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1.0 INTRODUCTION 

 

A team of geotechnical, environmental and soils and materials engineering 

consultants from Laboratoires d’Expertises de Québec ltée (hereinafter “L.E.Q. 

ltée”) was contracted by the ARCOP/DFS/STGM consortium of architects to 

conduct an exhaustive environmental characterization of soils on the property of 

the Québec City Armoury, located at 805 Avenue Wilfrid-Laurier, in Québec City. 

 

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 Public Works 

and Government Services Canada (hereinafter “PWGSC”) as part of the Québec 

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

National Defence and its 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 representative of the ARCOP/DFS/STGM 

consortium and a representative of PWGSC. 

 

1.1 Context and purpose of the study 

 

This study was conducted further to the Étude Géotechnique et de Caractérisation 

environnementale de site - Phases I & II (geotechnical study and environmental 

characterization – phases I & II – in French only) conducted on the Québec City 

Armoury site by the firm SNC-Lavalin Environnement Inc. in November 2009 

(reference No. 606391). As part of that study, all soil samples analyzed revealed 

concentrations below level “B” of the generic criteria of the 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 
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“the Policy”) of the Ministère du Développement durable, de l’Environnement et de 

la Lutte contre les changements climatiques (hereinafter “MDDELCC”), as well as 

the commercial criterion of the Canadian Council of Ministers of the 

Environmnent (hereinafter “CCME”) for the parameters that were the subject of 

analysis, namely, PAHs, HP C10-C50 and heavy metals. 

 

The purpose of this exhaustive environmental characterization of soils is to 

investigate 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 Policy and CCME criteria.  
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2.0 SUMMARY DESCRIPTION OF THE SITE 

 

The property under study is located at 805 Avenue Wilfrid-Hamel, in Québec 

City, and corresponds to Lot No. 1 315 203 of the Cadastre du Québec. The site is 

irregular in shape and covers an area of approximately 13,135 square metres. Its 

geographic coordinates are 46° 48' 41" north latitude and 71° 12' 80" west 

longitude (MTM/NAD 83). The Department of National Defence owns the site.  

 

Topography is relatively flat and altitude is approximately 90 metres above the level 

of the Saint-Lawrence River. The site is essentially at the same level as the adjacent 

northeastern property and Avenue Wilfrid-Laurier, but above the level of the Plains 

of Abraham to the south. There are no bodies of water on the property. This sector 

of the city of Québec is served by a water supply and sewage system, and municipal 

zoning of the site is designated by Code 11046Up, which authorizes “public”, 

“commercial” and “outdoor recreation” use.  

 

The Armoury building runs adjacent to Avenue Wilfrid-Laurier and covers an area 

of approximately 4,800 square metres. Other than the land in front of the building, 

which is grass-covered, the rest of the land surface is essentially a paved parking 

lot. In addition to a few underground infrastructures located mainly on the 

southwest portion of the property, there may be an underground heating oil tank 

located in the Armoury’s inner courtyard in the northern section of the site. 

Information from the Caractérisation environnementale de site - Phases I & II 

(environmental characterization – phases I & II – in French only) from 2009 

indicates that an old heating oil tank with an approximate capacity of 10,000 litres 

may, in all likelihood, still be located on the site, given that no proof of it having 

been dismantled is available. The presumed location of the tank is indicated on 

Location Plan No. 2499-01-01 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 from 

May 23 to June 7, 2013 and from November 26 to December 5, 2013: 

 

 - 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 eight boreholes, identified as F-1 to F-8, to assess the 

environmental quality of the soils located inside the parade hall 

Drilling was carried out from May 23 to 27, 2013; 

 

 - Setting up borehole F-6 as a groundwater observation pit, identified as 

PO-6. This work was carried out during the borehole drilling 

operations;  

 

 - Installing observation tubes in boreholes F-1 to F-5, F-7 and F-8 to 

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

borehole drilling operations; 

 

 - Setting up nine test pits, identified as PE-1 to PE-9, to assess the 

environmental quality of the soils located inside the parade hall and 

along the perimeter of the building’s foundation walls. It should be 

noted, however, that the excavation work had been carried out prior to 

our arrival on the site. Samples were collected on June 6 and 7, 2013; 
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 - Continuous soil sampling at five excavation zones previously carried 

out for the purposes of archeological exploration. In total, eight 

excavation walls, identified as PE-10 to PE-13, PE-16, PE-18, PE-19 

and PE-23, were sampled to assess the environmental quality of the 

soils from the site’s parking lot. Sampling was carried out on 

November 26 and December 4, 2013; 

 

 - Setting up eight test pits, identified as PE-14, PE-15, PE-17, PE-20 to 

PE-22 and PE-24, to assess the environmental quality of the soils from 

the site’s parking lot. This work was carried out on November 26 as 

well as December 4 and 5, 2013; 

 

 - Continuous soil sampling from each sounding in accordance with the 

recommendations set forth by the MDDELCC; 

 

 - Measuring water levels and checking for the eventual presence of free-

phase petroleum hydrocarbons in observation pit PO-6 and in the 

observation tubes left in boreholes F-1 to F-5, F-7 and F-8. This work 

was carried out on June 7, 2013; 

 

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

including a field duplicate analyses of at least 10%; 

 

 - Delivering the soil samples to the Agat laboratory in Québec City for 

chemical analysis; 

 

 - Surveying of the borehole locations, test pits and archeological 

excavation areas. 
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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 

Plans Nos. 2499-01-01 and -02 in Appendix “A” show 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 Archeological excavation and test pit walls 

 

Sampling at test pits PE-1 to PE-9 was carried out by L.E.Q. ltée technical staff on 

June 6 and 7, 2013 to a depth that varied from 1.20 to 3.15 metres from the 

surface. It should again be noted that the excavation had already been carried out 

under the client’s responsibility before our arrival on the site. 

