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ES 1. EXECUTIVE SUMMARY 
XCG Consulting Limited (XCG) was retained by the City of Red Deer (City) to 
implement a vapour intrusion assessment and environmental monitoring program at 
the Montfort Landfill (Site), as per XCG’s proposals dated August 23, 2016 and 
November 7, 2016 and proposed investigation program dated April 11, 2017.  

The Montfort Landfill, legally described as NE 20-38-27 W4M, and Lot S1, Plan 
3762NY and Block Z, Plan 982 0142, is reported to have been in operation in 1968 
and 1969, accepting municipal solid waste from the City. 

XCG understands that the objective of this vapour intrusion assessment and 
environmental monitoring program was to address the environmental 
recommendations in the previously completed reports, and to ascertain the current 
condition of the Site and delineate any impact / risk to indoor air receptors. The 
recommendations listed in the previously completed reports include: 

• Additional groundwater elevations and soil vapour data on a quarterly basis for 
one hydrogeological cycle; and 

• A second data set of soil vapour and groundwater chemistry, groundwater 
elevations, and headspace measurements during winter conditions. 

The following activities were included in the scope of work for this vapour intrusion 
assessment and environmental monitoring program: 

• XCG installed an additional eight monitoring wells (MWs) and an additional nine 
soil vapour probes (SVPs) on and adjacent to the Site in December of 2016. These 
monitoring wells and soil vapour probes were installed to better delineate the 
extent of the previously reported groundwater and soil vapour quality impacts in 
the vicinity of the Montfort Landfill.  

• Hydraulic monitoring to record the depth to groundwater for groundwater 
monitoring wells and soil vapour probes was conducted on a quarterly basis to 
confirm groundwater flow direction and seasonal fluctuations. 

• Soil vapour field monitoring on a quarterly basis in conjunction with the hydraulic 
monitoring. 

• Groundwater sampling and laboratory analysis of 13 groundwater samples in the 
first quarter (March) of 2017 (in frozen conditions). 

• Soil vapour sampling and laboratory analysis from 12 soil vapour probes in the 
first quarter (March) of 2017 (in frozen conditions). 

• Indoor air quality monitoring at select residential properties adjacent to the Site in 
the first quarter (March) of 2017 (in frozen conditions). 

• Development of site specific vapour screening levels and health based indoor air 
criteria. 
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• Data review, determination of extent and/or location of groundwater impacts from 
the Site, and assessment of potential risks (hazard quotients) associated with 
vapour inhalation. 

The following conclusions are based on the information and data generated during 
XCG’s investigation described herein: 

• The 2017 hydraulic monitoring results indicate that there is evidence of a perched 
groundwater table located above the clay layer beneath the Site and a separate 
shallow groundwater unit present deeper in the clay. The monitoring wells located 
northwest of the Site show a groundwater flow direction from north to south in the 
shallow groundwater unit located within the clay, which is consistent with local 
topography. The groundwater elevations in the shallow monitoring wells installed 
on top of the clay show a radial flow outwards from the landfill with a southerly 
trend at the southeast corner and a northerly trend at the north side of the Site. 

• Over the course of the four quarterly monitoring events, seven of the 14 soil vapour 
probes had methane detected in them on at least one occasion during 2017. Based 
on the results of the quarterly soil vapour monitoring, methane was found to be 
present in soil vapour probes located on-Site within the limits of waste. Methane 
was also detected to the north of the Site (outside the limit of waste) adjacent to 
the residential homes on Hermary Street, and south of the Site (outside the limit of 
waste) on the west side between the Site and the multi-tenant residential dwelling 
of Montfort Heights. 

• Groundwater concentrations at monitoring well XCG-14(MW), located northwest 
of the landfill, were all less than the 2016 Tier 1 SGRG with the exception of total 
dissolved solids (TDS) and dissolved manganese which exceeded the 2016 Tier 1 
SGRG. This monitoring well is considered to represent background groundwater 
quality at the Site in the shallow groundwater unit based on its location up gradient 
of the Site. Given the radial flow outwards from the landfill in the perched water 
table, there is no monitoring location up gradient that represents background 
groundwater quality in the perched groundwater unit. Groundwater quality at 
monitoring points within the limit of waste were found to be impacted by 
parameters consistent with leachate characteristics.  

• Groundwater quality results indicate that monitoring well XCG-5(MW), located 
south of the landfill and screened in the perched groundwater unit, is not impacted 
by landfill leachate. Since no analyzed parameters exceeded the 2016 Tier 1 SGRG 
at XCG-5(MW), it appears that the perched groundwater is attenuating by the time 
it reaches this monitoring point located approximately 35 metres south of the limit 
of waste. Monitoring well XCG-6(MW), located south of the landfill and screened 
in the perched groundwater unit, is impacted by leachate, as indicated by the 
elevated concentrations of TDS, dissolved nitrate, and dissolved manganese, all of 
which were above the 2016 Tier 1 SGRG. Monitoring well XCG-13(MW), located 
adjacent to the north limit of waste and screened in the perched groundwater, is 
impacted by leachate, as indicated by the elevated concentrations of TDS, 
dissolved chloride, and dissolved manganese, all of which were above the 2016 
Tier 1 SGRG. The extent of the perched groundwater impacts down gradient 
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(south and east), and up gradient (north) of the site have not been fully delineated. 
However, the leachate-related parameters in perched groundwater appear to 
attenuate within approximately 35 metres of the landfill, as indicated by the 
groundwater quality results from samples collected from well XCG-5(MW) that 
is located south of the landfill. Because there are no other wells located outside the 
limits of waste that are screened in the perched groundwater, it cannot be 
confirmed that the quality of perched groundwater improves away from the Site in 
all other directions. However, it is likely that the leachate-related parameters do 
attenuate in the same rate in all directions away from the Site. 

• Groundwater quality results indicate that monitoring wells XCG-1(MW) and 
XCG-2(MW), located adjacent to the west of the landfill and screened in the 
shallow groundwater unit (within the clay layer), are not impacted by leachate. 
Monitoring well XCG-12(MW), located adjacent to the north limit of the landfill 
and screened in the shallow groundwater unit, is likely impacted by leachate as 
indicated by the presence of dissolved metals and nutrients above the 2016 Tier 1 
SGRG and background groundwater quality.  

• Soil vapour results from the 12 samples collected during frozen conditions 
(March 2017) indicated the presence of methane, vinyl chloride (VC), and cis-1,2-
dichloroethylene (cis-1,2-DCE) at concentrations that exceeded the derived soil 
vapour screening criteria at four locations. Two locations were within the limit of 
waste (at the southeast and southwest corners) and the remaining two were outside 
the limit of waste to the north, and south of the Site. The extent of soil vapour 
impacts north, east, west and south of the site have not been fully delineated.  

• The indoor air quality at the 10 residences located north, east, west and south of 
the Site did not have detectable concentrations of methane, VC, or cis-1,2-DCE. 
The laboratory reportable detection limits (RDLs) were set below the Health Based 
Indoor Air Criteria. Based on the above, it is unlikely that soil vapour impacted by 
the Site is migrating into the indoor air of the residences adjacent to the Site.  

• Risk characterization completed for residential, institutional, and commercial 
receptors based on groundwater to indoor air and soil vapour to indoor air exposure 
pathways confirmed potential risks above acceptable levels for each of these 
receptors and pathways. However, risk characterization completed based on the 
worst case (frozen ground condition) direct measured indoor air sampling results, 
confirmed that risks were well within acceptable risk values. 

• Risk characterization based on worst case soil vapour concentrations of VC and 
cis-1,2-DCE were determined to represent a potential risk to utility workers 
exposed to trench air. 

• Due to the presence of methane detected in soil vapour probes XCG-13(SVP) and 
XCG-6(SVP) located outside the limit of waste and XCG-4(SVP) located within 
the limit of waste (nearest monitoring point to residences located east of the Site), 
it is recommended that select soil vapour probes [XCG-1(SVP), XCG-2(SVP), 
XCG-4(SVP), XCG-5(SVP), XCG-6(SVP), XCG-9(SVP), XCG-10(SVP), XCG-
12(SVP), and XCG-13(SVP)] be monitored twice annually in September (due to 
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methane concentrations recorded during the 2017 September monitoring event) 
and March (under frozen conditions to represent the worst case scenario/highest 
potential for LFG migration) using a handheld LFG analyzer. If methane volumes 
of 2.5 % v/v (50% LEL) are detected at any of the monitoring locations, it is then 
recommended that an indoor air sample be collected at the nearest 
residence/building to the monitoring location. It is also recommended that 
hydraulic monitoring be conducted in conjunction with the LFG monitoring events 
in order to aid in determining if soil vapour probes are blinded and to monitor 
groundwater flow across the Site and further confirm the presence of a perched 
groundwater unit at the Site. This semi-annual LFG and hydraulic monitoring 
program should be implemented for a period of three years, followed by a review 
of all results to determine the best approach going forward.  

• Due to the potential risk for vapour inhalation identified for the construction/utility 
worker exposed to trench air, health and safety precautions (i.e. use of a four gas 
meter) should be taken when entering any trench. Personal protective equipment 
should be worn, as appropriate depending on monitoring results. 

• Additionally, it is recommended that monitoring wells that were previously 
installed by others with screens straddling the waste, the clay layer and the 
underlying sand (i.e. MW-01, MW-03, and MW-04) be decommissioned. These 
wells should be decommissioned, because they hydraulically connect the leachate-
impacted perched groundwater within the waste to the deeper shallow groundwater 
unit. 

ES 1.1 Additional Consideration 
The surface topography at the Site has subsided leaving a slightly irregular surface. 
This has produced a number of lower-lying surface areas throughout the site, which 
often become water-saturated/flooded following rainfall. Repeated ponding of storm 
water makes these surfaces even more susceptible to infiltration and percolation of 
water into the underlying landfill material, generating leachate. Therefore, as a future 
consideration in conjunction with any future maintenance of the sports field on the 
site, would be to fill these low areas to reduce ponding and leachate generation. 
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1. INTRODUCTION 
XCG Consulting Limited (XCG) was retained by the City of Red Deer (City) to 
implement a vapour intrusion assessment and environmental monitoring program at 
the Montfort Landfill (Site), as per XCG’s proposals dated August 23, 2016 and 
November 7, 2016, and proposed investigation program dated April 11, 2017. The Site 
is legally described as NE 20-38-27 W4M, and Lot S1, Plan 3762NY and Block Z, 
Plan 982 0142. The Site location and approximate limit of waste are shown on 
Figure 1.  

1.1 Purpose and Use 
XCG understands that there are eight historic disposal sites located within the City 
limits, and that municipal solid waste was disposed in these areas prior to 1972. From 
2013 to 2015, the City undertook Phase I Environmental Site Assessments (ESAs), 
Phase II ESAs, and Environmental Risk Management Plans (ERMPs) for the eight 
historic waste disposal sites, including the Site. 

The Site was reportedly in operation in 1968 and 1969, accepting municipal solid 
waste from the City. After the Site was closed, and prior to the changes in regulation 
prohibiting residential encroachment to closed landfill sites, numerous residences/ 
buildings were developed adjacent to the Site. The results of the Phase I ESA, Phase II 
ESA, and ERMP for the Site indicated that additional environmental monitoring and 
investigations were required to determine the potential for landfill gases to impact the 
homes and residents neighbouring the Site. Specifically, the reports recommended 
additional groundwater elevations and soil vapour data be obtained on a quarterly basis 
for one hydrogeological cycle to better understand the local flow pattern and risks 
presented to groundwater. Further, the reports recommended that a second data set 
consisting of soil vapour and groundwater chemistry, groundwater levels, and 
headspace measurement be obtained during a winter period in order to illustrate the 
worst case for seasonal variability of soil vapours. 

XCG understands that the objective of this vapour intrusion assessment and 
environmental monitoring program was to address the environmental 
recommendations in the previously completed reports, and to ascertain the current 
condition of the Site and delineate any impact / risk to adjacent indoor air receptors. 
The recommendations listed in the previously completed reports include: 

• Additional groundwater elevations and soil vapour data on a quarterly basis for 
one hydrogeological cycle; and 

• A second data set of soil vapour and groundwater chemistry, groundwater 
elevations, and headspace measurements during winter conditions. 

The following report describes the activities conducted in 2016 and 2017 and 
summarizes the results, provides interpretation of the results, and the conclusions with 
regard to the findings.  
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This document was prepared for the sole use of the City of Red Deer and may not be 
relied upon by any other person or entity, without written authorization of XCG. The 
information and data provided in this document may not be appropriate to satisfy the 
needs of other users, and any use or reuse of this document or the findings, 
conclusions, or recommendations represented herein is at the sole risk of said users. 
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2. BACKGROUND 

2.1 Geology 
The geology underlying the Site is characterized by Tertiary bedrock units overlain by 
Quaternary surficial deposits of clay, silt, sand and gravel. The bedrock belongs to the 
Mid-Late Paleocene-aged Paskapoo Formation, and is generally located at 
approximately 20 metres below ground surface (bgs) in the area surrounding the Site 
(Stantec, 2006). The Paskapoo Formation is comprised of alternating layers of 
mudstone, siltstone and sandstone. According to Tiamat Environmental Consultants 
(Tiamat), the structural integrity of the Paskapoo Formation in this area is closely 
related to the formation of the Rocky Mountains, which generated regional stresses 
and subsequent fracturing of the Paskapoo Formation (Tiamat, 2013). Reportedly, 
these fracture patterns are predominantly oriented perpendicular to the trend of the 
Rocky Mountains, and are expressed as southwest to northeast-trending vertical 
fractures (Tiamat, 2013), and the vertical fracture patterns may also be accompanied 
by sub-horizontal fractures (Bachu & Michael, 2002). Directly overlying the bedrock 
in the Red Deer River valley is pre-glacial gravel and sand. These gravel sediments 
reportedly range in thickness from 6 to 12 metres (Tiamat, 2013) and are a known 
groundwater resource.  

Analysis of the local surficial soils was conducted by Tiamat (2013). This report 
described the surficial soils as being mostly poorly to moderately sorted sand, silt and 
gravel with varying amounts of clay. Bedding planes in these sediments were difficult 
to differentiate.  

XCG conducted shallow monitoring well and borehole drilling on Site and at 
properties immediately adjacent to the Site in 2016, which provided additional 
information regarding the local shallow geology. Most of these boreholes ranged from 
approximately 2 to 10 metres bgs. The boreholes generally intersected a top-down 
sequence of imported or regular topsoil, followed by clay, clayey silt/silty clay, and/or 
sand. Imported soils that were intersected in the drilling program consisted of dry 
topsoil with clay contents. The regular topsoil intervals were predominantly dark 
brown with silt and sand contents, and occasional occurrence of pockets of red 
oxidation. The clay intervals were characterized as being high plasticity, and dark 
brown/black with occasional blue (reduced) pockets. Clayey silt and silty clay 
intervals were medium to dark brown. Sandy intervals are generally medium brown 
and fine to very fine with silt contents, as well as some redox (red and blue) striations. 
Some boreholes intersected municipal solid waste consisting of wood debris or plastic 
bags. Moisture levels generally increase with depth towards the water table. None of 
these boreholes were drilled to sufficient depths to contact gravel deposits or bedrock.  

Stratigraphic logs for the monitoring wells and soil vapour probes installed by XCG 
are included as Appendix A. Figures 2, 3, 4, 5, and 6 illustrate cross sections along the 
north perimeter of the Site, the south portion of the Site, the west perimeter of the Site, 
and through the east portion of the Site, based on the stratigraphy recorded in the 
borehole logs during drilling activities completed by Tiamat in 2013 and XCG in 2016. 
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2.2 Topography 
The Site is located at the top of an upland area overlooking the Red Deer River Valley 
to the south. Topography decreases more rapidly to the south of the Site towards the 
incised Red Deer River, which lies approximately 31 metres below the Site. The Site 
topography is defined by generally mild slopes. Maximum topographic relief within 
the Site is less than 2 metres.  

A figure showing the topography of the Site and surrounding area from the 2013 
Phase I ESA conducted by Tiamat in 2013 is provided in Appendix B. 

2.3 Drainage 
The Site’s nearest permanent surface water feature is the Red Deer River, located 
approximately 800 metres to the southeast. The Red Deer River is also the area’s 
primary drainage system. As shown in Appendix B, the Red Deer River traverses the 
southeastern portion of the mapped area, approximately 550 metres south of the site. 
The Red Deer River flows from the south to the northeast through the mapped area, as 
it travels from its source in the Rocky Mountains to converge with the South 
Saskatchewan River near the Saskatchewan border.  

Since the original landscaping and flattening of the Site to be used as a recreational 
field, the surface topography at the Site has subsided, leaving a slightly irregular 
surface. According to Tiamat, this differential settlement has produced a number of 
lower-lying surface areas throughout the site, which often become water-saturated 
following rainfall (Tiamat, 2014). Reportedly, the ponding of storm water in the low-
lying areas results in additional infiltration though the cap of the landfill, and 
ultimately results in the generation of more leachate (Tiamat, 2014 ERMP).  

2.4 Hydrogeology 
Regional groundwater appears to generally follow the trend of the bedrock 
topography. According to Tiamat, the Site itself lies in an area of recharge with a 
downward flow component (Tiamat, 2014 ERMP). Based on the topographic map in 
Appendix B, this indicates that the regional groundwater flows in a general east-
southeast direction, towards the topographically-low Red Deer River Valley (Tiamat, 
2014 ERMP). Regionally, the groundwater table reportedly has a gradient of 
approximately 0.004 to 0.011 m/m towards the southeast (Tiamat, 2014 ERMP).  

Local groundwater levels and flow pathways are however, governed mostly on a 
combination of local geology, topography, water source wells, and land development, 
and as such, may fluctuate considerably from the regional patterns (Tiamat, 2013). 
Seasonal variations also influence the local groundwater flow and levels in this area. 
For example, flow conditions in the Red Deer River (July to August) reportedly tend 
to release bank water storage in the gravel deposits (Tiamat, 2013).  

The Red Deer Area hosts two major, distinguishable aquifers (Gabert, 1975). 
According to Tiamat, the upper aquifer is a combination of sandstones of the Paskapoo 
Formation and permeable overburden glacial drift deposits (Tiamat, 2013). The lower 
aquifer reportedly belongs to the lower Paskapoo Formation sandstone, but it is 
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generally confined from the upper aquifer by thick layers of shale and less permeable 
clays/silts (Tiamat, 2013).  

There is a large, approximately 21-metre deep buried valley aquifer that trends 
northeastward through the map area. The gravels surrounding the Red Deer River are 
a known source of groundwater. In addition to the Red Deer River, there are also a 
number of other nearby surface water features in and around Red Deer, including 
Hazlett Lake, Waskasoo Creek, Gaetz Lakes, and the Bower Ponds. 

Based on the depths of the wells installed and the groundwater elevations measured 
during the four quarterly monitoring events completed during 2017, there is evidence 
of a perched groundwater table located above the clay and a separate shallow 
groundwater unit present deeper in the clay. The monitoring wells located in the 
northwest corner of the Site show a groundwater flow direction from north to south in 
the shallow groundwater unit located within the clay, which is consistent with the local 
topography. The groundwater elevations in the shallow monitoring wells installed on 
top of the clay show a radial flow outwards from the landfill with a southerly trend at 
the southeast corner of the Site and a northerly trend at the north side of the Site (see 
Section 7.1). 

2.5 Groundwater and Surface Water Resource Usage 
Reportedly, the groundwater in the Red Deer Area is predominantly carbonate and 
sodium bicarbonate-type (Le Breton, 1971). Sodium sulfate-type groundwater is 
present in considerable quantities, and very minor quantities of chloride water have 
also been reported (Le Breton, 1971). Reportedly, potable groundwater is typically 
found at depths of up to 300 metres in west Red Deer, and up to 90 metres in the east 
(Le Breton, 1971; Tiamat, 2013).  

The ERMP completed by Tiamat in 2014 suggests that groundwater is not used at any 
locations directly down gradient (southeast) from the Site. Figure 7 summarizes 
information and data obtained from public records for the surface water and 
groundwater usage within a 300-metre radius of the Site. According to this, no water 
wells have been drilled down gradient of the Site. The Red Deer River, located 
approximately 800 metres southeast of the Site, has been used for municipal water 
supply purposes by the City since 1909; therefore, groundwater in the vicinity of the 
Site is not used for potable water purposes. 

2.6 Potential Sources of Contamination 
According to the Phase I ESA completed by Tiamat in 2013, there are no obvious 
activities on adjacent lands that are interpreted as an environmental concern relative 
to the Site. The land surrounding the Site is predominantly residential, with 
commercial and light industrial land (grocery stores, restaurants, etc.) located to the 
northeast of the Site. No major industrial buildings (factories), gas stations, or other 
potential contaminant contributors are found in the immediate vicinity of the Site. 

The leachate and landfill gas contamination associated with the Site are the only 
known source of contamination in the area of, and adjacent to the Site. The Phase I 
and II ESAs completed by Tiamat in 2013 and 2014, respectively, assert that there 
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were no other sources of contamination identified at the Site and in the vicinity of the 
Site.  

Common landfill-sourced contaminants in groundwater include benzene, 
ethylbenzene, 1,4-dichlorobenzene, tetrachloroethene (PCE), trichloroethene (TCE), 
and (vinyl chloride) VC. Landfill-sourced contaminants in soil vapour include volatile 
organic compounds (VOCs) (aliphatics, aromatics, chlorinated, non-chlorinated, 
alcohols, oxygenated, and ketones) (Tiamat 2014, ERMP).  

2.7 Potential Receptors  
The ERMP completed by Tiamat in 2014 found that generally, the primary pathways 
of landfill contaminants are via groundwater and landfill gas (LFG). According to 
Tiamat, the biotic and soil contact pathways were not deemed to be of considerably 
high risk to the public (Tiamat, 2014 ERMP). Reportedly, there was no visual evidence 
of contamination impact in the surrounding flora and fauna (Tiamat, 2014 ERMP). 
The ERMP completed by Tiamat in 2014 identified a number of potential ecological 
and landfill soil gas receptors in the area surrounding the site.  

2.7.1 Groundwater and Surface Water Receptors 
As discussed in Section 2.5 above, there are no down gradient groundwater and surface 
water resource uses located within 300 metres of the Site. The most sensitive 
groundwater and surface water receptor is the Red Deer River, which is located 
approximately 800 metres southeast of the Site. This is because the Red Deer River is 
used for municipal water supply purposes for the City. 

2.7.2 Ecological Receptors  
Figure 8 displays the identified ecological receptors within 300 metres of the Site (i.e. 
surface water courses, wetlands), which includes greenspace areas that are zoned A2 
– Environmental Preservation District under the City’s Land Use Bylaw 3357/2006. 
Ecological receptors located down gradient and cross-gradient of the site include the 
greenspace located within 200 metres to the west and south of the Site. 

2.7.3 Landfill Gas (LFG) Receptors  
LFG is created as a by-product of waste decomposition. Common components of LFG 
include methane, carbon dioxide, as well as minor amounts of nitrogen, oxygen and 
VOCs. LFG’s typically travel vertically through the waste pile to escape into the 
atmosphere. It is most risky, however, when LFG is trapped by a less permeable 
surface material. In this case, the LFG’s will travel laterally, increasing the potential 
that they come in contact with underground LFG receptors. According to Tiamat, the 
most sensitive receptors of contamination that were identified at this Site are the 
developments that are located nearby and adjacent to the Site, including (Tiamat, 2014 
ERMP): 

• A shopping mall (Village Mall) located less than 100 metres to the northeast of the 
Site; 

• Multi-tenant residential dwellings including Wedgewood Gardens located 
adjacent to the east of the site, Village Park Estates located adjacent to the 
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southeast of the Site, Montfort Heights located adjacent to the south of the Site, 
and The Views at St. Joseph located approximately 130 metres south of the Site; 

• The administration offices for Montfort Centre Red Deer Catholic Schools located 
adjacent to the south of the Site; and 

• Detached residential dwellings with basements located adjacent to the north and 
west of the Site. 

Utility corridors, including a gas line located adjacent to the north and west of the Site, 
a water line located adjacent to the west of the Site, a sanitary line located along the 
west side of the limit of waste, and a storm line located along the west side of the Site 
and limit of waste, can act as preferential pathways for LFG migration to potential 
receptors. During the installation of additional groundwater monitoring wells and soil 
vapour probes (further discussed in Section 5), XCG observed that the utility corridor 
located near the northwest corner of the Site appeared to be backfilled with native clay 
material, and therefore is unlikely to act as a preferential pathway (see stratigraphic 
log for XCG-9(SVP) in Appendix A). 

The lack of a low permeability cap on the Site means that most of the LFG will likely 
escape via venting. Soil vapour intrusion is the primary route of exposure for LFG. 
Figure 9 shows the locations of above-listed potential LFG receptors and utility 
corridors in relation to the Site. 
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3. SCOPE OF WORK 
The vapour intrusion assessment and environmental monitoring program described 
herein was based on the scope of work previously described in detail in the XCG 
proposals dated August 23, 2016 and November 7, 2016 and proposed investigation 
program dated April 11, 2017.  

The main tasks and activities completed as part of the vapour intrusion assessment and 
environmental monitoring program included: 

• Installation of an additional eight monitoring wells (MWs) and an additional nine 
soil vapour probes (SVPs) on and adjacent to the Site in December of 2016. These 
monitoring wells and soil vapour probes were installed to better delineate the 
extent of the previously reported groundwater and soil vapour quality impacts in 
the vicinity of the Site.  

• Hydraulic monitoring, on a quarterly basis, of groundwater monitoring wells and 
soil vapour probes to record the depth to groundwater to confirm groundwater flow 
direction and seasonal elevation fluctuations; 

• Soil vapour field monitoring on a quarterly basis in conjunction with the hydraulic 
monitoring; 

• Groundwater sampling and laboratory analysis of 13 groundwater samples 
collected from all accessible monitoring wells in the first quarter (March) of 2017 
(in frozen conditions); 

• Soil vapour sampling and laboratory analysis from 12 soil vapour probes in the 
first quarter (March) of 2017 (in frozen conditions);  

• Indoor air quality monitoring at select residential properties adjacent to the Site in 
the first quarter (March) of 2017 (in frozen conditions); 

• Development of site specific vapour screening levels and health based indoor air 
criteria; and  

• Data review, determination of extent and/or location of groundwater impacts from 
the Site, and assessment of potential risks (hazard quotients) associated with 
vapour inhalation. 
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4. REGULATORY SETTING  
The Site has been inactive for about 47 years, and is considered to be a non-operating 
municipal landfill. According to Tiamat there is no regulatory requirement to 
remediate or decommission/remove the waste material from its present location 
(Tiamat 2014).  

Below is a description of the assessment criteria used to evaluate the results of the 
various monitoring activities undertaken for this vapour intrusion assessment and 
environmental monitoring program. 

4.1 Assessment Criteria 

4.1.1 Groundwater Criteria 
The groundwater quality was assessed with respect to the Alberta Environment and 
Parks (AEP) 2016 Tier 1 and Tier 2 Soil and Groundwater Remediation Guidelines 
(2016 Tier 1 and Tier 2 SGRG). The 2016 Tier 1 SGRG are based on the assumption 
that all exposure pathways and receptors are present on-site, and the lowest criteria for 
all pathways/receptors is selected as the generic guideline value for the parameters of 
concern. The 2016 Tier 2 SGRG are based on site-specific conditions that allows 
exclusion of potential human and/or ecological exposure pathways not present/ 
relevant to the Site. 

Given that the Site and surrounding area is zoned either multiple family or low density 
residential, parks and recreation, or public service (institutional or government) (The 
City of Red Deer Interactive Map), the groundwater samples were assessed with 
respect to the 2016 Tier 1 and 2 SGRG criteria for residential/parkland land use. 
Because grain size analysis was not historically completed for the Site, the 
groundwater samples were assessed with respect to the most conservative 2016 Tier 1 
and Tier 2 SGRG criteria for either fine or coarse-grained soil. 

4.1.2 Indoor Air Quality Criteria 
Indoor Air Quality Criteria were derived for each Contaminant of Concern (COC) 
based on Toxicity Reference Values (TRV) as published in Table A-7 Human TRVs 
of the Alberta Tier 2 Guidelines. For COCs that did not have TRVs published in the 
Alberta Tier 2 Guidelines and for contaminants with more recent toxicological data, 
conservative TRVs were selected from Canadian Council of Ministers of the 
Environment (CCME) or United States Environmental Protection Agency (USEPA) 
Integrated Risk Information System (IRIS). The selected TRVs are summarized in 
Appendix C (Table C1) and were discussed with AEP and Alberta Health Services 
(AHS) personnel prior to finalizing the list.  

The allowable health based indoor air concentration was calculated for each COC 
using the selected TRV for that contaminant. In order to be conservative, and as 
directed by AEP, exposure pro-rating was not utilized to adjust the allowable limits. 
Candidate indoor air concentrations were calculated for both threshold and non-
threshold effects and the lowest risk level was selected as the allowable health based 
indoor air concentration (see Table C2 in Appendix C). 
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Methane in indoor air was assessed based on the “Draft Soil and Building Methane 
Gas Management Guide,” dated October 2013 and prepared by AHS (AHS, 2013). A 
trigger value of between 2,500 and <5,000 parts per million by volume (ppmv) [5.0 to 
<10.0 % lower explosive limit (LEL)] was selected for indoor air. As recommended 
in Table 7 of the AHS 2013 document, indoor methane concentrations detected in this 
range (2,500 and <5,000 ppmv) require a detailed indoor air monitoring program be 
completed throughout the building, and methane mitigation strategies be implemented 
(sealing cracks, service entry points, etc.). Concentrations >5,000 ppmv (>10 % LEL) 
will require building evacuation and ventilation to remove explosion hazard.  

4.1.3 Soil Vapour Criteria 
The following section provides the rationale for the site specific vapour criteria 
developed for the Site. The derivation of the criteria is illustrated in Tables C1 to C3 
in Appendix C. 

Soil Vapour Screening Levels (SVSLs) were derived from current TRVs in 
accordance with the CCME document entitled “A Protocol for the Derivation of Soil 
Vapour Quality Guidelines for Protection of Human Exposures via Inhalation of 
Vapours,” dated 2014 (CCME, 2014). A SVSL was derived for the contaminants of 
concern identified in groundwater and soil vapour in the previous environmental 
assessment completed by Tiamat, as reported in the “Environmental Risk Management 
Plan, Historic Waste Disposal Site, Montfort Landfill Site, The City of Red Deer,” 
dated November 21, 2014 (Tiamat, 2014). In addition, petroleum hydrocarbon (PHC) 
fractions F1 and F2 are also identified as COCs based on the presence of benzene, 
toluene, ethylbenzene, and xylenes (BTEX) parameters in soil and groundwater.  

The TRVs selected were those published in Table A-7 Human Toxicity Reference 
Values of the Alberta Environment publication entitled “Alberta Tier 2 Soil and 
Groundwater Remediation Guidelines,” dated February 2, 2016 (Alberta Tier 2 
Guidelines). For contaminants of concern that did not have TRVs published in the 
Alberta Tier 2 Guidelines and for contaminants with more recent toxicological data, 
conservative TRVs were selected from CCME or the USEPA IRIS. The selected TRVs 
are summarized in Appendix C1 and have been reviewed and accepted by AEP and 
Alberta Health Services (AHS). It should be noted that some of the contaminants of 
concern identified by Tiamat did not have available published TRVs and as such, no 
SVSLs were derived for these parameters. 

An allowable health based indoor air concentration was calculated for each 
contaminant of concern using the selected TRV for that contaminant. In order to be 
conservative, and as directed by AEP, exposure pro-rating was not utilized to adjust 
the allowable limits. Candidate indoor air concentrations were calculated for both 
threshold and non-threshold effects and the lowest risk level was selected as the 
allowable health based indoor air concentration (see Table C2, Appendix C). 

SVSLs were developed conservatively by assuming a soil vapour attenuation factor of 
0.01 as the default attenuation (as directed by AEP) for all locations, regardless of 
actual soil probe depth and soil type. This attenuation factor is typically applied to 
represent attenuation across the building foundation from the soil vapour immediately 
beneath with no additional attenuation.  
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Methane in soil vapour was also assessed in accordance with the AHS 2013 document. 
Based on this guidance document a soil vapour screening level for soil methane 
adjacent to a building is between 1,000 and 5,000 ppm at soil gas pressures between 
0.10 to <0.50 psi. As recommended in Table 6 of the AHS 2013 document, further 
investigation and site characterization is recommended when methane is detected in 
these ranges.  

COCs for which there are no published TRVs were assessed qualitatively. 

4.1.3.1 Soil Vapour De minimis Screening 
Soil vapour results were screened using a de minimis approach, meaning that the 
SVSL was set to be so conservative as to represent a negligible risk. A default soil 
vapour attenuation coefficient of 0.01 was applied in order to conservatively screen 
soil vapour concentrations as follows: 

 𝐶𝐶𝐶𝐶𝐶𝐶𝐷𝐷𝐷𝐷 𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝐶𝐶 = 𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶
𝐶𝐶𝑎𝑎𝑎𝑎ℎ𝐶𝐶

 
 

where 

CsvDe minimis  = De minimis Concentration of Soil Vapour 

Cair    = Health Based Indoor Air Criteria (as discussed in 4.1.2 above) 

alpha    = De minimis vapour attenuation coefficient 0.01 (as directed 
by AEP). 

The de minimis vapour attenuation coefficient of 0.01 is considered conservative for 
calculation of vapour organic compound transport into a building. 

The de minimis soil vapour criteria calculations are shown in Table C3, Appendix C. 
As discussed above, if a parameter was detected in soil vapour at a concentration 
exceeding the de minimis soil vapour screening criteria, analyses in indoor air was 
required for the parameter. If a parameter was detected in soil vapour at a concentration 
that did not exceed the de minimis soil vapour criteria, then that parameter was not 
analyzed for in indoor air even if it was detected in soil vapour. Soil vapour 
concentrations detected below the de minimis soil vapour criteria were considered to 
have negligible risk. 

Methane in soil vapour was also assessed in accordance with the AHS 2013 document. 
Based on this guidance document a soil vapour screening level for soil methane 
adjacent to a building is between 1,000 and 5,000 ppm at soil gas pressures between 
0.10 to <0.50 psi. As recommended in Table 6 of the AHS 2013 document, further 
investigation and site characterization is recommended when methane is detected in 
these ranges.  

Screening values for soil vapour for propane, ethane and ethylene were derived based 
on NIOSH REL as listed in Table C3 Appendix C. The soil vapour screening values 
for these parameters were derived assuming that no vapour attenuation occurs.  
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4.1.4 Additional Considerations Based on Groundwater Data 
It should be noted that in addition to the consideration of the de minimis soil vapour 
calculations, 1,3,5-trichlorobenzene was detected in groundwater at monitoring well 
location MW-06 at a concentration of 0.73 µg/L. This compound is not part of the 
standard laboratory VOC analyses package for vapour as it exists as a solid at standard 
temperature and pressure. 1,3,5-trichlorobenzene was not detected at this location 
during previous sampling events, and was not detected anywhere else on the Site.  

Borehole logs for MW-06 are not available, but given the groundwater quality and 
both the odour and colour of the groundwater at this location, it is assumed that this 
monitoring well is situated within the limit of waste. Calculations using Henry’s Law 
to determine what the maximum soil vapour concentration would be based on the 
known groundwater concentration partitioning into soil vapour resulted in a calculated 
concentration of 56.7 µg/m3. The calculated soil vapour screening value for 1,3,5-
trichlorobenzene is 72 µg/m3. As a result of the fact that this monitoring well is likely 
within the limit of waste as well as the fact that the soil vapour value immediately 
above the groundwater-vapour interface was calculated to be less than the soil vapour 
screening value, XCG elected not to request 1,3,5-trichlorobenzene data for indoor air. 
The Henry’s Law calculations are provided at the bottom of Table 14.  
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5. INSTALLATION OF ADDITIONAL GAS PROBES AND MONITORING WELLS 
Based on a review of historic reports and monitoring data, as well as discussions with 
City personnel, XCG installed an additional eight MWs and an additional nine SVPs 
on and adjacent to the Site in December of 2016. These monitoring wells and soil 
vapour probes were installed to better delineate the extent of the previously reported 
groundwater and soil vapour quality impacts in the vicinity of the Site. The locations 
for the existing and newly installed monitoring wells and soil vapour probes are 
illustrated on Figure 10. Stratigraphic logs for the additional monitoring wells and soil 
vapour probes are included as Appendix A. 

• Seven of the monitoring wells and soil vapour probes were installed in pairs, side-
by-side, as follows: 

− Two sets, XCG-1(MW)/(SVP) and XCG-2(MW)/(SVP), along the west 
property boundary, between the Site and the residential properties located to 
the west; 

− One set, XCG-4(MW)/(SVP), adjacent to the east property boundary, along 
52nd Avenue, in line with 62nd Street; 

− One set, XCG-5(MW)/(SVP), on the Montfort Centre Red Deer Catholic 
Regional Schools property, between the Site and the office building;  

− One set, XCG-6(MW)/(SVP), on the Montfort Heights property, between the 
Site and the Montfort Heights duplexes; and 

− Two sets, XCG-12(MW)/(SVP) and XCG-13(MW)/(SVP), within the 
backyards of two private residences located north of the Site. 

• An additional soil vapour probe, XCG-9(SVP), was installed in the vicinity of the 
utility corridor associated with the sanitary sewer, storm sewer, and potable water 
located along the western edge of the Site. 

• An additional soil vapour probe, XCG-10(SVP), was installed adjacent to existing 
monitoring well MW-02. 

• An up gradient monitoring well, XCG-14(MW), was installed northwest of the Site 
to better characterize background groundwater quality for the Site. 

• An additional three boreholes (BH1, BH2, BH3) were drilled along the eastern edge 
of the Site, along 52nd Avenue. These were backfilled with soil cuttings and 
bentonite. 

• Another additional borehole (BH4) was installed between the Site and the Montfort 
Heights duplexes. This was backfilled with soil cuttings and bentonite. 

By installing the above infrastructure, there are now a total of 15 on-site monitoring 
wells, including the seven monitoring wells which were previously installed. In 
addition, there are 13 soil vapour probes, including the four intact soil vapour probes 
which already existed on-site (reportedly VW-02 has historically been damaged).  

The four additional boreholes (BH1, BH2, BH3, and BH4) which were completed 
were not used to install either monitoring wells or soil vapour probes as municipal 
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waste was observed in these locations. These boreholes were drilled to a depth where 
municipal waste was no longer observed to ensure that the limits of waste were 
vertically delineated at these locations. The boreholes were then backfilled with soil 
cuttings and bentonite to surface.  

The following monitoring wells and soil vapour probes that were included in the 
proposed scope of work, were not installed: 

• A soil vapour probe (XCG-11(SVP) was not installed in the northeast corner of 
the Site because of access limitations for the daylighting truck and the drill rig due 
to overhead power lines along 52nd Avenue. 

• A soil vapour probe and monitoring well (XCG-3) nest was not installed along the 
eastern boundary of the Site north of 62nd Street because municipal waste was 
encountered. It was not possible to relocate this well closer to 52nd Avenue because 
of the aforementioned overhead power lines. Boreholes BH1, BH2, and BH3 
represent the three attempts to find a suitable location for this monitoring well / 
soil vapour probe nest. 

• The proposed scope of work included installation of three soil vapour probes 
[XCG-7(SVP), XCG-8(SVP), and XCG-9(SVP)] in utility corridors in the 
northwest corner of the Site. Once the area was investigated, it was determined 
that one vapour probe would be sufficient to investigate this area due to the utility 
corridor being much smaller than anticipated. The single vapor probe was installed 
in the originally proposed location for XCG-9(SVP).  

Soil vapour probes consisted of a single probe at each location. The screen depth of 
each probe depended on the depth to groundwater, the immediate surrounding 
topography, the proximity to any buildings or utility trenches and the geological 
conditions encountered at each borehole location. It was anticipated that the probes 
would be screened in soils of higher permeability soil (e.g. in sand rather than silt or 
clay).  

During drilling activities it was observed that the Site was covered with a layer of 
topsoil ranging in thickness from 0.3 to 1.8 metres. In areas where monitoring wells 
and soil vapour probes were installed (i.e. not boreholes), the topsoil was underlain by 
clay or clayey-silt with the exception of the southern areas adjacent to the Site. Topsoil 
around XCG-5 and XCG-6 was underlain by a very fine silty-sand. In addition, 
granular bedding material, typical of most utility trenches, was not encountered around 
any of the utility pipes which were exposed.  

During the drilling activities in the utility corridor area at the northwest corner of the 
Site, a gas line was uncovered at an approximate depth of 1.5 metres bgs, and a storm 
sewer was uncovered at an approximate depth of 6 metres bgs near the northwest 
corner of the Site. Both of these pipes were found in trenches filled with clay consistent 
with the native clay encountered across the rest of the Site. Based on field 
observations, the in-situ clay had been excavated and subsequently re-used as backfill 
around the pipes. The sanitary sewer and the water lines were not located/exposed via 
daylighting. As previously mentioned, a single probe, XCG-9(SVP), was installed in 
the area of the utility corridor near the northwest corner of the Site. This probe was 
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screened at the depth of the gas line, which is connected to lateral gas lines entering 
the rear of each residence to the north and to the west of the Site. The gas lines enter 
the residences above ground. Additional information is available in the borehole logs 
provided in Appendix A.  

Each soil vapour probe was constructed of 0.63-centimetre diameter Teflon tubing 
connected to a 15-centimetre long stainless steel mesh screen. The Teflon tubing was 
cut to the required lengths to suspend the stainless steel mesh screens within the 
augered boreholes, with the screened interval located above the groundwater table. 
Silica Sand (#3) was placed around the screens. Bentonite was placed in the augered 
boreholes in 15 to 20-centimetre hydrated lifts above the screened interval. Swagelok 
ball valves were placed at the ground surface end of the Teflon tubing, and tucked into 
a flush-mount protective casing set into a concrete collar at grade. Flush-mounted lids 
were installed to protect the ball valves.  

The monitoring wells were constructed using 50.8-millimetre (2.0-inch) diameter 
Schedule 40 PVC pipe. The monitoring wells were equipped with 10-slot, 1.5- or 3.0-
metre (5- or 10-foot) long screens with a clean silica (10/20) sand filter pack placed 
around each screen and a bentonite seal placed above the filter pack to backfill the 
remaining borehole annulus to surface. The monitoring wells were completed with a 
slip cap at the bottom, j-plug well caps at the top, and flush-mounted or monument 
protective casings set into concrete collars at grade. Additional details are provided in 
the borehole logs attached in Appendix A.  

The XCG Standard Operating Procedures (SOPs) for Borehole Drilling, Monitoring 
Well Installation, and Soil Gas Probe Installation are included as Appendix D. 
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6. MONITORING AND ASSESSMENT PROGRAMS  
As per the historic reports, recommendations for environmental monitoring included 
the following: 

• Hydraulic monitoring of the groundwater wells and existing soil vapour probes; 

• Soil vapour monitoring; 

• Groundwater monitoring; and 

• Indoor air monitoring. 

A summary of the groundwater, soil vapour, and indoor air monitoring program is 
included as Table 1. 

6.1 Hydraulic Monitoring 
XCG recorded the depth to groundwater in the 15 groundwater monitoring wells and 
four existing soil vapour probes on a quarterly basis to confirm groundwater flow 
direction and seasonal fluctuations. Depth to groundwater measurements were not 
collected from any of the new soil vapour probes installed in 2016. This is because the 
soil vapour probes installed in 2016 were installed above water table and were 
constructed with a smaller diameter tubing, which has been proven to produce more 
accurate soil vapour data. Sections 4.1.2 and 4.1.3 of the XCG SOP for Groundwater 
Sampling outline the procedures for hydraulic monitoring activities. The XCG SOP 
for Groundwater Sampling is included in Appendix D. 

The following protocols were adhered to for the hydraulic monitoring: 

• Groundwater levels were measured, using an electronic water level detector from 
a permanent measurement location (i.e. top of pipe); and 

• The electronic water level detector was decontaminated following each 
measurement (to prevent cross-contamination). 

6.2 Soil Vapour Monitoring 
Soil vapour monitoring was undertaken at the 14 soil vapour probes on a quarterly 
basis, in conjunction with the hydraulic monitoring. The XCG SOP for Soil Gas 
Monitoring is included in Appendix D.  

The following protocols were adhered to for soil vapour monitoring: 

• Atmospheric conditions were recorded at the commencement of field activities; 

• Soil vapour pressure was measured and recorded; 

• The soil vapour probe was purged a minimum of three well volumes to ensure that 
the sampled gas is representative of the subsurface soil gas matrix; 

• Soil vapour concentrations (methane, carbon dioxide, and oxygen) were measured 
and recorded; and 

• Water level measurements were collected to determine the depth to the 
groundwater in the probe or in a nearby monitoring well. As stated above, the 
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probes installed in December 2016 were constructed with smaller diameter tubing, 
which has been proven to produce more accurate soil vapour data. This is because 
probes constructed using smaller tubing have a better seal between the ambient 
surface and the probe screen, and require less purging. 

A digital manometer was used to measure the soil vapour pressure, and a Landtech 
GEM 2000 infrared landfill gas analyzer was used to measure matrix gas 
concentrations. 

Due to inconsistencies noted in the results from the first soil vapour monitoring event 
using a hand held landfill gas analyzer and the soil vapour sampling results, which 
involved collecting samples of soil vapour in canisters and submitting to the laboratory 
for analyses, conducted in March 2017, the remaining soil vapour monitoring events 
were conducted using carbon filters in line with the Landtech GEM 2000, as per the 
manufacturer’s recommendations to eliminate any hydrocarbon interferences that may 
have affected the LFG readings. Select soil vapour concentrations were also collected 
without the carbon filter in line in order to compare the results from both methods. 
Additionally, a confirmatory soil vapour sample was collected in a canister from  
XCG-4(SVP) during the June 2017 monitoring event and submitted to the laboratory 
for analysis of oxygen, methane, and carbon dioxide. 

6.3 Groundwater Sampling 
XCG collected groundwater samples from the 13 groundwater monitoring wells in 
March of 2017. The XCG SOP for Groundwater Sampling is included in Appendix D. 
The depth to groundwater was recorded prior to sampling to verify the previously 
determined groundwater flow direction. The wells were then purged and sampled 
using a low flow/low volume peristaltic pump. Prior to sampling, the wells were 
purged for approximately 15 minutes and field parameters were measured using a 
multi-parameter portable meter. Stabilization of pH, specific conductance, and 
temperature parameters were achieved prior to sample collection. Purged water was 
contained in a drum and left on-site pending receipt of the analytical results and the 
determination of the appropriate disposal option. The drums were then removed from 
the site after analytical results were received from the lab. 

One groundwater sample from each groundwater monitoring well plus two quality 
assurance and quality control (QA/QC) groundwater samples (blind field duplicate 
and field blank) were collected under established XCG SOPs (total 15 samples). All 
samples were collected directly into laboratory-supplied containers. The samples were 
submitted under chain-of-custody protocols to Maxxam Analytics Inc. (Maxxam), a 
Canadian Association of Laboratory Accreditation Inc. (CALA)-accredited laboratory 
for chemical analysis of VOCs. 

6.4 Soil Vapour Sampling (Summa® Canisters and TD Tubes) 
XCG collected soil vapour samples from 12 soil vapour probes in March of 2017. The 
soil vapour samples were collected in accordance with XCG’s SOP for Soil Vapour 
Sampling Using Summa® Canisters (Appendix D).  
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Prior to commencing sampling activities, the soil vapour probes and sampling 
apparatus were leak checked using shut-in tests and tracer gas checks. The probes were 
purged a minimum of three probe volumes before sampling and field screening was 
completed to ensure stable readings were obtained. Subsequently, ambient air at each 
soil vapour probe was field screened for the presence of total organic vapours (TOVs) 
using a photo ionization detector (PID). Soil vapour samples were collected using 1.4-
litre Summa® canisters with a regulator to control the sampling rate. The samples in 
the Summa® canisters (including a trip blank and blind field duplicate) were submitted 
under Chain of Custody to Maxxam for chemical analyses of VOCs and fixed gases 
(carbon monoxide, carbon dioxide, methane, and nitrogen).  

• Given the low concentrations of volatile organic silicon compounds (VOSCs) 
previously detected in probes installed directly in the waste, XCG recommended 
that only select probes be sampled for VOSCs based on in-situ field readings of 
‘worst case’ methane and TOVs. A total of six vapour probes [XCG-1(SVP), 
XCG-2(SVP), XCG-4(SVP), XCG-6(SVP), XCG-10(SVP), and XCG-13(SVP)] 
located outside of the limit of waste were sampled and analyzed for VOSCs in 
addition to the three existing probes [VW-01, VW-03, and VW-05]. 

• Once the Summa® canister was filled at the locations selected for VOSCs, an 
additional soil vapour sample was collected using a dedicated tedlar bag and the 
lung box set-up used previously to purge the vapour probe. The contents of the 
tedlar bag were immediately transferred through a thermodesorption tube using the 
pump, and submitted to the laboratory for chemical analyses of VOSCs. 

During the sampling period, meteorological conditions and outdoor air temperature 
were recorded. Information on barometric pressure during the sample collection period 
was obtained from the nearest Environment Canada (or other) weather station.  

One blind field duplicate and one trip blank were collected and submitted for analysis 
with the collected vapour samples. 

Due to inconsistencies noted in the results from the first soil vapour monitoring event 
using a hand held landfill gas analyzer and the laboratory results for soil vapour 
samples collected using canisters in March 2017, a confirmatory soil vapour sample 
was collected using a canister from XCG-4(SVP) during the June 2017 monitoring 
event. This sample was submitted to the laboratory for analysis of oxygen, methane, 
and carbon dioxide. 

6.5 Indoor Air Quality Assessment  
XCG understands that the City offered to complete indoor air quality monitoring to all 
residents living within a 100-metre radius of the Site. Reportedly, 22 residents 
requested that indoor air monitoring be completed on their properties.  

XCG recommended implementing a phased approach to assessing indoor air, as 
described in the Proposed Investigation Program provided to The City of Red Deer, 
dated April 11, 2017. The phased approach included, assessing indoor air quality at 11 
of the above-noted 22 properties that are located immediately adjacent to the Site. 
These 11 properties are shown in Figure 11. Although included in the 11 proposed 
testing locations, indoor air quality testing was not conducted at one residence on 53rd 
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Avenue because the resident was away for an extended period of time and the property 
was not accessible. Therefore, the first phase of monitoring was designed to establish 
whether there is evidence of Site-related impacts at 10 of the 11 above-mentioned 
adjacent properties. The remaining properties were identified as potential locations for 
a second phase of sampling, to be scheduled if necessary pending the results of the 
first phase. 

The indoor air quality assessment program was designed to measure the concentrations 
of select VOCs, in samples of whole air collected in the basements of residential 
dwellings located adjacent to the Site. The XCG SOP for Indoor Air Sampling is 
included in Appendix D. 

The design of the investigation was developed, in part, using information contained 
within the following guidance manuals:  

• Alberta Environment and Parks (AEP), “Alberta Tier 2 Soil and Groundwater 
Remediation Guidelines,” dated 2016. 

• CH2M Gore & Storrie Limited, “Guidance Document on the Management of 
Methane Gas Adjacent to Landfills,” dated December 1999. 

• Canadian Council of Ministers of the Environment (CCME), “A Protocol for the 
Derivation of Soil Vapour Quality Guidelines for Protection of Human Exposures 
via Inhalation of Vapours,” dated 2014. 

• Alberta Health Services, “Draft Soil and Building Methane Gas Management 
Guide,” dated October 2013. 

• Health Canada, “Federal Contaminated Site Risk Assessment in Canada, Part VII 
– Guidance for Soil Vapour Intrusion Assessment at Contaminated Sites,” dated 
2010. 

6.5.1 Pre-Sampling Surveys 
Prior to commencing indoor air sampling on March 13, 2017, XCG personnel 
completed pre-sampling site visits/surveys in all of the residential dwellings to be 
sampled. During the pre-sampling site visits, XCG personnel were accompanied by 
the residential property owners and/or occupants. The pre-sampling surveys were 
completed to identify potential background sources of chemicals and to assess building 
conditions that may influence indoor air quality. The building surveys were conducted 
a minimum of 48 hours prior to the start of the indoor air sampling. This allowed XCG 
personnel to identify any potential in-situ sources of indoor air COCs which could 
potentially bias the indoor air sampling results, and to make recommendations 
regarding the elimination of these sources (to the extent practical). 

The pre-sampling surveys also allowed XCG personnel to confirm the sample 
locations with the property owners/occupants ahead of the scheduled sampling day. 

Pertinent key observations made in the basements of the on-site dwellings and 
recommendations made during the preliminary inspections are summarized in Table 2. 

In addition, the following general notes were made for all residences: 
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• All residential windows were closed prior to and during the sampling events. 
Minimal traffic occurred through the doors. Sample locations were not directly 
connected to exterior access points. 

• All residences are connected to a garage.  

• All residences have fireplaces, either gas or wood-burning. 

• The floor slabs were not completely visible in any of the basements due to 
obstructions or flooring materials.   

6.5.2 Sampling Activities 
The indoor and outdoor (ambient) air sample collection was completed over a period 
of 24 hours commencing on March 13, 2017. The sampling was completed in general 
accordance with the Proposed Investigation Program following XCG’s Standard 
Operating Procedure (SOP) for Indoor Air Quality Sampling using Summa® Canisters. 
During the commencement of sampling activities on March 13, 2017, XCG was 
accompanied on-site by the property owners or their appointed representatives.  

The sampling locations are shown on Figure 11. The field observations pertinent to 
the sampling activities are summarized in Appendix E.  

The following summarizes the sampling activities conducted between March 13 and 
March 14, 2017: 

• It was ensured that any recommended actions outlined in Table 2 had been 
completed.  

• The indoor air sampling was conducted using Summa® Canisters. One Summa® 
Canister was deployed in the basement of each of the residences, with the 
exception of one residence on Hermary Street (identified as Residence C). Two 
Summa® Canisters (a primary sample and a blind field duplicate) were deployed 
in the basement of the Residence C dwelling. This location was randomly selected 
for the blind field duplicate.  

• An outdoor (ambient) air sample was collected by deploying one Summa® Canister 
on the back porch of the dwelling identified as Residence I on 53rd Ave (considered 
to be upwind at the time of sampling).  

• All samples were collected using laboratory supplied Summa® Canisters with pre-
calibrated 24-hour flow regulators.  

• The indoor air Summa® Canisters were placed at heights ranging between 
approximately 1.0 to 1.5 metres above the basement floors. 

• The ambient air Summa® Canisters were placed at a height of approximately 
2.0 metres above the ground surface. 

• The air samples were collected over a period of approximately 24 hours.  

• The heating systems were running as normal at all of the locations with the 
exception of the dwelling identified as Residence G located on 62nd Street because 
the homeowners were away and had turned the thermostat down a few degrees.  
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• The concentrations of TOVs in the basements were measured using a handheld 
PID RKI Eagle 2, and ranged between 0 and 3 parts per million (ppm).  

• The concentrations of methane, oxygen and carbon dioxide in the basements were 
measured using a Landtech GEM-2000 Gas Analyzer. Methane concentrations 
ranged between 0 and 0.1 % (v/v), oxygen concentrations ranged between 20.8 and 
21.6 % (v/v) and carbon dioxide concentrations consistently measured 0.1% (v/v).  

• Appendix E contains the field notes for the sample collection, which provide 
details related to additional observations, meteorological conditions, sampling 
time, and canister vacuums at the commencement and upon completion of the 
sampling activities.  

• The trip blank canister was used to evaluate both the indoor air and soil vapour 
results, as all of the canisters (i.e. both soil vapour and indoor air samples) were 
shipped together and kept together for the duration of the sampling and while in 
transit.  

• The canisters containing the indoor and outdoor air samples were submitted under 
Chain of Custody protocol on March 15, 2017 to Maxxam. Samples were placed 
on hold until the analytical results for both the groundwater and soil vapour 
samples were reviewed to determine the list of parameters which would be 
investigated in the indoor air and ambient air samples. Once the preliminary 
sampling results for groundwater and soil vapour were received, the list of 
parameters for analyses in the indoor air samples was updated based on the results 
from soil vapour probes and groundwater monitoring wells, further discussed in 
Section 7.4. The indoor air samples were analyzed for VC, cis-1,2-
dichloroethylene (cis-1,2-DCE), and methane. 

6.6 Quality Assurance and Quality Control (QA/QC) 
XCG followed standard QA/QC protocols when collecting groundwater, soil vapour, 
and indoor air samples. QA/QC protocols included, where appropriate, cleaning and 
decontamination of sampling equipment, dedicated sampling equipment, wearing 
clean gloves between each new sample being collected, minimizing aeration and air 
contact of groundwater samples, sample preservation, unique sample identification, 
and completing chain of custody, recording observations in field notes, keeping 
groundwater samples cool (4◦C) and in the dark as soon as they were collected, 
securing groundwater samples with ice pack to maintain internal temperatures in 
shipping containers for storage and transport, shipping samples to the laboratory as 
soon as possible after collection, noting the recommended maximum holding times, 
and collecting the appropriate number of blind field duplicate, field blank, and trip 
blank samples. A blind field duplicate (groundwater, soil vapour, and indoor air) 
consists of an additional sample collected from a randomly selected sample location, 
which is submitted to the laboratory blindly under a unique sample ID in order to 
compare the results of the two samples collected from the same location for QA/QC 
purposes. A field blank (groundwater) consists of filling sample containers with 
distilled water under the same field conditions as the other samples are collected, and 
submitting this sample to the lab in order to determine if field conditions are affecting 
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the sample results. A trip blank (soil vapour and indoor air) consists of transporting a 
canister, identical to what is used to collect the samples, with the samples throughout 
the sampling and shipping processes and analyzing the contents of the canister in order 
to determine if the shipping conditions may have affected the results of the samples 
that were collected. 
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7. RESULTS AND DISCUSSION 

7.1 Hydraulic Monitoring 
Groundwater levels were measured in March, June, September, and December 2017 
to determine the depth to the water table, water table elevation, and the approximate 
direction of groundwater flow beneath the Site. Table 3 provides a summary of the 
water level elevations measured at the Site. As shown in the Cross Sections illustrated 
on Figures 2, 3, 4, 5, and 6, the monitoring wells located in the northwest corner of the 
Site, including XCG-1(MW), XCG-2(MW), XCG-12(MW), and XCG-14(MW),  
were installed to depths of approximately 8 metres bgs and screened in clay. The 
monitoring wells located in the east and south portions of the Site, including XCG-
13(MW), XCG-6(MW), XCG-5(MW), XCG-4(MW), MW-02, MW-03, and MW-04, 
were installed to depths of approximately 4 metres bgs and screened in top soil/sand 
and/or municipal waste on top of clay. Based on the depths of the wells and the 
groundwater elevations calculated during the four quarterly monitoring events 
completed during 2017, there is evidence of a perched groundwater table located 
above the clay and a separate shallow groundwater unit present deeper in the clay.  

The monitoring wells located in the northwest corner of the Site, including  
XCG-1(MW), XCG-2(MW), XCG-12(MW), and XCG-14(MW), show a groundwater 
flow direction from north to south in the shallow groundwater unit located within the 
clay, which is consistent with the local topography. The groundwater elevations in the 
shallow monitoring wells installed on top of the clay, including XCG-13(MW), XCG-
6(MW), XCG-5(MW), XCG-4(MW), MW-02, MW-03, and MW-04, show a radial 
flow outwards from the landfill with a southerly trend at the southeast corner of the 
Site and a northerly trend at the north side of the Site. Figures 12, 13, 14, and 15 show 
the groundwater elevations and approximate directions of groundwater flow in both 
the shallow groundwater unit and the perched groundwater unit during each 
monitoring event.  

Overall, the average groundwater elevation fluctuation at all groundwater monitoring 
wells included in the quarterly monitoring was approximately 0.23 metres, the 
majority of the lowest elevations occurred in March and December, and the majority 
of the highest elevations occurred in June and September. 

Table G1 in Appendix G includes a summary of the historical groundwater elevations 
from the already existing groundwater monitoring wells collected in 2013 as well as 
the groundwater elevations collected in all groundwater monitoring wells in 2017. The 
August 2013 groundwater elevation reported by Tiamat in MW-01 was approximately 
three metres higher than the groundwater elevations measured in 2017; the 
August 2013 groundwater elevation reported by Tiamat in MW-02 was approximately 
one metre higher than the groundwater elevations measured in 2017; the August 2013 
groundwater elevation reported by Tiamat in MW-03 was approximately two metres 
lower than the groundwater elevations collected in 2017; the August 2013 
groundwater elevation reported by Tiamat in MW-04 was approximately three metres 
lower than the groundwater elevations measured in 2017; the August 2013 
groundwater elevation reported by Tiamat in MW-06 was consistent with the 
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groundwater elevations measured in 2017; and the August 2013 groundwater elevation 
reported by Tiamat in MW-07 was approximately one metre higher than the 
groundwater elevations collected in 2017.  

7.2 Soil Vapour Monitoring Results 
Soil vapour monitoring using a hand held landfill gas analyzer in the field was 
undertaken at the 14 soil vapour probes on a quarterly basis, in conjunction with the 
hydraulic monitoring. As discussed in Section 6.2, due to inconsistencies noted in the 
results from the first soil vapour monitoring event and the soil vapour sampling events 
conducted in March 2017, the remaining soil vapour monitoring events were 
conducted using carbon filters in line with the Landtech GEM 2000, as per the 
manufacturer’s recommendations to eliminate any hydrocarbon interferences that may 
have affected the readings. Select soil vapour concentrations were also collected 
without the carbon filter in line in order to compare the results from both methods. The 
quarterly soil vapour monitoring results are presented in Table 4, and the results are 
discussed below. Figure 16 illustrates the quarterly results in terms of presence and 
absence of methane. 

Over the course of the four quarterly monitoring events, seven of the 14 soil vapour 
probes monitored [VW-02, VW-03, VW-05, XCG-4(SVP), XCG-5(SVP), XCG-
6(SVP), and XCG-13(SVP)] had methane detected in them on at least one occasion. 
Soil vapour probes VW-02, VW-03, VW-05, and XCG-4(SVP) are located in the limit 
of waste, as such, elevated methane concentrations are expected at these locations.  

Soil Vapour probe XCG-13(SVP) is located to the north of the Site (outside the limit 
of waste) in a residential backyard, and XCG-5(SVP), and XCG-6(SVP) are located 
to the south of the Site (outside the limit of waste) and located in an exterior area of 
the property occupied by the Montfort Centre Red Deer Catholic Reginal Schools, and 
an exterior area of the Montfort Heights residential buildings. These probes located to 
the north [XCG-13(SVP)] and south [XCG5-(SVP) and XCG-6(SVP)] of the Site 
indicate potential migration of vapour off-Site. As well, the presence of elevated 
methane at probe location XCG-4(SVP), located within the limit of waste, indicates 
the potential for vapour migration at the east side of the Site. As further discussed in 
Section 7.5, indoor air sampling was conducted at select residential properties 
surrounding the Site in order to investigate the potential risk of LFG migration to the 
surrounding residential properties located adjacent to the Site. 

The specific findings at each soil vapour probe location are discussed below. 

VW-01 is located along the north limit of waste on the west side of the Site. The field 
monitoring results for the reporting period did not indicate the presence of methane in 
this soil gas probe using both monitoring methods, with and without a carbon filter, 
during the four monitoring events. These results are consistent with the soil vapour 
sample collected using a canister and submitted to the laboratory for analysis (further 
discussed in Section 7.4) in March, which had a methane concentration below the 
laboratory RDL of 0.2 %. 

VW-02 is located along the north limit of waste near the centre. Methane was detected 
at a concentration of 39.8 % without a carbon filter and 38.8 % with a carbon filter 
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during the September monitoring event, and 29.2 % without a carbon filter and 31.4% 
with a carbon filter during the December monitoring event. Data from the March 
monitoring event was not reported due to a damaged cap on the soil vapour probe and 
the readings were unable to stabilize. No data was collected during the June monitoring 
events due to there not being a cap on the soil vapour probe. A new vapour probe cap 
was placed on this soil vapour probe on June 16, 2017.  

VW-03 is located along the north limit of waste on the east side of the Site. The field 
monitoring results for the reporting period did not indicate the presence of methane in 
this soil gas probe using both monitoring methods, with and without a carbon filter, 
during the March, June, and September monitoring events. Methane was not detected 
without the carbon filter, but was detected at 0.1 % with the carbon filter during the 
December monitoring event. These results are consistent with the soil vapour sample 
collected using a canister and submitted to the laboratory for analysis (further 
discussed in Section 7.4) in March, which had a methane concentration below the 
laboratory RDL of 0.2 %. 

VW-04 is located in the limit of waste on the southeast portion of the Site. The field 
monitoring results for the reporting period did not indicate the presence of methane in 
this soil gas probe using both monitoring methods, with and without a carbon filter, 
during the monitoring events. It is noted that no field data or canister sample, were 
collected during the March field monitoring event due to not being able to locate the 
soil gas probe under the snow.  

VW-05 is located in the limit of waste on the southwest portion of the Site. The field 
monitoring results did not indicate the presence of methane in this soil gas probe 
during the March monitoring event. No field data was collected during the June 
monitoring event due a broken cap (likely from ice damage) on the probe at the time 
of monitoring, and a new soil vapour probe cap was installed after the monitoring 
event on June 16, 2017. Methane was detected at a concentration of 3.8 % without a 
carbon filter and 3.6 % with a carbon filter during the September monitoring event. 
Methane was detected at a concentration of 1.9 % without a carbon filter and 2.0 % 
with a carbon filter during the December monitoring event. The September and 
December soil vapour monitoring results for this location are an order of magnitude 
higher than the soil vapour sample collected using a canister and submitted to the 
laboratory for analysis (further discussed in Section 7.4) in March, which had a 
methane concentration of 0.3 %. 

XCG-1(SVP) is located adjacent to the west side of the limit of waste. The field 
monitoring results for the reporting period did not indicate the presence of methane in 
this soil gas probe with and without a carbon filter, during the four monitoring events. 
These results are consistent with the soil vapour sample collected using a canister and 
submitted to the laboratory for analysis (further discussed in Section 7.4) in March, 
which had a methane concentration below the laboratory RDL of 0.2 %. 

XCG-2(SVP) is located adjacent to the west side of the limit of waste. The field 
monitoring results for the reporting period did not indicate the presence of methane in 
this soil gas probe with and without a carbon filter, during the four monitoring events. 
It is noted that a soil vapour reading was only taken with a carbon filter during the 
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June monitoring event. These results are consistent with the soil vapour sample 
collected using a canister and submitted to the laboratory for analysis (further 
discussed in Section 7.4) in March, which had a methane concentration below the 
laboratory RDL of 0.3 %. 

XCG-4(SVP) is located in the limit of waste on the east side of the Site. Methane was 
detected at a concentration of 0.7 % in the field during the March monitoring event. 
The field monitoring results did not indicate the presence of methane in this soil vapour 
probe with and without a carbon filter, during the June and September monitoring 
events. Methane was not detected without the carbon filter, but was detected at 0.1 % 
with the carbon filter during the December monitoring event. These results are 
significantly lower than the soil vapour sample collected using a canister and 
submitted to the laboratory for analysis (further discussed in Section 7.4) in March, 
which had a methane concentration of 5.7 %. However, these results are similar to the 
second confirmatory soil vapour sample collected using a canister in June, which had 
a methane concentration below the laboratory RDL of 0.2 %. 

XCG-5(SVP) is located south of the Site on the east side. The field monitoring results 
for the reporting period did not indicate the presence of methane in this soil gas probe 
with and without a carbon filter, during the March, June, and September monitoring 
events. Methane was not detected without the carbon filter, but was detected at 0.1 % 
with the carbon filter during the December monitoring event. It is noted that a soil 
vapour reading was only taken with a carbon filter during the June monitoring event. 
These results are consistent with the soil vapour sample collected using a canister and 
submitted to the laboratory for analysis (further discussed in Section 7.4) in March, 
which had a methane concentration below the laboratory RDL of 0.2 %. 

XCG-6(SVP) is located south of the Site on the west side. Methane was detected at a 
concentration of 1 % during the March monitoring event, 0.9 % without the carbon 
filter and 0.0 % with the carbon filter during the June monitoring event, 2.5 % without 
the carbon filter and 2.5 % with the carbon filter during the September monitoring 
event, and 1.0 % without the carbon filter and 1.0 % with the carbon filter during the 
December monitoring event. These results are similar to the soil vapour sample 
collected using a canister and submitted to the laboratory for analysis (further 
discussed in Section 7.4) in March, which had a methane concentration of 1.2 %. 

XCG-9(SVP) is located near the northwest corner of the limit of waste. The field 
monitoring results for the reporting period did not indicate the presence of methane in 
this soil gas probe with and without a carbon filter, during the four monitoring events. 
It is noted that a soil vapour reading was only taken with a carbon filter during the 
June monitoring event. These results are consistent with the soil vapour sample 
collected using a canister and submitted to the laboratory for analysis (further 
discussed in Section 7.4) in March, which had a methane concentration below the 
laboratory RDL of 0.2 %. 

XCG-10(SVP) is located along the north limit of waste on the east side of the Site. 
The field monitoring results for the reporting period did not indicate the presence of 
methane in this soil gas probe with and without a carbon filter, during the four 
monitoring events. It is noted that a soil vapour reading was only taken with a carbon 
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filter during the June monitoring event. These results are consistent with the soil 
vapour sample collected using a canister and submitted to the laboratory for analysis 
(further discussed in Section 7.4) in March, which had a methane concentration below 
the laboratory RDL of 0.2 %. 

XCG-12(SVP) is located adjacent to the north limit of waste. The field monitoring 
results for the reporting period did not indicate the presence of methane in this soil gas 
probe with and without a carbon filter, during the four monitoring events. It is noted 
that a soil vapour reading was only taken with a carbon filter during the June 
monitoring event. These results are consistent with the soil vapour sample collected 
using a canister and submitted to the laboratory for analysis (further discussed in 
Section 7.4) in March, which had a methane concentration below the laboratory RDL 
of 0.2 %. 

XCG-13(SVP) is located adjacent to the north limit of waste. Methane was detected 
at a concentration of 0.7 % during the March monitoring event, 5.6 % without a carbon 
filter and 0.0 % with a carbon filter during the June monitoring event, 0.4 % without 
a carbon filter and 1.9 % with a carbon filter during the September monitoring event, 
and 0.0 % without a carbon filter and 0.2 % with a carbon filter during the December 
monitoring event. These results are consistent with the soil vapour sample collected 
using a canister and submitted to the laboratory for analysis (further discussed in 
Section 7.4) in March, which had a methane concentration of 1.1 %, with the exception 
of the 5.6 % methane concentration detected without a filter during the June 
monitoring event. There is also a discrepancy between the methane concentration with 
and without a filter for this monitoring event. 

7.2.1 Summary 
Based on the results of the quarterly soil vapour monitoring events described above, 
soil vapour probes VW-01, VW-03, VW-04, XCG-1(SVP), XCG-2(SVP), XCG-
5(SVP), XCG-9(SVP), XCG-10(SVP), and XCG-12(SVP) do not appear to be 
impacted by LFG. Soil vapour probe XCG-4(SVP), which is located within the limit 
of waste on the east side of the Site, appears to possibly be impacted by LFG. Soil 
vapour probe VW-02 and XCG-13(SVP), located on the north site of the Site (VW-02 
along the north limit of waste and XCG-13(SVP) adjacent to the north limit of waste) 
between the Site and the detached residential homes located adjacent to the Site, 
appear to be impacted by LFG, with VW-02 the most impacted. Soil vapour probe 
VW-05, located within the limit of waste near the southwest corner, appears to be 
impacted by LFG. Soil vapour probe XCG-6(SVP), located south of the Site on the 
west side between the Site and the multi-tenant residential dwelling of Montfort 
Heights, also appears to be impacted by LFG.  

It should be noted that there appears to be some discrepancies between using the 
carbon filters and not using the carbon filters in line with the landfill gas analyzer. For 
the most part, using the carbon filters appears to be more accurate with generally lower 
methane concentrations detected (i.e. less interference of other hydrocarbons); 
however, in some cases, using the carbon filter either gave a higher methane 
concentration (such as at XCG-13(SVP) that had a methane concentration of 0.4 % 
without the carbon filter and 1.9 % with the carbon filter during the September 
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monitoring event) or lower methane concentrations [such as at XCG-13(SVP) that had 
a methane concentration of 5.6 % without the carbon filter and 0.0 % with the carbon 
filter during the June monitoring event]. 

7.3 Groundwater and Leachate Sampling Results 

7.3.1 General 
The groundwater laboratory analytical data was assessed with respect to the 2016 
Tier 1 SGRG for residential/parkland use and coarse grained soil. Field pH was outside 
of the 2016 Tier 1 SGRG approved range (6.5-8.5) for multiple monitoring wells; 
however, the laboratory reported pH were within the acceptable range. Therefore, the 
pH meter used during field monitoring activities appears to have been malfunctioning; 
therefore, field pH readings from the field were not considered representative, and so 
have not been considered in the interpretation of the data. 

The groundwater analytical data was also assessed with respect to background water 
quality and leachate quality. Based on the north to south direction of shallow 
groundwater flow at the northwest corner of the site monitoring well XCG-14(MW), 
located to the northwest (up gradient) of the Site, represents background groundwater 
quality for the Site in the shallow groundwater unit.   

Given the radial flow outwards from the landfill in a southerly direction at the 
southeast corner of the Site and a northerly direction at the north side of the Site in the 
perched water table located on top of the clay, there is no monitoring location up 
gradient that represents background groundwater quality in the perched groundwater 
unit. 

The groundwater field parameter data compiled during the reporting period is 
presented in Table 5. The analytical results for the groundwater wells are presented in 
Tables 6 to 10. Figure 17 shows the location of exceedences of the 2016 Tier 1 SGRG 
in the groundwater to illustrate the extent of contamination at the Site. Historical 
monitoring results are presented in Appendix G, and Certificates of Laboratory 
Analyses are presented in Appendix H. 

7.3.2 Background Groundwater Quality – Shallow Groundwater Unit 
The March 2017 analytical results for monitoring well XCG-14(MW) indicate the 
following: 

• Total dissolved solids exceeded the 2016 Tier 1 SGRG criterion (500 mg/L) with 
a concentration of 570 mg/l; and 

• Dissolved manganese exceeded the 2016 Tier 1 SGRG criterion (0.05 mg/L) with 
a concentration of 0.26 mg/L). 

7.3.3 Leachate Quality 
Leachate quality for the landfill is represented by monitoring wells MW-01, MW-02, 
MW-03, MW-06, MW-07, and XCG-4(MW), which are located in the waste. 

The March 2017 analytical data for leachate quality indicates the following: 
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Monitoring Well MW-01 
Monitoring well MW-01 is located within the limit of waste near the northwest corner. 

Dissolved manganese exceeded the 2016 Tier 1 SGRG criterion (0.05 mg/L) with a 
concentration of 0.089 mg/L. 

Compared to the historical monitoring results from August 2013 reported by Tiamat 
(presented in Appendix G), the concentration of dissolved cadmium has increased 
from 0.033 µg/L to 0.29 µg/L, while the concentrations other dissolved metals 
including dissolved cobalt, dissolved copper, dissolved nickel, and dissolved uranium 
appear to have decreased slightly. The concentration of total cadmium has also 
increased from 0.4 µg/L to 1.9 µg/L, while the concentrations of other total metals 
including total arsenic, total barium, total cobalt, total lead, and total sulphur appear 
to have decreased slightly. All other parameters that were analyzed during both 
monitoring events had similar concentrations or were below the laboratory RDL. 
Monitoring Well MW-02 
Monitoring well MW-02 is located in the northeast corner of the site within the limit 
of waste. 

Total dissolved solids (TDS) and dissolved chloride exceeded the 2016 Tier 1 SGRG 
criteria (500 mg/L and 120 mg/L, respectively) with concentrations of 660 mg/L and 
160 mg/L, respectively. 

Compared to the historical monitoring results from August 2013 reported by Tiamat 
(presented in Appendix G), the concentration of PCE decreased from 1.4 µg/L to less 
than the laboratory RDL of 0.50 µg/L, and the concentration of TCE decreased from 
1.6 µg/L to less than the laboratory RDL of 0.50 µg/L. The concentration of dissolved 
nitrate decreased from 10 mg/L to 1.4 mg/L, the concentration of total nitrogen 
decreased from 11 mg/L to 1.8 mg/L, and the concentration of TKN decreased from 
3.4 mg/L to 0.00061 mg/L. The concentration of total aluminum decreased from 
10 mg/L to 0.18 mg/L, the concentration of total barium decreased from 1.10 mg/L to 
0.68 mg/L, the concentration of total iron decreased from 43 mg/L to 0.46 mg/L, the 
concentration of total magnesium decreased from 130 mg/L to 54 mg/L, the 
concentration of total manganese decreased from 1.10 mg/L to 0.0061 mg/L, the 
concentration of total phosphorous decreased from 2.20 mg/L to less than the 
laboratory RDL of 0.10 mg/L, and the concentration of total silver decreased from 
39 mg/L to 8.8 mg/L. All other parameters that were analyzed during both monitoring 
events had similar concentrations or were below the laboratory RDL. 
Monitoring Well MW-03 
Monitoring well MW-03 is located within the northeast portion of the limit of waste. 

• VC exceeded the 2016 Tier 1 SGRG criterion (1.1 µg/L) during the March 
monitoring event with a concentration of 16 µg/L; 

• TDS exceeded the 2016 Tier 1 SGRG criterion (500 mg/L) with a concentration 
of 990 mg/L; and 

• Dissolved Manganese exceeded the 2016 Tier 1 SGRG criterion (0.05 mg/L) with 
a concentration of 0.49 mg/L. 
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Compared to the historical monitoring results from August 2013 reported by Tiamat 
(presented in Appendix G), the concentration of cis-1,2-DCE increased from 4.5 µg/L 
to 20 µg/L, and the concentration of VC increased from 10 µg/L to 16 µg/L. The 
concentration of total organic carbon (TOC) decreased significantly from 16.0 mg/L 
to 8.1 mg/L. The concentration of total cadmium decreased from 0.25 µg/L to 0.089 
µg/L. All other parameters that were analyzed during both monitoring events had 
similar concentrations or were below the laboratory RDL. 
Monitoring Well MW-06 
Monitoring well MW-06 is located within the limit of waste on the east side. 

• 1,4-dichlorobenzene and VC exceeded the 2016 Tier 1 SGRG criteria (1 µg/L and 
1.1 µg/L, respectively) with concentrations of 1.2 µg/L and 8.4 µg/L, respectively; 

• TDS and total ammonia exceeded 2016 Tier 1 SGRG criteria (500 mg/L and 
10 mg/L, respectively) with concentrations of 1,500 mg/L and 69 mg/L, 
respectively; 

• Dissolved iron and dissolved manganese exceeded the 2016 Tier 1 SGRG criteria 
(0.3 mg/L and 0.05 mg/L, respectively) with concentrations of 29 mg/L and 
0.49 mg/L, respectively; and 

• Benzene, ethylbenzene, and xylenes exceeded the 2016 Tier 1 SGRG criteria 
(5 µg/L, 1.6 µg/L, and 20 µg/L, respectively) with concentrations of 4.8 µg/L, 
58 µg/L, and 45 µg/L, respectively. 

Compared to the historical monitoring results from August 2013 reported by Tiamat 
(presented in Appendix G), several changes were observed as discussed below. 

VOCs were observed to have changed, specifically:  

• The concentration of 1,2 dichlorobenzene decreased from 2.3 µg/L to 1.2 µg/L;  

• The concentration of cis-1,2-DCE increased from 2.6 µg/L to 18 µg/L;  

• The concentration of 1,2,4-trimethylbenzene decreased from 39 µg/L to 14 µg/L; 

• The concentration of 1,3,5-trimethylbenzene decreased from 9 µg/L to 3.8 µg/L; 
and  

• The concentration of VC decreased from 15 µg/L to 8.4 µg/L. 

The concentration of dissolved iron increased significantly from 9.2 mg/L to 29 mg/L. 
The concentrations of all total metals decreased, with the most significant decreases 
being:  

• Total cadmium from 33.0 µg/L to 0.77 µg/L;  

• Total aluminum from 360 mg/L to 11 mg/L; total barium from 27 mg/L to 
1.5 mg/L;  

• Total calcium from 9,300 mg/L to 280 mg/L; 

• Total iron from 1,800 mg/L to 68 mg/L;  

• Total magnesium from 2,800 mg/L to 120 mg/L;  
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• Total potassium from 130 mg/L to 38 mg/L;  

• Total silicon from 740 mg/L to 36 mg/L;   

• Total vanadium from 1.8 mg/L to 0.031 mg/L; and  

• Total zinc from 6.1 mg/L to 0.099 mg/L.  
The following changes were observed in nutrients at this location: 

• The concentration of dissolved sulphate decreased from 5 mg/L to below the 
laboratory RDL of 1.0 mg/L; 

• Dissolved chloride decreased from 100 mg/L to 83 mg/L; 

• Total ammonia decreased from 96 mg/L to 69 mg/L; 

• Total phosphorous decreased significantly from 14 mg/L to 1.1 mg/L; 

• Biochemical oxygen demand (BOD) decreased significantly from 130 mg/L to 
22 mg/L; and 

• Chemical oxygen demand (COD) decreased significantly from 1,800 mg/L to 
330 mg/L. 

The concentration of PHC F1 decreased from 150 µg/L to less than the laboratory 
RDL of 100 µg/L.  

All other parameters that were analyzed during both monitoring events had similar 
concentrations or were below the laboratory RDL.  
Monitoring Well MW-07 
Monitoring well MW-07 is located within the limit of waste along the north boundary. 

• TCE and VC exceeded the 2016 Tier 1 SGRG criteria (5 µg/L and 1.1 µg/L, 
respectively) with concentrations of 7.4 µg/L and 39 µg/L, respectively; 

• TDS and dissolved chloride exceeded the 2016 Tier 1 SGRG criteria (500 mg/L 
and 120 mg/L, respectively) with concentrations of 1,300 mg/L and 260 mg/L, 
respectively; and 

• Dissolved barium, dissolved iron, and dissolved manganese exceeded the 2016 
Tier 1 SGRG criteria (1 mg/L, 0.3 mg/L, and 0.05 mg/L, respectively) with 
concentrations of 1.1 mg/L, 12 mg/L, and 1.8 mg/L, respectively. 

Compared to the historical monitoring results from August 2013 reported by Tiamat 
(presented in Appendix G), the following changes were observed: 

VOCs: 
The concentration of VC increased from 26 µg/L to 39 µg/L. General Chemistry: 

• The concentration of dissolved sulphate decreased from 10 mg/L to 7.2 mg/L;  

• The concentration of total ammonia decreased from 2.4 mg/L to 0.87 mg/l; 

• The concentration of total nitrogen decreased significantly from 88 mg/L to 
1.9 mg/L;  
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• The concentration of total phosphorous decreased significantly from 53 mg/L to 
0.030 mg/L;  

• The concentration of TKN decreased significantly from 88  mg/L to 1.9 mg/L;  

• The concentration of BOD decreased from 25 mg/L to 7.8 mg/L; and  

• The concentration of COD decreased significantly from 1,600 mg/L to 64 mg/L.  

Metals 
The concentrations of most total metals decreased, with the most significant decreases 
being:  

• Total cadmium from 5.40 µg/L to 0.25 µg/L;  

• Total aluminum from 110 mg/L to 0.39 mg/L;  

• Total barium from 49 mg/L to 1.2 mg/L;  

• Total calcium from 22,000 mg/L to 240 mg/L;  

• Total iron from 3,300 mg/L to 19 mg/L, total magnesium from 6,400 mg/L to 
130 mg/L;  

• Total manganese from 110 mg/L to 1.8 mg/L;  

• Total phosphorous from 120 mg/L to less than the laboratory RDL of 0.10 mg/L; 
and  

• Total selenium from 130 mg/L to 3.7 mg/L, and total silicon from 1,200 mg/L to 
12 mg/L.  

All other parameters that were analyzed during both monitoring events had similar 
concentrations or were below the laboratory RDL. 
Monitoring Well XCG-4(MW) 
Monitoring well XCG-4(MW) is located within the limit of waste on the east side; 

• TDS exceeded the 2016 Tier 1 SGRG criterion (500 mg/L) with a concentration 
of 580 mg/L; and 

• Dissolved manganese exceeded the 2016 Tier 1 SGRG criterion (0.05 mg/L) with 
a concentration of 0.29 mg/L. 

Summary  
The above-noted elevated concentrations of nutrients (dissolved chloride, TDS, and 
total ammonia), VOCs (VC, 1,4-dichlorobenzene, and TCE), dissolved metals (iron, 
manganese, and barium), benzene, ethylbenzene, and xylenes above the 2016 Tier 1 
SGRG in the leachate quality monitoring wells are consistent with the typical 
characteristics of landfill leachate. Generally, an improving trend was observed in the 
current leachate quality compared to the 2013 results. 

7.3.4 Perched Groundwater Unit Monitoring Wells (Outside of Limit of Waste) 
Monitoring wells XCG-5(MW), XCG-6(MW), and XCG-13(MW) are screened in the 
perched groundwater unit and located outside the limit of waste. 
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The March 2017 analytical results for monitoring wells XCG-5(MW), XCG-6(MW), 
and XCG-13(MW) indicate the following: 
XCG-5(MW) – south of the landfill, on the east side 
No parameters analyzed exceeded the 2016 Tier 1 SGRG, which indicates that this 
monitoring location is not impacted by landfill leachate. This also indicates that 
groundwater within the perched groundwater unit is attenuating by the time it reaches 
this monitoring point, which is located approximately 35 metres south of the limit of 
waste on the east side of the Site. 
XCG-6(MW) – south of the landfill  
• TDS exceeded the 2016 Tier 1 SGRG criterion (500 mg/L) with a concentration 

of 1,000 mg/l;  

• Dissolved nitrate exceeded the 2016 Tier 1 SGRG criterion (3 mg/L) with a 
concentration of 56 mg/L; and 

• Dissolved manganese exceeded the 2016 Tier 1 SGRG criterion (0.05 mg/L) with 
a concentration of 0.15 mg/L). 

The presence of TDS, dissolved nitrate, and dissolved manganese elevated above the 
2016 Tier 1 SGRG indicates that monitoring well XCG-6(MW) is impacted by 
leachate. 
XCG-13(MW) - adjacent to the north limit of waste 
• VC exceeded the 2016 Tier 1 SGRG criteria (1.1 µg/L) with a concentration of 

21 µg/L; 

• TDS and dissolved chloride exceeded the 2016 Tier 1 SGRG criteria (500 mg/L 
and 120 mg/L, respectively) with concentrations of 1,100 mg/L and 200 mg/L, 
respectively; and 

• Dissolved manganese exceeded the 2016 Tier 1 SGRG criterion (0.05 mg/L) with 
a concentration of 0.71 mg/L. 

The presence of TDS, dissolved chloride, and dissolved manganese above the 2016 
Tier 1 SGRG indicate that monitoring well XCG-13(MW) is impacted by leachate.  

7.3.5 Shallow Groundwater Unit Monitoring Wells 
Monitoring wells XCG-1(MW), XCG-2(MW), and XCG-12(MW) are screened 
within the shallow groundwater unit located within the clay.  

The March 2017 analytical results for monitoring wells XCG-1(MW), XCG-2(MW), 
and XCG-12(MW) indicate the following: 
XCG-1(MW) - adjacent to the west limit of waste 
Dissolved manganese exceeded the 2016 Tier 1 SGRG criterion (0.05 mg/L) with a 
concentration of 0.28 mg/L. 

Dissolved manganese was elevated above the 2016 Tier 1 SGRG criterion in the 
background groundwater sample collected from monitoring well XCG-14(MW), and 
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therefore, this indicates that monitoring XCG-1(MW) is not impacted by landfill 
leachate. 
XCG-2(MW) - adjacent to the west limit of waste 
Dissolved manganese exceeded the 2016 Tier 1 SGRG criterion (0.05 mg/L) with a 
concentration of 0.50 mg/L. 

Dissolved manganese was elevated above the 2016 Tier 1 SGRG criterion in the 
background groundwater sample collected from monitoring well XCG-14(MW), and 
therefore, this indicates that monitoring well XCG-2(MW) is not impacted by landfill 
leachate. 
XCG-12(MW) - adjacent to the north limit of waste 
• TDS exceeded the 2016 Tier 1 SGRG criterion (500 mg/L) with a concentration 

of 580 mg/l;  

• Dissolved arsenic, dissolved barium, and dissolved manganese exceeded the 2016 
Tier 1 SGRG criteria (0.005 mg/L, 1 mg/L, and 0.05 mg/L, respectively) with 
concentrations of 0.019 mg/L, 1.2 mg/L, and 0.61 mg/L, respectively; 

• BOD, COD, and TOC were elevated compared to the background groundwater 
quality (<2.0 mg/L, 85 mg/L, and < 5.0 mg/L, respectively) with concentrations of 
8.3 mg/L, 110 mg/L, and 16 mg/L, respectively; and 

• Dissolved potassium was elevated compared to the background groundwater 
quality (2.5 mg/L) with a concentration of 7.7 mg/L. 

The presence of elevated dissolved metals (arsenic, barium, and potassium), BOD, 
COD, and TOC above the 2016 Tier 1 SGRG and background groundwater levels 
indicate that monitoring well XCG-12(MW) is likely impacted by leachate. 
Summary 
Groundwater quality results indicate that monitoring well XCG-5(MW), located south 
of the landfill and screened in the perched groundwater unit, is not impacted by landfill 
leachate. Since no analyzed parameters exceeded the 2016 Tier 1 SGRG at this well, 
it appears that groundwater within the perched groundwater is attenuating by the time 
it reaches this monitoring point located approximately 35 metres south of the limit of 
waste.  

Monitoring well XCG-6(MW), located south of the landfill and screened within the 
perched groundwater, is impacted by leachate, as indicated by the presence of elevated 
concentrations of TDS, dissolved nitrate, and dissolved manganese, all of which were 
above the 2016 Tier 1 SGRG.  

Monitoring well XCG-13(MW), located adjacent to the north limit of waste and 
screened within the perched groundwater, is impacted by leachate, as indicated by the 
presence of elevated concentrations of TDS, dissolved chloride, and dissolved 
manganese, all of which were above the 2016 Tier 1 SGRG.  

Groundwater quality results indicate that monitoring wells XCG-1(MW) and XCG-
2(MW), located adjacent to the west of the landfill and screened in the shallow 
groundwater unit, are not impacted by leachate.  
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Monitoring well XCG-12(MW), located adjacent to the north limit of the landfill and 
screened in the shallow groundwater unit, is impacted by leachate as indicated by the 
presence of dissolved metals (arsenic, barium, and potassium), BOD, COD, and TOC 
at concentrations above the 2016 Tier 1 SGRG and above the background groundwater 
concentrations. 

Figure 17 highlights the parameters that exceeded the 2016 Tier 1 SGRG at each 
groundwater monitoring location in order to show the extents of groundwater impacts 
from the Site. 

7.4 Soil Vapour Sampling Results 
The analytical results for the soil vapour sampling are summarized in Tables 11, 12, 
13, and 14. Copies of the Laboratory Certificates of Analysis are provided in 
Appendix H. The soil vapour sampling field notes are included in Appendix F. Soil 
vapour samples were not collected in March 2017 from VW-02, due to there not being 
a cap on the soil vapour probe at the time of sampling, nor VW-04 because it was 
under a pile of snow and could not be located at the time of the monitoring event. 

The parameters detected in soil vapour were screened (using a de minimis approach) 
to determine which parameters had the potential to impact indoor air (see Section 7.5 
below) based on concentrations present in the soil vapour. Parameters detected in soil 
vapour that exceeded the de minimis soil vapour criteria were identified as potential 
COCs in indoor air. Both soil vapour and indoor air sampling activities were conducted 
while the ground was frozen (i.e. while natural venting from the ground is limited), to 
assess worst case scenario concentrations of landfill gases.  

Soil vapour results for fixed gases and petroleum hydrocarbons, VOCs, and siloxanes 
are tabulated in Tables 11, 12, and 13, respectively. Worst case concentrations of each 
parameter detected in the soil vapour were tabulated to compare to the calculated de 
minimis soil vapour screening criteria as illustrated in Table 14. Based on the 
comparison, only methane, VC and cis-1,2-DCE exceeded the de minimis soil vapour 
screening criteria and were requested for analyses in the indoor and ambient air 
samples. The soil vapour results are illustrated in Figure 18.The concentration of 
methane in soil vapour probes VW-01, VW-03, XCG-1(SVP), XCG-2(SVP), XCG-
5(SVP), XCG-9(SVP), XCG-10(SVP), and XCG-12(SVP) were below the laboratory 
RDL of 0.2-0.3 % v/v.  

The concentration of methane at VW-05 and XCG-4(SVP), located within the limit of 
waste at the southwest and southeast corners of the Site, were 0.3 % v/v and 5.7 % v/v, 
respectively. Based on the AHS 2013 document (further discussed in Section 4.1.3) 
further site characterization is recommended when methane is detected in these ranges 
adjacent to a building if the soil gas is under pressure. At the time of the March 2017 
sampling, none of the soil gas probes were measured to be under pressure. As well, 
these probes are both located within the limit of waste, and are not adjacent to 
buildings.  

The methane concentration in soil vapour probe XCG-6(SVP), which is located south 
of the Site on the west side and screened in fine sand with silt, was 1.2 % v/v. The 
methane concentration in soil vapour probe XCG-13(SVP), located adjacent to the 
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north of the Site and screened in clay, was 1.1 % v/v. The methane concentrations in 
soil vapour probes XCG-6(SVP), and XCG-13(SVP) are between 0.5 % v/v and 5 % 
v/v and based on the AHS document require further investigation and development of 
mitigation or monitoring plan if the soil gas is under pressure. As noted above, at the 
time of the March 2017 sampling, none of the soil gas probes were measured to be 
under pressure. Soil vapour probes XCG-6(SVP) and XCG-13(SVP) are located in 
close proximity to residential dwellings. Therefore indoor air samples were collected 
at the nearest residences in order to further monitor landfill gas in these areas. The 
results of the indoor air sampling are discussed in Section 7.5. 

As discussed in Section 6.4, due to inconsistencies noted in the results from the first 
soil vapour monitoring even using a hand held landfill gas analyzer and the soil vapour 
samples collected in canisters and submitted for laboratory analyses in March 2017, a 
confirmatory soil vapour sample was collected in a canister from XCG-4(SVP) during 
the June 2017 monitoring event and submitted to the laboratory for analysis of oxygen, 
methane, and carbon dioxide. This sample had a methane concentration less than the 
laboratory RDL of 0.2 %, which is consistent with the concentration of methane 
detected in the field using the hand held landfill gas analyzer of 0 %. The result of the 
June 2017 monitoring event is included in Table 11. 

As discussed in Section 7.5 indoor air sampling was completed at properties 
surrounding the landfill to further investigate the potential for vapour intrusion.  

7.5 Indoor Air Quality Results 
The analytical results for the indoor and outdoor air samples are summarized in 
Table 15. Copies of the Laboratory Certificates of Analysis are provided in 
Appendix H. The following sections provide the summary and the assessment of the 
sampling results. 

7.5.1 Background (Ambient) Air Quality  
Concentrations of methane, VC, and cis-1,2-DCE were not detected in ambient air 
above the laboratory RDLs, which were set below the Health Based Indoor Air 
Criteria.  

7.5.2 Indoor Air Quality 
Concentrations of methane, VC, and cis-1,2-DCE were not detected in indoor air 
above the laboratory RDLs in any of the indoor air samples collected from any of the 
10 basements. The laboratory RDLs were set below the Health Based Indoor Air 
Criteria. The sample locations are shown on Figure 11. 

Given this information, it is highly unlikely that soil vapour impacted by LFG is 
migrating into the indoor air of the residences adjacent to the Site.  

7.5.3 Quality Assurance/Quality Control (QA/QC) Results 
XCG reviewed the laboratory sample results and QA/QC samples to evaluate whether 
data quality objectives were met. The analytical data are considered to be 
representative, reliable, and complete, and have a documented accuracy and precision. 
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The laboratory sample spikes and QC standard samples analyzed by the laboratory did 
not reveal any anomalous results.  

For the fieldwork program, XCG followed standard QA/QC field protocols, which 
included cleaning and calibration of sampling equipment, dedicated sampling 
equipment, unique sample identification and completing chains of custody, recording 
observations in field notes, and shipping samples to the laboratory as soon as possible 
after collection, noting the recommended maximum holding times. The soil vapour 
blind field duplicate had a calculated relative percent difference (RPD) of 92 percent 
for toluene. No other RPD were calculated for either soil vapour or indoor air as the 
concentration in the sample or the blind field duplicate was too low to permit a reliable 
RPD (one or both samples were less than five times the laboratory RDL). 
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8. HAZARD ASSESSMENT 
As part of the 2014 ERMP, Tiatmat Environmental Consultants Ltd. completed a 
PQRA for the Site following Health Canada guidance. Hazard Quotients (HQs) were 
calculated for each pathway determined to represent the greatest potential risk (i.e. soil 
vapour intrusion) for five different possible receptor groups including:  

i) residential,  

ii) public institutions (schools and hospitals), 

iii) food establishments,  

iv) commercial developments, and 

v) workers in construction and maintenance for underground utility 
infrastructure. 

The results generated from the groundwater and soil vapour assessment were 
evaluated to update the hazard assessment. Risks associated with ingestion or direct 
contact with groundwater were not evaluated, as there are no direct groundwater 
receptors within the 300 m buffer from the limit of waste.   

The risk characterization compares the inhalation exposure (from groundwater to 
indoor air, soil vapour to indoor air, and directly from indoor air) to the appropriate 
TRVs. For chemicals that operate via a threshold-type of dose response, the 
comparison most often used is termed a HQ, which is simply the ratio between 
estimated exposures divided by the TRV. Where predicted levels of exposure are less 
than acceptable limits, no adverse health outcomes would be expected for the receptors 
of concern. The converse is not automatically true, however. That is, when levels of 
exposure exceed the target risk (i.e. HQ>0.2), adverse health outcomes are not 
necessarily expected. Rather, there is erosion in the margin of safety between the level 
of exposure and the level of exposure known to cause adverse effects. Under such a 
situation, it is prudent to re-examine the basis of all of the assumptions used to generate 
the estimates of risk and exposure prior to identifying possible risk management 
measures. This analysis could conclude that given the conservatism of the assessment, 
no adverse health outcomes are expected or alternatively, that some form of risk 
management is required to mitigate exposure to acceptable levels. 

For carcinogens that are assumed to operate via a non-threshold mechanism of action, 
the risk characterization identifies the incremental lifetime cancer risk (ILCR) 
associated with a particular exposure pathway which is calculated by multiplying the 
exposure dose by the TRV. Incremental lifetime cancer risks are unitless values that 
express the probability of developing cancer over a lifetime. The AEP considers 
incremental lifetime cancer risks of one in a one hundred thousand (1 x 10-5) or less 
as de minimis, which means that they are below a level that would be of concern. 

8.1 Receptor Characteristics 
The receptor characteristics used in the quantitative assessment are described below. 
As noted previously, these receptors were previously identified by Tiamat in the 2014 
ERMP. XCG has updated the assumptions of the receptor exposure characteristics to 
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be consistent with the 2016 AEP, “Alberta Tier 2 Soil and Groundwater Remediation 
Guidelines”. 

8.1.1 Residents (Adults and Children) 
Residents are individuals that may reside in the vicinity of the Site. The resident can 
be of any age (infant, toddler, child, teen, or adult) and may be exposed to inhalation 
of volatiles in indoor air. The exposure duration values used are consistent with the 
2016 AEP, “Alberta Tier 2 Soil and Groundwater Remediation Guidelines” and are 
assumed to consider 24 hour per day exposure 365 days per year. An exposure 
prorating value of 1 is used to calculate both the threshold (non-cancer) and cancer 
risks. 

8.1.2 Public Institutions (Schools/hospitals) (Adults and Children) 
Receptors at public institutions are considered to be either adults or children. The 
institutional worker or visitor can be of any age (infant, toddler, child, teen, and adult) 
and may be exposed to inhalation of volatiles in indoor air. The exposure duration 
values used are consistent with the 2016 AEP, “Alberta Tier 2 Soil and Groundwater 
Remediation Guidelines” and are assumed to consider 24 hour per day exposure 365 
days per year, similar protective of a resident. An exposure prorating value of 1 is used 
to calculate both the threshold (non-cancer) and cancer risks. 

8.1.3 Commercial Receptors (including Food Establishments) 
Commercial receptors are individuals that may work at a commercial business or visit 
a commercial business in the vicinity of the Site. The commercial receptor is assumed 
to be an adult and may be exposed to inhalation of volatiles in indoor air. The exposure 
duration values used are consistent with the 2016 AEP, “Alberta Tier 2 Soil and 
Groundwater Remediation Guidelines” and are assumed to consider an exposure 
scenario of 10 hour/day, 5 days/week, and 48 weeks/year. An exposure prorating value 
of 0.2747 [(10 hr/d x 5 d/wk x 48 wk/yr) / (24 hrs/day x 7 days/wk x 52 wk/yr) = 
0.2747] is used to calculate both the threshold (non-cancer) and cancer risks. 

8.1.4   Construction/Utility Workers 
Construction workers or utility workers may be contracted to conduct earthworks in 
the vicinity of the Site. Construction workers/utility worker within onsite trenches may 
be exposed to volatiles through the inhalation of air within the trench. The construction 
worker/utility worker is assumed to be an adult. The exposure duration values used are 
consistent with the 2016 AEP, “Alberta Tier 2 Soil and Groundwater Remediation 
Guidelines” and are assumed to consider an exposure scenario of 10 hour/day, 5 
days/week, and 48 weeks/year. An exposure prorating value of 0.2747 [(10 hr/d x 5 
d/wk x 48 wk/yr) / (24 hrs/day x 7 days/wk x 52 wk/yr) = 0.2747] is used to calculate 
both the threshold (non-cancer) and cancer risks. 

8.2 Exposure Estimate 
Exposure pathways evaluated for each of the receptors discussed in Section 8.1 include  

• Inhalation of volatiles in indoor air; and 



Vapour Intrusion Assessment and Environmental Monitoring Report – Montfort Landfill 

 HAZARD ASSESSMENT 
 

4-2352-04-03/R423520403007.docx 8-3 
 

• Inhalation of volatiles in trench air. 
Estimates of exposure were developed based on modelled exposure estimates from 
groundwater to indoor air, groundwater to trench air, soil vapour to indoor air, and soil 
vapour to trench air. The equations used for each exposure estimate are described 
below. 

8.2.1 Groundwater to Indoor Air  
The groundwater to indoor air equation is based on an exposure scenario where a 
receptor may inhale substances that volatilize from groundwater and are transported 
to indoor air. The following calculation is used to estimate the exposure (dose) 
received by the receptor via the groundwater to indoor air pathway: 

Point of Exposure Calculation (Henry’s Law, with default vapour attenuation 
factor) 
 

 

 

where 

Cair  = Concentration in indoor air (calculated exposure value) mg/m3 

Cgw  = Measured Maximum Concentration of Groundwater mg/L 

H’ = Henry’s Law (unitless) – chemical specific 

alpha  = vapour attenuation factor = 0.01 (de minimis) 

C = conversion term 103 convert m3 to L 

The same de minimis vapour attenuation assumption (0.01) used to develop the indoor 
air criteria and soil vapour screening criteria discussed in Sections 4.1.2 and 4.1.3 was 
used in order to determine the indoor air concentration. This value is considered 
appropriate due to the presence of shallow perched groundwater which may limit the 
attenuation zone and eliminate the potential for source depletion. This value is 
considered conservative and protective of receptors given the site specific conditions.  

Contaminant Daily Exposure (CDE) Calculation 

𝐶𝐶𝐷𝐷𝐶𝐶 =  𝐶𝐶𝐶𝐶𝑀𝑀𝐶𝐶 �
𝑀𝑀𝑚𝑚
𝑀𝑀3�  𝑥𝑥 𝐶𝐶𝐸𝐸 �

ℎ𝐶𝐶𝐶𝐶
𝑦𝑦𝐶𝐶

�  𝑥𝑥 𝐶𝐶𝐷𝐷 (𝑦𝑦𝐶𝐶)𝑥𝑥 
1

𝐴𝐴𝐴𝐴 (ℎ𝐶𝐶𝐶𝐶) 

Where, 

CDE = Contaminant daily exposure to vapours in air in units of mg/m³, non-
carcinogenic; this is a contaminant concentration in air value that is 
weighted according to exposure frequency and exposure duration 

Cair =  Point of exposure concentration of the contaminant in the air (mg/m3) 
calculated from groundwater concentration based on Henry’s Law, 
assuming default de mimimis vapour attenuation factor (accounting 
for shallow groundwater) 

𝐶𝐶𝐶𝐶𝑀𝑀𝐶𝐶 =  
𝐶𝐶𝑚𝑚𝐶𝐶 𝑥𝑥 𝐻𝐻′ 𝑥𝑥 𝐶𝐶

1
𝐶𝐶𝑎𝑎𝑎𝑎ℎ𝐶𝐶
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EF =  Exposure Frequency 

ED  = Exposure Duration 

AT = Averaging Period 

The calculation of groundwater to indoor air point of exposure concentration and 
resulting contaminant daily exposure to vapours in air for each receptor group is shown 
in Table C4 in Appendix C.   

8.2.2 Groundwater to Trench Air 
The concentration of volatiles (sourced from groundwater) present in a trench were 
modeled using the ASTM (2002) model, commonly referred to as the Box Model, as 
provided below. 

