00002080 - 1209680 - 1201152016/09/27Total Lead (Pb)8411331

20NCmg/L<0.0005080 - 12010380 - 1201092016/09/27Total Lithium (Li)8411331

200.16mg/L<0.0001080 - 12010080 - 120NC2016/09/27Total Manganese (Mn)8411331

202.1mg/L<0.00005080 - 12010080 - 1201122016/09/27Total Molybdenum (Mo)8411331

200.068mg/L<0.0001080 - 12010280 - 120962016/09/27Total Nickel (Ni)8411331

mg/L<0.00502016/09/27Total Phosphorus (P)8411331

20NCmg/L<0.00004080 - 12010880 - 1201072016/09/27Total Selenium (Se)8411331

200.49mg/L<0.0502016/09/27Total Silicon (Si)8411331

20NCmg/L<0.00001080 - 1208880 - 1201122016/09/27Total Silver (Ag)8411331

200.50mg/L<0.00005080 - 12010280 - 120NC2016/09/27Total Strontium (Sr)8411331

20NCmg/L<0.000002080 - 1209180 - 1201102016/09/27Total Thallium (Tl)8411331

20NCmg/L<0.0002080 - 1209880 - 1201172016/09/27Total Tin (Sn)8411331

20NCmg/L<0.002080 - 1209980 - 120972016/09/27Total Titanium (Ti)8411331

200mg/L<0.000005080 - 1209980 - 1201102016/09/27Total Uranium (U)8411331

20NCmg/L<0.0002080 - 12010080 - 1201042016/09/27Total Vanadium (V)8411331

20NCmg/L<0.001080 - 12011080 - 120872016/09/27Total Zinc (Zn)8411331

20NCmg/L<0.000102016/09/27Total Zirconium (Zr)8411331

200.54mg/L<0.0005080 - 12010280 - 120972016/09/27Total Aluminum (Al)8411454

20NCmg/L<0.00002080 - 12010080 - 120992016/09/27Total Antimony (Sb)8411454

202.4mg/L<0.00002080 - 1209980 - 1201012016/09/27Total Arsenic (As)8411454

200.78mg/L<0.00002080 - 1209980 - 120NC2016/09/27Total Barium (Ba)8411454

20NCmg/L<0.00001080 - 1209880 - 1201002016/09/27Total Beryllium (Be)8411454

20NCmg/L<0.000005080 - 1209780 - 120962016/09/27Total Bismuth (Bi)8411454

20NCmg/L<0.01080 - 1209980 - 120982016/09/27Total Boron (B)8411454

20NCmg/L<0.000005080 - 1209680 - 120942016/09/27Total Cadmium (Cd)8411454

20NCmg/L<0.0001080 - 12010180 - 120992016/09/27Total Chromium (Cr)8411454

203.6mg/L<0.000005080 - 12010180 - 120962016/09/27Total Cobalt (Co)8411454

20NCmg/L<0.00005080 - 12010280 - 120942016/09/27Total Copper (Cu)8411454

203.7mg/L<0.001080 - 12010380 - 120NC2016/09/27Total Iron (Fe)8411454

2013mg/L<0.000005080 - 1209880 - 120972016/09/27Total Lead (Pb)8411454
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HATFIELD CONSULTANTSMaxxam Job #: B682810
Report Date: 2016/10/03

QUALITY ASSURANCE REPORT(CONT'D)

QC LimitsValue (%)UNITSValueQC Limits% RecoveryQC Limits% RecoveryDateParameterQC Batch

RPDMethod BlankSpiked BlankMatrix Spike

20NCmg/L<0.0005080 - 1209380 - 120952016/09/27Total Lithium (Li)8411454

200.13mg/L<0.00005080 - 1209880 - 120NC2016/09/27Total Manganese (Mn)8411454

20NCmg/L<0.00005080 - 1209880 - 1201012016/09/27Total Molybdenum (Mo)8411454

20NCmg/L<0.00002080 - 12010280 - 120962016/09/27Total Nickel (Ni)8411454

mg/L
0.0025,

RDL=0.0020
2016/09/27Total Phosphorus (P)8411454

20NCmg/L<0.00004080 - 1209880 - 120992016/09/27Total Selenium (Se)8411454

200.87mg/L<0.0502016/09/27Total Silicon (Si)8411454

20NCmg/L<0.000005080 - 1209880 - 120992016/09/27Total Silver (Ag)8411454

201.6mg/L<0.00005080 - 1209380 - 120NC2016/09/27Total Strontium (Sr)8411454

20NCmg/L<0.000002080 - 1209880 - 120932016/09/27Total Thallium (Tl)8411454

20NCmg/L<0.0002080 - 12010280 - 1201002016/09/27Total Tin (Sn)8411454

20NCmg/L<0.0005080 - 1209180 - 120972016/09/27Total Titanium (Ti)8411454

202.9mg/L<0.000002080 - 1209780 - 120982016/09/27Total Uranium (U)8411454

20NCmg/L<0.0002080 - 1209980 - 1201002016/09/27Total Vanadium (V)8411454

20NCmg/L<0.0001080 - 12010280 - 120972016/09/27Total Zinc (Zn)8411454

20NCmg/L<0.000102016/09/27Total Zirconium (Zr)8411454

200.054mg/L<0.0005080 - 12010280 - 120992016/09/28Dissolved Aluminum (Al)8411572

20NCmg/L<0.00002080 - 12010280 - 120962016/09/28Dissolved Antimony (Sb)8411572

205.6mg/L<0.00002080 - 12010080 - 1201032016/09/28Dissolved Arsenic (As)8411572

206.4mg/L<0.00002080 - 12010080 - 120NC2016/09/28Dissolved Barium (Ba)8411572

20NCmg/L<0.00001080 - 1209980 - 120972016/09/28Dissolved Beryllium (Be)8411572

20NCmg/L<0.000005080 - 12010080 - 120922016/09/28Dissolved Bismuth (Bi)8411572

205.4mg/L<0.01080 - 1209880 - 120NC2016/09/28Dissolved Boron (B)8411572

20NCmg/L<0.000005080 - 1209780 - 120982016/09/28Dissolved Cadmium (Cd)8411572

20NCmg/L<0.0001080 - 1209980 - 120952016/09/28Dissolved Chromium (Cr)8411572

204.8mg/L<0.000005080 - 1209980 - 120932016/09/28Dissolved Cobalt (Co)8411572

20NCmg/L<0.00005080 - 12010080 - 120912016/09/28Dissolved Copper (Cu)8411572

200.57mg/L<0.001080 - 12010480 - 1201012016/09/28Dissolved Iron (Fe)8411572

20NCmg/L<0.000005080 - 12010380 - 120962016/09/28Dissolved Lead (Pb)8411572

mg/L<0.0005080 - 12010480 - 120NC2016/09/28Dissolved Lithium (Li)8411572

201.6mg/L<0.00005080 - 1209980 - 120NC2016/09/28Dissolved Manganese (Mn)8411572

205.5mg/L<0.00005080 - 1209880 - 120NC2016/09/28Dissolved Molybdenum (Mo)8411572
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HATFIELD CONSULTANTSMaxxam Job #: B682810
Report Date: 2016/10/03

QUALITY ASSURANCE REPORT(CONT'D)

QC LimitsValue (%)UNITSValueQC Limits% RecoveryQC Limits% RecoveryDateParameterQC Batch

RPDMethod BlankSpiked BlankMatrix Spike

202.5mg/L<0.00002080 - 12010080 - 120902016/09/28Dissolved Nickel (Ni)8411572

mg/L<0.00202016/09/28Dissolved Phosphorus (P)8411572

20NCmg/L<0.00004080 - 1209780 - 120992016/09/28Dissolved Selenium (Se)8411572

202.6mg/L<0.0502016/09/28Dissolved Silicon (Si)8411572

20NCmg/L<0.000005080 - 1209780 - 120892016/09/28Dissolved Silver (Ag)8411572

201.9mg/L<0.00005080 - 1209480 - 120NC2016/09/28Dissolved Strontium (Sr)8411572

20NCmg/L
0.0000020,

RDL=0.0000020
80 - 12010080 - 120     76 (1)2016/09/28Dissolved Thallium (Tl)8411572

20NCmg/L<0.0002080 - 12010480 - 120942016/09/28Dissolved Tin (Sn)8411572

20NCmg/L<0.0005080 - 1209380 - 120992016/09/28Dissolved Titanium (Ti)8411572

203.5mg/L<0.000002080 - 12010280 - 1201002016/09/28Dissolved Uranium (U)8411572

20NCmg/L<0.0002080 - 1209880 - 120962016/09/28Dissolved Vanadium (V)8411572

202.9mg/L<0.0001080 - 12010680 - 120982016/09/28Dissolved Zinc (Zn)8411572

20NCmg/L<0.000102016/09/28Dissolved Zirconium (Zr)8411572

202.7mg/L<0.5080 - 12011380 - 120NC2016/09/26Dissolved Organic Carbon (C)8411677

207.6mg/L<0.5080 - 12011380 - 1201072016/09/26Total Organic Carbon (C)8411678

20NCmg/L<0.01080 - 12010378 - 1201092016/09/26Bromide (Br)8411789

mg/L<1.080 - 1201012016/09/28Total Suspended Solids8412388

253.0mg/L<0.002080 - 12010480 - 120NC2016/09/23Nitrate plus Nitrite (N)8412459

25NCmg/L<0.002080 - 1209580 - 120972016/09/23Nitrite (N)8412460

20NCmg/L
0.0021,

RDL=0.0020
80 - 1209480 - 120962016/09/27Dissolved Phosphorus (P)8412593

200.90mg/L<0.002080 - 1209980 - 120912016/09/27Dissolved Phosphorus (P)8412643

mg/L<0.0005080 - 12010580 - 1201012016/09/29Total Aluminum (Al)8412710

mg/L<0.00002080 - 1209980 - 120932016/09/29Total Antimony (Sb)8412710

mg/L<0.00002080 - 12010080 - 120942016/09/29Total Arsenic (As)8412710

mg/L<0.00002080 - 1209880 - 120952016/09/29Total Barium (Ba)8412710

mg/L<0.00001080 - 12010280 - 120962016/09/29Total Beryllium (Be)8412710

mg/L<0.000005080 - 12010080 - 120942016/09/29Total Bismuth (Bi)8412710

mg/L<0.01080 - 12010380 - 120992016/09/29Total Boron (B)8412710

mg/L<0.000005080 - 12010180 - 120982016/09/29Total Cadmium (Cd)8412710

mg/L<0.0001080 - 12010280 - 120962016/09/29Total Chromium (Cr)8412710

mg/L<0.000005080 - 12010280 - 120982016/09/29Total Cobalt (Co)8412710
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HATFIELD CONSULTANTSMaxxam Job #: B682810
Report Date: 2016/10/03

QUALITY ASSURANCE REPORT(CONT'D)

QC LimitsValue (%)UNITSValueQC Limits% RecoveryQC Limits% RecoveryDateParameterQC Batch

RPDMethod BlankSpiked BlankMatrix Spike

20NCmg/L<0.00005080 - 12010380 - 120982016/09/29Total Copper (Cu)8412710

mg/L<0.001080 - 12011080 - 1201052016/09/29Total Iron (Fe)8412710

mg/L<0.000005080 - 12010180 - 120962016/09/29Total Lead (Pb)8412710

mg/L<0.0005080 - 1209580 - 120902016/09/29Total Lithium (Li)8412710

mg/L<0.00005080 - 1209980 - 120942016/09/29Total Manganese (Mn)8412710

mg/L<0.00005080 - 12010080 - 120922016/09/29Total Molybdenum (Mo)8412710

mg/L<0.00002080 - 12010480 - 120982016/09/29Total Nickel (Ni)8412710

mg/L<0.00202016/09/29Total Phosphorus (P)8412710

mg/L<0.00004080 - 12010080 - 120972016/09/29Total Selenium (Se)8412710

mg/L<0.0502016/09/29Total Silicon (Si)8412710

mg/L<0.000005080 - 1209880 - 120972016/09/29Total Silver (Ag)8412710

mg/L<0.00005080 - 1209280 - 120862016/09/29Total Strontium (Sr)8412710

mg/L<0.000002080 - 1209880 - 120952016/09/29Total Thallium (Tl)8412710

mg/L<0.0002080 - 12010780 - 120982016/09/29Total Tin (Sn)8412710

mg/L<0.0005080 - 1209480 - 120952016/09/29Total Titanium (Ti)8412710

mg/L<0.000002080 - 12010380 - 120982016/09/29Total Uranium (U)8412710

mg/L<0.0002080 - 12010280 - 120972016/09/29Total Vanadium (V)8412710

20NCmg/L<0.0001080 - 12010280 - 1201022016/09/29Total Zinc (Zn)8412710

mg/L<0.000102016/09/29Total Zirconium (Zr)8412710

20NCmg/L<1.080 - 12010180 - 120982016/09/28Dissolved Chloride (Cl)8414012

20NCmg/L<1.080 - 12010480 - 1201112016/09/28Dissolved Sulphate (SO4)8414033

203.3mg/L<1.080 - 12010080 - 120NC2016/09/28Dissolved Chloride (Cl)8414086

200.84mg/L<1.080 - 12010480 - 120NC2016/09/28Dissolved Sulphate (SO4)8414092

20NCug/L<0.002080 - 1209680 - 120932016/09/28Dissolved Mercury (Hg)8414325

20NCug/L<0.002080 - 1209680 - 120942016/09/28Total Mercury (Hg)8414336

mg/L<0.0005080 - 1201042016/09/30Dissolved Lithium (Li)8416331

mg/L<0.00005080 - 1201022016/09/30Dissolved Manganese (Mn)8416331

mg/L<0.0001080 - 1201032016/09/30Dissolved Zinc (Zn)8416331

mg/L<0.002080 - 1201022016/09/29Nitrate plus Nitrite (N)8416365
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HATFIELD CONSULTANTSMaxxam Job #: B682810
Report Date: 2016/10/03

QUALITY ASSURANCE REPORT(CONT'D)

QC LimitsValue (%)UNITSValueQC Limits% RecoveryQC Limits% RecoveryDateParameterQC Batch

RPDMethod BlankSpiked BlankMatrix Spike

mg/L<0.02080 - 120952016/10/03Total Nitrogen (N)8418791

(1) Recovery or RPD for this parameter is outside control limits. The overall quality control for this analysis meets acceptability criteria.

NC (Duplicate RPD): The duplicate RPD was not calculated. The concentration in the sample and/or duplicate was too low to permit a reliable RPD calculation (one or both samples < 5x RDL).

NC (Matrix Spike): The recovery in the matrix spike was not calculated. The relative difference between the concentration in the parent sample and the spiked amount was too small to permit a reliable
recovery calculation (matrix spike concentration was less than 2x that of the native sample concentration).

Method Blank:  A blank matrix containing all reagents used in the analytical procedure. Used to identify laboratory contamination.

Spiked Blank: A blank matrix sample to which a known amount of the analyte, usually from a second source, has been added. Used to evaluate method accuracy.

Matrix Spike:  A sample to which a known amount of the analyte of interest has been added. Used to evaluate sample matrix interference.

Duplicate:  Paired analysis of a separate portion of the same sample. Used to evaluate the variance in the measurement.

N/A = Not Applicable
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Maxxam Job #: B682810
Report Date: 2016/10/03

HATFIELD CONSULTANTS

VALIDATION SIGNATURE PAGE

The analytical data and all QC contained in this report were reviewed and validated by the following individual(s).

Ghayasuddin Khan, M.Sc., P.Chem., QP, Scientific Specialist, Inorganics

Rob Reinert, B.Sc., Scientific Specialist

Maxxam has procedures in place to guard against improper use of the electronic signature and have the required "signatories", as per section 5.10.2 of ISO/IEC
17025:2005(E), signing the reports.  For Service Group specific validation please refer to the Validation Signature Page.
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MAXXAM JOB #: B687271
Received: 2016/09/22, 10:00

CERTIFICATE OF ANALYSIS

Your C.O.C. #: 08427589, 08427590, 08427591

Report Date: 2016/10/17
Report #: R2283437

Version: 1 - Final

Attention:Natasha Cowie

HATFIELD CONSULTANTS
200-850 HARBOURSIDE DR.
NORTH VANCOUVER, BC
CANADA          V7L0A3

Sample Matrix: Sediment
# Samples Received: 64

Analytical MethodLaboratory Method
Date
Analyzed

Date
ExtractedQuantityAnalyses

BC SALM,EPA 6020bR2mBBY7SOP-00017,2016/10/072016/10/0719Elements by ICPMS (total)

BC SALM,EPA 6020bR2mBBY7SOP-00017,2016/10/082016/10/0720Elements by ICPMS (total)

BC SALM,EPA 6020bR2mBBY7SOP-00017,2016/10/112016/10/089Elements by ICPMS (total)

BCMOE BCLM Mar2005 mBBY6SOP-000282016/10/072016/10/0739pH (2:1 DI Water Extract)

BCMOE BCLM Mar2005 mBBY6SOP-000282016/10/112016/10/089pH (2:1 DI Water Extract)

Carter 2nd ed 55.3BBY6SOP-000512016/10/12N/A16Texture by Hydrometer, incl Gravel (Wet)

2016/10/17N/A48TOC Soil Subcontract (1)

Reference Method suffix “m” indicates test methods incorporate validated modifications from specific reference methods to improve performance.

* RPDs calculated using raw data. The rounding of final results may result in the apparent difference.

(1) This test was performed by Maxxam Ontario (From Burnaby)

Encryption Key

Please direct all questions regarding this Certificate of Analysis to your Project Manager.
Megan Smith, Project Manager
Email: msmith@maxxam.ca
Phone# (604) 734 7276
==================================================================== 
Maxxam has procedures in place to guard against improper use of the electronic signature and have the required "signatories", as per section 5.10.2 of ISO/IEC 17025:2005(E), 
signing the reports.  For Service Group specific validation please refer to the Validation Signature Page. 
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Maxxam Job #: B687271
Report Date: 2016/10/17

HATFIELD CONSULTANTS

RESULTS OF CHEMICAL ANALYSES OF  SEDIMENT

RDL = Reportable Detection Limit

84283462.0<2.02.0<2.0%Gravel

84283462.07.42.09.3%Clay Content

84283462.0412.019%% silt by hydrometer

84283462.0522.071%% sand by hydrometer

Physical Properties

8436124ATTACHEDATTACHEDATTACHEDN/ASubcontract Parameter

Parameter

QC BatchRDLWRC-WL-1WRC-WL-1CWRC-WL-1BWRC-WL-1ARDLWRC-BP-3UNITS

0842758908427589084275890842758908427589COC Number

2016/09/18
 08:15

2016/09/18
 08:15

2016/09/18
 08:15

2016/09/18
 08:15

2016/09/18
 11:00

Sampling Date

PR5643PR5641PR5640PR5639PR5638Maxxam ID

RDL = Reportable Detection Limit

84283462.0<2.0%Gravel

84283462.018%Clay Content

84283462.019%% silt by hydrometer

84283462.064%% sand by hydrometer

Physical Properties

8436124ATTACHEDATTACHEDATTACHEDATTACHEDN/ASubcontract Parameter

Parameter

QC BatchWRC-BP-3CWRC-BP-3BWRC-BP-3ARDLWRC-BP-2WRC-BP-2CUNITS

0842758908427589084275890842758908427589COC Number

2016/09/18
 11:00

2016/09/18
 11:00

2016/09/18
 11:00

2016/09/18
 11:00

2016/09/18
 11:00

Sampling Date

PR5636PR5635PR5634PR5633PR5631Maxxam ID

RDL = Reportable Detection Limit

84283462.0<2.0%Gravel

84283462.011%Clay Content

84283462.028%% silt by hydrometer

84283462.061%% sand by hydrometer

Physical Properties

8436124ATTACHEDATTACHEDATTACHEDATTACHEDATTACHEDN/ASubcontract Parameter

Parameter

QC BatchWRC-BP-2BWRC-BP-2ARDLWRC-BP-1WRC-BP-1CWRC-BP-1BWRC-BP-1AUNITS

084275890842758908427589084275890842758908427589COC Number

2016/09/18
 11:00

2016/09/18
 11:00

2016/09/18
 11:00

2016/09/18
 11:00

2016/09/18
 11:00

2016/09/18
 11:00

Sampling Date

PR5630PR5629PR5628PR5626PR5625PR5624Maxxam ID
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Maxxam Job #: B687271
Report Date: 2016/10/17

HATFIELD CONSULTANTS

RESULTS OF CHEMICAL ANALYSES OF  SEDIMENT

RDL = Reportable Detection Limit

84283462.0142.016%Gravel

84283462.02.02.05.6%Clay Content

84283462.0142.014%% silt by hydrometer

84283462.0692.065%% sand by hydrometer

Physical Properties

8436124ATTACHEDATTACHEDATTACHEDN/ASubcontract Parameter

Parameter

QC BatchRDLATWL-3-2ATWL-3-2CATWL-3-2BATWL-3-2ARDLATWL-3-1UNITS

0842758908427589084275890842758908427589COC Number

2016/09/16
 14:30

2016/09/16
 14:30

2016/09/16
 14:30

2016/09/16
 14:30

2016/09/16
 14:30

Sampling Date

PR5663PR5661PR5660PR5659PR5658Maxxam ID

RDL = Reportable Detection Limit

84283462.0<2.0%Gravel

84283462.04.5%Clay Content

84283462.039%% silt by hydrometer

84283462.055%% sand by hydrometer

Physical Properties

8436124ATTACHEDATTACHEDATTACHEDATTACHEDN/ASubcontract Parameter

Parameter

QC BatchATWL-3-1CATWL-3-1BATWL-3-1ARDLWRC-WL-3WRC-WL-3CUNITS

0842758908427589084275890842758908427589COC Number

2016/09/16
 14:30

2016/09/16
 14:30

2016/09/16
 14:30

2016/09/18
 08:15

2016/09/18
 08:15

Sampling Date

PR5656PR5655PR5654PR5653PR5651Maxxam ID

RDL = Reportable Detection Limit

84283462.0<2.0%Gravel

84283462.09.3%Clay Content

84283462.037%% silt by hydrometer

84283462.054%% sand by hydrometer

Physical Properties

8436124ATTACHEDATTACHEDATTACHEDATTACHEDATTACHEDN/ASubcontract Parameter

Parameter

QC BatchWRC-WL-3BWRC-WL-3ARDLWRC-WL-2WRC-WL-2CWRC-WL-2BWRC-WL-2AUNITS

084275890842758908427589084275890842758908427589COC Number

2016/09/18
 08:15

2016/09/18
 08:15

2016/09/18
 08:15

2016/09/18
 08:15

2016/09/18
 08:15

2016/09/18
 08:15

Sampling Date

PR5650PR5649PR5648PR5646PR5645PR5644Maxxam ID
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Maxxam Job #: B687271
Report Date: 2016/10/17

