


















 

 

 
September 14, 2022 

GOLDER ASSOCIATES LTD. 
2800, 700 -2nd Street SW 
CALGARY, AB, T2P 2W2 
 
Attention:  Aurelie Bellavance 
 
Re: Biogenic Toluene Assessment of Camp Farewell, NT; Project 22525414-1000  

Bureau Veritas Job No.: C262079 
 
Bureau Veritas Environmental & Specialty Services Laboratories (BV Labs) was retained 
by Golder Associated Ltd. to provide an interpretation concerning the likely origin of 
toluene quantified within CCME Fraction 1 (nC6-nC10). 
 
Analytical Method 
Petroleum hydrocarbon analyses at BV Labs are conducted in accordance with the 
analytical specifications required by the prescriptive and performance-based (where 
appropriate) elements of the CCME Tier I protocols for hydrocarbon determination1 in 
soil samples.   
 
Biogenic Toluene 
The sample extract is analyzed by volatile organic compound (VOC) analysis in 
selected ion monitoring (SIM) mode to determine the origin of the quantified toluene.  
The presence of specific marker compounds, both biogenic and petrogenic, along 
with a series of associated parameters are reviewed as part of this evaluation. 
Diagnostic parameters of primary interest and the ranges typically associated with 
biogenic toluene samples are listed below2:  

 Moisture: typically ≥70% 
 Absence of an Unresolved Complex Mixture (UCM) within CCME Fractions F2 or F3. 
 Presence of a “Biogenic Cluster” within CCME Fraction 3 (F3Bc); specifically F3B, nC32-nC34 
 Presence of biogenic monoterpene compound(s)3 
 Toluene ratio (Tratio): Ratio between Toluene and sum of all BTEX compounds; typically >0.7 
 Cymene ratio (Cratio): Ratio between p-Cymene and the sum of all three isomers; typically >0.8 
 Additional diagnostic parameters may be included in the assessment if deemed beneficial 

(examples include: Carbon Preference Index (CPI), isoprenoid ratios, BIC, etc.) 
  

                                                 
1 Canadian Council of Ministers of the Environment: “Reference Method for the Canada-Wide Standard for Petroleum 

Hydrocarbons in Soil – Tier I Method” 2001 
2 Bureau Veritas Laboratories Canada: threshold values derived internally (assessment of long-term data set) 
3 Target compounds: α/β-Pinene, Camphene, (+)-3-Carene, α-Terpinene, Limonene, o/m/p-Cymene, γ-Terpinene and α-

Terpinolene (list may be amended from time-to-time without notice) 



 

 

 
 
Data Interpretation 
 
Table 1. Data Summary – Biogenic Toluene Evaluation 

Lab ID Sample ID 
Diagnostic Parameters4 

Conclusion5 
Moist UCM F3Bc Mono Tratio Cratio 

AZY348 BH22-14-02 M No Yes No 1.0 NC Inconclusive (neither) 

AZY351 MW22-13-02 H No Yes No 1.0 NC Inconclusive (neither) 

AZY358 BH22-12-01 H No Yes No 1.0 NC Inconclusive (neither) 

AZY383 BH22-12-02 H No Yes No 1.0 NC Inconclusive (neither) 

NC: Unable to Calculate (absence of Cymene isomers) 

If you have any questions or require additional information, please do not hesitate to 
contact the undersigned. 
 
 
Sincerely, 
Bureau Veritas Environmental & Specialty Services Laboratories 
 
 
 
 
  
Michael Sheppard, B.Sc., P.Bio, QP Scott Cantwell, CET, B.Sc., P.Chem. 
Consulting Scientist Director and General Manager – Western Canada 
Environmental Services Environmental Services 
 
 
 
Disclaimer   
 
Biogenic Toluene 
A detailed assessment of Selective Ion Monitoring (SIM) GC-MS, and associated project data was completed to provide 
further information relating to the biogenic and/or petrogenic origin of compounds or fractions quantified as part of the 
CCME Tier I protocol.  All statements must be regarded as approximate and qualitative. 

                                                 
4 Diagnostic Parameters 

Moist: Moisture; H (≥70%), M (<70 & ≥20%), L (<20%) Mono: Biogenic monoterpenes (excluding cymenes) 
UCM: Presence/Position of Unresolved Complex Mixture Tratio: Toluene Ratio (T/ƩBTEX) 
F3Bc: Presence of a biogenic cluster within F3B Cratio: Cymene Ratio (p-Cymene/ƩCymene isomers) 

 
5 Conclusions 

Biogenic Toluene: Quantified toluene likely of biogenic origin 
Petrogenic Toluene: Quantified toluene likely of petrogenic origin 
Inconclusive (both): Presence of both biogenic and petrogenic diagnostic parameters (CSIA  recommended) 
Inconclusive (neither): Insufficient evidence to support Biogenic or Petrogenic origin (CSIA  recommended) 
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Cynny Hagen

From: MacLean, Colleen <Colleen_MacLean@golder.com>
Sent: Monday, September 12, 2022 10:05 AM
To: Cynny Hagen
Cc: Bellavance, Aurelie
Subject: RE: Additional Analysis request - Camp Farewell -Prj: 22525414-1000, PO 

22525414-1100-1104

Be careful with this message: it is coming from an external sender 
Do not open attachments nor click on links, unless you are sure that the content is safe 

Yes, that sounds good. 

Thanks! 

Colleen MacLean, She/her
Environmental Technologist, B.A., Dipl. EVT.

T: +1 403 299 5600
D: +1 403 299 5667

From: Cynny Hagen <cynny.hagen@bureauveritas.com>  
Sent: September 12, 2022 10:01 AM 
To: MacLean, Colleen <colleen.maclean@wsp.com> 
Cc: Bellavance, Aurelie <aurelie.bellavance@wsp.com> 
Subject: Re: Additional Analysis request - Camp Farewell -Prj: 22525414-1000, PO 22525414-1100-1104 

EXTERNAL EMAIL

EXTERNAL EMAIL - We could not verify the authenticity of this message. Please be cautious when clicking on 
links or opening attachments.

Hi Colleen, 

Absolutely I will add the analysis, for job C266077 would you like to have the additional report for both Bio-Toluene 
and Resemble for F2-F4 and the other jobs can be just add a comment in report. Please confirm. 

Regards,

Cynny Hagen
Key Account Specialist
Environmental Laboratories & Specialty Services - Western Canada
Bureau Veritas
Cell: 403-312-9070
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www.BVNA.com 
Shaping a world of trust 
Emergency/Spills 365/7/24: 1-844-BVSPILL, spills@bureauveritas.com 
For urgent after-hours inquiries: 403 651 2436 

 
 

On Mon, 12 Sep at 8:58 AM , MacLean, Colleen <colleen_maclean@golder.com> wrote:  
Hello, Could you please complete chromatogram a nalysis and biogeni c tolue ne (select sa mple s) assessment for the sa mple s below? C2660 77 BAW749 BH22 -56 -01                                                                                        
ZjQcmQRYFpfptBa nnerStart 

Be careful with this message: it is coming from an external sender  
Do not open attachments nor click on links, unless you are sure that the content is safe  
  
ZjQcmQRYFpfptBa nnerE nd 

Hello, 
  
Could you please complete chromatogram analysis and biogenic toluene (select samples) 
assessment for the samples below?  
  
  

C266077 

BAW749 BH22-56-01 
F1 to F4 and toluene 

BAW750 BH22-56-02 

BAW752 BH22-57-01 F1 to F4 

BAW753 BH22-57-02 F1 to F4 and toluene 

BAW756 BH22-59-01 F1 to F4 and toluene 

C266076 
BAW742 BH22-63-01 F1 to F4 
BAW738 BH22-64-01 F1 to F4 
BAW746 BH22-67-02 F1 to F4 

C266062 BAW656 BH22-68-01 F1 to F4 
C266081 BAW784 BH22-70-01 F1 to F4 

  
Please let me know if you have any questions. 
  
Thanks! 
  
  
Colleen MacLean, She/her 
Environmental Technologist, B.A., Dipl. EVT. 
 
T: +1 403 299 5600 
D: +1 403 299 5667 

 
 
 

237 – 4 Avenue SW, Suite 3300, Calgary, Alberta T2P 4K3, Canada        
wsp.com | golder.com  
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WSP and Golder have joined together to form the premier environmental consultancy in the industry. Together we 
are 14,000 strong, Future Ready©, and delivering innovative solutions to our clients around the globe.               
 
This email transmission is confidential and may contain proprietary information for the exclusive use of the intended recipient. Any 
use, distribution or copying of this transmission, other than by the intended recipient, is strictly prohibited. If you are not the intended 
recipient, please notify the sender and delete all copies. Electronic media is susceptible to unauthorized modification, deterioration, 
and incompatibility. Accordingly, the electronic media version of any work product may not be relied upon.              
 
                 
 
                 

  
 
 
 
-LAEmHhHzdJzBlTWfa4Hgs7pbKl-BT-P365-c108p227-DayTwo-Disclaimer  
This message contains confidential information. To know more, please click on the following link: 
https://disclaimer.bureauveritas.com  

459634:986288  
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Cynny Hagen

From: MacLean, Colleen <Colleen_MacLean@golder.com>
Sent: Monday, September 12, 2022 10:05 AM
To: Cynny Hagen
Cc: Bellavance, Aurelie
Subject: RE: Additional Analysis request - Camp Farewell -Prj: 22525414-1000, PO 

22525414-1100-1104

Be careful with this message: it is coming from an external sender 
Do not open attachments nor click on links, unless you are sure that the content is safe 

Yes, that sounds good. 

Thanks! 

Colleen MacLean, She/her
Environmental Technologist, B.A., Dipl. EVT.

T: +1 403 299 5600
D: +1 403 299 5667

From: Cynny Hagen <cynny.hagen@bureauveritas.com>  
Sent: September 12, 2022 10:01 AM 
To: MacLean, Colleen <colleen.maclean@wsp.com> 
Cc: Bellavance, Aurelie <aurelie.bellavance@wsp.com> 
Subject: Re: Additional Analysis request - Camp Farewell -Prj: 22525414-1000, PO 22525414-1100-1104 

EXTERNAL EMAIL

EXTERNAL EMAIL - We could not verify the authenticity of this message. Please be cautious when clicking on 
links or opening attachments.

Hi Colleen, 

Absolutely I will add the analysis, for job C266077 would you like to have the additional report for both Bio-Toluene 
and Resemble for F2-F4 and the other jobs can be just add a comment in report. Please confirm. 

Regards,

Cynny Hagen
Key Account Specialist
Environmental Laboratories & Specialty Services - Western Canada
Bureau Veritas
Cell: 403-312-9070
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www.BVNA.com 
Shaping a world of trust 
Emergency/Spills 365/7/24: 1-844-BVSPILL, spills@bureauveritas.com 
For urgent after-hours inquiries: 403 651 2436 

 
 

On Mon, 12 Sep at 8:58 AM , MacLean, Colleen <colleen_maclean@golder.com> wrote:  
Hello, Could you please complete chromatogram a nalysis and biogeni c tolue ne (select sa mple s) assessment for the sa mple s below? C2660 77 BAW749 BH22 -56 -01                                                                                        
ZjQcmQRYFpfptBa nnerStart 

Be careful with this message: it is coming from an external sender  
Do not open attachments nor click on links, unless you are sure that the content is safe  
  
ZjQcmQRYFpfptBa nnerE nd 

Hello, 
  
Could you please complete chromatogram analysis and biogenic toluene (select samples) 
assessment for the samples below?  
  
  

C266077 

BAW749 BH22-56-01 
F1 to F4 and toluene 

BAW750 BH22-56-02 

BAW752 BH22-57-01 F1 to F4 

BAW753 BH22-57-02 F1 to F4 and toluene 

BAW756 BH22-59-01 F1 to F4 and toluene 

C266076 
BAW742 BH22-63-01 F1 to F4 
BAW738 BH22-64-01 F1 to F4 
BAW746 BH22-67-02 F1 to F4 

C266062 BAW656 BH22-68-01 F1 to F4 
C266081 BAW784 BH22-70-01 F1 to F4 

  
Please let me know if you have any questions. 
  
Thanks! 
  
  
Colleen MacLean, She/her 
Environmental Technologist, B.A., Dipl. EVT. 
 
T: +1 403 299 5600 
D: +1 403 299 5667 

 
 
 

237 – 4 Avenue SW, Suite 3300, Calgary, Alberta T2P 4K3, Canada        
wsp.com | golder.com  
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WSP and Golder have joined together to form the premier environmental consultancy in the industry. Together we 
are 14,000 strong, Future Ready©, and delivering innovative solutions to our clients around the globe.               
 
This email transmission is confidential and may contain proprietary information for the exclusive use of the intended recipient. Any 
use, distribution or copying of this transmission, other than by the intended recipient, is strictly prohibited. If you are not the intended 
recipient, please notify the sender and delete all copies. Electronic media is susceptible to unauthorized modification, deterioration, 
and incompatibility. Accordingly, the electronic media version of any work product may not be relied upon.              
 
                 
 
                 

  
 
 
 
-LAEmHhHzdJzBlTWfa4Hgs7pbKl-BT-P365-c108p227-DayTwo-Disclaimer  
This message contains confidential information. To know more, please click on the following link: 
https://disclaimer.bureauveritas.com  

459634:986288  





Brody Andersen
Program Specialist-Emergency Spill
Response
12 Jan 2023 14:40:16
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Cynny Hagen

From: MacLean, Colleen <Colleen_MacLean@golder.com>
Sent: Monday, September 12, 2022 10:05 AM
To: Cynny Hagen
Cc: Bellavance, Aurelie
Subject: RE: Additional Analysis request - Camp Farewell -Prj: 22525414-1000, PO 

22525414-1100-1104

Be careful with this message: it is coming from an external sender 
Do not open attachments nor click on links, unless you are sure that the content is safe 

Yes, that sounds good. 

Thanks! 

Colleen MacLean, She/her
Environmental Technologist, B.A., Dipl. EVT.

T: +1 403 299 5600
D: +1 403 299 5667

From: Cynny Hagen <cynny.hagen@bureauveritas.com>  
Sent: September 12, 2022 10:01 AM 
To: MacLean, Colleen <colleen.maclean@wsp.com> 
Cc: Bellavance, Aurelie <aurelie.bellavance@wsp.com> 
Subject: Re: Additional Analysis request - Camp Farewell -Prj: 22525414-1000, PO 22525414-1100-1104 

EXTERNAL EMAIL

EXTERNAL EMAIL - We could not verify the authenticity of this message. Please be cautious when clicking on 
links or opening attachments.

Hi Colleen, 

Absolutely I will add the analysis, for job C266077 would you like to have the additional report for both Bio-Toluene 
and Resemble for F2-F4 and the other jobs can be just add a comment in report. Please confirm. 

Regards,

Cynny Hagen
Key Account Specialist
Environmental Laboratories & Specialty Services - Western Canada
Bureau Veritas
Cell: 403-312-9070
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www.BVNA.com 
Shaping a world of trust 
Emergency/Spills 365/7/24: 1-844-BVSPILL, spills@bureauveritas.com 
For urgent after-hours inquiries: 403 651 2436 

 
 

On Mon, 12 Sep at 8:58 AM , MacLean, Colleen <colleen_maclean@golder.com> wrote:  
Hello, Could you please complete chromatogram a nalysis and biogeni c tolue ne (select sa mple s) assessment for the sa mple s below? C2660 77 BAW749 BH22 -56 -01                                                                                        
ZjQcmQRYFpfptBa nnerStart 

Be careful with this message: it is coming from an external sender  
Do not open attachments nor click on links, unless you are sure that the content is safe  
  
ZjQcmQRYFpfptBa nnerE nd 

Hello, 
  
Could you please complete chromatogram analysis and biogenic toluene (select samples) 
assessment for the samples below?  
  