 

Sampling at excavation walls PE-10 to PE-13, PE-16, PE-18, PE-19 and PE-23 

was carried out by L.E.Q. ltée technical staff on November 26 and December 4, 

2013 from five excavation pits that had already been dug, under the client’s 

responsibility, for the purposes of archeological exploration. Sampling was carried 

out to the bottom of each excavation pit, that is, to a depth of 1.00 to 3.80 metres 

from the surface.  
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Test pits PE-14, PE-15, PE-17, PE-20 to PE-22 and PE-24 were set up under the 

constant supervision of L.E.Q. ltée technical staff on November 26 as well as 

December 4 and 5, 2013 to a depth of 0.56 to 2.20 metres from the surface. Using 

a Caterpillar 308 E hydraulic excavator, the pits were created in accordance with 

operational objectives and based on site accessibility.  

 

Soil samples were collected from one wall in each of the test pits and certain 

archeological pit walls. The procedure consisted of first removing the layer of soil 

that came into contact with the excavation equipment. Soil samples were then 

continuously collected at a maximum sampling interval of 1.00 metre. Samples 

were composed of five sub-samples.  

 

For more information, test pit and archeological excavation pit wall stratigraphy is 

described in section 4.0, and further detailed in the sounding reports in Appendix 

“C”.  

 

3.2 Boreholes 

 

Boreholes F-1 to F-8 were drilled on May 23, 24 and 27, 2013 using a track-

mounted EnviroTrack corer equipped with a hollow auger to a depth of 3.05 to 

4.58 metres from the surface. For geotechnical considerations, which are covered 

in our report No. 4956-00-01 issued in July 2013, boreholes were drilled using 

NW-type tubing and washing.  

 

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-1 to F-5, F-7 and F-8 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”.  

 

3.3 Installation of the observation pit 

 

Borehole F-6 was set up as a groundwater observation pit and identified as PO-6. 

The observation pit was set up with a perforated PVC screen casing 2.47 metres in 

length, 50 millimetres in diameter and with 0.25-millimetre slot openings. An 

unperforated PVC pipe of the same diameter was screwed onto this screen and 

installed so as to reach the land surface. In addition, the observation pit was fitted 

with a bottom plug. Clean Grade 1 silica sand was placed around the screen to act 

as permeable filter material. A 1.40-metre high bentonite sealing plug was 

fashioned from the upper contact of the filter mass to the surface to prevent any 

surface water from seeping into the pit. For more information, installation details 

are presented in the borehole F-6 report in Appendix “C”. 

 

It should be noted that the observation pit was dry during the various readings 

taken between May 28 and June 7, 2013. These results indicate that the water 

table is deeper than 4.12 metres at that borehole site.  
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3.4 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.  
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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 VOCs, as applicable.  

 

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

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

identifying the samples.  

 

TABLE I 
 

SAMPLE NOMENCLATURE 

 

Abbreviation Meaning 

PE Test pit 

F Borehole 

PO Groundwater observation pit 

VR Bulk sampling (collected manually) 

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. 
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3.5 Surveying and levelling  

 

For soundings F-1 to F-8 and PE-1 to PE-9 carried out in May and June 2013, the 

final location of the soundings was determined using on-site physical reference 

point measurements. Geodetic elevation of the land surface at the borehole site 

was measured by L.E.Q. ltée staff using an elevation benchmark identified as 

23L1035 located on the front facade of the existing Armoury building, which 

indicated 90.87 metres of elevation. 

 

As for soundings PE-10 to PE-24 carried out in November and December 2013, 

except for the location of test pits PE-21 and PE-24, X and Y plotting of all 

sounding locations was conducted using an Ashtech ProMark 200 dual-frequency 

network RKT rover. Since the building’s close proximity to test pits PE-21 and 

PE-24 hindered the dual-frequency receiver’s accuracy, the location of those test 

pits was determined by measuring the distance from the building.  

 

The location of each sounding is presented in Location Plans Nos. 2499-01-01 

and -02 in Appendix “A”.  
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4.0 SOIL DESCRIPTION 

 

This section summarizes the nature of the materials encountered during the 

fieldwork operations. For more information, the detailed stratigraphy for each 

sounding is presented in the borehole and test pit reports in Appendix “C”. It 

should be noted that all of the granulometric soil descriptions are based on a 

visual examination of the samples and that no laboratory analyses were carried 

out.  