HATFIELD CONSULTANTS

RESULTS OF CHEMICAL ANALYSES OF  SEDIMENT

RDL = Reportable Detection Limit

84283462.0<2.02.0<2.0%Gravel

84283462.05.42.04.5%Clay Content

84283462.0172.023%% silt by hydrometer

84283462.0782.072%% sand by hydrometer

Physical Properties

8436124ATTACHEDATTACHEDATTACHEDN/ASubcontract Parameter

Parameter

QC BatchRDLEEM-3-3EEM-3-3CEEM-3-3BEEM-3-3ARDLEEM-3-2UNITS

0842759008427590084275900842759008427590COC Number

2016/09/17
 17:15

2016/09/17
 17:15

2016/09/17
 17:15

2016/09/17
 17:15

2016/09/17
 17:15

Sampling Date

PR5683PR5681PR5680PR5679PR5678Maxxam ID

RDL = Reportable Detection Limit

84283462.0<2.0%Gravel

84283462.07.6%Clay Content

84283462.018%% silt by hydrometer

84283462.073%% sand by hydrometer

Physical Properties

8436124ATTACHEDATTACHEDATTACHEDATTACHEDATTACHEDN/ASubcontract Parameter

Parameter

QC BatchEEM-3-2CEEM-3-2BEEM-3-2ARDLEEM-3-1EEM-3-1CEEM-3-1BUNITS

084275900842759008427590084275900842759008427590COC Number

2016/09/17
 17:15

2016/09/17
 17:15

2016/09/17
 17:15

2016/09/17
 17:15

2016/09/17
 17:15

2016/09/17
 17:15

Sampling Date

PR5676PR5675PR5674PR5673PR5671PR5670Maxxam ID

Lab-Dup = Laboratory Initiated Duplicate

RDL = Reportable Detection Limit

84283462.04.63.6%Gravel

84283462.02.0<2.0%Clay Content

84283462.01212%% silt by hydrometer

84283462.08282%% sand by hydrometer

Physical Properties

8436124ATTACHEDATTACHEDATTACHEDATTACHEDN/ASubcontract Parameter

Parameter

QC BatchEEM-3-1ARDL
ATWL-3-3
Lab-Dup

ATWL-3-3ATWL-3-3CATWL-3-3BATWL-3-3AUNITS

084275900842758908427589084275890842758908427589COC Number

2016/09/17
 17:15

2016/09/16
 14:30

2016/09/16
 14:30

2016/09/16
 14:30

2016/09/16
 14:30

2016/09/16
 14:30

Sampling Date

PR5669PR5668PR5668PR5666PR5665PR5664Maxxam ID
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Maxxam Job #: B687271
Report Date: 2016/10/17

HATFIELD CONSULTANTS

RESULTS OF CHEMICAL ANALYSES OF  SEDIMENT

RDL = Reportable Detection Limit

84283462.0<2.02.0<2.0%Gravel

84283462.0422.037%Clay Content

84283462.0542.054%% silt by hydrometer

84283462.04.92.09.0%% sand by hydrometer

Physical Properties

8436124ATTACHEDATTACHEDATTACHEDN/ASubcontract Parameter

Parameter

QC BatchRDLTSP-1-3TSP-1-3CTSP-1-3BTSP-1-3ARDLTSP-1-2UNITS

0842759108427591084275910842759108427591COC Number

2016/09/19
 15:15

2016/09/19
 15:15

2016/09/19
 15:15

2016/09/19
 15:15

2016/09/19
 15:07

Sampling Date

PR5703PR5701PR5700PR5699PR5698Maxxam ID

RDL = Reportable Detection Limit

84283462.0<2.0%Gravel

84283462.039%Clay Content

84283462.055%% silt by hydrometer

84283462.06.3%% sand by hydrometer

Physical Properties

8436124ATTACHEDATTACHEDATTACHEDATTACHEDN/ASubcontract Parameter

Parameter

QC BatchTSP-1-2CTSP-1-2BTSP-1-2ARDLTSP-1-1TSP-1-1CUNITS

0842759108427591084275910842759108427591COC Number

2016/09/19
 15:07

2016/09/19
 15:07

2016/09/19
 15:07

2016/09/19
 15:00

2016/09/19
 15:00

Sampling Date

PR5696PR5695PR5694PR5693PR5691Maxxam ID

RDL = Reportable Detection Limit

84283462.0<2.0%Gravel

84283462.0<2.0%Clay Content

84283462.014%% silt by hydrometer

84283462.083%% sand by hydrometer

Physical Properties

8436124ATTACHEDATTACHEDATTACHEDATTACHEDATTACHEDN/ASubcontract Parameter

Parameter

QC BatchTSP-1-1BTSP-1-1ARDLEEM-3-4EEM-3-4CEEM-3-4BEEM-3-4AUNITS

084275910842759108427590084275900842759008427590COC Number

2016/09/19
 15:00

2016/09/19
 15:00

2016/09/17
 17:15

2016/09/17
 17:15

2016/09/17
 17:15

2016/09/17
 17:15

Sampling Date

PR5690PR5689PR5688PR5686PR5685PR5684Maxxam ID
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Maxxam Job #: B687271
Report Date: 2016/10/17

HATFIELD CONSULTANTS

CSR/CCME METALS IN SOIL (SEDIMENT)

(1) Due to high absorbtivity of the sample the water soil extraction ratio has changed from 2:1 to 3:1.

N/A = Not Applicable

RDL = Reportable Detection Limit

84258352.038.2842584239.1842593032.841.8842584239.3mg/kgTotal Vanadium (V)

84258350.0500.84484258420.82184259300.7900.99784258420.935mg/kgTotal Uranium (U)

84258351.074.78425842103842593042.5102842584266.7mg/kgTotal Titanium (Ti)

84258350.100.5084258420.5484259300.470.5984258420.58mg/kgTotal Tin (Sn)

84258350.0500.09984258420.12184259300.0900.13584258420.144mg/kgTotal Thallium (Tl)

84258350.10144842584215584259301061258425842131mg/kgTotal Strontium (Sr)

8425835100474842584256784259304314608425842528mg/kgTotal Sodium (Na)

84258350.0500.42584258420.39584259300.4450.54684258420.486mg/kgTotal Silver (Ag)

84258350.5055.2842584252.3842593036.644.9842584244.1mg/kgTotal Selenium (Se)

8425835100924842584210608425930797119084258421110mg/kgTotal Potassium (K)

842583510801842584280084259306928518425842843mg/kgTotal Phosphorus (P)

84258350.8019.6842584220.0842593019.224.0842584222.5mg/kgTotal Nickel (Ni)

84258350.107.1084258426.7084259305.086.2184258426.03mg/kgTotal Molybdenum (Mo)

84258350.0500.09684258420.11284259300.0950.12084258420.115mg/kgTotal Mercury (Hg)

84258350.20330842584235184259302603128425842326mg/kgTotal Manganese (Mn)

842583510048408425842541084259303700467084258425120mg/kgTotal Magnesium (Mg)

84258355.012.5842584213.3842593011.115.3842584214.5mg/kgTotal Lithium (Li)

84258350.109.7184258429.8884259309.7012.2842584211.5mg/kgTotal Lead (Pb)

84258351001870084258422010084259301600019200842584220600mg/kgTotal Iron (Fe)

84258350.5099.8842584297.9842593090.31118425842107mg/kgTotal Copper (Cu)

84258350.307.8584258427.7484259306.687.7484258427.66mg/kgTotal Cobalt (Co)

84258351.022.4842584222.1842593020.826.1842584224.8mg/kgTotal Chromium (Cr)

84258351002120084258422160084259301320015500842584215700mg/kgTotal Calcium (Ca)

84258350.0500.85184258420.54984259300.6830.79184258420.582mg/kgTotal Cadmium (Cd)

84258350.100.1384258420.1584259300.140.1884258420.19mg/kgTotal Bismuth (Bi)

84258350.400.5984258420.6184259300.540.7384258420.72mg/kgTotal Beryllium (Be)

84258350.10253842584230784259302663158425842351mg/kgTotal Barium (Ba)

84258350.508.9884258427.5484259308.1010.084258428.52mg/kgTotal Arsenic (As)

84258350.100.6784258420.6284259300.400.6084258420.56mg/kgTotal Antimony (Sb)

84258351001900084258422050084259301820023400842584222400mg/kgTotal Aluminum (Al)

Total Metals by ICPMS

8425838N/A    7.31 (1)8425849    7.16 (1)8425936    6.99 (1)    6.73 (1)8425849    6.82 (1)pHSoluble (2:1) pH

Physical Properties

QC BatchRDLWRC-BP-2BQC BatchWRC-BP-2AQC BatchWRC-BP-1CWRC-BP-1BQC BatchWRC-BP-1AUNITS

0842758908427589084275890842758908427589COC Number

2016/09/18
 11:00

2016/09/18
 11:00

2016/09/18
 11:00

2016/09/18
 11:00

2016/09/18
 11:00

Sampling Date

PR5630PR5629PR5626PR5625PR5624Maxxam ID
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Maxxam Job #: B687271
Report Date: 2016/10/17

HATFIELD CONSULTANTS

CSR/CCME METALS IN SOIL (SEDIMENT)

RDL = Reportable Detection Limit

84258350.506.0884258424.0684259304.797.1284258424.43mg/kgTotal Zirconium (Zr)

84258351.060.9842584263.2842593049.059.9842584259.3mg/kgTotal Zinc (Zn)

QC BatchRDLWRC-BP-2BQC BatchWRC-BP-2AQC BatchWRC-BP-1CWRC-BP-1BQC BatchWRC-BP-1AUNITS

0842758908427589084275890842758908427589COC Number

2016/09/18
 11:00

2016/09/18
 11:00

2016/09/18
 11:00

2016/09/18
 11:00

2016/09/18
 11:00

Sampling Date

PR5630PR5629PR5626PR5625PR5624Maxxam ID
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Maxxam Job #: B687271
Report Date: 2016/10/17

HATFIELD CONSULTANTS

CSR/CCME METALS IN SOIL (SEDIMENT)

(1) Due to high absorbtivity of the sample the water soil extraction ratio has changed from 2:1 to 3:1.

N/A = Not Applicable

RDL = Reportable Detection Limit

84259302.034.3842584236.8842593033.2842583540.0mg/kgTotal Vanadium (V)

84259300.0500.72384258420.75084259300.72484258350.818mg/kgTotal Uranium (U)

84259301.01078425842116842593064.08425835118mg/kgTotal Titanium (Ti)

84259300.100.4184258420.5784259300.4884258350.51mg/kgTotal Tin (Sn)

84259300.0500.10184258420.11284259300.09384258350.118mg/kgTotal Thallium (Tl)

84259300.10138842584216284259301418425835141mg/kgTotal Strontium (Sr)

8425930100427842584254484259304348425835453mg/kgTotal Sodium (Na)

84259300.0500.34484258420.36784259300.34384258350.363mg/kgTotal Silver (Ag)

84259300.5048.3842584252.8842593048.7842583553.0mg/kgTotal Selenium (Se)

842593010094184258421050842593081684258351110mg/kgTotal Potassium (K)

842593010682842584278484259307088425835774mg/kgTotal Phosphorus (P)

84259300.8016.5842584218.0842593016.7842583519.8mg/kgTotal Nickel (Ni)

84259300.105.5384258426.1884259305.8784258356.64mg/kgTotal Molybdenum (Mo)

84259300.0500.07984258420.09884259300.09084258350.101mg/kgTotal Mercury (Hg)

84259300.20406842584247984259304068425835327mg/kgTotal Manganese (Mn)

84259301004090842584251508425930410084258354960mg/kgTotal Magnesium (Mg)

84259305.011.6842584212.2842593011.3842583513.7mg/kgTotal Lithium (Li)

84259300.108.1584258428.7284259308.3384258359.61mg/kgTotal Lead (Pb)

842593010016400842584219200842593016500842583518700mg/kgTotal Iron (Fe)

84259300.5081.0842584288.1842593084.0842583598.1mg/kgTotal Copper (Cu)

84259300.306.4684258426.9984259306.3984258357.67mg/kgTotal Cobalt (Co)

84259301.019.2842584220.6842593018.3842583522.9mg/kgTotal Chromium (Cr)

842593010020800842584223800842593021200842583520700mg/kgTotal Calcium (Ca)

84259300.0500.63084258420.50784259300.53384258350.671mg/kgTotal Cadmium (Cd)

84259300.100.1184258420.1384259300.1284258350.14mg/kgTotal Bismuth (Bi)

84259300.400.4684258420.5484259300.4784258350.58mg/kgTotal Beryllium (Be)

84259300.10241842584229184259302468425835269mg/kgTotal Barium (Ba)

84259300.508.3184258427.5384259308.3684258358.40mg/kgTotal Arsenic (As)

84259300.100.5884258420.5984259300.4884258350.58mg/kgTotal Antimony (Sb)

842593010017200842584218600842593016300842583520200mg/kgTotal Aluminum (Al)

Total Metals by ICPMS

8425936N/A    7.57 (1)8425849    7.45 (1)8425936    7.59 (1)8425838    7.54 (1)pHSoluble (2:1) pH

Physical Properties

QC BatchRDLWRC-BP-3CQC BatchWRC-BP-3BQC BatchWRC-BP-3AQC BatchWRC-BP-2CUNITS

08427589084275890842758908427589COC Number

2016/09/18
 11:00

2016/09/18
 11:00

2016/09/18
 11:00

2016/09/18
 11:00

Sampling Date

PR5636PR5635PR5634PR5631Maxxam ID
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Maxxam Job #: B687271
Report Date: 2016/10/17

HATFIELD CONSULTANTS

CSR/CCME METALS IN SOIL (SEDIMENT)

RDL = Reportable Detection Limit

84259300.503.5384258423.0384259304.0884258354.29mg/kgTotal Zirconium (Zr)

84259301.050.7842584257.8842593052.8842583560.8mg/kgTotal Zinc (Zn)

QC BatchRDLWRC-BP-3CQC BatchWRC-BP-3BQC BatchWRC-BP-3AQC BatchWRC-BP-2CUNITS

08427589084275890842758908427589COC Number

2016/09/18
 11:00

2016/09/18
 11:00

2016/09/18
 11:00

2016/09/18
 11:00

Sampling Date

PR5636PR5635PR5634PR5631Maxxam ID
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Maxxam Job #: B687271
Report Date: 2016/10/17

HATFIELD CONSULTANTS

CSR/CCME METALS IN SOIL (SEDIMENT)

N/A = Not Applicable

RDL = Reportable Detection Limit

84259301.067.7842584273.2842764272.476.276.4mg/kgTotal Zinc (Zn)

84259302.062.2842584266.6842764269.070.769.0mg/kgTotal Vanadium (V)

84259300.0500.71284258420.81684276420.8320.8690.845mg/kgTotal Uranium (U)

84259301.061784258426848427642691646645mg/kgTotal Titanium (Ti)

84259300.100.3084258420.4784276420.400.460.41mg/kgTotal Tin (Sn)

84259300.0500.06184258420.06984276420.0680.0640.073mg/kgTotal Thallium (Tl)

84259300.1080.4842584290.1842764291.193.892.2mg/kgTotal Strontium (Sr)

842593010030284258423578427642329355362mg/kgTotal Sodium (Na)

84259300.0500.14784258420.15584276420.1630.1730.202mg/kgTotal Silver (Ag)

84259300.5037.2842584240.0842764244.548.346.6mg/kgTotal Selenium (Se)

842593010075184258427908427642841848835mg/kgTotal Potassium (K)

84259301063984258427018427642673715689mg/kgTotal Phosphorus (P)

84259300.8020.7842584222.0842764222.823.222.9mg/kgTotal Nickel (Ni)

84259300.101.8884258422.0384276422.552.562.58mg/kgTotal Molybdenum (Mo)

84259300.050<0.05084258420.0588427642<0.050<0.050<0.050mg/kgTotal Mercury (Hg)

84259300.2055284258426218427642538541553mg/kgTotal Manganese (Mn)

84259301006180842584270908427642735075307470mg/kgTotal Magnesium (Mg)

84259305.011.5842584212.1842764214.113.513.7mg/kgTotal Lithium (Li)

84259300.106.0284258426.1884276426.556.896.80mg/kgTotal Lead (Pb)

8425930100258008425842291008427642288003000029500mg/kgTotal Iron (Fe)

84259300.5047.8842584249.1842764249.853.153.0mg/kgTotal Copper (Cu)

84259300.3011.1842584211.4842764211.712.212.2mg/kgTotal Cobalt (Co)

84259301.030.0842584231.9842764233.132.732.9mg/kgTotal Chromium (Cr)

84259301009230842584297508427642104001110011000mg/kgTotal Calcium (Ca)

84259300.0500.42384258420.37784276420.5000.5450.567mg/kgTotal Cadmium (Cd)

84259300.10<0.1084258420.1084276420.100.120.12mg/kgTotal Bismuth (Bi)

84259300.40<0.4084258420.4384276420.470.480.53mg/kgTotal Beryllium (Be)

84259300.1018484258422078427642213217213mg/kgTotal Barium (Ba)

84259300.507.0484258426.1084276426.647.667.27mg/kgTotal Arsenic (As)

84259300.100.4784258420.5084276420.500.580.54mg/kgTotal Antimony (Sb)

8425930100172008425842174008427642181001870018900mg/kgTotal Aluminum (Al)

Total Metals by ICPMS

8425936N/A7.1884258497.2284276447.367.387.39pHSoluble (2:1) pH

Physical Properties

QC BatchRDLWRC-WL-2BQC BatchWRC-WL-2AQC BatchWRC-WL-1CWRC-WL-1BWRC-WL-1AUNITS
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Maxxam Job #: B687271
Report Date: 2016/10/17

HATFIELD CONSULTANTS

CSR/CCME METALS IN SOIL (SEDIMENT)

RDL = Reportable Detection Limit

84259300.501.2284258421.2984276421.932.142.37mg/kgTotal Zirconium (Zr)

QC BatchRDLWRC-WL-2BQC BatchWRC-WL-2AQC BatchWRC-WL-1CWRC-WL-1BWRC-WL-1AUNITS

0842758908427589084275890842758908427589COC Number

2016/09/18
 08:15

2016/09/18
 08:15
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 08:15
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 08:15
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 08:15

Sampling Date
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Maxxam Job #: B687271
Report Date: 2016/10/17

HATFIELD CONSULTANTS

CSR/CCME METALS IN SOIL (SEDIMENT)

N/A = Not Applicable

RDL = Reportable Detection Limit

84276421.075.2842593062.2842764274.973.0mg/kgTotal Zinc (Zn)

84276422.069.7842593054.4842764264.769.8mg/kgTotal Vanadium (V)

84276420.0500.74384259300.69984276420.7520.710mg/kgTotal Uranium (U)

84276421.063684259304758427642555663mg/kgTotal Titanium (Ti)

84276420.100.4184259300.2684276420.380.40mg/kgTotal Tin (Sn)

84276420.0500.06384259300.05584276420.0550.065mg/kgTotal Thallium (Tl)

84276420.1086.5842593073.5842764283.389.7mg/kgTotal Strontium (Sr)

842764210032784259302448427642293335mg/kgTotal Sodium (Na)

84276420.0500.14984259300.14284276420.1380.168mg/kgTotal Silver (Ag)

84276420.5025.4842593021.8842764223.641.5mg/kgTotal Selenium (Se)

842764210078184259306168427642679838mg/kgTotal Potassium (K)

84276421066284259305478427642630684mg/kgTotal Phosphorus (P)

84276420.8022.5842593019.1842764221.922.4mg/kgTotal Nickel (Ni)

84276420.102.3384259302.0184276422.122.04mg/kgTotal Molybdenum (Mo)

84276420.050<0.0508425930<0.0508427642<0.050<0.050mg/kgTotal Mercury (Hg)

84276420.2073884259305938427642703605mg/kgTotal Manganese (Mn)

8427642100763084259305530842764273207250mg/kgTotal Magnesium (Mg)

84276425.013.4842593011.4842764213.313.7mg/kgTotal Lithium (Li)

84276420.106.6484259305.8184276426.416.30mg/kgTotal Lead (Pb)

84276421003120084259302380084276422940029100mg/kgTotal Iron (Fe)

84276420.5051.8842593044.8842764250.452.2mg/kgTotal Copper (Cu)

84276420.3012.384259309.65842764211.811.8mg/kgTotal Cobalt (Co)

84276421.034.7842593026.4842764238.933.5mg/kgTotal Chromium (Cr)

842764210010600842593079808427642975010200mg/kgTotal Calcium (Ca)

84276420.0500.47584259300.41884276420.4360.485mg/kgTotal Cadmium (Cd)

84276420.100.1184259300.1184276420.110.10mg/kgTotal Bismuth (Bi)

84276420.40<0.408425930<0.4084276420.430.48mg/kgTotal Beryllium (Be)

84276420.1022384259301798427642207212mg/kgTotal Barium (Ba)

84276420.507.8084259306.9784276427.607.62mg/kgTotal Arsenic (As)

84276420.100.5084259300.3984276420.460.52mg/kgTotal Antimony (Sb)

84276421001800084259301520084276421730017700mg/kgTotal Aluminum (Al)

Total Metals by ICPMS

8427644N/A6.8084259367.2684276447.207.15pHSoluble (2:1) pH

Physical Properties

QC BatchRDLWRC-WL-3CQC BatchWRC-WL-3BQC BatchWRC-WL-3AWRC-WL-2CUNITS
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Maxxam Job #: B687271
Report Date: 2016/10/17

HATFIELD CONSULTANTS

CSR/CCME METALS IN SOIL (SEDIMENT)

RDL = Reportable Detection Limit

84276420.501.4584259301.1984276421.581.78mg/kgTotal Zirconium (Zr)

QC BatchRDLWRC-WL-3CQC BatchWRC-WL-3BQC BatchWRC-WL-3AWRC-WL-2CUNITS

08427589084275890842758908427589COC Number
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 08:15
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PR5651PR5650PR5649PR5646Maxxam ID

Page 13 of 37

Maxxam Analytics International Corporation o/a Maxxam Analytics Burnaby: 4606 Canada Way V5G 1K5 Telephone(604) 734-7276 Fax(604) 731-2386



Maxxam Job #: B687271
Report Date: 2016/10/17

HATFIELD CONSULTANTS

CSR/CCME METALS IN SOIL (SEDIMENT)

N/A = Not Applicable

RDL = Reportable Detection Limit

84258421.060.6842583559.061.1842584260.960.0mg/kgTotal Zinc (Zn)

84258422.0105842583510691.5842584293.191.7mg/kgTotal Vanadium (V)

84258420.0500.63584258350.6320.66584258420.5930.604mg/kgTotal Uranium (U)

84258421.0110084258351230996842584211101150mg/kgTotal Titanium (Ti)

84258420.100.4084258350.360.3184258420.420.44mg/kgTotal Tin (Sn)

84258420.050<0.0508425835<0.050<0.0508425842<0.050<0.050mg/kgTotal Thallium (Tl)

84258420.1065.0842583562.065.2842584268.269.9mg/kgTotal Strontium (Sr)

842584210015484258351421438425842154160mg/kgTotal Sodium (Na)

84258420.0500.91784258350.0610.08584258420.0600.061mg/kgTotal Silver (Ag)

84258420.502.2384258352.022.5384258422.392.46mg/kgTotal Selenium (Se)

842584210056284258356296068425842619669mg/kgTotal Potassium (K)

84258421057884258356145498425842565572mg/kgTotal Phosphorus (P)

84258420.8021.3842583520.921.6842584221.521.6mg/kgTotal Nickel (Ni)

84258420.100.7184258350.800.9384258420.810.97mg/kgTotal Molybdenum (Mo)

84258420.050<0.0508425835<0.050<0.0508425842<0.050<0.050mg/kgTotal Mercury (Hg)

84258420.2053784258355245168425842534559mg/kgTotal Manganese (Mn)

84258421007710842583571107030842584278207890mg/kgTotal Magnesium (Mg)

84258425.09.984258359.710.5842584210.29.8mg/kgTotal Lithium (Li)

84258420.105.0184258354.945.1784258424.924.89mg/kgTotal Lead (Pb)

8425842100360008425835334003070084258423340033200mg/kgTotal Iron (Fe)

84258420.5036.1842583535.938.7842584237.336.8mg/kgTotal Copper (Cu)

84258420.3012.6842583512.612.9842584212.812.7mg/kgTotal Cobalt (Co)

84258421.043.7842583544.439.4842584239.138.3mg/kgTotal Chromium (Cr)

84258421007770842583580407820842584282208490mg/kgTotal Calcium (Ca)

84258420.0500.20484258350.3190.27584258420.2030.202mg/kgTotal Cadmium (Cd)

