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August 19, 2022 
GOLDER ASSOCIATES LTD. 
2800, 700 -2nd Street SW 
CALGARY, AB, T2P 2W2 
 
Attention:  Aurelie Bellavance  
 
 
Re: Chromatogram Interpretation of CAMP FAREWELL, NT; Project 22525414-1000 

Bureau Veritas Job No.: C259075 
 
 
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 

    AZF958 BH22-45-01 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. 

    AZF959 BH22-46-01 

    AZF960 BH22-41-01 

 
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. 



Site Location: Camp Farewell, NT Sampling Date:

Golder Project Number: 22525414-1000 Laboratory:

Lab Submission Number: C259075

Was the Cooler Received at the lab under a sealed and intact custody seal? Yes
Was proper chain of custody of the samples documented and kept? Yes
Were sample temperatures acceptable when they reached lab?: Yes
Were all samples analyzed and extracted within hold times?: Yes
Has lab warranted all tests were in statistical control in CoA?: Yes
Was sufficient sample provided for the requested analysis? Yes
Has lab warranted all samples were analyzed with limited headspace present?: Yes

Are All Laboratory QC Within Acceptance Criteria (Yes, No, Not Applicable)?

Yes No
Surrogate Recovery X All remaining laboratory QC results are within 

Method Blank Concentration X acceptance criteria, please see QA/QC 
Laboratory Duplicate RPD X appendix.

Matrix Spike Recovery X
Blank Spike Recovery X

Are All Field QC Samples Within Alert Limits (Yes, No, Not Applicable)?

Yes No
Field Blank Concentration All field QC samples are within 
Trip Blank Concentration alert limits.

Field Duplicate RPD X

Is data considered reliable (Yes/No/Suspect)?: Yes
If answer is "No" or "Suspect", describe and provide rationale:

Data Reviewed by (Print): Anita Colbert Data Reviewed by (Signature):

Date:

GOLDER DATA QUALITY REVIEW CHECKLIST

NA Comments

Bureau Veritas Edmonton

August 6 and 7, 2022

NA Comments

August 15, 2022

X
X





Bureau Veritas

22 Aug 2022 17:35:26











































 

 

August 15, 2022 
GOLDER ASSOCIATES LTD. 
2800, 700 -2nd Street SW 
CALGARY, AB, T2P 2W2 
 
Attention:  Aurelie Bellavance  
 
 
Re: Chromatogram Interpretation of CAMP FAREWELL, NT; Project 22525414-100 

Bureau Veritas Job No.: C259077 
 
 
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 

    AZF965 MW22-02-01 
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. 

    AZF966 BH22-03-01 

    AZF969 BH22-05-02 

    AZF970 BH22-06-02 

    AZF971 BH22-07-01 

    AZF972 BH22-08-01 
 
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. 



 

 

 
August 19, 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 22525414-100  

Bureau Veritas Job No.: C259077 
 
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 

AZF966 BH22-03-01 H No Yes No 1.0 NC Inconclusive (neither) 

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) 



Site Location: Camp Farewell, NT Sampling Date:

Golder Project Number: 22525414-1000 Laboratory:

Lab Submission Number: C259077

Was the Cooler Received at the lab under a sealed and intact custody seal? Yes
Was proper chain of custody of the samples documented and kept? Yes
Were sample temperatures acceptable when they reached lab?: Yes
Were all samples analyzed and extracted within hold times?: Yes
Has lab warranted all tests were in statistical control in CoA?: Yes
Was sufficient sample provided for the requested analysis? Yes
Has lab warranted all samples were analyzed with limited headspace present?: Yes

Are All Laboratory QC Within Acceptance Criteria (Yes, No, Not Applicable)?

Yes No
Surrogate Recovery X Matrix spike recovery for F2 (141%) exceeded the

Method Blank Concentration X acceptance criteria of (60-140%).
Laboratory Duplicate RPD X All remaining laboratory QC results are within 

Matrix Spike Recovery X acceptance criteria.
Blank Spike Recovery X

Are All Field QC Samples Within Alert Limits (Yes, No, Not Applicable)?

Yes No
Field Blank Concentration All field QC samples are within 
Trip Blank Concentration alert limits.