 

4.1 Asphalt 

 

On the surface, a layer of asphalt approximately 100 millimetres thick was found 

at boreholes F-1 to F-8 and test pits PE-5, PE-7 and PE-9 to PE-24. 

 

4.2 Concrete 

 

Directly on the surface of soundings PE-6 and PE-8 and under the layer of asphalt 

at boreholes F-1 to F-8 and test pits PE-5, PE-7 and PE-21, a concrete slab was 

found with a thickness of 120 to 370 millimetres.  

 

4.3 Granular fill 

 

In general, under the layers described in sections 4.1 and 4.2, a layer of gray sandy 

gravel containing traces of silt with an average thickness of 0.20 metres rests on a 

layer of brown sand containing traces of silt with an average thickness of 

0.35 metres.  
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At test pits PE-1 to PE-3, which were positioned between the Armoury building 

and Avenue Wilfrid-Laurier, brown sand fill containing traces of silt and gravel 

was found, with a thickness of 1.75 to 2.95 metres. 

 

Small asphalt fragments were also found in a proportion of 2% to 10% in the layer 

of sandy gravel at test pits PE-14 to PE-17, PE-22 and PE-24. It should be noted 

that at sounding PE-16, brick and glass debris were also found in a proportion of 

less than 1%. 

 

4.4 Excavated rock 

 

Immediately beneath the layers of granular material described above, material 

appearing to be excavated rock composed of a mix of sand, silt and gravel in 

variable proportions were also found, with a thickness of 0.15 to 3.05 metres. 

These materials rested directly on the bedrock, which is described in section 4.5 

below. 

 

Residual materials were also observed in these soils at soundings F-3, PE-4 to PE-

17 and PE-19 to PE-24. These residual materials were composed of brick, 

concrete, wood, ceramic, metal, mortar and glass debris as well as incineration 

residues, in a proportion of 1% to 30%, depending on the location. Furthermore, 

mild organoleptic indicators of contamination were perceived in the fill material 

found at boreholes F-2 to F-5.  
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4.5 Bedrock 

 

The bedrock, generally composed of clayey limestone, was found at every 

borehole as well as test pits PE-5, PE-6 and PE-10 to PE-24 from a depth of 0.53 

to 3.80 metres below the surface. 

 

4.6 Groundwater 

 

Observation tubes were placed in boreholes F-1 to F-5, F-7 and F-8 and an 

observation pit was placed in borehole F-6 to measure groundwater levels. 

However, given the low permeability of the bedrock and the use of water to bore 

into the rock, no accurate information can be drawn from water measurements 

performed in this study. The water levels measured probably reflect a buildup of 

drilling water in the boreholes. The underground water table is probably much 

deeper than what those measurements would indicate. New water level 

measurements taken once the layer of snow and/or ice on the site has melted would 

provide more accurate values. Measurements taken between May 23 and June 7, 

2013 are presented in the borehole reports in Appendix “C”. No significant 

underground water seepage was observed during the test pit implementation 

operations.  
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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 certificates are presented in Appendix “D”.  

 

It should be noted that, as part of this contract, soil acid base accounting was 

performed by the firm Enviromine Inc. in Longueuil, Québec for the Agat 

laboratory. The analysis certificates from Enviromine Inc. are 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 site under study is under federal jurisdiction, the soil 

sample chemical analysis results were also interpreted on the basis of CCME 

requirements. For the soil that remained on site, given the Armoury’s vocation, 

the CCME’s commercial criterion was determined as the threshold on the basis of 

which remediation efforts would be required.  
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5.3 Analysis parameters 

 

Analysis parameters were selected by the client’s representatives from the 

following: 

 

 - PH C10-C50; 

 - PAH; 

 - Metals (As, Ag, Ba, Cd, Co, Cr, Cu, Hg, Mn, Mb, Sn, Ni, Pb, Se and 

Zn); 

 - Total sulphur. 

 

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 

 

Tables II and III below indicate the environmental soil classification of the 

collected samples in accordance with MDDELCC and CCME requirements. 

Chemical analyses were performed on a total of forty-seven soil samples and 

seven duplicate samples.    
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TABLE II 
 