Concentration of Contaminant in Trench Air 
  C trench air = [GW] x VF 

Where: 
[GW] = maximum groundwater concentration 
VF   =  volatilization factor 
 
 
 
 
Where: 
U  =  Wind Speed (330 cm/s as per the yearly average wind speed for Edmonton) 
HT  =  Mixing Height (200 cm assumed trench height) 
LGW  =  Depth to Groundwater (200 cm, site specific) 
LSA  =  Length of Source Area (1300 cm assumed, trench length) 
Deff  =  Effective diffusion coefficient in soil (cm2/s – calculated as per below) 
H’  =  Henry’s Law Constant (dimensionless) 
 
Effective diffusion coefficient (Deff) 
 
 

 

Where: 

Deff = Effective diffusion coefficient of soil (cm2/s) 

Ev = Air-filled porosity (unitless) 

Da =  Molecular diffusion constant in air (cm2/s); chemical specific 

H = Henry’s Law Constant (cm3-water/cm3-air); chemical specific 

𝑉𝑉𝐸𝐸 = ( 𝐻𝐻′

1+[𝑈𝑈 𝑥𝑥 𝐻𝐻𝑇𝑇 𝑥𝑥 𝐿𝐿𝐺𝐺𝐺𝐺
𝐿𝐿𝑆𝑆𝑆𝑆 𝑥𝑥 𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷

]
) x 1000 L/m3 

𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷 =  
𝐶𝐶𝐶𝐶10/3 𝑥𝑥 𝐷𝐷𝐶𝐶 𝑥𝑥 𝐻𝐻𝑥𝑥 𝐶𝐶𝐶𝐶10/3 𝑥𝑥 𝐷𝐷𝐶𝐶

𝑀𝑀2

(𝜌𝜌𝜌𝜌 𝑥𝑥 𝐾𝐾𝐾𝐾𝐾𝐾 𝑥𝑥 𝐷𝐷𝐾𝐾𝐾𝐾) + 𝐶𝐶𝐶𝐶+ (𝐶𝐶𝐶𝐶 𝑥𝑥 𝐻𝐻)
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Ew = Water-filled soil porosity (unitless) 

Dw = Molecular diffusion constant in water (cm2/s); chemical  
  specific 

n = Total soil porosity (unitless) 

ρb = Dry soil bulk density (g/cm3) 

Koc = organic carbon-water sorption coefficient (cm3-water/g- 
  carbon); chemical specific 

foc = Fraction of organic carbon 

The Henry’s Law constant is a chemical-specific constant describing the relative 
proportions of a chemical in various media at steady state. The height of the 
atmospheric mixing cell was assumed to be 200 cm (height of an adult), while the 
length of the mixing cell was 1300 cm. The mean annual wind speed is 330 cm/s which 
is based on the yearly average in Edmonton. Porosity values and density values used 
in the equation are defined in the spreadsheet included with Table C8 in Appendix C. 

Contaminant Daily Exposure (CDE) Calculation 

𝐶𝐶𝐷𝐷𝐶𝐶 =  𝐶𝐶 𝑡𝑡𝐶𝐶𝐷𝐷𝑀𝑀𝐾𝐾ℎ 𝐶𝐶𝑀𝑀𝐶𝐶 �
𝑀𝑀𝑚𝑚
𝑀𝑀3�  𝑥𝑥 𝐶𝐶𝐸𝐸 �

ℎ𝐶𝐶𝐶𝐶
𝑦𝑦𝐶𝐶

�  𝑥𝑥 𝐶𝐶𝐷𝐷 (𝑦𝑦𝐶𝐶)𝑥𝑥 
1

𝐴𝐴𝐴𝐴 (ℎ𝐶𝐶𝐶𝐶) 

Where, 

CDE = Contaminant daily exposure to vapours in trench air in units of mg/m³, 
this is a contaminant concentration in trench air value that is weighted 
according to exposure frequency and exposure duration 

C trench air=  Point of exposure concentration of the contaminant in the trench air 
(mg/m3) calculated from groundwater vapour migration within the 
base of the trench (as discussed above) 

EF =  Exposure Frequency 

ED  = Exposure Duration 

AT = Averaging Period 

The calculation of groundwater to trench air point of exposure concentration and 
resulting contaminant daily exposure to vapours in trench air for the construction 
worker/utility worker receptor group is shown in Table C8 in Appendix C.   

8.2.3 Soil Vapour to Indoor Air  
The soil vapour to indoor air equation is based on an exposure scenario where a 
receptor may inhale substances present in soil vapour that are transported to indoor air 
(via vapour intrusion). The following calculation is used to estimate the exposure 
(dose) received by the receptor via the soil vapour to indoor air pathway (vapour 
intrusion): 
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Point of Exposure Calculation (with default vapour attenuation factor) 
 

 

 

where 

Cair(sv) = Concentration in indoor air (calculated exposure value) mg/m3 

Csv   = Measured Maximum Concentration of Soil Vapour mg/m3 

alpha   = vapour attenuation factor = 0.01 

As discussed above, the same de minimis vapour attenuation assumption of 0.01 was 
used to determine the indoor air concentration. This value is considered appropriate 
due to the presence of shallow perched groundwater which may limit the attenuation 
zone and eliminate the potential for source depletion. This value is considered 
conservative and protective receptors given the site specific conditions.  

Contaminant Daily Exposure (CDE) Calculation 

𝐶𝐶𝐷𝐷𝐶𝐶 =  𝐶𝐶𝐶𝐶𝑀𝑀𝐶𝐶(𝐶𝐶𝐶𝐶) �
𝑀𝑀𝑚𝑚
𝑀𝑀3�  𝑥𝑥 𝐶𝐶𝐸𝐸 �

ℎ𝐶𝐶𝐶𝐶
𝑦𝑦𝐶𝐶

�  𝑥𝑥 𝐶𝐶𝐷𝐷 (𝑦𝑦𝐶𝐶)𝑥𝑥 
1

𝐴𝐴𝐴𝐴 (ℎ𝐶𝐶𝐶𝐶) 

Where, 

CDE = Contaminant daily exposure to vapours in air in units of mg/m³, this 
is a contaminant concentration in air value that is weighted according 
to exposure frequency and exposure duration 

Cair(sv) =  Point of exposure concentration of the contaminant in the air (mg/m3) 
calculated from maximum soil vapour concentration assuming default 
de mimimis vapour attenuation factor of 0.01 (accounting for shallow 
groundwater). This factor does not allow for source depletion. 

EF =  Exposure Frequency 

ED  = Exposure Duration 

AT = Averaging Period 

The calculation of soil vapour to indoor air point of exposure concentration and 
resulting contaminant daily exposure to vapours in air for each receptor group is shown 
in Table C5 in Appendix C.   

8.2.4 Soil Vapour to Trench Air  
The soil vapour to trench air equation is based on an exposure scenario where a 
construction/utility worker receptor may inhale substances present in soil vapour are 
transported into a trench. The following calculation is used to estimate the exposure 
(dose) received by the receptor via the soil vapour to trench air pathway: 

  

𝐶𝐶𝐶𝐶𝑀𝑀𝐶𝐶(𝐶𝐶𝐶𝐶) =  
𝐶𝐶𝐶𝐶𝐶𝐶  

1
𝐶𝐶𝑎𝑎𝑎𝑎ℎ𝐶𝐶
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Point of Exposure Calculation (Default Attenuation Factor, Meridian, 2012) 
 

 

where 

C trench air (sv)  = Concentration in trench air (mg/m3) 

Csv  = Measured Maximum Concentration of Soil Vapour mg/m3 

AF  = Conservative Attenuation Factor = 0.09  (Source, CSAP Technical Review 
#18, Soil Vapour Attenuation Factors for Trench Workers, prepare by Meridian 
Environmental Inc., dated December 2012. Assuming narrow trench and shallow soil 
vapour source.) 

Contaminant Daily Exposure (CDE) Calculation 

𝐶𝐶𝐷𝐷𝐶𝐶 =  𝐶𝐶 𝑡𝑡𝐶𝐶𝐷𝐷𝑀𝑀𝐾𝐾ℎ 𝐶𝐶𝑀𝑀𝐶𝐶(𝐶𝐶𝐶𝐶) �
𝑀𝑀𝑚𝑚
𝑀𝑀3�  𝑥𝑥 𝐶𝐶𝐸𝐸 �

ℎ𝐶𝐶𝐶𝐶
𝑦𝑦𝐶𝐶

�  𝑥𝑥 𝐶𝐶𝐷𝐷 (𝑦𝑦𝐶𝐶)𝑥𝑥 
1

𝐴𝐴𝐴𝐴 (ℎ𝐶𝐶𝐶𝐶) 

Where, 

CDE = Contaminant daily exposure to vapours in air in units of mg/m³; this 
is a contaminant concentration in air value that is weighted according 
to exposure frequency and exposure duration 

C trench air(sv) =  Point of exposure concentration of the contaminant in the trench 
air (mg/m3) calculated from soil vapour concentration attenuation into 
a narrow trench. 

EF =  Exposure Frequency 

ED  = Exposure Duration 

AT = Averaging Period 

The calculation of soil vapour to trench air point of exposure concentration and 
resulting contaminant daily exposure to vapours in trench air for the construction 
worker/utility worker receptor group is shown in Table C5 in Appendix C.   

8.3 Risk Characterization 
The risk characterization compares the inhalation exposure (from groundwater to 
indoor air, soil vapour to indoor air, and directly from indoor air) to the appropriate 
TRVs. For chemicals that operate via a threshold-type of dose response, the 
comparison most often used is termed a hazard quotient (HQ), which is simply the 
ratio between estimated exposures divided by the TRV. Where predicted levels of 
exposure are less than acceptable limits, no adverse health outcomes would be 
expected for the receptors of concern. The converse is not automatically true, however. 
That is, when levels of exposure exceed the target risk (i.e. HQ>0.2), adverse health 
outcomes are not necessarily expected. Rather, there is erosion in the margin of safety 
between the level of exposure and the level of exposure known to cause adverse 
effects. Under such a situation, it is prudent to re-examine the basis of all of the 
assumptions used to generate the estimates of risk and exposure prior to identifying 

𝐶𝐶 𝑡𝑡𝐶𝐶𝐷𝐷𝑀𝑀𝐾𝐾ℎ 𝐶𝐶𝑀𝑀𝐶𝐶(𝐶𝐶𝐶𝐶) =  𝐶𝐶𝐶𝐶𝐶𝐶 𝑥𝑥 𝐴𝐴𝐸𝐸 
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possible risk management measures. This analysis could conclude that given the 
conservatism of the assessment, no adverse health outcomes are expected or 
alternatively, that some form of risk management is required to mitigate exposure to 
acceptable levels. 

For carcinogens that are assumed to operate via a non-threshold mechanism of action, 
the risk characterization identifies the incremental lifetime cancer risk (ILCR) 
associated with a particular exposure pathway which is calculated by multiplying the 
exposure dose by the TRV. Incremental lifetime cancer risks are unitless values that 
express the probability of developing cancer over a lifetime. The AEP considers 
incremental lifetime cancer risks of one in a one hundred thousand (1 x 10-5) or less 
as de minimis, which means that they are below a level that would be of concern 

The measured soil vapour and indoor air concentrations used in the risk 
characterization are from the frozen ground conditions sampling event completed in 
March 2017 are considered representative of worst case conditions. Risk 
characterization was completed for the volatile parameters detected during this worst 
case sampling event. Methane was also detected during the soil vapour sampling; 
however, methane was excluded for the hazard discussion as it has been previously 
assessed with regard to the AHS 2013 document which provides thresholds and 
recommended response actions. 

8.3.1 Residential Receptors 
Health risks associated with the vapour intrusion to residential dwellings and exposure 
of the resident occupants were assessed based on modelled indoor air exposures from 
measured groundwater concentrations and soil vapour concentrations, and directly 
from actual indoor air concentrations. 

The worst case measured groundwater concentrations were determined to represent 
potential risk to vapour intrusion to indoor air (residential) for benzene, ethylbenzene, 
xylenes, trichloroethylene, and VC. As shown in Table C4 in Appendix C, the hazard 
quotient for each of these parameters was greater than 0.2 and the cancer risks were 
greater than 1 x 10-5. 

The worst case measured soil vapour concentrations were determined to represent 
potential risk to vapour intrusion to indoor air (residential) for VC and cis-1,2-DCE. 
The soil vapour to indoor air risk evaluation calculations are shown in Table C5 and 
C6 in Appendix C. Table C5 shows the risk calculations for the worst case soil vapour 
concentrations and Table C6 shows the risk calculations at each soil vapour probe 
location for the residential receptor. The resulting HQ for VC ranged from 0.002 to 
0.13, which were all less than the acceptable threshold of 0.2. The resulting non-
threshold risk (Cancer Risk) for VC ranged from1.92 E-6 to 1.10 E-4. The acceptable 
Cancer Risk criteria for VC is less than 1.0 E-5, and there were three locations with a 
cancer risk for VC equal to or greater than 1.0 E-5. The highest cancer risks of 1.10 E-
4 and 1.36 E-5 were identified at VW-05 (located within the limit of waste) and XCG-
6(SVP) (located to the south of the limit of waste), respectively. A cancer risk of 1.0 
E-5 was identified at XCG-13(SVP), located to the north outside the limit of waste. 
The only probe location to have an unacceptable risk associated with cis-1,2-DCE was 
XCG-13 (VP) with a hazard quotient of 0.249, above the acceptable limit. Based on 



Vapour Intrusion Assessment and Environmental Monitoring Report – Montfort Landfill 

 HAZARD ASSESSMENT 
 

4-2352-04-03/R423520403007.docx 8-9 
 

these results two probes located outside the limit of waste were identified to have risk 
above acceptable risk levels. 

As discussed above, indoor air was only sampled for parameters detected in soil 
vapour at concentrations greater than the de minimis screening level. The indoor air 
results were all less than detection levels. In order to illustrate worst case conditions, 
risks were calculated for concentrations set at the detection limits for each parameter 
(see Table C7, Appendix C). The resulting HQ for VC was 0.0005 and for cis-1,2-
DCE was 0.022, both well below the acceptable value of 0.2. The resulting non-
threshold risk (Cancer Risk) for VC was 4.49E-7, well below the acceptable value of 
1.00E-5. Based on the above, indoor air measurements were well within acceptable 
risk values. 

8.3.2 Institutional Receptors 
Health risks associated with vapour intrusion to institutional buildings and exposure 
to institutional receptors were assessed based on modelled indoor air exposures from 
measured groundwater concentrations and soil vapour concentrations as described in 
Section 8.2. 

The worst case measured groundwater concentrations were determined to represent 
potential risk to vapour intrusion to indoor air (institutional) for benzene, 
ethylbenzene, xylenes, trichloroethylene, and VC. As shown in Table C4 in Appendix 
C, the hazard quotient for each of these parameters was greater than 0.2 and the cancer 
risks were greater than 1 x 10-5. 

The worst case measured soil vapour concentrations were determined to represent a 
potential risk to vapour intrusion to indoor air (institutional) for VC and cis-1,2-DCE. 
The soil vapour to indoor air risk evaluation calculations are shown in Table C5 in 
Appendix C. The resulting worst case HQ for VC was 0.13, which is less than the 
acceptable threshold of 0.2. The resulting worst case non-threshold risk (Cancer Risk) 
for VC was 1.10 E-4 which is greater than the acceptable Cancer Risk criteria of 1.0 
E-5. The resulting worst case HQ for cis-1,2-DCE was 0.249, which is slightly above 
the acceptable limit.  

8.3.3 Commercial Receptors (including Food Establishments) 
Health risks associated with the vapour intrusion to commercial buildings and 
exposure to commercial receptors were assessed based on modelled indoor air 
exposures from measured groundwater concentrations and soil vapour concentrations 
as described in Section 8.2. 

The worst case measured groundwater concentrations were determined to represent 
potential risk to vapour intrusion to indoor air (commercial) for xylenes, 
trichloroethylene, and VC. As shown in Table C4 in Appendix C, the hazard quotient 
for each of these parameters was greater than 0.2 and the cancer risks were greater 
than 1 x 10-5. 

The worst case measured soil vapour concentrations were determined to represent a 
potential risk to vapour intrusion to indoor air (commercial) for VC. The soil vapour 
to indoor air risk evaluation calculations are shown in Table C5 in Appendix C. The 
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resulting worst case HQ for VC was 0.03, which is less than the acceptable threshold 
of 0.2. The resulting worst case non-threshold risk (Cancer Risk) for VC was 3.02 E-
5 which is greater than the acceptable Cancer Risk criteria of 1.0 E-5.   

8.3.4 Construction/Utility Worker Receptors 
Health risks associated with the vapour intrusion into excavations and trenches and 
exposure to a utility worker were assessed based on modelled trench air exposures 
from measured groundwater concentrations and soil vapour concentrations as 
described in Section 8.2. 

The worst case measured groundwater concentrations when volatilized into trench air 
were not determined to represent a potential risk to the utility worker receptor. As 
shown in Table C4 in Appendix C, the hazard quotient for each of these parameters 
was less than 0.2 and the cancer risks were less than 1 x 10-5. 

The worst case measured soil vapour concentrations were determined to represent a 
potential risk to vapour intrusion to trench air for VC and cis-1,2-DCE. The soil vapour 
to indoor air risk evaluation calculations are shown in Table C5 in Appendix C. The 
resulting worst case HQ for VC was 0.31, which is greater than the acceptable 
threshold of 0.2. The resulting worst case non-threshold risk (Cancer Risk) for VC was 
2.72 E-4 which is greater than the acceptable Cancer Risk criteria of 1.0 E-5. The 
resulting worst case HQ for cis-1,2-DCE was 0.62, which is slightly above the 
acceptable limit. 

8.3.5 Summary 
Based on the risks characterization for each of the receptor groups the following was 
determined. 

• Worst case groundwater concentrations of volatile compounds (xylenes, 
trichloroethylene, and VC) represent a potential risk to indoor air for each of the 
residential and institutional receptors. Similarly, worst case groundwater 
concentrations of xylenes, trichloroethylene, and VC represent a potential risk to 
indoor air for the commercial receptor.   

• Worst case soil vapour concentrations represent a potential risk to indoor air for 
VC and cis-1,2-DCE for residential and institutional receptors and VC only for the 
commercial receptors.   

• Worst case soil vapour concentrations of VC and cis-1,2-DCE were determined to 
represent a potential risk to utility workers exposed to trench air.   

Although the groundwater and soil vapour concentrations indicate a potential risk for 
inhalation of indoor air for the residential, institutional and commercial receptors, the 
actual sampling results of indoor air at several of the closest residential dwellings were 
all less than laboratory detection levels and therefore the indoor air measurements were 
well within acceptable risk values. 

The potential risk for vapour inhalation for the construction/utility worker in a trench 
should be addressed. Normal health and safety precautions (i.e. use of a four gas meter) 
when entering any trench should be applied. It should be noted that the risks calculated 
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for the utility worker were based on a 10 hour exposure day, 5 days per week, and 48 
weeks per year. It is unlikely that a utility worker would actually be working within a 
trench for this period and therefore this approach is considered very conservative. 

8.3.6 Mitigative Measures 
As part of the ERMP prepared by Tiamat in 2014, a set of generic mitigative measures 
were developed as a strategy for reducing the potential exposure to the identified 
contaminants of concern for new subdivision and developments within 300 m of the 
Montfort Landfill Site. The mitigative measures suggested by Tiamat were selected to 
provide a progressively increasing level of protection as the relative level of hazard 
increases. To this end, Tiamat created passive and active mitigation actions for a set 
of ranges of hazard quotients and proposed strategies for dealing with new subdivision 
and development within 100 m of the landfill, between 100 m and 200 m of the landfill 
and between 200 m and 300 m of the landfill.   

Based upon the results presented in this report, XCG has revised the Tiamat criteria 
ranges for each mitigative measure category to include a Cancer Risk range to allow 
comparison of the Tiamat ranges with the HQ and Cancer Risks calculated by XCG 
(see Appendix C, Table C4, C5 and C6). The revised mitigation action ranges have 
been incorporated into the original Tiamat measures and are provided below. 

Passive Measures 
1. Passive Measures – Level A:  for Cancer Risk of > 1E-5  and < 5E-5 and/or HQ 

>0.2 and <1   

Compacted clay liner with a minimum thickness of 1m and confirmed maximum 
hydraulic conductivity of 10-6 cm/sec. 

2. Passive Measures – Level B:  for Cancer Risk of > 5E-5 and < 5E-4 and/or HQ 
>1 and <5. 

Synthetic liner with type of material, thickness and installation details dependent 
on the design professional. 

3. Passive Measures – Level C: for Cancer Risk of > 5E-4 and < 1E-3 and/or HQ 
>5 and <50. 

Passive sub-slab depressurization (SSD) system with a minimum 
depressurization of 4 to 10 Pa. In some instances (such as a pervious subgrade), 
the actual depressurization necessary may require an active SSD or alternative 
active ventilation system. 

Active Measures 
Field verify the presence of the identified chemicals of concern and other potential 
chemicals in the soil gas state at the development site. If confirmed, determine the 
most appropriate manner to prevent soil vapour intrusion. 

1. Active Measures – Level D:  for Cancer Risk of > 1E-3 and < 2E-3 and/or HQ 
values >50 and <100. 



Vapour Intrusion Assessment and Environmental Monitoring Report – Montfort Landfill 

 HAZARD ASSESSMENT 
 

4-2352-04-03/R423520403007.docx 8-12 
 

Active SSD must be configured to compensate for depressurization of the 
building and have adequate negative pressure gradients across the entire footprint 
of the foundation. 

2. Active Measures - Level E:  for Cancer Risk of >2E-3 and/or HQ values >100. 

Installation of geomembrane and active soil vapour extraction with system fault 
notification alarm. 

Based on the hazard assessment completed by XCG, the worst case groundwater 
concentrations (measured within the landfill at MW-07 and immediately north of the 
landfill at XCG-13(MW)) represent a potential risk of vapour intrusion to indoor air. 
As shown in Appendix C, Table C3, the calculated cancer risks from the worst case 
groundwater concentrations are greater than 2E-3, and therefore correspond with 
Active Mitigation Level E. However, the soil vapour to indoor air risk estimates are 
considered more representative of actual site conditions then the groundwater vapour 
to indoor air risk estimates. The risks to indoor air associated with the measured soil 
vapour concentrations were significantly lower than those associated with the worst 
case groundwater concentrations and would require only passive mitigation measures. 
Based on the hazard assessment completed by XCG, the worst case soil vapour 
concentration (measured within the limits of the landfill at VW-05) gives a cancer risk 
of 1E-4 which corresponds to Passive Mitigation Level B. The only soil vapour probes 
located outside the limit of waste with concentrations of vapour determined to 
represent a soil vapour to indoor air risk were XCG-6(SVP) and XCG-13(SVP), which 
had cancer risks of 1.4 E-5 and 1E-5, respectively, corresponding with Passive 
Mitigation Level A. 
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9. CONCLUSIONS AND LIMITATIONS 

9.1 Conclusions 
The following conclusions are based on the information and data generated during the 
vapour intrusion assessment and environmental monitoring program described herein: 

• The 2017 hydraulic monitoring results indicate that there is evidence of a perched 
groundwater table located above the clay layer beneath the Site and a separate 
shallow groundwater unit present deeper in the clay. The monitoring wells located 
northwest of the Site show a groundwater flow direction from north to south in the 
shallow groundwater unit located within the clay, which is consistent with local 
topography. The groundwater elevations in the shallow monitoring wells installed 
on top of the clay show a radial flow outwards from the landfill with a southerly 
trend at the southeast corner and a northerly trend at the north side of the Site. 

• Over the course of the four quarterly monitoring events in 2017, seven of the 14 
soil vapour probes monitored [VW-02, VW-03, VW-05, XCG-4(SVP), XCG-
5(SVP), XCG-6(SVP), and XCG-13(SVP)] had methane detected in them on at 
least one occasion. Based on the results of the quarterly soil vapour monitoring, 
methane was found to be present in soil vapour probes located within the limit of 
waste. Methane was also detected to the north of the limit of waste adjacent to the 
residential homes on Hermary Street, and to the south of the Site on the west side 
between the Site and the multi-tenant residential dwelling of Montfort Heights. 

• Groundwater concentrations at monitoring well XCG-14(MW), located northwest 
of the landfill, were all less than the 2016 Tier 1 SGRG with the exception of total 
dissolved solids (TDS) and dissolved manganese which exceeded the 2016 Tier 1 
SGRG. This monitoring well is considered to represent background groundwater 
quality at the Site in the shallow groundwater unit based on its location up gradient 
of the Site. Given the radial flow outwards from the landfill in the perched water 
table, there is no monitoring location up gradient that represents background 
groundwater quality in the perched groundwater unit. Groundwater quality at 
monitoring points within the limit of waste were found to be impacted by 
parameters consistent with leachate characteristics. Generally, an improving trend 
was observed in the current leachate quality compared to the 2013 results.  

• Groundwater quality results indicate that monitoring well XCG-5(MW), located 
south of the landfill and screened in the perched groundwater unit, is not impacted 
by landfill leachate. Since no analyzed parameters exceeded the 2016 Tier 1 SGRG 
at XCG-5(MW), it appears that the perched groundwater is attenuating by the time 
it reaches this monitoring point located approximately 35 metres south of the limit 
of waste. Monitoring well XCG-6(MW), located south of the landfill and screened 
in the perched groundwater unit, is impacted by leachate, as indicated by the 
elevated concentrations of TDS, dissolved nitrate, and dissolved manganese, all of 
which were above the 2016 Tier 1 SGRG. Monitoring well XCG-13(MW), located 
adjacent to the north limit of waste and screened in the perched groundwater, is 
impacted by leachate, as indicated by the elevated concentrations of TDS, 
dissolved chloride, and dissolved manganese, all of which were above the 2016 
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Tier 1 SGRG. The extent of the perched groundwater impacts down gradient 
(south and east), and up gradient (north) of the site have not been fully delineated. 
However, the leachate-related parameters in perched groundwater appear to 
attenuate within approximately 35 metres of the landfill, as indicated by the 
groundwater quality results from samples collected from well XCG-5(MW) that is 
located south of the landfill. Because there are no other wells located outside the 
limits of waste that are screened in the perched groundwater, it cannot be 
confirmed that the quality of perched groundwater improves away from the Site in 
all other directions. However, it is likely that the leachate-related parameters do 
attenuate in the same rate in all directions away from the Site. 

• Groundwater quality results indicate that monitoring wells XCG-1(MW) and 
XCG-2(MW), located adjacent to the west of the landfill and screened in the 
shallow groundwater unit (within the clay layer), are not impacted by leachate. 
Monitoring well XCG-12(MW), located adjacent to the north limit of the landfill 
and screened in the shallow groundwater unit, is likely impacted by leachate as 
indicated by the presence of dissolved metals and nutrients above the 2016 Tier 1 
SGRG and background groundwater quality.  

• Soil vapour results from the 12 samples collected during frozen conditions 
(March 2017) indicated the presence of methane, VC, and cis-1,2-DCE at 
concentrations that exceeded the derived soil vapour screening criteria at four 
locations. Two locations were within the limit of waste (at the southeast and 
southwest corners) and the remaining two were outside the limit of waste to the 
north, and south of the Site. The extent of soil vapour impacts north, east, west, 
and  south of the site have not been fully delineated. 

• The indoor air quality at the 10 residences located north, east, and south of the Site 
did not have detectable concentrations of methane, VC, or cis-1,2-DCE. The 
laboratory reportable detection limits were set below the Health Based Indoor Air 
Criteria. Based on the above, it is unlikely that soil vapour impacted by the Site is 
migrating into the indoor air of the residences adjacent to the Site.  

• Risk characterization completed for residential, institutional and commercial 
receptors based on groundwater to indoor air and soil vapour to indoor air exposure 
pathways confirmed potential risks above acceptable levels for each of these 
receptors and pathways. However, risk characterization completed based on the 
worst case (frozen ground condition) direct measured indoor air sampling results, 
confirmed that risks were well within acceptable risk values. 

• Risk characterization based on worst case soil vapour concentrations of VC and 
cis-1,2-DCE were determined to represent a potential risk to utility workers 
exposed to trench air. 

9.2 Limitations 
Information contained in this Vapour Intrusion Assessment and Environmental 
Monitoring Report is representative of conditions at the specific sampling locations, 
on the specific sampling dates. Sample locations selected by XCG were based on 
environmental investigation work previously conducted by others. Conditions at 
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locations between or beyond the specified sampling locations at the subject property 
may differ from those encountered and reported. In addition, subsequent investigations 
at the site may reveal conditions not apparent during these investigation activities. 

The scope of this report is limited to the matters expressly covered. This Vapour 
Intrusion Assessment and Environmental Monitoring Report was prepared for the sole 
use of the City of Red Deer and may not be relied upon by others without the written 
concurrence of XCG Consulting Limited. The scope of services performed in the 
execution of this investigation may not be appropriate to satisfy the needs of other 
users, and any use or reuse of this document (or the findings and conclusions 
represented herein), by parties other than the City of Red Deer, is at the sole risk of 
those parties. 
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10. RECOMMENDATIONS 
Due to the presence of methane detected in soil vapour probes XCG-13(SVP) and 
XCG-6(SVP) located outside the limit of waste and XCG-4(SVP) located within the 
limit of waste (nearest monitoring point to residences located east of the Site), it is 
recommended that select soil vapour probes [XCG-1(SVP), XCG-2(SVP), XCG-
4(SVP), XCG-5(SVP), XCG-6(SVP), XCG-9(SVP), XCG-10(SVP), XCG-12(SVP), 
and XCG-13(SVP)] be monitored twice annually in September (due to methane 
concentrations recorded during the 2017 September monitoring event) and March 
(under frozen conditions to represent the worst case scenario/highest potential for LFG 
migration) using a handheld LFG analyzer. If methane volumes of 2.5 % v/v (50% 
LEL) are detected at any of the monitoring locations, it is then recommended that an 
indoor air sample be collected at the nearest residence/building to the monitoring 
location. It is also recommended that hydraulic monitoring be conducted in 
conjunction with the LFG monitoring events in order to aid in determining if soil 
vapour probes are blinded and to monitor groundwater flow across the Site and further 
confirm the presence of a perched groundwater unit at the Site. This semi-annual LFG 
and hydraulic monitoring program should be implemented for a period of three years, 
followed by a review of all results to determine the best approach going forward.  

Due to the potential risk for vapour inhalation identified for the construction/utility 
worker exposed to trench air, health and safety precautions (i.e. use of a four gas meter) 
should be taken when entering any trench. Personal protective equipment should be 
worn, as appropriate depending on monitoring results. 

Additionally, it is recommended that monitoring wells that were previously installed 
by others with screens straddling the waste, the clay layer and the underlying sand 
(i.e. MW-01, MW-03, and MW-04) be decommissioned. These wells should be 
decommissioned, because they hydraulically connect the leachate-impacted perched 
groundwater within the waste to the deeper shallow groundwater unit. 

10.1 Additional Consideration 
The surface topography at the Site has subsided leaving a slightly irregular surface. 
This has produced a number of lower-lying and softer surface areas throughout the 
site, which often become water-saturated/flooded following rainfall. Repeated 
ponding of storm water makes these surfaces even more susceptible to infiltration and 
percolation of water into the underlying landfill material, generating leachate. 
Therefore, as a future consideration in conjunction with any future maintenance of the 
sports field on the site, would be to fill these low areas to reduce ponding and leachate 
generation. 



Vapour Intrusion Assessment and Environmental Monitoring Report – Montfort Landfill 

 REFERENCES 
 

4-2352-04-03/R423520403007.docx 11-1 
 

11. REFERENCES 
1. Alberta Environment and Parks (AEP), “Alberta Tier 2 Soil and Groundwater 

Remediation Guidelines,” dated 2016. 

2. Alberta Health Services, “Draft Soil and Building Methane Gas Management 
Guide”, dated October 2013Bachu, S., and Michael, K., “Hydrogeology and Stress 
Regime of the Upper Cretaceous-Tertiary Coal-Bearing Strata in Alberta,” dated 
2002. 

3. Bachu, S., and Michael, K., “Hydrogeology and Stress Regime of the Upper 
Cretaceous-Tertiary Coal-Bearing Strata in Alberta,” dated 2002. 

4. CH2M Gore & Storrie Limited, “Guidance Document on the Management of 
Methane Gas Adjacent to Landfills,” dated December 1999. 

5. Canadian Council of Ministers of the Environment (CCME), “A Protocol for the 
Derivation of Soil Vapour Quality Guidelines for Protection of Human Exposures 
via Inhalation of Vapours,” dated 2014. 

6. Gabert, G, “Hydrogeology of Red Deer and Vicinity,” dated 1975. 

7. Health Canada, “Federal Contaminated Site Risk Assessment in Canada, Part VII 
– Guidance for Soil Vapour Intrusion Assessment at Contaminated Sites,” dated 
2010. 

8. Le Breton, E.G., “Hydrogeology of the Red Deer Area, Alberta,” dated 1971. 

9. The Ministry of the Environment and Climate Change (MOECC), “Rationale for 
the Development of Soil and Groundwater Standards for Use at Contaminated 
Sites in Ontario,” dated July 1, 2011. [Toxicity Reference Value for Cis-1,2-
Dichloroethylene Modified from RIVM, National Institute of Public Health and 
the Environment, Netherlands 2001] 

10. The Ministry of the Environment and Climate Change (MOECC), “Rationale for 
the Development of Soil and Groundwater Standards for Use at Contaminated 
Sites in Ontario,” dated July 1, 2011. [Toxicity Reference Value for 1,1,1-
trichloroethane Modified from CAEPA chREL, California EPA, Office of 
Environmental Health Hazard Assessment, Chronic Reference Exposure Level, 
2000] 

11. Oak Ridge National Laboratory (ORNL), 2006 Risk Assessment Information 
System, On-Line Database, available at rais.ornl.gov. [Toxicity Reference Value 
for Methylene Chloride (Dichloroemethane)] 

12. Society of Contaminated Sites Approved Professionals (CSAP Society), “CSAP 
Technical Review #18, Soil Vapour Attenuation Factors for Trench Worker 
Exposure,” dated December 12, 2012. 

13. Stantec Incorporated and ParklandGeo Geotechnical Consulting Limited, 
“Summary Report Former Montfort Landfill, 52nd Avenue and 62nd Street, Red 
Deer, Alberta,” dated June 2006. 



Vapour Intrusion Assessment and Environmental Monitoring Report – Montfort Landfill 

 REFERENCES 
 

4-2352-04-03/R423520403007.docx 11-2 
 

14. Tiamat Environmental Consultants Ltd., “Phase I Environmental Site Assessment, 
Historic Waste Disposal Site, Montfort Site, The City of Red Deer,” dated 
September 24, 2013. 

15. Tiamat Environmental Consultants Ltd., “Phase II Environmental Site 
Assessment, Historic Waste Disposal Site, Montfort Landfill, The City of Red 
Deer,” dated February 26, 2014. 

16. Tiamat Environmental Consultants Ltd., “Environmental Risk Management Plan, 
Historic Waste Disposal Site, Montfort Landfill, The City of Red Deer,” dated 
November 21, 2014. 

17. United States Environmental Protection Agency, Integrated Risk Information 
System (IRIS) On-Line Database, available at www.epa.gov/iris. [Toxicity 
Summary for Benzene CAS RN 71-43-2 (04/17/2003)] 

18. United States Environmental Protection Agency, Integrated Risk Information 
System (IRIS) On-Line Database, available at www.epa.gov/iris. [Toxicity 
Summary for 1,1-Dichloroethylene CAS RN 75-35-4 (2006)] 

19. United States Environmental Protection Agency, Integrated Risk Information 
System (IRIS) On-Line Database, available at www.epa.gov/iris. [Toxicity 
Summary for Ethylbenzene CAS RN 100-41-4 (2006)] 

20. United States Environmental Protection Agency, Integrated Risk Information 
System (IRIS) On-Line Database, available at www.epa.gov/iris. [Toxicity 
Summary for Ethyl Chloride CAS RN 75-00-3 (04/01/1991)] 

21. United States Environmental Protection Agency, Integrated Risk Information 
System (IRIS) On-Line Database, available at www.epa.gov/iris. [Toxicity 
Summary for Methyl Ethyl Ketone (2-Butanone) CAS RN 78-93-3 (09/26/2003)] 

22. United States Environmental Protection Agency, Integrated Risk Information 
System (IRIS) On-Line Database, available at www.epa.gov/iris. [Toxicity 
Summary for Trichloroethylene CAS RN 79-01-6 (2011)] 

23. United States Environmental Protection Agency, Integrated Risk Information 
System (IRIS) On-Line Database, available at www.epa.gov/iris. [Toxicity 
Summary for Tetrachloroethylene CAS RN 127-18-4 (2012)] 

24. United States Environmental Protection Agency, Integrated Risk Information 
System (IRIS) On-Line Database, available at www.epa.gov/iris. [Toxicity 
Review of 1,2,4- and 1,3,5-Trimethylbenzene CAS RN 95-63-6 and 108-67-8 
(2012)] 

 

http://www.epa.gov/iris
http://www.epa.gov/iris
http://www.epa.gov/iris
http://www.epa.gov/iris
http://www.epa.gov/iris
http://www.epa.gov/iris
http://www.epa.gov/iris
http://www.epa.gov/iris


Vapour Intrusion Assessment and Environmental Monitoring Report – Montfort Landfill 

 FIGURES 
 

4-2352-04-03/R423520403007.docx  
 

FIGURES 



© 2018 Microsoft Corporation © 2018 DigitalGlobe ©CNES (2018) Distribution Airbus DS 

60 STREET

G
A

E
T

Z
 
A

V
E

N
U

E

G

A

E

T
Z

 
A

V

E

N

U

E

61 STREET

5
2

 
A

V
E

N
U

E

5
0

 
A

V
E

N
U

E

62 STREET

R

I

V

E

R

S

I

D

E

 

D

R

I

V

E

HERMANY STREET

H
I
L

L
 
C

R
E

S
C

E
N

T

H
A

L
L

G
R

E
N

 
A

V
E

N
U

E

R

I

V

E

R

V

I

E

W

 

A

V

E

N

U

E

60 ST

62 ST

R

I

V

E

R

V

I

E

W

 

A

V

E

G
E

E
T

Z
 
A

V
E

DRAWING REFERENCE: Figure based on Phase II ESA (Tiamat Environmental Consultants Ltd., April 2014), City of Red Deer online mapping and XCG field notes.
NOTE: Location of building, underground utilities, etc. are for reference only and should not be relied upon for detailed design, renovation, or construction purposes. Property boundary and building locations shown may not represent actual surveyed boundaries. FILE: R423520403007.dwg

LEGEND:

KEY MAP
NOT TO SCALE

0 100m50

APPROXIMATE LIMIT OF

WASTE

Environmental Engineers & Scientists
SHEET: R423520403007FIG01.pdf



A

A'

B

B'

C

C

'

D
D

'

VILLAGE PARK ESTATES

WEDGEWOOD GARDENS

MONTFORT LANDFILL

MONTFORT HEIGHTS

MONTFORT CENTRE RED DEER

CATHOLIC REGIONAL SCHOOLS

MW-06

XCG-4(MW)

MW-02

MW-07

XCG-13(MW)

XCG-12(MW)

XCG-14(MW)

XCG-1(MW)

XCG-2(MW)

MW-05

MW-04

MW-03

XCG-6(MW)

XCG-5(MW)

MW-01

VILLAGE MALL

60 ST

62 ST

R

I

V

E

R

V

I

E

W

 

A

V

E

G
E

E
T

Z
 
A

V
E

DRAWING REFERENCE: Figure based on Phase II ESA (Tiamat Environmental Consultants Ltd., April 2014), City of Red Deer online mapping and XCG field notes.
NOTE: Location of building, underground utilities, etc. are for reference only and should not be relied upon for detailed design, renovation, or construction purposes. Property boundary and building locations shown may not represent actual surveyed boundaries. FILE: R423520403007.dwg

LEGEND:

KEY MAP
NOT TO SCALE

0 50m25

SHEET: R423520403007FIG02.pdf

APPROXIMATE PROPERTY

BOUNDARIES

SNSN

SANITARY LINE

STST

STORM LINE

U/G EU/G E

UNDERGROUND

ELECTRICAL TRENCH

Environmental Engineers & Scientists

APPROXIMATE LIMIT OF

WASTE

GASGAS

GAS LINE

SECTION LOCATION

A A'

GROUNDWATER MONITORING

WELL LOCATION

(TIAMAT, 2014)

GROUNDWATER MONITORING

WELL LOCATION

(OTHERS)

SOIL VAPOUR

MONITORING WELL

SOIL VAPOUR

MONITORING LOCATION

(XCG, JAN. 2017)

MONITORING WELL LOCATION

(XCG, JAN. 2017)

BOREHOLE LOCATION

(XCG, JAN. 2017)



A

A'

BH3

MW-02

MW-07

XCG-13(MW)
XCG-12(MW)

XCG-1(MW)

MW-01

XCG-10(SVP)

VW-03

VW-02

XCG-13(SVP)

VW-01

XCG-12(SVP)

XCG-9(SVP)

XCG-1(SVP)

60 ST

62 ST

R

I

V

E

R

V

I

E

W

 

A

V

E

G
E

E
T

Z
 
A

V
E

A

882

881

880

879

878

877

876

875

874

873

872

871

870

A'

882

881

880

879

878

877

876

875

874

873

872

871

870

X
C

G
-
1

(
M

W
)

E
O

H

APPROXIMATE LIMIT OF WASTE

M
W

-
0

1

E
O

H

M
W

-
0

2
E

O
H

X
C

G
-
9

(
S

V
P

)

E
O

H

V
W

-
0

1
E

O
H

V
W

-
0

2
E

O
H

V
W

-
0

3
E

O
H

X
C

G
-
1

0
(
S

V
P

)

E
O

H

X
C

G
-
1

(
S

V
P

)

E
O

H

DRAWING REFERENCE: Figure based on Phase II ESA (Tiamat Environmental Consultants Ltd., April 2014), City of Red Deer online mapping and XCG field notes.
NOTE: Location of building, underground utilities, etc. are for reference only and should not be relied upon for detailed design, renovation, or construction purposes. Property boundary and building locations shown may not represent actual surveyed boundaries. FILE: R423520403007.dwg

LEGEND:

KEY MAP
NOT TO SCALE

Environmental Engineers & Scientists
SHEET: R423520403007FIG03.pdf

0 40m

HORIZONTAL SCALE

20

0 4m

VERTICAL SCALE

2

WATER LEVEL

(MEASURED JUNE 2017)

MONITORING WELL /

BOREHOLE

MONITORING WELL

SCREEN INTERVAL

TOPSOIL

MUNICIPAL SOLID WASTE

CLAY

SILT FILL

SAND / LOAM FILL

NATIVE SAND



B

B'

MW-06

XCG-4(MW)

BH1

XCG-2(MW)

MW-05 TH-06 TH-07

TH-09

TH-10

MW-04

MW-03

BH4

VW-04

XCG-4(SVP)

XCG-2(SVP)

VW-05

60 ST

62 ST

R

I

V

E

R

V

I

E

W

 

A

V

E

G
E

E
T

Z
 
A

V
E

B

882

881

880

879

878

877

876

875

874

873

872

871

870

B'

882

881

880

879

878

877

876

875

874

873

872

871

870

APPROXIMATE LIMIT OF WASTE

X
C

G
-
2

(
M

W
)

E
O

H

E
O

H
M

W
-
0

3

E
O

H
M

W
-
0

4

X
C

G
-
4

(
M

W
)

E
O

H

B
H

4
E

O
H

T
H

-
0

7
E

O
H

(
O

F
F

S
E

T
)

V
W

-
0

5
E

O
H

V
W

-
0

4
E

O
H

X
C

G
-
4

(
S

V
P

)

E
O

H

X
C

G
-
2

(
S

V
P

)

E
O

H

T
H

-
0

6
E

O
H

(
O

F
F

S
E

T
)

(
O

F
F

S
E

T
)

DRAWING REFERENCE: Figure based on Phase II ESA (Tiamat Environmental Consultants Ltd., April 2014), City of Red Deer online mapping and XCG field notes.
NOTE: Location of building, underground utilities, etc. are for reference only and should not be relied upon for detailed design, renovation, or construction purposes. Property boundary and building locations shown may not represent actual surveyed boundaries. FILE: R423520403007.dwg

LEGEND:

KEY MAP
NOT TO SCALE

Environmental Engineers & Scientists
SHEET: R423520403007FIG04.pdf

0 40m

HORIZONTAL SCALE

20

0 4m

VERTICAL SCALE

2

MONITORING WELL /

BOREHOLE

MONITORING WELL

SCREEN INTERVAL

WATER LEVEL

(MEASURED JUNE 2017)

TOPSOIL

MUNICIPAL SOLID WASTE

CLAY

SAND / LOAM FILL

NATIVE SAND



C C'

M

W

-

0

7

X

C

G

-

1

3

(

M

W

)

T

H

-

0

7

T

H

-

0

9

T

H

-

1

0

M

W

-

0

4

M

W

-

0

3

X

C

G

-

5

(

M

W

)

V

W

-

0

4

V

W

-

0

2

X

C

G

-

1

3

(

S

V

P

)

X

C

G

-

5

(

S

V

P

)

60 ST

62 ST

R

I

V

E

R

V

I

E

W

 

A

V

E

G
E

E
T

Z
 
A

V
E

APPROXIMATE LIMIT OF WASTE

C

882

881

880

879

878

877

876

875

874

873

872

871

870

C'

882

881

880

879

878

877

876

875

874

873

872

871

870

X
C

G
-
1

3
(
M

W
)

E
O

H

M
W

-
0

7

E
O

H
M

W
-
0

3

E
O

H
M

W
-
0

4

E
O

H

X
C

G
-
5

(
M

W
)

V
W

-
0

4
E

O
H

X
C

G
-
1

3
(
S

V
P

)

E
O

H

X
C

G
-
5

(
S

V
P

)

E
O

H

V
W

-
0

2
E

O
H

T
H

-
0

9
E

O
H

T
H

-
1

0
E

O
H

DRAWING REFERENCE: Figure based on Phase II ESA (Tiamat Environmental Consultants Ltd., April 2014), City of Red Deer online mapping and XCG field notes.
NOTE: Location of building, underground utilities, etc. are for reference only and should not be relied upon for detailed design, renovation, or construction purposes. Property boundary and building locations shown may not represent actual surveyed boundaries. FILE: R423520403007.dwg

LEGEND:

KEY MAP
NOT TO SCALE

Environmental Engineers & Scientists
SHEET: R423520403007FIG05.pdf

0 40m

HORIZONTAL SCALE

20

0 4m

VERTICAL SCALE

2

MONITORING WELL /

BOREHOLE

MONITORING WELL

SCREEN INTERVAL

WATER LEVEL

(MEASURED JUNE 2017)

TOPSOIL

MUNICIPAL SOLID WASTE

CLAY

SILT FILL

NATIVE SAND



D

D'

X
C

G
-
1
2
(
M

W
)

X
C

G
-
1
4
(
M

W
)

X
C

G
-
1
(
M

W
)

X
C

G
-
2
(
M

W
)

M
W

-
0
5

M
W

-
0
1

V
W

-
0
1

X
C

G
-
1
2
(
S

V
P

)

X
C

G
-
9
(
S

V
P

)

X
C

G
-
1
(
S

V
P

)

X
C

G
-
2
(
S

V
P

)

V
W

-
0
5

60 ST

62 ST

R

I

V

E

R

V

I

E

W

 

A

V

E

G
E

E
T

Z
 
A

V
E

D

882

881

880

879

878

877

876

875

874

873

872

871

870

D'

882

881

880

879

878

877

876

875

874

873

872

871

870

APPROXIMATE LIMIT OF WASTE

X
C

G
-
1

4
(
M

W
)

E
O

H

X
C

G
-
1

2
(
M

W
)

E
O

H

X
C

G
-
1

(
M

W
)

E
O

H

X
C

G
-
2

(
M

W
)

E
O

H

X
C

G
-
1

2
(
S

V
P

)

E
O

H

X
C

G
-
1

(
S

V
P

)

E
O

H

X
C

G
-
2

(
S

V
P

)

E
O

H

V
W

-
0

5
E

O
H

(
O

F
F

S
E

T
)

DRAWING REFERENCE: Figure based on Phase II ESA (Tiamat Environmental Consultants Ltd., April 2014), City of Red Deer online mapping and XCG field notes.
NOTE: Location of building, underground utilities, etc. are for reference only and should not be relied upon for detailed design, renovation, or construction purposes. Property boundary and building locations shown may not represent actual surveyed boundaries. FILE: R423520403007.dwg

LEGEND:

KEY MAP
NOT TO SCALE

Environmental Engineers & Scientists
SHEET: R423520403007FIG06.pdf

0 40m

HORIZONTAL SCALE

20

0 4m

VERTICAL SCALE

2

MONITORING WELL /

BOREHOLE

MONITORING WELL

SCREEN INTERVAL

WATER LEVEL

(MEASURED JUNE 2017)

TOPSOIL

CLAY

SAND / LOAM FILL



© 2018 Microsoft Corporation © 2018 DigitalGlobe ©CNES (2018) Distribution Airbus DS 

60 ST

62 ST

R

I

V

E

R

V

I

E

W

 

A

V

E

G
E

E
T

Z
 
A

V
E

258627 (1969)

96275

G
A

E
T

Z
 
A

V
E

N
U

E

5
2

 
A

V
E

N
U

E

5
0

 
A

V
E

N
U

E

62 STREET

HERMANY STREET

H
I
L

L
 
C

R
E

S
C

E
N

T

H
A

L
L

G
R

E
N

 
A

V
E

N
U

E

R

I

V

E

R

V

I

E

W

 

A

V

E

N

U

E

DRAWING REFERENCE: Figure based on Phase II ESA (Tiamat Environmental Consultants Ltd., April 2014), City of Red Deer online mapping and XCG field notes.
NOTE: Location of building, underground utilities, etc. are for reference only and should not be relied upon for detailed design, renovation, or construction purposes. Property boundary and building locations shown may not represent actual surveyed boundaries. FILE: R423520403007.dwg

LEGEND:

KEY MAP
NOT TO SCALE

0 200m100

APPROXIMATE LIMIT OF

WASTE

Environmental Engineers & Scientists
SHEET: R423520403007FIG07.pdf

APPROXIMATE LOCATION OF

WATER WELL DRILLING

(ALBERTA WATER WELL

DATABASE MAP)

300 METRE BUFFER

FROM LIMIT OF WASTE

96279 (1979)

WELL ID YEAR OF RECORD



60 ST

62 ST

R

I

V

E

R

V

I

E

W

 

A

V

E

G
E

E
T

Z
 
A

V
E

© 2018 Microsoft Corporation © 2018 DigitalGlobe ©CNES (2018) Distribution Airbus DS 

G
A

E
T

Z
 
A

V
E

N
U

E

5
2

 
A

V
E

N
U

E

5
0

 
A

V
E

N
U

E

62 STREET

HERMANY STREET

H
I
L

L
 
C

R
E

S
C

E
N

T

H
A

L
L

G
R

E
N

 
A

V
E

N
U

E

R

I

V

E

R

V

I

E

W

 

A

V

E

N

U

E

DRAWING REFERENCE: Figure based on Phase II ESA (Tiamat Environmental Consultants Ltd., April 2014), City of Red Deer online mapping and XCG field notes.
NOTE: Location of building, underground utilities, etc. are for reference only and should not be relied upon for detailed design, renovation, or construction purposes. Property boundary and building locations shown may not represent actual surveyed boundaries.

KEY MAP
NOT TO SCALE

FILE: R423520403007.dwg

LEGEND:

0 500m250

APPROXIMATE LIMIT OF

WASTE

Environmental Engineers & Scientists
SHEET: R423520403007FIG08.pdf

300 METRE BUFFER

FROM LIMIT OF WASTE

ECOLOGICAL RECEPTOR

(ENVIRONMENTAL

PROTECTION DISTRICT)



GAS

G
A

S
G

A
S

G
A

S
G

A
S

G
A

S
G

A
S

G
A

S

G
A

S
G

A
S

GASGASGASGASGASGAS
GASGASGASGAS

S
N

S
N

S
N

S
N

S

N

S

N

S

N

S
N

S
N

S
N

S
N

S
N

S
N

SN
SN SN SN SN

S
N

S
N

S
N

S
N

S
N

S
N

S
N

S
N

S
N

S
N

S
N

S
N

S
N

S
N

S
N

S
N

S
N

S
N

S
N

S
N

S
N

SNSNSN

SNSNSNSN

S

N

S

N

S
N

S
N

S
N

S
N

S
N

S
N

S
N

S
N

S
N

S
N

S
N

S
N

S
N

S
N

S
N

S
N

S
N

SNSNSNSNSN

SNSN

SNSN

S
N

SN

S
N

S
N

S
N

S
N

S
N

S
N

S
N

S
N

S
N

S
N

S
N

S

N

S

N

S

N

S

N

S

N

S

N

SN SN

S
N

S
N

S
N

S
N

SNSNSN SNSN

S

N

S
N

SN

S
N

S
N

S

N

S

N

S

N

S

N

S

N

S

N

S

N

S

N

S
N

S

N

S

N

S
N

SN SN

S
N

S
N

SN

SN

SN

S

N

W

W W W W

W

W

W

W W W

W

W

W

W

W

W

W
W

W

W
W

W

W

W

W
W

W

W W W W W

W
W

W
WWWW

WWWW

W

WWWWWW

W
W

W

W

W

W

W

W

W W

W

W

W

W

W

W

W

W
W

W
W

W
W

W

W W

W
W

W
W

W

W
W

W
W

W

W

W

W

W
W

W
W

W

WWW

WW

W
W

W

W

W
W

W
W

W

W

W

W

W

W

WWWWWWW

W

W
W

W

WW

W
W

W
W

W
W

W

W WW W W W W

WWW
W

W
W

W
W

W
W

W
W

W
W

W

W

90

9
0

9
0

9
0

45

4

5

 

&

 

2

2

.

5

90

4

5

4

5

9
0

D
E

F
L
E

C
T

I
O

N

1

1

.
2

5

90

90

V84

H

5

5

H

6

2

H

6

1

H

6

4

H

6

5

H

6

7

H

6

3

H

1

1

7

S
T

S
T

S
T

ST
STST

ST

STST

ST
ST

ST
ST

STSTST

STSTSTST

S
T

S
T

S
T

S
T

S
T

S
T

S
T

S
T

S
T

S
T

S
T

S
T

S
T

S
T

STSTSTSTST

STSTSTST

S
T

S
T

S
T

S
T

S
T

S
T

S
T

S
T

S

T

S

T

S

T

S

T

S

T

S
T

S
T

S
T

S
T

S
T

S
T

ST

S
T

S
T

S
T

S
T

S
T

S
T

S
T

STSTSTST STSTST

S
T

S
T

S
T

S
T

S
T

S
T

S
T

ST

ST

S
T

S
T

S

T

S

T

S

T

S

T

S

T

S

T

S

T

S

T

S

T

S

T

S

T

S

T

S

T

S

T

ST

ST

ST
ST

S
T

S
T

S
T

S
T

S
T

S
T

S
T

S

T

S

T

S

T

ST

S
T

S

T

S

T

S

T

ST

S
T

S
T

S

T

S

T

S

T

S

T

S

T

S
T

S
T

S
T

ST

U
/
G

 
E

U
/
G

 
E

U
/
G

 
E

U
/
G

 
E

U
/
G

 
E

U
/
G

 
E

U
/
G

 
E

U
/
G

 
E

U
/
G

 
E

U
/
G

 
E

U
/
G

 
E

U
/
G

 
E

U
/
G

 
E

U
/
G

 
E

U
/
G

 
E

U
/
G

 
E

U
/
G

 
E

U

/

G

 

E

U

/
G

 
E

U

/
G

 
E

U

/

G

 

E

U

/

G

 

E

U/G E

U/G E

U/G E

U
/
G

 
E

U
/
G

 
E

U
/
G

 
E

U
/
G

 
E

U
/
G

 
E

U
/
G

 
E

U
/
G

 
E

U
/
G

 
E

U
/
G

 
E

U
/
G

 
E

U

/
G

 
E

U

/
G

 
E

U
/
G

 
E

U
/
G

 
E

U
/
G

 
E

U
/
G

 
E

U
/
G

 
E

U
/
G

 
E

U
/
G

 
E

U
/
G

 
E

U
/
G

 
E

U

/
G

 
E

U/G E
U/G E

U/G E

U/G E
U/G E

U/G E

U
/
G

 
E

U
/
G

 
E

U
/
G

 
E

U
/
G

 
E

U

/

G

 

E

U/G E
U/G E

U/G E
U/G E

U/G E
U/G E

U/G EU/G E

U
/G

 E

U
/G

 E

U
/G

 E

U

/

G

 

E

U

/

G

 

E

U

/

G

 

E

U

/

G

 

E

U

/

G

 

E

U/G E
U/G E

U
/
G

 
E

U
/
G

 
E

U
/
G

 
E

U
/
G

 
E

U
/
G

 
E

U
/
G

 
E

U

/

G

 

E

U

/

G

 

E

U

/

G

 

E

U

/

G

 

E

U

/

G

 

E

U

/

G

 

E

U

/

G

 

E

U

/

G

 

E

U

/

G

 

E

U

/

G

 

E

U

/

G

 

E

U

/

G

 

E

U

/

G

 

E

U

/
G

 
E

U
/
G

 
E

U
/
G

 
E

U
/
G

 
E

U
/
G

 
E

U
/
G

 
E

U
/
G

 
E

U
/
G

 
E

U
/
G

 
E

U

/

G

 

E

U

/

G

 

E

U

/

G

 

E

U

/

G

 

E

U

/

G

 

E

U

/

G

 

E

U/G E

U
/
G

 
E

U
/
G

 
E

U
/
G

 
E

U
/
G

 
E

U

/
G

 
E

U

/
G

 
E

U
/G

 E

U/G E

U/G E U/G E
U/G E U/G E

U/G E

U
/G

 E

U

/
G

 
E

U
/G

 E

U
/G

 E

U/G E
U/G E U/G E U/G E U/G E

U
/
G

 
E

U
/
G

 
E

U
/
G

 
E

U

/

G

 

E

U

/

G

 

E

U

/

G

 

E

U

/

G

 

E

U

/

G

 

E

U
/
G

 
E

U/G E
U/G EU/G EU/G E

U
/
G

 
E

U
/
G

 
E

U
/
G

 
E

U
/
G

 
E

U
/
G

 
E

U

/

G

 

E

U

/

G

 

E

U/G E U/G E U/G E
U/G E

U/G E

U/G E U/G E U/G E U/G E U
/G

 E

U

/
G

 
E

U
/
G

 
E

U
/
G

 
E

U
/
G

 
E

U
/
G

 
E

U/G E U/G E

U
/
G

 
E

U
/
G

 
E

U
/
G

 
E

U

/

G

 

E

U

/

G

 

E

U

/

G

 

E

U
/
G

 
E

U
/
G

 
E

U
/
G

 
E

U
/
G

 
E

U

/
G

 
E

U
/
G

 
E

U
/
G

 
E

U
/
G

 
E

U
/
G

 
E

U
/
G

 
E

U
/
G

 
E

U
/
G

 
E

U
/
G

 
E

U
/
G

 
E

U
/
G

 
E

U
/
G

 
E

U
/
G

 
E

U
/
G

 
E

U
/
G

 
E

U
/
G

 
E

U/G E U/G E

U
/
G

 
E

U
/
G

 
E

U

/

G

 

E

U

/

G

 

E

U

/

G

 

E

U

/

G

 

E

U

/

G

 

E

U

/

G

 

E

U

/

G

 

E

U

/

G

 

E

U

/

G

 

E

U

/

G

 

E

U

/

G

 

E

U

/

G

 

E

U

/

G

 

E

U

/

G

 

E

U

/

G

 

E

U

/

G

 

E

U

/

G

 

E

U

/

G

 

E

THE VIEWS AT ST. JOSEPH

VILLAGE PARK ESTATES

WEDGEWOOD GARDENS

MONTFORT LANDFILL

MONTFORT HEIGHTS

MONTFORT CENTRE RED DEER

CATHOLIC REGIONAL SCHOOLS

VILLAGE MALL

DETACHED RESIDENTIAL DWELLINGS

D
E

T
A

C
H

E
D

 
R

E
S

I
D

E
N

T
I
A

L
 
D

W
E

L
L

I
N

G
S

THE VIEWS AT ST. JOSEPH

VILLAGE PARK ESTATES

WEDGEWOOD GARDENS

MONTFORT HEIGHTS

MONTFORT CENTRE RED DEER

CATHOLIC REGIONAL SCHOOLS

VILLAGE MALL

DETACHED RESIDENTIAL DWELLINGS

D
E

T
A

C
H

E
D

 
R

E
S

I
D

E
N

T
I
A

L
 
D

W
E

L
L

I
N

G
S

60 ST

62 ST

R

I

V

E

R

V

I

E

W

 

A

V

E

G
E

E
T

Z
 
A

V
E

DRAWING REFERENCE: Figure based on Phase II ESA (Tiamat Environmental Consultants Ltd., April 2014), City of Red Deer online mapping and XCG field notes.
NOTE: Location of building, underground utilities, etc. are for reference only and should not be relied upon for detailed design, renovation, or construction purposes. Property boundary and building locations shown may not represent actual surveyed boundaries. FILE: R423520403007.dwg

LEGEND:

KEY MAP
NOT TO SCALE

0 60m30

SHEET: R423520403007FIG09.pdf

APPROXIMATE PROPERTY

BOUNDARIES

SNSN

SANITARY LINE

STST

STORM LINE

U/G EU/G E

UNDERGROUND

ELECTRICAL TRENCH

Environmental Engineers & Scientists

APPROXIMATE LIMIT OF

WASTE

GASGAS

GAS LINE

POTENTIAL VAPOUR

INTRUSTION RECEPTORS

VILLAGE MALL



GAS

G
A

S
G

A
S

G
A

S
G

A
S

G
A

S
G

A
S

G
A

S
G

A
S

G
A

S
G

A
S

GASGASGAS
GASGASGASGASGASGASGAS

GASGASGAS

S
N

S
N

S
N

S
N

S

N

SN SN SN SN SN

S
N

S
N

S
N

S
N

S
N

S
N

S
N

S
N

S
N

SNSNSNSN

SNSNSNSNSN

S

N

S

N

S
N

S
N

S
N

S
N

S
N

S
N

S
N

S
N

S
N

S
N

S
N

S
N

S
N

S
N

S
N

S
N

S
N

S
N

S
N

S
N

S
N

SNSNSNSNSNSN

SNSNSN

S
N

S
N

S
N

S
N

S
N

S
N

S
N

S
N

S
N

S
N

S
N

S

N

SN SN SN

SNSNSNSN
SNSNSN

S
N

SN

S
N

S

N

S

N

S

N

S
N

S
N

S

N

S

N

S

N

S

N

S
N

S

N

SN SN SN

S
N

S
N

SN

SN

SN

S

N

W

W W W W W

W

W

W

W

W

W

W

W

W

W

W

W
W

W

WW

WW

W W

W
W

W
W

W W W W
W W W

WW
WWWWW

WWWW

WW W

WWW

W
W

W

W

W

W

WW

W W

W

W

W

W
W

W

W
W

W
W

W
W

W
W

W
W

W
W

W
W

W
W

W

W
W

W
W

W

WWW

WWW

W

W
W

W
W

W

W

W

W

W

WWWWWWWW

W

WW

W
W

W
W

W
W

W
W

W W W W W W

WWWW

W

W
W

W
W

W
W

W
W

W
W

W
W

W

W

9
0

9
0

45

4

5

 

&

 

2

2

.

5

90

4

5

9
0

V84

H

5

5

H

6

2

H

6

7

H

1

1

7

S
T

S
T

S
T

S
T

ST
ST

STST
ST

STSTST

ST
ST

ST
ST

ST

STSTSTST

STSTSTSTST

S
T

S
T

S
T

S
T

S
T

S
T

S
T

S
T

S
T

S
T

S
T

S
T

S
T

S
T

S
T

S
T

S
T

S
T

STSTSTSTSTST

STSTSTST

S
T

S
T

S
T

S
T

S
T

S
T

S
T

S
T

S
T

S
T

S

T

S
T

S
T

S
T

S
T

S
T

S
T

S
T

S
T

S
T

S
T

S
T

S
T

S
T

S
T

S
T

STSTSTSTST STSTSTST

S
T

S
T

S
T

S
T

S
T

ST

S
T

S
T

S

T

S

T

S

T

S

T

S

T

S

T

S

T

S

T

S

T

S

T

S
T

S
T

S
T

S
T

S
T

S

T

S

T

S

T

S

T

STST

S
T

S
T

S

T

S

T

S

T

S

T

ST

S

T

S
T

S
T

S
T

S

T

S

T

S

T

S
T

S
T

S
T

STST

U

/

G

 

E

U

/

G

 

E

U

/
G

 
E

U

/

G

 

E

U

/

G

 

E

U/G E
U/G E

U/G E

U

/

G

 

E

U/G E

U
/
G

 
E

U
/
G

 
E

U
/
G

 
E

U
/
G

 
E

U
/
G

 
E

U
/
G

 
E

U
/
G

 
E

U
/
G

 
E

U
/
G

 
E

U
/
G

 
E

U
/
G

 
E

U
/
G

 
E

U
/
G

 
E

U
/
G

 
E

U
/
G

 
E

U
/
G

 
E

U
/
G

 
E

U
/
G

 
E

U
/
G

 
E

U
/
G

 
E

U
/
G

 
E

U

/
G

 
E

U/G E
U/G E

U/G E

U
/
G

 
E

U/G E
U/G E

U/G E
U/G E

U/G E
U/G E

U/G E
U/G E

U/G E
U/G E

U/G E

U
/G

 E

U
/G

 E

U

/

G

 

E

U

/

G

 

E

U

/

G

 

E

U

/

G

 

E

U

/

G

 

E

U/G E
U/G EU/G E

U
/
G

 
E

U
/
G

 
E

U
/
G

 
E

U
/
G

 
E

U
/
G

 
E

U
/
G

 
E

U

/
G

 
E

U

/

G

 

E

U

/

G

 

E

U

/
G

 
E

U

/

G

 

E

U
/
G

 
E

U
/
G

 
E

U
/
G

 
E

U
/
G

 
E

U
/
G

 
E

U
/
G

 
E

U
/
G

 
E

U
/
G

 
E

U
/
G

 
E

U
/
G

 
E

U

/

G

 

E

U

/

G

 

E

U

/

G

 

E

U

/

G

 

E

U/G E

U
/
G

 
E

U/G EU/G E
U/G EU/G E

U/G E

U
/
G

 
E

U/G E

U
/
G

 
E

U
/
G

 
E

U
/
G

 
E

U
/
G

 
E

U
/
G

 
E

U

/

G

 

E

U/G E
U/G E U/G E U/G E

U/G E
U/G E U/G E

U/G E U/G E U/G E
U/G E U/G E U/G E

U
/G

 E

U

/
G

 
E

U
/
G

 
E

U
/
G

 
E

U
/
G

 
E

U
/
G

 
E

U
/
G

 
E

U/G E
U/G E U/G E

U
/
G

 
E

U
/
G

 
E

U
/
G

 
E

U
/
G

 
E

U

/

G

 

E

U

/

G

 

E

U

/

G

 

E

U

/

G

 

E

U
/
G

 
E

U
/
G

 
E

U
/
G

 
E

U
/
G

 
E

U

/

G

 

E

U

/

G

 

E

U
/
G

 
E

U
/
G

 
E

U
/
G

 
E

U
/
G

 
E

U
/
G

 
E

U
/
G

 
E

U
/
G

 
E

U
/
G

 
E

U
/
G

 
E

U
/
G

 
E

U
/
G

 
E

U
/
G

 
E

U
/
G

 
E

U/G E
U/G E

U

/

G

 

E

U

/

G

 

E

U

/

G

 

E

U

/

G

 

E

U

/

G

 

E

U

/

G

 

E

U

/

G

 

E

THE VIEWS AT ST. JOSEPH

VILLAGE PARK ESTATES

WEDGEWOOD GARDENS

MONTFORT LANDFILL

MONTFORT HEIGHTS

MONTFORT CENTRE RED DEER

CATHOLIC REGIONAL SCHOOLS

MW-06

XCG-4(MW)

BH1

BH2

BH3

MW-02

MW-07

XCG-13(MW)

XCG-12(MW)

XCG-14(MW)

XCG-1(MW)

XCG-2(MW)

MW-05
TH-06 TH-07

TH-09

TH-10

MW-04

MW-03

BH4

XCG-6(MW)

XCG-5(MW)

MW-01

XCG-6(SVP)

VW-04

XCG-4(SVP)

XCG-10(SVP)

VW-03

VW-02

XCG-13(SVP)

VW-01

XCG-12(SVP)

XCG-9(SVP)

XCG-1(SVP)

XCG-2(SVP)

VW-05

XCG-5(SVP)

60 ST

62 ST

R

I

V

E

R

V

I

E

W

 

A

V

E

G
E

E
T

Z
 
A

V
E

DRAWING REFERENCE: Figure based on Phase II ESA (Tiamat Environmental Consultants Ltd., April 2014), City of Red Deer online mapping and XCG field notes.
NOTE: Location of building, underground utilities, etc. are for reference only and should not be relied upon for detailed design, renovation, or construction purposes. Property boundary and building locations shown may not represent actual surveyed boundaries. FILE: R423520403007.dwg

LEGEND:

KEY MAP
NOT TO SCALE

0 50m25

SHEET: R423520403007FIG10.pdf

APPROXIMATE PROPERTY

BOUNDARIES

SNSN

SANITARY LINE

STST

STORM LINE

U/G EU/G E

UNDERGROUND

ELECTRICAL TRENCH

Environmental Engineers & Scientists

GROUNDWATER MONITORING

WELL LOCATION

(TIAMAT, 2014)

GROUNDWATER MONITORING

WELL LOCATION

(OTHERS)

TEST HOLE

SOIL VAPOUR

MONITORING WELL

SOIL VAPOUR

MONITORING LOCATION

(XCG, JAN. 2017)

MONITORING WELL LOCATION

(XCG, JAN. 2017)

APPROXIMATE LIMIT OF

WASTE

BOREHOLE LOCATION

(XCG, JAN. 2017)

GASGAS

GAS LINE



GAS

G
A

S
G

A
S

G
A

S
G

A
S

G
A

S
G

A
S

G
A

S
G

A
S

G
A

S
G

A
S

GASGASGASGASGASGAS
GASGASGASGASGASGASGAS

THE VIEWS AT ST. JOSEPH

VILLAGE PARK ESTATES

WEDGEWOOD GARDENS

MONTFORT LANDFILL

MONTFORT HEIGHTS

MONTFORT CENTRE RED DEER

CATHOLIC REGIONAL SCHOOLS

60 ST

62 ST

R

I

V

E

R

V

I

E

W

 

A

V

E

G
E

E
T

Z
 
A

V
E

DRAWING REFERENCE: Figure based on Phase II ESA (Tiamat Environmental Consultants Ltd., April 2014), City of Red Deer online mapping and XCG field notes.
NOTE: Location of building, underground utilities, etc. are for reference only and should not be relied upon for detailed design, renovation, or construction purposes. Property boundary and building locations shown may not represent actual surveyed boundaries. FILE: R423520403007.dwg

LEGEND:

KEY MAP
NOT TO SCALE

0 50m25

APPROXIMATE PROPERTY

BOUNDARIES

APPROXIMATE LIMIT OF

WASTE

INVESTIGATION LOCATIONS

(FIRST PHASE)

INVESTIGATION LOCATIONS

(PROVISIONAL PHASE)

Environmental Engineers & Scientists
SHEET: R423520403007FIG11.pdf

GASGAS

GAS LINE

VILLAGE PARK ESTATES

(3 HOMES)

(2 HOMES)

THE VIEWS AT ST. JOSEPH

(1 APARTMENT AND PARKADE)

(3 HOMES)

(4 APARTMENTS)

(1 HOME)

(4 HOMES)

MONTFORT HEIGHTS



873.12

876.54

876.58

876.05

873.18

872.90

876.63

876.53

876.54

873.22 875.97

873.39

876.54

873.18

872.90

876.63

876.53

876.54

873.22 875.97

873.39

876.61

VILLAGE PARK ESTATES

WEDGEWOOD GARDENS

MONTFORT LANDFILL

MONTFORT HEIGHTS

MONTFORT CENTRE RED DEER

CATHOLIC REGIONAL SCHOOLS

MW-06

XCG-4(MW)

MW-02

MW-07

XCG-13(MW)

XCG-12(MW)

XCG-14(MW)

XCG-1(MW)

XCG-2(MW)

MW-05

MW-04

MW-03

XCG-6(MW)

XCG-5(MW)

MW-01

VILLAGE MALL

60 ST

62 ST

R

I

V

E

R

V

I

E

W

 

A

V

E

G
E

E
T

Z
 
A

V
E

DRAWING REFERENCE: Figure based on Phase II ESA (Tiamat Environmental Consultants Ltd., April 2014), City of Red Deer online mapping and XCG field notes.
NOTE: Location of building, underground utilities, etc. are for reference only and should not be relied upon for detailed design, renovation, or construction purposes. Property boundary and building locations shown may not represent actual surveyed boundaries. FILE: R423520403007.dwg

LEGEND:

KEY MAP
NOT TO SCALE

0 50m25

SHEET: R423520403007FIG12.pdf

APPROXIMATE PROPERTY

BOUNDARIES

SNSN

SANITARY LINE

STST

STORM LINE

U/G EU/G E

UNDERGROUND

ELECTRICAL TRENCH

Environmental Engineers & Scientists

GROUNDWATER MONITORING

WELL LOCATION

(TIAMAT, 2014)

GROUNDWATER MONITORING

WELL LOCATION

(OTHERS)

MONITORING WELL LOCATION

(XCG, JAN. 2017)

APPROXIMATE LIMIT OF

WASTE

GASGAS

GAS LINE

SHALLOW GROUNDWATER

ELEVATION

(M.A.S.L., MARCH 2017)

873.18

PERCHED GROUNDWATER

ELEVATION

(M.A.S.L., MARCH 2017)

876.61

BOREHOLE LOG UNAVAILABLE

OR ELEVATION NOT

CONSIDERED IN

INTERPRETATION OF

GROUNDWATER FLOW

876.05

APPROXIMATE SHALLOW

GROUNDWATER FLOW

DIRECTION

APPROXIMATE PERCHED

GROUNDWATER FLOW

DIRECTION



873.13

876.87

876.58

876.14

873.14

872.79

877.09

876.76

876.67

873.18 876.07

873.41

876.87

873.14

872.79

877.09

876.76

876.67

873.18 876.07

873.41

876.95

876.83

VILLAGE PARK ESTATES

WEDGEWOOD GARDENS

MONTFORT LANDFILL

MONTFORT HEIGHTS

MONTFORT CENTRE RED DEER

CATHOLIC REGIONAL SCHOOLS

MW-06

XCG-4(MW)

MW-02

MW-07

XCG-13(MW)

XCG-12(MW)

XCG-14(MW)

XCG-1(MW)

XCG-2(MW)

MW-05

MW-04

MW-03

XCG-6(MW)

XCG-5(MW)

MW-01

VILLAGE MALL

60 ST

62 ST

R

I

V

E

R

V

I

E

W

 

A

V

E

G
E

E
T

Z
 
A

V
E

DRAWING REFERENCE: Figure based on Phase II ESA (Tiamat Environmental Consultants Ltd., April 2014), City of Red Deer online mapping and XCG field notes.
NOTE: Location of building, underground utilities, etc. are for reference only and should not be relied upon for detailed design, renovation, or construction purposes. Property boundary and building locations shown may not represent actual surveyed boundaries. FILE: R423520403007.dwg

LEGEND:

KEY MAP
NOT TO SCALE

0 50m25

SHEET: R423520403007FIG13.pdf

APPROXIMATE PROPERTY

BOUNDARIES

SNSN

SANITARY LINE

STST

STORM LINE

U/G EU/G E

UNDERGROUND

ELECTRICAL TRENCH

Environmental Engineers & Scientists

GROUNDWATER MONITORING

WELL LOCATION

(TIAMAT, 2014)

GROUNDWATER MONITORING

WELL LOCATION

(OTHERS)

MONITORING WELL LOCATION

(XCG, JAN. 2017)

APPROXIMATE LIMIT OF

WASTE

GASGAS

GAS LINE

SHALLOW GROUNDWATER

ELEVATION

(M.A.S.L., JUNE 2017)

873.18

PERCHED GROUNDWATER

ELEVATION

(M.A.S.L., JUNE 2017)

876.61

BOREHOLE LOG UNAVAILABLE

OR ELEVATION NOT

CONSIDERED IN

INTERPRETATION OF

GROUNDWATER FLOW

876.05

APPROXIMATE SHALLOW

GROUNDWATER FLOW

DIRECTION

APPROXIMATE PERCHED

GROUNDWATER FLOW

DIRECTION



873.17

876.86

876.79

875.92

873.21

872.76

876.96

876.85

876.89

875.81

873.45

876.86

873.21

872.76

876.96

876.85

876.89

875.81

873.45

876.60

876.86

VILLAGE PARK ESTATES

WEDGEWOOD GARDENS

MONTFORT LANDFILL

MONTFORT HEIGHTS

MONTFORT CENTRE RED DEER

CATHOLIC REGIONAL SCHOOLS

MW-06

XCG-4(MW)

MW-02

MW-07

XCG-13(MW)

XCG-12(MW)

XCG-14(MW)

XCG-1(MW)

XCG-2(MW)

MW-05

MW-04

MW-03

XCG-6(MW)

XCG-5(MW)

MW-01

VILLAGE MALL

60 ST

62 ST

R

I

V

E

R

V

I

E

W

 

A

V

E

G
E

E
T

Z
 
A

V
E

DRAWING REFERENCE: Figure based on Phase II ESA (Tiamat Environmental Consultants Ltd., April 2014), City of Red Deer online mapping and XCG field notes.
NOTE: Location of building, underground utilities, etc. are for reference only and should not be relied upon for detailed design, renovation, or construction purposes. Property boundary and building locations shown may not represent actual surveyed boundaries. FILE: R423520403007.dwg

LEGEND:

KEY MAP
NOT TO SCALE

0 50m25

SHEET: R423520403007FIG14.pdf

APPROXIMATE PROPERTY

BOUNDARIES

SNSN

SANITARY LINE

STST

STORM LINE

U/G EU/G E

UNDERGROUND

ELECTRICAL TRENCH

Environmental Engineers & Scientists

GROUNDWATER MONITORING

WELL LOCATION

(TIAMAT, 2014)

GROUNDWATER MONITORING

WELL LOCATION

(OTHERS)

MONITORING WELL LOCATION

(XCG, JAN. 2017)

APPROXIMATE LIMIT OF

WASTE

GASGAS

GAS LINE

SHALLOW GROUNDWATER

ELEVATION

(M.A.S.L., SEPT. 2017)

873.18

PERCHED GROUNDWATER

ELEVATION

(M.A.S.L., SEPT. 2017)

876.61

BOREHOLE LOG UNAVAILABLE

OR ELEVATION NOT

CONSIDERED IN

INTERPRETATION OF

GROUNDWATER FLOW

876.05

APPROXIMATE SHALLOW

GROUNDWATER FLOW

DIRECTION

APPROXIMATE PERCHED

GROUNDWATER FLOW

DIRECTION



873.17

876.68

876.58

875.90

873.21

872.85

876.58

876.63

876.65

875.76

873.43

876.68

873.21

872.85

876.58

876.63

876.65

875.76

873.43

876.37

876.57

VILLAGE PARK ESTATES

WEDGEWOOD GARDENS

MONTFORT LANDFILL

MONTFORT HEIGHTS

MONTFORT CENTRE RED DEER

CATHOLIC REGIONAL SCHOOLS

MW-06

XCG-4(MW)

MW-02

MW-07

XCG-13(MW)

XCG-12(MW)

XCG-14(MW)

XCG-1(MW)

XCG-2(MW)

MW-05

MW-04

MW-03

XCG-6(MW)

XCG-5(MW)

MW-01

VILLAGE MALL

60 ST

62 ST

R

I

V

E

R

V

I

E

W

 

A

V

E

G
E

E
T

Z
 
A

V
E

DRAWING REFERENCE: Figure based on Phase II ESA (Tiamat Environmental Consultants Ltd., April 2014), City of Red Deer online mapping and XCG field notes.
NOTE: Location of building, underground utilities, etc. are for reference only and should not be relied upon for detailed design, renovation, or construction purposes. Property boundary and building locations shown may not represent actual surveyed boundaries. FILE: R423520403007.dwg

LEGEND:

KEY MAP
NOT TO SCALE

0 50m25

SHEET: R423520403007FIG15.pdf

APPROXIMATE PROPERTY

BOUNDARIES

SNSN

SANITARY LINE

STST

STORM LINE

U/G EU/G E

UNDERGROUND

ELECTRICAL TRENCH

Environmental Engineers & Scientists

GROUNDWATER MONITORING

WELL LOCATION

(TIAMAT, 2014)

GROUNDWATER MONITORING

WELL LOCATION

(OTHERS)

MONITORING WELL LOCATION

(XCG, JAN. 2017)

APPROXIMATE LIMIT OF

WASTE

GASGAS

GAS LINE

SHALLOW GROUNDWATER

ELEVATION

(M.A.S.L., DEC. 2017)

873.18

PERCHED GROUNDWATER

ELEVATION

(M.A.S.L., DEC. 2017)

876.61

BOREHOLE LOG UNAVAILABLE

OR ELEVATION NOT

CONSIDERED IN

INTERPRETATION OF

GROUNDWATER FLOW

876.05

APPROXIMATE SHALLOW

GROUNDWATER FLOW

DIRECTION

APPROXIMATE PERCHED

GROUNDWATER FLOW

DIRECTION



GAS

G
A

S
G

A
S

G
A

S
G

A
S

G
A

S
G

A
S

G
A

S
G

A
S

G
A

S
G

A
S

GASGASGAS
GASGASGASGASGASGASGAS

GASGASGAS

S
N

S
N

S
N

S
N

S

N

SN SN SN SN SN

S
N

S
N

S
N

S
N

S
N

S
N

S
N

S
N

S
N

SNSNSNSN

SNSNSNSNSN

S

N

S

N

S
N

S
N

S
N

S
N

S
N

S
N

S
N

S
N

S
N

S
N

S
N

S
N

S
N

S
N

S
N

S
N

S
N

S
N

S
N

S
N

S
N

SNSNSNSNSNSN

SNSNSN

S
N

S
N

S
N

S
N

S
N

S
N

S
N

S
N

S
N

S
N

S
N

S

N

SN SN SN

SNSNSNSN
SNSNSN

S
N

SN

S
N

S

N

S

N

S

N

S
N

S
N

S

N

S

N

S

N

S

N

S
N

S

N

SN SN SN

S
N

S
N

SN

SN

SN

S

N

W

W W W W W

W

W

W

W

W

W

W

W

W

W

W

W
W

W

WW

WW

W W

W
W

W
W

W W W W
W W W

WW
WWWWW

WWWW

WW W

WWW

W
W

W

W

W

W

WW

W W

W

W

W

W
W

W

W
W

W
W

W
W

W
W

W
W

W
W

W
W

W
W

W

W
W

W
W

W

WWW

WWW

W

W
W

W
W

W

W

W

W

W

WWWWWWWW

W

WW

W
W

W
W

W
W

W
W

W W W W W W

WWWW

W

W
W

W
W

W
W

W
W

W
W

W
W

W

W

9
0

9
0

45

4

5

 

&

 

2

2

.

5

90

4

5

9
0

V84

H

5

5

H

6

2

H

6

7

H

1

1

7

S
T

S
T

S
T

S
T

ST
ST

STST
ST

STSTST

ST
ST

ST
ST

ST

STSTSTST

STSTSTSTST

S
T

S
T

S
T

S
T

S
T

S
T

S
T

S
T

S
T

S
T

S
T

S
T

S
T

S
T

S
T

S
T

S
T

S
T

STSTSTSTSTST

STSTSTST

S
T

S
T

S
T

S
T

S
T

S
T

S
T

S
T

S
T

S
T

S

T

S
T

S
T

S
T

S
T

S
T

S
T

S
T

S
T

S
T

S
T

S
T

S
T

S
T

S
T

S
T

STSTSTSTST STSTSTST

S
T

S
T

S
T

S
T

S
T

ST

S
T

S
T

S

T

S

T

S

T

S

T

S

T

S

T

S

T

S

T

S

T

S

T

S
T

S
T

S
T

S
T

S
T

S

T

S

T

S

T

S

T

STST

S
T

S
T

S

T

S

T

S

T

S

T

ST

S

T

S
T

S
T

S
T

S

T

S

T

S

T

S
T

S
T

S
T

STST

U

/

G

 

E

U

/

G

 

E

U

/
G

 
E

U

/

G

 

E

U

/

G

 

E

U/G E
U/G E

U/G E

U

/

G

 

E

U/G E

U
/
G

 
E

U
/
G

 
E

U
/
G

 
E

U
/
G

 
E

U
/
G

 
E

U
/
G

 
E

U
/
G

 
E

U
/
G

 
E

U
/
G

 
E

U
/
G

 
E

U
/
G

 
E

U
/
G

 
E

U
/
G

 
E

U
/
G

 
E

U
/
G

 
E

U
/
G

 
E

U
/
G

 
E

U
/
G

 
E

U
/
G

 
E

U
/
G

 
E

U
/
G

 
E

U

/
G

 
E

U/G E
U/G E

U/G E

U
/
G

 
E

U/G E
U/G E

U/G E
U/G E

U/G E
U/G E

U/G E
U/G E

U/G E
U/G E

U/G E

U
/G

 E

U
/G

 E

U

/

G

 

E

U

/

G

 

E

U

/

G

 

E

U

/

G

 

E

U

/

G

 

E

U/G E
U/G EU/G E

U
/
G

 
E

U
/
G

 
E

U
/
G

 
E

U
/
G

 
E

U
/
G

 
E

U
/
G

 
E

U

/
G

 
E

U

/

G

 

E

U

/

G

 

E

U

/
G

 
E

U

/

G

 

E

U
/
G

 
E

U
/
G

 
E

U
/
G

 
E

U
/
G

 
E

U
/
G

 
E

U
/
G

 
E

U
/
G

 
E

U
/
G

 
E

U
/
G

 
E

U
/
G

 
E

U

/

G

 

E

U

/

G

 

E

U

/

G

 

E

U

/

G

 

E

U/G E

U
/
G

 
E

U/G EU/G E
U/G EU/G E

U/G E

U
/
G

 
E

U/G E

U
/
G

 
E

U
/
G

 
E

U
/
G

 
E

U
/
G

 
E

U
/
G

 
E

U

/

G

 

E

U/G E
U/G E U/G E U/G E

U/G E
U/G E U/G E

U/G E U/G E U/G E
U/G E U/G E U/G E

U
/G

 E

U

/
G

 
E

U
/
G

 
E

U
/
G

 
E

U
/
G

 
E

U
/
G

 
E

U
/
G

 
E

U/G E
U/G E U/G E

U
/
G

 
E

U
/
G

 
E

U
/
G

 
E

U
/
G

 
E

U

/

G

 

E

U

/

G

 

E

U

/

G

 

E

U

/

G

 

E

U
/
G

 
E

U
/
G

 
E

U
/
G

 
E

U
/
G

 
E

U

/

G

 

E

U

/

G

 

E

U
/
G

 
E

U
/
G

 
E

U
/
G

 
E

U
/
G

 
E

U
/
G

 
E

U
/
G

 
E

U
/
G

 
E

U
/
G

 
E

U
/
G

 
E

U
/
G

 
E

U
/
G

 
E

U
/
G

 
E

U
/
G

 
E

U/G E
U/G E

U

/

G

 

E

U

/

G

 

E

U

/

G

 

E

U

/

G

 

E

U

/

G

 

E

U

/

G

 

E

U

/

G

 

E

THE VIEWS AT ST. JOSEPH

VILLAGE PARK ESTATES

WEDGEWOOD GARDENS

MONTFORT LANDFILL

MONTFORT HEIGHTS

MONTFORT CENTRE RED DEER

CATHOLIC REGIONAL SCHOOLS

XCG-6(SVP)

VW-04

XCG-4(SVP)

XCG-10(SVP)

VW-03

VW-02

XCG-13(SVP)

VW-01

XCG-12(SVP)

XCG-9(SVP)

XCG-1(SVP)

XCG-2(SVP)

VW-05

XCG-5(SVP)

60 ST

62 ST

R

I

V

E

R

V

I

E

W

 

A

V

E

G
E

E
T

Z
 
A

V
E

DRAWING REFERENCE: Figure based on Phase II ESA (Tiamat Environmental Consultants Ltd., April 2014), City of Red Deer online mapping and XCG field notes.
NOTE: Location of building, underground utilities, etc. are for reference only and should not be relied upon for detailed design, renovation, or construction purposes. Property boundary and building locations shown may not represent actual surveyed boundaries. FILE: R423520403007.dwg

LEGEND:

KEY MAP
NOT TO SCALE

0 50m25

SHEET: R423520403007FIG16.pdf

APPROXIMATE PROPERTY

BOUNDARIES

SNSN

SANITARY LINE

STST

STORM LINE

U/G EU/G E

UNDERGROUND

ELECTRICAL TRENCH

Environmental Engineers & Scientists

SOIL VAPOUR

MONITORING WELL

APPROXIMATE LIMIT OF

WASTE

GASGAS

GAS LINE

SAMPLING RESULTS FOR

METHANE IN 2017 BY QUARTER

METHANE DETECTED

METHANE NOT DETECTED

MARCH 2017DEC. 2017

JUNE 2017SEPT. 2017



VILLAGE PARK ESTATES

WEDGEWOOD GARDENS

MONTFORT LANDFILL

MONTFORT HEIGHTS

MONTFORT CENTRE RED DEER

CATHOLIC REGIONAL SCHOOLS

MW-06

XCG-4(MW)

MW-02

MW-07

XCG-13(MW)

XCG-12(MW)

XCG-14(MW)

XCG-1(MW)

XCG-2(MW)

MW-05

MW-04

MW-03

XCG-6(MW)

XCG-5(MW)

MW-01

VILLAGE MALL

60 ST

62 ST

R

I

V

E

R

V

I

E

W

 

A

V

E

G
E

E
T

Z
 
A

V
E

DRAWING REFERENCE: Figure based on Phase II ESA (Tiamat Environmental Consultants Ltd., April 2014), City of Red Deer online mapping and XCG field notes.
NOTE: Location of building, underground utilities, etc. are for reference only and should not be relied upon for detailed design, renovation, or construction purposes. Property boundary and building locations shown may not represent actual surveyed boundaries. FILE: R423520403007.dwg

LEGEND:

KEY MAP
NOT TO SCALE

0 50m25

SHEET: R423520403007FIG17.pdf

APPROXIMATE PROPERTY

BOUNDARIES

SNSN

SANITARY LINE

STST

STORM LINE

U/G EU/G E

UNDERGROUND

ELECTRICAL TRENCH

Environmental Engineers & Scientists

GROUNDWATER MONITORING

WELL LOCATION

(TIAMAT, 2014)

GROUNDWATER MONITORING

WELL LOCATION

(OTHERS)

MONITORING WELL LOCATION

(XCG, JAN. 2017)

APPROXIMATE LIMIT OF

WASTE

GASGAS

GAS LINE

SAMPLE ID SAMPLE

DATE

SAMPLE

PARAMETER

SAMPLE

RESULT

RED TEXT INDICATES RESULT EXCEEDS

2016 ALBERTA TIER 1 GUIDELINES

A "-" VALUE INDICATES A PARAMETER THAT

WAS NOT ANALYZED

MW-01 2017-03-12

1,4-dichlorobenzene
<0.50

Trichloroethylene

<0.50

Vinyl Chloride
<0.50

Calculated Total

Dissolved Solids

450

pH

7.37

Dissolved Chloride 12

Dissolved Nitrate 0.047

Total Ammonia 0.19

Dissolved Arsenic 0.00029

Dissolved Barium 0.71

Dissolved Iron <0.060

Dissolved Manganese

0.089

Benzene <0.40

Ethylbenzene

<0.40

Xylenes (total)
<0.80

MW-02 2017-03-13

1,4-dichlorobenzene
<0.50

Trichloroethylene

<0.50

Vinyl Chloride

<0.50

Calculated Total

Dissolved Solids

660

pH

7.57

Dissolved Chloride 160

Dissolved Nitrate 1.4

Total Ammonia <0.050

Dissolved Arsenic <0.00020

Dissolved Barium 0.64

Dissolved Iron 0.085

Dissolved Manganese

<0.0040

Benzene <0.40

Ethylbenzene

<0.40

Xylenes (total)

<0.80

MW-03 2017-03-13

1,4-dichlorobenzene
<0.50

Trichloroethylene

<0.50

Vinyl Chloride

16

Calculated Total

Dissolved Solids

990

pH
7.31

Dissolved Chloride 13

Dissolved Nitrate 0.38

Total Ammonia 0.13

Dissolved Arsenic 0.00041

Dissolved Barium 0.89

Dissolved Iron 0.13

Dissolved Manganese

0.49

Benzene <0.40

Ethylbenzene

<0.40

Xylenes (total)

<0.80

MW-06 2017-03-14

1,4-dichlorobenzene
1.2

Trichloroethylene

<0.50

Vinyl Chloride

8.4

Calculated Total

Dissolved Solids

1,500

pH

7.10

Dissolved Chloride 83

Dissolved Nitrate 0.031

Total Ammonia 69

Dissolved Arsenic 0.0092

Dissolved Barium 0.99

Dissolved Iron 29

Dissolved Manganese

0.49

Benzene 4.8

Ethylbenzene

58

Xylenes (total)

45

MW-07 2017-03-14

1,4-dichlorobenzene
<0.50

Trichloroethylene

7.4

Vinyl Chloride
39

Calculated Total

Dissolved Solids

1,300

pH

7.12

Dissolved Chloride 260

Dissolved Nitrate 0.044

Total Ammonia 0.87

Dissolved Arsenic 0.0073

Dissolved Barium 1.1

Dissolved Iron 12

Dissolved Manganese

1.8

Benzene 1.7

Ethylbenzene

<0.40

Xylenes (total)
<0.80

XCG-1 2017-03-10

1,4-dichlorobenzene
<0.50

Trichloroethylene

<0.50

Vinyl Chloride
<0.50

Calculated Total

Dissolved Solids

350

pH

7.73

Dissolved Chloride 10

Dissolved Nitrate 0.024

Total Ammonia 0.38

Dissolved Arsenic 0.0011

Dissolved Barium 0.51

Dissolved Iron <0.060

Dissolved Manganese

0.28

Benzene <0.40

Ethylbenzene

<0.40

Xylenes (total)
<0.80

XCG-2 2017-03-11

1,4-dichlorobenzene
<0.50 <0.50

Trichloroethylene

<0.50 <0.50

Vinyl Chloride

<0.50 <0.50

Calculated Total

Dissolved Solids

460 460

pH
7.30 7.29

Dissolved Chloride 27 27

Dissolved Nitrate 0.014 0.017

Total Ammonia 0.23 0.23

Dissolved Arsenic 0.0013 0.0013

Dissolved Barium 0.090 0.093

Dissolved Iron <0.060 <0.060

Dissolved Manganese

0.50 0.49

Benzene <0.40 -

Ethylbenzene

<0.40 -

Xylenes (total)

<0.80 -

XCG-4 2017-03-14

1,4-dichlorobenzene
<0.50

Trichloroethylene

<0.50

Vinyl Chloride

<0.50

Calculated Total

Dissolved Solids

580

pH

7.74

Dissolved Chloride 17

Dissolved Nitrate <0.010

Total Ammonia 0.17

Dissolved Arsenic 0.00044

Dissolved Barium 0.22

Dissolved Iron <0.060

Dissolved Manganese

0.29

Benzene <0.40

Ethylbenzene

<0.40

Xylenes (total)

<0.80

XCG-6 2017-03-13

1,4-dichlorobenzene
<0.50

Trichloroethylene

<0.50

Vinyl Chloride

<0.50

Calculated Total

Dissolved Solids

1,000

pH
7.32

Dissolved Chloride 11

Dissolved Nitrate 56

Total Ammonia 0.093

Dissolved Arsenic 0.00046

Dissolved Barium 0.46

Dissolved Iron 0.086

Dissolved Manganese

0.15

Benzene <0.40

Ethylbenzene

<0.40

Xylenes (total)

<0.80

XCG-12 2017-03-12

1,4-dichlorobenzene
<0.50

Trichloroethylene

<0.50

Vinyl Chloride
<0.50

Calculated Total

Dissolved Solids

580

pH

7.59

Dissolved Chloride 22

Dissolved Nitrate 0.58

Total Ammonia 0.54

Dissolved Arsenic 0.019

Dissolved Barium 1.2

Dissolved Iron <0.060

Dissolved Manganese

0.61

Benzene <0.40

Ethylbenzene

<0.40

Xylenes (total)
<0.80

XCG-13 2017-03-14

1,4-dichlorobenzene
<0.50

Trichloroethylene

0.68

Vinyl Chloride

21

Calculated Total

Dissolved Solids

1,100

pH

7.15

Dissolved Chloride 200

Dissolved Nitrate <0.010

Total Ammonia 0.18

Dissolved Arsenic 0.0014

Dissolved Barium 0.94

Dissolved Iron 0.066

Dissolved Manganese

0.71

Benzene 0.86

Ethylbenzene

<0.40

Xylenes (total)
<0.80

XCG-14 2017-03-11

1,4-dichlorobenzene
<0.50

Trichloroethylene

<0.50

Vinyl Chloride
<0.50

Calculated Total

Dissolved Solids

570

pH

7.34

Dissolved Chloride 21

Dissolved Nitrate 0.013

Total Ammonia 0.30

Dissolved Arsenic 0.0011

Dissolved Barium 0.52

Dissolved Iron <0.060

Dissolved Manganese

0.26

Benzene <0.40

Ethylbenzene

<0.40

Xylenes (total)
<0.80

XCG-14 is considered background

well for the shallow groundwater (in

the clay). Green shaded results are

considered representative of

background conditions in the shallow

groundwater.

XCG-5 2017-03-13

1,4-dichlorobenzene
<0.50

Trichloroethylene

<0.50

Vinyl Chloride

<0.50

Calculated Total

Dissolved Solids

380

pH
7.76

Dissolved Chloride 2.0

Dissolved Nitrate 0.61

Total Ammonia <0.050

Dissolved Arsenic 0.00033

Dissolved Barium 0.22

Dissolved Iron <0.060

Dissolved Manganese

<0.0040

Benzene <0.40

Ethylbenzene

<0.40

Xylenes (total)

<0.80

MW-02 2017-03-13

1,4-dichlorobenzene
<0.50

Calculated Total

Dissolved Solids

660

pH
7.57

Dissolved Chloride 160

Xylenes (total)

<0.80

ONE OR MORE RESULTS EXCEED

2016 ALBERTA TIER 1

GUIDELINES

ALL RESULTS MEET

2016 ALBERTA TIER 1

GUIDELINES

2016 ALBERTA TIER 1 GUIDELINES

1,4-dichlorobenzene
1

Trichloroethylene

5

Vinyl Chloride

1.1

Calculated Total

Dissolved Solids

500

pH

6.5 - 8.5

Dissolved Chloride 120

Dissolved Nitrate 3

Total Ammonia

0.018 - 190 (c)

Dissolved Arsenic 0.005

Dissolved Barium 1

Dissolved Iron 0.3

Dissolved Manganese

0.05

Benzene 5

Ethylbenzene

1.6

Xylenes (total)
20
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SAMPLE

ID

SAMPLE

DATE

SAMPLE

PARAMETER

SAMPLE

RESULT

VW-05 2017-03-11

Methane 0.3 0.3

Vinyl Chloride 1,180 1,250

CIS-1,2-DCE
91.0 90.6

VW-01 2017-03-12

Methane <0.2

Vinyl Chloride
<0.256

CIS-1,2-DCE
<0.396

VW-03 2017-03-12

Methane <0.2

Vinyl Chloride
<0.256

CIS-1,2-DCE
1.39

XCG-1(SVP)

2017-03-11

Methane <0.2

Vinyl Chloride

<0.256

CIS-1,2-DCE
<0.396

XCG-2(SVP)
2017-03-11

Methane <0.3

Vinyl Chloride

<0.256

CIS-1,2-DCE
<0.396

XCG-4(SVP)

2017-03-14 2017-06-17

Methane 5.7 <0.2

Vinyl Chloride

21.8 -

CIS-1,2-DCE
<0.396 -

XCG-5(SVP)
2017-03-14

Methane <0.3

Vinyl Chloride
<0.256

CIS-1,2-DCE
<0.396

XCG-6(SVP)

2017-03-13

Methane 1.2

Vinyl Chloride

154

CIS-1,2-DCE
6.99

XCG-9(SVP)

2017-03-11

Methane <0.2

Vinyl Chloride

<0.256

CIS-1,2-DCE
<0.396

XCG-12(SVP)

2017-03-14

Methane <0.2

Vinyl Chloride

<0.256

CIS-1,2-DCE
<0.396

XCG-10(SVP)
2017-03-12

Methane <0.2

Vinyl Chloride
<0.10

CIS-1,2-DCE
0.59

XCG-13(SVP)

2017-03-12

Methane 1.1

Vinyl Chloride

114

CIS-1,2-DCE
223

XCG-6(SVP)

2017-03-13

Methane 1.2

Vinyl Chloride

154

CIS-1,2-DCE
6.99

RED TEXT INDICATES RESULT EXCEEDS

SOIL VAPOUR SCREENING LEVEL

ONE OR MORE RESULTS EXCEED

SOIL VAPOUR SCREENING LEVEL

ALL RESULTS MEET

SOIL VAPOUR SCREENING LEVEL



Vapour Intrusion Assessment and Environmental Monitoring Report – Montfort Landfill 

 TABLE 
 

4-2352-04-03/R423520403007.docx  
 

TABLES 



Vapour Intrusion Assessment and Environmental Monitoring Report – Montfort Landfill

R423520403007tbls.xlsx

Table 1   Groundwater, Soil Vapour, and Indoor Air Monitoring Program

Monitoring Locations Date Hydraulic Monitoring Soil Vapour Monitoring Indoor Air Sampling Analytical Parameters

March 2017  -

BTEX, hydrocarbon fractions F1, F2, VOCs, 
total and dissolved metals, Cl-, sulfate (SO4), 
ammonium (NH4-N), phosphorous (P), TOC, 
chemical oxygen demand (COD), biochemical 

oxygen demand (BOD), NO3
-/NO2

-, total 
nitrogen (N), pH, electrical conductivity (EC), 

absorbable organic halides (AOXs), and 
volatile fatty acids

June 2017  - -
September 2017  - -
December 2017  - -

March 2017  

VOCs, oxygen (O2), carbon monoxide (CO), 
carbon dioxide (CO2), methane (CH4), 
nitrogen (N), volatile hydrocarbons and 

siloxanes, or volatile organic silicon 
compounds (VOSCs)

June 2017   -
September 2017   -
December 2017   -

Residential Dwellings 10 March 2017 

15Groundwater Wells

Soil Vapour Probes 13
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Table 2 Observations documented during Preliminary Site Inspections
Date of Initial Inspection Finishes Preferential Pathways Observations & Actions

Sanitary stack runs through floor 
outside of utility room.

Floor drain outside of utility room.

Sanitary stack runs through floor in 
utility room.

Floor drain in utility room.

Basement has finished floors (tile, 
carpet) and walls except for utility 
room. Layout is completely open 
other than wall/hall dividing 
stairwell from rest of basement. 

Sanitary stack runs through floor 
near furnace.

New carpeting on main level 
installed November 2016. Floor drain near furnace.

Sanitary stack runs through floor 
near furnace.

No visible floor drain- possibly 
present under furniture or utilities. 

Sanitary stack runs through floor in 
utility room.

At least one member of the household 
smokes cigarettes in the house. Basement 
bedroom is occupied full time, therefore 
personal hygiene products (deodorant, etc.) 
present. 

Floor drain in utility room.
Ductwork in crawl space formerly directly 
connected to garage above. Homeowner 
sealed off. 

Several cracks visible in slab in 
storage area. Movement of air 
between storage area and the utility 
room is possible even with the doors 
closed to both areas. 

No recommended actions.

Basement has finished floors (tile, 
carpet) and walls except for utility 
room. Layout encompasses a larger 
living room area, washroom, small 
storage room, and utility room. 

Sanitary stack runs through floor in 
utility room.

New flooring, carpeting on main 
level installed November 2016. Floor drain in utility room.

Renovations within the week prior 
to sampling included new 
woodwork and the use of low 
VOC paint in the basement 
(Minwax water-based Wood 
Stain). 

0.6m x 0.6m piece of plywood 
covering hole through slab in craft 
room in basement. Appears to be 
native clay below.

05/12/2016

Basement has finished floors 
(carpet) and walls except for the 
utility room. Layout encompasses 
a larger living room area, 
washroom, bedrooms, laundry 
room, and a utility room off the 
laundry room. 

Paints and thinners in a cupboard in 
another room in basement. Recommended 
to not open paints in basement until after 
sampling. Cans of insecticides, window 
cleaners, etc. in laundry room. These were 
moved to the garage prior to the sampling 
event. 

Residence A (Hill Crescent)

06/12/2016

Basement has finished floors (tile, 
carpet) and walls. Layout 
encompasses a larger living room 
area, washroom, bedrooms, and a 
utility room. 

No recommended actions.

Residence B (Hermary Street)

Residence C (Hermary Street)

06/12/2016

Tubes of acrylic paint present (hobby 
sized). Not opened for long time. 
Recommended to keep closed until after 
sampling. 

Residence D (Hermary Street)

05/12/2016

Basement has finished floors 
(linoleum) and walls except for 
crawlspace. Layout is open other 
than half of basement is a 
crawlspace which has a door 
separating it from the rest of the 
basement. 

No recommended actions.

Residence E (Hermary Street)

06/12/2016

Basement has finished floors 
(carpet) and walls in 
approximately two-thirds of area. 
Layout encompasses a living room 
area, a bedroom, a storage 
area/crawlspace, and a utility room 
situated off the bedroom. 

Residence F (62nd Street)

06/12/2016 Household cleaners in basement moved to 
garage before sampling event
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Table 2 Observations documented during Preliminary Site Inspections
Date of Initial Inspection Finishes Preferential Pathways Observations & Actions

   

Sanitary stack runs through floor in 
utility room.

Floor drain in utility room.

06/12/2016

Basement unfinished - Concrete 
floor slab and studs visible. 
Basement completely open - no 
dividing walls. 

Sanitary stack and floor drain near 
furnace. Minor crack in slab. No recommended actions.

09/03/2017

Basement has finished floors 
(carpet) and walls except for the 
utility area. Layout encompasses a 
larger living room area, washroom, 
laundry room, and a utility room 
off the laundry room. 

Sanitary stack and floor drain near 
furnace. Minor crack in slab. No recommended actions.

09/03/2017

Basement has finished floors 
(carpet) and walls except for the 
utility area. Layout encompasses a 
larger living room area, washroom, 
and a laundry/utility room. 

Sanitary stack and floor drain near 
furnace. Minor cracks in slab.

Removed household cleaning products 
from the laundry/utility room prior to 
sampling. 