Field Duplicate RPD X

Is data considered reliable (Yes/No/Suspect)?: Yes
If answer is "No" or "Suspect", describe and provide rationale:

Data Reviewed by (Print): Anita Colbert Data Reviewed by (Signature):

Date:

Comments

August 12, 2022

X
X

NA

GOLDER DATA QUALITY REVIEW CHECKLIST

NA Comments

Bureau Veritas Edmonton

August 7, 2022





Bureau Veritas

22 Sep 2022 15:39:33

































CLIENT NAME: BUREAU VERITAS CANADA (2019) INC
2021 - 41ST STREET NE
Calgary, AB   T2E6P2    
(403) 291-3077

2910 12TH STREET NE
CALGARY, ALBERTA

CANADA T2E 7P7
TEL (403)735-2005
FAX (403)735-2771

http://www.agatlabs.com

Loan Nguyen, Senior AnalystSOIL ANALYSIS REVIEWED BY:

DATE REPORTED:

PAGES (INCLUDING COVER): 7

Sep 06, 2022

VERSION*: 1

Should you require any information regarding this analysis please contact your client services representative at (403) 735-2005

*Notes

Disclaimer:
· All work conducted herein has been done using accepted standard protocols, and generally accepted practices and methods. AGAT test methods may 

incorporate modifications from the specified reference methods to improve performance.
· All samples will be disposed of within 30 days after receipt unless a Long Term Storage Agreement is signed and returned. Some specialty analysis may 

be exempt, please contact your Client Project Manager for details.
· AGAT’s liability in connection with any delay, performance or non-performance of these services is only to the Client and does not extend to any other 

third party. Unless expressly agreed otherwise in writing, AGAT’s liability is limited to the actual cost of the specific analysis or analyses included in the 
services.

· This Certificate shall not be reproduced except in full, without the written approval of the laboratory.
· The test results reported herewith relate only to the samples as received by the laboratory.
· Application of guidelines is provided “as is” without warranty of any kind, either expressed or implied, including, but not limited to, warranties of 

merchantability, fitness for a particular purpose, or non-infringement. AGAT assumes no responsibility for any errors or omissions in the guidelines 
contained in this document.

· All reportable information as specified by ISO/IEC 17025:2017 is available from AGAT Laboratories upon request.

22C940487AGAT WORK ORDER:

ATTENTION TO: Cynny Hagen

PROJECT: C260012

Laboratories (V1) Page 1 of 7

AGAT Laboratories is accredited to ISO/IEC 17025 by the Canadian Association for Laboratory 
Accreditation Inc. (CALA) and/or Standards Council of Canada (SCC) for specific tests listed on the 
scope of accreditation. AGAT Laboratories (Mississauga) is also accredited by the Canadian 
Association for Laboratory Accreditation Inc. (CALA) for specific drinking water tests. Accreditations 
are location and parameter specific. A complete listing of parameters for each location is available 
from www.cala.ca and/or www.scc.ca. The tests in this report may not necessarily be included in 
the scope of accreditation. Measurement Uncertainty is not taken into consideration when stating 
conformity with a specified requirement.

Association of Professional Engineers and Geoscientists of Alberta 
(APEGA)
Western Enviro-Agricultural Laboratory Association (WEALA)
Environmental Services Association of Alberta (ESAA)

Member of:



AZM154-BH22-

17-01SAMPLE DESCRIPTION:

SoilSAMPLE TYPE:

2022-09-01
14:00

DATE SAMPLED:

4266968G / S RDLUnitParameter

11400True Barium by Fusion ICP 50mg/kg

Comments: RDL - Reported Detection Limit;     G / S - Guideline / Standard

4266968 Result is based on the dry weight of the sample.

Analysis performed at AGAT Calgary (unless marked by *)

Results relate only to the items tested. Results apply to samples as received.

DATE RECEIVED: 2022-09-01

Certificate of Analysis

ATTENTION TO: Cynny HagenCLIENT NAME: BUREAU VERITAS CANADA (2019) INC

AGAT WORK ORDER: 22C940487

DATE REPORTED: 2022-09-06

PROJECT: C260012

Metals - Barium by Fusion ICP

SAMPLED BY:SAMPLING SITE:

2910 12TH STREET NE
CALGARY, ALBERTA

CANADA T2E 7P7
TEL (403)735-2005
FAX (403)735-2771

http://www.agatlabs.com

CERTIFICATE OF ANALYSIS (V1)

Certified By:
Page 2 of 7



Metals - Barium by Fusion ICP

Barium by Fusion ICP-OES 4266587 976 977 0.0% < 40 95% 70% 130% NA 70% 130%

 
Comments: Matrix spike NA: Spike level < native concentration. Matrix spike acceptance limits do not apply and are not calculated.
Duplicate NA: results are less than 5X the RDL and RDP will not be calculated.
 