SUMMARY OF THE CHEMICAL ANALYSIS RESULTS FOR THE SOIL 

SAMPLES COLLECTED FROM THE SOUNDINGS INSIDE THE 

PARADE HALL 
 

Sounding Sample Depth (m) 
Parameter analyzed 

PH C10-C50 PAH Metals Sulfur 

F-1 

4-CF 2.42 to 3.03 <A 
<A  

<CCME 

B-C 

≥CCME 
>C 

4-CF DUP 2.42 to 3.03 -- -- 
>C 

≥CCME 
-- 

F-2 

1-CF 0.28 to 0.61 <A 
A-B 

<CCME 

<A  

<CCME 
B-C 

3-CF 1.22 to 1.83 -- 
<A  

<CCME 
-- -- 

F-3 3-CF 1.22 to 1.45 <A -- 
B-C 

≥CCME 
-- 

F-4 2-CF 0.61 to 1.22 <A -- 
B-C 

<CCME 
-- 

F-5 

2-CF 0.61 to 1.22 -- -- 
B-C 

≥CCME 
-- 

4-CF 1.83 to 2.13 <A 
<A  

<CCME 

B-C 

≥CCME 
-- 

F-6 

2-CF 0.61 to 1.22 -- -- 
B-C 

≥CCME 
-- 

4-CF 1.83 to 2.44 <A 
<A  

<CCME 

B-C 

≥CCME 
-- 

F-7 3-CF 1.22 to 1.83 <A 
<A  

<CCME 

>C 

≥CCME 
-- 

PE-6 

2-VR 0.75 to 1.60 <A 
<A  

<CCME 

<A 

<CCME 
-- 

3-VR 1.60 to 2.25 -- 
<A  

<CCME 

B-C 

≥CCME 
-- 

PE-7 1-VR 0.35 to 1.35 -- 
B-C 

<CCME 

B-C 

≥CCME 

-- 

PE-8 

1-VR 0.20 to 0.70 -- 
B-C 

<CCME 

A-B 

≥CCME 

-- 

2-VR 0.70 to 1.55 -- 
B-C 

<CCME 

>C 

≥CCME 

-- 
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TABLE III 
 

SUMMARY OF THE CHEMICAL ANALYSIS RESULTS FOR CERTAIN 

SOIL SAMPLES COLLECTED FROM THE SOUNDINGS OUTSIDE THE 

PARADE HALL 
 

Sounding Sample Depth (m) 
Parameter analyzed 

PH C10-C50 PAH Metals Sulfur 

PE-1 2-VR 1.00 to 1.95 <A 
<A  

<CCME 
-- <A 

PE-2 1-VR 0.10 to 1.00 <A 
<A  

<CCME 

<A  

<CCME 

-- 

PE-3 3-VR 2.25 to 3.15 <A 
<A  

<CCME 

<A  

<CCME 

-- 

PE-4 
3-VR 1.10 to 2.10 <A 

A-B 

<CCME 

>C 

≥CCME 
-- 

3-VR DUP 1.10 to 2.10 <A -- -- -- 

PE-5 

1-VR 0.22 to 0.50 B-C 
A-B 

<CCME 

B-C 

≥CCME 

-- 

2-VR 0.50 to 1.20 -- 
A-B 

<CCME 

>C 

≥CCME 

-- 

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

<CCME 

>C 

≥CCME 

-- 

PE-9 3-VR DUP 0.43 to 1.45 <A -- -- -- 

PE-10 3-VR 0.52 to 1.10 <A 
<A 

<CCME 

B-C 

≥CCME 
-- 

PE-11 

2-VR 0.20 to 0.52 <A 
<A 

<CCME 

<A 

<CCME 
-- 

3-VR 0.52 to 1.10 <A 
A-B 

<CCME 

B-C 

<CCME 
B-C 

3-VR DUP 0.52 to 1.10 <A -- -- -- 

PE-12 

2-VR 0.20 to 0.70 <A 
<A 

<CCME 

<A 

<CCME 
-- 

3-VR 0.70 to 1.30 <A 
<A 

<CCME 

>C 

≥CCME 
-- 

PE-13 

1-VR 0.07 to 0.25 <A 
<A 

<CCME 

<A 

<CCME 
-- 

3-VR 0.60 to 1.00 -- 
A-B 

<CCME 

B-C 

<CCME 
-- 

PE-14 3-VR 0.50 to 1.00 -- 
<A 

<CCME 

>C 

≥CCME 
-- 

PE-15 

3-VR 0.45 to 0.90 -- 
A-B 

<CCME 

A-B 

<CCME 
-- 

3-VR DUP 0.45 to 0.90 -- 
A-B 

<CCME 
-- -- 
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TABLE III (CONT’D) 
 