Residence J (Montfort Heights - 53rd Avenue)

Residence G (62nd Street)

06/12/2016

Basement has finished floors 
(carpet) and walls except for utility 
room. Layout encompasses a larger 
living room area, washroom, small 
storage room, and utility room.

Bleach powder under sink in basement 
washroom. No recommended actions. 

Residence H (62nd Street)

Residence I (Montfort Heights - 53 Avenue)
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Table 3     Summary of Groundwater Monitoring Levels

10-Mar-17 -- 7.45 873.12
01-Jun-17 -- 7.44 873.13
24-Sep-17 -- 7.40 873.17
16-Dec-17 7.340 -- 873.17
01-Mar-17 -- 2.37 876.61
01-Jun-17 -- 2.03 876.95
24-Sep-17 -- 2.38 876.60
16-Dec-17 2.500 -- 876.37
10-Mar-17 -- 2.86 876.54
01-Jun-17 -- 2.53 876.87
24-Sep-17 -- 2.54 876.86
17-Dec-17 2.670 -- 876.68
01-Mar-17 -- -- --
01-Jun-17 -- 2.67 876.83
24-Sep-17 -- 2.64 876.86
17-Dec-17 2.910 -- 876.57
01-Mar-17 -- -- --
01-Jun-17 -- 5.61 --
24-Sep-17 -- 5.55 --
17-Dec-17 5.670 -- --
01-Mar-17 3.30 -- 876.58
01-Jun-17 3.30 -- 876.58
24-Sep-17 3.09 -- 876.79
17-Dec-17 3.30 -- 876.58
01-Mar-17 4.48 -- 876.05
01-Jun-17 4.39 -- 876.14
24-Sep-17 4.61 -- 875.92
16-Dec-17 4.63 -- 875.90
01-Mar-17 -- 8.01 873.18
01-Jun-17 -- 8.05 873.14
24-Sep-17 -- 7.98 873.21
17-Dec-17 7.940 -- 873.21
01-Mar-17 9.32 -- 872.90
01-Jun-17 9.43 -- 872.79
24-Sep-17 9.46 -- 872.76
17-Dec-17 9.37 -- 872.85
01-Mar-17 3.65 -- 876.63
01-Jun-17 3.19 -- 877.09
24-Sep-17 3.32 -- 876.96
17-Dec-17 3.70 -- 876.58
01-Mar-17 -- 3.76 876.53
01-Jun-17 -- 3.53 876.76
24-Sep-17 -- 3.44 876.85
17-Dec-17 3.560 -- 876.63
01-Mar-17 -- 3.45 876.54
01-Jun-17 -- 3.32 876.67
24-Sep-17 -- 3.10 876.89
17-Dec-17 3.250 -- 876.65
10-Mar-17 -- 7.63 873.22
01-Jun-17 -- 7.67 873.18
24-Sep-17 -- Dry --
17-Dec-17 Dry -- --
02-Mar-17 -- 3.73 875.97
01-Jun-17 -- 3.63 876.07
24-Sep-17 -- 3.89 875.81
17-Dec-17 3.850 -- 875.76
01-Mar-17 -- 7.31 873.39
01-Jun-17 -- 7.29 873.41
24-Sep-17 -- 7.25 873.45
17-Dec-17 7.240 -- 873.43

Notes:

MW-04

MW-05 --

XCG-1 (MW) 881.186

XCG-2 (MW) 882.329

881.206

881.102

MW-06 879.941

MW-07

-- no data
Benchmark: ASCM 283036, property line nail at 5794702.76, 12182.95 as determined by Bemco Land Surveying Ltd, December 15, 2016.

Water Table 
Elevation 
(mASL)

XCG-13 (MW) 879.702

XCG-14 (MW) 880.704

XCG-6 (MW) 879.987

XCG-12 (MW) 880.847

Ground Surface 
Elevation 
(mASL)

XCG-4 (MW) 880.342

XCG-5 (MW)

Water Depth from 
Top of Casing (m)

MW-02

MW-03 879.396

MW-01 880.565

Location Date
Top of Casing 

Elevation
(mASL)

879.971

880.827

879.672

880.719

Water Depth from 
Top of Pipe (m)

0.060

0.110

0.050

0.020

--

0.060

--

0.040

0.110

0.060

0.100

880.579

879.006

879.393

879.589

880.626

879.108

879.575

--

880.674

Top of Casing - 
Top of Pipe (m)

0.090

0.090

0.090

0.030

Top of Pipe 
Elevation 
(mASL)

880.505

878.866

879.346

879.479

--

879.881

880.530

881.146

882.219

880.282

880.189

878.976

879.499

880.289

879.220

880.271

--

Top of Pipe - 
Ground Surface 

(m)

--

--

--

--

--

--

0.955

--

--

--

--

--

--

--

880.757

879.612

879.897
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Table 4     Summary of Quarterly Soil Vapour Monitoring Results

FIELD - w/o filter FIELD - w/ filter FIELD - w/o filter FIELD - w/ filter FIELD - w/o filter FIELD - w/ filter
 (units "WC)  (units PSI)

14-Mar-17 0 0 0 -- 17.7 -- 4.3 -- 7.5
01-Jun-17 -0.022 -0.0007942 0 0 14.8 21.9 3.1 0.2 7.5
24-Sep-17 0 0 0 17.1 17.6 3.9 3.4 7.4
16-Dec-17 0 0 0 17.2 17.9 4.7 4.1 7.4

13-Mar-17 -- -- -- -- -- -- 3.5 no cap (damaged) and would not stabilize, likely blinded

01-Jun-17 -- -- -- -- -- -- 3.4
24-Sep-17 -- 39.8 38.8 2.5 2.5 30.4 28.2 3.6
16-Dec-17 -- 29.2 31.4 0.5 0 25 30.2 3.6 Cap had an ice plug - had to take it off
13-Mar-17 0 0 0 -- 12.4 -- 6.5 -- 3.5
01-Jun-17 -0.001 -0.0000361 0.8 0 0.2 22.3 18.9 0.5 3.4
24-Sep-17 0 0 0 4.4 4.2 19.3 18.3 3.6
16-Dec-17 0 0 0.1 10.7 10.5 10.7 11.6 3.6
14-Mar-17 -- -- -- -- -- -- -- -- not located
01-Jun-17 -0.002 -0.0000722 0 0 14.1 18.3 4.2 0.3 2.8
24-Sep-17 0 0 0 16.5 16.2 4.9 4.6 2.7
17-Dec-17 0 0 0 17.8 19 3.4 3.5 3.0
14-Mar-17 0 0 -- 19 -- 2.6 -- --
01-Jun-17 no cap (damaged) -- -- -- -- -- -- -- snow plough?
24-Sep-17 0 3.8 3.6 0 0.2 21.5 19.7 --
17-Dec-17 -- 1.9 2 3.3 3.2 15.9 16.5 5.8
14-Mar-17 0 0 -- 18.8 -- 2.6 -- 7.5
01-Jun-17 -0.007 -0.0002527 -- 0 -- 17.5 -- 0.7 7.5
24-Sep-17 0 0 0 17 17.4 4.3 4 7.4
17-Dec-17 0 0 0 17.1 17.2 3.8 3.8 7.4
14-Mar-17 0 0 -- 18.7 -- 1.6 -- --
01-Jun-17 -0.018 -0.0006498 -- 0 -- 17.9 -- 1.2 --
24-Sep-17 0 0 0 20.7 18.4 0.2 3 --
17-Dec-17 0 0 0 18.3 18.5 2.2 2.2 5.8
14-Mar-17 0 0.7 -- 18.8 -- 0.7 -- 2.5
01-Jun-17 0.002 0.0000722 0 0 8.9 18.5 5.7 0 2.5
24-Sep-17 0 0 0 15.5 16.1 4.6 3.9 2.3
17-Dec-17 0 0 0.1 16.8 17.9 3.3 3.3 2.5
14-Mar-17 0 0 -- 21 -- 0.3 -- --
01-Jun-17 0.002 0.0000722 -- 0 -- 18.6 -- 0.1 2.8
24-Sep-17 0 0 0 18.3 17.9 3 2.7 2.7
17-Dec-17 0 0 0.1 18.2 20.2 2.2 2 3.0
14-Mar-17 0 1 -- 1.1 -- 17.4 -- --
01-Jun-17 -0.056 -0.0020216 0.9 0 16.6 18.7 1.5 0 --
24-Sep-17 0 2.1 2.5 2.9 0.4 19 20.4 --
17-Dec-17 0 1 1 1.4 2.5 14.5 14.6 5.8
14-Mar-17 0 0 -- 20.8 -- 0.5 -- 7.5
01-Jun-17 ND -- 0 -- 18.7 -- 0 7.5
24-Sep-17 0 0 0 19.1 19.7 2 1.7 7.4
17-Dec-17 0 0 0 19.1 19.7 0.8 0.8 7.4
13-Mar-17 0 0 -- 14.3 -- 2.4 -- 2.4
01-Jun-17 -0.002 -0.0000722 -- 0 -- 22.3 -- 0.7 2.1
24-Sep-17 0 0 0 17.4 18.3 5.2 3.8 2.4
16-Dec-17 0 0 0 18.7 18.6 2.6 2..8 2.6
14-Mar-17 0 0 -- 20.5 -- 0.1 -- 7.5
01-Jun-17 0 -- 0 -- 21.4 -- 0.2 7.5
24-Sep-17 0 0 0 18.6 18.8 3.4 3.4 7.4
17-Dec-17 0 0 0 18.5 18.8 2.6 2.7 7.4
13-Mar-17 0 0.7 -- 16.7 -- 3.3 -- 3.5
01-Jun-17 -0.058 -0.0020938 5.6* 0 0 22.4 18.8 0 3.38
24-Sep-17 0 0.4 1.9* 11.9 4.5 11.19 16 3.6
16-Dec-17 0 0 0.2 16.3 16.4 6.3 6.4 3.62

Notes:
March - Dwyer manometer inches WC

-- No Data
* discrepancy between with and without filter. Deemed to be interference from other PHCs present in the vapour and GW. Known problem based on correspondence with manufacturer. 
Bold Methane detected
XCG-14 (MW) - lid sheared off as of Sept monitoring

Nearby Water Level (mbgs)
Comments

MW-01 (similar elevations)

MW-07 (similar elevations)

Date

1.5

2.0

2.0

MW-02 (similar elevations)

4.0

3.0

3.0

2.0

1.7

6.1

7.6

Probe Depth (mbgs) Nearest MW

1.5

MW-01 (similar elevations)

MW-07 (similar elevations)

MW-07 (similar elevations)

MW-04 (similar elevations)

MW-05 (similar elevations)

MW-01 (~1.3m lower than SVP) 

MW-05 (~1.2m lower than SVP)

MW-06 (similar elevations) 

MW-04 (~0.7m lower than SVP)

MW-05 (similar elevations)

MW-01 (similar elevations)

3.0

3.0

4.4

XCG-12(SVP)

XCG-5(SVP)

XCG-13(SVP)

XCG-9(SVP)

XCG-1(SVP)

XCG-2(SVP)

XCG-10(SVP)

XCG-4(SVP)

XCG-6(SVP)

VW-01

VW-02

CH4 (%) O2 (%)
Pressure

CO2 (%)

VW-04

VW-03

VW-05

no cap (damaged)
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Table 5     Summary of Field Parameters in Groundwater

Location Date Temperature (°C) pH Conductivity 
(µS/cm)

Dissolved 
Oxygen (mg/L)

Redox 
(mV)

2016 Alberta Tier 
1 Guidelines1 

(COARSE)
-- 6.5-8.5 -- -- --

MW-01 12-Mar-17 7.45 6.56 828 9.05 184.2
MW-02 13-Mar-17 4.16 7.32 1247 2.95 -31.0
MW-03 13-Mar-17 4.31 6.90 1766 0.86 -23.6
MW-06 14-Mar-17 5.05 6.06 2847 4.54 16.3
MW-07 14-Mar-17 6.33 6.11 2370 0.99 -15.6

XCG-1 (MW) 11-Mar-17 6.80 7.17 676 6.82 72.2
XCG-2 (MW) 11-Mar-17 6.04 7.25 822 5.10 118.6
XCG-4 (MW) 13-Mar-17 1.59 8.38 1110 3.21 -137.2
XCG-5 (MW) 13-Mar-17 4.59 10.29 747 8.36 -186.6
XCG-6 (MW) 13-Mar-17 4.36 6.20 1842 3.76 210.7

XCG-12 (MW) 14-Mar-17 3.25 6.47 1017 4.54 16.3
XCG-13 (MW) 14-Mar-17 3.82 6.19 2025 1.13 11.3
XCG-14 (MW) 11-Mar-17 6.16 7.26 1022 4.53 58.8

1. Alberta Tier 1 groundwater remediation guidelines for residential/parkland land use, coarse grained soil (February 2016).
-- No Value

Bold Exceeds the Alberta Tier 1 Guidelines

Notes:

March Sampling Event
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Table 6   Summary of Analytical Results for VOCs in Groundwater

Sample ID
2016 Alberta Tier 1 
Guidelines1 (COARSE) MW-01 MW-02 MW-03 MW-06 MW-07 XCG-1 (MW) XCG-4 (MW) XCG 5 (MW) XCG 6 (MW) XCG-12 (MW) XCG-13 (MW) XCG-14 (MW) Field Blank

Laboratory ID RDL Groundwater QR8541 QS0279 QS0278 QS2251 QS2250 QR7384 QR8538 QR8539 QS2248 QS0277 QS0276 QR8542 QS2249 QR8540 QR8543
Units µg/L µg/L 12-Mar-17 13-Mar-17 13-Mar-17 14-Mar-17 14-Mar-17 10-Mar-17 11-Mar-17 11-Mar-17 14-Mar-17 13-Mar-17 13-Mar-17 12-Mar-17 14-Mar-17 11-Mar-17 12-Mar-17

Total Trihalomethanes 1 100 <1.3 <1.3 <1.3 <1.3 <1.3 <1.3 <1.3 <1.3 <1.3 <1.3 <1.3 <1.3 <1.3 <1.3 <1.3
Bromodichloromethane 0.50 -- <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50
Bromoform 0.50 -- <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50
Bromomethane 2.0 -- <2.0 <2.0 <2.0 <2.0 <2.0 <2.0 <2.0 <2.0 <2.0 <2.0 <2.0 <2.0 <2.0 <2.0 <2.0
Carbon tetrachloride 0.50 0.57 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50
Chlorobenzene 0.50 1.3 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50
Chlorodibromomethane 1.00 190 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0
Chloroethane 1.00 -- <1.0 <1.0 <1.0 <1.0 1.2 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0
Chloroform 0.50 1.8 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50
Chloromethane 2.00 -- <2.0 <2.0 <2.0 <2.0 <2.0 <2.0 <2.0 <2.0 <2.0 <2.0 <2.0 <2.0 <2.0 <2.0 <2.0
1,2-dibromoethane 0.20 -- <0.20 <0.20 <0.20 0.30 <0.20 <0.20 <0.20 <0.20 <0.20 <0.20 <0.20 <0.20 <0.20 <0.20 <0.20
1,2-dichlorobenzene 0.50 0.7 <0.50 <0.50 <0.50 0.52 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50
1,3-dichlorobenzene 0.5 -- <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50
1,4-dichlorobenzene 0.50 1 <0.50 <0.50 <0.50 1.2 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50
1,1-dichloroethane 0.50 -- <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50
1,2-dichloroethane 0.50 5 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50
1,1-dichloroethene 0.50 14 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50
cis-1,2-dichloroethene 0.50 -- <0.50 <0.50 20 18 120 <0.50 <0.50 <0.50 <0.50 <0.50 1.2 <0.50 130 <0.50 <0.50
trans-1,2-dichloroethene 0.50 -- <0.50 <0.50 <0.50 <0.50 2.9 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 1.9 <0.50 <0.50
Dichloromethane 2.00 50 <2.0 <2.0 <2.0 <2.0 <2.0 <2.0 <2.0 <2.0 <2.0 <2.0 <2.0 <2.0 <2.0 <2.0 <2.0
1,2-dichloropropane 0.50 -- <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50
cis-1,3-dichloropropene 0.50 -- <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50
trans-1,3-dichloropropene 0.50 -- <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50
Methyl methacrylate 0.5 470 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50
Methyl-tert-butylether (MTBE) 0.5 15 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50
Styrene 1 72 <0.50 <0.50 <0.50 0.75 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50
1,1,1,2-tetrachloroethane 1.0 -- <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0
1,1,2,2-tetrachloroethane 2.00 -- <2.0 <2.0 <2.0 <2.0 <2.0 <2.0 <2.0 <2.0 <2.0 <2.0 <2.0 <2.0 <2.0 <2.0 <2.0
Tetrachloroethene 0.50 10 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50
1,2,3-trichlorobenzene 1.00 8 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0
1,2,4-trichlorobenzene 1.00 15 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0
1,3,5-trichlorobenzene 0.50 14 <0.50 <0.50 <0.50 0.73 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50
1,1,1-trichloroethane 0.50 -- <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50
1,1,2-trichloroethane 0.50 -- <0.50 <0.50 <0.50 0.56 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50
Trichloroethene 0.50 5 <0.50 <0.50 <0.50 <0.50 7.4 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 0.68 <0.50 <0.50
Trichlorofluoromethane 0.50 -- <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50
1,2,4-trimethylbenzene 0.50 -- <0.50 <0.50 <0.50 14 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50
1,3,5-trimethylbenzene 0.50 -- <0.50 <0.50 <0.50 3.8 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50
Vinyl chloride 0.50 1.1 <0.50 <0.50 16 8.4 39 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 21 <0.50 <0.50
Notes:
RDL Laboratory Reportable Detection Limit
1. Alberta Tier 1 groundwater remediation guidelines for residential/parkland land use, coarse grained soil (February 2016).
-- no value
< Less than the RDL
Bold Exceeds the Alberta Tier 1 Guidelines

XCG-2 (MW)
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Table 7     Summary of Analytical Results for Routine Parameters and Nutrients in Groundwater

Sample ID
2016 Alberta Tier 1 
Guidelines1 (COARSE) MW-01 MW-02 MW-03 MW-06 MW-07 XCG-1 (MW) XCG-4 (MW) XCG-5 (MW) XCG-6 (MW) XCG-12 (MW) XCG-13 (MW) XCG-14 (MW) Field Blank

Laboratory ID RDL Groundwater QR8541 QS0279 QS0278 QS2251 QS2250 QR7384 QR8538 QR8539 QS2248 QS0277 QS0276 QR8542 QS2249 QR8540 QR8543
Units 12-Mar-17 13-Mar-17 13-Mar-17 14-Mar-17 14-Mar-17 10-Mar-17 11-Mar-17 11-Mar-17 14-Mar-17 13-Mar-17 13-Mar-17 12-Mar-17 14-Mar-17 11-Mar-17 12-Mar-17

Calculated Parameters
Anion Sum meq/L N/A -- 9.3 13 20 32 25 7.1 8.8 8.8 12 8.1 18 12 24 12 0.0000
Cation Sum meq/L N/A -- 8.9 13 20 30 26 7.1 8.8 8.9 12 8.0 18 12 23 12 0.0030
Hardness (CaCO3) mg/L 0.50 -- 420 520 920 970 1100 340 320 320 480 390 870 550 1000 560 <0.50
Ion Balance (% Difference) N/A 0.010 -- 2.0 1.3 0.29 3.5 0.66 0.43 0.13 0.50 0.87 0.31 0.89 1.5 2.3 0.77 NC
Dissolved Nitrate (NO3) mg/L 0.044 -- 0.21 6.2 1.7 0.14 0.20 0.10 0.063 0.077 <0.044 2.7 250 0.17 <0.044 0.056 <0.044
Nitrate plus Nitrite (N) mg/L 0.010 -- 0.047 1.4 0.38 0.031 0.044 0.024 0.014 0.017 <0.010 0.61 56 0.037 <0.010 0.013 <0.010
Dissolved Nitrite (NO2) mg/L 0.033 -- <0.033 <0.033 <0.033 <0.033 <0.033 <0.033 <0.033 <0.033 <0.033 <0.033 0.20 <0.033 <0.033 <0.033 <0.033
Calculated Total Dissolved Solids mg/L 10 500 450 660 990 1500 1300 350 460 460 580 380 1000 580 1100 570 <10

Conductivity uS/cm 1.0 -- 830 1200 1800 2800 2400 660 820 830 1000 700 1700 1000 2100 1000 1.1
pH pH N/A 6.5-8.5 7.37 7.57 7.31 7.10 7.12 7.73 7.30 7.29 7.74 7.76 7.32 7.59 7.15 7.34 5.57

Alkalinity (PP as CaCO3) mg/L 0.50 -- <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50
Alkalinity (Total as CaCO3) mg/L 0.50 -- 410 360 960 1500 890 310 340 340 550 390 600 530 920 490 <0.50
Bicarbonate (HCO3) mg/L 0.50 -- 500 430 1200 1800 1100 380 420 420 670 470 730 640 1100 590 <0.50
Carbonate (CO3) mg/L 0.50 -- <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50
Hydroxide (OH) mg/L 0.50 -- <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50
Dissolved Sulphate (SO4) mg/L 1.0 500 or 128 to 429 (a) 37 53 36 <1.0 7.2 29 57 58 9.3 10 82 42 6.8 56 <1.0
Dissolved Chloride (Cl) mg/L 1.0 120 12 160 13 83 260 10 27 27 17 2.0 11 22 200 21 <1.0

Dissolved Nitrite (N) mg/L 0.010-0.033 1.0 or 0.06 to 0.6 (b) <0.010 <0.010 <0.010 <0.010 <0.010 <0.010 <0.010 <0.010 <0.010 <0.010 0.060 <0.033 <0.010 <0.010 <0.010
Dissolved Nitrate (N) mg/L 0.010 3 0.047 1.4 0.38 0.031 0.044 0.024 0.014 0.017 <0.010 0.61 56 0.58 <0.010 0.013 <0.010
Total Ammonia (N) mg/L 0.050 0.018 to 190 (c) 0.19 <0.050 0.13 69 0.87 0.38 0.23 0.23 0.17 <0.050 0.093 0.54 0.18 0.30 <0.050
Total Nitrogen (N) mg/L 0.055 -- 1.3 1.8 1.0 96 1.9 2.5 0.45 0.55 0.64 0.82 57 3.6 0.93 1.4 <0.055
Total Phosphorus (P) mg/L 0.015-0.0030 -- 0.70 0.0061 0.0097 1.1 0.030 2.5 0.19 0.10 0.11 0.0085 0.0046 1.2 0.020 2.6 <0.0030
Total Kjeldahl Nitrogen mg/L 0.050-0.25 -- 1.2 0.34 0.63 96 1.9 2.5 0.44 0.53 0.64 0.21 1.0 3.4 0.93 1.4 <0.050

Biochemical Oxygen Demand mg/L 2-10 -- <2.0 <2.0 6.9 22 7.8 2.8 <2.0 <2.0 <2.0 <2.0 <2.0 8.3 3.1 <2.0 <2.0
Total Chemical Oxygen Demand mg/L 5 -- <5.0 15 65 330 64 71 37 36 41 <5.0 20 110 41 85 <5.0

Total Organic Carbon (C) mg/L 0.5-5.0 -- 4.3 8.8 8.1 72.0 19 <2.5 3.3 4.2 4.3 3.7 12.0 16 15 <5.0 <0.50

Formic Acid mg/L <0.5 -- <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50
Acetic Acid mg/L <0.5 -- <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50
Propionic Acid mg/L <0.5 -- <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50
Butyric Acid mg/L <10 -- <10 <10 <10 <10 <10 <10 <10 <10 <10 <10 <10 <10 <10 <10 <10 

Adsorbable Organic Halogen mg/L 0.01 -- 0.02 0.07 <0.01 0.14 0.06 0.02 0.03 0.02 0.03 0.01 0.03 0.02 0.6 0.02 0.02
Notes:
RDL Laboratory Reportable Detection Limit
1. Alberta Tier 1 groundwater remediation guidelines for residential/parkland land use, coarse grained soil (February 2016).
-- no value
< Less than the RDL
(a) Varies with hardness. See table 1.7 of the Environmental Quality Guidelines for Alberta Surface Waters (2014) if hardness is less than 250 mg/L.
(b) Varies with chloride. See table 1.4 of the Environmental Quality Guidelines for Alberta Surface Waters (2014) if chloride is less than 10 mg/L.
(c) Temperature and pH dependent. See table 1.2 of the Environmental Quality Guidelines for Alberta Surface Waters (2014).

Bold Exceeds the Alberta Tier 1 Guidelines

Misc. Inorganics

Organic Acids

Misc. Organics

XCG-2 (MW)

Miscellaneous Inorganics

Anions

Nutrients

Demand Parameters
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Table 8     Summary of Analytical Results for Dissolved Metals in Groundwater

Sample ID
2016 Alberta Tier 1 
Guidelines1 (COARSE) MW-01 MW-02 MW-03 MW-06 MW-07 XCG-1 (MW) XCG-4 (MW) XCG-5 (MW) XCG-6 (MW) XCG-12 (MW) XCG-13 (MW) XCG-14 (MW) Field Blank

Laboratory ID RDL Groundwater QR8541 QS0279 QS0278 QS2251 QS2250 QR7384 QR8538 QR8539 QS2248 QS0277 QS0276 QR8542 QS2249 QR8540 QR8543
Units 12-Mar-17 13-Mar-17 13-Mar-17 14-Mar-17 14-Mar-17 10-Mar-17 11-Mar-17 11-Mar-17 14-Mar-17 13-Mar-17 13-Mar-17 12-Mar-17 14-Mar-17 11-Mar-17 12-Mar-17

Dissolved Cadmium (Cd) ug/L 0.02 5 or 0.11 to 7.7 (a) 0.29 0.044 0.044 <0.020 0.022 0.053 0.15 0.13 0.29 0.042 0.060 0.023 0.088 0.064 <0.020
Dissolved Aluminum (Al) mg/L 0.003 0.1 or 0.023 to 0.074 (b) 0.0039 <0.0030 <0.0030 0.0057 <0.0030 0.0056 0.0031 0.0038 0.0044 <0.0030 <0.0030 0.0054 0.0042 0.0031 <0.0030
Dissolved Antimony (Sb) mg/L 0.0006 0.006 <0.00060 <0.00060 <0.00060 <0.00060 <0.00060 <0.00060 0.00065 <0.00060 <0.00060 0.00075 <0.00060 <0.00060 <0.00060 <0.00060 <0.00060
Dissolved Arsenic (As) mg/L 0.0002 0.005 0.00029 <0.00020 0.00041 0.0092 0.0073 0.0011 0.0013 0.0013 0.00044 0.00033 0.00046 0.019 0.0014 0.0011 <0.00020
Dissolved Barium (Ba) mg/L 0.01 1 0.71 0.64 0.89 0.99 1.1 0.51 0.090 0.093 0.22 0.22 0.46 1.2 0.94 0.52 <0.010
Dissolved Beryllium (Be) mg/L 0.001 -- <0.0010 <0.0010 <0.0010 <0.0010 <0.0010 <0.0010 <0.0010 <0.0010 <0.0010 <0.0010 <0.0010 <0.0010 <0.0010 <0.0010 <0.0010
Dissolved Boron (B) mg/L 0.02 1.5 0.042 0.025 0.17 0.23 0.066 0.038 0.090 0.090 0.038 0.024 0.049 0.054 0.050 0.046 <0.020
Dissolved Calcium (Ca) mg/L 0.3 -- 110 130 220 230 230 77 84 83 130 86 250 130 190 120 <0.30
Dissolved Chromium (Cr) mg/L 0.001 -- <0.0010 <0.0010 <0.0010 0.0019 <0.0010 <0.0010 <0.0010 <0.0010 <0.0010 0.0014 <0.0010 <0.0010 <0.0010 <0.0010 <0.0010
Dissolved Cobalt (Co) mg/L 0.0003 -- <0.00030 0.0011 0.0016 0.014 0.012 0.00097 0.0024 0.0023 0.00099 <0.00030 0.00050 0.00080 0.0068 0.00043 <0.00030
Dissolved Copper (Cu) mg/L 0.0002 0.007 0.00085 0.0010 0.0013 <0.00020 <0.00020 0.0032 0.0011 0.0010 0.0019 0.00071 0.0022 0.00047 0.00089 0.00071 <0.00020
Dissolved Iron (Fe) mg/L 0.06 0.3 <0.060 0.065 0.13 29 12 <0.060 <0.060 <0.060 <0.060 <0.060 0.086 <0.060 0.066 <0.060 <0.060
Dissolved Lead (Pb) mg/L 0.0002 0.001 to 0.007 (a) <0.00020 <0.00020 <0.00020 <0.00020 <0.00020 <0.00020 <0.00020 <0.00020 <0.00020 <0.00020 <0.00020 <0.00020 <0.00020 <0.00020 <0.00020
Dissolved Lithium (Li) mg/L 0.02 -- 0.027 0.022 0.064 <0.020 0.038 0.020 0.037 0.038 <0.020 <0.020 <0.020 0.031 0.051 0.047 <0.020
Dissolved Magnesium (Mg) mg/L 0.2 -- 37 51 88 97 130 35 28 27 38 42 62 56 140 61 <0.20
Dissolved Manganese (Mn) mg/L 0.004 0.05 0.089 <0.0040 0.49 0.49 1.8 0.28 0.50 0.49 0.29 <0.0040 0.15 0.61 0.71 0.26 <0.0040
Dissolved Molybdenum (Mo) mg/L 0.0002 -- 0.0027 0.00040 0.00069 0.00074 0.0024 0.0040 0.0043 0.0046 0.00081 0.00088 0.00044 0.0034 0.00055 0.0020 <0.00020
Dissolved Nickel (Ni) mg/L 0.0005 0.037 to 1.52 (a) 0.00092 0.0029 0.0072 0.012 0.016 0.0032 0.0073 0.0069 0.0081 0.0012 0.0049 0.0021 0.015 0.0013 <0.00050
Dissolved Phosphorus (P) mg/L 0.1 -- 0.11 <0.10 <0.10 <0.10 <0.10 0.13 <0.10 <0.10 <0.10 <0.10 <0.10 <0.10 <0.10 <0.10 <0.10
Dissolved Potassium (K) mg/L 0.3 -- 3.9 2.5 6.3 33 3.7 3.3 3.7 3.7 25 2.0 6.5 7.7 3.2 2.5 <0.30
Dissolved Selenium (Se) mg/L 0.0002 0.001 0.00023 <0.00020 <0.00020 0.00050 0.00026 0.00030 0.00061 0.00058 <0.00020 0.00021 0.00034 <0.00020 0.00027 <0.00020 <0.00020
Dissolved Silicon (Si) mg/L 0.1 -- 6.1 7.7 7.8 15 11 6.2 6.5 6.6 7.6 11 8.1 7.6 9.4 6.8 <0.10
Dissolved Silver (Ag) mg/L 0.0001 0.0001 <0.00010 <0.00010 <0.00010 <0.00010 <0.00010 <0.00010 <0.00010 0.00015 <0.00010 <0.00010 <0.00010 <0.00010 <0.00010 <0.00010 <0.00010
Dissolved Sodium (Na) mg/L 0.5 200 9.8 48 39 88 73 6.8 51 54 29 4.8 17 11 54 10 <0.50
Dissolved Strontium (Sr) mg/L 0.02 -- 0.71 0.41 1.3 1.2 1.7 0.55 0.81 0.82 0.38 0.28 0.65 0.72 1.9 1.1 <0.020
Dissolved Sulphur (S) mg/L 0.2 -- 10 15 9.0 2.3 3.4 8.3 16 17 3.1 2.8 21 12 2.7 15 <0.20
Dissolved Thallium (Tl) mg/L 0.0002 -- <0.00020 <0.00020 <0.00020 <0.00020 <0.00020 <0.00020 <0.00020 <0.00020 <0.00020 <0.00020 <0.00020 <0.00020 <0.00020 <0.00020 <0.00020
Dissolved Tin (Sn) mg/L 0.001 -- <0.0010 <0.0010 <0.0010 0.0018 <0.0010 <0.0010 0.0011 <0.0010 <0.0010 <0.0010 <0.0010 0.0014 <0.0010 <0.0010 <0.0010
Dissolved Titanium (Ti) mg/L 0.001 -- <0.0010 <0.0010 <0.0010 0.0022 <0.0010 0.0011 <0.0010 <0.0010 <0.0010 <0.0010 <0.0010 <0.0010 <0.0010 <0.0010 <0.0010
Dissolved Uranium (U) mg/L 0.0001 0.015 0.0098 0.0026 0.0095 0.00060 0.010 0.0037 0.013 0.014 0.0028 0.0016 0.0025 0.0013 0.011 0.015 <0.00010
Dissolved Vanadium (V) mg/L 0.001 -- <0.0010 <0.0010 <0.0010 <0.0010 <0.0010 <0.0010 <0.0010 0.0010 <0.0010 <0.0010 <0.0010 <0.0010 <0.0010 <0.0010 <0.0010
Dissolved Zinc (Zn) mg/L 0.003 0.03 0.0036 <0.0030 <0.0030 0.013 <0.0030 0.0032 <0.0030 <0.0030 0.0073 <0.0030 <0.0030 <0.0030 0.0034 <0.0030 <0.0030
Notes:
RDL Laboratory Reportable Detection Limit
1. Alberta Tier 1 groundwater remediation guidelines for residential/parkland land use, coarse grained soil (February 2016).
-- no value
< Less than the RDL
Bold Exceeds the Alberta Tier 1 Guidelines
(a) Varies with hardness. See table 1.3 of the Environmental Quality Guidelines for Alberta Surface Waters (2014).
(b) Varies with pH, see table 1.1 of the Environmental Quality Guidelines for Alberta Surface Waters (2014).

XCG-2 (MW)
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Table 9     Summary of Analytical Results for Total Metals in Groundwater

Sample ID
2016 Alberta Tier 1 
Guidelines1 (COARSE) MW-01 MW-02 MW-03 MW-06 MW-07 XCG-1 (MW) XCG-4 (MW) XCG-5 (MW) XCG-6 (MW) XCG-12 (MW) XCG-13 (MW) XCG-14 (MW) Field Blank

Laboratory ID RDL Groundwater QR8541 QS0279 QS0278 QS2251 QS2250 QR7384 QR8538 QR8539 QS2248 QS0277 QS0276 QR8542 QS2249 QR8540 QR8543
Units 12-Mar-17 13-Mar-17 13-Mar-17 14-Mar-17 14-Mar-17 10-Mar-17 11-Mar-17 11-Mar-17 14-Mar-17 13-Mar-17 13-Mar-17 12-Mar-17 14-Mar-17 11-Mar-17 12-Mar-17

Total Cadmium (Cd) ug/L 0.020 -- 1.9 0.34 0.089 0.77 0.25 4.2 1.1 0.76 12 0.12 0.19 1.8 0.17 1.7 <0.020
Total Aluminum (Al) mg/L 0.0030 -- 6.6 0.18 0.53 11 0.39 27 2.8 2.5 3.3 0.087 0.067 12 0.18 16 <0.0030
Total Antimony (Sb) mg/L 0.00060 -- 0.00063 <0.00060 <0.00060 0.00096 <0.00060 0.00090 0.00093 0.00075 <0.00060 0.00082 <0.00060 0.00077 <0.00060 0.00085 <0.00060
Total Arsenic (As) mg/L 0.00020 -- 0.0086 0.00036 0.00094 0.023 0.015 0.056 0.0043 0.0037 0.0030 0.00057 0.00047 0.062 0.0018 0.021 <0.00020
Total Barium (Ba) mg/L 0.010 -- 0.85 0.68 (1) 0.91 1.5 1.2 1.5 0.14 0.13 0.27 0.23 0.47 1.4 0.91 1.2 <0.010
Total Beryllium (Be) mg/L 0.0010 -- <0.0010 <0.0010 <0.0010 <0.0010 <0.0010 0.0020 <0.0010 <0.0010 <0.0010 <0.0010 <0.0010 0.0010 <0.0010 0.0016 <0.0010
Total Boron (B) mg/L 0.020 -- 0.042 0.030 0.20 0.25 0.064 0.047 0.11 0.098 0.039 0.029 0.057 0.055 0.050 0.065 <0.020
Total Calcium (Ca) mg/L 0.30 -- 130 130 240 280 240 250 93 83 140 88 260 170 190 240 <0.30
Total Chromium (Cr) mg/L 0.0010 -- 0.011 <0.0010 0.0018 0.019 <0.0010 0.048 0.0036 0.0026 0.0060 <0.0010 <0.0010 0.021 <0.0010 0.029 <0.0010
Total Cobalt (Co) mg/L 0.00030 -- 0.0081 0.0015 0.0019 0.024 0.014 0.035 0.0047 0.0044 0.0035 <0.00030 0.00060 0.015 0.0070 0.022 <0.00030
Total Copper (Cu) mg/L 0.00020 -- 0.019 0.0018 0.0025 0.032 0.0017 0.091 0.0063 0.0057 0.0095 0.0012 0.0023 0.034 0.0012 0.056 <0.00020
Total Iron (Fe) mg/L 0.060 -- 14 0.46 (1) 1.2 69 19 75 4.6 3.7 5.6 0.30 0.26 28 0.52 41 <0.060
Total Lead (Pb) mg/L 0.00020 -- 0.0084 0.00023 0.00082 0.021 0.00084 0.036 0.0045 0.0038 0.010 <0.00020 <0.00020 0.016 0.00024 0.024 <0.00020
Total Lithium (Li) mg/L 0.020 -- 0.032 0.025 0.072 0.026 0.036 0.061 0.041 0.037 <0.020 <0.020 <0.020 0.038 0.047 0.068 <0.020
Total Magnesium (Mg) mg/L 0.20 -- 46 54 97 120 130 83 31 27 41 43 66 60 140 92 <0.20
Total Manganese (Mn) mg/L 0.0040 -- 0.87 0.0061 0.55 0.79 1.8 1.6 0.60 0.54 0.37 0.0054 0.19 0.97 0.71 1.0 <0.0040
Total Molybdenum (Mo) mg/L 0.00020 -- 0.0036 0.00049 0.00087 0.0018 0.0025 0.0058 0.0049 0.0046 0.0014 0.00088 0.00053 0.0041 0.00061 0.0031 <0.00020
Total Nickel (Ni) mg/L 0.00050 -- 0.022 0.0046 0.0088 0.039 0.018 0.089 0.014 0.013 0.019 0.0015 0.0054 0.044 0.015 0.059 <0.00050
Total Phosphorus (P) mg/L 0.10 -- 0.48 <0.10 (1) <0.10 1.1 <0.10 2.1 0.19 0.15 0.10 <0.10 <0.10 0.75 <0.10 1.2 <0.10
Total Potassium (K) mg/L 0.30 -- 5.1 2.7 (1) 7.3 38 3.7 8.0 4.5 4.0 26 2.1 7.1 8.3 3.3 6.0 <0.30
Total Selenium (Se) mg/L 0.00020 -- 0.00060 <0.00020 0.00021 0.00076 0.00021 0.0024 0.00089 0.00081 0.00029 0.00023 0.00037 0.00064 0.00025 0.0029 <0.00020
Total Silicon (Si) mg/L 0.10 -- 20 8.8 (1) 11 36 12 50 16 14 17 12 9.2 30 10 43 <0.10
Total Silver (Ag) mg/L 0.00010 -- 0.00013 <0.00010 <0.00010 0.00023 <0.00010 0.00064 <0.00010 <0.00010 0.00011 <0.00010 <0.00010 0.00033 <0.00010 0.00029 <0.00010
Total Sodium (Na) mg/L 0.50 -- 8.0 51 42 95 76 7.3 56 51 35 4.6 19 9.7 56 10 <0.50
Total Strontium (Sr) mg/L 0.020 -- 0.66 0.44 (1) 1.3 1.3 1.6 0.80 0.86 0.77 0.38 0.28 0.65 0.67 1.7 1.2 <0.020
Total Sulphur (S) mg/L 0.20 -- 9.3 17 11 3.0 3.8 9.1 17 16 4.5 3.0 27 11 2.8 17 <0.20
Total Thallium (Tl) mg/L 0.00020 -- <0.00020 <0.00020 <0.00020 <0.00020 <0.00020 0.00072 <0.00020 <0.00020 <0.00020 <0.00020 <0.00020 0.00031 <0.00020 0.00040 <0.00020
Total Tin (Sn) mg/L 0.0010 -- 0.0017 <0.0010 <0.0010 0.0065 <0.0010 0.0084 0.0045 0.0037 0.0020 0.0010 <0.0010 0.0095 <0.0010 0.0019 <0.0010
Total Titanium (Ti) mg/L 0.0010 -- 0.11 0.0069 0.016 0.19 0.014 0.26 0.037 0.032 0.13 0.0022 0.0046 0.17 0.0050 0.21 <0.0010
Total Uranium (U) mg/L 0.00010 -- 0.010 0.0031 0.0091 0.0016 0.0099 0.0066 0.015 0.014 0.0035 0.0016 0.0025 0.0023 0.011 0.015 <0.00010
Total Vanadium (V) mg/L 0.0010 -- 0.019 <0.0010 0.0022 0.031 0.0017 0.075 0.0058 0.0053 0.010 <0.0010 <0.0010 0.036 <0.0010 0.050 <0.0010
Total Zinc (Zn) mg/L 0.0030 -- 0.090 0.011 0.0074 0.099 0.0071 0.27 0.032 0.030 0.044 0.0053 <0.0030 0.15 0.0053 0.19 <0.0030
Notes:
RDL Laboratory Reportable Detection Limit
1. Alberta Tier 1 groundwater remediation guidelines for residential/parkland land use, coarse grained soil (February 2016).
-- no value
< Less than the RDL
Bold Exceeds the Alberta Tier 1 Guidelines

XCG-2 (MW)
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Table 10     Summary of Analytical Results for PHCs in Groundwater

2016 Alberta Tier 1 
Guidelines1 (COARSE) MW-01 MW-02 MW-03 MW-06 MW-07 XCG-1 (MW) XCG-2 (MW) XCG-4 (MW) XCG 5 (MW) XCG 6 (MW) XCG-12 (MW) XCG-13 (MW) XCG-14 (MW) Field Blank

RDL Groundwater QR8541 QS0279 QS0278 QS2251 QS2250 QR7384 QR8538 QS2248 QS0277 QS0276 QR8542 QS2249 QR8540 QR8543
Units 12-Mar-17 13-Mar-17 13-Mar-17 14-Mar-17 14-Mar-17 10-Mar-17 11-Mar-17 14-Mar-17 13-Mar-17 13-Mar-17 12-Mar-17 14-Mar-17 11-Mar-17 12-Mar-17
µg/L 0.40 5 <0.40 <0.40 <0.40 4.8 1.7 <0.40 <0.40 <0.40 <0.40 <0.40 <0.40 0.86 <0.40 <0.40
µg/L 0.40 21 <0.40 <0.40 <0.40 3.5 <0.40 <0.40 <0.40 <0.40 <0.40 <0.40 <0.40 <0.40 <0.40 <0.40
µg/L 0.40 1.6 <0.40 <0.40 <0.40 58 <0.40 <0.40 <0.40 <0.40 <0.40 <0.40 <0.40 <0.40 <0.40 <0.40
µg/L 0.80 -- <0.80 <0.80 <0.80 30 <0.80 <0.80 <0.80 <0.80 <0.80 <0.80 <0.80 <0.80 <0.80 <0.80
µg/L 0.40 -- <0.40 <0.40 <0.40 15 <0.40 <0.40 <0.40 <0.40 <0.40 <0.40 <0.40 <0.40 <0.40 <0.40
µg/L 0.80 20 <0.80 <0.80 <0.80 45 <0.80 <0.80 <0.80 <0.80 <0.80 <0.80 <0.80 <0.80 <0.80 <0.80
µg/L 100 810 <100 <100 <100 <100 <100 <100 <100 <100 <100 <100 <100 <100 <100 <100
µg/L 100 810 <100 <100 <100 <100 <100 <100 <100 <100 <100 <100 <100 <100 <100 <100
mg/L 0.10 1100 <0.10 <0.10 <0.10 0.52 <0.10 <0.10 <0.10 <0.10 <0.10 <0.10 <0.10 <0.10 <0.10 <0.10

Notes:
RDL Laboratory Reportable Detection Limit
1. Alberta Tier 1 groundwater remediation guidelines for residential/parkland land use, coarse grained soil (February 2016).
-- no value
< Less than the RDL
Bold Exceeds the Alberta Tier 1 Guidelines

Sample ID

Laboratory ID

Benzene
Toluene
Ethylbenzene

F2 (C10-C16 Hydrocarbons)

m & p-Xylene
o-Xylene
Xylenes (Total)
F1 (C6-C10) - BTEX
F1 (C6-C10)
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Table 11     Summary of Analytical Results for Fixed Gases and Petroleum Hydrocarbons  in Soil Vapour

VW-01 VW-03 XCG-
1(SVP)

XCG-
2(SVP)

XCG-
5(SVP)

XCG-
6(SVP)

XCG-
9(SVP)

XCG-
10(SVP)

XCG-
12(SVP)

XCG-
13(SVP) Trip Blank

Laboratory Maxxam Maxxam  Maxxam Maxxam Maxxam Maxxam Maxxam Maxxam Maxxam Maxxam Maxxam

Canister number 332 1280 1800 3017 1470 243 1281 212 1380 238 333 354 262 354 215

Laboratory ID EBG095 EBG097 EBG090 EBG091 EBG092 EBG089 EBG086 EMV462 EBG085 EBG088 EBG096 EBG094 EBG087 EBG093 EBG098

Date Sampled 12-Mar-17 12-Mar-17 11-Mar-17 11-Mar-17 11-Mar-17 11-Mar-17 14-Mar-17 01-Jun-17 14-Mar-17 13-Mar-17 11-Mar-17 12-Mar-17 14-Mar-17 12-Mar-17 N/A
Summa Canister Pressure on 
Receipt (psig) (psig) NV (-2.9) (-3.1) (-1.9) (-2.0) (-1.7) (-3.6) (-3.4) (-2.5) (-3.4) (-3.0) (-2.7) (-1.1) (-3.0) (-1.7) (-14.3)

Oxygen (% v/v) 0.2-0.3 NV 23.0 12.5 8.6 9.6 20.4 20.3 2.0 5.5 20.3 1.9 21.3 15.8 18.7 4.3 --
Nitrogen (% v/v) 0.2-0.3 NV 77.0 80.7 79.0 78.9 78.1 78.4 82.8 -- 77.4 81.5 78.2 81.7 79.0 84.8 --
Carbon Monoxide (% v/v) 0.2-0.3 NV <0.2 <0.2 <0.2 <0.2 <0.2 <0.3 <0.2 -- <0.3 <0.2 <0.2 <0.2 <0.2 <0.2 --
Methane (% v/v) 0.2-0.3 0.1 to 0.5 % v/v <0.2 <0.2 0.3 0.3 <0.2 <0.3 5.7 < 0.2 <0.3 1.2 <0.2 <0.2 <0.2 1.1 --
Methane ppm 3.4-5.4 1000 ppm to 5000 ppm <4.3 <3.8 NR NR <3.9 5.9 NR -- <5.2 NR <4.2 <3.4 32 NR  --
Carbon Dioxide (% v/v) 0.2-0.3 NV <0.2 6.8 12.1 11.3 1.5 1.3 9.5 9.6 2.3 15.4 0.6 2.5 2.3 9.8 --
Ethane ppm 0.17-0.27 1,000 <0.21 <0.19 2.3 2.1 <0.2 <0.27 0.24 -- <0.26 <0.22 <0.21 <0.17 <0.23 <0.19 --
Ethylene ppm 0.17-0.27 200 <0.21 <0.19 6.8 6.3 <0.2 <0.27 6.2 -- <0.26 0.57 <0.21 <0.17 <0.23 0.25 --
Propane ppm 0.17-0.27 1,000 <0.21 <0.19 <0.21 <0.2 <0.2 <0.27 <0.23 -- <0.26 <0.22 <0.21 <0.17 <0.23 <0.19 --
Propene ppm 0.17-0.27 35 <0.21 <0.19 <0.21 <0.2 <0.2 <0.27 <0.23 -- <0.26 <0.22 <0.21 <0.17 <0.23 <0.19 --
F1-BTEX, C6-C10 (as Toluene) µg/m3 5.0 59,532 7.9 31.8 486 530 36.1 <5.0 39.7 -- 18.4 668 6.0 43.0 8.8 5830 <5.0
F2, C10-C16 (as Decane) µg/m3 5.0 27,778 12.7 <5.0 62.8 68.9 <5.0 <5.0 <5.0 -- 6.2 <5.0 <5.0 <5.0 <5.0 972 <5.0
Notes:
Bold Shaded Concentration exceeds calculated soil vapour screening criteria

 - Criteria not derived (concentration below detection limits)
NR Lab did not report ppm units (based on elevated %v/v detection)
-- No Data
< Below Laboratory MDL

Sample ID
VW-05

MaxxamReportable 
Detection LimitUnits

Soil Vapour Probes 

Deminimus Screening -
Soil Vapour Screening  

Criteria

XCG-4(SVP)

Maxxam
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Table 12     Summary of Analytical Results for VOCs in Soil Vapour

VW-01 VW-03 XCG-
1(SVP)

XCG-
2(SVP)

XCG-
5(SVP)

XCG-
6(SVP)

XCG-
9(SVP)

XCG-
10(SVP)

XCG-
12(SVP)

XCG-
13(SVP) Trip Blank

Laboratory Maxxam Maxxam  Maxxam Maxxam Maxxam Maxxam Maxxam Maxxam Maxxam Maxxam Maxxam

Canister number 332 1280 1800 3017 1470 243 1281 212 1380 238 333 354 262 354 215

Laboratory ID EBG095 EBG097 EBG090 EBG091 EBG092 EBG089 EBG086 EMV462 EBG085 EBG088 EBG096 EBG094 EBG087 EBG093 EBG098

Date Sampled 12-Mar-17 12-Mar-17 11-Mar-17 11-Mar-17 11-Mar-17 11-Mar-17 14-Mar-17 01-Jun-17 14-Mar-17 13-Mar-17 11-Mar-17 12-Mar-17 14-Mar-17 12-Mar-17 N/A
Dichlorodifluoromethane (FREON 12) µg/m3 0.989 - 9.89 17,800 2.50 571 867 855 8.46 2.68 41.3 -- 280 88.9 2.46 3.67 89.5 2950 <0.989
1,2-Dichlorotetrafluoroethane µg/m3 1.19 - 4.75 7,000,000 <1.19 1790 516 512 <1.19 <1.19 44.4 -- <1.19 341 <1.19 4.91 <1.19 565 <1.19
Chloromethane µg/m3 0.62 1,800 4.39 <0.620 <0.620 <0.620 <0.620 <0.620 <0.620 -- <0.620 <0.620 <0.620 <0.30 <0.620 <0.620 <0.620
Vinyl Chloride µg/m3 0.256 - 1.28 114.00 <0.256 <0.256 1180 1250 <0.256 <0.256 21.8 -- <0.256 154 <0.256 <0.10 <0.256 114 <0.256
Chloroethane µg/m3 0.792 200,000.0 <0.792 <0.792 23.2 23.1 <0.792 <0.792 <0.792 -- <0.792 0.978 <0.792 <0.30 <0.792 4.36 <0.792
1,3-Butadiene µg/m3 1.11  - <1.11 <1.11 <1.11 <1.11 <1.11 <1.11 <1.11 -- <1.11 <1.11 <1.11 <0.50 <1.11 <1.11 <1.11
Trichlorofluoromethane  (FREON 11) µg/m3 0.12 20,000 1.21 <1.12 5.92 5.85 <1.12 <1.12 <1.12 -- 1.31 <1.12 <1.12 <0.20 <1.12 <1.12 <1.12
Ethanol (ethyl alcohol) µg/m3 1.88 1,900,000 21.1 <1.88 81.9 81.7 <1.88 <1.88 180 -- 2.74 <1.88 <1.88 <1.0 <1.88 <1.88 <1.88
Trichlorotrifluoroethane µg/m3 1.15  - <1.15 <1.15 <1.15 <1.15 <1.15 <1.15 <1.15 -- <1.15 <1.15 <1.15 <0.15 <1.15 <1.15 <1.15
2-propanol µg/m3 2.46 491,000 <2.46 <2.46 <2.46 <2.46 <2.46 <2.46 <2.46 -- <2.46 <2.46 <2.46 <1.0 <2.46 <2.46 <2.46
2-Propanone µg/m3 1.90 - 47.5 618,000 11.1 <1.90 4.33 4.45 <1.90 <1.90 <21.1 -- 3.29 5.48 <1.90 <0.80 <1.90 <47.5 <1.90
Methyl Ethyl Ketone (2-Butanone) µg/m3 2.95 - 6.19 100,000 <2.95 <2.95 <2.95 <2.95 <2.95 <2.95 <2.95 -- <2.95 <6.19 <2.95 <1.0 <2.95 <3.24 <2.95
Methyl Isobutyl Ketone µg/m3 4.1  - <4.10 <4.10 <4.10 <4.10 <4.10 <4.10 <4.10 -- <4.10 <4.10 <4.10 <1.0 <4.10 <4.10 <4.10
Methyl Butyl Ketone (2-Hexanone) µg/m3 4.1   - <4.10 <4.10 <4.10 <4.10 <4.10 <4.10 <4.10 -- <4.10 <4.10 <4.10 <1.0 <4.10 <4.10 <4.10
Methyl t-butyl ether (MTBE) µg/m3 0.721  - <0.721 <0.721 <0.721 <0.721 <0.721 <0.721 <0.721 -- <0.721 <0.721 <0.721 <0.20 <0.721 <0.721 <0.721
Ethyl Acetate µg/m3 3.6  - <3.60 <3.60 <3.60 <3.60 <3.60 <3.60 <3.60 -- <3.60 <3.60 <3.60 <1.0 <3.60 <3.60 <3.60
1,1-Dichloroethylene µg/m3 0.396 4,000 <0.396 <0.396 <0.396 <0.396 <0.396 <0.396 <0.396 -- <0.396 <0.396 <0.396 <0.10 <0.396 5.72 <0.396
cis-1,2-Dichloroethylene µg/m3 0.396 179 <0.396 1.39 91.0 90.6 <0.396 <0.396 <0.396 -- <0.396 6.99 <0.396 0.59 <0.396 223 <0.396
trans-1,2-Dichloroethylene µg/m3 0.396 179 <0.396 <0.396 5.07 5.05 <0.396 <0.396 <0.396 -- <0.396 1.60 <0.396 <0.10 <0.396 5.49 <0.396
Methylene Chloride(Dichloromethane) µg/m3 2.78  - <2.78 <2.78 <2.78 <2.78 <2.78 <2.78 <2.78 -- <2.78 <2.78 <2.78 <0.80 <2.78 <2.78 <2.78
Chloroform µg/m3 0.488 560 1.40 21.2 <0.488 <0.488 0.734 3.24 0.523 -- <0.488 <0.488 10.5 3.03 0.793 1.32 <0.488
Carbon Tetrachloride µg/m3 0.629  - <0.629 <0.629 <0.629 <0.629 <0.629 <0.629 <0.629 -- <0.629 <0.629 <0.629 <0.10 <0.629 <0.629 <0.629
1,1-Dichloroethane µg/m3 0.405 - 1.21 3,300 <0.405 0.522 <1.21 <1.21 <0.405 <0.405 <0.405 -- <0.405 <0.405 <0.405 <0.10 <0.405 1.74 <0.405
1,2-Dichloroethane µg/m3 0.405  - <0.405 <0.405 <0.405 <0.405 <0.405 <0.405 <0.405 -- <0.405 <0.405 <0.405 <0.10 <0.405 <0.405 <0.405
Ethylene Dibromide µg/m3 0.768  - <0.768 <0.768 <0.768 <0.768 <0.768 <0.768 <0.768 -- <0.768 <0.768 <0.768 <0.10 <0.768 <0.768 <0.768
1,1,1-Trichloroethane µg/m3 0.546 20,000 <0.546 <0.546 0.930 0.937 <0.546 <0.546 <0.546 -- <0.546 <0.546 <0.546 <0.10 <0.546 <0.546 <0.546
1,1,2-Trichloroethane µg/m3 0.546  - <0.546 <0.546 <0.546 <0.546 <0.546 <0.546 <0.546 -- <0.546 <0.546 <0.546 <0.10 <0.546 <0.546 <0.546
1,1,2,2-Tetrachloroethane µg/m3 0.687  - <0.687 <0.687 <0.687 <0.687 <0.687 <0.687 <0.687 -- <0.687 <0.687 <0.687 <0.10 <0.687 <0.687 <0.687
cis-1,3-Dichloropropene µg/m3 0.454  - <0.454 <0.454 <0.454 <0.454 <0.454 <0.454 <0.454 -- <0.454 <0.454 <0.454 <0.10 <0.454 <0.454 <0.454
trans-1,3-Dichloropropene µg/m3 0.454  - <0.454 <0.454 <0.454 <0.454 <0.454 <0.454 <0.454 -- <0.454 <0.454 <0.454 <0.10 <0.454 <0.454 <0.454
1,2-Dichloropropane µg/m3 0.462  - <0.462 <0.462 <0.462 <0.462 <0.462 <0.462 <0.462 -- <0.462 <0.462 <0.462 <0.10 <0.462 <0.462 <0.462
Bromomethane µg/m3 0.388  - <0.388 <0.388 <0.388 <0.388 <0.388 <0.388 <0.388 -- <0.388 <0.388 <0.388 <0.10 <0.388 <0.388 <0.388
Bromoform µg/m3 2.07  - <2.07 <2.07 <2.07 <2.07 <2.07 <2.07 <2.07 -- <2.07 <2.07 <2.07 <0.20 <2.07 <2.07 <2.07
Bromodichloromethane µg/m3 1.34  - <1.34 <1.34 <1.34 <1.34 <1.34 <1.34 <1.34 -- <1.34 <1.34 <1.34 <0.20 <1.34 <1.34 <1.34
Dibromochloromethane µg/m3 1.7  - <1.70 <1.70 <1.70 <1.70 <1.70 <1.70 <1.70 -- <1.70 <1.70 <1.70 <0.20 <1.70 <1.70 <1.70
Trichloroethylene µg/m3 0.537 800 <0.537 1.02 1.24 1.59 <0.537 <0.537 <0.537 -- <0.537 0.566 <0.537 1.01 <0.537 11.7 <0.537
Tetrachloroethylene µg/m3 0.678 800 <0.678 3.55 4.49 4.43 1.84 2.08 8.87 -- <0.678 0.991 0.792 1.86 <0.678 1.40 <0.678
Benzene µg/m3 0.319 303 0.529 0.366 1.35 1.31 <0.319 <0.319 <0.319 -- <0.319 0.950 <0.319 <0.10 <0.319 0.923 <0.319
Toluene µg/m3 0.376 190,000 1.62 0.529 6.61 2.46 1.07 0.879 1.10 -- 1.43 1.85 0.943 0.20 1.08 2.18 <0.376
Ethylbenzene µg/m3 0.434 50,000 <0.434 <0.434 <0.434 <0.434 <0.434 <0.434 <0.434 -- <0.434 <0.434 <0.434 <0.10 <0.434 <0.434 <0.434
p+m-Xylene µg/m3 0.868 - 1.30 9,000 <0.868 <0.868 1.11 1.08 <0.868 <0.868 <0.868 -- <0.868 <0.868 <0.868 <0.20 <0.868 <1.30 <0.868
o-Xylene µg/m3 0.434 9,000 <0.434 <0.434 <0.434 <0.434 <0.434 <0.434 <0.434 -- <0.434 <0.434 <0.434 <0.10 <0.434 0.608 <0.434
Styrene µg/m3 0.426 4,600 <0.426 <0.426 <0.426 <0.426 <0.426 <0.426 2.41 -- <0.426 <0.426 <0.426 <0.10 <0.426 <0.426 <0.426
4-ethyltoluene µg/m3 2.46  - <2.46 <2.46 <2.46 <2.46 <2.46 <2.46 <2.46 -- <2.46 <2.46 <2.46 <0.50 <2.46 <2.46 <2.46
1,3,5-Trimethylbenzene µg/m3 2.46 400 <2.46 <2.46 <2.46 <2.46 <2.46 <2.46 <2.46 -- <2.46 <2.46 <2.46 <0.50 <2.46 <2.46 <2.46
1,2,4-Trimethylbenzene µg/m3 2.46 400 <2.46 <2.46 <2.46 <2.46 <2.46 <2.46 <2.46 -- <2.46 <2.46 <2.46 <0.50 <2.46 <2.46 <2.46
Chlorobenzene µg/m3 0.46  - <0.460 <0.460 <0.460 <0.460 <0.460 <0.460 <0.460 -- <0.460 <0.460 <0.460 <0.10 <0.460 <0.460 <0.460
Benzyl chloride µg/m3 2.59  - <2.59 <2.59 <2.59 <2.59 <2.59 <2.59 <2.59 -- <2.59 <2.59 <2.59 <0.50 <2.59 <2.59 <2.59
1,3-Dichlorobenzene µg/m3 2.4  - <2.40 <2.40 <2.40 <2.40 <2.40 <2.40 <2.40 -- <2.40 <2.40 <2.40 <0.40 <2.40 <2.40 <2.40
1,4-Dichlorobenzene µg/m3 0.601 1,900 <0.601 <0.601 <0.601 <0.601 <0.601 <0.601 <0.601 -- <0.601 <0.601 <0.601 <0.10 <0.601 <0.601 <0.601
1,2-Dichlorobenzene µg/m3 0.601  - <0.601 <0.601 <0.601 <0.601 <0.601 <0.601 <0.601 -- <0.601 <0.601 <0.601 <0.10 <0.601 <0.601 <0.601
1,2,4-Trichlorobenzene µg/m3 3.71  - <3.71 <3.71 <3.71 <3.71 <3.71 <3.71 <3.71 -- <3.71 <3.71 <3.71 <0.50 <3.71 <3.71 <3.71
Hexachlorobutadiene µg/m3 5.33  - <5.33 <5.33 <5.33 <5.33 <5.33 <5.33 <5.33 -- <5.33 <5.33 <5.33 <0.50 <5.33 <5.33 <5.33
Hexane µg/m3 1.06 14,000 <1.06 <1.06 3.33 3.17 2.93 <1.06 1.71 -- <1.06 7.14 <1.06 <0.30 <1.06 6.03 <1.06
Heptane µg/m3 1.23 8,000 <1.23 <1.23 1.89 1.34 1.48 1.50 1.33 -- <1.23 1.92 <1.23 <0.30 <1.23 <1.23 <1.23
Cyclohexane µg/m3 0.688 120,000 <0.688 <0.688 31.5 30.9 <0.688 <0.688 <0.688 -- <0.688 27.4 <0.688 <0.20 <0.688 92.6 <0.688
Tetrahydrofuran µg/m3 1.18 40,000 <1.18 <1.18 <1.18 <1.18 <1.18 <1.18 <1.18 -- <1.18 <1.18 <1.18 <0.40 <1.18 <1.18 <1.18
1,4-Dioxane µg/m3 3.6  - <3.60 <3.60 <3.60 <3.60 <3.60 <3.60 <3.60 -- <3.60 <3.60 <3.60 <1.0 <3.60 <3.60 <3.60
Naphthalene µg/m3 2.62  - <2.62 <2.62 <2.62 <2.62 <2.62 <2.62 <2.62 -- <2.62 <2.62 <2.62 <0.50 <2.62 <2.62 <2.62
Total Xylenes µg/m3 1.3 - 1.74 9,000 <1.30 <1.30 <1.30 <1.30 <1.30 <1.30 <1.30 -- <1.30 <1.30 <1.30 <0.30 <1.30 <1.74 <1.30
1,1,1,2-Tetrachloroethane µg/m3 0.687  - <0.687 <0.687 <0.687 <0.687 <0.687 <0.687 <0.687 -- <0.687 <0.687 <0.687 <0.10 <0.687 <0.687 <0.687
Vinyl Bromide µg/m3 0.875  - <0.875 <0.875 <0.875 <0.875 <0.875 <0.875 <0.875 -- <0.875 <0.875 <0.875 <0.20 <0.875 <0.875 <0.875
Propene µg/m3 0.861- 31.0 60,000 <3.10 <1.72 73.2 72.7 <2.93 <0.861 89.2 -- <0.861 38.9 <3.10 <1.0 <1.55 <31.0 <0.861
2,2,4-Trimethylpentane µg/m3 0.934 64,173 <0.934 <0.934 3.03 2.95 <0.934 <0.934 <0.934 -- <0.934 4.56 <0.934 <0.20 <0.934 8.17 <0.934
Carbon Disulfide µg/m3 1.56 2,000 <1.56 <1.56 <1.56 <1.56 6.11 3.69 <1.56 -- 3.48 <1.56 7.53 4.11 25.7 <1.56 <1.56
Vinyl Acetate µg/m3

0.704 - 4.23  - <0.704 <0.704 <2.82 <2.46 <0.704 <0.704 <0.704 -- <0.704 <2.11 <0.704 <0.20 <0.704 <4.23 <0.704
Notes:
BOLD Shaded Concentration exceeds calculated soil vapour screening criteria

 - Criteria not derived (concentration below detection limits)
-- No Data
< Below Laboratory MDL

Soil Vapour Probes 

VW-05

Maxxam

Sample ID

Units Reportable 
Detection Limit

Deminimus 
Screening -Soil 

Vapour 
Screening  

Criteria

XCG-4(SVP)

Maxxam
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Table 13     Summary of Analytical Results for Siloxanes in Soil Vapour

VW-01 VW-03 XCG-1(SVP) XCG-2(SVP) XCG-4(SVP) XCG-6(SVP) XCG-10(SVP) XCG-13(SVP)

Laboratory ALS ALS ALS ALS ALS ALS ALS ALS

Tube ID G0150695SVI G0150687SVI G0150642SVI G0150640SVI G0150699SVI G0150637SVI G0150637SVI G0150069SVI G0150698SVI G0150688SVI

Laboratory ID L1901643-2 L1901643-1 L1901643-3 L1901643-4 L1901643-5 L1901643-8 L1901643-8 L1901643-7 L1901643-9 L1901643-6

Date Sampled 12-Mar-17 12-Mar-17 11-Mar-17 11-Mar-17 11-Mar-17 11-Mar-17 14-Mar-17 13-Mar-17 12-Mar-17 12-Mar-17
hexamethyl cyclotrisolxane µg/m3

170  - <170 <170 <170 <170 <170 <170 <170 <170 <170 <170
octamethyl cyclotetrasiloxane µg/m3

170  - <170 <170 <170 <170 <170 <170 <170 <170 <170 <170
decamethyl cyclopentasiloxane µg/m3

170  - <170 <170 <170 <170 <170 <170 <170 <170 <170 <170
dodecamethyl cyclohexasiloxane µg/m3

170  - <170 <170 <170 <170 <170 <170 <170 <170 <170 <170
hexamethyldisiloxane µg/m3

170  - <170 <170 <170 <170 <170 <170 <170 <170 <170 <170
octamethyltrisiloxane µg/m3

170  - <170 <170 <170 <170 <170 <170 <170 <170 <170 <170
decamethyltetrasiloxane µg/m3

170  - <170 <170 <170 <170 <170 <170 <170 <170 <170 <170
dodecamethylpentasiloxane µg/m3

170  - <170 <170 <170 <170 <170 <170 <170 <170 <170 <170
Notes:
 - Criteria not derived (concentration below detection limits)

< Below Laboratory RDL

VW-05

ALS

Soil Vapour Probes 

Sample ID

Units Reportable 
Detection Limit

Deminimus 
Screening -Soil 

Vapour 
Screening  

Criteria
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Table 14     Summary of Deminimus Screening Results for Indoor Air Parameters
 Derive Acceptable Soil Vapour Concentrations (Soil Vapour Screening Levels)

where
Csv = Allowable Concentration of Soil Vapour
Cair = Concentration in indoor air (or trench air)
alpha = vapour attenuation factor Alpha Coarse Graine   Alpha Fine Grained = 2. Demininus Alpha = 0.01 Deminimus Alpha = 0.01

Assumptions in selection of vapour attenuation factors
1. Assume 0.3 metre depth from vapour sample to building foundation
2. Assume residential building with basement (this is considered protective of slab on grade)
3. Alpha values calculated in accordance with CCME, 2014 "A Protocol for the Derivation of Soil Vapour Guidelines for Protection of Human Exposures Via Inhalation"

Assume Coarse 
Grained 

Residential 
Basement 

Setting 

Assume Fine 
Grained Residential 
Basement Setting 

(Coarse 
Grained) Soil 

Vapour 
Screening  

(µg/m3)

(Fine Grained) Soil 
Vapour Screening  

(µg/m3)

Soil Vapour Screening  
(µg/m 3 )

Soil Vapour Screening  
(µg/m 3 )

Worst case 
concentration in soil 

vapour probes 
(including probes 
within the limit of 

waste)

Location

Include in 
Indoor Air 
Testing? 

(Y/N)

trans-1,2-dichloroethylene 9.13E+02 8.22E+03 1.79E+02 179 5.49 XCG-13(SVP) N
1,2-dibromoethane 9.18E+02 8.27E+03 1.80E+02 180 0.768 RDL in all N
1,2-dichlorobenzene 1.96E+05 1.77E+06 3.85E+04 38482 0.601 RDL in all N
styrene 2.35E+04 2.11E+05 4.60E+03 4600 2.41 XCG-4(SVP) N
1,3,5-trichlorobenzene 3.67E+02 3.31E+03 7.20E+01 72 *not measured in SV. See note below. N
1,1,2-trichloroethane 1.83E+03 1.64E+04 3.58E+02 358 0.546 RDL in all N
Ethane 8.13E+05 8.13E+05 8.13E+05 813000 318 XCG-4(SVP) N
Ethylene 1.74E+05 1.74E+05 1.74E+05 174000 8400 VW-05 N

Methane

methane 
concentration ppmv 
1,000 to <5000 and 

soil gas pressure 
0.69 to <3.5 kPa

methane concentration 
ppmv 1,000 to <5000 
and soil gas pressure 

0.69 to <3.5 kPa

1.5E+6 to <7.6E+6 ug/m3 1,500,000 to <7,600,000 ug/m3 37,393,865.03 (5.7%) XCG-4(SVP) Y

Propane 1.80E+06 1.80E+06 1.80E+06 1800000 524 Non-detect in all, XCG-2 (SVP) was potential highest N
Dichlorodifluoromethane (Freon 12) 9.08E+04 8.17E+05 1.78E+04 17800 2950 XCG-13(SVP) N
1,2-dichlorotetrafluorethane (R114) 7.00E+06 7.00E+06 7.00E+06 7000000 1790 VW-03 N
Chloromethane 9.18E+03 8.27E+04 1.80E+08 1800 4.39 VW-01 N
Vinyl Chloride 5.80E+02 5.22E+03 1.14E+02 114 1250 VW-05 (duplicate) Y
Chloroethane 1.02E+06 9.18E+06 2.00E+05 200000 23.2 VW-05 N
Trichlorofluormethane (Freon 11) 1.02E+05 9.18E+05 2.00E+04 20000 5.92 VW-05 N
Ethanol (Ethyl Alcohol) 1.90E+06 1.90E+06 1.90E+06 618000 180 XCG-4(SVP) N
2-Propanol (isopropyl alcohol) 4.91E+05 4.91E+05 4.91E+05 491000 2.46 RDL in all N
2-Propanone (acetone) 3.15E+06 2.84E+07 6.18E+05 618000 47.5 XCG-13(SVP)- elevated RDL bc of matrix interference N
Methyl Ethyl Ketone (2-Butanone) 5.10E+05 4.59E+06 1.00E+05 100000 6.19 XCG-6(SVP)- elevated RDL bc of matrix interference N
1,4-dichlorobenzene 9.69E+03 8.73E+04 1.90E+03 1900 0.601 RDL in all N
1,1,-dichlorethylene 2.04E+04 1.84E+05 4.00E+03 4000 5.72 XCG-13(SVP) N
cis-1,2-dichloroethylene 9.13E+02 8.22E+03 1.79E+02 179 223 XCG-13(SVP) Y
methylene chloride (dichloromethane) 2.22E+05 2.00E+06 4.35E+04 43478 2.78 RDL in all N
chloroform 2.86E+03 2.57E+04 5.60E+02 560 21.2 VW-03 N
1,1,1-trichloroethane 1.02E+05 9.18E+05 2.00E+04 20000 0.937 VW-05 (duplicate) N
trichloroethylene (updated) 4.08E+03 3.67E+04 8.00E+02 800 11.7 XCG-13 (SVP) N
tetrachloroethylene 4.08E+03 3.67E+04 8.00E+02 800 12.6 XCG-10(SVP) N
benzene 1.55E+03 1.39E+04 3.03E+02 303 1.35 VW-05 N
toluene 9.69E+05 8.73E+06 1.90E+05 190000 6.61 VW-05 N
PHC F1 3.04E+05 2.73E+06 5.95E+04 59532 5830 XCG-13(SVP) N
PHC F2 1.42E+05 1.28E+06 2.78E+04 27778 972 XCG-13(SVP) N
ethylbenzene 2.55E+05 2.30E+06 5.00E+04 50000 0.434 RDL in all N
total xylenes 4.59E+04 4.13E+05 9.00E+03 9000 1.74 XCG-13(SVP)- elevated RDL bc of matrix interference N
1,3,5-trimethylbenzene 2.04E+03 1.84E+04 4.00E+02 400 2.46 RDL in all N
1,2,4-trimethylbenzene 2.04E+03 1.84E+04 4.00E+02 400 2.46 RDL in all N
hexane 7.14E+04 6.43E+05 1.40E+04 14000 7.14 XCG-6(SVP) N
heptane 4.08E+04 3.67E+05 8.00E+03 8000 1.92 XCG-6(SVP) N
cyclohexane 6.12E+05 5.51E+06 1.20E+05 120000 92.6 XCG-13(SVP) N
tetrahydrofuran 2.04E+05 1.84E+06 4.00E+04 40000 1.18 RDL in all N
propene 3.06E+05 2.76E+06 6.00E+04 60000 89.2 XCG-4(SVP) N
2,2,4-trimethylpentane 6.42E+04 6.42E+04 6.42E+04 64173 8.17 XCG-13(SVP) N
carbon disulfide 1.02E+04 9.18E+04 2.00E+03 2000 25.7 XCG-12(SVP) N
Notes

*1,3,5-trichlorobenzene was detected in MW-06 but not measured in soil vapour because of the following:
(note that MW-06 is assumed to be within the limit of waste, and therefore 1,3,5-trichlorobenzene was not under consideration for indoor air testing )

Henry's Law Constant (HCL) 1.9x 10-3 atm m3/mol

Convert to HLC (unitless) 0.077661031
Concentration of 1,3,5-trichlorobenzene detected in Groundwater 0.73 µg/L

Using Henry's Law to convert to soil vapour concentration = Csv = Cgw (µg/L) X HCL(unitless) x 1000 L/m3

Concentration in Soil Vapour = Csv = 0.73 µg/L * 0.077661 * 1000 L/m3 = 56.69 µg/m3

This concentration is less than the soil vapour screening value of 72 µg/m3.  Therefore, even with very conservative assumptions, 
groundwater at concentrations detected would not cause a soil vapour concentration to exceed the demininums screening 
concentrations.

   g  p            
concern.  The physical-chemical properties for benzene have been applied to all 

Chemical

1.  Methane screening will be completed in accordance with Table 6, Draft Soil and 
Building Methane Gas Management Guide, Oct 2013, (Alberta Health Services)  

Deminimus Screening

𝐶𝐶𝐶𝐶𝐶𝐶 =
𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶
𝐶𝐶𝑎𝑎𝑎𝑎𝑎𝐶𝐶



 1230 Balmoral Road, Cambridge, Ontario

Table 15  Summary of Analytical Results for VOCs in Indoor Air

Ambient

Residence 
A / 2758

Residence 
B / T21636

Residence 
D / 18232

Residence 
E / 129

Residence 
F / 14918

Residence 
G / 14531

Residence 
H / 18260

Residence I 
/ 14530

Residence 
J / 2813 OAQ/2595

Laboratory Maxxam Maxxam Maxxam Maxxam Maxxam Maxxam Maxxam Maxxam Maxxam Maxxam Maxxam Maxxam
Laboratory ID EBG197 EBG194 EBG196 EBG205 EBG201 EBG200 EBG199 EBG198 EBG195 EBG202 EBG203 EBG204
Date Sampled 14/03/2017 14/03/2017 14/03/2017 14/03/2017 14/03/2017 14/03/2017 14/03/2017 14/03/2017 14/03/2017 14/03/2017 14/03/2017 14/03/2017

Summa Canister Pressure on 
Receipt psig NV NV (-3.9) (-5.0) (-4.5) (-4.5) (-4.6) (-4.5) (-4.0) (-4.0) (-3.6) (-4.5) (-4.3) (-2.2)

Vinyl Chloride µg/m3 0.0511 1.136 <0.051 <0.051 <0.051 <0.051 <0.051 <0.051 <0.051 <0.051 <0.051 <0.051 <0.051 <0.051

cis-1,2-Dichloroethylene µg/m3 0.200 1.790 <0.20 <0.20 <0.20 <0.20 <0.20 <0.20 <0.20 <0.20 <0.20 <0.20 <0.20 <0.20

Methane % v/v 0.1-0.2 0.25-0.5 <0.1 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2
Notes:
Note 1 Health Based Indoor Air Criteria is derived from Risk Assessment modelling, which takes a  number of conservative assumptions into consideration.  The Criteria are not regulated, rather are indicators of possible sources
Bold and underline Parameter concentration exceeds Health Based Indoor Air Criteria for Residential Use

NA Not Analyzed
< Below Laboratory RDL

Sample ID

UNITS Reportable 
Detection Limit

Health 
Based 

Indoor Air 
Criteria

Indoor Air Samples

Residence C / 14258
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Drill Method:
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Sample Method:

Driller:
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Sheet: 1 of 1
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Ground Surface Elevation:
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Details

4-2352-04-03
BH1Montfort

City of Red Deer

Red Deer, AB

MCL

EMDecember 5, 2016

December 5, 2016

Solid Stem

0.15 m

N/A

JED Anchors & Environmental

Ground Surface

Topsoil
Dark brown with pockets of red oxidation. High silt 
and sand content. Dry. No staining or odour.

Municipal Solid Waste
Plastic bags, etc.

Clay
Dark brown with blue reduced pockets. High plasticity. 
Moist. No staining or odour.

End of Borehole

879.0

877.8

876.6

876.0

D
ri
lle

d
 M

a
te

ri
a
l

B
e
n
to

n
it
e

N/A

N/A

879.024

N/A



Project #:
LOG OF WELL:Project:

Client:
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Completed:
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Borehole Diameter:

Sample Method:

Driller:

Privileged and Confidential

Sheet: 1 of 1

Groundwater Elevation:
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Ground Surface Elevation:
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4-2352-04-03
BH2Montfort

City of Red Deer

Red Deer, AB

MCL

EMDecember 5, 2016

December 5, 2016

Solid Stem

0.15 m

N/A

JED Anchors & Environmental

Ground Surface

Topsoil
Dark brown with pockets of red oxidation. High silt 
and sand content. Dry. No staining or odour.

Municipal Solid Waste
Plastic bags, etc.

Clay
Dark brown with blue reduced pockets. High plasticity. 
Moist. No staining or odour.

End of Borehole
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Ground Surface Elevation:

Screening Tool:

For Environmental Purposes Only
Monitoring Well Log

Depth

0 0
ft  m

2

2

4

6

8

10

12

G
ra

p
h
ic

 L
o
g

Geology Description

D
e
p
th

/E
le

v
 (

m
)

W
e
ll 

C
o
m

p
le

ti
o
n

Well
Details

4-2352-04-03
BH3Montfort

City of Red Deer

Red Deer, AB

MCL

EMDecember 5, 2016

December 5, 2016

Solid Stem

0.15 m

N/A

JED Anchors & Environmental

Ground Surface

Topsoil
Dark brown with pockets of red oxidation. High silt 
and sand content. Dry. No staining or odour.

Municipal Solid Waste
Plastic bags, etc.

Clay
Dark brown with blue reduced pockets. High plasticity. 
Moist. No staining or odour.

End of Borehole
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4-2352-04-03
BH4Montfort

City of Red Deer

Red Deer, AB

MCL

EMDecember 7, 2016

December 7, 2016

Solid Stem

0.15 m

N/A

JED Anchors & Environmental

Ground Surface

Topsoil
Dark brown with pockets of red oxidation. High silt 
and sand content. Dry. No staining or odour.

Municipal Solid Waste
Wood debris.

Clay
Dark brown. Moist at 3 metres bgs. No staining or 
odour.

End of Borehole
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4-2352-04-03
XCG-1(MW)Montfort

City of Red Deer

Red Deer, AB

MCL

EMDecember 5, 2016

December 5, 2016

Solid Stem

0.15 m

N/A

JED Anchors & Environmental

Ground Surface

Topsoil
Dark brown with some silt and sand. Dry. No staining 
or odour.

Clay
Dark brown. High plasticity. No staining or odour. 

End of Borehole

Wet at 7.5 metres bgs.
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Solid Stem

0.15 m

N/A

JED Anchors & Environmental

Ground Surface

Topsoil
Dark brown with some silt and sand. Dry. No staining 
or odour.

Clay
Dark brown. High plasticity. No staining or odour. 

End of Borehole
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XCG-2(MW)Montfort

City of Red Deer

Red Deer, AB

MCL
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Solid Stem

0.15 m

N/A

JED Anchors & Environmental

Ground Surface

Topsoil
Dark brown with some sand and silt. Dry. No staining 
or odour. 

Clayey Silt
Medium brown with some fine sand. No staining or 
odour. 

End of Borehole

Moist at 7.5 metres bgs.

Wet at 9.0 metres bgs. Increasing clay content at 9.0 
metres bgs.
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Solid Stem

0.15 m

N/A

JED Anchors & Environmental

Ground Surface

Topsoil
Dark brown with some sand and silt. Dry. No staining 
or odour. 

Clayey Silt
Medium brown with some fine sand. No staining or 
odour. 

End of Borehole
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City of Red Deer

Red Deer, AB
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Solid Stem

0.15 m

N/A

JED Anchors & Environmental

Ground Surface

Topsoil
Dark brown with pockets of red oxidation. High silt 
and sand content. Dry. No staining or ordour.

Clay
Dark brown with blue reduced pockets. High plasticity. 
Moist. No staining or odour.

End of Borehole

Clay content and moisture levels increasing starting at 
1.5 metres bgs.
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Solid Stem

0.15 m

N/A

JED Anchors & Environmental

Ground Surface

Topsoil
Dark brown with pockets of red oxidation. High sand 
and silt content. Dry. No staining or odour.

End of Borehole
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XCG-5(MW)Montfort

City of Red Deer

Red Deer, AB
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Solid Stem

0.15 m

N/A

JED Anchors & Environmental

Ground Surface

Topsoil
Dark brown with pockets of red oxidation. High silt 
and sand content. Dry. No staining or odour.

Sand
Medium brown. Very fine with some silt. Moist at 2.8 
metres bgs. No staining or odour. 

Clayey Silt
Dark brown. Wet at 3.2 metres bgs. No staining or 
odour.

End of Borehole
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XCG-5(SVP)Montfort

City of Red Deer

Red Deer, AB
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December 7, 2016

Solid Stem

0.15 m

N/A

JED Anchors & Environmental

Ground Surface

Topsoil
Dark brown with pockets of red oxidation. High silt 
and sand content. Dry. No staining or odour.

Sand
Medium brown. Very fine with some silt. Moist at 2.8 
metres bgs. No staining or odour. 

End of Borehole
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Solid Stem

0.15 m

N/A

JED Anchors & Environmental

Ground Surface

Topsoil
Dark brown with pockets of red oxidation. High silt 
and sand content. Dry. No staining or odour.

Sand
Medium brown. Fine with some silt. Some redox 
(red/blue) striations. No staining or odour. 

End of Borehole

Moist at 2.3 metres bgs.

Wet at 3.0 metres bgs.
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Solid Stem

0.15 m

N/A

JED Anchors & Environmental

Ground Surface

Topsoil
Dark brown with pockets of red oxidation. High silt 
and sand content. Dry. No staining or odour.

Sand
Medium brown. Fine with some silt. Some redox 
(red/blue) striations. No staining or odour. 

End of Borehole
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Solid Stem

0.15 m

N/A

JED Anchors & Environmental

Ground Surface

Topsoil
Dark brown with silt and sand content. Dry. No 
staining or odour.

Clay
Dark brown. High plasticity. Mixed with some topsoil. 
No staining or odour. Clay was disturbed and had 
been packed back around utilities.

End of Borehole
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Solid Stem

0.15 m

N/A

JED Anchors & Environmental

Ground Surface

Topsoil
Dark brown with silt and sand content. Dry. No 
staining or odour.

Clay
Dark brown. High plasticity. No staining or odour.

End of Borehole

Increasing moisture starting at 1.5 metres bgs.
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Solid Stem

0.15 m

N/A

JED Anchors & Environmental

Ground Surface

Topsoil
Dark brown with some silt and sand. Dry. No staining 
or odour.

Clayey Silt
Medium brown. Not plastic. No staining or odour. 

End of Borehole

Moisture increasing at 7.0 metres bgs.

Note that it would have been preferred to install the 
screen deeper, but the bottom of the hole collapsed.
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N/A

JED Anchors & Environmental

Ground Surface

Topsoil
Dark brown with some silt and sand. Dry. No staining 
or odour.

Clayey Silt
Medium brown. Not plastic. No staining or odour. 

End of Borehole
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4-2352-04-03
XCG-13(MW)Montfort

City of Red Deer

Red Deer, AB

MCL

EMDecember 6, 2016

December 6, 2016

Solid Stem

0.15 m

N/A

JED Anchors & Environmental

Ground Surface

Topsoil
Some clay. Dry. No staining or odour.

Different from topsoil across the site. Homeowner 
brought additional topsoil in.

Topsoil
Dark brown with some silt and sand. Dry. No staining 
or odour.

Clay
Dark brown / black. No staining or odour. Wet at 3.7 
metres bgs.

End of Borehole
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4-2352-04-03
XCG-13(SVP)Montfort

City of Red Deer

Red Deer, AB

MCL

EMDecember 6, 2016

December 6, 2016

Solid Stem

0.15 m

N/A

JED Anchors & Environmental

Ground Surface

Topsoil
Some clay. Dry. No staining or odour. 

Different from topsoil across the site. Homeowner 
brought topsoil in. 

Topsoil
Dark brown with some silt and sand. Dry. No staining 
or odour.

Clay
Dark brown / black. No staining or odour. Wet at 3.7 
metres bgs.

End of Borehole
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4-2352-04-03
XCG-14(MW)Montfort

City of Red Deer

Red Deer, AB

MCL

EMDecember 5, 2016

December 5, 2016

Solid Stem

0.15 m

N/A

JED Anchors & Environmental

Ground Surface

Topsoil
Dark brown with some silt and sand. Dry. No staining 
or odour.

Clay
Dark brown. Decreasing sand starting at 1.4 metres 
bgs. Increasing moisture starting at 1.5 metres bgs. 
No staining or odour. 

End of Borehole

Wet at 5.5 metres bgs.

Unstable at 8.5 metres bgs. Note that hole collapsed 
at 8.5 to 9 metres bgs. 
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Table C1  Toxicity Reference Values

Source Allocation Factor

(mg/m3) (mg/m3)-1

trans-1,2-dichloroethylene N/E 0.009 IRIS 2010 adopted from Oral TRV 0.002 mg/kg/d  - 0.2
1,2-dibromoethane Likely Carcinogen 0.009 IRIS 2004 0.0006  IRIS 2004 0.2
1,2-dichlorobenzene N/E 1.92411 Alberta Env [ HC (2004) estimated from Oral]  - 0.2
styrene N/E 0.092 Alberta Env [ HC (2004)]  - 0.5
1,3,5-trichlorobenzene N/E 0.0036 Alberta Env [ HC (2004)]  - 0.2
1,1,2-trichloroethane Possible Carcinogen 0.018 USEPA 1995 adopted from Oral TRV of 0.004 mg/kg/day 0.000016 USEPA 1995 0.2

Ethane N/E 813 Occupational Exposure Limit (1000 ppm)  -
Ethylene Non-Carcinogen 174 Occupational Exposure Limit (200 ppm)  -
Methane Non-Carcinogen  -  -
Propane Non-Carcinogen 1800 Occupational Exposure Limit (1000 ppm)   - 1
Dichlorodifluoromethane (Freon 12) Non-Carcinogen 0.89 IRIS 1987 adopted from Oral TRV  0.2 mg/kg/d  - 0.2

1,2-dichlorotetrafluorethane (R114) N/E 7000 Alberta ENV - Occupational Exposure Limit  - 1
Chloromethane Non-Carcinogen 0.09 IRIS 2001  - 0.2
Vinyl Chloride Carcinogen 0.1 Alberta Env [USEPA (2006)] 0.0088 Alberta Env [USEPA (2006)] 0.2
Chloroethane N/E 10 IRIS 1991  - 0.2
Trichlorofluormethane (Freon 11) Non-Carcinogen 1 (Subchronic) [PPRTV Provisional Peer Review]  - 0.2

Ethanol (Ethyl Alcohol) Carcinogen 1900 ACGIH exposure Limit (1000 ppm)  - 1
2-Propanol (isopropyl alcohol) N/E 491 ACGIH exposure Limit (400 ppm)  - 1
2-Propanone (acetone) N/E 3.09E+01 ATSDR  - 0.2
Methyl Ethyl Ketone (2-Butanone) N/E Developmental Effects 5 IRIS 2003  - 0.2
1,4-dichlorobenzene Possible Carcinogen 0.095 Alberta Env [Health Canada 2004] 0.2

1,1,-dichloroethane Possible Carcinogen 1.65E-01 MOECC (modified from HEAST 1984)  - 0.2
1,1,-dichlorethylene Possible Carcinogen 0.2 Alberta Env [USEPA (2006)]  - 0.2
cis-1,2-dichloroethylene N/E 0.009 IRIS 2010 adopted from Oral TRV 0.002 mg/kg/d   - 0.2
methylene chloride (dichloromethane) Possible Carcinogen 3 Alberta Env [ORNL (2006)] 0.000023 Alberta Env [HC (2004b)] 0.2
chloroform Possible Carcinogen 0.028 (modified from HC 2006 oral TDI)  - 0.2

1,1,1-trichloroethane N/E 1 MOECC (Cal EPA chREL 2000)  - 0.2
trichloroethylene (updated) Carcinogen Developmental Effects 0.04 Alberta Env [CCME 2006] 0.00061 Alberta Env [CCME 2006] 0.2
tetrachloroethylene Carcinogen 0.04 USEPA IRIS 2012 0.00026 USEPA IRIS 2012 0.2
benzene Carcinogen 0.03 MOECC (IRIS 2003) 0.0033 Alberta Env [HC (2004b)] 0.2
toluene Non-Carcinogen 3.8 Alberta Env [HC (2004b)]  - 0.5
PHC F1
Aliphatic C6-C8 Non-Carcinogen 18.4 CCME 2008  - 0.5
Aliphatic C8-C10 Non-Carcinogen 1 CCME 2008  - 0.5
Aromatic C8-C10 Non-Carcinogen 0.2 CCME 2008  - 0.5
PHC F2  
Aliphatic C10-C12 Non-Carcinogen 1 CCME 2008  - 0.5
Aliphatic C12-C16 Non-Carcinogen 1 CCME 2008  - 0.5
Aromatic C10-C12 Non-Carcinogen 0.2 CCME 2008  - 0.5
Aromatic C12-C16 Non-Carcinogen 0.2 CCME 2008  - 0.5

ethylbenzene Possible Carcinogen Developmental Effects 1 Alberta Env [USEPA (2006)]  - 0.5
total xylenes Non-carcinogen 0.18 Alberta  Env [HC (2004b)]  - 0.5
1,3,5-trimethylbenzene Non-carcinogen 0.02 IRIS 2012b DRAFT  - 0.2
1,2,4-trimethylbenzene Non-carcinogen 0.02 IRIS 2012b DRAFT   - 0.2
hexane Non-carcinogen 0.7 CCME 2011  - 0.2
heptane N/E 0.4 PPRTV [PPRTV Provisional Peer Review]  - 0.2
cyclohexane N/E 6 IRIS 2003  - 0.2

tetrahydrofuran Possible Carcinogen 2 IRIS 2012  - 0.2
propene N/E 3 CalEPA  - 0.2
2,2,4-trimethylpentane N/E 64.2 ACGIH exposure Limit (300 ppm)  - 1
carbon disulfide Non-carcinogen 0.1 Health Canada  - 0.2

trimethylsilyl  fluoride N/E
trimethylsilanol N/E
hexamethyl cyclotrisolxane - D3 N/E
octamethyl cyclotetrasiloxane -D4 N/E
decamethyl cyclopentasiloxane - D5 N/E
dodecamethyl cyclohexasiloxane - D6 N/E
Notes
N/E  Not Evaluated

(List of chemicals is based on parameters with detectable levels in groundwater and soil vapour from Tiamat Environmental Consultants Ltd., Environmental Risk Management Plan (ERMP) and Phase II ESA- Montfort Landfill Site, City of Red Deer)

Toxicity Reference Value (TRV)

Chemical Carcinogen

Reference
Tolerable 

Concentration  (TC) Inhalation Unit Risk (UR)
Reference
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Table C2  Indoor Air Quality Criteria

Non Cancer

Indoor Air Concentration  = TC X SAF X C
Non Cancer Pro-rating Factor

Cancer

Indoor Air Concentration  = CRL x C
Cancer Pro-rating Factor x IUR

where:
Indoor Air Concentration  µg/m3 Allowable Indoor Air Concentration

TC mg/m3 Tolerable Concentration
IUR (mg/m3)-1 Inhalation Unit Risk
SAF Source Allocation Factor
CRL Cancer Risk Level (assume 1 x 10-5)

C 1,000 µg/mg conversion factor
Pro-rating Factor Assume no pro-rating for screening level criteria = 1

Developmental Effects
Parameters with inhalation chronic non-cancer toxicity reference values based on reproductive or developmental effects are not pro-rated for exposure.  
Default exposure is set as 1.

Tolerable 
Concentration  

(TC)
Inhalation Unit 

Risk (UR) Notes
(mg/m3) (mg/m3)-1 threshold non-threshold Lowest Risk Level

trans-1,2-dichloroethylene 0.009  - 1.79E+00 1.79E+00
1,2-dibromoethane 0.009 0.0006 1.80E+00 1.67E+01 1.80E+00
1,2-dichlorobenzene 1.924  - 3.85E+02 3.85E+02
styrene 0.092  - 4.60E+01 4.60E+01
1,3,5-trichlorobenzene 0.004  - 7.20E-01 7.20E-01
1,1,2-trichloroethane 0.018 0.000016 3.58E+00 6.25E+02 3.58E+00

Ethane 813  - 1000 ppm (8.13E+5 ug/m3)
Ethylene 174  - 200 ppm (1.74 E+05 ug/m3)

Methane  -  -
2500 to 5000 ppmv ( 5 to <10 % 
LEL)

Propane 1800   - 1.80E+06 1000 ppm (1.8 E+6 ug/m3)
Dichlorodifluoromethane (Freon 12) 0.89  - 1.78E+02 1.78E+02

1,2-dichlorotetrafluorethane (R114) 7000  - 7.00E+06 1000 ppm (7.0E+6 ug/m3)
Chloromethane 0.09  - 1.80E+01 1.80E+01
Vinyl Chloride 0.1 0.0088 2.00E+01 1.14E+00 1.14E+00
Chloroethane 10  - 2.00E+03 2.00E+03
Trichlorofluormethane (Freon 11) 1  - 2.00E+02 2.00E+02

Ethanol (Ethyl Alcohol) 1900  - 1.90E+06 1.90E+06
2-Propanol (isopropyl alcohol) 491  - 4.91E+05 4.91E+05
2-Propanone (acetone) 30.9  - 6.18E+03 6.18E+03
Methyl Ethyl Ketone (2-Butanone) 5  - Developmental Effects 1.00E+03 1.00E+03
1,4-dichlorobenzene 0.095 1.90E+01 1.90E+01

1,1,-dichloroethane 0.165  - 3.30E+01 3.30E+01
1,1,-dichlorethylene 0.2  - 4.00E+01 4.00E+01
cis-1,2-dichloroethylene 0.008949367   - 1.79E+00 1.79E+00
methylene chloride (dichloromethane) 3 0.000023 6.00E+02 4.35E+02 4.35E+02
chloroform 0.028  - 5.60E+00 5.60E+00

1,1,1-trichloroethane 1  - 2.00E+02 2.00E+02
trichloroethylene (updated) 0.04 0.00061 8.00E+00 1.64E+01 8.00E+00
tetrachloroethylene 0.04 0.00026 Developmental Effects 8.00E+00 3.85E+01 8.00E+00
benzene 0.03 0.0033 6.00E+00 3.03E+00 3.03E+00
toluene 3.8  - 1.90E+03 1.90E+03

PHC F1

CCME Soil Subfractions (Tier 1 
Table C-10) used to derive F1 
criteria 5.95E+02

Aliphatic C6-C8 18.4  - 9.20E+03 9.20E+03
Aliphatic C8-C10 1  - 5.00E+02 5.00E+02
Aromatic C8-C10 0.2  - 1.00E+02 1.00E+02

PHC F2  

CCME Soil Subfractions (Tier 1 
Table C-10) used to derive F1 
criteria 2.78E+02

Aliphatic C10-C12 1  - 5.00E+02 5.00E+02
Aliphatic C12-C16 1  - 5.00E+02 5.00E+02
Aromatic C10-C12 0.2  - 1.00E+02 1.00E+02
Aromatic C12-C16 0.2  - 1.00E+02 1.00E+02

ethylbenzene 1  - 5.00E+02 5.00E+02
total xylenes 0.18  - 9.00E+01 9.00E+01
1,3,5-trimethylbenzene 0.02  - 4.00E+00 4.00E+00
1,2,4-trimethylbenzene 0.02   - 4.00E+00 4.00E+00
hexane 0.7  - 1.40E+02 1.40E+02
heptane 0.4  - 8.00E+01 8.00E+01
cyclohexane 6  - 1.20E+03 1.20E+03

tetrahydrofuran 2  - 4.00E+02 4.00E+02
propene 3  - 6.00E+02 6.00E+02
2,2,4-trimethylpentane 64.2  - 6.42E+04 6.42E+04
carbon disulfide 0.1  - 2.00E+01 2.00E+01

trimethylsilyl  fluoride
trimethylsilanol
hexamethyl cyclotrisolxane - D3
octamethyl cyclotetrasiloxane -D4
decamethyl cyclopentasiloxane - D5
dodecamethyl cyclohexasiloxane - D6
1.  Methane screening will be completed in accordance with Table 7, Draft Soil and Building Methane Gas Management Guide, Oct 2013, (Alberta Health Services)  
2. Ethane, Ethylene, Ethanol, 2-Propanol, Propane, 1,2-dichlorotetrafluorethane (R114), and 2,2,4-trimethylpentane criteria adopted from Occupational Exposure Limits (PEL), assume no dilution/attenuation

Indoor Air Criteria (ug/m3)
Chemical
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Table C3  Derive Acceptable Soil Vapour Concentrations (Soil Vapour Screening Levels)

where
CsvDeminimus = Deminimus Concentration of Soil Vapour
Cair = Health Based Indoor Air Criteria (based on toxicity reference values)
Deminimus Alpha = 0.01 (default, as per Alberta Environment)

Deminimus Screening Deminimus Screening

Soil Vapour Screening  (µg/m 3 ) Soil Vapour Screening  (µg/m 3 )

trans-1,2-dichloroethylene 1.79E+02 179
1,2-dibromoethane 1.80E+02 180

1,2-dichlorobenzene 3.85E+04 38482
styrene 4.60E+03 4600
1,3,5-trichlorobenzene 7.20E+01 72
1,1,2-trichloroethane 3.58E+02 358
Ethane 1000 ppm 1000 ppm
Ethylene 200 ppm 200 ppm

Methane 1000 to 5000 ppmv 1000 to 5000 ppmv
Propane 1.80E+06 1800000
Dichlorodifluoromethane (Freon 12) 1.78E+04 17800
1,2-dichlorotetrafluorethane (R114) 7.00E+06 7000000
Chloromethane 1.80E+08 1800
Vinyl Chloride 1.14E+02 114
Chloroethane 2.00E+05 200000
Trichlorofluormethane (Freon 11) 2.00E+04 20000
Ethanol (Ethyl Alcohol) 1.90E+06 1900000
2-Propanol (isopropyl alcohol) 4.91E+05 491000
2-Propanone (acetone) 6.18E+05 618000
Methyl Ethyl Ketone (2-Butanone) 1.00E+05 100000
1,4-dichlorobenzene 1.90E+03 1900
1,1,-dichloroethane 3.30E+03 3300
1,1,-dichlorethylene 4.00E+03 4000
cis-1,2-dichloroethylene 1.79E+02 179
methylene chloride (dichloromethane) 4.35E+04 43478
chloroform 5.60E+02 560
1,1,1-trichloroethane 2.00E+04 20000
trichloroethylene (updated) 8.00E+02 800
tetrachloroethylene 8.00E+02 800
benzene 3.03E+02 303
toluene 1.90E+05 190000
PHC F1 5.95E+04 59532

Aliphatic C6-C8 9.20E+05 920000
Aliphatic C8-C10 5.00E+04 50000
Aromatic C8-C10 1.00E+04 10000

PHC F2 2.78E+04 27778
Aliphatic C10-C12 5.00E+04 50000
Aliphatic C12-C16 5.00E+04 50000
Aromatic C10-C12 1.00E+04 10000
Aromatic C12-C16 1.00E+04 10000

ethylbenzene 5.00E+04 50000
total xylenes 9.00E+03 9000
1,3,5-trimethylbenzene 4.00E+02 400
1,2,4-trimethylbenzene 4.00E+02 400
hexane 1.40E+04 14000
heptane 8.00E+03 8000
cyclohexane 1.20E+05 120000
tetrahydrofuran 4.00E+04 40000
propene 6.00E+04 60000
2,2,4-trimethylpentane 6.42E+04 64173
carbon disulfide 2.00E+03 2000

Notes

Deminimus Soil Vapour Criteria were calculated as follows:

Chemical

2. Ethane, Ethylene, Ethanol, 2-Propanol, Propane, 1,2-dichlorotetrafluorethane (R114), and 2,2,4-trimethylpentane criteria adopted from Occupational Exposure Limits (PEL), assume no dilution/attenuation

1.  Methane screening will be completed in accordance with Table 6, Draft Soil and Building Methane Gas Management Guide, Oct 2013, (Alberta Health Services)  

𝐶𝐶𝐶𝐶𝐶𝐶𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐶𝐶 =
𝐶𝐶𝐶𝐶𝐷𝐷𝐶𝐶
𝐶𝐶𝑎𝑎𝑎𝑎𝑎𝐶𝐶
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Table C4   Groundwater to Indoor Air Risk Evaluation

Calculate Indoor Air Exposure from Groundwater Concentration

where
Cair = Concentration in indoor air (calculated exposure value) mg/m3 Pro-rating Factors for Receptor Groups (Cancer and non-Cancer)
Cgw = Measured Maximum Concentration of Groundwater mg/L Consistent with AEP, Tier 1 Guidance
alpha = vapour attenuation factor (deminimus = 0.01) De Minimis  Pro-rating factor  = 1 24 hours/day, 365 days/year
alpha  = 0.01 for all receptor groups to account for perched shallow groundwater Residential  Pro-rating factor  = 1 24 hours/day, 365 days/year

Institutional (schools)  Pro-rating factor  = 1 24 hours/day, 365 days/year
ET = Exposure Term (pro-rating value) Commercial (including food establishments)  Pro-rating factor  = 0.2747 10 hours/day, 5 days week, 48 weeks/year
C = conversion term 103 convert m3 to L Construction/utility workers  Pro-rating factor  = 0.2747 10 hours/day, 5 days week, 48 weeks/year

Risk Calculation

Non-Cancer Hazard Quotient

Hazard Quotient (HQ) = Indoor Air Conc./Tolerable Concentration
Acceptable HQ is less than 0.2

Cancer Risk
Cancer Risk = Inhalation Unit Risk x Indoor Air Conc.

Acceptable Cancer Risk is less than 1 x 10-5

De Minimis Residential Institutional Commercial (including food) Construction/Utility Worker

Tolerable 
Concentration  

(TC)
Inhalation Unit 

Risk (UR)
Henry's Law 

Constant

Maximum 
Measured 
Groundwater 
Concentration 
(ug/m3)

Maximum 
Measured 
Groundwater 
Concentration 
(ug/m3)

Calculated De 
Minimis 
Exposure 
(Indoor Air)

Hazard 
Quotient Cancer Risk

Calculated 
Daily 
Exposure 
(Indoor Air)

Hazard 
Quotient

Cancer 
Risk

Calculated 
Daily 
Exposure 
(Indoor Air)

Hazard 
Quotient

Cancer 
Risk

Calculated 
Daily 
Exposure 
(Indoor Air)

Hazard 
Quotient

Cancer 
Risk

Calculated 
Daily Exposure 
(Trench Air)1

Hazard 
Quotient

Cancer 
Risk

(mg/m3) (mg/m3)-1 (dimensionless) (ug/L) (mg/L) (mg/m3) (mg/m3) (mg/m3) (mg/m3) (mg/m3)

Vinyl Chloride 0.1 0.0088 1.11 39 0.039 4.33E-01 4.33E+00 3.81E-03 4.33E-01 4.33E+00 3.81E-03 4.33E-01 4.33E+00 3.81E-03 1.19E-01 1.19E+00 1.05E-03 3.22E-05 3.22E-04 2.83E-07
1,4-dichlorobenzene 0.095 9.66E-02 1.2 0.0012 1.16E-03 1.22E-02 1.16E-03 1.22E-02 1.16E-03 1.22E-02 3.18E-04 3.35E-03 5.56E-10 5.86E-09
trichloroethylene (updated) 0.04 0.00061 0.422 7.4 0.0074 3.12E-02 7.81E-01 1.90E-05 3.12E-02 7.81E-01 1.90E-05 3.12E-02 7.81E-01 1.90E-05 8.58E-03 2.14E-01 5.23E-06 3.65E-07 9.11E-06 2.22E-10
benzene 0.03 0.0033 0.225 4.8 0.0048 1.08E-02 3.60E-01 3.56E-05 1.08E-02 3.60E-01 3.56E-05 1.08E-02 3.60E-01 3.56E-05 2.97E-03 9.89E-02 9.79E-06 3.82E-08 1.27E-06 1.26E-10
ethylbenzene 1  - 0.358 58 0.058 2.08E-01 2.08E-01 2.08E-01 2.08E-01 2.08E-01 2.08E-01 5.70E-02 5.70E-02 1.40E-05 1.40E-05
total xylenes 0.18  - 0.252 45 0.045 1.13E-01 6.30E-01 1.13E-01 6.30E-01 1.13E-01 6.30E-01 3.12E-02 1.73E-01 1.59E-07 8.82E-07
Notes:
1. Table C8 shows the derivation of the calculated daily exposure of trench air for the utility worker.
Bold and Shaded Criteria exceeds HQ value of 0.2 or Cancer Risk Value of 1 x 10-5

Chemical

Methane screening was completed in accordance with Table 7, Draft Soil and Building Methane Gas Management Guide, Oct 2013, (Alberta Health Services)  and was therefore not included in the Risk Evaluation.