Certified By:

Results relate only to the items tested. Results apply to samples as received.

SAMPLING SITE: SAMPLED BY:

AGAT WORK ORDER: 22C940487

Dup #1 RPD
Measured

Value
Recovery Recovery

Quality Assurance

ATTENTION TO: Cynny Hagen

CLIENT NAME: BUREAU VERITAS CANADA (2019) INC

PROJECT: C260012

Soil Analysis

UpperLower

Acceptable
Limits

BatchPARAMETER
Sample

Id
Dup #2

UpperLower

Acceptable
Limits

UpperLower

Acceptable
Limits

MATRIX SPIKEMETHOD BLANK SPIKEDUPLICATERPT Date: Sep 06, 2022 REFERENCE MATERIAL

Method
Blank

2910 12TH STREET NE
CALGARY, ALBERTA

CANADA T2E 7P7
TEL (403)735-2005
FAX (403)735-2771

http://www.agatlabs.com

QUALITY ASSURANCE REPORT (V1) Page 3 of 7

AGAT Laboratories is accredited to ISO/IEC 17025 by the Canadian Association for Laboratory Accreditation Inc. (CALA) and/or Standards Council of Canada (SCC) for specific tests 
listed on the scope of accreditation. AGAT Laboratories (Mississauga) is also accredited by the Canadian Association for Laboratory Accreditation Inc. (CALA) for specific drinking water 
tests. Accreditations are location and parameter specific. A complete listing of parameters for each location is available from www.cala.ca and/or www.scc.ca. The tests in this report may 
not necessarily be included in the scope of accreditation. RPDs calculated using raw data. The RPD may not be reflective of duplicate values shown, due to rounding of final results.



Soil Analysis

True Barium by Fusion ICP SOIL- 0620, INST- 0140 ASTM D4503.08 ICP/OES

Results relate only to the items tested. Results apply to samples as received.

SAMPLING SITE: SAMPLED BY:

AGAT WORK ORDER: 22C940487

Method Summary

ATTENTION TO: Cynny Hagen

CLIENT NAME: BUREAU VERITAS CANADA (2019) INC

PROJECT: C260012

AGAT S.O.P ANALYTICAL TECHNIQUELITERATURE REFERENCEPARAMETER

2910 12TH STREET NE
CALGARY, ALBERTA

CANADA T2E 7P7
TEL (403)735-2005
FAX (403)735-2771

http://www.agatlabs.com

METHOD SUMMARY (V1) Page 4 of 7
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CLIENT NAME: BUREAU VERITAS CANADA (2019) INC
2021 - 41ST STREET NE
Calgary, AB   T2E6P2    
(403) 291-3077

2910 12TH STREET NE
CALGARY, ALBERTA

CANADA T2E 7P7
TEL (403)735-2005
FAX (403)735-2771

http://www.agatlabs.com

Loan Nguyen, Senior AnalystSOIL ANALYSIS REVIEWED BY:

DATE REPORTED:

PAGES (INCLUDING COVER): 7

Sep 06, 2022

VERSION*: 1

Should you require any information regarding this analysis please contact your client services representative at (403) 735-2005

*Notes

Disclaimer:
· All work conducted herein has been done using accepted standard protocols, and generally accepted practices and methods. AGAT test methods may 

incorporate modifications from the specified reference methods to improve performance.
· All samples will be disposed of within 30 days after receipt unless a Long Term Storage Agreement is signed and returned. Some specialty analysis may 

be exempt, please contact your Client Project Manager for details.
· AGAT’s liability in connection with any delay, performance or non-performance of these services is only to the Client and does not extend to any other 

third party. Unless expressly agreed otherwise in writing, AGAT’s liability is limited to the actual cost of the specific analysis or analyses included in the 
services.