84258420.10<0.108425835<0.10<0.108425842<0.10<0.10mg/kgTotal Bismuth (Bi)

84258420.40<0.408425835<0.40<0.408425842<0.40<0.40mg/kgTotal Beryllium (Be)

84258420.1011884258351081248425842127127mg/kgTotal Barium (Ba)

84258420.504.6284258354.914.7584258425.004.98mg/kgTotal Arsenic (As)

84258420.100.4484258350.430.4284258420.430.44mg/kgTotal Antimony (Sb)

8425842100157008425835155001610084258421650016400mg/kgTotal Aluminum (Al)

Total Metals by ICPMS

8425849N/A7.2584258387.377.4984258497.337.30pHSoluble (2:1) pH

Physical Properties

QC BatchRDLATWL-3-2BQC BatchATWL-3-2AATWL-3-1CQC BatchATWL-3-1BATWL-3-1AUNITS

0842758908427589084275890842758908427589COC Number
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 14:30
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 14:30

Sampling Date
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Maxxam Job #: B687271
Report Date: 2016/10/17

HATFIELD CONSULTANTS

CSR/CCME METALS IN SOIL (SEDIMENT)

RDL = Reportable Detection Limit

84258420.502.3884258352.692.1384258421.931.93mg/kgTotal Zirconium (Zr)

QC BatchRDLATWL-3-2BQC BatchATWL-3-2AATWL-3-1CQC BatchATWL-3-1BATWL-3-1AUNITS

0842758908427589084275890842758908427589COC Number

2016/09/16
 14:30

2016/09/16
 14:30
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 14:30
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 14:30

Sampling Date
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Maxxam Job #: B687271
Report Date: 2016/10/17

HATFIELD CONSULTANTS

CSR/CCME METALS IN SOIL (SEDIMENT)

N/A = Not Applicable

Lab-Dup = Laboratory Initiated Duplicate

RDL = Reportable Detection Limit

84259302.088.2842584210110199.4102mg/kgTotal Vanadium (V)

84259300.0500.46984258420.5180.5100.5140.553mg/kgTotal Uranium (U)

84259301.09008425842114011401170974mg/kgTotal Titanium (Ti)

84259300.100.2484258420.420.400.410.40mg/kgTotal Tin (Sn)

84259300.050<0.0508425842<0.050<0.050<0.050<0.050mg/kgTotal Thallium (Tl)

84259300.1055.4842584259.957.660.364.5mg/kgTotal Strontium (Sr)

84259301001248425842131135132148mg/kgTotal Sodium (Na)

84259300.050<0.0508425842<0.050<0.050<0.0500.070mg/kgTotal Silver (Ag)

84259300.501.3984258421.351.351.482.02mg/kgTotal Selenium (Se)

84259301004808425842553551565520mg/kgTotal Potassium (K)

8425930104848425842534528531584mg/kgTotal Phosphorus (P)

84259300.8018.6842584220.420.320.421.7mg/kgTotal Nickel (Ni)

84259300.100.6484258420.650.620.680.66mg/kgTotal Molybdenum (Mo)

84259300.050<0.0508425842<0.050<0.050<0.050<0.050mg/kgTotal Mercury (Hg)

84259300.204288425842494498483532mg/kgTotal Manganese (Mn)

8425930100644084258427500751073807820mg/kgTotal Magnesium (Mg)

84259305.08.984258429.39.49.79.8mg/kgTotal Lithium (Li)

84259300.104.2284258424.614.534.744.90mg/kgTotal Lead (Pb)

842593010028700842584235100354003500036800mg/kgTotal Iron (Fe)

84259300.5030.1842584231.731.732.535.2mg/kgTotal Copper (Cu)

84259300.3011.4842584212.212.112.012.8mg/kgTotal Cobalt (Co)

84259301.037.8842584243.443.542.843.7mg/kgTotal Chromium (Cr)

8425930100660084258427360734073907630mg/kgTotal Calcium (Ca)

84259300.0500.21684258420.1660.1680.1790.193mg/kgTotal Cadmium (Cd)

84259300.10<0.108425842<0.10<0.10<0.10<0.10mg/kgTotal Bismuth (Bi)

84259300.40<0.408425842<0.40<0.40<0.40<0.40mg/kgTotal Beryllium (Be)

84259300.1098.78425842101102104114mg/kgTotal Barium (Ba)

84259300.504.3884258424.724.734.724.82mg/kgTotal Arsenic (As)

84259300.100.3684258420.400.410.480.44mg/kgTotal Antimony (Sb)

842593010013500842584214800144001470015400mg/kgTotal Aluminum (Al)

Total Metals by ICPMS

8425936N/A7.3184258497.377.377.387.32pHSoluble (2:1) pH

Physical Properties

QC BatchRDLATWL-3-3CQC Batch
ATWL-3-3B

Lab-Dup
ATWL-3-3BATWL-3-3AATWL-3-2CUNITS

0842758908427589084275890842758908427589COC Number
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 14:30
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PR5666PR5665PR5665PR5664PR5661Maxxam ID

Page 16 of 37

Maxxam Analytics International Corporation o/a Maxxam Analytics Burnaby: 4606 Canada Way V5G 1K5 Telephone(604) 734-7276 Fax(604) 731-2386



Maxxam Job #: B687271
Report Date: 2016/10/17

HATFIELD CONSULTANTS

CSR/CCME METALS IN SOIL (SEDIMENT)

Lab-Dup = Laboratory Initiated Duplicate

RDL = Reportable Detection Limit

84259300.502.2084258422.802.452.472.34mg/kgTotal Zirconium (Zr)

84259301.051.2842584257.257.556.360.6mg/kgTotal Zinc (Zn)

QC BatchRDLATWL-3-3CQC Batch
ATWL-3-3B

Lab-Dup
ATWL-3-3BATWL-3-3AATWL-3-2CUNITS

0842758908427589084275890842758908427589COC Number
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2016/09/16
 14:30

Sampling Date
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Maxxam Job #: B687271
Report Date: 2016/10/17

HATFIELD CONSULTANTS

CSR/CCME METALS IN SOIL (SEDIMENT)

N/A = Not Applicable

RDL = Reportable Detection Limit

84276421.092.0842584276.4842593078.7842584284.9mg/kgTotal Zinc (Zn)

84276422.0109842584297.4842593093.98425842114mg/kgTotal Vanadium (V)

84276420.0501.6484258420.93084259301.0184258421.16mg/kgTotal Uranium (U)

84276421.011208425842978842593091184258421240mg/kgTotal Titanium (Ti)

84276420.100.3984258420.4284259300.3484258420.47mg/kgTotal Tin (Sn)

84276420.050<0.0508425842<0.0508425930<0.05084258420.052mg/kgTotal Thallium (Tl)

84276420.1091.3842584281.0842593076.0842584287.1mg/kgTotal Strontium (Sr)

8427642100173842584215784259301478425842179mg/kgTotal Sodium (Na)

84276420.0500.12184258420.12284259300.09584258420.084mg/kgTotal Silver (Ag)

84276420.500.598425842<0.508425930<0.508425842<0.50mg/kgTotal Selenium (Se)

8427642100796842584261784259305548425842712mg/kgTotal Potassium (K)

842764210739842584265584259306048425842782mg/kgTotal Phosphorus (P)

84276420.8020.7842584219.8842593019.9842584222.2mg/kgTotal Nickel (Ni)

84276420.103.9684258422.2184259302.3384258422.41mg/kgTotal Molybdenum (Mo)

84276420.050<0.0508425842<0.0508425930<0.0508425842<0.050mg/kgTotal Mercury (Hg)

84276420.20985842584259284259305428425842691mg/kgTotal Manganese (Mn)

84276421009060842584276208425930723084258428800mg/kgTotal Magnesium (Mg)

84276425.014.4842584211.0842593011.2842584212.2mg/kgTotal Lithium (Li)

84276420.108.3484258426.6984259306.7384258427.57mg/kgTotal Lead (Pb)

842764210039500842584234200842593030200842584239600mg/kgTotal Iron (Fe)

84276420.5042.7842584232.7842593035.5842584236.9mg/kgTotal Copper (Cu)

84276420.3012.9842584211.2842593011.2842584212.7mg/kgTotal Cobalt (Co)

84276421.039.0842584238.0842593036.7842584244.5mg/kgTotal Chromium (Cr)

8427642100108008425842885084259308890842584210200mg/kgTotal Calcium (Ca)

84276420.0500.47584258420.29484259300.39684258420.343mg/kgTotal Cadmium (Cd)

84276420.100.1384258420.108425930<0.1084258420.11mg/kgTotal Bismuth (Bi)

84276420.400.4584258420.408425930<0.4084258420.45mg/kgTotal Beryllium (Be)

84276420.10131842584212984259301208425842142mg/kgTotal Barium (Ba)

84276420.5014.8842584211.484259309.92842584212.0mg/kgTotal Arsenic (As)

84276420.101.4984258420.9784259300.9884258421.16mg/kgTotal Antimony (Sb)

842764210019200842584216700842593016500842584218400mg/kgTotal Aluminum (Al)

Total Metals by ICPMS

8427644N/A7.3884258497.4684259367.2884258497.25pHSoluble (2:1) pH

Physical Properties

QC BatchRDLEEM-3-2AQC BatchEEM-3-1CQC BatchEEM-3-1BQC BatchEEM-3-1AUNITS

08427590084275900842759008427590COC Number

2016/09/17
 17:15

2016/09/17
 17:15

2016/09/17
 17:15

2016/09/17
 17:15

Sampling Date
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Maxxam Job #: B687271
Report Date: 2016/10/17

HATFIELD CONSULTANTS

CSR/CCME METALS IN SOIL (SEDIMENT)

RDL = Reportable Detection Limit

84276420.501.4184258421.8684259301.9284258421.98mg/kgTotal Zirconium (Zr)

QC BatchRDLEEM-3-2AQC BatchEEM-3-1CQC BatchEEM-3-1BQC BatchEEM-3-1AUNITS

08427590084275900842759008427590COC Number

2016/09/17
 17:15

2016/09/17
 17:15

2016/09/17
 17:15

2016/09/17
 17:15

Sampling Date

PR5674PR5671PR5670PR5669Maxxam ID
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Maxxam Job #: B687271
Report Date: 2016/10/17

HATFIELD CONSULTANTS

CSR/CCME METALS IN SOIL (SEDIMENT)

N/A = Not Applicable

RDL = Reportable Detection Limit

84259301.077.377.2842584288.782.091.291.8mg/kgTotal Zinc (Zn)

84259302.084.977.8842584285.280.999.898.1mg/kgTotal Vanadium (V)

84259300.0501.071.1184258421.141.121.471.59mg/kgTotal Uranium (U)

84259301.0998879842584211001030999987mg/kgTotal Titanium (Ti)

84259300.100.300.2784258420.430.410.420.46mg/kgTotal Tin (Sn)

84259300.050<0.050<0.0508425842<0.050<0.0500.0510.052mg/kgTotal Thallium (Tl)

84259300.1079.881.4842584290.186.290.897.8mg/kgTotal Strontium (Sr)

84259301001421408425842164159166171mg/kgTotal Sodium (Na)

84259300.0500.0710.08484258420.0720.0730.0870.089mg/kgTotal Silver (Ag)

84259300.50<0.50<0.508425842<0.50<0.500.550.56mg/kgTotal Selenium (Se)

84259301006586258425842744721724716mg/kgTotal Potassium (K)

8425930106556568425842705672769766mg/kgTotal Phosphorus (P)

84259300.8018.418.6842584219.318.720.920.7mg/kgTotal Nickel (Ni)

84259300.104.805.4184258425.315.203.753.88mg/kgTotal Molybdenum (Mo)

84259300.050<0.050<0.0508425842<0.050<0.050<0.050<0.050mg/kgTotal Mercury (Hg)

84259300.20469510842584256453810201010mg/kgTotal Manganese (Mn)

84259301007440747084258428540807086608430mg/kgTotal Magnesium (Mg)

84259305.012.312.8842584212.712.812.913.5mg/kgTotal Lithium (Li)

84259300.106.846.9684258427.027.037.718.14mg/kgTotal Lead (Pb)

84259301003140030800842584234600338003620036900mg/kgTotal Iron (Fe)

84259300.5035.837.1842584235.834.939.639.5mg/kgTotal Copper (Cu)

84259300.3010.410.7842584210.910.312.212.5mg/kgTotal Cobalt (Co)

84259301.033.131.9842584234.831.638.537.1mg/kgTotal Chromium (Cr)

84259301008020845084258429050877096309890mg/kgTotal Calcium (Ca)

84259300.0500.3400.39584258420.3040.3060.4400.449mg/kgTotal Cadmium (Cd)

84259300.100.10<0.1084258420.100.110.130.13mg/kgTotal Bismuth (Bi)

84259300.400.480.4584258420.430.430.430.47mg/kgTotal Beryllium (Be)

84259300.101151228425842128120128135mg/kgTotal Barium (Ba)

84259300.5015.416.8842584221.718.616.116.1mg/kgTotal Arsenic (As)

84259300.101.211.1084258421.211.171.301.33mg/kgTotal Antimony (Sb)

84259301001640017100842584218400175001800018500mg/kgTotal Aluminum (Al)

Total Metals by ICPMS

8425936N/A6.296.3884258496.416.527.397.50pHSoluble (2:1) pH

Physical Properties

QC BatchRDLEEM-3-4AEEM-3-3CQC BatchEEM-3-3BEEM-3-3AEEM-3-2CEEM-3-2BUNITS
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Maxxam Job #: B687271
Report Date: 2016/10/17

HATFIELD CONSULTANTS

CSR/CCME METALS IN SOIL (SEDIMENT)

RDL = Reportable Detection Limit

84259300.501.731.5184258421.361.371.341.53mg/kgTotal Zirconium (Zr)

QC BatchRDLEEM-3-4AEEM-3-3CQC BatchEEM-3-3BEEM-3-3AEEM-3-2CEEM-3-2BUNITS
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Maxxam Job #: B687271
Report Date: 2016/10/17

HATFIELD CONSULTANTS

CSR/CCME METALS IN SOIL (SEDIMENT)

N/A = Not Applicable

RDL = Reportable Detection Limit

84258351.097.78427642109842593073.8842584282.7mg/kgTotal Zinc (Zn)

84258352.079.2842764284.9842593082.2842584287.4mg/kgTotal Vanadium (V)

84258350.0501.0984276421.1184259301.0784258421.13mg/kgTotal Uranium (U)

84258351.08168427642845842593099584258421010mg/kgTotal Titanium (Ti)

84258350.100.5984276420.5684259300.2884258420.41mg/kgTotal Tin (Sn)

84258350.0500.15784276420.1558425930<0.0508425842<0.050mg/kgTotal Thallium (Tl)

84258350.101088427642117842593074.7842584284.3mg/kgTotal Strontium (Sr)

8425835100407842764241184259301468425842151mg/kgTotal Sodium (Na)

84258350.0500.20884276420.20984259300.10484258420.081mg/kgTotal Silver (Ag)

84258350.50<0.508427642<0.508425930<0.508425842<0.50mg/kgTotal Selenium (Se)

842583510023108427642236084259306468425842652mg/kgTotal Potassium (K)

842583510674842764272784259306608425842715mg/kgTotal Phosphorus (P)

84258350.8016.0842764220.0842593018.7842584219.9mg/kgTotal Nickel (Ni)

84258350.1020.6842764218.984259304.8084258425.30mg/kgTotal Molybdenum (Mo)

84258350.050<0.0508427642<0.0508425930<0.0508425842<0.050mg/kgTotal Mercury (Hg)

84258350.20735842764279484259304728425842520mg/kgTotal Manganese (Mn)

8425835100108008427642130008425930773084258428310mg/kgTotal Magnesium (Mg)

84258355.012.7842764215.3842593012.6842584212.8mg/kgTotal Lithium (Li)

84258350.1011.1842764212.384259306.8584258427.22mg/kgTotal Lead (Pb)

842583510030100842764236200842593031400842584235500mg/kgTotal Iron (Fe)

84258350.501148427642117842593036.1842584238.6mg/kgTotal Copper (Cu)

84258350.3012.2842764213.7842593010.6842584210.9mg/kgTotal Cobalt (Co)

84258351.022.3842764227.0842593031.9842584233.5mg/kgTotal Chromium (Cr)

8425835100233008427642277008425930826084258428610mg/kgTotal Calcium (Ca)

84258350.0500.79284276420.76284259300.35484258420.291mg/kgTotal Cadmium (Cd)

84258350.100.1184276420.138425930<0.1084258420.12mg/kgTotal Bismuth (Bi)

84258350.400.4984276420.6084259300.4284258420.43mg/kgTotal Beryllium (Be)

84258350.10403842764241084259301088425842121mg/kgTotal Barium (Ba)

84258350.509.9884276429.78842593015.4842584217.7mg/kgTotal Arsenic (As)

84258350.100.9384276421.0984259301.1884258421.29mg/kgTotal Antimony (Sb)

842583510024000842764227400842593016900842584217900mg/kgTotal Aluminum (Al)

Total Metals by ICPMS

8425838N/A8.3984276448.1484259366.2284258496.26pHSoluble (2:1) pH

Physical Properties

QC BatchRDLTSP-1-1BQC BatchTSP-1-1AQC BatchEEM-3-4CQC BatchEEM-3-4BUNITS
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Maxxam Job #: B687271
Report Date: 2016/10/17

HATFIELD CONSULTANTS

CSR/CCME METALS IN SOIL (SEDIMENT)

RDL = Reportable Detection Limit

84258350.504.5184276425.3184259301.7884258421.40mg/kgTotal Zirconium (Zr)

QC BatchRDLTSP-1-1BQC BatchTSP-1-1AQC BatchEEM-3-4CQC BatchEEM-3-4BUNITS

08427591084275910842759008427590COC Number

2016/09/19
 15:00
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2016/09/17
 17:15
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 17:15

Sampling Date
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Maxxam Job #: B687271
Report Date: 2016/10/17

HATFIELD CONSULTANTS

CSR/CCME METALS IN SOIL (SEDIMENT)

N/A = Not Applicable

RDL = Reportable Detection Limit

84276421.096.984258421111041138425930104mg/kgTotal Zinc (Zn)

84276422.077.3842584279.376.483.8842593081.3mg/kgTotal Vanadium (V)

84276420.0501.2584258421.271.241.1584259301.12mg/kgTotal Uranium (U)

84276421.054484258427017608208425930803mg/kgTotal Titanium (Ti)

84276420.100.5784258420.700.620.7284259300.50mg/kgTotal Tin (Sn)

84276420.0500.16284258420.1760.1740.17684259300.155mg/kgTotal Thallium (Tl)

84276420.1010284258421181171248425930108mg/kgTotal Strontium (Sr)

842764210041184258424724324888425930382mg/kgTotal Sodium (Na)

84276420.0500.24884258420.2080.1900.19784259300.216mg/kgTotal Silver (Ag)

84276420.500.5884258420.530.570.578425930<0.50mg/kgTotal Selenium (Se)

84276421002740842584224202300250084259302340mg/kgTotal Potassium (K)

84276421076984258427847507938425930739mg/kgTotal Phosphorus (P)

84276420.8017.5842584215.715.816.5842593017.8mg/kgTotal Nickel (Ni)

84276420.1022.7842584225.026.221.7842593020.2mg/kgTotal Molybdenum (Mo)

84276420.050<0.0508425842<0.050<0.050<0.0508425930<0.050mg/kgTotal Mercury (Hg)

84276420.2072184258428788138958425930753mg/kgTotal Manganese (Mn)

8427642100125008425842127001180012900842593011500mg/kgTotal Magnesium (Mg)

84276425.013.6842584212.612.513.4842593014.1mg/kgTotal Lithium (Li)

84276420.1010.4842584211.710.912.1842593011.3mg/kgTotal Lead (Pb)

8427642100353008425842351003320036400842593032700mg/kgTotal Iron (Fe)

84276420.5013284258421251201258425930117mg/kgTotal Copper (Cu)

84276420.3012.5842584212.912.213.4842593012.9mg/kgTotal Cobalt (Co)

84276421.026.5842584223.422.824.4842593025.4mg/kgTotal Chromium (Cr)

8427642100270008425842269002470027100842593025600mg/kgTotal Calcium (Ca)

84276420.0500.63484258420.5930.5600.61684259300.736mg/kgTotal Cadmium (Cd)

84276420.100.1384258420.130.130.1384259300.12mg/kgTotal Bismuth (Bi)

84276420.400.5284258420.540.510.5584259300.47mg/kgTotal Beryllium (Be)

84276420.1042584258424724604818425930398mg/kgTotal Barium (Ba)

84276420.508.16842584211.811.512.184259309.55mg/kgTotal Arsenic (As)

84276420.101.0784258420.940.951.0384259300.96mg/kgTotal Antimony (Sb)

8427642100254008425842250002430027000842593025400mg/kgTotal Aluminum (Al)

Total Metals by ICPMS

8427644N/A8.1084258498.217.977.9384259368.18pHSoluble (2:1) pH

Physical Properties

QC BatchRDLTSP-1-3AQC BatchTSP-1-2CTSP-1-2BTSP-1-2AQC BatchTSP-1-1CUNITS

0842759108427591084275910842759108427591COC Number

2016/09/19
 15:15

2016/09/19
 15:07

2016/09/19
 15:07

2016/09/19
 15:07

2016/09/19
 15:00

Sampling Date

PR5699PR5696PR5695PR5694PR5691Maxxam ID

Page 24 of 37

Maxxam Analytics International Corporation o/a Maxxam Analytics Burnaby: 4606 Canada Way V5G 1K5 Telephone(604) 734-7276 Fax(604) 731-2386



Maxxam Job #: B687271
Report Date: 2016/10/17

HATFIELD CONSULTANTS

CSR/CCME METALS IN SOIL (SEDIMENT)

RDL = Reportable Detection Limit

84276420.504.4584258425.345.575.5084259304.74mg/kgTotal Zirconium (Zr)

QC BatchRDLTSP-1-3AQC BatchTSP-1-2CTSP-1-2BTSP-1-2AQC BatchTSP-1-1CUNITS

0842759108427591084275910842759108427591COC Number

2016/09/19
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Maxxam Job #: B687271
Report Date: 2016/10/17

HATFIELD CONSULTANTS

CSR/CCME METALS IN SOIL (SEDIMENT)

N/A = Not Applicable

RDL = Reportable Detection Limit

84259301.092.595.3mg/kgTotal Zinc (Zn)

84259302.070.373.4mg/kgTotal Vanadium (V)

84259300.0501.211.19mg/kgTotal Uranium (U)

84259301.0520585mg/kgTotal Titanium (Ti)

84259300.100.510.56mg/kgTotal Tin (Sn)

84259300.0500.1590.179mg/kgTotal Thallium (Tl)

84259300.1098.799.2mg/kgTotal Strontium (Sr)

8425930100365374mg/kgTotal Sodium (Na)

84259300.0500.1980.181mg/kgTotal Silver (Ag)

84259300.50<0.50<0.50mg/kgTotal Selenium (Se)

842593010022702630mg/kgTotal Potassium (K)

842593010704765mg/kgTotal Phosphorus (P)

84259300.8016.516.8mg/kgTotal Nickel (Ni)

84259300.1023.622.4mg/kgTotal Molybdenum (Mo)

84259300.050<0.050<0.050mg/kgTotal Mercury (Hg)

84259300.20672687mg/kgTotal Manganese (Mn)

84259301001050011200mg/kgTotal Magnesium (Mg)

84259305.012.213.1mg/kgTotal Lithium (Li)

84259300.109.9210.0mg/kgTotal Lead (Pb)

84259301003010032100mg/kgTotal Iron (Fe)

84259300.50122130mg/kgTotal Copper (Cu)

