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EXECUTIVE SUMMARY

Public Works and Government Services Canada (PWGSC), on behalf of Parks Canada,
retained Tetra Tech WEI Inc. (Tetra Tech) to undertake a Phase Il Environmental
Investigation at the Lobstick maintenance compound in Prince Albert National Park
(herein after referred to as the site). Tetra Tech completed the field investigation
between October 10 and October 17, 2012.

The Lobstick maintenance compound is located in Prince Albert National Park
approximately 800 m southwest of the centre of the Town of Waskesiu Lake,
Saskatchewan. The site has operated as a maintenance compound and storage area
for grounds-keeping equipment for the surrounding Lobstick Golf Course since initial
course development in the 1930s. The site is located entirely within the boundaries of
the Lobstick Golf Course.

Current site infrastructure comprises two single storey wood-frame maintenance
garages (Shop A and Shop B) enclosing a small gravelled courtyard where a newer
chemical storage building, an aboveground used oil tank, and propane storage tank are
located. Three additional buildings associated with the maintenance compound,
comprising smaller storage sheds and stores buildings are located on a north/south
access road to the east of the compound. A 7000 L dual compartment ConVault® tank
is located to the south of the Shop B building.

Environmental assessments have been completed in 1996 and 2010 to present in the
form of soil and groundwater investigations. A Preliminary Quantitative Risk
Assessment (PQRA), Remedial Action Plan (RAP) and Remediation Options Analysis
(ROA) were conducted in 2011.

The objectives of the Phase lll Investigation were:

e To assess impacts at the site since land use changed from parkland to commercial
land use since the previous assessment.

e  To further delineate previously-identified petroleum hydrocarbon (PHC) and
dissolved metal impacts to soil and groundwater. The impacts are potentially
associated with a former underground storage tank (UST), an operating used oil
tank, and an operating aboveground dual-compartment petroleum storage tank that
were located at the west end of the gravelled surface between the Shop A and
Shop B Maintenance Garages. These facilities are located in close proximity to
each other and are therefore considered together as one Area of Potential
Environmental Concern (APEC). In addition, undertake the assessment of
potential impacts from historical storage and handling of
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dichloro-diphenyl-tricholorethane-trichloroethane (DDT) between the 1940s to
1970s for pesticide control;

e To characterize the natural attenuation potential of the subsurface environment at
the site;

e To assess the potential for intrusion of PHC-impacted vapours into the current and
future buildings at the site;

e  To update the remediation options analysis (ROA) completed for the site in 2011
with additional options that may include innovative remediation technologies for the
PHC impacts, and the DDT impacts at the site. (provided under separate cover);
and

e  To update the score and rank the site using the Canadian Council of Ministers of
the Environment (CCME) National Classification System for Contaminated Sites
Guidance Document PN1403 (November 2010)(NCSCS).

ScoPE OF WORK

The executed scope of work for the 2012 Environmental Investigation included the
following activities:

e Previous investigations referenced guidelines for residential/parkland land use
since it was unclear what the future land use would be at the site at the time of the
previous investigations. Parks Canada Agency PCA considered the use of the
most conservative guidelines to be acceptable at that time. For the purposes of
this 2012 investigation, PCA confirmed that the future land use in the area of
investigation will remain as a maintenance compound and will be limited to
commercial activities Therefore, the guidelines for commercial land use were
referenced during this assessment.

e Field Program:

»  Borehole Drilling: Drilled and/or hand augered 20 boreholes ranging in depth
from 1.05 metres below ground surface (mbgs) to 9 mbgs; completed three
boreholes as groundwater monitoring wells; and completed four boreholes as
soil vapour wells. Selected soil samples were analysed for PHCs, DDT, grain
size, and fraction organic carbon. The hand augered borehole for DDT soil
sample collection was drilled to 1.45 mbgs.

»  Environmental Monitoring: 18 new and existing groundwater monitoring wells
at the site were inspected and monitored for physical condition, the
presence / absence of light non-aqueous phase liquids (LNAPL), water levels,
and geochemical parameters indicative of biodegradation. Groundwater wells
were also measured for water quality parameters that included pH, electrical
conductivity (EC), temperature, combustible vapour well headspace
concentrations, and dissolved oxygen (DO). Groundwater samples were
analysed for PHCs, dissolved metals, routine water parameters, and microbial
parameters.
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»  Soil Vapour Sampling: Developed two of four soil vapour wells that did not
have saturated screens after installation.

»  Site Survey: All boreholes, monitoring wells, and soil vapour wells were
located using a Global Position System (GPS) unit

»  Surface Water Body Observation: A visual and GPS survey of the surface
water bodies surrounding the site was undertaken.

»  Quality Assurance/Quality Control (QA/QC) sample collection

SIGNIFICANT FINDINGS AND CONCLUSIONS

The stratigraphy at this site is somewhat heterogeneous, but generally comprised a
surface covering of sand or gravel fill within the parking or roadway areas to a
depth of approximately 1 mbgs. Outside of the areas with prepared surfaces,
organic silts were encountered. In either case these materials were underlain by
silt that was encountered in all boreholes at depths of approximately 2.75 mbgs to
3.5 mbgs (occasionally deeper). The silt was typically underlain by olive-brown
clay with periodic cobbles and silt or sand seams to the total investigated depth of
10.25 mbgs. Discontinuous lenses of wet sand were generally encountered at
depths greater than 7 mbgs at six of 39 borehole locations. Four boreholes were
re-drilled due to auger refusal on cobbles or hard packed materials.

PHCs at concentrations exceeding the Canadian Council of Ministers of the
Environment (CCME), Canadian Environmental Quality Guidelines (CEQG) (2008)
commercial guidelines were identified in soil samples obtained from borehole
BH39-12. The identified PHC impacts to soil have been delineated. Based on the
results of the October 2012 drilling program, the volume of PHC-impacted soil is
estimated to be in the order of 2800 m°.

Detectable DDT soil concentrations did not exceed the CCME CEQG (2008)
commercial land use guideline. DDT was measured in surficial soils (0 mbgs to
0.3 mbgs) collected from boreholes BH32-12, BH33-12, BH34-12, BH42-12,
BH45-12, and in soil samples collected from borehole BH44-12 at depths of
0.75 mbgs to 1.5 mbgs.

Dissolved benzene and PHC fraction F1 at concentrations exceeding the Federal
Contaminated Sites Action Plan 2012, Guidance Document on Federal Interim
Groundwater Quality Guidelines for Federal Contaminated Sites. (FIGQG)
commercial land use guidelines were identified in groundwater samples collected
from monitoring wells BH-12 and BH23. Dissolved-phase PHCs were delineated.

One or more dissolved metals were detected in groundwater samples collected
from all of the monitoring wells at the site; however, there are no applicable FIGQG
(2012) commercial land use guidelines for dissolved metals.

Groundwater monitoring wells were inspected on October 10, 2012. LNAPL was
not detected on the groundwater surface in any of the monitoring wells at the site
on this date. Groundwater levels ranged from 0.47 mbgs to 7.89 mbgs and the
groundwater appeared to be mounded with an inferred radial groundwater flow
away from the maintenance compound.
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e A natural attenuation assessment was completed during the October 2012 event.
Trends indicative of biodegradation were observed. The results of this assessment
indicate that the site has the potential to naturally attenuate the dissolved PHC
impacts.

e  Soil vapour samples collected from two of the four soil vapour wells installed had
analytical results that were 1,400 to 2,700,000 times less than the soil vapour
objectives. Two of the soil vapour wells were flooded with groundwater or had
saturated soil surrounding the well and could not be sampled during this event.

e The NCSCS Site Score for the former Lobstick maintenance compound and the
surrounding affected areas is 48.1, which corresponds with a Site Classification
Category of 3 (Low Priority for Action).

Tetra Tech is of the opinion that the identified impacts pose low risk to human and
environmental receptors at this site. Specifically, it was observed that the bulk of the
PHC-impacted soils at this site lie below an approximately 20 m wide lightly forested
strip that acts as a buffer between the maintenance compound and the 14th hole of the
Lobstick Golf Course. Within this location impacts are generally located from
approximately 2.5 mbgs to approximately 6.9 mbgs. It would be anticipated that if the
Lobstick maintenance compound were to be redeveloped that the buffer strip would be
retained suggesting that there would be few risks to allowing these impacts to attenuate
in place.
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.0

INTRODUCTION

1.1

Public Works and Government Services Canada (PWGSC), on behalf of Parks Canada
Agency (PCA), retained Tetra Tech WEI Inc. (Tetra Tech) in October 2012 to undertake
an environmental investigation program at the Lobstick Golf Course, Waskesiu Lake in
Prince Albert National Park, Saskatchewan (herein after referred to as the site). The
environmental investigation program was required in follow-up to a previously-
completed 2011 Remedial Options Analysis (ROA) and Preliminary Quantitative Risk
Assessment of the site.

PROJECT OBJECTIVES

To update the ROA completed for the site in 2011 with additional options that may
include innovative remediation technologies for the petroleum hydrocarbon (PHC)
impacts, and the dichloro-diphenyl-tricholorethane-trichloroethane (DDT) impacts at
the site. The ROA was updated prior to field data being collected in 2012 to
facilitate the fieldwork scope development.

To further delineate previously-identified PHC impacts to soil and groundwater in
the vicinity of a former underground storage tank (UST) (the potential source) that
was located at the west end of the gravelled surface between the Shop A and
Shop B Maintenance Garages. This area comprises the primary Area of Potential
Environmental Concern (APEC) at the site and is hereafter referred to as the site,
or area of investigation. Other APEC locations are present at this site, notably an
operating used oil tank and an operating aboveground dual-compartment
petroleum storage tank. However, these facilities are located in close proximity to
the former UST and they are therefore considered together with the
aforementioned APEC.

To characterize the natural attenuation potential of the subsurface environment at
the site.

To assess the potential for intrusion of subsurface PHC vapours into the current
and future buildings at the site.

To update the score and rank the site using the Canadian Council of Ministers of
the Environment (CCME) National Classification System for Contaminated Sites
Guidance Document PN1403 (November 2010) (NCSCS).

Public Works and Government Services Canada 1 1018901603-REP-V0001-02
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1.2 ScoPE OF WORK

The scope of work for the 2012 Environmental Investigation included the following
activities:
e  Safety Management:

Completion of a Parks Canada Safety Attestation Form; and
Development of a Site-Specific Safety Plan (SSSP).

e Field Program:

Borehole Drilling: Drilling and/or hand augering of a total of 20 boreholes
comprising drilling of 10 PHC and/or DDT delineation boreholes; drilling and/or
hand augering of three shallow boreholes for DDT assessment; completion of
three boreholes as groundwater monitoring wells; and completion of four
boreholes as soil vapour wells, including:

- Documentation on borehole logs of soil stratigraphy;

- Continuous soil sampling in boreholes and submission of all soil samples
to the laboratory;

- Analysing of soil samples for PHCs, DDT, grain size, and fraction organic
carbon; and

- Selection of Shelby tube recovered from boreholes completed as soil
vapour wells.

Environmental Monitoring: Completion of inspections of 18 new and existing

groundwater monitoring wells at the site, including:

- Documentation of each monitoring well’s physical condition;

- Determination of the presence/ absence of light non-aqueous phase
liquids (LNAPL) using an interface probe;

- Determination of the depth to groundwater; and

- Measurement of geochemical parameters indicative of biodegradation
using a low flow pump and flow through cell.

Groundwater Sampling, including:

- Purging of the monitoring wells;

- Measurement of water quality parameters at each well including pH,
electrical conductivity (EC), temperature, combustible vapour well
headspace concentrations, and dissolved oxygen (DO); and

- Collection of groundwater samples for the laboratory analysis of PHCs,
dissolved metals, routine water parameters, and microbial parameters.

Soil Vapour Sampling:

- Development of the soil vapour wells after installation; and

- Sampling of the soil vapour wells with a Summa® canister, using helium
as a tracer gas.

Site Survey:

- Locating of all boreholes, monitoring wells, and soil vapour wells using a
Global Positioning System (GPS) unit.

Surface Water Body Observation:

- Completion of a visual and GPS survey of the surface water bodies
surrounding the site.
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»  Quality Assurance/Quality Control (QA/QC):

- Collection of two duplicate soil samples and two duplicate groundwater
samples for analysis of the respective media parameters as a field QA/QC
measure.

e  Technical Report Preparation.

e Update the Remedial Options Analysis (provided under separate cover).

1.3 ScoPE CHANGES

e Borehole BH33-12 was moved from the original proposed location due to excessive
trees, after discussions with the on-site PCA representative.

e Boreholes VW25-12, VW26-12, BH37-12 and BH38-12 were moved from the
original proposed locations to further away from the maintenance shop buildings,
because groundwater in the original locations was shallower than the proposed
vapour well screens.

e Borehole BH41-12 was the only PHC delineation borehole to be completed to the
original proposed depth of 9 metres below ground surface (mbgs), due to refusal
on cobbles. Boreholes BH33-12, BH39-12, and BH42-12 were completed to a
depth of 7.8 mbgs. Boreholes BH29-12, BH30-12, BH31-12, BH34-12, and
BH40-12 were completed to a depth of 8 mbgs. Boreholes BH32-12 and BH37-12
were completed to a depth of 8.3 mbgs. Boreholes BH35-12 and BH38-12 were
completed to a depth of 8.5 mbgs.

e  Monitoring well MW30-12 did not have sufficient groundwater recharge to sample
for laboratory analyses.

e  Monitoring wells MW29-12 and MW20-12 had not stabilized during the
groundwater monitoring event, rendering their groundwater elevations invalid in the
average depth to groundwater calculation.

e  Soil vapour wells VW26-12 and VW28-12 could not be sampled during this event
due to groundwater infiltration into the well or saturated soil surrounding the well.
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2.0

SITE SETTING

2.1

SITE OVERVIEW

The Lobstick maintenance compound is located in Prince Albert National Park
approximately 800 m southwest of the centre of the Town of Waskesiu Lake,
Saskatchewan. The Town of Waskesiu Lake is located on the eastern shore of
Waskesiu Lake which in turn is located approximately 85 km north-northwest of the City
of Prince Albert, Saskatchewan.

The site has operated as a maintenance compound and storage area for grounds-
keeping equipment for the surrounding Lobstick Golf Course since initial course
development in the 1930s.

Current site infrastructure comprises two single storey wood-frame maintenance
garages (Shop A and Shop B) enclosing a small gravelled courtyard where a newer
chemical storage building, an aboveground used oil tank and propane storage tank are
located. Shop A is serviced by potable water; however, Shop B is not. The locations of
the underground water distribution and sewage piping are unknown. These services
were not identified in the area of investigation during the utility locates conducted prior
to drilling. Three additional buildings associated with the maintenance compound,
comprising smaller storage sheds and stores buildings are located on a north/south
access road to the east of the compound. A 7000 L dual compartment ConVault® tank
is located to the south of the Shop B building.

The maintenance compound is located along the eastern edge of the Lobstick Golf
Course and is bordered to the west and south by the fairways and greens for holes 13
and 14. The area to the east and north of the compound comprises a grassy laydown
area followed by small fens and sloughs. The site is accessed by an unnamed
gravelled service road that is accessed from a parking lot along Wapiti Drive near the
Town centre. Access to the site via this road is secured to vehicle entry with a gate;
however, access to the maintenance compound is generally unrestricted to foot traffic
along this road or from the adjoining golf course fairways.

Selected photographs of the area of investigation are presented in Appendix A. A
general location and site plan are presented as Figures 1 and 2, in Appendix B. The
locations of utilities at and adjacent to the subject site are indicated on Figure 2, in
Appendix B.
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2.2

2.3

2.4

SITE HISTORY

In a report prepared by Environmental Services for Public Works and Government
Services Canada in July 1996 entitled: Contamination Assessment, Lobstick Golf
Course Maintenance Yard, Prince Albert National Park, Saskatchewan, it was reported
that historical (pre-1995) petroleum infrastructure at the site comprised one 2200 L steel
single-wall UST that was located west of the current chemical storage building. It was
reported that there were also one 900 L and one 1300 L aboveground petroleum
storage tanks (AST) at the site, but their location was unknown. All three of these tanks
were removed and replaced with one aboveground 7000 L dual compartment
ConVault® storage tank located to the east of the current chemical storage building.
During a site inspection by Tetra Tech in the fall of 2010 it was observed that the
ConVault® tank had been relocated to a gravelled area approximately 10 m to the south
of the Shop B building (Tetra Tech 2011b).

PCA informed Tetra Tech that the site was also known to store DDT for historical
pesticide application programs that occurred in the park between the 1940s to 1970s. It
is unknown how long DDT chemical storage and handling occurred specifically at the
site. Activities also expected to have occurred historically at the site include fuelling,
lubricating and servicing of grounds-keeping equipment; storage of fertilizer and
herbicides; used oil storage and handling; and painting.

ADJACENT LAND USE

The site is located inside Prince Albert National Park and entirely within the boundaries
of the Lobstick Golf Course. The surrounding land uses include:

e North: Lobstick Golf Course, followed by seasonal residential properties at a
distance of approximately 375 m, followed by Waskesiu Lake at a
distance of approximately 530 m.

o East Lobstick Golf Course, followed by seasonal residential properties at a
distance of approximately 700 m.

e South: Lobstick Golf Course, followed by Lakeview Drive at a distance of
approximately 350 m, and then forested parkland.

o West: Lobstick Golf Course, followed by Lakeview Drive and Waskesiu Lake
at a distance of approximately 685 m.

TOPOGRAPHY

The area of investigation at the Lobstick maintenance compound comprises a gravelled
yard, with forest to the north and east and golf course fairways to the south and west.
Surface drainage immediately adjacent to the site will likely be to the west and
northwest based on observed surficial topography. However, regionally surface
drainage appears to be to the east and northeast.
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2.5

2.6

A topographical map of the area is provided as Figure 1 in Appendix B.

SURFACE WATER/HYDROLOGY

As part of the 2012 investigation, Tetra Tech made note of the proximity of surface
water bodies to the subject site and their potential utilization by wildlife. Nine water
bodies were identified to the east and northeast of the maintenance compound, all of
which are less than 150 m in diameter. The three smallest bodies are sloughs, located
approximately 150 m to 350 m to the east of the maintenance compound. The three
largest water bodies are ponds, which lie northeast of the site at approximate distances
ranging from 350 m to 450 m from the site. Extensive algal growth was observed in all
seven of the sloughs visited by Tetra Tech staff. Beavers appear to inhabit the three
ponds as evidenced by existing lodges on each and observations of recently gnawed
tree stumps and branches. Muskrats and other small rodents were also sighted in and
around these ponds. Some of the surface water bodies may also be utilized as drinking
water by wildlife that was seen near the site throughout the investigation, including elk,
deer, a fox, grouse, and other birds.

Waskesiu Lake is located north and west of the site. The closest approach of the lake
to the site is a shallow cove that is located approximately 530 northwest of the site. The
next closest approach is approximately 600 m to the west.

Selected photographs of the water bodies are presented in Appendix A.

REGIONAL AND LocAL GEOLOGY

The Town of Waskesiu Lake is located in north central Saskatchewan. The topography
of the Waskesiu Lake area comprises undulating moraine deposits of stratified glacial
sediments of sand, gravel, and clay that were deposited from Wisconsinan glacial ice
during periods of advance, stagnation, and retreat. These deposits, that are collectively
referred to as drift, are approximately 160 m thick in the Waskesiu Lake area. The
glacial drift overlies the southern limit of the Lower Cretaceous Ashville Formation (part
of the Lower Colorado Group). The Ashville Formation is an aquitard that comprises
dark grey to black non-calcareous siltstone and claystone.

The stratigraphy at this site is somewhat heterogeneous, but generally comprised a
surface covering of sand or gravel fill within the parking or roadway areas to a depth of
approximately 1 mbgs. Outside of the areas with prepared surfaces, organic silts were
encountered. In either case these materials were underlain by silt that was
encountered in all boreholes at depths of approximately 2.75 mbgs to 3.5 mbgs
(occasionally deeper). The silt was typically underlain by olive-brown clay with periodic
cobbles and silt or sand seams to the maximum investigated depth of 10.25 mbgs. Wet
sand sequences were observed in boreholes BH-13 (3.0 mbgs to 3.15 mbgs), BH20
(7.5 mbgs to 10.25 mbgs), BH21 (7.0 mbgs to 7.25 mbgs), BH30-12 (4.5 mbgs to
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2.7

2.8

2.8.1

5.9 mbgs), BH33-21 (7.65 mbgs to 7.8 mbgs), and BH38-12 (0.5 mbgs to 4.0 mbgs);
however, they do not appear to be continuous across the site.

REGIONAL AND LOCAL HYDROGEOLOGY

A review of the Saskatchewan Watershed Authority (SWA) database indicated that
there was no registered groundwater withdrawal wells located in the vicinity of the
subject site.

Communications with officials from PCA revealed that the Town of \Waskesiu Lake
obtains it potable water from Waskesiu Lake.

Groundwater investigations at this site (November 2010 and February/March 2011)
revealed that the apparent direction of shallow groundwater flow was to the north.
Rising head test data for monitoring well BH-9 (screened in the silt from approximately
2.0 mbgs to 6.0 mbgs) revealed that the average horizontal hydraulic conductivity value
for the soil within the screened interval of the well was 3.3 x 10 cm/s.

Using select wells, the average depth to groundwater during the November 2010 event
was 2 mbgs; this had fallen to a depth of approximately 4 mbgs when the site was
inspected again during the March 2011 inspection and sampling event. The average
depth to groundwater during the October 2012 event was 1.6 mbgs. The observed
groundwater elevations and interpreted flow direction for the October 2012 inspection
and sampling event are provided on Figures 4 and 7 in Appendix B.

PREVIOUS SITE INVESTIGATIONS

SUMMARY OF INVESTIGATIONS

Two Environmental Site Assessments (ESAs) and the Preliminary Qualitative Risk
Assessment (PQRA) were reviewed for background information. In 1996, a limited ESA
was conducted by PWGSC and a Phase Ill ESA was completed by Tetra Tech in 2010.
A brief review of both ESAs is presented below.

The Environmental Services branch of PWGSC conducted a limited environmental site
assessment of the subject site in 1996 to assess PHC impacts, to identify remedial
strategies, and to determine if closure was possible based on observed impact levels
relative to federal and provincial standards of the day. Three boreholes were drilled to
the east of the former UST location and in a semi-circular pattern around the
aboveground ConVault® tank, which at the time was located between the two
maintenance garages. None of the boreholes were completed as monitoring wells, so
no groundwater analytical data was obtained. Additionally, no borehole logs were
submitted with the report from which the general site stratigraphy could have been
interpreted. Five soil samples were submitted to Accutest Laboratories for PHC
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analyses. These analyses revealed that all of the submitted samples contained
detectable concentrations of PHCs. The report concluded by recommending that the
site needed to be remediated (PWGSC 1996).

Tetra Tech conducted a two stage Phase Il ESA in October/November 2010 and
January/February 2011 to delineate PHC impacts to soil and groundwater identified in
the vicinity of a former UST. The ESAs included drilling 24 boreholes, installing 16
groundwater monitoring wells, and collecting soil and groundwater samples. Soil
analysis identified PHCs at concentrations that exceeded CCME Canada-Wide
Standard for Petroleum Hydrocarbons (PHC) in Soil (CWS) (2008) coarse-grained soil
quality guidelines in a residential/parkland land use setting in eight of the new boreholes
drilled. PHC concentrations in groundwater were greater than the Federal
Contaminated Sites Action Plan, Guidance Document on Federal Interim Groundwater
Quality Guidelines for Federal Contaminated Sites, 2010 (FIGQG) guidelines for
coarse-grained soil in a residential/parkland land use setting in six of the monitoring
wells. Dissolved and/or total regulated metals were also identified in all of the wells
sampled at the site. The site was classified according to the National Classification
System for Contaminated Sites based on the results of the 2011 ESA. Tetra Tech
recommended annual groundwater sampling to determine if natural attenuation of
dissolved-phase PHCs is occurring and also recommended further groundwater
assessment to determine background concentrations of metals for the area. The report
concluded with a recommendation for a risk assessment to evaluate potential
subsurface PHC vapour inhalation risks to occupants of current and proposed
structures at the site (Tetra Tech 2011b).