  

C266077 

BAW749 BH22-56-01 
F1 to F4 and toluene 

BAW750 BH22-56-02 

BAW752 BH22-57-01 F1 to F4 

BAW753 BH22-57-02 F1 to F4 and toluene 

BAW756 BH22-59-01 F1 to F4 and toluene 

C266076 
BAW742 BH22-63-01 F1 to F4 
BAW738 BH22-64-01 F1 to F4 
BAW746 BH22-67-02 F1 to F4 

C266062 BAW656 BH22-68-01 F1 to F4 
C266081 BAW784 BH22-70-01 F1 to F4 

  
Please let me know if you have any questions. 
  
Thanks! 
  
  
Colleen MacLean, She/her 
Environmental Technologist, B.A., Dipl. EVT. 
 
T: +1 403 299 5600 
D: +1 403 299 5667 

 
 
 

237 – 4 Avenue SW, Suite 3300, Calgary, Alberta T2P 4K3, Canada        
wsp.com | golder.com  

 



3

WSP and Golder have joined together to form the premier environmental consultancy in the industry. Together we 
are 14,000 strong, Future Ready©, and delivering innovative solutions to our clients around the globe.               
 
This email transmission is confidential and may contain proprietary information for the exclusive use of the intended recipient. Any 
use, distribution or copying of this transmission, other than by the intended recipient, is strictly prohibited. If you are not the intended 
recipient, please notify the sender and delete all copies. Electronic media is susceptible to unauthorized modification, deterioration, 
and incompatibility. Accordingly, the electronic media version of any work product may not be relied upon.              
 
                 
 
                 

  
 
 
 
-LAEmHhHzdJzBlTWfa4Hgs7pbKl-BT-P365-c108p227-DayTwo-Disclaimer  
This message contains confidential information. To know more, please click on the following link: 
https://disclaimer.bureauveritas.com  

459634:986288  



 

 

September 14, 2022 
GOLDER ASSOCIATES LTD. 
2800, 700 -2nd Street SW 
CALGARY, AB, T2P 2W2 
 
Attention:  Aurelie Bellavance  
 
 
Re: Chromatogram Interpretation of CAMP FAREWELL; Project 22525414-1000 

Bureau Veritas Job No.: C266077 
 
 
Bureau Veritas was retained by Golder Associates Ltd. to provide hydrocarbon 
interpretations concerning the likely origin of hydrocarbons quantified within CCME 
fraction(s) F2, F3 and/or F4. 
 
Analytical Method 
 
Petroleum hydrocarbon analyses at Bureau Veritas are conducted in accordance with 
the analytical specifications required by the prescriptive and performance-based 
(where appropriate) elements of the CCME Tier I protocols for hydrocarbon 
determination1 in soil samples.   
 
Chromatogram Interpretation 
 
A comprehensive qualitative assessment of the resultant gas chromatograms in the F2-
F4 ranges was performed.  The chromatograms were inspected for specific peak 
profiles that would indicate the possible origin of the hydrocarbons present in the 
sample. The presence and nature of specific aliphatic compounds (n-alkanes), the 
presence of characteristic unresolved complex mixtures (UCMs) or “humps” and the 
relative abundance (ratios) of specific compounds are reviewed as part of the 
evaluation.  
  

                                                 
1 Canadian Council of Ministers of the Environment: “Reference Method for the Canada-Wide Standard for Petroleum 
Hydrocarbons in Soil – Tier I Method” 2001 



 

 

 
Data Interpretation 
 
Table 1. Qualitative Data Summary – Chromatogram Interpretation 

Lab ID Sample ID Chromatogram Interpretation 

BAW749 BH22-56-01 
The CCME F2-F4 chromatographic peak profile is consistent with 
biogenic organic material (e.g. peat). Chromatograms of biogenic 
organic material may contain peak patterns spanning the C10 to 
C50 range, but they are most commonly characterized by a profile 
of unevenly distributed sharp peaks between C28 and C34.  The 
impacts are not consistent with a petroleum product or crude oil. 

BAW750 BH22-56-02 

BAW752 BH22-57-01 

BAW753 BH22-57-02 

BAW756 BH22-59-01 

 
If you have any questions or require additional information, please do not hesitate to 
contact the undersigned. 
 
Sincerely, 
Bureau Veritas Laboratories 
 
 
 
 
  
Michael Sheppard, B.Sc., P.Bio., QP Scott Cantwell, CET, B.Sc., P.Chem. 
Consulting Scientist Director and General Manager – Western Canada 
Environmental Services Environmental Services 
 
 

 
 
 
Disclaimer   
 
Hydrocarbon Resemblance 
Characterization by way of visual evaluation of the sample chromatogram may not be conclusive and is only indicative 
of substances that may be present.  The resemblance information must be regarded as approximate and qualitative. 



 

 

 
September 19, 2022 

GOLDER ASSOCIATES LTD. 
2800, 700 -2nd Street SW 
CALGARY, AB, T2P 2W2 
 
Attention:  Aurelie Bellavance 
 
Re: Biogenic Toluene Assessment of Camp Farewell; Project 22525414-1000  

Bureau Veritas Job No.: C266077 
 
Bureau Veritas Environmental & Specialty Services Laboratories (BV Labs) was retained 
by Golder Associated Ltd. to provide an interpretation concerning the likely origin of 
toluene quantified within CCME Fraction 1 (nC6-nC10). 
 
Analytical Method 
Petroleum hydrocarbon analyses at BV Labs are conducted in accordance with the 
analytical specifications required by the prescriptive and performance-based (where 
appropriate) elements of the CCME Tier I protocols for hydrocarbon determination1 in 
soil samples.   
 
Biogenic Toluene 
The sample extract is analyzed by volatile organic compound (VOC) analysis in 
selected ion monitoring (SIM) mode to determine the origin of the quantified toluene.  
The presence of specific marker compounds, both biogenic and petrogenic, along 
with a series of associated parameters are reviewed as part of this evaluation. 
Diagnostic parameters of primary interest and the ranges typically associated with 
biogenic toluene samples are listed below2:  

 Moisture: typically ≥70% 
 Absence of an Unresolved Complex Mixture (UCM) within CCME Fractions F2 or F3. 
 Presence of a “Biogenic Cluster” within CCME Fraction 3 (F3Bc); specifically F3B, nC32-nC34 
 Presence of biogenic monoterpene compound(s)3 
 Toluene ratio (Tratio): Ratio between Toluene and sum of all BTEX compounds; typically >0.7 
 Cymene ratio (Cratio): Ratio between p-Cymene and the sum of all three isomers; typically >0.8 
 Additional diagnostic parameters may be included in the assessment if deemed beneficial 

(examples include: Carbon Preference Index (CPI), isoprenoid ratios, BIC, etc.) 
  

                                                 
1 Canadian Council of Ministers of the Environment: “Reference Method for the Canada-Wide Standard for Petroleum 

Hydrocarbons in Soil – Tier I Method” 2001 
2 Bureau Veritas Laboratories Canada: threshold values derived internally (assessment of long-term data set) 
3 Target compounds: α/β-Pinene, Camphene, (+)-3-Carene, α-Terpinene, Limonene, o/m/p-Cymene, γ-Terpinene and α-

Terpinolene (list may be amended from time-to-time without notice) 



 

 

 
 
Data Interpretation 
 
Table 1. Data Summary – Biogenic Toluene Evaluation 

Lab ID Sample ID 
Diagnostic Parameters4 

Conclusion5 
Moist UCM F3Bc Mono Tratio Cratio 

BAW749 BH22-56-01 M No Yes No 1.0 NC Inconclusive (neither) 

BAW750 BH22-56-02 H No Yes No 1.0 NC Inconclusive (neither) 

BAW753 BH22-57-02 H No Yes Yes 1.0 NC Biogenic Toluene 

BAW756 BH22-59-01 M No Yes Yes 1.0 1.0 Biogenic Toluene 

NC: Unable to Calculate 

If you have any questions or require additional information, please do not hesitate to 
contact the undersigned. 
 
 
Sincerely, 
Bureau Veritas Environmental & Specialty Services Laboratories 
 
 
 
 
  
Michael Sheppard, B.Sc., P.Bio, QP Scott Cantwell, CET, B.Sc., P.Chem. 
Consulting Scientist Director and General Manager – Western Canada 
Environmental Services Environmental Services 
 
 
 
Disclaimer   
 
Biogenic Toluene 
A detailed assessment of Selective Ion Monitoring (SIM) GC-MS, and associated project data was completed to provide 
further information relating to the biogenic and/or petrogenic origin of compounds or fractions quantified as part of the 
CCME Tier I protocol.  All statements must be regarded as approximate and qualitative. 

                                                 
4 Diagnostic Parameters 

Moist: Moisture; H (≥70%), M (<70 & ≥20%), L (<20%) Mono: Biogenic monoterpenes (excluding cymenes) 
UCM: Presence/Position of Unresolved Complex Mixture Tratio: Toluene Ratio (T/ƩBTEX) 
F3Bc: Presence of a biogenic cluster within F3B Cratio: Cymene Ratio (p-Cymene/ƩCymene isomers) 

 
5 Conclusions 

Biogenic Toluene: Quantified toluene likely of biogenic origin 
Petrogenic Toluene: Quantified toluene likely of petrogenic origin 
Inconclusive (both): Presence of both biogenic and petrogenic diagnostic parameters (CSIA  recommended) 
Inconclusive (neither): Insufficient evidence to support Biogenic or Petrogenic origin (CSIA  recommended) 
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Client:

Project: Date Received:

MI Project Number:

CSIA

106TK

22525414-100, Camp Farewell, NT

Bureau Veritas

11/28/2022

Tel. (865) 573-8188 Fax. (865) 573-8133

10515 Research Dr.,  Knoxville, TN 37932

MICROBIAL INSIGHTS, INC.

BAW749 

(BH22-56-01)

BAW750 

(BH22-56-01)

Client Sample ID:

Sample Information

08/24/202208/24/2022Sample Date:

Analyst/Reviewer: SB/MW SB/MW

Carbon Units

NAδ¹³C, VPDB (‰)¹³C/¹²C Toluene (‰) -28.5

Legend:

NA= Not Analyzed   NS=Not Sampled    J= Estimated concentration below PQL but above LQL     ND= Not Detected
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Quality Assurance/Quality Control Data

Samples Received 11/23/2022

Date Prepared Date Analyzed

Arrival

Temperature

Positive Control    

(‰ Std. Dev.)* BlankComponent

11/23/2022 01/09/2023 0.52.3 °C Pass¹³C/¹²C Toluene (‰)

 positive control values are within +- 0.5‰ of true value.δ* C
13
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CSIA

105TK

22525414-100, Camp Farewell, NT

Bureau Veritas

11/23/2022

Tel. (865) 573-8188 Fax. (865) 573-8133

10515 Research Dr.,  Knoxville, TN 37932

MICROBIAL INSIGHTS, INC.

AZY178 

(BH22-49-02)

Client Sample ID:

Sample Information

09/13/2022Sample Date:

Analyst/Reviewer: SB/MW

Carbon Units

-29.8δ¹³C, VPDB (‰)¹³C/¹²C Toluene (‰)

Legend:

NA= Not Analyzed   NS=Not Sampled    J= Estimated concentration below PQL but above LQL     ND= Not Detected
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Quality Assurance/Quality Control Data

Samples Received 11/23/2022

Date Prepared Date Analyzed

Arrival

Temperature

Positive Control    

(‰ Std. Dev.)* BlankComponent

11/23/2022 01/09/2023 0.52.3 °C Pass¹³C/¹²C Toluene (‰)

 positive control values are within +- 0.5‰ of true value.δ* C
13
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January 12, 2023 
GOLDER ASSOCIATES LTD. 
2800, 700 -2nd Street SW 
CALGARY, AB, T2P 2W2 
 
Attention:  Aurelie Bellavance 
 
Re: Biogenic Toluene Assessment of Camp Farewell; Project 22525414-1000  

Bureau Veritas Job No.: C266077 
 
Bureau Veritas Environmental & Specialty Services Laboratories (BV Labs) was retained 
by Golder Associated Ltd. to provide an interpretation concerning the likely origin of 
toluene quantified within CCME Fraction 1 (nC6-nC10). 
 
Analytical Method 
Petroleum hydrocarbon analyses at BV Labs are conducted in accordance with the 
analytical specifications required by the prescriptive and performance-based elements 
of the CCME Tier I protocols for hydrocarbon determination1 in soil samples. Compound 
Specific Isotope Analyses (CSIA) are conducted by Microbial Insights Inc. utilizing 
Isotope Ratio Mass Spectroscopy (IRMS). 
 
Biogenic Toluene 
The biogenic toluene evaluation involved the analysis of two extracts. A methanol 
extract was analyzed by GC/MS in selected ion monitoring (SIM) mode for specific 
diagnostic volatile organic compounds (VOCs). A second sample aliquot extracted in 
organic-free deionized water was submitted for CSIA. The CSIA was selected to provide 
an additional line of evidence concerning which of two origins the sample’s toluene is 
deemed most likely (biogenic or petrogenic). 

The diagnostic parameters of primary interest and the ranges typically associated with 
biogenic toluene samples listed below2:  

 Moisture: typically ≥70% 
 Absence of an Unresolved Complex Mixture (UCM) within CCME Fractions F2 or F3. 
 Presence of a “Biogenic Cluster” within CCME Fraction 3 (F3Bc); specifically F3B, nC32-nC34 
 Presence of biogenic monoterpene compound(s)3 
 Toluene ratio (Tratio): Ratio between Toluene and sum of all BTEX compounds; typically >0.7 
 Cymene ratio (Cratio): Ratio between p-Cymene and the sum of all three isomers; typically >0.8 
 Additional diagnostic parameters may be included in the assessment if deemed beneficial 

(examples include: Carbon Preference Index (CPI), isoprenoid ratios, BIC, etc.) 
 Toluene Compound Specific Isotope Analysis (CSIA): δ13C < -30‰ 

                                                 
1 Canadian Council of Ministers of the Environment: “Reference Method for the Canada-Wide Standard for Petroleum 

Hydrocarbons in Soil – Tier I Method” 2001 
2 Bureau Veritas Laboratories Canada: threshold values derived internally (assessment of long-term data set) 
3 Target compounds: α/β-Pinene, Camphene, (+)-3-Carene, α-Terpinene, Limonene, o/m/p-Cymene, γ-Terpinene and α-

Terpinolene (list may be amended from time-to-time without notice) 



 

 

 
Data Interpretation 
 
Table 1. Data Summary – Biogenic Toluene Evaluation 

Lab ID Sample ID 
Diagnostic Parameters4 

Conclusion5 
Moist UCM F3Bc Mono Tratio Cratio CSIA 

BAW749 BH22-56-01 M No Yes No 1.0 NC NA Inconclusive (neither) 

BAW750 BH22-56-02 H No Yes No 1.0 NC -28.5 Inconclusive (neither) 

BAW753 BH22-57-02 H No Yes Yes 1.0 NC NA Biogenic Toluene 

BAW756 BH22-59-01 M No Yes Yes 1.0 1.0 NA Biogenic Toluene 

NA: Not Analyzed 
NC: Unable to Calculate (absence of Cymene isomers) 

If you have any questions or require additional information, please do not hesitate to 
contact the undersigned. 
 