84259300.3011.311.7mg/kgTotal Cobalt (Co)

84259301.022.422.9mg/kgTotal Chromium (Cr)

84259301002320024200mg/kgTotal Calcium (Ca)

84259300.0500.5880.644mg/kgTotal Cadmium (Cd)

84259300.100.120.15mg/kgTotal Bismuth (Bi)

84259300.400.500.52mg/kgTotal Beryllium (Be)

84259300.10384421mg/kgTotal Barium (Ba)

84259300.508.228.47mg/kgTotal Arsenic (As)

84259300.100.921.05mg/kgTotal Antimony (Sb)

84259301002270024500mg/kgTotal Aluminum (Al)

Total Metals by ICPMS

8425936N/A8.308.18pHSoluble (2:1) pH

Physical Properties

QC BatchRDLTSP-1-3CTSP-1-3BUNITS

0842759108427591COC Number
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Maxxam Job #: B687271
Report Date: 2016/10/17

HATFIELD CONSULTANTS

CSR/CCME METALS IN SOIL (SEDIMENT)

RDL = Reportable Detection Limit

84259300.504.063.99mg/kgTotal Zirconium (Zr)

QC BatchRDLTSP-1-3CTSP-1-3BUNITS

0842759108427591COC Number

2016/09/19
 15:15
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 15:15

Sampling Date
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Maxxam Job #: B687271
Report Date: 2016/10/17

HATFIELD CONSULTANTS

GENERAL COMMENTS

Each temperature is the average of up to three cooler temperatures taken at receipt

6.3°CPackage 1

Results relate only to the items tested.
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HATFIELD CONSULTANTSMaxxam Job #: B687271
Report Date: 2016/10/17

QUALITY ASSURANCE REPORT

QC Limits% RecoveryQC LimitsValue (%)UNITSValueQC Limits% RecoveryQC Limits% RecoveryDateParameterQC Batch

QC StandardRPDMethod BlankSpiked BlankMatrix Spike

70 - 13088353.3mg/kg<1002016/10/07Total Aluminum (Al)8425835

70 - 13011130NCmg/kg<0.1075 - 1259575 - 125932016/10/07Total Antimony (Sb)8425835

70 - 1309630NCmg/kg<0.5075 - 1259775 - 125952016/10/07Total Arsenic (As)8425835

70 - 130963516mg/kg<0.1075 - 1259475 - 125NC2016/10/07Total Barium (Ba)8425835

70 - 13010430NCmg/kg<0.4075 - 1259775 - 125952016/10/07Total Beryllium (Be)8425835

30NCmg/kg<0.102016/10/07Total Bismuth (Bi)8425835

70 - 13012230NCmg/kg<0.05075 - 12511075 - 1251102016/10/07Total Cadmium (Cd)8425835

70 - 13092301.7mg/kg<1002016/10/07Total Calcium (Ca)8425835

70 - 13097303.5mg/kg<1.075 - 1259775 - 125932016/10/07Total Chromium (Cr)8425835

70 - 13096300.47mg/kg<0.3075 - 1259975 - 125952016/10/07Total Cobalt (Co)8425835

70 - 130102300.013mg/kg<0.5075 - 1259775 - 125932016/10/07Total Copper (Cu)8425835

70 - 13093300.71mg/kg<1002016/10/07Total Iron (Fe)8425835

70 - 130107352.4mg/kg<0.1075 - 12510075 - 1251042016/10/07Total Lead (Pb)8425835

70 - 1309830NCmg/kg<5.075 - 12510075 - 125952016/10/07Total Lithium (Li)8425835

70 - 13093303.6mg/kg<1002016/10/07Total Magnesium (Mg)8425835

70 - 130101300.97mg/kg<0.2075 - 1259875 - 125NC2016/10/07Total Manganese (Mn)8425835

70 - 13010235NCmg/kg<0.05075 - 12510975 - 1251042016/10/07Total Mercury (Hg)8425835

70 - 13010335NCmg/kg<0.1075 - 1259075 - 125942016/10/07Total Molybdenum (Mo)8425835

70 - 130109302.8mg/kg<0.8075 - 1259575 - 125942016/10/07Total Nickel (Ni)8425835

70 - 13098307.6mg/kg<102016/10/07Total Phosphorus (P)8425835

70 - 1308135NCmg/kg<1002016/10/07Total Potassium (K)8425835

30NCmg/kg<0.5075 - 12510375 - 1251012016/10/07Total Selenium (Se)8425835

70 - 1309135NCmg/kg<0.05075 - 12510775 - 1251042016/10/07Total Silver (Ag)8425835

70 - 1308135NCmg/kg<1002016/10/07Total Sodium (Na)8425835

70 - 130101350.087mg/kg<0.1075 - 1259375 - 125912016/10/07Total Strontium (Sr)8425835

70 - 1308030NCmg/kg<0.05075 - 1259875 - 125972016/10/07Total Thallium (Tl)8425835

70 - 1309435NCmg/kg<0.1075 - 1258975 - 125922016/10/07Total Tin (Sn)8425835

351.1mg/kg<1.075 - 1259375 - 125NC2016/10/07Total Titanium (Ti)8425835

70 - 13010130NCmg/kg<0.05075 - 1259675 - 125962016/10/07Total Uranium (U)8425835

70 - 130100300.87mg/kg<2.075 - 1259875 - 125NC2016/10/07Total Vanadium (V)8425835

70 - 130117301.6mg/kg<1.075 - 12511175 - 125NC2016/10/07Total Zinc (Zn)8425835

30NCmg/kg<0.502016/10/07Total Zirconium (Zr)8425835
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HATFIELD CONSULTANTSMaxxam Job #: B687271
Report Date: 2016/10/17

QUALITY ASSURANCE REPORT(CONT'D)

QC Limits% RecoveryQC LimitsValue (%)UNITSValueQC Limits% RecoveryQC Limits% RecoveryDateParameterQC Batch

QC StandardRPDMethod BlankSpiked BlankMatrix Spike

N/A0.9097 - 1031002016/10/07Soluble (2:1) pH8425838

70 - 13097352.9mg/kg<1002016/10/08Total Aluminum (Al)8425842

70 - 13011630NCmg/kg<0.1075 - 1259975 - 125932016/10/08Total Antimony (Sb)8425842

70 - 13096300.13mg/kg<0.5075 - 12510075 - 1251012016/10/08Total Arsenic (As)8425842

70 - 130101350.16mg/kg<0.1075 - 1259575 - 125NC2016/10/08Total Barium (Ba)8425842

70 - 13010230NCmg/kg<0.4075 - 1259675 - 125942016/10/08Total Beryllium (Be)8425842

30NCmg/kg<0.102016/10/08Total Bismuth (Bi)8425842

70 - 13010330NCmg/kg<0.05075 - 12510475 - 1251032016/10/08Total Cadmium (Cd)8425842

70 - 13097300.20mg/kg<1002016/10/08Total Calcium (Ca)8425842

70 - 130104300.27mg/kg<1.075 - 1259775 - 125NC2016/10/08Total Chromium (Cr)8425842

70 - 13095300.28mg/kg<0.3075 - 1259675 - 125912016/10/08Total Cobalt (Co)8425842

70 - 13097300.17mg/kg<0.5075 - 1259775 - 125NC2016/10/08Total Copper (Cu)8425842

70 - 130100300.80mg/kg<1002016/10/08Total Iron (Fe)8425842

70 - 130112352.0mg/kg<0.1075 - 1259675 - 125952016/10/08Total Lead (Pb)8425842

70 - 1309730NCmg/kg<5.075 - 1259075 - 125962016/10/08Total Lithium (Li)8425842

70 - 130106300.14mg/kg<1002016/10/08Total Magnesium (Mg)8425842

70 - 130104300.84mg/kg<0.2075 - 1259875 - 125NC2016/10/08Total Manganese (Mn)8425842

70 - 13010735NCmg/kg<0.05075 - 12510675 - 1251022016/10/08Total Mercury (Hg)8425842

70 - 130107355.6mg/kg<0.1075 - 1258975 - 125932016/10/08Total Molybdenum (Mo)8425842

70 - 130104300.68mg/kg<0.8075 - 1259775 - 125922016/10/08Total Nickel (Ni)8425842

70 - 130103301.0mg/kg<102016/10/08Total Phosphorus (P)8425842

70 - 13088350.23mg/kg<1002016/10/08Total Potassium (K)8425842

30NCmg/kg<0.5075 - 12510375 - 1251032016/10/08Total Selenium (Se)8425842

70 - 1309535NCmg/kg<0.05075 - 12510875 - 1251042016/10/08Total Silver (Ag)8425842

70 - 1309435NCmg/kg<1002016/10/08Total Sodium (Na)8425842

70 - 130106353.9mg/kg<0.1075 - 1259575 - 125NC2016/10/08Total Strontium (Sr)8425842

30NCmg/kg<0.05075 - 1259775 - 125992016/10/08Total Thallium (Tl)8425842

70 - 1309335NCmg/kg<0.1075 - 1259575 - 125952016/10/08Total Tin (Sn)8425842

350.36mg/kg<1.075 - 1259575 - 125NC2016/10/08Total Titanium (Ti)8425842

70 - 13096301.5mg/kg<0.05075 - 1259675 - 1251022016/10/08Total Uranium (U)8425842

70 - 130104300.46mg/kg<2.075 - 1259575 - 125NC2016/10/08Total Vanadium (V)8425842

70 - 130113300.57mg/kg<1.075 - 12511175 - 125NC2016/10/08Total Zinc (Zn)8425842
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HATFIELD CONSULTANTSMaxxam Job #: B687271
Report Date: 2016/10/17

QUALITY ASSURANCE REPORT(CONT'D)

QC Limits% RecoveryQC LimitsValue (%)UNITSValueQC Limits% RecoveryQC Limits% RecoveryDateParameterQC Batch

QC StandardRPDMethod BlankSpiked BlankMatrix Spike

30NCmg/kg<0.502016/10/08Total Zirconium (Zr)8425842

N/A097 - 1031002016/10/07Soluble (2:1) pH8425849

70 - 13084353.1mg/kg<1002016/10/07Total Aluminum (Al)8425930

70 - 1309630NCmg/kg<0.1075 - 1259575 - 125942016/10/07Total Antimony (Sb)8425930

70 - 1309130NCmg/kg
0.54,

RDL=0.50
75 - 1259475 - 125942016/10/07Total Arsenic (As)8425930

70 - 13090350.59mg/kg<0.1075 - 1259375 - 125NC2016/10/07Total Barium (Ba)8425930

70 - 13010430NCmg/kg<0.4075 - 1259675 - 125932016/10/07Total Beryllium (Be)8425930

30NCmg/kg<0.102016/10/07Total Bismuth (Bi)8425930

70 - 13011830NCmg/kg<0.05075 - 12511075 - 1251042016/10/07Total Cadmium (Cd)8425930

70 - 13086303.4mg/kg<1002016/10/07Total Calcium (Ca)8425930

70 - 13090300.57mg/kg<1.075 - 1259675 - 125932016/10/07Total Chromium (Cr)8425930

70 - 13092302.9mg/kg<0.3075 - 1259975 - 125912016/10/07Total Cobalt (Co)8425930

70 - 13091301.1mg/kg<0.5075 - 1259475 - 125912016/10/07Total Copper (Cu)8425930

70 - 13084302.8mg/kg<1002016/10/07Total Iron (Fe)8425930

70 - 13099350.13mg/kg<0.1075 - 1259775 - 125972016/10/07Total Lead (Pb)8425930

70 - 1309330NCmg/kg<5.075 - 1259675 - 125942016/10/07Total Lithium (Li)8425930

70 - 13087301.2mg/kg<1002016/10/07Total Magnesium (Mg)8425930

70 - 13091300.24mg/kg<0.2075 - 1259775 - 125NC2016/10/07Total Manganese (Mn)8425930

70 - 13010135NCmg/kg<0.05075 - 12510475 - 1251072016/10/07Total Mercury (Hg)8425930

70 - 130100353.7mg/kg<0.1075 - 1258975 - 125982016/10/07Total Molybdenum (Mo)8425930

70 - 13097305.4mg/kg<0.8075 - 1259475 - 125942016/10/07Total Nickel (Ni)8425930

70 - 13091300.93mg/kg<102016/10/07Total Phosphorus (P)8425930

70 - 13077351.7mg/kg<1002016/10/07Total Potassium (K)8425930

30NCmg/kg<0.5075 - 12510475 - 125992016/10/07Total Selenium (Se)8425930

70 - 1309435NCmg/kg<0.05075 - 1259475 - 125902016/10/07Total Silver (Ag)8425930

70 - 1307635NCmg/kg<1002016/10/07Total Sodium (Na)8425930

70 - 13093351.6mg/kg<0.1075 - 1259175 - 125NC2016/10/07Total Strontium (Sr)8425930

70 - 1308830NCmg/kg<0.05075 - 1259575 - 125952016/10/07Total Thallium (Tl)8425930

70 - 1308035NCmg/kg<0.1075 - 1258875 - 125892016/10/07Total Tin (Sn)8425930

352.2mg/kg<1.075 - 1259375 - 125NC2016/10/07Total Titanium (Ti)8425930

70 - 13092300.34mg/kg<0.05075 - 1259375 - 125962016/10/07Total Uranium (U)8425930

70 - 13098300.58mg/kg<2.075 - 1259275 - 125902016/10/07Total Vanadium (V)8425930
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HATFIELD CONSULTANTSMaxxam Job #: B687271
Report Date: 2016/10/17

QUALITY ASSURANCE REPORT(CONT'D)

QC Limits% RecoveryQC LimitsValue (%)UNITSValueQC Limits% RecoveryQC Limits% RecoveryDateParameterQC Batch

QC StandardRPDMethod BlankSpiked BlankMatrix Spike

70 - 130101300.63mg/kg<1.075 - 12510775 - 125NC2016/10/07Total Zinc (Zn)8425930

301.6mg/kg<0.502016/10/07Total Zirconium (Zr)8425930

N/A097 - 1031002016/10/07Soluble (2:1) pH8425936

70 - 13088mg/kg<1002016/10/11Total Aluminum (Al)8427642

70 - 130119mg/kg<0.1075 - 12510175 - 125922016/10/11Total Antimony (Sb)8427642

70 - 13082mg/kg<0.5075 - 1259675 - 125922016/10/11Total Arsenic (As)8427642

70 - 13090mg/kg
0.19,

RDL=0.10
75 - 12510275 - 125NC2016/10/11Total Barium (Ba)8427642

70 - 130107mg/kg<0.4075 - 12510475 - 1251032016/10/11Total Beryllium (Be)8427642

mg/kg<0.102016/10/11Total Bismuth (Bi)8427642

70 - 130129mg/kg<0.05075 - 12511175 - 1251022016/10/11Total Cadmium (Cd)8427642

70 - 13095mg/kg<1002016/10/11Total Calcium (Ca)8427642

70 - 13093mg/kg<1.075 - 12510075 - 125NC2016/10/11Total Chromium (Cr)8427642

70 - 13088mg/kg<0.3075 - 12510275 - 125962016/10/11Total Cobalt (Co)8427642

70 - 13089mg/kg<0.5075 - 12510175 - 125NC2016/10/11Total Copper (Cu)8427642

70 - 13091mg/kg<1002016/10/11Total Iron (Fe)8427642

70 - 13097357.9mg/kg<0.1075 - 12510175 - 1251002016/10/11Total Lead (Pb)8427642

70 - 13092mg/kg<5.075 - 12510275 - 1251002016/10/11Total Lithium (Li)8427642

70 - 13098mg/kg<1002016/10/11Total Magnesium (Mg)8427642

70 - 13095mg/kg<0.2075 - 12510575 - 125NC2016/10/11Total Manganese (Mn)8427642

70 - 13086mg/kg<0.05075 - 12510675 - 1251032016/10/11Total Mercury (Hg)8427642

70 - 130108mg/kg<0.1075 - 1259775 - 125962016/10/11Total Molybdenum (Mo)8427642

70 - 13092mg/kg<0.8075 - 1259975 - 125NC2016/10/11Total Nickel (Ni)8427642

70 - 13090mg/kg<102016/10/11Total Phosphorus (P)8427642

70 - 13079mg/kg<1002016/10/11Total Potassium (K)8427642

mg/kg<0.5075 - 12510675 - 125962016/10/11Total Selenium (Se)8427642

70 - 13076mg/kg<0.05075 - 125     137 (2)75 - 125     129 (1)2016/10/11Total Silver (Ag)8427642

70 - 13085mg/kg139, RDL=1002016/10/11Total Sodium (Na)8427642

70 - 13095mg/kg<0.1075 - 1259675 - 125NC2016/10/11Total Strontium (Sr)8427642

70 - 13080mg/kg<0.05075 - 1259975 - 125962016/10/11Total Thallium (Tl)8427642

70 - 13076mg/kg<0.1075 - 1259175 - 125872016/10/11Total Tin (Sn)8427642

mg/kg<1.075 - 1259975 - 125NC2016/10/11Total Titanium (Ti)8427642

70 - 13089mg/kg<0.05075 - 1259775 - 125982016/10/11Total Uranium (U)8427642
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HATFIELD CONSULTANTSMaxxam Job #: B687271
Report Date: 2016/10/17

QUALITY ASSURANCE REPORT(CONT'D)

QC Limits% RecoveryQC LimitsValue (%)UNITSValueQC Limits% RecoveryQC Limits% RecoveryDateParameterQC Batch

QC StandardRPDMethod BlankSpiked BlankMatrix Spike

70 - 13094mg/kg<2.075 - 12510075 - 125NC2016/10/11Total Vanadium (V)8427642

70 - 13099mg/kg<1.075 - 12511175 - 125NC2016/10/11Total Zinc (Zn)8427642

mg/kg<0.502016/10/11Total Zirconium (Zr)8427642

N/A0.5097 - 1031002016/10/11Soluble (2:1) pH8427644

90 - 110101351.12016/10/12% sand by hydrometer8428346

350.832016/10/12% silt by hydrometer8428346

35NC2016/10/12Clay Content8428346

35NC2016/10/12Gravel8428346

(2) Spike exceeds acceptance limits for Ag.  10% of analytes failure is allowed for multielement scans.

(1) Recovery or RPD for this parameter is outside control limits. The overall quality control for this analysis meets acceptability criteria.

NC (Duplicate RPD): The duplicate RPD was not calculated. The concentration in the sample and/or duplicate was too low to permit a reliable RPD calculation (one or both samples < 5x RDL).

NC (Matrix Spike): The recovery in the matrix spike was not calculated. The relative difference between the concentration in the parent sample and the spiked amount was too small to permit a reliable
recovery calculation (matrix spike concentration was less than 2x that of the native sample concentration).

Method Blank:  A blank matrix containing all reagents used in the analytical procedure. Used to identify laboratory contamination.

Spiked Blank: A blank matrix sample to which a known amount of the analyte, usually from a second source, has been added. Used to evaluate method accuracy.

QC Standard: A sample of known concentration prepared by an external agency under stringent conditions.  Used as an independent check of method accuracy.

Matrix Spike:  A sample to which a known amount of the analyte of interest has been added. Used to evaluate sample matrix interference.

Duplicate:  Paired analysis of a separate portion of the same sample. Used to evaluate the variance in the measurement.

N/A = Not Applicable
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Maxxam Job #: B687271
Report Date: 2016/10/17

HATFIELD CONSULTANTS

VALIDATION SIGNATURE PAGE

The analytical data and all QC contained in this report were reviewed and validated by the following individual(s).

Andy Lu, Ph.D., P.Chem., Scientific Specialist

Maxxam has procedures in place to guard against improper use of the electronic signature and have the required "signatories", as per section 5.10.2 of ISO/IEC
17025:2005(E), signing the reports.  For Service Group specific validation please refer to the Validation Signature Page.
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MAXXAM JOB #: B6L7444
Received: 2016/10/07, 10:23

CERTIFICATE OF ANALYSIS

Your P.O. #: N/A
Your Project #: B687271

Report Date: 2016/10/17
Report #: R4213590

Version: 1 - Final

Attention:Megan Smith

Maxxam Analytics
4606 Canada Way
Burnaby, BC
V5G 1K5

Your C.O.C. #: VB687271-ONTV-01-01, VB687271-ONTV-02-01,
VB687271-ONTV-03-01, VB687271-ONTV-04-01, VB687271-ONTV-05-01

Sample Matrix: Soil
# Samples Received: 48

ReferenceLaboratory Method
Date
Analyzed

Date
ExtractedQuantityAnalyses

BCMOE TOC Aug 2014CAM SOP-004682016/10/14N/A40Total Organic Carbon in Soil

BCMOE TOC Aug 2014CAM SOP-004682016/10/17N/A8Total Organic Carbon in Soil

Reference Method suffix “m” indicates test methods incorporate validated modifications from specific reference methods to improve performance.

* RPDs calculated using raw data. The rounding of final results may result in the apparent difference.