Tetra Tech completed a groundwater sampling event and a Preliminary Quantitative
Risk Assessment (PQRA) in April 2012. The assessment included sampling of three
proximate Town of Waskesiu Lake water wells, considered to represent background
groundwater conditions, as well as the sampling of 11 groundwater monitoring wells at
the site. One or more of dissolved aluminum, cadmium, copper and/or iron were
identified at concentrations greater than the FIGQG (2010) guidelines in all samples
obtained from the Town of Waskesiu Lake water wells. The PQRA evaluated the
potential exposure by human, terrestrial, wildlife, and aquatic receptors to current PHC
impacts at the maintenance compound. Risks were estimated using conservative
assumptions such as exposure to maximum concentrations and screening level
modelling approaches, which are commensurate with this level of risk assessment. The
risk assessment focussed on direct soil and groundwater exposure, and vapour
intrusion. Groundwater to surface water pathways were evaluated as a secondary
exposure pathway as dissolved-phase PHCs at the site are not expected to impact
surface water quality. This secondary exposure pathway was referred to as a
groundwater check, which evaluated the potential for impacts to migrate to Waskesiu
Lake and nearby beaver ponds.
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2.8.2

SUMMARY OF KEY ISSUES

The previous environmental investigations identified approximately 4200 m® of
PHC-impacted soil at this site at concentrations in excess of the CCME CEQG and
CWS (2008) environmental quality guidelines (EQG) for residential/parkland land use
that were used for assessment purposes. These impacts are present to the south and
west of the former gasoline UST (the potential source) that was located at the west end
of the gravelled surface between the Shop A and Shop B Maintenance Garages. PHC
impacts appear to have migrated in a west to northwesterly direction based on
laboratory data received, away from the former UST and are now present beneath a
lightly forested area that buffers the Lobstick maintenance compound from the 14™ hole
of the Lobstick Golf Course. These impacts to soil were delineated vertically and
horizontally.

Impacts to soil associated with the former UST were detected at a depth of 2.5 mbgs
and were detected to be present to a depth of 6.85 mbgs based on the results of
laboratory analyses. PHC-impacted soils were detected at grade, near the filler spout
of the used oil tank that is located on the west side of the Shop A Maintenance Garage.
Impacts to the soil at this location overlap with the area that was affected by PHCs from
the UST as described above.

Metals in soils were not encountered within the area of investigation at concentrations in
excess of the CCME CEQG (2008) residential/parkland EQG, used for assessment
purposed at the time, for the identified operable receptor pathways during previous
environmental investigations.

DDT (total) was detected in soil samples recovered from two locations on the site. The
soil sample analytical results indicated the presence of DDT (total) in two samples at
concentrations above the CCME CEQG (2008) residential/parkland guidelines used for
assessment purposes at the time. Detectable concentrations of DDT (total) were
identified in four other soil samples. The DDT was generally found in the surficial soil
from surface to 0.3 mbgs.

PHCs were detected in groundwater samples collected from monitoring wells BH-12
and BH23 within the area of investigation at concentrations in excess of the FIGQG
(2010) residential/parkland guidelines used for assessment purposes at the time.
These groundwater impacts were found to correlate with the plume of PHC-impacted
soil. PHC concentrations in groundwater were at a maximum (benzene concentration
of 19 mg/L) in monitoring well BH-12, near the potential source. PHC concentrations in
groundwater were found to decrease to less than the assessment guidelines in the
periphery wells.

Dissolved metals (including aluminum, silver, cadmium, iron, nickel and lead) were
identified in groundwater samples collected from monitoring wells BH-4, BH-6, BH-7,
BH-9, BH-10, BH-12, BH-13, BH-14, BH17, and BH21 at concentrations above the
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FIGQG (2010) residential/parkland guidelines. The definitive source of these metals is

not known.
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3.0

ENVIRONMENTAL QUALITY GUIDELINES

3.1

3.1.1

FEDERAL ENVIRONMENTAL GUIDELINES FOR SOIL

As the site is located within a national park, federal environmental guidelines are
considered applicable at the site. The environmental quality guidelines (EQG) used for
assessment purposes during this project are presented in the documents entitled:

e  Canadian Environmental Quality Guidelines (CEQG), CCME, 2008.

e  Canada-Wide Standard for Petroleum Hydrocarbons (PHC) in Soil (CWS), CCME,
2008.

e Guidelines for Canadian Drinking Water Quality (DW), Health Canada, 2012.

e Federal Contaminated Sites Action Plan, Guidance Document on Federal Interim
Groundwater Quality Guidelines for Federal Contaminated Sites, 2012.

FEDERAL SoiL GUIDELINES FOR PHCS IN SoiL

The CCME CEQG (2008) present soil quality guidelines that were derived specifically
for the protection of ecological receptors in the environment and for the protection of
human health associated with four land uses: agricultural, residential/parkland,
commercial, and industrial. These guidelines are further subdivided based on the
predominant soil texture that controls contaminant migration.

The CCME CWS (2008) sets standards for PHC-impacted soils that are to be
implemented across Canada. These guidelines present target values for PHC fractions
F1to F4. The CCME CWS (2008) are also based on four land uses: agricultural,
residential/parkland, commercial, and industrial, and present different target values
based on soil texture.

PATHWAY MODIFICATION OR ELIMINATIONS

The CCME CWS (2008) was developed for the assessment of PHC-impacted sites in
Canada.

These guidelines have been developed to provide guidance in assessing the potential
risks from PHC impacts to human and environmental receptors at sites throughout
Canada. The guidelines were calculated using a number of conservative assumptions
regarding site conditions at and in the vicinity of potentially PHC-impacted sites. The
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3.1.3

3.1.4

guidelines do not apply in all situations and have not been developed for all potential
constituents that may be of concern at a given site.

The standards were developed for various land use categories and can be applied at
any one of three levels or “Tiers”: Tier 1 standards provide generic numerical standards
corresponding to four generic land use scenarios (agricultural, residential/parkland,
commercial, and industrial). Where site specific information is available that can be
used in place of (or to supplement) the generic information used in developing the

Tier 1 standards, the Tier 1 guidelines can be adjusted to Tier 2 standards. At Tier 3
site-specific risk assessment and/or risk management standards can be developed. At
all three Tiers the same degree of human health and environmental protection is
required; however, higher Tiers require more detailed supporting site-specific data.

TIER 1 ASSESSMENT FOR SOILS

As discussed Tier 1 guidelines represent generic values for the assessment of impacts
to soil or groundwater at a given site. No modification of the generic values or pathway
elimination is permitted at Tier 1. However, for soils, sites can be assessed with
respect to land use and the predominant soil type (coarse or fine-grained) that controls
constituent migration at the site.

For the area of investigation encompassed by this report, Tetra Tech has determined
that pathway modification or elimination is possible and has therefore elected to assess
this site to the more appropriate Tier 2 guidelines.

TIER 2 ASSESSMENT FOR SOILS

A Tier 2 assessment provides a mechanism whereby impacts to soil and groundwater
can be assessed to site-specific guidelines, based on various combinations of receptors
and potential pathways that may be present at the site. Specifically, the completion of a
Tier 2 assessment permits the adjustment of guidelines where it can be shown that,
based on site conditions or on the application of administrative controls, either the
pathway is incomplete or the receptor is not present.

The following sections assess the applicability of exposure to PHCs at the subject site
via selected Tier 2 exposure pathways (including, but not limited to: soil and/or food
ingestion check, dermal contact, inhalation, ecological soil contact check, nutrient and
energy cycling check, potable groundwater check, aquatic life check, and management
limit).

Once the pathway adjustment has been completed, Tier 2 standards, based on the
most conservative values of all the active exposure pathways, are selected as the
appropriate assessment guidelines for the site.
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3.1.5.1

3.1.5.2

3.1.56.3

3.1.5.4

SITE-SPECIFIC TIER 2 ASSESSMENT FOR SOILS

SOIL INGESTION AND DERMAL CONTACT

The soil ingestion and dermal contact pathways are considered applicable to sites
where there is a potential for direct contact with PHC-impacted soil.

PHC impacts to soil were observed at surface in the vicinity of the used oil tank that is
located on the west side of the north maintenance shop (Shop A). Therefore, the soil
ingestion and dermal contact pathways are considered applicable to this site.

INHALATION OF INDOOR AIR CHECK

The vapour inhalation pathway is operable for all sites which may have buildings
located within 30 m of identified PHC impacts to soil or groundwater (CCME CWS,
2008).

PHC impacts to soil have been observed in boreholes BH-7 and BH-8, among others,
that were drilled adjacent to the Shop A and Shop B maintenance garages and as such,
the vapour inhalation pathway is considered applicable for this site.

ECOLOGICAL SoIL CONTACT

The site is covered by gravel and grass and PHC impacts to soil have been identified at
surface; as such, ecological receptors could potentially come in contact with PHC
constituents in soil and groundwater. Therefore, the ecological soil contact pathway is
considered applicable to this site.

The ecological soil contact pathway is operable for all soils exhibiting PHC impacts at
depths less than 3 mbgs. However, section 3.2.4 of the CCME Canada-Wide
Standards for Petroleum Hydrocarbons (PHC) in Soils, User Guidance PN 1398 states
that:

e  The ecological soil contact pathway may be eliminated for soils below 3 m depth.

Consequently, the ecological soil contact pathway has been eliminated at this site for
PHC impacts that are located at depths that are greater than 3 mbgs.

POTABLE GROUNDWATER CHECK

Environmental investigations to date have revealed that PHC impacts to soil are present
at this site from surface to approximately 8 mbgs. The maximum depth of the
environmental investigations to date was 10.25 mbgs in borehole BH20. Through to
this depth no potential domestic use aquifer was observed; therefore, the potable
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3.1.8.5

3.1.5.6

3.1.5.7

groundwater check is eliminated due to the absence of an operable pathway. Further it
has been reported that residents of Waskesiu Lake obtain their potable water from
Waskesiu Lake. Therefore, even if the site were underlain by a potential domestic use
aquifer it is unlikely that it would be used for potable purposes due to the proximal and
abundant source that is Waskesiu Lake. ‘

It should be noted; however, that wet sand was observed in borehole BH20 from

7.5 mbgs to approximately 9 mbgs and in borehole BH33-12 at 7.65 mbgs to 7.8 mbgs
(the maximum depth of investigation of this borehole). This sand was not observed in
any of the surrounding boreholes (BH17, BH29-12, BH42-12) suggesting that this sand
is discontinuous and not likely to be sufficient to provide a viable aquifer.

GROUNDWATER FOR FRESHWATER AQUATIC LIFE CHECK

The groundwater for freshwater aquatic life check is applicable within 500 m of the
impacts. Groundwater flow to the north/northeast was reported at this site in the fall of
2010 and in the winter of 2011. Sloughs were observed at distances of approximately
of 150 m and 300 m to the east and the closest beaver pond was observed at a
distance of approximately 300 m from the site to the east. Dissolved PHC-impacts have
been delineated to non-detectable levels in the perimeter monitoring wells BH16, BH17,
BH19, BH21, BH29-12, and BH31-12, which are between 20 m and 40 m from the
source area. A review of natural attenuation parameters, including dissolved oxygen
(DO), nitrate-nitrogen, dissolved iron, dissolved manganese, and alkalinity, in the
groundwater suggests there are trends indicative of biodegradation of PHC occurring at
the site. Therefore for the purposes of this assessment, the freshwater aquatic life
pathway is not considered applicable.

MANAGEMENT LIMIT

Management Limits only apply to PHC Fractions F1 to F4, and are imposed at all sites
in order to address other effects related to PHC impacts, including: free phase
formation, exposure of workers in trenches to PHC vapours, fire and explosion hazards,
effects on buried infrastructure, and aesthetic considerations.

Management limits are not adjustable at Tier 2 and always apply, regardless of depth of
impact, and take into account the potential for direct human contact with soil brought to
the surface during construction or other disturbances.

LAND USE ASSESSMENT

The site is located within Prince Albert National Park; however, the area of investigation
has operated as a maintenance compound for the Lobstick Golf Course since it was
developed in the 1930s. Previous investigations referenced guidelines for
residential/parkland land use since it was unclear what the future land use would be at
the site at the time of the previous investigations. PCA considered the use of the most
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3.1.5.8

3.1.5.9

3.1.5.10

conservative guidelines to be acceptable at that time. For the purposes of this 2012
investigation, PCA confirmed that the future land use in the area of investigation will
remain as a maintenance compound and will be limited to commercial activities
Therefore, the guidelines for commercial land use were referenced during this
assessment.

DETERMINATION OF GRAIN SIZE

The assessment EQG are dependent upon the soil grain size that governs fate and
transport of constituents of concern via the various transport and exposure pathways.

Laboratory grain size analyses supplemented by visual assessment of soil textures
indicated that the soils at this site contain a mixture of fine and coarse-grained soil types
and that there was a potential for PHC impacts to move through the coarse-grained
fraction. Therefore, the site has been assessed against coarse-grained EQG.

ASSESSMENT GUIDELINES FOR PHCS IN SOIL

Based on a review of the pathway applicability (above), it is Tetra Tech’s opinion, for the
purposes of this assessment, that the following EQG are the most suitable for
assessing the level of PHC impact to the soil at the subject site. When more than one
pathway may be active, the more stringent EQG for the limiting pathway is presented.

For this site Tetra Tech has elected to select guidelines based on a 10”® incremental
cancer risk in accordance with the recommendations (Essentially Negligible Cancer

Risk for Contaminated Site Risk Assessment) that is found within the Health Canada
Federal Contaminated Site Risk Assessment In Canada Part I: Guidance on Human
Health Preliminary Quantitative Risk Assessment (PQRA).

COMMERCIAL LAND USE FOR COARSE-GRAINED SURFACE SOILS

e Benzene and xylenes: Canadian Environmental Quality Guidelines, CCME, 2008,
Inhalation of indoor air check (slab-on-grade).

e Toluene and ethylbenzene: Canadian Environmental Quality Guidelines, CCME,
2008, Ecological soil contact.

e  PHC Fraction F1: Canada Wide Standard for Petroleum Hydrocarbons in Soils,
CCME, 2008, Vapour inhalation (Indoor — slab-on-grade) and Ecological soil
contact.

e PHC Fractions F2, F3 and F4: Canada Wide Standard for Petroleum Hydrocarbons
in Soils, CCME, 2008, Ecological soil contact.
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3.1.56.11

3.1.6

3.2

COMMERCIAL LAND USE FOR COARSE-GRAINED SUBSOILS

e  Benzene and xylenes: Canadian Environmental Quality Guidelines, CCME, 2008,
Inhalation of indoor air check (slab-on-grade).

e Toluene and ethylbenzene: Canadian Environmental Quality Guidelines, CCME,
2008, Ecological soil contact and Inhalation of indoor air check (slab-on-grade).

e  PHC Fraction F1: Canada Wide Standard for Petroleum Hydrocarbons in Soils,
CCME, 2008, Vapour inhalation (Indoor — slab-on-grade) and Ecological soil
contact.

e PHC Fractions F2, F3 and F4: Canada Wide Standard for Petroleum Hydrocarbons
in Soils. 2008, Ecological soil contact and Management Limits.

FEDERAL GUIDELINES FOR OTHER POTENTIAL CONTAMINANTS IN SoIL - DDT

During previous investigations Tetra Tech identified a concern regarding the potential
presence of DDT in surface soils at the site. The concern is that soil disposal facilities
that are licenced to accept PHC-impacted soils are not normally permitted to receive
soils that are also impacted with DDT. Further assessment of the surface soils in the
area of investigation for DDT impacts will allow for the appropriate disposal of all soils,
should the proposed excavation proceed.

e  Canadian Environmental Quality Guidelines (CEQG), CCME, Commercial, 2008.

FEDERAL ENVIRONMENTAL GUIDELINES FOR GROUNDWATER

Since the site is located in Prince Albert National Park federal environmental guidelines
are considered applicable. The EQG used for groundwater assessment purposes
during this project are presented in the documents entitled:

e  Canadian Environmental Quality Guidelines (CEQG), CCME, 2008.
e  Guidelines for Canadian Drinking Water Quality (DW), Health Canada, 2012.

e Federal Contaminated Sites Action Plan, Guidance Document on Federal Interim
Groundwater Quality Guidelines for Federal Contaminated Sites, 2012.

The FIGQG (2012) comprise groundwater quality guidelines that were developed to
assist federal custodians in assessing and remediating/risk managing federal
contaminated sites funded under the Federal Contaminated Sites Action Plan
(FCSCAP). These guidelines present target values based on four land uses:
agricultural, residential/ parkland, commercial, and industrial. Similarly to the process
for soils as outlined in the CCME CWS (2008), these guidelines follow a tiered
framework. But, unlike the CCME CWS (2008), the FIGQG include comparative
guidelines for inorganic parameters, metals, hydrocarbons (including PAHSs),
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halogenated aliphatics, chlorinated aromatics, phenols, pesticides, and other organics
in one common document. The tiered approach follows the following rationale:

e Tier 1: direct application of the generic numerical guidelines; specifically,
application of the lowest guideline for any pathway.

e Tier 2: allows for the development of site-specific remediation objectives through
the consideration of site-specific conditions, by modifying (within limits) the
numerical guidelines based on site-specific conditions and focusing on exposure
pathways and receptors that are applicable to the site.

e Tier 3: use of site-specific risk assessment to develop Site-Specific Remediation
Objectives.

The CCME CEQG (2008) provides guidelines to provide protection of freshwater and
marine life from anthropogenic stressors such as chemical inputs or change to physical
components (i.e., pH, temperature and debris). These guidelines are numerical limits or
narrative statements based on the most current, scientifically defensible toxicological
data available for the parameter of interest. These guidelines are meant to protect all
forms of aquatic life and all aspects of the aquatic life cycles. However, these
guidelines only apply within 10 m of the normal high water mark and in the transition
zone of the receiving surface water body. As the groundwater monitoring wells at this
site are located greater than 10 m from any potential receiving surface water bodies the
CCME CEQG (2008) will not be considered further.

The Health Canada DW (2012) provides guidelines for drinking water quality. These
guidelines are based on current, published scientific research related to health effects,
aesthetic effects, and operational considerations. There are no potential domestic use
aquifers within the area (Tetra Tech 2011b). Residents of Waskesiu Lake obtain
drinking water from Waskesiu Lake. Therefore, groundwater as a potable water source
will not be considered further.

3.2.1 PATHWAY MODIFICATION AND ADJUSTMENT FOR GROUNDWATER

For the area of investigation encompassed by this report, Tetra Tech has determined
that pathway modification or adjustment is possible and has therefore elected to assess
the groundwater at this site to the Tier 2 guidelines as outlined in the FIGQG (2012).

3.2.2 TIER 2 ASSESSMENT FOR GROUNDWATER

A Tier 2 assessment, following the FIGQG (2012), provides a framework whereby
various impacts to groundwater can be assessed to site-specific guidelines, based on
various combinations of receptors and potential pathways that may be present at the

site.
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3.2.3

3.2.8.1

3.2.3.2

3.2.3.3

3.2.3.4

For this site the following sections assess the applicability of exposure to groundwater
impacts at the subject site via selected Tier 2 water use exposure pathways (including:
inhalation, soil organisms - direct contact, drinking water, freshwater life and wildlife
watering) for commercial sites with coarse-grained soils.

SITE-SPECIFIC TIER 2 ASSESSMENT FOR GROUNDWATER

INHALATION

The inhalation pathway applies to all sites which may have buildings located within
30 m of identified impacts to groundwater.

Impacts to groundwater have been observed within monitoring wells BH-12 and BH23,
among others, that are located less than 30 m from the occupied Shop A and Shop B
maintenance garages. Therefore, the inhalation pathway is considered applicable for
this site.

S0IL ORGANISMS - DIRECT CONTACT

PHC impacts to groundwater have been observed within several groundwater samples
obtained from monitoring wells located within the area of investigation.

Therefore, there is the potential that impacted groundwater could come into direct
contract with soil organisms. Consequently, Tetra Tech is of the opinion that due to
these soil organisms, the direct contact exposure pathway is operable at this site.

DRINKING WATER

The drinking water guidelines are applied to groundwater that is used as a potable
water source or to groundwater defined as a potential water source by the province or
other agency with jurisdiction over drinking water issues.

For this site, there is no evidence that groundwater is being used for potable purposes
and it is unlikely, because of current land use and the availability of potable water from
nearby Waskesiu Lake, that groundwater at this site would be used for potable
purposes.

For this reason Tetra Tech is of the opinion that the drinking water exposure pathway is
not applicable at this site.

FRESHWATER LIFE

The groundwater for freshwater aquatic life check is applicable within 500 m of the
impacts. Groundwater flow to the north/northeast was reported at this site in the fall of
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2010 and in the winter of 2011. Sloughs were observed at distances of approximately
of 150 m and 300 m to the east and the closest beaver pond was observed at a
distance of approximately 300 m from the site. Dissolved PHC-impacts have been
delineated to non-detectable levels in the perimeter monitoring wells BH16, BH17,
BH19, BH21, BH-29-12, and BH31-12, which are between 20 m and 40 m from the
source area. A review of natural attenuation parameters, including DO, nitrate-nitrogen,
dissolved iron, dissolved manganese, and alkalinity, in the groundwater suggest there
are trends indicative of biodegradation of PHC occurring at the site (discussed further in
Section 7.4 of this report). Therefore for the purposes of this assessment, the
freshwater aquatic life pathway is not considered applicable.

3.2.4 ASSESSMENT GUIDELINES FOR GROUNDWATER
Based on a review of the pathway applicability (above), it is Tetra Tech’s opinion, for the
purposes of this assessment, that the following EQG are the most suitable for
assessing the level of impact to groundwater at the subject site. VWWhen more than one
pathway may be active, the more stringent EQG for the limiting pathway is presented.
e Benzene: Federal Contaminated Sites Action Plan 2012, Guidance Document on
Federal Interim Groundwater Quality Guidelines for Federal Contaminated Sites,
Inhalation.
e Toluene: Federal Contaminated Sites Action Plan 2012, Guidance Document on
Federal Interim Groundwater Quality Guidelines for Federal Contaminated Sites,
Soil organisms direct contact.
e Ethylbenzene: Federal Contaminated Sites Action Plan 2012, Guidance Document
on Federal Interim Groundwater Quality Guidelines for Federal Contaminated
Sites, Soil organisms direct contact.
e  Xylenes: Federal Contaminated Sites Action Plan 2012, Guidance Document on
Federal Interim Groundwater Quality Guidelines for Federal Contaminated Sites,
Inhalation.
e  Petroleum Hydrocarbon Fractions F1 and F2: Federal Contaminated Sites Action
Plan 2012, Guidance Document on Federal Interim Groundwater Quality
Guidelines for Federal Contaminated Sites, Inhalation and Soil organism direct
contact.
e Metals: Federal Contaminated Sites Action Plan 2012, Guidance Document on
Federal Interim Groundwater Quality Guidelines for Federal Contaminated Sites,
Soil organisms direct contact.
3.3 SolL VAPOUR
Soil vapour objectives are not published by provincial or federal regulatory agencies;
therefore, soil vapour objectives were calculated by Tetra Tech. Methods used to
calculate the soil vapour objectives are presented within the Technical Memorandum
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Methodology for Developing Soil Vapour Objectives for Properties with Petroleum
Hydrocarbon Contamination, Tetra Tech, 2012, in Appendix C. The approach used to
calculate the soil vapour objectives is based entirely on the approach published in the
CCME CWS (2008). The equations and model assumptions were taken directly from
the CCME CWS (2008) document. While CCME does not publish soil vapour
objectives, the approach used to calculate soil guidelines for the vapour inhalation
pathway is used to derive the soil vapour objectives.
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4.0

INVESTIGATION METHODOLOGY

4.1

4.1.1

The primary objective of this Phase Il Investigation was to further delineate previously-
identified PHC impacts to soil and groundwater in order to fill data gaps in support of
remedial action planning. As well, to further assess previously-identified DDT impacts
and to assess the potential intrusion of PHC vapours into existing and future buildings
at the site.

Prior to the start of the October 2012 drilling, during discussions with PWGSC and
Parks Canada, Tetra Tech proposed the locations of the boreholes, monitoring wells,
and soil vapour wells to delineate the soil and groundwater impacts and to assess the
highest potential soil vapour intrusion locations.