SUMMARY OF THE CHEMICAL ANALYSIS RESULTS FOR CERTAIN 

SOIL SAMPLES COLLECTED FROM THE SOUNDINGS OUTSIDE THE 

PARADE HALL 
 

Sounding Sample Depth (m) 
Parameter analyzed 

PH C10-C50 PAH Metals Sulfur 

PE-16 

1-VR 0.07 to 0.15 <A 
<A 

<CCME 

A 

<CCME 
-- 

4-VR 0.80 to 1.50 <A 
A-B 

<CCME 

B-C 

≥CCME 
-- 

PE-17 3-VR 0.50 to 1.15 <A 
B-C 

<CCME 

B-C 

≥CCME 
-- 

PE-18 1-VR 0.10 to 0.40 -- 
<A 

<CCME 

<A 

<CCME 
-- 

PE-19 

2-VR 0.50 to 1.00 -- 
<A 

<CCME 

<A 

<CCME 
-- 

3-VR 1.00 to 2.00 <A 
B-C 

<CCME 

B-C 

≥CCME 
-- 

3-VR DUP 1.00 to 2.00 -- -- 
B-C 

≥CCME 
-- 

PE-20 2-VR 0.43 to 1.35 -- 
A-B 

<CCME 

B-C 

≥CCME 
B-C 

PE-21 1-VR 0.38 to 0.56 <A 
A-B 

<CCME 

B-C 

≥CCME 
-- 

PE-22 

2-VR 0.42 to 0.97 -- -- 
>C 

≥CCME 
-- 

3-VR 0.97 to 1.37 <A -- 
<A 

<CCME 
-- 

4-VR 1.37 to 2.20 -- 
B-C 

<CCME 

B-C 

≥CCME 
-- 

PE-23 

2-VR 0.32 to 0.75 -- 
<A 

<CCME 

A-B 

<CCME 
-- 

3-VR 0.75 to 1.75 -- -- 
>C 

≥CCME 
-- 

4-VR 1.75 to 2.75 -- 
A-B 

<CCME 
-- -- 

5-VR 2.75 to 3.80 -- -- 
>C 

≥CCME 
-- 

PE-24 

2-VR 0.55 to 1.60 <A 
A-B 

<CCME 

A-B 

≥CCME 
-- 

2-VR DUP 0.55 to 1.60 -- 
A-B 

<CCME 
-- -- 

 

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

CCME: CCME commercial criterion; 

--: Parameter not analyzed. 
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With regard to soil compliance with federal requirements, out of all the results of 

the chemical analyses performed, twenty-seven samples revealed concentrations 

of metals above the CCME’s commercial criterion. These soils do not meet the 

applicable requirements for the site under study.  

 

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

requirements, out of all the results of the chemical analyses performed, thirty-five 

samples revealed concentrations above criterion “A” of the Policy for the 

parameters analyzed. A detailed examination of the results of the soil analyses has 

revealed the following: 

 

 - Only one of the samples analyzed for PH C10-C50 revealed a 

concentration above criterion “A” of the Policy. A concentration in the 

“B-C” range was measured in sample PE-5 / 1-VR; 

 

 - With regard to PAHs, seven samples revealed concentrations in the 

“B-C” range and twelve samples revealed concentrations in the “A-B” 

range of the generic criteria of the MDDELCC’s Policy; 

 

 - With regard to metals, eleven samples revealed concentrations above 

criterion “C”, eighteen samples revealed concentrations in the “B-C” 

range and four samples revealed concentrations in the Policy’s “A-B” 

range;  

 

 - Samples F-1 / 4-CF, F-2 / 1-CF, PE-11 / 3-VR and PE-20 / 2-VR, on 

which a sulfur analysis was performed, all revealed concentrations 

above the “B” range for this parameter. Soil acid base accounting tests 

were performed on samples F-1 / 4-CF, F-2 / 1-CF and PE-11 / 3-VR. 

These tests revealed that the soils were not acid-forming. The presence 
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of non-acid forming soils is non-restrictive where only sulfur exceeds 

the usage criterion. 

 

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

Detailed tables of chemical analysis results and the analysis certificates are 

presented in Appendix “D”.  

 

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 seven duplicate soil samples and sent them 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) 

 

According to a review of literature presented at the 2006 forum of the Association 

des consultants et laboratoires experts (ACLE – association of consultants and 

expert laboratories), a difference of less than 100% is therefore acceptable for the 

soils on site.   
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Table IV below presents the results. 

 

TABLE IV 
 

RESULT VALIDITY CONTROL 
 

Sample Duplicate 
Collection 

date 
Parameter analyzed 

Concentrations (ppm) Difference 

(%) Sample Duplicate 

F-1 / 4-CF F-1 / 4-CF DUP 2013-05-23 

Arsenic 40 45 12 

Cadmium <0.9 <0.9 0 

Chromium <45 <45 0 

Copper <40 <40 0 

Tin 6 9 40 

Mercury <0.2 <0.2 0 

Nickel 46 53 14 

Lead <30 <30 0 

Zinc 100 <100 0 

PE-4 / 3-VR PE-4 / 3-VR DUP 2013-06-06 PH C10C50 <100 <100 0 

PE-9 / 3-VR PE-9 / 3-VR DUP 2013-06-06 PH C10C50 136 233 53 

PE-11 / 3-VR 
PE-11 / 3-VR 

DUP 
2013-11-26 PH C10-C50 125 149 18 

PE-15 / 3-VR 
PE-15 / 3-VR 

DUP 
2013-11-26 

Benzo(e)pyrene 0.1 0.1 0 

Benzo-

(b+j+k)fluoranthene 
0.2 0.1 67 

Benzo(g,h,i)perylene 0.1 0.1 0 

Chrysene 0.1 <0.1 0 

Fluoranthene 0.1 <0.1 0 

Pyrene 0.1 <0.1 0 

All other PAHs <0.1 <0.1 0 



 

L.E.Q. File No. 2499-01 24 

TABLE IV (CONT’D) 
 