Encryption Key

Please direct all questions regarding this Certificate of Analysis to your Project Manager.
Andrea Rieth, Project Manager
Email: ARieth@maxxam.ca
Phone# (905)817-5806
==================================================================== 
Maxxam has procedures in place to guard against improper use of the electronic signature and have the required "signatories", as per section 5.10.2 of ISO/IEC 17025:2005(E), 
signing the reports.  For Service Group specific validation please refer to the Validation Signature Page. 
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Maxxam Job #: B6L7444
Report Date: 2016/10/17

Maxxam Analytics
Client Project #: B687271
Your P.O. #: N/A

RESULTS OF ANALYSES OF  SOIL

QC Batch = Quality Control Batch

RDL = Reportable Detection Limit

469954250052000450004800053000mg/kgTotal Organic Carbon

QC BatchRDLPR5646-WRC-WL-2CPR5645-WRC-WL-2BPR5644-WRC-WL-2APR5641-WRC-WL-1CUNITS

VB687271-ONTV-02-01VB687271-ONTV-02-01VB687271-ONTV-02-01VB687271-ONTV-02-01COC Number

2016/09/18
 08:15

2016/09/18
 08:15

2016/09/18
 08:15

2016/09/18
 08:15

Sampling Date

DFE973DFE972DFE971DFE970Maxxam ID

QC Batch = Quality Control Batch

RDL = Reportable Detection Limit

469960150056000470128051000190000mg/kgTotal Organic Carbon

QC BatchRDLPR5640-WRC-WL-1BQC BatchPR5639-WRC-WL-1APR5636-WRC-BP-3CUNITS

VB687271-ONTV-02-01VB687271-ONTV-01-01VB687271-ONTV-01-01COC Number

2016/09/18
 08:15

2016/09/18
 08:15

2016/09/18
 11:00

Sampling Date

DFE969DFE961DFE960Maxxam ID

Lab-Dup = Laboratory Initiated Duplicate

QC Batch = Quality Control Batch

RDL = Reportable Detection Limit

46995425001800001700004699601170000mg/kgTotal Organic Carbon

QC BatchRDLPR5635-WRC-BP-3BPR5634-WRC-BP-3AQC Batch
PR5631-WRC-BP-2C

Lab-Dup
UNITS

VB687271-ONTV-01-01VB687271-ONTV-01-01VB687271-ONTV-01-01COC Number

2016/09/18
 11:00

2016/09/18
 11:00

2016/09/18
 11:00

Sampling Date

DFE959DFE958DFE957Maxxam ID

QC Batch = Quality Control Batch

RDL = Reportable Detection Limit

46996015001700004699542180000180000mg/kgTotal Organic Carbon

QC BatchRDLPR5631-WRC-BP-2CQC BatchPR5630-WRC-BP-2BPR5629-WRC-BP-2AUNITS

VB687271-ONTV-01-01VB687271-ONTV-01-01VB687271-ONTV-01-01COC Number

2016/09/18
 11:00

2016/09/18
 11:00

2016/09/18
 11:00

Sampling Date

DFE957DFE956DFE955Maxxam ID

QC Batch = Quality Control Batch

RDL = Reportable Detection Limit

47012805001900002200004699542210000mg/kgTotal Organic Carbon

QC BatchRDLPR5626-WRC-BP-1CPR5625-WRC-BP-1BQC BatchPR5624-WRC-BP-1AUNITS

VB687271-ONTV-01-01VB687271-ONTV-01-01VB687271-ONTV-01-01COC Number

2016/09/18
 11:00

2016/09/18
 11:00

2016/09/18
 11:00

Sampling Date

DFE954DFE953DFE952Maxxam ID
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Maxxam Job #: B6L7444
Report Date: 2016/10/17

Maxxam Analytics
Client Project #: B687271
Your P.O. #: N/A

RESULTS OF ANALYSES OF  SOIL

QC Batch = Quality Control Batch

RDL = Reportable Detection Limit

469960150013000900083009600mg/kgTotal Organic Carbon

QC BatchRDLPR5674-EEM-3-2APR5671-EEM-3-1CPR5670-EEM-3-1BPR5669-EEM-3-1AUNITS

VB687271-ONTV-04-01VB687271-ONTV-03-01VB687271-ONTV-03-01VB687271-ONTV-03-01COC Number

2016/09/17
 17:15

2016/09/17
 17:15

2016/09/17
 17:15

2016/09/17
 17:15

Sampling Date

DFF014DFE992DFE991DFE990Maxxam ID

QC Batch = Quality Control Batch

RDL = Reportable Detection Limit

469960150041004699542520046996014300mg/kgTotal Organic Carbon

QC BatchRDLPR5666-ATWL-3-3CQC BatchPR5665-ATWL-3-3BQC BatchPR5664-ATWL-3-3AUNITS

VB687271-ONTV-03-01VB687271-ONTV-03-01VB687271-ONTV-03-01COC Number

2016/09/16
 14:30

2016/09/16
 14:30

2016/09/16
 14:30

Sampling Date

DFE989DFE988DFE987Maxxam ID

QC Batch = Quality Control Batch

RDL = Reportable Detection Limit

469960150096004699542970046996019900mg/kgTotal Organic Carbon

QC BatchRDLPR5661-ATWL-3-2CQC BatchPR5660-ATWL-3-2BQC BatchPR5659-ATWL-3-2AUNITS

VB687271-ONTV-03-01VB687271-ONTV-03-01VB687271-ONTV-03-01COC Number

2016/09/16
 14:30

2016/09/16
 14:30

2016/09/16
 14:30

Sampling Date

DFE986DFE985DFE984Maxxam ID

QC Batch = Quality Control Batch

RDL = Reportable Detection Limit

46996015008400469954286009200mg/kgTotal Organic Carbon

QC BatchRDLPR5656-ATWL-3-1CQC BatchPR5655-ATWL-3-1BPR5654-ATWL-3-1AUNITS

VB687271-ONTV-03-01VB687271-ONTV-02-01VB687271-ONTV-02-01COC Number

2016/09/16
 14:30

2016/09/16
 14:30

2016/09/16
 14:30

Sampling Date

DFE983DFE978DFE977Maxxam ID

QC Batch = Quality Control Batch

RDL = Reportable Detection Limit

470128050043000469954251000469960143000mg/kgTotal Organic Carbon

QC BatchRDLPR5651-WRC-WL-3CQC BatchPR5650-WRC-WL-3BQC BatchPR5649-WRC-WL-3AUNITS

VB687271-ONTV-02-01VB687271-ONTV-02-01VB687271-ONTV-02-01COC Number

2016/09/18
 08:15

2016/09/18
 08:15

2016/09/18
 08:15

Sampling Date

DFE976DFE975DFE974Maxxam ID
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Maxxam Job #: B6L7444
Report Date: 2016/10/17

Maxxam Analytics
Client Project #: B687271
Your P.O. #: N/A

RESULTS OF ANALYSES OF  SOIL

QC Batch = Quality Control Batch

RDL = Reportable Detection Limit

47012805008000469954281007500mg/kgTotal Organic Carbon

QC BatchRDLPR5699-TSP-1-3AQC BatchPR5696-TSP-1-2CPR5695-TSP-1-2BUNITS

VB687271-ONTV-05-01VB687271-ONTV-05-01VB687271-ONTV-05-01COC Number

2016/09/19
 15:15

2016/09/19
 15:07

2016/09/19
 15:07

Sampling Date

DFF037DFF036DFF035Maxxam ID

Lab-Dup = Laboratory Initiated Duplicate

QC Batch = Quality Control Batch

RDL = Reportable Detection Limit

47012805007700770046995427900mg/kgTotal Organic Carbon

QC BatchRDL
PR5694-TSP-1-2A

Lab-Dup
PR5694-TSP-1-2AQC BatchPR5691-TSP-1-1CUNITS

VB687271-ONTV-05-01VB687271-ONTV-05-01VB687271-ONTV-05-01COC Number

2016/09/19
 15:07

2016/09/19
 15:07

2016/09/19
 15:00

Sampling Date

DFF034DFF034DFF033Maxxam ID

QC Batch = Quality Control Batch

RDL = Reportable Detection Limit

46996015007700469954269006900mg/kgTotal Organic Carbon

QC BatchRDLPR5690-TSP-1-1BQC BatchPR5689-TSP-1-1APR5686-EEM-3-4CUNITS

VB687271-ONTV-05-01VB687271-ONTV-04-01VB687271-ONTV-04-01COC Number

2016/09/19
 15:00

2016/09/19
 15:00

2016/09/17
 17:15

Sampling Date

DFF032DFF030DFF029Maxxam ID

QC Batch = Quality Control Batch

RDL = Reportable Detection Limit

4699601500780094009400mg/kgTotal Organic Carbon

QC BatchRDLPR5685-EEM-3-4BPR5684-EEM-3-4APR5681-EEM-3-3CUNITS

VB687271-ONTV-04-01VB687271-ONTV-04-01VB687271-ONTV-04-01COC Number

2016/09/17
 17:15

2016/09/18
 11:00

2016/09/17
 17:15

Sampling Date

DFF027DFF025DFF023Maxxam ID

QC Batch = Quality Control Batch

RDL = Reportable Detection Limit

4699601500900092001300013000mg/kgTotal Organic Carbon

QC BatchRDLPR5680-EEM-3-3BPR5679-EEM-3-3APR5676-EEM-3-2CPR5675-EEM-3-2BUNITS

VB687271-ONTV-04-01VB687271-ONTV-04-01VB687271-ONTV-04-01VB687271-ONTV-04-01COC Number

2016/09/17
 17:15

2016/09/17
 17:15

2016/09/17
 17:15

2016/09/17
 17:15

Sampling Date

DFF020DFF017DFF016DFF015Maxxam ID
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Maxxam Job #: B6L7444
Report Date: 2016/10/17

Maxxam Analytics
Client Project #: B687271
Your P.O. #: N/A

RESULTS OF ANALYSES OF  SOIL

Lab-Dup = Laboratory Initiated Duplicate

QC Batch = Quality Control Batch

RDL = Reportable Detection Limit

47012805008000469954263006400mg/kgTotal Organic Carbon

QC BatchRDLPR5701-TSP-1-3CQC Batch
PR5700-TSP-1-3B

Lab-Dup
PR5700-TSP-1-3BUNITS

VB687271-ONTV-05-01VB687271-ONTV-05-01VB687271-ONTV-05-01COC Number

2016/09/19
 15:15

2016/09/19
 15:15

2016/09/19
 15:15

Sampling Date

DFF039DFF038DFF038Maxxam ID
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Maxxam Job #: B6L7444
Report Date: 2016/10/17

Maxxam Analytics
Client Project #: B687271
Your P.O. #: N/A

TEST SUMMARY

AnalystDate AnalyzedExtractedBatchInstrumentationTest Description

Maxxam ID: DFE952 Collected: 2016/09/18
Sample ID: PR5624-WRC-BP-1A

Matrix: Soil
Shipped:

Received: 2016/10/07

Godwin Okereke2016/10/14N/A4699542COMBTotal Organic Carbon in Soil

AnalystDate AnalyzedExtractedBatchInstrumentationTest Description

Maxxam ID: DFE953 Collected: 2016/09/18
Sample ID: PR5625-WRC-BP-1B

Matrix: Soil
Shipped:

Received: 2016/10/07

Godwin Okereke2016/10/17N/A4701280COMBTotal Organic Carbon in Soil

AnalystDate AnalyzedExtractedBatchInstrumentationTest Description

Maxxam ID: DFE954 Collected: 2016/09/18
Sample ID: PR5626-WRC-BP-1C

Matrix: Soil
Shipped:

Received: 2016/10/07

Godwin Okereke2016/10/17N/A4701280COMBTotal Organic Carbon in Soil

AnalystDate AnalyzedExtractedBatchInstrumentationTest Description

Maxxam ID: DFE955 Collected: 2016/09/18
Sample ID: PR5629-WRC-BP-2A

Matrix: Soil
Shipped:

Received: 2016/10/07

Godwin Okereke2016/10/14N/A4699542COMBTotal Organic Carbon in Soil

AnalystDate AnalyzedExtractedBatchInstrumentationTest Description

Maxxam ID: DFE956 Collected: 2016/09/18
Sample ID: PR5630-WRC-BP-2B

Matrix: Soil
Shipped:

Received: 2016/10/07

Godwin Okereke2016/10/14N/A4699542COMBTotal Organic Carbon in Soil

AnalystDate AnalyzedExtractedBatchInstrumentationTest Description

Maxxam ID: DFE957 Collected: 2016/09/18
Sample ID: PR5631-WRC-BP-2C

Matrix: Soil
Shipped:

Received: 2016/10/07

Godwin Okereke2016/10/14N/A4699601COMBTotal Organic Carbon in Soil

AnalystDate AnalyzedExtractedBatchInstrumentationTest Description

Maxxam ID: DFE957 Dup Collected: 2016/09/18
Sample ID: PR5631-WRC-BP-2C

Matrix: Soil
Shipped:

Received: 2016/10/07

Godwin Okereke2016/10/14N/A4699601COMBTotal Organic Carbon in Soil
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Maxxam Job #: B6L7444
Report Date: 2016/10/17

Maxxam Analytics
Client Project #: B687271
Your P.O. #: N/A

TEST SUMMARY

AnalystDate AnalyzedExtractedBatchInstrumentationTest Description

Maxxam ID: DFE958 Collected: 2016/09/18
Sample ID: PR5634-WRC-BP-3A

Matrix: Soil
Shipped:

Received: 2016/10/07

Godwin Okereke2016/10/14N/A4699542COMBTotal Organic Carbon in Soil

AnalystDate AnalyzedExtractedBatchInstrumentationTest Description

Maxxam ID: DFE959 Collected: 2016/09/18
Sample ID: PR5635-WRC-BP-3B

Matrix: Soil
Shipped:

Received: 2016/10/07

Godwin Okereke2016/10/14N/A4699542COMBTotal Organic Carbon in Soil

AnalystDate AnalyzedExtractedBatchInstrumentationTest Description

Maxxam ID: DFE960 Collected: 2016/09/18
Sample ID: PR5636-WRC-BP-3C

Matrix: Soil
Shipped:

Received: 2016/10/07

Godwin Okereke2016/10/17N/A4701280COMBTotal Organic Carbon in Soil

AnalystDate AnalyzedExtractedBatchInstrumentationTest Description

Maxxam ID: DFE961 Collected: 2016/09/18
Sample ID: PR5639-WRC-WL-1A

Matrix: Soil
Shipped:

Received: 2016/10/07

Godwin Okereke2016/10/17N/A4701280COMBTotal Organic Carbon in Soil

AnalystDate AnalyzedExtractedBatchInstrumentationTest Description

Maxxam ID: DFE969 Collected: 2016/09/18
Sample ID: PR5640-WRC-WL-1B

Matrix: Soil
Shipped:

Received: 2016/10/07

Godwin Okereke2016/10/14N/A4699601COMBTotal Organic Carbon in Soil

AnalystDate AnalyzedExtractedBatchInstrumentationTest Description

Maxxam ID: DFE970 Collected: 2016/09/18
Sample ID: PR5641-WRC-WL-1C

Matrix: Soil
Shipped:

Received: 2016/10/07

Godwin Okereke2016/10/14N/A4699542COMBTotal Organic Carbon in Soil

AnalystDate AnalyzedExtractedBatchInstrumentationTest Description

Maxxam ID: DFE971 Collected: 2016/09/18
Sample ID: PR5644-WRC-WL-2A

Matrix: Soil
Shipped:

Received: 2016/10/07

Godwin Okereke2016/10/14N/A4699542COMBTotal Organic Carbon in Soil
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Maxxam Job #: B6L7444
Report Date: 2016/10/17

Maxxam Analytics
Client Project #: B687271
Your P.O. #: N/A

TEST SUMMARY

AnalystDate AnalyzedExtractedBatchInstrumentationTest Description

Maxxam ID: DFE972 Collected: 2016/09/18
Sample ID: PR5645-WRC-WL-2B

Matrix: Soil
Shipped:

Received: 2016/10/07

Godwin Okereke2016/10/14N/A4699542COMBTotal Organic Carbon in Soil

AnalystDate AnalyzedExtractedBatchInstrumentationTest Description

Maxxam ID: DFE973 Collected: 2016/09/18
Sample ID: PR5646-WRC-WL-2C

Matrix: Soil
Shipped:

Received: 2016/10/07

Godwin Okereke2016/10/14N/A4699542COMBTotal Organic Carbon in Soil

AnalystDate AnalyzedExtractedBatchInstrumentationTest Description

Maxxam ID: DFE974 Collected: 2016/09/18
Sample ID: PR5649-WRC-WL-3A

Matrix: Soil
Shipped:

Received: 2016/10/07

Godwin Okereke2016/10/14N/A4699601COMBTotal Organic Carbon in Soil

AnalystDate AnalyzedExtractedBatchInstrumentationTest Description

Maxxam ID: DFE975 Collected: 2016/09/18
Sample ID: PR5650-WRC-WL-3B

Matrix: Soil
Shipped:

Received: 2016/10/07

Godwin Okereke2016/10/14N/A4699542COMBTotal Organic Carbon in Soil

AnalystDate AnalyzedExtractedBatchInstrumentationTest Description

Maxxam ID: DFE976 Collected: 2016/09/18
Sample ID: PR5651-WRC-WL-3C

Matrix: Soil
Shipped:

Received: 2016/10/07

Godwin Okereke2016/10/17N/A4701280COMBTotal Organic Carbon in Soil

AnalystDate AnalyzedExtractedBatchInstrumentationTest Description

Maxxam ID: DFE977 Collected: 2016/09/16
Sample ID: PR5654-ATWL-3-1A

Matrix: Soil
Shipped:

Received: 2016/10/07

Godwin Okereke2016/10/14N/A4699542COMBTotal Organic Carbon in Soil

AnalystDate AnalyzedExtractedBatchInstrumentationTest Description

Maxxam ID: DFE978 Collected: 2016/09/16
Sample ID: PR5655-ATWL-3-1B

Matrix: Soil
Shipped:

Received: 2016/10/07

Godwin Okereke2016/10/14N/A4699542COMBTotal Organic Carbon in Soil
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Maxxam Job #: B6L7444
Report Date: 2016/10/17

Maxxam Analytics
Client Project #: B687271
Your P.O. #: N/A

TEST SUMMARY

AnalystDate AnalyzedExtractedBatchInstrumentationTest Description

Maxxam ID: DFE983 Collected: 2016/09/16
Sample ID: PR5656-ATWL-3-1C

Matrix: Soil
Shipped:

Received: 2016/10/07

Godwin Okereke2016/10/14N/A4699601COMBTotal Organic Carbon in Soil

AnalystDate AnalyzedExtractedBatchInstrumentationTest Description

Maxxam ID: DFE984 Collected: 2016/09/16
Sample ID: PR5659-ATWL-3-2A

Matrix: Soil
Shipped:

Received: 2016/10/07

Godwin Okereke2016/10/14N/A4699601COMBTotal Organic Carbon in Soil

AnalystDate AnalyzedExtractedBatchInstrumentationTest Description

Maxxam ID: DFE985 Collected: 2016/09/16
Sample ID: PR5660-ATWL-3-2B

Matrix: Soil
Shipped:

Received: 2016/10/07

Godwin Okereke2016/10/14N/A4699542COMBTotal Organic Carbon in Soil

AnalystDate AnalyzedExtractedBatchInstrumentationTest Description

Maxxam ID: DFE986 Collected: 2016/09/16
Sample ID: PR5661-ATWL-3-2C

Matrix: Soil
Shipped:

Received: 2016/10/07

Godwin Okereke2016/10/14N/A4699601COMBTotal Organic Carbon in Soil

AnalystDate AnalyzedExtractedBatchInstrumentationTest Description

Maxxam ID: DFE987 Collected: 2016/09/16
Sample ID: PR5664-ATWL-3-3A

Matrix: Soil
Shipped:

Received: 2016/10/07

Godwin Okereke2016/10/14N/A4699601COMBTotal Organic Carbon in Soil

AnalystDate AnalyzedExtractedBatchInstrumentationTest Description

Maxxam ID: DFE988 Collected: 2016/09/16
Sample ID: PR5665-ATWL-3-3B

Matrix: Soil
Shipped:

Received: 2016/10/07

Godwin Okereke2016/10/14N/A4699542COMBTotal Organic Carbon in Soil

AnalystDate AnalyzedExtractedBatchInstrumentationTest Description

Maxxam ID: DFE989 Collected: 2016/09/16
Sample ID: PR5666-ATWL-3-3C

Matrix: Soil
Shipped:

Received: 2016/10/07

Godwin Okereke2016/10/14N/A4699601COMBTotal Organic Carbon in Soil
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Maxxam Job #: B6L7444
Report Date: 2016/10/17

Maxxam Analytics
Client Project #: B687271
Your P.O. #: N/A

TEST SUMMARY

AnalystDate AnalyzedExtractedBatchInstrumentationTest Description

Maxxam ID: DFE990 Collected: 2016/09/17
Sample ID: PR5669-EEM-3-1A

Matrix: Soil
Shipped:

Received: 2016/10/07

Godwin Okereke2016/10/14N/A4699601COMBTotal Organic Carbon in Soil

AnalystDate AnalyzedExtractedBatchInstrumentationTest Description

Maxxam ID: DFE991 Collected: 2016/09/17
Sample ID: PR5670-EEM-3-1B

Matrix: Soil
Shipped:

Received: 2016/10/07

Godwin Okereke2016/10/14N/A4699601COMBTotal Organic Carbon in Soil

AnalystDate AnalyzedExtractedBatchInstrumentationTest Description

Maxxam ID: DFE992 Collected: 2016/09/17
Sample ID: PR5671-EEM-3-1C

Matrix: Soil
Shipped:

Received: 2016/10/07

Godwin Okereke2016/10/14N/A4699601COMBTotal Organic Carbon in Soil

AnalystDate AnalyzedExtractedBatchInstrumentationTest Description

Maxxam ID: DFF014 Collected: 2016/09/17
Sample ID: PR5674-EEM-3-2A

Matrix: Soil
Shipped:

Received: 2016/10/07

Godwin Okereke2016/10/14N/A4699601COMBTotal Organic Carbon in Soil

AnalystDate AnalyzedExtractedBatchInstrumentationTest Description

Maxxam ID: DFF015 Collected: 2016/09/17
Sample ID: PR5675-EEM-3-2B

Matrix: Soil
Shipped:

Received: 2016/10/07

Godwin Okereke2016/10/14N/A4699601COMBTotal Organic Carbon in Soil

AnalystDate AnalyzedExtractedBatchInstrumentationTest Description

Maxxam ID: DFF016 Collected: 2016/09/17
Sample ID: PR5676-EEM-3-2C

Matrix: Soil
Shipped:

Received: 2016/10/07

Godwin Okereke2016/10/14N/A4699601COMBTotal Organic Carbon in Soil

AnalystDate AnalyzedExtractedBatchInstrumentationTest Description

Maxxam ID: DFF017 Collected: 2016/09/17
Sample ID: PR5679-EEM-3-3A

Matrix: Soil
Shipped:

Received: 2016/10/07

Godwin Okereke2016/10/14N/A4699601COMBTotal Organic Carbon in Soil
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Maxxam Job #: B6L7444
Report Date: 2016/10/17

Maxxam Analytics
Client Project #: B687271
Your P.O. #: N/A

TEST SUMMARY

AnalystDate AnalyzedExtractedBatchInstrumentationTest Description

Maxxam ID: DFF020 Collected: 2016/09/17
Sample ID: PR5680-EEM-3-3B

Matrix: Soil
Shipped:

Received: 2016/10/07

Godwin Okereke2016/10/14N/A4699601COMBTotal Organic Carbon in Soil

AnalystDate AnalyzedExtractedBatchInstrumentationTest Description

Maxxam ID: DFF023 Collected: 2016/09/17
Sample ID: PR5681-EEM-3-3C

Matrix: Soil
Shipped:

Received: 2016/10/07

Godwin Okereke2016/10/14N/A4699601COMBTotal Organic Carbon in Soil

AnalystDate AnalyzedExtractedBatchInstrumentationTest Description

Maxxam ID: DFF025 Collected: 2016/09/18
Sample ID: PR5684-EEM-3-4A

Matrix: Soil
Shipped:

Received: 2016/10/07

Godwin Okereke2016/10/14N/A4699601COMBTotal Organic Carbon in Soil

AnalystDate AnalyzedExtractedBatchInstrumentationTest Description

Maxxam ID: DFF027 Collected: 2016/09/17
Sample ID: PR5685-EEM-3-4B

Matrix: Soil
Shipped:

Received: 2016/10/07

Godwin Okereke2016/10/14N/A4699601COMBTotal Organic Carbon in Soil

AnalystDate AnalyzedExtractedBatchInstrumentationTest Description

Maxxam ID: DFF029 Collected: 2016/09/17
Sample ID: PR5686-EEM-3-4C

Matrix: Soil
Shipped:

Received: 2016/10/07

Godwin Okereke2016/10/14N/A4699542COMBTotal Organic Carbon in Soil

AnalystDate AnalyzedExtractedBatchInstrumentationTest Description

Maxxam ID: DFF030 Collected: 2016/09/19
Sample ID: PR5689-TSP-1-1A

Matrix: Soil
Shipped:

Received: 2016/10/07

Godwin Okereke2016/10/14N/A4699542COMBTotal Organic Carbon in Soil

AnalystDate AnalyzedExtractedBatchInstrumentationTest Description

Maxxam ID: DFF032 Collected: 2016/09/19
Sample ID: PR5690-TSP-1-1B

Matrix: Soil
Shipped:

Received: 2016/10/07

Godwin Okereke2016/10/14N/A4699601COMBTotal Organic Carbon in Soil
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Maxxam Job #: B6L7444
Report Date: 2016/10/17

Maxxam Analytics
Client Project #: B687271
Your P.O. #: N/A

TEST SUMMARY

AnalystDate AnalyzedExtractedBatchInstrumentationTest Description

Maxxam ID: DFF033 Collected: 2016/09/19
Sample ID: PR5691-TSP-1-1C

Matrix: Soil
Shipped:

Received: 2016/10/07

Godwin Okereke2016/10/14N/A4699542COMBTotal Organic Carbon in Soil

AnalystDate AnalyzedExtractedBatchInstrumentationTest Description

Maxxam ID: DFF034 Collected: 2016/09/19
Sample ID: PR5694-TSP-1-2A

Matrix: Soil
Shipped:

Received: 2016/10/07

Godwin Okereke2016/10/17N/A4701280COMBTotal Organic Carbon in Soil

AnalystDate AnalyzedExtractedBatchInstrumentationTest Description

Maxxam ID: DFF034 Dup Collected: 2016/09/19
Sample ID: PR5694-TSP-1-2A

Matrix: Soil
Shipped:

Received: 2016/10/07

Godwin Okereke2016/10/17N/A4701280COMBTotal Organic Carbon in Soil

AnalystDate AnalyzedExtractedBatchInstrumentationTest Description

Maxxam ID: DFF035 Collected: 2016/09/19
Sample ID: PR5695-TSP-1-2B

Matrix: Soil
Shipped:

Received: 2016/10/07

Godwin Okereke2016/10/14N/A4699542COMBTotal Organic Carbon in Soil

AnalystDate AnalyzedExtractedBatchInstrumentationTest Description

Maxxam ID: DFF036 Collected: 2016/09/19
Sample ID: PR5696-TSP-1-2C

Matrix: Soil
Shipped:

Received: 2016/10/07

Godwin Okereke2016/10/14N/A4699542COMBTotal Organic Carbon in Soil

AnalystDate AnalyzedExtractedBatchInstrumentationTest Description

Maxxam ID: DFF037 Collected: 2016/09/19
Sample ID: PR5699-TSP-1-3A

Matrix: Soil
Shipped:

Received: 2016/10/07

Godwin Okereke2016/10/17N/A4701280COMBTotal Organic Carbon in Soil

AnalystDate AnalyzedExtractedBatchInstrumentationTest Description

Maxxam ID: DFF038 Collected: 2016/09/19
Sample ID: PR5700-TSP-1-3B

Matrix: Soil
Shipped:

Received: 2016/10/07

Godwin Okereke2016/10/14N/A4699542COMBTotal Organic Carbon in Soil
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Maxxam Job #: B6L7444
Report Date: 2016/10/17

Maxxam Analytics
Client Project #: B687271
Your P.O. #: N/A

TEST SUMMARY

AnalystDate AnalyzedExtractedBatchInstrumentationTest Description

Maxxam ID: DFF038 Dup Collected: 2016/09/19
Sample ID: PR5700-TSP-1-3B

Matrix: Soil
Shipped:

Received: 2016/10/07

Godwin Okereke2016/10/14N/A4699542COMBTotal Organic Carbon in Soil

AnalystDate AnalyzedExtractedBatchInstrumentationTest Description

Maxxam ID: DFF039 Collected: 2016/09/19
Sample ID: PR5701-TSP-1-3C

Matrix: Soil
Shipped:

Received: 2016/10/07

Godwin Okereke2016/10/17N/A4701280COMBTotal Organic Carbon in Soil
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Maxxam Job #: B6L7444
Report Date: 2016/10/17

Maxxam Analytics
Client Project #: B687271
Your P.O. #: N/A

GENERAL COMMENTS

Each temperature is the average of up to three cooler temperatures taken at receipt

4.0°CPackage 3

2.3°CPackage 2

4.7°CPackage 1

Results relate only to the items tested.
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Maxxam Analytics
Client Project #: B687271
Your P.O. #: N/A

Maxxam Job #: B6L7444
Report Date: 2016/10/17

QUALITY ASSURANCE REPORT

QC Limits% RecoveryQC LimitsValue (%)UNITSValueDateParameterQC Batch

QC StandardRPDMethod Blank

75 - 125112350.47mg/kg<5002016/10/14Total Organic Carbon4699542

75 - 125112351.1mg/kg<5002016/10/14Total Organic Carbon4699601

75 - 125111350.16mg/kg<5002016/10/17Total Organic Carbon4701280

Method Blank:  A blank matrix containing all reagents used in the analytical procedure. Used to identify laboratory contamination.