 
Sincerely, 
Bureau Veritas Environmental & Specialty Services Laboratories 
 
 
 
 
  
Michael Sheppard, B.Sc., P.Bio, QP Scott Cantwell, CET, B.Sc., P.Chem. 
Consulting Scientist Director and General Manager – Western Canada 
Environmental Services Environmental Services 
 
 
 
Disclaimer   
 
Biogenic Toluene 
A detailed assessment of Selective Ion Monitoring (SIM) GC-MS, and associated project data was completed to provide 
further information relating to the biogenic and/or petrogenic origin of compounds or fractions quantified as part of the 
CCME Tier I protocol.  All statements must be regarded as approximate and qualitative. 

                                                 
4 Diagnostic Parameters 

Moist: Moisture; H (≥70%), M (<70 & ≥20%), L (<20%) Mono: Biogenic monoterpenes (excluding cymenes) 
UCM: Presence/Position of Unresolved Complex Mixture Tratio: Toluene Ratio (T/ƩBTEX) 
F3Bc: Presence of a biogenic cluster within F3B Cratio: Cymene Ratio (p-Cymene/ƩCymene isomers) 
CSIA: Biogenic Toluene δ13C < -30‰; Petrogenic Toluene δ13C between -29.5‰ and -27.5‰ 
 Reported value sourced from Microbial Insights Inc. report 106TK; dated 2023/01/10 

 
5 Conclusions 

Biogenic Toluene: Quantified toluene likely of biogenic origin 
Petrogenic Toluene: Quantified toluene likely of petrogenic origin 
Inconclusive (both): Presence of both biogenic and petrogenic diagnostic parameters 
Inconclusive (neither): Insufficient evidence to support Biogenic or Petrogenic origin 





Bureau Veritas

14 Sep 2022 16:59:50
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Cynny Hagen

From: MacLean, Colleen <Colleen_MacLean@golder.com>
Sent: Monday, September 12, 2022 10:05 AM
To: Cynny Hagen
Cc: Bellavance, Aurelie
Subject: RE: Additional Analysis request - Camp Farewell -Prj: 22525414-1000, PO 

22525414-1100-1104

Be careful with this message: it is coming from an external sender 
Do not open attachments nor click on links, unless you are sure that the content is safe 

Yes, that sounds good. 

Thanks! 

Colleen MacLean, She/her
Environmental Technologist, B.A., Dipl. EVT.

T: +1 403 299 5600
D: +1 403 299 5667

From: Cynny Hagen <cynny.hagen@bureauveritas.com>  
Sent: September 12, 2022 10:01 AM 
To: MacLean, Colleen <colleen.maclean@wsp.com> 
Cc: Bellavance, Aurelie <aurelie.bellavance@wsp.com> 
Subject: Re: Additional Analysis request - Camp Farewell -Prj: 22525414-1000, PO 22525414-1100-1104 

EXTERNAL EMAIL

EXTERNAL EMAIL - We could not verify the authenticity of this message. Please be cautious when clicking on 
links or opening attachments.

Hi Colleen, 

Absolutely I will add the analysis, for job C266077 would you like to have the additional report for both Bio-Toluene 
and Resemble for F2-F4 and the other jobs can be just add a comment in report. Please confirm. 

Regards,

Cynny Hagen
Key Account Specialist
Environmental Laboratories & Specialty Services - Western Canada
Bureau Veritas
Cell: 403-312-9070
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www.BVNA.com 
Shaping a world of trust 
Emergency/Spills 365/7/24: 1-844-BVSPILL, spills@bureauveritas.com 
For urgent after-hours inquiries: 403 651 2436 

 
 

On Mon, 12 Sep at 8:58 AM , MacLean, Colleen <colleen_maclean@golder.com> wrote:  
Hello, Could you please complete chromatogram a nalysis and biogeni c tolue ne (select sa mple s) assessment for the sa mple s below? C2660 77 BAW749 BH22 -56 -01                                                                                        
ZjQcmQRYFpfptBa nnerStart 

Be careful with this message: it is coming from an external sender  
Do not open attachments nor click on links, unless you are sure that the content is safe  
  
ZjQcmQRYFpfptBa nnerE nd 

Hello, 
  
Could you please complete chromatogram analysis and biogenic toluene (select samples) 
assessment for the samples below?  
  
  

C266077 

BAW749 BH22-56-01 
F1 to F4 and toluene 

BAW750 BH22-56-02 

BAW752 BH22-57-01 F1 to F4 

BAW753 BH22-57-02 F1 to F4 and toluene 

BAW756 BH22-59-01 F1 to F4 and toluene 

C266076 
BAW742 BH22-63-01 F1 to F4 
BAW738 BH22-64-01 F1 to F4 
BAW746 BH22-67-02 F1 to F4 

C266062 BAW656 BH22-68-01 F1 to F4 
C266081 BAW784 BH22-70-01 F1 to F4 

  
Please let me know if you have any questions. 
  
Thanks! 
  
  
Colleen MacLean, She/her 
Environmental Technologist, B.A., Dipl. EVT. 
 
T: +1 403 299 5600 
D: +1 403 299 5667 

 
 
 

237 – 4 Avenue SW, Suite 3300, Calgary, Alberta T2P 4K3, Canada        
wsp.com | golder.com  
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WSP and Golder have joined together to form the premier environmental consultancy in the industry. Together we 
are 14,000 strong, Future Ready©, and delivering innovative solutions to our clients around the globe.               
 
This email transmission is confidential and may contain proprietary information for the exclusive use of the intended recipient. Any 
use, distribution or copying of this transmission, other than by the intended recipient, is strictly prohibited. If you are not the intended 
recipient, please notify the sender and delete all copies. Electronic media is susceptible to unauthorized modification, deterioration, 
and incompatibility. Accordingly, the electronic media version of any work product may not be relied upon.              
 
                 
 
                 

  
 
 
 
-LAEmHhHzdJzBlTWfa4Hgs7pbKl-BT-P365-c108p227-DayTwo-Disclaimer  
This message contains confidential information. To know more, please click on the following link: 
https://disclaimer.bureauveritas.com  

459634:986288  
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1.0 INTRODUCTION 
WSP Canada Inc. (formerly Golder Associates Ltd. [Golder]) was retained by Shell Canada Limited (Shell) to 

conduct a habitat assessment at Camp Farewell (69°12'38.79"N 135° 6'7.14"W, approximately 125 kilometres 

north-west of Inuvik in the Mackenzie delta) in the Inuvialuit Settlement Region of the Northwest Territories (NWT) 

(the Site). The objective of this assessment is to close a data gap identified through the review of previous site 

assessment programs and through subsequent discussions with Shell, to support a Human Health and Ecological 

Risk Assessment.  

2.0 METHODS 

2.1 Desktop Review 
Golder conducted searches of the natural heritage databases maintained by the NWT and Government of 

Canada to identify previously documented records of territorially significant features or species within the Site. 

This included queries to the Orientis Data Investigator v2.0 (ODI) (Canadian Wildlife Service 2022, internet site; 

Energy and Natural Resources – Northwest Territories 2021, internet site) and the online NWT Species and 

Habitat Viewer (NWT Species and Habitat Viewer 2022, internet site). 

2.2 Field Assessment Methods 
Four plots were surveyed at the Site on August 14, 2022. Three plots were within the exposure area (i.e., within 

the disturbed footprint of the camp) and one plot was in a reference area outside the disturbance. At each plot, 

habitats were assessed, and terrestrial and aquatic receptors were identified. Plant communities were assigned 

within the appropriate Level IV Ecoregion based on climate, vegetation, soil, water and fauna, as part of an 

ecologically-based landscape classification (Ecosystem Classification Group 2012). Dominant vegetation species 

were identified to genus, which, due to timing, wasn’t always possible, and were recorded along with abundance. 

Noticeable plant health concerns were also documented, including observations of leaf burn, chlorosis, reduced 

leaf size, reduced plant growth and/or plant mortality, and a health score index of 1-5 was assigned with 5 being 

the healthiest in appearance. Incidental weed, listed plant and wildlife species observations were recorded as 

encountered, and special attention was paid to the potential presence of species of conservation concern flagged 

during desktop surveys. Notes were taken on topography and surrounding land use. 

TECHNICAL MEMORANDUM
DATE  February 8, 2023 Project No. 22525414-1200 

TO  Shell Canada Limited 

FROM  Marc La Flèche, Corey De La Mare EMAIL marc.lafleche@wsp.com, 
corey.delamare@wsp.com

2022 HABITAT ASSESSMENT FOR CAMP FAREWELL  
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3.0 RESULTS 

3.1 Habitat Summary 
The Site is within the Southern Arctic Ecological Region, in the Tundra Plains Low Arctic north (LAn) Ecoregion, 

specifically, in the Richards Island Coastal Plain LAn Ecoregion (ecoregion label 2.4.1.2) (Ecosystem 

Classification Group 2012). The Site is very close to the border with the Mackenzie Delta LAn Ecoregion. The 

Richards Island Coastal Plain LAn Ecoregion is characterized by an undulating to hummocky landscape over 

glacial till and outwash deposits that is separated from the mainland by the main channel of the Mackenzie River 

and the Mackenzie Delta LAn ecoregion. The region varies between till deposits in the west, marine plains in the 

central regions and sandy to gravelly outwash deposits to the east. Many lakes, ponds and pingos add to the 

topography of the ecoregion. Soils in the region include Turbic Cryosols comprised of weakly to moderately 

calcareous fine clayey and fine loamy glacial till (Kittigazuit soil association) and marine clays (Naparotalik soil 

association). Static Cryosols are also present within the region and are associated with sandy glaciofluvial 

materials (Tibjak soil association) (Ecosystem Classification Group 2012). The southern half of the region, where 

the Site is located, is dominated by low-shrub tundra cover in upland areas, and sedge – moss – low-shrub 

communities in the wetlands (Ecosystem Classification Group 2012).  

3.2 Vegetation Surveys and Plant Health Assessment 
Vegetation surveys were used to characterize the terrestrial habitat and assess vegetation health by recording 

vascular species present, percent cover of all strata (i.e., trees, shrubs, forbs, graminoids, bryophytes and 

lichens), the percent cover of surface substrate (e.g., surface water, litter, mineral soil, decaying wood and live 

ground cover) and the vigour of all species observed. Dominant vegetation species, habitat characteristics and 

plant vigour were evaluated and documented in the field and are included in Table 1 below. Photographic 

monitoring was also carried out. Vegetation surveys were carried out on August 14, 2022 at four plots (i.e., 

HAB-01, HAB-02, CF22-01 and CF22-02) near Camp Farewell.    

All plots were on level to gently sloping open grassy areas, with HAB-01 and HAB-02 being near the margins of 

large water bodies, and CF22-01 and CF22-02 closer to the airstrip and camp pad. Vegetation communities in all 

the plots can be classified as Low-shrub Tundra (S2) due to the dominant presence of blueberry (Vaccinium 

uliginosum), cranberry (Vaccinium vitis-idaea), dwarf birch (Betula glandulosa), green alder (Alnus sp.), willows 

(Salix spp.), and a high percentage of moss and lichen ground cover.  

Soils consisted mostly of silty to gravelly sand with some areas having a thin organic/peat layer. Vegetation plots 

had an average vegetation cover of 90% (ranging from 85% to 95%), an average moss and lichen cover of 39% 

(ranging from 15% to 50%) and had an average plant health score of 4 (Table 1 below). The surface substrate 

cover was on average 9% with only HAB-02 containing bare soil (5% cover). Blueberry, cranberry, alders and 

willows were the most observed species. Other common species included dwarf birch (Betula glandulosa), Arctic 

white heather (Cassiope mertensiana) and grasses. The plot CF22-01 was near the airstrip and former camp pad 

and, as such, a note was made that there was a significant presence of fireweed (Chamaenerion angustifolium) 

nearby. Vegetation appeared to be in mostly good health across all plots with a note that the plants at HAB-02 

and CF22-01 were slightly shorter compared to the Site in general and compared to the other plots. A high 

abundance of berries, along with a high cover of lichen, suggests that these locations may provide good habitat to 

birds and caribou.  
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Table 1: Vegetation Information from the Four Plots Surveyed at Camp Farewell 

Plot ID Vegetation Type Vegetation Surface Substrate Dominant Vegetation Species 

Total % 
Cover  

Moss and 
Lichen % 
Cover 

Plant 
Health 

Total % 
Cover 

% Bare 
Area 

Litter 
Volume 
(lb/ac) 

HAB-01 Low-shrub Tundra 90 50 5 10 0 150 Salix spp., Salix reticulata, Vaccinium 
uliginosum, Equisetum arvense, Vaccinium vitis-
idaea, Alnus sp., Betula pumila, Arctous rubra, 
Cassiope mertensiana  

HAB-02 Low-shrub Tundra 85 15 3 10 5 200 Salix spp., Salix reticulata, Vaccinium sp., 
Vaccinium vitis-idaea, Alnus sp., Cassiope 
mertensiana, Carex sp., Rubus chamaemorus, 
grass species                    

CF22-01 Low-shrub Tundra 95 50 5 5 0 100 Salix spp., Salix reticulata, Vaccinium 
uliginosum, Vaccinium vitis-idaea, Alnus sp., 
Betula pumila, Cassiope mertensiana, grass 
species 

CF22-02 Low-shrub Tundra 90 40 4 10 0 100 Salix spp., Salix reticulata, Vaccinium 
uliginosum, Vaccinium vitis-idaea, Alnus sp., 
Betula pumila, Arctous rubra, Cassiope 
mertensiana, Pyrola grandifolia, grass species 

 Average 90 39 4 9 1 138  

Note: lbs/ac – pounds per acre
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3.3 Potential for Suitable Habitat 
There were a variety of incidental wildlife observations, including wildlife sign (i.e., browse, tracks, scat, den) or 

observations (i.e., visual and/or auditory observations). Sandhill crane (Grus canadensis) vocalizations were 

heard, and a small mammal ground dwelling was observed at HAB-01. At HAB-02, sandhill cranes, snow geese 

(Anser caerulescens), an unknown sparrow and a small rodent were observed directly, and moose tracks (Alces 

alces), bear scat, a wasp nest and a small mammal den were also observed around the area of this plot. At 

CF22-01, snow geese, willow ptarmigan (Lagopus lagopus), sandhill cranes, an unknown sparrow and a red-

throated loon (Gavia stellata) were all directly observed, and grizzly bear (Ursus arctos) tracks were also present 

(listed as Sensitive by the NWT and of Special Concern under the Species at Risk Act [SARA]). Willow ptarmigan 

and sandhill cranes were also observed at CF22-02, along with fox scat (Vulpes lagopus). As vegetation can 

serve as cover and forage (many berries were present in the area) for a variety of wildlife species and the 

proximity to water can also attract wildlife species, it is likely that this area also has suitable habitat for other 

wildlife species that were not observed.  

3.4 Potential for Aquatic Receptors 
Two natural water bodies were visited during the habitat assessment: HAB-01 and HAB-02. HAB-01 is a healthy 

aquatic habitat consisting of a large lake with a high potential for aquatic receptors due to its connection to the 

Mackenzie delta and that it is unlikely to fully freeze in the winter months. Duck species and tundra swans 

(Cygnus columbianus) were observed on the lake, though aquatic vegetation was not observed as the water was 

deep and turbid on the day of the survey. HAB-02 was on the lake behind the Camp Farewell dock and was also 

deemed to be an overall healthy, albeit lower quality, aquatic habitat. Minnows were seen from the dock and an 

Arctic tern (Sterna paradisaea) was observed diving for fish. The lake is unlikely to freeze over winter and was 

deemed to be of lower quality habitat due to brown coloured algae in the benthic layer. 