PHC delineation borehole locations were chosen to aid in the reduction of the
previously-estimated PHC-impacted area and volume. Two sentry groundwater
monitoring wells were placed downgradient of the area of investigation and one sentry
groundwater monitoring well was placed crossgradient of the area of investigation to
facilitate contaminant delineation and future groundwater monitoring. Shallow DDT
sample locations were chosen to assess DDT over the entire area of investigation. A
soil vapour well was placed adjacent to each of the maintenance shops to assess the
potential for vapour intrusion into the buildings. Two additional soil vapour wells were
placed in areas where PHC impacts to the vapour inhalation pathway were highest.

SITE SAFETY

SITE-SPECIFIC SAFETY PLAN

Prior to the start of site activities on October 10, 2012, Tetra Tech developed a Site-
Specific Safety Plan (SSSP) outlining: the project scope, the applicable Occupational
Health and Safety (OH&S) Acts and Regulations, hazards related to the type of work
being performed, and the safety responsibilities/expectations for those individuals
(employees and contractors) involved with the project. The SSSP was submitted to
PWGSC for review prior to commencing the field work. Prior to being allowed on the
site, all personnel involved with the field activities were required to review and sign-off
on the SSSP. At the start of each day, Tetra Tech held a toolbox meeting that included:
discussion of the scope of work, job hazards, safe work practices, and emergency
procedures.
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4.1.2

4.2

4.2.1

UTILITY LOCATES

Underground and aboveground site services and public utilities were identified, where
possible, and marked by the appropriate utility companies prior to the initiation of the
borehole drilling program. A private line locator, Hundseth Power Line Construction
Corp. of Saskatoon, was retained by Tetra Tech to identify and mark the locations of
buried infrastructure not located by the public utilities (electrical cables, steel piping
networks, conduits, etc.) at the subject site prior to borehole drilling. All underground
polyvinyl chloride (PVC) irrigation pipeline locations were shown to Tetra Tech staff and
the drilling contractors by the Lobstick Golf Course Superintendent, Mr. Gary Cross,
upon arrival at the site.

A copy of the utility location information can be found in Appendix D.

BOREHOLE DRILLING AND MONITORING WELL INSTALLATION

BOREHOLE DRILLING

The October 2012 borehole drilling program was undertaken by Intercore
Environmental Services Inc. of Maidstone, Saskatchewan with a track-mounted 7822DT
Geoprobe® direct-push rig equipped with 75 mm diameter hollow-core tooling.

Nineteen boreholes (VW25-12 to VW28-12; BH29-12 to BH35-12; and BH37-12 to
BH44-12) were drilled to approximate depths of 1.0 mbgs to 9.0 mbgs. Drilling started
on October 12 and was completed on October 14, 2012.

Borehole BH41-12 was the only PHC delineation borehole to be completed to the
original proposed depth of 9 mbgs due to refusal on cobbles. Boreholes BH33-12,
BH39-12, and BH42-12 were completed to a depth of 7.8 mbgs. Boreholes BH29-12,
BH30-12, BH31-12, BH34-12, and BH40-12 were completed to a depth of 8 mbgs.
Boreholes BH32-12 and BH37-12 were completed to a depth of 8.3 mbgs. Boreholes
BH35-12 and BH38-12 were completed to a depth of 8.5 mbgs. DDT assessment
boreholes BH43-12 and BH44-12 were completed to a depth of 1.5 mbgs. Soil vapour
wells VIW25-12 to VW28-12 were completed to a depth of 1.05 mbgs.

Soil cuttings from the 2012 drilling activities were temporarily stored at the subject site
in a 1 m® soil bag. A waste characterization sample was submitted to the laboratory for
analyses before being picked-up and disposed of by Envirotec Services of Saskatoon,
Saskatchewan.

The borehole locations from the 2012 drilling program are presented on Figure 2 in
Appendix B. Soil boring information is provided on the borehole logs presented in
Appendix E.

Public Works and Government Services Canada 22 1018901603-REP-V0001-02
2012 Environmental Investigation PWGSC Project No. R.042685.004

Lobstick Maintenance Compound, Waskesiu Lake, Saskatchewan



TETRATECH

4.2.2

4.2.3

4.2.4

4.3

4.3.1

HAND AUGER

One borehole (BH45-12) was hand augered to a depth of 1.45 mbgs using a 100 mm
diameter stainless steel hand auger. Hand augering was completed on October 15,
2012. The location of borehole BH45-12 is presented on Figure 2 in Appendix B. Soil
boring information is provided on the borehole log presented in Appendix E.

GROUNDWATER MONITORING WELL INSTALLATION

Three boreholes (BH29-12, BH30-12 and BH31-12) were completed as groundwater
monitoring wells.

The groundwater monitoring wells were constructed with 51 mm diameter schedule 40
PVC casing threaded into No. 10 factory slot well screen to the borehole base. The
borehole annulus was backfilled with clean silica sand from the base of the screen to
approximately 150 mm above the top of the screened section of each well. The
annulus of the borehole adjacent to the solid casing was filled with hydrated granular
bentonite pellets. Each monitoring well was covered with a lockable “stick-up” above
ground steel casing or a protective steel bolt-down road box installed at grade. Well
construction details are provided on the borehole logs in Appendix E.

SoiL VAPOUR WELL INSTALLATION

Four boreholes (VW25-12 to VW28-12) were completed as soil vapour wells.

The soil vapour wells were constructed with solid 25 mm diameter schedule 40 PVC
casing of variable length threaded into a 30 cm long No. 10 factory slot well screen. All
soil vapour wells were completed to a depth of 1.0 mbgs. The borehole annulus
adjacent to the well screen was backfilled with clean silica approximately 15 cm above
and below the screened interval. The annulus of the borehole adjacent to the solid
casing was filled with hydrated granular bentonite. The wells were capped with 25 mm
socket weld PVC caps equipped with threaded brass ball valves and male hose barb
fittings sealed with Teflon® tape. Each soil vapour well was covered with a protective
steel bolt-down road box installed at grade. Well construction details are provided on
the borehole logs in Appendix E.

SOIL SAMPLING AND ANALYSIS

SolL SAMPLE COLLECTION

During the borehole drilling program, soil samples were collected from the sample tube
at approximately 0.75 m intervals for the samples for potential PHC analyses and at
approximately 0.25 m intervals for the samples for potential DDT analysis. Additional
soil samples were collected at stratigraphic boundaries and at apparent PHC impact for
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field logging and potential laboratory analysis. The samples were split, with one half
placed into plastic single-use sampling bags for combustible headspace vapour
concentration measurements, and the other half was placed in laboratory-supplied
glass jars for potential laboratory analyses. All samples were stored in ice-chilled
coolers prior to submission to the laboratory.

Soil from each borehole was logged in general accordance with the United Soil
Classification System listing soil type, colour, texture, plasticity, moisture content,
percent recovery, noticeable inclusions, and evidence of impact. These observations
are presented on the borehole logs in Appendix E.

4.3.2 COMBUSTIBLE HEADSPACE VAPOUR MEASUREMENTS

To obtain a preliminary indication of the presence of potential PHC impacts, soil
samples were collected for combustible headspace vapour concentration
measurements. These measurements were recorded using a portable RKI Eagle®
combustible gas indicator that was calibrated on a daily basis to hexane (a standard
used for the assessment of gasoline impacted sites). The RKI Eagle® was operated in
the methane elimination mode.

When using the RKI Eagle®, if vapour concentrations exceeded 500 parts per million
(ppm), they were recorded as a percentage of the Lower Explosive Limit (%LEL). One
percent (1%) LEL is approximately equal to 110 ppm for hexane. It should be noted
that the headspace test is a semi-quantitative screening method and can only be
considered to represent relative volatile contaminant concentrations.

4.3.3 SolL ANALYSES

Thirty-three soil samples, including a duplicate, were collected during the borehole
drilling program and submitted to Maxxam Analytics Inc. (Maxxam) in Calgary, Alberta
and analyzed for benzene, toluene, ethylbenzene, xylenes, and PHC Fractions F1 to F4
content. Samples were selected for analyses based on a review of field observations,
soil headspace vapour concentrations, and the investigation objectives.

Twenty-five soil samples, including two duplicates, were collected during the borehole
drilling program and were submitted to Maxxam for analysis of DDT. Samples were
selected for analyses based on the investigation objectives.

Four soil samples were collected during the borehole drilling program and were

submitted to Maxxam for analysis of fraction of organic carbon content (FOC). FOC
analysis can be used to develop site-specific soil vapour objectives. Samples were
selected for analysis based on the expected screen interval of the soil vapour wells.
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4.3.4 SHELBY TUBE SAMPLING

To assess the soil surrounding the screen interval of the soil vapour well for pneumatic
permeability, bulk density, grain size and moisture content, which can be used to
develop site-specific soil vapour objectives, two Shelby tube soil samples were taken.

The Shelby tube samples were collected from soil vapour wells VW26-12 and VW28-12
at a depth interval of 0.5 mbgs to 1 mbgs below grade to collect an undisturbed
representative soil sample. The ends of the tube were covered with clean PVC caps
and sealed with duct tape to maintain sample moisture. The tubes were submitted to
MDH Engineered Solutions Inc. (MIDH) in Saskatoon, Saskatchewan for analysis.

4.4 GROUNDWATER SAMPLING AND FIELD ANALYSIS

4.4.1 MoNITORING WELL DEVELOPMENT

Groundwater monitoring well development activities of the newly-installed monitoring
wells included the removal of groundwater from the monitoring well using a disposable
bailer until the purge water appeared clean and free of sediments. One day after
installation, monitoring wells MW29-12, MW30-12 and MW31-12 did not produce
sufficient groundwater to develop the wells of three well volumes. The monitoring wells
were purged dry and left to recharge.

4.4.2 COMBUSTIBLE HEADSPACE VAPOUR MEASUREMENTS

To obtain a preliminary indication of the presence of potential PHC impacts, subsurface
combustible headspace vapour concentrations were recorded from each groundwater
monitoring well. These were recorded using a portable RKI Eagle® combustible gas
indicator that was calibrated on a daily basis to hexane (a standard used for the
assessment of gasoline impacted sites). The RKI Eagle® was operated in the methane
elimination mode.

When using the RKI Eagle®, if vapour concentrations exceeded 500 ppm, they were
recorded as a %LEL. One %LEL is approximately equal to 110 ppm for hexane. It
should be noted that the headspace test is a semi-quantitative screening method and
can only be considered to represent relative volatile contaminant concentrations.

4.4.3 GROUNDWATER DEPTH

Liquid levels (i.e groundwater and potential light non-aqueous phase liquids (LNAPL)) in
each monitoring well were measured from the top of the well casing using an electronic
water-oil interface probe.
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4.4.4 GROUNDWATER FIELD ANALYSIS

To obtain a representative sample of the in-situ groundwater in the existing monitoring
wells, the monitoring wells were purged until parameters such as DO, pH, temperature,
oxidation reduction potential and electrical conductivity stabilized to within 10% for three
consecutive readings. These parameters were obtained using a peristaltic pump and
flow-through cell and measured with an YSI 600 XL multi-parameter instrument.

4.4.5 GROUNDWATER SAMPLE COLLECTION

Groundwater samples were collected using the low-flow peristaltic pump immediately
after parameter stabilization to limit the loss of volatiles and to maintain sample integrity
during sample collection. A dedicated disposable bailer was used to collect groundwater
samples for the microbial analyses. The groundwater samples were collected in
appropriate laboratory-supplied sample bottles, preserved and filtered as necessary,
and stored in an ice-chilled cooler prior to submission to the laboratory.

Field duplicate groundwater samples were collected from selected groundwater
monitoring wells to evaluate Tetra Tech’s quality control procedures.

4.5 NATURAL ATTENUATION ASSESSMENT

The protocol used in the determination of the natural attenuation potential of the
subsurface environment was developed from technical protocols developed by the
United States Air Force Center for Environmental Excellence (AFCEE). The protocols
used during this assessment are detailed in the document entitled: Technical Protocol
for Implementing Intrinsic Remediation with Long-Term Monitoring for Natural
Attenuation for Fuel Contamination Dissolved in Groundwater, Volume | and Il,
November 11, 1995 (AFCEE, 1995).

4.5.1 INORGANIC CHEMISTRY AND GEOCHEMICAL INDICATORS OF BIODEGRADATION

The natural attenuation capacity of a site is determined by measuring the potential for
microbial mediated degradation of hydrocarbon compounds. During the microbial
degradation of hydrocarbons, the energy needed for cell maintenance and production is
obtained by the transfer of electrons from electron donor compounds (hydrocarbons) to
electron acceptor compounds (DO, nitrate-nitrogen, dissolved manganese, dissolved
iron, sulphate, and carbon dioxide). Measurements of some of these compounds in the
groundwater were used to determine the capacity of the groundwater to degrade
dissolved-phase PHC constituents.

During microbial degradation of PHCs, oxygen will be utilized first by aerobic
microorganisms as a terminal electron acceptor, since it is the most thermodynamically-
favoured electron acceptor. When oxygen becomes depleted in subsurface
environments, anaerobic microorganisms will begin to degrade hydrocarbons as a
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4.5.1.1

4.5.1.2

4.5.1.3

4.5.1.4

source of carbon and energy. The most thermodynamically-favoured terminal electron
acceptor in the absence of oxygen is nitrate followed by manganese and iron.

DISSOLVED OXYGEN

Oxygen is the most thermodynamically-favoured aerobic electron acceptor used by
microorganisms during hydrocarbon degradation and will be utilized by microorganisms
first in the groundwater. Areas with lower DO concentrations may indicate increased
microbial activity and biodegradation. Anaerobic bacteria typically cannot function at
DO concentrations above 0.5 mg/L.

DO concentrations were collected in this study as an indicator of biodegradation of
BTEX constituents in the groundwater. As stated in the literature (AFCEE, 1995), for
each 1.0 mg/L of DO utilized an estimated 0.32 mg/L of BTEX will be degraded by
microorganisms in the groundwater. Therefore, the average mass of BTEX degraded
per 1 mg of oxygen consumed is approximately 0.32 mg.

NITRATE-NITROGEN

Dissolved nitrate-nitrogen concentrations were recorded in this investigation as an
indicator of biodegradation of BTEX constituents in the groundwater. Nitrate-nitrogen is
the second most thermodynamically-favoured terminal electron acceptor; however, it
can only function once oxygen is depleted in the groundwater, making the system
anaerobic. As BTEX components are degraded in the subsurface environment, the
nitrate-nitrogen concentrations will decrease through denitrification and nitrate
reduction. The average mass of BTEX mineralized per 1 mg/L of nitrate-nitrogen
consumed is approximately 0.21 mg/L.

DISSOLVED MANGANESE

Dissolved manganese (Mn?*) concentrations were recorded in this investigation as an
indicator of biodegradation of BTEX constituents in the groundwater. The reduction of
manganese may be occurring if the environment is sufficiently reducing and other
electron acceptors have been depleted. The reduction of manganese (Mn**) to the
soluble form [Mn?**, manganese (11)] through microbially-mediated oxidation of organic
matter (or organic pollutants) in groundwater is a common occurrence. The average
mass of BTEX mineralized per 1 mg/L of Mn®* produced is approximately 0.06 mg/L.

DISSOLVED IRON

Dissolved iron concentrations (Fe?*) were recorded in this investigation as an indicator
of biodegradation of BTEX constituents in the groundwater. Once the available oxygen,
nitrate-nitrogen, and manganese have been depleted ferric iron (Fe**) can be used as
an electron acceptor. The reduction of insoluble iron [Fe**, ferric iron, or iron (I1)] to the
soluble form [Fe®*, ferrous iron, or iron (I1)] through microbially mediated oxidation of
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4.5.1.5

4.5.1.6

4.5.1.7

organic matter (or organic pollutants) in groundwater is a common occurrence. The
average mass of BTEX mineralized per 1 mg/L of ferrous iron produced is
approximately 0.05 mg/L.

SULPHATE

Dissolved sulphate concentrations were recorded in this investigation as an indicator of
biodegradation of BTEX constituents in the groundwater. Sulphate is an electron
acceptor used by microorganisms during anaerobic respiration once oxygen, nitrate-
nitrogen, manganese and iron are depleted in the groundwater. As BTEX components
are degraded in the subsurface environment, the sulphate concentrations will decrease
and potentially sulphide concentrations will increase. The average mass of BTEX
mineralized per 1 mg/L of sulphate consumed is approximately 0.21 mg/L.

ALKALINITY

The total alkalinity of a groundwater system is indicative of water’s capacity to neutralize
acid. Alkalinity is important in the maintenance of the groundwater pH because it
buffers the groundwater against acids generated during both aerobic and anaerobic
biodegradation. Areas with PHC degradation typically exhibit a total alkalinity higher
than background areas. Alkalinity concentrations (measured as CaCOj; concentrations)
were determined in this study to indicate the occurrence of biodegradation of BTEX
constituents in the groundwater. As BTEX constituents are degraded in the subsurface
environment, the CaCQOj; concentration will increase due to the production of CO, during
biodegradation. The measure of the difference between the background alkalinity and
the alkalinity of groundwater containing BTEX constituents can give an indication of the
assimilation potential of the aquifer. The average mass of BTEX mineralized per

1 mg/L of CaCO; produced is approximately 0.13 mg/L.

TEMPERATURE, PH AND REDOX POTENTIAL MEASUREMENTS

Temperature significantly affects the growth and survival of microorganisms. Literature
sources have documented that a 10°C rise in temperature may double the metabolic
activity of the microbial populations over the range of 5°C to 25°C. When groundwater
temperatures drop below 5°C, biodegradation has been shown to be inhibited.
However, DO is more soluble at lower temperatures.

' The pH significantly affects the growth and survival of microorganisms. The pH of

groundwater will determine the species and concentrations of organisms able to survive
under those conditions. The optimal range of pH for most microorganisms is between
6 and 8.

Redox potential is the measure of the tendency of a solution to lose or accept electrons.
During aerobic conditions, the redox potential of a solution is generally around +800mV.
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4.5.1.8

4.5.1.9

4.6

4.7

In the case of anaerobic conditions the redox potential of a solution can range from
+700mV, in the case denitrification, to -200mV, in the case of sulfanogenesis.

ELECTRICAL CONDUCTIVITY MEASUREMENTS

Conductivity is a measure of the ability of a solution to conduct electricity. As the ion
concentration increases, the electrical conductivity of the solution also increases. The
groundwater conductivity within an area of PHC impact may be used to determine the
groundwater flow path and if samples are from different hydrogeologic zones.

EXPRESSED ASSIMILATIVE CAPACITY OF BTEX

In this assessment, the expressed assimilative capacity of the groundwater to degrade
BTEX is estimated by summing the assimilative capacity of DO (aerobic respiration),
dissolved nitrate-nitrogen (denitrification), dissolved iron reduction, dissolved
manganese reduction, and dissolved sulphate (sulfanogenesis) of groundwater from
selected wells. This value is then compared to the total BTEX concentration to
determine if the groundwater has the capacity to degrade the BTEX impacts and by
extension the petroleum hydrocarbon fraction F1 and F2 impacts.

GROUNDWATER ANALYSES

Groundwater samples were collected from 18 monitoring wells at the site, including two
field duplicates, a field blank, a trip blank, and an equipment blank and were submitted
to Maxxam for analysis of parameters including BTEX, PHC fractions F1 to F4,
dissolved metals, nitrate-nitrogen, sulfate, alkalinity, pH, temperature, electrical
conductivity, heterotrophic plate count (HPC), and hydrocarbon degrading bacteria.

SoIL VAPOUR SAMPLING

A review of the historical soil sample analytical data from the drilled boreholes revealed
that eight boreholes (BH-4, BH-5, BH-5B, BH-8, BH-11, BH-12, BH23, and BH39-12)
had PHC concentrations in soil that were greater than the CCME CEQG and CWS
(2008) Tier 2B soil guidelines for the vapour inhalation pathway assuming
slab-on-grade construction and commercial land use. The locations of the boreholes
are presented on Figure 2 in Appendix B. The historical soil samples that contain PHCs
at concentrations in excess of the CCME (2008) Tier 2B guidelines for the slab-on-
grade vapour inhalation pathway were collected at depths ranging from 0.7 mbgs to
6.85 mbgs.

A review of the historical groundwater sample analytical data from the monitoring wells
revealed that two monitoring wells (BH-12 and BH23) had PHC concentrations in
groundwater that were greater than the FIGQG (2012) for the inhalation pathway in a
commercial land use setting. Since concentrations of benzene, and/or PHC fraction F1
were greater than soil guidelines and groundwater guidelines for the vapour inhalation
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4.7.1

4.7.2

pathway, vapour intrusion of these substances from subsurface sources may result in
indoor air exposure for occupants of buildings. Soil and groundwater concentrations
alone are not a reliable indicator for potential indoor vapour concentrations (Interstate
Technology and Regulatory Council (ITRC) 2007). Therefore, a soil vapour monitoring
program was initiated at the subject site. The purpose of the soil vapour program was
to measure soil vapour concentrations adjacent to both maintenance buildings; at the
location of highest PHC impacts measured (near borehole BH-5); and in an area
potentially outside the proposed excavation area, but within the proposed new building
footprint (between boreholes BH-4 and BH-12), for comparison to the soil vapour
objectives (Tetra Tech, 2012).

Soil vapour wells VW25-12, VW26-12, VW27-12 and VW28-12 were drilled to a depth
of 1.0 mbgs. The location of the soil vapour wells are shown on Figure 2 in Appendix B.

VAPOUR WELL DEVELOPMENT

Prior to sampling, all soil vapour wells were purged of a minimum of three well and sand
pack annulus volumes so that the collected soil vapour samples were representative of
subsurface conditions. The soil vapour wells were developed by Tetra Tech staff using
a Gilian® GilAir 5 air sampling pump with a Gilian® Low Flow Module calibrated at a flow
rate of 50 mL/min.

SoiL VAPOUR SAMPLE COLLECTION

Soil vapour sampling was conducted by Tetra Tech staff on October 15 and 16, 2012.
Soil vapour well sampling was conducted in general accordance with Health Canada
(2007) protocols. Soil vapour samples were collected by connecting the soil vapour
monitoring well to a 1.4 L Summa® canister and a helium detector probe using 6 mm
diameter Teflon™ tubing and a tee connector. The 1.4 L Summa® canisters were
supplied by Maxxam of Mississauga, Ontario. Each canister was equipped with a
dedicated controller. The controller was pre-calibrated by Maxxam to obtain a flow rate
of 50 mL/min.

Prior to collecting soil vapour samples, a leak detection test was conducted on each soil
vapour well and the testing apparatus. To test for leaks, helium gas was used as a leak '
detector, since helium was not expected to be present at the site as a constituent of
concern. The sampling equipment apparatus (including the vapour well, the Summa®
canister and all the connections) were sheltered underneath a plastic shroud. After
ensuring that the soil vapour well and the Summa® canister remained closed, helium
gas was slowly added to the shroud until a measured concentration of approximately
40% (400,000 ppm) was reached (when measured with a Helium Detector MGD-2002).
Then, the concentration of helium was measured within the soil vapour test apparatus
using the helium detector probe. If helium concentrations were non-detectable or low
(i.e., less than 1%), then it was determined that there was no or minor leakage within
the tubing and connections. After the leak detection test was completed, and prior to
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sample collection, helium was slowly added to the shroud until a measured
concentration of approximately 100% was reached.

Soil vapour wells VW26-12 and VW28-12 were sampled during the October 2012
sampling event. Vapour wells VW25-12 and VW27-12 were not sampled during the
October sampling event due to either groundwater infiltration into the wells or saturated
soil surrounding the well. Weather conditions recorded during the sampling event were
an average temperature of approximately 5°C with no precipitation the day of sampling
or the previous day.

Samples were kept at ambient temperature until shipment to Maxxam within the
required holding period and analyzed for benzene, toluene, ethylbenzene, and xylenes
(BTEX), PHC fractions F1 and F2, and helium.

SITE SURVEY

The boreholes and monitoring wells were measured with a laser level to determine
elevations with respect to a benchmark with an assumed elevation of 100.000 m that
was used in prior investigations. This benchmark comprised the southeast corner of the
steel beam acting as part of the foundation for the chemical storage shed. A second
more permanent benchmark was established and measured at an elevation of

97.385 m relative to the assumed benchmark at the chemical storage shed. This new
benchmark is a spike in the power pole to the northeast of Shop A. Borehole elevations
were collected in order to determine the apparent groundwater flow direction and
gradient.