QC Standard: A sample of known concentration prepared by an external agency under stringent conditions.  Used as an independent check of method accuracy.

Duplicate:  Paired analysis of a separate portion of the same sample. Used to evaluate the variance in the measurement.
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Maxxam Job #: B6L7444
Report Date: 2016/10/17

Maxxam Analytics
Client Project #: B687271
Your P.O. #: N/A

VALIDATION SIGNATURE PAGE

The analytical data and all QC contained in this report were reviewed and validated by the following individual(s).

Brad Newman, Scientific Specialist

Maxxam has procedures in place to guard against improper use of the electronic signature and have the required "signatories", as per section 5.10.2 of ISO/IEC
17025:2005(E), signing the reports.  For Service Group specific validation please refer to the Validation Signature Page.
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MAXXAM JOB #: B685477
Received: 2016/09/29, 12:40

CERTIFICATE OF ANALYSIS

Your Project #: KEM6507

Report Date: 2016/11/23
Report #: R2305338

Version: 1 - Final

Attention:Natasha Cowie

HATFIELD CONSULTANTS
200-850 HARBOURSIDE DR.
NORTH VANCOUVER, BC
CANADA          V7L0A3

Your C.O.C. #: 08427879, 08427880, 08427881, 08427882, 08427883,
08427884, 08427885, 08427886, 08427887, 08427888, 08427889

Sample Matrix: TISSUE
# Samples Received: 10

Analytical MethodLaboratory Method
Date
Analyzed

Date
ExtractedQuantityAnalyses

BCLM2005,EPA6020bR2mBBY7SOP-00021,2016/11/192016/11/1610Elements by CRC ICPMS - Tissue Wet Wt

OMOE E3139 3.1 mBBY8SOP-000172016/11/23N/A10Moisture in Tissue

Sample Matrix: Water
# Samples Received: 75

Analytical MethodLaboratory Method
Date
Analyzed

Date
ExtractedQuantityAnalyses

SM 22 10200 H mBBY6SOP-000022016/10/06N/A17Chlorophyll A (surface)(sin)

SM 22 10200 H mBBY6SOP-000022016/10/18N/A20Chlorophyll A (surface)(sin)

SM 22 10200 H mBBY6SOP-000022016/10/21N/A20Chlorophyll A (surface)(sin)

SM 22 10200 H mBBY6SOP-000022016/10/25N/A18Chlorophyll A (surface)(sin)

Maxxam Analytics’ laboratories are accredited to ISO/IEC 17025:2005 for specific parameters on scopes of accreditation. Unless otherwise noted,
procedures used by Maxxam are based upon recognized Provincial, Federal or US method compendia such as CCME, MDDELCC, EPA, APHA.

All work recorded herein has been done in accordance with procedures and practices ordinarily exercised by professionals in Maxxam’s profession using
accepted testing methodologies, quality assurance and quality control procedures (except where otherwise agreed by the client and Maxxam in writing).
All data is in statistical control and has met quality control and method performance criteria unless otherwise noted. All method blanks are reported:
unless indicated otherwise, associated sample data are not blank corrected.

Maxxam Analytics’ liability is limited to the actual cost of the requested analyses, unless otherwise agreed in writing. There is no other warranty expressed
or implied. Maxxam has been retained to provide analysis of samples provided by the Client using the testing methodology referenced in this report.
Interpretation and use of test results are the sole responsibility of the Client and are not within the scope of services provided by Maxxam, unless
otherwise agreed in writing.

Solid sample results, except biota, are based on dry weight unless otherwise indicated. Organic analyses are not recovery corrected except for isotope
dilution methods. Results relate to samples tested.
This Certificate shall not be reproduced except in full, without the written approval of the laboratory.

Remarks:

Reference Method suffix “m” indicates test methods incorporate validated modifications from specific reference methods to improve performance.
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MAXXAM JOB #: B685477
Received: 2016/09/29, 12:40

CERTIFICATE OF ANALYSIS

Your Project #: KEM6507

Report Date: 2016/11/23
Report #: R2305338

Version: 1 - Final

Attention:Natasha Cowie

HATFIELD CONSULTANTS
200-850 HARBOURSIDE DR.
NORTH VANCOUVER, BC
CANADA          V7L0A3

Your C.O.C. #: 08427879, 08427880, 08427881, 08427882, 08427883,
08427884, 08427885, 08427886, 08427887, 08427888, 08427889

* RPDs calculated using raw data. The rounding of final results may result in the apparent difference.

Encryption Key

Please direct all questions regarding this Certificate of Analysis to your Project Manager.
Megan Smith, Project Manager
Email: msmith@maxxam.ca
Phone# (604) 734 7276
==================================================================== 
This report has been generated and distributed using a secure automated process.
Maxxam has procedures in place to guard against improper use of the electronic signature and have the required "signatories", as per section 5.10.2 of ISO/IEC 17025:2005(E), 
signing the reports.  For Service Group specific validation please refer to the Validation Signature Page. 

Total Cover Pages : 2
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Maxxam Job #: B685477
Report Date: 2016/11/23

HATFIELD CONSULTANTS
Client Project #: KEM6507
Sampler Initials: NC

ELEMENTS BY ATOMIC SPECTROSCOPY - WET WT (TISSUE)

RDL = Reportable Detection Limit

84727980.04012.66.3711.37.178.767.91mg/kgTotal Zinc (Zn)

84727980.0206.195.3915.58.7813.69.76mg/kgTotal Vanadium (V)

84727980.000400.09800.08170.2150.1000.09800.125mg/kgTotal Uranium (U)

84727980.05079.760.8193140217139mg/kgTotal Titanium (Ti)

84727980.0200.5930.4650.2400.2930.2840.256mg/kgTotal Tin (Sn)

84727980.000400.01290.01370.01030.007490.009760.00735mg/kgTotal Thallium (Tl)

84727980.01024.490.015.410.211.011.6mg/kgTotal Strontium (Sr)

84727982.015911529.829.319.036.2mg/kgTotal Sodium (Na)

84727980.00400.03430.02940.01520.01040.01420.0104mg/kgTotal Silver (Ag)

84727980.0104.939.420.1830.1370.1040.168mg/kgTotal Selenium (Se)

84727982.0498299194199182180mg/kgTotal Potassium (K)

84727982.0230196159101126102mg/kgTotal Phosphorus (P)

84727980.0102.621.923.722.293.332.27mg/kgTotal Nickel (Ni)

84727980.0100.6570.5090.2640.1910.1390.225mg/kgTotal Molybdenum (Mo)

84727980.00200.01980.01380.00750.00510.00560.0045mg/kgTotal Mercury (Hg)

84727980.020755560281207247216mg/kgTotal Manganese (Mn)

84727982.079981714109081240859mg/kgTotal Magnesium (Mg)

84727980.00200.8700.9921.070.6010.8770.678mg/kgTotal Lead (Pb)

84727981.0463033306330395055704090mg/kgTotal Iron (Fe)

84727980.0109.386.916.494.526.034.50mg/kgTotal Copper (Cu)

84727980.00401.431.072.351.462.111.39mg/kgTotal Cobalt (Co)

84727980.0104.714.796.563.706.864.25mg/kgTotal Chromium (Cr)

84727982.02800274002510175015802030mg/kgTotal Calcium (Ca)

84727980.00200.1250.05240.06440.04310.04310.0533mg/kgTotal Cadmium (Cd)

84727980.401.102.152.062.920.485.57mg/kgTotal Boron (B)

84727980.020<0.020<0.020<0.020<0.020<0.020<0.020mg/kgTotal Bismuth (Bi)

84727980.00200.05820.05250.07190.04500.06030.0482mg/kgTotal Beryllium (Be)

84727980.01072.068.631.423.927.727.1mg/kgTotal Barium (Ba)

84727980.00501.941.961.471.280.9131.41mg/kgTotal Arsenic (As)

84727980.00100.03380.02370.01740.01870.01400.0242mg/kgTotal Antimony (Sb)

84727980.20236025403450230031102210mg/kgTotal Aluminum (Al)

Total Metals by ICPMS

QC BatchRDLWRC-1WRC-BPATT-19ATT-DISEEM-13EEM-17UNITS

084278890842788908427882084278820842788208427882COC Number

2016/09/14
 16:20

2016/09/18
 11:00

2016/09/20
 13:40

2016/09/18
 14:40

2016/09/17
 08:30

2016/09/17
 14:45

Sampling Date

PQ2512PQ2511PQ2458PQ2457PQ2456PQ2455Maxxam ID
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Maxxam Job #: B685477
Report Date: 2016/11/23

HATFIELD CONSULTANTS
Client Project #: KEM6507
Sampler Initials: NC

ELEMENTS BY ATOMIC SPECTROSCOPY - WET WT (TISSUE)

RDL = Reportable Detection Limit

84727980.04018.02.2618.413.4mg/kgTotal Zinc (Zn)

84727980.02014.61.989.767.21mg/kgTotal Vanadium (V)

84727980.000400.2060.02460.1260.0902mg/kgTotal Uranium (U)

84727980.05018329.5115105mg/kgTotal Titanium (Ti)

84727980.0200.7610.4770.3760.345mg/kgTotal Tin (Sn)

84727980.000400.03180.001910.01580.00997mg/kgTotal Thallium (Tl)

84727980.01015.62.7164.2128mg/kgTotal Strontium (Sr)

84727982.064.436.6141150mg/kgTotal Sodium (Na)

84727980.00400.0137<0.00400.03730.0213mg/kgTotal Silver (Ag)

84727980.0102.611.035.685.36mg/kgTotal Selenium (Se)

84727982.0344219395474mg/kgTotal Potassium (K)

84727982.021264.2240253mg/kgTotal Phosphorus (P)

84727980.0108.180.4934.633.83mg/kgTotal Nickel (Ni)

84727980.0105.220.1011.310.806mg/kgTotal Molybdenum (Mo)

84727980.00200.01010.00300.01490.0113mg/kgTotal Mercury (Hg)

84727980.020413048.21380730mg/kgTotal Manganese (Mn)

84727982.0114017413201340mg/kgTotal Magnesium (Mg)

84727980.00200.8280.1591.250.827mg/kgTotal Lead (Pb)

84727981.06870120060004260mg/kgTotal Iron (Fe)

84727980.01014.61.3310.97.74mg/kgTotal Copper (Cu)

84727980.00409.660.2802.731.74mg/kgTotal Cobalt (Co)

84727980.0107.260.82112.45.23mg/kgTotal Chromium (Cr)

84727982.026104052060057300mg/kgTotal Calcium (Ca)

84727980.00201.360.01170.2540.217mg/kgTotal Cadmium (Cd)

84727980.400.72<0.401.963.66mg/kgTotal Boron (B)

84727980.020<0.020<0.0200.027<0.020mg/kgTotal Bismuth (Bi)

84727980.00200.06790.00880.08220.0544mg/kgTotal Beryllium (Be)

84727980.0101736.92125104mg/kgTotal Barium (Ba)

84727980.00505.540.2982.932.09mg/kgTotal Arsenic (As)

84727980.00100.03680.00670.03820.0330mg/kgTotal Antimony (Sb)

84727980.20251048333702480mg/kgTotal Aluminum (Al)

Total Metals by ICPMS

QC BatchRDLATWL-3ATWL-1WRC-5WRC-3UNITS

08427889084278890842788908427889COC Number

2016/09/16
 14:30

2016/09/16
 16:15

2016/09/14
 14:55

2016/09/14
 15:45

Sampling Date

PQ2516PQ2515PQ2514PQ2513Maxxam ID
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Maxxam Job #: B685477
Report Date: 2016/11/23

HATFIELD CONSULTANTS
Client Project #: KEM6507
Sampler Initials: NC

PHYSICAL TESTING (TISSUE)

RDL = Reportable Detection Limit

84802560.3082927651%Moisture

Physical Properties

QC BatchRDLATWL-3ATWL-1WRC-5WRC-3UNITS

08427889084278890842788908427889COC Number

2016/09/16
 14:30

2016/09/16
 16:15

2016/09/14
 14:55

2016/09/14
 15:45

Sampling Date

PQ2516PQ2515PQ2514PQ2513Maxxam ID

Lab-Dup = Laboratory Initiated Duplicate

RDL = Reportable Detection Limit

84802560.3086807883768581%Moisture

Physical Properties

QC BatchRDLWRC-1WRC-BPATT-19ATT-DISEEM-13
EEM-17
Lab-Dup

EEM-17UNITS

08427889084278890842788208427882084278820842788208427882COC Number

2016/09/14
 16:20

2016/09/18
 11:00

2016/09/20
 13:40

2016/09/18
 14:40

2016/09/17
 08:30

2016/09/17
 14:45

2016/09/17
 14:45

Sampling Date

PQ2512PQ2511PQ2458PQ2457PQ2456PQ2455PQ2455Maxxam ID
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Maxxam Job #: B685477
Report Date: 2016/11/23

HATFIELD CONSULTANTS
Client Project #: KEM6507
Sampler Initials: NC

RESULTS OF CHEMICAL ANALYSES OF  WATER

RDL = Reportable Detection Limit

84194310.0304.690.9560.1838.780.2370.9642.94ug/cm2Chlorophyll a

Parameter

QC BatchRDLKM-1-4KM-1-3KM-1-2KM-1-1NK-1-5NK-1-4NK-1-3UNITS

08427883084278830842788308427883084278830842788308427883COC Number

2016/09/17
 11:30

2016/09/17
 11:30

2016/09/17
 11:30

2016/09/17
 11:30

2016/09/15
 09:15

2016/09/15
 09:15

2016/09/15
 09:15

Sampling Date

PQ2467PQ2466PQ2465PQ2464PQ2463PQ2462PQ2461Maxxam ID

RDL = Reportable Detection Limit

84194310.0303.870.5260.3610.1642.202.660.979ug/cm2Chlorophyll a

Parameter

QC BatchRDLNK-1-2NK-1-1ATT-19-5ATT-19-4ATT-19-3ATT-19-2ATT-19-1UNITS

08427883084278830842788108427881084278810842788108427881COC Number

2016/09/15
 09:15

2016/09/15
 09:15

2016/09/20
 13:40

2016/09/20
 13:40

2016/09/20
 13:40

2016/09/20
 13:40

2016/09/20
 13:40

Sampling Date

PQ2460PQ2459PQ2454PQ2453PQ2452PQ2451PQ2450Maxxam ID

RDL = Reportable Detection Limit

84194260.0303.874.113.231.826.432.331.50ug/cm2Chlorophyll a

Parameter

QC BatchRDLATT-DIS-5ATT-DIS-4ATT-DIS-3ATT-DIS-2ATT-DIS-1EEM-18-5EEM-18-4UNITS

08427880084278800842788008427880084278800842788008427880COC Number

2016/09/18
 14:40

2016/09/18
 14:40

2016/09/18
 14:40

2016/09/18
 14:40

2016/09/18
 14:40

2016/09/16
 09:20

2016/09/16
 09:20

Sampling Date

PQ2449PQ2448PQ2447PQ2446PQ2445PQ2444PQ2443Maxxam ID

RDL = Reportable Detection Limit

84194260.0303.223.694.460.3150.106<0.0300.112ug/cm2Chlorophyll a

Parameter

QC BatchRDLEEM-18-3EEM-18-2EEM-18-1EEM-13-5EEM-13-4EEM-13-3EEM-13-2UNITS

08427880084278800842788008427879084278790842787908427879COC Number

2016/09/16
 09:20

2016/09/16
 09:20

2016/09/16
 09:20

2016/09/17
 08:30

2016/09/17
 08:30

2016/09/17
 08:30

2016/09/17
 08:30

Sampling Date

PQ2442PQ2441PQ2440PQ2438PQ2437PQ2436PQ2435Maxxam ID

(1) Detection limits raised due to dilution to bring analyte within the calibrated range.

RDL = Reportable Detection Limit

84194260.0304.160.060    23.9 (1)0.0307.466.345.131.75ug/cm2Chlorophyll a

Parameter

QC BatchRDLEEM-13-1RDLEEM-17-5RDLEEM-17-4EEM-17-3EEM-17-2EEM-17-1UNITS

084278790842787908427879084278790842787908427879COC Number

2016/09/17
 08:30

2016/09/17
 14:45

2016/09/17
 14:45

2016/09/17
 14:45

2016/09/17
 14:45

2016/09/17
 14:45

Sampling Date

PQ2434PQ2433PQ2432PQ2431PQ2430PQ2429Maxxam ID
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Maxxam Job #: B685477
Report Date: 2016/11/23

HATFIELD CONSULTANTS
Client Project #: KEM6507
Sampler Initials: NC

RESULTS OF CHEMICAL ANALYSES OF  WATER

(1) Detection limits raised due to dilution to bring analyte within the calibrated range.

RDL = Reportable Detection Limit

84459300.0303.980.30    99.6 (1)0.0306.300.3340.060    15.3 (1)ug/cm2Chlorophyll a

Parameter

QC BatchRDLTP-4-3RDLTP-4-2RDLTP-4-1TP-3-5RDLTP-3-4UNITS

0842788508427885084278850842788508427885COC Number

2016/09/15
 13:40

2016/09/15
 13:40

2016/09/15
 13:40

2016/09/15
 12:45

2016/09/15
 12:45

Sampling Date

PQ2487PQ2486PQ2485PQ2484PQ2483Maxxam ID

(1) Detection limits raised due to dilution to bring analyte within the calibrated range.

RDL = Reportable Detection Limit

84459300.30    57.8 (1)    52.6 (1)0.060    22.4 (1)0.0301.560.060    16.8 (1)ug/cm2Chlorophyll a

Parameter

QC BatchRDLTP-3-3TP-3-2RDLTP-3-1RDLTP-2-5RDLTP-2-4UNITS

0842788508427885084278850842788408427884COC Number

2016/09/15
 12:45

2016/09/15
 12:45

2016/09/15
 12:45

2016/09/15
 15:50

2016/09/15
 15:50

Sampling Date

PQ2482PQ2481PQ2480PQ2479PQ2478Maxxam ID

(1) Detection limits raised due to dilution to bring analyte within the calibrated range.

RDL = Reportable Detection Limit

84459300.0305.060.060    19.0 (1)0.0302.5084194318.68ug/cm2Chlorophyll a

Parameter

QC BatchRDLTP-2-3RDLTP-2-2RDLTP-2-1QC BatchTP-1-5UNITS

08427884084278840842788408427884COC Number

2016/09/15
 15:50

2016/09/15
 15:50

2016/09/15
 15:50

2016/09/15
 10:50

Sampling Date

PQ2477PQ2476PQ2475PQ2474Maxxam ID

(1) Detection limits raised due to dilution to bring analyte within the calibrated range.

RDL = Reportable Detection Limit

84194310.15    30.7 (1)0.30    98.2 (1)0.0300.0870.1080.181ug/cm2Chlorophyll a

Parameter

QC BatchRDLTP-1-4RDLTP-1-3RDLTP-1-2TP-1-1KM-1-5UNITS

0842788408427884084278840842788408427883COC Number

2016/09/15
 10:50

2016/09/15
 10:50

2016/09/15
 10:50

2016/09/15
 10:50

2016/09/17
 11:30

Sampling Date

PQ2473PQ2472PQ2471PQ2470PQ2468Maxxam ID
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Maxxam Job #: B685477
Report Date: 2016/11/23

HATFIELD CONSULTANTS
Client Project #: KEM6507
Sampler Initials: NC

RESULTS OF CHEMICAL ANALYSES OF  WATER

RDL = Reportable Detection Limit

84243820.0300.4580.3140.392<0.0300.169ug/cm2Chlorophyll a

Parameter

QC BatchRDLWRC-5-5WRC-5-4WRC-5-3WRC-5-2WRC-5-1UNITS

0842788808427888084278880842788808427888COC Number

2016/09/14
 14:55

2016/09/14
 14:55

2016/09/14
 14:55

2016/09/14
 14:55

2016/09/14
 14:55

Sampling Date

PQ2510PQ2509PQ2508PQ2507PQ2506Maxxam ID

(1) Detection limits raised due to dilution to bring analyte within the calibrated range.