· This Certificate shall not be reproduced except in full, without the written approval of the laboratory.
· The test results reported herewith relate only to the samples as received by the laboratory.
· Application of guidelines is provided “as is” without warranty of any kind, either expressed or implied, including, but not limited to, warranties of 

merchantability, fitness for a particular purpose, or non-infringement. AGAT assumes no responsibility for any errors or omissions in the guidelines 
contained in this document.

· All reportable information as specified by ISO/IEC 17025:2017 is available from AGAT Laboratories upon request.

22C940487AGAT WORK ORDER:

ATTENTION TO: Cynny Hagen

PROJECT: C260012

Laboratories (V1) Page 1 of 7

AGAT Laboratories is accredited to ISO/IEC 17025 by the Canadian Association for Laboratory 
Accreditation Inc. (CALA) and/or Standards Council of Canada (SCC) for specific tests listed on the 
scope of accreditation. AGAT Laboratories (Mississauga) is also accredited by the Canadian 
Association for Laboratory Accreditation Inc. (CALA) for specific drinking water tests. Accreditations 
are location and parameter specific. A complete listing of parameters for each location is available 
from www.cala.ca and/or www.scc.ca. The tests in this report may not necessarily be included in 
the scope of accreditation. Measurement Uncertainty is not taken into consideration when stating 
conformity with a specified requirement.

Association of Professional Engineers and Geoscientists of Alberta 
(APEGA)
Western Enviro-Agricultural Laboratory Association (WEALA)
Environmental Services Association of Alberta (ESAA)

Member of:



AZM154-BH22-

17-01SAMPLE DESCRIPTION:

SoilSAMPLE TYPE:

2022-09-01
14:00

DATE SAMPLED:

4266968G / S RDLUnitParameter

11400True Barium by Fusion ICP 50mg/kg

Comments: RDL - Reported Detection Limit;     G / S - Guideline / Standard

4266968 Result is based on the dry weight of the sample.

Analysis performed at AGAT Calgary (unless marked by *)

Results relate only to the items tested. Results apply to samples as received.

DATE RECEIVED: 2022-09-01

Certificate of Analysis

ATTENTION TO: Cynny HagenCLIENT NAME: BUREAU VERITAS CANADA (2019) INC

AGAT WORK ORDER: 22C940487

DATE REPORTED: 2022-09-06

PROJECT: C260012

Metals - Barium by Fusion ICP

SAMPLED BY:SAMPLING SITE:

2910 12TH STREET NE
CALGARY, ALBERTA

CANADA T2E 7P7
TEL (403)735-2005
FAX (403)735-2771

http://www.agatlabs.com

CERTIFICATE OF ANALYSIS (V1)

Certified By:
Page 2 of 7



Metals - Barium by Fusion ICP

Barium by Fusion ICP-OES 4266587 976 977 0.0% < 40 95% 70% 130% NA 70% 130%

 
Comments: Matrix spike NA: Spike level < native concentration. Matrix spike acceptance limits do not apply and are not calculated.
Duplicate NA: results are less than 5X the RDL and RDP will not be calculated.
 

Certified By:

Results relate only to the items tested. Results apply to samples as received.

SAMPLING SITE: SAMPLED BY:

AGAT WORK ORDER: 22C940487

Dup #1 RPD
Measured

Value
Recovery Recovery

Quality Assurance

ATTENTION TO: Cynny Hagen

CLIENT NAME: BUREAU VERITAS CANADA (2019) INC

PROJECT: C260012

Soil Analysis

UpperLower

Acceptable
Limits

BatchPARAMETER
Sample

Id
Dup #2

UpperLower

Acceptable
Limits

UpperLower

Acceptable
Limits

MATRIX SPIKEMETHOD BLANK SPIKEDUPLICATERPT Date: Sep 06, 2022 REFERENCE MATERIAL

Method
Blank

2910 12TH STREET NE
CALGARY, ALBERTA

CANADA T2E 7P7
TEL (403)735-2005
FAX (403)735-2771

http://www.agatlabs.com

QUALITY ASSURANCE REPORT (V1) Page 3 of 7

AGAT Laboratories is accredited to ISO/IEC 17025 by the Canadian Association for Laboratory Accreditation Inc. (CALA) and/or Standards Council of Canada (SCC) for specific tests 
listed on the scope of accreditation. AGAT Laboratories (Mississauga) is also accredited by the Canadian Association for Laboratory Accreditation Inc. (CALA) for specific drinking water 
tests. Accreditations are location and parameter specific. A complete listing of parameters for each location is available from www.cala.ca and/or www.scc.ca. The tests in this report may 
not necessarily be included in the scope of accreditation. RPDs calculated using raw data. The RPD may not be reflective of duplicate values shown, due to rounding of final results.