𝐶𝐶𝐶𝐶𝐷𝐷𝐶𝐶 =
Cgw x H′x ET x C

1
𝐶𝐶𝑎𝑎𝑎𝑎𝑎𝐶𝐶
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Table C5  Soil Vapour Risk Evaluation
Pro-rating Factors for Receptor Groups (Cancer and non-Cancer)

Calculate Indoor Air Exposure from Soil Vapour Concentration Consistent with AEP, Tier 1 Guidance
De Minimis = No Pro-rating = 1 24 hours/day, 365 days/year
Residential  Pro-rating factor  = 1 24 hours/day, 365 days/year

where Institutional (schools)  Pro-rating factor  = 1 24 hours/day, 365 days/year
Cair = Concentration in indoor air (calculated exposure value) Commercial (including food establ Pro-rating factor = 0.2747 10 hours/day, 5 days week, 48 weeks/year
Csv = Measured Concentration of Soil Vapour Construction/utility workers  Pro-rating = 0.2747 10 hours/day, 5 days week, 48 weeks/year
alpha = vapour attenuation factor (deminimus = 0.01)
alpha  = 0.01 for all receptor groups to account for perched shallow groundwater and no source depletion.
ET = Exposure Term (pro-rating value)
Source,  Alberta Tier 1 Soil and Groundwater Remediation Guidelines, February 2016.

Calculate Trench Air Exposure from Soil Vapour Concentration

where
Cair trench = Concentration in trench air (calculated exposure value)
Csv = Measured Concentration of Soil Vapour
AF = Attenuation Factor = 0.09 (conservative attenuation factor  assuming narrow trench with shallow vapour source)
ET = Exposure Term (pro-rating value)
Source, CSAP Technical Review #18, Soil Vapour Attenuation Factors for Trench Workers, prepare by Meridian Environmental Inc., dated December 2012.

Risk Calculation

Non-Cancer Hazard Quotient

Hazard Quotient (HQ) = Indoor Air Conc./Tolerable Concentration
Acceptable HQ is less than 0.2

Cancer Risk
Cancer Risk = Inhalation Unit Risk x Indoor Air Conc.

Acceptable Cancer Risk is less than 1 x 10-5

De Minimis Residential Institutional Commercial (including food) Construction/Utility Worker

Tolerable 
Concentration  

(TC)
Inhalation Unit 

Risk (UR)

 
Measured Soil 
Vapour 
Concentration 
(ug/m3)

 
Measured Soil 
Vapour 
Concentration 
(ug/m3)

Calculated De 
Minimis 
Exposure 
(Indoor Air)

Hazard 
Quotient Cancer Risk

Calculated 
Daily 
Exposure 
(Indoor Air)

Hazard 
Quotient

Cancer 
Risk

Calculated 
Daily 
Exposure 
(Indoor Air)

Hazard 
Quotient

Cancer 
Risk

Calculated 
Daily 
Exposure 
(Indoor Air)

Hazard 
Quotient

Cancer 
Risk

Calculated 
Daily 
Exposure 
(Trench Air)

Hazard 
Quotient

Cancer 
Risk

(mg/m3) (mg/m3)-1 (ug/m3) (mg/m3) (mg/m3) (mg/m3) (mg/m3) (mg/m3)
trans-1,2-dichloroethylene 0.009  - 5.49 0.00549 5.49E-05 6.13E-03 5.49E-05 6.13E-03 5.49E-05 6.13E-03 1.51E-05 1.69E-03 1.36E-04 1.52E-02
1,2-dibromoethane 0.009 0.0006 0.768 0.000768 7.68E-06 8.53E-04 4.61E-09 7.68E-06 8.53E-04 4.61E-09 7.68E-06 8.53E-04 4.61E-09 2.11E-06 2.34E-04 1.27E-09 1.90E-05 2.11E-03 1.14E-08
1,2-dichlorobenzene 1.92411  - 0.601 0.000601 6.01E-06 3.12E-06 6.01E-06 3.12E-06 6.01E-06 3.12E-06 1.65E-06 8.58E-07 1.49E-05 7.72E-06
styrene 0.092  - 2.41 0.00241 2.41E-05 2.62E-04 2.41E-05 2.62E-04 2.41E-05 2.62E-04 6.62E-06 7.20E-05 5.96E-05 6.48E-04
1,3,5-trichlorobenzene 0.0036  -
1,1,2-trichloroethane 0.018 0.000016 0.546 0.000546 5.46E-06 3.05E-04 8.74E-11 5.46E-06 3.05E-04 8.74E-11 5.46E-06 3.05E-04 8.74E-11 1.50E-06 8.38E-05 2.40E-11 1.35E-05 7.54E-04 2.16E-10
Ethane 813  -
Ethylene 174  -
Methane  -  -
Propane 1800   -
Dichlorodifluoromethane (Freon 12) 0.89  - 2950 2.95 2.95E-02 3.31E-02 2.95E-02 3.31E-02 2.95E-02 3.31E-02 8.10E-03 9.11E-03 7.29E-02 8.19E-02
1,2-dichlorotetrafluorethane (R114) 7000  - 1790 1.79 1.79E-02 2.56E-06 1.79E-02 2.56E-06 1.79E-02 2.56E-06 4.92E-03 7.02E-07 4.43E-02 6.32E-06
Chloromethane 0.09  - 4.39 0.00439 4.39E-05 4.88E-04 4.39E-05 4.88E-04 4.39E-05 4.88E-04 1.21E-05 1.34E-04 1.09E-04 1.21E-03
Vinyl Chloride 0.1 0.0088 1250 1.25 1.25E-02 1.25E-01 1.10E-04 1.25E-02 1.25E-01 1.10E-04 1.25E-02 1.25E-01 1.10E-04 3.43E-03 3.43E-02 3.02E-05 3.09E-02 3.09E-01 2.72E-04
Chloroethane 10  - 23.2 0.0232 2.32E-04 2.32E-05 2.32E-04 2.32E-05 2.32E-04 2.32E-05 6.37E-05 6.37E-06 5.74E-04 5.74E-05
Trichlorofluormethane (Freon 11) 1  - 5.92 0.00592 5.92E-05 5.92E-05 5.92E-05 5.92E-05 5.92E-05 5.92E-05 1.63E-05 1.63E-05 1.46E-04 1.46E-04
Ethanol (Ethyl Alcohol) 1900  - 180 0.18 1.80E-03 9.47E-07 1.80E-03 9.47E-07 1.80E-03 9.47E-07 4.94E-04 2.60E-07 4.45E-03 2.34E-06
2-Propanol (isopropyl alcohol) 491  - 2.46 0.00246 2.46E-05 5.01E-08 2.46E-05 5.01E-08 2.46E-05 5.01E-08 6.76E-06 1.38E-08 6.08E-05 1.24E-07
2-Propanone (acetone) 3.09E+01  - 47.5 0.0475 4.75E-04 1.54E-05 4.75E-04 1.54E-05 4.75E-04 1.54E-05 1.30E-04 4.22E-06 1.17E-03 3.80E-05
Methyl Ethyl Ketone (2-Butanone) 5  - 6.19 0.00619 6.19E-05 1.24E-05 6.19E-05 1.24E-05 6.19E-05 1.24E-05 1.70E-05 3.40E-06 1.53E-04 3.06E-05
1,4-dichlorobenzene 0.095 0.601 0.000601 6.01E-06 6.33E-05 6.01E-06 6.33E-05 6.01E-06 6.33E-05 1.65E-06 1.74E-05 1.49E-05 1.56E-04
1,1,-dichlorethylene 0.2  - 5.72 0.00572 5.72E-05 2.86E-04 5.72E-05 2.86E-04 5.72E-05 2.86E-04 1.57E-05 7.86E-05 1.41E-04 7.07E-04
cis-1,2-dichloroethylene 0.009   - 223 0.223 2.23E-03 2.49E-01 2.23E-03 2.49E-01 2.23E-03 2.49E-01 6.13E-04 6.84E-02 5.51E-03 6.16E-01
methylene chloride (dichloromethane) 3 0.000023 2.78 0.00278 2.78E-05 9.27E-06 6.39E-10 2.78E-05 9.27E-06 6.39E-10 2.78E-05 9.27E-06 6.39E-10 7.64E-06 2.55E-06 1.76E-10 6.87E-05 2.29E-05 1.58E-09
chloroform 0.028  - 21.2 0.0212 2.12E-04 7.57E-03 2.12E-04 7.57E-03 2.12E-04 7.57E-03 5.82E-05 2.08E-03 5.24E-04 1.87E-02
1,1,1-trichloroethane 1  - 0.937 0.000937 9.37E-06 9.37E-06 9.37E-06 9.37E-06 9.37E-06 9.37E-06 2.57E-06 2.57E-06 2.32E-05 2.32E-05
trichloroethylene (updated) 0.04 0.00061 11.7 0.0117 1.17E-04 2.93E-03 7.14E-08 1.17E-04 2.93E-03 7.14E-08 1.17E-04 2.93E-03 7.14E-08 3.21E-05 8.03E-04 1.96E-08 2.89E-04 7.23E-03 1.76E-07
tetrachloroethylene 0.04 0.00026 12.6 0.0126 1.26E-04 3.15E-03 3.28E-08 1.26E-04 3.15E-03 3.28E-08 1.26E-04 3.15E-03 3.28E-08 3.46E-05 8.65E-04 9.00E-09 3.12E-04 7.79E-03 8.10E-08
benzene 0.03 0.0033 1.35 0.00135 1.35E-05 4.50E-04 4.46E-08 1.35E-05 4.50E-04 4.46E-08 1.35E-05 4.50E-04 4.46E-08 3.71E-06 1.24E-04 1.22E-08 3.34E-05 1.11E-03 1.10E-07
toluene 3.8  - 6.61 0.00661 6.61E-05 1.74E-05 6.61E-05 1.74E-05 6.61E-05 1.74E-05 1.82E-05 4.78E-06 1.63E-04 4.30E-05
PHC F1 1.19 5830 5.83 5.83E-02 4.90E-02 5.83E-02 4.90E-02 5.83E-02 4.90E-02 1.60E-02 1.35E-02 1.44E-01 1.21E-01
Aliphatic C6-C8 18.4  - 0
Aliphatic C8-C10 1  - 0
Aromatic C8-C10 0.2  - 0
PHC F2 0.56  972 0.972 9.72E-03 1.75E-02 9.72E-03 1.75E-02 9.72E-03 1.75E-02 2.67E-03 4.81E-03 2.40E-02 4.33E-02
Aliphatic C10-C12 1  - 0
Aliphatic C12-C16 1  - 0
Aromatic C10-C12 0.2  - 0
Aromatic C12-C16 0.2  - 0
ethylbenzene 1  - 0.434 0.000434 4.34E-06 4.34E-06 4.34E-06 4.34E-06 4.34E-06 4.34E-06 1.19E-06 1.19E-06 1.07E-05 1.07E-05
o-xylene - 0
m-xylene - 0
p-xylene - 0
total xylenes 0.18  - 1.74 0.00174 1.74E-05 9.67E-05 1.74E-05 9.67E-05 1.74E-05 9.67E-05 4.78E-06 2.66E-05 4.30E-05 2.39E-04
1,3,5-trimethylbenzene 0.02  - 2.46 0.00246 2.46E-05 1.23E-03 2.46E-05 1.23E-03 2.46E-05 1.23E-03 6.76E-06 3.38E-04 6.08E-05 3.04E-03
1,2,4-trimethylbenzene 0.02   - 2.46 0.00246 2.46E-05 1.23E-03 2.46E-05 1.23E-03 2.46E-05 1.23E-03 6.76E-06 3.38E-04 6.08E-05 3.04E-03
hexane 0.7  - 7.14 0.00714 7.14E-05 1.02E-04 7.14E-05 1.02E-04 7.14E-05 1.02E-04 1.96E-05 2.80E-05 1.77E-04 2.52E-04
heptane 0.4  - 1.92 0.00192 1.92E-05 4.80E-05 1.92E-05 4.80E-05 1.92E-05 4.80E-05 5.27E-06 1.32E-05 4.75E-05 1.19E-04
cyclohexane 6  - 92.6 0.0926 9.26E-04 1.54E-04 9.26E-04 1.54E-04 9.26E-04 1.54E-04 2.54E-04 4.24E-05 2.29E-03 3.82E-04
tetrahydrofuran 2  - 1.18 0.00118 1.18E-05 5.90E-06 1.18E-05 5.90E-06 1.18E-05 5.90E-06 3.24E-06 1.62E-06 2.92E-05 1.46E-05
propene 3  - 89.2 0.0892 8.92E-04 2.97E-04 8.92E-04 2.97E-04 8.92E-04 2.97E-04 2.45E-04 8.17E-05 2.21E-03 7.35E-04
2,2,4-trimethylpentane 64.2  - 8.17 0.00817 8.17E-05 1.27E-06 8.17E-05 1.27E-06 8.17E-05 1.27E-06 2.24E-05 3.50E-07 2.02E-04 3.15E-06
carbon disulfide 0.1  - 25.7 0.0257 2.57E-04 2.57E-03 2.57E-04 2.57E-03 2.57E-04 2.57E-03 7.06E-05 7.06E-04 6.35E-04 6.35E-03
Notes:
Bold and Shaded Criteria exceeds HQ value of 0.2 or Cancer Risk Value of 1 x 10-5

Chemical

Methane screening was completed in accordance with Table 7, Draft Soil and Building Methane Gas Management Guide, Oct 2013, (Alberta Health Services)  and was therefore not included in the 
Risk Evaluation.

𝐶𝐶𝐶𝐶𝐷𝐷𝐶𝐶 = Csv x alpha x ET

𝐶𝐶𝐶𝐶𝐶𝐶𝐷𝐷𝐷𝐷𝐶𝐶𝑎 𝐶𝐶𝐷𝐷𝐶𝐶 = Csv x AF x ET
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Table C6  Soil Vapour Risk Evaluation by Probe Location (Primary Contaminants of Concern - Residential Recptor)

VW-01 VW-03 XCG-1(SVP) XCG-
2(SVP)

XCG-
4(SVP)

XCG-
5(SVP)

XCG-
6(SVP)

XCG-
9(SVP)

XCG-
10(SVP)

XCG-
12(SVP)

XCG-
13(SVP)

Laboratory Maxxam Maxxam  Maxxam Maxxam Maxxam Maxxam Maxxam Maxxam Maxxam Maxxam Maxxam

Canister number 332 1280 1800 3017 1470 243 1281 1380 238 333 354 262 354

Laboratory ID EBG095 EBG097 EBG090 EBG091 EBG092 EBG089 EBG086 EBG085 EBG088 EBG096 EBG094 EBG087 EBG093

Date Sampled 12-Mar-17 12-Mar-17 11-Mar-17 11-Mar-17 11-Mar-17 11-Mar-17 14-Mar-17 14-Mar-17 13-Mar-17 11-Mar-17 12-Mar-17 14-Mar-17 12-Mar-17
Vinyl Chloride (Measured Soil 
Vapour Concentration) ug/m3 <0.256 <0.256 1180 1250 <0.256 <0.256 21.8 <0.256 154 <0.256 <0.10 <0.256 114

Hazard Quotient NA NA 0.12 0.13 NA NA 0.002 NA 0.02 NA NA NA 0.01

Cancer Risk NA NA 1.04E-04 1.10E-04 NA NA 1.92E-06 NA 1.36E-05 NA NA NA 1.00E-05

cis-1,2-Dichloroethylene (Measured 
Soil Vapour Concentration) ug/m3

<0.396 1.39 91.0 90.6 <0.396 <0.396 <0.396 <0.396 6.99 <0.396 0.59 <0.396 223

Hazard Quotient NA 0.0016 0.1017 0.1012 NA NA NA NA 0.0078 NA 0.0007 NA 0.249
Cancer Risk NA NA NA NA NA NA NA NA NA NA NA NA NA

Notes:
Bold and Shaded Criteria exceeds HQ value of 0.2 or Cancer Risk Value of 1 x 10-5

Chemical
Tolerable 

Concentrati
on  (TC)

Inhalation 
Unit Risk 

(UR)
(mg/m3) (mg/m3)-1

0.1 0.0088
0.009  -

Vinyl Chloride
cis-1,2-dichloroethylene

Soil Vapour Probes 

Toxicity Reference Values

VW-05

Maxxam

Sample ID

Units
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Table C7  Indoor Air Risk Evaluation

Indoor Air Criteria Calculation
Non Cancer

Allowable Indoor Air Concentration  = TC X SAF X C
Non Cancer Pro-rating Factor

Cancer

Allowable Indoor Air Concentration  = CRL x C
Cancer Pro-rating Factor x IUR

where:
Indoor Air Concentration  µg/m3 Allowable Indoor Air Concentration

TC mg/m3 Tolerable Concentration
IUR (mg/m3)-1 Inhalation Unit Risk
SAF Source Allocation Factor
CRL Cancer Risk Level (assume 1 x 10-5)

C 1,000 µg/mg conversion factor
Pro-rating Factor Assume no pro-rating for residential setting  = 1  (24 hours/day, 365 days year)

Risk Calculation

Non-Cancer Hazard Quotient

Hazard Quotient (HQ) = Indoor Air Conc./Tolerable Concentration
Acceptable HQ is less than 0.2

Cancer Risk
Cancer Risk = Inhalation Unit Risk x Indoor Air Conc.

Acceptable Cancer Risk is less than 1 x 10-5

Residential Exposure

Tolerable 
Concentration  

(TC)
Inhalation Unit 

Risk (UR)
Hazard 
Quotient

Cancer 
Risk

(mg/m3) (mg/m3)-1 threshold non-threshold Lowest Risk Level (mg/m3)
Vinyl Chloride 0.1 0.0088 2.00E+01 1.14E+00 1.14E+00 < 0.000051 < 0.00051 < 4.49E-07
cis-1,2-dichloroethylene 0.009   - 1.79E+00 1.79E+00 < 0.0002 < 0.022
Notes:
Bold and Shaded Criteria exceeds HQ value of 1 or Cancer Risk Value of 1 x 10-5

Chemical
Indoor Air Criteria (ug/m3)

Maximum 
Measured 
Indoor Air 
(ug/m3)

Methane screening was completed in accordance with Table 7, Draft Soil and Building Methane Gas Management Guide, Oct 2013, (Alberta Health Services)  and was therefore not included in Risk Evaluation.
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Table C8.1  Exposure and Risk Calculations - Inhalation of Outdoor Air - Construction Workers in Trench

Substance
Effective Molecular 

Diffusion through Cell 
(Deff) 

Volatilization Factor Maximum Groundwater 
Concentration 

Calculated Air 
Concentration (mg/m3)

Pro-rate Exposure 
Concentration 

(Construction Worker)

(cm2/s) (L/m3) (µg/L) (mg/m3) (mg/m3)

Vinyl Chloride 2.68E-02 3.00E-03 39 1.17E-04 3.22E-05

1,4-dichlorobenzene 1.74E-04 1.69E-06 1.2 2.03E-09 5.56E-10

trichloroethylene (updated) 4.52E-03 1.79E-04 7.4 1.33E-06 3.65E-07

benzene 1.30E-03 2.90E-05 4.8 1.39E-07 3.82E-08

ethylbenzene 2.77E-02 8.78E-04 58 5.09E-05 1.40E-05

total xylenes 4.81E-04 1.28E-05 45 5.78E-07 1.59E-07

Table C8.2  Chemical and Physical Properties for Exposure and Risk Calculations - Construction Workers in Trench

Substance
Henry's Law 

Coefficient, 15 degrees 
C (H)

Molecular Diffusion 
Constant in Air  (Da)

Molecular Diffusion 
Constant in Water  (Dw)

Organic Carbon-Water 
Sorption Coefficient 

(Adjusted Koc)

Trichloroethylene 4.03E-01 7.90E-02 9.10E-06 1.35E+02
1,4-dichlorobenzene 9.85E-02 6.90E-02 7.90E-06 8.68E+02
Vinyl Chloride 1.14E+00 1.06E-01 1.23E-06 4.75E+01
Benzene 2.27E-01 8.80E-02 9.89E-06 3.31E+02
Ethylbenzene 3.22E-01 7.50E-02 7.80E-06 1.56E-05
Xylenes 2.71E-01 7.14E-02 9.34E-06 8.86E+02

Table C8 - Exposure and Risk Calculations for Inhalation of Outdoor Air Sourced from Soil (In Trench)
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XCG’S STANDARD OPERATING PROCEDURES (SOPS) 
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BOREHOLE DRILLING 
 

SOPs/SOP - Borehole Drilling V1 

1. PURPOSE 

The purpose of borehole drilling is to collect representative soil samples to determine soil 
quality, determine subsurface geologic conditions for hydrogeological and geotechnical 
evaluation, and facilitate installation of groundwater monitoring wells.  

2. RELATED SOPS 

The following SOPs should also be reviewed prior to the commencement of the works: 

 Field Screening, 

 Soil Sampling, 

 Sample Handling, and 

 Monitoring Well Installation. 

3. PRIOR PLANNING AND PREPARATION 

The following activities must be completed before starting a borehole drilling program. 

 Review the work program, project documents, and the health and safety requirements 
with the Project Coordinator/Manager. 

 Assemble all necessary equipment and supplies. 

 Obtain a site plan and any previous stratigraphic logs. Determine the exact number and 
location of boreholes to be installed and the anticipated depths of samples for chemical 
analysis. 

 Contact designated laboratory subcontractor to arrange/determine sample jars, coolers, 
and shipping details. 

 Establish borehole locations in field using available landmarks or by surveying, if 
necessary. 

 Arrange for utility clearance of public and private utilities. 

 Determine notification needs with the Project Coordinator/Manager. Have client, 
landowner, XCG personnel, laboratory, and appropriate regulatory group (if necessary) 
been informed of the drilling event? 

 Arrange for the necessary site access/coordinate field activities with the site owner's 
and/or site tenants' representative(s). 

 Establish a water source for drilling and decontamination activities. Determine the 
methods for handling and disposal of drill cuttings, wash waters, and spent 
decontamination fluids. 

In addition to the above-noted activities, the following activities should be completed at the 
site during completion of the utility marking activities or prior to starting the drilling program: 

 Locating and marking of all borehole locations (if not already completed); and 
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BOREHOLE DRILLING 
 

SOPs/SOP - Borehole Drilling V1 

 Final visual examination of proposed drilling area for buried and/or overhead utility 
conflicts. 

Prior to starting the drilling program, the proposed borehole locations should be located in 
the field and staked or marked with paint (on paved surfaces). On most sites, this should be 
done several days in advance of the drill rig arriving on site, during completion of utility 
locates.  

Once the final location for each proposed borehole has been selected and utility clearances 
are complete, one last visual check of the immediate area should be performed before 
drilling proceeds. This last visual check should confirm the locations of any adjacent utilities 
(subsurface or overhead) and verification of adequate clearance. If gravity sewers or 
conduits exist in the area, any access manholes or chambers should be opened and the 
conduit/sewer alignments confirmed. Do not enter manholes unless confined space 
procedures are followed. 

If deemed necessary, a hand auger or hand posthole digging equipment can be advanced 
to a sufficient depth to confirm that there are no buried utilities or services. Alternatively, a 
Hydrovac truck can vacuum a large diameter hole to check for utilities, although soils/slurry 
generated during hydrovacing may require containment on site/special off-site disposal 
(e.g. as liquid waste). This procedure should clear the area to the full diameter of the drilling 
equipment which will follow. 

If it is necessary to relocate any proposed borehole due to terrain, utilities, access, etc., the 
Project Coordinator/Manager must be notified and an alternate location will be selected.  

If the drilling location has to be relocated following completion of utility locates, additional 
utility locates may have to be completed at the new location prior to commencing drilling 
activities. Check with Project Coordinator/Manager. 

4. PROCEDURE 

4.1 MECHANICAL SAMPLERS (SUBSURFACE SOIL, CORE)  

Mechanical samplers are used with a drill rig (or a direct push rig) and are used for soil 
sampling at depth. Methods used to access soils at depth so they can be sampled include 
hollow stem auger (HSA) drilling, solid stem auger (SSA) drilling, resonant sonic drilling and 
direct push sampling. Most samplers are designed to sample soils ahead of the drilling bit. 
Commonly used samplers include split-spoon (split-barrel) sampler, thin-wall sampler 
(Shelby tube) and continuous tube.  

4.1.1 Split-Spoon (Split-Barrel) Sampler  
The split-spoon sampler is a long cylinder, 0.46 to 0.6 metres (18 to 24) inches in length that 
splits in half lengthwise. The sampler is advanced in front of the soil cutting surface using a 
manual or hydraulic 63.5-kilogram (140-pound) hammer.  

During sampling, the number of blows applied in each 0.15-metre (6-inch) increment is 
counted until one of the following occurs: 
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 A total of 50 blows have been applied during any one of the 0.15-metre (6-inch) 
increments described above; 

 A total of 100 blows have been applied; 

 There is no advancement of the sampler during the application of ten successive blows 
of the hammer (i.e. the spoon is "bouncing" on a stone or bedrock); or 

 The sampler has advanced the complete 0.45 or 0.60 metres (18 or 24 inches) without 
the limiting blow counts occurring as described above. 

In some cases where the limiting number of blow counts has been exceeded, XCG may 
direct the driller to attempt to drive the sampler deeper if collection of a greater sample 
length is essential. 

On the XCG standard borehoe log, record the number of blows required to drive each  
0.15-metre (6-inch) increment of penetration. The first 0.15 metres (6 inches) is considered 
to be a seating drive. The sum of the number of blows required for the second and third 
0.15 metres (6 inches) of penetration is termed the "standard penetration resistance" or the 
"N-value". 

After being driven in advance of the auger, the split-spoon sampling tube is retrieved. The 
soil sample that is removed from the split-spoon can be used for identifying the various 
stratigraphic units encountered and describing the geologic and hydrogeologic conditions at 
the site to assist with generating the borehole log. Soil should be described using the Unified 
Soil Classification System (USCS), with assistance from the field guides provided to all field 
personnel.  

Once the split-spoon is opened, soil recovery is calculated and noted on the XCG standard 
borehole log. Soil classification and observations are made of the core and recorded in the 
borehole log. Note that soil observations should be made on a freshly exposed surface of 
the core sample.  

When sampling of the soil core taken using a split-spoon sampler, a decontaminated putty 
knife, stainless steel spoon or similar implement should be used to remove any smeared soil 
on the outer layer of the core prior to collecting a soil sample for chemical analysis (to limit 
the potential for cross-contamination). If possible, the sample core should be split 
longitudinally, along the length of the split-spoon sampler. If varying levels of contamination 
and/or varying soil types are observed within the length of the split-spoon core sample, then 
a sample should be taken from each distinct zone within the split-spoon sample.  

Specific methodologies for field screening of retrieved soil samples and collection of 
samples for laboratory analysis are provided in the Field Screening, Soil Sampling and Soil 
Handling SOPs, which should be referred to.  

4.1.2 Thin-Wall Sampler (Shelby Tube)  
A thin-wall sampler is used for collecting undisturbed, in situ soil samples from cohesive soil 
deposits (i.e. soft to stiff clayey soils). The thickness of the sampling tube should be less 
than 2.5 percent of the total outside diameter of the sampling tube. The thin-wall and wide 
diameter of the sampler causes minimal sample disturbance. The sampler is attached to drill 
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rods and pushed into the soil ahead of the auger. It is more suited to cohesive soils and may 
not work in sandy soils. Due to the low structural strength of the thin-wall sampler, it may 
collapse when sampling compact soils with “N” values of 30 or larger.  

The undisturbed samples collected using a thin-walled tube sampler are typically used for 
certain laboratory tests of structural properties (consolidation, hydraulic conductivity, shear 
strength) or other tests that might be influenced by sample disturbance. Procedures for 
conducting thin-walled tube sampling are provided in ASTM D1587, and are briefly 
described below. 

 The soil deposit being sampled must be cohesive in nature, and relatively free of gravel 
and cobble materials, as contact with these materials will damage the sampler; 

 Clean out the borehole to the sampling elevation using whatever method is preferred 
that will ensure the material to be sampled is not disturbed.  

 Place the sample tube so that its bottom rests on the bottom of the hole. Advance the 
sampler into the formation without rotation by a continuous and relatively rapid motion; 
usually hydraulic pressure is applied to the top of the drill rods; 

 Determine the depth of advance by the resistance and condition of the formation, but the 
depth shall never exceed 5 to 10 diameters of the tube in sands and 10 to 15 diameters 
of the tube in clays; 

 In no case should the depth of advance be greater than the sample tube length minus an 
allowance for the sampler head and a minimum of 7.5 centimetres (3 inches) for 
cuttings. 

 The tube may be rotated to shear the bottom of the sample two to three minutes after 
pressing in, and prior to retrieval to ensure the sample does not slide out of the tube. Lift 
the weight of the rods off of the tube prior to rotating. 

 Withdraw the sampler from the formation as carefully as possible in order to minimize 
disturbance of the sample. 

Once the sample has been retrieved, remove any sloughed material from the top of the 
sample using a knife or similar long bladed instrument. If it is not possible to distinguish 
sloughed soil from intact soil, do not remove. Following removal of sloughed material, 
measure the tube length and the air space in the tube above the sample and record the 
difference as the sample recovery. Seal the top and bottom of the sample with wax (wax is 
normally provided and prepared by the driller). First pour the liquefied wax into the top of the 
sample to a thickness of about 2.54 centimetres (1 inch). Once this is cooled, remove 
approximately 1.27 centimetres (1/2 inch) of soil from bottom of sample (unless there is 
already a cavity at bottom of sample) and seal similarly. Fill the remaining air space above 
the sample with loose soil to prevent the sample from shifting in the tube, and then cap both 
ends of the sample with plastic caps. Tape the caps on using duct tape. Write the sample 
identification number on the cap using an indelible marker. Shelby tubes containing soft 
clays and wet silts need to be handled with care to avoid damage to the sample. Keep 
samples in an upright position at all times and transport either in a specifically designed 
cushioned box or position in your vehicle with cushioning under and around the individual 
tubes. 



 
Document ID: 

SOP – Borehole Drilling 
Revised: 

V1 – 23/03/11 
Procedure Authority: 

 
Page: 

5 

BOREHOLE DRILLING 
 

SOPs/SOP - Borehole Drilling V1 

4.1.3 Continuous Sampling Tube  
The continuous sampling tube can be used with standard hollow stem augers or other rotary 
methods. A thin-wall tube, 1.5 metres (5 feet) in length is attached to a drilling rod with a 
bearing head and is continuously advanced ahead of the augers while drilling. The sample 
column can be retrieved when fully through the hollow stem. It enables fast and efficient 
sample collection and is suited to sampling depths greater than 30 metres (100 feet). It is 
more suited to fine-grained or cohesive soils. It is applicable for collection of undisturbed soil 
cores for hydraulic conductivity and other physical parameters. Standard Penetration 
Testing cannot be done in the soil interval sampled.  

4.1.4 Direct Push Sampling  
Soil samples can be collected from a discrete depth using direct push sampling systems. In 
general, the sampling device consists of a hollow sampling tube with a retractable drive 
point. The drive point is connected to a narrow piston rod that runs the length of the sampler 
tube. Once removed to the ground surface, the discrete soil sampler is opened by removal 
of the cutting shoe, and the soil liner (with recovered soil) is extracted from the sampler 
body. The soil liner is placed into a holder and cut lengthwise to expose the collected soil 
core. 

Inspection of the soil core is conducted in a similar manner to soil samples retrieved from a 
split spoon sampler. Soil screening and sampling requirements are further described in the 
applicable SOP.  

4.1.5 Soil Sampling Principles for Boreholes  
Detailed methodologies for screening of retrieved soil samples and collection of samples for 
chemical analysis are provided in the Field Screening, Soil Sampling and Soil Handling 
SOPs; however, the following provides general guidance for selection of soil samples for 
chemical analysis. 

For boreholes, it is good practice that, a minimum, of one sample per borehole be sent to 
the laboratory for analysis of the contaminants of concern:  

 If contamination is not detected in the borehole samples based on field screening 
observations or measurements (i.e. physical observations or soil headspace vapour 
screening results), one sample should be submitted from the borehole. The sample 
interval should be confirmed with the Project Coordinator/Manager.  

 If contamination is detected in the borehole samples based on field screening 
observations or measurements, the sample with the suspected highest contamination 
should be selected for laboratory analysis. In addition, a sample from the first suspected 
non-impacted interval underneath the contaminated zone should be selected for 
laboratory analysis to provide vertical delineation of the contamination. The requirement 
of the delineation sample should be confirmed by referring to the project work program 
and sampling plan. 

 Whenever possible, drilling work should be completed by starting at the least 
contaminated area(s). 
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Samples being submitted to the laboratory for volatile organic compounds (VOCs) analysis 
should be collected in accordance with the methodologies outlined in the sample collection 
SOP to ensure sample integrity and laboratory preservation requirements.  

Site conditions may make the use of mechanical subsurface sampling devices impractical 
(e.g. cobbles or glacial till may make it impossible to drive the sampler). While it is preferred 
to utilize another borehole drilling method at such sites (e.g. Resonant Sonic), in some case 
this is not possible. Under these conditions, the Qualified Person should try to obtain the 
best possible soil samples with the standard equipment available at the site (e.g. take 
disturbed soil samples from the auger flights if it is only possible to collect this type of soil 
sample).  

5. DECONTAMINATION PROCEDURES  

Decontamination procedures are important for preventing cross-contamination between 
samples/sampling intervals and borehole locations.  

Laboratory sample bottles should be stored in a clean environment in the field, away from 
potential contaminant sources. Chemical resistant gloves should be worn by sampling 
personnel during soil sampling activities. Gloves should be changed for each sample 
collected and submitted for laboratory analysis as well as between each drilling interval that 
is retrieved and logged.  

Soil sampling equipment should be properly decontaminated between each soil sample 
taken. Down-hole drilling equipment (e.g. auger flights) should be decontaminated between 
each borehole drilled. The Qualified Person should evaluate decontamination requirements 
on a site-specific basis.  

The following presents a discussion of general practices for decontamination of manual 
sampling tools, down-hole sampling equipment, down-hole drilling equipment, and 
excavator buckets. The general decontamination procedures when sampling for trace 
organic chemicals are also described below.  

5.1 MANUAL SAMPLING TOOLS AND DOWN-HOLE SAMPLING EQUIPMENT  

The following decontamination procedures are for manual sampling tools, such as knives or 
spatulas, manual soil coring or augering tools, and down-hole sampling equipment:  

 Visible soil debris should be brushed from the equipment;  

 The equipment should be washed with phosphate-free detergent, until all soil adhering 
to the equipment has been removed and then rinsed with potable water;  

 If organic residue cannot be removed from the hand tool using this methodology, the 
equipment should then be rinsed with methanol after the potable water rinse;  

 The equipment should be allowed to air-dry before sampling. Alternatively, clean paper 
towels can be used to dry the equipment (this practice is especially useful in winter 
conditions, to avoid the problem of water freezing on the hand tool); and  

 The soil and water residues generated by this decontamination activity should be 
disposed of appropriately.  
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5.2 DOWN-HOLE DRILLING EQUIPMENT  

The following decontamination procedure is recommended for down-hole drilling equipment:  

 Gross soil should be removed from all drilling equipment with a brush;  

 The plug and any auger flights that may come into contact with groundwater should be 
thoroughly cleaned. In practice, this means that the plug and at least the first two to 
three auger flights need to undergo additional cleaning consisting of scrubbing the 
equipment with a brush and soapy water to remove organic residuals and soil. The 
equipment being cleaned should then either be steam cleaned or pressure washed with 
potable water; and  

 If organic residues or residual soil are still adhering to the drilling equipment and cannot 
be removed, the contaminated equipment should be set aside and not used for the 
remainder of the drilling. The equipment should be properly cleaned before reuse.  

5.3 BACKHOE/EXCAVATOR BUCKETS  

When advancing a test pit through a contaminated zone, the bucket of the backhoe or 
excavator (which is acting both as the soil removal equipment and sampling tool) may have 
contaminated soil adhering to the bucket. In order to avoid cross-contamination between 
different strata in the same test pit, or between different test pits, the bucket should be 
banged on the ground periodically to remove as much soil as possible from the bucket.  

5.4 DECONTAMINATION PROCEDURES WHEN SAMPLING FOR TRACE 

ORGANICS  

The general procedures for decontamination when sampling for trace organics are 
described below. Please note that nitrile gloves should be worn at all times during the soil 
sampling program when contact with retrieved soil samples is required (i.e. logging, 
screening, and collection of samples for chemical analysis). 

5.4.1 Control of Cross-Contamination  
Soil sampling for trace organic contaminants requires special techniques in order to avoid 
contamination, both from other samples and from sampling equipment and containers. 
When potentially high concentrations of contaminants are suspected, protective gloves 
made of solvent-resistant material (e.g. latex) should be worn. However, neither gloves 
should contact the sample directly. Rather than transferring the soil cores from the corer to 
the sample container with gloved fingers, a stainless steel spatula or knife, or other 
approved sampling tool (e.g. EnCore sampler, should be used). The sample tool selected 
should be cleaned between each sample collected and at the sample program conclusions.  

5.4.2 Equipment Cleaning Procedure  
As a minimum, sampling equipment (split spoons, dual tubes, sampling knives, spatulas, 
etc.) should be washed with clean potable water and phosphate-free detergent using a 
brush, if necessary, to remove any particles or surface films. For equipment that cannot be 
adequately cleaned with a brush, such as internal mechanisms or piping, the 
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decontamination solutions should be circulated through the equipment. Equipment should 
be rinsed with potable water followed by deionized water.  

The frequency of sampling to demonstrate the completeness of equipment decontamination 
is dependent upon the objectives of the project and will be determined by the Project 
Manager.  

If conducting sampling and analysis of highly contaminated soils, a more rigorous cleaning 
procedure may be required. This procedure may involve the use of an organic solvent, such 
as methanol.  

All cleaning agents and rinse waters require capture, containment, and appropriate disposal 
in accordance with local and provincial requirements.  

6. ATTACHMENTS 

 Drilling/Borehole/Excavation Checklist 

 Unified Soil Classification System 

 Borehole Log Template 
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Site Location Name:   Project No.:  

Project Scope:   Date:  

    

Contractor:   Subcontractor:  

Supervisor:    
    
 

Activity Yes 
No/ 
N/A 

Comments Including 
Justification if a 

Response is No or N/A 

Workers properly briefed on potential site/work hazards and safety. 
Sub-surface and overhead clearance protocols have been reviewed with 
all site personnel involved in subsurface disturbance activities. 

   

All applicable permits and access agreements have been obtained.    
    
Site access/permission has been secured. Landowner/occupant has 
been contacted. 

   

Most recent as-built drawings and/or site plans, surveys (including 
UST product and vent lines) obtained, if available. 

   

Reviewed site information to identify subsurface structures relevant to 
planned site activities (easements, right-of-ways, historical plot plans, 
previous site investigations, soil surveys, borehole logs, etc.) 

   

Utility locates have been performed by public utility company(s). One-
call companies within required timeframe. Locates clear/visible. 

   

Overhead and subsurface structure locates performed by private locate 
company within required timeframe. Locates clear/visible. 

   

Location of on-site indicators of underground utilities (i.e., yard light, 
gas mains, hydro, telecommunications, water lines, drains, sewer 
manholes , etc,) identified 

   

Orientation, arrangement, location, sizes of underground storage tanks, 
identified. Burial depth of tank determined if relevant. 

   

    
Presence of underground pipelines associated with pumps and pump 
galleries, manifolds, tank fields, compressors, production wells, 
loading racks, and equipment identified. 

   

Presence and tracing of process/storm sewers identified/understood. If 
other cement, fiberglass, untraced PVC lines are potentially in the 
ground disturbance area, identify means of identification in comments 
section. 

   

 



 
Document ID: 

SOP – Borehole Drilling Checklist 
Revised: 

V1 – 23/03/11 
Procedure Authority: 

 
Page: 

2 

DRILLING BOREHOLE CHECKLIST 
 

SOPs/SOP - Borehole Drilling V1 Att1 

 

Activity Yes 
No/ 
N/A 

Comments Including 
Justification if a 

Response is No or N/A 

Clearance methods reviewed with project manager.    
Critical zones – 5 metres of pipeline crossing area or the distance 
defined in the pipeline crossing agreement. 3-metre distance from edge 
of tank pumps and pump galleries, manifolds, or below grade 
transformers, production wells,  and suspected  utilities, product lines, 
and other subsurface structure and entire area between tank field and 
dispensers at retail sites, have been identified. 
 
Identify critical zones in comments section. 

   

Locations of potential  interference with proposed investigative 
locations reviewed and revised (if necessary) by project manager. 

   

Work area is secured. Site work permits have been obtained. 
Emergency shut-off switch is located. Fire extinguishers warning 
signs/barriers are present. Signage in place of overhead power lines. 
Other safety equipment as needed. 

   

    
In conducting borehole advancement activities in critical zones: 
 
First 1.2 metres or identified depth of utility or critical feature has been 
delineated utilizing most effective method (e.g. vacuum digging, 
probing, hand digging, etc.). 
 
Note methods used in comments. 

   

    
    
If subsurface structures exposed, extra precautions have been taken to 
ensure structural integrity. 
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Comments/Findings Actions to Close Out Items Person Completing/Date 

   

   

   

   

   

   

 
 
Completed by    
 Name (print)  Company 
    
    
    
    
 Signature  Date 
 





                                                          FIELD BOREHOLE LOG BOREHOLE ID  _______________________

DATE  ____________________________________________
 

DRILLING COMPANY  _____________________________________ BOREHOLE DIAMETER ________________________

PROJECT NO.  _____________________________________________
 

DRILLING EQUIPMENT  ____________________________________ SCREENING TOOL ____________________________

SITE ADDRESS  ______________________________________
 

SAMPLING METHOD  _____________________________________ LOGGED BY __________________________________

SOIL DESCRIPTION A
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ADDITIONAL COMMENTS / WELL INSTALLATION DETAILS
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1. PURPOSE 

The purpose of monitoring well installation is to obtain representative hydraulic and 
geochemical information of the water bearing zone(s) and/or aquifers beneath a site. 

It is important that the drilling method or methods used, minimize disturbance of subsurface 
materials and hydraulic properties of the water bearing zone(s), do not contaminate the 
subsurface soils and groundwater, and do not provide a hydraulic link between different 
hydrogeologic units. Samples collected from installed monitoring wells must not be 
contaminated by drilling fluids or by the drilling procedures. 

2. RELATED SOPS 

The following SOPs should also be reviewed prior to the commencement of the works: 

 Borehole Drilling. 

 Field Screening. 

3. PRIOR PLANNING AND PREPARATION 

When designing and constructing monitoring wells, the following questions shall be 
considered: 

 What is the purpose of the well(s)? Are wells going to serve for monitoring, pumping test, 
extraction, or injection purposes? What contaminants are to be monitored? 

 What kinds of analyses are needed? 

 What geologic/hydrogeologic conditions are present or expected at the site? 

 What is the anticipated total depth of the well? 

 What types of well construction materials are to be used? 

 What are the potential health and safety hazards? 

4. PROCEDURE 

4.1 MONITORING WELL DESIGN  

A monitoring well is comprised of two key elements: the well casing and the well screen. The 
well casing provides access from the surface to a sampling location (i.e. the well screen) in 
the subsurface. The well casing is also commonly referred to as the well riser. The well 
casing (and associated seals and grout) prevents collapse of the borehole and inter-zonal 
hydraulic connection. The monitoring well casing and screen provide access to the 
groundwater at the zone of interest in the subsurface.  

The fundamental parameters associated with the design of a monitoring well include:  

 Borehole and well diameters;  

 Screen length and location;  
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 Well casing and screen materials; and  

 Screen slot size and filter pack.  

Other features of monitoring wells, such as annular sealing around the well and completion 
of the well at ground surface, are discussed in Subsection 3.2 Well Installation. The 
installation of the monitoring wells must also be in accordance with Ontario Regulation 903, 
which provides well drilling contractors guidance on well installation parameters. 

4.1.1 Borehole and Well Diameters  
The monitoring well is installed within a borehole drilled into the ground to allow for 
monitoring within a specific hydrostratigraphic unit of interest. The diameter of the borehole 
should be sufficiently large to accommodate the monitoring well casing, annular materials, 
and tremie pipes used for filter pack or seal placement.  

The diameter of the monitoring well (installed within the borehole) will be governed by the 
purpose of the installation. In general, wells installed for monitoring groundwater should be 
at least 2.5 centimetres (1 inch) in diameter, and are typically 5 centimetres (2 inches) in 
diameter. This allows small diameter bladder pumps, bailers, or inertial pumps to be 
installed. Wells of smaller diameter should be avoided unless they are solely used for 
hydraulic monitoring.  

4.1.2 Screen Length and Placement  
The monitoring well screen length should be consistent with the desired monitored interval 
and geologic conditions encountered (i.e. stratigraphy and water table elevation). Screens 
should not straddle multiple hydrostratigraphic units, and must be properly sized and placed 
to avoid creating preferential pathways for contaminants to migrate between 
hydrostratigraphic units.  

Typical well screens are 1.5 to 3.0 metres (5 to 10 feet) in length. Issues that may require 
consideration when designing the length or placement of a well screen include:  

 Monitoring for Liquid non-aqueous phase liquid (LNAPL) above the water table may 
require longer well screens because of seasonal fluctuations in water table elevations;  

 Monitoring for evidence of dense non-aqueous phase liquid (DNAPL) in an aquifer 
typically involves placement of well screens at the bottom of the aquifer, directly above 
the aquitard;  

 Monitoring for geochemical parameters may require shorter well screens in aquifers 
where geochemical conditions vary significantly with depth, to reduce the potential for 
mixing of water from distinct vertical geochemical zones; and  

 Well screens that are excessively long in the saturated zone may misrepresent the 
chemistry of a dissolved contaminant plume by mixing impacted and non-impacted 
groundwater from different depths within the aquifer. The potential for well bore dilution 
should be considered by the Qualified Person in the design of all wells. O. Reg. 511/09 
specifies the maximum saturated length of the well screen as 3.1 metres  
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It is recommended that shallow water-bearing horizons be characterized first before drilling 
into deeper formations, if groundwater characterization of the deeper formations is required. 
It may be necessary to seal the shallower formations by grouting, casing, or inflatable 
packers to prevent cross-contamination.  

4.1.3 Well Casing and Screen Materials  
It is important to choose well casing and screen materials that do not sorb or leach 
contaminants from the groundwater. Improper selection of casing and screen materials 
could lead to “false negative” or “false positive” results being reported for the chemical 
analysis of the groundwater.  

The monitoring well casing and screen should maintain their structural integrity, should be 
resistant to chemical and microbiological degradation and should not chemically alter the 
groundwater (in particular, with respect to potential contaminants of concern). The main 
classes of materials used for monitoring well construction are thermoplastics, metallics 
(e.g. stainless steel), and fluoropolymers.  

Polyvinyl chloride (PVC) is a thermoplastic material most commonly used for well 
construction in Ontario. It is made of sturdy, lightweight construction and can easily be 
threaded for joining casing sections.  

High (parts-per-thousand) concentrations of some organic chemicals may degrade PVC. In 
cases where conditions are too harsh to use PVC casings, the Qualified Person should 
consider the use of stainless steel or polytetrafluoroethylene (Teflon) casings (the choice will 
depend on subsurface conditions).  

4.1.4 Well Screen Slot Size and Filter Pack  
The well screen slot size should be designed based on the materials used in the filter pack 
(also referred to as a sandpack) adjacent to the screen. The filter pack is intended to 
minimize the entry of soil particles into the well during sampling and is selected based on 
the geologic materials in which the monitoring well is screened. The filter pack is an inert 
granular material with a grain size and gradation selected to stabilize the hydrogeologic unit 
adjacent to the screen. ASTM Standard D5092-90 (ASTM, 2001) provides specifications for 
designing the well screen slot size and filter pack.  

The elevation of the top of the filter pack is to be selected in the field based upon the 
geologic conditions encountered. For shallow overburden wells, it is common to extend the 
filter pack to above the top of the water table to account for the anticipated fluctuation of the 
water table due to seasonal effects. In deeper overburden wells, the filter pack should span 
the length of the specific hydrogeologic unit that will be monitored. The filter pack should not 
extend through a confining layer, causing two or more separate permeable layers to become 
connected. Where practical, the filter pack should extend a minimum of 0.6 metres (2 feet) 
above the top of the well screen. In addition, the filter pack should extend a minimum of 
0.15 metres (6 inches) below the bottom of the well screen to provide a firm footing. 

As a general practice, filter socks should not be installed over monitoring well screens. The 
filter sock may reduce the measured hydraulic conductivity (especially when performing slug 
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tests) in coarse-grained formations and can physically entrap contaminants with high 
viscosity.  

4.1.5 Well Nests  
In some cases, sampling from multiple discrete intervals at a given location may be required. 
Monitoring wells may be installed as well nests (multiple boreholes with one well installed in 
each closely-spaced borehole), multi-level wells (multiple sampling tubes placed within the 
well casing, isolated with packers or grout), or configurations with a series of single-riser 
wells within one borehole. Preference should be given to installing separate wells (i.e. one 
well per borehole).  

Monitoring well nests are the preferred method for sampling at multiple levels at a given 
location. The other two methods (i.e. multi-level wells and multiple risers within a single 
borehole) may have problems due to improper placement or settlement of seals or filter 
packs.  

Where well nests are used and the direction of groundwater flow is known or can be 
estimated, the shallower wells should be placed hydraulically up-gradient of the deeper 
wells. This will minimize the potential for the grout seal from the deeper well to chemically 
influence the formation water sampled by the screen or the disruption of groundwater flow 
patterns, which are possible when the deeper wells are installed hydraulically up-gradient of 
the shallower wells.  

4.2 WELL INSTALLATION  

The truck-mounted hollow stem auger drilling method is the most commonly used drilling 
technique for installing groundwater monitoring wells for a Phase II ESA purposes. This 
method is preferred because it is simple to use and does not require any drilling fluids or air 
that could affect groundwater quality. Portable, solid stem drilling rigs or direct-push drilling 
equipment can be used for shallow sampling or when truck-mounted drilling equipment 
cannot be used.  

Other drilling methods include air/water/mud rotary drilling techniques. These methods may 
be used in difficult conditions (e.g. bouldery terrain) or for bedrock investigation, but their 
use for a Phase II ESA is less common. These methods introduce air and fluids, which can 
affect groundwater quality; hence, the monitoring wells should be properly developed prior 
to sampling. In addition, air rotary drilling may result in the stripping of VOCs and further 
migration of contaminants.  

Whichever borehole drilling method is used should be compatible with the groundwater 
monitoring wells to be installed and should ensure that future data measurements or 
samples collected from the well are representative of the zone of interest.  

If monitoring wells are installed in grossly contaminated areas, suitable drilling and well 
installation measures should be implemented to prevent migration of contamination from the 
soil to the water table and further into lower hydrostratigraphic units. Whenever possible 
drilling work should be completed by starting at the least contaminated area(s).  

Well construction materials should not be stored directly on the ground, nor in the vicinity of 
potentially contaminating materials (e.g. soil cuttings, waste drums, near idling site vehicles, 



 
Document ID: 

SOP – Monitoring Well Installation 
Revised: 

V1 – 22/02/11 
Procedure Authority: 

 
Page: 

5 

MONITORING WELL INSTALLATION 
 

SOPs/SOP - Monitoring Well Installation V1 

etc.). To minimize the potential for well material contamination prior to completion of the 
monitoring well, keep monitoring well materials (e.g. PVC risers and screens) in the original 
manufacturer’s plastic sleeves as long as possible during installation. Latex, nitrile, or cotton 
gloves are recommended for use while handling monitoring well materials and should be 
discarded if they become contaminated.  

A typical well installation procedure is described below, based on the use of a hollow stem 
auger drill rig.  

4.2.1 Well Casing and Screen  
The borehole should be drilled as close to vertical as possible unless the well is intended 
and designed to be angled (e.g. to access beneath a building or other structure).  

Prior to insertion into the augers or borehole, the well assembly (i.e. well screen and riser 
components) should be measured to record its exact total length, and the length of each 
component. Once this length is known, well placement may proceed.  

If the borehole is significantly deeper than the desired well screen interval, then the base of 
the borehole should be filled with bentonite chips to an appropriate depth below the bottom 
of the well screen. Hydration of the bentonite is not required because this section of the 
borehole should be saturated. 

Before the casing and well screen are placed on the bottom of the borehole, at least 
0.15 metres (6 inches) of filter pack material should be placed at the bottom to serve as a 
footing. An exception to this configuration may occur when DNAPL is being monitored. In 
the case where bentonite chips are used to backfill the borehole prior to well placement, 
additional filter pack material should be placed on top of the bentonite chips (i.e. 0.3 metres) 
to prevent swelling of the bentonite and infiltration/clogging of the bottom of the well screen. 

The well casings and the well screen should be placed into the borehole and plumbed. 
Where critical, centralizers may be used to aid in the well installation. If centralizers are used 
to plumb the well, then they should be placed so that the placement of the filter pack, 
bentonite seal, and annular grout will not be hindered. Monitoring wells less than 15 metres 
(50 feet) deep do not require centralizers. If centralizers are to be used, they should be 
placed below the well screen and above the bentonite seal.  

No lubricating oils or grease should be used on casing threads. Teflon tape may be used to 
wrap the threads to ensure a tight fit and minimize leakage. No glue of any type should be 
used to secure casing joints. Welded joint construction is also acceptable.  

An end cap should be used at the bottom of the monitoring well screen and should be 
constructed of the same material as the well screen. If the well screen installed is of a 
standard length, then the use of a screw-on end cap is recommended. If the well screen 
length should be cut to a non-standard length to accommodate its installation, slip-on end 
caps will need to be installed. It is also recommended that any well cap being installed 
should be equipped with a weep hole at the bottom, to allow perched water to drain from the 
well screen if the groundwater level drops below the bottom of the well screen, due to 
seasonal fluctuations in groundwater levels or other factors.  
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4.2.2 Filter Pack  
When placing the filter pack into the borehole, a minimum of 0.15 metres (6 inches) of the 
filter pack material should be placed under the bottom of the well screen to provide a firm 
footing. An exception to this configuration may occur when DNAPL is being monitored. The 
elevation for the top of the filter pack should be selected in the field based upon the geologic 
conditions encountered.. 

A tremie pipe (a 25-millimetre diameter rigid tube) may be used to introduce the filter pack to 
the well annulus. In this situation, the tremie pipe is placed at the bottom of the borehole and 
the filter pack is added through a funnel to the pipe; this minimizes bridging or void formation 
within the filter pack. The tremie pipe is raised periodically to allow the filter pack material to 
evenly fill the annular space.  

If filter pack materials are added using gravity free fall, then the materials should be added 
slowly to minimize bridging or void formation within the filter pack. Periodic sounding of the 
annular space with a weighted tape measure is recommended as a method to ensure that 
bridging of the sand is not occurring in this space.  

Filter pack placement should be carefully performed concurrent with the removal of the 
augers when collapsing borehole conditions exist. The filter pack level should be maintained 
within the augers or temporary casing to ensure a proper filter pack “envelope” around the 
well screen.  

Filter pack placement is typically a delicate operation, requiring a careful balance between:  

 Placement of too much sand and locking the well components within the augers; and  

 Placement of an insufficient amount of sand which then allows formation materials to 
collapse around the well screen area.  

On occasion, it may be necessary to add potable water and/or drilling muds within the 
augers to maintain a positive pressure head on the formation materials, which (when certain 
conditions are encountered) will flow into the auger string in an effort to equilibrate with 
exterior levels. If potable water or drilling mud is added, the volume used must be recorded 
and additional purging volumes may be required.  

4.2.3 Bentonite Plug and Annular Seal  
After the filter pack has been installed, a bentonite plug should be placed directly on top of 
the filter pack to prevent water draining from the annular seal into the well screen and 
affecting the monitoring results. The annular seal is a low permeability material which is 
placed above the bentonite plug between the well casing (i.e. riser pipe) and the borehole 
wall to maintain alignment of the well.  

4.2.3.1 Bentonite Plug  

The bentonite plug consists of hydrated bentonite chips/pellets and should be placed above 
the filter pack to the specified depth or a minimum of at least 0.6 metres (2 feet) above the 
filter pack. Bentonite chips can be added to the annulus using gravity free fall in shallow 
boreholes (less than 15 metres (50 feet)) where the annular space is large enough to 



 
Document ID: 

SOP – Monitoring Well Installation 
Revised: 

V1 – 22/02/11 
Procedure Authority: 

 
Page: 

7 

MONITORING WELL INSTALLATION 
 

SOPs/SOP - Monitoring Well Installation V1 

prevent bridging. Sounding measurements, using a weighted tape measure to confirm that 
the bentonite has been placed at the proper depth. Care should be taken to add the 
bentonite chips slowly to prevent bridging.  

It is necessary to allow the bentonite to hydrate before installing the annular seal. If the 
water table is temporarily below the bentonite seal interval during well installation, potable 
water should be used to hydrate the bentonite. Potable water should be added for every 50 
to 100 centimetres of bentonite added to the annular space. The bentonite plug should be 
allowed to hydrate for a reasonable amount of time. For deeper boreholes, the tremie 
method should be used to place the bentonite plug.  

4.2.3.2 Annular Seal  

The annular space above the bentonite plug should be filled with a bentonite/cement grout 
(recommended) or hydrated bentonite chips. Silica sand or soil cuttings from the existing 
borehole should not be used in any portion of the annular space.  

If bentonite chips are being used, the chips should be added carefully to the annulus, so that 
bridging (and leaving a void space in the annulus) is avoided. If installed above the water 
table, potable water should be added for every 50 to 100 centimetres of bentonite added to 
the annular space, in order to hydrate the bentonite chips.  

Gravity free fall is only applicable for bentonite chips. If gravity free fall is used, then periodic 
sounding of the annular space with a weighted tape measure is recommended to ensure 
that bridging of the sealant material is not occurring in this space.  

A tremie can be used for bentonite or cement/bentonite grout. If the tremie method is used, 
the end of the tremie pipe should always be submerged in the grout to ensure positive 
displacement.  

Addition of a bentonite slurry is not recommended. The water associated with this slurry can 
cause chemical alteration of the adjacent formation water and bring into question the 
representativeness of water samples collected from the well.  

If a bentonite/cement grout is used as the annular sealant, the top 1 metre (3 feet) of the 
borehole should be sealed with bentonite clay chips. Again, potable tap water can be used 
to hydrate the bentonite and should be added for every 50 to 100 centimetres of bentonite 
added to the annular space. This section of bentonite acts as a seal, to prevent surface 
water from entering the monitoring well annulus.  

Temporary casings or augers should be removed in short increments, as the annular 
sealant (or filter pack) is added. This will prevent borehole collapse or material sloughing 
from the borehole wall from mixing with the filter pack or annular sealant.  

For unconsolidated materials (i.e. non-cohesive soils), the temporary casing or hollow stem 
auger should be withdrawn until the bottom of the auger or casing is approximately 
0.3 metres (1 foot) to 0.6 metres (2 feet) below the annulus material being filled.  

For consolidated materials (i.e. cohesive soils), the temporary casing or hollow stem auger 
should be withdrawn until the bottom of the auger or casing is approximately 0.6 metres 
(2 feet) to 3 metres (10 feet) below the annulus material being filled.  
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4.2.4 Surface Completion  
The ground surface around the monitoring well should be sloped to drain surface water 
away from the well. A protective casing and lockable well cap should be installed to protect 
the well and prevent unauthorized access.  

Aboveground installations (monument casings) and flush mount casings are available. 
Leaving an unprotected PVC riser sticking above the ground surface is not recommended, 
unless the site is secure and has no vehicular traffic in the area of the monitoring wells.  

4.2.4.1 Monument Casings  

Aboveground installations, such as monument casings, are often preferred. These offer the 
advantages of better visibility, less maintenance, and fewer problems associated with water 
intrusion and freezing within the casing. Monument casings can be installed to a greater 
depth below ground surface, and are therefore less susceptible to frost heave.  

The aboveground riser should extend above the ground surface a minimum of 2.5 feet 
(0.75 m). A protective casing should be installed over the completed well and grouted into 
place. The outer protective casing should be of steel construction with a hinged, locking cap 
that is waterproof and tamper proof. The protective casing should have sufficient clearance 
around the inner well casing, so that the outer protective casing will not come into contact 
with the inner well casing after installation. A concrete security collar should be installed 
flush with the ground surface around the outer protective casing at a depth below the frost 
penetration. The protective casings should have a minimum of two weep holes for drainage. 
These weep holes should be a minimum 1/4 inch (6.4 mm) in diameter and drilled into the 
protective casing just above the top of the level of concrete inside to prevent standing water 
inside the protective casing. The weep holes will also allow internal air pressure to be in 
equilibrium with the atmospheric conditions. Dry bentonite pellets, granules, or chips can be 
placed in the annular space below ground level within the protective casing with a coarse 
sand or pea gravel placed in the annular space above the dry bentonite pellets and above 
the weep hole to prevent entry of insects. 

4.2.4.2 Flush Mount Casings  

Flush mount installations are usually necessary in areas with vehicular or pedestrian traffic. 
They are also preferred in some sites for aesthetic reasons. A lockable cap should be 
installed atop the riser, inside the flush mount casing. This will discourage vandalism of the 
monitoring well. When installed in the street or any other area with high vehicular traffic, the 
flush mount casing should have sufficient strength to avoid being damaged.  

Flush mount well installations are typically more problematic and maintenance intensive 
than aboveground installations. Aluminum installations and steel installations are available. 
Steel installations are easily detected with a metal detector when snow or ice cover exists. 
Aluminum covers are not detectable by a metal detector, as such, a well magnets should be 
placed inside each casing, the location of each well surveyed using a hand-held GPS unit 
and/or well location should be tied-in to permanent site features.  



 
Document ID: 

SOP – Monitoring Well Installation 
Revised: 

V1 – 22/02/11 
Procedure Authority: 

 
Page: 

9 

MONITORING WELL INSTALLATION 
 

SOPs/SOP - Monitoring Well Installation V1 

4.2.5 Wells in Confined Aquifers (Unconsolidated)  
If a monitoring well is being installed in an unconsolidated confined aquifer, the following 
additional criteria are recommended for the design and installation of the well:  

 The well screen should not extend into the confining layer;  

 A permanent steel casing should be considered to isolate the confined aquifer if 
groundwater is encountered above the confining layer, or if a contaminated zone is 
encountered above the confining layer. The steel casing should be set a minimum of 
0.6 metres (2 feet) into the confining layer;  

 Cement or cement/bentonite grout should be allowed to cure a minimum of 24 hours 
before drilling continues below the confining layer; and  

 Annular grout should be placed the entire length of the casing, up to approximately 
0.3 metres (1 foot) below ground surface.  

4.2.6 Bedrock Wells 
 

The installation of monitoring wells into bedrock may be accomplished in two ways: 
 

a) The first method is to drill a pilot borehole through the overburden into the bedrock. 
An outer casing is then installed into the borehole by setting it into the bedrock and 
grouting it into place as described in the previous section. 

 
After the grout has set, the borehole may then be advanced through the grout seal 
into the bedrock. The borehole is typically advanced into the bedrock by the rock 
coring method. Rock coring makes a smooth, round hole through the seal and into 
the bedrock without cracking and/or shattering the seal. The advantages of the 
coring technique are that it provides a continuous core of the rock penetration, 
allowing for proper formation and fracture identification and providing a sample for 
the geologic record. When the drilling is complete, the finished well consists of an 
open borehole from the casing end to the bottom of the well. There is no inner 
casing. The open rock interval serves as the monitoring zone. The outer casing 
installed down into bedrock extends above ground surface and can also serve as the 
protective casing. If the protective casing becomes cracked or is sheared off at the 
ground surface, the well is open to any contamination from the ground surface and 
will have to be repaired immediately or abandoned. It may be more desirable to 
install a protective casing over the outer casing as an extra precaution. 

 
For wells installed to monitor bedrock units below the uppermost layers, a second 
casing would be installed to the top of the desired monitoring interval. Thereafter, the 
borehole would be extended through the casings into the bedrock interval selected to 
be monitored. 

 
b) The second method of installing a monitoring well into bedrock is to install the 

outer casing and drill the borehole into the bedrock, and then install an inner 
casing and well screen and backfill with the filter pack, bentonite plug, and 
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grout. This well installation method enables isolation of the monitoring zone 
after the hole has been drilled. This method may also be needed in cases 
where the bedrock continually collapses into the open corehole. 

 
5. ATTACHMENTS 

 Drilling/Borehole/Excavation Checklist 

 Borehole Log Template 
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Site Location Name:   Project No.:  

Project Scope:   Date:  

    

Contractor:   Subcontractor:  

Supervisor:    
    
 

Activity Yes 
No/ 
N/A 

Comments Including 
Justification if a 

Response is No or N/A 

Workers properly briefed on potential site/work hazards and safety. 
Sub-surface and overhead clearance protocols have been reviewed with 
all site personnel involved in subsurface disturbance activities. 

   

All applicable permits and access agreements have been obtained.    
    
Site access/permission has been secured. Landowner/occupant has 
been contacted. 

   

Most recent as-built drawings and/or site plans, surveys (including 
UST product and vent lines) obtained, if available. 

   

Reviewed site information to identify subsurface structures relevant to 
planned site activities (easements, right-of-ways, historical plot plans, 
previous site investigations, soil surveys, borehole logs, etc.) 

   

Utility locates have been performed by public utility company(s). One-
call companies within required timeframe. Locates clear/visible. 

   

Overhead and subsurface structure locates performed by private locate 
company within required timeframe. Locates clear/visible. 

   

Location of on-site indicators of underground utilities (i.e., yard light, 
gas mains, hydro, telecommunications, water lines, drains, sewer 
manholes , etc,) identified 

   

Orientation, arrangement, location, sizes of underground storage tanks, 
identified. Burial depth of tank determined if relevant. 

   

    
Presence of underground pipelines associated with pumps and pump 
galleries, manifolds, tank fields, compressors, production wells, 
loading racks, and equipment identified. 

   

Presence and tracing of process/storm sewers identified/understood. If 
other cement, fiberglass, untraced PVC lines are potentially in the 
ground disturbance area, identify means of identification in comments 
section. 
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Activity Yes 
No/ 
N/A 

Comments Including 
Justification if a 

Response is No or N/A 

Clearance methods reviewed with project manager.    
Critical zones – 5 metres of pipeline crossing area or the distance 
defined in the pipeline crossing agreement. 3-metre distance from edge 
of tank pumps and pump galleries, manifolds, or below grade 
transformers, production wells,  and suspected  utilities, product lines, 
and other subsurface structure and entire area between tank field and 
dispensers at retail sites, have been identified. 
 
Identify critical zones in comments section. 

   

Locations of potential  interference with proposed investigative 
locations reviewed and revised (if necessary) by project manager. 

   

Work area is secured. Site work permits have been obtained. 
Emergency shut-off switch is located. Fire extinguishers warning 
signs/barriers are present. Signage in place of overhead power lines. 
Other safety equipment as needed. 

   

    
In conducting borehole advancement activities in critical zones: 
 
First 1.2 metres or identified depth of utility or critical feature has been 
delineated utilizing most effective method (e.g. vacuum digging, 
probing, hand digging, etc.). 
 
Note methods used in comments. 

   

    
    
If subsurface structures exposed, extra precautions have been taken to 
ensure structural integrity. 
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Comments/Findings Actions to Close Out Items Person Completing/Date 

   

   

   

   

   

   

 
 
Completed by    
 Name (print)  Company 
    
    
    
    
 Signature  Date 
 



                                                          FIELD BOREHOLE LOG BOREHOLE ID  _______________________

DATE  ____________________________________________
 

DRILLING COMPANY  _____________________________________ BOREHOLE DIAMETER ________________________

PROJECT NO.  _____________________________________________
 

DRILLING EQUIPMENT  ____________________________________ SCREENING TOOL ____________________________

SITE ADDRESS  ______________________________________
 

SAMPLING METHOD  _____________________________________ LOGGED BY __________________________________

SOIL DESCRIPTION A

N

A
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Y

S

I

S

SAMPLE 

INTERVALF

R
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M

A

T

T

O

ORDER OF DESCRIPTORS:

PRIMARY/SECONDARY COMPONENTS, RELATIVE DENSITY/CONSISTENCY, 

GRAIN SIZE/PLASTICITY, GRADATION/STRUCTURE, COLOUR, MOISTURE, 

SUPPLEMENTARY DESCRIPTORS

C

H

E

M

I
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A

L

N Value

6 12 18 24

RECOVERY

(L or %)

HEAD

SPACE

(ppm)

ADDITIONAL COMMENTS / WELL INSTALLATION DETAILS
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This Standard Operating Procedure (SOP) has been developed based on the Suggested 
Operating Procedure: Soil Gas Probe Installation, from the Reference Handbook for Site-
Specific Assessment of Subsurface Vapour Intrusion to Indoor Air, EPRI, March 2005. 

1. PURPOSE 
The purpose of soil gas probe installation is to allow for the collection of soil vapour samples 
and pneumatic monitoring data to assess the potential for human health risks due to 
subsurface vapour intrusion into indoor air and subsequent inhalation exposures. 

Soil vapour probes can be constructed of a variety of materials and placed using a variety of 
drilling or driving methods. Selection among the various methods and designs should be 
made with knowledge of site-specific conditions, primarily, the depth of interest, the geologic 
materials, the gas-permeability of the sampled strata, and access constraints. This protocol 
emphasizes methods that will yield high quality monitoring data for a wide variety of site-
specific conditions and provides guidance for the selection between methods to 
accommodate site-specific conditions. 

2. SCOPE 
This SOP describes the minimum requirements for installing soil vapour probes. 

3. PROCEDURE AND SITE CHARACTERIZATION 
Soil vapour intrusion sampling investigations should be conducted after all potential vapour 
sources (e.g. non-aqueous phase liquids, contaminated soil and groundwater, background 
sources of volatiles in indoor air) have been identified and characterized. In addition, the 
physical setting of the site should also be known, including (if applicable): 

• Geology (soil textures, stratigraphy); 

• Hydrogeology (depth to groundwater, groundwater flow direction, vertical and lateral 
gradients, hydraulic conductivity); 

• Vadose zone characteristics including water content, porosity, fraction of organic carbon, 
bulk density and soil-air permeability; 

• Preferential pathways such as subsurface utilities; 

• Building construction, both present and future (location, use, size, height, foundation 
type, foundation characteristics, heating, ventilation, and air conditioning (HVAC); and 

• Vertical and lateral distance from soil vapour sources to buildings or potential future 
buildings. 

Furthermore, site conditions should be sufficiently characterized to ascertain whether vapour 
sources and the vapour profile in the subsurface are at steady-state. This is to maximize the 
chances that any assessment of risk will represent both current and future conditions. 

A sufficient number of vapour sampling events must be completed so that fluctuations in 
vapour concentrations can be evaluated. These fluctuations could result from seasonal 
effects, changes in building conditions (e.g. HVAC operation), or changes in source strength 
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(e.g., due to water table fluctuation). Investigators must provide sufficient rationale or 
evidence to show that the number of sampling events completed is adequate to identify and 
characterize worst-case soil vapour concentrations.  

The Ministry of the Environment and Climate Change (MOECC) generally considers that at 
least two rounds of sampling (e.g. summer and winter) are required to assess any potential 
seasonal or temporal fluctuations in soil vapour concentrations. In limited cases, however, 
the MOECC may consider one sampling event to be sufficient. One sampling event may be 
acceptable in situations where the investigator can provide evidence to rule out significant 
fluctuations in source and site conditions, and when predicted indoor and outdoor air 
concentrations are a minimum of one order of magnitude less than corresponding 
acceptable air concentrations.  

4. DRILLING/CORING 
The drilling/coring method will depend on the target depth, geologic materials, and access 
constraints. Hollow-stem auger drilling is feasible in most overburden and soft bedrock 
materials to depths of interest for vapor intrusion studies. The most common size for hollow 
stem augers is nominal 20-centimetre (7-inch) outside diameter (O.D.), and 10-centimetre 
(41/4-inch) inside diameter (I.D.). Smaller boreholes or coreholes are often preferred, to 
minimize disturbance of the natural materials, especially for shallow probes designed to 
provide discrete resolution of vertical concentration profiles. Boreholes can be advanced 
using percussive/direct-push technology (e.g. GeoProbe™ or similar, slide-hammers, 
jackhammers, etc.), where the percussive technology is used to advance a soil sampler to 
collect a core and create a space for installing a probe, filter pack and seal. Percussive 
technologies can also be used for directly driving a soil vapour probe (direct-push probes) 
although the potential for leakage along the outside of the probe cannot be reliably tested, 
which may not meet the data quality objectives required for human health risk assessment. 
Direct-push soil vapour probes may provide representative samples assuming that the 
following conditions are met: 

i. The gas permeability of the subsurface materials is moderate-to-high,  

ii. The materials are sufficiently cohesionless to collapse around the probe,  

iii. Proper seals are in place,  

iv. The depth below ground surface is generally more than about 1.5 metres (5 feet), 

v. The purge volume is minimal, and  

vi. The vacuum exerted during purging is very low.   

That said, it is difficult, if not impossible, to verify the air-tightness of soil vapour probes 
installed using direct-push method. Therefore, the recommended method for installing soil 
vapour probes is based on using a borehole or corehole that have sand-pack around the 
screens and a slurry seal in the annulus above the sand pack. 

In addition, direct-push probes usually do not provide soil core, so they should only be used 
where the stratigraphy is well-known in advance and other drilling or coring methods are 
impracticable, for example due to rig access constraints. 
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Bedrock that is too hard to be drilled using augers will generally require an air rotary drilling 
or coring method. Air-rotary drilling or coring is feasible, but an inert tracer gas (e.g. Helium) 
should be added to the drill air. After the probe is installed and the seals have set, vapour 
should be purged from the probe until the concentration of the tracer gas falls below 1% of 
the concentration injected into the drill air. This assures that the remaining soil vapour is 
>99% from the subsurface. Water rotary or mud rotary methods will leave a filter cake on the 
borehole wall that will not be possible to remove through conventional vapour probe 
development techniques for intervals above the water table, so these methods are not 
recommended. 

The optimal borehole diameter will vary depending on site-specific factors. In general, the 
borehole diameter must be large enough to allow careful placement of the sand-pack 
around the soil vapour probe intake, and seals above the sand-pack. Larger diameters will 
be needed for multi-level installations with more than one probe per borehole. Standard 
hollow stem augers (0.2-cmetre/8-inch outside diameter [OD], 0.1-metre/4.25-inch inside 
diameter [ID]) can easily be used to install one 50-mm/2-inch diameter soil gas probe, or up 
to three 2.5-centimetre/1-inch diameter probes, or a bundle of five 0.6-centimetre/1/4-inch 
diameter tubing probes, fastened around a 25-mm/1-inch diameter center pipe. Standard 
solid-stem augers (0.1-metre/4-inch OD) can be used for similar installations, where the 
geologic materials will not collapse and the borehole remains open after the augers are 
withdrawn. Drill- or core-hole diameters should allow sufficient space to place seals and 
verify their placement using a tamping rod or weighted measuring tape. 

When drilling boreholes, refer to XCG’s SOP for Borehole Drilling. 

5. GEOLOGICAL LOGGING 
The geologic materials retrieved by drilling or coring should be visually inspected and 
recorded on XCG’s borehole log forms. If the probes are installed in close proximity to each 
other, or if previous stratigraphic information is already available, the geologic materials may 
not need to be logged for each probe location. Where nested soil vapour probes are 
planned, logging should be done for the materials in the deepest borehole only. 

Soil samples should be collected for laboratory analysis of moisture content, fraction of 
organic carbon, and grain size distribution.  

Soil cores should be visually inspected for color, texture, plasticity, relative moisture, and 
any indications of staining from oils, fuels or solvents. If any soil is observed with freely-
draining water from depths of more than 1 metre/3 feet above the water table, this may 
indicate a presence of perched water condition. The presence of perched water in the soil is 
very significant with respect to the assessment of upward vapor transport. Porous media 
with greater than about 70% water saturation may act as an effective barrier to vapor 
transport (Weeks et. al., 1982). 

6. PROBE PLACEMENT 
Probe placement is an important consideration when planning a soil vapour study. Factors 
include the contaminants of concern, the size of the plume, the number and spacing of 
buildings, the thickness of the building foundations/floor slab, the footprint of the building 
"zone of disturbance" and utility conduits. Additional information on the number, placement 
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and spacing of probes is provided in the MOECC Draft Technical Guidance Soil Vapour 
Intrusion Assessment (September 2013), which should be consulted prior to planning a 
drilling program. Note that sumps or pits are included in the measurement of the distance 
between the building foundation and the vapour contamination source.  

7. PROBE DESIGN AND INSTALLATION 
The most common soil vapour probe assemblies will be constructed of clean, inert materials 
HDPE, Teflon™ or Nylon tubing, or pre-fabricated polyvinyl chloride (PVC) well screen and 
casing, although use of stainless steel, copper, or brass pipe are also acceptable. If using 
PVC, it is generally recommended that sampling not occur on freshly cut pipe for several 
days after installation if vinyl chloride is a contaminant of concern.  

Probes may be installed in individual boreholes in close proximity (nested installations), or 
with more than one probe in a single borehole (multi-level installations). The selection of 
whether to use a single probe or multiple probes to provide a vertical profile of data must be 
made on a site-specific and/or project-specific basis.  

If off-gassing from groundwater is the suspected source of vapors to the unsaturated zone, it 
is often useful to collect shallow groundwater samples. Note that the most shallow probe 
depth is to be at least 1.5 metres/5 feet to the top of the screen if the MGRA model is to be 
used. Typical monitoring well designs are appropriate, although the screened interval must 
extend above the water table to ensure that the uppermost groundwater can be sampled, 
even if the water table fluctuates with climatic or seasonal changes. The screened interval 
should not extend below the water table, but rather should be placed between 
0.5 metres/1.5 foot and 1.0 metres/3.3 feet above the highest seasonal water table. The 
screened interval itself should measure between 0.15 metres/1/2 foot and 0.3 metres/1 foot 
in length. If the screened interval extends above the water table, it will be possible to draw a 
vacuum on the well and extract deep soil vapour, provided the stagnant air in the well casing 
is adequately purged prior to sampling (by removing at least a few casing volumes of air), 
with confirmation by stabilization of field screening readings using portable instruments to 
monitor VOC concentrations, O2, and CO2 (see SOP for Vapour Sampling Using Summa 
Canisters). Using water-table monitoring wells for the dual purpose of collecting shallow 
groundwater and deep soil vapour samples provides a data that can be used to assess 
whether and to what extent there are any impediments to off-gassing of vapors from 
groundwater, which may be an important element of the conceptual site model. 

As with any sampling instrumentation, shorter screened intervals provide more discrete 
profiles of concentration and are therefore generally preferred. The length of the screen may 
be proportional to the thickness of the unsaturated zone; for example, a 3-metre/10-foot 
screen in a 30-metre/100-foot thick vadose zone provides comparable resolution to a  
0.3-metre/1-foot screen in a 3-metre/10-foot thick vadose zone. Screened intervals may 
often be designed to correspond with stratigraphic intervals, which can be mapped by soil 
coring prior to probe construction. If a low-permeability layer is present in the unsaturated 
zone, and if infiltration is sufficient to maintain a high moisture content within or perched 
water above this layer, the low-permeability layer may act as a partial or complete vapor 
barrier, so selective screen placement may be very important in some cases. Examples of 
various probe designs are shown in Figure 1. 
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The top of a soil vapour probe must be sealed with an air-tight valve or cap to avoid ambient 
air entry, which could be caused by barometric pressure fluctuations. The valves should be 
lubricant-free brass or stainless steel ball valves, since these impose minimal resistance to 
flow when fully open. Needle valves and gate valves should be avoided. The valves may 
have compression fittings (preferable) or barbed fittings (provided the tubing fits snug and at 
least three barbs are covered). Probes constructed of threaded PVC pipe should have a 
threaded cap, with the valve threaded into the cap, with all threads sealed with Teflon™ 
tape. Probes constructed of HDPE, Teflon™ or nylon tubing should preferably have valves 
with compression fittings. Barbed valves can be used as long as the tubing is securely fitted 
over at least three barbs, which can be difficult with these inert tubing materials because 
they have very limited flexibility. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1 – Options for Soil Vapour Probe Designs: A) Single Probe, B) Multi-Level 
Probes, and C) Combination Deep Soil Vapour and Shallow Groundwater Probe (Source: 
Reference Handbook for Site-Specific Assessment of Subsurface Vapour Intrusion to Indoor 
Air, EPRI, March 2005). 
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7.1 PVC WELL SCREEN AND RISER PIPE 
Prefabricated PVC well screen and riser pipe is readily available, and comes in convenient 
lengths (typically 1.5-metre/5-foot and 3-metre/10-foot sections) and diameters (25.4 mm/1-
inch and 50.8 mm/2-inch). The optimal length of the screen may vary according to site-
specific conditions. The screen length should generally be small relative to the depth of the 
screen, so as to provide discrete vertical profiles of soil vapour chemistry and pneumatic 
properties. For example, shallow probes (<1.5 metres/5 feet), should generally have screens 
of 0.15 metres/1/2 foot to 0.3 metres/1 foot in length. Deeper probes may have similar 
screen lengths, or they may have longer screened intervals. To maintain reasonable vertical 
resolution, the screen lengths of soil vapour probes generally should not exceed roughly 
1/10th of their depth (i.e. a 1.5-metre/3-foot screen would be acceptable for a 15-metre/ 
50-foot deep probe), plus or minus a factor of 2, depending on the degree of vertical 
resolution that is desired. A convenient screen slot size is 2.54 mm/0.1 inch, although soil 
vapour probes are not subject to influx of soil particles, so larger slot sizes or drilled holes 
can be used, provided they are smaller than the filter sand particle size or are wrapped with 
nylon mesh. Additionally, there are stainless steel mesh screens designed to be suspended 
by Teflon tubing which are available. See section 8.3 for more details.  

To customize the probe design to the target depth, it will often be necessary to cut the 
prefabricated screen or casing materials to lengths different than the typical 1.5-metre/5-foot 
to 3-metre/10-foot lengths. A hacksaw is the best tool for cutting the PVC, but it is important 
to use a clean (preferably new) blade. A friction-fit slip cap may be used as the bottom plug 
to seal the bottom of the screen. The top of the probe must have a valve secured to the 
probe with an air-tight fitting. It is usually preferable to cut a thread into the outside of the 
riser pipe using a die of matching diameter, with standard NPT threads. A threaded cap 
should be placed over the top of the riser pipe, with a threaded fitting for the valve at the top 
of the probe. Threaded couplings for the cap and the flush-threaded couplings between the 
riser pipe segments and screen should be wrapped with Teflon™ tape and fastened tightly 
to prevent leaks. Glued couplings are not appropriate/should not be used because glues will 
contribute vapors. Clean nitrile gloves should be used to handle the probe, and it should be 
kept on or in clean plastic sheeting until installation. 

For multi-level installations of rigid pipe soil vapour probes, it is generally preferable to have 
each probe installed separately, with sufficient distance between the probes to allow seals to 
surround each probe completely. If probes are in contact, it may block seals from completely 
filling all voids, and potentially result in a leak. 

7.2 HDPE, TEFLONTM, OR NYLON TUBING 
HDPE, Teflon™, or Nylon tubing is generally preferable to PVC pipe for shallow soil vapour 
probes (<1.5-metre/5-foot depth), but may also be used for deeper probes. A diameter of 6 
mm to 12 mm/ ¼- to ½-inch diameter will allow soil vapour sampling and pneumatic testing 
with acceptably low line-losses. Smaller diameters can be appealing for minimal purging; 
however, such small tubes are limited in their usefulness for larger volume purging and 
pneumatic testing because of line-losses at higher flow rates, and therefore, should be used 
selectively. 

The screened interval of tubing probes can be constructed in the field by drilling small 
diameter holes in the tubing using a 1.5- to 3-mm/1/8- to 1/16-inch drill bit. Roughly a dozen 
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holes per 0.10-metre interval are sufficient to allow soil vapour flow at rates appropriate for 
sampling. Valves for the top of plastic tubing probes may be made of brass or stainless 
steel. Compression fittings are preferred, but barbed fitting are also acceptable, providing at 
least three barbs are inserted into the tubing for a secure fit. It may be necessary to heat the 
tubing to allow the barbs to seat deeper, especially for tubing that is very rigid or in cold 
weather. 

7.3 STAINLESS STEEL SCREENS 
Prefabricated stainless steel screens which can be threaded to tubing, and used as an 
alternative to drilled holes at the probe tip are also commercially available. Most drillers can 
provide these materials, if requested.  

8. BACKFILLING 
The dominant concern with soil vapour sampling is leakage that allows ambient air to enter 
the sample. Therefore, the integrity of the seal between the soil vapour probe and the inner 
wall of the borehole in which the probe is installed (the borehole annulus) is of paramount 
importance. For example, a seal placed only at the ground surface will not prevent annular 
leakage between different depth intervals within the subsurface; therefore, the seal should 
be installed from just above the top of the soil vapour probe screen to the ground surface. 
This is generally easy to accomplish in a borehole that is larger in diameter than the probe, 
where geologic materials have been removed by drilling or coring. 

The borehole backfill should consist of sand around the screen of the probe, a bridge of at 
least 0.15 metres/6 inches of granular bentonite above the sand-pack, and a thick slurry of 
bentonite and water from above the bridge to within about 0.3 metres/1 foot of ground 
surface. For multi-level installations, the slurry should be placed to about 
0.15 metres/6 inches below the bottom of the screen of the overlying probe, to allow another 
0.15-metre/6-inch granular bentonite bridge below the sand pack. If the multi-level screens 
are within 1 metre/3 feet of each other, it may be best to use multiple lifts of granular 
bentonite and water as seals in lieu of a slurry. 

The sand filter pack surrounding the probes screen must be more permeable than the 
surrounding geologic materials to enable pneumatic testing to determine the vapour-
permeability of the natural geologic materials. In contrast to groundwater monitoring wells, 
the filter sands can be considerably more coarse-textured than the surrounding material 
without risking undesirable turbidity. Coarse sand to fine gravel-sized filter sand is preferred. 

If the probe is constructed of tubing, a thin layer (approximately 50 mmm/2 inches) of filter 
sand should be placed at the bottom of the borehole before the soil vapour probe tube or 
pipe is emplaced. This will prevent plugging of the bottom of the probe with any cohesive 
geologic materials at the bottom of the borehole. Once the soil vapour probe is emplaced, 
sand should be added to surround the screen, and extend a minimum of 0.1 
metres/4 inches above the top of the screen. The position of the sand filter pack should be 
measured with a weighted tape and recorded on the soil vapour probe installation log. 

Immediately above the hydrated sand pack, a bridge of dry granular bentonite should be 
placed, a minimum of 50 mm/2 inches thick. Granular bentonite has a texture like coarse 
sand particles, which is ideal because it will fall in the borehole with minimal risks of bridging 
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above the top of the sand-pack, but it will also hydrate almost instantaneously with the 
addition of water. In fact, it is typically impossible to hydrate more than the upper few 
centimetres/a couple of inches of granular bentonite, so it should not be added in lifts of 
more 0.15 metres/4 inches at a time without hydrating in between. A weighted tape or 
tamping rod should be used to ensure the granular bentonite bridge has been set to the 
desired level prior to hydrating. Above the granular bentonite bridge, a thick slurry of 
powdered bentonite and water can be used to seal the remainder of the borehole. If a single 
probe is installed in each borehole, this is relatively simple to implement using methods 
familiar to drillers for the placement of water well seals. A tremmie pipe should be used to 
place the slurry, especially where multi-level probes are specified, otherwise, the borehole 
walls and probe screens may become fouled. 

For multi-level probes, a cement/bentonite slurry seal between probe intervals may not 
provide sufficient structural support to bear the weight of the overlying sand pack, in which 
case, bentonite chips should be added to the slurry to provide inter-granular friction, and 
sufficient bentonite powder should be added to make the mixture as thick as practicable. 
Prior to placement of a sand-pack above a slurry seal, another bridge of granular bentonite 
should be emplaced and hydrated, followed by at least a 50 mm/2 inches of sand before the 
next probe screen is placed. The position of the sand lifts should be verified using a 
weighted measuring tape or tamping rod. 

For vertical profiling with tubing, it can be very difficult to place multiple tubes into a single 
borehole independently, because of the tendency for the tubing to coil. One option is to feed 
the tubing down through a tremmie pipe of relatively narrow diameter (e.g. 25-mm/1-inch), 
which will prevent coiling. The tip is set in filter sand as the tremmie pipe is slowly 
withdrawn, and after the granular bentonite bridge is set above the filterpack, the tremmie 
pipe can then be withdrawn, and be reused to install the next probe. Thick bentonite-slurry 
seals should be used between sampling intervals, isolated from the probe screens and filter 
packed intervals by a bridge of at least 0.15 metres/6 inches of granular bentonite. 

9. PROTECTIVE CASINGS 
In cases where soil vapour probes may be used for potential future monitoring events, they 
should be protected with a cover that will inhibit tampering or vandalism. The methods in this 
SOP are otherwise equally applicable for installation of permanent or temporary probes. 

Protective casing should be used to provide protection from tampering, rainwater, traffic, or 
other potential threats to the integrity of the soil vapour probe. Prefabricated units are 
available from suppliers of well casing materials. They may be either flush to grade or have 
a portion that stands above grade, depending on traffic, vegetation, and landowners 
preferences. 

There must be sufficient space within the protective casings for access to the valves on top 
of the soil vapour probes. For nested installations, it may be necessary to allow for 
0.20 metres/8 inches or larger diameter casings. The casings should be set in a minimum of 
0.45 metres/18 inches of concrete for permanence, and more if there is a portion above 
grade. 

For flush-mount protective casings, the seal in the borehole should terminate at least 
0.15 metres/6 inches below the bottom of the protective casing, and sand backfill should be 
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placed to the target depth of the bottom of the protective casing, as well as within the 
protective casing to a height of about 0.3 metres/1 foot below grade. This sand lift will allow 
for drainage of any water that might accumulate inside the protective casing. Most flush-
mount protective casings are supplied with a rubber gasket that should minimize water 
entry, but this drainage layer provides additional assurance that the soil vapour probe 
integrity will not be compromised in the event of heavy rains. 

10. DEVELOPMENT AND EQUILIBRATION 
Soil vapour probes should be purged of a certain volume of soil vapour after installation and 
before initial sampling is conducted to remove ambient air that may have entered the 
borehole during the drilling and installation procedure, and to promote the collection of 
reproducible samples of soil vapour during subsequent sampling. Following the 
development, a period of time should be allowed for equilibration prior to the initial sampling 
event. 

The volume to be purged during development and the time required for equilibration prior to 
sampling depend on site-specific factors. If probes were installed using augers, the volume 
of air in the augured hole should be removed during development, at a minimum. This can 
be calculated using: 

V = pr2h 

where r is the radius of the borehole, h is the depth, and π is 3.14. 

It is generally preferable to perform field screening of the soil vapour purged during the 
development procedure using portable instruments, which will typically include at least a 
photoionization detector (PID), or flame ionization detector (FID) for screening 
concentrations of total volatile organic compound (VOC) vapours. Landfill gas meters are 
also useful for screening concentrations of O2 and CO2, especially if the subsurface vapors 
of concern at a particular site can be degraded by soil microbes under aerobic conditions 
(e.g. hydrocarbons). If probes were installed using air-rotary drilling and helium or other 
tracer gas, development should continue until the concentration of tracer in the extracted 
soil vapour is less than 1% of the concentration used in the drilling air. 

Field screening readings should stabilize as development progresses. As a rule of thumb, 
one field screening reading should be taken for each casing volume of soil vapour removed, 
although where casing volumes are small, this may not be practical. A casing volume is 
defined as the volume of vapour in the soil vapour probe, and does not include the volume 
of soil vapour in the sand-pack materials surrounding the screen of the probe. In most 
cases, development will be complete after 3 to 5 casing volumes of soil vapour are 
removed. Field screening readings should stabilize within a factor of about 10%, with no 
consistent increasing or decreasing trend over the course of 3 to 5 successive readings. 
Field screening samples should be collected in a Tedlar™ bag using a lung box, according 
to the procedure described in XCG’s SOP for Soil Vapour Sampling Using Summa 
Canisters. 
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11. DOCUMENTATION 
A soil vapour testing record form is attached. One form should be filled out for each soil 
vapour probe sampling event. The volume of air removed during development should be 
recorded, as well as the stable flow rate and vacuum. A log of geologic material properties 
should also be prepared, using a standard borehole logging template. 
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13. CONVERSION OF SOIL GAS ANALYTICAL RESULTS (PPBV TO µG/M3) 
Soil gas analytical results are typically reported in two different sets of units. These units are 
volume per volume (e.g. parts per billion volume [ppbv]) and mass per volume 
(e.g. micrograms per cubic meter [µg/m3]). Unlike aqueous samples, these two sets of units 
are not equivalent. The conversion of a gas concentration from ppbv to ug/m3 is 
accomplished by assuming that the gas is an ideal gas: 

PV=nRT 
where: 
P [atm] = ambient pressure (1 atm) 
V [L] = volume 
n = moles of air 
R [L-atm/mol-K] = universal gas constant = 0.0821 
T [K] = standard temperature (273 K) 
MW [g/mol] = molecular weight of the individual chemical of concern. 

At standard temperature and pressure (i.e. 273 K and 1 atm), one mole of air occupies 
22.4 litres in volume. The ppbv concentration is moles of chemical of concern per 109 moles 
of air. The conversion equation is then: 
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Soil Vapour Testing Record 
 
Project Name:  
Project Number:  
Field 
Technician:  

Date:  

 
Well ID:  Temperature (C):  

Well Depth (m):  Wind Speed (km/hr), 
Direction: 

 

Well Volume (L):  Ambient Pressure 
(kPa): 

 

Summa Tag #:  Regulator Tag #  

 
 
Sampling train leak test assembly (in-Hg for 3 
minutes): 

 

 
 

Time Initial Pressure/Vacuum in Vapour Monitoring Well Prior to 
Pumping (in-H2O) 

Vacuum  ___ 
or 

  Pressure ___ 

 
Initial Helium Tank pressure: ________ Final Helium Tank pressure: ________ 

Helium Concentration in Shroud (%):  

Helium Concentration in Tedlar (% or 
ppm): 

  

 
 

Ambient Air PID/FID readings (5 in 1 minute): 

     

 
Pump Flow Rate:_____________ 
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Time 
Well Head 
Vacuum 
(inches 

H2O) 

Cumulative 
Volume 
(litres) 

VOCs by PID 
(ppmv) 

Helium (% 
or ppm) Oxygen (%) Methane 

(%) CO2 (%) 

        
        
        
        
        
        
        
        
 
Sampling: 
 

Starting Time Starting Vacuum Finish Time Final Vacuum 
    

 
 
 
Comments: 
 
 
 
 
 
 
 
 
 
 
.
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1. PURPOSE 

The purpose of sample collection and handling procedures is to ensure that sample integrity 
is maintained from the time the sample is collected and placed in the laboratory-supplied 
sample container to the point the sample is delivered to the laboratory for chemical analysis. 
Strict adherence to sampling protocols must be maintained to ensure valid data is generated 
for all environmental investigations conducted.  

2. RELATED SOPS 

The following SOPs should also be reviewed prior to the commencement of the works: 

 Field Screening. 

 Soil Sampling. 

 Groundwater Sampling. 

3. PRIOR PLANNING AND PREPARATION 

Prior to conducting the soil sampling program, the following questions should be considered: 

 What are the sample container requirements for each parameter to be included in the 
sampling program? 

 What are the maximum hold times for each parameter from the time of sample collection 
to delivery to the analytical laboratory? 

 What health and safety considerations are associated with the specific sample 
preservatives present in the sampling containers/supplied by the laboratory? 

 What is the quality assurance/quality control (QA/QC) sample frequency that will be 
adhered to? 

 Is there specific field sampling equipment or excess field preservation chemicals that 
must be brought out into the field? 

 Is there any available on-site refrigeration for sample storage during the sampling 
program? 

4. PROCEDURE 

Soil samples that are being bottled to be sent to the laboratory for chemical analyses should 
not be touched with the bare hand or by gloves that may be contaminated. Contact or 
handling of the soil should be minimized at all times. Sampling gloves (nitrile) should be 
changed between each sampling interval and between all sample locations (borehole, 
sediment samples, monitoring wells, surface water stations, etc.) to prevent cross-
contamination.  

Plastic residues could be transferred onto the soil core before soil is conveyed into the 
appropriate sample container. For soil being analyzed for organics with very low regulatory 
limits [such as polyaromatic hydrocarbons (PAHs), pesticides, herbicides, and 
dioxins/furans], the soil should not be touched by a glove made from a plastic material 
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(e.g. latex and nitrile). For these parameters, the soil should only be in contact with a clean 
stainless steel sampling device (e.g. a trowel or a spoon). For soil being analyzed for 
organics with higher regulatory limits [such as total petroleum hydrocarbons (TPHs) and 
benzene, toluene, ethylene, xylenes (BTEX)], contact with the soil by clean glove materials 
is acceptable, but such contact should be minimized. Metal sampling devices used should 
not be plated. For example, chrome plated sampling devices should not be used for metals 
sampling.  

Samples being submitted to the laboratory for VOC analysis (e.g. BTEX or TPH F1 
fractions) and PAHs should not be composited or mixed in the field. Discrete grab samples 
should be taken from soil that best represents the contamination of the sampling location 
and then transferred directly into containers.  

The proposed analytical methods for VOCs and light fraction PHC (F1) analysis include the 
use of hermetic sampling devices and/or preservation of samples in field. Hermetic sampling 
requires collection of 5 grams of soil in an airtight container such as EnCore Sampler. Field 
preservation (or field stabilization) technique requires placing a weighed amount of soil 
(~10 grams) into a vial with a premeasured amount of preservative (methanol). When one of 
these soil sampling methods is used, the sample for laboratory VOCs analysis should be 
collected at the time of initial sampling. As noted in the Soil Sampling SOP, the portion of 
the sample not utilized for field vapour screening can then be used to fill the remaining 
sample containers for analysis of other parameters of concern (i.e. metals, PAHs, etc.).  

Soil from field vapour screening (e.g. soil in plastic bags or soil screening jars) should not be 
reused for laboratory analysis, if possible. If there is insufficient recovery of soil to segregate 
into separate storage bags for both vapour and chemical analyses, the soil should be 
submitted for chemical analysis without conducting a field vapour screening measurement. 
Soil previously used for field vapour screening can be submitted to the laboratory for the 
analysis of inorganic parameters (e.g. salinity, metals) or physical parameters (e.g. grain 
size analysis).  

4.1 SAMPLE CONTAINERS AND PRESERVATION  

The analytical methods and quality control protocols set out in the Ministry publication 
“Protocol for Analytical Methods Used in the Assessment of Properties under Part XV.1 of 
the Environmental Protection Act” address matters such as sampling requirements, sample 
containers and preservation, quality control and quality assurance, the protocol for accepting 
analytical results, and reporting of data. Make sure to review the sample volume 
requirements from the analytical laboratory to ensure that sufficient soil volume is submitted 
for chemical analysis. In some instances, the laboratory can use soil from one sample 
container for analysis of multiple parameters (i.e. metals, PHCs F2 to F4, PAHs). 

For storage of samples for chemical analysis, either jarred or temporarily bagged, it is 
recommended that temperatures be maintained at <4°C, but it is recognized that many 
situations can occur where fluctuations to above this temperature are extremely difficult to 
avoid. Coolers filled with ice should be brought into the field to maintain sample temperature 
during the sampling activities.  

Since temperatures slightly above 4°C for very short periods of time are unlikely to 
significantly affect sample quality, the maximum temperature is set at 10°C. Some 
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microbiological activity occurs at the above temperatures, so the possibility of breakdown of 
organics exists. Analysis for both organic and inorganic parameters should occur within hold 
times specified in the Ministry publication “Protocol for Analytical Methods Used in the 
Assessment of Properties under Part XV.1 of the Environmental Protection Act” dated 
March 9, 2004, as amended.  

4.2 CHAIN-OF-CUSTODY RECORDS 

Chain-of-Custody (CoC) forms must be completed for all samples collected and submitted 
for laboratory analysis. Completed CoC forms are legal documents. They should be 
completed and handled accordingly to the instructions printed on the forms and/or following 
instructions.  

The CoC form, completed at the time of sampling, must contain at least the sample number, 
date and time of sampling, the name of the sampler, the analysis required, and the number 
of bottles/containers submitted for each sample. Contact information must also be provided. 
The CoC document must be signed and dated by the sampler when transferring the 
samples from the sampler's custody to custody of others. Any changes to the CoC must be 
initiated by the person making the changes. 

All samples stored, transferred, and shipped must be accompanied by a CoC form. The CoC 
form should consist of multiple copies that can be distributed to the shipper, laboratory, and 
client. When releasing samples from his or her custody, the sampler must keep a copy of 
the CoC indicating when the samples were released, who released the samples, and who 
the samples were released to.  
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1. PURPOSE 
The purpose of developing a standard operating procedure to collection of groundwater 
samples is to ensure samples are properly collected and handled, and to maintain the 
integrity of the samples arriving at the laboratory for analysis.  

2. RELATED SOPS 
The following SOPs should also be reviewed prior to the commencement of the works: 

 Sample Handling. 

3. PRIOR PLANNING AND PREPARATION 
The following shall be considered prior to groundwater sampling: 

 Assemble site plan, well logs, and previous sampling/purging data that will be required 
for the planned sample event. Determine the exact number and locations of the wells to 
be sampled. 

 Determine analytical requirements, arrange for appropriate analytical sample containers, 
and appropriate development/purging and samples methods to be used, including any 
extra required field equipment/supplies (i.e. water quality checker, in-line filters, etc.). 

 Determine well development/purging fluid disposal requirements before sampling 
activities start. 

 Determine sampling methodology to be used for groundwater sampling program and 
make sure methods are consistent throughout the program. 

 Pre-plan sampling sequence to ensure that "clean" wells are sampled before "dirty" wells 
to reduce cross-contamination potential. 

 Pre-plan the sampling sequence to ensure that "dry" wells fit into the overall sampling 
schedule to reduce the need for extension of the sampling period. 

4. PROCEDURE 
Sampling methods should consider the nature of the water bearing unit to be sampled 
(i.e. gravel, sand, silt), the depth of sampling and the parameters being sampled for and 
match this with the appropriate sampling equipment/devices and sampling procedures. 
Certain pre-sampling activities are also normally required prior to obtaining a groundwater 
sample for analysis.  

4.1 PRE-SAMPLING ACTIVITIES  
A number of pre-sampling activities or measurements are often required prior to obtaining a 
groundwater sample for analysis. Prior to conducting any sampling activities, the monitoring 
well should be accurately identified to ensure no mislabelling occurs and the condition of the 
well should be inspected to ensure it is suitable for collecting a representative groundwater 
sample. Any significant damage to the protective casing or surface seal (indicating that well 



 Document ID: 

SOP – Groundwater Sampling 
Revised: 

V1 – 29/03/11
Procedure Authority: 

 
Page: 

2

GROUNDWATER SAMPLING 
 

SOPs/SOP - Groundwater Sampling V1 

integrity may have been compromised) should be reported to the Project 
Coordinator/Manager. 

4.1.1 Headspace Monitoring  
Field vapour measurements should be taken from inside the casing of a monitoring well 
using a combustible vapour detector (operated in methane exclusion mode) or organic 
vapour meter, to indicate the potential for contamination of the groundwater by VOCs. 
These data are only semi-quantitative and should not be used for risk assessment (e.g. for 
human health, ecological, or explosive risks) or compliance reporting purposes. The results 
do not truly represent the concentration of volatile hydrocarbons in the headspace above the 
air/groundwater interface. At some sites, the presence of natural gas in the formation can 
cause high vapour concentrations measured in the well headspace that are unrelated to 
groundwater quality.  

Vapour measurements (in monitoring wells) should be done to alert field staff to their 
potential exposure to volatiles while sampling the wells, allowing them to take the proper 
safety precautions. They should also be performed at sites where there is an explosive risk 
due to the collection of volatile organic vapours in a confined space (e.g. a nearby basement 
or sewer). The potential for explosive risk in the actual monitoring well is generally 
considered to be low.  

The vapour concentration is measured by placing the combustible vapour detector nozzle 
inside the monitoring well casing no less than 15 centimetres (6 inches) below the top of 
pipe (TOP). The combustible vapour detector reading should be taken immediately after the 
cap has been removed from the top of the monitoring well casing in order to minimize the 
loss of volatiles from within the casing. The peak reading should be recorded.  

4.1.2 Water Level Measurement/Well Depth Sounding 
Static water levels should be obtained prior to monitoring well sampling each time the 
monitoring well is sampled. Water levels in piezometers or monitoring wells should be 
allowed to stabilize a minimum of 24 hours after well construction and/or development 
before measurement.  

Water levels should be accurately measured, using an industry accepted electronic water 
level detector, measuring tape or other device with similar accuracy.  

Groundwater levels should be measured from the permanent water level measurement 
location mark at the top of pipe (TOP), which has been surveyed as the well reference 
elevation point. The top of the well casing should be notched to indicate the exact point of 
measurement. To ensure reproducible data, all subsequent readings should be taken from 
the same notched point in the well casing.  

Water level measurements should start at wells located in uncontaminated areas first. Then 
measurements should be made from wells in contaminated areas, with wells containing the 
least contaminated groundwater being measured first and wells containing the most 
contaminated groundwater being measured last.  
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Measurement of the groundwater level should be conducted prior to purging of the 
monitoring well. Monitoring well water levels rarely return quickly to the original water level 
after purging of the monitoring well so the measurement after purging would not represent 
the true equilibrated water table elevation.  