3.5 Species at Risk 
According to the ODI search, the Site falls within the Kendall Island Migratory Bird sanctuary (Energy and Natural 

Resources – Northwest Territories 2021, internet site). 

An online query to the NWT Species and Habitat Viewer database indicated that 14 wildlife ranges overlap with 

the Site (NWT Species and Habitat Viewer 2022, internet site). Table 2 below describes each species and their 

Territorial (Working Group on General Status of NWT Species 2016) and Federal status (COSEWIC 2022, 

internet site; Species at Risk Act Schedule 1, Government of Canada 2022, internet site). Absence of other listed 

species does not indicate that species are not present in this area, but may be an indication that few 

inventories/surveys have been conducted in the area.  

Table 2: Species at Risk with Ranges that Overlap the Site, including Provincial and Federal Status 

Species Scientific Name Territorial Status(a) COSEWIC(b) SARA Status(c) 

Grizzly Bear Ursus arctos Sensitive Special Concern Special Concern 

Polar Bear Ursus maritimus Sensitive Special Concern Special Concern 

Wolverine Gulo gulo Sensitive Special Concern Special Concern 

Bank Swallow Riparia riparia At Risk Threatened Threatened 
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Species Scientific Name Territorial Status(a) COSEWIC(b) SARA Status(c) 

Barn Swallow Hirundo rustica Sensitive Special Concern Threatened 

Harris's Sparrow Zonotrichia querula Sensitive Special Concern Under Consideration 

Horned Grebe Podiceps auritus Sensitive Special Concern Special Concern 

Hudsonian Godwit Limosa haemastica At Risk Threatened Under Consideration 

Lesser Yellowlegs Tringa flavipes Sensitive Threatened Under Consideration 

Peregrine Falcon 
(anatum-tundrius 
complex) 

Falco peregrinus 
anatum/tundrius 

Sensitive Not at Risk Special Concern 

Red-necked 
Phalarope 

Phalaropus lobatus Sensitive Special Concern Special Concern 

Rusty Blackbird Euphagus carolinus Sensitive Special Concern Special Concern 

Short-eared Owl Asio flammeus At Risk Threatened Special Concern 

Dolly Varden (Western 
Arctic population) 

Salvelinus malma 
malma 

Sensitive Special Concern Special Concern 

Suckley’s Cuckoo 
Bumble Bee 

Bombus suckleyi Undetermined Threatened Under Consideration 

Notes: 

(a) Working Group on General Status of NWT Species 2016 
(b) COSEWIC 2022, internet site 
(c) Government of Canada 2022, internet site 

 

4.0 CONCLUSION 
Camp Farewell and its surroundings appear to be providing suitable habitat for vegetation and animals. 

Vegetation in the area had a high cover of Ericaceous species and berry-producing species in addition to a high 

ground cover of terrestrial lichen. Several species of birds were observed on-site despite poor weather conditions, 

along with many signs of other wildlife using the area (e.g., bear tracks/scat, moose tracks and a den, among 

others).   
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CLOSURE 
We trust that this information meets your expectations and projects requirements at this time. Should you require 

any additional information or clarifications, please do not hesitate to contact the undersigned. 

Yours truly, 

WSP Canada Inc. 

Marc La Flèche, MSc., P.Biol. Corey De La Mare, P.Biol. 

Ecologist Fellow, Terrestrial Ecologist 

ML/CD/kdc 

Attachment: References 
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Quality Assurance/Quality Control 
In conjunction with the field investigations completed to date, a quality assurance/quality control (QA/QC) program 

was implemented to ensure the integrity of the soil, groundwater and/or surface water sampling and analytical 

testing results. 

1.0 FIELD PROGRAM  
All sampling activities were completed in accordance with WSP Canada Inc.’s (formerly Golder Associates Ltd. 

[Golder]) Technical Field Procedures by trained Golder personnel. All field activities were documented in field 

notes and results were recorded on standard field forms. All reusable field equipment involved in the sampling 

and monitoring of soil, groundwater and surface water was decontaminated between sampling locations in 

accordance with Golder’s Technical Procedures. Soil samples were collected using appropriate handling 

protocols and were placed in sample containers provided by Bureau Veritas Laboratories (BVL).  

Soil samples are not directly contacted by hand. To help prevent cross-contamination, stainless steel sampling 

instruments and a new pair of clean nitrile gloves are used for the collection of each sample. Soil samples that 

were collected for field methanol preservation were collected using a dedicated, disposable Terra Core™ soil 

sampling device.  

All soil, groundwater and surface water samples are placed in laboratory-supplied containers suitable for the 

analytes, and where applicable, the appropriate laboratory-supplied preservative is added to the samples, as 

outlined in the following table. 

Analyte Laboratory Containers Preservative Field Filtered 

Soil Samples 

BTEX and PHC Fractions F1 
to F4 

1 x 120-mL jars 
2 x 40-mL clear glass vials 

No preservative 
Methanol 

n/a 

PAHs 2 x 125-mL jars No preservative n/a 

Metals and salinity 2 x 250-mL jars or plastic bag No preservative n/a 

VOCs 1 x 120-mL jars 
2 x 40-mL clear glass vials 

No preservative 
Methanol 

n/a 

Groundwater Samples 

BTEX and PHC Fraction F1 2 x 40-mL clear glass vials Sodium bisulphate No 

PHC Fraction F2 2 x 100-mL amber glass Sodium bisulphate No 

Routine potability 
parameters 

500-mL HDPE No preservative No 

250-mL HDPE No preservative No 

125-mL HDPE Nitric acid Yes 

Dissolved metals 125-mL HDPE  Nitric acid Yes 

PAHs 2 x 100-mL amber glass Sodium bisulphate No 

Surface Water Samples 

BTEX and PHC Fraction F1 2 x 40-mL clear glass vials Sodium bisulphate No 

PHC Fraction F2 2 x 100-mL amber glass Sodium bisulphate No 
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Analyte Laboratory Containers Preservative Field Filtered 

Routine potability 
parameters 

500-mL HDPE No preservative No 

250-mL HDPE No preservative No 

125-mL HDPE Nitric acid Yes 

Total metals 125-mL HDPE  No preservative Yes 

PAHs 2 x 100-mL amber glass Sodium bisulphate No 

Notes: 
BTEX – benzene, toluene, ethylbenzene, xylenes; HDPE – high density polyethylene; mL – millilitre; L – litre; n/a – not applicable;  
PAH – polycyclic aromatic hydrocarbon; PHC – petroleum hydrocarbon; VOC – volatile organic compound 

 

Soil, groundwater and surface water samples were given unique identification numbers and the soil and 

groundwater sampling containers were preserved in ice-filled coolers to maintain temperatures below 10°C. 

Samples were logged onto formal chain-of-custody documents and transported to BVL for chemical analysis. BVL 

is accredited by the Standards Council of Canada. 

Blind field duplicate soil samples are submitted for analysis. Submission of blind field duplicate QC samples was 

at an approximate rate of 10% of total samples. 

2.0 LABORATORY PROGRAM  
The laboratory QA/QC program included adherence to laboratory sampling and analysis protocols (e.g., hold 

times, sample containers, preservatives, detection limits and approved methodology) and the analysis of 

laboratory method blanks, laboratory control sample (blank spike), laboratory sample duplicates, surrogate 

recovery and matrix spikes.  

Laboratory method blank samples are free of the target analytes and are analyzed through the same analytical 

method than the test samples. Method blank results are used to detect interferences or impurities introduced by 

the laboratory equipment, reagents, or solvents.  

Laboratory control samples are fortified with a known concentration of the select target analytes and then 

analyzed through the same analytical method than the test samples. Laboratory control samples are used to 

monitor the analyte recovery and validate the calibration of the instrumentation.  

For laboratory duplicate samples, a second aliquot from a randomly selected sample within an analytical batch is 

processed through the same analytical method. Laboratory duplicate sample results are used to evaluate the 

reproducibility of the analytical method.  

Surrogate recovery is analyzed for organics parameters by spiking samples with known quantities of surrogate 

chemicals which have similar chemical properties to the parameters being analyzed. The reported recovery 

provides an indication of the analytical method accuracy for that sample.  

Matrix spikes were conducted by adding known concentrations of the analyte of interest to a sample to evaluate 

the effects of the sample matrix on the analytical method. 

3.0 DATA RECEPTION  
Once laboratory analytical results were received, Golder completed a review of field and laboratory quality. This 

included review of laboratory QC performance to confirm results are within acceptance criteria, as well as 

evaluation of field duplicate and blank results to confirm they were within alert limits. Upon receipt of the analytical 
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results, relative percent difference (RPD) values between the original samples and their blind field duplicates were 

calculated as follows: 

RPD%
|S D|

1
2 S D

100 

Where: RPD = relative percent difference 
 S = sample value 

 D = blind field duplicate or replicate value. 

Since analytical error increases near the reportable detection limit (RDL), an RPD was only calculated where the 

concentrations of both the original and blind field duplicate samples were greater than five times the RDL. The 

calculated RPDs were then compared to parameter specific alert limits.  

Exceedances of the QC acceptance or alert criteria were investigated with the laboratory and, if warranted, a 

corrective action report was requested from the laboratory. 

4.0 DATA QUALITY REVIEW RESULTS  
Results of the data quality review are summarized in Table H1. The RPD calculations and QC results are 

presented in Tables H2 to H5.  

Eleven field duplicate soil samples were collected and submitted to the laboratory as part of the soil investigation.  

Based on the data quality review, 57 data quality issues have been identified. No data quality issues resulted in 

the associated data being considered suspect.  

All the data quality issues are discussed in detail in Table H1. 

5.0 SUMMARY OF RESULTS 
Based on the review of the laboratory and field QA/QC results, the data presented in this report are considered to 

be reliable. 
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Summary of Quality Control Sample Results
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BVL Job 

Number
Matrix

BVL Sample ID 

Affected 
Test Affected Data Quality Issue Comments

AZF954 m & p-Xylene Qualifying ion (m & p-Xylene) is 

outside of the acceptance criteria. 

Results are tentatively identified and 

potentially biased high.

This data quality issue may represent a potential high bias for this parameter in this 

sample. There is no applicable guideline for m & p-Xylene however total xylenes is 

the sum of m & p-Xylene and o-Xylene. The total xylenes result is below the 

regulatory guidelines, therefore indicating that there will not be a material effect on 

the interpretation of the results of this parameter. Under these circumstances, the 

data reported can be considered reliable.

AZF955, AZF956 Acridine Qualifying ion (acridine) is outside of 

the acceptance criteria. Results are 

tentatively identified and potentially 

biased high. 

This deviation may represent a potential high bias for this parameter in this 

sample. There is no applicable guideline for acridine therefore indicating that there 

will not be a material effect on the interpretation of the results of this parameter. 

Under these circumstances, the acridine data reported can be considered reliable.

AZF958 PAH Surrogate recovery for Terphenyl-D14 

(134%) exceeded the acceptance 

criteria (50-130%) for batch A673482.

This surrogate is similar to the target PAH analytes of benzo(a)anthracene, 

benzo(b&j)fluoranthene, benzo(k)fluoranthene, benzo(e)pyrene, 

benzo(c)phenanthrene and chrysene in chemical composition and behaviour in the 

analytical process, but is not normally found in environmental samples. This data 

quality issue may represent a potential high bias for these PAH parameters in 

these samples.

There are no applicable guidelines for benzo(b&j)fluoranthene, benzo(e)pyrene or 

benzo(c)phenanthrene indicating that there will not be a material effect on the 

interpretation of the results of these three parameters.

All results for benzo(a)anthracene, benzo(k)fluoranthene and chrysene were below 

the RDLs and regulatory guidelines for these parameters, indicating that there will 

not be a material effect on the interpretation of the results of these 

parameter. Under these circumstances, the data reported can be considered 

reliable.

AZF959 PAH Surrogate recovery for Terphenyl-D14 

(136%) exceeded the acceptance 

criteria (50-130%) for batch A674718.

This surrogate is similar to the target PAH analytes of benzo(a)anthracene, 

benzo(b&j)fluoranthene, benzo(k)fluoranthene, benzo(e)pyrene, 

benzo(c)phenanthrene and chrysene in chemical composition and behaviour in the 

analytical process, but is not normally found in environmental samples. This data 

quality issue may represent a potential high bias for these PAH parameters in 

these samples.

There are no applicable guidelines for benzo(b&j)fluoranthene, benzo(e)pyrene, or 

benzo(c)phenanthrene indicating that there will not be a material effect on the 

interpretation of the results of these three parameters.

All results for benzo(a)anthracene, benzo(k)fluoranthene and chrysene were below 

the RDLs and/or the regulatory guidelines for these parameters, indicating that 

there will not be a material effect on the interpretation of the results of these 

parameter. Under these circumstances, the data reported can be considered 

reliable.

AZF954, AZF955, 

AZF956, AZF957 

and AZF958

PAH Matrix spike recovery for Terphenyl-

D14 (134%) exceeded the acceptance 

criteria (50-130%) for batch A673482.

This surrogate is similar to the target PAH analytes of benzo(a)anthracene, 

benzo(b&j)fluoranthene, benzo(k)fluoranthene, benzo(e)pyrene, 

benzo(c)phenanthrene and chrysene in chemical composition and behaviour in the 

analytical process, but is not normally found in environmental samples. This data 

quality issue may represent a potential high bias for these PAH parameters in 

these samples.

There are no applicable guidelines for benzo(b&j)fluoranthene, benzo(e)pyrene, or 

benzo(c)phenanthrene indicating that there will not be a material effect on the 

interpretation of the results of these three parameters.

All results for benzo(a)anthracene, benzo(k)fluoranthene and chrysene were below 

the RDLs and regulatory guidelines for these parameters, indicating that there will 

not be a material effect on the interpretation of the results of these 

parameter. Under these circumstances, the data reported can be considered 

reliable.

AZF954, AZF955, 

AZF956, AZF957, 

AZF958, AZF960 

and AZF961

F2 Matrix spike recovery for F2 (141%) 

exceeded the acceptance criteria of 

(60-140%) for batch A676506.

This data quality issue may represent a potential high bias for these samples. The 

F2 concentrations in these samples were below the regulatory guideline, indicating 

that there will not be a material effect on the interpretation of the results of this 

parameter. Under these circumstances, the F2 data reported can be considered 

reliable.

Notes:

BTEX - benzene, toluene, ethylbenzene, xylenes

BVL - Bureau Veritas Laboratories

F1, F2, F3, F4 - petroleum hydrocarbon fractions 1, 2, 3, and 4

n/a - not applicable

PAH - polycyclic aromatic hydrocarbon

PHC - petroleum hydrocarbon

RDL - reportable detection limit

RPD - relative percent difference

SAR - sodium adsorption ratio

C259075 Soil
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BVL Job 

Number
Matrix

BVL Sample ID 

Affected 
Test Affected Data Quality Issue Comments

C259075 Soil AZF959 F2 Matrix spike recovery for F2 (141%) 

exceeded the acceptance criteria of 

(60-140%) for batch A676506.

This data quality issue may represent a potential high bias for this sample. The F2 

concentration in this sample was just above the regulatory guideline; however, a 

chromatogram analysis reported that the F2 concentration was likely biogenic in 

origin, therefore indicating that there will not be a material effect on the 

interpretation of the results of this parameter. Under these circumstances, the F2 

data reported can be considered reliable.