RDL = Reportable Detection Limit

84243820.0300.1880.1770.060    0.090 (1)0.0300.1970.2431.88ug/cm2Chlorophyll a

Parameter

QC BatchRDLWRC-3-5WRC-3-4RDLWRC-3-3RDLWRC-3-2WRC-3-1WRC-1-5UNITS

084278870842788708427887084278870842788708427887COC Number

2016/09/14
 15:45

2016/09/14
 15:45

2016/09/14
 15:45

2016/09/14
 15:45

2016/09/14
 15:45

2016/09/14
 16:20

Sampling Date

PQ2504PQ2503PQ2502PQ2501PQ2500PQ2499Maxxam ID

(1) Detection limits raised due to dilution to bring analyte within the calibrated range.

RDL = Reportable Detection Limit

84243820.0300.3440.3241.870.2981.710.060    0.305 (1)ug/cm2Chlorophyll a

Parameter

QC BatchRDLWRC-1-4WRC-1-3WRC-1-2WRC-1-1TP-5-5RDLTP-5-4UNITS

084278870842788708427887084278870842788608427886COC Number

2016/09/14
 16:20

2016/09/14
 16:20

2016/09/14
 16:20

2016/09/14
 16:20

2016/09/15
 14:30

2016/09/15
 14:30

Sampling Date

PQ2498PQ2497PQ2496PQ2495PQ2494PQ2493Maxxam ID

(1) Detection limits raised due to dilution to bring analyte within the calibrated range.

RDL = Reportable Detection Limit

84459300.15    30.4 (1)0.0307.984.640.15    37.5 (1)0.60    120 (1)ug/cm2Chlorophyll a

Parameter

QC BatchRDLTP-5-3RDLTP-5-2TP-5-1RDLTP-4-5RDLTP-4-4UNITS

0842788608427886084278860842788508427885COC Number

2016/09/15
 14:30

2016/09/15
 14:30

2016/09/15
 14:30

2016/09/15
 13:40

2016/09/15
 13:40

Sampling Date

PQ2492PQ2491PQ2490PQ2489PQ2488Maxxam ID
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Maxxam Job #: B685477
Report Date: 2016/11/23

HATFIELD CONSULTANTS
Client Project #: KEM6507
Sampler Initials: NC

GENERAL COMMENTS

Each temperature is the average of up to three cooler temperatures taken at receipt

1.0°CPackage 1

Ashless filter papers used for Chlorophyll a analysis, sample was scraped from filter paper for analysis.

Results relate only to the items tested.
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HATFIELD CONSULTANTS
Client Project #: KEM6507
Sampler Initials: NC

Maxxam Job #: B685477
Report Date: 2016/11/23

QUALITY ASSURANCE REPORT

QC Limits% RecoveryQC LimitsValue (%)UNITSValueQC Limits% RecoveryDateParameterQC Batch

QC StandardRPDMethod BlankSpiked Blank

ug/cm2<0.03080 - 1201102016/10/18Chlorophyll a8419426

ug/cm2<0.03080 - 1201062016/10/21Chlorophyll a8419431

ug/cm2
0.052,

RDL=0.030
80 - 1201102016/10/06Chlorophyll a8424382

ug/cm2<0.03080 - 1201102016/10/25Chlorophyll a8445930

35NCmg/kg<0.202016/11/19Total Aluminum (Al)8472798

35NCmg/kg<0.001075 - 1251022016/11/19Total Antimony (Sb)8472798

N/A10335NCmg/kg<0.005075 - 1251032016/11/19Total Arsenic (As)8472798

353.1mg/kg<0.01075 - 1251062016/11/19Total Barium (Ba)8472798

35NCmg/kg<0.002075 - 125902016/11/19Total Beryllium (Be)8472798

35NCmg/kg<0.0202016/11/19Total Bismuth (Bi)8472798

353.6mg/kg<0.402016/11/19Total Boron (B)8472798

N/A10235NCmg/kg<0.002075 - 1251002016/11/19Total Cadmium (Cd)8472798

357.9mg/kg<2.02016/11/19Total Calcium (Ca)8472798

N/A7935NCmg/kg<0.01075 - 125942016/11/19Total Chromium (Cr)8472798

35NCmg/kg<0.004075 - 125962016/11/19Total Cobalt (Co)8472798

N/A92355.1mg/kg<0.01075 - 125962016/11/19Total Copper (Cu)8472798

N/A103350.76mg/kg<1.02016/11/19Total Iron (Fe)8472798

N/A     67 (1)35NCmg/kg<0.002075 - 1251022016/11/19Total Lead (Pb)8472798

358.7mg/kg<2.02016/11/19Total Magnesium (Mg)8472798

358.0mg/kg<0.02075 - 1251002016/11/19Total Manganese (Mn)8472798

N/A10435NCmg/kg<0.002075 - 1251112016/11/19Total Mercury (Hg)8472798

35NCmg/kg<0.01075 - 125992016/11/19Total Molybdenum (Mo)8472798

N/A96352.6mg/kg<0.01075 - 125982016/11/19Total Nickel (Ni)8472798

356.7mg/kg<2.02016/11/19Total Phosphorus (P)8472798

3511mg/kg<2.02016/11/19Total Potassium (K)8472798

N/A10935NCmg/kg<0.01075 - 1251042016/11/19Total Selenium (Se)8472798

35NCmg/kg<0.004075 - 125962016/11/19Total Silver (Ag)8472798

3514mg/kg<2.02016/11/19Total Sodium (Na)8472798

357.2mg/kg<0.01075 - 125972016/11/19Total Strontium (Sr)8472798

35NCmg/kg<0.0004075 - 1251022016/11/19Total Thallium (Tl)8472798
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HATFIELD CONSULTANTS
Client Project #: KEM6507
Sampler Initials: NC

Maxxam Job #: B685477
Report Date: 2016/11/23

QUALITY ASSURANCE REPORT(CONT'D)

QC Limits% RecoveryQC LimitsValue (%)UNITSValueQC Limits% RecoveryDateParameterQC Batch

QC StandardRPDMethod BlankSpiked Blank

3530mg/kg<0.02075 - 125942016/11/19Total Tin (Sn)8472798

35NCmg/kg<0.05075 - 125992016/11/19Total Titanium (Ti)8472798

35NCmg/kg<0.0004075 - 125992016/11/19Total Uranium (U)8472798

35NCmg/kg<0.02075 - 125952016/11/19Total Vanadium (V)8472798

N/A98358.2mg/kg<0.04075 - 125992016/11/19Total Zinc (Zn)8472798

204.5%<0.302016/11/23Moisture8480256

(1) Reference outside acceptance criteria - re-analysis yields similar results.

NC (Duplicate RPD): The duplicate RPD was not calculated. The concentration in the sample and/or duplicate was too low to permit a reliable RPD calculation (one or both samples < 5x RDL).

Method Blank:  A blank matrix containing all reagents used in the analytical procedure. Used to identify laboratory contamination.

Spiked Blank: A blank matrix sample to which a known amount of the analyte, usually from a second source, has been added. Used to evaluate method accuracy.

QC Standard: A sample of known concentration prepared by an external agency under stringent conditions.  Used as an independent check of method accuracy.

Duplicate:  Paired analysis of a separate portion of the same sample. Used to evaluate the variance in the measurement.
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Maxxam Job #: B685477
Report Date: 2016/11/23

HATFIELD CONSULTANTS
Client Project #: KEM6507
Sampler Initials: NC

VALIDATION SIGNATURE PAGE

The analytical data and all QC contained in this report were reviewed and validated by the following individual(s).

Andy Lu, Ph.D., P.Chem., Scientific Specialist

Rob Reinert, B.Sc., Scientific Specialist

Maxxam has procedures in place to guard against improper use of the electronic signature and have the required "signatories", as per section 5.10.2 of ISO/IEC
17025:2005(E), signing the reports.  For Service Group specific validation please refer to the Validation Signature Page.
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[This report shall not be reproduced except in full without the written authority of the Laboratory.]

09-JAN-17

Lab Work Order #: L1877399

Date Received:HATFIELD CONSULTANTS

# 200 - 850 Harbourside Drive
North Vancouver  BC  V7P 0A3

ATTN: Kristy Wade
FINAL   
14-FEB-17 14:23 (MT)Report Date:

Version:

Certificate of Analysis

ALS CANADA LTD     Part of the ALS Group     A Campbell Brothers Limited Company

                                                      ____________________________________________ 

Brent Mack, B.Sc.
Account Manager

ADDRESS: 8081 Lougheed Hwy, Suite 100, Burnaby, BC V5A 1W9 Canada | Phone: +1 604 253 4188 | Fax: +1 604 253 6700

Client Phone: 604-926-3261

Please note that these samples were submitted to the lab in Ethanol and therefore the 
Moisture results are likely biased high. For Metals in Tissue analysis the samples were 
removed from the Ethanol, Rinsed, Dried, Digested, Analyzed, and Reported in Dry Weight 
Concentrations.

Comments: 

Job Reference: 
KEM8133 / KEM6507Project P.O. #: 

C of C Numbers:
Legal Site Desc: 



14-FEB-17 14:23 (MT)

Sample ID 
Description

Client ID

Sampled Date

Grouping Analyte

Sampled Time

ALS  ENVIRONMENTAL  ANALYTICAL  REPORT

L1877399 CONTD....

2PAGE of

* Please refer to the Reference Information section for an explanation of any qualifiers detected.

Version: FINAL   

5

TISSUE

Tissue Tissue Tissue Tissue Tissue
16-SEP-16 16-SEP-16 16-SEP-16 18-SEP-16 20-SEP-16

EEM-13 EEM-17 EEM18 ATTDIS ATT19

L1877399-1 L1877399-2 L1877399-3 L1877399-4 L1877399-5

% Moisture (%)

Aluminum (Al)-Total (mg/kg)

Antimony (Sb)-Total (mg/kg)

Arsenic (As)-Total (mg/kg)

Barium (Ba)-Total (mg/kg)

Beryllium (Be)-Total (mg/kg)

Bismuth (Bi)-Total (mg/kg)

Boron (B)-Total (mg/kg)

Cadmium (Cd)-Total (mg/kg)

Calcium (Ca)-Total (mg/kg)

Cesium (Cs)-Total (mg/kg)

Chromium (Cr)-Total (mg/kg)

Cobalt (Co)-Total (mg/kg)

Copper (Cu)-Total (mg/kg)

Iron (Fe)-Total (mg/kg)

Lead (Pb)-Total (mg/kg)

Lithium (Li)-Total (mg/kg)

Magnesium (Mg)-Total (mg/kg)

Manganese (Mn)-Total (mg/kg)

Mercury (Hg)-Total (mg/kg)

Molybdenum (Mo)-Total (mg/kg)

Nickel (Ni)-Total (mg/kg)

Phosphorus (P)-Total (mg/kg)

Potassium (K)-Total (mg/kg)

Rubidium (Rb)-Total (mg/kg)

Selenium (Se)-Total (mg/kg)

Sodium (Na)-Total (mg/kg)

Strontium (Sr)-Total (mg/kg)

Tellurium (Te)-Total (mg/kg)

Thallium (Tl)-Total (mg/kg)

Tin (Sn)-Total (mg/kg)

Uranium (U)-Total (mg/kg)

Vanadium (V)-Total (mg/kg)

Zinc (Zn)-Total (mg/kg)

Zirconium (Zr)-Total (mg/kg)

90.9 87.4 86.9 69.7 86.4

1510 2070 3270 12000 2190

0.105 0.105 0.082 0.037 0.097

0.427 1.30 1.44 3.38 2.12

35.7 45.5 82.6 66.1 47.9

0.050 0.060 0.120 0.266 0.053

0.010 0.012 0.018 0.034 0.017

11.9 31.8 9.7 11.8 85.2

4.61 2.71 2.13 0.686 2.12

11100 9790 9270 7620 8580

0.0665 0.0958 0.182 0.278 0.112

3.37 5.02 7.68 21.2 4.95

3.91 3.98 6.19 8.73 4.77

39.8 45.3 50.3 31.4 38.6

2440 4000 6430 22000 4150

0.886 0.840 1.08 2.59 0.739

0.95 1.32 2.18 13.5 1.46

1520 1500 2390 8500 1610

261 352 734 478 534

0.111 0.0576 0.0690 0.0232 0.0649

0.742 1.86 2.57 1.44 5.70

7.45 4.82 7.34 20.0 5.48

4870 5350 6410 2230 4920

239 223 567 632 500

0.925 1.01 1.94 2.71 1.11

3.11 2.32 2.26 0.66 3.52

546 332 2370 237 3400

44.2 38.5 45.9 28.0 34.0

<0.020 <0.020 <0.020 <0.020 <0.020

0.0073 0.0086 0.0229 0.0178 0.0105

0.55 0.17 0.21 0.27 0.21

0.711 1.18 1.43 0.563 0.813

6.60 11.6 24.0 56.2 10.2

181 140 111 74.7 124

1.00 1.18 0.95 4.03 1.24

Physical Tests

Metals
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Sample ID 
Description

Client ID

Sampled Date

Grouping Analyte

Sampled Time

ALS  ENVIRONMENTAL  ANALYTICAL  REPORT

L1877399 CONTD....

3PAGE of

* Please refer to the Reference Information section for an explanation of any qualifiers detected.

Version: FINAL   

5

TISSUE

Tissue Tissue Tissue Tissue Tissue
14-SEP-16 14-SEP-16 14-SEP-16 18-SEP-16 18-SEP-16

WRC-1 WRC-3 WRC-5 WRC-WL WRC-BP

L1877399-6 L1877399-7 L1877399-8 L1877399-9 L1877399-10

% Moisture (%)

Aluminum (Al)-Total (mg/kg)

Antimony (Sb)-Total (mg/kg)

Arsenic (As)-Total (mg/kg)

Barium (Ba)-Total (mg/kg)

Beryllium (Be)-Total (mg/kg)

Bismuth (Bi)-Total (mg/kg)

Boron (B)-Total (mg/kg)

Cadmium (Cd)-Total (mg/kg)

Calcium (Ca)-Total (mg/kg)

Cesium (Cs)-Total (mg/kg)

Chromium (Cr)-Total (mg/kg)

Cobalt (Co)-Total (mg/kg)

Copper (Cu)-Total (mg/kg)

Iron (Fe)-Total (mg/kg)

Lead (Pb)-Total (mg/kg)

Lithium (Li)-Total (mg/kg)

Magnesium (Mg)-Total (mg/kg)

Manganese (Mn)-Total (mg/kg)

Mercury (Hg)-Total (mg/kg)

Molybdenum (Mo)-Total (mg/kg)

Nickel (Ni)-Total (mg/kg)

Phosphorus (P)-Total (mg/kg)

Potassium (K)-Total (mg/kg)

Rubidium (Rb)-Total (mg/kg)

Selenium (Se)-Total (mg/kg)

Sodium (Na)-Total (mg/kg)

Strontium (Sr)-Total (mg/kg)

Tellurium (Te)-Total (mg/kg)

Thallium (Tl)-Total (mg/kg)

Tin (Sn)-Total (mg/kg)

Uranium (U)-Total (mg/kg)

Vanadium (V)-Total (mg/kg)

Zinc (Zn)-Total (mg/kg)

Zirconium (Zr)-Total (mg/kg)

90.0 88.3 87.6 87.4 89.7

1480 607 1940 1230 2090

0.158 0.099 0.089 0.080 0.077

0.705 0.418 0.764 1.70 3.13

64.5 53.3 65.9 62.2 194

0.040 0.023 0.056 0.059 0.150

0.038 0.012 0.018 0.016 0.022

41.4 25.3 17.6 13.4 10.3

2.82 1.70 2.72 0.665 0.228

10800 9050 9020 80100 8160

0.145 0.0650 0.166 0.0987 0.218

4.15 3.17 3.61 2.18 3.92

1.45 1.46 3.15 1.75 1.89

39.3 32.7 38.2 40.1 71.0

2630 1190 2960 5340 5880

0.695 0.375 0.837 0.704 1.69

1.39 0.62 1.84 0.89 1.24

1370 926 1400 674 1020

552 887 988 206 52.9

0.101 0.0470 0.060 0.0312 0.0357

1.30 1.50 1.91 1.33 1.88

7.15 3.18 6.35 3.25 4.79

5180 4010 4560 4130 5000

388 251 374 186 284

1.55 0.777 1.84 1.00 1.72

33.1 35.1 43.8 145 104

955 941 552 729 659

57.5 43.0 47.8 416 43.8

<0.020 <0.020 <0.020 0.021 0.031

0.0107 0.0052 0.0132 0.0071 0.0163

0.37 0.25 0.24 <0.10 0.21

0.292 0.213 0.334 0.448 0.561

5.95 2.44 6.15 5.28 5.49

197 196 215 58.7 70.3

1.00 0.54 1.21 0.75 0.81

Physical Tests

Metals
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Sample ID 
Description

Client ID

Sampled Date

Grouping Analyte

Sampled Time
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* Please refer to the Reference Information section for an explanation of any qualifiers detected.

Version: FINAL   

5

TISSUE

Tissue Tissue
16-SEP-16 16-SEP-16

ATWL-1 ATWL-3

L1877399-11 L1877399-12

% Moisture (%)

Aluminum (Al)-Total (mg/kg)

Antimony (Sb)-Total (mg/kg)

Arsenic (As)-Total (mg/kg)

Barium (Ba)-Total (mg/kg)

Beryllium (Be)-Total (mg/kg)

Bismuth (Bi)-Total (mg/kg)

Boron (B)-Total (mg/kg)

Cadmium (Cd)-Total (mg/kg)

Calcium (Ca)-Total (mg/kg)

Cesium (Cs)-Total (mg/kg)

Chromium (Cr)-Total (mg/kg)

Cobalt (Co)-Total (mg/kg)

Copper (Cu)-Total (mg/kg)

Iron (Fe)-Total (mg/kg)

Lead (Pb)-Total (mg/kg)

Lithium (Li)-Total (mg/kg)

Magnesium (Mg)-Total (mg/kg)

Manganese (Mn)-Total (mg/kg)

Mercury (Hg)-Total (mg/kg)

Molybdenum (Mo)-Total (mg/kg)

Nickel (Ni)-Total (mg/kg)

Phosphorus (P)-Total (mg/kg)

Potassium (K)-Total (mg/kg)

Rubidium (Rb)-Total (mg/kg)

Selenium (Se)-Total (mg/kg)

Sodium (Na)-Total (mg/kg)

Strontium (Sr)-Total (mg/kg)

Tellurium (Te)-Total (mg/kg)

Thallium (Tl)-Total (mg/kg)

Tin (Sn)-Total (mg/kg)

Uranium (U)-Total (mg/kg)

Vanadium (V)-Total (mg/kg)

Zinc (Zn)-Total (mg/kg)

Zirconium (Zr)-Total (mg/kg)

89.1 87.7

3090 4000

0.109 0.045

13.2 3.87

365 101

0.190 0.115

0.042 0.028

1.9 2.1

0.478 0.807

39300 129000

0.209 0.219

7.51 8.93

5.16 6.10

73.9 42.1

17100 7930

2.11 1.53

1.82 2.72

1670 2150

640 965

0.0898 0.0362

4.81 4.56

5.78 6.56

14000 8910

432 477

2.22 2.30

139 20.7

764 4930

152 285

0.056 0.033

0.0213 0.0184

0.33 0.17

1.56 0.537

27.9 18.9

93.4 66.4

1.47 1.59

Physical Tests

Metals



Reference Information

DUP-H Duplicate results outside ALS DQO, due to sample heterogeneity.

Qualifiers for Individual Parameters Listed:

Description Qualifier      

14-FEB-17 14:23 (MT)

L1877399 CONTD....

5PAGE of

HG-DRY-MICR-CVAF-VA

MET-DRY-MICR-HRMS-VA

MOISTURE-TISS-VA

Mercury in Tissue by CVAFS Micro (DRY)

Metals in Tissue by HR-ICPMS Micro (DRY)

% Moisture in Tissues

This method is adapted from US EPA Method 200.3 "Sample Procedures for Spectrochemical Determination of Total Recoverable Elements in 
Biological Tissues" (1996). Tissue samples are homogenized and sub-sampled prior to hotblock digestion with nitric and hydrochloric acids, in 
combination with repeated additions of hydrogen peroxide.  Analysis is by atomic fluorescence spectrophotometry or atomic absorption 
spectrophotometry, adapted from US EPA Method 245.7.

Trace metals in tissue are analyzed by high resolution inductively coupled plasma mass spectrometry (HR-ICPMS) modified from US EPA Method 
200.8, (Revision 5.5).  The sample preparation procedure is modified from US EPA 200.3. Analytical results are reported on dry weight basis.

Method Limitation:  This method employs a strong acid/peroxide digestion, and is intended to provide a conservative estimate of bio-available metals.  
Near complete recoveries are achieved for most toxicologically important metals, but elements associated with recalcitrant minerals may be only 
partially recovered.

This analysis is carried out gravimetrically by drying the sample at 105 C for a minimum of six hours. 

ALS Test Code Test Description

Tissue

Tissue

Tissue

EPA 200.3, EPA 245.7

EPA 200.3/200.8

Puget Sound WQ Authority, Apr 1997

Method Reference** 

** ALS test methods may incorporate modifications from specified reference methods to improve performance.

Matrix 

The last two letters of the above test code(s) indicate the laboratory that performed analytical analysis for that test. Refer to the list below:

Laboratory Definition Code Laboratory Location

VA ALS ENVIRONMENTAL - VANCOUVER, BRITISH COLUMBIA, CANADA

GLOSSARY OF REPORT TERMS
Surrogate - A compound that is similar in behaviour to target analyte(s), but that does not occur naturally in environmental samples.  For
applicable tests, surrogates are added to samples prior to analysis as a check on recovery.
mg/kg - milligrams per kilogram based on dry weight of sample.
mg/kg wwt - milligrams per kilogram based on wet weight of sample.
mg/kg lwt - milligrams per kilogram based on lipid-adjusted weight of sample.
mg/L - milligrams per litre.
< - Less than.
D.L. - The reported Detection Limit, also known as the Limit of Reporting (LOR).
N/A - Result not available.  Refer to qualifier code and definition for explanation.

Test results reported relate only to the samples as received by the laboratory.
UNLESS OTHERWISE STATED, ALL SAMPLES WERE RECEIVED IN ACCEPTABLE CONDITION.
Analytical results in unsigned test reports with the DRAFT watermark are subject to change, pending final QC review.

Test Method References:            

Chain of Custody Numbers:

Version: FINAL   

Applies to Sample Number(s)Parameter Qualifier

L1877399-1, -10, -11, -12, -2, -3, -4, -5, -6, -7, -8, -9
L1877399-1, -10, -11, -12, -2, -3, -4, -5, -6, -7, -8, -9
L1877399-1, -10, -11, -12, -2, -3, -4, -5, -6, -7, -8, -9
L1877399-1, -10, -11, -12, -2, -3, -4, -5, -6, -7, -8, -9
L1877399-1, -10, -11, -12, -2, -3, -4, -5, -6, -7, -8, -9
L1877399-1, -10, -11, -12, -2, -3, -4, -5, -6, -7, -8, -9
L1877399-1, -10, -11, -12, -2, -3, -4, -5, -6, -7, -8, -9
L1877399-1, -10, -11, -12, -2, -3, -4, -5, -6, -7, -8, -9
L1877399-1, -10, -11, -12, -2, -3, -4, -5, -6, -7, -8, -9
L1877399-1, -10, -11, -12, -2, -3, -4, -5, -6, -7, -8, -9
L1877399-1, -10, -11, -12, -2, -3, -4, -5, -6, -7, -8, -9
L1877399-1, -10, -11, -12, -2, -3, -4, -5, -6, -7, -8, -9

Aluminum (Al)-Total
Barium (Ba)-Total
Chromium (Cr)-Total
Cobalt (Co)-Total
Iron (Fe)-Total
Magnesium (Mg)-Total
Manganese (Mn)-Total
Nickel (Ni)-Total
Potassium (K)-Total
Rubidium (Rb)-Total
Uranium (U)-Total
Vanadium (V)-Total

DUP-H
DUP-H
DUP-H
DUP-H
DUP-H
DUP-H
DUP-H
DUP-H
DUP-H
DUP-H
DUP-H
DUP-H

QC Samples with Qualifiers & Comments:

Duplicate
Duplicate
Duplicate
Duplicate
Duplicate
Duplicate
Duplicate
Duplicate
Duplicate
Duplicate
Duplicate
Duplicate

QC Type Description
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Table A2.1     Results of analysis from trip blanks collected during Kemess 
                       Selenium Assessment Program, September 2016.