If possible, all water level measurements used to define a water table or potentiometric 
surface should be collected within a 24-hour period in order to minimize the effects of 
changing barometric pressure. Water levels taken during a sampling event determine the 
height of the water table (relative to top of pipe) prior to sample collection. The 
measurement is converted to a groundwater elevation and compared with data from other 
wells in the monitoring program.  

Well depth sounding should also be conducted at monitoring well locations that have not 
been sampled for a significant length of time (i.e. greater than six months). The well depth 
sounding will help to determine the amount/depth of sediment in the well casing by 
comparison to original well log. Presence of sediment at the bottom of the well in the amount 
of 1/3 or more of the well screen will require redevelopment or well flushing, prior to sample 
collection. Sounding is typically performed with a weighted measuring tape lowered to the 
base of the well and comparing the reading with the installed depth of the well. 

Decontamination of water level measurement equipment, using the manufacturer’s 
recommended cleaning method for the probe, should be completed after each measurement 
in order to prevent cross-contamination between monitoring wells. A more rigorous cleaning 
procedure should be followed if the probe has come into contact with any non-aqueous 
phase liquids (NAPL) in the well.  

Latex gloves should be worn during use of the groundwater level measurement equipment. 
Contact between the latex gloves and the measurement probe should be minimized. Any 
hydrocarbon-contaminated gloves should be disposed of.  

4.1.3 NAPL Layer Detection  
At sites with potential non-aqueous phase liquid (NAPL) contamination, NAPL and its 
thickness can be detected in conjunction with water level measurement by using an industry 
accepted interface probe. NAPL monitoring should be performed at these sites every time 
that a monitoring well is sampled. Measurements of NAPL thickness and water level should 
be completed twice at each location to confirm initial readings.  

The interface meter should be properly cleaned after each measurement to prevent cross-
contamination between each reading and/or each monitoring well.  

A transparent bailer fitted with a bottom-draw valve and lowered slowly into the well to 
withdraw a sample from the top of the water column to provide visual confirmation of the 
presence of light NAPL (LNAPL), such as fuel or aliphatic/aromatic solvents. This method is 
often superior to the interface probe in detecting the presence of a very small thickness of 
NAPL or sheen. The bailer should however only be used after the interface probe 
measurement is taken. The bailer is used to confirm the negative interface probe reading or, 
if a positive reading is obtained, to give a rough estimate of the thickness of the free product.  
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Monitoring well measurements of NAPL should include depth to the NAPL phase, depth to 
water table, and the thickness of the NAPL layer. This measurement should be performed 
before the NAPL is removed or the monitoring well is purged.  

4.1.4 Well Development 
Following monitoring well installation or a substantial length of time between sampling 
events (i.e. greater than one year), monitoring wells should be developed to achieve the 
following objectives: 

 Rectify clogging or smearing of formation materials following borehole drilling; 

 Stabilize the formation and filter pack materials; 

 Recover lost drilling fluids; 

 Improve well efficiency; and 

 Grade the filter pack to effectively trap fine particles that may otherwise interfere with 
water quality analyses. 

Prior to commencing well development activities, the volume of water in the well must be 
known to evaluate the number of well volumes to be removed. A well volume is defined as 
the volume of water contained within the well screen and casing. To determine the water 
volume in a well, calculate the length of water column (i.e. distance from the bottom of the 
well to the static water level) and use the following ratio to determine the volume: 

Typical ‘1-Metre’ Casing Volumes 
Diameter Litres per Metre 

 of Casing (inches) (cm) 
1.5 3 1.1 
2 5 2.0 
4 10 8.1 
6 15 18.2 

 
Well development typically consists of removal of between 5 and 10 well volumes using any 
of the sampling equipment described in Section 3.3. Well development can also be 
considered complete if three well volumes have been removed and the well allowed to fully 
recover between well volume removal, in the case of poorly recharging monitoring wells. 

4.1.5 Well Purging  
Water standing in a well may not be representative of the conditions within the water-
bearing formation. Standing well water in contact with the well construction materials for an 
extended period of time may have differences in temperature, pH, redox potential, and 
contaminant of concern concentrations compared to the formation water. The objective of 
well purging is to pump the well until water that is representative of the formation water is 
obtained. 
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During purging of the monitoring well, water that is geochemically representative of the 
formation water enters the well through the screen and is available for sampling. After 
purging and prior to sampling, the groundwater should be allowed to recover to at least 
90 percent of static levels (whenever this is practical). If the well is sampled before static 
levels are reached (i.e. the groundwater is stressed), inaccuracies in determining the actual 
concentrations of chemical parameters in the formation water may occur.  

It is not possible to pre-determine a specific purge volume for all situations. This depends on 
the objective of the sampling program, the chemistry being dealt with and the purge 
technique being employed. Three to five bore volumes is generally considered to be 
acceptable when using standing purging techniques such as inertial foot valves, bailers or 
other high capacity pumping methods. Purging may be done at the static level elevation or 
at the screen base elevation when pumps are used. The location of the purge point may 
influence the number of purge volumes needed to obtain representative samples.  

Wells screened in formations with low transmissivity will likely go dry before the required 
water volume can be removed. It is recommended that the well be purged dry and the 
sample be collected after the well recovers enough to provide the water volume required for 
sampling.  

In addition, every effort should be made to ensure that the groundwater is free from 
sediment and readings of field parameters including pH, temperature and specific 
conductance have stabilized. Groundwater stabilization is considered complete when three 
consecutive well volume measurements of temperature and specific conductance are 
approximately plus or minus 10 percent and if the pH values are within 1 pH unit of the last 
three value averages. 

The measurement of only field parameters may cause an excessive volume of water to be 
purged where groundwater is slow to stabilize. Alternatively, if the groundwater is very quick 
to stabilize, the purged water volume will be quite low and the water sample may not be 
representative of groundwater quality in the formation. Field measurements may not be 
indicative of representative sampling conditions when volatile organic chemicals are the 
contaminants of concern.  

4.1.5.1 Low-Flow Purging  
Low-flow purging and sampling refers to sampling methodologies that minimize the velocity 
of the formation water entering the well screen. Drawdown flow rates will depend on the 
formation. They can range from 1 litre per minute in very coarse-grained formations 
(e.g. gravels), down to 0.1 litre per minute in fine-grained formations (e.g. silts and clays). 
The goal is to ensure that water inside the well screen and in the formation is minimally 
disturbed while obtaining representative formation water. This helps to minimize losses of 
volatile contaminants in groundwater samples compared to samples taken using 
conventional purging and sampling.  

During low-flow purging activities, the pump flow rate should be set to minimize drawdown. 
The maximum allowable drawdown should be approximately 25 percent of the distance 
between the top of the well screen (or static water level, which is lower) and the pump 
intake. Typically, the intake would be placed at the mid-point of the well screen resulting in 
the following maximum allowable drawdown for the following screen lengths: 
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Screen Length (m) Pump Inlet Setting (m 
below top of screen) 

Maximum Allowable 
Drawdown (m) 

1.5 0.75 0.20 

3.0 1.5 0.40 

4.6 2.3 0.60 

 

In addition to minimizing drawdown, field parameters should be measured to ensure that 
water quality indicator parameters have stabilized prior to sample collection. Indicator 
parameters can be considered stable when three consecutive readings made several 
minutes apart fall within the range presented below: 

Parameter Stabilization Criteria 
pH ± 0.2 pH units 

Conductivity ± 3% of reading 

Dissolved Oxygen ± 10% of reading or ± 0.2 mg/L (whichever is greater) 

Eh or ORP ± 20 mV 

 

In certain circumstances, the solids associated with highly turbid samples can result in false 
positive results for dissolved PAH, extractable hydrocarbon, or metals concentrations in the 
groundwater sample. Note that silt should not be filtered out of samples that are being sent 
for organics analysis. If significant silt and/or sediment is observed in sample bottled to be 
submitted for analysis for PAHs, an extra sample bottle should be filled and instructions 
provided to the analytical laboratory to conduct laboratory filtration on the sample prior to 
analysis. 

Low-flow purging and sampling should be considered in critical situations, where the positive 
biases caused by high turbidity samples or negative biases due to volatile losses may 
impact upon regulatory compliance. Low-flow purging is generally done for geochemical 
analysis when it is necessary to evaluate reduction oxidation conditions.  

4.2 SAMPLING PROCEDURES  
The key objective of groundwater sampling is to obtain a sample representative of 
groundwater conditions within the formation the well is screened in. Decisions about 
sampling methodology and procedures should consider the properties of the contaminants 
of concern, well configuration (screen depth and length), and should be designed to mitigate 
potential effects on the integrity of the groundwater sample. The Project Manager will 
provide direction regarding the sampling methodology for each program and the selected 
method must be followed throughout the sampling program to ensure consistency of the 
data generated. 
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4.2.1 Equilibrium Conditions  
The monitoring well should be allowed to reach 90 percent of static water level equilibrium 
before sampling, whenever this is practical.  

Low recovery wells (e.g. clay formations) should be sampled at the end of the day, whatever 
percentage of the static water level equilibrium has been reached. The exception to this 
practice is when the field technician is returning to the site the next day. In this case, 
sampling of the monitoring well the next morning is also acceptable (this will give the well 
more time to recover) even for volatile organic parameters.  

4.2.2 Sample Collection  
The groundwater sample should be taken from the centre of the saturated zone within the 
monitoring well screen interval. This will ensure that the groundwater sample will be 
representative of the entire screened water column.  

Samples should generally be collected or containerized in the order of the following 
volatilization sensitivity: 

 Volatile organic compounds (VOCs); 

 Semi-volatile organic compounds (SVOCs); 

 Total organic carbon; 

 Total organic halogens; 

 Extractable organics (PHCs F2 to F4, etc.); 

 Total metals; 

 Dissolved metals; 

 Phenols; 

 Cyanide; 

 Sulphate and chloride; 

 Nitrate and ammonia; and 

 Radionuclides. 

Aspiration of the groundwater sample should be kept to a minimum when sampling for 
volatiles. When using inertial pumps, a split VOC sampling tube for the inertial pump should 
be used when sampling volatiles in order to minimize volatile losses from the sampling 
process.  

Any odours (e.g. petroleum hydrocarbon or solvent odours) that are observed in the normal 
course of collection of the groundwater samples should be recorded. For health reasons, 
samples should not be deliberately smelled in order to further quantify or distinguish the 
odours. Similarly, any reported concerns with objectionable taste in nearby potable water 
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wells from possible contaminants should be noted, but for health reasons, samples should 
not be tasted at any time in order to identify the presence of contaminants.  

If the volume of water recovered from the groundwater well permits, all groundwater sample 
bottles (even those submitted for semi-volatile and non-volatile parameters) are to be filled 
to zero headspace.  

The collection of groundwater samples from water seeping into excavations or test pits and 
submitting these samples for laboratory analysis is not an accepted practice. These samples 
are generally not representative of the quality of the formation water. However, these 
samples could be used for screening purposes.   

LNAPL sampling should be completed with a bottom-filling bailer equipped with a check-
valve. This should be performed with minimal disturbance, to prevent emulsion or remixing 
of the oil layer with water. DNAPL should be sampled using a bottom-filling bailer, a dual 
check-valve bailer, or a bladder pump.  

Groundwater samples should be placed in an ice-chilled cooler immediately after sampling 
and kept at 0 to 10°C (target of 4°C) until delivery to the laboratory. Collecting the samples 
throughout the day and then placing them all in a cooler at the end of the day is not an 
acceptable practice.  

4.2.3 Field Filtration  
There are situations for which sample filtration is required prior to analysis, and there are 
circumstances where samples should not be filtered. Filtration may affect the chemical 
composition of a sample by alteration of the physical state through removal of particulate 
and any adsorbed material. On the other hand, dissolved phase components may be the 
only feature of interest in the sample and low turbidity samples may be essential to the 
analytical technique being used.  

For Phase II ESAs being performed in Ontario, the generic groundwater standards have 
been derived for dissolved metal concentrations. Thus, groundwater samples submitted for 
metals analysis must be field-filtered. Groundwater samples being analyzed for organic 
parameters should not be field-filtered. As noted above, when samples are being analyzed 
for SVOCs and significant sediment is observed in the sample bottle, a second bottle should 
be filled and submitted for analysis, with instruction to complete laboratory filtration prior to 
analysis. 

In-line, positive-pressure filtration should be used. Vacuum-filtration is not considered 
acceptable due to degassing effects. The standard filtration device is the 0.45-μm filter, 
commonly used with an inertial pump (foot valve) and tubing. The manufacturer’s 
instructions for filters should be followed. If sufficient groundwater is available, conditioning 
the 0.45-μm disposable in-line filter with groundwater before taking the sample is a 
recommended practice.  

In general, a volume of twice the capacity of the filter should be flushed through the filter and 
discarded before the sample is collected. Filters should be used to draw one sample from 
one sampling location and then they should be discarded. After filtration through the in-line 
filter, the groundwater sample should be directly introduced into the sample bottle which 
should already have the proper preservative added.  
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Although it is not recommended practice, if field filtration cannot be completed, the 
preservative should be discarded and the sample bottled rinsed several times with 
groundwater prior to filling the bottle. The unpreserved sample should be taken the 
laboratory as soon as possible for laboratory filtration. Specific instructions regarding 
filtration by the laboratory must be noted on the chain-of-custody. 

4.2.4 Sample Splitting  
Sample splitting is usually done for field QA/QC samples, or for peer-review/second party 
verification of sampling results. Splitting of water samples should be done as follows:  

 For non-volatile or semi-volatile parameters, the first sample container should be 
partially filled, then the second container. Continue to fill by alternating back and forth 
between bottles, repeating the procedure until both containers are full; and  

 For VOC samples, each sample bottle should be completely filled and capped. Then the 
split or duplicate sample bottle should be filled. This methodology will minimize volatiles 
losses from the groundwater samples during the sampling process.  

4.2.5 Sample Containers and Preservation  
The preservation of samples is a measure designed to stop or slow the ongoing effects of 
chemical and biological change once a sample has been collected. Since sample analysis is 
very specific, the preservation techniques required to ensure sample integrity are also 
specific. Preservation methods should be determined in consultation with the analytical 
laboratory and should be done in accordance with the requirements set out in the Ministry 
publication “Protocol for Analytical Methods Used in the Assessment of Properties under 
Part XV.1 of the Environmental Protection Act” dated March 9, 2004.  

4.2.6 Chain-of-Custody Records 
Chain-of-Custody (CoC) forms must be completed for all samples collected and submitted 
for laboratory analysis. Completed CoC forms are legal documents. They should be 
completed and handled accordingly to the instructions printed on the forms and/or following 
instructions.  

The CoC form, completed at the time of sampling, must contain at least the sample number, 
date and time of sampling, the name of the sampler, the analysis required, and the number 
of bottles/containers submitted for each sample. Contact information must also be provided. 
The chain-of-custody document must be signed and dated by the sampler when transferring 
the samples from sampler's custody to custody of others. Any changes to the CoC must be 
initiated by the person making the changes. 

All samples stored, transferred, and shipped must be accompanied by a CoC form. The CoC 
form should consist of multiple copies that can be distributed to the shipper, laboratory, and 
client. When releasing samples from his or her custody, sampler must keep a copy of the 
CoC form indicating when the samples were released, who released the samples, and who 
the samples were released to.  
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4.3 SAMPLING EQUIPMENT  
The choice of sampling equipment or devices will be based partly on availability, cost, 
portability, and ease of decontamination. However, certain devices are less suited to certain 
parameters and/or well depths. Important factors that play a role in the collection of 
representative groundwater samples include:  

 Groundwater sample device (choice of pump or sampler, and flow rate used);  

 Care and skill used in sample handling/transfer to sample bottle; and  

 Use of suitable pump and tubing materials.  

The most important consideration in designing and completing a successful groundwater 
investigation program may be the choice of the sampling device. The sampling device has 
the potential to alter the chemical composition of the groundwater sample, and as such the 
materials used, method of operation, ease of maintenance and field operation are some of 
the considerations which go into determining which sampling device is appropriate.  

4.3.1 Inertial Pump (Foot Valves)  
Inertial pumps can be used for groundwater well purging and sampling. They are 
inexpensive, can be used in wells as small as 1.25 centimetres (0.5 inches) in diameter, can 
be dedicated to each monitoring well, and do not require a power source (unless a 
mechanical actuator is used).  

Inertial pumps can be used for development of low to moderate yield monitoring wells by 
over-pumping. The typical manual purge rate is 2 to 8 litres per minute. However, inertial 
pumps are labour-intensive, the foot valve is prone to clogging from silt or fine sand and 
they are mainly suitable for shallow well installations (<20 metres). In addition, since inertial 
pumps excessively disturb the water column, it is very difficult to collect sediment-free 
samples. 

4.3.2 Bailers  
Bailers are inexpensive, easily portable, can be decontaminated, and require no external 
power source. Their disadvantages are that they are labour-intensive, and can alter the 
groundwater sample from degassing, volatilization, or aeration. Loss of VOCs can occur 
when bailers are used, they produce more variability in VOC sampling results and results 
may be more operator-dependant than with other devices (e.g. mechanical pumps).  

Bailers should be constructed of inert material such as Teflon, PVC or stainless steel. Single 
or double check-valve bailers can be used for LNAPL and DNAPL sampling, respectively. It 
is preferable to use a bottom emptying device with a valve to minimize aeration. Bailers 
should never be dropped into a well, but lowered slowly to prevent aeration or disturbance of 
the water.  

The lines used with bailers can be a source of cross-contamination if the bailer is not 
dedicated to the well. If a stainless steel bailer is used for sampling, the bailer must be 
thoroughly decontaminated between sampling locations and new line should be provided at 
each new location. 
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In general, bailers can produce good results for VOCs in shallow wells with careful operation 
and handling. However, they have been shown to bias results for volatile analytes and 
analytes that are readily oxidized, if used without due care.  

4.3.3 Peristaltic Pump 
A peristaltic pump can be used for groundwater well purging and sampling. Like most 
suction pumps, the peristaltic pump is only capable of lifting water from a depth of up to 
7.62 metres (25 feet) below the pump level. A peristaltic pump is a self-priming, low-volume 
suction pump which consists of a rotor with ball-bearing rollers. Flexible tubing (silicone) is 
inserted around the pump rotor and squeezed by the heads as they revolve in a circular 
pattern. Additional rigid tubing is attached to the flexible tubing and placed into the well 
within the water column. The sample tubing should be dedicated to that well location for 
future use. Tubing must not be reused at other sampling locations due to the cross-
contamination that would occur. 

The peristaltic pump moves the liquid within the sample tubing by creating a vacuum as the 
rotor head turns. No part of the pump comes in contact with the liquid, eliminating the need 
for decontamination of the pump between sample locations. A peristaltic pump provides a 
low sampling rate with less agitation, resulting in the ability to collect sediment-free more 
readily than other sampling methods. Peristaltic pumps are suitable for sampling a wide 
range of contaminants at Phase II ESA sites. 

4.3.4 Small Diameter Submersible Centrifugal Pumps  
These pumps were developed for contaminated site applications and can be used in small 
diameter monitoring wells. Higher flow rates can be used for well development and lower 
flow rates (0.1 litre per minute) for well sampling.  

Care and control of pumping rate is a critical factor in sample quality. Pumps must be 
thoroughly cleaned between uses at different sampling locations to avoid potential issues 
with cross-contamination. Although there is potential for cross-contamination from metals 
from pump materials, these types of pumps are considered applicable for most 
contaminants of concern at Phase II ESA sites.  

4.3.5 Bladder Pumps  
Bladder pumps are typically used in applications where a low-flow rate is required. Often, 
low-turbidity samples can be obtained without filtration. Flow rates higher than 100 millilitres 
per minute can increase the loss of volatile constituents. Use of bladder pumps reduces the 
water-purge volume requiring treatment but they can also be time-consuming for low-flow 
applications. In addition, the pumps are difficult to decontaminate between sampling 
locations. Bladder pumps are suitable for sampling a wide range of contaminants at Phase II 
ESA sites.  

4.3.6 Tubing and Accessories  
Numerous (flexible) materials are available for use with groundwater samplers. Tubing of 
some kind is required for all pump devices.  
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Polyethylene tubing is commonly used with submersible pumps and inertial pumps. 
Although polyethylene, in particular low density polyethylene (LDPE), does adsorb organics 
to a greater degree than Teflon, and some other materials, representative samples are 
obtained using this material. Polyethylene is commonly used in the industry and is 
considered an acceptable material for well sampling. If utilizing LDPE tubing when sampling 
for VOCs, acceptable results can be obtained if the precaution of first flushing the tubing 
with groundwater from the well is taken.  

In general, all sampling tubing should be dedicated to a single groundwater monitoring well. 
Alternatively, it should be disposed of after one use at a monitoring well.  

5. ATTACHMENT 
 Low Flow Monitoring Sheet 



Stabilization Criteria ± 0.2 ± 3% ± 10% or ± 1.0 ± 10% or ± 0.2 ± 20 mV

Time GW Depth pH Cond Turb DO Temp ORP

minutes mbTOP mS/cm NTU mg/L º C mV

0
3
6
9
12
15
18
21
24
0
3
6
9
12
15
18

Site Location XCG Project Number XCG Field Staff Date

Low-Flow Monitoring Sheet Page  ___  of  ___  

Flow Rate = _____ mL/min

Well ID

21
24
0
3
6
9
12
15
18
21
24
0
3
6
9
12
15
18
21
24
0
3
6
9
12
15
18
2121
24
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1. BACKGROUND 
Soil vapour is often evaluated at contaminated sites where existing buildings or potential 
future buildings may be impacted by volatile or semi-volatile chemicals. Assessment of 
contaminant concentrations in soil vapour, as well as potentially in the indoor air of the 
building, may be important exposure pathways to consider when evaluating potential human 
health risks at a site. 

2. PURPOSE 
The collection of soil vapour samples using a Summa® canister allows for multiple VOCs to 
be analyzed using one sample. Samples can be reanalyzed because of the stability of the 
sample in the canister and the small amount of sample which is required for analyses. 
Summa® canister sampling is ideal for grab samples, short term sampling (e.g. 10 minutes) 
or time-weighted average (TWA) sampling (e.g. 24 hours, 7 days). In addition, it is not 
required that the range of concentrations be known prior to sampling, although if high 
concentrations are expected, it is best to inform the laboratory ahead of time. In cases 
where concentrations are potentially high, they may recommend the use of borosilicate 
glass canisters. 

3. SCOPE 
This document describes the procedure for sampling from a soil vapour piezometer using a 
Summa® canister. Refer to the SOP for Soil Gas Probe Installation for details on installing a 
soil vapour probe. Additional information can be found in the EPA Method TO-15. 

4. SITE CHARACTERIZATION 
Soil vapour sampling should be conducted after all potential vapour sources (e.g. non-
aqueous phase liquids, contaminated soil and groundwater) have been characterized. In 
addition, the physical setting of the site should be known, including (if applicable): 

 Geology (soil textures, stratigraphy); 

 Hydrogeology (depth to groundwater, groundwater flow direction, vertical and lateral 
gradients, hydraulic conductivity); 

 Vadose zone characteristics including water content, porosity, fraction of organic carbon, 
bulk density and soil-air permeability; 

 Preferential pathways such as subsurface utilities; 

 Building construction, both present and future (location, use, size, height, foundation 
type, foundation characteristics, heating, ventilation and air conditioning (HVAC); 

 Vertical and lateral distance from soil vapour sources to buildings or potential buildings. 

5. WEATHER 
Plan according to the weather - frost, snow cover, pressure systems, and rain need to be 
factored in. This depends on depth of sampling and ground cover. The MOE does not like 
sampling to occur in the rain or within 24 hours following a rainfall event. Avoid sampling in 
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areas where water is ponded on the surface. If it has rained more than 0.5" in the preceding 
five days, it is recommended that you sample with caution. Exercise caution when sampling 
during and prior to high pressure weather fronts - wait until they have passed.  If you are 
uncertain of sampling conditions, consult with the Project Manager. 

6. EQUIPMENT 
Laboratories need several days notice to deliver SUMMA® canisters. The usual size is 
1.4 litres, ideally keep the canister this size for near surface <1.54 metres (<5 feet) wells or 
probes. The canisters can go up to 6 litres in size. If you are sampling at a different altitude, 
let the project manager know so that the flow controller can be adjusted to reflect this 
difference. 

Soil types and sampling times: 

 Subslab or gravel or sandy soil- 10 minute flow controller (140 mL/min);  

 Silty/clay soil- 60 minute flow controller ( 23 mL/min); and 

 Flow rates should always be less than 200 mL/min. Ambient air intrusion is minimized 
with a low flow rate 

Note: we tend to use 10-minute flow controllers for the majority of the projects. 
Consult with Project Manager if you have any questions. 

Required from the Laboratory:  

 Travel blank composed of purified air that is taken to the field, but not opened; 

 One Summa® canister field duplicate for every 10 samples; 

 One Y-splitter for each field duplicate; 

 One Extended T-joint with Swagelok® nuts on both ends; 

 One Swagelok® 1/4" steel bellows valve for the top of each Summa® canister;  

 One Swagelok® 1/4" brass plug secured to inlet of the valve of each Summa® canister; 
and 

 One flow regulator for each Summa® canister (not including the duplicate canister). 

Required from a Rental Company (e.g. Maxim Environmental):  

 TEFLON® FEP tubing (1/4" outer diameter, 5/8" inner diameter); 

 Quick Connect valves- need at least two per well or probe, but having extras is good; 

 PET "collared" T-joints; 

 Tedlar® bag (1 per site); 

 103-litre helium tank (lab grade as this contains minimal impurities); 
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 Helium regulator, multi-flow; 

 Portable helium detector; 

 Gilair pump and associated low flow module (calibrated at 200 mL/min); 

 Vac-U Chamber lung box with window and polypropylene fittings;  

 Plastic shroud; 

 Well or probe caps tapped with quick connect female valves (if not already in place 
on site); and 

 Manometer (pressure meter). 

Additional Equipment which should be Present in the "Soil Vapour Sampling 
Kit:" 

 2 x 9/16" wrenches; 

 Teflon® tape; 

 Silicone tubing; 

 Tube clamps; 

 Tube cutters; 

 Quick set concrete (if required to seal the well or probe caps); 

 Bucket or Ziplocs for mixing concrete (if applicable); 

 Putty knife for spreading concrete (if applicable); 

 Assorted tools; 

 PID or FID; 

 Nitrile Gloves; 

 Flashlight; and 

 60-mL syringe. 

Important Notes: 

 Teflon® tubing is expensive. Attempt to use as little as practical. 

 Helium is also expensive. Each helium test will use approximately 10 litres of helium. It is 
sold in 103-litre canisters. Please turn off the helium when not in use. A full canister will 
register as approximately 1,000 psi on the regulator, depending on the temperature.  

 Hand tighten the Swagelok® joints, and then use a 9/16" wrench to make a quarter turn. 
The joints seem to be the most air-tight when Teflon® tape is used on each threaded 
piece.  
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 Do not use glues or adhesives. Silicone tubing MAY be used in areas beyond the shroud 
to make connections (i.e. in areas beyond the actual sampling train). 

 Do not smoke, pump gas, use hand sanitizer or handle any solvents prior to handling the 
Summa® canisters or any of the equipment. Avoid these activities on the day of 
sampling. 

 When possible, avoid sampling for chlorinated solvents in wells or probes with freshly 
cut or scratched PVC pipe. 

7. PRE-FIELD LEAK TEST: 
Perform a vacuum check on components which can be assembled ahead of sampling. 
Canister must read at least at 25 inches of Hg. Ensure that the valve on the top of the 
canister is closed and tightened clockwise.  

Please refer to Figure 1. 

1. Remove the brass nut on the top of the canister. Using Teflon® tape, attach the lab 
supplied stainless T-joint and straight piece with two nuts to the top of the canister by 
hand and then use the wrench for a ¼ turn (possibly more). Attach the regulator on top 
of the T-joint. For the assembly of the canisters destined to be the duplicate, see Section 
13 - Performing a Duplicate Sample (below). 

2. Take the laboratory supplied Teflon® tubing with the two Swagelok® nuts on each end 
and cut it into two pieces. Section A will connect the regulator to the well or probe and 
Section B will need to run toward the non-valved port on the shroud (see Figure 3). Keep 
this in mind when you are deciding how long to cut the pieces as Section A should be 
much shorter. Attach the ends with the Swagelok® nuts to the two outlets between the 
regulator and the Summa® canister (use Teflon® tape, hand tighten and then use the 
wrench for a ¼ turn). Ensure that Section A is running from the connection closest to the 
regulator. 

3. Attach a male end quick connect valve to the other end of section A. Attach the end of 
section B to the pump or 60-mL syringe (you will need to use a small section of silicone 
tubing here- feed a tube clamp onto it prior to inserting the end on to the pump or 
syringe). At this point, section A and your Summa® canister are “dead ends" because 
they are not allowing any flow to go through them (assuming that the quick connect is 
properly valved).  

4. Turn on the pump and let it run or evacuate the sampling train by pulling on the syringe 
until the regulator gauge registers a reading (e.g. -10). Turn off the pump. Tighten the 
tube clamp on the tubing between the pump/syringe and Section B. Sometimes the 
pump is a source of leaks so it is a good idea to eliminate it from the leak test at this 
point. The reading on the regulator should remain constant or close to constant for three 
minutes. If it is not constant, there is a leak. Keep tightening the joints and valves and try 
again until there are no leaks.  
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Figure 1 Pre-field Leak Test Assembly 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
5. Calculate your purge times based on evacuating three volumes from the well or probe. 

Verify the sampling rate with the laboratory- the flow controller will be pre-set to allow a 
specific volume of gas to pass through in a set amount of time. This mechanism relies 
on a diaphragm. As the pressure differential decreases, the diaphragm opens to allow 
more air to flow through. Because the flow controller controls the actual flow rate if it is 
in-line, the amount of time required to purge the well or probe will be based on the flow 
controller setting and not the pump. For instance, a flow controller set to fill a 1.4-litre 
canister in 10 minutes will allow 140 mL of flow per minute. Therefore, this rate would be 
less than the pump in most situations because they are normally about 200 mL/min. 
Ensure that you account for this when you calculate your purge time.  

Note that for tubing that is 5/32" with respect to the inner diameter, you need to account for 
a purge volume of 4mL for every foot of tubing. 

8. SAMPLING: 
General Notes: 

 Keep all tubing dry and clean at all times. If you notice water or condensation in the 
tubing, do not attach the SUMMA® or immediately close it 

 Label the paper tag affixed to the SUMMA® with the sample number, as well as which 
regulator will be associated with it.  

 Label the field notes with the SUMMA® identification number and the regulator number 
as well as the initial SUMMA® vacuum and the final SUMMA® vacuum.  

 Check all joints and fittings which are together prior to shipping as these can loosen 
during transport.  
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9. LEAK TEST AND SAMPLING TRAIN SET-UP: 
1. Assemble the helium detector and probe as shown in Figure 2.  

Figure 1 Helium Detector Assembly 

 
 
 
 
 
 
 
 
 
 
 
 
Turn on the helium detector. It requires several minutes to "warm up." 

A tracer test should now be performed to check for leaks within the sampling configuration 
as well as the well or probe seal itself. Set up the equipment as shown in Figures 3 to 6. 
Keep the Summa® Canister Swagelok® Valve Closed Until Instructed to Open it.  

2. Open the lung box and ensure that the connections are all tight for the interior tubing. 
Connect the Tedlar® bag to the free end of the interior T-joint. Note that using the same 
Tedlar® bag for all of the helium tests on one site is permissible, but the Tedlar® bags 
should be changed between sites. 

3. Position the Summa® canister with the regulator and the tubing next to the well or probe. 
Ensure that tubing section A (closest to the regulator) will reach the valve on the well or 
probe cap. Do NOT connect it to the well or probe at this time. Both sides of this valve 
are closed off when they are not connected together.  

4. Feed Section B through the non-valved portal on the shroud. Install the collared T-joint 
on to the end. Ensure that you push the tubing in far enough to engage the o-ring. 
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Figure 2 Shroud and Lung Box Set Up 

 

5. Take a small section of tubing (section C) and install it between the T-joint and the valve 
on the lung box (labelled "1" in Figure 3, although depending on the lung box, it may be 
in a different position on the box). Again, ensure that you push the tubing in really far to 
engage the o-ring. Using silicone tubing on the end of the negative port on the 
manometer, attach the manometer to the T-joint with short length of Teflon® tubing.  

6. Attach a short length of Teflon® tubing to the collared port on the lung box and attach 
the pump to the other end (see Figure 4). You may need to use silicone tubing between 
the Teflon® and the pump- install the tube clamp on this piece of silicone. Ensure that 
the tubing is pressed in tightly to the internal o-ring (note: to remove this tubing later, you 
will need to press down on the collar and pull on the tubing simultaneously).  

Figure 3 Shroud and Lung Box Set up 
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7. Pressure Check: Keeping the Summa® canister closed as well as the line to the well or 
probe unattached (assuming that the quick connect valve is closed), open the valve on 
the Tedlar® bag. Turn on the manometer and note the reading. Turn the pump on and 
let it run for a few minutes in order to build up pressure in the lung box. The reading on 
the manometer should change if all of the connections are intact and there are no leaks 
to the outside of the train.  

8. Turn the pump off and place a clamp over the tubing near the pump. The vacuum should 
hold or change very gradually. If it changes rapidly, there is a leak. Check the 
connections again. Note that if you did a pre-field leak test on the connections between 
the regulator and the canister, you should start isolating other parts of the train first in 
order to determine when the leak is. Perform this test until the manometer can hold a 
reading. In addition, the regulator attached to the Summa® should also register a 
negative reading and should be able to hold that reading for a few minutes. You can 
isolate various parts of the sampling train if necessary using the valves and clamps.  

10. EQUIPMENT BLANK  
An equipment blank should be performed once per day, preferably prior to the first sample 
being taken. This section can be skipped for any additional samples.  

1. Once you are confident that the sampling train is intact, you can perform an equipment 
blank to ensure that the equipment and tubing are clean. Assuming that the valve on the 
end of Section A is shut when it is not connected, attach a clean female end valve to the 
male end on section A. The tubing should now be open to the atmosphere on that end of 
the sampling train. Note: use zero air when in polluted and heavy traffic areas, or do the 
assembly and leak checks elsewhere prior to arriving on site. 

2. Ensure that the Tedlar® bag is open. Close the lung box and turn on the pump. Allow 
the Tedlar® to partially fill.  

3. Take an ambient air reading near the end of Section A using the PID and record the 
value on your field sheet. 

4. Open the lung box-you may need to insert the male end of a quick-connect valve into 
port 4 to release the vacuum prior to opening the lung box. 

5. Close the valve on the Tedlar® bag. Detach the Tedlar® from the sampling train and 
insert the end of the PID meter into the tubing leading from the Tedlar®. Open the 
Tedlar® and allow air from it to pass through the PID meter. Record the reading. 
Perform steps 1-5 of this section once more.  

6. If the readings are comparable to the ambient air reading, your equipment blank is 
successful and you may proceed. Otherwise, you may need to change out some 
components of your sampling train to avoid cross contamination of the samples.  

7. Detach the extraneous female valve from the end of Section A.  
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11. CHECKING THE PRESSURE OR VACUUM OF THE WELL OR PROBE 
1. Prior to opening any of the wells or probes, the pressure or vacuum which exists within 

the well or probe must be assessed. Use a short length of tubing dedicated to the site 
attached to the manometer with silicone tubing (low flow tubing used for groundwater 
sampling would be fine for this purpose, as material inertness is not a concern). 

2. Place a male end valve on the other end of the tubing using both the compression and 
barbed fitting to secure it. Turn on the manometer and ensure that it read "0". 

3. Attach the valve to the well or probe and record the reading on the field sheet. Note the 
presence of the "-" or "+" sign on the sheet as well.  

12. PURGING AND PERFORMING A HELIUM TEST: 
1. Attach tubing section A to the well or probe cap, but keep the Summa® closed. Ensure 

that the valve on the Tedlar® bag is open. Shut the lung box. Place the shroud over the 
well or probe and the Summa® canister. (Always purge through the regulator attached to 
the Summa® canister to ensure that the purging occurs at the same rate as the 
sampling.) 

2. Turn on the pump and record the time. Note that the standard Tedlar® bag is 1L so 
every time that it is full, you have purged 1L from the well or probe.  

3. Feed the helium detector probe in through port 3 (you may need to use silicone tubing). 
Attach the helium regulator to the helium canister and attach it to port 2 (you may need 
to use silicone tubing at the port end as well as the regulator end). Keep the helium off 
for now.  

Figure 4 Shroud and Lung Box set up 
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1. Once the manometer is reading about -10, you can start introducing helium into the 
shroud. At this point, the lung box should be under enough vacuum that the Tedlar® bag 
will start filling shortly because the vacuum is sufficient. Keep the lung box closed; 
otherwise, you will need to start again. This part of the instructions may need to vary a 
little depending on the soil conditions, so adjust accordingly. If the Tedlar fills prior to the 
introduction of helium into the shroud, count that volume towards your purge volume and 
empty the Tedlar® to start again, this time introducing helium sooner. It may take some 
time to get this process right because each site will be different.  

2. Allow helium gas to flow into the shroud at a concentration of about 15% v/v- this is best 
accomplished by setting the helium regulator located at the top of the tank to 8 L/min for 
the first 8 to 10 seconds of filling and dropping it to 0.3L/min after that. You may be able 
to turn the helium regulator to "0" and just give it a small blast every so often when the 
concentration drops off. This will depend on how windy it is and how leaky your shroud 
is. Try to get the concentration to stabilize [i.e. within +/- 40,000 ppm (4% v/v)]. Wrapping 
a towel around the base of the shroud may facilitate keeping the helium in the shroud on 
uneven ground. 

3. Once the Tedlar® is full, you can turn off the helium. Open the lung box -you may need 
to insert the male end of a quick-connect valve into port 4 to release the vacuum prior to 
opening the lung box. 

4. Close the Tedlar® valve. Remove the helium detector from the shroud and let it re-
equilibrate with ambient air. Keep the shroud in place. 

5. Open the valve on the Tedlar® and insert the tip of the helium detector into the silicone 
attached to the bag. Gently squeeze the contents of the Tedlar® out and record the 
reading. The contents of the Tedlar® should be at ambient pressure, otherwise the flow 
rate through the instrument may result in variable readings. Observe the reading. It 
should be less than 10% of the concentration of helium in the shroud (e.g. if you had 
about 14% v/v in the shroud, your helium reading should be less than 1.4% v/v in the 
Tedlar® bag) (NOTE: 10,000 ppm = 1%). If your helium concentration is higher than 
10% v/v of what was in the shroud, but the manometer test in the Leak Test and 
Sampling Train Set-up Procedure held pressure, the well or probe seal is not intact. This 
will need to be remedied prior to continuing. Quick set concrete may help to create a 
better seal. 

6. If the helium concentration is less than 10% of what was in the shroud, attach the PID to 
the Tedlar® and obtain a reading of the soil vapour. At this point, start again with Step 4 
to perform the helium test and PID reading one more time. If 2 litres of air is a sufficient 
volume to meet the requirements for a purge of 3 well or probe volumes, you can 
proceed with Step 10 at this time. Note that if the Tedlar® is taking a very long time to 
fill, you can do steps 9 to 15 with a partially full Tedlar® bag. Continue to run the pump 
for the necessary remaining duration to purge the well or probe of three volumes of air 
either through the lung box and open Tedlar® or just using the pump. In certain soil 
conditions, it will be easier for the pump to draw soil vapour if the lungbox is in-line. This 
process and timing may take some adjustment for each site depending on the soil 
conditions. As long as you are purging through the regulator, you are drawing soil 
vapour at a rate of whatever the regulator is set to (i.e. standard rate is 140 mL/min). 
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7. Shut off the pump.  

8. Disconnect the lung box from the train by removing tubing Section B from the Summa® 
assembly. Attach the brass nut that is connected to the Summa® over the opening 
where Section B was attached using a wrench and Teflon® tape. 

9. Using a handheld PID or FID, test the ambient air near the well or probe for a period of 
at least one minute. Record the range of readings over this time period. Non-detect 
concentrations should be observed. If not, this information may help to identify 
background conditions and evaluate potential biases. Note that this step can be carried 
out while the well or probe is being purged.  

10. Connect section A to the well or probe and open the Swagelok® valve a half-turn on the 
Summa® canister. Record the reading on the regulator- it should be between -30 and -
27 inches of Hg (NB: gauges are calibrated at the altitude of Southern Ontario unless 
otherwise specified). Record the time. Record the serial number of the Summa® canister 
as well as the flow regulator in your notes as you will need these for the Chain of 
Custody. 

11. Let the sampling continue for several minutes, until the regulator reads about  
-5 inches Hg. Do not allow the regulator to reach a value of 0 inches Hg. Record the 
final reading. Close the Summa® canister by turning the Swagelok® valve clockwise. 
Remove the vacuum gauge. Using your fingers, replace the brass nut. Use the wrench 
to turn it a 1/4 turn. 

12. Summa® canisters do not need to be kept cold and can be shipped via airplanes and 
couriers. Hold time is 30 days (NB: some jurisdictions say 14 days depending on the 
compound in question). 

13. PERFORMING A DUPLICATE SAMPLE: 
1. Attach the Y-splitter to the tops of the two Summa® canisters using Teflon® tape and a 

wrench. 

2. Install the Swagelok® t-joint above the Y-splitter and attach the tubing sections A and B 
as above (see Figure 6). 

3. Perform the same leak check tests as above. 

4. At step 13, open both Summa® canisters at the same time. Record the time, pressure 
and serial numbers of both canisters and the serial number of the flow regulator. 

5. The sampling will take approximately twice as long. 
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Figure 5 Assembling Hardware for a Duplicate Sample 

 

 

 

 

 

 

 

 

 

14. CHECKING YOUR DATA: 
Data reported in: 

 ppbv (independent of P & T) 

 µg/m3 (at 1 atm, 25 degrees C) 

 1 atm and 25 degrees C may not be representative of conditions at your site > results 
can be altered using the Gas Law Constant 

 NB these do NOT correspond directly to water concentration units 

Note that soil vapour often contains methane and/ or carbon tetrachloride, so checking 
these concentrations during laboratory analyses can help to determine if ambient air is 
present in your sample. It is difficult to avoid ambient air intrusion in shallow well or probes. 

Ambient Air is composed of the following gases commonly known as "matrix gases" that 
should be analyzed and properly reflected on the Chain of Custody: 

 Nitrogen 78% 

 Oxygen 21% 

 1% CO2, argon, helium 

As your depth below ground surface increases, so does the CO2 concentration. 

In addition, methane should be analyzed because it is present in soil gas. 

Attachment: 

 Soil Vapour Testing Record. 
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1. SOIL GAS MONITORING PROTOCOLS 
The purpose of this program is to monitor for the presence of combustible gases in the surficial 
soils adjacent to the landfill. 

Gas monitoring will include the following tasks, carried out at the designated monitoring 
locations: 

• Measurement of static pressure; 

• Measurement of combustible gas, carbon dioxide, and oxygen concentrations; and 

• Measurement of the water level within the probe. 

1.1 EQUIPMENT 
The following field instruments shall be used for soil gas monitoring: 

• Portable gas analyzer equipped with combustible gas, carbon dioxide, and oxygen 
sensors; 

• Digital manometer; and 

• Electronic water level indicator. 

1.1.1 Portable Gas Analyzer 
The gas analyser shall meet the following minimum requirements. 

Combustible Gas Sensor 
The combustible gas meter shall be a non-dispersive infrared (NDIR) combustible gas sensor 
equipped with an intrinsically safe pump. The sensor shall operate at the following scales: 

• 0-100 percent methane (volumetric basis) with an accuracy of 3 percent; and 

• 0-100 percent LEL with an accuracy of 0.3 percent. 

In the majority of landfills, the combustible gas of concern is methane; however, it is noted 
that combustible gas sensing devices usually respond to all combustible gases present. 
Therefore, concentrations measured during monitoring are normally expressed as an 
equivalent to a known calibration gas (typically methane for landfill applications). For the 
purpose of soil gas monitoring, the sensor should be calibrated to a 2.5 percent methane (50 
percent LEL) span gas. Calibrations with other combustible gases shall be converted to 
methane equivalents.  

It is noted that catalytic combustible gas sensor equipment is not suitable for this application 
as methane concentrations greater than 5 percent (as can readily occur on LFG) may poison 
the sensor. In addition, the sensor requires oxygen to function, which may not be present in a 
LFG atmosphere. 

In addition, it is noted that flame ionization detection (FID) equipment is not appropriate due 
to the fact that low levels of oxygen can cause a “flame out” in the FID and that the unit’s 
sensitivity is impacted by elevated levels of carbon dioxide. 
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It is further noted that photo ionization detectors (PID) are not suitable for this application due 
to the potential for elevated concentrations of methane to accumulate in the probe casing 
which can “quench” the PID signal, resulting in a reading biased low. 

Carbon Dioxide Gas Sensor 
The carbon dioxide gas sensor shall be a NDIR gas sensor equipped with an intrinsically safe 
pump. The sensor shall have at a minimum the following operating ranges: 

• 0-5 percent carbon dioxide (volumetric basis) with an accuracy of 0.3 percent. 

• 0-60 percent carbon dioxide (volumetric basis) with an accuracy of 3 percent. 

Oxygen Sensor 
The oxygen sensor shall be an electrochemical or paramagnetic sensor with a range of 0-21 
percent (volumetric basis) and an accuracy of one percent full scale. 

It is noted that the portable gas analyzer should be field calibrated daily, prior to the 
commencement of sampling activities. 

Digital Manometer 
The measurement of the in-situ pressure at soil gas monitoring probes provides useful data 
for assessing the migration of combustible gas. A portable digital manometer shall be used to 
measure in-situ pressure. This device shall have a minimum resolution of 2.0 pascals (0.01 
inches water column) and pressure hysteresis of 0.1 percent, and manual pressure zeroing 
capacity. 

Water Level Meter 
Water level meters are utilized to measure the depth of water in gas probes to record seasonal 
fluctuations in the groundwater table and ensure that the probes screened interval is not 
blinded. The water level meter shall be a coaxial cable type water level meter, capable of 
insertion into a 19 millimetre diameter PVC pipe.  

1.2 SAMPLING PROTOCOLS 
The following section presents the sampling protocols to be implemented for gas monitoring. 

1.2.1 Gas Probe Sampling Procedures 
Gas probe sampling shall strictly adhere to the following sequence of execution: 

• Probe inspection; 

• In-situ pressure measurement; 

• Soil gas sampling; and 

• Water level measurement. 

Gas Probe Inspection 
Prior to undertaking field sampling activities, a thorough inspection of the gas probe shall be 
undertaken to ensure that the probe has not been damaged or tampered with and that the 
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probe labcock is in the closed position. Any cracking of the surface well seal should be noted, 
as well as any surface water ponding in the vicinity of the probe. 

Pressure Measurement 
In-situ gas pressure should always be measured and recorded prior to gas 
sampling activities or measuring groundwater elevation, as these tasks will 
affect the in-situ gas pressure within and adjacent to the probe. At 
monitoring locations consisting of multiple nested probes, all pressure 
measurements shall be conducted first. 

The following pressure measurement protocols shall be strictly adhered to: 

1. Zero the digital manometer. 

2. Connect “positive” sample port on the digital manometer to the probe labcock hose barb, 
while ensuring a tight seal at all connections. 

3. Open the labcock. 

4. Record pressure measurement and pressure units. 

5. Close the labcock. 

6. Disconnect digital manometer and ensure that the static pressure has returned to zero. If 
not zero, repeat procedure. 

Combustible Gas Concentration Measurement 
To monitor combustible gas concentration in the gas probe, the following steps shall be taken: 

1. Turn on gas meter(s) prior to commencing sampling and allow the unit(s) to warm up. 

2. Purge unit(s) with fresh air and ensure the unit is zeroed (methane and carbon dioxide 
read 0 percent, oxygen reads 20.9 percent on a volumetric basis). If the unit(s) are not 
zeroed, field calibrate prior to commencing sampling program. 

3. Connect the analyzer sampling hose to the hose barb labcock. Ensure that all connections 
are tight. 

4. Open labcock and turn on analyzer pump. 

5. Two well volumes shall be purged at a flow rate not to exceed 0.5 litres per minute prior 
to sampling or recording measurements. As a general rule, a minimum of 100 percent and 
maximum of 300 percent of the probe and granular filter pack volume should be purged 
prior to undertaking sampling and/or measurement activities. In addition, purging shall 
continue until the reading has stabilized. 

6. Record analyzer measurements and note any fluctuations (including the range of 
fluctuations). 

7. Shut off analyzer pump, close probe labcock, and disconnect hose. 

8. Purge unit(s) with fresh air to ensure the unit(s) are still zeroed. If not zeroed, calibrate 
unit(s) and repeat procedure. 
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Water Level Measurements 
The measurement of water level in gas probes is the final measurement to be undertaken at 
a given probe location and is critical to the determination of the installations operability  
(i.e. is the screened interval in the probe installation flooded?) and to assist in the evaluation 
of LFG migration potential by delineating the depth of the vadose zone. 

Due to the narrow soil gas probe pipe diameter, the water level is measured with a coaxial 
electronic water level indicator. Measurements are undertaken within the gas probe by 
removing the slip cap assembly from the top of the riser pipe. The depth to water is recorded 
relative to the top of casing (TOC). If no water is encountered in the probe, “dry” is recorded 
on the data sheet.  

Upon completion of water level measurement at a given probe location, the slip cap is cleaned, 
greased with a non-petroleum based lubricant, and fitted snuggly to the top of the probe riser 
pipe.  

Prior to closing and locking the probe’s steel protective casing, ensure that 
the labcock is in the closed position. 

Data Recording 
All data measured during the gas monitoring program shall be recorded. The recorded data 
should, at a minimum, include the following information: 

• Probe #; 

• Time and date of measurement; 

• Pressure; 

• Purge time; 

• Methane concentration; 

• Carbon dioxide concentration; 

• Oxygen; 

• Depth to water table; and 

• Status of probe (i.e. damage, evidence of tampering, or labcock open). 

Data Evaluation 
Upon completion of each monitoring event, the recorded data collected shall be reviewed in 
consideration of the following objectives: 

• Verify that trigger levels have not been exceeded; and 

• Identify maintenance issues, and contact appropriate landfill personnel to initiate 
appropriate remedial actions. 

Annually the recorded data collected shall be reviewed in consideration of the following:  

• Identify significant changes in measurements (typically greater than 20 percent relative to 
the previous year’s data); 
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• Identify trends which may be indicative of LFG migration or damage to the liner; 

• Asses the performance of the engineered control systems, remedial measures or 
contingency actions (if implemented); and 

• Consider if modifications to the monitoring program are deemed appropriate. 
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1. BACKGROUND 
Indoor air quality is often evaluated at contaminated sites where existing buildings may be 
impacted by volatile or semi-volatile chemicals. Assessment of contaminant concentrations 
in the indoor air of the building may be an important exposure pathway to consider when 
evaluating potential human health risks at a site. 

2. PURPOSE 
The collection of indoor air quality samples using a Summa® canister allows for multiple 
VOCs to be analyzed using one sample. Samples can be reanalyzed because of the 
stability of the sample in the canister, and the small amount of sample which is required for 
analyses. Summa® canister sampling is ideal for time-weighted average (TWA) sampling 
(e.g. 8 hours, 24 hours). In addition, it is not required that the range of concentrations be 
known prior to sampling, although if high concentrations are expected, it is best to inform the 
laboratory ahead of time. In cases where concentrations are potentially high, they may 
recommend the use of borosilicate glass canisters. 

3. SCOPE 
This document describes the procedure for sampling indoor air quality using a Summa® 
canister.  

4. SITE CHARACTERIZATION 
Indoor air quality sampling should be conducted after all potential vapour sources (e.g. non-
aqueous phase liquids, contaminated soil, and groundwater) have been characterized. In 
addition, the physical setting of the site should be known, including (if applicable): 

• Geology (soil textures, stratigraphy); 

• Hydrogeology (depth to groundwater, groundwater flow direction, vertical and lateral 
gradients, hydraulic conductivity); 

• Vadose zone characteristics including water content, porosity, fraction of organic carbon, 
bulk density, and soil-air permeability; 

• Preferential pathways, such as subsurface utilities; 

• Building construction [location, use, size, height, foundation type, foundation 
characteristics, heating, ventilation, and air conditioning (HVAC)]; and 

• Vertical and lateral distance from soil vapour sources to buildings. 

5. SITE CONDITIONS 
The MOECC may require that indoor air quality samples are collected at a time when the 
surrounding ground is frozen, as well as at another time when it is not frozen. On the day of 
sampling, weather conditions including outdoor and indoor air temperatures will be 
recorded. Information on barometric pressure and relative humidity during the sample 

SOPs/SOP- IAQ w Summa V1 
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collection period will be obtained from the nearest Environment Canada (or other) weather 
station, if the data is publically available. 

6. LENGTH OF TIME 
Eight hour flow regulators should be used for commercial, institutional and industrial indoor 
air quality sampling. Residential applications require a 24 hour flow regulator.  

7. EQUIPMENT 
Laboratories need several days notice to deliver SUMMA® canisters. The usual size for 
indoor air quality is 6 litres. If you are sampling at a different altitude, let the project manager 
know so that the flow controller can be adjusted to reflect this difference. 

Required from the Laboratory:  

• One travel blank SUMMA® canister filled with purified air that is taken to the field, but 
not opened; 

• One Summa® canister for each sample required, as well as an additional field duplicate 
for every 10 samples; and 

• One flow regulator for each Summa® canister (see section 6 for the required length of 
time). 

Additional Equipment: 

• 2 x 9/16" wrenches; 

• Barometer, Thermometer, and Hygrometer; 

• PID or FID; and 

• Nitrile Gloves. 

Important Notes: 

• Instruct the clients not to use glues, adhesives, paints, floor wax, or strong cleaners, etc, 
in the vicinity of the sampling for several days prior to sampling. 

• Do not smoke, pump gas, use hand sanitizer, or handle any solvents prior to handling 
the Summa® canisters or any of the equipment. Avoid these activities on the day of 
sampling. 

8. SAMPLING: 
1. To attach the regulator on to the SUMMA® canister, remove the brass nut on the top 

and then hand-tighten the Swagelok® regulator nut on to the SUMMA® canister. Use a 
9/16" wrench to make a quarter turn to tighten the regulator. 

2. Label the paper tag affixed to the SUMMA® with the sample number, as well as which 
regulator will be associated with it.  

SOPs/SOP- IAQ w Summa V1 
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3. Label the field notes with the SUMMA® identification number and the regulator number, 
as well as the initial SUMMA® vacuum and the final SUMMA® vacuum. 

4. Record indoor and outdoor meteorological data for that time and date using the portable 
barometer, thermometer, and hygrometer, as well as Environment Canada 
(https://weather.gc.ca/canada_e.html).  

5. Place the SUMMA® canister at a height of one to two metres above the ground, in an 
area that is away from doorways, HVAC outlets/inlets, and loading dock areas where 
idling vehicles might be present over the course of the day. 

6. Open the SUMMA® canister by turning the Swagelok® valve counter-clockwise a 
quarter turn. Record the time and vacuum in the field notes.  

7. Using the appropriate detector, record five ambient air readings taken over the course of 
a minute from either the PID or FID. Non-detect concentrations should be observed. This 
information may help to identify background conditions and evaluate potential biases. 

8. Let the sampling continue for the appropriate length of time based on the regulator. 
Ideally, allow the sampling to continue for the full pre-determined period until the 
regulator reads between -8 inches Hg and -3 inches Hg. Do not allow the regulator to 
reach a value of 0 inches Hg. If sampling is progressing more quickly than expected, 
you may need to close the Swagelok® valve sooner than expected. 

9. Prior to closing the Summa® canister, record five ambient air readings taken over the 
course of a minute from either the PID or FID. 

10. Record the final vacuum reading and time. Close the Summa® canister by turning the 
Swagelok® valve clockwise. Remove the vacuum gauge. Using your fingers, replace the 
brass nut. Use the wrench to turn it a 1/4 turn. 

11. If the sampling period was more than 1 hour, record indoor and outdoor meteorological 
data for that time and date using the portable barometer, thermometer, and hygrometer, 
as well as the Environment Canada website (https://weather.gc.ca/canada_e.html). 

12. Summa® canisters do not need to be kept cold and can be shipped via airplanes and 
couriers. Hold time is 30 days (NB: some jurisdictions say 14 days depending on the 
compound in question). 

9. PERFORMING A DUPLICATE SAMPLE: 
1. A duplicate sample is taken by placing a secondary Summa® canister immediately 

adjacent to the primary Summa® canister. The outlets for both regulators should be as 
close together as possible. The sampling period does not change. 

SOPs/SOP- IAQ w Summa V1 
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10. CHECKING YOUR DATA: 
Data reported in: 

• ppbv (independent of P & T); 

• µg/m3 (at 1 atm, 25 degrees C); 

• 1 atm and 25 degrees C may not be representative of conditions at your site > results 
can be altered using the Gas Law Constant; and 

• NB these do NOT correspond directly to water concentration units. 

Ambient Air is composed of the following gases commonly known as "matrix gases" that do 
NOT need to be analyzed for indoor air quality sampling: 

• Nitrogen 78%; 

• Oxygen 21%; and 

• 1% CO2, argon, helium. 

11. ATTACHMENT 
• Indoor Air Quality Field Sheet. 

SOPs/SOP- IAQ w Summa V1 
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INDOOR AIR QUALITY- SUMMA CANISTER SAMPLING 
Date:  

Technician:  

Project Number:  

Site Address:   

Lab Identifier:  

Canister Number(s):  Regulator Number:  

Starting Parameters: 
Outdoor Barometric 
Pressure: 

 Indoor Barometric 
Pressure: 

 

Outdoor Temperature:  Indoor Temperature:  
Relative Humidity of 
Sampling 
Environment: 

 Wind Direction & Speed:  

PID readings - 5 in 
one minute: 

     

Start Time:  Starting Canister Vacuum:  

 
Sample Height:  
Description of Sample 
Location (i.e. room, 
position within a 
building, exit number, 
building number, etc): 

 

Additional notes about 
condition of the floor 
and/or foundation (i.e. 
cracks, spills, stains, 
sumps, drains, utility 
conduits): 

 

HVAC conditions 
during sampling: 

 

Fireplace, furnace, 
fans present? 
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Indoor sources of 
VOCs noted during 
sampling: 
 

 

Description of doors 
and windows and their 
usage (open, closed, 
high traffic through 
the doors, i.e. how 
many times opened 
and closed in an hour) 

 

End Parameters: 
Outdoor Barometric 
Pressure: 

 Indoor Barometric 
Pressure: 

 

Outdoor Temperature:  Indoor Temperature:  
Relative Humidity of 
Sampling 
Environment: 

 Wind Direction & Speed:  

PID readings - 5 in 
one minute: 

     

End Time:  End Canister Vacuum:  
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HISTORICAL GROUNDWATER MONITORING RESULTS 

  



R423520403006App G.xlsx

Table G1 Summary of Historical Groundwater Elevations

07-Aug-13 -- -- 877.39
10-Mar-17 -- 7.45 873.12
01-Jun-17 -- 7.44 873.13
24-Sep-17 -- 7.40 873.17
16-Dec-17 7.340 -- 873.17
07-Aug-13 -- -- 877.31
01-Mar-17 -- 2.37 --
01-Jun-17 -- 2.03 --
24-Sep-17 -- 2.38 --
16-Dec-17 2.500 -- --
07-Aug-13 -- -- 874.65
10-Mar-17 -- 2.86 876.536
01-Jun-17 -- 2.53 876.87
24-Sep-17 -- 2.54 876.86
17-Dec-17 2.670 -- 876.68
07-Aug-13 -- -- 873.26
01-Mar-17 -- -- --
01-Jun-17 -- 2.67 --
24-Sep-17 -- 2.64 --
17-Dec-17 2.910 -- --
07-Aug-13 -- -- 877.23
01-Mar-17 -- -- --
01-Jun-17 -- 5.61 --
24-Sep-17 -- 5.55 --
17-Dec-17 5.670 -- --
07-Aug-13 -- -- 876.61
01-Mar-17 3.30 -- 876.58
01-Jun-17 3.30 -- 876.58
24-Sep-17 3.09 -- 876.79
17-Dec-17 3.30 -- 876.58
07-Aug-13 -- -- 877.33
01-Mar-17 4.48 -- 876.05
01-Jun-17 4.39 -- 876.14
24-Sep-17 4.61 -- 875.92
16-Dec-17 4.63 -- 875.90
01-Mar-17 -- 8.01 873.18
01-Jun-17 -- 8.05 873.14
24-Sep-17 -- 7.98 873.21
17-Dec-17 7.940 -- 873.21
01-Mar-17 9.32 -- 872.90
01-Jun-17 9.43 -- 872.79
24-Sep-17 9.46 -- 872.76
17-Dec-17 9.37 -- 872.85
01-Mar-17 3.65 -- 876.63
01-Jun-17 3.19 -- 877.09
24-Sep-17 3.32 -- 876.96
17-Dec-17 3.70 -- 876.58
01-Mar-17 -- 3.76 876.53
01-Jun-17 -- 3.53 876.76
24-Sep-17 -- 3.44 876.85
17-Dec-17 3.560 -- 876.63
01-Mar-17 -- 3.45 876.54
01-Jun-17 -- 3.32 876.67
24-Sep-17 -- 3.10 876.89
17-Dec-17 3.250 -- 876.65
10-Mar-17 -- 7.63 873.22
01-Jun-17 -- 7.67 873.18
24-Sep-17 -- Dry --
17-Dec-17 Dry -- --
02-Mar-17 -- 3.73 875.97
01-Jun-17 -- 3.63 876.07
24-Sep-17 -- 3.89 875.81
17-Dec-17 3.850 -- 875.76
01-Mar-17 -- 7.31 873.39
01-Jun-17 -- 7.29 873.41
24-Sep-17 -- 7.25 873.45
17-Dec-17 7.240 -- 873.43

Notes:

0.955

0.060 --

MW-07 879.575 880.626 880.530 --

-- -- --

MW-06 879.108 879.941 879.881

MW-05 -- --

0.110 --

MW-03 879.393 879.396 879.346 0.050 --

MW-04 879.589 Not Surveyed -- 0.020 --

0.090

0.030 --

-- no data
Benchmark: ASCM 283036, property line nail at 5794702.76, 12182.95 as determined by Bemco Land Surveying Ltd, December 15, 2016.

MW-01 880.579 880.565

879.612 0.090 --

XCG-14 (MW) 880.719 880.704 880.674

XCG-13 (MW) 879.672

880.505 0.060 --

MW-02 879.006 Not Surveyed --

879.702

880.282 0.060 --

XCG-5 (MW) 880.271 880.289 880.189

XCG-4 (MW) 879.220 880.342

0.100 --

--

XCG-12 (MW) 880.827 880.847 880.757 0.090 --

XCG-6 (MW) 879.971 879.987 879.897

--

XCG-2 (MW) 881.102 882.329 882.219 0.110 --

XCG-1 (MW) 881.206 881.186 881.146 0.040

Water Table 
Elevation 
(mASL)

Top of Pipe 
Elevation 
(mASL)

Top of Casing - 
Top of Pipe (m)

Top of Pipe - 
Ground Surface 

(m)

Water Depth from 
Top of Pipe (m)

Water Depth from 
Top of Casing (m)Location Date

Ground Surface 
Elevation 
(mASL)

Top of Casing 
Elevation
(mASL)
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Table G2  Summary of Historical Field Parameters in Groundwater

Location Date Temperature 
(°C) pH Conductivity 

(µS/cm)
Dissolved 

Oxygen (mg/L)

Total 
Dissolved 

Solid (mg/L)

Redox 
(mV)

8-Aug-13 9.60 7.12 632 1.58 578.50 31.7
12-Mar-17 7.45 6.56 828 9.05 -- 184.2
7-Aug-13 9.80 7.08 919 2.57 838.50 44.3
13-Mar-17 4.16 7.32 1247 2.95 -- -31.0
8-Aug-13 9.80 6.76 1292 1.16 1189.50 49.8
13-Mar-17 4.31 6.90 1766 0.86 -- -23.6

MW-04 8-Aug-13 11.30 7.00 1971 2.13 1729.00 45.5
MW-05 8-Aug-13 8.50 6.79 1353 1.50 1287.00 40.8

8-Aug-13 9.00 6.65 1944 0.86 1820.00 -93.8
14-Mar-17 5.05 6.06 2847 4.54 -- 16.3
7-Aug-13 8.10 6.67 1320 2.50 1261.00 -103.5
14-Mar-17 6.33 6.11 2370 0.99 -- -15.6

XCG-1 (MW) 11-Mar-17 6.80 7.17 676 6.82 -- 72.2
XCG-2 (MW) 11-Mar-17 6.04 7.25 822 5.10 -- 118.6
XCG-4 (MW) 13-Mar-17 1.59 8.38 1110 3.21 -- -137.2
XCG-5 (MW) 13-Mar-17 4.59 10.29 747 8.36 -- -186.6
XCG-6 (MW) 13-Mar-17 4.36 6.20 1842 3.76 -- 210.7
XCG-12 (MW) 14-Mar-17 3.25 6.47 1017 4.54 -- 16.3
XCG-13 (MW) 14-Mar-17 3.82 6.19 2025 1.13 -- 11.3
XCG-14 (MW) 11-Mar-17 6.16 7.26 1022 4.53 -- 58.8

-- No Value/Data

March Sampling Event

Notes:

MW-01

MW-02

MW-03

MW-06

MW-07
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Table G3   Summary of Historical Analytical Results for VOCs in Groundwater

Sample ID MW-04 MW-05 XCG-1 (MW) XCG-4 (MW) XCG 5 (MW) XCG 6 (MW) XCG-12 (MW) XCG-13 (MW) XCG-14 (MW)

08-Aug-13 12-Mar-17 07-Aug-13 13-Mar-17 08-Aug-13 13-Mar-17 08-Aug-13 08-Aug-13 08-Aug-13 14-Mar-17 07-Aug-13 14-Mar-17 10-Mar-17 11-Mar-17 11-Mar-17 14-Mar-17 13-Mar-17 13-Mar-17 12-Mar-17 14-Mar-17 11-Mar-17
Total Trihalomethanes ND <1.3 ND <1.3 ND <1.3 ND ND ND <1.3 ND <1.3 <1.3 <1.3 <1.3 <1.3 <1.3 <1.3 <1.3 <1.3 <1.3
Bromodichloromethane ND <0.50 ND <0.50 ND <0.50 ND ND ND <0.50 ND <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50
Bromoform ND <0.50 ND <0.50 ND <0.50 ND ND ND <0.50 ND <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50
Bromomethane ND <2.0 ND <2.0 ND <2.0 ND ND ND <2.0 ND <2.0 <2.0 <2.0 <2.0 <2.0 <2.0 <2.0 <2.0 <2.0 <2.0
Carbon tetrachloride ND <0.50 ND <0.50 ND <0.50 ND ND ND <0.50 ND <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50
Chlorobenzene ND <0.50 ND <0.50 ND <0.50 ND ND ND <0.50 ND <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50
Chlorodibromomethane ND <1.0 ND <1.0 ND <1.0 ND ND ND <1.0 ND <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0
Chloroethane ND <1.0 ND <1.0 ND <1.0 ND 1.5 ND <1.0 ND 1.2 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0
Chloroform ND <0.50 ND <0.50 ND <0.50 1.6 ND ND <0.50 ND <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50
Chloromethane ND <2.0 ND <2.0 ND <2.0 ND ND ND <2.0 ND <2.0 <2.0 <2.0 <2.0 <2.0 <2.0 <2.0 <2.0 <2.0 <2.0
1,2-dibromoethane ND <0.20 ND <0.20 ND <0.20 ND ND ND 0.30 ND <0.20 <0.20 <0.20 <0.20 <0.20 <0.20 <0.20 <0.20 <0.20 <0.20
1,2-dichlorobenzene ND <0.50 ND <0.50 ND <0.50 ND ND ND 0.52 ND <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50
1,3-dichlorobenzene ND <0.50 ND <0.50 ND <0.50 ND ND ND <0.50 ND <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50
1,4-dichlorobenzene ND <0.50 ND <0.50 ND <0.50 ND ND 2.3 1.2 ND <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50
1,1-dichloroethane ND <0.50 ND <0.50 ND <0.50 ND ND ND <0.50 ND <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50
1,2-dichloroethane ND <0.50 ND <0.50 ND <0.50 ND ND ND <0.50 ND <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50
1,1-dichloroethene ND <0.50 ND <0.50 ND <0.50 ND ND ND <0.50 ND <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50
cis-1,2-dichloroethene ND <0.50 ND <0.50 4.5 20 ND 21 2.6 18 130.00 120 <0.50 <0.50 <0.50 <0.50 <0.50 1.2 <0.50 130 <0.50
trans-1,2-dichloroethene ND <0.50 ND <0.50 ND <0.50 ND ND ND <0.50 ND 2.9 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 1.9 <0.50
Dichloromethane ND <2.0 ND <2.0 ND <2.0 ND ND ND <2.0 ND <2.0 <2.0 <2.0 <2.0 <2.0 <2.0 <2.0 <2.0 <2.0 <2.0
1,2-dichloropropane ND <0.50 ND <0.50 ND <0.50 ND ND ND <0.50 ND <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50
cis-1,3-dichloropropene ND <0.50 ND <0.50 ND <0.50 ND ND ND <0.50 ND <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50
trans-1,3-dichloropropene ND <0.50 ND <0.50 ND <0.50 ND ND ND <0.50 ND <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50
Methyl methacrylate ND <0.50 ND <0.50 ND <0.50 ND ND ND <0.50 ND <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50
Methyl-tert-butylether (MTBE) ND <0.50 ND <0.50 ND <0.50 ND ND ND <0.50 ND <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50
Styrene ND <0.50 ND <0.50 ND <0.50 ND ND ND 0.75 ND <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50
1,1,1,2-tetrachloroethane ND <1.0 ND <1.0 ND <1.0 ND ND ND <1.0 ND <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0
1,1,2,2-tetrachloroethane ND <2.0 ND <2.0 ND <2.0 ND ND ND <2.0 ND <2.0 <2.0 <2.0 <2.0 <2.0 <2.0 <2.0 <2.0 <2.0 <2.0
Tetrachloroethene ND <0.50 1.4 <0.50 ND <0.50 50 ND ND <0.50 ND <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50
1,2,3-trichlorobenzene ND <1.0 ND <1.0 ND <1.0 ND ND ND <1.0 ND <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0
1,2,4-trichlorobenzene ND <1.0 ND <1.0 ND <1.0 ND ND ND <1.0 ND <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0
1,3,5-trichlorobenzene ND <0.50 ND <0.50 ND <0.50 ND ND ND 0.73 ND <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50
1,1,1-trichloroethane ND <0.50 ND <0.50 ND <0.50 ND ND ND <0.50 ND <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50
1,1,2-trichloroethane ND <0.50 ND <0.50 ND <0.50 ND ND ND 0.56 ND <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50
Trichloroethene ND <0.50 1.6 <0.50 ND <0.50 1 ND ND <0.50 6.8 7.4 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 0.68 <0.50
Trichlorofluoromethane ND <0.50 ND <0.50 ND <0.50 1 ND ND <0.50 ND <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50
1,2,4-trimethylbenzene ND <0.50 ND <0.50 ND <0.50 ND ND 39 14 ND <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50
1,3,5-trimethylbenzene ND <0.50 ND <0.50 ND <0.50 ND ND 9 3.8 ND <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50
Vinyl chloride ND <0.50 ND <0.50 10 16 ND 24 15 8.4 26 39 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 21 <0.50

Notes:
--
< or ND
All units in µg/L, unless otherwise specified.

XCG-2 (MW)MW-01 MW-02 MW-03 MW-06 MW-07



R423520403006App G.xlsx

Table G4   Summary of Historical Analytical Results for Routine Parametres and Nutrients in Groundwater

MW-04 MW-05 XCG-1 (MW) XCG-4 (MW) XCG-5 (MW) XCG-6 (MW) XCG-12 XCG-13 (MW) XCG-14 (MW)

08-Aug-13 12-Mar-17 07-Aug-13 13-Mar-17 08-Aug-13 13-Mar-17 08-Aug-13 08-Aug-13 08-Aug-13 14-Mar-17 07-Aug-13 14-Mar-17 10-Mar-17 11-Mar-17 11-Mar-17 14-Mar-17 13-Mar-17 13-Mar-17 12-Mar-17 14-Mar-17 11-Mar-17
Calculated Parameters --
Anion Sum meq/L -- 9.3 -- 13 -- 20 -- -- -- 32 25 7.1 8.8 8.8 12 8.1 18 12 24 12
Cation Sum meq/L -- 8.9 -- 13 -- 20 -- -- -- 30 -- 26 7.1 8.8 8.9 12 8.0 18 12 23 12
Hardness (CaCO3) mg/L -- 420 -- 520 -- 920 -- -- -- 970 -- 1100 340 320 320 480 390 870 550 1000 560
Ion Balance (% Difference) N/A -- 2.0 -- 1.3 -- 0.29 -- -- -- 3.5 -- 0.66 0.43 0.13 0.50 0.87 0.31 0.89 1.5 2.3 0.77
Dissolved Nitrate (NO3) mg/L -- 0.21 -- 6.2 -- 1.7 -- -- -- 0.14 -- 0.20 0.10 0.063 0.077 <0.044 2.7 250 0.17 <0.044 0.056
Nitrate plus Nitrite (N) mg/L -- 0.047 -- 1.4 -- 0.38 -- -- -- 0.031 -- 0.044 0.024 0.014 0.017 <0.010 0.61 56 0.037 <0.010 0.013
Dissolved Nitrite (NO2) mg/L -- <0.033 -- <0.033 -- <0.033 -- -- -- <0.033 -- <0.033 <0.033 <0.033 <0.033 <0.033 <0.033 0.20 <0.033 <0.033 <0.033
Calculated Total Dissolved Solids mg/L -- 450 -- 660 -- 990 -- -- -- 1500 -- 1300 350 460 460 580 380 1000 580 1100 570

Conductivity uS/cm 940 830 1400 1200 1900 1800 2400 2000 2700 2800 2100 2400 660 820 830 1000 700 1700 1000 2100 1000
pH pH 7.59 7.37 7.40 7.57 7.09 7.31 7.31 7.20 6.83 7.10 7.04 7.12 7.73 7.30 7.29 7.74 7.76 7.32 7.59 7.15 7.34

Alkalinity (PP as CaCO3) mg/L -- <0.50 -- <0.50 -- <0.50 -- -- -- <0.50 -- <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50
Alkalinity (Total as CaCO3) mg/L 430 410 470 360 1000 960 650 890 1400 1500 820 890 310 340 340 550 390 600 530 920 490
Bicarbonate (HCO3) mg/L 520 500 570 430 1300 1200 790 1100 1700 1800 1000 1100 380 420 420 670 470 730 640 1100 590
Carbonate (CO3) mg/L ND <0.50 ND <0.50 ND <0.50 ND ND ND <0.50 ND <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50
Hydroxide (OH) mg/L ND <0.50 ND <0.50 ND <0.50 ND ND ND <0.50 ND <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50
Dissolved Sulphate (SO4) mg/L 50 37 69 53 39 36 510 44 5 <1.0 18 7.2 29 57 58 9.3 10 82 42 6.8 56
Dissolved Chloride (Cl) mg/L 21.0 12 110.0 160 16.0 13 130.0 160.0 100.0 83 240.0 260 10 27 27 17 2.0 11 22 200 21

Dissolved Nitrite (N) mg/L ND <0.010 0.013 <0.010 0.01 <0.010 0.026 ND ND <0.010 ND <0.010 <0.010 <0.010 <0.010 <0.010 <0.010 0.060 <0.033 <0.010 <0.010
Dissolved Nitrate (N) mg/L 0.04 0.047 10.00 1.4 0.49 0.38 20.00 0.00 ND 0.031 0.02 0.044 0.024 0.014 0.017 <0.010 0.61 56 0.58 <0.010 0.013
Total Ammonia (N) mg/L 0.074 0.19 0.27 <0.050 0.11 0.13 0.06 0.25 96 69 2.4 0.87 0.38 0.23 0.23 0.17 <0.050 0.093 0.54 0.18 0.30
Total Nitrogen (N) mg/L 0.59 1.3 11.00 1.8 1.30 1.0 22.00 1.10 100.00 96 88.00 1.9 2.5 0.45 0.55 0.64 0.82 57 3.6 0.93 1.4
Total Phosphorus (P) mg/L 0.4400 0.70 3.4000 0.0061 0.1100 0.0097 0.0880 0.7200 14.0000 1.1 53.0000 0.030 2.5 0.19 0.10 0.11 0.0085 0.0046 1.2 0.020 2.6
Total Kjeldahl Nitrogen mg/L 0.55 1.2 0.84 0.34 0.82 0.63 1.30 1.10 100.00 96 88.00 1.9 2.5 0.44 0.53 0.64 0.21 1.0 3.4 0.93 1.4

Biochemical Oxygen Demand mg/L ND <2.0 ND <2.0 3.5 6.9 ND 5.2 130 22 25 7.8 2.8 <2.0 <2.0 <2.0 <2.0 <2.0 8.3 3.1 <2.0
Total Chemical Oxygen Demand mg/L 77 <5.0 22 15 69 65 54 140 1800 330 1600 64 71 37 36 41 <5.0 20 110 41 85

Total Organic Carbon (C) mg/L 5.8 4.3 8.8 8.8 16.0 8.1 13.0 16.0 71.0 72.0 18.0 19 <2.5 3.3 4.2 4.3 3.7 12.0 16 15 <5.0 

Formic Acid mg/L ND <0.50 -- <0.50 -- <0.50 ND -- ND <0.50 -- <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50
Acetic Acid mg/L ND <0.50 -- <0.50 -- <0.50 ND -- ND <0.50 -- <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50
Propionic Acid mg/L ND <0.50 -- <0.50 -- <0.50 ND -- ND <0.50 -- <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50
Butyric Acid mg/L -- <10 -- <10 -- <10 -- -- -- <10 -- <10 <10 <10 <10 <10 <10 <10 <10 <10 <10 

Adsorbable Organic Halogen mg/L 0.09 0.02 -- 0.07 -- <0.01 0.14 -- 0.05 0.14 -- 0.06 0.02 0.03 0.02 0.03 0.01 0.03 0.02 0.6 0.02

Notes:
RDL boratory Reportable Detection Limit
1. Alberta Tier 1 groundwater remediation guidelines for residential/parkland land use, coarse grained soil (February 2016).
-- no data
< or ND Less than the RDL

Organic Acids

Misc. Organics

XCG-2 (MW)

Miscellaneous Inorganics

Anions

Nutrients

Demand Parameters

Misc. Inorganics

MW-01 MW-02 MW-03 MW-06 MW-07
UnitsSample ID
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Table G5  Summary of Historical Analytical Results for Dissolved Metals in Groundwater

MW-04 MW-05 XCG-1 (MW) XCG-4 (MW) XCG-5 (MW) XCG-6 (MW) XCG-12 (MW) XCG-13 (MW) XCG-14 (MW)

08-Aug-13 12-Mar-17 07-Aug-13 13-Mar-17 08-Aug-13 13-Mar-17 08-Aug-13 08-Aug-13 08-Aug-13 14-Mar-17 07-Aug-13 14-Mar-17 10-Mar-17 11-Mar-17 11-Mar-17 14-Mar-17 13-Mar-17 13-Mar-17 12-Mar-17 14-Mar-17 11-Mar-17
Dissolved Cadmium (Cd) ug/L 0.033 0.29 -- 0.044 -- 0.044 0.040 -- ND <0.020 -- 0.022 0.053 0.15 0.13 0.29 0.042 0.060 0.023 0.088 0.064
Dissolved Aluminum (Al) mg/L 0.003 0.0039 -- <0.0030 -- <0.0030 ND -- ND 0.0057 -- <0.0030 0.0056 0.0031 0.0038 0.0044 <0.0030 <0.0030 0.0054 0.0042 0.0031
Dissolved Antimony (Sb) mg/L ND <0.00060 -- <0.00060 -- <0.00060 ND -- ND <0.00060 -- <0.00060 <0.00060 0.00065 <0.00060 <0.00060 0.00075 <0.00060 <0.00060 <0.00060 <0.00060
Dissolved Arsenic (As) mg/L 0.00059 0.00029 -- <0.00020 -- 0.00041 0.00051 -- 0.01500 0.0092 -- 0.0073 0.0011 0.0013 0.0013 0.00044 0.00033 0.00046 0.019 0.0014 0.0011
Dissolved Barium (Ba) mg/L 0.92 0.71 -- 0.64 -- 0.89 0.17 -- 0.86 0.99 -- 1.1 0.51 0.090 0.093 0.22 0.22 0.46 1.2 0.94 0.52
Dissolved Beryllium (Be) mg/L ND <0.0010 -- <0.0010 -- <0.0010 ND -- ND <0.0010 -- <0.0010 <0.0010 <0.0010 <0.0010 <0.0010 <0.0010 <0.0010 <0.0010 <0.0010 <0.0010
Dissolved Boron (B) mg/L 0.064 0.042 -- 0.025 -- 0.17 0.081 -- 0.480 0.23 -- 0.066 0.038 0.090 0.090 0.038 0.024 0.049 0.054 0.050 0.046
Dissolved Calcium (Ca) mg/L 130 110 -- 130 -- 220 390 -- 250 230 -- 230 77 84 83 130 86 250 130 190 120
Dissolved Chromium (Cr) mg/L ND <0.0010 -- <0.0010 -- <0.0010 ND -- ND 0.0019 -- <0.0010 <0.0010 <0.0010 <0.0010 <0.0010 0.0014 <0.0010 <0.0010 <0.0010 <0.0010
Dissolved Cobalt (Co) mg/L 0.00049 <0.00030 -- 0.0011 -- 0.0016 ND -- 0.012 0.014 -- 0.012 0.00097 0.0024 0.0023 0.00099 <0.00030 0.00050 0.00080 0.0068 0.00043
Dissolved Copper (Cu) mg/L 0.00230 0.00085 -- 0.0010 -- 0.0013 0.00330 -- 0.00190 <0.00020 -- <0.00020 0.0032 0.0011 0.0010 0.0019 0.00071 0.0022 0.00047 0.00089 0.00071
Dissolved Iron (Fe) mg/L ND <0.060 -- 0.065 -- 0.13 ND -- 9.2 29 -- 12 <0.060 <0.060 <0.060 <0.060 <0.060 0.086 <0.060 0.066 <0.060
Dissolved Lead (Pb) mg/L ND <0.00020 -- <0.00020 -- <0.00020 ND -- ND <0.00020 -- <0.00020 <0.00020 <0.00020 <0.00020 <0.00020 <0.00020 <0.00020 <0.00020 <0.00020 <0.00020
Dissolved Lithium (Li) mg/L 0.033 0.027 -- 0.022 -- 0.064 0.025 -- ND <0.020 -- 0.038 0.020 0.037 0.038 <0.020 <0.020 <0.020 0.031 0.051 0.047
Dissolved Magnesium (Mg) mg/L 44 37 -- 51 -- 88 100 -- 110 97 -- 130 35 28 27 38 42 62 56 140 61
Dissolved Manganese (Mn) mg/L 0.25 0.089 -- <0.0040 -- 0.49 0.03 -- 0.54 0.49 -- 1.8 0.28 0.50 0.49 0.29 <0.0040 0.15 0.61 0.71 0.26
Dissolved Molybdenum (Mo) mg/L 0.00280 0.0027 -- 0.00040 -- 0.00069 0.00058 -- 0.00440 0.00074 -- 0.0024 0.0040 0.0043 0.0046 0.00081 0.00088 0.00044 0.0034 0.00055 0.0020
Dissolved Nickel (Ni) mg/L 0.0025 0.00092 -- 0.0029 -- 0.0072 0.0041 -- 0.0180 0.012 -- 0.016 0.0032 0.0073 0.0069 0.0081 0.0012 0.0049 0.0021 0.015 0.0013
Dissolved Phosphorus (P) mg/L ND 0.11 -- <0.10 -- <0.10 ND -- ND <0.10 -- <0.10 0.13 <0.10 <0.10 <0.10 <0.10 <0.10 <0.10 <0.10 <0.10
Dissolved Potassium (K) mg/L 5.0 3.9 -- 2.5 -- 6.3 6.9 -- 41.0 33 -- 3.7 3.3 3.7 3.7 25 2.0 6.5 7.7 3.2 2.5
Dissolved Selenium (Se) mg/L 0.00083 0.00023 -- <0.00020 -- <0.00020 0.00220 -- ND 0.00050 -- 0.00026 0.00030 0.00061 0.00058 <0.00020 0.00021 0.00034 <0.00020 0.00027 <0.00020
Dissolved Silicon (Si) mg/L 6 6.1 -- 7.7 -- 7.8 8 -- 15 15 -- 11 6.2 6.5 6.6 7.6 11 8.1 7.6 9.4 6.8
Dissolved Silver (Ag) mg/L ND <0.00010 -- <0.00010 -- <0.00010 ND -- ND <0.00010 -- <0.00010 <0.00010 <0.00010 0.00015 <0.00010 <0.00010 <0.00010 <0.00010 <0.00010 <0.00010
Dissolved Sodium (Na) mg/L 9.4 9.8 -- 48 -- 39 47.0 -- 110.0 88 -- 73 6.8 51 54 29 4.8 17 11 54 10
Dissolved Strontium (Sr) mg/L 0.75 0.71 -- 0.41 -- 1.3 0.68 -- 1.20 1.2 -- 1.7 0.55 0.81 0.82 0.38 0.28 0.65 0.72 1.9 1.1
Dissolved Sulphur (S) mg/L 19.0 10 -- 15 -- 9.0 170.0 -- 2.4 2.3 -- 3.4 8.3 16 17 3.1 2.8 21 12 2.7 15
Dissolved Thallium (Tl) mg/L ND <0.00020 -- <0.00020 -- <0.00020 ND -- ND <0.00020 -- <0.00020 <0.00020 <0.00020 <0.00020 <0.00020 <0.00020 <0.00020 <0.00020 <0.00020 <0.00020
Dissolved Tin (Sn) mg/L ND <0.0010 -- <0.0010 -- <0.0010 ND -- ND 0.0018 -- <0.0010 <0.0010 0.0011 <0.0010 <0.0010 <0.0010 <0.0010 0.0014 <0.0010 <0.0010
Dissolved Titanium (Ti) mg/L ND <0.0010 -- <0.0010 -- <0.0010 ND -- ND 0.0022 -- <0.0010 0.0011 <0.0010 <0.0010 <0.0010 <0.0010 <0.0010 <0.0010 <0.0010 <0.0010
Dissolved Uranium (U) mg/L 0.0130 0.0098 -- 0.0026 -- 0.0095 0.0046 -- ND 0.00060 -- 0.010 0.0037 0.013 0.014 0.0028 0.0016 0.0025 0.0013 0.011 0.015
Dissolved Vanadium (V) mg/L ND <0.0010 -- <0.0010 -- <0.0010 ND -- ND <0.0010 -- <0.0010 <0.0010 <0.0010 0.0010 <0.0010 <0.0010 <0.0010 <0.0010 <0.0010 <0.0010
Dissolved Zinc (Zn) mg/L 0.0085 0.0036 -- <0.0030 -- <0.0030 0.026 -- ND 0.013 -- <0.0030 0.0032 <0.0030 <0.0030 0.0073 <0.0030 <0.0030 <0.0030 0.0034 <0.0030

Notes:
-- no data
< / ND Less than the RDL

Sample ID Units
XCG-2 (MW)MW-01 MW-02 MW-03 MW-06 MW-07
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Table G6   Summary of Historical Analytical Results for Total Metals in Groundwater

MW-04 MW-05 XCG-1 (MW) XCG-4 (MW) XCG-5 (MW) XCG-6 (MW) XCG-12 (MW) XCG-13 (MW) XCG-14 (MW)

41494.00 12-Mar-17 07-Aug-13 13-Mar-17 08-Aug-13 13-Mar-17 08-Aug-13 08-Aug-13 08-Aug-13 14-Mar-17 07-Aug-13 14-Mar-17 10-Mar-17 11-Mar-17 11-Mar-17 14-Mar-17 13-Mar-17 13-Mar-17 12-Mar-17 14-Mar-17 11-Mar-17
Total Cadmium (Cd) ug/L 0.4 1.9 0.9 0.34 0.25 0.089 0.130 0.930 33.000 0.77 5.40 0.25 4.2 1.1 0.76 12 0.12 0.19 1.8 0.17 1.7
Total Aluminum (Al) mg/L 7.6 6.6 16.0 0.18 0.21 0.53 1.1 13 360.00 11 110 0.39 27 2.8 2.5 3.3 0.087 0.067 12 0.18 16
Total Antimony (Sb) mg/L ND 0.00063 0.00120 <0.00060 ND <0.00060 ND 0.00085 0.013 0.00096 ND <0.00060 0.00090 0.00093 0.00075 <0.00060 0.00082 <0.00060 0.00077 <0.00060 0.00085
Total Arsenic (As) mg/L 0.011 0.0086 0.0200 0.00036 0.00130 0.00094 0.00260 0.02100 0.57000 0.023 0.095 0.015 0.056 0.0043 0.0037 0.0030 0.00057 0.00047 0.062 0.0018 0.021
Total Barium (Ba) mg/L 1.2 0.85 1.10 0.68 (1) 1.00 0.91 0.19 1.20 27.00 1.5 49.0 1.2 1.5 0.14 0.13 0.27 0.23 0.47 1.4 0.91 1.2
Total Beryllium (Be) mg/L ND <0.0010 0.0013 <0.0010 ND <0.0010 ND 0.0013 0.024 <0.0010 ND <0.0010 0.0020 <0.0010 <0.0010 <0.0010 <0.0010 <0.0010 0.0010 <0.0010 0.0016
Total Boron (B) mg/L 0.054 0.042 0.064 0.030 0.110 0.20 0.085 0.100 0.54 0.25 ND 0.064 0.047 0.11 0.098 0.039 0.029 0.057 0.055 0.050 0.065
Total Calcium (Ca) mg/L 160 130 390 130 260 240 410 300 9300 280 22000 240 250 93 83 140 88 260 170 190 240
Total Chromium (Cr) mg/L 0.022 0.011 0.037 <0.0010 0.0013 0.0018 0.0035 0.0290 1.2000 0.019 0.220 <0.0010 0.048 0.0036 0.0026 0.0060 <0.0010 <0.0010 0.021 <0.0010 0.029
Total Cobalt (Co) mg/L 0.01 0.0081 0.0190 0.0015 0.0038 0.0019 0.0014 0.02 0.6000 0.024 0.140 0.014 0.035 0.0047 0.0044 0.0035 <0.00030 0.00060 0.015 0.0070 0.022
Total Copper (Cu) mg/L 0.026 0.019 0.052 0.0018 0.0044 0.0025 0.00700 0.03900 1.7000 0.032 0.340 0.0017 0.091 0.0063 0.0057 0.0095 0.0012 0.0023 0.034 0.0012 0.056
Total Iron (Fe) mg/L 21 14 43 0.46 (1) 1.00 1.2 3.1 42 1,800.0 69 3300 19 75 4.6 3.7 5.6 0.30 0.26 28 0.52 41
Total Lead (Pb) mg/L 0.011 0.0084 0.0260 0.00023 0.00190 0.00082 0.0018 0.021 1.10000 0.021 0.180 0.00084 0.036 0.0045 0.0038 0.010 <0.00020 <0.00020 0.016 0.00024 0.024
Total Lithium (Li) mg/L 0.046 0.032 0.055 0.025 0.072 0.072 0.026 0.077 0.960 0.026 2.000 0.036 0.061 0.041 0.037 <0.020 <0.020 <0.020 0.038 0.047 0.068
Total Magnesium (Mg) mg/L 53 46 130 54 100 97 110 130 2800 120 6400 130 83 31 27 41 43 66 60 140 92
Total Manganese (Mn) mg/L 0.64 0.87 1.10 0.0061 0.8300 0.55 0.087 1.6 41.00 0.79 110.00 1.8 1.6 0.60 0.54 0.37 0.0054 0.19 0.97 0.71 1.0
Total Molybdenum (Mo) mg/L 0.0034 0.0036 0.0018 0.00049 0.00079 0.00087 0.00630 0.00160 0.05200 0.0018 0.0058 0.0025 0.0058 0.0049 0.0046 0.0014 0.00088 0.00053 0.0041 0.00061 0.0031
Total Nickel (Ni) mg/L 0.032 0.022 0.067 0.0046 0.1100 0.0088 0.0080 0.0610 1.9000 0.039 0.440 0.018 0.089 0.014 0.013 0.019 0.0015 0.0054 0.044 0.015 0.059
Total Phosphorus (P) mg/L 0.57 0.48 2.20 <0.10 (1) ND <0.10 0.14 1.1 71 1.1 120.0 <0.10 2.1 0.19 0.15 0.10 <0.10 <0.10 0.75 <0.10 1.2
Total Potassium (K) mg/L 6.7 5.1 6.6 2.7 (1) 7.6 7.3 7.3 8.2 130.0 38 130 3.7 8.0 4.5 4.0 26 2.1 7.1 8.3 3.3 6.0
Total Selenium (Se) mg/L 0.0009 0.00060 0.00081 <0.00020 ND 0.00021 0.00160 0.00065 0.01900 0.00076 ND 0.00021 0.0024 0.00089 0.00081 0.00029 0.00023 0.00037 0.00064 0.00025 0.0029
Total Silicon (Si) mg/L 23 20 39 8.8 (1) 10.0 11 10 39 740 36 1200 12 50 16 14 17 12 9.2 30 10 43
Total Silver (Ag) mg/L 0.0002 0.00013 0.00030 <0.00010 ND <0.00010 ND 0.00041 0.011 0.00023 ND <0.00010 0.00064 <0.00010 <0.00010 0.00011 <0.00010 <0.00010 0.00033 <0.00010 0.00029
Total Sodium (Na) mg/L 9.5 8.0 51.0 51 48 42 50.0 60.0 110 95 69 76 7.3 56 51 35 4.6 19 9.7 56 10
Total Strontium (Sr) mg/L 0.8 0.66 0.68 0.44 (1) 1.30 1.3 0.69 2.20 10.0 1.3 25.0 1.6 0.80 0.86 0.77 0.38 0.28 0.65 0.67 1.7 1.2
Total Sulphur (S) mg/L 17 9.3 24.0 17 13 11 200.0 13.0 21 3.0 28.0 3.8 9.1 17 16 4.5 3.0 27 11 2.8 17
Total Thallium (Tl) mg/L ND <0.00020 0.0002 <0.00020 ND <0.00020 ND ND 0.0066 <0.00020 ND <0.00020 0.00072 <0.00020 <0.00020 <0.00020 <0.00020 <0.00020 0.00031 <0.00020 0.00040
Total Tin (Sn) mg/L ND 0.0017 0.0022 <0.0010 ND <0.0010 ND ND 0.13 0.0065 ND <0.0010 0.0084 0.0045 0.0037 0.0020 0.0010 <0.0010 0.0095 <0.0010 0.0019
Total Titanium (Ti) mg/L 0.13 0.11 0.20 0.0069 0.0160 0.016 0.031 0.18 4.300 0.19 0.52 0.014 0.26 0.037 0.032 0.13 0.0022 0.0046 0.17 0.0050 0.21
Total Uranium (U) mg/L 0.013 0.010 0.006 0.0031 0.0120 0.0091 0.0052 0.0160 0.0590 0.0016 0.0180 0.0099 0.0066 0.015 0.014 0.0035 0.0016 0.0025 0.0023 0.011 0.015
Total Vanadium (V) mg/L 0.024 0.019 0.062 <0.0010 0.0027 0.0022 0.0055 0.047 1.8000 0.031 0.310 0.0017 0.075 0.0058 0.0053 0.010 <0.0010 <0.0010 0.036 <0.0010 0.050
Total Zinc (Zn) mg/L 0.091 0.090 0.190 0.011 0.020 0.0074 0.039 0.21 6.1000 0.099 1.100 0.0071 0.27 0.032 0.030 0.044 0.0053 <0.0030 0.15 0.0053 0.19

Notes:
RDL Laboratory Reportable Detection Limit
-- no data
< / ND Less than the RDL

Sample ID Units
XCG-2 (MW)MW-01 MW-02 MW-03 MW-06 MW-07
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Table G7   Summary of Historical Analytical Results for PHCs in Groundwater

MW-04 MW-05 XCG-1 (MW) XCG-2 (MW) XCG-4 (MW) XCG 5 (MW) XCG 6 (MW) XCG-12 (MW) XCG-13 (MW) XCG-14 (MW)

08-Aug-13 12-Mar-17 07-Aug-13 13-Mar-17 08-Aug-13 13-Mar-17 08-Aug-13 08-Aug-13 08-Aug-13 14-Mar-17 07-Aug-13 14-Mar-17 10-Mar-17 11-Mar-17 14-Mar-17 13-Mar-17 13-Mar-17 12-Mar-17 14-Mar-17 11-Mar-17
µg/L ND <0.40 ND <0.40 ND <0.40 ND ND 5.9 4.8 1.7 1.7 <0.40 <0.40 <0.40 <0.40 <0.40 <0.40 0.86 <0.40
µg/L ND <0.40 ND <0.40 ND <0.40 ND ND 4.5 3.5 ND <0.40 <0.40 <0.40 <0.40 <0.40 <0.40 <0.40 <0.40 <0.40
µg/L ND <0.40 ND <0.40 ND <0.40 ND ND 66 58 ND <0.40 <0.40 <0.40 <0.40 <0.40 <0.40 <0.40 <0.40 <0.40
µg/L -- <0.80 -- <0.80 -- <0.80 -- -- -- 30 -- <0.80 <0.80 <0.80 <0.80 <0.80 <0.80 <0.80 <0.80 <0.80
µg/L -- <0.40 -- <0.40 -- <0.40 -- -- -- 15 -- <0.40 <0.40 <0.40 <0.40 <0.40 <0.40 <0.40 <0.40 <0.40
µg/L ND <0.80 ND <0.80 ND <0.80 ND ND 66 45 ND <0.80 <0.80 <0.80 <0.80 <0.80 <0.80 <0.80 <0.80 <0.80
µg/L -- <100 -- <100 -- <100 -- -- -- <100 -- <100 <100 <100 <100 <100 <100 <100 <100 <100
µg/L ND <100 ND <100 ND <100 ND ND 150 <100 ND <100 <100 <100 <100 <100 <100 <100 <100 <100
mg/L ND <0.10 ND <0.10 ND <0.10 ND ND 0.44 0.52 ND <0.10 <0.10 <0.10 <0.10 <0.10 <0.10 <0.10 <0.10 <0.10

Notes:
-- no value `
< / ND Less than the RDL

Units

o-Xylene
Xylenes (Total)
F1 (C6-C10) - BTEX
F1 (C6-C10)

Sample ID

F2 (C10-C16 Hydrocarbons)

m & p-Xylene

Benzene
Toluene
Ethylbenzene

MW-01 MW-02 MW-03 MW-06 MW-07
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MAXXAM JOB #: B7B5915
Received: 2017/06/03, 10:29

CERTIFICATE OF ANALYSIS

Your Project #: 4-2352-04-03
Your C.O.C. #: 26178

Report Date: 2017/06/19
Report #: R4548274

Version: 1 - Final

Attention:Stephanie Borgs

XCG Consulting Limited
10455 84 Avenue
Edmonton, AB
CANADA          T6E2H3

Sample Matrix: AIR
# Samples Received: 1

ReferenceLaboratory Method
Date
Analyzed

Date
ExtractedQuantityAnalyses

EPA TO-15 mBRL SOP-003042017/06/16N/A1Canister Pressure (TO-15)

CAM SOP-002252017/06/14N/A1Matrix Gases (1)

Reference Method suffix “m” indicates test methods incorporate validated modifications from specific reference methods to improve performance.

(1) Argon interferes with Oxygen and is included in the reported Oxygen concentration.  The atmosphere contains about 0.9% Argon.

Encryption Key

Please direct all questions regarding this Certificate of Analysis to your Project Manager.
Cristina (Maria) Bacchus, Project Manager
Email: CBacchus@maxxam.ca
Phone# (905)817-5763
==================================================================== 
Maxxam has procedures in place to guard against improper use of the electronic signature and have the required "signatories", as per section 5.10.2 of ISO/IEC 17025:2005(E), 
signing the reports.  For Service Group specific validation please refer to the Validation Signature Page. 
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Maxxam Job #: B7B5915
Report Date: 2017/06/19

XCG Consulting Limited
Client Project #: 4-2352-04-03
Sampler Initials: SB

RESULTS OF ANALYSES OF  AIR

QC Batch = Quality Control Batch

5031381(-2.5)psigPressure on Receipt

Volatile Organics

QC Batch
XCG-4 (SVP) /

00212
UNITS

26178COC Number

2017/06/01Sampling Date

EMV462Maxxam ID
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Maxxam Job #: B7B5915
Report Date: 2017/06/19

XCG Consulting Limited
Client Project #: 4-2352-04-03
Sampler Initials: SB

COMPRESSED GAS PARAMETERS (AIR)

QC Batch = Quality Control Batch

RDL = Reportable Detection Limit

50283090.29.6% v/vCarbon Dioxide

50283090.2<0.2% v/vMethane

50283090.25.5% v/vOxygen

Fixed Gases

QC BatchRDL
XCG-4 (SVP) /

00212
UNITS

26178COC Number

2017/06/01Sampling Date

EMV462Maxxam ID
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Maxxam Job #: B7B5915
Report Date: 2017/06/19

XCG Consulting Limited
Client Project #: 4-2352-04-03
Sampler Initials: SB

GENERAL COMMENTS

Matrix Gas Analysis:  Canister was pressurized with Helium to enable sampling.  Results and DLs adjusted accordingly. Results normalized to 100% dry
volume.

Results relate only to the items tested.
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Maxxam Job #: B7B5915
Report Date: 2017/06/19

XCG Consulting Limited
Client Project #: 4-2352-04-03
Sampler Initials: SB

QUALITY ASSURANCE REPORT

QC LimitsUNITS RecoveryValueDate AnalyzedParameterQC TypeInit
QA/QC
Batch

% v/v<0.12017/06/15OxygenMethod BlankSB15028309

% v/v<0.12017/06/15Methane

% v/v<0.12017/06/15Carbon Dioxide

20%0.342017/06/14OxygenRPDSB15028309

20%5.22017/06/14Carbon Dioxide

Method Blank:  A blank matrix containing all reagents used in the analytical procedure. Used to identify laboratory contamination.

Duplicate:  Paired analysis of a separate portion of the same sample. Used to evaluate the variance in the measurement.
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Maxxam Job #: B7B5915
Report Date: 2017/06/19

XCG Consulting Limited
Client Project #: 4-2352-04-03
Sampler Initials: SB

VALIDATION SIGNATURE PAGE

The analytical data and all QC contained in this report were reviewed and validated by the following individual(s).

Angel Guerrero, Team Leader, VOC Air

Tom Mitchell, B.Sc, Supervisor, Compressed Gases

Maxxam has procedures in place to guard against improper use of the electronic signature and have the required "signatories", as per section 5.10.2 of ISO/IEC
17025:2005(E), signing the reports.  For Service Group specific validation please refer to the Validation Signature Page.

Page 6 of 6

Maxxam Analytics International Corporation o/a Maxxam Analytics 6740 Campobello Road, Mississauga, Ontario, L5N 2L8 Tel: (905) 817-5700 Toll-Free: 800-563-6266 Fax: (905) 817-5777 www.maxxam.ca



Page 1 of 1



MAXXAM JOB #: B717877
Received: 2017/03/11, 08:50

CERTIFICATE OF ANALYSIS

Your Project #: 4-2352-04-03

Report Date: 2017/03/21
Report #: R2359712

Version: 1 - Final

Attention:STEPHANIE BORGS

XCG CONSULTING LIMITED
10455 84 AVENUE
EDMONTON, AB
CANADA          T6E 2H3

Your C.O.C. #: 512239-03-01

MONTFORT LANDFILL, RED DEERSite Location:

Sample Matrix: Water
# Samples Received: 1

Analytical MethodLaboratory Method
Date
Analyzed

Date
ExtractedQuantityAnalyses

Dionex #031181 R07 mCAL SOP-000632017/03/13N/A1Formic, Acetic, Propionic & Butyric Acid (1)

SM 22 2320 B mAB SOP-000052017/03/11N/A1Alkalinity @25C (pp, total), CO3,HCO3,OH (1)

Coulometric - Titr.PTC SOP-000562017/03/142017/03/141Organic Halogen (Adsorbable) (2)

SM 22 5210B mAB SOP-000172017/03/162017/03/111Biochemical Oxygen Demand (1)

CCME CWS/EPA 8260c mAB SOP-000392017/03/13N/A1BTEX/F1 in Water by HS GC/MS/FID (1)

Auto CalcAB WI-000652017/03/13N/A1Cadmium - low level CCME - Dissolved (1)

Auto CalcAB WI-000652017/03/14N/A1Cadmium - low level CCME (Total) (1)

SM 22-4500-Cl G mAB SOP-000202017/03/13N/A1Chloride by Automated Colourimetry (1)

SM 22 5220D mAB SOP-000162017/03/12N/A1Chemical Oxygen Demand (1)

SM 22 2510 B mAB SOP-000052017/03/11N/A1Conductivity @25C (1)

CCME PHC-CWS mAB SOP-00040
AB SOP-00037

2017/03/132017/03/131CCME Hydrocarbons in Water (F2; C10-C16) (1, 3)

Auto CalcAB WI-000652017/03/12N/A1Hardness (1)

EPA 200.7 CFR 2012 mAB SOP-000422017/03/11N/A1Elements by ICP-Dissolved-Lab Filtered (1, 4)

EPA 200.7 CFR 2012 mAB SOP-00014 / AB SOP-
00042

2017/03/132017/03/131Elements by ICP - Total (1)

EPA 200.8 R5.4 mAB SOP-000432017/03/12N/A1Elements by ICPMS-Dissolved-Lab Filtered (1, 4)

EPA 200.8 R5.4 mAB SOP-00014 / AB SOP-
00043

2017/03/142017/03/131Elements by ICPMS - Total (1)

Auto CalcAB WI-000652017/03/12N/A1Ion Balance (as % Difference) (1)

Auto CalcAB WI-000652017/03/12N/A1Sum of cations, anions (1)

Auto CalcAB WI-000652017/03/17N/A1Nitrogen (total), Calc. TKN, NO3, NO2 (1)

EPA 350.1 R2.0 mAB SOP-000072017/03/16N/A1Ammonia-N (Total) (1)

Auto CalcAB WI-000652017/03/17N/A1Nitrate and Nitrite (1)

Auto CalcAB WI-000652017/03/17N/A1Nitrate + Nitrite-N (calculated) (1)

SM 22 4110 B mAB SOP-000232017/03/11N/A1Nitrogen, (Nitrite, Nitrate) by IC (1, 5)

SM 22 4500-H+B mAB SOP-000052017/03/11N/A1pH @25°C (1, 6)

SM 22 4500-SO4 E mAB SOP-000182017/03/13N/A1Sulphate by Automated Colourimetry (1)

Auto CalcAB WI-000652017/03/13N/A1Total Dissolved Solids (Calculated) (1)

Auto CalcCAL SOP-001042017/03/14N/A1Total Trihalomethanes Calculation (1)

EPA 351.1 R1978 mAB SOP-000082017/03/132017/03/131Total Kjeldahl Nitrogen (1)
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MAXXAM JOB #: B717877
Received: 2017/03/11, 08:50

CERTIFICATE OF ANALYSIS

Your Project #: 4-2352-04-03

Report Date: 2017/03/21
Report #: R2359712

Version: 1 - Final

Attention:STEPHANIE BORGS

XCG CONSULTING LIMITED
10455 84 AVENUE
EDMONTON, AB
CANADA          T6E 2H3

Your C.O.C. #: 512239-03-01

MONTFORT LANDFILL, RED DEERSite Location:

Sample Matrix: Water
# Samples Received: 1

Analytical MethodLaboratory Method
Date
Analyzed

Date
ExtractedQuantityAnalyses

MMCW 119 1996 mCAL SOP-000772017/03/13N/A1Carbon (Total Organic) (1, 7)

SM 22 4500-P A,B,F mAB SOP-000242017/03/162017/03/131Total Phosphorus (1)

EPA 5021a/8260c mAB SOP-000562017/03/13N/A1VOCs in Water by HS GC/MS (Std List) (1)

Maxxam Analytics’ laboratories are accredited to ISO/IEC 17025:2005 for specific parameters on scopes of accreditation. Unless otherwise noted,
procedures used by Maxxam are based upon recognized Provincial, Federal or US method compendia such as CCME, MDDELCC, EPA, APHA.