AZF954, AZF955, 

AZF956 and 

AZF957

Chromium Matrix spike recovery for Chromium 

(128%) exceeded the acceptance 

criteria of (75-125%) for batch 

A676884.

This data quality issue may represent a potential high bias for this parameter in 

these samples. Chromium concentrations in these samples were below the 

regulatory guideline, indicating that there will not be a material effect on the 

interpretation of the results of this parameter. Under these circumstances, the 

chromium data reported can be considered reliable.

C259077 Soil AZF970 F2 Matrix spike recovery for F2 (141%) 

exceeded the acceptance criteria of 

(60-140%) due to matrix interference.

This data quality issue may represent a potential high bias for this sample. The F2 

concentration in the sample was below the regulatory guideline, indicating that 

there will not be a material effect on the interpretation of the results of this 

parameter. Under these circumstances, the F2 data reported can be considered 

reliable.

AZM154 o-Xylene Qualifying ion (o-Xylene) is outside of 

the acceptance criteria. Results are 

tentatively identified and potentially 

biased high.

This data quality issue may represent a potential high bias for this parameter in this 

sample. There is no applicable guideline for o-Xylene however total xylenes is the 

sum of m & p-Xylene and o-Xylene. The total xylenes result is below the regulatory 

guidelines, therefore indicating that there will not be a material effect on the 

interpretation of the results of this parameter. Under these circumstances, the data 

reported can be considered reliable.

AZM156 PHC Surrogate recovery for o-terphenyl 

(141%) exceeded the acceptance 

criteria (60-140%) for batch A681385.

This surrogate is similar to the target analytes of PHC Fractions F2 to F4 in 

chemical composition and behaviour in the analytical process, but is not normally 

found in environmental samples. This data quality issue may represent a potential 

high bias for the PHC Fractions F2 to F4 in this sample. However, the results were 

below the RDL, indicating that there will not be a material effect on the 

interpretation of the results of this parameter. Under these circumstances, the data 

reported can be considered reliable.

AZM157 Vanadium Matrix spike recovery for vanadium 

(131%) exceeded the acceptance 

criteria of (75-125%) for batch 

A683223.

This data quality issue may represent a potential high bias for this parameter in this 

sample. The vanadium concentration in the sample was below the regulatory 

guideline, indicating that there will not be a material effect on the interpretation of 

the results of this parameter. Under these circumstances, the vanadium data 

reported can be considered reliable.

AZM164 PHC Surrogate recovery for D10-o-Xylene 

(155%) exceeded the acceptance 

criteria (50-140%) for batch A680671.

The d10-o-xylene surrogate is similar to the target analytes of xylenes in chemical 

composition and behaviour in the analytical process, but is not normally found in 

environmental samples. This data quality issue may represent a potential high bias 

for xylenes in this sample.

However, the results were below the RDL, indicating that there will not be a 

material effect on the interpretation of the results of this parameter. Under these 

circumstances, the data reported can be considered reliable.

AZM161 Vanadium Matrix spike recovery for vanadium 

(151%) exceeded the acceptance 

criteria of (75-125%) for batch 

A682439.

This data quality issue may represent a potential high bias for this parameter in this 

sample. The vanadium concentration in the sample was below the regulatory 

guideline, indicating that there will not be a material effect on the interpretation of 

the results of this parameter. Under these circumstances, the vanadium data 

reported can be considered reliable.

AZM158, AZM159 

and AZM160

Vanadium Matrix spike recovery for vanadium 

(131%) exceeded the acceptance 

criteria of (75-125%) for batch 

A683223.

This data quality issue may represent a potential high bias for this parameter in this 

sample. Vanadium concentrations in the samples were below the regulatory 

guideline, indicating that there will not be a material effect on the interpretation of 

the results of this parameter. Under these circumstances, the vanadium data 

reported can be considered reliable.

Notes:

BTEX - benzene, toluene, ethylbenzene, xylenes

BVL - Bureau Veritas Laboratories

F1, F2, F3, F4 - petroleum hydrocarbon fractions 1, 2, 3, and 4

n/a - not applicable

PAH - polycyclic aromatic hydrocarbon

PHC - petroleum hydrocarbon

RDL - reportable detection limit

RPD - relative percent difference

SAR - sodium adsorption ratio

Soil

SoilC260012

C260013 Soil

C259075
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C259075 Soil AZM180 Vanadium Matrix spike recovery for vanadium 

(136%) exceeded the acceptance 

criteria of (75-125%) due to matrix 

interference.

This data quality issue may represent a potential high bias for this parameter in this 

sample. The vanadium concentration in the sample was below the regulatory 

guideline, indicating that there will not be a material effect on the interpretation of 

the results of this parameter. Under these circumstances, the vanadium data 

reported can be considered reliable.

AZM179 Vanadium Matrix spike recovery for vanadium 

(151%) exceeded the acceptance 

criteria of (75-125%) for batch 

A682439.

This data quality issue may represent a potential high bias for this parameter in this 

sample. The vanadium concentration in the sample was below the regulatory 

guideline, indicating that there will not be a material effect on the interpretation of 

the results of this parameter. Under these circumstances, the vanadium data 

reported can be considered reliable.

AZM182 Vanadium Matrix spike recovery for vanadium 

(140%) exceeded the acceptance 

criteria of (75-125%) for batch 

A682611.

This data quality issue may represent a potential high bias for this parameter in this 

sample. The vanadium concentration in the sample was below the regulatory 

guideline, indicating that there will not be a material effect on the interpretation of 

the results of this parameter. Under these circumstances, the vanadium data 

reported can be considered reliable.

AZM183 Naphthalene Qualifying ion (Naphthalene) is 

outside of the acceptance criteria. 

Results are tentatively identified and 

potentially biased high.

This data quality issue may represent a potential high bias for this parameter in this 

sample. The naphthalene concentration in the sample was below the regulatory 

guideline, indicating that there will not be a material effect on the interpretation of 

the results of this parameter. Under these circumstances, the Naphthalene data 

reported can be considered reliable.

C260023 Soil AZM222, AZM226 

and AZM227

Vanadium Matrix spike recovery for vanadium 

(131%) exceeded the acceptance 

criteria of (75-125%) for batch 

A683223.

This data quality issue may represent a potential high bias for this parameter in this 

sample. Vanadium concentrations in the samples were below the regulatory 

guideline, indicating that there will not be a material effect on the interpretation of 

the results of this parameter. Under these circumstances, the vanadium data 

reported can be considered reliable.

C260026 Soil n/a n/a No data quality issues were identified. The data are considered reliable.

AZM251 o-Xylene Qualifying ion (o-Xylene) is outside of 

the acceptance criteria. Results are 

tentatively identified and potentially 

biased high.

This data quality issue may represent a potential high bias for this parameter in this 

sample. There is no applicable guideline for o-Xylene however total xylenes is the 

sum of m & p-Xylene and o-Xylene. The total xylenes result is below the regulatory 

guidelines, therefore indicating that there will not be a material effect on the 

interpretation of the results of this parameter. Under these circumstances, the data 

reported can be considered reliable.

AZM252 Vanadium Matrix spike recovery for vanadium 

(140%) exceeded the acceptance 

criteria of (75-125%) for batch 

A682611.

This data quality issue may represent a potential high bias for this parameter in this 

sample. The vanadium concentration in the sample was below the regulatory 

guideline, indicating that there will not be a material effect on the interpretation of 

the results of this parameter. Under these circumstances, the vanadium data 

reported can be considered reliable.

AZM253, AZM254 

and AZM255

Vanadium Matrix spike recovery for vanadium 

(131%) exceeded the acceptance 

criteria of (75-125%) for batch 

A683223.

This data quality issue may represent a potential high bias for this parameter in this 

sample. Vanadium concentrations in the samples were below the regulatory 

guideline, indicating that there will not be a material effect on the interpretation of 

the results of this parameter. Under these circumstances, the vanadium data 

reported can be considered reliable.

C260029 Soil n/a n/a No data quality issues were identified. The data are considered reliable.

Notes:

BTEX - benzene, toluene, ethylbenzene, xylenes

BVL - Bureau Veritas Laboratories

F1, F2, F3, F4 - petroleum hydrocarbon fractions 1, 2, 3, and 4

n/a - not applicable

PAH - polycyclic aromatic hydrocarbon

PHC - petroleum hydrocarbon

RDL - reportable detection limit

RPD - relative percent difference

SAR - sodium adsorption ratio

C260016 Soil

C260028 Soil
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BVL Job 

Number
Matrix

BVL Sample ID 

Affected 
Test Affected Data Quality Issue Comments

C259075 Soil AZM277, AZM278, 

AZM279,  

AZM280, AZM282, 

AZM283 and 

AZM285

Vanadium Matrix spike recovery for vanadium 

(140%) exceeded the acceptance 

criteria of (75-125%) for batch 

A682611.

This data quality issue may represent a potential high bias for this parameter in this 

sample. Vanadium concentrations in the samples were below the regulatory 

guideline, indicating that there will not be a material effect on the interpretation of 

the results of this parameter. Under these circumstances, the vanadium data 

reported can be considered reliable.

AZM281 and 

AZM284

Vanadium Matrix spike recovery for vanadium 

(131%) exceeded the acceptance 

criteria of (75-125%) for batch 

A683223.

This data quality issue may represent a potential high bias for this parameter in this 

sample. Vanadium concentrations in the samples were below the regulatory 

guideline, indicating that there will not be a material effect on the interpretation of 

the results of this parameter. Under these circumstances, the vanadium data 

reported can be considered reliable.

AZM278 and 

AZM277

Barium and Chromium Field duplicate samples BH22-20-04 

and DUP E exceed the alert limits for 

barium (88%) and chromium (83%).

This data quality issue may potentially result in significantly different results for this 

parameter being reported at the same soil sample location, increasing the 

uncertainty associated with these results. 

A quality check of the data yielded similar results. The barium and chromium 

concentrations in both the sample and the field duplicate were below the regulatory 

guideline, indicating that there will not be a material effect on the interpretation of 

the results of this parameter. Under these circumstances, the barium and 

chromium data reported can be considered reliable.

AZY122 Vanadium Matrix spike recovery for vanadium 

(155%) exceeded the acceptance 

criteria of (75-125%) due to matrix 

interference.

This data quality issue may represent a potential high bias for this parameter in this 

sample. The vanadium concentration in the sample was below the regulatory 

guideline, indicating that there will not be a material effect on the interpretation of 

the results of this parameter. Under these circumstances, the vanadium data 

reported can be considered reliable.

AZY121 PAH Surrogate recovery for terphenyl-d14 

(137%) exceeded the acceptance 

criteria (50-130%) for batch A692779.

This surrogate is similar to the target PAH analytes of benzo(a)anthracene, 

benzo(b&j)fluoranthene, benzo(k)fluoranthene, benzo(e)pyrene, 

benzo(c)phenanthrene and chrysene in chemical composition and behaviour in the 

analytical process, but is not normally found in environmental samples. This data 

quality issue may represent a potential high bias for these PAH parameters in 

these samples.

There are no applicable guidelines for benzo(b&j)fluoranthene, benzo(e)pyrene, or 

benzo(c)phenanthrene indicating that there will not be a material effect on the 

interpretation of the results of these three parameters.

All results for benzo(a)anthracene, benzo(k)fluoranthene and chrysene were below 

the RDLs and regulatory guidelines for these parameters, indicating that there will 

not be a material effect on the interpretation of the results of these 

parameter. Under these circumstances, the data reported can be considered 

reliable.

AZY121, AZY122, 

AZY123 and 

AZY124

PAH Method blank recovery for terphenyl-

d14 (138%) exceeded the acceptance 

criteria (50-130%) for batch A692779.

This surrogate is similar to the target PAH analytes of benzo(a)anthracene, 

benzo(b&j)fluoranthene, benzo(k)fluoranthene, benzo(e)pyrene, 

benzo(c)phenanthrene and chrysene in chemical composition and behaviour in the 

analytical process, but is not normally found in environmental samples. This data 

quality issue may represent a potential high bias for these PAH parameters in 

these samples.

There are no applicable guidelines for benzo(b&j)fluoranthene, benzo(e)pyrene, or 

benzo(c)phenanthrene indicating that there will not be a material effect on the 

interpretation of the results of these three parameters.

All results for benzo(a)anthracene, benzo(k)fluoranthene and chrysene were below 

the RDLs and/or regulatory guidelines for these parameters, indicating that there 

will not be a material effect on the interpretation of the results of these 

parameter. Under these circumstances, the data reported can be considered 

reliable.

Notes:

BTEX - benzene, toluene, ethylbenzene, xylenes

BVL - Bureau Veritas Laboratories

F1, F2, F3, F4 - petroleum hydrocarbon fractions 1, 2, 3, and 4

n/a - not applicable

PAH - polycyclic aromatic hydrocarbon

PHC - petroleum hydrocarbon

RDL - reportable detection limit

RPD - relative percent difference

SAR - sodium adsorption ratio

C260031 Soil

SoilC262019
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C259075 Soil AZY128, AZY129, 

AZY130, AZY131, 

AZY132 and 

AZY133

1-Methylnaphthalene 

and 2-

Methylnaphthalene

Laboratory duplicate RPD for 1-

Methylnaphthalene (54%) and 2-

Methylnaphthalene (61%) exceed the 

acceptance criteria (50%) for batch 

A686416.

This may increase the uncertainty associated with these results. There is no 

applicable guideline for 1-Methylnaphthalene and 2-Methylnaphthalene therefore 

indicating that there will not be a material effect on the interpretation of the results 

of this parameter. Under these circumstances, the 1-Methylnaphthalene and 2-

Methylnaphthalene data reported can be considered reliable.

AZY128, AZY129, 

AZY131, AZY132 

and AZY133

Naphthalene Laboratory duplicate RPD for 

naphthalene (51%) exceed the 

acceptance criteria (50%) for batch 

A686416.

This may increase the uncertainty associated with these results. The naphthalene 

concentrations were below the regulatory guideline in these samples, indicating 

that the data quality issue will not have a material effect on the interpretation of the 

results for this parameter. Under these circumstances, the naphthalene data 

reported can be considered reliable.

AZY130 Naphthalene Laboratory duplicate RPD for 

naphthalene (51%) exceed the 

acceptance criteria (50%) for batch 

A686416.

This may increase the uncertainty associated with these results. The naphthalene 

concentration was >5 times the RDL. Under these circumstances, the data can be 

considered reliable.

AZY128, AZY129, 

AZY130, AZY131, 

AZY132, AZY133, 

AZY134, AZY135, 

AZY136 and 

AZY137

F3 Laboratory duplicate RPD for F3 

(42%) exceed the acceptance criteria 

(40%) for batch A687951.

This may increase the uncertainty associated with these results. The F3 

concentrations were below the regulatory guidelines in these samples, indicating 

that the data quality issue will not have a material effect on the interpretation of the 

results for this parameter. Under these circumstances, the F3 data reported can be 

considered reliable.

1-Methylnaphthalene 

and 2-

Methylnaphthalene

Field duplicate samples MW22-22-03 

and DUP K exceed the alert limits 

(100%) for 1-Methylnaphthalene 

(120%) and 2-Methylnaphthalene 

(119%).

This data quality issue may potentially result in significantly different results for this 

parameter being reported at the same soil sample location, increasing the 

uncertainty associated with these results. 