RESULT VALIDITY CONTROL 
 

Sample Duplicate 
Collection 

date 
Parameter analyzed 

Concentrations (ppm) Difference 

(%) Sample Duplicate 

PE-19 / 3-VR 
PE-19 / 3-VR 

DUP 
2013-12-04 

Arsenic 23 23 0 

Cadmium <0.9 <0.9 0 

Chromium <45 <45 0 

Copper 43 42 2 

Tin 21 15 33 

Mercury 0.7 0.6 15 

Nickel 35 36 3 

Lead 154 128 18 

Zinc 136 132 3 

PE-24 / 2-VR 
PE-24 / 2-VR 

DUP 
2013-12-05 

Anthracene 0.1 0.1 0 

Benzo(a)anthracene 0.5 0.4 22 

Benzo(a)pyrene 0.5 0.4 22 

Benzo(b+j+k)fluoranthene 0.7 0.6 15 

Benzo(g,h,i)perylene 0.2 0.2 0 

Chrysene 0.5 0.4 22 

Fluoranthene 0.9 0.7 25 

Indeno(1,2,3-cd)pyrene 0.3 0.2 40 

Phenanthrene 0.5 0.3 50 

Pyrene 0.8 0.6 29 

All other PAHs <0.1 <0.1 0 

 

Based on the acceptability criteria described above, the concentrations measured 

in the samples and the duplicate samples are deemed acceptable. The detailed 

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

Appendix “D”.  
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7.0 INTERPRETATION AND ESTIMATED VOLUMES OF  

 CONTAMINATED SOILS  

 

Interpretation of the scope of the contamination was carried out by taking into 

account the results of this exhaustive environmental characterization of soils. To 

evaluate the volumes of contaminated soil, several hypotheses needed to be put 

forward based on the following limitations, given that: 

 

 - the layer of contaminated soils is heterogeneous. Soil composition and 

level of contamination may therefore vary at any point; 

 

 - the thickness of the layer of contaminated soil may vary at any point; 

 

 - the soundings provide pin-pointed information that is not necessarily 

representative of an entire sector; 

 

 - the estimated contaminated soil volumes are merely an approximation 

determined for the sole purpose of providing guidance to the client 

with regards to budget planning. 

 

Thus, the following hypotheses were put forward: 

 

 - The contamination (in reference to its nature and concentration level) 

measured in a given sounding extends to the halfway point between 

that sounding and a neighbouring sounding, or to the property 

boundary where no sounding is present. Polygon shapes were thus 

drawn around each sounding in which contamination was detected; 
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 - Contamination thickness corresponds to the thickness of the layer 

represented by a contaminated sample and is consistent across the 

entire polygon. 

 

It should be noted that this contaminated soil volume estimate applies exclusively 

to the soils located inside the parade hall and outside the current building. 

Although there is a strong likelihood that the building’s foundations will rest on 

the bedrock, no verification of this fact was requested by the client.  

 

Interpretation of the scope of the contamination using the polygon method must 

be carried out in consideration of all of the limitations and hypotheses listed 

above. Given that the contaminated soil volume estimate is based on both 

subjective and objective considerations, the degree of uncertainty is difficult to 

accurately determine. An initial approximation of this degree of uncertainty, 

however, based on the specific situations of each site, would suggest a range of 

20% to 50% of the estimated volume.  

 

The polygons drawn from the interpretation are presented in Drawings Nos. 2499-

01-01 and -02 in Appendix “A”. Based on the surface area covered by each of 

these polygons and the contaminated soil thickness estimates, approximate 

volumes were calculated and presented in Tables V to VII below: 
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TABLE V 

 

ESTIMATED VOLUMES OF CONTAMINATED SOILS LOCATED 

INSIDE THE PARADE HALL 
 

Contaminated 

sounding 

Level of 

contamination 

Main 

contaminants 

Polygon area 

(m
2
) 

Depth of 

contamination 

(m) 

Thickness of 

contamination 

(m) 

Calculated 

volume of 

contaminated 

soils (m
3
) 

F-1 

B-C 
PAHs and/or 

metals 
216 

0.40 to 1.81 1.41 305* 

>C 

≥CCME 
Metals 1.81 to 3.23 1.42 307 

F-2 A-B PAHs 409 0.28 to 1.93 1.65 675 

F-3 
B-C 

≥CCME 
Metals 251 0.39 to 1.45 1.06 266 

F-4 

B-C Metals 

354 

0.37 to 1.22 0.85 301 

>C 

≥CCME 
Metals 1.22 to 2.44 1.22 432* 

F-5 

A-B 
PAHs and/or 

metals 
315 

0.35 to 0.61 0.26 82* 

B-C 

≥CCME 
Metals 0.61 to 2.14 1.53 482 

F-6 
B-C 

≥CCME 

Metals and/or 

PAHs 
101 0.37 to 2.44 2.07 209 

F-7 

A-B 
Metals and/or 

PAHs 
388 

0.18 to 1.22 1.04 404* 

>C 

≥CCME 
Metals 1.22 to 2.08 0.86 334 

F-8 A-B 
Metals and/or 

PAHs 
170 0.38 to 0.53 0.15 26* 

PE-6 
B-C 

≥CCME 
Metals 125 1.60 to 2.25 0.65 81 

PE-7 
B-C 

≥CCME 

PAHs and metals 

94 

0.35 to 2.30 1.95 183 

Metals and/or 

PAHs 
2.30 to 2.80 0.50 47* 

PE-8 

B-C 

≥CCME 
PAHs 

73 

0.20 to 0.70 0.50 37 

>C 

≥CCME 
Metals 0.70 to 1.55 0.85 62 

 

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

CCME: CCME commercial criterion;  