The borehole and monitoring well physical locations were measured in relation to
existing infrastructure using easting and northing coordinates obtained with a Garmin
GPS 60 CSX.
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5.0

INVESTIGATION RESULTS

5.1

5.1.1

FIELD OBSERVATIONS

The stratigraphy at this site is somewhat heterogeneous, but generally comprised a
surface covering of sand or gravel fill within the parking or roadway areas to a depth of
approximately 1.5 mbgs. Outside of these areas with prepared surfaces, organic silts
were encountered. In either case these materials were underlain by silt that was
encountered in all boreholes at depths of approximately 2.75 mbgs to 3.5 mbgs
(occasionally deeper). The silt was typically underlain by olive-brown clay with periodic
cobbles and silt or sand seams to the total investigated depth of 10.25 mbgs. Wet sand
was observed in boreholes BH30-12 from 4.5 mbgs to 5.9 mbgs, BH31-12 from

4.5 mbgs to 6 mbgs, BH33-12 from 7.65 mbgs to 7.8 mbgs, and BH38-12 from

0.5 mbgs to 4 mbgs; however, from this and previous investigations the sand does not
appear to be continuous across the site.

Several boreholes (BH31-12, BH35-12, BH38-12, and BH41-12) were re-drilled due to
refusal on apparent cobbles or in some cases cobbles entered the sampling tube
preventing sample recovery. These boreholes were backfilled with bentonite to 0.3 m
below ground surface and then filled with apparently clean soil cuttings.

COMBUSTIBLE HEADSPACE VAPOUR CONCENTRATIONS

The maximum headspace vapour concentration measured at the site was 41% LEL in a
sample recovered from 3.75 mbgs in borehole BH40-12. Elevated headspace vapour
concentrations (greater than 10% LEL) were measured in soil samples recovered from
boreholes BH39-12 at 6 mbgs and BH40-12 at 4.5 mbgs. Headspace vapour
concentrations did not exceed 6% LEL in the soil samples recovered from the remaining
boreholes. Visible staining and/or grey colouring was observed in borehole BH33-12 at
6.6 mbgs, borehole BH37-12 at 3.25 mbgs, borehole BH38-12 from 4 mbgs to 6 mbgs,
and borehole BH40-12 from 3 mbgs to 8 mbgs.

These and other observations made during borehole drilling program are presented on
the borehole logs that are provided in Appendix E.
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5.2

5.2.1

5.2.2

5.2.3

SOIL SAMPLE ANALYTICAL RESULTS

SoIL GRAIN SIZE ANALYTICAL RESULTS

Soil grain size is defined as fine-grained if greater than or equal to 50% of soil particles
pass through a 75 pm sieve. Soil grain size is defined as coarse-grained if less than
50% of solil particles pass through a 75 pm sieve. Soil grain size analyses using a
hydrometer, which partitions the soil into percent sand, silt, and clay, were conducted
on six soil samples, which were submitted for laboratory analyses during this borehole
drilling program. Two samples were classified as coarse-grained and four samples
were classified as fine-grained.

The soil grain size laboratory analytical results, along with historical results, are
summarized on Tables 2 and 6 in Appendix F. Copies of the laboratory analytical
reports are provided in Appendix G.

GEOTECHNICAL ANALYSES

The geotechnical analyses, including bulk density, pneumatic permeability, and grain
size, were completed on the Shelby tube soil samples collected from soil vapour wells
VW?26-12 and VW28-12 at a depth interval of 0.5 mbgs to 1 mbgs.

Pneumatic permeability for both samples could not be calculated due to insufficient data
to satisfy the ASTM requirements. Thus, site-specific soil vapour objectives could not
be calculated for the site. Conservative default values from CCME CWS (2008) were
used in the derivation of soil vapour objectives.

The soil geotechnical laboratory analytical results are presented on Table 6 in
Appendix F. A copy of the laboratory analytical report is provided in Appendix G.

PETROLEUM HYDROCARBON ANALYSES

Benzene was identified at concentrations three times greater than the assessment EQG
in a soil sample and its duplicate, which were obtained from borehole BH39-12 at a
depth of 6 mbgs. Detectable PHC soil concentrations below the assessment EQG were
measured in the remaining twelve sampling locations. .

The soil sample petroleum hydrocarbon laboratory analytical results, along with
historical results, are presented on Table 3 in Appendix F and on Figure 3 in
Appendix B. Copies of the laboratory analytical reports are provided in Appendix G.
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5.2.4 PESTICIDE ANALYSES

DDT plus metabolites was identified at concentrations above the laboratory detection
limit in soil samples, including a duplicate, which were obtained from boreholes
BH32-12 at 0.1 mbgs, BH33-12 at 0.05 mbgs, BH34-12 at 0.25 mbgs, BH42-12 at

0.3 mbgs, BH43-12 at 0.2 mbgs, BH44-12 at 0.75 mbgs, BH44-12 at 1 mbgs, BH44-12
at 1.5 mbgs, and BH45-12 at 0.25 mbgs. Detectable analytical concentrations of DDT
were between 1.3 and 6000 times less than the assessment EQG. DDT constituents in
the remaining soil samples analyzed were not detected at concentrations above the
laboratory detection limit.

The DDT sample laboratory analytical results, along with historical results, are
presented on Table 4 in Appendix F and on Figure 6 in Appendix B. Copies of the
laboratory analytical reports are provided in Appendix G.

5.2.5 FRACTION ORGANIC CARBON ANALYSES

Fraction organic carbon analyses were completed on soil samples collected from
boreholes BH37-12 at 0.75 mbgs, BH38-12 at 1 mbgs, BH39-12 at 0.75 mbgs, and
BH40-12 at 0.5 mbgs. Sample locations and depths were chosen for their proximity to
each of the soil vapour well screen.intervals.

The fraction organic carbon laboratory analytical results are presented on Table 6 in
Appendix F. A copy of the laboratory analytical report is provided in Appendix G.

5.3 GROUNDWATER MONITORING

5.3.1 GROUNDWATER ELEVATIONS

From October 10 to 16, 2012 Tetra Tech staff inspected each of the accessible
groundwater monitoring wells at the site. Significant results from these inspections are
as follows:

e LNAPL was not detected, using the interface probe, on the groundwater surface in
any of the groundwater monitoring wells at the site on these dates.

e  Well casing combustible vapour concentrations ranged from non-detect in
monitoring wells BH-4, BH-13, BH-14 and BH20 to a maximum of 270 ppm in
monitoring well BH-12.

e  Groundwater did not appear to be stabilized in new monitoring wells BH29-12 and
BH30-12 one day after installation. :

e  Depth to groundwater ranged from 0.13 mbgs to 7.89 mbgs.
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5.4

5.4.1

5.4.1.1

5.4.1.2

e  Monitoring well BH23 had measured depth to groundwater of 0.13 mbgs, which is
above the screen interval. No evidence was observed to explain the high
groundwater elevation.

e  Groundwater elevations ranged from 96.01 m to 99.27 m in the remaining
groundwater. monitoring wells that were inspected; and,

e  Groundwater appeared to be mounded with an interpreted radial groundwater flow
direction away from the maintenance compound during this monitoring event.

A summary of the results from the October 2012 monitoring well inspection event, along
with historical results, is presented on Table 1 in Appendix F. A site plan presenting the
October 2012 groundwater elevation data and groundwater contours is provided as
Figure 7 in Appendix B.

GROUNDWATER SAMPLE RESULTS
FIELD MEASUREMENTS

DISSOLVED OXYGEN

The groundwater DO results ranged from 0.4 mg/L in monitoring wells BH16 and BH21
to 12.8 mg/L in monitoring well BH29-12. DO concentrations appear to be depleted
(i.e. less than 1 mg/L) or low (less than background levels, i.e. less than 3 mg/L) in the
PHC-impacted area and increase in concentration to background levels as they get
further from the source area. DO in monitoring well BH21 appears to be depleted and
is outside the PHC-impacted area. This did not affect the interpretation that there is a
trend indicative of biodegradation within the DO results.

The results of the DO measurements are presented on Table 10 in Appendix F.

TEMPERATURE

The groundwater temperature ranged from 5.9°C in monitoring well BH20 to 9.6°C in
monitoring well BH23. The optimal temperature range for bacterial growth is between
5°C and 25°C.

The groundwater temperature measurements from selected monitoring wells are
presented on Table 10 in Appendix F.
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5.4.1.3 PH
The pH in the groundwater ranged from approximately 6.4 in monitoring well BH-9 to
approximately 7.6 in monitoring well BH30-12. The optimal pH range for bacterial
growth is 6 to 8.

The pH results are presented on Table 10 in Appendix F.

5.4.1.4 REDOX POTENTIAL

The redox potential of the groundwater ranged from -219.8 mV in monitoring well BH16
to 155.4 mV in monitoring well BH-10.

The range of redox potential is considered to be within the threshold for ferric iron
reduction and sulfanogenesis (AFCEE, 1995).

The results of the redox potential measurements are presented on Table 10 in
Appendix F.

5.4.1.5 ELECTRICAL CONDUCTIVITY

The electrical conductivity of the groundwater ranged from 0.66 ms/cm in monitoring
well BH16 to 1.44 ms/cm in monitoring well BH24.

The results of the electrical conductivity measurements are presented on Table 10 in

Appendix F.
5.4.2 LABORATORY ANALYSES
5.4.2.1 PETROLEUM HYDROCARBON ANALYSES

Benzene and/or PHC fraction F1 were identified at concentrations exceeding the
referenced guidelines in groundwater samples, including duplicates, which were
collected from monitoring wells BH-12 and BH23. PHC constituents in the remaining
groundwater samples were not detected at concentrations exceeding the referenced
groundwater guidelines and/or laboratory detection limits.

The dissolved-phase PHC in groundwater sample laboratory analytical results are
summarized on Table 7 in Appendix F and on Figure 4 in Appendix B. Copies of the
laboratory analytical reports are provided in Appendix G.
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5.4.2.2

5.4.2.3

5.4.2.4

5.4.2.5

DISSOLVED METALS ANALYSES

Dissolved metals were detected in groundwater samples collected from the monitoring
wells. The results of several dissolved metal parameters were above the laboratory
detection limits; however, there are no applicable FIGQG (2012) guidelines for
dissolved metals for commercial/industrial land use with soil organisms direct contact
pathway.

The results for dissolved metals analyses, along with historical analytical results, are
summarized on Table 9 in Appendix F. Copies of the laboratory analytical reports are
provided in Appendix G.

DISSOLVED NITRATE-NITROGEN

Dissolved nitrate-nitrogen in the groundwater samples ranged from less than

0.003 mg/L in monitoring wells BH-6 and BH23 to 6.8 mg/L in monitoring well BH19.
Dissolved nitrate-nitrogen concentrations were generally lower in groundwater samples
collected from PHC-impacted area and down-gradient of this area. Increased dissolved
nitrate-nitrogen concentrations were measured in groundwater samples collected from
non-PHC impacted wells at the edges of the PHC plume. It appears there is a trend
indicative of biodegradation.

The results of the dissolved nitrate-nitrogen laboratory analyses are presented on
Table 9 in Appendix F. Copies of the laboratory analytical reports are provided in
Appendix G.

ALKALINITY

Total alkalinity (as CaCO3;) groundwater results ranged from 230 mg/L in monitoring well
BH-9 to 760 mg/L in monitoring well BH24. It appears that there is a trend of increased
alkalinity in PHC-impacted wells near the center of the source area.

The results of the total alkalinity laboratory analyses are presented on Table 9 in
Appendix F. Copies of the laboratory analytical reports are provided in Appendix G.

DISSOLVED MANGANESE

Dissolved manganese (Mn?*) groundwater results ranged from 0.011 mg/L in monitoring
well BH18 to 2.6 mg/L in monitoring well BH-2. It appears that there is a trend of
increased dissolved manganese concentrations in the PHC-impacted area.

The results of the dissolved manganese laboratory analyses are presented on Table 8
in Appendix F. Copies of the laboratory analytical reports are provided in Appendix G.
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5.4.2.7

5.4.2.8

9.9

5.5.1

DISSOLVED IRON

Dissolved iron groundwater results ranged from less than0.03 mg/L in monitoring wells
BH-4, BH-6, BH-7, BH-10, BH-13, BH-14, BH18, BH19, BH24, BH29-12, BH31-12 to
2.9 mg/L in monitoring well BH20. It appears that there is a trend of increased
dissolved iron concentrations in the source area.

The results of the dissolved iron laboratory analyses are presented on Table 8 in
Appendix F. Copies of the laboratory analytical reports are provided in Appendix G.

SULPHATE

Sulphate results ranged from less than 1.0 mg/L in monitoring well BH-12 to 91 mg/L in
monitoring well BH23. Trends in the sulphate concentrations indicative of
biodegradation were not observed during this monitoring event.

The results of the sulphate laboratory analyses are presented on Table 9 in Appendix F.
Copies of the laboratory analytical reports are provided in Appendix G.

BIOLOGICAL ANALYSES

Heterotrophic plate count (HPC) and hydrocarbon degrading bacteria were identified in
all wells sampled. The results ranged from 1,000 CFU/mL to 2,800,000 CFU/mL for the
HPC and from 10 MPN/mL to 55,000 MPN/mL for the hydrocarbon degrading bacteria.
Based on these results, HPC and hydrocarbon degrading bacteria appear to be more
numerous within the dissolved PHC plume area.

The results of the bacterial laboratory analyses are presented on Table 11 in
Appendix F. Copies of the laboratory analytical reports are provided in Appendix G.

SOIL VAPOUR ANALYTICAL RESULTS

PETROLEUM HYDROCARBON ANALYSES

Measured PHC concentrations in vapour samples collected from soil vapour wells
VW25-12 and VW27-12 were 1,400 to 2,700,000 times less than the soil vapour
objectives. The concentration of ethylbenzene did not exceed the analytical detection
limit in sample VW25-12. The concentrations of the remaining analyzed parameters
exceeded the laboratory detection limits, but were well below the site-specific soil
vapour objectives. Soil vapour samples could not be collected from soil vapour wells
VW26-12 and VW28-12 due to infiltration of groundwater into the wells or saturated soil
surrounding the wells. Groundwater adjacent to these locations was at a depth of
approximately 0.6 mbgs, the vapour wells are screened from 0.7 mbgs to 1 mbgs below
ground.
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5.6

5.6.1

5.6.2

The soil vapour laboratory analytical results are presented on Table 13 in Appendix F.
Copies of the laboratory analytical reports are provided in Appendix G.

HELIUM ANALYSES

The target helium concentration indicating insignificant leakage is less than 1% helium.
Concentrations of greater than 10% helium indicate that the sample was compromised
by significant leakage. When helium concentrations are between 1% and 10% a mass-
balance calculation can be done to correct the concentrations (Atlantic PIRI, 2006).
Helium concentrations of less than 1% were measured in soil vapour samples collected
from soil vapour wells BH25-12 and BH27- 12 indicating that no significant leakage
occurred during sampling; and therefore, the soil vapour analytical results were not
corrected using the aforementioned mass-balance calculation.

The analytical results of the helium used as a tracer in the leakage test are presented in
Table 13 as percent helium in Appendix F. Copies of the laboratory analytical reports
are provided in Appendix G.

WASTE CHARACTERIZATION

WASTE SoiL

A waste characterization sample was collected from the soil cuttings that were stored in
a soil bag at the site. The results of the BTEX, PHC fractions F1 to F4, PCBs, and
pesticide analyses were not detected at concentrations exceeding the laboratory
detection limits.

The waste soil characterization laboratory analytical results are presented on Tables 3
and 5 in Appendix F. Copies of the laboratory analytical reports are provided in
Appendix G.

WASTE WATER ANALYSES

A waste characterization water sample was collected from the waste water drums that
are stored at the site. BTEX and PHC fractions F2, F3 and F4 were identified at
concentrations exceeding the laboratory detection limit. The remaining constituent of
PHC fraction F1 was not detected at a concentration exceeding the laboratory detection
limit. The concentrations of several dissolved metals were above the laboratory
detection limits.

The waste water characterization laboratory analytical results are presented on
Tables 7, 8 and 9 in Appendix F. Copies of the laboratory analytical reports are
provided in Appendix G.
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6.0 QUALITY ASSURANCE/QUALITY
CONTROL

6.1 FIELD QUALITY ASSURANCE/QUALITY CONTROL

Field Quality Assurance/Quality Control (QA/QC) procedures undertaken by Tetra Tech
field staff included the cleaning of sampling equipment, and sample collection, handling
and management procedures, as summarized below:

e New, clean, disposable nitrile gloves were worn when handling samples or
sampling equipment. New gloves were worn for every sample collected.

e  Sampling equipment was cleaned before and between samples by washing the
equipment in laboratory-grade detergent and potable water and rinsing twice with
distilled water.

e Helium leakage tests were conducted prior to collecting each soil vapour sample to
identify whether there was any leakage within the soil vapour sampling apparatus
and the borehole annulus.

e New, clean and disposable Teflon tubing and compression fittings were used
during collecting soil vapour samples.

e  Soil vapour samples submitted for laboratory analyses were labeled on the tags
attached to the Summa® canisters.

e Soil vapour samples obtained using Summa® canisters were not placed in ice-
chilled coolers for transport since volatiles may condense out the vapour phase at
lower temperatures.

e  Samples submitted for laboratory analyses were identified on both the caps and
labels of the laboratory supplied sample bottles and jars.

e  Precautions were taken to ensure that each sample was handled in such a way as
to minimize the possible loss of volatiles before quantitative analyses at the
laboratory. These included:

»  Packing the samples so that minimal headspace remained in the sample
containers.
»  Samples were placed in ice-chilled coolers throughout the duration of site
activities and during shipment to the laboratory.
e During groundwater monitoring activities, the interface probe, YSI multi-parameter
meter, Mega Monsoon pump®, and flow-through cell were washed and rinsed
between each measurement and between groundwater monitoring well locations.
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e To evaluate field QA/QC procedures a trip blank, a field blank and two equipment
blanks were collected as follows:

»  Afield blank sample was prepared from laboratory-supplied organic-free water
while on the site and returned it to the laboratory for analyses at the end of
sampling event. The collected field blank provides a means to monitor
potential contamination that may impact volatile organics, such as BTEX, due
to the ambient air conditions.

»  The field staff brought a laboratory-prepared trip blank sample, which was
prepared with organic-free water, to the site and returned it to the laboratory
unopened for analyses at the end of sampling event. An analysis of trip blank
helps to identify any potential cross-contamination that may have occurred
with volatile organics, such as BTEX

> Using analyte-free water, staff prepared two equipment blank samples while
on the site by exposing the water to any field apparatus and then collecting the
water in an appropriate sampling containers and returning it to the laboratory
for analyses. An equipment blank is used to evaluate artifacts or cross-
contamination from field equipment and is analyzed for all potential
contaminants of concern.

e  The RKI Eagle® vapour meter was calibrated daily with hexane prior to the
commencement of field activities. The vapour meter was inspected for battery
charge daily.

e  The YSI multi-parameter meter was calibrated prior to the commencement of field
activities for all parameters, except DO. DO was calibrated daily using ambient air.
The multi-meter was inspected for battery charge daily.

e Duplicate samples were submitted to the laboratory at a rate of approximately one
duplicate for every ten samples.

e Field duplicate soil vapour samples were obtained simultaneously using a Y-splitter
that was supplied by the laboratory and was certified as clean.

LABORATORY QUALITY ASSURANCE/QUALITY CONTROL

Each laboratory report provided by Maxxam includes a Quality Assurance Report.
Each laboratory report was analyzed using a Tetra Tech Lab Data Checklist which
ensures that both laboratory and field quality control measures are within acceptable
parameters.

Laboratory analytical results for the collected field duplicates were compared using the
relative percent different (RPDpyp), which is defined as the absolute value of the
difference between the two samples, divided by the average. Due to analytical errors
near the method detection limit, the RPDpyp should only be applied where the analyte
concentrations are greater than the practical quantitation limit (PQL) (defined as five
times the method detection limit). For organic and inorganic parameters measured in
soil, an RPDpyp value of less than 100% is considered acceptable. For organic
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parameters in groundwater, an RPDpyp value of less than 80% is considered
acceptable. For inorganic parameters in water, an RPDpyp value of less than 50% is
considered acceptable. For organic parameters in soil vapour, an RPDpyp value of less
than 50% is considered acceptable.

The following comments were noted on the Tetra Tech Lab Data Checklists:

e  The calculated RPDpyp values for BTEX and PHC fractions F1 to F4 ranged from
17% to 36%, (where analyte concentrations were greater than the PQL) for the soil
samples that were obtained from borehole BH39-12 at 6 mbgs. These results are
considered acceptable.

e  The calculated RPDpyp values for BTEX and PHC fractions F1 to F4 ranged from
0% to 34%, (where analyte concentrations were greater than the PQL) for the soil
samples that were obtained from borehole BH40-12 at 3.75 mbgs. These results
are considered acceptable.

e The calculated RPDpyp values for the soil samples obtained from borehole
BH42-12 at 0.3 mbgs ranged from 18% to 40%. These results are considered
acceptable.

e The calculated RPDpyp values for the soil samples obtained from borehole
BH44-12 at 0.3 mbgs could not be calculated because results did not exceed the
laboratory detection limits.

e The calculated RPDpyp values for BTEX and PHC fractions F1 to F4 ranged from
0% to 17%, (where analyte concentrations were greater than the PQL) for the
water samples that were obtained from monitoring well BH-12. These results are
considered acceptable.

e The calculated RPDpyp values for metals and routine parameters in the
groundwater samples obtained from monitoring well BH-12 ranged from 0% to
28%, (where analyte concentrations were greater than the PQL) which is
considered acceptable.

e The calculated RPDpyp values for BTEX and PHC fractions F1 to F4 ranged from
0% to 90%, (where analyte concentrations were greater than the PQL) for the
water samples that were obtained from monitoring well BH23. These results are
considered acceptable.

e The calculated RPDpyr values for metals and routine parameters in the
groundwater samples obtained from monitoring well BH23 ranged from 0% to 8%,
(where analyte concentrations were greater than the PQL) which is considered
acceptable.

e  Analytical results for BTEX and/or PHC fractions F1 to F4 in water for the trip blank,
field blank, equipment blanks (putty knife and tubing) did not exceed the laboratory
detection limits.

e  Analytical results for dissolved metals analysis in the equipment blank (tubing) did
not exceed the laboratory detection limits except for aluminum, copper, cadmium,
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molybdenum and uranium; however, these results were below the PQL. These
results do not indicate a data quality problem.

e  Analytical results for routine water parameters on the equipment blank (tubing)
were within normal ranges for analyte-free water.

The remaining laboratory calibration checks, quality control standard recoveries, spikes,
and RPDs were within the laboratory’s quality control limits. The Maxxam Quality
Assurance Reports and Tetra Tech Lab Data Checklists are included at the back of
each analytical report, which are provided in Appendix G.
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7.0 DISCUSSION

7.1 SolL QUALITY

7.1.1 PHC-IMPACTED SoIL

PHC-impacted soil has been identified at the site at concentrations in excess of the
assessment EQG for the identified operable receptor exposure pathways. These
impacts are present at, and to the south and east of the former gasoline UST (the
potential source) that was located at the west end of the gravelled surface between the
Shop A and Shop B Maintenance Garages. PHC impacts appear to have migrated in a
west and northwesterly direction based on laboratory data collected, away from the
former UST and are now present beneath a lightly forested area that buffers the
Lobstick maintenance compound from the 14™ hole of the Lobstick Golf Course. These
impacts to soil appear to be delineated vertically and horizontally. Since it is reasonably
assumed that the Lobstick maintenance compound and the Lobstick Golf Course
comprise one property then only one property is affected by these impacts. Based on
the October 2012 drilling program, that further delineated the PHC-impacted soil, the
volume of PHC-impacted soil is estimated to be in the order of 2800 m*. Thisis a
reduction from the previously estimated volume of 4200 m®. The estimated volume of
PHC-impacted soil was calculated using an area midway between the maximum and
minimum areas and the depth of impacted soil as presented on Figure 5 in Appendix B.

Impacts to soil associated with the former UST were detected at a depth of 2.5 mbgs
and were detected to be present to depths up to 6.85 mbgs in soil samples analyzed
from the boreholes.

PHC-impacted soils were detected at grade, near the filler spout of the used oil tank
that is located on the west side of the Shop A Maintenance Garage. Impacts to the soil
at this location overlap with the area that was affected by PHCs from the UST as
described above.