Soil Analysis

True Barium by Fusion ICP SOIL- 0620, INST- 0140 ASTM D4503.08 ICP/OES

Results relate only to the items tested. Results apply to samples as received.

SAMPLING SITE: SAMPLED BY:

AGAT WORK ORDER: 22C940487

Method Summary

ATTENTION TO: Cynny Hagen

CLIENT NAME: BUREAU VERITAS CANADA (2019) INC

PROJECT: C260012

AGAT S.O.P ANALYTICAL TECHNIQUELITERATURE REFERENCEPARAMETER

2910 12TH STREET NE
CALGARY, ALBERTA

CANADA T2E 7P7
TEL (403)735-2005
FAX (403)735-2771

http://www.agatlabs.com

METHOD SUMMARY (V1) Page 4 of 7



Page 5 of 7
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Site Location: Camp Farewell, NT Sampling Date:

Golder Project Number: 22525414-1000 Laboratory:

Lab Submission Number: C260012

Was the Cooler Received at the lab under a sealed and intact custody seal? Yes
Was proper chain of custody of the samples documented and kept? Yes
Were sample temperatures acceptable when they reached lab?: Yes
Were all samples analyzed and extracted within hold times?: Yes
Has lab warranted all tests were in statistical control in CoA?: Yes
Was sufficient sample provided for the requested analysis? Yes
Has lab warranted all samples were analyzed with limited headspace present?: Yes

Are All Laboratory QC Within Acceptance Criteria (Yes, No, Not Applicable)?

Yes No
Surrogate Recovery X Surrogate recovery for o-terphenyl (141%) exceeded

Method Blank Concentration X the acceptance criteria (60-140%). Matrix spike
Laboratory Duplicate RPD X recovery for vanadium (131%) exceeded the

Matrix Spike Recovery X acceptance criteria of (75-125%). All remaining
Blank Spike Recovery X laboratory QC results are within acceptance criteria.

Are All Field QC Samples Within Alert Limits (Yes, No, Not Applicable)?

Yes No
Field Blank Concentration No field QC samples were collected. 
Trip Blank Concentration

Field Duplicate RPD

Is data considered reliable (Yes/No/Suspect)?: Yes
If answer is "No" or "Suspect", describe and provide rationale:

Data Reviewed by (Print): Anita Colbert Data Reviewed by (Signature):

Date:

GOLDER DATA QUALITY REVIEW CHECKLIST

NA Comments

Bureau Veritas Edmonton

August 8, 2022

NA Comments

August 18, 2022

X
X

X





Bureau Veritas

06 Sep 2022 17:26:14















































 

 

August 19, 2022 
GOLDER ASSOCIATES LTD. 
2800, 700 -2nd Street SW 
CALGARY, AB, T2P 2W2 
 
Attention:  Aurelie Bellavance  
 
 
Re: Chromatogram Interpretation of CAMP FAREWELL, NT; Project 22525414-1000 

Bureau Veritas Job No.: C260013 
 
 
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 

    AZM160 BH22-19-03 

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. 

 
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. 
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Site Location: Camp Farewell, NT Sampling Date:

Golder Project Number: 22525414-1000 Laboratory:

Lab Submission Number: C260013

Was the Cooler Received at the lab under a sealed and intact custody seal? Yes
Was proper chain of custody of the samples documented and kept? Yes
Were sample temperatures acceptable when they reached lab?: Yes
Were all samples analyzed and extracted within hold times?: Yes
Has lab warranted all tests were in statistical control in CoA?: Yes
Was sufficient sample provided for the requested analysis? Yes
Has lab warranted all samples were analyzed with limited headspace present?: Yes

Are All Laboratory QC Within Acceptance Criteria (Yes, No, Not Applicable)?

Yes No
Surrogate Recovery X Surrogate recovery for d10-o-xylene (155%) exceeded

Method Blank Concentration X the acceptance criteria (50-140%).
Laboratory Duplicate RPD X Matrix spike recovery for vanadium (151% and 131%)

Matrix Spike Recovery X exceeded the acceptance criteria of (75-125%).
Blank Spike Recovery X All remaining laboratory QC results are within 

acceptance criteria.

