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1.0 INTRODUCTION 

 

A team of geotechnical, environmental and soils and materials engineering 

consultants from L.E.Q. ltée was contracted by the ARCOP/DFS/STGM 

consortium of architects to conduct an environmental characterization of soils on 

the properties concerned by the installation of new underground infrastructures 

between Avenue Wilfrid-Laurier and the Plains of Abraham in Québec City. More 

specifically, the site under study corresponds to a portion of lots 1 213 692, 

1 213 699, 1 315 031 and 1 315 203 of the Cadastre du Québec. 

 

These operations are supplemental to the Exhaustive Environmental 

Characterization of Soils study conducted by our firm on the property of the 

Québec City Armoury in 2013 (Reference No. 2499-01-01). The purpose of this 

supplemental Environmental Characterization of Soils study is to evaluate the 

environmental quality of the soils on site in order to provide guidelines to 

PWGSC concerning its off-site management of these materials. The evaluation of 

the environmental quality of the soils on the site was conducted in accordance 

with the MDDELCC’s Politique de protection des sols et de rehabilitation des 

terrains contaminés (policy on soil protection and the remediation of 

contaminated land - in French only, hereinafter “the Policy”) and CCME criteria. 

 

This report includes all of the results of the work carried out as well as the resulting 

comments, recommendations and conclusions. This report was prepared specifically 

for the exclusive use of the ARCOP/DFS/STGM consortium and PWGSC as part 

of the Québec City Armoury reconstruction project. With the exception of the 

Department of National Defence, the Ville de Québec and their business partners, 

including other professionals involved with the project’s completion, as 

applicable, no other person, body or entity may use this report without the written 

consent of L.E.Q. ltée, a representative of the Department of National Defence, a 
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representative of the ARCOP/DFS/STGM consortium and a representative of 

PWGSC. 
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2.0 SUMMARY DESCRIPTION OF THE SITE 

 

Located in the La Cité-Limoilou borough in the city of Québec, the property under 

study corresponds to a portion of Avenue Wilfrid-Laurier, a portion of a parking 

lot used by the NBC as well as a portion of land on the Plains of Abraham. The 

sector covered by these operations corresponds to a portion of lots 1 213 692, 

1 213 699, 1 315 031 and 1 315 203 of the Cadastre du Québec, with a surface 

area of approximately 2,428 square metres. The centre point of the site’s 

geographic coordinates is approximately 46°48'20" north latitude and 71°12'53" 

west longitude (MTM/NAD 83). Other than the southeastern portion occupied by 

the Plains of Abraham, which is covered in grass, the rest of the surface is paved 

with asphalt. The boundaries of the sector covered by these operations are 

presented in Drawing No. 2499-03-01 in Appendix “A”. 
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3.0 ENVIRONMENTAL CHARACTERIZATION OPERATIONS 

 

The sounding program was prepared by Mr. Frédéric Lortie, engineer, who is in 

charge of environmental projects at L.E.Q. ltée, in collaboration with 

representatives of the client. To meet the objectives outlined above, the following 

work was carried out under the supervision of L.E.Q. ltée technical staff: 

 

 - Investigating the presence of underground public infrastructures 

(Vidéotron ltée, Bell Canada, Ville de Québec, Hydro-Québec 

Distribution, Gaz Métro, etc.) by the Info-Excavation service, Travaux 

publics de la ville de Québec and PWGSC; 

 

 - Drilling four boreholes, identified as F-101 to F-104, on August 20, 

2014; 

 

 - Installing observation tubes in boreholes F-101 and F-104 to measure 

groundwater levels. This work was also carried out during the borehole 

drilling operations; 

 

 - Continuous soil sampling at each borehole in accordance with the 

recommendations set forth by the MDDELCC; 

 

 - Measuring water levels in the observation tubes placed in boreholes  

F-101 and F-104. This work was carried out on August 20 and 25, 

2014; 

 

 - Applying a quality control program to the sample analysis results, 

including a field duplicate analyses of at least 10%; 
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 - Delivering the soil samples to the Agat laboratory in Québec City for 

chemical analysis; 

 

 - Surveying and levelling of the borehole locations. 