There are no guidelines for 1-methylnaphthalene and 2-methylnaphthalene, 

indicating that there will not be a material effect on the interpretation of the results 

of this parameter. Under these circumstances, the 1-methylnaphthalene and 2-

methylnaphthalene data reported can be considered reliable.

Naphthalene Field duplicate samples MW22-23-02 

and DUP K exceed the alert limit 

(100%) for naphthalene (111%).

This data quality issue may potentially result in significantly different results for this 

parameter being reported at the same soil sample location, increasing the 

uncertainty associated with these results. 

The naphthalene concentration observed in the parent sample exceeded the 

regulatory guideline, while the field duplicate result met the guideline. However, the 

naphthalene concentrations in both the parent and field duplicate samples were >5 

times the RDL. Under these circumstances, the naphthalene data can be 

considered reliable. As a conservative measure, it has been interpreted that 

naphthalene for this sample exceeds the regulatory guideline.

AZY128, AZY129, 

AZY130, AZY132, 

AZY133 and 

AZY137

Vanadium Matrix spike recovery for vanadium 

(129%) exceeded the acceptance 

criteria of (75-125%) for batch 

A696156.

This data quality issue may represent a potential high bias for this parameter in 

these samples. The vanadium concentrations in the samples were below the 

regulatory guideline, indicating that there will not be a material effect on the 

interpretation of the results of this parameter. Under these circumstances, the 

vanadium data reported can be considered reliable.

Notes:

BTEX - benzene, toluene, ethylbenzene, xylenes

BVL - Bureau Veritas Laboratories

F1, F2, F3, F4 - petroleum hydrocarbon fractions 1, 2, 3, and 4

n/a - not applicable

PAH - polycyclic aromatic hydrocarbon

PHC - petroleum hydrocarbon

RDL - reportable detection limit

RPD - relative percent difference

SAR - sodium adsorption ratio

AZY130 and 

AZY131

C262020 Soil
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Table H1

Summary of Quality Control Sample Results

Camp Farewell, Inuvialuit Settlement Region, Northwest Territories

Shell Canada Limited

 22525414-1200February 2023

BVL Job 

Number
Matrix

BVL Sample ID 

Affected 
Test Affected Data Quality Issue Comments

C259075 Soil AZY173 F3 Laboratory duplicate RPD for F3 

(42%) exceeded the acceptance 

criteria of (40%) due to sample non 

homogeneity.

This may increase the uncertainty associated with these results. The F3 

concentration in this sample was just above the regulatory guideline, however a 

chromatogram analysis reported that the F3 concentration was likely biogenic in 

origin, therefore indicating that there will not be a material effect on the 

interpretation of the results of this parameter. Under these circumstances, the F2 

data reported can be considered reliable.

F2 and F3 Field duplicate samples BH22-49-01 

and DUP M exceed the alert limits for 

F2 (132%) and F3 (103%).

This data quality issue may potentially result in significantly different results for this 

parameter being reported at the same soil sample location, increasing the 

uncertainty associated with these results. 

A quality check of the data yielded similar results. The F2 and F3 concentrations in 

both the sample and the field duplicate were above the regulatory guideline, 

indicating that there will not be a material effect on the interpretation of the results 

of this parameter. Under these circumstances, the F2 and F3 data reported can be 

considered reliable.

F4 Field duplicate samples BH22-49-01 

and DUP M exceed the alert limit for 

F4 (84%).

This data quality issue may potentially result in significantly different results for this 

parameter being reported at the same soil sample location, increasing the 

uncertainty associated with these results. 

A quality check of the data yielded similar results. The F4 concentrations in both 

the sample and the field duplicate were below the regulatory guideline, indicating 

that there will not be a material effect on the interpretation of the results of this 

parameter. Under these circumstances, the F4 data reported can be considered 

reliable.

AZY350 Dibenzo(a,h)anthracene Qualifying ion 

(Dibenzo(a,h)anthracene) is outside of 

the acceptance criteria. Results are 

tentatively identified and potentially 

biased high.

This deviation may represent a potential high bias for this parameter in this 

sample. The dibenzo(a,h)anthracene concentration in the sample was below the 

regulatory guideline, indicating that there will not be a material effect on the 

interpretation of the results of this parameter. Under these circumstances, the 

dibenzo(a,h)anthracene data reported can be considered reliable.

AZY350 and 

AZY351

Soluble Calcium Laboratory duplicate RPD for soluble 

calcium (66%) exceed the acceptance 

criteria (30%) for batch A692713.

This may increase the uncertainty associated with these results. There is no 

applicable guideline for soluble calcium, however this parameters is used in the 

calculation of SAR which does have a regulatory guideline. 

The SAR results for both of these samples was below the regulatory guideline 

value, therefore indicating that there will not be a material effect on the 

interpretation of the results of this parameter. Under these circumstances, the 

soluble calcium data reported can be considered reliable.

C262125 Surface Water n/a n/a No data quality issues were identified. The data are considered reliable.

BAK847 and 

BAK848

Nitrate plus Nitrite Matrix spike recovery for nitrate plus 

nitrite (123%) exceeded the 

acceptance criteria (80-120%) for 

batch A696225.

This data quality issue may represent a potential high bias for this parameter in 

these samples. There is no applicable guideline for nitrate plus nitrite, therefore 

indicating that there will not be a material effect on the interpretation of the results 

of this parameter. Under these circumstances, the nitrate plus nitrite data reported 

can be considered reliable.

BAK847 and 

BAK848

Nitrite (as nitrogen) and 

Nitrite plus Nitrate (as 

nitrogen) 

Sample was analyzed past method 

specified hold time for nitrite (as 

nitrogen) and nitrite  plus nitrate (as 

nitrogen) 

This may increase the uncertainty of test results but does not necessarily imply that 

results are compromised. The data are considered reliable.

Notes:

BTEX - benzene, toluene, ethylbenzene, xylenes

BVL - Bureau Veritas Laboratories

F1, F2, F3, F4 - petroleum hydrocarbon fractions 1, 2, 3, and 4

n/a - not applicable

PAH - polycyclic aromatic hydrocarbon

PHC - petroleum hydrocarbon

RDL - reportable detection limit

RPD - relative percent difference

SAR - sodium adsorption ratio

Soil

AZY176 and 

AZY177

C262029

C262079 Soil

C264060 Groundwater
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Table H1

Summary of Quality Control Sample Results

Camp Farewell, Inuvialuit Settlement Region, Northwest Territories

Shell Canada Limited

 22525414-1200February 2023

BVL Job 

Number
Matrix

BVL Sample ID 

Affected 
Test Affected Data Quality Issue Comments

C259075 Soil Surrogate recovery for terphenyl-d14 

(154%,151% and 156%) exceeded the 

acceptance criteria (50-130%) for 

batch A695930, which included a 

laboratory duplicate.

This surrogate is similar to the target PAH analytes of benzo(a)anthracene, 

benzo(b&j)fluoranthene, benzo(k)fluoranthene, benzo(e)pyrene, 

benzo(c)phenanthrene and chrysene in chemical composition and behaviour in the 

analytical process, but is not normally found in environmental samples. This data 

quality issue may represent a potential high bias for these PAH parameters in 

these samples.

There are no applicable guidelines for benzo(e)pyrene or benzo(c)phenanthrene 

indicating that there will not be a material effect on the interpretation of the results 

of these three parameters.

All results for benzo(a)anthracene, benzo(b&j)fluoranthene, benzo(k)fluoranthene 

and chrysene were below the RDLs and regulatory guidelines for these 

parameters, indicating that there will not be a material effect on the interpretation of 

the results of these parameter. Under these circumstances, the data reported can 

be considered reliable.

Spiked blank recovery for terphenyl-

d14 (144%) exceeded the acceptance 

criteria (50-130%) for batch A695930.

This surrogate is similar to the target PAH analytes of benzo(a)anthracene, 

benzo(b&j)fluoranthene, benzo(k)fluoranthene, benzo(e)pyrene, 

benzo(c)phenanthrene and chrysene in chemical composition and behaviour in the 

analytical process, but is not normally found in environmental samples. This data 

quality issue may represent a potential high bias for these PAH parameters in 

these samples.

There are no applicable guidelines for benzo(e)pyrene or benzo(c)phenanthrene 

indicating that there will not be a material effect on the interpretation of the results 

of these three parameters.

All results for benzo(a)anthracene, benzo(b&j)fluoranthene, benzo(k)fluoranthene 

and chrysene were below the RDLs and regulatory guidelines for these 

parameters, indicating that there will not be a material effect on the interpretation of 

the results of these parameter. Under these circumstances, the data reported can 

be considered reliable.

Method blank recovery for terphenyl-

d14 (154%) exceeded the acceptance 

criteria (50-130%) for batch A695930.

This surrogate is similar to the target PAH analytes of benzo(a)anthracene, 

benzo(b&j)fluoranthene, benzo(k)fluoranthene, benzo(e)pyrene, 

benzo(c)phenanthrene and chrysene in chemical composition and behaviour in the 

analytical process, but is not normally found in environmental samples. This data 

quality issue may represent a potential high bias for these PAH parameters in 

these samples.

There are no applicable guidelines for benzo(e)pyrene or benzo(c)phenanthrene 

indicating that there will not be a material effect on the interpretation of the results 

of these three parameters.

All results for benzo(a)anthracene, benzo(b&j)fluoranthene, benzo(k)fluoranthene 

and chrysene were below the RDLs and regulatory guidelines for these 

parameters, indicating that there will not be a material effect on the interpretation of 

the results of these parameter. Under these circumstances, the data reported can 

be considered reliable.

Notes:

BTEX - benzene, toluene, ethylbenzene, xylenes

BVL - Bureau Veritas Laboratories

F1, F2, F3, F4 - petroleum hydrocarbon fractions 1, 2, 3, and 4

n/a - not applicable

PAH - polycyclic aromatic hydrocarbon

PHC - petroleum hydrocarbon

RDL - reportable detection limit

RPD - relative percent difference

SAR - sodium adsorption ratio

PAHBAK847 and 

BAK848

GroundwaterC264060
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Table H1

Summary of Quality Control Sample Results

Camp Farewell, Inuvialuit Settlement Region, Northwest Territories

Shell Canada Limited

 22525414-1200February 2023

BVL Job 

Number
Matrix

BVL Sample ID 

Affected 
Test Affected Data Quality Issue Comments

C259075 Soil Surrogate recovery for terphenyl-d14 

(153%) exceeded the acceptance 

criteria (50-130%) for batch A695930.

This surrogate is similar to the target PAH analytes of benzo(a)anthracene, 

benzo(b&j)fluoranthene, benzo(k)fluoranthene, benzo(e)pyrene, 

benzo(c)phenanthrene and chrysene in chemical composition and behaviour in the 

analytical process, but is not normally found in environmental samples. This data 

quality issue may represent a potential high bias for these PAH parameters in 

these samples.

There are no applicable guidelines for benzo(e)pyrene or benzo(c)phenanthrene 

indicating that there will not be a material effect on the interpretation of the results 

of these three parameters.

All results for benzo(a)anthracene, benzo(b&j)fluoranthene, benzo(k)fluoranthene 

and chrysene were below the RDLs and regulatory guidelines for these 

parameters, indicating that there will not be a material effect on the interpretation of 

the results of these parameter. Under these circumstances, the data reported can 

be considered reliable.

Spiked blank recovery for terphenyl-

d14 (144%) exceeded the acceptance 

criteria (50-130%) for batch A695930.

This surrogate is similar to the target PAH analytes of benzo(a)anthracene, 

benzo(b&j)fluoranthene, benzo(k)fluoranthene, benzo(e)pyrene, 

benzo(c)phenanthrene and chrysene in chemical composition and behaviour in the 

analytical process, but is not normally found in environmental samples. This data 

quality issue may represent a potential high bias for these PAH parameters in 

these samples.

There are no applicable guidelines for benzo(e)pyrene or benzo(c)phenanthrene 

indicating that there will not be a material effect on the interpretation of the results 

of these three parameters.

All results for benzo(a)anthracene, benzo(b&j)fluoranthene, benzo(k)fluoranthene 

and chrysene were below the RDLs and regulatory guidelines for these 

parameters, indicating that there will not be a material effect on the interpretation of 

the results of these parameter. Under these circumstances, the data reported can 

be considered reliable.

Method blank recovery for terphenyl-

d14 (154%) exceeded the acceptance 

criteria (50-130%) for batch A695930.

This surrogate is similar to the target PAH analytes of benzo(a)anthracene, 

benzo(b&j)fluoranthene, benzo(k)fluoranthene, benzo(e)pyrene, 

benzo(c)phenanthrene and chrysene in chemical composition and behaviour in the 

analytical process, but is not normally found in environmental samples. This data 

quality issue may represent a potential high bias for these PAH parameters in 

these samples.

There are no applicable guidelines for benzo(e)pyrene or benzo(c)phenanthrene 

indicating that there will not be a material effect on the interpretation of the results 

of these three parameters.

All results for benzo(a)anthracene, benzo(b&j)fluoranthene, benzo(k)fluoranthene 

and chrysene were below the RDLs and regulatory guidelines for these 

parameters, indicating that there will not be a material effect on the interpretation of 

the results of these parameter. Under these circumstances, the data reported can 

be considered reliable.

C264062 Soil BAK857, BAK858, 

BAK859 and 

BAK860

Acridine Matrix spike recovery for acridine 

(37%) below the acceptance criteria of 

(50-130%) for batch A697044.

This data quality issue may represent a potential low bias for this parameter in this 

sample. There is no applicable guideline for acridine therefore indicating that there 

will not be a material effect on the interpretation of the results of this parameter.  

Under these circumstances, the acridine data reported can be considered reliable.

Notes:

BTEX - benzene, toluene, ethylbenzene, xylenes

BVL - Bureau Veritas Laboratories

F1, F2, F3, F4 - petroleum hydrocarbon fractions 1, 2, 3, and 4

n/a - not applicable

PAH - polycyclic aromatic hydrocarbon

PHC - petroleum hydrocarbon

RDL - reportable detection limit

RPD - relative percent difference

SAR - sodium adsorption ratio

BAK849 PAHC264060 Surface Water
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Table H1

Summary of Quality Control Sample Results

Camp Farewell, Inuvialuit Settlement Region, Northwest Territories

Shell Canada Limited

 22525414-1200February 2023

BVL Job 

Number
Matrix

BVL Sample ID 

Affected 
Test Affected Data Quality Issue Comments

C259075 Soil BAK866 Acridine Matrix spike recovery for acridine 

(37%) below the acceptance criteria of 

(50-130%) due to matrix interference.

This data quality issue may represent a potential low bias for this parameter in this 

sample. There is no applicable guideline for acridine, therefore indicating that there 

will not be a material effect on the interpretation of the results of this parameter. 

Under these circumstances, the acridine data reported can be considered reliable.

Vanadium Matrix spike recovery for vanadium 

(134%) exceeded the acceptance 

criteria of (75-125%) for batch 

A703446.

This data quality issue may represent a potential high bias for this parameter these 

samples. The vanadium concentrations in the samples were below the regulatory 

guideline, indicating that there will not be a material effect on the interpretation of 

the results of this parameter. Under these circumstances, the vanadium data 

reported can be considered reliable.

Chromium Laboratory duplicate RPD for 

chromium (41%) exceeded the 

acceptance criteria of (30%) for batch 

A703446.

This may increase the uncertainty associated with these results. The chromium 

concentrations in the samples were below the regulatory guideline, indicating that 

there will not be a material effect on the interpretation of the results of this 

parameter. Under these circumstances, the chromium data reported can be 

considered reliable.