Are All Field QC Samples Within Alert Limits (Yes, No, Not Applicable)?

Yes No
Field Blank Concentration All field QC samples are within 
Trip Blank Concentration alert limits.

Field Duplicate RPD X

Is data considered reliable (Yes/No/Suspect)?: Yes
If answer is "No" or "Suspect", describe and provide rationale:

Data Reviewed by (Print): Anita Colbert Data Reviewed by (Signature):

Date:

GOLDER DATA QUALITY REVIEW CHECKLIST

NA Comments

Bureau Veritas Edmonton

August 8, 2022

NA Comments

August 18, 2022

X
X
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August 19, 2022 
GOLDER ASSOCIATES LTD. 
2800, 700 -2nd Street SW 
CALGARY, AB, T2P 2W2 
 
Attention:  Aurelie Bellavance  
 
 
Re: Chromatogram Interpretation of CAMP FAREWELL, NT; Project 22525414-1000 

Bureau Veritas Job No.: C260016 
 
 
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 

    AZM175 BH22-29-03 

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. 

    AZM183 BH22-25-5 

The CCME F2-F4 chromatographic peak profile is consistent with a 
weathered middle distillate petroleum product (e.g. Diesel 
#1/Kerosene).  These are typically characterized by evenly 
distributed peaks between C10 and C24, representing the simple 
straight chain aliphatic compounds (n-alkanes).  These peaks will 
decrease in height, relative to the unresolved complex mixture 
(UCM or “hump”) with increased weathering of the product 
material. 

 
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. 



CLIENT NAME: BUREAU VERITAS CANADA (2019) INC
2021 - 41ST STREET NE
Calgary, AB   T2E6P2    
(403) 291-3077

2910 12TH STREET NE
CALGARY, ALBERTA

CANADA T2E 7P7
TEL (403)735-2005
FAX (403)735-2771

http://www.agatlabs.com

Loan Nguyen, Senior AnalystSOIL ANALYSIS REVIEWED BY:

DATE REPORTED:

PAGES (INCLUDING COVER): 7

Sep 06, 2022

VERSION*: 1

Should you require any information regarding this analysis please contact your client services representative at (403) 735-2005

*Notes

Disclaimer:
· All work conducted herein has been done using accepted standard protocols, and generally accepted practices and methods. AGAT test methods may 

incorporate modifications from the specified reference methods to improve performance.
· All samples will be disposed of within 30 days after receipt unless a Long Term Storage Agreement is signed and returned. Some specialty analysis may 

be exempt, please contact your Client Project Manager for details.
· AGAT’s liability in connection with any delay, performance or non-performance of these services is only to the Client and does not extend to any other 

third party. Unless expressly agreed otherwise in writing, AGAT’s liability is limited to the actual cost of the specific analysis or analyses included in the 
services.

· This Certificate shall not be reproduced except in full, without the written approval of the laboratory.
· The test results reported herewith relate only to the samples as received by the laboratory.
· Application of guidelines is provided “as is” without warranty of any kind, either expressed or implied, including, but not limited to, warranties of 

merchantability, fitness for a particular purpose, or non-infringement. AGAT assumes no responsibility for any errors or omissions in the guidelines 
contained in this document.

· All reportable information as specified by ISO/IEC 17025:2017 is available from AGAT Laboratories upon request.

22C940433AGAT WORK ORDER:

ATTENTION TO: Cynny Hagen 

PROJECT: C260016

Laboratories (V1) Page 1 of 7

AGAT Laboratories is accredited to ISO/IEC 17025 by the Canadian Association for Laboratory 
Accreditation Inc. (CALA) and/or Standards Council of Canada (SCC) for specific tests listed on the 
scope of accreditation. AGAT Laboratories (Mississauga) is also accredited by the Canadian 
Association for Laboratory Accreditation Inc. (CALA) for specific drinking water tests. Accreditations 
are location and parameter specific. A complete listing of parameters for each location is available 
from www.cala.ca and/or www.scc.ca. The tests in this report may not necessarily be included in 
the scope of accreditation. Measurement Uncertainty is not taken into consideration when stating 
conformity with a specified requirement.