 

All of the operations listed above were carried out in accordance with the 

recommendations set forth in the Guide de caractérisation des terrains  (site 

characterization guide – in French only) published by the MDDELCC. Location 

Plan No. 2499-03-01 in Appendix “A” shows the borehole locations and the 

Photographic Compendium in Appendix “B” provides the context in which these 

operations were carried out.  

 

After the field work was completed, a chemical analysis of selected soil samples 

was conducted. Sample selection was based on organoleptic indicators as well as 

the geological and hydrogeological context of the site under study.  

 

3.1 Boreholes 

 

Boreholes F-101 to F-104 were drilled on August 20, 2014 using a trailer-

mounted Diedrich D-50 corer equipped with a hollow auger to a depth of 1.07 to 

3.66 metres from the surface. The boreholes were performed in accordance with 

the objectives of the study and accessibility of the site.  

 

A standardized 50.8-millimetre (outside diameter) split spoon was used to recover 

soil samples for the purposes of visual description and laboratory analysis. During 

the sampling operations, standard penetration trials were conducted in accordance 

with standard NQ 2501-140.  
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Observation tubes made from bottom-perforated 19-millimetre PVC pipes were 

inserted in boreholes F-101 and F-104 in order to subsequently measure 

groundwater levels.  

 

For more information, the stratigraphy of the borehole sites is described in section 

4.0 and further detailed in the borehole reports in Appendix “C”.  

 

3.2 Soil sample collection 

 

A strict management procedure in compliance with the Guide d’échantillonnage à 

des fins d’analyses environnementales : Cahier 5 - Échantillonnage des sols 

(sampling guide for environmental analysis - booklet 5 – soil sampling - in French 

only) from the MDDELCC was used during sample collection, identification, 

temporary storage and transportation so as to preserve their integrity until they 

were delivered to the analysis laboratory that was hired for the purposes of the 

contract. 

 

Before any soil samples were collected, the instruments were first washed with a 

brush and soapy water, and then successively rinsed with demineralised water, 

acetone, hexane, acetone, and demineralised water.  

 

All soil samples were carefully placed in brand new glass jars and sealed with 

airtight screw-on lids. As the jars were filled, care was taken to minimize contact 

with the atmosphere so as to avoid the loss of volatile organic components, as 

applicable. 

 

The samples were clearly identified with the borehole number, sample number 

and sampling date. Table 1 below provides an explanation of the terms used in 

identifying the samples.  
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TABLE I 
 

SAMPLE NOMENCLATURE 

 

Abbreviation Meaning 

F Borehole 

CF Sample collected using a split spoon 

DUP Duplicate or control sample 

 

Samples were kept in a cooler at a temperature of approximately 4°C, then 

temporarily stored at a safe location. After the field work was completed, samples 

were delivered to our laboratory in Québec City where they were kept at a cool 

temperature (±4°C) in a refrigerator. Selected samples were then sent to the 

analysis laboratory that was hired to conduct the chemical analyses. 

 

3.3 Surveying and levelling 

 

Borehole locations were determined by L.E.Q. ltée technical staff based on a 

location plan provided by the client. The boreholes were positioned so as to avoid 

the risk of encountering any underground lines. 

 

X, Y and Z plotting of all sounding locations was conducted using an Ashtech 

ProMark 200 dual-frequency network RKT rover. The location of each borehole is 

presented in Location Plan 2499-03-01 in Appendix “A”. It should be noted that 

the location of test pit PE-9, which was carried out in June 2013, (Reference 

Report No. 2499-01-01) is also presented in the location plan.  
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4.0 DESCRIPTION OF SOILS AND GROUNDWATER 

 

Stratigraphy of the soils encountered while drilling boreholes F-101 to F-104 is 

summarized in Table II below, and further detailed in the borehole reports 

presented in Appendix “C”. It should be noted that the sounding report for test pit 

PE-9 from June 2013 (Reference Report No. 2499-01-01) is also presented in 

Appendix “C”. 