C266062 Soil BAW660, 

BAW661, 

BAW662, 

BAW663 and 

BAW664

PAH Method blank recovery for terphenyl-

d14 (133%) exceeded the acceptance 

criteria of (50-130%) for batch 

A707845.

This surrogate is similar to the target PAH analytes of benzo(a)anthracene, 

benzo(b&j)fluoranthene, benzo(k)fluoranthene, benzo(e)pyrene, 

benzo(c)phenanthrene and chrysene in chemical composition and behaviour in the 

analytical process, but is not normally found in environmental samples. This data 

quality issue may represent a potential high bias for these PAH parameters in 

these samples.

These samples were not assessed for these parameters, indicating that there will 

not be a material effect on the interpretation of the results of these 

parameter. Under these circumstances, the data reported can be considered 

reliable.

C266076 Soil n/a n/a No data quality issues were identified. The data are considered reliable.

F3 Matrix spike recovery for F3 (23%) 

below the acceptance criteria of (60-

140%) due to matrix interference.

This data quality issue may represent a potential low bias for this parameter in this 

sample. The F3 concentration in the sample was above the regulatory guideline, 

indicating that there will not be a material effect on the interpretation of the results 

of this parameter. Under these circumstances, the F3 data reported can be 

considered reliable.

F4 Matrix spike recovery for F4 (59%) 

below the acceptance criteria of (60-

140%) due to matrix interference.

This data quality issue may represent a potential low bias for this parameter in this 

sample. The F4 concentration in the sample was more than eight times lower 

below the regulatory guideline, indicating that there will not be a material effect on 

the interpretation of the results of this parameter. Under these circumstances, the 

F4 data reported can be considered reliable.

C266081 Soil BAW780, 

BAW781, 

BAW782, 

BAW783, 

BAW784, 

BAW785 and 

BAW786

PHC Matrix spike recovery for D10-o-

Xylene (142%) exceeded the 

acceptance criteria of (50-140%) for 

batch A703344.

The d10-o-xylene surrogate is similar to the target analytes of xylenes in chemical 

composition and behaviour in the analytical process, but is not normally found in 

environmental samples. This data quality issue may represent a potential high bias 

for xylenes in this sample.

However, since the results were below the reportable detection limit, indicating that 

there will not be a material effect on the interpretation of the results of this 

parameter. Under these circumstances, the data reported can be considered 

reliable.

Notes:

BTEX - benzene, toluene, ethylbenzene, xylenes

BVL - Bureau Veritas Laboratories

F1, F2, F3, F4 - petroleum hydrocarbon fractions 1, 2, 3, and 4

n/a - not applicable

PAH - polycyclic aromatic hydrocarbon

PHC - petroleum hydrocarbon

RDL - reportable detection limit

RPD - relative percent difference

SAR - sodium adsorption ratio

BAK864 and 

BAK866

Soil BAW750C266077

SoilC264065
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Table H2

Summary of Field Duplicate Sample Results - Soil Petroleum Hydrocarbons

Camp Farewell, Inuvialuit Settlement Region, Northwest Territories

Shell Canada Limited

 22525414-1200February 2023

Sample Location BH22-41-01 DUP A BH22-01-01 DUP B BH22-27-05 DUP C

Sample Depth (mbgs) 0.00 - 0.46 0.00 - 0.46 0.0 - 0.42 0.0 - 0.42 1.50 - 1.90 1.50 - 1.90

Sample Collection Date 6-Aug-2022 6-Aug-2022 7-Aug-2022 7-Aug-2022 8-Aug-2022 8-Aug-2022

BVL Sample ID AZF960 AZF961 AZF963 AZF964 AZM162 AZM163

Benzene mg/kg >100% 0.005 <0.016 <0.013 n/c <0.028 <0.028 n/c <0.0050 <0.0050 n/c

Toluene mg/kg >100% 0.05 <0.050 <0.050 n/c <0.050 <0.050 n/c <0.050 <0.050 n/c

Ethylbenzene mg/kg >100% 0.01 <0.031 <0.026 n/c <0.056 <0.057 n/c <0.010 <0.010 n/c

Xylenes (Total) mg/kg >100% 0.045 <0.14 <0.12 n/c <0.25 <0.25 n/c <0.045 <0.045 n/c

F1 (C6-C10) - BTEX mg/kg >60% 10 <24 <24 n/c <35 <36 n/c <10 <10 n/c

F2 (C10-C16) mg/kg >60% 10 <21 29 n/c <31 <33 n/c 22 25 n/c

F3 (C16-C34) mg/kg >60% 50 360 410 n/c 290 310 n/c 88 140 n/c

F4 (C34-C50) mg/kg >60% 50 120 93 n/c <150 <170 n/c <50 54 n/c

Sample Location BH22-24-07 DUP D BH22-20-04 DUP E BH22-40-03 DUP G

Sample Depth (mbgs) 2.50 - 3.15 2.50 - 3.15 1.50 - 1.70 1.50 - 1.70 1.00 - 1.50 1.00 - 1.50

Sample Collection Date 8-Aug-2022 8-Aug-2022 8-Aug-2022 8-Aug-2022 9-Aug-2022 9-Aug-2022

BVL Sample ID AZM226 AZM227 AZM278 AZM277 AZM249 AZM251

Benzene mg/kg >100% 0.005 <0.0090 <0.010 n/c <0.0050 <0.0050 n/c 0.016 0.022 n/c

Toluene mg/kg >100% 0.05 <0.050 <0.050 n/c <0.050 <0.050 n/c <0.050 <0.050 n/c

Ethylbenzene mg/kg >100% 0.01 <0.014 <0.015 n/c <0.010 <0.010 n/c 0.025 0.02 n/c

Xylenes (Total) mg/kg >100% 0.045 <0.092 <0.10 n/c <0.045 <0.045 n/c <0.045 <0.045 n/c

F1 (C6-C10) - BTEX mg/kg >60% 10 <21 <23 n/c <10 <10 n/c <10 <10 n/c

F2 (C10-C16) mg/kg >60% 10 <10 <10 n/c 100 41 n/c <10 <10 n/c

F3 (C16-C34) mg/kg >60% 50 <50 <50 n/c 130 81 n/c <50 <50 n/c

F4 (C34-C50) mg/kg >60% 50 <50 <50 n/c <50 <50 n/c <50 <50 n/c

Notes:

Bold/Underlined - RPD exceeds alert limit

BTEX - benzene, toluene, ethylbenzene, xylenes

BVL - Bureau Veritas Laboratories

F1, F2, F3, F4 - petroleum hydrocarbon fractions 1, 2, 3 and 4

mbgs - metres below ground surface

mg/kg - milligrams per kilogram

n/c -  not calculated

RDL - reportable detection limit

RPD - relative percent difference

> - greater than

< - less than

RPD is not calculated if either the original or field duplicate sample has a result less than 5X the RDL

RPD

%
Units

Alert 

Limit
RDL

RPD

%

RPD

%
Units

Alert 

Limit
RDL

RPD

%

RPD

%

RPD

%
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Table H2

Summary of Field Duplicate Sample Results - Soil Petroleum Hydrocarbons

Camp Farewell, Inuvialuit Settlement Region, Northwest Territories

Shell Canada Limited

 22525414-1200February 2023

Sample Location BH22-29-02 DUP J MW22-22-03 DUP K BH22-15-03 DUP L

Sample Depth (mbgs) 0.15 - 0.80 0.15 - 0.80 1.50 - 2.00 1.50 - 2.00 0.70 - 1.10 0.70 - 1.10

Sample Collection Date 9-Aug-2022 9-Aug-2022 12-Aug-2022 12-Aug-2022 12-Aug-2022 12-Aug-2022

BVL Sample ID AZM177 AZM176 AZY130 AZY131 AZY354 AZY355

Benzene mg/kg >100% 0.005 <0.0050 <0.0050 n/c 2.3 1.7 30 <0.0050 <0.0050 n/c

Toluene mg/kg >100% 0.05 <0.050 <0.050 n/c <0.050 <0.050 n/c <0.050 <0.050 n/c

Ethylbenzene mg/kg >100% 0.01 <0.010 <0.010 n/c 0.022 <0.010 n/c <0.010 <0.010 n/c

Xylenes (Total) mg/kg >100% 0.045 <0.045 <0.045 n/c <0.045 <0.045 n/c <0.045 <0.045 n/c

F1 (C6-C10) - BTEX mg/kg >60% 10 <10 <10 n/c <10 <10 n/c <10 <10 n/c

F2 (C10-C16) mg/kg >60% 10 <10 <10 n/c 91 31 n/c <10 <10 n/c

F3 (C16-C34) mg/kg >60% 50 <50 100 n/c 130 84 n/c <50 <50 n/c

F4 (C34-C50) mg/kg >60% 50 <50 <50 n/c <50 <50 n/c <50 <50 n/c

Sample Location BH22-49-01 DUP M MW22-23-02 DUP N

Sample Depth (mbgs) 0.00 - 0.50 0.00 - 0.50 1.50 - 2.40 1.50 - 2.40

Sample Collection Date 13-Aug-2022 13-Aug-2022 13-Aug-2022 13-Aug-2022

BVL Sample ID AZY176 AZY177 AZY122 AZY123

Benzene mg/kg >100% 0.005 <0.023 0.06 n/c <0.0050 <0.0050 n/c

Toluene mg/kg >100% 0.05 0.36 48 n/c <0.050 <0.050 n/c

Ethylbenzene mg/kg >100% 0.01 <0.047 0.27 n/c <0.010 <0.010 n/c

Xylenes (Total) mg/kg >100% 0.045 <0.21 1.2 n/c <0.045 <0.045 n/c

F1 (C6-C10) - BTEX mg/kg >60% 10 <24 <44 n/c <10 <10 n/c

F2 (C10-C16) mg/kg >60% 10 930 190 132 <10 <10 n/c

F3 (C16-C34) mg/kg >60% 50 8,700 2,800 103 100 87 n/c

F4 (C34-C50) mg/kg >60% 50 2,700 1,100 84 <50 <50 n/c

F4G-SG (Heavy Hydrocarbons-Grav.) mg/kg >60% 1,400 16,000 5,000 n/c - - -

Notes:

Bold/Underlined - RPD exceeds alert limit

BTEX - benzene, toluene, ethylbenzene, xylenes

BVL - Bureau Veritas Laboratories

F1, F2, F3, F4 - petroleum hydrocarbon fractions 1, 2, 3 and 4

mbgs - metres below ground surface

mg/kg - milligrams per kilogram

n/c -  not calculated

RDL - reportable detection limit

RPD - relative percent difference

> - greater than

< - less than

- not available

RPD is not calculated if either the original or field duplicate sample has a result less than 5X the RDL

RPD

%

RPD

%
Units

RPD

%

RPD

%

Alert 

Limit

Units
Alert 

Limit
RDL

RPD

%

RDL
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Table H3

Summary of Field Duplicate Sample Results - Soil Polycyclic Aromatic Hydrocarbons

Camp Farewell, Inuvialuit Settlement Region, Northwest Territories

Shell Canada Limited

 22525414-1200February 2023

Sample Location BH22-24-07 DUP D MW22-22-03 DUP K

Sample Depth (mbgs) 2.50 - 3.15 2.50 - 3.15 1.50 - 2.00 1.50 - 2.00

Sample Collection Date 8-Aug-2022 8-Aug-2022 12-Aug-22 12-Aug-22

BVL Sample ID AZM226 AZM227 AZY130 AZY131

Acenaphthene mg/kg >100% 0.005 - - - 0.012 <0.0050 n/c

Acenaphthylene mg/kg >100% 0.005 - - - 0.0072 <0.0050 n/c

Acridine mg/kg >100% 0.01 - - - <0.010 <0.010 n/c

Anthracene mg/kg >100% 0.004 - - - <0.0040 <0.0040 n/c

Benzo(a)anthracene mg/kg >100% 0.005 - - - <0.0050 <0.0050 n/c

Benzo(b&j)fluoranthene mg/kg >100% 0.005 - - - 0.02 0.018 n/c

Benzo(k)fluoranthene mg/kg >100% 0.005 - - - <0.0050 <0.0050 n/c

Benzo(g,h,i)perylene mg/kg >100% 0.005 - - - 0.028 0.026 7

Benzo(c)phenanthrene mg/kg >100% 0.005 - - - <0.0050 <0.0050 n/c

B(a)P mg/kg >100% 0.005 - - - <0.0050 <0.0050 n/c

Benzo[e]pyrene mg/kg >100% 0.005 - - - 0.026 0.025 4

Chrysene mg/kg >100% 0.005 - - - 0.01 0.012 n/c

Dibenz(a,h)anthracene mg/kg >100% 0.005 - - - <0.0050 <0.0050 n/c

Fluoranthene mg/kg >100% 0.005 - - - 0.0081 0.0082 n/c

Fluorene mg/kg >100% 0.005 - - - 0.021 0.0086 n/c

Indeno(1,2,3-cd)pyrene mg/kg >100% 0.005 - - - <0.0050 <0.0050 n/c

1-Methylnaphthalene mg/kg >100% 0.005 - - - 0.88 0.22 120

2-Methylnaphthalene mg/kg >100% 0.005 - - - 1.3 0.33 119

Naphthalene mg/kg >100% 0.05 <0.0050 <0.0050 n/c 1.3 0.37 111

Phenanthrene mg/kg >100% 0.005 - - - 0.038 0.036 5

Perylene mg/kg >100% 0.005 - - - 0.067 0.069 3

Pyrene mg/kg >100% 0.005 - - - 0.016 0.015 n/c

Quinoline mg/kg >100% 0.01 - - - <0.010 <0.010 n/c

B(a)P TPE mg/kg >100% 0.0071 <0.0071 <0.0071 n/c 0.008 0.008 n/c

Notes:

Bold/Underlined - RPD exceeds alert limit

B(a)P - benzo(a)pyrene

BVL - Bureau Veritas Laboratories

mbgs - metres below ground surface

mg/kg - milligrams per kilogram

n/c - not calculated

RDL - reportable detection limit

RPD - relative percent difference

TPE - total potency equivalents

> - greater than

< - less than

- not available

RPD is not calculated if either the original or field duplicate sample has a result less than 5X the RDL

Units
Alert 

Limit
RDL

RPD

%

RPD

%
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Table H3

Summary of Field Duplicate Sample Results - Soil Polycyclic Aromatic Hydrocarbons