Conventional Variables

Conductivity µS/cm 1 2.9

pH pH Units N/A 5.93

Total Suspended Solids mg/L 1 <1.0
Total Hardness (CaCO3) mg/L 0.5 <0.5

Turbidity NTU 0.1 <0.1
Anions and Nutrients

Alkalinity (Total as CaCO3) mg/L 0.5 <0.5

Dissolved Sulphate (SO4) mg/L 1 <1.0

Dissolved Chloride (Cl) mg/L 1 <1.0

Nitrate (N) mg/L 0.002 <0.002

Nitrite (N) mg/L 0.002 <0.002

Total Ammonia (N) mg/L 0.005 <0.005

Dissolved Ortho-Phosphate (SRP) mg/L 0.001 <0.001
Total Metals

Aluminum (Al) μg/L 0.5 <0.5

Antimony (Sb) μg/L 0.02 <0.02

Arsenic (As) μg/L 0.02 <0.02

Barium (Ba) μg/L 0.02 0.024

Beryllium (Be) μg/L 0.01 <0.01

Bismuth (Bi) μg/L 0.005 <0.005

Boron (B) mg/L 0.01 <0.01

Cadmium (Cd) μg/L 0.005 <0.005

Calcium (Ca) mg/L 0.05 <0.05

Chromium (Cr) μg/L 0.1 <0.1

Cobalt (Co) μg/L 0.005 <0.005

Copper (Cu) μg/L 0.05 <0.05

Iron (Fe) mg/L 0.001 <0.001

Lead (Pb) μg/L 0.005 <0.005

Lithium (Li) μg/L 0.5 <0.5

Magnesium (Mg) mg/L 0.05 <0.05

Manganese (Mn) μg/L 0.05 <0.05

Mercury (Hg) ug/L 0.002 <0.002

Molybdenum (Mo) μg/L 0.05 <0.05

Nickel (Ni) μg/L 0.02 <0.02

Phosphorus (P) mg/L 0.002 <2

Potassium (K) mg/L 0.05 <0.05

Selenium (Se) μg/L 0.04 <0.04

Silicon (Si) mg/L 0.05 <50

Silver (Ag) μg/L 0.005 <0.005

Sodium (Na) mg/L 0.05 <0.05

Strontium (Sr) μg/L 0.05 <0.05

Sulphur (S) mg/L 3 <3

Thallium (Tl) μg/L 0.002 <0.002

Tin (Sn) μg/L 0.2 <0.2

Titanium (Ti) μg/L 0.5 <0.5

Uranium (U) μg/L 0.002 <0.002

Vanadium (V) μg/L 0.2 <0.2

Zinc (Zn) μg/L 0.1 0.16
Zirconium (Zr) μg/L 0.1 <0.1

Variable Unit Detection Limit TIB-1



Table A2.1 (Cont'd.)

Dissolved metals

Aluminum (Al) μg/L 0.5 <0.5

Antimony (Sb) μg/L 0.02 <0.02

Arsenic (As) μg/L 0.02 <0.02

Barium (Ba) μg/L 0.02 <0.02

Beryllium (Be) μg/L 0.01 <0.01

Bismuth (Bi) μg/L 0.005 <0.005

Boron (B) mg/L 0.01 <0.01

Cadmium (Cd) μg/L 0.005 <0.005

Calcium (Ca) mg/L 0.05 <0.05

Chromium (Cr) μg/L 0.1 <0.1

Cobalt (Co) μg/L 0.005 <0.005

Copper (Cu) μg/L 0.05 <0.05

Iron (Fe) mg/L 0.001 <0.001

Lead (Pb) μg/L 0.005 <0.005

Lithium (Li) μg/L 0.5 <0.5

Magnesium (Mg) mg/L 0.05 <0.05

Manganese (Mn) μg/L 0.05 <0.05

Mercury (Hg) μg/L 0.002 <0.002

Molybdenum (Mo) μg/L 0.05 <0.05

Nickel (Ni) μg/L 0.02 <0.02

Phosphorus (P) mg/L 0.002 <0.002

Potassium (K) mg/L 0.05 <0.05

Selenium (Se) μg/L 0.04 <0.04

Silicon (Si) mg/L 0.05 <0.05

Silver (Ag) μg/L 0.005 <0.005

Sodium (Na) mg/L 0.05 <0.05

Strontium (Sr) μg/L 0.05 <0.05

Sulphur (S) mg/L 3 <3

Thallium (Tl) μg/L 0.002 <0.002

Tin (Sn) μg/L 0.2 <0.2

Titanium (Ti) μg/L 0.5 <0.5

Uranium (U) μg/L 0.002 <0.002

Vanadium (V) μg/L 0.2 <0.2

Zinc (Zn) μg/L 0.1 <0.1
Zirconium (Zr) μg/L 0.1 <0.1

# Indicates sample concentration is greater than five times the detection limit.

Variable Unit Detection Limit TIB-1



Table A2.2      Results of analysis from field blanks collected during Kemess 
                        Selenium Assessment Program, September 2016.

Conventional Variables
Conductivity µS/cm 1 2690

pH pH N/A 10.1

Total Suspended Solids mg/L 1 1.1
Total Hardness (CaCO3) mg/L 0.5 <0.50

Turbidity NTU 0.1 0.13
Anions and Nutrients
Alkalinity (Total as CaCO3) mg/L 0.5 344

Dissolved Sulphate (SO4) mg/L 0.5 850

Dissolved Chloride (Cl) mg/L 0.5 68.0

Nitrate (N) mg/L 0.002 0.188

Nitrite (N) mg/L 0.002 0.0067

Total Ammonia (N) mg/L 0.005 0.0093

Dissolved Ortho-Phosphate (SRP) mg/L 0.001 0.0046
Total Metals
Aluminum (Al) μg/L 2.5 32.9

Antimony (Sb) μg/L 0.1 0.57

Arsenic (As) μg/L 0.1 4.06

Barium (Ba) μg/L 0.1 1.06

Beryllium (Be) μg/L 0.05 <0.05

Bismuth (Bi) μg/L 0.025 <0.025

Boron (B) mg/L 0.05 2.62

Cadmium (Cd) μg/L 0.005 <0.025

Calcium (Ca) mg/L 0.25 <0.25

Chromium (Cr) μg/L 0.5 0.96

Cobalt (Co) μg/L 0.025 <0.025

Copper (Cu) μg/L 0.025 4.67

Iron (Fe) mg/L 0.005 0.0144

Lead (Pb) μg/L 0.025 0.044

Lithium (Li) μg/L 2.5 57.7

Magnesium (Mg) mg/L 0.25 <0.25

Manganese (Mn) μg/L 0.25 <0.25

Mercury (Hg) μg/L 2 4.4

Molybdenum (Mo) μg/L 0.25 95.4

Nickel (Ni) μg/L 0.1 0.63

Phosphorus (P) mg/L 0.01 <0.01

Potassium (K) mg/L 0.25 0.72

Selenium (Se) μg/L 0.2 4.14

Silicon (Si) mg/L 0.25 29.3

Silver (Ag) μg/L 0.025 <0.025

Sodium (Na) mg/L 0.25 581

Strontium (Sr) μg/L 0.25 9.1

Sulphur (S) mg/L 15 277

Thallium (Tl) μg/L 0.01 <0.01

Tin (Sn) μg/L 1 <1

Titanium (Ti) μg/L 2.5 <2.5

Uranium (U) μg/L 0.01 0.029

Vanadium (V) μg/L 1 37.1

Zinc (Zn) μg/L 0.5 3.53
Zirconium (Zr) μg/L 0.5 <0.5

Detection Limit Variable Unit ATT-20



Table A2.2 (Cont'd.)

Dissolved metals
Aluminum (Al) μg/L 2.5 25.4

Antimony (Sb) μg/L 0.1 0.53

Arsenic (As) μg/L 0.1 3.87

Barium (Ba) μg/L 0.1 0.78

Beryllium (Be) μg/L 0.05 <0.05

Bismuth (Bi) μg/L 0.025 <0.03

Boron (B) mg/L 0.05 2.56

Cadmium (Cd) μg/L 0.005 <0.03

Calcium (Ca) mg/L 0.25 0.29

Chromium (Cr) μg/L 0.5 0.89

Cobalt (Co) μg/L 0.025 0.030

Copper (Cu) μg/L 0.025 3.86

Iron (Fe) mg/L 0.005 0.007

Lead (Pb) μg/L 0.025 0.030

Lithium (Li) μg/L 2.5 60.5

Magnesium (Mg) mg/L 0.25 <0.25

Manganese (Mn) μg/L 0.25 0.50

Mercury (Hg) μg/L 2 3.3

Molybdenum (Mo) μg/L 0.25 93

Nickel (Ni) μg/L 0.1 0.44

Phosphorus (P) mg/L 0.01 <0.01

Potassium (K) mg/L 0.25 0.66

Selenium (Se) μg/L 0.2 4.53

Silicon (Si) mg/L 0.25 34.3

Silver (Ag) μg/L 0.025 <0.03

Sodium (Na) mg/L 0.25 530

Strontium (Sr) μg/L 0.25 9.66

Sulphur (S) mg/L 15 268

Thallium (Tl) μg/L 0.01 <0.01

Tin (Sn) μg/L 1 <1

Titanium (Ti) μg/L 2.5 <2.5

Uranium (U) μg/L 0.01 0.03

Vanadium (V) μg/L 1 35.3

Zinc (Zn) μg/L 0.5 1.42

Zirconium (Zr) μg/L 0.5 <0.5

# Indicates sample concentration is greater than five times the detection limit.

Variable Unit Detection Limit ATT-20



Table A2.3      Results of analysis from water quality duplicate samples collected during Kemess 
                        Program, September 2016.

Conductivity µS/cm 1.0 585 587 0.3
pH pH Units - 8.19 8.22 0.4
Total Suspended Solids mg/L 1.0 8.2 11.6 34.3
Total Hardness (CaCO3) mg/L 0.50 182 193 5.9

Turbidity NTU 0.10 8.65 6.84 23.4
Anions and Nutrients
Alkalinity (Total as CaCO3) mg/L 0.50 187 188 0.5

Dissolved Sulphate (SO4) mg/L 0.50 110 110 0.0

Dissolved Chloride (Cl) mg/L 0.50 2.1 2.0 4.9
Nitrate (N) mg/L 0.0020 4.14 4.03 2.7
Nitrite (N) mg/L 0.0020 0.027 0.027 0.4
Ammonia Nitrogen (N) mg/L 0.0050 0.070 0.071 1.4
Dissolved Ortho-Phosphate (SRP) mg/L 0.0010 0.0077 0.0076 1.3
Total Metals
Aluminum (Al) μg/L 3 237 343 36.6
Antimony (Sb) μg/L 0.02 0.122 0.122 0.0
Arsenic (As) μg/L 0.02 0.672 0.824 20.3
Barium (Ba) μg/L 0.02 88.3 89.6 1.5
Beryllium (Be) μg/L 0.01 <0.01 0.015 -
Bismuth (Bi) μg/L 0.005 <0.01 <0.01 -
Boron (B) mg/L 0.050 0.011 0.011 0.00
Cadmium (Cd) μg/L 0.005 0.008 0.010 22.2
Calcium (Ca) mg/L 0.050 64.3 68.6 6.5
Chromium (Cr) μg/L 0.1 0.23 0.31 29.6
Cobalt (Co) μg/L 0.005 0.125 0.172 31.6
Copper (Cu) μg/L 0.05 2.18 2.59 17.2
Iron (Fe) mg/L 0.0010 0.374 0.488 26.5
Lead (Pb) μg/L 0.005 0.119 0.163 31.2
Lithium (Li) μg/L 0.5 2.14 2.1 1.9
Magnesium (Mg) mg/L 0.050 5.21 5.34 2.5
Manganese (Mn) μg/L 0.05 82.8 89.2 7.4
Mercury (Hg) μg/L 2 <0.0020 <0.0020 -
Molybdenum (Mo) μg/L 0.05 5.03 5.35 6.2
Nickel (Ni) μg/L 0.02 0.34 0.45 27.8
Phosphorus (P) mg/L 0.0020 0.031 0.048 43.4
Potassium (K) mg/L 0.050 0.690 0.680 1.5
Selenium (Se) μg/L 0.04 28.7 30.7 6.7
Silicon (Si) mg/L 0.10 4.38 4.57 4.2
Silver (Ag) μg/L 0.005 <0.01 <0.01 -
Sodium (Na) mg/L 0.050 48.7 52.6 7.7
Strontium (Sr) μg/L 0.05 0.552 0.617 11.1
Thallium (Tl) μg/L 0.002 <0.002 0.002 -
Tin (Sn) μg/L 0.2 <0.2 <0.2 -
Titanium (Ti) μg/L 0.5 4.3 7.1 49.1
Uranium (U) μg/L 0.002 0.613 0.619 1.0
Vanadium (V) μg/L 0.2 0.84 1.07 24.1
Zinc (Zn) μg/L 0.1 1.2 1.4 15.4

WRC-Dup
Relative Percent 

Difference (%)1

Conventional Variables

Detection Limit WRC-BPAnalyte Unit



Table A2.3 (Cont'd.)

Dissolved Metals
Aluminum (Al) μg/L 0.5 15.1 5.42 94.3
Antimony (Sb) μg/L 0.02 0.145 0.125 14.8
Arsenic (As) μg/L 0.02 0.541 0.517 4.5
Barium (Ba) μg/L 0.02 93.6 81.4 13.9
Beryllium (Be) μg/L 0.01 <0.01 <0.01 -
Bismuth (Bi) μg/L 0.005 <0.005 0.005 -
Boron (B) mg/L 0.050 0.011 <0.01 -
Cadmium (Cd) μg/L 0.005 <0.005 <0.005 -
Calcium (Ca) mg/L 0.050 68.8 68.3 0.7
Chromium (Cr) μg/L 0.1 <0.1 <0.1 -
Cobalt (Co) μg/L 0.005 0.07 0.067 4.4
Copper (Cu) μg/L 0.05 1.21 1.12 7.7
Iron (Fe) mg/L 0.0010 0.090 0.083 7.4
Lead (Pb) μg/L 0.005 0.03 0.012 85.7
Lithium (Li) μg/L 0.5 3 2.56 15.8
Magnesium (Mg) mg/L 0.050 5.44 5.39 0.9
Manganese (Mn) μg/L 0.05 68.2 68.8 0.9
Mercury (Hg) μg/L 2 <2 <2 -
Molybdenum (Mo) μg/L 0.05 5.74 5.19 10.1
Nickel (Ni) μg/L 0.02 0.209 0.264 23.3
Phosphorus (P) mg/L 0.0020 0.0293 0.0102 96.7
Potassium (K) mg/L 0.050 0.705 0.694 1.6
Selenium (Se) μg/L 0.04 28.4 28.3 0.4
Silicon (Si) mg/L 0.10 3.97 4.04 1.7
Silver (Ag) μg/L 0.005 <0.005 <0.005 -
Sodium (Na) mg/L 0.050 53.9 51.8 4.0
Strontium (Sr) μg/L 0.05 601 606 0.8
Thallium (Tl) μg/L 0.002 <0.002 <0.002 -
Tin (Sn) μg/L 0.2 <0.2 <0.2 -
Titanium (Ti) μg/L 0.5 0.69 <0.5 -
Uranium (U) μg/L 0.002 0.678 0.598 12.5
Vanadium (V) μg/L 0.2 0.37 0.42 12.7
Zinc (Zn) μg/L 0.1 0.84 0.41 68.8

# Analytes differ by > 20% between duplicates but 1 or both concentrations are < 5 times the detection limit.

# Analytes differ by > 20% between duplicates and concentrations are > 5 times the detection limit.

Precision is influenced by how close the analytical value is to the method detection limit.  Thus, assessing percent mean differences is valid only 
for analytical values that are at least five times the detection limit.

1  Relative percent difference (RPD) = (difference between sample 1 and 2)/(average of sample 1 and 2) x 100%.  RPD for undetectable analytes 
(i.e., < detection limit) was calculated assuming a concentration equal to the detection limit.

Relative Percent 

Difference (%)1Analyte Unit Detection Limit WRC-BP WRC-Dup



Table A2.4      Results of analysis from sediment quality split samples collected during Kemess 
                        Program, September 2016.

Sand % 2.0 78 83 6.2

Silt % 2.0 17 14 19.4

Clay % 2.0 5.4 <2.0 -

Gravel % 2.0 <2.0 <2.0 -

Total Metals
Aluminum (Al) mg/kg 100 17,500 16,400 6.5

Antimony (Sb) mg/kg 0.1 1.17 1.21 3.4

Arsenic (As) mg/kg 0.5 18.6 15.4 18.8

Barium (Ba) mg/kg 0.1 120 115 4.3

Beryllium (Be) mg/kg 0.4 0.43 0.48 11.0

Bismuth (Bi) mg/kg 0.1 0.11 0.1 9.5

Cadmium (Cd) mg/kg 0.05 0.306 0.340 10.5

Calcium (Ca) mg/kg 100.000 8,770 8,020 8.9

Chromium (Cr) mg/kg 1 31.6 33.1 4.6

Cobalt (Co) mg/kg 0.3 10.3 10.4 1.0

Copper (Cu) mg/kg 0.5 34.9 35.8 2.5

Iron (Fe) mg/kg 100.0000 33,800 31,400 7.4

Lead (Pb) mg/kg 0.1 7.03 6.84 2.7

Lithium (Li) mg/kg 5 12.8 12.3 4.0

Magnesium (Mg) mg/kg 100.000 8,070 7,440 8.1

Manganese (Mn) mg/kg 0.2 538 469 13.7

Mercury (Hg) mg/kg 0.05 <0.050 <0.050 -

Molybdenum (Mo) mg/kg 0.1 5.2 4.8 8.0

Nickel (Ni) mg/kg 0.8 18.7 18.4 1.6

Phosphorus (P) mg/kg 10.0000 672 655 2.6

Potassium (K) mg/kg 100.000 721 658 9.1

Selenium (Se) mg/kg 0.5 <0.50 <0.50 -

Silver (Ag) mg/kg 0.05 0.073 0.071 2.8

Sodium (Na) mg/kg 100.000 159 142 11.3

Strontium (Sr) mg/kg 0.1 86.2 79.8 7.7

Thallium (Tl) mg/kg 0.05 <0.050 <0.050 -

Tin (Sn) mg/kg 0.1 0.41 0.30 31.0

Titanium (Ti) mg/kg 1 1030 998 3.2

Uranium (U) mg/kg 0.05 1.12 1.07 4.6

Vanadium (V) mg/kg 2 80.9 84.9 4.8

Zinc (Zn) mg/kg 1 82 77.3 5.9

Zirconium (Zr) mg/kg 0.5 1.37 1.73 23.2

# Analytes differ by > 20% between duplicates but 1 or both concentrations are < 5 times the detection limit.

# Analytes differ by > 20% between duplicates and concentrations are > 5 times the detection limit.

1
  Relative percent difference (RPD) = (difference between sample 1 and 2)/(average of sample 1 and 2) x 100%.  RPD for undetectable 

analytes (i.e., < detection limit) was calculated assuming a concentration equal to the detection limit.

Precision is influenced by how close the analytical value is to the method detection limit.  Thus, assessing percent mean differences is 

valid only for analytical values that are at least five times the detection limit.

Physical Properties

Relative Percent 

Difference (%)1Analyte Unit
Detection 

Limit
EEM-3-3A EEM-3-4A



Table A2.5     Results of analysis from Rinsate collected during Kemess Selenium  
                       Assessment Program, September 2016.

Conventional Variables
Total Hardness (CaCO3) mg/L 0.5 3.19

Total Metals
Aluminum (Al) μg/L 2.5 80.2

Antimony (Sb) μg/L 0.1 0.46

Arsenic (As) μg/L 0.1 3.43

Barium (Ba) μg/L 0.1 2.64

Beryllium (Be) μg/L 0.05 <0.05

Bismuth (Bi) μg/L 0.025 <0.025

Boron (B) mg/L 0.05 2.38

Cadmium (Cd) μg/L 0.025 <0.025

Calcium (Ca) mg/L 0.25 1.28

Chromium (Cr) μg/L 0.5 1.55

Cobalt (Co) μg/L 0.025 0.06

Copper (Cu) μg/L 0.25 6.43

Iron (Fe) mg/L 0.005 0.069

Lead (Pb) μg/L 0.025 0.143

Lithium (Li) μg/L 2.5 50

Magnesium (Mg) mg/L 0.25 <0.25

Manganese (Mn) μg/L 0.25 2.75

Molybdenum (Mo) μg/L 0.25 81.8

Nickel (Ni) μg/L 0.1 6.15

Phosphorus (P) mg/L 0.01 0.151

Potassium (K) mg/L 0.25 0.64

Selenium (Se) μg/L 0.2 3.54

Silicon (Si) mg/L 0.25 25

Silver (Ag) μg/L 0.025 <0.025

Sodium (Na) mg/L 0.25 521

Strontium (Sr) μg/L 0.25 21.4

Sulphur (S) mg/L 15 235

Thallium (Tl) μg/L 0.01 <0.01

Tin (Sn) μg/L 1 <1

Titanium (Ti) μg/L 2.5 <2.5

Uranium (U) μg/L 0.01 0.036

Vanadium (V) μg/L 1 32.8

Zinc (Zn) μg/L 0.5 11.1
Zirconium (Zr) μg/L 0.5 <0.5

# Indicates sample concentration is greater than five times the detection limit.

Variable Unit Detection Limit RIN-1



Table A2.6     Benthic Community Re-sort – September 2016.

Primary Re-sort Primary Re-sort
Ephemeroptera
Ameletidae 1 0
Baetidae 23 0
Ephemerellidae 7 0
Heptageniidae 11 0
Plecoptera 
Capniidae 0 0
Chloroperlidae 7 0
Leuctridae 1 0
Nemouridae 6 0
Perlodidae 0 0
Taeniopterygidae 2 0
Trichoptera 
Brachycentridae 0 0
Glossosomatidae 3 0
Hydropsychidae 0 0
Hydroptilidae 0 0
Lepidostomatidae 0 0
Limnephilidae 0 0
Philopotamidae 0 0
Rhyacophilidae 4 0
Unidentified 1 0
Diptera
Ceratopogonidae 0 0
Chironomidae 23 1 353 9
Empididae 0 0
Simuliidae 0 0
Tipulidae 0 1
Coleoptera
Elmidae 0 0
Scirtidae 0 0
Amphipoda
Gammaridae 0 0
Unidentified 0 0
Trombidiformes
Hygrobatidae 0 1
Lebertiidae 0 0
Limnesiidae 0 0
Mideopsidae 0 0
Oxidae 0 1
Sperchontidae 0 0
Torrenticolidae 0 0
Unidentified 0 0 1
Bivalvia
Pisidiidae 0 20
Gastropoda
Unidentified 0 0
Oligochaeta
Lumbriculidae 0 0
Tubificida 0 0
Enchytraeidae 0 0
Naididae 0 14
Tubificinae (with hair chaetae) 0 0
Tubificinae (without hair chaetae) 0 10
Sum Total 89 1 400 10
Sort Efficiency

Taxon WRC-1-1 WRC-WL-3

99% 98%
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