Association of Professional Engineers and Geoscientists of Alberta 
(APEGA)
Western Enviro-Agricultural Laboratory Association (WEALA)
Environmental Services Association of Alberta (ESAA)

Member of:



AZM180-BH22-

25-01

AZM179-BH22-

25-03

AZM181-BH22-

25-02

AZM182-BH22-

25-04

AZM183-BH22-

25-5SAMPLE DESCRIPTION:

SoilSoilSoil Soil SoilSAMPLE TYPE:

2022-09-01
15:40

2022-09-01
15:00

2022-09-01
15:10

2022-09-01
15:30

2022-09-01
15:20

DATE SAMPLED:

4266731 4266735 4266736 4266737 4266738G / S RDLUnitParameter

3560 36400 9770 3770 1960True Barium by Fusion ICP 50mg/kg

Comments: RDL - Reported Detection Limit;     G / S - Guideline / Standard

4266731-4266738 Result is based on the dry weight of the sample.

Analysis performed at AGAT Calgary (unless marked by *)

Results relate only to the items tested. Results apply to samples as received.

DATE RECEIVED: 2022-09-01

Certificate of Analysis

ATTENTION TO: Cynny Hagen CLIENT NAME: BUREAU VERITAS CANADA (2019) INC

AGAT WORK ORDER: 22C940433

DATE REPORTED: 2022-09-06

PROJECT: C260016

Metals - Barium by Fusion ICP

SAMPLED BY:SAMPLING SITE:

2910 12TH STREET NE
CALGARY, ALBERTA

CANADA T2E 7P7
TEL (403)735-2005
FAX (403)735-2771

http://www.agatlabs.com

CERTIFICATE OF ANALYSIS (V1)

Certified By:
Page 2 of 7



Metals - Barium by Fusion ICP
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Site Location: Camp Farewell, NT Sampling Date:

Golder Project Number: 22525414-1000 Laboratory:

Lab Submission Number: C260016

Was the Cooler Received at the lab under a sealed and intact custody seal? Yes
Was proper chain of custody of the samples documented and kept? Yes
Were sample temperatures acceptable when they reached lab?: Yes
Were all samples analyzed and extracted within hold times?: Yes
Has lab warranted all tests were in statistical control in CoA?: Yes
Was sufficient sample provided for the requested analysis? Yes
Has lab warranted all samples were analyzed with limited headspace present?: Yes

Are All Laboratory QC Within Acceptance Criteria (Yes, No, Not Applicable)?

Yes No
Surrogate Recovery X Matrix spike recovery for vanadium (136%, 151% and

Method Blank Concentration X 140%) exceeded the acceptance criteria of (75-125%)
Laboratory Duplicate RPD X All remaining laboratory QC results are within 

Matrix Spike Recovery X acceptance criteria.
Blank Spike Recovery X

Are All Field QC Samples Within Alert Limits (Yes, No, Not Applicable)?

Yes No
Field Blank Concentration All field QC samples are within 
Trip Blank Concentration alert limits.

Field Duplicate RPD X

Is data considered reliable (Yes/No/Suspect)?: Yes
If answer is "No" or "Suspect", describe and provide rationale:

Data Reviewed by (Print): Anita Colbert Data Reviewed by (Signature):

Date:

GOLDER DATA QUALITY REVIEW CHECKLIST

NA Comments
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August 9, 2022
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4266910-4266912 Result is based on the dry weight of the sample.
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Metals - Barium by Fusion ICP

Barium by Fusion ICP-OES 4266587 976 977 0.0% < 40 95% 70% 130% NA 70% 130%

 
Comments: Matrix spike NA: Spike level < native concentration. Matrix spike acceptance limits do not apply and are not calculated.
Duplicate NA: results are less than 5X the RDL and RDP will not be calculated.
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CLIENT NAME: BUREAU VERITAS CANADA (2019) INC
2021 - 41ST STREET NE
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(403) 291-3077

2910 12TH STREET NE
CALGARY, ALBERTA
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Loan Nguyen, Senior AnalystSOIL ANALYSIS REVIEWED BY:

DATE REPORTED:

PAGES (INCLUDING COVER): 7

Sep 06, 2022

VERSION*: 1

Should you require any information regarding this analysis please contact your client services representative at (403) 735-2005

*Notes

Disclaimer:
· All work conducted herein has been done using accepted standard protocols, and generally accepted practices and methods. AGAT test methods may 

incorporate modifications from the specified reference methods to improve performance.
· All samples will be disposed of within 30 days after receipt unless a Long Term Storage Agreement is signed and returned. Some specialty analysis may 

be exempt, please contact your Client Project Manager for details.
· AGAT’s liability in connection with any delay, performance or non-performance of these services is only to the Client and does not extend to any other 

third party. Unless expressly agreed otherwise in writing, AGAT’s liability is limited to the actual cost of the specific analysis or analyses included in the 
services.