All work recorded herein has been done in accordance with procedures and practices ordinarily exercised by professionals in Maxxam’s profession using
accepted testing methodologies, quality assurance and quality control procedures (except where otherwise agreed by the client and Maxxam in writing). All
data is in statistical control and has met quality control and method performance criteria unless otherwise noted. All method blanks are reported: unless
indicated otherwise, associated sample data are not blank corrected.

Maxxam Analytics’ liability is limited to the actual cost of the requested analyses, unless otherwise agreed in writing. There is no other warranty expressed
or implied. Maxxam has been retained to provide analysis of samples provided by the Client using the testing methodology referenced in this report.
Interpretation and use of test results are the sole responsibility of the Client and are not within the scope of services provided by Maxxam, unless otherwise
agreed in writing.

Solid sample results, except biota, are based on dry weight unless otherwise indicated. Organic analyses are not recovery corrected except for isotope
dilution methods.
Results relate to samples tested.
This Certificate shall not be reproduced except in full, without the written approval of the laboratory.

Remarks:

Reference Method suffix “m” indicates test methods incorporate validated modifications from specific reference methods to improve performance.

* RPDs calculated using raw data. The rounding of final results may result in the apparent difference.

(1) This test was performed by Maxxam Calgary Environmental
(2) This test was performed by Maxxam Edmonton Petroleum
(3) Silica gel clean up employed.
(4) Samples were filtered and preserved at the lab. Values may not reflect concentrations at the time of sampling. Dissolved > Total Imbalance: Whenever applicable, Dissolved
>Total for any parameter that falls within method uncertainty for duplicates is likely equivalent.  If RPD is >20% samples were reanalyzed and confirmed.
(5) Analysis completed within 48h after laboratory receipt to a maximum of five days from sampling is satisfactory for compliance purposes.
(6) The APHA Standard Method requires pH to be analysed within 15 minutes of sampling and therefore field analysis is required for compliance. All Laboratory pH analyses in this
report are reported past the APHA Standard Method holding time.  Maxxam endeavors to analyze samples as soon as possible after receipt.
(7) TOC present in the sample should be considered as non-purgeable TOC.
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MAXXAM JOB #: B717877
Received: 2017/03/11, 08:50

CERTIFICATE OF ANALYSIS

Your Project #: 4-2352-04-03

Report Date: 2017/03/21
Report #: R2359712

Version: 1 - Final

Attention:STEPHANIE BORGS

XCG CONSULTING LIMITED
10455 84 AVENUE
EDMONTON, AB
CANADA          T6E 2H3

Your C.O.C. #: 512239-03-01

MONTFORT LANDFILL, RED DEERSite Location:

Encryption Key

Please direct all questions regarding this Certificate of Analysis to your Project Manager.
Robin Weaver, Environmental Project Manager
Email: RWeaver@maxxam.ca
Phone# (403)735-2258
==================================================================== 
Maxxam has procedures in place to guard against improper use of the electronic signature and have the required "signatories", as per section 5.10.2 of ISO/IEC 17025:2005(E), 
signing the reports.  For Service Group specific validation please refer to the Validation Signature Page. 

Total Cover Pages : 3
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Maxxam Job #: B717877
Report Date: 2017/03/21

XCG CONSULTING LIMITED
Client Project #: 4-2352-04-03

MONTFORT LANDFILL, RED DEERSite Location:

AT1 BTEX AND F1-F2 IN WATER (WATER)

N/A = Not Applicable

RDL = Reportable Detection Limit

8574703N/A91%O-TERPHENYL (sur.)

8575407N/A92%D4-1,2-Dichloroethane (sur.)

8575407N/A102%4-Bromofluorobenzene (sur.)

8575407N/A96%1,4-Difluorobenzene (sur.)

Surrogate Recovery (%)

8575407100<100ug/LF1 (C6-C10)

8575407100<100ug/LF1 (C6-C10) - BTEX

85754070.80<0.80ug/LXylenes (Total)

85754070.40<0.40ug/Lo-Xylene

85754070.80<0.80ug/Lm & p-Xylene

85754070.40<0.40ug/LEthylbenzene

85754070.40<0.40ug/LToluene

85754070.40<0.40ug/LBenzene

Volatiles

85747030.10<0.10mg/LF2 (C10-C16 Hydrocarbons)

Ext. Pet. Hydrocarbon

QC BatchRDLXCG1UNITS

512239-03-01COC Number

2017/03/10
 10:30

Sampling Date

QR7384Maxxam ID
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Maxxam Job #: B717877
Report Date: 2017/03/21

XCG CONSULTING LIMITED
Client Project #: 4-2352-04-03

MONTFORT LANDFILL, RED DEERSite Location:

ROUTINE WATER & DISS. REGULATED METALS (WATER)

N/A = Not Applicable

RDL = Reportable Detection Limit

85751030.0200.038mg/LDissolved Boron (B)

85752660.0010<0.0010mg/LDissolved Beryllium (Be)

85751030.0100.51mg/LDissolved Barium (Ba)

85752660.000200.0011mg/LDissolved Arsenic (As)

85752660.00060<0.00060mg/LDissolved Antimony (Sb)

85752660.00300.0056mg/LDissolved Aluminum (Al)

Lab Filtered Elements

85751000.0100.024mg/LDissolved Nitrate (N)

85751000.010<0.010mg/LDissolved Nitrite (N)

Nutrients

85756871.010mg/LDissolved Chloride (Cl)

85756911.029mg/LDissolved Sulphate (SO4)

85750860.50<0.50mg/LHydroxide (OH)

85750860.50<0.50mg/LCarbonate (CO3)

85750860.50380mg/LBicarbonate (HCO3)

85750860.50310mg/LAlkalinity (Total as CaCO3)

85750860.50<0.50mg/LAlkalinity (PP as CaCO3)

Anions

85748290.0200.053ug/LDissolved Cadmium (Cd)

Low Level Elements

8575088N/A7.73pHpH

85750871.0660uS/cmConductivity

Misc. Inorganics

857483710350mg/LCalculated Total Dissolved Solids

85748350.033<0.033mg/LDissolved Nitrite (NO2)

85748360.0100.024mg/LNitrate plus Nitrite (N)

85748350.0440.10mg/LDissolved Nitrate (NO3)

85748330.0100.43N/AIon Balance (% Difference)

85748320.50340mg/LHardness (CaCO3)

8574834N/A7.1meq/LCation Sum

8574834N/A7.1meq/LAnion Sum

Calculated Parameters

QC BatchRDLXCG1UNITS

512239-03-01COC Number

2017/03/10
 10:30

Sampling Date

QR7384Maxxam ID
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Maxxam Job #: B717877
Report Date: 2017/03/21

XCG CONSULTING LIMITED
Client Project #: 4-2352-04-03

MONTFORT LANDFILL, RED DEERSite Location:

ROUTINE WATER & DISS. REGULATED METALS (WATER)

RDL = Reportable Detection Limit

85752660.00300.0032mg/LDissolved Zinc (Zn)

85752660.0010<0.0010mg/LDissolved Vanadium (V)

85752660.000100.0037mg/LDissolved Uranium (U)

85752660.00100.0011mg/LDissolved Titanium (Ti)

85752660.0010<0.0010mg/LDissolved Tin (Sn)

85752660.00020<0.00020mg/LDissolved Thallium (Tl)

85751030.208.3mg/LDissolved Sulphur (S)

85751030.0200.55mg/LDissolved Strontium (Sr)

85751030.506.8mg/LDissolved Sodium (Na)

85752660.00010<0.00010mg/LDissolved Silver (Ag)

85751030.106.2mg/LDissolved Silicon (Si)

85752660.000200.00030mg/LDissolved Selenium (Se)

85751030.303.3mg/LDissolved Potassium (K)

85751030.100.13mg/LDissolved Phosphorus (P)

85752660.000500.0032mg/LDissolved Nickel (Ni)

85752660.000200.0040mg/LDissolved Molybdenum (Mo)

85751030.00400.28mg/LDissolved Manganese (Mn)

85751030.2035mg/LDissolved Magnesium (Mg)

85751030.0200.020mg/LDissolved Lithium (Li)

85752660.00020<0.00020mg/LDissolved Lead (Pb)

85751030.060<0.060mg/LDissolved Iron (Fe)

85752660.000200.0032mg/LDissolved Copper (Cu)

85752660.000300.00097mg/LDissolved Cobalt (Co)

85752660.0010<0.0010mg/LDissolved Chromium (Cr)

85751030.3077mg/LDissolved Calcium (Ca)

QC BatchRDLXCG1UNITS

512239-03-01COC Number

2017/03/10
 10:30

Sampling Date

QR7384Maxxam ID
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Maxxam Job #: B717877
Report Date: 2017/03/21

XCG CONSULTING LIMITED
Client Project #: 4-2352-04-03

MONTFORT LANDFILL, RED DEERSite Location:

REGULATED METALS (CCME/AT1) - TOTAL

RDL = Reportable Detection Limit

85747270.00100.075mg/LTotal Vanadium (V)

85747270.000100.0066mg/LTotal Uranium (U)

85747270.00100.26mg/LTotal Titanium (Ti)

85747270.00100.0084mg/LTotal Tin (Sn)

85747270.000200.00072mg/LTotal Thallium (Tl)

85747280.209.1mg/LTotal Sulphur (S)

85747280.0200.80mg/LTotal Strontium (Sr)

85747280.507.3mg/LTotal Sodium (Na)

85747270.000100.00064mg/LTotal Silver (Ag)

85747280.1050mg/LTotal Silicon (Si)

85747270.000200.0024mg/LTotal Selenium (Se)

85747280.308.0mg/LTotal Potassium (K)

85747280.102.1mg/LTotal Phosphorus (P)

85747270.000500.089mg/LTotal Nickel (Ni)

85747270.000200.0058mg/LTotal Molybdenum (Mo)

85747280.00401.6mg/LTotal Manganese (Mn)

85747280.2083mg/LTotal Magnesium (Mg)

85747280.0200.061mg/LTotal Lithium (Li)

85747270.000200.036mg/LTotal Lead (Pb)

85747280.06075mg/LTotal Iron (Fe)

85747270.000200.091mg/LTotal Copper (Cu)

85747270.000300.035mg/LTotal Cobalt (Co)

85747270.00100.048mg/LTotal Chromium (Cr)

85747280.30250mg/LTotal Calcium (Ca)

85747280.0200.047mg/LTotal Boron (B)

85747270.00100.0020mg/LTotal Beryllium (Be)

85747280.0101.5mg/LTotal Barium (Ba)

85747270.000200.056mg/LTotal Arsenic (As)

85747270.000600.00090mg/LTotal Antimony (Sb)

85747270.003027mg/LTotal Aluminum (Al)

Elements

85748180.0204.2ug/LTotal Cadmium (Cd)

Low Level Elements

QC BatchRDLXCG1UNITS

512239-03-01COC Number

2017/03/10
 10:30

Sampling Date

QR7384Maxxam ID
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Maxxam Job #: B717877
Report Date: 2017/03/21

XCG CONSULTING LIMITED
Client Project #: 4-2352-04-03

MONTFORT LANDFILL, RED DEERSite Location:

REGULATED METALS (CCME/AT1) - TOTAL

RDL = Reportable Detection Limit

85747270.00300.27mg/LTotal Zinc (Zn)

QC BatchRDLXCG1UNITS

512239-03-01COC Number

2017/03/10
 10:30

Sampling Date

QR7384Maxxam ID
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Maxxam Job #: B717877
Report Date: 2017/03/21

XCG CONSULTING LIMITED
Client Project #: 4-2352-04-03

MONTFORT LANDFILL, RED DEERSite Location:

RESULTS OF CHEMICAL ANALYSES OF  WATER

(3) Detection limits raised due to matrix interference.

(2) Detection limits raised due to dilution to bring analyte within the
calibrated range.

(1) Detection limits raised due to sample matrix.

RDL = Reportable Detection Limit

85767970.010.02mg/LAdsorbable Organic Halogen

Misc. Organics

857557010    <10 (3)mg/LButyric Acid

85755700.50<0.50mg/LPropionic Acid

85755700.50<0.50mg/LAcetic Acid

85755700.50<0.50mg/LFormic Acid

Organic Acids

85752870.25    2.5 (2)mg/LTotal Total Kjeldahl Nitrogen

85753700.075    2.5 (2)mg/LTotal Phosphorus (P)

85749840.0552.5mg/LTotal Nitrogen (N)

85786960.0500.38mg/LTotal Ammonia (N)

Nutrients

85754612.5    <2.5 (1)mg/LTotal Organic Carbon (C)

Misc. Inorganics

85751575.071mg/LTotal Chemical Oxygen Demand

85751022.02.8mg/LBiochemical Oxygen Demand

Demand Parameters

QC BatchRDLXCG1UNITS

512239-03-01COC Number

2017/03/10
 10:30

Sampling Date

QR7384Maxxam ID
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Maxxam Job #: B717877
Report Date: 2017/03/21

XCG CONSULTING LIMITED
Client Project #: 4-2352-04-03

MONTFORT LANDFILL, RED DEERSite Location:

VOLATILE ORGANICS BY GC-MS (WATER)

RDL = Reportable Detection Limit

85754110.50<0.50ug/L1,3,5-trichlorobenzene

85754111.0<1.0ug/L1,2,4-trichlorobenzene

85754111.0<1.0ug/L1,2,3-trichlorobenzene

85754110.50<0.50ug/LTetrachloroethene

85754112.0<2.0ug/L1,1,2,2-tetrachloroethane

85754111.0<1.0ug/L1,1,1,2-tetrachloroethane

85754110.50<0.50ug/LStyrene

85754110.50<0.50ug/LMethyl-tert-butylether (MTBE)

85754110.50<0.50ug/LMethyl methacrylate

85754110.50<0.50ug/Ltrans-1,3-dichloropropene

85754110.50<0.50ug/Lcis-1,3-dichloropropene

85754110.50<0.50ug/L1,2-dichloropropane

85754112.0<2.0ug/LDichloromethane

85754110.50<0.50ug/Ltrans-1,2-dichloroethene

85754110.50<0.50ug/Lcis-1,2-dichloroethene

85754110.50<0.50ug/L1,1-dichloroethene

85754110.50<0.50ug/L1,2-dichloroethane

85754110.50<0.50ug/L1,1-dichloroethane

85754110.50<0.50ug/L1,4-dichlorobenzene

85754110.50<0.50ug/L1,3-dichlorobenzene

85754110.50<0.50ug/L1,2-dichlorobenzene

85754110.20<0.20ug/L1,2-dibromoethane

85754112.0<2.0ug/LChloromethane

85754110.50<0.50ug/LChloroform

85754111.0<1.0ug/LChloroethane

85754111.0<1.0ug/LChlorodibromomethane

85754110.50<0.50ug/LChlorobenzene

85754110.50<0.50ug/LCarbon tetrachloride

85754112.0<2.0ug/LBromomethane

85754110.50<0.50ug/LBromoform

85754110.50<0.50ug/LBromodichloromethane

85749851.3<1.3ug/LTotal Trihalomethanes

Volatiles

QC BatchRDLXCG1UNITS

512239-03-01COC Number

2017/03/10
 10:30

Sampling Date

QR7384Maxxam ID
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Maxxam Job #: B717877
Report Date: 2017/03/21

XCG CONSULTING LIMITED
Client Project #: 4-2352-04-03

MONTFORT LANDFILL, RED DEERSite Location:

VOLATILE ORGANICS BY GC-MS (WATER)

N/A = Not Applicable

RDL = Reportable Detection Limit

8575411N/A113%D4-1,2-Dichloroethane (sur.)

8575411N/A103%4-Bromofluorobenzene (sur.)

8575411N/A100%1,4-Difluorobenzene (sur.)

Surrogate Recovery (%)

85754110.50<0.50ug/LVinyl chloride

85754110.50<0.50ug/L1,3,5-trimethylbenzene

85754110.50<0.50ug/L1,2,4-trimethylbenzene

85754110.50<0.50ug/LTrichlorofluoromethane

85754110.50<0.50ug/LTrichloroethene

85754110.50<0.50ug/L1,1,2-trichloroethane

85754110.50<0.50ug/L1,1,1-trichloroethane

QC BatchRDLXCG1UNITS

512239-03-01COC Number

2017/03/10
 10:30

Sampling Date

QR7384Maxxam ID
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Maxxam Job #: B717877
Report Date: 2017/03/21

XCG CONSULTING LIMITED
Client Project #: 4-2352-04-03

MONTFORT LANDFILL, RED DEERSite Location:

GENERAL COMMENTS

Each temperature is the average of up to three cooler temperatures taken at receipt

1.0°CPackage 1

Results relate only to the items tested.
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XCG CONSULTING LIMITED
Client Project #: 4-2352-04-03

MONTFORT LANDFILL, RED DEERSite Location:

Maxxam Job #: B717877
Report Date: 2017/03/21

QUALITY ASSURANCE REPORT

QC Limits% RecoveryQC LimitsValue (%)UNITSValueQC Limits% RecoveryQC Limits% RecoveryDateParameterQC Batch

QC StandardRPDMethod BlankSpiked BlankMatrix Spike

%9460 - 1309760 - 130952017/03/13O-TERPHENYL (sur.)8574703

%8670 - 1308970 - 130982017/03/131,4-Difluorobenzene (sur.)8575407

%10670 - 13010970 - 1301052017/03/134-Bromofluorobenzene (sur.)8575407

%10570 - 1309970 - 130982017/03/13D4-1,2-Dichloroethane (sur.)8575407

%9970 - 13010070 - 1301072017/03/131,4-Difluorobenzene (sur.)8575411

%10470 - 13011370 - 1301192017/03/134-Bromofluorobenzene (sur.)8575411

%10570 - 13010270 - 130892017/03/13D4-1,2-Dichloroethane (sur.)8575411

30NCmg/L<0.1070 - 1309460 - 130992017/03/13F2 (C10-C16 Hydrocarbons)8574703

20NCmg/L<0.003080 - 1209580 - 120NC2017/03/13Total Aluminum (Al)8574727

20NCmg/L<0.0006080 - 1209480 - 120     31 (1)2017/03/13Total Antimony (Sb)8574727

20NCmg/L<0.0002080 - 1209880 - 120952017/03/13Total Arsenic (As)8574727

20NCmg/L<0.001080 - 1209980 - 120962017/03/13Total Beryllium (Be)8574727

20NCmg/L<0.001080 - 12010080 - 1201032017/03/13Total Chromium (Cr)8574727

20NCmg/L<0.0003080 - 12010180 - 120952017/03/13Total Cobalt (Co)8574727

202.6mg/L<0.0002080 - 12010080 - 120942017/03/13Total Copper (Cu)8574727

2019mg/L<0.0002080 - 1209980 - 120942017/03/13Total Lead (Pb)8574727

20NCmg/L<0.0002080 - 1209880 - 120852017/03/13Total Molybdenum (Mo)8574727

20NCmg/L<0.0005080 - 12010080 - 1201012017/03/13Total Nickel (Ni)8574727

20NCmg/L<0.0002080 - 12010180 - 120972017/03/13Total Selenium (Se)8574727

20NCmg/L<0.0001080 - 1209880 - 120952017/03/13Total Silver (Ag)8574727

20NCmg/L<0.0002080 - 12010080 - 120912017/03/13Total Thallium (Tl)8574727

20NCmg/L<0.001080 - 1209680 - 120     79 (1)2017/03/13Total Tin (Sn)8574727

20NCmg/L<0.001080 - 1209880 - 120NC2017/03/13Total Titanium (Ti)8574727

20NCmg/L<0.0001080 - 1209080 - 120852017/03/13Total Uranium (U)8574727

20NCmg/L<0.001080 - 12010280 - 1201032017/03/13Total Vanadium (V)8574727

201.7mg/L<0.003080 - 1209780 - 120NC2017/03/13Total Zinc (Zn)8574727

20NCmg/L<0.01080 - 1209780 - 1201002017/03/13Total Barium (Ba)8574728

200.28mg/L<0.02080 - 1209780 - 120972017/03/13Total Boron (B)8574728

20NCmg/L<0.3080 - 12010580 - 120NC2017/03/13Total Calcium (Ca)8574728

20NCmg/L<0.06080 - 12011380 - 120NC2017/03/13Total Iron (Fe)8574728

20NCmg/L<0.02080 - 1209880 - 1201012017/03/13Total Lithium (Li)8574728
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XCG CONSULTING LIMITED
Client Project #: 4-2352-04-03

MONTFORT LANDFILL, RED DEERSite Location:

Maxxam Job #: B717877
Report Date: 2017/03/21

QUALITY ASSURANCE REPORT(CONT'D)

QC Limits% RecoveryQC LimitsValue (%)UNITSValueQC Limits% RecoveryQC Limits% RecoveryDateParameterQC Batch

QC StandardRPDMethod BlankSpiked BlankMatrix Spike

20NCmg/L<0.2080 - 1209880 - 120NC2017/03/13Total Magnesium (Mg)8574728

20NCmg/L<0.004080 - 12010380 - 120NC2017/03/13Total Manganese (Mn)8574728

20NCmg/L<0.1080 - 12010180 - 1201032017/03/13Total Phosphorus (P)8574728

20NCmg/L<0.3080 - 1209580 - 1201052017/03/13Total Potassium (K)8574728

200.17mg/L<0.1080 - 1209980 - 120NC2017/03/13Total Silicon (Si)8574728

201.7mg/L<0.5080 - 1209880 - 120982017/03/13Total Sodium (Na)8574728

20NCmg/L<0.02080 - 1209980 - 1201022017/03/13Total Strontium (Sr)8574728

205.2mg/L<0.202017/03/13Total Sulphur (S)8574728

20NCmg/L<0.502017/03/11Alkalinity (PP as CaCO3)8575086

202.9mg/L<0.5080 - 120962017/03/11Alkalinity (Total as CaCO3)8575086

202.9mg/L<0.502017/03/11Bicarbonate (HCO3)8575086

20NCmg/L<0.502017/03/11Carbonate (CO3)8575086

20NCmg/L<0.502017/03/11Hydroxide (OH)8575086

100.80uS/cm<1.090 - 1101012017/03/11Conductivity8575087

N/A2.397 - 1031002017/03/11pH8575088

200.86mg/L<0.01080 - 12010180 - 120NC2017/03/12Dissolved Nitrate (N)8575100

mg/L<0.01080 - 1209980 - 1201002017/03/11Dissolved Nitrite (N)8575100

205.2mg/L<2.085 - 115992017/03/16Biochemical Oxygen Demand8575102

mg/L<0.01080 - 1209780 - 1201062017/03/11Dissolved Barium (Ba)8575103

mg/L<0.02080 - 1209280 - 1201012017/03/11Dissolved Boron (B)8575103

200.73mg/L<0.3080 - 1209680 - 120992017/03/11Dissolved Calcium (Ca)8575103

20NCmg/L<0.06080 - 1209980 - 1201082017/03/11Dissolved Iron (Fe)8575103

mg/L<0.02080 - 1209480 - 1201052017/03/11Dissolved Lithium (Li)8575103

201.4mg/L<0.2080 - 1209580 - 1201012017/03/11Dissolved Magnesium (Mg)8575103

201.2mg/L<0.004080 - 12010080 - 1201062017/03/11Dissolved Manganese (Mn)8575103

mg/L<0.1080 - 12010180 - 1201152017/03/11Dissolved Phosphorus (P)8575103

20NCmg/L<0.3080 - 1209180 - 1201032017/03/11Dissolved Potassium (K)8575103

mg/L<0.1080 - 1208280 - 120882017/03/11Dissolved Silicon (Si)8575103

200.83mg/L<0.5080 - 1209580 - 1201062017/03/11Dissolved Sodium (Na)8575103

mg/L<0.02080 - 1209680 - 1201052017/03/11Dissolved Strontium (Sr)8575103

mg/L<0.202017/03/11Dissolved Sulphur (S)8575103
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XCG CONSULTING LIMITED
Client Project #: 4-2352-04-03

MONTFORT LANDFILL, RED DEERSite Location:

Maxxam Job #: B717877
Report Date: 2017/03/21

QUALITY ASSURANCE REPORT(CONT'D)

QC Limits% RecoveryQC LimitsValue (%)UNITSValueQC Limits% RecoveryQC Limits% RecoveryDateParameterQC Batch

QC StandardRPDMethod BlankSpiked BlankMatrix Spike

208.0mg/L<5.080 - 1209980 - 1201022017/03/12Total Chemical Oxygen Demand8575157

20NCmg/L<0.003080 - 12011980 - 120962017/03/13Dissolved Aluminum (Al)8575266

20NCmg/L<0.0006080 - 1208580 - 120862017/03/13Dissolved Antimony (Sb)8575266

208.6mg/L<0.0002080 - 1209180 - 120922017/03/13Dissolved Arsenic (As)8575266

20NCmg/L<0.001080 - 1208980 - 120962017/03/13Dissolved Beryllium (Be)8575266

20NCmg/L<0.001080 - 1209080 - 120902017/03/13Dissolved Chromium (Cr)8575266

200.27mg/L<0.0003080 - 1208980 - 120882017/03/13Dissolved Cobalt (Co)8575266

20NCmg/L<0.0002080 - 1209480 - 120862017/03/13Dissolved Copper (Cu)8575266

20NCmg/L<0.0002080 - 1209280 - 120882017/03/13Dissolved Lead (Pb)8575266

201.4mg/L<0.0002080 - 1208980 - 120962017/03/13Dissolved Molybdenum (Mo)8575266

205.5mg/L<0.0005080 - 1209280 - 120872017/03/13Dissolved Nickel (Ni)8575266

200.84mg/L<0.0002080 - 1209280 - 1201042017/03/13Dissolved Selenium (Se)8575266

20NCmg/L<0.0001080 - 1208480 - 120802017/03/13Dissolved Silver (Ag)8575266

20NCmg/L<0.0002080 - 1209380 - 120922017/03/13Dissolved Thallium (Tl)8575266

201.6mg/L<0.001080 - 1209080 - 120952017/03/13Dissolved Tin (Sn)8575266

20NCmg/L<0.001080 - 1209380 - 120882017/03/13Dissolved Titanium (Ti)8575266

201.2mg/L<0.0001080 - 1208980 - 120932017/03/13Dissolved Uranium (U)8575266

206.8mg/L<0.001080 - 1209380 - 120932017/03/13Dissolved Vanadium (V)8575266

20NCmg/L<0.003080 - 1209280 - 120932017/03/13Dissolved Zinc (Zn)8575266

80 - 120100206.4mg/L<0.05080 - 1209680 - 120NC2017/03/13Total Total Kjeldahl Nitrogen8575287

N/A922010mg/L<0.003080 - 1209380 - 120972017/03/16Total Phosphorus (P)8575370

30NCug/L<0.4070 - 13012070 - 130952017/03/13Benzene8575407

30NCug/L<0.4070 - 13011770 - 130982017/03/13Ethylbenzene8575407

30NCug/L<1002017/03/13F1 (C6-C10) - BTEX8575407

30NCug/L<10070 - 13010370 - 1301062017/03/13F1 (C6-C10)8575407

30NCug/L<0.8070 - 13011770 - 130972017/03/13m & p-Xylene8575407

30NCug/L<0.4070 - 13012170 - 130992017/03/13o-Xylene8575407

30NCug/L<0.4070 - 13011670 - 130952017/03/13Toluene8575407

30NCug/L<0.802017/03/13Xylenes (Total)8575407

40NCug/L<1.070 - 1309770 - 1301112017/03/131,1,1,2-tetrachloroethane8575411

40NCug/L<0.5070 - 1308470 - 1301072017/03/131,1,1-trichloroethane8575411
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XCG CONSULTING LIMITED
Client Project #: 4-2352-04-03

MONTFORT LANDFILL, RED DEERSite Location:

Maxxam Job #: B717877
Report Date: 2017/03/21

QUALITY ASSURANCE REPORT(CONT'D)

QC Limits% RecoveryQC LimitsValue (%)UNITSValueQC Limits% RecoveryQC Limits% RecoveryDateParameterQC Batch

QC StandardRPDMethod BlankSpiked BlankMatrix Spike

40NCug/L<2.070 - 13013070 - 1301152017/03/131,1,2,2-tetrachloroethane8575411

40NCug/L<0.5070 - 13011970 - 1301202017/03/131,1,2-trichloroethane8575411

40NCug/L<0.5070 - 1309970 - 1301112017/03/131,1-dichloroethane8575411

40NCug/L<0.5070 - 1307770 - 130992017/03/131,1-dichloroethene8575411

40NCug/L<1.070 - 13011170 - 1301272017/03/131,2,3-trichlorobenzene8575411

40NCug/L<1.070 - 13010870 - 1301212017/03/131,2,4-trichlorobenzene8575411

40NCug/L<0.5070 - 1309970 - 1301212017/03/131,2,4-trimethylbenzene8575411

40NCug/L<0.2070 - 13011770 - 1301132017/03/131,2-dibromoethane8575411

40NCug/L<0.5070 - 13010870 - 1301222017/03/131,2-dichlorobenzene8575411

40NCug/L<0.5070 - 13011070 - 1301092017/03/131,2-dichloroethane8575411

40NCug/L<0.5070 - 13011370 - 1301192017/03/131,2-dichloropropane8575411

40NCug/L<0.5070 - 1309770 - 1301122017/03/131,3,5-trichlorobenzene8575411

40NCug/L<0.5070 - 1309470 - 1301192017/03/131,3,5-trimethylbenzene8575411

40NCug/L<0.5070 - 1309970 - 1301132017/03/131,3-dichlorobenzene8575411

40NCug/L<0.5070 - 13010470 - 1301152017/03/131,4-dichlorobenzene8575411

40NCug/L<0.5070 - 13010870 - 1301162017/03/13Bromodichloromethane8575411

40NCug/L<0.5070 - 13011970 - 1301172017/03/13Bromoform8575411

40NCug/L<2.070 - 1308770 - 1301022017/03/13Bromomethane8575411

40NCug/L<0.5070 - 1307970 - 1301082017/03/13Carbon tetrachloride8575411

40NCug/L<0.5070 - 1309770 - 1301112017/03/13Chlorobenzene8575411

40NCug/L<1.070 - 13011370 - 1301192017/03/13Chlorodibromomethane8575411

40NCug/L<1.070 - 1307970 - 130972017/03/13Chloroethane8575411

40NCug/L<0.5070 - 1309970 - 1301102017/03/13Chloroform8575411

40NCug/L<2.070 - 1309170 - 1301222017/03/13Chloromethane8575411

40NCug/L<0.5070 - 13010270 - 1301092017/03/13cis-1,2-dichloroethene8575411

40NCug/L<0.5070 - 13010870 - 1301102017/03/13cis-1,3-dichloropropene8575411

40NCug/L<2.070 - 13010170 - 1301032017/03/13Dichloromethane8575411

40NCug/L<0.5070 - 13012970 - 1301172017/03/13Methyl methacrylate8575411

40NCug/L<0.5070 - 13010770 - 1301222017/03/13Methyl-tert-butylether (MTBE)8575411

40NCug/L<0.5070 - 13010270 - 1301142017/03/13Styrene8575411

40NCug/L<0.5070 - 1308670 - 1301122017/03/13Tetrachloroethene8575411
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XCG CONSULTING LIMITED
Client Project #: 4-2352-04-03

MONTFORT LANDFILL, RED DEERSite Location:

Maxxam Job #: B717877
Report Date: 2017/03/21

QUALITY ASSURANCE REPORT(CONT'D)

QC Limits% RecoveryQC LimitsValue (%)UNITSValueQC Limits% RecoveryQC Limits% RecoveryDateParameterQC Batch

QC StandardRPDMethod BlankSpiked BlankMatrix Spike

40NCug/L<0.5070 - 1308370 - 1301042017/03/13trans-1,2-dichloroethene8575411

40NCug/L<0.5070 - 13012770 - 1301172017/03/13trans-1,3-dichloropropene8575411

40NCug/L<0.5070 - 1309370 - 1301102017/03/13Trichloroethene8575411

40NCug/L<0.5070 - 1307270 - 1301012017/03/13Trichlorofluoromethane8575411

40NCug/L<0.5070 - 130     69 (1)70 - 130932017/03/13Vinyl chloride8575411

203.1mg/L<0.5080 - 12010580 - 120NC2017/03/13Total Organic Carbon (C)8575461

20NCmg/L<0.5080 - 1209580 - 120942017/03/13Acetic Acid8575570

20NCmg/L<0.5080 - 1209680 - 120972017/03/13Butyric Acid8575570

20NCmg/L<0.5080 - 1208880 - 1201032017/03/13Formic Acid8575570

20NCmg/L<0.5080 - 12010680 - 120902017/03/13Propionic Acid8575570

2019mg/L<1.080 - 12010480 - 1201052017/03/13Dissolved Chloride (Cl)8575687

201.7mg/L<1.080 - 12010180 - 120NC2017/03/13Dissolved Sulphate (SO4)8575691

84 - 111104mg/L<0.52017/03/14Adsorbable Organic Halogen8576797

201.2mg/L<0.05080 - 1209580 - 120962017/03/16Total Ammonia (N)8578696

(1) Recovery or RPD for this parameter is outside control limits. The overall quality control for this analysis meets acceptability criteria.

NC (Duplicate RPD): The duplicate RPD was not calculated. The concentration in the sample and/or duplicate was too low to permit a reliable RPD calculation (absolute difference <= 2x RDL).

NC (Matrix Spike): The recovery in the matrix spike was not calculated.  The relative difference between the concentration in the parent sample and the spike amount was too small to permit a reliable
recovery calculation (matrix spike concentration was less than the native sample concentration)

Surrogate:  A pure or isotopically labeled compound whose behavior mirrors the analytes of interest. Used to evaluate extraction efficiency.

Method Blank:  A blank matrix containing all reagents used in the analytical procedure. Used to identify laboratory contamination.

Spiked Blank: A blank matrix sample to which a known amount of the analyte, usually from a second source, has been added. Used to evaluate method accuracy.

QC Standard: A sample of known concentration prepared by an external agency under stringent conditions.  Used as an independent check of method accuracy.

Matrix Spike:  A sample to which a known amount of the analyte of interest has been added. Used to evaluate sample matrix interference.

Duplicate:  Paired analysis of a separate portion of the same sample. Used to evaluate the variance in the measurement.

N/A = Not Applicable
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Maxxam Job #: B717877
Report Date: 2017/03/21

XCG CONSULTING LIMITED
Client Project #: 4-2352-04-03

MONTFORT LANDFILL, RED DEERSite Location:

VALIDATION SIGNATURE PAGE

The analytical data and all QC contained in this report were reviewed and validated by the following individual(s).

Dennis Ngondu, B.Sc., P.Chem., QP, Supervisor, Organics

Gayle Simpson, Analyst II

Janet Gao, B.Sc., QP, Supervisor, Organics

Harry (Peng) Liang, Senior Analyst

Veronica Falk, B.Sc., P.Chem., QP, Scientific Specialist, Organics

Maxxam has procedures in place to guard against improper use of the electronic signature and have the required "signatories", as per section 5.10.2 of ISO/IEC
17025:2005(E), signing the reports.  For Service Group specific validation please refer to the Validation Signature Page.
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Maxxam Job #: B717877
Report Date: 2017/03/21
Maxxam Sample: QR7384

CCME Hydrocarbons in Water (F2; C10-C16) Chromatogram

XCG CONSULTING LIMITED
Client Project #: 4-2352-04-03
Site Reference: MONTFORT LANDFILL, RED DEER
Client ID: XCG1

Note: This information is provided for reference purposes only. Should detailed chemist interpretation

or fingerprinting be required, please contact the laboratory.
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MAXXAM JOB #: B718037
Received: 2017/03/13, 08:30

CERTIFICATE OF ANALYSIS

Your Project #: 4-2352-04-03

Report Date: 2017/03/21
Report #: R2359779

Version: 1 - Final

Attention:STEPHANIE BORGS

XCG CONSULTING LIMITED
10455 84 AVENUE
EDMONTON, AB
CANADA          T6E 2H3

Your C.O.C. #: C#512239-02-01

MONTFORT LANDFILL, RED DEERSite Location:

Sample Matrix: Water
# Samples Received: 6

Analytical MethodLaboratory Method
Date
Analyzed

Date
ExtractedQuantityAnalyses

Dionex #031181 R07 mCAL SOP-000632017/03/13N/A5Formic, Acetic, Propionic & Butyric Acid

SM 22 2320 B mAB SOP-000052017/03/14N/A5Alkalinity @25C (pp, total), CO3,HCO3,OH

Coulometric - Titr.PTC SOP-000562017/03/142017/03/145Organic Halogen (Adsorbable) (1)

SM 22 5210B mAB SOP-000172017/03/182017/03/136Biochemical Oxygen Demand

CCME CWS/EPA 8260c mAB SOP-000392017/03/13N/A6BTEX/F1 in Water by HS GC/MS/FID

Auto CalcAB WI-000652017/03/15N/A5Cadmium - low level CCME - Dissolved

Auto CalcAB WI-000652017/03/15N/A3Cadmium - low level CCME (Total)

Auto CalcAB WI-000652017/03/16N/A2Cadmium - low level CCME (Total)

Auto CalcAB WI-000652017/03/17N/A1Cadmium - low level CCME (Total)

SM 22-4500-Cl G mAB SOP-000202017/03/14N/A1Chloride by Automated Colourimetry

SM 22-4500-Cl G mAB SOP-000202017/03/16N/A4Chloride by Automated Colourimetry

SM 22 5220D mAB SOP-000162017/03/15N/A6Chemical Oxygen Demand

SM 22 2510 B mAB SOP-000052017/03/14N/A5Conductivity @25C

CCME PHC-CWS mAB SOP-00040
AB SOP-00037

2017/03/132017/03/136CCME Hydrocarbons in Water (F2; C10-C16) (2)

Auto CalcAB WI-000652017/03/14N/A4Hardness

Auto CalcAB WI-000652017/03/15N/A1Hardness

EPA 200.7 CFR 2012 mAB SOP-000422017/03/14N/A4Elements by ICP-Dissolved-Lab Filtered (3)

EPA 200.7 CFR 2012 mAB SOP-000422017/03/15N/A1Elements by ICP-Dissolved-Lab Filtered (3)

EPA 200.7 CFR 2012 mAB SOP-00014 / AB SOP-
00042

2017/03/142017/03/146Elements by ICP - Total

EPA 200.8 R5.4 mAB SOP-000432017/03/14N/A5Elements by ICPMS-Dissolved-Lab Filtered (3)

EPA 200.8 R5.4 mAB SOP-00014 / AB SOP-
00043

2017/03/142017/03/143Elements by ICPMS - Total

EPA 200.8 R5.4 mAB SOP-00014 / AB SOP-
00043

2017/03/152017/03/143Elements by ICPMS - Total

Auto CalcAB WI-000652017/03/14N/A5Ion Balance (as % Difference)

Auto CalcAB WI-000652017/03/14N/A4Sum of cations, anions

Auto CalcAB WI-000652017/03/15N/A1Sum of cations, anions

Auto CalcAB WI-000652017/03/15N/A6Nitrogen (total), Calc. TKN, NO3, NO2

EPA 350.1 R2.0 mAB SOP-000072017/03/14N/A6Ammonia-N (Total)
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MAXXAM JOB #: B718037
Received: 2017/03/13, 08:30

CERTIFICATE OF ANALYSIS

Your Project #: 4-2352-04-03

Report Date: 2017/03/21
Report #: R2359779

Version: 1 - Final

Attention:STEPHANIE BORGS

XCG CONSULTING LIMITED
10455 84 AVENUE
EDMONTON, AB
CANADA          T6E 2H3

Your C.O.C. #: C#512239-02-01

MONTFORT LANDFILL, RED DEERSite Location:

Sample Matrix: Water
# Samples Received: 6

Analytical MethodLaboratory Method
Date
Analyzed

Date
ExtractedQuantityAnalyses

Auto CalcAB WI-000652017/03/14N/A6Nitrate and Nitrite

Auto CalcAB WI-000652017/03/14N/A6Nitrate + Nitrite-N (calculated)

SM 22 4110 B mAB SOP-000232017/03/13N/A5Nitrogen, (Nitrite, Nitrate) by IC (4)

SM 22 4110 B mAB SOP-000232017/03/14N/A1Nitrogen, (Nitrite, Nitrate) by IC (4)

SM 22 4500-H+B mAB SOP-000052017/03/14N/A5pH @25°C (5)

SM 22 4500-SO4 E mAB SOP-000182017/03/14N/A1Sulphate by Automated Colourimetry

SM 22 4500-SO4 E mAB SOP-000182017/03/16N/A4Sulphate by Automated Colourimetry

Auto CalcAB WI-000652017/03/14N/A1Total Dissolved Solids (Calculated)

Auto CalcAB WI-000652017/03/16N/A4Total Dissolved Solids (Calculated)

Auto CalcCAL SOP-001042017/03/14N/A6Total Trihalomethanes Calculation

EPA 351.1 R1978 mAB SOP-000082017/03/152017/03/146Total Kjeldahl Nitrogen

MMCW 119 1996 mCAL SOP-000772017/03/15N/A6Carbon (Total Organic) (6)

SM 22 4500-P A,B,F mAB SOP-000242017/03/152017/03/156Total Phosphorus

EPA 5021a/8260c mAB SOP-000562017/03/13N/A6VOCs in Water by HS GC/MS (Std List)

Maxxam Analytics’ laboratories are accredited to ISO/IEC 17025:2005 for specific parameters on scopes of accreditation. Unless otherwise noted,
procedures used by Maxxam are based upon recognized Provincial, Federal or US method compendia such as CCME, MDDELCC, EPA, APHA.

All work recorded herein has been done in accordance with procedures and practices ordinarily exercised by professionals in Maxxam’s profession using
accepted testing methodologies, quality assurance and quality control procedures (except where otherwise agreed by the client and Maxxam in writing). All
data is in statistical control and has met quality control and method performance criteria unless otherwise noted. All method blanks are reported: unless
indicated otherwise, associated sample data are not blank corrected.

Maxxam Analytics’ liability is limited to the actual cost of the requested analyses, unless otherwise agreed in writing. There is no other warranty expressed
or implied. Maxxam has been retained to provide analysis of samples provided by the Client using the testing methodology referenced in this report.
Interpretation and use of test results are the sole responsibility of the Client and are not within the scope of services provided by Maxxam, unless otherwise
agreed in writing.

Solid sample results, except biota, are based on dry weight unless otherwise indicated. Organic analyses are not recovery corrected except for isotope
dilution methods.
Results relate to samples tested.
This Certificate shall not be reproduced except in full, without the written approval of the laboratory.

Remarks:
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MAXXAM JOB #: B718037
Received: 2017/03/13, 08:30

CERTIFICATE OF ANALYSIS

Your Project #: 4-2352-04-03

Report Date: 2017/03/21
Report #: R2359779

Version: 1 - Final

Attention:STEPHANIE BORGS

XCG CONSULTING LIMITED
10455 84 AVENUE
EDMONTON, AB
CANADA          T6E 2H3

Your C.O.C. #: C#512239-02-01

MONTFORT LANDFILL, RED DEERSite Location:

Reference Method suffix “m” indicates test methods incorporate validated modifications from specific reference methods to improve performance.

* RPDs calculated using raw data. The rounding of final results may result in the apparent difference.

(1) This test was performed by Maxxam Edmonton Petroleum
(2) Silica gel clean up employed.
(3) Samples were filtered and preserved at the lab. Values may not reflect concentrations at the time of sampling. Dissolved > Total Imbalance: Whenever applicable, Dissolved
>Total for any parameter that falls within method uncertainty for duplicates is likely equivalent.  If RPD is >20% samples were reanalyzed and confirmed.
(4) Analysis completed within 48h after laboratory receipt to a maximum of five days from sampling is satisfactory for compliance purposes.
(5) The APHA Standard Method requires pH to be analysed within 15 minutes of sampling and therefore field analysis is required for compliance. All Laboratory pH analyses in this
report are reported past the APHA Standard Method holding time.  Maxxam endeavors to analyze samples as soon as possible after receipt.
(6) TOC present in the sample should be considered as non-purgeable TOC.

Encryption Key

Please direct all questions regarding this Certificate of Analysis to your Project Manager.
Robin Weaver, Environmental Project Manager
Email: RWeaver@maxxam.ca
Phone# (403)735-2258
==================================================================== 
Maxxam has procedures in place to guard against improper use of the electronic signature and have the required "signatories", as per section 5.10.2 of ISO/IEC 17025:2005(E), 
signing the reports.  For Service Group specific validation please refer to the Validation Signature Page. 

Total Cover Pages : 3
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Maxxam Job #: B718037
Report Date: 2017/03/21

XCG CONSULTING LIMITED
Client Project #: 4-2352-04-03

MONTFORT LANDFILL, RED DEERSite Location:

AT1 BTEX AND F1-F2 IN WATER (WATER)

N/A = Not Applicable

RDL = Reportable Detection Limit

8574703N/A9495909792%O-TERPHENYL (sur.)

8575407N/A9293919091%D4-1,2-Dichloroethane (sur.)

8575407N/A104103104105105%4-Bromofluorobenzene (sur.)

8575407N/A9594949594%1,4-Difluorobenzene (sur.)

Surrogate Recovery (%)

8575407100<100<100<100<100<100ug/LF1 (C6-C10)

8575407100<100<100<100<100<100ug/LF1 (C6-C10) - BTEX

85754070.80<0.80<0.80<0.80<0.80<0.80ug/LXylenes (Total)

85754070.40<0.40<0.40<0.40<0.40<0.40ug/Lo-Xylene

85754070.80<0.80<0.80<0.80<0.80<0.80ug/Lm & p-Xylene

85754070.40<0.40<0.40<0.40<0.40<0.40ug/LEthylbenzene

85754070.40<0.40<0.40<0.40<0.40<0.40ug/LToluene

85754070.40<0.40<0.40<0.40<0.40<0.40ug/LBenzene

Volatiles

85747030.10<0.10<0.10<0.10<0.10<0.10mg/LF2 (C10-C16 Hydrocarbons)

Ext. Pet. Hydrocarbon

QC BatchRDLXCG12MW-01XCG14DUP1XCG 2UNITS

C#512239-02-01C#512239-02-01C#512239-02-01C#512239-02-01C#512239-02-01COC Number

2017/03/12
 12:00

2017/03/12
 10:00

2017/03/11
 16:00

2017/03/11
 15:00

2017/03/11
 15:00

Sampling Date

QR8542QR8541QR8540QR8539QR8538Maxxam ID
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Maxxam Job #: B718037
Report Date: 2017/03/21

XCG CONSULTING LIMITED
Client Project #: 4-2352-04-03

MONTFORT LANDFILL, RED DEERSite Location:

AT1 BTEX AND F1-F2 IN WATER (WATER)

N/A = Not Applicable

RDL = Reportable Detection Limit

8574703N/A92%O-TERPHENYL (sur.)

8575407N/A94%D4-1,2-Dichloroethane (sur.)

8575407N/A105%4-Bromofluorobenzene (sur.)

8575407N/A96%1,4-Difluorobenzene (sur.)

Surrogate Recovery (%)

8575407100<100ug/LF1 (C6-C10)

8575407100<100ug/LF1 (C6-C10) - BTEX

85754070.80<0.80ug/LXylenes (Total)

85754070.40<0.40ug/Lo-Xylene

85754070.80<0.80ug/Lm & p-Xylene

85754070.40<0.40ug/LEthylbenzene

85754070.40<0.40ug/LToluene

85754070.40<0.40ug/LBenzene

Volatiles

85747030.10<0.10mg/LF2 (C10-C16 Hydrocarbons)

Ext. Pet. Hydrocarbon

QC BatchRDLFB1UNITS

C#512239-02-01COC Number

2017/03/12
 16:30

Sampling Date

QR8543Maxxam ID
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Maxxam Job #: B718037
Report Date: 2017/03/21

XCG CONSULTING LIMITED
Client Project #: 4-2352-04-03

MONTFORT LANDFILL, RED DEERSite Location:

ROUTINE WATER & DISS. REGULATED METALS (WATER)

N/A = Not Applicable

RDL = Reportable Detection Limit

85769730.0200.0420.0460.0900.090mg/LDissolved Boron (B)

85765690.0010<0.0010<0.0010<0.0010<0.0010mg/LDissolved Beryllium (Be)

85769730.0100.710.520.0930.090mg/LDissolved Barium (Ba)

85765690.000200.000290.00110.00130.0013mg/LDissolved Arsenic (As)

85765690.00060<0.00060<0.00060<0.000600.00065mg/LDissolved Antimony (Sb)

85765690.00300.00390.00310.00380.0031mg/LDissolved Aluminum (Al)

Lab Filtered Elements

85761850.0100.0470.0130.0170.014mg/LDissolved Nitrate (N)

85761850.010<0.010<0.010<0.010<0.010mg/LDissolved Nitrite (N)

Nutrients

85789941.012212727mg/LDissolved Chloride (Cl)

85790001.037565857mg/LDissolved Sulphate (SO4)

85763300.50<0.50<0.50<0.50<0.50mg/LHydroxide (OH)

85763300.50<0.50<0.50<0.50<0.50mg/LCarbonate (CO3)

85763300.50500590420420mg/LBicarbonate (HCO3)

85763300.50410490340340mg/LAlkalinity (Total as CaCO3)

85763300.50<0.50<0.50<0.50<0.50mg/LAlkalinity (PP as CaCO3)

Anions

85756210.0200.290.0640.130.15ug/LDissolved Cadmium (Cd)

Low Level Elements

8576331N/A7.377.347.297.30pHpH

85763321.08301000830820uS/cmConductivity

Misc. Inorganics

857562910450570460460mg/LCalculated Total Dissolved Solids

85755850.033<0.033<0.033<0.033<0.033mg/LDissolved Nitrite (NO2)

85755860.0100.0470.0130.0170.014mg/LNitrate plus Nitrite (N)

85755850.0440.210.0560.0770.063mg/LDissolved Nitrate (NO3)

85756240.0102.00.770.500.13N/AIon Balance (% Difference)

85755840.50420560320320mg/LHardness (CaCO3)

8575626N/A8.9128.98.8meq/LCation Sum

8575626N/A9.3128.88.8meq/LAnion Sum

Calculated Parameters

QC BatchRDLMW-01XCG14DUP1XCG 2UNITS

C#512239-02-01C#512239-02-01C#512239-02-01C#512239-02-01COC Number

2017/03/12
 10:00

2017/03/11
 16:00

2017/03/11
 15:00

2017/03/11
 15:00

Sampling Date

QR8541QR8540QR8539QR8538Maxxam ID
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Maxxam Job #: B718037
Report Date: 2017/03/21

XCG CONSULTING LIMITED
Client Project #: 4-2352-04-03

MONTFORT LANDFILL, RED DEERSite Location:

ROUTINE WATER & DISS. REGULATED METALS (WATER)

RDL = Reportable Detection Limit

85765690.00300.0036<0.0030<0.0030<0.0030mg/LDissolved Zinc (Zn)

85765690.0010<0.0010<0.00100.0010<0.0010mg/LDissolved Vanadium (V)

85765690.000100.00980.0150.0140.013mg/LDissolved Uranium (U)

85765690.0010<0.0010<0.0010<0.0010<0.0010mg/LDissolved Titanium (Ti)

85765690.0010<0.0010<0.0010<0.00100.0011mg/LDissolved Tin (Sn)

85765690.00020<0.00020<0.00020<0.00020<0.00020mg/LDissolved Thallium (Tl)

85769730.2010151716mg/LDissolved Sulphur (S)

85769730.0200.711.10.820.81mg/LDissolved Strontium (Sr)

85769730.509.8105451mg/LDissolved Sodium (Na)

85765690.00010<0.00010<0.000100.00015<0.00010mg/LDissolved Silver (Ag)

85769730.106.16.86.66.5mg/LDissolved Silicon (Si)

85765690.000200.00023<0.000200.000580.00061mg/LDissolved Selenium (Se)

85769730.303.92.53.73.7mg/LDissolved Potassium (K)

85769730.100.11<0.10<0.10<0.10mg/LDissolved Phosphorus (P)

85765690.000500.000920.00130.00690.0073mg/LDissolved Nickel (Ni)

85765690.000200.00270.00200.00460.0043mg/LDissolved Molybdenum (Mo)

85769730.00400.0890.260.490.50mg/LDissolved Manganese (Mn)

85769730.2037612728mg/LDissolved Magnesium (Mg)

85769730.0200.0270.0470.0380.037mg/LDissolved Lithium (Li)

85765690.00020<0.00020<0.00020<0.00020<0.00020mg/LDissolved Lead (Pb)

85769730.060<0.060<0.060<0.060<0.060mg/LDissolved Iron (Fe)

85765690.000200.000850.000710.00100.0011mg/LDissolved Copper (Cu)

85765690.00030<0.000300.000430.00230.0024mg/LDissolved Cobalt (Co)

85765690.0010<0.0010<0.0010<0.0010<0.0010mg/LDissolved Chromium (Cr)

85769730.301101208384mg/LDissolved Calcium (Ca)

QC BatchRDLMW-01XCG14DUP1XCG 2UNITS

C#512239-02-01C#512239-02-01C#512239-02-01C#512239-02-01COC Number

2017/03/12
 10:00

2017/03/11
 16:00

2017/03/11
 15:00

2017/03/11
 15:00

Sampling Date

QR8541QR8540QR8539QR8538Maxxam ID
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Maxxam Job #: B718037
Report Date: 2017/03/21

XCG CONSULTING LIMITED
Client Project #: 4-2352-04-03

MONTFORT LANDFILL, RED DEERSite Location:

ROUTINE WATER & DISS. REGULATED METALS (WATER)

N/A = Not Applicable

RDL = Reportable Detection Limit

85769730.020<0.020mg/LDissolved Boron (B)

85765690.0010<0.0010mg/LDissolved Beryllium (Be)

85769730.010<0.010mg/LDissolved Barium (Ba)

85765690.00020<0.00020mg/LDissolved Arsenic (As)

85765690.00060<0.00060mg/LDissolved Antimony (Sb)

85765690.0030<0.0030mg/LDissolved Aluminum (Al)

Lab Filtered Elements

85761850.010<0.010mg/LDissolved Nitrate (N)

85761850.010<0.010mg/LDissolved Nitrite (N)

Nutrients

85766781.0<1.0mg/LDissolved Chloride (Cl)

85766791.0<1.0mg/LDissolved Sulphate (SO4)

85763300.50<0.50mg/LHydroxide (OH)

85763300.50<0.50mg/LCarbonate (CO3)

85763300.50<0.50mg/LBicarbonate (HCO3)

85763300.50<0.50mg/LAlkalinity (Total as CaCO3)

85763300.50<0.50mg/LAlkalinity (PP as CaCO3)

Anions

85756210.020<0.020ug/LDissolved Cadmium (Cd)

Low Level Elements

8576331N/A5.57pHpH

85763321.01.1uS/cmConductivity

Misc. Inorganics

857562910<10mg/LCalculated Total Dissolved Solids

85755850.033<0.033mg/LDissolved Nitrite (NO2)

85755860.010<0.010mg/LNitrate plus Nitrite (N)

85755850.044<0.044mg/LDissolved Nitrate (NO3)

85756240.010NCN/AIon Balance (% Difference)

85755840.50<0.50mg/LHardness (CaCO3)

8575626N/A0.0030meq/LCation Sum

8575626N/A0.0000meq/LAnion Sum

Calculated Parameters

QC BatchRDLFB1UNITS

C#512239-02-01COC Number

2017/03/12
 16:30

Sampling Date

QR8543Maxxam ID
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Maxxam Job #: B718037
Report Date: 2017/03/21

XCG CONSULTING LIMITED
Client Project #: 4-2352-04-03

MONTFORT LANDFILL, RED DEERSite Location:

ROUTINE WATER & DISS. REGULATED METALS (WATER)

RDL = Reportable Detection Limit

85765690.0030<0.0030mg/LDissolved Zinc (Zn)

85765690.0010<0.0010mg/LDissolved Vanadium (V)

85765690.00010<0.00010mg/LDissolved Uranium (U)

85765690.0010<0.0010mg/LDissolved Titanium (Ti)

85765690.0010<0.0010mg/LDissolved Tin (Sn)

85765690.00020<0.00020mg/LDissolved Thallium (Tl)

85769730.20<0.20mg/LDissolved Sulphur (S)

85769730.020<0.020mg/LDissolved Strontium (Sr)

85769730.50<0.50mg/LDissolved Sodium (Na)

85765690.00010<0.00010mg/LDissolved Silver (Ag)

85769730.10<0.10mg/LDissolved Silicon (Si)

85765690.00020<0.00020mg/LDissolved Selenium (Se)

85769730.30<0.30mg/LDissolved Potassium (K)

85769730.10<0.10mg/LDissolved Phosphorus (P)

85765690.00050<0.00050mg/LDissolved Nickel (Ni)

85765690.00020<0.00020mg/LDissolved Molybdenum (Mo)

85769730.0040<0.0040mg/LDissolved Manganese (Mn)

85769730.20<0.20mg/LDissolved Magnesium (Mg)

85769730.020<0.020mg/LDissolved Lithium (Li)

85765690.00020<0.00020mg/LDissolved Lead (Pb)

85769730.060<0.060mg/LDissolved Iron (Fe)

85765690.00020<0.00020mg/LDissolved Copper (Cu)

85765690.00030<0.00030mg/LDissolved Cobalt (Co)

85765690.0010<0.0010mg/LDissolved Chromium (Cr)

85769730.30<0.30mg/LDissolved Calcium (Ca)

QC BatchRDLFB1UNITS

C#512239-02-01COC Number

2017/03/12
 16:30

Sampling Date

QR8543Maxxam ID
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Maxxam Job #: B718037
Report Date: 2017/03/21

XCG CONSULTING LIMITED
Client Project #: 4-2352-04-03

MONTFORT LANDFILL, RED DEERSite Location:

REGULATED METALS (CCME/AT1) - TOTAL

RDL = Reportable Detection Limit

85769140.00100.0360.0190.0500.00530.0058mg/LTotal Vanadium (V)

85769140.000100.00230.0100.0150.0140.015mg/LTotal Uranium (U)

85769140.00100.170.110.210.0320.037mg/LTotal Titanium (Ti)

85769140.00100.00950.00170.00190.00370.0045mg/LTotal Tin (Sn)

85769140.000200.00031<0.000200.00040<0.00020<0.00020mg/LTotal Thallium (Tl)

85769150.20119.3171617mg/LTotal Sulphur (S)

85769150.0200.670.661.20.770.86mg/LTotal Strontium (Sr)

85769150.509.78.0105156mg/LTotal Sodium (Na)

85769140.000100.000330.000130.00029<0.00010<0.00010mg/LTotal Silver (Ag)

85769150.103020431416mg/LTotal Silicon (Si)

85769140.000200.000640.000600.00290.000810.00089mg/LTotal Selenium (Se)

85769150.308.35.16.04.04.5mg/LTotal Potassium (K)

85769150.100.750.481.20.150.19mg/LTotal Phosphorus (P)

85769140.000500.0440.0220.0590.0130.014mg/LTotal Nickel (Ni)

85769140.000200.00410.00360.00310.00460.0049mg/LTotal Molybdenum (Mo)

85769150.00400.970.871.00.540.60mg/LTotal Manganese (Mn)

85769150.206046922731mg/LTotal Magnesium (Mg)

85769150.0200.0380.0320.0680.0370.041mg/LTotal Lithium (Li)

85769140.000200.0160.00840.0240.00380.0045mg/LTotal Lead (Pb)

85769150.0602814413.74.6mg/LTotal Iron (Fe)

85769140.000200.0340.0190.0560.00570.0063mg/LTotal Copper (Cu)

85769140.000300.0150.00810.0220.00440.0047mg/LTotal Cobalt (Co)

85769140.00100.0210.0110.0290.00260.0036mg/LTotal Chromium (Cr)

85769150.301701302408393mg/LTotal Calcium (Ca)

85769150.0200.0550.0420.0650.0980.11mg/LTotal Boron (B)

85769140.00100.0010<0.00100.0016<0.0010<0.0010mg/LTotal Beryllium (Be)

85769150.0101.40.851.20.130.14mg/LTotal Barium (Ba)

85769140.000200.0620.00860.0210.00370.0043mg/LTotal Arsenic (As)

85769140.000600.000770.000630.000850.000750.00093mg/LTotal Antimony (Sb)

85769140.0030126.6162.52.8mg/LTotal Aluminum (Al)

Elements

85755820.0201.81.91.70.761.1ug/LTotal Cadmium (Cd)

Low Level Elements

QC BatchRDLXCG12MW-01XCG14DUP1XCG 2UNITS

C#512239-02-01C#512239-02-01C#512239-02-01C#512239-02-01C#512239-02-01COC Number

2017/03/12
 12:00

2017/03/12
 10:00

2017/03/11
 16:00

2017/03/11
 15:00

2017/03/11
 15:00

Sampling Date

QR8542QR8541QR8540QR8539QR8538Maxxam ID
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Maxxam Job #: B718037
Report Date: 2017/03/21

XCG CONSULTING LIMITED
Client Project #: 4-2352-04-03

MONTFORT LANDFILL, RED DEERSite Location:

REGULATED METALS (CCME/AT1) - TOTAL

RDL = Reportable Detection Limit

85769140.00300.150.0900.190.0300.032mg/LTotal Zinc (Zn)

QC BatchRDLXCG12MW-01XCG14DUP1XCG 2UNITS

C#512239-02-01C#512239-02-01C#512239-02-01C#512239-02-01C#512239-02-01COC Number

2017/03/12
 12:00

2017/03/12
 10:00

2017/03/11
 16:00

2017/03/11
 15:00

2017/03/11
 15:00

Sampling Date

QR8542QR8541QR8540QR8539QR8538Maxxam ID
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Maxxam Job #: B718037
Report Date: 2017/03/21

XCG CONSULTING LIMITED
Client Project #: 4-2352-04-03

MONTFORT LANDFILL, RED DEERSite Location:

REGULATED METALS (CCME/AT1) - TOTAL

RDL = Reportable Detection Limit

85769140.0010<0.0010mg/LTotal Vanadium (V)

85769140.00010<0.00010mg/LTotal Uranium (U)

85769140.0010<0.0010mg/LTotal Titanium (Ti)

85769140.0010<0.0010mg/LTotal Tin (Sn)

85769140.00020<0.00020mg/LTotal Thallium (Tl)

85769150.20<0.20mg/LTotal Sulphur (S)

85769150.020<0.020mg/LTotal Strontium (Sr)

85769150.50<0.50mg/LTotal Sodium (Na)

85769140.00010<0.00010mg/LTotal Silver (Ag)

85769150.10<0.10mg/LTotal Silicon (Si)

85769140.00020<0.00020mg/LTotal Selenium (Se)

85769150.30<0.30mg/LTotal Potassium (K)

85769150.10<0.10mg/LTotal Phosphorus (P)

85769140.00050<0.00050mg/LTotal Nickel (Ni)

85769140.00020<0.00020mg/LTotal Molybdenum (Mo)

85769150.0040<0.0040mg/LTotal Manganese (Mn)

85769150.20<0.20mg/LTotal Magnesium (Mg)

85769150.020<0.020mg/LTotal Lithium (Li)

85769140.00020<0.00020mg/LTotal Lead (Pb)

85769150.060<0.060mg/LTotal Iron (Fe)

85769140.00020<0.00020mg/LTotal Copper (Cu)

85769140.00030<0.00030mg/LTotal Cobalt (Co)

85769140.0010<0.0010mg/LTotal Chromium (Cr)

85769150.30<0.30mg/LTotal Calcium (Ca)

85769150.020<0.020mg/LTotal Boron (B)

85769140.0010<0.0010mg/LTotal Beryllium (Be)

85769150.010<0.010mg/LTotal Barium (Ba)

85769140.00020<0.00020mg/LTotal Arsenic (As)

85769140.00060<0.00060mg/LTotal Antimony (Sb)

85769140.0030<0.0030mg/LTotal Aluminum (Al)

Elements

85755820.020<0.020ug/LTotal Cadmium (Cd)

Low Level Elements

QC BatchRDLFB1UNITS

C#512239-02-01COC Number

2017/03/12
 16:30

Sampling Date

QR8543Maxxam ID
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Maxxam Job #: B718037
Report Date: 2017/03/21

XCG CONSULTING LIMITED
Client Project #: 4-2352-04-03

MONTFORT LANDFILL, RED DEERSite Location:

REGULATED METALS (CCME/AT1) - TOTAL

RDL = Reportable Detection Limit

85769140.0030<0.0030mg/LTotal Zinc (Zn)

QC BatchRDLFB1UNITS

C#512239-02-01COC Number

2017/03/12
 16:30

Sampling Date

QR8543Maxxam ID
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Maxxam Job #: B718037
Report Date: 2017/03/21

XCG CONSULTING LIMITED
Client Project #: 4-2352-04-03

MONTFORT LANDFILL, RED DEERSite Location:

RESULTS OF CHEMICAL ANALYSES OF  WATER

(3) Detection limits raised due to matrix interference.

(2) Detection limits raised due to dilution to bring analyte within the calibrated range.

(1) Detection limits raised due to sample matrix.

RDL = Reportable Detection Limit

85767970.010.020.010.020.010.03mg/LAdsorbable Organic Halogen

Misc. Organics

857557010    <10 (3)10    <10 (3)10    <10 (3)mg/LButyric Acid

85755700.50<0.500.50<0.500.50<0.50mg/LPropionic Acid

85755700.50<0.500.50<0.500.50<0.50mg/LAcetic Acid

85755700.50<0.500.50<0.500.50<0.50mg/LFormic Acid

Organic Acids

85763610.0501.40.0500.530.0500.44mg/LTotal Total Kjeldahl Nitrogen

85774660.075    2.6 (2)0.00300.100.00300.19mg/LTotal Phosphorus (P)

85757040.0551.40.0550.550.0550.45mg/LTotal Nitrogen (N)

85766660.0500.300.0500.230.0500.23mg/LTotal Ammonia (N)

Nutrients

85772935.0    <5.0 (1)0.504.21.0    3.3 (1)mg/LTotal Organic Carbon (C)

Misc. Inorganics

85776025.0855.0365.037mg/LTotal Chemical Oxygen Demand

85759262.0<2.02.0<2.02.0<2.0mg/LBiochemical Oxygen Demand

Demand Parameters

QC BatchRDLXCG14RDLDUP1RDLXCG 2UNITS

C#512239-02-01C#512239-02-01C#512239-02-01COC Number

2017/03/11
 16:00

2017/03/11
 15:00

2017/03/11
 15:00

Sampling Date

QR8540QR8539QR8538Maxxam ID
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Maxxam Job #: B718037
Report Date: 2017/03/21

XCG CONSULTING LIMITED
Client Project #: 4-2352-04-03

MONTFORT LANDFILL, RED DEERSite Location:

RESULTS OF CHEMICAL ANALYSES OF  WATER

(3) Detection limits raised due to matrix interference.

(2) Detection limits raised due to dilution to bring analyte within the calibrated range.

(1) Detection limits raised due to sample matrix.

N/A = Not Applicable

RDL = Reportable Detection Limit

85767970.010.02N/AN/A0.01<0.01mg/LAdsorbable Organic Halogen

Misc. Organics

857557010    <10 (3)N/AN/A10    <10 (3)mg/LButyric Acid

85755700.50<0.50N/AN/A0.50<0.50mg/LPropionic Acid

85755700.50<0.50N/AN/A0.50<0.50mg/LAcetic Acid

85755700.50<0.50N/AN/A0.50<0.50mg/LFormic Acid

Organic Acids

8576185N/AN/A0.0100.13N/AN/Amg/LDissolved Nitrate (N)

8576185N/AN/A0.010<0.010N/AN/Amg/LDissolved Nitrite (N)

85763610.050<0.0500.25    3.4 (2)0.0501.2mg/LTotal Total Kjeldahl Nitrogen

85774660.0030<0.00300.015    1.2 (2)0.015    0.70 (2)mg/LTotal Phosphorus (P)

85757040.055<0.0550.0553.60.0551.3mg/LTotal Nitrogen (N)

85766660.050<0.0500.0500.540.0500.19mg/LTotal Ammonia (N)

Nutrients

85772930.50<0.502.5    16 (1)2.5    8.1 (1)mg/LTotal Organic Carbon (C)

Misc. Inorganics

85776025.0<5.05.01105.065mg/LTotal Chemical Oxygen Demand

85759262.0<2.02.08.32.06.9mg/LBiochemical Oxygen Demand

Demand Parameters

85755850.033N/A0.033<0.0330.033N/Amg/LDissolved Nitrite (NO2)

85755860.010N/A0.0100.130.010N/Amg/LNitrate plus Nitrite (N)

85755850.044N/A0.0440.580.044N/Amg/LDissolved Nitrate (NO3)

Calculated Parameters

QC BatchRDLFB1RDLXCG12RDLMW-01UNITS

C#512239-02-01C#512239-02-01C#512239-02-01COC Number

2017/03/12
 16:30

2017/03/12
 12:00

2017/03/12
 10:00

Sampling Date

QR8543QR8542QR8541Maxxam ID
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Maxxam Job #: B718037
Report Date: 2017/03/21

XCG CONSULTING LIMITED
Client Project #: 4-2352-04-03

MONTFORT LANDFILL, RED DEERSite Location:

VOLATILE ORGANICS BY GC-MS (WATER)

RDL = Reportable Detection Limit

85754110.50<0.50<0.50<0.50<0.50<0.50ug/L1,3,5-trichlorobenzene

85754111.0<1.0<1.0<1.0<1.0<1.0ug/L1,2,4-trichlorobenzene

85754111.0<1.0<1.0<1.0<1.0<1.0ug/L1,2,3-trichlorobenzene

85754110.50<0.50<0.50<0.50<0.50<0.50ug/LTetrachloroethene

85754112.0<2.0<2.0<2.0<2.0<2.0ug/L1,1,2,2-tetrachloroethane

85754111.0<1.0<1.0<1.0<1.0<1.0ug/L1,1,1,2-tetrachloroethane

85754110.50<0.50<0.50<0.50<0.50<0.50ug/LStyrene

85754110.50<0.50<0.50<0.50<0.50<0.50ug/LMethyl-tert-butylether (MTBE)

85754110.50<0.50<0.50<0.50<0.50<0.50ug/LMethyl methacrylate

85754110.50<0.50<0.50<0.50<0.50<0.50ug/Ltrans-1,3-dichloropropene

85754110.50<0.50<0.50<0.50<0.50<0.50ug/Lcis-1,3-dichloropropene

85754110.50<0.50<0.50<0.50<0.50<0.50ug/L1,2-dichloropropane

85754112.0<2.0<2.0<2.0<2.0<2.0ug/LDichloromethane

85754110.50<0.50<0.50<0.50<0.50<0.50ug/Ltrans-1,2-dichloroethene

85754110.50<0.50<0.50<0.50<0.50<0.50ug/Lcis-1,2-dichloroethene

85754110.50<0.50<0.50<0.50<0.50<0.50ug/L1,1-dichloroethene

85754110.50<0.50<0.50<0.50<0.50<0.50ug/L1,2-dichloroethane

85754110.50<0.50<0.50<0.50<0.50<0.50ug/L1,1-dichloroethane

85754110.50<0.50<0.50<0.50<0.50<0.50ug/L1,4-dichlorobenzene

85754110.50<0.50<0.50<0.50<0.50<0.50ug/L1,3-dichlorobenzene

85754110.50<0.50<0.50<0.50<0.50<0.50ug/L1,2-dichlorobenzene

85754110.20<0.20<0.20<0.20<0.20<0.20ug/L1,2-dibromoethane

85754112.0<2.0<2.0<2.0<2.0<2.0ug/LChloromethane

85754110.50<0.50<0.50<0.50<0.50<0.50ug/LChloroform

85754111.0<1.0<1.0<1.0<1.0<1.0ug/LChloroethane

85754111.0<1.0<1.0<1.0<1.0<1.0ug/LChlorodibromomethane

85754110.50<0.50<0.50<0.50<0.50<0.50ug/LChlorobenzene

85754110.50<0.50<0.50<0.50<0.50<0.50ug/LCarbon tetrachloride

85754112.0<2.0<2.0<2.0<2.0<2.0ug/LBromomethane

85754110.50<0.50<0.50<0.50<0.50<0.50ug/LBromoform

85754110.50<0.50<0.50<0.50<0.50<0.50ug/LBromodichloromethane

85757051.3<1.3<1.3<1.3<1.3<1.3ug/LTotal Trihalomethanes

Volatiles

QC BatchRDLXCG12MW-01XCG14DUP1XCG 2UNITS

C#512239-02-01C#512239-02-01C#512239-02-01C#512239-02-01C#512239-02-01COC Number

2017/03/12
 12:00

2017/03/12
 10:00

2017/03/11
 16:00

2017/03/11
 15:00

2017/03/11
 15:00

Sampling Date
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Maxxam Job #: B718037
Report Date: 2017/03/21

XCG CONSULTING LIMITED
Client Project #: 4-2352-04-03

MONTFORT LANDFILL, RED DEERSite Location:

VOLATILE ORGANICS BY GC-MS (WATER)

N/A = Not Applicable

RDL = Reportable Detection Limit

8575411N/A109110113103127%D4-1,2-Dichloroethane (sur.)

8575411N/A97103102101102%4-Bromofluorobenzene (sur.)

8575411N/A1011031009998%1,4-Difluorobenzene (sur.)

Surrogate Recovery (%)

85754110.50<0.50<0.50<0.50<0.50<0.50ug/LVinyl chloride

85754110.50<0.50<0.50<0.50<0.50<0.50ug/L1,3,5-trimethylbenzene

85754110.50<0.50<0.50<0.50<0.50<0.50ug/L1,2,4-trimethylbenzene

85754110.50<0.50<0.50<0.50<0.50<0.50ug/LTrichlorofluoromethane

85754110.50<0.50<0.50<0.50<0.50<0.50ug/LTrichloroethene

85754110.50<0.50<0.50<0.50<0.50<0.50ug/L1,1,2-trichloroethane

85754110.50<0.50<0.50<0.50<0.50<0.50ug/L1,1,1-trichloroethane

QC BatchRDLXCG12MW-01XCG14DUP1XCG 2UNITS

C#512239-02-01C#512239-02-01C#512239-02-01C#512239-02-01C#512239-02-01COC Number

2017/03/12
 12:00

2017/03/12
 10:00

2017/03/11
 16:00

2017/03/11
 15:00

2017/03/11
 15:00

Sampling Date

QR8542QR8541QR8540QR8539QR8538Maxxam ID
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Maxxam Job #: B718037
Report Date: 2017/03/21

XCG CONSULTING LIMITED
Client Project #: 4-2352-04-03

MONTFORT LANDFILL, RED DEERSite Location:

VOLATILE ORGANICS BY GC-MS (WATER)

RDL = Reportable Detection Limit

85754110.50<0.50ug/L1,3,5-trichlorobenzene

85754111.0<1.0ug/L1,2,4-trichlorobenzene

85754111.0<1.0ug/L1,2,3-trichlorobenzene

85754110.50<0.50ug/LTetrachloroethene

85754112.0<2.0ug/L1,1,2,2-tetrachloroethane

85754111.0<1.0ug/L1,1,1,2-tetrachloroethane

85754110.50<0.50ug/LStyrene

85754110.50<0.50ug/LMethyl-tert-butylether (MTBE)

85754110.50<0.50ug/LMethyl methacrylate

85754110.50<0.50ug/Ltrans-1,3-dichloropropene

85754110.50<0.50ug/Lcis-1,3-dichloropropene

85754110.50<0.50ug/L1,2-dichloropropane

85754112.0<2.0ug/LDichloromethane

85754110.50<0.50ug/Ltrans-1,2-dichloroethene

85754110.50<0.50ug/Lcis-1,2-dichloroethene

85754110.50<0.50ug/L1,1-dichloroethene

85754110.50<0.50ug/L1,2-dichloroethane

85754110.50<0.50ug/L1,1-dichloroethane

85754110.50<0.50ug/L1,4-dichlorobenzene

85754110.50<0.50ug/L1,3-dichlorobenzene

85754110.50<0.50ug/L1,2-dichlorobenzene

85754110.20<0.20ug/L1,2-dibromoethane

85754112.0<2.0ug/LChloromethane

85754110.50<0.50ug/LChloroform

85754111.0<1.0ug/LChloroethane

85754111.0<1.0ug/LChlorodibromomethane

85754110.50<0.50ug/LChlorobenzene

85754110.50<0.50ug/LCarbon tetrachloride

85754112.0<2.0ug/LBromomethane

85754110.50<0.50ug/LBromoform

85754110.50<0.50ug/LBromodichloromethane

85757051.3<1.3ug/LTotal Trihalomethanes

Volatiles

QC BatchRDLFB1UNITS

C#512239-02-01COC Number

2017/03/12
 16:30

Sampling Date

QR8543Maxxam ID
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Maxxam Job #: B718037
Report Date: 2017/03/21

XCG CONSULTING LIMITED
Client Project #: 4-2352-04-03

MONTFORT LANDFILL, RED DEERSite Location:

VOLATILE ORGANICS BY GC-MS (WATER)

N/A = Not Applicable

RDL = Reportable Detection Limit

8575411N/A102%D4-1,2-Dichloroethane (sur.)

8575411N/A100%4-Bromofluorobenzene (sur.)

8575411N/A100%1,4-Difluorobenzene (sur.)

Surrogate Recovery (%)

85754110.50<0.50ug/LVinyl chloride

85754110.50<0.50ug/L1,3,5-trimethylbenzene

85754110.50<0.50ug/L1,2,4-trimethylbenzene

85754110.50<0.50ug/LTrichlorofluoromethane

85754110.50<0.50ug/LTrichloroethene

85754110.50<0.50ug/L1,1,2-trichloroethane

85754110.50<0.50ug/L1,1,1-trichloroethane

QC BatchRDLFB1UNITS

C#512239-02-01COC Number

2017/03/12
 16:30

Sampling Date

QR8543Maxxam ID
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Maxxam Job #: B718037
Report Date: 2017/03/21

XCG CONSULTING LIMITED
Client Project #: 4-2352-04-03

MONTFORT LANDFILL, RED DEERSite Location:

GENERAL COMMENTS

Each temperature is the average of up to three cooler temperatures taken at receipt

5.3°CPackage 1

Results relate only to the items tested.
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XCG CONSULTING LIMITED
Client Project #: 4-2352-04-03

MONTFORT LANDFILL, RED DEERSite Location:

Maxxam Job #: B718037
Report Date: 2017/03/21

QUALITY ASSURANCE REPORT

QC Limits% RecoveryQC LimitsValue (%)UNITSValueQC Limits% RecoveryQC Limits% RecoveryDateParameterQC Batch

QC StandardRPDMethod BlankSpiked BlankMatrix Spike

%9460 - 1309760 - 130952017/03/13O-TERPHENYL (sur.)8574703

%8670 - 1308970 - 130982017/03/131,4-Difluorobenzene (sur.)8575407

%10670 - 13010970 - 1301052017/03/134-Bromofluorobenzene (sur.)8575407

%10570 - 1309970 - 130982017/03/13D4-1,2-Dichloroethane (sur.)8575407

%9970 - 13010070 - 1301072017/03/131,4-Difluorobenzene (sur.)8575411

%10470 - 13011370 - 1301192017/03/134-Bromofluorobenzene (sur.)8575411

%10570 - 13010270 - 130892017/03/13D4-1,2-Dichloroethane (sur.)8575411

30NCmg/L<0.1070 - 1309460 - 130992017/03/13F2 (C10-C16 Hydrocarbons)8574703

30NCug/L<0.4070 - 13012070 - 130952017/03/13Benzene8575407

30NCug/L<0.4070 - 13011770 - 130982017/03/13Ethylbenzene8575407

30NCug/L<1002017/03/13F1 (C6-C10) - BTEX8575407

30NCug/L<10070 - 13010370 - 1301062017/03/13F1 (C6-C10)8575407

30NCug/L<0.8070 - 13011770 - 130972017/03/13m & p-Xylene8575407

30NCug/L<0.4070 - 13012170 - 130992017/03/13o-Xylene8575407

30NCug/L<0.4070 - 13011670 - 130952017/03/13Toluene8575407

30NCug/L<0.802017/03/13Xylenes (Total)8575407

40NCug/L<1.070 - 1309770 - 1301112017/03/131,1,1,2-tetrachloroethane8575411

40NCug/L<0.5070 - 1308470 - 1301072017/03/131,1,1-trichloroethane8575411

40NCug/L<2.070 - 13013070 - 1301152017/03/131,1,2,2-tetrachloroethane8575411

40NCug/L<0.5070 - 13011970 - 1301202017/03/131,1,2-trichloroethane8575411

40NCug/L<0.5070 - 1309970 - 1301112017/03/131,1-dichloroethane8575411

40NCug/L<0.5070 - 1307770 - 130992017/03/131,1-dichloroethene8575411

40NCug/L<1.070 - 13011170 - 1301272017/03/131,2,3-trichlorobenzene8575411

40NCug/L<1.070 - 13010870 - 1301212017/03/131,2,4-trichlorobenzene8575411

40NCug/L<0.5070 - 1309970 - 1301212017/03/131,2,4-trimethylbenzene8575411

40NCug/L<0.2070 - 13011770 - 1301132017/03/131,2-dibromoethane8575411

40NCug/L<0.5070 - 13010870 - 1301222017/03/131,2-dichlorobenzene8575411

40NCug/L<0.5070 - 13011070 - 1301092017/03/131,2-dichloroethane8575411

40NCug/L<0.5070 - 13011370 - 1301192017/03/131,2-dichloropropane8575411

40NCug/L<0.5070 - 1309770 - 1301122017/03/131,3,5-trichlorobenzene8575411

40NCug/L<0.5070 - 1309470 - 1301192017/03/131,3,5-trimethylbenzene8575411
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XCG CONSULTING LIMITED
Client Project #: 4-2352-04-03

MONTFORT LANDFILL, RED DEERSite Location:

Maxxam Job #: B718037
Report Date: 2017/03/21

QUALITY ASSURANCE REPORT(CONT'D)

QC Limits% RecoveryQC LimitsValue (%)UNITSValueQC Limits% RecoveryQC Limits% RecoveryDateParameterQC Batch

QC StandardRPDMethod BlankSpiked BlankMatrix Spike

40NCug/L<0.5070 - 1309970 - 1301132017/03/131,3-dichlorobenzene8575411

40NCug/L<0.5070 - 13010470 - 1301152017/03/131,4-dichlorobenzene8575411

40NCug/L<0.5070 - 13010870 - 1301162017/03/13Bromodichloromethane8575411

40NCug/L<0.5070 - 13011970 - 1301172017/03/13Bromoform8575411

40NCug/L<2.070 - 1308770 - 1301022017/03/13Bromomethane8575411

40NCug/L<0.5070 - 1307970 - 1301082017/03/13Carbon tetrachloride8575411

40NCug/L<0.5070 - 1309770 - 1301112017/03/13Chlorobenzene8575411

40NCug/L<1.070 - 13011370 - 1301192017/03/13Chlorodibromomethane8575411

40NCug/L<1.070 - 1307970 - 130972017/03/13Chloroethane8575411

40NCug/L<0.5070 - 1309970 - 1301102017/03/13Chloroform8575411

40NCug/L<2.070 - 1309170 - 1301222017/03/13Chloromethane8575411

40NCug/L<0.5070 - 13010270 - 1301092017/03/13cis-1,2-dichloroethene8575411

40NCug/L<0.5070 - 13010870 - 1301102017/03/13cis-1,3-dichloropropene8575411

40NCug/L<2.070 - 13010170 - 1301032017/03/13Dichloromethane8575411

40NCug/L<0.5070 - 13012970 - 1301172017/03/13Methyl methacrylate8575411

40NCug/L<0.5070 - 13010770 - 1301222017/03/13Methyl-tert-butylether (MTBE)8575411

40NCug/L<0.5070 - 13010270 - 1301142017/03/13Styrene8575411

40NCug/L<0.5070 - 1308670 - 1301122017/03/13Tetrachloroethene8575411

40NCug/L<0.5070 - 1308370 - 1301042017/03/13trans-1,2-dichloroethene8575411

40NCug/L<0.5070 - 13012770 - 1301172017/03/13trans-1,3-dichloropropene8575411

40NCug/L<0.5070 - 1309370 - 1301102017/03/13Trichloroethene8575411

40NCug/L<0.5070 - 1307270 - 1301012017/03/13Trichlorofluoromethane8575411

40NCug/L<0.5070 - 130     69 (1)70 - 130932017/03/13Vinyl chloride8575411

20NCmg/L<0.5080 - 1209580 - 120942017/03/13Acetic Acid8575570

20NCmg/L<0.5080 - 1209680 - 120972017/03/13Butyric Acid8575570

20NCmg/L<0.5080 - 1208880 - 1201032017/03/13Formic Acid8575570

20NCmg/L<0.5080 - 12010680 - 120902017/03/13Propionic Acid8575570

20NCmg/L<2.085 - 115992017/03/18Biochemical Oxygen Demand8575926

20NCmg/L<0.01080 - 12010080 - 1201052017/03/14Dissolved Nitrate (N)8576185

20NCmg/L<0.01080 - 12010080 - 1201032017/03/14Dissolved Nitrite (N)8576185

20NCmg/L<0.502017/03/14Alkalinity (PP as CaCO3)8576330
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XCG CONSULTING LIMITED
Client Project #: 4-2352-04-03

MONTFORT LANDFILL, RED DEERSite Location:

Maxxam Job #: B718037
Report Date: 2017/03/21

QUALITY ASSURANCE REPORT(CONT'D)

QC Limits% RecoveryQC LimitsValue (%)UNITSValueQC Limits% RecoveryQC Limits% RecoveryDateParameterQC Batch

QC StandardRPDMethod BlankSpiked BlankMatrix Spike

202.5mg/L<0.5080 - 1201042017/03/14Alkalinity (Total as CaCO3)8576330

202.5mg/L<0.502017/03/14Bicarbonate (HCO3)8576330

20NCmg/L<0.502017/03/14Carbonate (CO3)8576330

20NCmg/L<0.502017/03/14Hydroxide (OH)8576330

N/A0.1697 - 1031002017/03/14pH8576331

100.45uS/cm<1.090 - 1101012017/03/13Conductivity8576332

80 - 1209420NCmg/L<0.05080 - 1209780 - 120992017/03/15Total Total Kjeldahl Nitrogen8576361

203.7mg/L<0.003080 - 1209680 - 120962017/03/14Dissolved Aluminum (Al)8576569

20NCmg/L<0.0006080 - 1208980 - 120842017/03/14Dissolved Antimony (Sb)8576569

207.1mg/L<0.0002080 - 1208880 - 120882017/03/14Dissolved Arsenic (As)8576569

20NCmg/L<0.001080 - 1208480 - 120892017/03/14Dissolved Beryllium (Be)8576569

20NCmg/L<0.001080 - 1209080 - 120882017/03/14Dissolved Chromium (Cr)8576569

20NCmg/L<0.0003080 - 1208680 - 120842017/03/14Dissolved Cobalt (Co)8576569

209.6mg/L<0.0002080 - 1208680 - 120822017/03/14Dissolved Copper (Cu)8576569

20NCmg/L<0.0002080 - 1208680 - 120862017/03/14Dissolved Lead (Pb)8576569

202.0mg/L<0.0002080 - 1208980 - 120912017/03/14Dissolved Molybdenum (Mo)8576569

203.0mg/L<0.0005080 - 1208780 - 120852017/03/14Dissolved Nickel (Ni)8576569

2012mg/L<0.0002080 - 1209480 - 120922017/03/14Dissolved Selenium (Se)8576569

20NCmg/L<0.0001080 - 120     73 (1)80 - 120852017/03/14Dissolved Silver (Ag)8576569

20NCmg/L<0.0002080 - 1208680 - 120882017/03/14Dissolved Thallium (Tl)8576569

20NCmg/L<0.001080 - 1209280 - 120892017/03/14Dissolved Tin (Sn)8576569

20NCmg/L<0.001080 - 1209180 - 120882017/03/14Dissolved Titanium (Ti)8576569

202.2mg/L<0.0001080 - 1208680 - 120892017/03/14Dissolved Uranium (U)8576569

20NCmg/L<0.001080 - 1209180 - 120902017/03/14Dissolved Vanadium (V)8576569

2018mg/L<0.003080 - 1208780 - 120     77 (1)2017/03/14Dissolved Zinc (Zn)8576569

20NCmg/L<0.05080 - 12010080 - 120862017/03/14Total Ammonia (N)8576666

200.72mg/L<1.080 - 12010480 - 120NC2017/03/14Dissolved Chloride (Cl)8576678

200.64mg/L<1.080 - 12010380 - 120NC2017/03/14Dissolved Sulphate (SO4)8576679

84 - 111104mg/L<0.52017/03/14Adsorbable Organic Halogen8576797

201.0mg/L<0.003080 - 1208480 - 120882017/03/14Total Aluminum (Al)8576914

20NCmg/L<0.0006080 - 1208980 - 120902017/03/14Total Antimony (Sb)8576914

Page 23 of 33

Maxxam Analytics International Corporation o/a Maxxam Analytics Calgary: 2021 - 41st Avenue N.E. T2E 6P2     Telephone (403) 291-3077     Fax (403) 291-9468



XCG CONSULTING LIMITED
Client Project #: 4-2352-04-03

MONTFORT LANDFILL, RED DEERSite Location:

Maxxam Job #: B718037
Report Date: 2017/03/21

QUALITY ASSURANCE REPORT(CONT'D)

QC Limits% RecoveryQC LimitsValue (%)UNITSValueQC Limits% RecoveryQC Limits% RecoveryDateParameterQC Batch

QC StandardRPDMethod BlankSpiked BlankMatrix Spike

2019mg/L<0.0002080 - 1209080 - 120902017/03/14Total Arsenic (As)8576914

20NCmg/L<0.001080 - 1208980 - 120972017/03/14Total Beryllium (Be)8576914

20NCmg/L<0.001080 - 1208980 - 120882017/03/14Total Chromium (Cr)8576914

20NCmg/L<0.0003080 - 1208880 - 120862017/03/14Total Cobalt (Co)8576914

mg/L<0.0002080 - 1208780 - 120802017/03/14Total Copper (Cu)8576914

20NCmg/L<0.0002080 - 1208880 - 120852017/03/14Total Lead (Pb)8576914

20NCmg/L<0.0002080 - 1209180 - 120952017/03/14Total Molybdenum (Mo)8576914

2015mg/L<0.0005080 - 1208980 - 120862017/03/14Total Nickel (Ni)8576914

mg/L<0.0002080 - 1209280 - 120     43 (1)2017/03/14Total Selenium (Se)8576914

20NCmg/L<0.0001080 - 1209080 - 120902017/03/14Total Silver (Ag)8576914

20NCmg/L<0.0002080 - 1208980 - 120862017/03/14Total Thallium (Tl)8576914

2016mg/L<0.001080 - 1209180 - 120952017/03/14Total Tin (Sn)8576914

204.0mg/L<0.001080 - 1209080 - 120882017/03/14Total Titanium (Ti)8576914

206.8mg/L<0.0001080 - 1208480 - 120852017/03/14Total Uranium (U)8576914

20NCmg/L<0.001080 - 1209180 - 120912017/03/14Total Vanadium (V)8576914

202.0mg/L<0.003080 - 1208780 - 120842017/03/14Total Zinc (Zn)8576914

202.6mg/L<0.01080 - 1209280 - 120862017/03/14Total Barium (Ba)8576915

203.3mg/L<0.02080 - 1209180 - 120902017/03/14Total Boron (B)8576915

203.3mg/L<0.3080 - 1209780 - 120NC2017/03/14Total Calcium (Ca)8576915

201.1mg/L<0.06080 - 12010380 - 120NC2017/03/14Total Iron (Fe)8576915

203.2mg/L<0.02080 - 1209180 - 120912017/03/14Total Lithium (Li)8576915

203.2mg/L<0.2080 - 1209380 - 120NC2017/03/14Total Magnesium (Mg)8576915

203.0mg/L<0.004080 - 1209480 - 120872017/03/14Total Manganese (Mn)8576915

208.5mg/L<0.1080 - 1209280 - 120902017/03/14Total Phosphorus (P)8576915

203.3mg/L<0.3080 - 1209180 - 120962017/03/14Total Potassium (K)8576915

203.4mg/L<0.1080 - 1209580 - 120952017/03/14Total Silicon (Si)8576915

203.2mg/L<0.5080 - 1209480 - 120NC2017/03/14Total Sodium (Na)8576915

203.0mg/L<0.02080 - 1209480 - 120NC2017/03/14Total Strontium (Sr)8576915

202.5mg/L<0.202017/03/14Total Sulphur (S)8576915

mg/L<0.01080 - 1209080 - 120922017/03/14Dissolved Barium (Ba)8576973

mg/L<0.02080 - 1209280 - 120942017/03/14Dissolved Boron (B)8576973
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XCG CONSULTING LIMITED
Client Project #: 4-2352-04-03

MONTFORT LANDFILL, RED DEERSite Location:

Maxxam Job #: B718037
Report Date: 2017/03/21

QUALITY ASSURANCE REPORT(CONT'D)

QC Limits% RecoveryQC LimitsValue (%)UNITSValueQC Limits% RecoveryQC Limits% RecoveryDateParameterQC Batch

QC StandardRPDMethod BlankSpiked BlankMatrix Spike

20NCmg/L<0.3080 - 1209580 - 120952017/03/14Dissolved Calcium (Ca)8576973

20NCmg/L<0.06080 - 1209580 - 120962017/03/14Dissolved Iron (Fe)8576973

mg/L<0.02080 - 1209280 - 120922017/03/14Dissolved Lithium (Li)8576973

20NCmg/L<0.2080 - 1209480 - 120942017/03/14Dissolved Magnesium (Mg)8576973

20NCmg/L<0.004080 - 1209680 - 120952017/03/14Dissolved Manganese (Mn)8576973

mg/L<0.1080 - 1209480 - 120972017/03/14Dissolved Phosphorus (P)8576973

20NCmg/L<0.3080 - 1209380 - 120952017/03/14Dissolved Potassium (K)8576973

mg/L<0.1080 - 1208480 - 120802017/03/14Dissolved Silicon (Si)8576973

20NCmg/L<0.5080 - 1209180 - 120932017/03/14Dissolved Sodium (Na)8576973

mg/L<0.02080 - 1209180 - 120902017/03/14Dissolved Strontium (Sr)8576973

mg/L<0.202017/03/14Dissolved Sulphur (S)8576973

206.6mg/L<0.5080 - 12010980 - 1201192017/03/15Total Organic Carbon (C)8577293

80 - 1208820NCmg/L<0.003080 - 1209080 - 120932017/03/15Total Phosphorus (P)8577466

202.7mg/L<5.080 - 1209980 - 1201002017/03/15Total Chemical Oxygen Demand8577602

20NCmg/L<1.080 - 12010880 - 1201052017/03/16Dissolved Chloride (Cl)8578994

20NCmg/L<1.080 - 12010980 - 1201052017/03/16Dissolved Sulphate (SO4)8579000

(1) Recovery or RPD for this parameter is outside control limits. The overall quality control for this analysis meets acceptability criteria.

NC (Duplicate RPD): The duplicate RPD was not calculated. The concentration in the sample and/or duplicate was too low to permit a reliable RPD calculation (absolute difference <= 2x RDL).

NC (Matrix Spike): The recovery in the matrix spike was not calculated.  The relative difference between the concentration in the parent sample and the spike amount was too small to permit a reliable
recovery calculation (matrix spike concentration was less than the native sample concentration)

Surrogate:  A pure or isotopically labeled compound whose behavior mirrors the analytes of interest. Used to evaluate extraction efficiency.

Method Blank:  A blank matrix containing all reagents used in the analytical procedure. Used to identify laboratory contamination.

Spiked Blank: A blank matrix sample to which a known amount of the analyte, usually from a second source, has been added. Used to evaluate method accuracy.

QC Standard: A sample of known concentration prepared by an external agency under stringent conditions.  Used as an independent check of method accuracy.

Matrix Spike:  A sample to which a known amount of the analyte of interest has been added. Used to evaluate sample matrix interference.

Duplicate:  Paired analysis of a separate portion of the same sample. Used to evaluate the variance in the measurement.

N/A = Not Applicable
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Maxxam Job #: B718037
Report Date: 2017/03/21

XCG CONSULTING LIMITED
Client Project #: 4-2352-04-03

MONTFORT LANDFILL, RED DEERSite Location:

VALIDATION SIGNATURE PAGE

The analytical data and all QC contained in this report were reviewed and validated by the following individual(s).

Dennis Ngondu, B.Sc., P.Chem., QP, Supervisor, Organics

Gayle Simpson, Analyst II

Janet Gao, B.Sc., QP, Supervisor, Organics

Harry (Peng) Liang, Senior Analyst

Veronica Falk, B.Sc., P.Chem., QP, Scientific Specialist, Organics

Maxxam has procedures in place to guard against improper use of the electronic signature and have the required "signatories", as per section 5.10.2 of ISO/IEC
17025:2005(E), signing the reports.  For Service Group specific validation please refer to the Validation Signature Page.
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Maxxam Job #: B718037
Report Date: 2017/03/21
Maxxam Sample: QR8538

CCME Hydrocarbons in Water (F2; C10-C16) Chromatogram

XCG CONSULTING LIMITED
Client Project #: 4-2352-04-03
Site Reference: MONTFORT LANDFILL, RED DEER
Client ID: XCG 2

Note: This information is provided for reference purposes only. Should detailed chemist interpretation

or fingerprinting be required, please contact the laboratory.
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Maxxam Job #: B718037
Report Date: 2017/03/21
Maxxam Sample: QR8539

CCME Hydrocarbons in Water (F2; C10-C16) Chromatogram

XCG CONSULTING LIMITED
Client Project #: 4-2352-04-03
Site Reference: MONTFORT LANDFILL, RED DEER
Client ID: DUP1

Note: This information is provided for reference purposes only. Should detailed chemist interpretation

or fingerprinting be required, please contact the laboratory.
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Maxxam Job #: B718037
Report Date: 2017/03/21
Maxxam Sample: QR8540

CCME Hydrocarbons in Water (F2; C10-C16) Chromatogram

XCG CONSULTING LIMITED
Client Project #: 4-2352-04-03
Site Reference: MONTFORT LANDFILL, RED DEER
Client ID: XCG14

Note: This information is provided for reference purposes only. Should detailed chemist interpretation

or fingerprinting be required, please contact the laboratory.
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Maxxam Job #: B718037
Report Date: 2017/03/21
Maxxam Sample: QR8541

CCME Hydrocarbons in Water (F2; C10-C16) Chromatogram

XCG CONSULTING LIMITED
Client Project #: 4-2352-04-03
Site Reference: MONTFORT LANDFILL, RED DEER
Client ID: MW-01

Note: This information is provided for reference purposes only. Should detailed chemist interpretation

or fingerprinting be required, please contact the laboratory.
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Maxxam Job #: B718037
Report Date: 2017/03/21
Maxxam Sample: QR8542

CCME Hydrocarbons in Water (F2; C10-C16) Chromatogram

XCG CONSULTING LIMITED
Client Project #: 4-2352-04-03
Site Reference: MONTFORT LANDFILL, RED DEER
Client ID: XCG12

Note: This information is provided for reference purposes only. Should detailed chemist interpretation

or fingerprinting be required, please contact the laboratory.
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Maxxam Job #: B718037
Report Date: 2017/03/21
Maxxam Sample: QR8543

CCME Hydrocarbons in Water (F2; C10-C16) Chromatogram

XCG CONSULTING LIMITED
Client Project #: 4-2352-04-03
Site Reference: MONTFORT LANDFILL, RED DEER
Client ID: FB1

Note: This information is provided for reference purposes only. Should detailed chemist interpretation

or fingerprinting be required, please contact the laboratory.
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MAXXAM JOB #: B718379
Received: 2017/03/14, 08:25

CERTIFICATE OF ANALYSIS

Your Project #: 4-2352-04-03

Report Date: 2017/03/21
Report #: R2359559

Version: 1 - Final

Attention:STEPHANIE BORGS

XCG CONSULTING LIMITED
10455 84 AVENUE
EDMONTON, AB
CANADA          T6E 2H3

Your C.O.C. #: 512239-04-01

MONTFORT LANDFILL, RED DEERSite Location:

Sample Matrix: Water
# Samples Received: 5

Analytical MethodLaboratory Method
Date
Analyzed

Date
ExtractedQuantityAnalyses

Dionex #031181 R07 mCAL SOP-000632017/03/15N/A4Formic, Acetic, Propionic & Butyric Acid

SM 22 2320 B mAB SOP-000052017/03/14N/A4Alkalinity @25C (pp, total), CO3,HCO3,OH

Coulometric - Titr.PTC SOP-000562017/03/162017/03/165Organic Halogen (Adsorbable) (1)

SM 22 5210B mAB SOP-000172017/03/192017/03/144Biochemical Oxygen Demand

CCME CWS/EPA 8260c mAB SOP-000392017/03/15N/A4BTEX/F1 in Water by HS GC/MS/FID

Auto CalcAB WI-000652017/03/15N/A4Cadmium - low level CCME - Dissolved

Auto CalcAB WI-000652017/03/15N/A4Cadmium - low level CCME (Total)

SM 22-4500-Cl G mAB SOP-000202017/03/16N/A4Chloride by Automated Colourimetry

SM 22 5220D mAB SOP-000162017/03/15N/A4Chemical Oxygen Demand

SM 22 2510 B mAB SOP-000052017/03/14N/A4Conductivity @25C

CCME PHC-CWS mAB SOP-00040
AB SOP-00037

2017/03/152017/03/154CCME Hydrocarbons in Water (F2; C10-C16) (2)

Auto CalcAB WI-000652017/03/15N/A4Hardness

EPA 200.7 CFR 2012 mAB SOP-000422017/03/14N/A4Elements by ICP-Dissolved-Lab Filtered (3)

EPA 200.7 CFR 2012 mAB SOP-00014 / AB SOP-
00042

2017/03/152017/03/143Elements by ICP - Total

EPA 200.7 CFR 2012 mAB SOP-00014 / AB SOP-
00042

2017/03/162017/03/141Elements by ICP - Total

EPA 200.8 R5.4 mAB SOP-000432017/03/14N/A4Elements by ICPMS-Dissolved-Lab Filtered (3)

EPA 200.8 R5.4 mAB SOP-00014 / AB SOP-
00043

2017/03/142017/03/143Elements by ICPMS - Total

EPA 200.8 R5.4 mAB SOP-00014 / AB SOP-
00043

2017/03/152017/03/141Elements by ICPMS - Total

Auto CalcAB WI-000652017/03/15N/A4Ion Balance (as % Difference)

Auto CalcAB WI-000652017/03/15N/A4Sum of cations, anions

Auto CalcAB WI-000652017/03/15N/A4Nitrogen (total), Calc. TKN, NO3, NO2

EPA 350.1 R2.0 mAB SOP-000072017/03/15N/A4Ammonia-N (Total)

Auto CalcAB WI-000652017/03/15N/A4Nitrate and Nitrite

Auto CalcAB WI-000652017/03/15N/A4Nitrate + Nitrite-N (calculated)

SM 22 4110 B mAB SOP-000232017/03/14N/A3Nitrogen, (Nitrite, Nitrate) by IC (4)

SM 22 4110 B mAB SOP-000232017/03/15N/A1Nitrogen, (Nitrite, Nitrate) by IC (4)
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MAXXAM JOB #: B718379
Received: 2017/03/14, 08:25

CERTIFICATE OF ANALYSIS

Your Project #: 4-2352-04-03

Report Date: 2017/03/21
Report #: R2359559

Version: 1 - Final

Attention:STEPHANIE BORGS

XCG CONSULTING LIMITED
10455 84 AVENUE
EDMONTON, AB
CANADA          T6E 2H3

Your C.O.C. #: 512239-04-01

MONTFORT LANDFILL, RED DEERSite Location:

Sample Matrix: Water
# Samples Received: 5

Analytical MethodLaboratory Method
Date
Analyzed

Date
ExtractedQuantityAnalyses

SM 22 4500-H+B mAB SOP-000052017/03/14N/A4pH @25°C (5)

SM 22 4500-SO4 E mAB SOP-000182017/03/16N/A4Sulphate by Automated Colourimetry

Auto CalcAB WI-000652017/03/16N/A4Total Dissolved Solids (Calculated)

Auto CalcCAL SOP-001042017/03/20N/A4Total Trihalomethanes Calculation

EPA 351.1 R1978 mAB SOP-000082017/03/152017/03/154Total Kjeldahl Nitrogen

MMCW 119 1996 mCAL SOP-000772017/03/17N/A4Carbon (Total Organic) (6)

SM 22 4500-P A,B,F mAB SOP-000242017/03/172017/03/174Total Phosphorus

EPA 5021a/8260c mAB SOP-000562017/03/15N/A4VOCs in Water by HS GC/MS (Std List)

Maxxam Analytics’ laboratories are accredited to ISO/IEC 17025:2005 for specific parameters on scopes of accreditation. Unless otherwise noted,
procedures used by Maxxam are based upon recognized Provincial, Federal or US method compendia such as CCME, MDDELCC, EPA, APHA.