 

TABLE II 
 

SOIL STRATIGRAPHY SUMMARY 
 

Stratigraphy 
Boreholes and depth (m) 

F-101 F-102 F-103 F-104 

Asphalt 0.00-0.09 0.00-0.05 0.00-0.05 0.00-0.12 

Fill 0.09-0.58 0.05-1.13 0.05-0.69 0.12-0.34 

Granular soil generated from 

alterations of the bedrock* 
0.58-0.73 --- 0.69-1.25 --- 

Friable rock 0.73-1.07 1.13-1.83 --- 0.34-0.99 

Bedrock 1.07 1.83 1.25 0.99 

End of the borehole 1.07 3.66 1.25 2.54 

 

 * Grain size equivalent to sandy silt; a small amount of gravel. 

 

Fill material composition in all boreholes varied from sand to gravel and contained 

traces of silt to sandy silt with a small amount of gravel. Small fragments of asphalt, 

incineration residues and concrete were noted in proportions of <2% to <10% 

depending on the location.  

 

A visual examination of the bedrock has revealed that it is generally composed of 

clayey limestone. The RQD rock quality designation index measured along the 

centerline of the core samples varied from 0% to 81%, which indicates that rock 

quality varies from very poor to good. 
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Groundwater observation tubes were placed in boreholes F-101 and F-104. At the 

time measurements were read on August 20 and 25, 2014, no groundwater was 

found at the depths reached by the boreholes. It should be noted, however, that 

groundwater levels may vary significantly with the seasons, amounts of 

precipitation and alterations of the physical environment such as the addition of 

trench drains, etc. 
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5.0 LABORATORY CHEMICAL ANALYSES 

 

5.1 Analysis Laboratory 

 

All chemical analyses conducted as part of this contract were performed by the 

Agat laboratory in Québec City. This laboratory is recognized and certified by the 

MDDELCC. The analysis certificate is presented in Appendix “D”. It should be 

noted that the analysis certificate for the samples collected from test pit PE-9 in 

June 2013 (Reference Report No. 2499-01-01) is also presented in Appendix “D”. 

 

5.2 Interpretive criteria 

 

In order to provide the client with guidelines regarding off-site management of the 

excavation waste that will be generated during the project’s execution, the soil 

sample chemical analysis results were interpreted on the basis of the generic 

criteria set forth in the MDDELCC’s Policy. For this project, the background 

levels used for metals are those that apply to the Appalachian geological province. 

 

In addition, given that the sections of the NBC parking lot and the Plains of 

Abraham are under federal jurisdiction, the soil sample chemical analysis results 

were also interpreted on the basis of CCME requirements. 

 

For the property under federal jurisdiction, the CCME commercial criterion was 

considered as the threshold on the basis of which the excavated soils would have 

to be disposed of at a contaminated soil treatment facility approved by the 

MDDELCC. For the right-of-way on Avenue Wilfrid-Laurier, which is under 

provincial jurisdiction, level “C” of the MDDELCC Policy’s generic criteria was 

considered as the threshold on the basis of which excavated soils would have to 
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be taken off-site to a contaminated soil treatment facility approved by the 

MDDELCC.  

 

5.3 Analysis parameters 

 

Analysis parameters were selected on the basis of the analysis results from the 

Exhaustive Environmental Characterization of Soils study conducted by our firm 

on the Québec City Armoury property in 2013 (Reference No. 2499-01-01, March 

2014). Analysis parameters were selected from the following: 

 

 - PH C10-C50; 

 - PAH; 

 - Metals (As, Ag, Ba, Cd, Co, Cr, Cu, Mn, Mb, Sn, Ni, Pb and Zn); 

 - Mercury.  

 

Sample selection was guided by the geological and hydrogeological context of the 

site as well as visual and olfactory observations by the site technician, which were 

subsequently validated by the L.E.Q. ltée project manager.  