7.1.2 DDT-IMPACTED SoIL

To further assess the DDT concentrations in soil at the site, Tetra Tech staff collected
24 soil samples, including two duplicates, across the site at varying near surface
depths. The soil sample analytical results indicated the presence of DDT (total) in nine
soil samples at concentrations above the laboratory detection limit but below the
referenced CCME commercial land use guideline. Samples were submitted from

Public Works and Government Services Canada 44 1018901603-REP-V0001-02
2012 Environmental Investigation PWGSC Project No. R.042685.004
Lobstick Maintenance Compound, Waskesiu Lake, Saskatchewan



TETRATECH

7.2

7.2.1

7.2.2

surface to 1.5 mbgs, with DDT detected in soil samples collected from boreholes
BH32-12 at 0.1 mbgs, BH33-12 at 0.05 mbgs, BH34-12 at 0.25 mbgs, BH42-12 at

0.3 mbgs, and BH45 at 0.25 mbgs. DDT was not detected at concentrations exceeding
the laboratory detection limit in samples collected from the same boreholes at depths
below those indicated above. These results indicate that DDT is generally present at the
site in the near surface soils. Therefore, these results should be considered if soil is to
be disposed of the site at a soil disposal facility.

In borehole BH44-12, which is located adjacent to the chemical storage shed, DDT was
not detected at a concentration greater than the laboratory detection limit in the near
surface soil; however, DDT was detected at a concentration less than the referenced
EQG in soil samples collected from depths of 0.75 mbgs, 1 mbgs and 1.5 mbgs, the
maximum depth of investigation in this borehole. Borehole BH44-12 is located within
the PHC-impacted soil area and any excavation would likely remove the DDT in this
area.

GROUNDWATER QUALITY

PHC-IMPACTED GROUNDWATER

PHCs were detected in groundwater samples collected from monitoring wells BH-12
and BH23 within the area of investigation at concentrations in excess of the assessment
EQG for the identified operable receptor exposure pathways. These groundwater
impacts correlate with the plume of PHC-impacted soil. PHC concentrations in
groundwater are at a maximum in monitoring well BH-12, near the potential source, and
then decline to generally non-detectable levels in the periphery wells.

With the addition of three sentry monitoring wells in October 2012, PHC impacts are
generally delineated within the area of investigation. PHCs previously detected in
groundwater samples collected from monitoring well BH20 have been delineated to
non-detect levels in monitoring well BH29-12, located in the 14™ hole to the northwest.
Due to slow groundwater recharge, monitoring well BH30-12, northeast of the site on
the side of the service road, could not be sampled during this event. However, a field
measurement showed background levels of DO in the groundwater. This would
suggest that there are insignificant concentrations of PHCs in the groundwater at this
location and support this well as being a sentry well. In addition, groundwater samples
collected from monitoring wells BH18 and BH19, which are southwest of BH30-12, had
non-detectable PHC concentrations.

METALS-IMPACTED GROUNDWATER

Various dissolved metals were identified in all wells that were sampled at this site at
concentrations in excess of the laboratory detection limits. There are no applicable
FIGQG (2012) guidelines for dissolved metals in groundwater.
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7.3

7.3.1

GROUNDWATER FLow CONDITION

The average depth to groundwater from ground during the October 2012 monitoring
event was 1.55 mbgs and the average groundwater elevation was 98.27 m above
datum. From the groundwater monitoring events observed since 2010, groundwater
elevations are at their highest in early winter (November/December) and their lowest in
mid-winter (February). Previous groundwater monitoring events have assessed the
groundwater flow direction to be north/northwest. The groundwater appeared to be
mounded with an apparent radial groundwater flow direction away from the
maintenance compound during this monitoring event. Monitoring well BH23 had
measured depth to groundwater of 0.13 mbgs, which is above the screen interval. No
evidence was observed to explain the high groundwater elevation. Groundwater did not
appear to be stabilized in new monitoring wells BH29-12 and BH30-12 one day after
installation

NATURAL ATTENUATION ASSESSMENT

Increasing trends of dissolved manganese, dissolved iron, and alkalinity, and
decreasing trends of DO and nitrate-nitrogen were identified in the groundwater of
PHC-impacted wells, when compared to the groundwater of non-PHC-impacted wells.
As well, hydrocarbon degrading bacteria were detected in groundwater samples
collected from the site, in numbers more numerous within the dissolved PHC plume.

In general, based on the results of the October 2012 monitoring and sampling event the
trends suggest that biodegradation of PHC constituents has likely occurred and/or is
occurring via aerobic respiration, manganese reduction, denitrification, and iron
reduction. These degradation pathways may still be active, through denitrification,
manganese reduction, and iron reduction typically take place as aerobic respiration
rates begin to decrease. The concentrations of DO, nitrate-nitrogen, dissolved
manganese, and dissolved iron in the groundwater suggest it is possible that as aerobic
respiration is exhausted the anaerobic processes are being utilized until the DO
concentrations are sufficient to begin aerobic respiration again.

The assimilative capacity to degrade BTEX components was calculated by summing
the geochemical indicators’ potential for biodegradation. The depleted DO
concentrations in the groundwater suggest that it is possible that aerobic respiration has
taken place, and may continue to take place at the site.

The expressed total assimilative capacity of BTEX in the groundwater sampled in the
area of investigation is calculated to be in the range of approximately 1 mg/L
(monitoring wells BH-12 and BH16) to 20 mg/L (monitoring well BH23). The
assimilative capacities for each of the monitoring wells are above the observed
concentration of BTEX detected, except for monitoring well BH-12. Monitoring well
BH-12 is in the middle of the plume and has had the highest dissolved PHCs in the four
sampling events that have been conducted. This calculation implies that there are not
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7.4

enough nutrients in the water at this location to biodegrade the PHCs. However, away
from this location, the remaining monitoring wells show that there is the potential for
biodegradation to occur.

The assimilative capacity for BTEX degradation is presented on Table 12 in
Appendix F.

PETROLEUM HYDROCARBON VAPOURS IN SOIL

One soil vapour sampling event has been completed at the site; in the fall of 2012, and
only two of the four soil vapour wells could be sampled. Analytical results for PHCs in
soil vapour that have been obtained thus far, from soil vapour wells VW25-12 and
VW27-12, were 1,400 to 2,700,000 times less than the referenced soil vapour
objectives. Soil vapour samples could not be collected from soil vapour wells VIW26-12
and VW28-12 due to infiltration of groundwater and/or saturated soil surrounding the
screen interval. Groundwater in monitoring wells BH-9 and BH-12, which are adjacent
to the flooded vapour wells VW26-12 and VW28-12, respectively, was measured at a
level above the screen of the vapour wells. Previous groundwater monitoring events
have shown that the groundwater fluctuates to a level below the screen of the vapour
well inferring that soil vapours could be sampled in these wells during a different
season.

Recommendations from the ITRC (2007) and Geosyntec (2008) suggest that soil
vapour monitoring programs can be concluded if measured soil vapour concentrations
were 10 times less than risk-based objectives and that at least two sampling events
during different seasons have been completed.

From the limited data available it does not appear that the intrusion of subsurface
vapours to indoor air would be expected to result in adverse health effects for
occupants of existing buildings or future building occupants. However, additional soil
vapour sampling is required to support this statement. The additional soil vapour
sampling at soil vapour wells VIW25-12 and VW27-12 should occur during a different
season, preferably in the early spring before groundwater begins to rise. Soil vapour
wells VW26-12 and VW28 -12 should be sampled during two different seasons when
groundwater is sufficiently below the soil vapour screen interval. Based on historical
monitoring data, groundwater is expected to be sufficiently below the soil vapour screen
interval to allow the sampling of all four soil vapor wells during the early spring and
potentially during the mid-summer months. ’
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8.0

NATIONAL CLASSIFICATION SYSTEM
FOR CONTAMINATED SITES

8.1

A National Classification System for Contaminated Sites (NCSCS) worksheet was
completed for the subject site. This classification was compiled in accordance with the
procedures established in the CCME National Classification System for Contaminated
Sites Guidance Document PN 1403.

For this site, the NCSCS Site Score was determined by assessing the maintenance
compound and the surrounding areas that are known or suspected to have been
affected by contaminants that may have originated at the subject site. The Site Score
was determined by assessing all affected areas as a whole. Individual areas, if
assessed separately, may have a lower Site Score.

The NCSCS Site Score for the Lobstick maintenance compound and the surrounding
affected areas is 48.1 (Site Letter Grade C; certainty percentage 69%) which
corresponds with a Site Classification Category of 3 (Low Priority for Action).

A copy of the NCSCS Score Summary Sheet with the calculated Site Score is provided
in Appendix H.

DISCUSSION

This site score is primarily derived from the nature of the potential risks that are
associated with the contaminants that are present at the site, in particular benzene,
which has a relatively large effect on the overall site score. Additionally, impacts in
surface soils (upper 1.5 m), impacts to groundwater, and potential risks to building
occupants from vapour ingress drive up the score.

Tetra Tech is of the opinion that the identified impacts pose a low risk to human and
environmental receptors at this site. The bulk of the PHC-impacted soils at this site lie
below an approximately 20 m wide lightly forested strip that acts as a buffer between
the maintenance compound and the 14™ hole of the Lobstick Golf Course. The impacts
are generally located from approximately 2.5 m to approximately 6.9 mbgs. It would be
anticipated that if the Lobstick maintenance compound were to be redeveloped that this
natural vegetation (the buffer strip) would be retained, suggesting that there would be
few risks to allowing these impacts to attenuate in place. None the less, with the
current data collected, the identified PHC impacts may still pose a vapour inhalation risk
to occupants of the current and proposed structures at this site due to the possible
migration of PHC vapours through the near surface coarse-grained soils, into the
occupiable spaces of these structures. At least two additional soil vapour sampling
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events would be required to assess if subsurface vapours to indoor air may be expected
to result in adverse health effects to current or future occupants at the site. In lieu of
continued vapour sampling, or in conjunction with, a vapour management system could
be installed beneath any new building construction within the footprint of the PHC

plume.
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CONCLUSIONS

The stratigraphy at this site is somewhat heterogeneous, but generally comprised a
surface covering of sand or gravel fill within the parking or roadway areas to a
depth of approximately 1 mbgs, outside of these areas organic silts were
encountered. These materials were underlain by silt at depths of approximately
2.75 mbgs to 3.5 mbgs. The silt was typically underlain by olive-brown clay with
periodic cobbles and silt or sand seams to the total investigated depth of 10.25
mbgs. Wet sand sequences were observed in boreholes BH-13, BH20, BH21,
BH30-12, BH31-12, BH33-12 and BH38-12; however, these appeared to be
discontinuous. Eleven boreholes were terminated due to contact with cobbles.

PHC impacts to soil have been identified at concentrations exceeding the
assessment EQGs in samples that were obtained from boreholes: BH-4, BH-5,
BH-8, BH-11, BH-12, BH23, BH39-12, and in the surface soil sample collected near
the used oil tank. The identified PHC impacts to soil have been delineated. Based
on the results of the October 2012 drilling program, that further delineated the
PHC-impacted soil, the volume of PHC-impacted soil is estimated to be in the order
of 2800 m°.

DDT (total) in soil was not identified at concentrations exceeding the assessment
EQG in any samples collected and analysed.

PHC impacts to groundwater were also identified at concentrations exceeding the
referenced groundwater guidelines in samples that were collected from monitoring
wells BH-12 and BH23. Dissolved-phase PHCs are delineated.

One or more dissolved and/or total metals were identified in all the groundwater
monitoring wells that were sampled at this site. There are no applicable
assessment EQGs for metals in groundwater at this site.

Groundwater monitoring well inspections were conducted in November, 2010,
February, March, and December 2011, and October 2012. LNAPL was not
detected on the groundwater surface in any of the groundwater monitoring wells at
the site and the inferred groundwater flow direction appears to be mounded with
radial groundwater flow away from the maintenance compound during the latest
event.

Trends indicative of biodegradation were observed during the natural attenuation
assessment. These include an increase in manganese, iron and alkalinity and a
decrease in DO and nitrate nitrogen within wells containing dissolved PHCs when
compared with well that do not contain dissolved PHCs. As well, the capacity of
the monitoring wells at the site to assimilate BTEX is greater than the dissolved
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BTEX concentrations measured in all the wells, except monitoring well BH-12.
Monitoring well BH-12 is in the centre of the suspected area of impact.

e  Soil vapour samples were collected from two of the four soil vapour wells installed
at the site. Analytical results for PHC in soil vapour were 1,400 to 2,700,000 times
less than the referenced soil vapour objectives.

e The NCSCS Site Score for the former Lobstick maintenance compound and the
surrounding affected areas is 48.1 which corresponds with a Site Classification
Category of 3 (Low Priority for Action).
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LIMITATIONS

The scope of this report is limited to the matters expressly covered and is intended
solely for the client to whom it is addressed. Tetra Tech WEI Inc. makes no warranties,
expressed or implied, including without limitation, as to the marketability of the site, or
fitness for a particular use. The assessment was conducted using standard engineering
and scientific judgment, principles and practices, within a practical scope and budget. It
is partially based on the observations of the assessor during the site visit, in conjunction
with archival information obtained from a number of sources, which are assumed to be
correct. Except as provided, Tetra Tech WEI Inc. has made no independent
investigations to verify the accuracy or completeness of the information obtained from
secondary sources or personal interviews. Generally, the findings, conclusions, and
recommendations are based on a limited amount of data (e.g., the number of sample
points, and the number of samples submitted for laboratory analyses) interpolated
between sampling points, and the actual conditions (e.g., the type, level, and extent of
impacted media) on the property may vary from that described above. Any findings
regarding site conditions different from those described above upon which this report is
based will consequently change Tetra Tech WEI Inc. conclusions and
recommendations.
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PHOTOGRAPHS
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SITE PHOTOGRAPHS

Photo 1: East-facing view looking toward the site from the access
road.

Photo 2: Southwest-facing view looking toward the 14™ hole.
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SITE PHOTOGRAPHS

Photo 1: East-facing view looking toward the site from the access
road.

e &

Photo 2: Southwest-facing view looking toward the 14th hole.
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SITE PHOTOGRAPHS
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Photo 3: North-facing ew Iookig along the acce
site from the 13" hole.
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Photo 4: East-facing view toward the site from the 14™ hole.
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SITE PHOTOGRAPHS
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Photo 6: Southwest-facing view of the septic tank a
from the access road.
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SITE PHOTOGRAPHS

Photo 7: Southeat-facing view of th Iotlo of moitoTrihg well
BH29-12.

oto 8: Southwest-facing view of a ater body located
approximately 159 m east of site.
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SITE PHOTOGRAPHS

Photo 9: West-facing view of a ater body, incldinga beaver lodge,
located approximately 365 m northeast of the site.

Photo 10: East-facing view of a water bod, mcluding beaver lodge,
located approximately 465 m northeast of the site.
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JEM
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1.0

INTRODUCTION

This technical memorandum provides the equations and input parameters used to
derive generic soil vapour objectives presented in the main report. Petroleum
hydrocarbons in soil vapour may migrate through the subsurface to indoor air.
Therefore, soil vapour samples have been collected on sites where previous site
investigations have found that concentrations of benzene, toluene, ethylbenzene,
xylenes (BTEX), and/or petroleum hydrocarbon fractions F1 and F2 in soil exceeded
applicable pathway-specific criteria for the vapour inhalation pathway. Soil vapour
objectives are not published by provincial or federal regulatory agencies; therefore,
generic soil vapour objectives were calculated. Methods used to calculate the soil
vapour objectives are presented within this technical memorandum. Section 2
describes the methods that were used to derive risk-based generic objectives for soil
vapour. Uncertainties associated with the vapour transport model used to derive the
objectives are summarized in Section 3. References are provided in Section 4, and
tables are provided in Appendix A.

The approach used to calculate the generic soil vapour objectives is based entirely on
the approach published by the Canadian Council of Ministers of Environment (CCME) .
Canada-Wide Standard for Petroleum Hydrocarbons (PHC) in Soil (CCME 2008). The
equations and model assumptions were taken directly from the Canada-Wide Standard
(2008) document. While CCME does not publish soil vapour objectives, the approach
used to calculate soil guidelines for the vapour inhalation pathway is used to derive the
soil vapour objectives.
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2.0

DERIVATION OF SOIL VAPOUR
OBJECTIVES FOR VAPOUR INHALATION

As published by the CCME, the generic soil vapour objectives are developed using the
Johnson and Ettinger (1991) model (JEM). The JEM is a one-dimensional model that
incorporates both advective and diffusive mechanisms for estimating the transport of
contaminated vapours emanating from the subsurface into indoor spaces located
directly above or in close proximity to the source of contamination. The JEM provides
an estimated attenuation coefficient that relates the vapour concentration in the indoor
space to the vapour concentration at the source of contamination. Since the JEM was
developed for use as a screening-level model, it is based on a number of simplifying
assumptions regarding distribution and occurrence of chemicals, subsurface
characteristics, transport mechanisms, and building construction. The uncertainties
associated with the assumptions inherent in the JEM are summarized in Section 3.

The model used to derive risk-based soil vapour objectives considers the migration of
soil vapour through the soil column, intrusion of vapour into indoor air and then
exposure to the chemicals by people that occupy the building (either residential or
commercial). Therefore, physical assumptions and chemical properties are necessary
as inputs to the model. Assumptions used in the migration of soil vapour in the soil
column for soil porosity, moisture content, vapour permeability and fraction organic
carbon were based on assumptions for fine and coarse-grained soils as published by
CCME (2008). The chemical properties (e.g., Henry's Law constants and partition
coefficients) that represent how volatile chemicals migrate within soil and air are found
in scientific literature and also applied by CCME. Intrusion of soil vapour into indoor air
requires assumptions regarding building (commercial or residential) characteristics such
as, ventilation rates, foundation properties, size of the building. Finally, determining an
acceptable concentration in indoor air requires an understanding of how people take
chemicals into the body and toxicity of the chemicals. This information is based on
standard risk assessment assumptions as documented by CCME (2008). All
assumptions and chemical-specific information used to derive the soil vapour objectives
herein were the same as used by CCME in its guideline derivation process

(CCME 2008), and described in more detail below.

The sections below present the specific JEM model equations used to derive the
objectives for soil vapour. The equation for substances that are not carcinogens (i.e.,
threshold substances) is used to derive objectives for all PHCs except benzene. The
equation for carcinogenic (i.e., non-threshold) substances is used to derive the objective
for benzene.
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Threshold Substances:

(RFC — C MSAF(DFi) (2-1)
- ET
Non-threshold Substances:
(RSC)(DF) '

S7 = _HT_‘ (2-2)
Where:
SV = Risk-based Soil Vapour Objective (mg/m?)
RfC = Reference air concentration (mg/m?®)
RSC = Risk-specific concentration (mg/m®)
Ca = Background indoor/outdoor air concentration (mg/m®)
SAF = Soil allocation factor (unitless)
DF; = Dilution factor from soil gas to indoor air (unitless); see Equations 2-3

through 2-8

ET =  Exposure term (unitless); the ET is 1 for residential receptors and 0.275 for

commercial and industrial receptors

The dilution factor term (DF;) represents the dilution of contaminant concentrations
between soil gas and indoor air. DF; is calculated using the equations below (2-3 to
2-8), and is based on the attenuation between the contaminant vapour concentration in
the building and the contaminant vapour concentration at the source.

Technical Memorandum

pE =2 (2-3)
@
DF; = Dilution factor from soil gas to indoor air (unitless)
a = Attenuation coefficient (contaminant vapour concentration in
Building/vapour concentration at the contaminant source)
Where:
(&Eié} ﬁm&cmm) (2-4)
N QE T Dc ~ack '{lcramz
@ = ) @ i} Be Eff’-l i 3 Q I . }
5 soil “crack T i soil~erack E
YT, L +ilexp | R —
P (Dcmck‘qcmm { I‘ ) (QsmlL”‘> [6}»}7 {‘chck‘qc’.“aek } lg
D" = Effective porous media diffusion coefficient (cm?/s); see Equation 2-5
Ag = Building area exposed to soil, including basement wall area (cm?)
Qg = Building ventilation rate (cm®s); see Equation 2-7
Lt =  Distance from contaminant source to foundation (cm)
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Qsoil =
Lcrack -
Dcrack

Acrack -

Dcrack
Da
ea_c
Ne =

Qsoil =
AP =
kv

Xcrack

V]

Zcrack =

lcrack

Volumetric flow rate of soil gas into the building (cm%s); see Equation 2-8
Thickness of the foundation (cm)

Effective vapour pressure diffusion coefficient through the crack (cm?/s);
see Equation 2-6
Area of cracks through which contaminant vapours enter the building (cm?)

£o404%
iy 2-5
“1f D, (eﬂ ) (2-5)

ne

¥

Overall effective porous media diffusion coefficient based on vapour-phase
concentrations for the region between the source and the foundation (cm?s)

Pure component molecular diffusivities in air (cm?/s)
Vapour-filled porosity (unitless)
Total soil porosity (unitless)

LT

8 (2-6)
Dcmck & Da( ﬂ_f )

X nz

Z

Effective diffusion coefficient through foundation crack (cm?/s)
Pure component molecular diffusivities in air (cm?/s)
Air-filled porosity if soil-filled foundation crack (unitless)

Total soil porosity in foundation crack (unitless; assumed to be the same as
total soil porosity)

Q5 = Ly Wy H,(ACH)/(36005/h) (2-7)

Building ventilation rate (cm®/s)

Building length (cm)

Building width (cm)

Building height, including basement (cm)
Air exchanges per hour (h'1)

EmﬂkaXcmck (2_8)

2 i [Pese)]

zai —

Terark

Volumetric flow rate of soil gas into the building (cm®s)
Pressure differential (g/cm-s?)

Soil vapour permeability to vapour flow (cm?)

Length of idealized cylinder (cm)

Vapour viscosity (g/cm-s)

Distance below grade to idealized cylinder (cm)

Radius of idealized cylinder (cm)
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The generic input values used for chemical, soil, and building properties and for
assumptions of exposure in the equations above are provided in Tables 1 through 3.
For the PHC fractions, objectives for vapour inhalation are only developed for F1 and
F2, because only these two fractions are considered volatile (all PHC fractions are
evaluated for direct contact and ecological exposure). For the PHC fractions F1 and
F2, the soil vapour objectives are calculated for each subfraction and then combined
using the following equation:

v 1 | (2-9)

‘Fractioni = _ MF 5
L SU 7

Ly 7
ﬂ’scthf-mcti’on_;’

Where:

SViraction, i = Risk-based Soil Vapour Objective for the Fraction (mg/ms)

SVsubtractionj = Risk-based Soil Vapour Objective (mg/m®) for each subfraction
within Fraction i

MFsubrracion j = Mass fraction of each subfraction within the Fraction /

The default parameter values from CCME (2008) presented in Tables 1 through 3 in
Appendix A, were used to derive the generic soil vapour objectives. The generic soil
vapour objectives used to compare measured soil vapours at sites are presented in
Table 4 in Appendix A.
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3.0 VAPOUR TRANSPORT MODEL
UNCERTAINTIES

The screening-level JEM used to derive the soil vapour objectives incorporates
simplified assumptions regarding distribution and occurrence of chemicals, subsurface
characteristics, transport mechanisms, and building construction. This section
highlights the major assumptions associated with the JEM. As discussed below, each
of the major assumptions is conservative and likely results in an underestimate of
attenuation between subsurface and indoor air. Likewise, the following assumptions
also likely result in conservative (lower) estimates of risk-based concentrations for PHC
in soil vapour (U.S. EPA 2002, 2004):

e  The source concentration underlying the building footprint is homogeneous. This
assumption ignores the likelihood that concentrations throughout the subsurface
~may vary across the building footprint.

e  Source concentrations are assumed to remain constant over time; that is,
concentrations do not decrease through medium transfer, lateral migration,
hydrolysis, photolysis, or biodegradation. In reality, each of these processes
occurs to some degree and is expected to result in a decrease of chemical
concentrations over time. The assumption of non-depleting source concentrations
can over-predict risk by one to three orders of magnitude.

e  Buildings are continuously under-pressurized. This assumption neglects situations
where neutral or positive pressurized building conditions may exist and may
therefore overestimate advective transport of contaminated vapours to indoor air.

e  Vapour-phase diffusion is the dominant transport mechanism for sources of
contamination located away from the building foundation to the soil region near the
foundation. This assumption ignores potential effects from variations in
atmospheric pressure, which may create conditions for transport of chemicals away
from the building foundation.

e Vapour transport occurs in a single (vertical) dimension. This assumption ignores
the potential for vapour migration in multiple directions away from the source area
and is likely to result in an overestimation of vapour emissions and higher indoor
concentrations. :

e  Convective flow of vapours near the foundation is uniform. This assumption
ignores the potential for the vapour flow rate to vary by location throughout the
foundation.