*: Drawn from an interpretation by L.E.Q. ltée even if no chemical analysis result was available. 
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TABLE VI 

 

ESTIMATED VOLUMES OF CONTAMINATED SOILS LOCATED 

OUTSIDE THE PARADE HALL 
 

Contaminated 

sounding 

Level of 

contamination 

Main 

contaminants 

Polygon area 

(m
2
) 

Depth of 

contamination 

(m) 

Thickness of 

contamination 

(m) 

Calculated 

volume of 

contaminated 

soils (m
3
) 

PE-4 
>C 

≥CCME 
Metals 163.1 0.25 to 2.10 1.85 302 

PE-5 

B-C 

≥CCME 

PH C10-C50 and 

metals 
120.2 

0.22 to 0.50 0.28 34 

>C 

≥CCME 
Metals 0.50 to 1.20 0.70 84 

PE-9 
>C 

≥CCME 
Metals 278.1 0.43 to 1.45 1.02 284 

PE-10 
B-C 

≥CCME 
Metals 508.7 0.52 to 1.10 0.58 295 

PE-11 B-C Metals 414.6 0.52 to 1.10 0.58 241 

PE-12 
>C 

≥CCME 
Metals 435.5 0.70 to 1.30 0.60 261 

PE-13 B-C Metals 579.1 0.60 to 1.00 0.40 232 

PE-14 
>C 

≥CCME 
Metals 490.7 0.50 to 1.00 0.50 245 

PE-15 A-B PAHs and metals 711.8 0.45 to 0.90 0.45 320 

PE-16 
B-C 

≥CCME 
Metals 626.4 0.37 to 1.50 1.13 708 

PE-17 
B-C 

≥CCME 
PAHs and metals 300.7 0.50 to 1.15 0.65 196 

PE-18 
B-C 

≥CCME 
PAHs and metals 341.3 0.70 to 1.40 0.70 239* 

PE-19 
B-C 

≥CCME 
PAHs and metals 332.9 1.00 to 2.00 1.00 333 

PE-20 
B-C 

≥CCME 
Metals 241.9 0.43 to 1.35 0.92 223 

PE-21 
B-C 

≥CCME 
Metals 144.6 0.38 to 0.56 0.18 26 
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TABLE VI (CONT’D) 

 

ESTIMATED VOLUMES OF CONTAMINATED SOILS LOCATED 

OUTSIDE THE PARADE HALL 
 

Contaminated 

sounding 

Level of 

contamination 

Main 

contaminants 

Polygon area 

(m
2
) 

Depth of 

contamination 

(m) 

Thickness of 

contamination 

(m) 

Calculated 

volume of 

contaminated 

soils (m
3
) 

PE-22 

>C 

≥CCME 
Metals 

234.6 

0.42 to 0.97 0.55 129 

B-C 

≥CCME 
PAHs 0.97 to 2.20 1.23 289 

PE-23 

A-B Metals 

424.7 

0.32 to 0.75 0.43 183 

>C 

≥CCME 
Metals 0.75 to 3.80 3.05 1,295 

PE-24 
A-B 

≥CCME 
PAHs and metals 181.4 0.55 to 1.60 1.05 191 

 

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

CCME: CCME commercial criterion;  

*: Drawn from an interpretation by L.E.Q. ltée even if no chemical analysis result was available. 

 

TABLE VII 

 

CUMULATIVE ESTIMATED QUANTITIES OF CONTAMINATED SOIL 
 

Level of 

contamination 

Main 

contaminants 

Estimated volume (m
3
) 

Inside the parade hall Outside the building Total 

A-B 
Metals and/or 

PAHs 
1,187 694 1,881 

B-C 
Metals, PAHs 

and/or PH C10-C50 
1,911 2,816 4,727 

>C Metals 1,135 2,600 3,735 

Total: 

4,233  

(of which 2,440 

>CCME) 

6,110  

(of which 5,134 

>CCME) 

10,343  

(of which 7,574 

>CCME) 

 

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

CCME: CCME commercial criterion. 

 

 



 

L.E.Q. File No. 2499-01 30 

Drawing No. 2499-01-01 in Appendix “A” illustrates the distribution of 

contamination interpreted on the basis of the generic criteria set forth in the 

MDDELCC’s Policy, whereas Drawing No. 2499-01-02, also in Appendix “A”, 

shows the distribution of contamination interpreted on the basis of the CCME’s 

commercial criterion.  
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8.0 DISCUSSION ON THE PROBABLE PRESENCE OF AN OLD  

 UNDERGROUND TANK 

 

As discussed in section 2.0, an old 10,000-litre underground heating oil tank may 

still be located in the Armoury’s inner courtyard. 

 

Including the environmental boreholes that were drilled as part of the 

Caractérisation environnementale de site - Phases I & II (environmental 

characterization – phases I & II – in French only) from 2009, a total of three 

soundings were performed  in this sector, namely, boreholes F-09-06 and F-09-09 

(SNC Lavalin) and test pit PE-5 (L.E.Q. ltée). The presumed location of the tank 

and the approximate location of boreholes F-09-06 and F-09-09 are indicated on 

Drawing No. 2499-01-01 in Appendix “A”. 