 

5.4 Laboratory chemical analysis methods 

 

The analysis methods, limits of detectability of those methods and a summary of 

Agat’s internal quality control program are presented in Appendix “D”.  
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6.0 CHEMICAL ANALYSIS RESULTS 

 

The following section presents the results of the soil sample analyses as well as 

the quality control applied to those results. The analysis certificates and tables 

detailing the chemical analysis results are presented in Appendix “D”.  

 

6.1 Soil chemical analysis results 

 

Table III below indicates the environmental soil classification of the samples 

collected in boreholes F-101 to F-104 in accordance with MDDELCC and CCME 

requirements. Chemical analyses were performed on a total of seven soil samples 

and one duplicate sample.    

 



 

L.E.Q. File No. 2499-03 13 

TABLE III 
 

SUMMARY OF THE CHEMICAL ANALYSIS RESULTS 
 

Sounding Sample Depth (m) 
Parameter analyzed 

PH C10-C50 PAH Metals Mercury 

F-101 

1-CF A 0.09 to 0.29 A-B 
A-B 

<CCME 

<A  

<CCME 
-- 

1-CF B 0.29 to 0.55 -- 
<A  

<CCME 

<A  

<CCME 

<A  

<CCME 

F-102 

1-CF B 0.22 to 0.51 <A 
<A  

<CCME 

<A  

<CCME 

<A  

<CCME 

2-CF 0.52 to 1.13 -- 
A-B 

<CCME 

B-C 

≥CCME 
-- 

F-103 

1-CF A 0.05 to 0.24 <A 
<A  

<CCME 

<A  

<CCME 

<A  

<CCME 

1-CF B 0.24 to 0.51 -- 
B-C 

<CCME 

B-C 

≥CCME 
-- 

F-104 

1-CF A 0.12 to 0.34 B-C 
A-B 

<CCME 

B-C 

<CCME 
-- 

1-CF A 

DUP 
0.12 to 0.34 -- -- 

B-C 

<CCME 
-- 

 

< A, A-B, B-C, > C: Generic criteria ranges of the MDDELCC’s Policy; 

CCME: CCME commercial criterion; 

--: Parameter not analyzed. 

 

With regard to soil compliance with federal requirements, two samples failed to 

meet applicable requirements for the site under study. Among the metals 

analyzed, concentrations of arsenic above the CCME criterion were measured in 

samples F-102 / 2-CF and F-103/1-CF B. 

 

As for the environmental quality of the soils with regard to provincial 

requirements, out of all the results of the chemical analyses performed, three 

samples revealed concentrations in the Policy’s “B-C” range and one sample 

revealed concentrations in the “A-B” range. More specifically, “B-C”-range 

concentrations of PH C10-C50, PAHs and/or metals were measured in samples  
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F-102/2-CF, F-103/1-CF B and F-104/1-CF A and “A-B”-level concentrations of 

PH C10-C50 and PAHs were measured in sample F-101/1-CF A.  

 

Table IV below shows the environmental classification of the soils collected from 

test pit PE-9 during the 2013 fieldwork operations on the adjacent property 

(Reference No. 2499-01-01) on the basis of MDDELCC and CCME 

requirements: 

 

TABLE IV 
 

SUMMARY OF THE CHEMICAL ANALYSIS RESULTS 
 

Sounding Sample Depth (m) 
Parameter analyzed 

PH C10-C50 PAH Metals Mercury 

PE-9 3-VR 0.43 to 1.45 <A 
B-C 

<CCME 

>C 

≥CCME 
-- 

 

< A, A-B, B-C, > C: Generic criteria ranges of the MDDELCC’s Policy; 

CCME: CCME commercial criterion; 

--: Parameter not analyzed. 

 

The analysis results for the sample collected from test pit PE-9 do not meet the 

applicable requirements for the site under study. Measurements revealed 

concentrations of metals (more specifically arsenic and nickel) above the CCME 

commercial criterion. As for provincial requirements, the sample analyzed 

revealed PAH contamination in the “B-C” range and metal contamination above 

the “C” level of the MDDELCC Policy.  