Technical Memorandum 6 0413480108-REP-V0002-00
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Convective velocity of vapours through foundation cracks is uniform. This
assumption ignores the potential that the size of cracks and other foundation
openings may vary and assumes a constant pressure field between interior spaces
and the soil surface.

The advection rate of vapours through the building foundation is uniform and
occurs through coarse-grained, relatively sandy soils (that is, relatively permeable
soils). This assumption does not account for any reduction in vapour flow that may
be caused by finer-grained soils (that is, less permeable soils) riear the building
foundation.

Each building is a single-story building, and indoor air concentrations resulting from
subsurface vapour intrusion are uniform throughout the building. This assumption
ignores potential dilution to indoor air concentrations that may occur in buildings
that have more than one level.

The exchange rate between indoor and outdoor air does not exceed one-quarter air
change per hour for residential exposure. This assumption ignores the dilution to indoor
air concentrations that may occur when air exchange rates are higher (for example,
from open windows, open doors, or building ventilation systems).
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5.0

LIMITATIONS

The scope of this report is limited to the matters expressly covered and is intended
solely for the client to whom it is addressed. Tetra Tech WEI Inc. makes no warranties,
expressed or implied, including without limitation, as to the marketability of the site, or
fitness for a particular use. The assessment was conducted using standard engineering
and scientific judgment, principles and practices, within a practical scope and budget. It
is partially based on the observations of the assessor during the site visit, in conjunction
with archival information obtained from a number of sources, which are assumed to be
correct. Except as provided, Tetra Tech WEI Inc. has made no independent
investigations to verify the accuracy or completeness of the information obtained from
secondary sources or personal interviews. Generally, the findings, conclusions, and
recommendations are based on a limited amount of data (e.g., the number of sample
points, and the number of samples submitted for laboratory analyses) interpolated
between sampling points, and the actual conditions (e.g., the type, level, and extent of
impacted media) on the property may vary from that described above. Any findings
regarding site conditions different from those described above upon which this report is
based will consequently change Tetra Tech WEI Inc.’s conclusions and
recommendations.
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TETRATECH

APPENDIX D

UTILITY LOCATES




From: Allyson Bain

To: Lange, Tro
Subject: RE: Waskesiu utility locates
Date: Wednesday, October 03, 2012 2:05:08 PM

Good afternoon,
You will be clear for your work at this location.

Thanks

7 Allyson Bain
WWW.myaccess.ca CSR . Access Communications Co-operative Limited

Phone via Team Leader at ext 6607 . Email Allyson.Bain@myaccess.coop
Fax
2250 Park St . Regina . Saskatchewan . S4N 7K7

From: Lange, Troy [Troy.Lange@tetratech.com]
Sent: Tuesday, October 02, 2012 4:40 PM

To: locates.engineering@myaccess.coop
Subject: Waskesiu utility locates

Hello,

I’'m wondering if Access has any utility lines at the Lobstick golf course maintenance compound in
Waskesiu, SK? I've attached some site figures to assist with identifying the location.

Thanks,

Troy Lange | Junior Environmental Scientist
Direct: 306.649.1506 | Cell: 306.321.4920 | Fax: 306.664.7074
Troy.Lange@tetratech.com

Tetra Tech, WEI | Infra-Environmental Division
1400-410 22nd St E | Saskatoon, SK S7K 5T6 | www.tetratech.com

PLEASE NOTE:" This message, including any attachments, may include confidential and/or inside information. Any
distribution or use of this communication by anyone other than the intended recipient is strictly prohibited and may be
unlawful. If you are not the intended recipient, please notify the sender by replying to this message and then delete it from
your system. ‘

@% Think Green - Not every email needs to be printed.




Header Code: ROUTINE LOCATE

TicketNo: 2012401772

MAGNA ELECTRIC CORPORSTION

"ATTEHTION CONTRACTOR' PLEASE REMOWVE LOCATE FLAGS UPON COMPLETIOH OF EXCAVATION

Warlk Planned far: Thu, 10-04-2012 16:36 PH
Locate to be completed by: Thu, 10-04-2012 16:36 PH
Original Call Date: Tue, 10-02-2012 16:36 PH
Cantractor; TETRA TECH Contact Phane: (306)-649-1506 ext.
Contact Name: TROY LANGE Contact Fax:
Alt. Contact: Alt Contact Phone:
Working for.  TETRA TECH Contact Cell (306)-321-4920 ext.
troy lange@tetratech.com
City: WASKESIU Subdivision: GOLF COURSE MATNTENANCE
Address: To: WAPITI DRIVE
MNearest Intersecting Street:
Add. Dig Info:  W1210021506340 THE MAINTEMANCE COMPOUND CAN ACCCESSED VIA THE

ROALD THAT BRAWCHES OFF THE 3SOUTHSIDE OF WAPITI DR, EAST OF THE CHATELU

PALRE

CHALETS.

FRONT LOT,BACK LOT,CONTACT CALLER TO CONFIEM LOC COMPLETE,

Type Of Work: BORE HOLES

Locator: SKOROBOHACH, RAHDY
Remarks to excavator; = NOT CLEAR TO DIG QUTSIDE WORK AREA,

CLEAR

Locate Info:

SASKPOWER - LAZ URBAMN Status: Marked 2 Uti Completed: 10/02/2012 13:00:00 MNotes: .

SASKTEL - LA2 URBAMN Status: Mo Fac 2 Uti Completed: 10/02/2012 13:00:00 Motes: .

ANY CONCERNS OR QUESTIONS REGARDING THIS LOCATE, PLEASE CONTACT THE LOCATING SERVICES
DEFPARTEMENT AT 877-955-8131 OR BY EMAIL AT locates@magnaelectric.com.



DRILLING / BOREHOLE / EXCAVATIONS CHECKLIST

(attach to completed JSA)
Site location, name:  Lob S e
Project scope: Ervico Dl Date: Ot [0 // |2
=
Contractor: Tetva Terh Sub-contractor: | pwte oy e
Supervisor: Tow  Enae
] )
) COMMENTS INCLUDING
ACTIVITY Yes | No/ | JUSTIFICATION IF A RESPONSE IS
N/A NO OR NOT APPLICABLE

® Worker's properly briefed on potential site/work hazards and safety
Sub-surface Clearance Protocols have been reviewed with all site personnel | : ./
involved in subsurface disturbance activities.

@ All applicable local, provincial and federal permits have been obtained.

© All crossing agreements for third party and owner facilities are in place and o
conditions have been met. : 4

@ 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. -

@ Reviewed site information to identify subsurface structures relevant to
planned site activities (easements, right-of-ways, historical plot plans, e
previous site investigations, soil surveys, boring logs, etc.). -

@ Utility locates have been performed by public utility company(s), One-Call s
companies, within required timeframe. Locates are clear/visible. -

@ Subsurface structure locates performed by private locate company within e
required timeframe. Locates clear/ visible. )

® | ocation of all aboveground indicators of subsurface utilities/services that
may be leading to or from buildings within planned work area are identified. ~ [%.

® | ocation of area lights/signs and associated subsurface lines identified. w

@ |ocation of all tele-communication and associated subsurface lines identified. | :."

@ |ocation of all drains and associated interconnecting lines identified. 5\3 ,fi‘a

@ | ocation of all electrical junction boxes and associated interconnecting lines
identified v

@ | ocation of all natural gas meters or connections and all interconnecting lines
identified

@ Dispenser pan/Sump inspected to determine piping materials and whether ) n
piping is rigid or flexible RIA

@ Orientation, arrangement, location, sizes, of tanks, STP and extractor covers
identified. Burial depth of tank determined if relevant.

® | ocation of paving/soil scars indicative of product lines or other subsurface . A
structures identified RIAA

@ Presence of underground pipelines associated with pumps and pump
galleries, manifolds, tank fields, compressors, production wells, loading racks
and equipment identified

@ Presence of underground lines for instrumentation, process analyzer, and R
motor-operated valves are inspected/identified é\ J j‘\

® Presence and tracing of process/storm sewers identified / understood. If Coaurd s es nan entibisd
other cement, fiberglass, untraced PVC lines are potentially in the ground \/ LB it § ) t

disturbance area, identify means of identification in comments section.

\EF Jzi'?\m}zg o } o
o




DRILLING / BOREHOLE / EXCAVATIONS CHECKLIST
(attach to completed JSA)

ACTIVITY

COMMENTS INCLUDING

N/A NO OR NOT APPLICABLE

Yes | No/ | JUSTIFICATION IF A RESPONSE le,%

Location of other pertinent features surface or sub-surface that may be of
relevance to work scope has been identified.

Clearance methods reviewed with Project Manager.

v

Critical zones - 5 meters of pipeline crossing area, or the distance defined in
the pipeline crossing agreement. 3 meter distance from edge of tank,
pumps and pump galleries, manifolds, on/below grade transformers,
compressors, production wells, flowlines, loading racks, other process
equipment, operating dispenser islands and suspected hazardous/critical
utilities, product lines, and other subsurface structures (and entire area
between tank field and dispensers at retail sites) have been identified.

Identify critical zones in Comments section.

Ground disturbance locations reviewed by Project Manager.

Work area is secured. Site work permits have been obtained. Emergency
shut-off switch is located. Fire extinguishers/waming signs/barriers are
present. Signage in place for overhead power lines. Other safety
equipment as needed.

Required paving or surface improvement has been removed to allow clear
visibility of subsurface conditions.

If conducting borehole advancement activities:

First 1.2 meters or deeper in areas where expected frost levels are greater
than 1.2 meters, has been delineated utilizing most effective method (e.g.
vacuum digging, probing, hand digging, etc.)

Note methods used in Comments.

If conducting borehole advancement activities in critical zones (and non-
critical zones if possible):

Second 1.2 meters (total of 2.4 meters) has been delineated.
Note methods used in Comments.

If conducting trenching/excavation activities in critical zone:

First 1.2 meters, or deeper in areas where expected frost levels are greater
than 1.2 meters, assessed for below grade issues.

Note methods used in Comments.

If subsurface structures exposed, extra precautions have been taken to
ensure structural integrity.

s

Comments / Findings

Actions to Close Out ltems Person Completing / Date

'l .
/ﬁ]ﬁﬂl ﬁf&/

Completed by: y . ,,Z-—w s
Name (print) /

Company

- u’
.”//’W%/ A’éw/e;‘:

Driling  Borehole / Excavation

//j? }/ {74 S g e
A F / 7 .v\,fyj_) {/j g
7

Date

2otz

o




GROUND DISTURBANCE
CHECKLIST

TETRATECH

SF-HS202-001E

approval may be obtained by phone.

This checklist must be completed and approved prior to starting any ground disturbance. If complétlng this form In the field,

1. GENERAL INFORMATION

Date(s) of Disturbance: [/};/ o // jﬁ

l Ground Disturbance Supervisor:

aoeation: obslels — [l T0Me0 ‘ <
Type of Ground Disturbance Activity: /7., . /. .. /oo //,
g
Contractor(s): Inlerees
Client: {'"{# 24 J{if(: r’(i P i 7 & . & f/ ¥

2. GROUND DISTURBANCE DETAILS

Have the boundaries or locations of the proposed ground disturbance activity been clearly defined (including the [#Yes [JNo
proposed depth)? Attach a sketch or drawing of the proposed ground disturbance activity.
Has the Search Area been established (i.e., 30 m setback from gas pipelines)? CtYes [1No
Will the ground disturbance activity be within a Critical Zone (within 5 m of a pipeline or within 3 m of other [ Yes [CHdo
buried infrastructure)?
Will daylighting be performed (daylighting is required when a ground disturbance is within a Critical Zone)? [ Yes FNo
If no, provide an explanation of why not:
If buried infrastructure is being exposed to confirm location, will these specific lines be clearly identified by the (O Yes []No
locator? To be confirmed at the ground disturbance location after exposure.
If buried infrastructure is being exposed, have measures been taken to ensure its structural integrity? Mes [ No
Will the ground disturbance activity be within a road allowance? [TYes [£INo
=1 Will the ground disturbance activity be within an infrastructure (utility) right-of-way? [ Yes [No
Will the ground disturbance be considered a confined space? If yes, follow Wardrop HS procedure HS204, O Yes [ENo
Will a backfill inspection be required? [ Yes [EFNo
Are there any overhead powered cables within the Search Area (i.e. power, phone, cable)? “'Yes I No
If yes, have appropriate setbacks been established (based on line voltage)? [FYes [JNo
3. SEARCHES AND NOTIFICATIONS OF BURIED INFRASTRUCTURE
3.1 One-Call Centres
Is there a provincial One-Call Centre? If no, proceed to Section 3.2 [EYes I No
Locate ticket number; Date: (yyyy-mm-dd)
Name of company conducting thelocate: A7, . [/ oy, v [,
Provide the names of the companies/owners included on the One-Call ticket: #
1 < i = Type: . o Is there a conflict? [] Yes [t]-No
2: Type: (J s Is there a conflict? [] Yes [4-No
3: Type: »«1,: Is there a conflict? [] Yes [£] No
4: Type: Is there a conflict? [] Yes [] No
5 Type: Is there a conflict? [ Yes [J No
6: Type: Is there a conflict? [ Yes ] No
7: Type: Is there a conflict? [ Yes [J No
8: Type: Is there a conflict? [ Yes ] No
9: Type: Is there a conflict? O Yes [1No
}W Type: Is there a conflict? [] Yes [ No
SF-HS202-001E Ground Disturbance Checklist Page 1 of 2 2011-09-09




CHECKLIST

TETRATECH GROUND DISTURBANCE | SF-HS202-001E

3. SEARCHES AND NOTIFICATIONS OF BURIED INFRASTRUCTURE (CONT.)

3.2 Non-Members of One-Call Centres (Non-Members must be contacted directly)

Provide the names of the infrastructure owners contacted directly, the type of buried infrastructure and whether or not the buried
infrastructure is within the Search Area of the ground disturbance activity (and therefore should be located):

1: ey Tvpe: oy o i 00 /#.s 18 there a conflict? [ Yes [ZNo
2: V.A FA e/it Type: sy /.0, ¢ sey )xff 7 lsthereaconflict? []Yes &0
3: Type: » Is there a conflict?  [] Yes [] No
4: Type: Is there a conflict?  [] Yes [] No
5: Type: Is there a conflict?  [] Yes [] No
6: Type: Is there a conflict?  [] Yes [J No
7: Type: Is there a conflict?  [] Yes [] No
8: Type: Isthere a conflict?  [] Yes [] No
9: Type: Is there aconflict? [ Yes [] No
10: Type: Is there a conflict? [ Yes [] No
3.3 Other Sources of Buried Infrastructure Information

Will a private locate be performed?  V/, « , [ ves [JNo
If yes, by whom? Unsd e 74 Date:  (yyyy-mm-dd) 7o) - /) - /5
Has the Certificate(s) of Title been reviewed for caveats, easements, registrants, etc.? [ Yes [A-No CIN/A
Has the Alberta Energy and Utilities Board been contagied regarding higthressure pipelines? O Yes [ No [FMWA
Has the National Energy Board been contacted regarding pipelines? [ Yes [['No CIN/A
Has the local or regional govemment been contacted (if on public property)? ‘ - [Hves [JNo [INA
Have as-builts, facility and/or plot plans been reviewed? [E'Yes [JNo CIN/A
Have local operations personnel been contacted? ElYes [ No OO NA
Has the landowner been consulted? ‘ [FYes [1No CON/A
Have all types of buried infrastructure been considered? [ Yes [J No
This includes, but is not limited to (check after presence or absence of type has been verified):

[ZPower (. Telephone El'water [ wastewater

[l cable [ Fibreoptic [CJ-.Communication [EHrrigation

[L.High-pressure and low-pressure oil & gas pipelines

Are there any company markers for buried infrastructure within the search area? [ Yes [d-No
Are there any visible indicators of previous development within or nearby the Search Area (i.e. vegetation, land [J Yes [El.No

contour, improvements, above ground infrastructure)? If yes, provide details on the visible indicators:

Is there any buried infrastructure that cannot be located (i.e. plastic water lines, clay sewer pipe, etc)? O Yes [FNo
If the proposed ground disturbance activity will extend beyond the expiry date of buried infrastructure locates 1 Yes [&No
(typically 14 days), will control over the work area be maintained throughout the activity?

Are all required third party and owner crossing agreements In place and the conditions met? ’ MYes []No

4, Aﬁfhoriz‘ation

st .
e & e RS e L
Completed by: ,jﬁ e F o prges T e W o iy 2, 7 e : ook
Name & 4 7 Signature. " o g Position
i e 7
Approved by:
Name . Signature . _Posmon

SF-HS202-001E Ground Disturbance Checklist Page 2 of 2 2011-09-09
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WARDROP LOG - ANALYTICAL 1018901603-BOR-V0001-00D.GPJ 11/20/12

TETRATECH RECORD OF BOREHOLE BH29-12
Sheet 1of 1
1018901603-BOR-V0001-00 e
CLIENT: Public Works and Govemment Services Canada DATE DRILLED: October 13, 2012 DATUM: Assumed
PROJECT TITLE: Lobstick Maintenance Compound PROJECT SITE: Waskesiu Lake, SK NORTHING:
BOREHOLE LOCATION: 17 m northwest of BH20. EASTING:
g w SUBSURFACE PROFILE SAMPLES @ VAPOURS @ MONITORING WELL
5| 3 2 ¥ l2_|22(9B| wamn
= - ELEV a Wy | & E | E85 |£2[_100 200 300 400
» [ 8 o= i n S nT g BH29'12
2 5 |DEPTH DESCRIPTION 2| =< |4 we | wE I X VAPOURS LEL X
gl & | m 5|27 |3 | 2|28 |33 % LEL
a|m ft S B 1 20 40 60 g0
Flush Mount
0,00 9854 Ground Surface Casing
g Sand
1 Some silt, trace coarse-grained sand, trace small 98.24
1 gravel, brown, medium dense, moist, trace ’
1 oxidation. I I 4
] c ®
1 _:_ ww e P u s % 0Y « Rawens o
] aros 1215 | | c ®
Bt ;
1 Bentonite
T Chips
] 96.54 SRR TR S
1 2.00 |Silt A »smwz-z.zsl | c ®
] Some fine-grained sand, trace coarse-grained s
4 sand, trace small gravel, brown, medium,
— 7] non-plastic, moist, trace oxidation.
= 1 ST .
B ] "1 {Bras230 | l c 1)
% 34 oo Pttt
g 1 320 |Silt 1 95.34 i W %%
O] N Little fine-grained sand, little clay, trace ) 95,04
S| 1 coarse-grained sand, brown, medium, low _— rl c P B e
HE . plasticity, moist, trace oxidation.
[)(a B
gg 4—+ R TIPN TTTT OR e
D = |
“el 1 :
.% - _: BH29-124.5 r] c P
g 1
= s o
LLI i 93.54 :
2 5] 500 | Clay il 1o , ZREECHICIE N
e T | 944 | Some fine-grained sand, brown, medium, low pro-12525]] |[C 'S
£ ] 510 | plasticity, moist. o N ==
T Clay 10720 Silica |- . 4= . { 51 mm Sch.
1 Little silt, trace fine-grained sand, brown, medium, I Sand |17 { 40 PVC -
] medium plasticity, little oxidation. BH29-12:6.0 | I c ® - -1 0.25mm
1 o
T 0 -
1 91.79 Brmwzmsl I c (]
] 6.75 | Clay : : : :
7—- Little silt, little fine-grained sand, trace T PN S DI - - )
] coarse-grained sand, trace small gravel, brown, - 3d/: T
L medium to stiff, medium plasticity, moist, trace BH29-12-7.4 | l c @
h oxidation. : .
125 -Below 7.0 m: Grey, stiff. AV
] 5 B s
L] |1 [o0ss i | | ¢ P 00,54 -t | Oct. 15,
g 800 -Refusal at 8.0 m due to hard material. R ’ 2012
T End of Borehole at 8.00m i ;& g
T iF 8
9 R e
SCALE  1:50.0 LOGGEDBY:  TU/KO CHECKED BY: N




WARDROP LOG - ANALYTICAL 1018901603-BOR-V0001-00D.GPJ 11/20/12

BH29-12

(W] rernaecn RECORD OF BOREHOLE
Sheet 1 of 1
1018901603-BOR-V0001-00 e
CLIENT:  Public Works and Government Services Canada DATE DRILLED: October 13, 2012 DATUM: Assumed
PROJECT TITLE: Lobstick Maintenance Compound PROJECT SITE: Waskesiu Lake, SK NORTHING:
BOREHOLE LOCATION: 17 m northwest of BH20. EASTING:
a wi SUBSURFACE PROFILE SAMPLES @ VAPOURS @
2| = o lo 1o | 2 opm MONITORING WELL
2| 2 gpy gl uw |F |E5|EF |23 | 100200 300 400 BH29-12
Q| K [DEPTH DESCRIPTION Q|33 |4 |BE| @5 |EF|X VAPOURSLEL X
| & [ M 5| = | 2% |28 |33 % LEL
@|m ft s °l 20 40 60 g0
Flush Mount
000 9854 Ground Surface Casing
Sand T9854
1 Some silt, trace coarse-grained sand, trace small 08.24 |2 | 9841
1 gravel, brown, medium dense, moist, trace '
oxidation. I | 0
™ BH29-12-0.75] C
1-]
] BH29-12<1,5I | & ®
+5
1 Boxlorite 51 mm Sch.
Y L b 40PVC
1 [200 [Sit asz2ai| [ o ®
] Some fine-grained sand, trace coarse-grained
1 sand, trace small gravel, brown, medium,
— 7 non-plastic, moist, trace oxidation.
S |t 5
hisd BH29-1230 | I & ®
8 11 s o
8| 1 [3[sw BA
[} N Little fine-grained sand, little clay, trace 11| 95,04
S| 1 coarse-grained sand, brown, medium, low Bmue.vsl I c ® = '
I plasticity, moist, trace oxidation. -
8|5, 1 —
218 ]
21 1
% ®| ] BH29-1245 I I c
£ 115 —
S | =
= ] 3 =
ol T [ Q. B
2 ] 500 _| Clay BH291251 || ]| C |, 2 —
e T | 9344 | Some fine-grained sand, brown, medium, low ss2s525] | =
= 510 plasticity, moist. : - =
i Clay : 10/20 Silica |- =} | 51 mm Sch.
1 Little silt, trace fine-grained sand, brown, medium, : Sand |- - | 40 PVC -
] medium plasticity, little oxidation. BH29-12:6.0 I | c ‘ : — |025mm
1y e =
_:‘ 0 =
1 91.79 Bmmzs.vsl | c (] =1
1 675 | Clay =
7— Little silt, little fine-grained sand, trace - =t
] coarse-grained sand, trace small gravel, brown, 35 ¢ —.
+ medium to stiff, medium plasticity, moist, trace BH2&12-7.4| I c o —
] oxidation. =
125 -Below 7.0 m: Grey, stiff. = Y
1 I . 5 =] 90.86
L1 | g T | 9054 i | 9054 - - Oct. 15,
1 8.00 -Refusal at 8.0 m due to hard material. ’ 2012
T End of Borehole at 8.00m
9]
SCALE  1:50.0 LOGGEDBY:  TLKO CHECKEDBY: N