Camp Farewell, Inuvialuit Settlement Region, Northwest Territories

Shell Canada Limited

 22525414-1200February 2023

Sample Location MW22-23-02 DUP N

Sample Depth (mbgs) 1.50 - 2.40 1.50 - 2.40

Sample Collection Date 13-Aug-2022 13-Aug-2022

BVL Sample ID AZY122 AZY123

Acenaphthene mg/kg >100% 0.005 <0.0050 <0.0050 n/c

Acenaphthylene mg/kg >100% 0.005 <0.0050 <0.0050 n/c

Acridine mg/kg >100% 0.01 <0.010 <0.010 n/c

Anthracene mg/kg >100% 0.004 <0.0040 <0.0040 n/c

Benzo(a)anthracene mg/kg >100% 0.005 <0.0050 <0.0050 n/c

Benzo(b&j)fluoranthene mg/kg >100% 0.005 0.0061 <0.0050 n/c

Benzo(k)fluoranthene mg/kg >100% 0.005 <0.0050 <0.0050 n/c

Benzo(g,h,i)perylene mg/kg >100% 0.005 0.0081 <0.0050 n/c

Benzo(c)phenanthrene mg/kg >100% 0.005 <0.0050 <0.0050 n/c

B(a)P mg/kg >100% 0.005 <0.0050 <0.0050 n/c

Benzo[e]pyrene mg/kg >100% 0.005 0.0067 <0.0050 n/c

Chrysene mg/kg >100% 0.005 <0.0050 <0.0050 n/c

Dibenz(a,h)anthracene mg/kg >100% 0.005 <0.0050 <0.0050 n/c

Fluoranthene mg/kg >100% 0.005 <0.0050 <0.0050 n/c

Fluorene mg/kg >100% 0.005 <0.0050 <0.0050 n/c

Indeno(1,2,3-cd)pyrene mg/kg >100% 0.005 <0.0050 <0.0050 n/c

1-Methylnaphthalene mg/kg >100% 0.005 <0.0050 <0.0050 n/c

2-Methylnaphthalene mg/kg >100% 0.005 0.0063 <0.0050 n/c

Naphthalene mg/kg >100% 0.05 <0.0050 <0.0050 n/c

Phenanthrene mg/kg >100% 0.005 0.0087 0.0063 n/c

Perylene mg/kg >100% 0.005 0.028 0.023 n/c

Pyrene mg/kg >100% 0.005 <0.0050 <0.0050 n/c

Quinoline mg/kg >100% 0.01 <0.010 <0.010 n/c

B(a)P TPE mg/kg >100% 0.0071 <0.0071 <0.0071 n/c

Notes:

Bold/Underlined - RPD exceeds alert limit

B(a)P - benzo(a)pyrene

BVL - Bureau Veritas Laboratories

mbgs - metres below ground surface

mg/kg - milligrams per kilogram

n/c - not calculated

RDL - reportable detection limit

RPD - relative percent difference

TPE - total potency equivalents

> - greater than

< - less than

- not available

RPD is not calculated if either the original or field duplicate sample has a result less than 5X the RDL

Units
Alert 

Limit
RDL

RPD

%
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Table H4

Summary of Field Duplicate Sample Results - Soil Salinity

Camp Farewell, Inuvialuit Settlement Region, Northwest Territories

Shell Canada Limited

 22525414-1200February 2023

Sample Location MW22-23-02 DUP N

Sample Depth (mbgs) 1.50 - 2.40 1.50 - 2.40

Sample Collection Date 13-Aug-2022 13-Aug-2022

BVL Sample ID AZY122 AZY123

pH pH units + or - 0.6 n/a 7.57 7.64 1

Soluble Conductivity dS/m >40% 0.02 0.69 0.7 1

Sodium Adsorption Ratio n/a >100% 0.1 2.8 2.5 11

Calcium (Ca) mg/kg >60% 0.49 19 19 0

Chloride (Cl) mg/kg >60% 1.6 13 13 0

Magnesium (Mg) mg/kg >60% 0.33 3.9 4.2 7

Sodium (Na) mg/kg >80% 0.82 17 17 0

Potassium (K) mg/kg >80% 0.43 2.8 2.8 0

Sulphate (SO4) mg/kg >60% 1.6 32 32 0

Notes:

Bold/Underlined - RPD exceeds alert limit

BVL - Bureau Veritas Laboratories

dS/m - deciSiemens per metre

mbgs - metres below ground surface

mg/kg - milligrams per kilogram

n/a - not applicable 

RDL - reportable detection limit

RPD - relative percent difference

> - greater than

RPD is not calculated if either the original or field duplicate sample has a result less than 5X the RDL

Units Alert Limit RDL
RPD

%

Page 1 of 1 WSP Canada Inc.



Table H5

Summary of Field Duplicate Sample Results - Soil Metals

Camp Farewell, Inuvialuit Settlement Region, Northwest Territories

Shell Canada Limited

 22525414-1200February 2023

Sample Location BH22-24-07 DUP D BH22-20-04 DUP E

Sample Depth (mbgs) 2.50 - 3.15 2.50 - 3.15 1.50 - 1.70 1.50 - 1.70

Sample Collection Date 8-Aug-2022 8-Aug-2022 08-Aug-22 08-Aug-22

BVL Sample ID AZM226 AZM227 AZM278 AZM277

Antimony (Sb) mg/kg >60% 0.5 <0.50 <0.50 n/c <0.50 <0.50 n/c

Arsenic (As) mg/kg >60% 1 3.9 3.9 n/c 6.8 7.3 7

Barium (Ba) mg/kg >80% 1 89 100 12 140 360 88

Beryllium (Be) mg/kg >60% 0.4 <0.40 <0.40 n/c <0.40 <0.40 n/c

Boron (B) (Hot Water Soluble) mg/kg >80% 0.1 <0.10 <0.10 n/c <0.10 0.2 n/c

Cadmium (Cd) mg/kg >60% 0.05 0.068 0.073 n/c 0.1 0.12 n/c

Chromium, Hexavalent (Cr 6+) mg/kg >70% 0.08 <0.080 <0.080 n/c 8.7 21 83

Total Chromium (Cr) mg/kg >70% 1 15 17 13 <0.080 <0.080 n/c

Cobalt (Co) mg/kg >60% 0.5 2.8 2.9 4 4.8 4.7 2

Copper (Cu) mg/kg >60% 1 3.3 3.4 n/c 5.6 7.9 34

Lead (Pb) mg/kg >80% 0.5 3.1 3.8 20 4.2 7.8 60

Mercury (Hg) mg/kg >80% 0.05 <0.050 <0.050 n/c <0.050 <0.050 n/c

Molybdenum (Mo) mg/kg >80% 0.4 0.61 0.6 n/c 0.93 1.7 n/c

Nickel (Ni) mg/kg >60% 1 7.5 8.1 8 13 17 27

Selenium (Se) mg/kg >60% 0.5 <0.50 <0.50 n/c <0.50 <0.50 n/c

Silver (Ag) mg/kg >80% 0.2 <0.20 <0.20 n/c <0.20 <0.20 n/c

Thallium (Tl) mg/kg >60% 0.1 <0.10 <0.10 n/c <0.10 <0.10 n/c

Tin (Sn) mg/kg >80% 1 <1.0 <1.0 n/c <1.0 <1.0 n/c

Uranium (U) mg/kg >60% 0.2 0.33 0.34 n/c 0.51 0.69 n/c

Vanadium (V) mg/kg >60% 1 9.1 9.1 0 17 18 6

Zinc (Zn) mg/kg >60% 10 19 19 n/c 32 32 n/c

Notes:

Bold/Underlined - RPD exceeds alert limit

BVL - Bureau Veritas Laboratories

mbgs - metres below ground surface

mg/kg - milligrams per kilogram

n/c - not calculated

RDL - reportable detection limit

RPD - relative percent difference

> - greater than

< - less than

- not available

RPD is not calculated if either the original or field duplicate sample has a result less than 5X the RDL

Units Alert Limit RDL
RPD

%

RPD

%
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Table H5

Summary of Field Duplicate Sample Results - Soil Metals

Camp Farewell, Inuvialuit Settlement Region, Northwest Territories

Shell Canada Limited

 22525414-1200February 2023

Sample Location BH22-32-03 DUP F BH22-39-02 DUP H

Sample Depth (mbgs) 1.00 - 1.50 1.00 - 1.50 0.20 - 0.80 0.20 - 0.80

Sample Collection Date 8-Aug-2022 8-Aug-2022 09-Aug-22 09-Aug-22

BVL Sample ID AZM243 AZM244 AZM268 AZM269

Antimony (Sb) mg/kg >60% 0.5 - - - - - -

Arsenic (As) mg/kg >60% 1 - - - - - -

Barium (Ba) mg/kg >80% 1 - - - - - -

Beryllium (Be) mg/kg >60% 0.4 - - - - - -

Boron (B) (Hot Water Soluble) mg/kg >80% 0.1 - - - - - -

Cadmium (Cd) mg/kg >60% 0.05 - - - - - -

Chromium, Hexavalent (Cr 6+) mg/kg >70% 0.08 - - - - - -

Total Chromium (Cr) mg/kg >70% 1 6.9 8.9 25 7 5 32

Cobalt (Co) mg/kg >60% 0.5 - - - - - -

Copper (Cu) mg/kg >60% 1 - - - - - -

Lead (Pb) mg/kg >80% 0.5 - - - - - -

Mercury (Hg) mg/kg >80% 0.05 - - - - - -

Molybdenum (Mo) mg/kg >80% 0.4 - - - - - -

Nickel (Ni) mg/kg >60% 1 8.8 8.3 6 - - -

Selenium (Se) mg/kg >60% 0.5 - - - - - -

Silver (Ag) mg/kg >80% 0.2 - - - - - -

Thallium (Tl) mg/kg >60% 0.1 - - - - - -

Tin (Sn) mg/kg >80% 1 - - - - - -

Uranium (U) mg/kg >60% 0.2 - - - - - -

Vanadium (V) mg/kg >60% 1 - - - - - -

Zinc (Zn) mg/kg >60% 10 - - - - - -

Notes:

Bold/Underlined - RPD exceeds alert limit

BVL - Bureau Veritas Laboratories

mbgs - metres below ground surface

mg/kg - milligrams per kilogram

n/c - not calculated

RDL - reportable detection limit

RPD - relative percent difference

> - greater than

< - less than

- not available

RPD is not calculated if either the original or field duplicate sample has a result less than 5X the RDL

Units Alert Limit RDL
RPD

%

RPD

%
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Table H5

Summary of Field Duplicate Sample Results - Soil Metals

Camp Farewell, Inuvialuit Settlement Region, Northwest Territories

Shell Canada Limited

 22525414-1200February 2023

Sample Location BH22-31-03 DUP I MW22-22-03 DUP K

Sample Depth (mbgs) 0.50 - 1.00 0.50 - 1.00 1.50 - 2.00 1.50 - 2.00

Sample Collection Date 9-Aug-2022 9-Aug-2022 12-Aug-2022 12-Aug-2022

BVL Sample ID AZM258 AZM260 AZY130 AZY131

Antimony (Sb) mg/kg >60% 0.5 - - - <0.50 1 n/c

Arsenic (As) mg/kg >60% 1 - - - 8 8 1

Barium (Ba) mg/kg >80% 1 - - - 390 370 5

Barium True Total Fusion (Ba-TT) mg/kg >80% 40 580 680 16 - - -

Beryllium (Be) mg/kg >60% 0.4 - - - 1 1 n/c

Boron (B) (Hot Water Soluble) mg/kg >80% 0.1 - - - 0 0 n/c

Cadmium (Cd) mg/kg >60% 0.05 - - - 1 1 2

Chromium, Hexavalent (Cr 6+) mg/kg >70% 0.08 - - - 17 17 0

Total Chromium (Cr) mg/kg >70% 1 - - - <0.080 <0.080 n/c

Cobalt (Co) mg/kg >60% 0.5 - - - 9 9 2

Copper (Cu) mg/kg >60% 1 - - - 20 20 0

Lead (Pb) mg/kg >80% 0.5 - - - 10 10 1

Mercury (Hg) mg/kg >80% 0.05 - - - 0 0 n/c

Molybdenum (Mo) mg/kg >80% 0.4 - - - 2 2 n/c

Nickel (Ni) mg/kg >60% 1 - - - 26 27 4

Selenium (Se) mg/kg >60% 0.5 - - - 1 1 n/c

Silver (Ag) mg/kg >80% 0.2 - - - <0.20 <0.20 n/c

Thallium (Tl) mg/kg >60% 0.1 - - - 0 0 n/c

Tin (Sn) mg/kg >80% 1 - - - <1.0 <1.0 n/c

Uranium (U) mg/kg >60% 0.2 - - - 1 1 n/c

Vanadium (V) mg/kg >60% 1 - - - 29 29 0

Zinc (Zn) mg/kg >60% 10 - - - 95 89 7

Notes:

Bold/Underlined - RPD exceeds alert limit

BVL - Bureau Veritas Laboratories

mbgs - metres below ground surface

mg/kg - milligrams per kilogram

n/c - not calculated

RDL - reportable detection limit

RPD - relative percent difference

> - greater than

< - less than

- not available

RPD is not calculated if either the original or field duplicate sample has a result less than 5X the RDL

Units Alert Limit RDL
RPD

%

RPD

%
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Table H5

Summary of Field Duplicate Sample Results - Soil Metals

Camp Farewell, Inuvialuit Settlement Region, Northwest Territories

Shell Canada Limited

 22525414-1200February 2023

Sample Location MW22-23-02 DUP N

Sample Depth (mbgs) 1.50 - 2.40 1.50 - 2.40

Sample Collection Date 13-Aug-2022 13-Aug-2022

BVL Sample ID AZY122 AZY123

Antimony (Sb) mg/kg >60% 0.5 <0.50 <0.50 n/c

Arsenic (As) mg/kg >60% 1 6 6.5 8

Barium (Ba) mg/kg >80% 1 180 200 11

Barium True Total Fusion (Ba-TT) mg/kg >80% 40 - - -

Beryllium (Be) mg/kg >60% 0.4 <0.40 0.42 n/c

Boron (B) (Hot Water Soluble) mg/kg >80% 0.1 0.36 0.35 n/c

Cadmium (Cd) mg/kg >60% 0.05 0.25 0.3 n/c

Chromium, Hexavalent (Cr 6+) mg/kg >70% 0.08 12 13 8

Total Chromium (Cr) mg/kg >70% 1 <0.080 <0.080 n/c

Cobalt (Co) mg/kg >60% 0.5 5.9 6.5 10

Copper (Cu) mg/kg >60% 1 11 13 17

Lead (Pb) mg/kg >80% 0.5 6 6.7 11

Mercury (Hg) mg/kg >80% 0.05 <0.050 <0.050 n/c

Molybdenum (Mo) mg/kg >80% 0.4 1.1 1.2 n/c

Nickel (Ni) mg/kg >60% 1 18 20 11

Selenium (Se) mg/kg >60% 0.5 <0.50 <0.50 n/c

Silver (Ag) mg/kg >80% 0.2 <0.20 <0.20 n/c

Thallium (Tl) mg/kg >60% 0.1 <0.10 0.11 n/c

Tin (Sn) mg/kg >80% 1 <1.0 <1.0 n/c

Uranium (U) mg/kg >60% 0.2 0.57 0.65 n/c

Vanadium (V) mg/kg >60% 1 20 23 14

Zinc (Zn) mg/kg >60% 10 53 60 12

Notes:

Bold/Underlined - RPD exceeds alert limit

BVL - Bureau Veritas Laboratories

mbgs - metres below ground surface

mg/kg - milligrams per kilogram

n/c - not calculated

RDL - reportable detection limit

RPD - relative percent difference

> - greater than

< - less than

- not available

RPD is not calculated if either the original or field duplicate sample has a result less than 5X the RDL

Units Alert Limit RDL
RPD

%
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APPENDIX B 

Inuvialuit Water Board Licence 
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APPENDIX C 

Waste Documentation 
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APPENDIX D 

Spill Investigation Reports 
 



Waste generated during the spill cleanup was contained in an oily waste barrel and disposed of off-site at an approved facility, as reported within Section 3.3.2 of the 2022 IWB Annual Report.



Waste generated during the spill cleanup was contained in an oily waste barrel and disposed of off-site at an approved facility, as reported within Section 3.3.2 of the 2022 IWB Annual Report.



March 2, 2023 22525414-1200 

 

    

 

APPENDIX E 

Drills Documentation 
 



Fire Response Drill



Spill Response Drill
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