All work recorded herein has been done in accordance with procedures and practices ordinarily exercised by professionals in Maxxam’s profession using
accepted testing methodologies, quality assurance and quality control procedures (except where otherwise agreed by the client and Maxxam in writing). All
data is in statistical control and has met quality control and method performance criteria unless otherwise noted. All method blanks are reported: unless
indicated otherwise, associated sample data are not blank corrected.

Maxxam Analytics’ liability is limited to the actual cost of the requested analyses, unless otherwise agreed in writing. There is no other warranty expressed
or implied. Maxxam has been retained to provide analysis of samples provided by the Client using the testing methodology referenced in this report.
Interpretation and use of test results are the sole responsibility of the Client and are not within the scope of services provided by Maxxam, unless otherwise
agreed in writing.

Solid sample results, except biota, are based on dry weight unless otherwise indicated. Organic analyses are not recovery corrected except for isotope
dilution methods.
Results relate to samples tested.
This Certificate shall not be reproduced except in full, without the written approval of the laboratory.

Remarks:

Reference Method suffix “m” indicates test methods incorporate validated modifications from specific reference methods to improve performance.

* RPDs calculated using raw data. The rounding of final results may result in the apparent difference.
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MAXXAM JOB #: B718379
Received: 2017/03/14, 08:25

CERTIFICATE OF ANALYSIS

Your Project #: 4-2352-04-03

Report Date: 2017/03/21
Report #: R2359559

Version: 1 - Final

Attention:STEPHANIE BORGS

XCG CONSULTING LIMITED
10455 84 AVENUE
EDMONTON, AB
CANADA          T6E 2H3

Your C.O.C. #: 512239-04-01

MONTFORT LANDFILL, RED DEERSite Location:

(1) This test was performed by Maxxam Edmonton Petroleum
(2) Silica gel clean up employed.
(3) Samples were filtered and preserved at the lab. Values may not reflect concentrations at the time of sampling. Dissolved > Total Imbalance: Whenever applicable, Dissolved
>Total for any parameter that falls within method uncertainty for duplicates is likely equivalent.  If RPD is >20% samples were reanalyzed and confirmed.
(4) Analysis completed within 48h after laboratory receipt to a maximum of five days from sampling is satisfactory for compliance purposes.
(5) The APHA Standard Method requires pH to be analysed within 15 minutes of sampling and therefore field analysis is required for compliance. All Laboratory pH analyses in this
report are reported past the APHA Standard Method holding time.  Maxxam endeavors to analyze samples as soon as possible after receipt.
(6) TOC present in the sample should be considered as non-purgeable TOC.

Encryption Key

Please direct all questions regarding this Certificate of Analysis to your Project Manager.
Robin Weaver, Environmental Project Manager
Email: RWeaver@maxxam.ca
Phone# (403)735-2258
==================================================================== 
Maxxam has procedures in place to guard against improper use of the electronic signature and have the required "signatories", as per section 5.10.2 of ISO/IEC 17025:2005(E), 
signing the reports.  For Service Group specific validation please refer to the Validation Signature Page. 

Total Cover Pages : 3
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Maxxam Job #: B718379
Report Date: 2017/03/21

XCG CONSULTING LIMITED
Client Project #: 4-2352-04-03

MONTFORT LANDFILL, RED DEERSite Location:

AT1 BTEX AND F1-F2 IN WATER (WATER)

N/A = Not Applicable

RDL = Reportable Detection Limit

8576963N/A94949694%O-TERPHENYL (sur.)

8576841N/A999810197%D4-1,2-Dichloroethane (sur.)

8576841N/A989410295%4-Bromofluorobenzene (sur.)

8576841N/A999610295%1,4-Difluorobenzene (sur.)

Surrogate Recovery (%)

8576841100<100<100<100<100ug/LF1 (C6-C10)

8576841100<100<100<100<100ug/LF1 (C6-C10) - BTEX

85768410.80<0.80<0.80<0.80<0.80ug/LXylenes (Total)

85768410.40<0.40<0.40<0.40<0.40ug/Lo-Xylene

85768410.80<0.80<0.80<0.80<0.80ug/Lm & p-Xylene

85768410.40<0.40<0.40<0.40<0.40ug/LEthylbenzene

85768410.40<0.40<0.40<0.40<0.40ug/LToluene

85768410.40<0.40<0.40<0.40<0.40ug/LBenzene

Volatiles

85769630.10<0.10<0.10<0.10<0.10mg/LF2 (C10-C16 Hydrocarbons)

Ext. Pet. Hydrocarbon

QC BatchRDLMW-02MW-03XCG 5XCG 6UNITS

512239-04-01512239-04-01512239-04-01512239-04-01COC Number

2017/03/13
 19:00

2017/03/13
 16:00

2017/03/13
 13:30

2017/03/13
 11:30

Sampling Date

QS0279QS0278QS0277QS0276Maxxam ID
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Maxxam Job #: B718379
Report Date: 2017/03/21

XCG CONSULTING LIMITED
Client Project #: 4-2352-04-03

MONTFORT LANDFILL, RED DEERSite Location:

ROUTINE WATER & DISS. REGULATED METALS (WATER)

(1) Detection limits raised due to dilution to bring analyte within the calibrated range.

N/A = Not Applicable

RDL = Reportable Detection Limit

85765690.0010<0.0010<0.0010<0.00100.0010<0.0010mg/LDissolved Beryllium (Be)

85771230.0100.640.890.220.0100.46mg/LDissolved Barium (Ba)

85765690.00020<0.000200.000410.000330.000200.00046mg/LDissolved Arsenic (As)

85765690.00060<0.00060<0.000600.000750.00060<0.00060mg/LDissolved Antimony (Sb)

85765690.0030<0.0030<0.0030<0.00300.0030<0.0030mg/LDissolved Aluminum (Al)

Lab Filtered Elements

85773010.0101.40.380.610.10    56 (1)mg/LDissolved Nitrate (N)

85773010.010<0.010<0.010<0.0100.0100.060mg/LDissolved Nitrite (N)

Nutrients

85790121.0160132.01.011mg/LDissolved Chloride (Cl)

85790161.05336101.082mg/LDissolved Sulphate (SO4)

85773290.50<0.50<0.50<0.500.50<0.50mg/LHydroxide (OH)

85773290.50<0.50<0.50<0.500.50<0.50mg/LCarbonate (CO3)

85773290.5043012004700.50730mg/LBicarbonate (HCO3)

85773290.503609603900.50600mg/LAlkalinity (Total as CaCO3)

85773290.50<0.50<0.50<0.500.50<0.50mg/LAlkalinity (PP as CaCO3)

Anions

85768250.0200.0440.0440.0420.0200.060ug/LDissolved Cadmium (Cd)

Low Level Elements

8577330N/A7.577.317.76N/A7.32pHpH

85773311.0120018007001.01700uS/cmConductivity

Misc. Inorganics

857654410660990380101000mg/LCalculated Total Dissolved Solids

85765950.033<0.033<0.033<0.0330.0330.20mg/LDissolved Nitrite (NO2)

85765960.0101.40.380.610.1056mg/LNitrate plus Nitrite (N)

85765950.0446.21.72.70.44250mg/LDissolved Nitrate (NO3)

85765410.0101.30.290.310.0100.89N/AIon Balance (% Difference)

85765400.505209203900.50870mg/LHardness (CaCO3)

8576594N/A13208.0N/A18meq/LCation Sum

8576594N/A13208.1N/A18meq/LAnion Sum

Calculated Parameters

QC BatchRDLMW-02MW-03XCG 5RDLXCG 6UNITS

512239-04-01512239-04-01512239-04-01512239-04-01COC Number

2017/03/13
 19:00

2017/03/13
 16:00

2017/03/13
 13:30

2017/03/13
 11:30

Sampling Date

QS0279QS0278QS0277QS0276Maxxam ID
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Maxxam Job #: B718379
Report Date: 2017/03/21

XCG CONSULTING LIMITED
Client Project #: 4-2352-04-03

MONTFORT LANDFILL, RED DEERSite Location:

ROUTINE WATER & DISS. REGULATED METALS (WATER)

RDL = Reportable Detection Limit

85765690.0030<0.0030<0.0030<0.00300.0030<0.0030mg/LDissolved Zinc (Zn)

85765690.0010<0.0010<0.0010<0.00100.0010<0.0010mg/LDissolved Vanadium (V)

85765690.000100.00260.00950.00160.000100.0025mg/LDissolved Uranium (U)

85765690.0010<0.0010<0.0010<0.00100.0010<0.0010mg/LDissolved Titanium (Ti)

85765690.0010<0.0010<0.0010<0.00100.0010<0.0010mg/LDissolved Tin (Sn)

85765690.00020<0.00020<0.00020<0.000200.00020<0.00020mg/LDissolved Thallium (Tl)

85771230.20159.02.80.2021mg/LDissolved Sulphur (S)

85771230.0200.411.30.280.0200.65mg/LDissolved Strontium (Sr)

85771230.5048394.80.5017mg/LDissolved Sodium (Na)

85765690.00010<0.00010<0.00010<0.000100.00010<0.00010mg/LDissolved Silver (Ag)

85771230.107.77.8110.108.1mg/LDissolved Silicon (Si)

85765690.00020<0.00020<0.000200.000210.000200.00034mg/LDissolved Selenium (Se)

85771230.302.56.32.00.306.5mg/LDissolved Potassium (K)

85771230.10<0.10<0.10<0.100.10<0.10mg/LDissolved Phosphorus (P)

85765690.000500.00290.00720.00120.000500.0049mg/LDissolved Nickel (Ni)

85765690.000200.000400.000690.000880.000200.00044mg/LDissolved Molybdenum (Mo)

85771230.0040<0.00400.49<0.00400.00400.15mg/LDissolved Manganese (Mn)

85771230.205188420.2062mg/LDissolved Magnesium (Mg)

85771230.0200.0220.064<0.0200.020<0.020mg/LDissolved Lithium (Li)

85765690.00020<0.00020<0.00020<0.000200.00020<0.00020mg/LDissolved Lead (Pb)

85771230.0600.0650.13<0.0600.0600.086mg/LDissolved Iron (Fe)

85765690.000200.00100.00130.000710.000200.0022mg/LDissolved Copper (Cu)

85765690.000300.00110.0016<0.000300.000300.00050mg/LDissolved Cobalt (Co)

85765690.0010<0.0010<0.00100.00140.0010<0.0010mg/LDissolved Chromium (Cr)

85771230.30130220860.30250mg/LDissolved Calcium (Ca)

85771230.0200.0250.170.0240.0200.049mg/LDissolved Boron (B)

QC BatchRDLMW-02MW-03XCG 5RDLXCG 6UNITS
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Maxxam Job #: B718379
Report Date: 2017/03/21

XCG CONSULTING LIMITED
Client Project #: 4-2352-04-03

MONTFORT LANDFILL, RED DEERSite Location:

REGULATED METALS (CCME/AT1) - TOTAL

(1) Matrix Spike exceeds acceptance limits due to matrix interference.  Reanalysis yields similar results.

RDL = Reportable Detection Limit

85769180.000100.00310.00910.001685776890.0025mg/LTotal Uranium (U)

85769180.00100.00690.0160.002285776890.0046mg/LTotal Titanium (Ti)

85769180.0010<0.0010<0.00100.00108577689<0.0010mg/LTotal Tin (Sn)

85769180.00020<0.00020<0.00020<0.000208577689<0.00020mg/LTotal Thallium (Tl)

85769190.2017113.0857770627mg/LTotal Sulphur (S)

85769190.020    0.44 (1)1.30.2885777060.65mg/LTotal Strontium (Sr)

85769190.5051424.6857770619mg/LTotal Sodium (Na)

85769180.00010<0.00010<0.00010<0.000108577689<0.00010mg/LTotal Silver (Ag)

85769190.10    8.8 (1)111285777069.2mg/LTotal Silicon (Si)

85769180.00020<0.000200.000210.0002385776890.00037mg/LTotal Selenium (Se)

85769190.30    2.7 (1)7.32.185777067.1mg/LTotal Potassium (K)

85769190.10    <0.10 (1)<0.10<0.108577706<0.10mg/LTotal Phosphorus (P)

85769180.000500.00460.00880.001585776890.0054mg/LTotal Nickel (Ni)

85769180.000200.000490.000870.0008885776890.00053mg/LTotal Molybdenum (Mo)

85769190.00400.00610.550.005485777060.19mg/LTotal Manganese (Mn)

85769190.20549743857770666mg/LTotal Magnesium (Mg)

85769190.0200.0250.072<0.0208577706<0.020mg/LTotal Lithium (Li)

85769180.000200.000230.00082<0.000208577689<0.00020mg/LTotal Lead (Pb)

85769190.060    0.46 (1)1.20.3085777060.26mg/LTotal Iron (Fe)

85769180.000200.00180.00250.001285776890.0023mg/LTotal Copper (Cu)

85769180.000300.00150.0019<0.0003085776890.00060mg/LTotal Cobalt (Co)

85769180.0010<0.00100.0018<0.00108577689<0.0010mg/LTotal Chromium (Cr)

85769190.30130240888577706260mg/LTotal Calcium (Ca)

85769190.0200.0300.200.02985777060.057mg/LTotal Boron (B)

85769180.0010<0.0010<0.0010<0.00108577689<0.0010mg/LTotal Beryllium (Be)

85769190.010    0.68 (1)0.910.2385777060.47mg/LTotal Barium (Ba)

85769180.000200.000360.000940.0005785776890.00047mg/LTotal Arsenic (As)

85769180.00060<0.00060<0.000600.000828577689<0.00060mg/LTotal Antimony (Sb)

85769180.00300.180.530.08785776890.067mg/LTotal Aluminum (Al)

Elements

85765930.0200.340.0890.1285765930.19ug/LTotal Cadmium (Cd)

Low Level Elements
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Maxxam Job #: B718379
Report Date: 2017/03/21

XCG CONSULTING LIMITED
Client Project #: 4-2352-04-03

MONTFORT LANDFILL, RED DEERSite Location:

REGULATED METALS (CCME/AT1) - TOTAL

RDL = Reportable Detection Limit

85769180.00300.0110.00740.00538577689<0.0030mg/LTotal Zinc (Zn)

85769180.0010<0.00100.0022<0.00108577689<0.0010mg/LTotal Vanadium (V)

QC BatchRDLMW-02MW-03XCG 5QC BatchXCG 6UNITS
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Maxxam Job #: B718379
Report Date: 2017/03/21

XCG CONSULTING LIMITED
Client Project #: 4-2352-04-03

MONTFORT LANDFILL, RED DEERSite Location:

RESULTS OF CHEMICAL ANALYSES OF  WATER

(1) Detection limits raised due to matrix interference.

N/A = Not Applicable

RDL = Reportable Detection Limit

85788140.010.020.020.070.010.03mg/LAdsorbable Organic Halogen

Misc. Organics

857557010N/A    <10 (1)    <10 (1)    <10 (1)    <10 (1)mg/LButyric Acid

85755700.50N/A<0.50<0.50<0.50<0.50mg/LPropionic Acid

85755700.50N/A<0.50<0.50<0.50<0.50mg/LAcetic Acid

85755700.50N/A<0.50<0.50<0.50<0.50mg/LFormic Acid

Organic Acids

85773750.050N/A0.340.630.211.0mg/LTotal Total Kjeldahl Nitrogen

85798320.0030N/A0.00610.00970.00850.0046mg/LTotal Phosphorus (P)

85765420.055N/A1.81.00.8257mg/LTotal Nitrogen (N)

85776260.050N/A<0.0500.13<0.0500.093mg/LTotal Ammonia (N)

Nutrients

85800720.50N/A4.38.83.712mg/LTotal Organic Carbon (C)

Misc. Inorganics

85776025.0N/A<5.015<5.020mg/LTotal Chemical Oxygen Demand

85768212.0N/A<2.0<2.0<2.0<2.0mg/LBiochemical Oxygen Demand

Demand Parameters

QC BatchRDLXCG 12MW-02MW-03XCG 5XCG 6UNITS
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Maxxam Job #: B718379
Report Date: 2017/03/21

XCG CONSULTING LIMITED
Client Project #: 4-2352-04-03

MONTFORT LANDFILL, RED DEERSite Location:

VOLATILE ORGANICS BY GC-MS (WATER)

RDL = Reportable Detection Limit

85768460.50<0.50<0.50<0.50<0.50ug/L1,3,5-trichlorobenzene

85768461.0<1.0<1.0<1.0<1.0ug/L1,2,4-trichlorobenzene

85768461.0<1.0<1.0<1.0<1.0ug/L1,2,3-trichlorobenzene

85768460.50<0.50<0.50<0.50<0.50ug/LTetrachloroethene

85768462.0<2.0<2.0<2.0<2.0ug/L1,1,2,2-tetrachloroethane

85768461.0<1.0<1.0<1.0<1.0ug/L1,1,1,2-tetrachloroethane

85768460.50<0.50<0.50<0.50<0.50ug/LStyrene

85768460.50<0.50<0.50<0.50<0.50ug/LMethyl-tert-butylether (MTBE)

85768460.50<0.50<0.50<0.50<0.50ug/LMethyl methacrylate

85768460.50<0.50<0.50<0.50<0.50ug/Ltrans-1,3-dichloropropene

85768460.50<0.50<0.50<0.50<0.50ug/Lcis-1,3-dichloropropene

85768460.50<0.50<0.50<0.50<0.50ug/L1,2-dichloropropane

85768462.0<2.0<2.0<2.0<2.0ug/LDichloromethane

85768460.50<0.50<0.50<0.50<0.50ug/Ltrans-1,2-dichloroethene

85768460.50<0.5020<0.501.2ug/Lcis-1,2-dichloroethene

85768460.50<0.50<0.50<0.50<0.50ug/L1,1-dichloroethene

85768460.50<0.50<0.50<0.50<0.50ug/L1,2-dichloroethane

85768460.50<0.50<0.50<0.50<0.50ug/L1,1-dichloroethane

85768460.50<0.50<0.50<0.50<0.50ug/L1,4-dichlorobenzene

85768460.50<0.50<0.50<0.50<0.50ug/L1,3-dichlorobenzene

85768460.50<0.50<0.50<0.50<0.50ug/L1,2-dichlorobenzene

85768460.20<0.20<0.20<0.20<0.20ug/L1,2-dibromoethane

85768462.0<2.0<2.0<2.0<2.0ug/LChloromethane

85768460.50<0.50<0.50<0.50<0.50ug/LChloroform

85768461.0<1.0<1.0<1.0<1.0ug/LChloroethane

85768461.0<1.0<1.0<1.0<1.0ug/LChlorodibromomethane

85768460.50<0.50<0.50<0.50<0.50ug/LChlorobenzene

85768460.50<0.50<0.50<0.50<0.50ug/LCarbon tetrachloride

85768462.0<2.0<2.0<2.0<2.0ug/LBromomethane

85768460.50<0.50<0.50<0.50<0.50ug/LBromoform

85768460.50<0.50<0.50<0.50<0.50ug/LBromodichloromethane

85765971.3<1.3<1.3<1.3<1.3ug/LTotal Trihalomethanes

Volatiles

QC BatchRDLMW-02MW-03XCG 5XCG 6UNITS
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Maxxam Job #: B718379
Report Date: 2017/03/21

XCG CONSULTING LIMITED
Client Project #: 4-2352-04-03

MONTFORT LANDFILL, RED DEERSite Location:

VOLATILE ORGANICS BY GC-MS (WATER)

N/A = Not Applicable

RDL = Reportable Detection Limit

8576846N/A99999586%D4-1,2-Dichloroethane (sur.)

8576846N/A93899892%4-Bromofluorobenzene (sur.)

8576846N/A105105103104%1,4-Difluorobenzene (sur.)

Surrogate Recovery (%)

85768460.50<0.5016<0.50<0.50ug/LVinyl chloride

85768460.50<0.50<0.50<0.50<0.50ug/L1,3,5-trimethylbenzene

85768460.50<0.50<0.50<0.50<0.50ug/L1,2,4-trimethylbenzene

85768460.50<0.50<0.50<0.50<0.50ug/LTrichlorofluoromethane

85768460.50<0.50<0.50<0.50<0.50ug/LTrichloroethene

85768460.50<0.50<0.50<0.50<0.50ug/L1,1,2-trichloroethane

85768460.50<0.50<0.50<0.50<0.50ug/L1,1,1-trichloroethane

QC BatchRDLMW-02MW-03XCG 5XCG 6UNITS
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Maxxam Job #: B718379
Report Date: 2017/03/21

XCG CONSULTING LIMITED
Client Project #: 4-2352-04-03

MONTFORT LANDFILL, RED DEERSite Location:

GENERAL COMMENTS

Each temperature is the average of up to three cooler temperatures taken at receipt

2.3°CPackage 1

Results relate only to the items tested.
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XCG CONSULTING LIMITED
Client Project #: 4-2352-04-03

MONTFORT LANDFILL, RED DEERSite Location:

Maxxam Job #: B718379
Report Date: 2017/03/21

QUALITY ASSURANCE REPORT

QC Limits% RecoveryQC LimitsValue (%)UNITSValueQC Limits% RecoveryQC Limits% RecoveryDateParameterQC Batch

QC StandardRPDMethod BlankSpiked BlankMatrix Spike

%10370 - 13010270 - 130992017/03/141,4-Difluorobenzene (sur.)8576841

%10070 - 13010170 - 1301072017/03/144-Bromofluorobenzene (sur.)8576841

%10170 - 1309770 - 1301012017/03/14D4-1,2-Dichloroethane (sur.)8576841

%10370 - 13010470 - 1301012017/03/151,4-Difluorobenzene (sur.)8576846

%9470 - 13010270 - 1301052017/03/154-Bromofluorobenzene (sur.)8576846

%9570 - 13010570 - 130992017/03/15D4-1,2-Dichloroethane (sur.)8576846

%9960 - 1309860 - 1301002017/03/15O-TERPHENYL (sur.)8576963

20NCmg/L<0.5080 - 1209580 - 120942017/03/13Acetic Acid8575570

20NCmg/L<0.5080 - 1209680 - 120972017/03/13Butyric Acid8575570

20NCmg/L<0.5080 - 1208880 - 1201032017/03/13Formic Acid8575570

20NCmg/L<0.5080 - 12010680 - 120902017/03/13Propionic Acid8575570

203.7mg/L<0.003080 - 1209680 - 120962017/03/14Dissolved Aluminum (Al)8576569

20NCmg/L<0.0006080 - 1208980 - 120842017/03/14Dissolved Antimony (Sb)8576569

207.1mg/L<0.0002080 - 1208880 - 120882017/03/14Dissolved Arsenic (As)8576569

20NCmg/L<0.001080 - 1208480 - 120892017/03/14Dissolved Beryllium (Be)8576569

20NCmg/L<0.001080 - 1209080 - 120882017/03/14Dissolved Chromium (Cr)8576569

20NCmg/L<0.0003080 - 1208680 - 120842017/03/14Dissolved Cobalt (Co)8576569

209.6mg/L<0.0002080 - 1208680 - 120822017/03/14Dissolved Copper (Cu)8576569

20NCmg/L<0.0002080 - 1208680 - 120862017/03/14Dissolved Lead (Pb)8576569

202.0mg/L<0.0002080 - 1208980 - 120912017/03/14Dissolved Molybdenum (Mo)8576569

203.0mg/L<0.0005080 - 1208780 - 120852017/03/14Dissolved Nickel (Ni)8576569

2012mg/L<0.0002080 - 1209480 - 120922017/03/14Dissolved Selenium (Se)8576569

20NCmg/L<0.0001080 - 120     73 (1)80 - 120852017/03/14Dissolved Silver (Ag)8576569

20NCmg/L<0.0002080 - 1208680 - 120882017/03/14Dissolved Thallium (Tl)8576569

20NCmg/L<0.001080 - 1209280 - 120892017/03/14Dissolved Tin (Sn)8576569

20NCmg/L<0.001080 - 1209180 - 120882017/03/14Dissolved Titanium (Ti)8576569

202.2mg/L<0.0001080 - 1208680 - 120892017/03/14Dissolved Uranium (U)8576569

20NCmg/L<0.001080 - 1209180 - 120902017/03/14Dissolved Vanadium (V)8576569

2018mg/L<0.003080 - 1208780 - 120     77 (1)2017/03/14Dissolved Zinc (Zn)8576569

205.7mg/L<2.085 - 115972017/03/19Biochemical Oxygen Demand8576821

30NCug/L<0.4070 - 1308270 - 130892017/03/15Benzene8576841
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XCG CONSULTING LIMITED
Client Project #: 4-2352-04-03

MONTFORT LANDFILL, RED DEERSite Location:

Maxxam Job #: B718379
Report Date: 2017/03/21

QUALITY ASSURANCE REPORT(CONT'D)

QC Limits% RecoveryQC LimitsValue (%)UNITSValueQC Limits% RecoveryQC Limits% RecoveryDateParameterQC Batch

QC StandardRPDMethod BlankSpiked BlankMatrix Spike

30NCug/L<0.4070 - 1307770 - 130862017/03/15Ethylbenzene8576841

30NCug/L<1002017/03/15F1 (C6-C10) - BTEX8576841

30NCug/L<10070 - 1309270 - 130962017/03/15F1 (C6-C10)8576841

30NCug/L<0.8070 - 1308470 - 130832017/03/15m & p-Xylene8576841

30NCug/L<0.4070 - 1307970 - 130842017/03/15o-Xylene8576841

30NCug/L<0.4070 - 1307970 - 130812017/03/15Toluene8576841

30NCug/L<0.802017/03/15Xylenes (Total)8576841

40NCug/L<1.070 - 13010670 - 1301082017/03/151,1,1,2-tetrachloroethane8576846

40NCug/L<0.5070 - 1309570 - 1301022017/03/151,1,1-trichloroethane8576846

40NCug/L<2.070 - 13011370 - 130962017/03/151,1,2,2-tetrachloroethane8576846

40NCug/L<0.5070 - 13010670 - 1301062017/03/151,1,2-trichloroethane8576846

40NCug/L<0.5070 - 1309170 - 1301072017/03/151,1-dichloroethane8576846

40NCug/L<0.5070 - 1308770 - 1301082017/03/151,1-dichloroethene8576846

40NCug/L<1.070 - 13010670 - 1301112017/03/151,2,3-trichlorobenzene8576846

40NCug/L<1.070 - 13010370 - 1301112017/03/151,2,4-trichlorobenzene8576846

40NCug/L<0.5070 - 1309970 - 1301062017/03/151,2,4-trimethylbenzene8576846

40NCug/L<0.2070 - 13010670 - 1301162017/03/151,2-dibromoethane8576846

40NCug/L<0.5070 - 13010470 - 1301102017/03/151,2-dichlorobenzene8576846

40NCug/L<0.5070 - 1309370 - 1301042017/03/151,2-dichloroethane8576846

40NCug/L<0.5070 - 13010070 - 1301082017/03/151,2-dichloropropane8576846

40NCug/L<0.5070 - 1309970 - 1301092017/03/151,3,5-trichlorobenzene8576846

40NCug/L<0.5070 - 1309770 - 1301152017/03/151,3,5-trimethylbenzene8576846

40NCug/L<0.5070 - 13010370 - 1301122017/03/151,3-dichlorobenzene8576846

40NCug/L<0.5070 - 1309970 - 1301092017/03/151,4-dichlorobenzene8576846

40NCug/L<0.5070 - 1309870 - 1301142017/03/15Bromodichloromethane8576846

40NCug/L<0.5070 - 13011270 - 1301102017/03/15Bromoform8576846

40NCug/L<2.070 - 1308470 - 1301122017/03/15Bromomethane8576846

40NCug/L<0.5070 - 1309470 - 130992017/03/15Carbon tetrachloride8576846

40NCug/L<0.5070 - 13010870 - 1301072017/03/15Chlorobenzene8576846

40NCug/L<1.070 - 13010970 - 1301172017/03/15Chlorodibromomethane8576846

40NCug/L<1.070 - 1307570 - 1301002017/03/15Chloroethane8576846
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XCG CONSULTING LIMITED
Client Project #: 4-2352-04-03

MONTFORT LANDFILL, RED DEERSite Location:

Maxxam Job #: B718379
Report Date: 2017/03/21

QUALITY ASSURANCE REPORT(CONT'D)

QC Limits% RecoveryQC LimitsValue (%)UNITSValueQC Limits% RecoveryQC Limits% RecoveryDateParameterQC Batch

QC StandardRPDMethod BlankSpiked BlankMatrix Spike

40NCug/L<0.5070 - 13010070 - 1301112017/03/15Chloroform8576846

40NCug/L<2.070 - 1308970 - 130992017/03/15Chloromethane8576846

408.7ug/L<0.5070 - 1309970 - 1301092017/03/15cis-1,2-dichloroethene8576846

40NCug/L<0.5070 - 13010970 - 1301132017/03/15cis-1,3-dichloropropene8576846

40NCug/L<2.070 - 1309370 - 1301212017/03/15Dichloromethane8576846

40NCug/L<0.5070 - 1309870 - 1301122017/03/15Methyl methacrylate8576846

40NCug/L<0.5070 - 13010170 - 1301292017/03/15Methyl-tert-butylether (MTBE)8576846

40NCug/L<0.5070 - 13010970 - 1301092017/03/15Styrene8576846

40NCug/L<0.5070 - 13010870 - 1301152017/03/15Tetrachloroethene8576846

40NCug/L<0.5070 - 1309170 - 1301242017/03/15trans-1,2-dichloroethene8576846

40NCug/L<0.5070 - 13011070 - 1301062017/03/15trans-1,3-dichloropropene8576846

40NCug/L<0.5070 - 13010370 - 1301052017/03/15Trichloroethene8576846

40NCug/L<0.5070 - 1308170 - 1301072017/03/15Trichlorofluoromethane8576846

40NCug/L<0.5070 - 1307770 - 1301092017/03/15Vinyl chloride8576846

mg/L<0.003080 - 1209180 - 120842017/03/14Total Aluminum (Al)8576918

mg/L<0.0006080 - 1209280 - 120932017/03/14Total Antimony (Sb)8576918

2016mg/L<0.0002080 - 1209180 - 120912017/03/14Total Arsenic (As)8576918

mg/L<0.001080 - 1208680 - 120882017/03/14Total Beryllium (Be)8576918

mg/L<0.001080 - 1209280 - 120902017/03/14Total Chromium (Cr)8576918

mg/L<0.0003080 - 1209180 - 120902017/03/14Total Cobalt (Co)8576918

mg/L<0.0002080 - 1209080 - 120892017/03/14Total Copper (Cu)8576918

mg/L<0.0002080 - 1208980 - 120892017/03/14Total Lead (Pb)8576918

mg/L<0.0002080 - 1209380 - 120932017/03/14Total Molybdenum (Mo)8576918

mg/L<0.0005080 - 1209180 - 120892017/03/14Total Nickel (Ni)8576918

mg/L<0.0002080 - 1209480 - 120922017/03/14Total Selenium (Se)8576918

mg/L<0.0001080 - 1208980 - 120902017/03/14Total Silver (Ag)8576918

mg/L<0.0002080 - 1209180 - 120912017/03/14Total Thallium (Tl)8576918

mg/L<0.001080 - 1209580 - 120952017/03/14Total Tin (Sn)8576918

mg/L<0.001080 - 1209280 - 120892017/03/14Total Titanium (Ti)8576918

mg/L<0.0001080 - 1208280 - 120892017/03/14Total Uranium (U)8576918

mg/L<0.001080 - 1209380 - 120932017/03/14Total Vanadium (V)8576918
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XCG CONSULTING LIMITED
Client Project #: 4-2352-04-03

MONTFORT LANDFILL, RED DEERSite Location:

Maxxam Job #: B718379
Report Date: 2017/03/21

QUALITY ASSURANCE REPORT(CONT'D)

QC Limits% RecoveryQC LimitsValue (%)UNITSValueQC Limits% RecoveryQC Limits% RecoveryDateParameterQC Batch

QC StandardRPDMethod BlankSpiked BlankMatrix Spike

mg/L<0.003080 - 1209180 - 120882017/03/14Total Zinc (Zn)8576918

mg/L<0.01080 - 12010280 - 120     67 (1)2017/03/15Total Barium (Ba)8576919

mg/L<0.02080 - 12010080 - 1201172017/03/15Total Boron (B)8576919

mg/L<0.3080 - 12010780 - 120NC2017/03/15Total Calcium (Ca)8576919

20NCmg/L<0.06080 - 12010880 - 120     865 (1)2017/03/15Total Iron (Fe)8576919

mg/L<0.02080 - 12010280 - 1201042017/03/15Total Lithium (Li)8576919

mg/L<0.2080 - 12010180 - 120NC2017/03/15Total Magnesium (Mg)8576919

202.6mg/L<0.004080 - 12010380 - 1201122017/03/15Total Manganese (Mn)8576919

mg/L<0.1080 - 12010480 - 120     124 (1)2017/03/15Total Phosphorus (P)8576919

mg/L<0.3080 - 12010180 - 120     127 (1)2017/03/15Total Potassium (K)8576919

mg/L<0.1080 - 12010280 - 120     195 (1)2017/03/15Total Silicon (Si)8576919

mg/L<0.5080 - 12010280 - 120NC2017/03/15Total Sodium (Na)8576919

mg/L<0.02080 - 12010480 - 120     136 (1)2017/03/15Total Strontium (Sr)8576919

mg/L<0.202017/03/15Total Sulphur (S)8576919

30NCmg/L<0.1070 - 1309660 - 130982017/03/15F2 (C10-C16 Hydrocarbons)8576963

mg/L<0.01080 - 1209180 - 120912017/03/14Dissolved Barium (Ba)8577123

mg/L<0.02080 - 1209380 - 120922017/03/14Dissolved Boron (B)8577123

20NCmg/L<0.3080 - 1209880 - 120962017/03/14Dissolved Calcium (Ca)8577123

20NCmg/L<0.06080 - 1209680 - 120952017/03/14Dissolved Iron (Fe)8577123

mg/L<0.02080 - 1209280 - 120892017/03/14Dissolved Lithium (Li)8577123

20NCmg/L<0.2080 - 1209580 - 120942017/03/14Dissolved Magnesium (Mg)8577123

20NCmg/L<0.004080 - 1209680 - 120942017/03/14Dissolved Manganese (Mn)8577123

mg/L<0.1080 - 1209780 - 120952017/03/14Dissolved Phosphorus (P)8577123

20NCmg/L<0.3080 - 1209380 - 120932017/03/14Dissolved Potassium (K)8577123

mg/L<0.1080 - 1209180 - 120852017/03/14Dissolved Silicon (Si)8577123

20NCmg/L<0.5080 - 1209380 - 120912017/03/14Dissolved Sodium (Na)8577123

mg/L<0.02080 - 1209280 - 120922017/03/14Dissolved Strontium (Sr)8577123

mg/L<0.202017/03/14Dissolved Sulphur (S)8577123

202.0mg/L<0.01080 - 12010180 - 1201032017/03/14Dissolved Nitrate (N)8577301

201.5mg/L<0.01080 - 1209980 - 1201012017/03/14Dissolved Nitrite (N)8577301

20NCmg/L<0.502017/03/14Alkalinity (PP as CaCO3)8577329
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XCG CONSULTING LIMITED
Client Project #: 4-2352-04-03

MONTFORT LANDFILL, RED DEERSite Location:

Maxxam Job #: B718379
Report Date: 2017/03/21

QUALITY ASSURANCE REPORT(CONT'D)

QC Limits% RecoveryQC LimitsValue (%)UNITSValueQC Limits% RecoveryQC Limits% RecoveryDateParameterQC Batch

QC StandardRPDMethod BlankSpiked BlankMatrix Spike

200.28mg/L<0.5080 - 120962017/03/14Alkalinity (Total as CaCO3)8577329

200.28mg/L<0.502017/03/14Bicarbonate (HCO3)8577329

20NCmg/L<0.502017/03/14Carbonate (CO3)8577329

20NCmg/L<0.502017/03/14Hydroxide (OH)8577329

N/A1.897 - 103992017/03/14pH8577330

100.061uS/cm<1.090 - 1101002017/03/14Conductivity8577331

80 - 12010320NCmg/L<0.05080 - 1209880 - 120942017/03/15Total Total Kjeldahl Nitrogen8577375

202.7mg/L<5.080 - 1209980 - 1201002017/03/15Total Chemical Oxygen Demand8577602

20NCmg/L<0.05080 - 1209780 - 120962017/03/15Total Ammonia (N)8577626

206.8mg/L<0.003080 - 1208580 - 120NC2017/03/15Total Aluminum (Al)8577689

20NCmg/L<0.0006080 - 1208880 - 120882017/03/15Total Antimony (Sb)8577689

20NCmg/L<0.0002080 - 1208980 - 120982017/03/15Total Arsenic (As)8577689

20NCmg/L<0.001080 - 1208980 - 120872017/03/15Total Beryllium (Be)8577689

2010mg/L<0.001080 - 1208980 - 120972017/03/15Total Chromium (Cr)8577689

207.3mg/L<0.0003080 - 1208980 - 120962017/03/15Total Cobalt (Co)8577689

200.56mg/L<0.0002080 - 1208780 - 120972017/03/15Total Copper (Cu)8577689

20NCmg/L<0.0002080 - 1208780 - 120972017/03/15Total Lead (Pb)8577689

207.0mg/L<0.0002080 - 1208980 - 1201002017/03/15Total Molybdenum (Mo)8577689

209.7mg/L<0.0005080 - 1208980 - 120922017/03/15Total Nickel (Ni)8577689

2019mg/L<0.0002080 - 1209280 - 120902017/03/15Total Selenium (Se)8577689

20NCmg/L<0.0001080 - 1208980 - 120952017/03/15Total Silver (Ag)8577689

20NCmg/L<0.0002080 - 1208980 - 120952017/03/15Total Thallium (Tl)8577689

20NCmg/L<0.001080 - 1208880 - 1201002017/03/15Total Tin (Sn)8577689

2018mg/L<0.001080 - 1208880 - 120882017/03/15Total Titanium (Ti)8577689

200.85mg/L<0.0001080 - 1208480 - 120942017/03/15Total Uranium (U)8577689

20NCmg/L<0.001080 - 1208980 - 1201052017/03/15Total Vanadium (V)8577689

20NCmg/L<0.003080 - 1208680 - 1201022017/03/15Total Zinc (Zn)8577689

200.87mg/L<0.01080 - 12010180 - 1201022017/03/15Total Barium (Ba)8577706

202.4mg/L<0.02080 - 1209980 - 1201002017/03/15Total Boron (B)8577706

201.1mg/L<0.3080 - 12010680 - 1201062017/03/15Total Calcium (Ca)8577706

204.7mg/L<0.06080 - 12010980 - 1201072017/03/15Total Iron (Fe)8577706

Page 17 of 26

Maxxam Analytics International Corporation o/a Maxxam Analytics Calgary: 2021 - 41st Avenue N.E. T2E 6P2     Telephone (403) 291-3077     Fax (403) 291-9468



XCG CONSULTING LIMITED
Client Project #: 4-2352-04-03

MONTFORT LANDFILL, RED DEERSite Location:

Maxxam Job #: B718379
Report Date: 2017/03/21

QUALITY ASSURANCE REPORT(CONT'D)

QC Limits% RecoveryQC LimitsValue (%)UNITSValueQC Limits% RecoveryQC Limits% RecoveryDateParameterQC Batch

QC StandardRPDMethod BlankSpiked BlankMatrix Spike

201.4mg/L<0.02080 - 12010180 - 1201012017/03/15Total Lithium (Li)8577706

201.2mg/L<0.2080 - 12010080 - 1201012017/03/15Total Magnesium (Mg)8577706

201.2mg/L<0.004080 - 12010480 - 1201032017/03/15Total Manganese (Mn)8577706

20NCmg/L<0.1080 - 12010580 - 1201052017/03/15Total Phosphorus (P)8577706

201.2mg/L<0.3080 - 12010080 - 1201002017/03/15Total Potassium (K)8577706

201.5mg/L<0.1080 - 12010180 - 1201032017/03/15Total Silicon (Si)8577706

200.26mg/L<0.5080 - 12010180 - 120952017/03/15Total Sodium (Na)8577706

201.1mg/L<0.02080 - 12010380 - 1201032017/03/15Total Strontium (Sr)8577706

201.1mg/L<0.202017/03/15Total Sulphur (S)8577706

84 - 111101mg/L<0.52017/03/16Adsorbable Organic Halogen8578814

200.28mg/L<1.080 - 12010580 - 120NC2017/03/16Dissolved Chloride (Cl)8579012

200.17mg/L<1.080 - 12010580 - 120NC2017/03/16Dissolved Sulphate (SO4)8579016

80 - 1208720NCmg/L<0.003080 - 1208980 - 120912017/03/17Total Phosphorus (P)8579832

201.8mg/L<0.5080 - 12011580 - 120NC2017/03/17Total Organic Carbon (C)8580072

(1) Recovery or RPD for this parameter is outside control limits. The overall quality control for this analysis meets acceptability criteria.

NC (Duplicate RPD): The duplicate RPD was not calculated. The concentration in the sample and/or duplicate was too low to permit a reliable RPD calculation (absolute difference <= 2x RDL).

NC (Matrix Spike): The recovery in the matrix spike was not calculated.  The relative difference between the concentration in the parent sample and the spike amount was too small to permit a reliable
recovery calculation (matrix spike concentration was less than the native sample concentration)

Surrogate:  A pure or isotopically labeled compound whose behavior mirrors the analytes of interest. Used to evaluate extraction efficiency.

Method Blank:  A blank matrix containing all reagents used in the analytical procedure. Used to identify laboratory contamination.

Spiked Blank: A blank matrix sample to which a known amount of the analyte, usually from a second source, has been added. Used to evaluate method accuracy.

QC Standard: A sample of known concentration prepared by an external agency under stringent conditions.  Used as an independent check of method accuracy.

Matrix Spike:  A sample to which a known amount of the analyte of interest has been added. Used to evaluate sample matrix interference.

Duplicate:  Paired analysis of a separate portion of the same sample. Used to evaluate the variance in the measurement.

N/A = Not Applicable
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Maxxam Job #: B718379
Report Date: 2017/03/21

XCG CONSULTING LIMITED
Client Project #: 4-2352-04-03

MONTFORT LANDFILL, RED DEERSite Location:

VALIDATION SIGNATURE PAGE

The analytical data and all QC contained in this report were reviewed and validated by the following individual(s).

Dennis Ngondu, B.Sc., P.Chem., QP, Supervisor, Organics

Gayle Simpson, Analyst II

Janet Gao, B.Sc., QP, Supervisor, Organics

Harry (Peng) Liang, Senior Analyst

Maxxam has procedures in place to guard against improper use of the electronic signature and have the required "signatories", as per section 5.10.2 of ISO/IEC
17025:2005(E), signing the reports.  For Service Group specific validation please refer to the Validation Signature Page.
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Maxxam Job #: B718379
Report Date: 2017/03/21
Maxxam Sample: QS0276

CCME Hydrocarbons in Water (F2; C10-C16) Chromatogram

XCG CONSULTING LIMITED
Client Project #: 4-2352-04-03
Site Reference: MONTFORT LANDFILL, RED DEER
Client ID: XCG 6

Note: This information is provided for reference purposes only. Should detailed chemist interpretation

or fingerprinting be required, please contact the laboratory.
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Maxxam Job #: B718379
Report Date: 2017/03/21
Maxxam Sample: QS0277

CCME Hydrocarbons in Water (F2; C10-C16) Chromatogram

XCG CONSULTING LIMITED
Client Project #: 4-2352-04-03
Site Reference: MONTFORT LANDFILL, RED DEER
Client ID: XCG 5

Note: This information is provided for reference purposes only. Should detailed chemist interpretation

or fingerprinting be required, please contact the laboratory.
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Maxxam Job #: B718379
Report Date: 2017/03/21
Maxxam Sample: QS0278

CCME Hydrocarbons in Water (F2; C10-C16) Chromatogram

XCG CONSULTING LIMITED
Client Project #: 4-2352-04-03
Site Reference: MONTFORT LANDFILL, RED DEER
Client ID: MW-03

Note: This information is provided for reference purposes only. Should detailed chemist interpretation

or fingerprinting be required, please contact the laboratory.
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Maxxam Job #: B718379
Report Date: 2017/03/21
Maxxam Sample: QS0279

CCME Hydrocarbons in Water (F2; C10-C16) Chromatogram

XCG CONSULTING LIMITED
Client Project #: 4-2352-04-03
Site Reference: MONTFORT LANDFILL, RED DEER
Client ID: MW-02

Note: This information is provided for reference purposes only. Should detailed chemist interpretation

or fingerprinting be required, please contact the laboratory.
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Maxxam Job #: B718379
Report Date: 2017/03/21
Maxxam Sample: QS0279  Lab-Dup

CCME Hydrocarbons in Water (F2; C10-C16) Chromatogram

XCG CONSULTING LIMITED
Client Project #: 4-2352-04-03
Site Reference: MONTFORT LANDFILL, RED DEER
Client ID: MW-02

Note: This information is provided for reference purposes only. Should detailed chemist interpretation

or fingerprinting be required, please contact the laboratory.
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MAXXAM JOB #: B718663
Received: 2017/03/15, 07:30

CERTIFICATE OF ANALYSIS

Your Project #: 4-2352-04-03

Report Date: 2017/03/21
Report #: R2359883

Version: 1 - Final

Attention:STEPHANIE BORGS

XCG CONSULTING LIMITED
10455 84 AVENUE
EDMONTON, AB
CANADA          T6E 2H3

Your C.O.C. #: 512239-01-01

MONTFORT LANDFILL, RED DEERSite Location:

Sample Matrix: Water
# Samples Received: 5

Analytical MethodLaboratory Method
Date
Analyzed

Date
ExtractedQuantityAnalyses

Dionex #031181 R07 mCAL SOP-000632017/03/16N/A5Formic, Acetic, Propionic & Butyric Acid (1)

SM 22 2320 B mAB SOP-000052017/03/15N/A5Alkalinity @25C (pp, total), CO3,HCO3,OH

Coulometric - Titr.PTC SOP-000562017/03/162017/03/162Organic Halogen (Adsorbable) (2)

Coulometric - Titr.PTC SOP-000562017/03/172017/03/172Organic Halogen (Adsorbable) (2)

SM 22 5210 B mAB SOP-000172017/03/202017/03/154Biochemical Oxygen Demand

CCME CWS/EPA 8260c mAB SOP-000392017/03/15N/A4BTEX/F1 in Water by HS GC/MS/FID

Auto CalcAB WI-000652017/03/16N/A5Cadmium - low level CCME - Dissolved

Auto CalcAB WI-000652017/03/17N/A4Cadmium - low level CCME (Total)

SM 22 4500-Cl G mAB SOP-000202017/03/16N/A5Chloride by Automated Colourimetry

SM 22 5220D mAB SOP-000162017/03/15N/A4Chemical Oxygen Demand

SM 22 2510 B mAB SOP-000052017/03/15N/A5Conductivity @25C

CCME PHC-CWS mAB SOP-00040 / AB SOP-
00037

2017/03/162017/03/164CCME Hydrocarbons in Water (F2; C10-C16) (3)

Auto CalcAB WI-000652017/03/15N/A5Hardness

EPA 200.7 CFR 2012 mAB SOP-000422017/03/15N/A5Elements by ICP-Dissolved-Lab Filtered (4)

EPA 200.7 CFR 2012 mAB SOP-00014 / AB SOP-
00042

2017/03/162017/03/164Elements by ICP - Total

EPA 200.8 R5.4 mAB SOP-000432017/03/16N/A5Elements by ICPMS-Dissolved-Lab Filtered (4)

EPA 200.8 R5.4 mAB SOP-00014 / AB SOP-
00043

2017/03/162017/03/164Elements by ICPMS - Total

Auto CalcAB WI-000652017/03/15N/A5Ion Balance (as % Difference)

Auto CalcAB WI-000652017/03/15N/A5Sum of cations, anions

Auto CalcAB WI-000652017/03/16N/A4Nitrogen (total), Calc. TKN, NO3, NO2

EPA 350.1 R2.0 mAB SOP-000072017/03/15N/A4Ammonia-N (Total)

Auto CalcAB WI-000652017/03/16N/A5Nitrate and Nitrite

Auto CalcAB WI-000652017/03/16N/A5Nitrate + Nitrite-N (calculated)

SM 22 4110 B mAB SOP-000232017/03/15N/A5Nitrogen, (Nitrite, Nitrate) by IC (5)

SM 22 4500 H+ B mAB SOP-000052017/03/15N/A5pH @25°C (6)

SM 22 4500-SO4 E mAB SOP-000182017/03/16N/A5Sulphate by Automated Colourimetry

Auto CalcAB WI-000652017/03/16N/A5Total Dissolved Solids (Calculated)

Auto CalcAB SOP-000562017/03/20N/A3Total Trihalomethanes Calculation
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MAXXAM JOB #: B718663
Received: 2017/03/15, 07:30

CERTIFICATE OF ANALYSIS

Your Project #: 4-2352-04-03

Report Date: 2017/03/21
Report #: R2359883

Version: 1 - Final

Attention:STEPHANIE BORGS

XCG CONSULTING LIMITED
10455 84 AVENUE
EDMONTON, AB
CANADA          T6E 2H3

Your C.O.C. #: 512239-01-01

MONTFORT LANDFILL, RED DEERSite Location:

Sample Matrix: Water
# Samples Received: 5

Analytical MethodLaboratory Method
Date
Analyzed

Date
ExtractedQuantityAnalyses

Auto CalcAB SOP-000562017/03/21N/A1Total Trihalomethanes Calculation

EPA 351.1 R 1978 mAB SOP-000082017/03/162017/03/154Total Kjeldahl Nitrogen

MMCW 119 1996 mEENVSOP-000602017/03/15N/A4Carbon (Total Organic) (7)

SM 22 4500-P A,B,F mAB SOP-000242017/03/172017/03/164Total Phosphorus

EPA 5021a/8260c mAB SOP-000562017/03/20N/A3VOCs in Water by HS GC/MS (Std List)

EPA 5021a/8260c mAB SOP-000562017/03/21N/A1VOCs in Water by HS GC/MS (Std List)

Maxxam Analytics’ laboratories are accredited to ISO/IEC 17025:2005 for specific parameters on scopes of accreditation. Unless otherwise noted,
procedures used by Maxxam are based upon recognized Provincial, Federal or US method compendia such as CCME, MDDELCC, EPA, APHA.

All work recorded herein has been done in accordance with procedures and practices ordinarily exercised by professionals in Maxxam’s profession using
accepted testing methodologies, quality assurance and quality control procedures (except where otherwise agreed by the client and Maxxam in writing). All
data is in statistical control and has met quality control and method performance criteria unless otherwise noted. All method blanks are reported: unless
indicated otherwise, associated sample data are not blank corrected.

Maxxam Analytics’ liability is limited to the actual cost of the requested analyses, unless otherwise agreed in writing. There is no other warranty expressed
or implied. Maxxam has been retained to provide analysis of samples provided by the Client using the testing methodology referenced in this report.
Interpretation and use of test results are the sole responsibility of the Client and are not within the scope of services provided by Maxxam, unless otherwise
agreed in writing.

Solid sample results, except biota, are based on dry weight unless otherwise indicated. Organic analyses are not recovery corrected except for isotope
dilution methods.
Results relate to samples tested.
This Certificate shall not be reproduced except in full, without the written approval of the laboratory.

Remarks:

Reference Method suffix “m” indicates test methods incorporate validated modifications from specific reference methods to improve performance.

* RPDs calculated using raw data. The rounding of final results may result in the apparent difference.
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MAXXAM JOB #: B718663
Received: 2017/03/15, 07:30

CERTIFICATE OF ANALYSIS

Your Project #: 4-2352-04-03

Report Date: 2017/03/21
Report #: R2359883

Version: 1 - Final

Attention:STEPHANIE BORGS

XCG CONSULTING LIMITED
10455 84 AVENUE
EDMONTON, AB
CANADA          T6E 2H3

Your C.O.C. #: 512239-01-01

MONTFORT LANDFILL, RED DEERSite Location:

(1) This test was performed by Maxxam Calgary Environmental
(2) This test was performed by Maxxam Edmonton Petroleum
(3) Silica gel clean up employed.
(4) Samples were filtered and preserved at the lab. Values may not reflect concentrations at the time of sampling. Dissolved > Total Imbalance: Whenever applicable, Dissolved
>Total for any parameter that falls within method uncertainty for duplicates is likely equivalent.  If RPD is >20% samples were reanalyzed and confirmed.
(5) Analysis completed within 48h after laboratory receipt to a maximum of five days from sampling is satisfactory for compliance purposes.
(6) The APHA Standard Method requires pH to be analysed within 15 minutes of sampling and therefore field analysis is required for compliance. All Laboratory pH analyses in this
report are reported past the APHA Standard Method holding time.  Maxxam endeavors to analyze samples as soon as possible after receipt.
(7) TOC present in the sample should be considered as non-purgeable TOC.

Encryption Key

Please direct all questions regarding this Certificate of Analysis to your Project Manager.
Robin Weaver, Environmental Project Manager
Email: RWeaver@maxxam.ca
Phone# (403)735-2258
==================================================================== 
Maxxam has procedures in place to guard against improper use of the electronic signature and have the required "signatories", as per section 5.10.2 of ISO/IEC 17025:2005(E), 
signing the reports.  For Service Group specific validation please refer to the Validation Signature Page. 

Total Cover Pages : 3
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Maxxam Job #: B718663
Report Date: 2017/03/21

XCG CONSULTING LIMITED
Client Project #: 4-2352-04-03

MONTFORT LANDFILL, RED DEERSite Location:

AT1 BTEX AND F1-F2 IN WATER (WATER)

N/A = Not Applicable

RDL = Reportable Detection Limit

8578535N/A11111512096%O-TERPHENYL (sur.)

8577787N/A90919189%D4-1,2-Dichloroethane (sur.)

8577787N/A94969795%4-Bromofluorobenzene (sur.)

8577787N/A104104105103%1,4-Difluorobenzene (sur.)

Surrogate Recovery (%)

8577787100<100<100<100<100ug/LF1 (C6-C10)

8577787100<100<100<100<100ug/LF1 (C6-C10) - BTEX

85777870.8045<0.80<0.80<0.80ug/LXylenes (Total)

85777870.4015<0.40<0.40<0.40ug/Lo-Xylene

85777870.8030<0.80<0.80<0.80ug/Lm & p-Xylene

85777870.4058<0.40<0.40<0.40ug/LEthylbenzene

85777870.403.5<0.40<0.40<0.40ug/LToluene

85777870.404.81.70.86<0.40ug/LBenzene

Volatiles

85785350.100.52<0.10<0.10<0.10mg/LF2 (C10-C16 Hydrocarbons)

Ext. Pet. Hydrocarbon

QC BatchRDLMW-06MW-07XCG13XCG4UNITS

512239-01-01512239-01-01512239-01-01512239-01-01COC Number

2017/03/14
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2017/03/14
 12:00

2017/03/14
 11:00

2017/03/14
 10:00
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Maxxam Job #: B718663
Report Date: 2017/03/21

XCG CONSULTING LIMITED
Client Project #: 4-2352-04-03

MONTFORT LANDFILL, RED DEERSite Location:

ROUTINE WATER & DISS. REGULATED METALS (WATER)

(1) Detection limits raised due to dilution to bring analyte within the calibrated range.

N/A = Not Applicable

RDL = Reportable Detection Limit

85791210.0010<0.00100.0010<0.00100.0010<0.0010<0.0010mg/LDissolved Beryllium (Be)

85780690.0100.990.0101.10.0100.940.22mg/LDissolved Barium (Ba)

85791210.000200.00920.000200.00730.000200.00140.00044mg/LDissolved Arsenic (As)

85791210.00060<0.000600.00060<0.000600.00060<0.00060<0.00060mg/LDissolved Antimony (Sb)

85791210.00300.00570.0030<0.00300.00300.00420.0044mg/LDissolved Aluminum (Al)

Lab Filtered Elements

85780990.0100.0310.0100.0440.010<0.010<0.010mg/LDissolved Nitrate (N)

85780990.010<0.0100.010<0.0100.010<0.010<0.010mg/LDissolved Nitrite (N)

Nutrients

85787051.0835.0    260 (1)1.020017mg/LDissolved Chloride (Cl)

85788221.0<1.01.07.21.06.89.3mg/LDissolved Sulphate (SO4)

85781510.50<0.500.50<0.500.50<0.50<0.50mg/LHydroxide (OH)

85781510.50<0.500.50<0.500.50<0.50<0.50mg/LCarbonate (CO3)

85781510.5018000.5011000.501100670mg/LBicarbonate (HCO3)

85781510.5015000.508900.50920550mg/LAlkalinity (Total as CaCO3)

85781510.50<0.500.50<0.500.50<0.50<0.50mg/LAlkalinity (PP as CaCO3)

Anions

85776790.020<0.0200.0200.0220.0200.0880.29ug/LDissolved Cadmium (Cd)

Low Level Elements

8578144N/A7.10N/A7.12N/A7.157.74pHpH

85781531.028001.024001.021001000uS/cmConductivity

Misc. Inorganics

8577688101500101300101100580mg/LCalculated Total Dissolved Solids

85776860.033<0.0330.033<0.0330.033<0.033<0.033mg/LDissolved Nitrite (NO2)

85776870.0100.0310.0100.0440.010<0.010<0.010mg/LNitrate plus Nitrite (N)

85776860.0440.140.0440.200.044<0.044<0.044mg/LDissolved Nitrate (NO3)

85776840.0103.50.0100.660.0102.30.87N/AIon Balance (% Difference)

85776830.509700.5011000.501000480mg/LHardness (CaCO3)

8577685N/A30N/A26N/A2312meq/LCation Sum

8577685N/A32N/A25N/A2412meq/LAnion Sum

Calculated Parameters

QC BatchRDLMW-06RDLMW-07RDLXCG13XCG4UNITS

512239-01-01512239-01-01512239-01-01512239-01-01COC Number

2017/03/14
 14:30

2017/03/14
 12:00

2017/03/14
 11:00

2017/03/14
 10:00

Sampling Date
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Maxxam Job #: B718663
Report Date: 2017/03/21

XCG CONSULTING LIMITED
Client Project #: 4-2352-04-03

MONTFORT LANDFILL, RED DEERSite Location:

ROUTINE WATER & DISS. REGULATED METALS (WATER)

RDL = Reportable Detection Limit

85791210.00300.0130.0030<0.00300.00300.00340.0073mg/LDissolved Zinc (Zn)

85791210.0010<0.00100.0010<0.00100.0010<0.0010<0.0010mg/LDissolved Vanadium (V)

85791210.000100.000600.000100.0100.000100.0110.0028mg/LDissolved Uranium (U)

85791210.00100.00220.0010<0.00100.0010<0.0010<0.0010mg/LDissolved Titanium (Ti)

85791210.00100.00180.0010<0.00100.0010<0.0010<0.0010mg/LDissolved Tin (Sn)

85791210.00020<0.000200.00020<0.000200.00020<0.00020<0.00020mg/LDissolved Thallium (Tl)

85780690.202.30.203.40.202.73.1mg/LDissolved Sulphur (S)

85780690.0201.20.0201.70.0201.90.38mg/LDissolved Strontium (Sr)

85780690.50880.50730.505429mg/LDissolved Sodium (Na)

85791210.00010<0.000100.00010<0.000100.00010<0.00010<0.00010mg/LDissolved Silver (Ag)

85780690.10150.10110.109.47.6mg/LDissolved Silicon (Si)

85791210.000200.000500.000200.000260.000200.00027<0.00020mg/LDissolved Selenium (Se)

85780690.30330.303.70.303.225mg/LDissolved Potassium (K)

85780690.10<0.100.10<0.100.10<0.10<0.10mg/LDissolved Phosphorus (P)

85791210.000500.0120.000500.0160.000500.0150.0081mg/LDissolved Nickel (Ni)

85791210.000200.000740.000200.00240.000200.000550.00081mg/LDissolved Molybdenum (Mo)

85780690.00400.490.00401.80.00400.710.29mg/LDissolved Manganese (Mn)

85780690.20970.201300.2014038mg/LDissolved Magnesium (Mg)

85780690.020<0.0200.0200.0380.0200.051<0.020mg/LDissolved Lithium (Li)

85791210.00020<0.000200.00020<0.000200.00020<0.00020<0.00020mg/LDissolved Lead (Pb)

85780690.060290.060120.0600.066<0.060mg/LDissolved Iron (Fe)

85791210.00020<0.000200.00020<0.000200.000200.000890.0019mg/LDissolved Copper (Cu)

85791210.000300.0140.000300.0120.000300.00680.00099mg/LDissolved Cobalt (Co)

85791210.00100.00190.0010<0.00100.0010<0.0010<0.0010mg/LDissolved Chromium (Cr)

85780690.302300.302300.30190130mg/LDissolved Calcium (Ca)

85780690.0200.230.0200.0660.0200.0500.038mg/LDissolved Boron (B)

QC BatchRDLMW-06RDLMW-07RDLXCG13XCG4UNITS

512239-01-01512239-01-01512239-01-01512239-01-01COC Number

2017/03/14
 14:30

2017/03/14
 12:00

2017/03/14
 11:00

2017/03/14
 10:00

Sampling Date
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Maxxam Job #: B718663
Report Date: 2017/03/21

XCG CONSULTING LIMITED
Client Project #: 4-2352-04-03

MONTFORT LANDFILL, RED DEERSite Location:

ROUTINE WATER & DISS. REGULATED METALS (WATER)

N/A = Not Applicable

RDL = Reportable Detection Limit

85780690.0200.054mg/LDissolved Boron (B)

85791210.0010<0.0010mg/LDissolved Beryllium (Be)

85780690.0101.2mg/LDissolved Barium (Ba)

85791210.000200.019mg/LDissolved Arsenic (As)

85791210.00060<0.00060mg/LDissolved Antimony (Sb)

85791210.00300.0054mg/LDissolved Aluminum (Al)

Lab Filtered Elements

85780990.0100.037mg/LDissolved Nitrate (N)

85780990.010<0.010mg/LDissolved Nitrite (N)

Nutrients

85787051.022mg/LDissolved Chloride (Cl)

85788221.042mg/LDissolved Sulphate (SO4)

85781510.50<0.50mg/LHydroxide (OH)

85781510.50<0.50mg/LCarbonate (CO3)

85781510.50640mg/LBicarbonate (HCO3)

85781510.50530mg/LAlkalinity (Total as CaCO3)

85781510.50<0.50mg/LAlkalinity (PP as CaCO3)

Anions

85776790.0200.023ug/LDissolved Cadmium (Cd)

Low Level Elements

8578144N/A7.59pHpH

85781531.01000uS/cmConductivity

Misc. Inorganics

857768810580mg/LCalculated Total Dissolved Solids

85776860.033<0.033mg/LDissolved Nitrite (NO2)

85776870.0100.037mg/LNitrate plus Nitrite (N)

85776860.0440.17mg/LDissolved Nitrate (NO3)

85776840.0101.5N/AIon Balance (% Difference)

85776830.50550mg/LHardness (CaCO3)

8577685N/A12meq/LCation Sum

8577685N/A12meq/LAnion Sum

Calculated Parameters

QC BatchRDLXCG12UNITS

512239-01-01COC Number

2017/03/14
 09:00

Sampling Date

QS2252Maxxam ID
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Maxxam Job #: B718663
Report Date: 2017/03/21

XCG CONSULTING LIMITED
Client Project #: 4-2352-04-03

MONTFORT LANDFILL, RED DEERSite Location:

ROUTINE WATER & DISS. REGULATED METALS (WATER)

RDL = Reportable Detection Limit

85791210.0030<0.0030mg/LDissolved Zinc (Zn)

85791210.0010<0.0010mg/LDissolved Vanadium (V)

85791210.000100.0013mg/LDissolved Uranium (U)

85791210.0010<0.0010mg/LDissolved Titanium (Ti)

85791210.00100.0014mg/LDissolved Tin (Sn)

85791210.00020<0.00020mg/LDissolved Thallium (Tl)

85780690.2012mg/LDissolved Sulphur (S)

85780690.0200.72mg/LDissolved Strontium (Sr)

85780690.5011mg/LDissolved Sodium (Na)

85791210.00010<0.00010mg/LDissolved Silver (Ag)

85780690.107.6mg/LDissolved Silicon (Si)

85791210.00020<0.00020mg/LDissolved Selenium (Se)

85780690.307.7mg/LDissolved Potassium (K)

85780690.10<0.10mg/LDissolved Phosphorus (P)

85791210.000500.0021mg/LDissolved Nickel (Ni)

85791210.000200.0034mg/LDissolved Molybdenum (Mo)

85780690.00400.61mg/LDissolved Manganese (Mn)

85780690.2056mg/LDissolved Magnesium (Mg)

85780690.0200.031mg/LDissolved Lithium (Li)

85791210.00020<0.00020mg/LDissolved Lead (Pb)

85780690.060<0.060mg/LDissolved Iron (Fe)

85791210.000200.00047mg/LDissolved Copper (Cu)

85791210.000300.00080mg/LDissolved Cobalt (Co)

85791210.0010<0.0010mg/LDissolved Chromium (Cr)

85780690.30130mg/LDissolved Calcium (Ca)

QC BatchRDLXCG12UNITS

512239-01-01COC Number

2017/03/14
 09:00

Sampling Date

QS2252Maxxam ID
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Maxxam Job #: B718663
Report Date: 2017/03/21

XCG CONSULTING LIMITED
Client Project #: 4-2352-04-03

MONTFORT LANDFILL, RED DEERSite Location:

REGULATED METALS (CCME/AT1) - TOTAL

RDL = Reportable Detection Limit

85786780.00100.0310.0017<0.00100.010mg/LTotal Vanadium (V)

85786780.000100.00160.00990.0110.0035mg/LTotal Uranium (U)

85786780.00100.190.0140.00500.13mg/LTotal Titanium (Ti)

85786780.00100.0065<0.0010<0.00100.0020mg/LTotal Tin (Sn)

85786780.00020<0.00020<0.00020<0.00020<0.00020mg/LTotal Thallium (Tl)

85786810.203.03.82.84.5mg/LTotal Sulphur (S)

85786810.0201.31.61.70.38mg/LTotal Strontium (Sr)

85786810.5095765635mg/LTotal Sodium (Na)

85786780.000100.00023<0.00010<0.000100.00011mg/LTotal Silver (Ag)

85786810.1036121017mg/LTotal Silicon (Si)

85786780.000200.000760.000210.000250.00029mg/LTotal Selenium (Se)

85786810.30383.73.326mg/LTotal Potassium (K)

85786810.101.1<0.10<0.100.10mg/LTotal Phosphorus (P)

85786780.000500.0390.0180.0150.019mg/LTotal Nickel (Ni)

85786780.000200.00180.00250.000610.0014mg/LTotal Molybdenum (Mo)

85786810.00400.791.80.710.37mg/LTotal Manganese (Mn)

85786810.2012013014041mg/LTotal Magnesium (Mg)

85786810.0200.0260.0360.047<0.020mg/LTotal Lithium (Li)

85786780.000200.0210.000840.000240.010mg/LTotal Lead (Pb)

85786810.06069190.525.6mg/LTotal Iron (Fe)

85786780.000200.0320.00170.00120.0095mg/LTotal Copper (Cu)

85786780.000300.0240.0140.00700.0035mg/LTotal Cobalt (Co)

85786780.00100.019<0.0010<0.00100.0060mg/LTotal Chromium (Cr)

85786810.30280240190140mg/LTotal Calcium (Ca)

85786810.0200.250.0640.0500.039mg/LTotal Boron (B)

85786780.0010<0.0010<0.0010<0.0010<0.0010mg/LTotal Beryllium (Be)

85786810.0101.51.20.910.27mg/LTotal Barium (Ba)

85786780.000200.0230.0150.00180.0030mg/LTotal Arsenic (As)

85786780.000600.00096<0.00060<0.00060<0.00060mg/LTotal Antimony (Sb)

85786780.0030110.390.183.3mg/LTotal Aluminum (Al)

Elements

85776800.0200.770.250.1712ug/LTotal Cadmium (Cd)

Low Level Elements

QC BatchRDLMW-06MW-07XCG13XCG4UNITS

512239-01-01512239-01-01512239-01-01512239-01-01COC Number

2017/03/14
 14:30

2017/03/14
 12:00

2017/03/14
 11:00

2017/03/14
 10:00

Sampling Date

QS2251QS2250QS2249QS2248Maxxam ID
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Maxxam Job #: B718663
Report Date: 2017/03/21

XCG CONSULTING LIMITED
Client Project #: 4-2352-04-03

MONTFORT LANDFILL, RED DEERSite Location:

REGULATED METALS (CCME/AT1) - TOTAL

RDL = Reportable Detection Limit

85786780.00300.0990.00710.00530.044mg/LTotal Zinc (Zn)

QC BatchRDLMW-06MW-07XCG13XCG4UNITS

512239-01-01512239-01-01512239-01-01512239-01-01COC Number

2017/03/14
 14:30

2017/03/14
 12:00

2017/03/14
 11:00

2017/03/14
 10:00

Sampling Date
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Maxxam Job #: B718663
Report Date: 2017/03/21

XCG CONSULTING LIMITED
Client Project #: 4-2352-04-03

MONTFORT LANDFILL, RED DEERSite Location:

RESULTS OF CHEMICAL ANALYSES OF  WATER

(1) Detection limits raised due to matrix interference.

RDL = Reportable Detection Limit

85806200.010.0685788140.010.6085806200.03mg/LAdsorbable Organic Halogen

Misc. Organics

857933210    <10 (1)857933210    <10 (1)8579332    <10 (1)mg/LButyric Acid

85793320.50<0.5085793320.50<0.508579332<0.50mg/LPropionic Acid

85793320.50<0.5085793320.50<0.508579332<0.50mg/LAcetic Acid

85793320.50<0.5085793320.50<0.508579332<0.50mg/LFormic Acid

Organic Acids

85779860.10    1.9 (1)85779860.0500.9385779860.64mg/LTotal Total Kjeldahl Nitrogen

85788080.00300.03085788080.00300.02085788080.11mg/LTotal Phosphorus (P)

85779220.0551.985779220.0550.9385779220.64mg/LTotal Nitrogen (N)

85780210.0500.8785780210.0500.1885780210.17mg/LTotal Ammonia (N)

Nutrients

85782260.501985782260.501585782264.3mg/LTotal Organic Carbon (C)

Misc. Inorganics

85779745.06485779745.041857797441mg/LTotal Chemical Oxygen Demand

85776352.07.885776352.03.18577635<2.0mg/LBiochemical Oxygen Demand

Demand Parameters

QC BatchRDLMW-07QC BatchRDLXCG13QC BatchXCG4UNITS

512239-01-01512239-01-01512239-01-01COC Number
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Maxxam Job #: B718663
Report Date: 2017/03/21

XCG CONSULTING LIMITED
Client Project #: 4-2352-04-03

MONTFORT LANDFILL, RED DEERSite Location:

RESULTS OF CHEMICAL ANALYSES OF  WATER

(3) Detection limits raised due to matrix interference.

(2) Detection limits raised due to dilution to bring analyte within the calibrated range.

(1) Detection limit raised based on sample volume used for analysis.

N/A = Not Applicable

RDL = Reportable Detection Limit

85788140.01N/A0.14mg/LAdsorbable Organic Halogen

Misc. Organics

857933210    <10 (3)    <10 (3)mg/LButyric Acid

85793320.50<0.50<0.50mg/LPropionic Acid

85793320.50<0.50<0.50mg/LAcetic Acid

85793320.50<0.50<0.50mg/LFormic Acid

Organic Acids

85779862.5N/A    96 (2)mg/LTotal Total Kjeldahl Nitrogen

85788080.030N/A    1.1 (2)mg/LTotal Phosphorus (P)

85779220.055N/A96mg/LTotal Nitrogen (N)

85780212.5N/A    69 (2)mg/LTotal Ammonia (N)

Nutrients

85782262.5N/A    72 (2)mg/LTotal Organic Carbon (C)

Misc. Inorganics

85779745.0N/A330mg/LTotal Chemical Oxygen Demand

857763510N/A    22 (1)mg/LBiochemical Oxygen Demand

Demand Parameters

QC BatchRDLXCG12MW-06UNITS

512239-01-01512239-01-01COC Number

2017/03/14
 09:00

2017/03/14
 14:30

Sampling Date
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Maxxam Job #: B718663
Report Date: 2017/03/21

XCG CONSULTING LIMITED
Client Project #: 4-2352-04-03

MONTFORT LANDFILL, RED DEERSite Location:

VOLATILE ORGANICS BY GC-MS (WATER)

(1) Qualifying ion outside of acceptance criteria. Results are tentatively identified and potentially biased high.

RDL = Reportable Detection Limit

85781071.0<1.0<1.0<1.0<1.0ug/L1,2,4-trichlorobenzene

85781071.0<1.0<1.0<1.0<1.0ug/L1,2,3-trichlorobenzene

85781070.50<0.50<0.50<0.50<0.50ug/LTetrachloroethene

85781072.0<2.0<2.0<2.0<2.0ug/L1,1,2,2-tetrachloroethane

85781071.0<1.0<1.0<1.0<1.0ug/L1,1,1,2-tetrachloroethane

85781070.50    0.75 (1)<0.50<0.50<0.50ug/LStyrene

85781070.50<0.50<0.50<0.50<0.50ug/LMethyl-tert-butylether (MTBE)

85781070.50<0.50<0.50<0.50<0.50ug/LMethyl methacrylate

85781070.50<0.50<0.50<0.50<0.50ug/Ltrans-1,3-dichloropropene

85781070.50<0.50<0.50<0.50<0.50ug/Lcis-1,3-dichloropropene

85781070.50<0.50<0.50<0.50<0.50ug/L1,2-dichloropropane

85781072.0<2.0<2.0<2.0<2.0ug/LDichloromethane

85781070.50<0.502.91.9<0.50ug/Ltrans-1,2-dichloroethene

85781070.5018120130<0.50ug/Lcis-1,2-dichloroethene

85781070.50<0.50<0.50<0.50<0.50ug/L1,1-dichloroethene

85781070.50<0.50<0.50<0.50<0.50ug/L1,2-dichloroethane

85781070.50<0.50<0.50<0.50<0.50ug/L1,1-dichloroethane

85781070.501.2<0.50<0.50<0.50ug/L1,4-dichlorobenzene

85781070.50<0.50<0.50<0.50<0.50ug/L1,3-dichlorobenzene

85781070.500.52<0.50<0.50<0.50ug/L1,2-dichlorobenzene

85781070.20    0.30 (1)<0.20<0.20<0.20ug/L1,2-dibromoethane

85781072.0<2.0<2.0<2.0<2.0ug/LChloromethane

85781070.50<0.50<0.50<0.50<0.50ug/LChloroform

85781071.0<1.01.2<1.0<1.0ug/LChloroethane

85781071.0<1.0<1.0<1.0<1.0ug/LChlorodibromomethane

85781070.50<0.50<0.50<0.50<0.50ug/LChlorobenzene

85781070.50<0.50<0.50<0.50<0.50ug/LCarbon tetrachloride

85781072.0<2.0<2.0<2.0<2.0ug/LBromomethane

85781070.50<0.50<0.50<0.50<0.50ug/LBromoform

85781070.50<0.50<0.50<0.50<0.50ug/LBromodichloromethane

85779241.3<1.3<1.3<1.3<1.3ug/LTotal Trihalomethanes

Volatiles

QC BatchRDLMW-06MW-07XCG13XCG4UNITS

512239-01-01512239-01-01512239-01-01512239-01-01COC Number

2017/03/14
 14:30

2017/03/14
 12:00

2017/03/14
 11:00

2017/03/14
 10:00

Sampling Date

QS2251QS2250QS2249QS2248Maxxam ID
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Maxxam Job #: B718663
Report Date: 2017/03/21

XCG CONSULTING LIMITED
Client Project #: 4-2352-04-03

MONTFORT LANDFILL, RED DEERSite Location:

VOLATILE ORGANICS BY GC-MS (WATER)

N/A = Not Applicable

RDL = Reportable Detection Limit

8578107N/A101929797%D4-1,2-Dichloroethane (sur.)

8578107N/A102103101102%4-Bromofluorobenzene (sur.)

8578107N/A97979897%1,4-Difluorobenzene (sur.)

Surrogate Recovery (%)

85781070.508.43921<0.50ug/LVinyl chloride

85781070.503.8<0.50<0.50<0.50ug/L1,3,5-trimethylbenzene

85781070.5014<0.50<0.50<0.50ug/L1,2,4-trimethylbenzene

85781070.50<0.50<0.50<0.50<0.50ug/LTrichlorofluoromethane

85781070.50<0.507.40.68<0.50ug/LTrichloroethene

85781070.500.56<0.50<0.50<0.50ug/L1,1,2-trichloroethane

85781070.50<0.50<0.50<0.50<0.50ug/L1,1,1-trichloroethane

85781070.500.73<0.50<0.50<0.50ug/L1,3,5-trichlorobenzene

QC BatchRDLMW-06MW-07XCG13XCG4UNITS

512239-01-01512239-01-01512239-01-01512239-01-01COC Number

2017/03/14
 14:30

2017/03/14
 12:00

2017/03/14
 11:00

2017/03/14
 10:00

Sampling Date

QS2251QS2250QS2249QS2248Maxxam ID
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Maxxam Job #: B718663
Report Date: 2017/03/21

XCG CONSULTING LIMITED
Client Project #: 4-2352-04-03

MONTFORT LANDFILL, RED DEERSite Location:

GENERAL COMMENTS

Each temperature is the average of up to three cooler temperatures taken at receipt

4.7°CPackage 1

Results relate only to the items tested.
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XCG CONSULTING LIMITED
Client Project #: 4-2352-04-03

MONTFORT LANDFILL, RED DEERSite Location:

Maxxam Job #: B718663
Report Date: 2017/03/21

QUALITY ASSURANCE REPORT

QC Limits% RecoveryQC LimitsValue (%)UNITSValueQC Limits% RecoveryQC Limits% RecoveryDateParameterQC Batch

QC StandardRPDMethod BlankSpiked BlankMatrix Spike

%10170 - 13010270 - 130992017/03/151,4-Difluorobenzene (sur.)8577787

%9670 - 1309670 - 130932017/03/154-Bromofluorobenzene (sur.)8577787

%9170 - 1309170 - 130932017/03/15D4-1,2-Dichloroethane (sur.)8577787

%9970 - 1309870 - 130972017/03/201,4-Difluorobenzene (sur.)8578107

%10170 - 13010470 - 1301072017/03/204-Bromofluorobenzene (sur.)8578107

%9170 - 1309470 - 1301132017/03/20D4-1,2-Dichloroethane (sur.)8578107

%9860 - 1309660 - 130972017/03/16O-TERPHENYL (sur.)8578535

2012mg/L<2.085 - 1151052017/03/20Biochemical Oxygen Demand8577635

30NCug/L<0.4070 - 1309170 - 130922017/03/15Benzene8577787

30NCug/L<0.4070 - 1309970 - 130962017/03/15Ethylbenzene8577787

30NCug/L<1002017/03/15F1 (C6-C10) - BTEX8577787

30NCug/L<10070 - 1309370 - 130762017/03/15F1 (C6-C10)8577787

30NCug/L<0.8070 - 1309970 - 130972017/03/15m & p-Xylene8577787

30NCug/L<0.4070 - 1309670 - 130982017/03/15o-Xylene8577787

30NCug/L<0.4070 - 1309370 - 130922017/03/15Toluene8577787

30NCug/L<0.802017/03/15Xylenes (Total)8577787

202.4mg/L<5.080 - 12010080 - 120992017/03/15Total Chemical Oxygen Demand8577974

80 - 1201052016mg/L<0.05080 - 12010080 - 1201012017/03/16Total Total Kjeldahl Nitrogen8577986

202.8mg/L<0.05080 - 12010780 - 120992017/03/15Total Ammonia (N)8578021

mg/L<0.01080 - 1209980 - 1201032017/03/15Dissolved Barium (Ba)8578069

mg/L<0.02080 - 12010380 - 1201062017/03/15Dissolved Boron (B)8578069

200.29mg/L<0.3080 - 1209680 - 120NC2017/03/15Dissolved Calcium (Ca)8578069

20NCmg/L<0.06080 - 12010180 - 1201012017/03/15Dissolved Iron (Fe)8578069

mg/L<0.02080 - 12010580 - 1201082017/03/15Dissolved Lithium (Li)8578069

200.059mg/L<0.2080 - 12010180 - 1201012017/03/15Dissolved Magnesium (Mg)8578069

20NCmg/L<0.004080 - 1209880 - 120982017/03/15Dissolved Manganese (Mn)8578069

mg/L<0.1080 - 12010280 - 1201072017/03/15Dissolved Phosphorus (P)8578069

201.2mg/L<0.3080 - 12010180 - 1201062017/03/15Dissolved Potassium (K)8578069

mg/L<0.1080 - 1209680 - 120952017/03/15Dissolved Silicon (Si)8578069

200.30mg/L<0.5080 - 12010080 - 1201012017/03/15Dissolved Sodium (Na)8578069

mg/L<0.02080 - 12010180 - 120NC2017/03/15Dissolved Strontium (Sr)8578069
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XCG CONSULTING LIMITED
Client Project #: 4-2352-04-03

MONTFORT LANDFILL, RED DEERSite Location:

Maxxam Job #: B718663
Report Date: 2017/03/21

QUALITY ASSURANCE REPORT(CONT'D)

QC Limits% RecoveryQC LimitsValue (%)UNITSValueQC Limits% RecoveryQC Limits% RecoveryDateParameterQC Batch

QC StandardRPDMethod BlankSpiked BlankMatrix Spike

mg/L<0.202017/03/15Dissolved Sulphur (S)8578069

20NCmg/L<0.01080 - 12010380 - 1201072017/03/15Dissolved Nitrate (N)8578099

20NCmg/L<0.01080 - 12010380 - 1201042017/03/15Dissolved Nitrite (N)8578099

40NCug/L<1.070 - 1309770 - 130942017/03/201,1,1,2-tetrachloroethane8578107

40NCug/L<0.5070 - 1309870 - 130952017/03/201,1,1-trichloroethane8578107

40NCug/L<2.070 - 13010470 - 1301012017/03/201,1,2,2-tetrachloroethane8578107

40NCug/L<0.5070 - 13010170 - 1301002017/03/201,1,2-trichloroethane8578107

40NCug/L<0.5070 - 13010470 - 1301012017/03/201,1-dichloroethane8578107

40NCug/L<0.5070 - 13010370 - 1301012017/03/201,1-dichloroethene8578107

40NCug/L<1.070 - 13010170 - 1301102017/03/201,2,3-trichlorobenzene8578107

40NCug/L<1.070 - 13010170 - 1301082017/03/201,2,4-trichlorobenzene8578107

40NCug/L<0.5070 - 13010770 - 1301062017/03/201,2,4-trimethylbenzene8578107

40NCug/L<0.2070 - 1309670 - 130932017/03/201,2-dibromoethane8578107

40NCug/L<0.5070 - 13010370 - 1301032017/03/201,2-dichlorobenzene8578107

40NCug/L<0.5070 - 13010070 - 130982017/03/201,2-dichloroethane8578107

40NCug/L<0.5070 - 13010470 - 1301022017/03/201,2-dichloropropane8578107

40NCug/L<0.5070 - 13010070 - 1301042017/03/201,3,5-trichlorobenzene8578107

40NCug/L<0.5070 - 13010670 - 1301052017/03/201,3,5-trimethylbenzene8578107

40NCug/L<0.5070 - 13010570 - 1301022017/03/201,3-dichlorobenzene8578107

40NCug/L<0.5070 - 13010470 - 1301022017/03/201,4-dichlorobenzene8578107

40NCug/L<0.5070 - 1309970 - 130962017/03/20Bromodichloromethane8578107

40NCug/L<0.5070 - 1309470 - 130902017/03/20Bromoform8578107

40NCug/L<2.070 - 13010870 - 1301002017/03/20Bromomethane8578107

40NCug/L<0.5070 - 1309770 - 130952017/03/20Carbon tetrachloride8578107

40NCug/L<0.5070 - 1309870 - 130962017/03/20Chlorobenzene8578107

40NCug/L<1.070 - 1309670 - 130922017/03/20Chlorodibromomethane8578107

40NCug/L<1.070 - 1309970 - 130972017/03/20Chloroethane8578107

40NCug/L<0.5070 - 13010270 - 1301002017/03/20Chloroform8578107

40NCug/L<2.070 - 13010670 - 1301012017/03/20Chloromethane8578107

40NCug/L<0.5070 - 13010070 - 1301042017/03/20cis-1,2-dichloroethene8578107

40NCug/L<0.5070 - 13011570 - 1301092017/03/20cis-1,3-dichloropropene8578107
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XCG CONSULTING LIMITED
Client Project #: 4-2352-04-03

MONTFORT LANDFILL, RED DEERSite Location:

Maxxam Job #: B718663
Report Date: 2017/03/21

QUALITY ASSURANCE REPORT(CONT'D)

QC Limits% RecoveryQC LimitsValue (%)UNITSValueQC Limits% RecoveryQC Limits% RecoveryDateParameterQC Batch

QC StandardRPDMethod BlankSpiked BlankMatrix Spike

40NCug/L<2.070 - 13010470 - 1301032017/03/20Dichloromethane8578107

40NCug/L<0.5070 - 13010170 - 1301012017/03/20Methyl methacrylate8578107

40NCug/L<0.5070 - 13011070 - 1301082017/03/20Methyl-tert-butylether (MTBE)8578107

40NCug/L<0.5070 - 13010270 - 1301002017/03/20Styrene8578107

40NCug/L<0.5070 - 1309770 - 130952017/03/20Tetrachloroethene8578107

40NCug/L<0.5070 - 13010270 - 1301002017/03/20trans-1,2-dichloroethene8578107

40NCug/L<0.5070 - 13012370 - 1301132017/03/20trans-1,3-dichloropropene8578107

40NCug/L<0.5070 - 1309970 - 130982017/03/20Trichloroethene8578107

40NCug/L<0.5070 - 1309970 - 130972017/03/20Trichlorofluoromethane8578107

40NCug/L<0.5070 - 13010170 - 1301032017/03/20Vinyl chloride8578107

N/A0.3597 - 1031002017/03/15pH8578144

20NCmg/L<0.502017/03/15Alkalinity (PP as CaCO3)8578151

200.11mg/L<0.5080 - 1201002017/03/15Alkalinity (Total as CaCO3)8578151

200.11mg/L<0.502017/03/15Bicarbonate (HCO3)8578151

20NCmg/L<0.502017/03/15Carbonate (CO3)8578151

20NCmg/L<0.502017/03/15Hydroxide (OH)8578151

100.60uS/cm<1.090 - 110992017/03/15Conductivity8578153

2011mg/L<0.5080 - 12010780 - 120NC2017/03/15Total Organic Carbon (C)8578226

30NCmg/L<0.1070 - 13010760 - 1301092017/03/16F2 (C10-C16 Hydrocarbons)8578535

202.0mg/L<0.003080 - 1209680 - 120NC2017/03/16Total Aluminum (Al)8578678

20NCmg/L<0.0006080 - 12010180 - 120972017/03/16Total Antimony (Sb)8578678

200.51mg/L<0.0002080 - 12010380 - 1201022017/03/16Total Arsenic (As)8578678

20NCmg/L<0.001080 - 1209780 - 120992017/03/16Total Beryllium (Be)8578678

2015mg/L<0.001080 - 12010280 - 1201012017/03/16Total Chromium (Cr)8578678

201.2mg/L<0.0003080 - 12010180 - 120982017/03/16Total Cobalt (Co)8578678

201.4mg/L<0.0002080 - 12010280 - 120972017/03/16Total Copper (Cu)8578678

202.9mg/L<0.0002080 - 12010480 - 1201002017/03/16Total Lead (Pb)8578678

205.1mg/L<0.0002080 - 12010280 - 1201062017/03/16Total Molybdenum (Mo)8578678

201.8mg/L<0.0005080 - 12010280 - 120982017/03/16Total Nickel (Ni)8578678

2016mg/L<0.0002080 - 12010580 - 1201042017/03/16Total Selenium (Se)8578678

20NCmg/L<0.0001080 - 12010280 - 1201022017/03/16Total Silver (Ag)8578678
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XCG CONSULTING LIMITED
Client Project #: 4-2352-04-03

MONTFORT LANDFILL, RED DEERSite Location:

Maxxam Job #: B718663
Report Date: 2017/03/21

QUALITY ASSURANCE REPORT(CONT'D)

QC Limits% RecoveryQC LimitsValue (%)UNITSValueQC Limits% RecoveryQC Limits% RecoveryDateParameterQC Batch

QC StandardRPDMethod BlankSpiked BlankMatrix Spike

20NCmg/L<0.0002080 - 12010880 - 1201052017/03/16Total Thallium (Tl)8578678

20NCmg/L<0.001080 - 12010080 - 1201012017/03/16Total Tin (Sn)8578678

205.0mg/L<0.001080 - 1209680 - 120922017/03/16Total Titanium (Ti)8578678

201.2mg/L<0.0001080 - 1208980 - 120892017/03/16Total Uranium (U)8578678

201.8mg/L<0.001080 - 12010280 - 1201032017/03/16Total Vanadium (V)8578678

208.2mg/L<0.003080 - 12010180 - 120972017/03/16Total Zinc (Zn)8578678

200.62mg/L<0.01080 - 1209780 - 120952017/03/16Total Barium (Ba)8578681

204.5mg/L<0.02080 - 12010080 - 120982017/03/16Total Boron (B)8578681

200.54mg/L<0.3080 - 1209280 - 120NC2017/03/16Total Calcium (Ca)8578681

200.65mg/L<0.06080 - 1209980 - 120992017/03/16Total Iron (Fe)8578681

2010mg/L<0.02080 - 1209780 - 120962017/03/16Total Lithium (Li)8578681

200.48mg/L<0.2080 - 12010080 - 120NC2017/03/16Total Magnesium (Mg)8578681

200.59mg/L<0.004080 - 1209880 - 120942017/03/16Total Manganese (Mn)8578681

20NCmg/L<0.1080 - 1209880 - 120992017/03/16Total Phosphorus (P)8578681

201.3mg/L<0.3080 - 1209980 - 120992017/03/16Total Potassium (K)8578681

201.6mg/L<0.1080 - 12010580 - 120NC2017/03/16Total Silicon (Si)8578681

201.0mg/L<0.5080 - 1209880 - 120NC2017/03/16Total Sodium (Na)8578681

200.62mg/L<0.02080 - 1209780 - 120922017/03/16Total Strontium (Sr)8578681

200.56mg/L<0.202017/03/16Total Sulphur (S)8578681

206.5mg/L<1.080 - 12010580 - 1201102017/03/16Dissolved Chloride (Cl)8578705

80 - 12086200.86mg/L<0.003080 - 1209980 - 120NC2017/03/17Total Phosphorus (P)8578808

84 - 111101mg/L<0.52017/03/16Adsorbable Organic Halogen8578814

200.040mg/L<1.080 - 12010080 - 120NC2017/03/16Dissolved Sulphate (SO4)8578822

204.6mg/L<0.003080 - 12010180 - 120952017/03/16Dissolved Aluminum (Al)8579121

20NCmg/L<0.0006080 - 12010080 - 1201022017/03/16Dissolved Antimony (Sb)8579121

200.69mg/L<0.0002080 - 1209980 - 1201002017/03/16Dissolved Arsenic (As)8579121

20NCmg/L<0.001080 - 12010080 - 120982017/03/16Dissolved Beryllium (Be)8579121

20NCmg/L<0.001080 - 1209980 - 120982017/03/16Dissolved Chromium (Cr)8579121

202.9mg/L<0.0003080 - 1209980 - 120952017/03/16Dissolved Cobalt (Co)8579121

204.6mg/L<0.0002080 - 1209980 - 120932017/03/16Dissolved Copper (Cu)8579121

20NCmg/L<0.0002080 - 12010080 - 120962017/03/16Dissolved Lead (Pb)8579121
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XCG CONSULTING LIMITED
Client Project #: 4-2352-04-03

MONTFORT LANDFILL, RED DEERSite Location:

Maxxam Job #: B718663
Report Date: 2017/03/21

QUALITY ASSURANCE REPORT(CONT'D)

QC Limits% RecoveryQC LimitsValue (%)UNITSValueQC Limits% RecoveryQC Limits% RecoveryDateParameterQC Batch

QC StandardRPDMethod BlankSpiked BlankMatrix Spike

209.7mg/L<0.0002080 - 12010180 - 1201042017/03/16Dissolved Molybdenum (Mo)8579121

202.9mg/L<0.0005080 - 1209980 - 120972017/03/16Dissolved Nickel (Ni)8579121

20NCmg/L<0.0002080 - 12010380 - 1201012017/03/16Dissolved Selenium (Se)8579121

20NCmg/L<0.0001080 - 12010080 - 1201002017/03/16Dissolved Silver (Ag)8579121

20NCmg/L<0.0002080 - 12010480 - 1201012017/03/16Dissolved Thallium (Tl)8579121

20NCmg/L<0.001080 - 12010180 - 1201032017/03/16Dissolved Tin (Sn)8579121

20NCmg/L<0.001080 - 1209880 - 1201032017/03/16Dissolved Titanium (Ti)8579121

201.1mg/L<0.0001080 - 1209180 - 120902017/03/16Dissolved Uranium (U)8579121

20NCmg/L<0.001080 - 12010080 - 1201012017/03/16Dissolved Vanadium (V)8579121

200.41mg/L<0.003080 - 1209980 - 120962017/03/16Dissolved Zinc (Zn)8579121

20NCmg/L<0.5080 - 1209880 - 120982017/03/16Acetic Acid8579332

20NCmg/L<0.5080 - 1209780 - 120902017/03/16Butyric Acid8579332

20NCmg/L<0.5080 - 1209980 - 1201112017/03/16Formic Acid8579332

20NCmg/L<0.5080 - 1209780 - 1201012017/03/16Propionic Acid8579332

84 - 11195mg/L<0.52017/03/17Adsorbable Organic Halogen8580620

NC (Duplicate RPD): The duplicate RPD was not calculated. The concentration in the sample and/or duplicate was too low to permit a reliable RPD calculation (absolute difference <= 2x RDL).

NC (Matrix Spike): The recovery in the matrix spike was not calculated.  The relative difference between the concentration in the parent sample and the spike amount was too small to permit a reliable
recovery calculation (matrix spike concentration was less than the native sample concentration)

Surrogate:  A pure or isotopically labeled compound whose behavior mirrors the analytes of interest. Used to evaluate extraction efficiency.

Method Blank:  A blank matrix containing all reagents used in the analytical procedure. Used to identify laboratory contamination.

Spiked Blank: A blank matrix sample to which a known amount of the analyte, usually from a second source, has been added. Used to evaluate method accuracy.

QC Standard: A sample of known concentration prepared by an external agency under stringent conditions.  Used as an independent check of method accuracy.

Matrix Spike:  A sample to which a known amount of the analyte of interest has been added. Used to evaluate sample matrix interference.

Duplicate:  Paired analysis of a separate portion of the same sample. Used to evaluate the variance in the measurement.

N/A = Not Applicable
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Maxxam Job #: B718663
Report Date: 2017/03/21

XCG CONSULTING LIMITED
Client Project #: 4-2352-04-03

MONTFORT LANDFILL, RED DEERSite Location:

VALIDATION SIGNATURE PAGE

The analytical data and all QC contained in this report were reviewed and validated by the following individual(s).

Anna Koksharova, M.Sc., Organics Senior Analyst

Daniel Reslan, cCT, QP, Organics Supervisor

Gayle Simpson, Analyst II

Justin Geisel, B.Sc., Organics Supervisor

Harry (Peng) Liang, Senior Analyst

Poonam Sharma, cCT, Organics Senior Analyst

Sandy Yuan, M.Sc., Scientific Specialist

Maxxam has procedures in place to guard against improper use of the electronic signature and have the required "signatories", as per section 5.10.2 of ISO/IEC
17025:2005(E), signing the reports.  For Service Group specific validation please refer to the Validation Signature Page.

Page 21 of 26

Maxxam Analytics International Corporation o/a Maxxam Analytics    Edmonton: 9331 - 48th Street T6B 2R4     Telephone (780)577-7100   Fax (780)450-4187



Page 22 of 26



Maxxam Job #: B718663
Report Date: 2017/03/21
Maxxam Sample: QS2248

CCME Hydrocarbons in Water (F2; C10-C16) Chromatogram

XCG CONSULTING LIMITED
Client Project #: 4-2352-04-03
Site Reference: MONTFORT LANDFILL, RED DEER
Client ID: XCG4

Note: This information is provided for reference purposes only. Should detailed chemist interpretation

or fingerprinting be required, please contact the laboratory.
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Maxxam Job #: B718663
Report Date: 2017/03/21
Maxxam Sample: QS2249

CCME Hydrocarbons in Water (F2; C10-C16) Chromatogram

XCG CONSULTING LIMITED
Client Project #: 4-2352-04-03
Site Reference: MONTFORT LANDFILL, RED DEER
Client ID: XCG13

Note: This information is provided for reference purposes only. Should detailed chemist interpretation

or fingerprinting be required, please contact the laboratory.
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Maxxam Job #: B718663
Report Date: 2017/03/21
Maxxam Sample: QS2250

CCME Hydrocarbons in Water (F2; C10-C16) Chromatogram

XCG CONSULTING LIMITED
Client Project #: 4-2352-04-03
Site Reference: MONTFORT LANDFILL, RED DEER
Client ID: MW-07

Note: This information is provided for reference purposes only. Should detailed chemist interpretation

or fingerprinting be required, please contact the laboratory.
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Maxxam Job #: B718663
Report Date: 2017/03/21
Maxxam Sample: QS2251

CCME Hydrocarbons in Water (F2; C10-C16) Chromatogram

XCG CONSULTING LIMITED
Client Project #: 4-2352-04-03
Site Reference: MONTFORT LANDFILL, RED DEER
Client ID: MW-06

Note: This information is provided for reference purposes only. Should detailed chemist interpretation

or fingerprinting be required, please contact the laboratory.

Page 26 of 26



MAXXAM JOB #: B752667
Received: 2017/03/16, 10:00

CERTIFICATE OF ANALYSIS – REVISED REPORT

Your Project #: 4-2352-04.03
Your C.O.C. #: 30585

Report Date: 2018/01/23
Report #: R4947358
Version: 3 - Revision

Attention: Mary-Catherine Lanning

XCG Consulting Limited
820 Trillium Dr
Kitchener, ON
N2R 1K4

Sample Matrix: AIR
# Samples Received: 14

ReferenceLaboratory Method
Date
Analyzed

Date
ExtractedQuantityAnalyses

EPA TO-15 mBRL SOP-003042017/03/17N/A14BTEX and CCME Compounds in Air(TO-15mod)

EPA TO-15 mBRL SOP-003042017/03/17N/A14Canister Pressure (TO-15)

GC/FIDCAM SOP-002042017/03/23N/A1Light Hydrocarbons

GC/FIDCAM SOP-002042017/03/27N/A12Light Hydrocarbons

CAM SOP-002252017/03/23N/A13Matrix Gases (1)

EPA TO-15 mBRL SOP-003042017/03/17N/A14Volatile Organics in Air (TO-15) (2)

Reference Method suffix “m” indicates test methods incorporate validated modifications from specific reference methods to improve performance.

(1) Argon interferes with Oxygen and is included in the reported Oxygen concentration.  The atmosphere contains about 0.9% Argon.
(2) Air sampling canisters have been cleaned in accordance with U.S. EPA Method TO14A.  At the end of the cleaning, evacuation, and pressurization cycles, one canister was
selected and was pressurized with Zero Air.  This canister was then analyzed via TO14A on a GC/MS.  The canister must  have been  found to contain <0.2 ppbv concentration of all
target analytes in order for the batch to have been considered clean.  Each canister also  underwent a leak check prior to shipment.

Please Note:  SUMMA® canister samples will be retained by Maxxam for a period of 5 calendar days or as contractually agreed from the date of this report, after which time they
will be cleaned for reuse.  If you require a longer sample storage period, please contact your service representative.