WARDROP LOG - ANALYTICAL 1018901603-BOR-V0001-00F.GPJ 11/30/12

[T revravecn RECORD OF BOREHOLE BH30-12
Sheet 1 of 1
1018901603-BOR-V0001-00
CLIENT:  Public Works and Government Services Canada DATE DRILLED:  October 13, 2012 DATUM: Assumed
PROJECT TITLE: Lobstick Maintenance Compound PROJECT SITE: Waskesiu Lake, SK NORTHING:
BOREHOLE LOCATION:  North of Shop A; 3 m south of edge of access road. EASTING:
o w SUBSURFACE PROFILE SAMPLES @ VAPOURS @
2| Z ppm MONITORING WELL
o 2 2] g |2 2= |wd
S| 2 |Eev 5 | dw |F | ET | ES 52100200 300 400 BH30-12
Q| & |DEPTH DESCRIPTION Q| 33 |4 |HE |85 |EF| X VAPOURSLEL X
x Eﬁ (m) =1 = 2% 28 33 % LEL
@ | 20 40 6080
06,37
L 96.28
Stickup
Casing
000 95.12  Ground Surface
1 Sand SO0 95.12 %]
1 Fine-grained, few silt, trace clay, trace SON o4
. coarse-grained sand, brown, medium dense, focet %
T moist. RN Bemm]sl I c 9
4 % %% >91
4 o o o 91
1 155 3
4 E ° ” ° 2 ° *9
] oo Toraozts 8
. 93.62 BOC - 3
1757150 [Sand | BHa0-12-1.7 c ® E E
1 91%‘ | Fine-grained, light brown, loose, dry. AR 221 51 mm Sch.
2] 7 | sand R 221 40 PVC
T Fine-grained, some silt, trace coarse-grained N B*‘3‘”2‘2-25| I c Bentonite +9
= 1 sand, brown, medium dense, moist, trace Chins *9
S . oxidation. bootod] P 83
~ 4 0:. °:° 23
_“8’ 3_2 92.12 ceohe ] BHI0-1230 | I c ® EE
5 17107300 | Poor Recovery > o] 3
3 4 0.15 m of recovery due to cobbles; appearsthe | 7?7 *9
< ] same as 1.7-3.0 m. ?’??’. *9
Slal + ?.7] 4
0| > 4 N 203
S 1 3 ,??, &4
=18 7 7 7] 3
wal 1 P *9
Sl i ° ?, ool
B | Tt Sand DB0. [ ¢ erexe | o 34
£ 1 . 0. dBHa0-12475| | C PASS 3
5 | 1 Fine-grained, few sit, few clay, trace s HORLE) ! 04279 =
S| |5 coarse-grained sand, brown, dense. hosorel] - 190,12
% 1 -Below 4.9 m: Trace small gravel, greyish brown, |»:o°»: Bé>1252 [ Hap1ogy U | PASS =
8l | 1 SRS =
k] ] 5 =
[ = 4 o o o g 1
= 1 sz oaeo | Br0269 | I c '_?g%(&;: Moisture | pass =
6 | 59 [Clay ’ =t
1 Few silt, grey, medium, medium plasticity, moist. ‘ ) 10/20 Silica & {51 mmseh,
=4 BH30-1266 c Sg%(_&’: Moisture | pass Sand |- 140PVC -
+ -From 6.6-6.8 m: Little fine-grained sand. san-1z6s | || c | BTEX® | Moistue | pass@ . 10.25mm
;1 -Below 6.8 m: Trace small gravel. HC F- P
{_25 sro-27 | || c | BTEX& | Nostre PASS? =
1 BTEX | Moist =Y
L et 87.12 i BiokiZ80 I I € letc F1-F4 o | v 87.12 Lt 87.24
] 8.00 -Refusal at 8.0 m due to hard material. Oct, 16
4 End of Borehole at 8.00m oS
] 2012
o
130
10
1-35
SCALE  1:50.0 LOGGEDBY: TLKO CHECKEDBY:  UN







WARDROP LOG - ANALYTICAL 1018901603-BOR-V0001-00F.GPJ 11/30/12

TETRATECH

1018901603-BOR-V0001-00

CLIENT:  Public Works and Goverment Services Canada

RECORD OF BOREHOLE

DATE DRILLED:  October 13, 2012

BH31-12
Sheet 1 of 1

DATUM: Assumed

PROJECT TITLE: Lobstick Maintenance Compound PROJECT SITE: Waskesiu Lake, SK NORTHING:
BOREHOLE LOCATION: East of Shop A; ~6 m north of east-west access road; ~7 m east of north-south access road. EASTING:
(=] w SUBSURFACE PROFILE SAMPLES @ VAPOURS @
'305 g w | o © ~ ppm MONITORING WELL
2 2 |Eev 2| 4w | & | 25|25 |22 | 100200 300 400 BH31-12
Q| & |DEPTH DESCRIPTION Q| 22 |4 [BE |85 |BE|X VAPOURSLEL X
| & | m & %7 |2 |2%| 28|38 % LEL
@ [ m ft %) o
2040 60 80
—— 97.26
97.15
Stickup
Casing
000 96.31 Ground Surface
Sand 96.31 34
1 Fine-grained, some silt, few clay, trace small 9
4 gravel, light brown, medium dense, dry, rootlets, 9
] poor recovery. 23
>91
1 *e
4 >91
4 >4
1] 23]
of >4
T+ 83
1 BTEX& [Moisture & %
1, st || BrerzS | I € PHCFA- 4| Gran Szo Piss® &
] 1.50 | Sand fotole e
1 Fine-grained, few silt, trace coarse-grained sand, |0+ %9
E medium dense, moist, trace oxidation. RSN *4
2+ 94.21 ¢4 51 mm Sch.
T 210 | Silt Brst2225] [ ¢ [ . 221 40 PVC
1 Trace clay, trace fine-grained sand, light brown, Bentonite e
T |-9381 | medium, non-plastic, moist. Chips 23
S 1 |2 s 3
S { Few fine-grained sand, little clay, brown, medium BTEX & | Moisture &
s ) 0 W 2
E 3] ; to stiff, low plasticity, moist, trace oxidation. Brorza0 I | © pHCF1.F i ¢ E
S i -At 3.0 m: Large gravel. 3
g | |
S| T 8
1«3‘: < 1 -Below 3.5 m: Trace coarse-grained sand, grey. —_— wl I cf, ECT%&F ] Moistre | pass@ EE
2| 821
8%, 1 28 \
28|47 881 92.33
S| T BTEX & | Moist EE oo
- (D oisture
5 1 | ot i I I € PHCF1-F4 PAS 8] 2012
g 115 [ 450 | Sand Ceuls 33
2 1 Fine-grained, some silt, few clay, trace ooefodd 91.61 P51 %
5 T coarse-grained sand, brown, dense, trace bootes : . 9131
o -] oxidation. eoefedd BTEX & |Moisture & R — '
g 1 ochoe “5“3"’2""25| | © PHCF1-Fo GranSize| "> =
= | ] ol =
1 ::: ::° srst260 () il C —
6] 90.31 o[ ] | I ® =
20| 6.00 |Clay o H
i Some silt, trace fine-grained sand, brown, soft to 10/20 Silica | - &4 -
1 medium, moist, poor recovery. Sand |- . % L"\'/T'CS_Ch'
| = 025mm
-1 =
1 5 —
4 88.81 BH31-12-7.5 I | C :.
155 [ 750 [Clay =
] Some silt, trace fine-grained sand, trace 0 —
4 .31 | coarse-grained sand, dark greyish brown, stiff, BH31-12:80 I I c :
mmka 8,00 | medium plasticity, moist, trace oxidation. 88.31
T+ -Refusal at 8.0 m due to hard material.
] End of Borehole at 8.00m
9
SCALE  1:50.0 LOGGED BY:  TLUKO CHECKED BY:  JUN







@ TETRATECH

1018901603-BOR-V0001-00

CLIENT:  Public Works and Government Services Canada
PROJECT TITLE: Lobstick Maintenance Compound

RECORD OF BOREHOLE

DATE DRILLED: October 14, 2012
PROJECT SITE: Waskesiu Lake, SK

BH32-12
Sheet 1 of 1

DATUM: Assumed
NORTHING:

WARDROP LOG - ANALYTICAL 1018901603-BOR-V0001-00F.GPJ 11/30/12

BOREHOLE LOCATION:  Southwest of BH19; north of BH-14. EASTING:
al w SUBSURFACE PROFILE SAMPLES @® VAPOURS @
g g g | @ ° - ppm BACKFILLED HOLE
Y 2 |gey 3| U |E |ET|EF |22] 100200 300 400 BH32-12
2| K [PEPTH DESCRIPTION Q| Sz |4 |@E| 85 |BF|X VAPOURSLEL X
] [
w I (m) | ° |5 |2%| 28|33 % LEL
. 20 40 60 80
0,00 99.33 Ground Surface
99.33 T'Surface: Loose leaf litter, moist. L Jlc | oot 99.33
i 0.00 - c
1 9903 [ Topsoil
b 0.10 [|Dark brown, leaves, roots, peaty. c| oor
4 98.73 | Silt
] 0.60 |\ Trace fine-grained sand, light brown, soft to c
4 medium, non-plastic, dry, rootlets.
] silt ¢
+ Little clay, little fine-grained sand, brown, medium,
] low-plasticity, wet. | | c
T -Below 1.5 m: Trace coarse-grained sand, trace
1 small gravel, moist.
2]
T 1E
= =
Q -Below 2.75 m: Medium to stiff. | | c
© |30
~ ]
14 i
S i
N
© + | | c
©
hal 7
a2 - 1\ x0T R®IEF ¥ 1l I % N lassfeuseasssduesderaa
81T 4 Bentonite
58 1 Chips
| ] c
Tl ] 94.83 I |
S 1—15| 450 |Clay
E 1 Some silt, trace fine-grained sand, brown, stiff, low
g 5T plasticity, moist, trace oxidation.
= .
o | 1 []e
8 ]
ko) 1
= ]
4] 93.33 | | c
120 6.00 |Silt
] 0.9 Little clay, brown, soft to medium, non-plastic, wet. I | c
a1 6.40 Clay
1 Some silt, little fine-grained sand, little
R coarse-grained sand, trace small gravel, dark
7_} brown, stiff, moist, low plasticity. | I & PHB(T:%( &H
1 BTEX &
I I I C brcF1-F4
5T
L 1+ [ etes 1E 91.03
1 8.30 -Refusal at 8.3 m due to hard material. )
T End of Borehole at 8.30m
o
SCALE  1:50.0 TUKO CHECKEDBY:  UN







WARDROP LOG - ANALYTICAL 1018901603-BOR-V0001-00D.GPJ 11/22/12

BH33-12

TETRATECH RECORD OF BOREHOLE
1018901603-BOR-V0001-00 Sheet tof
CLIENT:  Public Works and Government Services Canada DATE DRILLED: October 14, 2012 DATUM: Assumed
PROJECT TITLE: Lobstick Maintenance Compound PROJECT SITE: Waskesiu Lake, SK NORTHING:
BOREHOLE LOCATION:  Southeast of BH20; northeast of BH17. EASTING:
= w SUBSURFACE PROFILE SAMPLES ® VAPOURS @
T 3 @ | o ° - ppm BACKFILLED HOLE
1] 2] %] [ Z| 2D |Yo
= T ELEV 5' Wy t = g =] %3 100 200 300 400 BH33'12
) 5 |DEPTH DESCRIPTION Q %5 = @ £ ‘@ 8 |& | X VAPOURS LEL X
| a | m 51%° |2 2% 28 |38 % LEL
@ | m o ft %) o
20 40 60 80
000 9945 Ground Surface
1 %0.60 ?un‘acelzlz Grass, moist. c 99.45
| opsoi
E 90?6‘5? Pegty' aras205(| ¢ | DDT PASS
T Silt ) . . BH33-120.75 c
1 Some clay, little fine-grained sand, light brown,
+ soft, moist, roots. BH33-12:10 c| bor PASS
1 -From 0.2-2.4 m: Wet,
1. -Below 0.5 m: No roots. B2 c
] -Below 1.0 m: Few fine-grained sand. BHA215 c
T8 -Below 1.5 m: Little clay.
2 - et
- Bmu-zzsl | C a
- T -At2.3 m: Large gravel.
[ ]
N
1% T
E i %45 Bumze.ol I c
S | * T30 [Clay
8 ] Some silt, trace fine-grained sand, trace
(9_, I coarse-grained sand, brown, medium to stiff,
Bl ] medium plasticity, moist, trace oxidation.
Té é :_ mtzml | (o o .
= 8 Pla Bengar?im;
n|a p
Sl 1
g _ Bm1z4.s| I C |poIEXS | Moisure | prssgp
S 115
E ]
[im| 1
gl |5 5
g 1 BH33-12-5.25I I (5 ®
k= ]
-+ -Below 5.4 m: Stiff. :
+ : 65
o amm.ol I C lpiTekd | Moisure | prgs .
o 60-
1 -At6.6 m: 5 cm fine-grained sand seam, grey. E‘H”'“'Ml | ¢ ®
o o
] b -
; 91.95 BH33275 c # i :
1 95| 750 |Silt BHas-12765]] | C ® S
L] ] 91.80 | Some fine-grained sand, brown, stiff, wet. | Bras1278|| || c | Grain Size | Moisture i s
] 785 "\ sand : — 91.65
T | 9165 3 L
8] 71.30 Fine-grained, few silt, little clay, brown, dense, ' H R
+ wet. ot
] -Refusal at 7.8 m due to hard material. g :
T End of Borehole at 7.80m Dok
9]
SCALE  1:50.0 LOGGED BY:  TLKO CHECKED BY:  UN







WARDROP LOG - ANALYTICAL 1018901603-BOR-V0001-00F.GPJ 11/30/12

(] rermaecn RECORD OF BOREHOLE BH34-12
Sheet 1 of 1
1018901603-BOR-V0001-00 e
CLIENT:  Public Works and Government Services Canada DATE DRILLED: October 14, 2012 DATUM: Assumed
PROJECT TITLE: Lobstick Maintenance Compound PROJECT SITE: Waskesiu Lake, SK NORTHING:
BOREHOLE LOCATION: West of BH-4; southeast of BH17. EASTING:
=} w SUBSURFACE PROFILE SAMPLES @ VAPOURS @
o —
5l 8 " ¥ o | oo |uz ppm BACKFILLED HOLE
= | 2 |ELEV 3 | Yw [E | ET|E5 |S2[ 100200 300 400 | BH34-12
9 5 [DEPTH DESCRIPTION ] 5; o | WmE | &g |BF| X VAPOURSLEL X
| & | m 519 z 2% |23 (33 % LEL
o | moft %) o
20 40 60 80
0,00 100.35 Ground Surface
] T00.35 T Syrface: Grass, moist. T, [ BH3-124.1 C 1) 100.35
0.00 - BH4-120.25 c| bot PASS!
1 110025 | Topsoil
B 010 || Peaty. BH34-12:0.5 C
T Silt i i BH34-120.75 C
1 Trace fine-grained sand, light brown, soft, dry, o
+ | gg35 | non-plastic. Br3-1210 | | C 'P
1 1.00 At 0.5 m: Root inclusion. T o7 '
1 Sand o°: :a BH34-12-1.25 C PAS
] Fine-grained, some silt, trace coarse-grained sl maens|| [ c
-5 | 98.75 | sand, brown, medium, moist, trace oxidation, trace |-°.|.°
i 1.60 | grey silt seams. Bra-12175] [ c
T Silt
2— Trace fine-grained sand, trace coarse-grained
T sand, brown, medium, non-plastic, moist.
4 -Below 1.9 m: Soft, wet.
E 97.85 BHM—12-2,5| I c
= . 250 | Silt
N T Little fine-grained sand, trace coarse-grained
2 1 sand, trace small gravel, brown, medium,
2| |30 non-plastic, moist. I I 35
S 1 BH34-12-3.25 (o] ®
of
o |1
Sa 1 05
e 1 BH34-124-°| IC ® | Bentonite
sl : : Chips
SIS 1 |oes : j P
Slo| T | 420 |Clay : :
é N Some silt, fev_vﬁne-grained'saqd brown, medium, bs
= T medium plasticity, trace oxidation. aa12 ml I o [ BTEXa | Mostue [ pyss g -
B 1
LLI 5]
2 < -At 5.0 m: Trace coarse-grained sand, trace small
= T gravel. - -
= ] BH34-12-5.5| I ¢ | Grain Size | Moisture Y
6
T2 BI-B4-12-6.25| | c
gy -Below 6.5 m: Stiff,
T - 55"
=i moza| [ol oo e [piss) @
1 30
] BH34—12-7.5| I c o
T %
] BH34-12:80 c :
Ll T |3 , I I il 92.35
. 8.00 -Refusal at 8.0 m due to hard material.
T End of Borehole at 8.00m
9]
SCALE  1:50.0 LOGGED BY:  TLKO CHECKED BY:  JN







WARDROP LOG - ANALYTICAL 1018901603-BOR-V0001-00D.GPJ 11/20/12

@ TETRATECH

1018901603-BOR-V0001-00
CLIENT:  Public Works and Government Services Canada

RECORD OF BOREHOLE

DATE DRILLED: October 13, 2012

BH35-12
Sheet 1 of 1

DATUM: Assumed

PROJECT TITLE: Lobstick Maintenance Compound PROJECT SITE: Waskesiu Lake, SK NORTHING:
BOREHOLE LOCATION:  Northeast of BH-9; west of BH-6. EASTING:
Q| SUBSURFACE PROFILE SAMPLES @ VAPOURS @
2 2 B g lo |o-|.z ppm BACKFILLED HOLE
=| 2 |Eev a | 4w |E |23 |25 |£2] 100200 300 400 BH35-12
2| & |PEPTH DESCRIPTION Q|53 |4 [BE|E5 |BF| X VAPOURSLEL X
~ o
| & [ 5| ° |2 |3%|38 |33 % LEL
@ |m f ” 20 40 60 80
0,00 9957 Ground Surface A
0-&7 | Surface: Sand and gravel, moist. R BHWM%' I c ® 99.57
1 9917 | Sand & Gravel IRIR :
] . N 0
] 0.40_{ Wood inclusion. e %
{ 9(? :’?07 Sand : er»uolz g DDT PAsspO
1 [Tg8.77 | Fine-grained, little silt, trace clay, grey, loose, RZrm 8
1] 0.80 | moist.
1 -At0.7 m: Wet. Aersrz2|| | c| DOT pAss |
I Sand
BH35-12-1.5 C
Fi ined, clay, grey, , wet. *
[ ine-grained, some clay, grey, loose, we 9
] 1.60_| Sand BH3s-12-1.7]] ] C
T 917%7 Fine-grained sand, grey, loose, wet.
2 ’ Clay .
iy Some fine-grained sand, mottled grey and brown, BHIs122.25 I I & ®
] soft to medium, low plasticity.
5 ] -Below 2.5 m: Little small gravel, brown.
oN -
% . BH35~12-3‘0| | C [ TERE | Moistre PASS‘” ......
2 10
[<]
5y
9 1
© a
Elsl T
g 1
518 * ] .
Md[=TR 0 Bentonite
%m ] o~ BH35-124.5 | I c Chips
E 15| 450 [ Silt
g ] Few fine-grained sand, little coarse-grained sand,
5 + trace small gravel, brown, medium, non-plastic,
o |57 trace oxidation. i
S 1 BH35-12-5.25I | (o]
3 ]
£ ]
i 93.87
1 570 | Silt Grain Size | Most
61 | L9357 | Some clay, trace fine-grained sand, brown, Bm““‘"l I et Tsie | @
+-20 | 6.00 | medium to stiff, low plasticity, trace oxidation.
] Silt
T Some clay, grey, stiff, non-plastic (crumbly
] structure), moist, trace oxidation. BH35-12-6.7| | c P
1 | sz
] 7.10 | Clay 1272 1 C
T Some silt, trace coarse-grained sand, grey, BHi5.i2:75 I I BTEX & | Moisture PASS&
] medium to stiff, medium plasticity, trace oxidation. PHC F1- F4
25
1 BH35-12-8A0I | c ()
: o107 BH35-12:85 | I (- ¢ o107
I 850  -Refusal at 8.5 m due to hard material. ’
1 End of Borehole at 8.50m
s r = b1 {1 1 ] |seeomwessevs
SCALE  1:50.0 LOGGED BY:  TLKO CHECKED BY: N







WARDROP LOG - ANALYTICAL 1018901603-BOR-V0001-00F.GPJ 11/30/12

BH37-12

TETRATECH RECORD OF BOREHOLE
Sheet 1 0f 1
1018901603-BOR-V0001-00
CLIENT:  Public Works and Government Services Canada DATE DRILLED: October 12, 2012 DATUM: Assumed
PROJECT TITLE: Lobstick Maintenance Compound PROJECT SITE: Waskesiu Lake, SK NORTHING:
BOREHOLE LOCATION: East of BH-7; northwest of BH-10. EASTING:
al w SUBSURFACE PROFILE SAMPLES @ VAPOURS @
'9_: g W ] e ° - ppm BACKFILLED HOLE
42 Igpy S| uw | | 25| 25 |£2] 10020 300 400 BH37-12
Q| & DEPTH DESCRIPTION Q|33 |4 |BE| 85 |BF|X VAPOURSLEL X
Z| A& | m 5195 |3 | 2% |28 |33 % LEL
Qlm @» S |3 2= (08
@ 2040 60 80
000 99.63 Ground Surface
j Sand & Gravel Rin 99.63
T |92 SN
] 040 | Silt
T Some fine-grained sand, trace small gravel, light BH37-12-0.75| | c| Toc ®
brown, soft to medium, low plasticity.
T -From 0.7-0.8 m: Fine-grained sand lens.
4 BH37-12-1.5 C
1. L
] 97.93
1 1.70 | Silt
2] Sqme.day, brown, stiff, low plasticity, moist, trace -
1 oxidation. Bm7-12-2.25| | c ®
= L
D B
N BH37-12-3.0 Cc
S 3710 l l
£ - 96.38
g | T |3% |Clay
3 - Some silt, brown with grey streaks, stiff, moist,
2 t trace oxidation. Bm7-1ze.75| I c ®
S|
23, 1
g 4] Bentonite
slgl 1 . 460 Chips
gg B BHS7-124.5| | c ng%-&m Maisture | ppgs ®
S 15
£
s ;
Z| |5 0
|.; i BH37-12-5.25| I c ®
8 ]
ko) 1
= i
1 0
4 BH37-12-6.0I | C
- N 77 777 7 N | S | N S N,
+-20
1 -Below 6.3 m: Few fine-grained sand. L
— D
1 BHG7-12-6.75| I ¢ ®
-  r 000 A O | N N e
T BH37-12-7.5| | c P:g%-g;u Moisture | pass@
:725
8| -
I S T BTzes | | ¢ hd 91.33
8.30 -Refusal at 8.3 m due to hard material. '
T End of Borehole at 8.30m
91
SCALE  1:50.0 LOGGED BY:  TLKO CHECKEDBY: N