 

In each of these three soundings, no petroleum hydrocarbons or olfactory 

indicators of contamination that would suggest the presence of a heating oil tank 

were detected in the soil and/or rock. It is important to note, however, that given 

the natural level of the bedrock in this sector of the site, it is very likely that the 

bottom of the tank rests in a pit excavated into the bedrock. Thus, since soundings 

F-09-09 and PE-5 ended on contact with the bedrock at a depth of approximately 

1 metre beneath the surface, they cannot be used to confirm the environmental 

quality of the soil near the old tank. Borehole F-09-06, however, appears to have 

been drilled in closer proximity to the old tank. The bedrock was reached at a 

depth of three metres, and a 3-metre thick core sample was extracted. No 

contamination indicators were detected. However, although information from 

borehole F-09-06 is encouraging, we are of the opinion that it is insufficient to 

rule on the environmental quality of the soil located near the old tank.  
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9.0 CONCLUSIONS AND RECOMMENDATIONS 

 

An exhaustive environmental characterization of soils was conducted from May to 

December 2013 on the property of the Québec City Armoury, located at 805 

Avenue Wilfrid-Laurier, in Québec City.    

 

The general objective of this study was to determine the level of contamination of 

the soils on the site in order to provide PWGSC with guidelines regarding the off-

site management of these materials. The environmental quality of the soils on this 

site was evaluated on the basis of the MDDELC’s Policy and CCME criteria. 

 

The work essentially consisted of drilling eight boreholes (identified as F-1 to  

F-8) and twenty-four test pits (identified as PE-1 to PE-24). Representative soil 

samples were collected as the soundings were created. A chemical analysis was 

then performed on selected samples.  

 

With regard to the soils’ environmental compliance with federal requirements, out 

of all of the chemical analysis results obtained from each soil sample, twenty-

seven samples revealed concentrations of metals above the CCME’s commercial 

criterion. These soils to not meet applicable requirements for the site under study. 

 

As for the environmental quality of the soils in terms of provincial requirements, 

thirty-five samples revealed concentrations of PH C10-C50, PAHs and/or metals 

above level “A” of the MDDELCC Policy’s generic criteria. Five samples 

revealed “A-B”-level concentrations, nineteen samples revealed “B-C”-level 

concentrations and eleven samples revealed concentrations above the Policy’s “C” 

criterion.  
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Recommendations 

 

In light of the results, environmental remediation of the contaminated soil will be 

required on this property to meet the CCME commercial criterion.  

 

Furthermore, all soils that are contaminated beyond criterion “A” of the 

MDDELCC Policy must be managed, as they are excavated during the project’s 

execution, 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).  

 

According to an estimate based on the results of chemical analyses conducted for 

the purposes of this study, the following amounts of contaminated material for the 

site under study are to be expected:  

 

 - Approximately 1,881 cubic metres of soils contaminated by metals 

and/or PAHs in the Policy’s “A-B” range; 

 

 - Approximately 4,727 cubic metres of soils contaminated by metals, 

PH C10-C50 and/or PAHs in the Policy’s “B-C” range; 

 

 - Approximately 3,735 cubic metres of soils contaminated by metals 

beyond criterion “C” of the Policy’s generic criteria. 

 

It should also be noted that among the soil quantities listed above, 7,574 cubic 

metres of soil would also contaminated by metals beyond the CCME commercial 

criterion.  
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Drawing No. 2499-01-01 in Appendix “A” indicates the distribution of 

contamination interpreted on the basis of the MDDELCC Policy’s generic criteria, 

whereas Drawing No. 2499-01-02, also in Appendix “A”, indicates the 

distribution of contamination interpreted on the basis of the CMME commercial 

criterion.  

 

It should also be noted that the fill materials characterized at the sounding sites 

revealed a proportion of residual materials of 0% to 30%, depending on location, 

mainly composed of brick, concrete, wood, ceramic, metal, mortar, glass and/or 

incineration residues. Based on the size of the debris and rock fragments found in 

the fill material, we are of the opinion that sieving operations to remove the 

residual materials cannot be considered. In addition, given the types of 

contaminants found, these soils should be relocated to a landfill site authorized by 

the MDDELCC. 

 

With regard to the underground tank located in the Armoury’s inner courtyard, 

given that the environmental sounding tests have not confirmed that this tank has 

not had any impact on the site’s environmental quality, an environmental 

characterization is recommended during the tank search efforts that will be 

conducted as part of the Armoury reconstruction work. If the tank is still there, it 

will have to be dismantled. According to federal regulations, this work will have 

to be carried out by a contractor specialized in petroleum equipment and 

supervised by an accredited specialist recognized by the Régie du bâtiment du 

Québec. The complete requirements are presented in the Storage Tank Systems for 

Petroleum Products and Allied Petroleum Products Regulations, SOR/2008-197 

of Canada. 
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Lastly, it should be restated that the contaminated soil volume estimates presented 

in this report are only applicable to the soils located inside the parade hall and 

outside the current building. Although it is very likely that the building’s 

foundations rest on the bedrock, no verification of that fact was requested by the 

client.  
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10.0 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.  

 

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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11.0 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. 

 














































































































































































































































