 

It should be noted that there are no CCME criteria for PH C10-C50. Detailed tables 

of chemical analysis results and the analysis certificates are presented in Appendix 

“D”.  
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6.2 Quality control assurance program 

 

The Agat analysis laboratory abides by a strict internal quality control protocol so 

as to ensure compliance of the analysis methods and the credibility of the results. 

This protocol includes the use of duplicate samples, calibration benches and 

fortified samples. This information is available on each of the analysis certificates 

presented in Appendix “D”.  

 

In addition to the quality control procedures used by the analysis laboratory, 

L.E.Q. ltée also collected one duplicate soil sample, which was sent for analysis to 

control for the chemical analyses presented. Quality control is carried out by 

evaluating the difference between the results using the following formula: 

 

Diff. (%) =  
(C1-C2) 

 X 100 
((C1+C2)/2) 

 

Based on the MDDELCC’s “Guide des procédures d'assurance et contrôle de la 

qualité pour les travaux analytiques contractuels en chimie” (procedural 

guidelines for quality assurance and control of contractual chemical analyses – in 

French only) a difference of less than 30% is therefore deemed acceptable. 

 

Table V below presents the results. 
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TABLE V 
 

RESULT VALIDITY CONTROL BY DUPLICATE ANALYSIS 
 

Sample Duplicate Parameter analyzed 
Concentrations (ppm) Difference 

(%) Sample Duplicate 

F-104/  

1-CF A 

F-104/ 

1-CF A  

DUP 

Silver <0.5 <0.5 0 

Arsenic 11 12 9 

Barium 1 070 1 190 11 

Cadmium <0.9 <0.9 0 

Chromium <45 <45 0 

Cobalt <15 <15 0 

Copper <40 <40 0 

Tin <5 <5 0 

Manganese 253 256 1 

Molybdenum <2 <2 0 

Nickel <30 <30 0 

Lead 40 37 8 

Zinc <100 <100 0 

 

Based on the acceptability criteria described above, the concentrations measured 

in the sample and its duplicate are deemed acceptable. 
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7.0 CONCLUSIONS AND RECOMMENDATIONS 

 

An environmental characterization of soils study was carried out in August 2014 

on the properties concerned by the installation of new underground infrastructures 

between Avenue Wilfrid-Laurier and the Plains of Abraham in Québec City. More 

specifically, the site under study corresponds to a portion of lots 1 213 692, 

1 213 699, 1 315 031 and 1 315 203 of the Cadastre du Québec. 

 

The purpose of this study was to determine the level of contamination of the soils on 

site in order to provide guidelines to PWGSC concerning its off-site management 

of these materials. The environmental quality of the soils on the site was evaluated 

in accordance with the MDDELCC Policy and CCME criteria. 

 

Operations consisted of drilling four boreholes identified as F-101 to F-104. 

Representative soil samples were collected during the borehole drilling 

operations, after which a chemical analysis was performed on selected samples. It 

should be noted that the analysis results for samples collected from test pit PE-9 in 

2013 (L.E.Q. ltée Reference No. 2499-01-01) were also considered in this study.  

 

With regards to the environmental compliance of the soils with federal 

requirements, three samples failed to meet the applicable requirements for the site 

under study. Concentrations of metals above the CCME commercial criterion 

were measured in samples F-102 / 2-CF, F-103 / 1-CF B and PE-9/3-VR. As for 

the environmental quality of the soils in terms of provincial requirements, out of 

all of the chemical analysis results, one sample revealed concentrations above the 

Policy’s “C” level, three samples revealed concentrations in the “B-C” range and 

one sample revealed concentrations in the “A-B” range. More specifically, 

concentrations of metals above the “C” level were measured in sample  
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PE-9 / 3-VR, concentrations of PH C10-C50, PAHs and/or metals in the “B-C” 

range were measured in samples F-102 / 2-CF, F-103 / 1-CF B and F-104 / 1-CF 

A, and concentrations of PH C10-C50 and PAHs in the “A-B” range were measured 

in sample F-101/1-CF A. 