· This Certificate shall not be reproduced except in full, without the written approval of the laboratory.
· The test results reported herewith relate only to the samples as received by the laboratory.
· Application of guidelines is provided “as is” without warranty of any kind, either expressed or implied, including, but not limited to, warranties of 

merchantability, fitness for a particular purpose, or non-infringement. AGAT assumes no responsibility for any errors or omissions in the guidelines 
contained in this document.

· All reportable information as specified by ISO/IEC 17025:2017 is available from AGAT Laboratories upon request.
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Site Location: Camp Farewell, NT Sampling Date:

Golder Project Number: 22525414-1000 Laboratory:

Lab Submission Number: C260023

Was the Cooler Received at the lab under a sealed and intact custody seal? Yes
Was proper chain of custody of the samples documented and kept? Yes
Were sample temperatures acceptable when they reached lab?: Yes
Were all samples analyzed and extracted within hold times?: Yes
Has lab warranted all tests were in statistical control in CoA?: Yes
Was sufficient sample provided for the requested analysis? Yes
Has lab warranted all samples were analyzed with limited headspace present?: Yes

Are All Laboratory QC Within Acceptance Criteria (Yes, No, Not Applicable)?

Yes No
Surrogate Recovery X All remaining laboratory QC results are within 

Method Blank Concentration X acceptance criteria, please see QA/QC 
Laboratory Duplicate RPD X appendix.

Matrix Spike Recovery X
Blank Spike Recovery X

Are All Field QC Samples Within Alert Limits (Yes, No, Not Applicable)?

Yes No
Field Blank Concentration All field QC samples are within 
Trip Blank Concentration alert limits.

Field Duplicate RPD X

Is data considered reliable (Yes/No/Suspect)?: Yes
If answer is "No" or "Suspect", describe and provide rationale:

Data Reviewed by (Print): Anita Colbert Data Reviewed by (Signature):

Date:

GOLDER DATA QUALITY REVIEW CHECKLIST

NA Comments

Bureau Veritas Edmonton

August 8, 2022

NA Comments

August 18, 2022

X
X





Bureau Veritas

17 Aug 2022 16:37:26

















Site Location: Camp Farewell, NT Sampling Date:

Golder Project Number: 22525414-1000 Laboratory:

Lab Submission Number: C260026

Was the Cooler Received at the lab under a sealed and intact custody seal? Yes
Was proper chain of custody of the samples documented and kept? Yes
Were sample temperatures acceptable when they reached lab?: Yes
Were all samples analyzed and extracted within hold times?: Yes
Has lab warranted all tests were in statistical control in CoA?: Yes
Was sufficient sample provided for the requested analysis? Yes
Has lab warranted all samples were analyzed with limited headspace present?: Yes

Are All Laboratory QC Within Acceptance Criteria (Yes, No, Not Applicable)?

Yes No
Surrogate Recovery All laboratory QC results are within 

Method Blank Concentration X acceptance criteria.
Laboratory Duplicate RPD X

Matrix Spike Recovery X
Blank Spike Recovery X

Are All Field QC Samples Within Alert Limits (Yes, No, Not Applicable)?

Yes No
Field Blank Concentration All field QC samples are within 
Trip Blank Concentration alert limits.

Field Duplicate RPD X

Is data considered reliable (Yes/No/Suspect)?: Yes
If answer is "No" or "Suspect", describe and provide rationale:

Data Reviewed by (Print): Anita Colbert Data Reviewed by (Signature):

Date:

GOLDER DATA QUALITY REVIEW CHECKLIST

NA Comments
X

Bureau Veritas Edmonton

August 8, 2022

NA Comments

August 18, 2022

X
X





Bureau Veritas

06 Sep 2022 12:44:36






