Encryption Key

Please direct all questions regarding this Certificate of Analysis to your Project Manager.
Marinela Sim, Project Manager
Email: MSim@maxxam.ca
Phone# (905) 817-5700
==================================================================== 
Maxxam has procedures in place to guard against improper use of the electronic signature and have the required "signatories", as per section 5.10.2 of ISO/IEC 17025:2005(E), 
signing the reports.  For Service Group specific validation please refer to the Validation Signature Page. 
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Maxxam Job #: B752667
Report Date: 2018/01/23

XCG Consulting Limited
Client Project #: 4-2352-04.03
Sampler Initials: MCL

RESULTS OF ANALYSES OF  AIR

QC Batch = Quality Control Batch

RDL = Reportable Detection Limit

4903766(-1.7)4903766(-1.7)4903766(-2.0)psigPressure on Receipt

49149180.19<0.1949149180.2<0.249149180.2<0.2ppmPropene

49149180.19<0.1949149180.2<0.249149180.2<0.2ppmPropane

49149183.9<3.9ppmMethane

49149180.190.2549149180.2<0.249149180.26.3ppmEthylene

49149180.19<0.1949149180.2<0.249149180.22.1ppmEthane

QC BatchRDLXCG-13 (SVP)/354QC BatchRDLXCG-1 (SVP)/1470QC BatchRDLXCG-100/3017UNITS

305853058530585COC Number

2017/03/122017/03/112017/03/11Sampling Date

EBG093EBG092EBG091Maxxam ID

QC Batch = Quality Control Batch

RDL = Reportable Detection Limit

4903766(-1.9)4903766(-3.6)4903766(-3.0)psigPressure on Receipt

49149180.21<0.2149149180.27<0.2749149180.22<0.22ppmPropene

49149180.21<0.2149149180.27<0.2749149180.22<0.22ppmPropane

49149185.45.9ppmMethane

49149180.216.849149180.27<0.2749149180.220.57ppmEthylene

49149180.212.349149180.27<0.2749149180.22<0.22ppmEthane

QC BatchRDLVW-05/1800QC BatchRDLXCG-2 (SVP)/243QC BatchRDLXCG-6 (SVP)/238UNITS

305853058530585COC Number

2017/03/112017/03/112017/03/13Sampling Date

EBG090EBG089EBG088Maxxam ID

QC Batch = Quality Control Batch

RDL = Reportable Detection Limit

4903766(-3.0)4903766(-3.4)4903766(-3.4)psigPressure on Receipt

49149180.23<0.2349149180.23<0.2349149180.26<0.26ppmPropene

49149180.23<0.2349149180.23<0.2349149180.26<0.26ppmPropane

49149184.53249149185.2<5.2ppmMethane

49149180.23<0.2349149180.236.249149180.26<0.26ppmEthylene

49149180.23<0.2349149180.230.2449149180.26<0.26ppmEthane

QC BatchRDLXCG-12 (SVP)/262QC BatchRDLXCG-4 (SVP)/1281QC BatchRDLXCG-5 (SVP)/1380UNITS

305853058530585COC Number

2017/03/142017/03/142017/03/14Sampling Date

EBG087EBG086EBG085Maxxam ID
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Maxxam Job #: B752667
Report Date: 2018/01/23

XCG Consulting Limited
Client Project #: 4-2352-04.03
Sampler Initials: MCL

RESULTS OF ANALYSES OF  AIR

QC Batch = Quality Control Batch

4903766(-14.3)psigPressure on Receipt

QC BatchTRIP BLANK/215UNITS

30585COC Number

2017/03/12Sampling Date

EBG098Maxxam ID

QC Batch = Quality Control Batch

RDL = Reportable Detection Limit

4903766(-3.1)(-2.7)(-2.9)(-1.1)psigPressure on Receipt

49149180.19<0.190.21<0.210.21<0.210.17<0.17ppmPropene

49149180.19<0.190.21<0.210.21<0.210.17<0.17ppmPropane

49149183.8<3.84.2<4.24.3<4.33.4<3.4ppmMethane

49149180.19<0.190.21<0.210.21<0.210.17<0.17ppmEthylene

49149180.19<0.190.21<0.210.21<0.210.17<0.17ppmEthane

QC BatchRDLVW-03/1280RDLXCG-9 (SVP)/333RDLVW-01/332RDLXCG-10 (SVP)/1041UNITS

30585305853058530585COC Number

2017/03/122017/03/112017/03/122017/03/12Sampling Date

EBG097EBG096EBG095EBG094Maxxam ID
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Maxxam Job #: B752667
Report Date: 2018/01/23

XCG Consulting Limited
Client Project #: 4-2352-04.03
Sampler Initials: MCL

COMPRESSED GAS PARAMETERS (AIR)

QC Batch = Quality Control Batch

RDL = Reportable Detection Limit

49148590.26.80.6<0.22.5% v/vCarbon Dioxide

49148590.2<0.2<0.2<0.2<0.2% v/vMethane

49148590.2<0.2<0.2<0.2<0.2% v/vCarbon Monoxide

49148590.280.778.277.081.7% v/vNitrogen

49148590.212.521.323.015.8% v/vOxygen

QC BatchRDLVW-03/1280XCG-9 (SVP)/333VW-01/332XCG-10 (SVP)/1041UNITS

30585305853058530585COC Number

2017/03/122017/03/112017/03/122017/03/12Sampling Date

EBG097EBG096EBG095EBG094Maxxam ID

QC Batch = Quality Control Batch

RDL = Reportable Detection Limit

49148590.29.81.511.312.10.31.3% v/vCarbon Dioxide

49148590.21.1<0.20.30.30.3<0.3% v/vMethane

49148590.2<0.2<0.2<0.2<0.20.3<0.3% v/vCarbon Monoxide

49148590.284.878.178.979.00.378.4% v/vNitrogen

49148590.24.320.49.68.60.320.3% v/vOxygen

QC BatchRDLXCG-13 (SVP)/354XCG-1 (SVP)/1470XCG-100/3017VW-05/1800RDLXCG-2 (SVP)/243UNITS

3058530585305853058530585COC Number

2017/03/122017/03/112017/03/112017/03/112017/03/11Sampling Date

EBG093EBG092EBG091EBG090EBG089Maxxam ID

QC Batch = Quality Control Batch

RDL = Reportable Detection Limit

49148590.215.42.39.50.32.3% v/vCarbon Dioxide

49148590.21.2<0.25.70.3<0.3% v/vMethane

49148590.2<0.2<0.2<0.20.3<0.3% v/vCarbon Monoxide

49148590.281.579.082.80.377.4% v/vNitrogen

49148590.21.918.72.00.320.3% v/vOxygen

QC BatchRDLXCG-6 (SVP)/238XCG-12 (SVP)/262XCG-4 (SVP)/1281RDLXCG-5 (SVP)/1380UNITS

30585305853058530585COC Number

2017/03/132017/03/142017/03/142017/03/14Sampling Date

EBG088EBG087EBG086EBG085Maxxam ID
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Maxxam Job #: B752667
Report Date: 2018/01/23

XCG Consulting Limited
Client Project #: 4-2352-04.03
Sampler Initials: MCL

VOLATILE ORGANIC HYDROCARBONS BY GC/MS (AIR)

QC Batch = Quality Control Batch

RDL = Reportable Detection Limit

49037675.0<5.0<5.0<5.012.7ug/m3F2, C10-C16 (as Decane)

49037675.0<5.031.86.07.9ug/m3F1-BTEX, C6-C10 (as Toluene)

QC BatchRDLTRIP BLANK/215VW-03/1280XCG-9 (SVP)/333VW-01/332UNITS

30585305853058530585COC Number

2017/03/122017/03/122017/03/112017/03/12Sampling Date

EBG098EBG097EBG096EBG095Maxxam ID

QC Batch = Quality Control Batch

RDL = Reportable Detection Limit

49037675.0<5.0972<5.068.962.8ug/m3F2, C10-C16 (as Decane)

49037675.043.0583036.1530486ug/m3F1-BTEX, C6-C10 (as Toluene)

QC BatchRDLXCG-10 (SVP)/1041XCG-13 (SVP)/354XCG-1 (SVP)/1470XCG-100/3017VW-05/1800UNITS

3058530585305853058530585COC Number

2017/03/122017/03/122017/03/112017/03/112017/03/11Sampling Date

EBG094EBG093EBG092EBG091EBG090Maxxam ID

QC Batch = Quality Control Batch

RDL = Reportable Detection Limit

49037675.0<5.0<5.0<5.0<5.06.2ug/m3F2, C10-C16 (as Decane)

49037675.0<5.06688.839.718.4ug/m3F1-BTEX, C6-C10 (as Toluene)

QC BatchRDLXCG-2 (SVP)/243XCG-6 (SVP)/238XCG-12 (SVP)/262XCG-4 (SVP)/1281XCG-5 (SVP)/1380UNITS

3058530585305853058530585COC Number

2017/03/112017/03/132017/03/142017/03/142017/03/14Sampling Date

EBG089EBG088EBG087EBG086EBG085Maxxam ID
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Maxxam Job #: B752667
Report Date: 2018/01/23

XCG Consulting Limited
Client Project #: 4-2352-04.03
Sampler Initials: MCL

VOLATILE ORGANICS BY GC/MS (AIR)

QC Batch = Quality Control Batch

RDL = Reportable Detection Limit

49034400.6788.870.101.310.678<0.6780.10<0.10ppbvTetrachloroethylene

49034400.537<0.5370.10<0.100.537<0.5370.10<0.10ppbvTrichloroethylene

49034401.70<1.700.20<0.201.70<1.700.20<0.20ppbvDibromochloromethane

49034401.34<1.340.20<0.201.34<1.340.20<0.20ppbvBromodichloromethane

49034402.07<2.070.20<0.202.07<2.070.20<0.20ppbvBromoform

49034400.388<0.3880.10<0.100.388<0.3880.10<0.10ppbvBromomethane

49034400.462<0.4620.10<0.100.462<0.4620.10<0.10ppbv1,2-Dichloropropane

49034400.454<0.4540.10<0.100.454<0.4540.10<0.10ppbvtrans-1,3-Dichloropropene

49034400.454<0.4540.10<0.100.454<0.4540.10<0.10ppbvcis-1,3-Dichloropropene

49034400.687<0.6870.10<0.100.687<0.6870.10<0.10ppbv1,1,2,2-Tetrachloroethane

49034400.546<0.5460.10<0.100.546<0.5460.10<0.10ppbv1,1,2-Trichloroethane

49034400.546<0.5460.10<0.100.546<0.5460.10<0.10ppbv1,1,1-Trichloroethane

49034400.768<0.7680.10<0.100.768<0.7680.10<0.10ppbvEthylene Dibromide

49034400.405<0.4050.10<0.100.405<0.4050.10<0.10ppbv1,2-Dichloroethane

49034400.405<0.4050.10<0.100.405<0.4050.10<0.10ppbv1,1-Dichloroethane

49034400.629<0.6290.10<0.100.629<0.6290.10<0.10ppbvCarbon Tetrachloride

49034400.4880.5230.100.110.488<0.4880.10<0.10ppbvChloroform

49034402.78<2.780.80<0.802.78<2.780.80<0.80ppbvMethylene Chloride(Dichloromethane)

49034400.396<0.3960.10<0.100.396<0.3960.10<0.10ppbvtrans-1,2-Dichloroethylene

49034400.396<0.3960.10<0.100.396<0.3960.10<0.10ppbvcis-1,2-Dichloroethylene

49034400.396<0.3960.10<0.100.396<0.3960.10<0.10ppbv1,1-Dichloroethylene

49034403.60<3.601.0<1.03.60<3.601.0<1.0ppbvEthyl Acetate

49034400.721<0.7210.20<0.200.721<0.7210.20<0.20ppbvMethyl t-butyl ether (MTBE)

49034404.10<4.101.0<1.04.10<4.101.0<1.0ppbvMethyl Butyl Ketone (2-Hexanone)

49034404.10<4.101.0<1.04.10<4.101.0<1.0ppbvMethyl Isobutyl Ketone

49034402.95<2.951.0<1.02.95<2.951.0<1.0ppbvMethyl Ethyl Ketone (2-Butanone)

490344021.1<21.18.9<8.91.903.290.801.39ppbv2-Propanone

49034402.46<2.461.0<1.02.46<2.461.0<1.0ppbv2-propanol

49034401.15<1.150.15<0.151.15<1.150.15<0.15ppbvTrichlorotrifluoroethane

49034401.881801.095.81.882.741.01.5ppbvEthanol (ethyl alcohol)

49034401.12<1.120.20<0.201.121.310.200.23ppbvTrichlorofluoromethane  (FREON 11)

49034401.11<1.110.50<0.501.11<1.110.50<0.50ppbv1,3-Butadiene

49034400.792<0.7920.30<0.300.792<0.7920.30<0.30ppbvChloroethane

49034400.25621.80.108.530.256<0.2560.10<0.10ppbvVinyl Chloride

49034400.620<0.6200.30<0.300.620<0.6200.30<0.30ppbvChloromethane

49034401.1944.40.176.341.19<1.190.17<0.17ppbv1,2-Dichlorotetrafluoroethane

49034400.98941.30.208.350.9892800.2056.5ppbvDichlorodifluoromethane (FREON 12)

QC BatchDL (ug/m3)ug/m3RDLXCG-4 (SVP)/1281DL (ug/m3)ug/m3RDLXCG-5 (SVP)/1380UNITS

3058530585COC Number

2017/03/142017/03/14Sampling Date

EBG086EBG085Maxxam ID
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Maxxam Job #: B752667
Report Date: 2018/01/23

XCG Consulting Limited
Client Project #: 4-2352-04.03
Sampler Initials: MCL

VOLATILE ORGANICS BY GC/MS (AIR)

N/A = Not Applicable

QC Batch = Quality Control Batch

RDL = Reportable Detection Limit

4903440N/AN/A98N/AN/A96%Difluorobenzene

4903440N/AN/A96N/AN/A93%D5-Chlorobenzene

4903440N/AN/A101N/AN/A99%Bromochloromethane

Surrogate Recovery (%)

49034400.704<0.7040.20<0.200.704<0.7040.20<0.20ppbvVinyl Acetate

49034401.56<1.560.50<0.501.563.480.501.12ppbvCarbon Disulfide

49034400.934<0.9340.20<0.200.934<0.9340.20<0.20ppbv2,2,4-Trimethylpentane

49034400.86189.20.5051.80.861<0.8610.50<0.50ppbvPropene

49034400.875<0.8750.20<0.200.875<0.8750.20<0.20ppbvVinyl Bromide

49034400.687<0.6870.10<0.100.687<0.6870.10<0.10ppbv1,1,1,2-Tetrachloroethane

49034401.30<1.300.30<0.301.30<1.300.30<0.30ppbvTotal Xylenes

49034402.62<2.620.50<0.502.62<2.620.50<0.50ppbvNaphthalene

49034403.60<3.601.0<1.03.60<3.601.0<1.0ppbv1,4-Dioxane

49034401.18<1.180.40<0.401.18<1.180.40<0.40ppbvTetrahydrofuran

49034400.688<0.6880.20<0.200.688<0.6880.20<0.20ppbvCyclohexane

49034401.231.330.300.321.23<1.230.30<0.30ppbvHeptane

49034401.061.710.300.491.06<1.060.30<0.30ppbvHexane

49034405.33<5.330.50<0.505.33<5.330.50<0.50ppbvHexachlorobutadiene

49034403.71<3.710.50<0.503.71<3.710.50<0.50ppbv1,2,4-Trichlorobenzene

49034400.601<0.6010.10<0.100.601<0.6010.10<0.10ppbv1,2-Dichlorobenzene

49034400.601<0.6010.10<0.100.601<0.6010.10<0.10ppbv1,4-Dichlorobenzene

49034402.40<2.400.40<0.402.40<2.400.40<0.40ppbv1,3-Dichlorobenzene

49034402.59<2.590.50<0.502.59<2.590.50<0.50ppbvBenzyl chloride

49034400.460<0.4600.10<0.100.460<0.4600.10<0.10ppbvChlorobenzene

49034402.45<2.450.50<0.502.45<2.450.50<0.50ppbv1,2,4-Trimethylbenzene

49034402.45<2.450.50<0.502.45<2.450.50<0.50ppbv1,3,5-Trimethylbenzene

49034402.46<2.460.50<0.502.46<2.460.50<0.50ppbv4-ethyltoluene

49034400.4262.410.100.570.426<0.4260.10<0.10ppbvStyrene

49034400.434<0.4340.10<0.100.434<0.4340.10<0.10ppbvo-Xylene

49034400.868<0.8680.20<0.200.868<0.8680.20<0.20ppbvp+m-Xylene

49034400.434<0.4340.10<0.100.434<0.4340.10<0.10ppbvEthylbenzene

49034400.3771.100.100.290.3771.430.100.38ppbvToluene

49034400.319<0.3190.10<0.100.319<0.3190.10<0.10ppbvBenzene

QC BatchDL (ug/m3)ug/m3RDLXCG-4 (SVP)/1281DL (ug/m3)ug/m3RDLXCG-5 (SVP)/1380UNITS

3058530585COC Number

2017/03/142017/03/14Sampling Date

EBG086EBG085Maxxam ID
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Maxxam Job #: B752667
Report Date: 2018/01/23

XCG Consulting Limited
Client Project #: 4-2352-04.03
Sampler Initials: MCL

VOLATILE ORGANICS BY GC/MS (AIR)

QC Batch = Quality Control Batch

RDL = Reportable Detection Limit

49034400.6780.9910.100.150.678<0.6780.10<0.10ppbvTetrachloroethylene

49034400.5370.5660.100.110.537<0.5370.10<0.10ppbvTrichloroethylene

49034401.70<1.700.20<0.201.70<1.700.20<0.20ppbvDibromochloromethane

49034401.34<1.340.20<0.201.34<1.340.20<0.20ppbvBromodichloromethane

49034402.07<2.070.20<0.202.07<2.070.20<0.20ppbvBromoform

49034400.388<0.3880.10<0.100.388<0.3880.10<0.10ppbvBromomethane

49034400.462<0.4620.10<0.100.462<0.4620.10<0.10ppbv1,2-Dichloropropane

49034400.454<0.4540.10<0.100.454<0.4540.10<0.10ppbvtrans-1,3-Dichloropropene

49034400.454<0.4540.10<0.100.454<0.4540.10<0.10ppbvcis-1,3-Dichloropropene

49034400.687<0.6870.10<0.100.687<0.6870.10<0.10ppbv1,1,2,2-Tetrachloroethane

49034400.546<0.5460.10<0.100.546<0.5460.10<0.10ppbv1,1,2-Trichloroethane

49034400.546<0.5460.10<0.100.546<0.5460.10<0.10ppbv1,1,1-Trichloroethane

49034400.768<0.7680.10<0.100.768<0.7680.10<0.10ppbvEthylene Dibromide

49034400.405<0.4050.10<0.100.405<0.4050.10<0.10ppbv1,2-Dichloroethane

49034400.405<0.4050.10<0.100.405<0.4050.10<0.10ppbv1,1-Dichloroethane

49034400.629<0.6290.10<0.100.629<0.6290.10<0.10ppbvCarbon Tetrachloride

49034400.488<0.4880.10<0.100.4880.7930.100.16ppbvChloroform

49034402.78<2.780.80<0.802.78<2.780.80<0.80ppbvMethylene Chloride(Dichloromethane)

49034400.3961.600.100.400.396<0.3960.10<0.10ppbvtrans-1,2-Dichloroethylene

49034400.3966.990.101.760.396<0.3960.10<0.10ppbvcis-1,2-Dichloroethylene

49034400.396<0.3960.10<0.100.396<0.3960.10<0.10ppbv1,1-Dichloroethylene

49034403.60<3.601.0<1.03.60<3.601.0<1.0ppbvEthyl Acetate

49034400.721<0.7210.20<0.200.721<0.7210.20<0.20ppbvMethyl t-butyl ether (MTBE)

49034404.10<4.101.0<1.04.10<4.101.0<1.0ppbvMethyl Butyl Ketone (2-Hexanone)

49034404.10<4.101.0<1.04.10<4.101.0<1.0ppbvMethyl Isobutyl Ketone

49034406.19<6.192.1<2.12.95<2.951.0<1.0ppbvMethyl Ethyl Ketone (2-Butanone)

49034401.905.480.802.311.90<1.900.80<0.80ppbv2-Propanone

49034402.46<2.461.0<1.02.46<2.461.0<1.0ppbv2-propanol

49034401.15<1.150.15<0.151.15<1.150.15<0.15ppbvTrichlorotrifluoroethane

49034401.88<1.881.0<1.01.88<1.881.0<1.0ppbvEthanol (ethyl alcohol)

49034401.12<1.120.20<0.201.12<1.120.20<0.20ppbvTrichlorofluoromethane  (FREON 11)

49034401.11<1.110.50<0.501.11<1.110.50<0.50ppbv1,3-Butadiene

49034400.7920.9780.300.370.792<0.7920.30<0.30ppbvChloroethane

49034400.2561540.1060.40.256<0.2560.10<0.10ppbvVinyl Chloride

49034400.620<0.6200.30<0.300.620<0.6200.30<0.30ppbvChloromethane

49034401.193410.1748.81.19<1.190.17<0.17ppbv1,2-Dichlorotetrafluoroethane

49034400.98988.90.2018.00.98989.50.2018.1ppbvDichlorodifluoromethane (FREON 12)

QC BatchDL (ug/m3)ug/m3RDLXCG-6 (SVP)/238DL (ug/m3)ug/m3RDLXCG-12 (SVP)/262UNITS

3058530585COC Number

2017/03/132017/03/14Sampling Date
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Page 8 of 26

Maxxam Analytics International Corporation o/a Maxxam Analytics 6740 Campobello Road, Mississauga, Ontario, L5N 2L8 Tel: (905) 817-5700 Toll-Free: 800-563-6266 Fax: (905) 817-5777 www.maxxam.ca



Maxxam Job #: B752667
Report Date: 2018/01/23

XCG Consulting Limited
Client Project #: 4-2352-04.03
Sampler Initials: MCL

VOLATILE ORGANICS BY GC/MS (AIR)

N/A = Not Applicable

QC Batch = Quality Control Batch

RDL = Reportable Detection Limit

4903440N/AN/A104N/AN/A97%Difluorobenzene

4903440N/AN/A105N/AN/A94%D5-Chlorobenzene

4903440N/AN/A103N/AN/A100%Bromochloromethane

Surrogate Recovery (%)

49034402.11<2.110.60<0.600.704<0.7040.20<0.20ppbvVinyl Acetate

49034401.56<1.560.50<0.501.5625.70.508.26ppbvCarbon Disulfide

49034400.9344.560.200.980.934<0.9340.20<0.20ppbv2,2,4-Trimethylpentane

49034400.86138.90.5022.61.55<1.550.90<0.90ppbvPropene

49034400.875<0.8750.20<0.200.875<0.8750.20<0.20ppbvVinyl Bromide

49034400.687<0.6870.10<0.100.687<0.6870.10<0.10ppbv1,1,1,2-Tetrachloroethane

49034401.30<1.300.30<0.301.30<1.300.30<0.30ppbvTotal Xylenes

49034402.62<2.620.50<0.502.62<2.620.50<0.50ppbvNaphthalene

49034403.60<3.601.0<1.03.60<3.601.0<1.0ppbv1,4-Dioxane

49034401.18<1.180.40<0.401.18<1.180.40<0.40ppbvTetrahydrofuran

49034400.68827.40.207.970.688<0.6880.20<0.20ppbvCyclohexane

49034401.231.920.300.471.23<1.230.30<0.30ppbvHeptane

49034401.067.140.302.031.06<1.060.30<0.30ppbvHexane

49034405.33<5.330.50<0.505.33<5.330.50<0.50ppbvHexachlorobutadiene

49034403.71<3.710.50<0.503.71<3.710.50<0.50ppbv1,2,4-Trichlorobenzene

49034400.601<0.6010.10<0.100.601<0.6010.10<0.10ppbv1,2-Dichlorobenzene

49034400.601<0.6010.10<0.100.601<0.6010.10<0.10ppbv1,4-Dichlorobenzene

49034402.40<2.400.40<0.402.40<2.400.40<0.40ppbv1,3-Dichlorobenzene

49034402.59<2.590.50<0.502.59<2.590.50<0.50ppbvBenzyl chloride

49034400.460<0.4600.10<0.100.460<0.4600.10<0.10ppbvChlorobenzene

49034402.45<2.450.50<0.502.45<2.450.50<0.50ppbv1,2,4-Trimethylbenzene

49034402.45<2.450.50<0.502.45<2.450.50<0.50ppbv1,3,5-Trimethylbenzene

49034402.46<2.460.50<0.502.46<2.460.50<0.50ppbv4-ethyltoluene

49034400.426<0.4260.10<0.100.426<0.4260.10<0.10ppbvStyrene

49034400.434<0.4340.10<0.100.434<0.4340.10<0.10ppbvo-Xylene

49034400.868<0.8680.20<0.200.868<0.8680.20<0.20ppbvp+m-Xylene

49034400.434<0.4340.10<0.100.434<0.4340.10<0.10ppbvEthylbenzene

49034400.3771.850.100.490.3771.080.100.29ppbvToluene

49034400.3190.9490.100.300.319<0.3190.10<0.10ppbvBenzene

QC BatchDL (ug/m3)ug/m3RDLXCG-6 (SVP)/238DL (ug/m3)ug/m3RDLXCG-12 (SVP)/262UNITS

3058530585COC Number

2017/03/132017/03/14Sampling Date
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Maxxam Job #: B752667
Report Date: 2018/01/23

XCG Consulting Limited
Client Project #: 4-2352-04.03
Sampler Initials: MCL

VOLATILE ORGANICS BY GC/MS (AIR)

QC Batch = Quality Control Batch

RDL = Reportable Detection Limit

49034400.6784.490.100.660.6782.080.100.31ppbvTetrachloroethylene

49034400.5371.240.100.230.537<0.5370.10<0.10ppbvTrichloroethylene

49034401.70<1.700.20<0.201.70<1.700.20<0.20ppbvDibromochloromethane

49034401.34<1.340.20<0.201.34<1.340.20<0.20ppbvBromodichloromethane

49034402.07<2.070.20<0.202.07<2.070.20<0.20ppbvBromoform

49034400.388<0.3880.10<0.100.388<0.3880.10<0.10ppbvBromomethane

49034400.462<0.4620.10<0.100.462<0.4620.10<0.10ppbv1,2-Dichloropropane

49034400.454<0.4540.10<0.100.454<0.4540.10<0.10ppbvtrans-1,3-Dichloropropene

49034400.454<0.4540.10<0.100.454<0.4540.10<0.10ppbvcis-1,3-Dichloropropene

49034400.687<0.6870.10<0.100.687<0.6870.10<0.10ppbv1,1,2,2-Tetrachloroethane

49034400.546<0.5460.10<0.100.546<0.5460.10<0.10ppbv1,1,2-Trichloroethane

49034400.5460.9300.100.170.546<0.5460.10<0.10ppbv1,1,1-Trichloroethane

49034400.768<0.7680.10<0.100.768<0.7680.10<0.10ppbvEthylene Dibromide

49034400.405<0.4050.10<0.100.405<0.4050.10<0.10ppbv1,2-Dichloroethane

49034401.21<1.210.30<0.300.405<0.4050.10<0.10ppbv1,1-Dichloroethane

49034400.629<0.6290.10<0.100.629<0.6290.10<0.10ppbvCarbon Tetrachloride

49034400.488<0.4880.10<0.100.4883.240.100.66ppbvChloroform

49034402.78<2.780.80<0.802.78<2.780.80<0.80ppbvMethylene Chloride(Dichloromethane)

49034400.3965.070.101.280.396<0.3960.10<0.10ppbvtrans-1,2-Dichloroethylene

49034400.39691.00.1023.00.396<0.3960.10<0.10ppbvcis-1,2-Dichloroethylene

49034400.396<0.3960.10<0.100.396<0.3960.10<0.10ppbv1,1-Dichloroethylene

49034403.60<3.601.0<1.03.60<3.601.0<1.0ppbvEthyl Acetate

49034400.721<0.7210.20<0.200.721<0.7210.20<0.20ppbvMethyl t-butyl ether (MTBE)

49034404.10<4.101.0<1.04.10<4.101.0<1.0ppbvMethyl Butyl Ketone (2-Hexanone)

49034404.10<4.101.0<1.04.10<4.101.0<1.0ppbvMethyl Isobutyl Ketone

49034402.95<2.951.0<1.02.95<2.951.0<1.0ppbvMethyl Ethyl Ketone (2-Butanone)

49034401.904.330.801.821.90<1.900.80<0.80ppbv2-Propanone

49034402.46<2.461.0<1.02.46<2.461.0<1.0ppbv2-propanol

49034401.15<1.150.15<0.151.15<1.150.15<0.15ppbvTrichlorotrifluoroethane

49034401.8881.91.043.51.88<1.881.0<1.0ppbvEthanol (ethyl alcohol)

49034401.125.920.201.051.12<1.120.20<0.20ppbvTrichlorofluoromethane  (FREON 11)

49034401.11<1.110.50<0.501.11<1.110.50<0.50ppbv1,3-Butadiene

49034400.79223.20.308.790.792<0.7920.30<0.30ppbvChloroethane

49034401.2811800.504620.256<0.2560.10<0.10ppbvVinyl Chloride

49034400.620<0.6200.30<0.300.620<0.6200.30<0.30ppbvChloromethane

49034401.195160.1773.81.19<1.190.17<0.17ppbv1,2-Dichlorotetrafluoroethane

49034404.958671.01750.9892.680.200.54ppbvDichlorodifluoromethane (FREON 12)

QC BatchDL (ug/m3)ug/m3RDLVW-05/1800DL (ug/m3)ug/m3RDLXCG-2 (SVP)/243UNITS

3058530585COC Number

2017/03/112017/03/11Sampling Date

EBG090EBG089Maxxam ID
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Maxxam Job #: B752667
Report Date: 2018/01/23

XCG Consulting Limited
Client Project #: 4-2352-04.03
Sampler Initials: MCL

VOLATILE ORGANICS BY GC/MS (AIR)

N/A = Not Applicable

QC Batch = Quality Control Batch

RDL = Reportable Detection Limit

4903440N/AN/A103N/AN/A91%Difluorobenzene

4903440N/AN/A101N/AN/A85%D5-Chlorobenzene

4903440N/AN/A101N/AN/A93%Bromochloromethane

Surrogate Recovery (%)

49034402.82<2.820.80<0.800.704<0.7040.20<0.20ppbvVinyl Acetate

49034401.56<1.560.50<0.501.563.690.501.18ppbvCarbon Disulfide

49034400.9343.030.200.650.934<0.9340.20<0.20ppbv2,2,4-Trimethylpentane

49034400.86173.20.5042.50.861<0.8610.50<0.50ppbvPropene

49034400.875<0.8750.20<0.200.875<0.8750.20<0.20ppbvVinyl Bromide

49034400.687<0.6870.10<0.100.687<0.6870.10<0.10ppbv1,1,1,2-Tetrachloroethane

49034401.30<1.300.30<0.301.30<1.300.30<0.30ppbvTotal Xylenes

49034402.62<2.620.50<0.502.62<2.620.50<0.50ppbvNaphthalene

49034403.60<3.601.0<1.03.60<3.601.0<1.0ppbv1,4-Dioxane

49034401.18<1.180.40<0.401.18<1.180.40<0.40ppbvTetrahydrofuran

49034400.68831.50.209.160.688<0.6880.20<0.20ppbvCyclohexane

49034401.231.880.300.461.231.500.300.37ppbvHeptane

49034401.063.330.300.951.06<1.060.30<0.30ppbvHexane

49034405.33<5.330.50<0.505.33<5.330.50<0.50ppbvHexachlorobutadiene

49034403.71<3.710.50<0.503.71<3.710.50<0.50ppbv1,2,4-Trichlorobenzene

49034400.601<0.6010.10<0.100.601<0.6010.10<0.10ppbv1,2-Dichlorobenzene

49034400.601<0.6010.10<0.100.601<0.6010.10<0.10ppbv1,4-Dichlorobenzene

49034402.40<2.400.40<0.402.40<2.400.40<0.40ppbv1,3-Dichlorobenzene

49034402.59<2.590.50<0.502.59<2.590.50<0.50ppbvBenzyl chloride

49034400.460<0.4600.10<0.100.460<0.4600.10<0.10ppbvChlorobenzene

49034402.45<2.450.50<0.502.45<2.450.50<0.50ppbv1,2,4-Trimethylbenzene

49034402.45<2.450.50<0.502.45<2.450.50<0.50ppbv1,3,5-Trimethylbenzene

49034402.46<2.460.50<0.502.46<2.460.50<0.50ppbv4-ethyltoluene

49034400.426<0.4260.10<0.100.426<0.4260.10<0.10ppbvStyrene

49034400.434<0.4340.10<0.100.434<0.4340.10<0.10ppbvo-Xylene

49034400.8681.110.200.260.868<0.8680.20<0.20ppbvp+m-Xylene

49034400.434<0.4340.10<0.100.434<0.4340.10<0.10ppbvEthylbenzene

49034400.3776.620.101.760.3770.8800.100.23ppbvToluene

49034400.3191.350.100.420.319<0.3190.10<0.10ppbvBenzene

QC BatchDL (ug/m3)ug/m3RDLVW-05/1800DL (ug/m3)ug/m3RDLXCG-2 (SVP)/243UNITS

3058530585COC Number

2017/03/112017/03/11Sampling Date

EBG090EBG089Maxxam ID

Page 11 of 26

Maxxam Analytics International Corporation o/a Maxxam Analytics 6740 Campobello Road, Mississauga, Ontario, L5N 2L8 Tel: (905) 817-5700 Toll-Free: 800-563-6266 Fax: (905) 817-5777 www.maxxam.ca



Maxxam Job #: B752667
Report Date: 2018/01/23

XCG Consulting Limited
Client Project #: 4-2352-04.03
Sampler Initials: MCL

VOLATILE ORGANICS BY GC/MS (AIR)

QC Batch = Quality Control Batch

RDL = Reportable Detection Limit

49034400.6781.840.100.270.6784.430.100.65ppbvTetrachloroethylene

49034400.537<0.5370.10<0.100.5371.590.100.30ppbvTrichloroethylene

49034401.70<1.700.20<0.201.70<1.700.20<0.20ppbvDibromochloromethane

49034401.34<1.340.20<0.201.34<1.340.20<0.20ppbvBromodichloromethane

49034402.07<2.070.20<0.202.07<2.070.20<0.20ppbvBromoform

49034400.388<0.3880.10<0.100.388<0.3880.10<0.10ppbvBromomethane

49034400.462<0.4620.10<0.100.462<0.4620.10<0.10ppbv1,2-Dichloropropane

49034400.454<0.4540.10<0.100.454<0.4540.10<0.10ppbvtrans-1,3-Dichloropropene

49034400.454<0.4540.10<0.100.454<0.4540.10<0.10ppbvcis-1,3-Dichloropropene

49034400.687<0.6870.10<0.100.687<0.6870.10<0.10ppbv1,1,2,2-Tetrachloroethane

49034400.546<0.5460.10<0.100.546<0.5460.10<0.10ppbv1,1,2-Trichloroethane

49034400.546<0.5460.10<0.100.5460.9370.100.17ppbv1,1,1-Trichloroethane

49034400.768<0.7680.10<0.100.768<0.7680.10<0.10ppbvEthylene Dibromide

49034400.405<0.4050.10<0.100.405<0.4050.10<0.10ppbv1,2-Dichloroethane

49034400.405<0.4050.10<0.101.21<1.210.30<0.30ppbv1,1-Dichloroethane

49034400.629<0.6290.10<0.100.629<0.6290.10<0.10ppbvCarbon Tetrachloride

49034400.4880.7340.100.150.488<0.4880.10<0.10ppbvChloroform

49034402.78<2.780.80<0.802.78<2.780.80<0.80ppbvMethylene Chloride(Dichloromethane)

49034400.396<0.3960.10<0.100.3965.050.101.27ppbvtrans-1,2-Dichloroethylene

49034400.396<0.3960.10<0.100.39690.60.1022.9ppbvcis-1,2-Dichloroethylene

49034400.396<0.3960.10<0.100.396<0.3960.10<0.10ppbv1,1-Dichloroethylene

49034403.60<3.601.0<1.03.60<3.601.0<1.0ppbvEthyl Acetate

49034400.721<0.7210.20<0.200.721<0.7210.20<0.20ppbvMethyl t-butyl ether (MTBE)

49034404.10<4.101.0<1.04.10<4.101.0<1.0ppbvMethyl Butyl Ketone (2-Hexanone)

49034404.10<4.101.0<1.04.10<4.101.0<1.0ppbvMethyl Isobutyl Ketone

49034402.95<2.951.0<1.02.95<2.951.0<1.0ppbvMethyl Ethyl Ketone (2-Butanone)

49034401.90<1.900.80<0.801.904.450.801.87ppbv2-Propanone

49034402.46<2.461.0<1.02.46<2.461.0<1.0ppbv2-propanol

49034401.15<1.150.15<0.151.15<1.150.15<0.15ppbvTrichlorotrifluoroethane

49034401.88<1.881.0<1.01.8881.71.043.3ppbvEthanol (ethyl alcohol)

49034401.12<1.120.20<0.201.125.850.201.04ppbvTrichlorofluoromethane  (FREON 11)

49034401.11<1.110.50<0.501.11<1.110.50<0.50ppbv1,3-Butadiene

49034400.792<0.7920.30<0.300.79223.10.308.76ppbvChloroethane

49034400.256<0.2560.10<0.101.2812500.50488ppbvVinyl Chloride

49034400.620<0.6200.30<0.300.620<0.6200.30<0.30ppbvChloromethane

49034401.19<1.190.17<0.171.195120.1773.3ppbv1,2-Dichlorotetrafluoroethane

49034400.9898.460.201.713.968550.80173ppbvDichlorodifluoromethane (FREON 12)

QC BatchDL (ug/m3)ug/m3RDLXCG-1 (SVP)/1470DL (ug/m3)ug/m3RDLXCG-100/3017UNITS

3058530585COC Number

2017/03/112017/03/11Sampling Date

EBG092EBG091Maxxam ID
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Maxxam Job #: B752667
Report Date: 2018/01/23

XCG Consulting Limited
Client Project #: 4-2352-04.03
Sampler Initials: MCL

VOLATILE ORGANICS BY GC/MS (AIR)

N/A = Not Applicable

QC Batch = Quality Control Batch

RDL = Reportable Detection Limit

4903440N/AN/A94N/AN/A103%Difluorobenzene

4903440N/AN/A95N/AN/A102%D5-Chlorobenzene

4903440N/AN/A97N/AN/A102%Bromochloromethane

Surrogate Recovery (%)

49034400.704<0.7040.20<0.202.46<2.460.70<0.70ppbvVinyl Acetate

49034401.566.110.501.961.56<1.560.50<0.50ppbvCarbon Disulfide

49034400.934<0.9340.20<0.200.9342.950.200.63ppbv2,2,4-Trimethylpentane

49034402.93<2.931.7<1.70.86172.70.5042.3ppbvPropene

49034400.875<0.8750.20<0.200.875<0.8750.20<0.20ppbvVinyl Bromide

49034400.687<0.6870.10<0.100.687<0.6870.10<0.10ppbv1,1,1,2-Tetrachloroethane

49034401.30<1.300.30<0.301.30<1.300.30<0.30ppbvTotal Xylenes

49034402.62<2.620.50<0.502.62<2.620.50<0.50ppbvNaphthalene

49034403.60<3.601.0<1.03.60<3.601.0<1.0ppbv1,4-Dioxane

49034401.18<1.180.40<0.401.18<1.180.40<0.40ppbvTetrahydrofuran

49034400.688<0.6880.20<0.200.68830.90.208.96ppbvCyclohexane

49034401.231.480.300.361.231.340.300.33ppbvHeptane

49034401.062.940.300.831.063.170.300.90ppbvHexane

49034405.33<5.330.50<0.505.33<5.330.50<0.50ppbvHexachlorobutadiene

49034403.71<3.710.50<0.503.71<3.710.50<0.50ppbv1,2,4-Trichlorobenzene

49034400.601<0.6010.10<0.100.601<0.6010.10<0.10ppbv1,2-Dichlorobenzene

49034400.601<0.6010.10<0.100.601<0.6010.10<0.10ppbv1,4-Dichlorobenzene

49034402.40<2.400.40<0.402.40<2.400.40<0.40ppbv1,3-Dichlorobenzene

49034402.59<2.590.50<0.502.59<2.590.50<0.50ppbvBenzyl chloride

49034400.460<0.4600.10<0.100.460<0.4600.10<0.10ppbvChlorobenzene

49034402.45<2.450.50<0.502.45<2.450.50<0.50ppbv1,2,4-Trimethylbenzene

49034402.45<2.450.50<0.502.45<2.450.50<0.50ppbv1,3,5-Trimethylbenzene

49034402.46<2.460.50<0.502.46<2.460.50<0.50ppbv4-ethyltoluene

49034400.426<0.4260.10<0.100.426<0.4260.10<0.10ppbvStyrene

49034400.434<0.4340.10<0.100.434<0.4340.10<0.10ppbvo-Xylene

49034400.868<0.8680.20<0.200.8681.080.200.25ppbvp+m-Xylene

49034400.434<0.4340.10<0.100.434<0.4340.10<0.10ppbvEthylbenzene

49034400.3771.080.100.290.3772.460.100.65ppbvToluene

49034400.319<0.3190.10<0.100.3191.310.100.41ppbvBenzene

QC BatchDL (ug/m3)ug/m3RDLXCG-1 (SVP)/1470DL (ug/m3)ug/m3RDLXCG-100/3017UNITS

3058530585COC Number

2017/03/112017/03/11Sampling Date

EBG092EBG091Maxxam ID
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Maxxam Analytics International Corporation o/a Maxxam Analytics 6740 Campobello Road, Mississauga, Ontario, L5N 2L8 Tel: (905) 817-5700 Toll-Free: 800-563-6266 Fax: (905) 817-5777 www.maxxam.ca



Maxxam Job #: B752667
Report Date: 2018/01/23

XCG Consulting Limited
Client Project #: 4-2352-04.03
Sampler Initials: MCL

VOLATILE ORGANICS BY GC/MS (AIR)

QC Batch = Quality Control Batch

RDL = Reportable Detection Limit

49034400.67812.60.101.860.6781.400.100.21ppbvTetrachloroethylene

49034400.5375.420.101.010.53711.70.102.18ppbvTrichloroethylene

49034401.70<1.700.20<0.201.70<1.700.20<0.20ppbvDibromochloromethane

49034401.34<1.340.20<0.201.34<1.340.20<0.20ppbvBromodichloromethane

49034402.07<2.070.20<0.202.07<2.070.20<0.20ppbvBromoform

49034400.388<0.3880.10<0.100.388<0.3880.10<0.10ppbvBromomethane

49034400.462<0.4620.10<0.100.462<0.4620.10<0.10ppbv1,2-Dichloropropane

49034400.454<0.4540.10<0.100.454<0.4540.10<0.10ppbvtrans-1,3-Dichloropropene

49034400.454<0.4540.10<0.100.454<0.4540.10<0.10ppbvcis-1,3-Dichloropropene

49034400.687<0.6870.10<0.100.687<0.6870.10<0.10ppbv1,1,2,2-Tetrachloroethane

49034400.546<0.5460.10<0.100.546<0.5460.10<0.10ppbv1,1,2-Trichloroethane

49034400.546<0.5460.10<0.100.546<0.5460.10<0.10ppbv1,1,1-Trichloroethane

49034400.768<0.7680.10<0.100.768<0.7680.10<0.10ppbvEthylene Dibromide

49034400.405<0.4050.10<0.100.405<0.4050.10<0.10ppbv1,2-Dichloroethane

49034400.405<0.4050.10<0.100.4051.740.100.43ppbv1,1-Dichloroethane

49034400.629<0.6290.10<0.100.629<0.6290.10<0.10ppbvCarbon Tetrachloride

49034400.48814.80.103.030.4881.320.100.27ppbvChloroform

49034402.78<2.780.80<0.802.78<2.780.80<0.80ppbvMethylene Chloride(Dichloromethane)

49034400.396<0.3960.10<0.100.3965.490.101.39ppbvtrans-1,2-Dichloroethylene

49034400.3962.360.100.590.3962230.1056.3ppbvcis-1,2-Dichloroethylene

49034400.396<0.3960.10<0.100.3965.720.101.44ppbv1,1-Dichloroethylene

49034403.60<3.601.0<1.03.60<3.601.0<1.0ppbvEthyl Acetate

49034400.721<0.7210.20<0.200.721<0.7210.20<0.20ppbvMethyl t-butyl ether (MTBE)

49034404.10<4.101.0<1.04.10<4.101.0<1.0ppbvMethyl Butyl Ketone (2-Hexanone)

49034404.10<4.101.0<1.04.10<4.101.0<1.0ppbvMethyl Isobutyl Ketone

49034402.95<2.951.0<1.03.24<3.241.1<1.1ppbvMethyl Ethyl Ketone (2-Butanone)

49034401.90<1.900.80<0.8047.5<47.520<20ppbv2-Propanone

49034402.46<2.461.0<1.02.46<2.461.0<1.0ppbv2-propanol

49034401.15<1.150.15<0.151.15<1.150.15<0.15ppbvTrichlorotrifluoroethane

49034401.88<1.881.0<1.01.88<1.881.0<1.0ppbvEthanol (ethyl alcohol)

49034401.12<1.120.20<0.201.12<1.120.20<0.20ppbvTrichlorofluoromethane  (FREON 11)

49034401.11<1.110.50<0.501.11<1.110.50<0.50ppbv1,3-Butadiene

49034400.792<0.7920.30<0.300.7924.360.301.65ppbvChloroethane

49034400.256<0.2560.10<0.100.2561140.1044.8ppbvVinyl Chloride

49034400.620<0.6200.30<0.300.620<0.6200.30<0.30ppbvChloromethane

49034401.1934.30.174.911.195650.1780.9ppbv1,2-Dichlorotetrafluoroethane

49034400.98918.10.203.679.8929502.0597ppbvDichlorodifluoromethane (FREON 12)

QC BatchDL (ug/m3)ug/m3RDLXCG-10 (SVP)/1041DL (ug/m3)ug/m3RDLXCG-13 (SVP)/354UNITS

3058530585COC Number

2017/03/122017/03/12Sampling Date

EBG094EBG093Maxxam ID
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Maxxam Analytics International Corporation o/a Maxxam Analytics 6740 Campobello Road, Mississauga, Ontario, L5N 2L8 Tel: (905) 817-5700 Toll-Free: 800-563-6266 Fax: (905) 817-5777 www.maxxam.ca



Maxxam Job #: B752667
Report Date: 2018/01/23

XCG Consulting Limited
Client Project #: 4-2352-04.03
Sampler Initials: MCL

VOLATILE ORGANICS BY GC/MS (AIR)

N/A = Not Applicable

QC Batch = Quality Control Batch

RDL = Reportable Detection Limit

4903440N/AN/A93N/AN/A102%Difluorobenzene

4903440N/AN/A94N/AN/A101%D5-Chlorobenzene

4903440N/AN/A96N/AN/A102%Bromochloromethane

Surrogate Recovery (%)

49034400.704<0.7040.20<0.204.23<4.231.2<1.2ppbvVinyl Acetate

49034401.5612.80.504.111.56<1.560.50<0.50ppbvCarbon Disulfide

49034400.934<0.9340.20<0.200.9348.170.201.75ppbv2,2,4-Trimethylpentane

49034401.72<1.721.0<1.031.0<31.018<18ppbvPropene

49034400.875<0.8750.20<0.200.875<0.8750.20<0.20ppbvVinyl Bromide

49034400.687<0.6870.10<0.100.687<0.6870.10<0.10ppbv1,1,1,2-Tetrachloroethane

49034401.30<1.300.30<0.301.74<1.740.40<0.40ppbvTotal Xylenes

49034402.62<2.620.50<0.502.62<2.620.50<0.50ppbvNaphthalene

49034403.60<3.601.0<1.03.60<3.601.0<1.0ppbv1,4-Dioxane

49034401.18<1.180.40<0.401.18<1.180.40<0.40ppbvTetrahydrofuran

49034400.688<0.6880.20<0.200.68892.60.2026.9ppbvCyclohexane

49034401.23<1.230.30<0.301.23<1.230.30<0.30ppbvHeptane

49034401.06<1.060.30<0.301.066.030.301.71ppbvHexane

49034405.33<5.330.50<0.505.33<5.330.50<0.50ppbvHexachlorobutadiene

49034403.71<3.710.50<0.503.71<3.710.50<0.50ppbv1,2,4-Trichlorobenzene

49034400.601<0.6010.10<0.100.601<0.6010.10<0.10ppbv1,2-Dichlorobenzene

49034400.601<0.6010.10<0.100.601<0.6010.10<0.10ppbv1,4-Dichlorobenzene

49034402.40<2.400.40<0.402.40<2.400.40<0.40ppbv1,3-Dichlorobenzene

49034402.59<2.590.50<0.502.59<2.590.50<0.50ppbvBenzyl chloride

49034400.460<0.4600.10<0.100.460<0.4600.10<0.10ppbvChlorobenzene

49034402.45<2.450.50<0.502.45<2.450.50<0.50ppbv1,2,4-Trimethylbenzene

49034402.45<2.450.50<0.502.45<2.450.50<0.50ppbv1,3,5-Trimethylbenzene

49034402.46<2.460.50<0.502.46<2.460.50<0.50ppbv4-ethyltoluene

49034400.426<0.4260.10<0.100.426<0.4260.10<0.10ppbvStyrene

49034400.434<0.4340.10<0.100.4340.6080.100.14ppbvo-Xylene

49034400.868<0.8680.20<0.201.30<1.300.30<0.30ppbvp+m-Xylene

49034400.434<0.4340.10<0.100.434<0.4340.10<0.10ppbvEthylbenzene

49034400.3770.7470.100.200.3772.180.100.58ppbvToluene

49034400.319<0.3190.10<0.100.3190.9210.100.29ppbvBenzene

QC BatchDL (ug/m3)ug/m3RDLXCG-10 (SVP)/1041DL (ug/m3)ug/m3RDLXCG-13 (SVP)/354UNITS

3058530585COC Number

2017/03/122017/03/12Sampling Date

EBG094EBG093Maxxam ID
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Maxxam Job #: B752667
Report Date: 2018/01/23

XCG Consulting Limited
Client Project #: 4-2352-04.03
Sampler Initials: MCL

VOLATILE ORGANICS BY GC/MS (AIR)

QC Batch = Quality Control Batch

RDL = Reportable Detection Limit

49034400.6780.7920.100.120.678<0.678<0.10ppbvTetrachloroethylene

49034400.537<0.5370.10<0.100.537<0.537<0.10ppbvTrichloroethylene

49034401.70<1.700.20<0.201.70<1.70<0.20ppbvDibromochloromethane

49034401.34<1.340.20<0.201.34<1.34<0.20ppbvBromodichloromethane

49034402.07<2.070.20<0.202.07<2.07<0.20ppbvBromoform

49034400.388<0.3880.10<0.100.388<0.388<0.10ppbvBromomethane

49034400.462<0.4620.10<0.100.462<0.462<0.10ppbv1,2-Dichloropropane

49034400.454<0.4540.10<0.100.454<0.454<0.10ppbvtrans-1,3-Dichloropropene

49034400.454<0.4540.10<0.100.454<0.454<0.10ppbvcis-1,3-Dichloropropene

49034400.687<0.6870.10<0.100.687<0.687<0.10ppbv1,1,2,2-Tetrachloroethane

49034400.546<0.5460.10<0.100.546<0.546<0.10ppbv1,1,2-Trichloroethane

49034400.546<0.5460.10<0.100.546<0.546<0.10ppbv1,1,1-Trichloroethane

49034400.768<0.7680.10<0.100.768<0.768<0.10ppbvEthylene Dibromide

49034400.405<0.4050.10<0.100.405<0.405<0.10ppbv1,2-Dichloroethane

49034400.405<0.4050.10<0.100.405<0.405<0.10ppbv1,1-Dichloroethane

49034400.629<0.6290.10<0.100.629<0.629<0.10ppbvCarbon Tetrachloride

49034400.48810.50.102.160.4881.400.29ppbvChloroform

49034402.78<2.780.80<0.802.78<2.78<0.80ppbvMethylene Chloride(Dichloromethane)

49034400.396<0.3960.10<0.100.396<0.396<0.10ppbvtrans-1,2-Dichloroethylene

49034400.396<0.3960.10<0.100.396<0.396<0.10ppbvcis-1,2-Dichloroethylene

49034400.396<0.3960.10<0.100.396<0.396<0.10ppbv1,1-Dichloroethylene

49034403.60<3.601.0<1.03.60<3.60<1.0ppbvEthyl Acetate

49034400.721<0.7210.20<0.200.721<0.721<0.20ppbvMethyl t-butyl ether (MTBE)

49034404.10<4.101.0<1.04.10<4.10<1.0ppbvMethyl Butyl Ketone (2-Hexanone)

49034404.10<4.101.0<1.04.10<4.10<1.0ppbvMethyl Isobutyl Ketone

49034402.95<2.951.0<1.02.95<2.95<1.0ppbvMethyl Ethyl Ketone (2-Butanone)

49034401.90<1.900.80<0.801.9011.14.69ppbv2-Propanone

49034402.46<2.461.0<1.02.46<2.46<1.0ppbv2-propanol

49034401.15<1.150.15<0.151.15<1.15<0.15ppbvTrichlorotrifluoroethane

49034401.88<1.881.0<1.01.8821.111.2ppbvEthanol (ethyl alcohol)

49034401.12<1.120.20<0.201.121.210.21ppbvTrichlorofluoromethane  (FREON 11)

49034401.11<1.110.50<0.501.11<1.11<0.50ppbv1,3-Butadiene

49034400.792<0.7920.30<0.300.792<0.792<0.30ppbvChloroethane

49034400.256<0.2560.10<0.100.256<0.256<0.10ppbvVinyl Chloride

49034400.620<0.6200.30<0.300.6204.392.13ppbvChloromethane

49034401.19<1.190.17<0.171.19<1.19<0.17ppbv1,2-Dichlorotetrafluoroethane

49034400.9892.460.200.500.9892.500.51ppbvDichlorodifluoromethane (FREON 12)

QC BatchDL (ug/m3)ug/m3RDLXCG-9 (SVP)/333DL (ug/m3)ug/m3VW-01/332UNITS

3058530585COC Number

2017/03/112017/03/12Sampling Date

EBG096EBG095Maxxam ID
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Maxxam Analytics International Corporation o/a Maxxam Analytics 6740 Campobello Road, Mississauga, Ontario, L5N 2L8 Tel: (905) 817-5700 Toll-Free: 800-563-6266 Fax: (905) 817-5777 www.maxxam.ca



Maxxam Job #: B752667
Report Date: 2018/01/23

XCG Consulting Limited
Client Project #: 4-2352-04.03
Sampler Initials: MCL

VOLATILE ORGANICS BY GC/MS (AIR)

N/A = Not Applicable

QC Batch = Quality Control Batch

RDL = Reportable Detection Limit

4903440N/AN/A97N/AN/A98%Difluorobenzene

4903440N/AN/A93N/AN/A95%D5-Chlorobenzene

4903440N/AN/A99N/AN/A101%Bromochloromethane

Surrogate Recovery (%)

49034400.704<0.7040.20<0.200.704<0.704<0.20ppbvVinyl Acetate

49034401.567.530.502.421.56<1.56<0.50ppbvCarbon Disulfide

49034400.934<0.9340.20<0.200.934<0.934<0.20ppbv2,2,4-Trimethylpentane

49034403.10<3.101.8<1.83.10<3.10<1.8ppbvPropene

49034400.875<0.8750.20<0.200.875<0.875<0.20ppbvVinyl Bromide

49034400.687<0.6870.10<0.100.687<0.687<0.10ppbv1,1,1,2-Tetrachloroethane

49034401.30<1.300.30<0.301.30<1.30<0.30ppbvTotal Xylenes

49034402.62<2.620.50<0.502.62<2.62<0.50ppbvNaphthalene

49034403.60<3.601.0<1.03.60<3.60<1.0ppbv1,4-Dioxane

49034401.18<1.180.40<0.401.18<1.18<0.40ppbvTetrahydrofuran

49034400.688<0.6880.20<0.200.688<0.688<0.20ppbvCyclohexane

49034401.23<1.230.30<0.301.23<1.23<0.30ppbvHeptane

49034401.06<1.060.30<0.301.06<1.06<0.30ppbvHexane

49034405.33<5.330.50<0.505.33<5.33<0.50ppbvHexachlorobutadiene

49034403.71<3.710.50<0.503.71<3.71<0.50ppbv1,2,4-Trichlorobenzene

49034400.601<0.6010.10<0.100.601<0.601<0.10ppbv1,2-Dichlorobenzene

49034400.601<0.6010.10<0.100.601<0.601<0.10ppbv1,4-Dichlorobenzene

49034402.40<2.400.40<0.402.40<2.40<0.40ppbv1,3-Dichlorobenzene

49034402.59<2.590.50<0.502.59<2.59<0.50ppbvBenzyl chloride

49034400.460<0.4600.10<0.100.460<0.460<0.10ppbvChlorobenzene

49034402.45<2.450.50<0.502.45<2.45<0.50ppbv1,2,4-Trimethylbenzene

49034402.45<2.450.50<0.502.45<2.45<0.50ppbv1,3,5-Trimethylbenzene

49034402.46<2.460.50<0.502.46<2.46<0.50ppbv4-ethyltoluene

49034400.426<0.4260.10<0.100.426<0.426<0.10ppbvStyrene

49034400.434<0.4340.10<0.100.434<0.434<0.10ppbvo-Xylene

49034400.868<0.8680.20<0.200.868<0.868<0.20ppbvp+m-Xylene

49034400.434<0.4340.10<0.100.434<0.434<0.10ppbvEthylbenzene

49034400.3770.9450.100.250.3771.620.43ppbvToluene

49034400.319<0.3190.10<0.100.3190.5280.17ppbvBenzene

QC BatchDL (ug/m3)ug/m3RDLXCG-9 (SVP)/333DL (ug/m3)ug/m3VW-01/332UNITS

3058530585COC Number

2017/03/112017/03/12Sampling Date

EBG096EBG095Maxxam ID
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Maxxam Analytics International Corporation o/a Maxxam Analytics 6740 Campobello Road, Mississauga, Ontario, L5N 2L8 Tel: (905) 817-5700 Toll-Free: 800-563-6266 Fax: (905) 817-5777 www.maxxam.ca



Maxxam Job #: B752667
Report Date: 2018/01/23

XCG Consulting Limited
Client Project #: 4-2352-04.03
Sampler Initials: MCL

VOLATILE ORGANICS BY GC/MS (AIR)

QC Batch = Quality Control Batch

RDL = Reportable Detection Limit

49034400.678<0.6780.10<0.100.6783.550.100.52ppbvTetrachloroethylene

49034400.537<0.5370.10<0.100.5371.020.100.19ppbvTrichloroethylene

49034401.70<1.700.20<0.201.70<1.700.20<0.20ppbvDibromochloromethane

49034401.34<1.340.20<0.201.34<1.340.20<0.20ppbvBromodichloromethane

49034402.07<2.070.20<0.202.07<2.070.20<0.20ppbvBromoform

49034400.388<0.3880.10<0.100.388<0.3880.10<0.10ppbvBromomethane

49034400.462<0.4620.10<0.100.462<0.4620.10<0.10ppbv1,2-Dichloropropane

49034400.454<0.4540.10<0.100.454<0.4540.10<0.10ppbvtrans-1,3-Dichloropropene

49034400.454<0.4540.10<0.100.454<0.4540.10<0.10ppbvcis-1,3-Dichloropropene

49034400.687<0.6870.10<0.100.687<0.6870.10<0.10ppbv1,1,2,2-Tetrachloroethane

49034400.546<0.5460.10<0.100.546<0.5460.10<0.10ppbv1,1,2-Trichloroethane

49034400.546<0.5460.10<0.100.546<0.5460.10<0.10ppbv1,1,1-Trichloroethane

49034400.768<0.7680.10<0.100.768<0.7680.10<0.10ppbvEthylene Dibromide

49034400.405<0.4050.10<0.100.405<0.4050.10<0.10ppbv1,2-Dichloroethane

49034400.405<0.4050.10<0.100.4050.5220.100.13ppbv1,1-Dichloroethane

49034400.629<0.6290.10<0.100.629<0.6290.10<0.10ppbvCarbon Tetrachloride

49034400.488<0.4880.10<0.100.48821.20.104.34ppbvChloroform

49034402.78<2.780.80<0.802.78<2.780.80<0.80ppbvMethylene Chloride(Dichloromethane)

49034400.396<0.3960.10<0.100.396<0.3960.10<0.10ppbvtrans-1,2-Dichloroethylene

49034400.396<0.3960.10<0.100.3961.390.100.35ppbvcis-1,2-Dichloroethylene

49034400.396<0.3960.10<0.100.396<0.3960.10<0.10ppbv1,1-Dichloroethylene

49034403.60<3.601.0<1.03.60<3.601.0<1.0ppbvEthyl Acetate

49034400.721<0.7210.20<0.200.721<0.7210.20<0.20ppbvMethyl t-butyl ether (MTBE)

49034404.10<4.101.0<1.04.10<4.101.0<1.0ppbvMethyl Butyl Ketone (2-Hexanone)

49034404.10<4.101.0<1.04.10<4.101.0<1.0ppbvMethyl Isobutyl Ketone

49034402.95<2.951.0<1.02.95<2.951.0<1.0ppbvMethyl Ethyl Ketone (2-Butanone)

49034401.90<1.900.80<0.801.90<1.900.80<0.80ppbv2-Propanone

49034402.46<2.461.0<1.02.46<2.461.0<1.0ppbv2-propanol

49034401.15<1.150.15<0.151.15<1.150.15<0.15ppbvTrichlorotrifluoroethane

49034401.88<1.881.0<1.01.88<1.881.0<1.0ppbvEthanol (ethyl alcohol)

49034401.12<1.120.20<0.201.12<1.120.20<0.20ppbvTrichlorofluoromethane  (FREON 11)

49034401.11<1.110.50<0.501.11<1.110.50<0.50ppbv1,3-Butadiene

49034400.792<0.7920.30<0.300.792<0.7920.30<0.30ppbvChloroethane

49034400.256<0.2560.10<0.100.256<0.2560.10<0.10ppbvVinyl Chloride

49034400.620<0.6200.30<0.300.620<0.6200.30<0.30ppbvChloromethane

49034401.19<1.190.17<0.174.7517900.68255ppbv1,2-Dichlorotetrafluoroethane

49034400.989<0.9890.20<0.203.965710.80115ppbvDichlorodifluoromethane (FREON 12)

QC BatchDL (ug/m3)ug/m3RDLTRIP BLANK/215DL (ug/m3)ug/m3RDLVW-03/1280UNITS

3058530585COC Number

2017/03/122017/03/12Sampling Date

EBG098EBG097Maxxam ID
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Maxxam Job #: B752667
Report Date: 2018/01/23

XCG Consulting Limited
Client Project #: 4-2352-04.03
Sampler Initials: MCL

VOLATILE ORGANICS BY GC/MS (AIR)

N/A = Not Applicable

QC Batch = Quality Control Batch

RDL = Reportable Detection Limit

4903440N/AN/A95N/AN/A95%Difluorobenzene

4903440N/AN/A90N/AN/A92%D5-Chlorobenzene

4903440N/AN/A95N/AN/A99%Bromochloromethane

Surrogate Recovery (%)

49034400.704<0.7040.20<0.200.704<0.7040.20<0.20ppbvVinyl Acetate

49034401.56<1.560.50<0.501.56<1.560.50<0.50ppbvCarbon Disulfide

49034400.934<0.9340.20<0.200.934<0.9340.20<0.20ppbv2,2,4-Trimethylpentane

49034400.861<0.8610.50<0.501.72<1.721.0<1.0ppbvPropene

49034400.875<0.8750.20<0.200.875<0.8750.20<0.20ppbvVinyl Bromide

49034400.687<0.6870.10<0.100.687<0.6870.10<0.10ppbv1,1,1,2-Tetrachloroethane

49034401.30<1.300.30<0.301.30<1.300.30<0.30ppbvTotal Xylenes

49034402.62<2.620.50<0.502.62<2.620.50<0.50ppbvNaphthalene

49034403.60<3.601.0<1.03.60<3.601.0<1.0ppbv1,4-Dioxane

49034401.18<1.180.40<0.401.18<1.180.40<0.40ppbvTetrahydrofuran

49034400.688<0.6880.20<0.200.688<0.6880.20<0.20ppbvCyclohexane

49034401.23<1.230.30<0.301.23<1.230.30<0.30ppbvHeptane

49034401.06<1.060.30<0.301.06<1.060.30<0.30ppbvHexane

49034405.33<5.330.50<0.505.33<5.330.50<0.50ppbvHexachlorobutadiene

49034403.71<3.710.50<0.503.71<3.710.50<0.50ppbv1,2,4-Trichlorobenzene

49034400.601<0.6010.10<0.100.601<0.6010.10<0.10ppbv1,2-Dichlorobenzene

49034400.601<0.6010.10<0.100.601<0.6010.10<0.10ppbv1,4-Dichlorobenzene

49034402.40<2.400.40<0.402.40<2.400.40<0.40ppbv1,3-Dichlorobenzene

49034402.59<2.590.50<0.502.59<2.590.50<0.50ppbvBenzyl chloride

49034400.460<0.4600.10<0.100.460<0.4600.10<0.10ppbvChlorobenzene

49034402.45<2.450.50<0.502.45<2.450.50<0.50ppbv1,2,4-Trimethylbenzene

49034402.45<2.450.50<0.502.45<2.450.50<0.50ppbv1,3,5-Trimethylbenzene

49034402.46<2.460.50<0.502.46<2.460.50<0.50ppbv4-ethyltoluene

49034400.426<0.4260.10<0.100.426<0.4260.10<0.10ppbvStyrene

49034400.434<0.4340.10<0.100.434<0.4340.10<0.10ppbvo-Xylene

49034400.868<0.8680.20<0.200.868<0.8680.20<0.20ppbvp+m-Xylene

49034400.434<0.4340.10<0.100.434<0.4340.10<0.10ppbvEthylbenzene

49034400.377<0.3770.10<0.100.3770.5300.100.14ppbvToluene

49034400.319<0.3190.10<0.100.3190.3660.100.11ppbvBenzene

QC BatchDL (ug/m3)ug/m3RDLTRIP BLANK/215DL (ug/m3)ug/m3RDLVW-03/1280UNITS

3058530585COC Number

2017/03/122017/03/12Sampling Date

EBG098EBG097Maxxam ID
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Maxxam Job #: B752667
Report Date: 2018/01/23

XCG Consulting Limited
Client Project #: 4-2352-04.03
Sampler Initials: MCL

GENERAL COMMENTS

Matrix Gas/Light Hydrocarbon Analysis:  Canisters were pressurized with Helium to enable sampling.  Results and DLs adjusted accordingly.

Matrix Gas Analysis:  Results normalized to 100% dry volume.

Sample  EBG086 [XCG-4 (SVP)/1281]  : Increased DL for 2-propanone due to hydrocarbon interference.

Sample  EBG087 [XCG-12 (SVP)/262]  : Increased DL for propene due to interference from propane.

Sample  EBG088 [XCG-6 (SVP)/238]  : Increased DL for Vinyl acetate and 2-Butanone due to hydrocarbon interference.

Sample  EBG090 [VW-05/1800]  : Increased DL for 1,1-dichloroethane and vinyl acetate due to hydrocarbon interference. Dichlorodifluoromethane
and vinyl chloride were analyzed at a 5X dilution.  The DL’s were adjusted accordingly.

Sample  EBG091 [XCG-100/3017]  : Increased DL for 1,1-dichloroethane and vinyl acetate due to hydrocarbon interference. Dichlorodifluoromethane
was analyzed at a 4X dilution and Vinyl chloride was analyzed at a 5X dilution The DL’s were adjusted accordingly.

Sample  EBG092 [XCG-1 (SVP)/1470]  : Increased DL for propene due to interference from propane.

Sample  EBG093 [XCG-13 (SVP)/354]  : Increased DL for propene due to interference from propane.
 Increased DL for 2-propanone, 2-butanone, M&P-xylenes and vinyl acetate due to hydrocarbon interference. Dichlorodifluoromethane was analyzed
at a 10x dilution. The DL was adjusted accordingly.

Sample  EBG094 [XCG-10 (SVP)/1041]  : Increased DL for propene due to interference from propane.

Sample  EBG095 [VW-01/332]  : Increased DL for propene due to interference from propane.

Sample  EBG096 [XCG-9 (SVP)/333]  : Increased DL for propene due to interference from propane.

Sample  EBG097 [VW-03/1280]  : Increased DL for propene due to interference from propane.
Dichlorodifluoromethane and 1,2-Dichlorotetrafluoroethane were analyzed at a 4X dilution.  The DL’s were adjusted accordingly.

Results relate only to the items tested.
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Maxxam Job #: B752667
Report Date: 2018/01/23

XCG Consulting Limited
Client Project #: 4-2352-04.03
Sampler Initials: MCL

QUALITY ASSURANCE REPORT

QC LimitsUNITS RecoveryValueDate AnalyzedParameterQC TypeInit
QA/QC
Batch

60 - 140%1102017/03/17BromochloromethaneSpiked BlankKM24903440

60 - 140%1152017/03/17D5-Chlorobenzene

60 - 140%1112017/03/17Difluorobenzene

70 - 130%922017/03/17Dichlorodifluoromethane (FREON 12)

70 - 130%872017/03/171,2-Dichlorotetrafluoroethane

70 - 130%872017/03/17Chloromethane

70 - 130%962017/03/17Vinyl Chloride

70 - 130%922017/03/17Chloroethane

70 - 130%1012017/03/171,3-Butadiene

70 - 130%852017/03/17Trichlorofluoromethane  (FREON 11)

70 - 130%702017/03/17Ethanol (ethyl alcohol)

70 - 130%992017/03/17Trichlorotrifluoroethane

70 - 130%912017/03/172-propanol

70 - 130%862017/03/172-Propanone

70 - 130%1012017/03/17Methyl Ethyl Ketone (2-Butanone)

70 - 130%872017/03/17Methyl Isobutyl Ketone

70 - 130%772017/03/17Methyl Butyl Ketone (2-Hexanone)

70 - 130%972017/03/17Methyl t-butyl ether (MTBE)

70 - 130%912017/03/17Ethyl Acetate

70 - 130%882017/03/171,1-Dichloroethylene

70 - 130%892017/03/17cis-1,2-Dichloroethylene

70 - 130%962017/03/17trans-1,2-Dichloroethylene

70 - 130%832017/03/17Methylene Chloride(Dichloromethane)

70 - 130%902017/03/17Chloroform

70 - 130%922017/03/17Carbon Tetrachloride

70 - 130%932017/03/171,1-Dichloroethane

70 - 130%842017/03/171,2-Dichloroethane

70 - 130%1012017/03/17Ethylene Dibromide

70 - 130%892017/03/171,1,1-Trichloroethane

70 - 130%1042017/03/171,1,2-Trichloroethane

70 - 130%1042017/03/171,1,2,2-Tetrachloroethane

70 - 130%1102017/03/17cis-1,3-Dichloropropene

70 - 130%962017/03/17trans-1,3-Dichloropropene

70 - 130%1012017/03/171,2-Dichloropropane

70 - 130%1042017/03/17Bromomethane

70 - 130%1052017/03/17Bromoform

70 - 130%1042017/03/17Bromodichloromethane

70 - 130%1082017/03/17Dibromochloromethane

70 - 130%1122017/03/17Trichloroethylene

70 - 130%1132017/03/17Tetrachloroethylene

70 - 130%1032017/03/17Benzene

70 - 130%1082017/03/17Toluene

70 - 130%962017/03/17Ethylbenzene

70 - 130%932017/03/17p+m-Xylene

70 - 130%952017/03/17o-Xylene

70 - 130%952017/03/17Styrene

70 - 130%982017/03/174-ethyltoluene

70 - 130%922017/03/171,3,5-Trimethylbenzene

70 - 130%922017/03/171,2,4-Trimethylbenzene

70 - 130%1042017/03/17Chlorobenzene

70 - 130%982017/03/17Benzyl chloride

70 - 130%1032017/03/171,3-Dichlorobenzene

70 - 130%972017/03/171,4-Dichlorobenzene

70 - 130%992017/03/171,2-Dichlorobenzene
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Maxxam Job #: B752667
Report Date: 2018/01/23

XCG Consulting Limited
Client Project #: 4-2352-04.03
Sampler Initials: MCL

QUALITY ASSURANCE REPORT(CONT'D)

QC LimitsUNITS RecoveryValueDate AnalyzedParameterQC TypeInit
QA/QC
Batch

70 - 130%1162017/03/171,2,4-Trichlorobenzene

70 - 130%1032017/03/17Hexachlorobutadiene

70 - 130%952017/03/17Hexane

70 - 130%962017/03/17Heptane

70 - 130%1012017/03/17Cyclohexane

70 - 130%922017/03/17Tetrahydrofuran

70 - 130%842017/03/171,4-Dioxane

70 - 130%1142017/03/17Naphthalene

70 - 130%942017/03/17Total Xylenes

70 - 130%1102017/03/17Vinyl Bromide

70 - 130%942017/03/17Propene

70 - 130%1122017/03/172,2,4-Trimethylpentane

70 - 130%1172017/03/17Carbon Disulfide

70 - 130%872017/03/17Vinyl Acetate

60 - 140%1062017/03/17BromochloromethaneMethod BlankKM24903440

60 - 140%1082017/03/17D5-Chlorobenzene

60 - 140%1092017/03/17Difluorobenzene

ppbv<0.202017/03/17Dichlorodifluoromethane (FREON 12)

ppbv<0.172017/03/171,2-Dichlorotetrafluoroethane

ppbv<0.302017/03/17Chloromethane

ppbv<0.102017/03/17Vinyl Chloride

ppbv<0.302017/03/17Chloroethane

ppbv<0.502017/03/171,3-Butadiene

ppbv<0.202017/03/17Trichlorofluoromethane  (FREON 11)

ppbv<1.02017/03/17Ethanol (ethyl alcohol)

ppbv<0.152017/03/17Trichlorotrifluoroethane

ppbv<1.02017/03/172-propanol

ppbv<0.802017/03/172-Propanone

ppbv<1.02017/03/17Methyl Ethyl Ketone (2-Butanone)

ppbv<1.02017/03/17Methyl Isobutyl Ketone

ppbv<1.02017/03/17Methyl Butyl Ketone (2-Hexanone)

ppbv<0.202017/03/17Methyl t-butyl ether (MTBE)

ppbv<1.02017/03/17Ethyl Acetate

ppbv<0.102017/03/171,1-Dichloroethylene

ppbv<0.102017/03/17cis-1,2-Dichloroethylene

ppbv<0.102017/03/17trans-1,2-Dichloroethylene

ppbv<0.802017/03/17Methylene Chloride(Dichloromethane)

ppbv<0.102017/03/17Chloroform

ppbv<0.102017/03/17Carbon Tetrachloride

ppbv<0.102017/03/171,1-Dichloroethane

ppbv<0.102017/03/171,2-Dichloroethane

ppbv<0.102017/03/17Ethylene Dibromide

ppbv<0.102017/03/171,1,1-Trichloroethane

ppbv<0.102017/03/171,1,2-Trichloroethane

ppbv<0.102017/03/171,1,2,2-Tetrachloroethane

ppbv<0.102017/03/17cis-1,3-Dichloropropene

ppbv<0.102017/03/17trans-1,3-Dichloropropene

ppbv<0.102017/03/171,2-Dichloropropane

ppbv<0.102017/03/17Bromomethane

ppbv<0.202017/03/17Bromoform

ppbv<0.202017/03/17Bromodichloromethane

ppbv<0.202017/03/17Dibromochloromethane

ppbv<0.102017/03/17Trichloroethylene

ppbv<0.102017/03/17Tetrachloroethylene
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Maxxam Job #: B752667
Report Date: 2018/01/23

XCG Consulting Limited
Client Project #: 4-2352-04.03
Sampler Initials: MCL

QUALITY ASSURANCE REPORT(CONT'D)

QC LimitsUNITS RecoveryValueDate AnalyzedParameterQC TypeInit
QA/QC
Batch

ppbv<0.102017/03/17Benzene

ppbv<0.102017/03/17Toluene

ppbv<0.102017/03/17Ethylbenzene

ppbv<0.202017/03/17p+m-Xylene

ppbv<0.102017/03/17o-Xylene

ppbv<0.102017/03/17Styrene

ppbv<0.502017/03/174-ethyltoluene

ppbv<0.502017/03/171,3,5-Trimethylbenzene

ppbv<0.502017/03/171,2,4-Trimethylbenzene

ppbv<0.102017/03/17Chlorobenzene

ppbv<0.502017/03/17Benzyl chloride

ppbv<0.402017/03/171,3-Dichlorobenzene

ppbv<0.102017/03/171,4-Dichlorobenzene

ppbv<0.102017/03/171,2-Dichlorobenzene

ppbv<0.502017/03/171,2,4-Trichlorobenzene

ppbv<0.502017/03/17Hexachlorobutadiene

ppbv<0.302017/03/17Hexane

ppbv<0.302017/03/17Heptane

ppbv<0.202017/03/17Cyclohexane

ppbv<0.402017/03/17Tetrahydrofuran

ppbv<1.02017/03/171,4-Dioxane

ppbv<0.502017/03/17Naphthalene

ppbv<0.302017/03/17Total Xylenes

ppbv<0.102017/03/171,1,1,2-Tetrachloroethane

ppbv<0.202017/03/17Vinyl Bromide

ppbv<0.502017/03/17Propene

ppbv<0.202017/03/172,2,4-Trimethylpentane

ppbv<0.502017/03/17Carbon Disulfide

ppbv<0.202017/03/17Vinyl Acetate

25%1.22017/03/17Dichlorodifluoromethane (FREON 12)RPD [EBG089-01]KM24903440

25%NC2017/03/171,2-Dichlorotetrafluoroethane

25%NC2017/03/17Chloromethane

25%NC2017/03/17Vinyl Chloride

25%NC2017/03/17Chloroethane

25%NC2017/03/171,3-Butadiene

25%NC2017/03/17Trichlorofluoromethane  (FREON 11)

25%NC2017/03/17Ethanol (ethyl alcohol)

25%NC2017/03/17Trichlorotrifluoroethane

25%NC2017/03/172-propanol

25%NC2017/03/172-Propanone

25%NC2017/03/17Methyl Ethyl Ketone (2-Butanone)

25%NC2017/03/17Methyl Isobutyl Ketone

25%NC2017/03/17Methyl Butyl Ketone (2-Hexanone)

25%NC2017/03/17Methyl t-butyl ether (MTBE)

25%NC2017/03/17Ethyl Acetate

25%NC2017/03/171,1-Dichloroethylene

25%NC2017/03/17cis-1,2-Dichloroethylene

25%NC2017/03/17trans-1,2-Dichloroethylene

25%NC2017/03/17Methylene Chloride(Dichloromethane)

25%0.702017/03/17Chloroform

25%NC2017/03/17Carbon Tetrachloride

25%NC2017/03/171,1-Dichloroethane

25%NC2017/03/171,2-Dichloroethane

25%NC2017/03/17Ethylene Dibromide
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Maxxam Job #: B752667
Report Date: 2018/01/23

XCG Consulting Limited
Client Project #: 4-2352-04.03
Sampler Initials: MCL

QUALITY ASSURANCE REPORT(CONT'D)

QC LimitsUNITS RecoveryValueDate AnalyzedParameterQC TypeInit
QA/QC
Batch

25%NC2017/03/171,1,1-Trichloroethane

25%NC2017/03/171,1,2-Trichloroethane

25%NC2017/03/171,1,2,2-Tetrachloroethane

25%NC2017/03/17cis-1,3-Dichloropropene

25%NC2017/03/17trans-1,3-Dichloropropene

25%NC2017/03/171,2-Dichloropropane

25%NC2017/03/17Bromomethane

25%NC2017/03/17Bromoform

25%NC2017/03/17Bromodichloromethane

25%NC2017/03/17Dibromochloromethane

25%NC2017/03/17Trichloroethylene

25%4.02017/03/17Tetrachloroethylene

25%NC2017/03/17Benzene

25%4.72017/03/17Toluene

25%NC2017/03/17Ethylbenzene

25%NC2017/03/17p+m-Xylene

25%NC2017/03/17o-Xylene

25%NC2017/03/17Styrene

25%NC2017/03/174-ethyltoluene

25%NC2017/03/171,3,5-Trimethylbenzene

25%NC2017/03/171,2,4-Trimethylbenzene

25%NC2017/03/17Chlorobenzene

25%NC2017/03/17Benzyl chloride

25%NC2017/03/171,3-Dichlorobenzene

25%NC2017/03/171,4-Dichlorobenzene

25%NC2017/03/171,2-Dichlorobenzene

25%NC2017/03/171,2,4-Trichlorobenzene

25%NC2017/03/17Hexachlorobutadiene

25%NC2017/03/17Hexane

25%3.52017/03/17Heptane

25%NC2017/03/17Cyclohexane

25%NC2017/03/17Tetrahydrofuran

25%NC2017/03/171,4-Dioxane

25%NC2017/03/17Naphthalene

25%NC2017/03/17Total Xylenes

25%NC2017/03/171,1,1,2-Tetrachloroethane

25%NC2017/03/17Vinyl Bromide

25%NC2017/03/17Propene

25%NC2017/03/172,2,4-Trimethylpentane

25%0.362017/03/17Carbon Disulfide

25%NC2017/03/17Vinyl Acetate

ug/m3<5.02017/03/17F1-BTEX, C6-C10 (as Toluene)Method BlankKM24903767

ug/m3<5.02017/03/17F2, C10-C16 (as Decane)

25%NC2017/03/17F1-BTEX, C6-C10 (as Toluene)RPD [EBG089-01]KM24903767

25%NC2017/03/17F2, C10-C16 (as Decane)

% v/v<0.12017/03/23OxygenMethod BlankVTH4914859

% v/v<0.12017/03/23Nitrogen

% v/v<0.12017/03/23Carbon Monoxide

% v/v<0.12017/03/23Methane

% v/v<0.12017/03/23Carbon Dioxide

20%0.0492017/03/23OxygenRPD [EBG085-01]VTH4914859

20%02017/03/23Nitrogen

20%NC2017/03/23Carbon Monoxide

20%NC2017/03/23Methane
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Maxxam Job #: B752667
Report Date: 2018/01/23

XCG Consulting Limited
Client Project #: 4-2352-04.03
Sampler Initials: MCL

QUALITY ASSURANCE REPORT(CONT'D)

QC LimitsUNITS RecoveryValueDate AnalyzedParameterQC TypeInit
QA/QC
Batch

20%02017/03/23Carbon Dioxide

ppm<0.12017/03/23EthaneMethod BlankVTH4914918

ppm<0.12017/03/23Ethylene

ppm<22017/03/23Methane

ppm<0.12017/03/23Propane

ppm<0.12017/03/23Propene

30%NC2017/03/27EthaneRPD [EBG085-01]VTH4914918

30%NC2017/03/27Ethylene

30%NC2017/03/27Methane

30%NC2017/03/27Propane

30%NC2017/03/27Propene

NC (Duplicate RPD): The duplicate RPD was not calculated. The concentration in the sample and/or duplicate was too low to permit a reliable RPD calculation (absolute
difference <= 2x RDL).

Surrogate:  A pure or isotopically labeled compound whose behavior mirrors the analytes of interest. Used to evaluate extraction efficiency.

Method Blank:  A blank matrix containing all reagents used in the analytical procedure. Used to identify laboratory contamination.

Spiked Blank: A blank matrix sample to which a known amount of the analyte, usually from a second source, has been added. Used to evaluate method accuracy.

Duplicate:  Paired analysis of a separate portion of the same sample. Used to evaluate the variance in the measurement.
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VALIDATION SIGNATURE PAGE

The analytical data and all QC contained in this report were reviewed and validated by the following individual(s).

Angel Guerrero, Team Leader, VOC Air

Tom Mitchell, B.Sc, Supervisor, Compressed Gases

Maxxam has procedures in place to guard against improper use of the electronic signature and have the required "signatories", as per section 5.10.2 of ISO/IEC
17025:2005(E), signing the reports.  For Service Group specific validation please refer to the Validation Signature Page.
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[This report shall not be reproduced except in full without the written authority of the Laboratory.]

15-MAR-17

Lab Work Order #: L1901643

Date Received:XCG Consulting Limited  (Kitchener)

820 TRILLIUM DRIVE
KITCHENER  ON  N2R 1K4

ATTN: MARY-CATHERINE LANNING
FINAL   
29-MAR-17 14:02 (MT)Report Date:

Version:

Certificate of Analysis

ALS CANADA LTD     Part of the ALS Group     An ALS Limited Company

                                                      ____________________________________________ 

Taryn Williams, B.Sc.
Account Manager

ADDRESS: 9936-67 Avenue, Edmonton, AB T6E 0P5 Canada | Phone: +1 780 413 5227 | Fax: +1 780 437 2311

Client Phone: 519-741-5774

4-2352-04-03Job Reference: 
NOT SUBMITTEDProject P.O. #: 

C of C Numbers:
Legal Site Desc: 



ALS  ENVIRONMENTAL  ANALYTICAL  REPORT

L1901643 CONTD....
2PAGE 

Result D.L. Units Extracted AnalyzedSample Details/Parameters 

of
4-2352-04-03

Qualifier* Batch

* Refer to Referenced Information for Qualifiers (if any) and Methodology.

Version:  FINAL   
8

L1901643-1

L1901643-2

VW-03 G01506875SVI

VW-01 G0150695SVI

CLIENT on 12-MAR-17 @ 14:30

CLIENT on 12-MAR-17

Sampled By:

Sampled By:

TUBE

TUBE

   Miscellaneous Parameters

   Miscellaneous Parameters

Air volume

D3(CVMS)
D3(CVMS)
D4(CVMS)
D4(CVMS)
D5(CVMS)
D5(CVMS)
D6(CVMS)
D6(CVMS)
MM(LVMS)
MM(LVMS)
MDM(LVMS)
MDM(LVMS)
MD2M(LVMS)
MD2M(LVMS)
MD3M(LVMS)
MD3M(LVMS)
Surrogate: 4-Bromofluorobenzene

Tube ID
Batch Proof ID
Tube Usage Number
Tube Manufacturer Date

Air volume

D3(CVMS)
D3(CVMS)
D4(CVMS)
D4(CVMS)
D5(CVMS)
D5(CVMS)
D6(CVMS)
D6(CVMS)
MM(LVMS)
MM(LVMS)
MDM(LVMS)
MDM(LVMS)
MD2M(LVMS)
MD2M(LVMS)
MD3M(LVMS)
MD3M(LVMS)
Surrogate: 4-Bromofluorobenzene

Tube ID
Batch Proof ID
Tube Usage Number

L

ug/m3
ng

ug/m3
ng

ug/m3
ng

ug/m3
ng

ug/m3
ng

ug/m3
ng

ug/m3
ng

ug/m3
ng
%

L

ug/m3
ng

ug/m3
ng

ug/m3
ng

ug/m3
ng

ug/m3
ng

ug/m3
ng

ug/m3
ng

ug/m3
ng
%

21-MAR-17

29-MAR-17
29-MAR-17
29-MAR-17
29-MAR-17
29-MAR-17
29-MAR-17
29-MAR-17
29-MAR-17
29-MAR-17
29-MAR-17
29-MAR-17
29-MAR-17
29-MAR-17
29-MAR-17
29-MAR-17
29-MAR-17
29-MAR-17

29-MAR-17
29-MAR-17
29-MAR-17
29-MAR-17

21-MAR-17

29-MAR-17
29-MAR-17
29-MAR-17
29-MAR-17
29-MAR-17
29-MAR-17
29-MAR-17
29-MAR-17
29-MAR-17
29-MAR-17
29-MAR-17
29-MAR-17
29-MAR-17
29-MAR-17
29-MAR-17
29-MAR-17
29-MAR-17

29-MAR-17
29-MAR-17
29-MAR-17

.06

<170
<10
<170
<10
<170
<10
<170
<10
<170
<10
<170
<10
<170
<10
<170
<10
90.0

G0150687SVI
6-Nov-16

N/A
N/A

.06

<170
<10
<170
<10
<170
<10
<170
<10
<170
<10
<170
<10
<170
<10
<170
<10
91.0

G0150695SVI
6-Nov-16

N/A

Linear & Cyclic Methyl Siloxanes

Tube Information

Linear & Cyclic Methyl Siloxanes

Tube Information

170
10
170
10
170
10
170
10
170
10
170
10
170
10
170
10

50-150

170
10
170
10
170
10
170
10
170
10
170
10
170
10
170
10

50-150

Matrix:

Matrix:

R3680758

R3686757
R3686757
R3686757
R3686757
R3686757
R3686757
R3686757
R3686757
R3686757
R3686757
R3686757
R3686757
R3686757
R3686757
R3686757
R3686757
R3686757

R3686805
R3686805
R3686805
R3686805

R3680758

R3686757
R3686757
R3686757
R3686757
R3686757
R3686757
R3686757
R3686757
R3686757
R3686757
R3686757
R3686757
R3686757
R3686757
R3686757
R3686757
R3686757

R3686805
R3686805
R3686805
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Result D.L. Units Extracted AnalyzedSample Details/Parameters 

of
4-2352-04-03

Qualifier* Batch

* Refer to Referenced Information for Qualifiers (if any) and Methodology.

Version:  FINAL   
8

L1901643-2

L1901643-3

L1901643-4

VW-01 G0150695SVI

VW-05 G0150642SVI

XCG-290 G0150640SVI

CLIENT on 12-MAR-17

CLIENT on 11-MAR-17

CLIENT on 11-MAR-17

Sampled By:

Sampled By:

Sampled By:

TUBE

TUBE

TUBE

   Miscellaneous Parameters

   Miscellaneous Parameters

Tube Manufacturer Date

Air volume

D3(CVMS)
D3(CVMS)
D4(CVMS)
D4(CVMS)
D5(CVMS)
D5(CVMS)
D6(CVMS)
D6(CVMS)
MM(LVMS)
MM(LVMS)
MDM(LVMS)
MDM(LVMS)
MD2M(LVMS)
MD2M(LVMS)
MD3M(LVMS)
MD3M(LVMS)
Surrogate: 4-Bromofluorobenzene

Tube ID
Batch Proof ID
Tube Usage Number
Tube Manufacturer Date

Air volume

D3(CVMS)
D3(CVMS)
D4(CVMS)
D4(CVMS)
D5(CVMS)
D5(CVMS)
D6(CVMS)
D6(CVMS)
MM(LVMS)
MM(LVMS)
MDM(LVMS)
MDM(LVMS)
MD2M(LVMS)
MD2M(LVMS)
MD3M(LVMS)
MD3M(LVMS)

L

ug/m3
ng

ug/m3
ng

ug/m3
ng

ug/m3
ng

ug/m3
ng

ug/m3
ng

ug/m3
ng

ug/m3
ng
%

L

ug/m3
ng

ug/m3
ng

ug/m3
ng

ug/m3
ng

ug/m3
ng

ug/m3
ng

ug/m3
ng

ug/m3
ng

29-MAR-17

21-MAR-17

29-MAR-17
29-MAR-17
29-MAR-17
29-MAR-17
29-MAR-17
29-MAR-17
29-MAR-17
29-MAR-17
29-MAR-17
29-MAR-17
29-MAR-17
29-MAR-17
29-MAR-17
29-MAR-17
29-MAR-17
29-MAR-17
29-MAR-17

29-MAR-17
29-MAR-17
29-MAR-17
29-MAR-17

21-MAR-17

29-MAR-17
29-MAR-17
29-MAR-17
29-MAR-17
29-MAR-17
29-MAR-17
29-MAR-17
29-MAR-17
29-MAR-17
29-MAR-17
29-MAR-17
29-MAR-17
29-MAR-17
29-MAR-17
29-MAR-17
29-MAR-17

N/A

.06

<170
<10
<170
<10
<170
<10
<170
<10
<170
<10
<170
<10
<170
<10
<170
<10
98.5

G0150642SVI
6-Jan-17

N/A
N/A

.06

<170
<10
<170
<10
<170
<10
<170
<10
<170
<10
<170
<10
<170
<10
<170
<10

Tube Information

Linear & Cyclic Methyl Siloxanes

Tube Information

Linear & Cyclic Methyl Siloxanes

170
10
170
10
170
10
170
10
170
10
170
10
170
10
170
10

50-150

170
10
170
10
170
10
170
10
170
10
170
10
170
10
170
10

Matrix:

Matrix:

Matrix:

R3686805

R3680758

R3686757
R3686757
R3686757
R3686757
R3686757
R3686757
R3686757
R3686757
R3686757
R3686757
R3686757
R3686757
R3686757
R3686757
R3686757
R3686757
R3686757

R3686805
R3686805
R3686805
R3686805

R3680758

R3686757
R3686757
R3686757
R3686757
R3686757
R3686757
R3686757
R3686757
R3686757
R3686757
R3686757
R3686757
R3686757
R3686757
R3686757
R3686757
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Result D.L. Units Extracted AnalyzedSample Details/Parameters 

of
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Qualifier* Batch

* Refer to Referenced Information for Qualifiers (if any) and Methodology.

Version:  FINAL   
8

L1901643-4

L1901643-5

L1901643-6

XCG-290 G0150640SVI

XCG-1 (SVP) G0150699SVI

XCG-13 (SVP) G0150688SVI

CLIENT on 11-MAR-17

CLIENT on 11-MAR-17

CLIENT on 12-MAR-17

Sampled By:

Sampled By:

Sampled By:

TUBE

TUBE

TUBE

   Miscellaneous Parameters

   Miscellaneous Parameters

Surrogate: 4-Bromofluorobenzene

Tube ID
Batch Proof ID
Tube Usage Number
Tube Manufacturer Date

Air volume

D3(CVMS)
D3(CVMS)
D4(CVMS)
D4(CVMS)
D5(CVMS)
D5(CVMS)
D6(CVMS)
D6(CVMS)
MM(LVMS)
MM(LVMS)
MDM(LVMS)
MDM(LVMS)
MD2M(LVMS)
MD2M(LVMS)
MD3M(LVMS)
MD3M(LVMS)
Surrogate: 4-Bromofluorobenzene

Tube ID
Batch Proof ID
Tube Usage Number
Tube Manufacturer Date

Air volume

D3(CVMS)
D3(CVMS)
D4(CVMS)
D4(CVMS)
D5(CVMS)
D5(CVMS)
D6(CVMS)
D6(CVMS)
MM(LVMS)
MM(LVMS)
MDM(LVMS)

%

L

ug/m3
ng

ug/m3
ng

ug/m3
ng

ug/m3
ng

ug/m3
ng

ug/m3
ng

ug/m3
ng

ug/m3
ng
%

L

ug/m3
ng

ug/m3
ng

ug/m3
ng

ug/m3
ng

ug/m3
ng

ug/m3

29-MAR-17

29-MAR-17
29-MAR-17
29-MAR-17
29-MAR-17

21-MAR-17

29-MAR-17
29-MAR-17
29-MAR-17
29-MAR-17
29-MAR-17
29-MAR-17
29-MAR-17
29-MAR-17
29-MAR-17
29-MAR-17
29-MAR-17
29-MAR-17
29-MAR-17
29-MAR-17
29-MAR-17
29-MAR-17
29-MAR-17

29-MAR-17
29-MAR-17
29-MAR-17
29-MAR-17

21-MAR-17

29-MAR-17
29-MAR-17
29-MAR-17
29-MAR-17
29-MAR-17
29-MAR-17
29-MAR-17
29-MAR-17
29-MAR-17
29-MAR-17
29-MAR-17

92.5

G0150640SVI
7-Feb-17

N/A
N/A

.06

<170
<10
<170
<10
<170
<10
<170
<10
<170
<10
<170
<10
<170
<10
<170
<10
92.8

G0150699SVI
6-Nov-16

N/A
N/A

.06

<170
<10
<170
<10
<170
<10
<170
<10
<170
<10
<170

Linear & Cyclic Methyl Siloxanes

Tube Information

Linear & Cyclic Methyl Siloxanes

Tube Information

Linear & Cyclic Methyl Siloxanes

50-150

170
10
170
10
170
10
170
10
170
10
170
10
170
10
170
10

50-150

170
10
170
10
170
10
170
10
170
10
170

Matrix:

Matrix:

Matrix:

R3686757

R3686805
R3686805
R3686805
R3686805

R3680758

R3686757
R3686757
R3686757
R3686757
R3686757
R3686757
R3686757
R3686757
R3686757
R3686757
R3686757
R3686757
R3686757
R3686757
R3686757
R3686757
R3686757

R3686805
R3686805
R3686805
R3686805

R3680758

R3686757
R3686757
R3686757
R3686757
R3686757
R3686757
R3686757
R3686757
R3686757
R3686757
R3686757
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of
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Qualifier* Batch

* Refer to Referenced Information for Qualifiers (if any) and Methodology.

Version:  FINAL   
8

L1901643-6

L1901643-7

L1901643-8

XCG-13 (SVP) G0150688SVI

XCG-6 (SVP) G0150069SVI

XCG-2 (SVP) G0150637SVI

CLIENT on 12-MAR-17

CLIENT on 13-MAR-17

CLIENT on 11-MAR-17

Sampled By:

Sampled By:

Sampled By:

TUBE

TUBE

TUBE

   Miscellaneous Parameters

   Miscellaneous Parameters

MDM(LVMS)
MD2M(LVMS)
MD2M(LVMS)
MD3M(LVMS)
MD3M(LVMS)
Surrogate: 4-Bromofluorobenzene

Tube ID
Batch Proof ID
Tube Usage Number
Tube Manufacturer Date

Air volume

D3(CVMS)
D3(CVMS)
D4(CVMS)
D4(CVMS)
D5(CVMS)
D5(CVMS)
D6(CVMS)
D6(CVMS)
MM(LVMS)
MM(LVMS)
MDM(LVMS)
MDM(LVMS)
MD2M(LVMS)
MD2M(LVMS)
MD3M(LVMS)
MD3M(LVMS)
Surrogate: 4-Bromofluorobenzene

Tube ID
Batch Proof ID
Tube Usage Number
Tube Manufacturer Date

Air volume

D3(CVMS)
D3(CVMS)
D4(CVMS)
D4(CVMS)
D5(CVMS)
D5(CVMS)

ng
ug/m3

ng
ug/m3

ng
%

L

ug/m3
ng

ug/m3
ng

ug/m3
ng

ug/m3
ng

ug/m3
ng

ug/m3
ng

ug/m3
ng

ug/m3
ng
%

L

ug/m3
ng

ug/m3
ng

ug/m3
ng

29-MAR-17
29-MAR-17
29-MAR-17
29-MAR-17
29-MAR-17
29-MAR-17

29-MAR-17
29-MAR-17
29-MAR-17
29-MAR-17

21-MAR-17

29-MAR-17
29-MAR-17
29-MAR-17
29-MAR-17
29-MAR-17
29-MAR-17
29-MAR-17
29-MAR-17
29-MAR-17
29-MAR-17
29-MAR-17
29-MAR-17
29-MAR-17
29-MAR-17
29-MAR-17
29-MAR-17
29-MAR-17

29-MAR-17
29-MAR-17
29-MAR-17
29-MAR-17

21-MAR-17

29-MAR-17
29-MAR-17
29-MAR-17
29-MAR-17
29-MAR-17
29-MAR-17

<10
<170
<10
<170
<10
93.2

G0150688SVI
6-Nov-16

N/A
N/A

.06

<170
<10
<170
<10
<170
<10
<170
<10
<170
<10
<170
<10
<170
<10
<170
<10
92.0

G0150069SVI
6-Nov-16

N/A
N/A

.06

<170
<10
<170
<10
<170
<10

Linear & Cyclic Methyl Siloxanes

Tube Information

Linear & Cyclic Methyl Siloxanes

Tube Information

Linear & Cyclic Methyl Siloxanes

10
170
10
170
10

50-150

170
10
170
10
170
10
170
10
170
10
170
10
170
10
170
10

50-150

170
10
170
10
170
10

Matrix:

Matrix:

Matrix:

R3686757
R3686757
R3686757
R3686757
R3686757
R3686757

R3686805
R3686805
R3686805
R3686805

R3680758

R3686757
R3686757
R3686757
R3686757
R3686757
R3686757
R3686757
R3686757
R3686757
R3686757
R3686757
R3686757
R3686757
R3686757
R3686757
R3686757
R3686757

R3686805
R3686805
R3686805
R3686805

R3680758

R3686757
R3686757
R3686757
R3686757
R3686757
R3686757
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L1901643-8

L1901643-9

L1901643-10

XCG-2 (SVP) G0150637SVI

XCG-10 (SVP) G0150698SVI

XCG-4 (SVP0 G0150677SVI

CLIENT on 11-MAR-17

CLIENT on 12-MAR-17

CLIENT on 14-MAR-17

Sampled By:

Sampled By:

Sampled By:

TUBE

TUBE

TUBE

   Miscellaneous Parameters

   Miscellaneous Parameters

D6(CVMS)
D6(CVMS)
MM(LVMS)
MM(LVMS)
MDM(LVMS)
MDM(LVMS)
MD2M(LVMS)
MD2M(LVMS)
MD3M(LVMS)
MD3M(LVMS)
Surrogate: 4-Bromofluorobenzene

Tube ID
Batch Proof ID
Tube Usage Number
Tube Manufacturer Date

Air volume

D3(CVMS)
D3(CVMS)
D4(CVMS)
D4(CVMS)
D5(CVMS)
D5(CVMS)
D6(CVMS)
D6(CVMS)
MM(LVMS)
MM(LVMS)
MDM(LVMS)
MDM(LVMS)
MD2M(LVMS)
MD2M(LVMS)
MD3M(LVMS)
MD3M(LVMS)
Surrogate: 4-Bromofluorobenzene

Tube ID
Batch Proof ID
Tube Usage Number
Tube Manufacturer Date

Air volume

D3(CVMS)

ug/m3
ng

ug/m3
ng

ug/m3
ng

ug/m3
ng

ug/m3
ng
%

L

ug/m3
ng

ug/m3
ng

ug/m3
ng

ug/m3
ng

ug/m3
ng

ug/m3
ng

ug/m3
ng

ug/m3
ng
%

L

ug/m3

29-MAR-17
29-MAR-17
29-MAR-17
29-MAR-17
29-MAR-17
29-MAR-17
29-MAR-17
29-MAR-17
29-MAR-17
29-MAR-17
29-MAR-17

29-MAR-17
29-MAR-17
29-MAR-17
29-MAR-17

21-MAR-17

29-MAR-17
29-MAR-17
29-MAR-17
29-MAR-17
29-MAR-17
29-MAR-17
29-MAR-17
29-MAR-17
29-MAR-17
29-MAR-17
29-MAR-17
29-MAR-17
29-MAR-17
29-MAR-17
29-MAR-17
29-MAR-17
29-MAR-17

29-MAR-17
29-MAR-17
29-MAR-17
29-MAR-17

21-MAR-17

29-MAR-17

<170
<10
<170
<10
<170
<10
<170
<10
<170
<10
87.5

G0150637SVI
7-Feb-17

N/A
N/A

.06

<170
<10
<170
<10
<170
<10
<170
<10
<170
<10
<170
<10
<170
<10
<170
<10
91.7

G0150698SVI
6-Nov-16

N/A
N/A

.06

<170

Linear & Cyclic Methyl Siloxanes

Tube Information

Linear & Cyclic Methyl Siloxanes

Tube Information

Linear & Cyclic Methyl Siloxanes

170
10
170
10
170
10
170
10
170
10

50-150

170
10
170
10
170
10
170
10
170
10
170
10
170
10
170
10

50-150

170

Matrix:

Matrix:

Matrix:

R3686757
R3686757
R3686757
R3686757
R3686757
R3686757
R3686757
R3686757
R3686757
R3686757
R3686757

R3686805
R3686805
R3686805
R3686805

R3680758

R3686757
R3686757
R3686757
R3686757
R3686757
R3686757
R3686757
R3686757
R3686757
R3686757
R3686757
R3686757
R3686757
R3686757
R3686757
R3686757
R3686757

R3686805
R3686805
R3686805
R3686805

R3680758

R3686757
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L1901643-10 XCG-4 (SVP0 G0150677SVI
CLIENT on 14-MAR-17Sampled By:

TUBE

D3(CVMS)
D4(CVMS)
D4(CVMS)
D5(CVMS)
D5(CVMS)
D6(CVMS)
D6(CVMS)
MM(LVMS)
MM(LVMS)
MDM(LVMS)
MDM(LVMS)
MD2M(LVMS)
MD2M(LVMS)
MD3M(LVMS)
MD3M(LVMS)
Surrogate: 4-Bromofluorobenzene

Tube ID
Batch Proof ID
Tube Usage Number
Tube Manufacturer Date

ng
ug/m3

ng
ug/m3

ng
ug/m3

ng
ug/m3

ng
ug/m3

ng
ug/m3

ng
ug/m3

ng
%

29-MAR-17
29-MAR-17
29-MAR-17
29-MAR-17
29-MAR-17
29-MAR-17
29-MAR-17
29-MAR-17
29-MAR-17
29-MAR-17
29-MAR-17
29-MAR-17
29-MAR-17
29-MAR-17
29-MAR-17
29-MAR-17

29-MAR-17
29-MAR-17
29-MAR-17
29-MAR-17

<10
<170
<10
<170
<10
<170
<10
<170
<10
<170
<10
<170
<10
<170
<10
91.2

G0150677SVI
25-Oct-16

N/A
N/A

Linear & Cyclic Methyl Siloxanes

Tube Information

10
170
10
170
10
170
10
170
10
170
10
170
10
170
10

50-150

Matrix:

R3686757
R3686757
R3686757
R3686757
R3686757
R3686757
R3686757
R3686757
R3686757
R3686757
R3686757
R3686757
R3686757
R3686757
R3686757
R3686757

R3686805
R3686805
R3686805
R3686805



AIR VOLUME-WT

SILOXANES-GCMS-WT

Reference Information

Air volume (L)

Linear & Cyclic Methyl Siloxanes

L1901643 CONTD....

8PAGE of

4-2352-04-03

This analysis is performed using procedures adapted from EPA Method TO-17, ISO Method 16017 & NIOSH Method 2549. Air samples actively 
collected on PE VI TD tubes are thermally stripped & the analytes are re-collected on trapping material of a focusing trap in the thermal desorber. The 
analytes are then thermally desorbed into a GC-MSD for analysis.  Test results are not blank corrected unless indicated by a qualifier.  

This analysis was performed under AIHA-IHLAP Scope of Accreditation, GC/MS Field of Testing which is compliant with AIHA-LAP, LLC Accreditation 
Policy Modules & ISO/IEC 17025:2005 Standard.

TD tube samples will be retained for 7 calendar days after final report.  If you require a longer TD tube storage time, please contact your account 
manager.

ALS Test Code Test Description

Misc.

Tube

DATA ENTRY

EPA TO-17

Method Reference** 

** ALS test methods may incorporate modifications from specified reference methods to improve performance.

Matrix 

The last two letters of the above test code(s) indicate the laboratory that performed analytical analysis for that test. Refer to the list below:

Laboratory Definition Code Laboratory Location

WT ALS ENVIRONMENTAL - WATERLOO, ONTARIO, CANADA

Test Method References:            

Chain of Custody Numbers:

GLOSSARY OF REPORT TERMS
Surrogates are compounds that are similar in behaviour to target analyte(s), but that do not normally occur in environmental samples. For    
applicable tests, surrogates are added to samples prior to analysis as a check on recovery. In reports that display the D.L. column, laboratory 
objectives for surrogates are listed there.
mg/kg - milligrams per kilogram based on dry weight of sample
mg/kg wwt - milligrams per kilogram based on wet weight of sample
mg/kg lwt - milligrams per kilogram based on lipid-adjusted weight 
mg/L  - unit of concentration based on volume, parts per million.
<  - Less than.
D.L. - The reporting limit.
N/A - Result not available. Refer to qualifier code and definition for explanation.

Test results reported relate only to the samples as received by the laboratory.
UNLESS OTHERWISE STATED, ALL SAMPLES WERE RECEIVED IN ACCEPTABLE CONDITION.
Analytical results in unsigned test reports with the DRAFT watermark are subject to change, pending final QC review.

Version:  FINAL   
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Client:

Contact:

XCG Consulting Limited  (Kitchener)
820 TRILLIUM DRIVE 
KITCHENER  ON  N2R 1K4
MARY-CATHERINE LANNING

Report Date: 29-MAR-17Workorder: L1901643

Test Matrix Reference Result Qualifier Units RPD Limit Analyzed

SILOXANES-GCMS-WT Tube

R3686757Batch
LCS

LCSD

MB

WG2501885-2

WG2501885-3

WG2501885-1

WG2501885-2

D3(CVMS)

D4(CVMS)

D5(CVMS)

D6(CVMS)

MM(LVMS)

MDM(LVMS)

MD2M(LVMS)

MD3M(LVMS)

D3(CVMS)

D4(CVMS)

D5(CVMS)

D6(CVMS)

MM(LVMS)

MDM(LVMS)

MD2M(LVMS)

MD3M(LVMS)

D3(CVMS)

D4(CVMS)

D5(CVMS)

D6(CVMS)

MM(LVMS)

MDM(LVMS)

MD2M(LVMS)

MD3M(LVMS)

Surrogate: 4-Bromofluorobenzene

127.8

106.3

107.0

115.3

119.5

107.3

110.5

120.0

153

98

94

113

124

121

107

114

<10

<10

<10

<10

<10

<10

<10

<10

91.5

29-MAR-17

29-MAR-17

29-MAR-17

29-MAR-17

29-MAR-17

29-MAR-17

29-MAR-17

29-MAR-17

29-MAR-17

29-MAR-17

29-MAR-17

29-MAR-17

29-MAR-17

29-MAR-17

29-MAR-17

29-MAR-17

29-MAR-17

29-MAR-17

29-MAR-17

29-MAR-17

29-MAR-17

29-MAR-17

29-MAR-17

29-MAR-17

29-MAR-17

18

8.4

13

2.4

4.1

12

3.0

5.1

50

50

50

50

50

50

50

50

70-130

70-130

70-130

70-130

70-130

70-130

70-130

70-130

%

%

%

%

%

%

%

%

%

%

%

%

%

%

%

%

ng

ng

ng

ng

ng

ng

ng

ng

%

10

10

10

10

10

10

10

10

50-150

127.8

106.3

107.0

115.3

119.5

107.3

110.5

120.0
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Page 2 ofReport Date: 29-MAR-17Workorder: L1901643

Limit    ALS Control Limit (Data Quality Objectives)
DUP     Duplicate
RPD     Relative Percent Difference
N/A        Not Available
LCS      Laboratory Control Sample
SRM     Standard Reference Material
MS        Matrix Spike
MSD     Matrix Spike Duplicate
ADE      Average Desorption Efficiency
MB        Method Blank
IRM       Internal Reference Material
CRM     Certified Reference Material
CCV      Continuing Calibration Verification
CVS      Calibration Verification Standard
LCSD   Laboratory Control Sample Duplicate

Legend:

The ALS Quality Control Report is provided to ALS clients upon request.  ALS includes comprehensive QC checks with every analysis to 
ensure our high standards of quality are met.  Each QC result has a known or expected target value, which is compared against pre-
determined data quality objectives to provide confidence in the accuracy of associated test results.

Please note that this report may contain QC results from anonymous Sample Duplicates and Matrix Spikes that do not originate from this 
Work Order.

Hold Time Exceedances:

All test results reported with this submission were conducted within ALS recommended hold times.

ALS recommended hold times may vary by province.  They are assigned to meet known provincial and/or federal government 
requirements.  In the absence of regulatory hold times, ALS establishes recommendations based on guidelines published by the 
US EPA, APHA Standard Methods, or Environment Canada (where available).  For more information, please contact ALS.
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