 

In light of these results, an environmental follow-up study of the excavation 

operations will be required during the project’s execution. 

 

For the properties under federal jurisdiction (NBC parking lot and the Plains of 

Abraham), the CCME commercial criterion will have to be considered as the 

threshold on the basis of which excavated soils must be disposed of at a 

contaminated soil facility approved by the MDDELCC. For the right-of-way 

located on Avenue Wilfrid-Laurier, level “C” of the MDDELCC Policy’s generic 

criteria will have to be considered as the threshold on the basis of which 

excavated soils would have to be taken off-site to a contaminated soil treatment 

facility approved by the MDDELCC. In addition, all soils contaminated beyond 

criterion “A” of the MDDELCC Policy must be managed, after excavation, in 

accordance with the Policy’s Grille de gestion des sols contaminés excavés 

intérimaire (interim contaminated excavated soil management schedule – in 

French only) as well as the Regulation respecting contaminated soil storage and 

contaminated soil transfer stations. The Grille de gestion des sols contaminés 

excavés intérimaire is presented in Appendix “E” (in French only). 

 

Drawing No. 2499-03-01 in Appendix “A” presents the borehole locations and the 

chemical analysis results. The levels of contamination, depths of the boreholes 

and the nature of the contamination are also provided.  
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Lastly, it is important to specify that given the imprecise location of several 

underground public utilities in the right-of-way on Avenue Wilfrid-Laurier, and in 

order to avoid any damage, borehole F-104 had to be positioned at some distance 

from those utilities. As a result, it is important to point out that potentially 

contaminated fill materials are likely to be encountered at greater depths in the 

trench axis of the existing lines. Should such materials be encountered, they 

would have to be the subject of an environmental characterization study.  
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8.0 LIMITING CONDITIONS 

 

This report is exclusively intended for the client for whom it was prepared. The 

information contained herein is provided to the best of our knowledge and in light 

of the data available to L.E.Q. ltée at the time it was drafted. This report must be 

considered as a whole and no individual portions may be used separately. Any use 

of this report by a third party, or any decision made by a third party on the basis of 

the content of this report, is the responsibility of that third party. 

 

Any sketches or drawings that appear in or are attached to this report, as well as any 

statements that specify dimensions, capacities, quantities or distances are 

approximate and are solely provided to help the reader visualize the property.  

 

In addition, it is important to mention that an environmental characterization study 

consists of spot sampling of a given site. As a result, the environmental, 

geological, hydrogeological and/or geotechnical conditions between sampling 

points may differ from the actual conditions revealed by the soundings, which 

provided the conditions on the basis of which our remarks and information were 

issued. The sample analysis results are only representative of the specific location 

and depth of the sampling site, the rest being the result of reasonable 

extrapolation. In addition, the time factor must be considered, as from moment the 

soundings are carried out, conditions may change as a result of a spill, natural 

events or direct or indirect human intervention on or at some distance from the 

site.  
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In light of the above, it is important to mention that the contents of this report and its 

conclusions are only applicable to the period of time that precedes the release date 

of this report. Any opinions concerning laws and/or regulations are presented herein 

for technical purposes and must not be interpreted as legal advice. 
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9.0 QUALIFICATIONS 

 

The work was supervised by Mr. Frédéric Lortie, engineer, who is in charge of 

environmental projects at L.E.Q. ltée. Mr. Lortie has held a civil engineering degree 

since graduating in April 2009 and has worked in this field since 2007. 

 

Mr. Lortie hereby certifies that the study was conducted with full impartiality and 

independence and with no interference on the part of L.E.Q. ltée management or 

its clients. 

 

In addition, throughout the entire duration of this study, Mr. Lortie was aware of 

no conflicts of interest with regard to this property. 

 






























































