WARDROP LOG - ANALYTICAL 1018901603-BOR-V0001-00F.GPJ 11/30/12

(W) rernarecn RECORD OF BOREHOLE BH38-12
Sheet 1 0f 1
1018901603-B0R-V0001-00 e
CLIENT:  Public Works and Government Services Canada DATE DRILLED:  October 12, 2012 DATUM: Assumed
PROJECT TITLE:  Lobstick Maintenance Compound PROJECT SITE: Waskesiu Lake, SK NORTHING:
BOREHOLE LOCATION: West of BH-9; east of BH-12 EASTING:
a w SUBSURFACE PROFILE ) SAMPLES ® VAPOURS @
2| 2 e o lo | = ppm BACKFILLED HOLE
= 2 |Eev S|4y |E |E7|EF |£2| 100 200 300 40 BH38-12
Q = |DEPTH DESCRIPTION Q %5 o | WE @ S |&&| X VAPOURS LEL X
| & | m 51 %° |2 2% | 28 35 % LEL
@ |m f ” °l 20 40 60 g0
0,00 99.54 Ground Surface
] 5% TSurface: Grass. RN : 99.54
i 000 [ il T
1+ |e9:24— opsol bt 140
B 0.30 | Sand & Gravel o> esros|] ] c ®
1 909;5061 Light brown, moist, roots. : :
] . ?.and ined sand. f Jay, litle silt ¢ I S BH3B-12-1.0 I I ¢ | BTEX& [Moisture &| ppgg 4.5
T | o854 | Fine-grained sand, few clay, litle silt, trace sma 7 : PHCF1-Fd  TOC :
i 1.00 |\ gravel, brown, dense, moist, trace oxidation. Cerers
T Sand it 5
1 Some silt, trace clay, brownish grey, medium ooy | BHBA215 I | c ®
+5 dense, wood inclusion. beoeeed
~ -Below 1.5 m: Loose, wet, hovered
2_:‘ o754 ::j::: BH38-12:20 c * B
1 [ 200 [sand o leresrzaas|| | © *
] Fine-grained, little silt, brown with grey streaks, B
1 medium dense, mos. s k.
4 97.04 Silt % 3
t 250 || Some fine-grained sand, grey, medium, moist.
= | Sand
§ 310 Fine-grained, lttle silt, brown with grey streaks, 0
~ 1 medium dense, moist. . BHG"”msl I ¢
< T -From 2.7-2.8 m: Wet. X
§ ] 95.94 ; 5
6] + 3.60_| Sand [ BH3E-1237 c
] 1 95.84 | Fine-grained, brown, medium dense, wet ' BTEX & | Moisture &
= ] ] 3 , Wet. BH38-124.0 c SO % pASS
jg o 93575(31 Sgnd . . . g I I PHC F1- F4| Grain Size Goan st ks dhass
38 5 4,00 | Fine-grained, few silt, few clay, brown with grey I Bentonite
sle T streaks, medium dense, moist. . : Chips
= ] ’ Some fine-grained sand, few silt, brown with grey BH38-12-4.75 | | c ‘
£ 1 streaks, soft to medium, low plasticity, moist.
2 5] Clay 5
2 1 Some fine-grained sand, little silt, trace small
E ] gravel, brown with grey streaks, medium to stiff. i | | ¢ .
o 4
s | T
= i
o] o ke B ® .
12| 6.00 [Silt BH38-12-6.25| c ‘
] Some clay, brown, medium to stiff, medium
1 [93.14 | hiasticity, moist.
- 6.40
] Clay
T Some silt, brown, stiff, medium plasticity, moist,
] ltle oxidation. masro| [ o | BTEXE | Moitue | o
T -From 6.6-7.0 m: Crumbly structure with slight PHCF1- 74
] 92.34 | fracturing.
T 20 Clay
— Some silt, grey, stiff, low plasticity, moist.
:—25 Bm8-12-7.75| I Cc
S e 777 7 H N N R R I FUUUC RN
1 b
L] 91.04 BH38-12-8.5 | I C 91.04
T 8.50  -Refusal at 8.5 m due to hard material. ’
1 End of Borehole at 8.50m
9
SCALE  1:50.0 LOGGEDBY:  TLKO CHECKED BY: N







WARDROP LOG - ANALYTICAL 1018901603-BOR-V0001-00F.GPJ 11/30/12

BH39-12

(W] rerraecn RECORD OF BOREHOLE
Sheet 1 of 1
1018901603-BOR-V0001-00
CLIENT:  Public Works and Govemment Services Canada DATE DRILLED: October 12, 2012 DATUM: Assumed
PROJECT TITLE: Lobstick Maintenance Compound PROJECT SITE: Waskesiu Lake, SK NORTHING:
BOREHOLE LOCATION: Northeast of BH16; southwest of BH-12. EASTING:
a w SUBSURFACE PROFILE SAMPLES @ VAPOURS @
=3 o le To [ 2| om BACKFILLED HOLE
2| 2 |mEv 3| 4w |F | 5| 25 |22 | 10200 300 400 BH39-12
Q| & |DEPTH DESCRIPTION Q %?: = @.g @ § |B& | X VAPOURS LEL X
| A | m 5|3 |2 | 22|28 |33 % LEL
R |m f S = T 8
20 40 60 80
0,00 100.80 Ground Surface
1 | 1000 | Topsoil v : T00.80
1 0.20_1 Sand :
N 1803-30 Fine-grained, little silt, light brown, loose, dry. b5 -
+ " | Sand it BH39-12-0.75I | DDT | TOC | ppss|@
] Fine-grained, few silt,brown, medium dense, !
T moist, roots, trace oxidation.
T 40
] BTEX& | DDT& :
1 . 9930 B 215 I | pHC F1- 4| ostre | 7% | @
15[ 15 [Clay
] Some silt, brown, stiff, moist, low plasticity, trace
.l rootlets, trace oxidation. :
2— 7 EEE
| Bmwz-zzsl I o
= g
= ]
B 1
[l 4
'S ] BH3O-123.0 | I
.§ 3 __10 .......
ol
3 :
O i =
j B 80
= k=] - Bmemwsl | )
| ] : ’
323 =l ' Bentonite
D - T TRR " i
3lE| 4 g ; Chips
Sio| 1 75
é b BH39-124.5 | | .
E 115
= ]
o |51 440
8 j -From 5.0-5.1 m: Few fine-grained sand, BH30-12:62 I I ‘@
2 T oxidation, crumbly structure. :
— 95.40
+ 540 | Clay
] Few silt, few fine-grained sand, trace small gravel,
+ brown, medium, medium plasticity, moist, little BTEX& | Moist
6] oxidation. W26 1| © prcrir) | AL | 2.
1 110
n BH39-126.6 I | (J
] -Below 6.8 m: Greyish brown B
71 i
BH39-12-7.3 | I o
12 g :
= BTEX & | Moi :
L] 93,00 BHOO-1278 l I oo sture | ppss 93.00
1 780  -Refusal at 7.8 m due to hard material. ’
8] End of Borehole at 7.80m | | | | | | | |
o L
SCALE  1:50.0 LOGGEDBY:  TLKO CHECKEDBY: N







WARDROP LOG - ANALYTICAL 1018901603-BOR-V0001-00F.GPJ 11/30/12

@ TETRATECH

RECORD OF BOREHOLE

BH40-12

Sheet 1 of 1
1018901603-BOR-V0001-00
CLIENT:  Public Works and Govemment Services Canada DATE DRILLED: October 12, 2012 DATUM: Assumed
PROJECT TITLE: Lobstick Maintenance Compound PROJECT SITE: Waskesiu Lake, SK NORTHING:
BOREHOLE LOCATION:  Southeast of BH23; southwest of BH-7. EASTING:
o w SUBSURFACE PROFILE SAMPLES @ VAPOURS @
'% = w - ppm BACKFILLED HOLE
T 2w | & | 25| 85|23
= - ELEV > Wy - ET|ES |22 100 200 300 400 BH40-12
Q| & |DEPTH DESCRIPTION Q| 53 |4 | @E | B85 |BF| X VAPOURSLEL X
2| & | M 5% = | 2% |28 |33 % LEL
@|m ft 2 °l 20 40 60 80
000 99.74 Ground Surface
1 Topsoil SRR » 99.74
1 Dark brown, trace roots. 1, 60
] 924 F o Bmmzn,sl | c| Toc o
L | 050 |Sand
] Fine-grained, few small gravel, little silt, trace clay, :
T greyish brown, wet, trace roots. :
T v 0
| BH0-1215 | | c »
TS5 -Below 1.5 m: Few silt, light brown, low recovery. |- :
2 . ; P R N R I IR PO SO
- -4 piy :
N ] AR 40 -
< g 96.74 | BHA0-12:30 c [
% 310300 Clay / BHA0-12:3.1 [ )6< B
= ] Some fine-grained sand, trace coarse-grained :
3 I sand, brown with grey streaking, soft to medium, :
B 7] medium plasticity, moist, trace oxidation. BTEX& | Moist :
Sl T+ -Below 3.1 m: Stiff, B’“‘”“‘”l | Clorcr-pg | PASS zﬁ
w3 - '
g % o Bentonite
IR Chips
e e
g ] BHAO-1245 I I (¢ X
2 B 13
= +—15 :
2 ] :
= 1 2 i
o |5 ceet 160
8 1 Bmmz-s.zsl I c o
o 1 : :
= - :
1 180
i BH40-12-6,0| I c @
6— B
4-20 :
1 o] o pERie] vose | sl
7 _:7 .......
B Bmmz-zsl | [ ‘
125
] BHA0-12:80 c
L1 1eT 91.74 _ l I 91.74
1 8.00 -Refusal at 8.0 due to hard material.
T End of Borehole at 8.00m
9]
SCALE  1:50.0 LOGGEDBY:  TLKO CHECKED BY:  UN







WARDROP LOG - ANALYTICAL 1018901603-BOR-V0001-00F.GPJ 11/30/12

[E] TETRATECH

1018901603-BOR-V0001-00

CLIENT:  Public Works and Government Services Canada

RECORD OF BOREHOLE

DATE DRILLED: October 14, 2012

BH41-12
Sheet 1 of 1

DATUM: Assumed

PROJECT TITLE: Lobstick Maintenance Compound PROJECT SITE: Waskesiu Lake, SK NORTHING:
BOREHOLE LOCATION:  North of BH23; southwest of BH18. EASTING:
al SUBSURFACE PROFILE SAMPLES ® VAPOURS @
o
BACKFILLED HOLE
AR 9 # e |29s|wB e ¢
= | 2 |[Ekv g | Yy | = |ET| EE |22 | 100200 300 400 BH41-12
©| E |DEPTH DESCRIPTION Q| 23 (4 |BE|B5 |BE|X VAPOURSLEL X
g| & | m 5|9 = | 2% 28|33 % LEL
@ |m ft ’ °| 20 40 60 80
000 99.75 Ground Surface
i .75 1 Surface: Loose leaf itter, moist. 3Ty N BHAT-120.1 c 99.75
» 0.00 . BHA1-12:03 c| bor PASS
1 |-eg.65- Topsolil
N 0.10 ||Peaty, dark brown, roots, leaves. BHA1-12.06 c
i 99.45 | Sand
] 0.30 || Fine-grained, few silt, light brown, wet. sut200|| flc| DPT PASS
T Silt
i Some fine-grained sand, trace small gravel, light BHA-12:1.2 c
T brown, soft, medium plasticity, moist to wet, trace
J oxidation. BHA1-12-15 c
T-5 -Below 1.2 m: Soft to medium, moist.
2] 5
E— BH41-12-2.25| I c
T 25
] w1-1ze.o| I c ®
= 3_:*10 -Below 3.0 m: Low recovery. .
5| 1
o | ] 0
2 { BH41-12-3.75| | c ®
o
5] ]
0] L
S i cl :
Sl ; ay -
Bl 1 Some silt, light brown, medium, high plasticity, - : )
g 3 1, ey Bt245 | I - ® Bentonite
S5 ] -From 4.5-7.5 m: Low recovery. ﬁ Chips
Slo| :
S 1 1
2 | 5 30
g 1 BH41-12-5.25| I ¢ o
§ .
ol |1
o ]
8 i :
5] + 35 -
2 ] BH41-126.0| I c @
1 -Below 6.0 m: Soft to medium. :
J 5 0
4 BH41-12-6.75I I [ : :
71 e
] - : 30 -
T Below 7.2 m: Grey. BM1-12-7.5| I c o
25 5
- -Below 7.7 m: Trace sand, trace small gravel. S
8- : O 1| F
| y
I BH41-12-9.0 C -
e %0.75 I ° 9075
a1 900 End of Borehole at 9.00m [
SCALE  1:50.0 LOGGED BY:  TLKO CHECKED BY:  UN







WARDROP LOG - ANALYTICAL 1018901603-BOR-V0001-00F.GPJ 11/30/12

BH42-12

(W] rernaTecH RECORD OF BOREHOLE
Sheet 1 of 1
1018901603-BOR-V0001-00
CLIENT:  Public Works and Government Services Canada DATE DRILLED: October 14, 2012 DATUM: Assumed
PROJECT TITLE: Lobstick Maintenance Compound PROJECT SITE: Waskesiu Lake, SK NORTHING:
BOREHOLE LOCATION:  East of BH20; southwest of BH-14. EASTING:
= ui SUBSURFACE PROFILE SAMPLES @ VAPOURS @
'9_: 3 w © © - ppm BACKFILLED HOLE
g 2 ELEV g =] % E % % E %% 100 200 300 400 BH42-12
Q E DEPTH DESCRIPTION a %g = @.g @ § |& | X VAPOURS LEL X
[ m > o s 2= 9
8" " »17 3|53 ]°8 20 4€Lil(.) 80
0,00 93613 Ground Surface _—
] [99.45 ] . i 7, BHA2-120.1 C ;
- 0.00 Surfacg a5, I0GHH, BH12-1203 c| ooT PASS
1 99.35 | Topsoil DUP
N 0.10 ||Peaty, dark brown, roots, leaves. BHI2-1206 c
L Silt
1 Some fine-grained sand, light brown, soft, low BHA2-120.9 (¢
1 plasticity, wet.
1 0825 -Below 0.5 m: Medium to stiff, moist. BHA2-12-12 (v
T [120 [Sand 7
h 97.95 | Fine-grained, few silt, trace small gravel, light s e
175 [7150 | brown, medium dense, wet.
| Silt
4 Some fine-grained sand, light brown, soft to
Gl medium, moist. Bm2-12-2.25| | c
] -Below 2.25 m: Trace small gravel.
Bl 1
31
& ] Bmz-ue.ol I c
S| | ¥ 10| %35
§ 310 |Clay
G} - Some silt, light brown, stiff, low plasticity, moist,
S| - trace oxidation.
har] § 1 BH42-12-3.75| I Cc
é % ] Bentonite
S8l 4+ Chips
(%]/e) 4
S| L
“E’ ; BH42-124.5 | | [
S 15
=
L0 L
<4 | BH42-12:5.1 c ‘
gl |°® | | I
2]
- . i
T | 9385 | Little clay, light brown, soft, non-plastic, moist. kel I | e
1 5.60 Clay
] Few silt, little fine-grained sand, trace small gravel, :
6— brown, stiff, medium plasticity, moist, trace § el
2 oxidation. Bruze2 | | ¢ b
T BM2-12-6.9| I c ®
- -Below 6.9 m: Fewfine-grainedsand. (/724 | | | | | |-
] 92.25
3 720 | Clay
N Some silt, trace fine-grained sand, trace small 5
125 gravel, brown, stiff, medium plasticity, moist, trace BTEX& | Mok :
] 9165 | oxidation. s [ o pIRIE] Wit [puss| @ : 9165
L | 780 .Refusalat7.8 m due to hard material. :
5 End of Borehole at 7.80m
9]
SCALE  1:50.0 LOGGEDBY:  TLKO CHECKED BY:  UN







WARDROP LOG - ANALYTICAL 1018901603-BOR-V0001-00F.GPJ 11/30/12

TETRATECH

1018901603-BOR-V0001-00
CLIENT:  Public Works and Government Services Canada

RECORD OF BOREHOLE

DATE DRILLED:  October 14, 2012

BH43-12
Sheet 1 of 1

DATUM: Assumed

PROJECT TITLE: Lobstick Maintenance Compound PROJECT SITE: Waskesiu Lake, SK NORTHING:
BOREHOLE LOCATION:  West of BH-13; southeast of BH16. EASTING:
Q| SUBSURFACE PROFILE SAMPLES @ VAPOURS @
c| 2 e lo 1o | = i BACKFILLED HOLE
2 2 mev S| 4w |F |E5|EF |£2] 100200 300 400 BHA3-12
Q| & |DEPTH DESCRIPTION Q| 35 |4 |©E | @5 |HF|X VAPOURSLEL X
x| A [Mm 5|27 |3 |22 |28 |33 % LEL
Sm @ S |3 g2 |09
20 40 60 80
0,00 989985 Ground Surface —
99| Surface: Grass, moist. SN E
. o0 Topsoil o esz| flc| PO PASS
— | 99.75 | Peaty, dark brown, loose, rootlets, leaves. o
ﬁ 020 | Silt
o L Little ﬁpegrained sand! trace coarse-grained
K sand, light brown, medium, dry. a1205|| [l c
gl
3 _
=
g S| T BHA3-12-0.75 c
e |
Rejpw Bentonite
52 | Chips
(2]fa)
ES{EN BHA3-12-1.0 c
= -
[
|
2 -Below 1.0 m: Brown, moist.
= - DDT
i Brs-12125(| || ¢ PASS
s
g T
5}
£ i
BH43-12-1.5 C
L] 98.45
—5 | 150 End of Borehole at 1.50m e
2_ ........
3._
10
SCALE  1:50.0 LOGGEDBY:  TLKO CHECKED BY: N







TABLE 9
Groundwater Routine Water Quality Laboratory Analytical Results
Public Works and Government Services Canada
Lobstick Maintenance Compound - Waskesiu Lake, Saskatchewan
Analytical Results
EQUIP WASTE | Environmental
Parameter Units BH18 BH19 BH20 BH21 BH23 BH23 DUP ® BH24 BH29-12 BH31-12 BLANK - WATER Quality
TUBING Guidelines ?
12-Oct-12 | 13-Oct-12 | 11-Oct-12 | 10-Oct-12 17-Oct-12 11-Oct-12 | 15-Oct-12 | 15-Oct-12 | 16-Oct-12 | 17-Oct-12

Anion Sum meg/L 11 13 12 12 13 13 17 12 14 0 11 N.G.
Cation Sum meg/L 12 14 13 7.6 12 12 16 11 12 0 1" N.G.
Hardness (CaCO3) mg/L 540 650 600 340 530 530 780 530 580 <0.50 240 N.G.
lon Balance N/A 1.0 1.0 1.0 0.65 0.93 0.93 0.96 0.98 0.87 NC 0.98 | N.G.
Dissolved Nitrate (NO3) mg/L 20 30 0.020 3.4 <0.013 <0.013 0.11 1.4 8.6 <0.013 17 N.G.
Nitrate plus Nitrite (N) mg/L 4.6 6.8 0.0050 0.91 <0.0030 < 0.0030 0.031 0.32 1.9 < 0.0030 4.0 | N.G.
Dissolved Nitrite (NO2) mg/L | <0.0099 0.13 < 0.0099 0.46 <0.0099 <0.0099 0.016 < 0.0099 < 0.0099 <0.0099 0.20 S Nic
Total Dissolved Solids mg/L 570 660 600 500 650 650 810 570 660 <10 | 560 N.G.
Miscellaneous Inorganics o
Conductivity ‘ uS/cm 960 1100 1000 960 1100 1100 1400 990 1200 2.0 980 | N.G.
pH N/A 7.73* 7.5 7.36 7.57 7.70 7.72 8.03 8.07 . T7.87 5.97 8.73 N.G.
Anions
>_xu=:_€ (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 36 N.G.
Alkalinity (Total as CaC0O3) mg/L 470 560 550 530 530 540 760 520 650 <0.50 490 N.G.
Bicarbonate (HCO3) mg/L 570 690 670 650 650 660 930 630 790 <0.50 umo N.G.
Carbonate (CO3) mg/L <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 43 N.G.
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 N.G.
Dissolved m.c_v:mﬁm (S04) mg/L 36 43 22 24 91 84 36 37 35 <1.0 ) ._o% ~N.G.
Dissolved Chloride (CI) mg/L 26 24 25 16 19 19 34 20 18 <1.0 20 N.G.
Nutrients i
Dissolved Nitrite (N) mg/L | <0.0030 0.041 < 0.0030 0.14 < 0.0030 < 0.0030 0.0048 < 0.0030 < 0.0030 <0.0030 0.062 N.G.
Dissolved Nitrate (N) mg/L 4.6 6.8 0.0045 0.77 < 0.0030 < 0.0030 0.026 0.32 1.9 < 0.0030 3.9 N.G.
Notes:  Concentrations in excess of referenced EQG are presented in BOLD text.

# Meridian Environmental Inc., Guidance Document on Federal Interim Groundwater Quality Guidelines for Federal Contaminated Sites, May 2010 Table 3 - Commercial/industrial Land Use with soil

organisms direct contact pathways.

b Sample collected as a field duplicate.

N.A. = Not Analzyed, N.G. = No Guideline, EQG = Environmental Quality Guideline

* Analysis requested and approved past method-specific hold-time.

H TETRATECH

Page 2 of 2 1018901401-REP-V0001-01






WARDROP LOG - ANALYTICAL 1018901603-BOR-V0001-00F.GPJ 11/30/12

TETRATECH

1018901603-BOR-V0001-00

CLIENT:  Public Works and Government Services Canada

RECORD OF BOREHOLE

DATE DRILLED:  October 14, 2012

BH44-12
Sheet 1 of 1

DATUM: Assumed

PROJECT TITLE: Lobstick Maintenance Compound PROJECT SITE: Waskesiu Lake, SK NORTHING:
BOREHOLE LOCATION: ' East of chemical storage shed; southwest of BH-10. EASTING:
ol w SUBSURFACE PROFILE SAMPLES @ VAPOURS @
,% g‘ W | o © - ppm BACKFILLED HOLE
=| 2 |Eev g | Uy | | 27| EF |22] 100200 300 400 BHA4-12
Q| & |DEPTH DESCRIPTION Q %% = @ E @ § |B | X VAPOURS LEL X
2| & | M 1 z [2%)323833 % LEL
@ |m ft ® °| 20 40 60 g0
0,00 9957 Ground Surface
9(?6507 Surface: Grass, moist. 99.57
| : Clay DDT
— | Few silt, trace fine-grained sand, brown, medium, pHLIZ03Y PASS
IS medium plasticity, moist.
I | [ 99.27
B 0.30 | Sand
S 4 19947 | Fine-grained, little medium-grained sand, little o"s"s
S 040 | coarse-grained sand, dark brown, loose, moist, |2+~ BHee-1205
] T rootlets. bevered
Sl L Sand X DDT
-l Fine-grained, trace coarse-grained sand, greyish [+ +. JBH#412075 PASS
g % 1 brown, medium dense, moist. Loy Bentonite
58l | 98.77 Poee Chips
2/ 0.80 | Clay BT
% @4 Somg ﬁne-grained sand, grey, soft, medium BHA4-12-1.0 PASS
E |, 98,57 | Plasticity, wet,
2 100 | Clay
E 1 Some fine-grained sand, greyish brown, medium,
® medium plasticity, moist. DDT
g B BHA4-1215 PASS
=
L 98.07
—5 (150 End of Borehole af 1.50m 9807
2 —
3 i
10
SCALE  1:50.0 LOGGEDBY:  TL/KO CHECKEDBY: JN







WARDROP LOG - ANALYTICAL 1018901603-BOR-V0001-00F.GPJ 11/30/12

@ TETRATECH

1018901603-BOR-V0001-00
CLIENT:  Public Works and Goverment Services Canada

RECORD OF BOREHOLE

DATE DRILLED:  October 15, 2012

BH45-12
Sheet 1 of 1

DATUM: Assumed

PROJECT TITLE: Lobstick Maintenance Compound PROJECT SITE: Waskesiu Lake, SK NORTHING:
BOREHOLE LOCATION: East of BH-13; south of Shop B. EASTING:
3 w SUBSURFACE PROFILE SAMPLES @ VAPOURS @
z = " - ppm BACKFILLED HOLE
bl @ 9 e | 2_| 2% |ud
S| 2 |EEv o | Hw |F |ET|ES |52| 100200 300 400 | BH45-12
2 E DEPTH DESCRIPTION o = <Z§,: ; @E | 85 |TE| X VAPOURSLEL X
z| & | m 5|2 |2 |2%| 28|38 % LEL
@ |m f e °l 20 40 60 g0
0,00 100.07 Ground Surface
18%87 | Surface: Leaf litter, moist. S T s 204 l H 100,07
90.07 | Topsoil
| 0.10 ||Peaty, dark brown, loose, moist, leaves, organics. BH45-12:0.25 l y| Dot PASS
Silt
L %’gg Some fine-grained sand, trace small and large
5 7 || gravel, grey, soft, non-plastic, moist, roots.
5’ il Silt BHes-12055 | | H
o . Few fine-grained sand, little clay, trace small and
s large gravel, greyish brown, medium, low
elsl T plasticity, rootlets.
£| o BHA5-12-0.75 H
sIE| A Bentonite
= 2 -Below 0.75 m: Trace oxidation. Chips
oy
i i BH45-12-1.0 l H
g L
E 1 | N i e A . e N e YT
A i l DT
BH45-12-1.25 H PASS
| 98.77
1.30 | Clay
1 os.62 | Some sil, trace fine-grained sand, grey, medium, Brus-12445) | | H
T 145 \medium plasticity, moist. 98.62
] End of Borehole at 1.45m
2 — waesf » 8 B
3 - 11 000 e e
10
SCALE  1:50.0 LOGGEDBY:  TUKO CHECKED BY:  UN







WARDROP LOG - ANALYTICAL 1018901603-BOR-V0001-00F.GPJ 11/30/12

[ rernateen RECORD OF BOREHOLE V212
Sheet 1 of 1
1018901603-BOR-V0001-00 heet 1
CLIENT:  Public Works and Government Services Canada DATE DRILLED: October 12, 2012 DATUM: Assumed
PROJECT TITLE: Lobstick Maintenance Compound PROJECT SITE: Waskesiu Lake, SK NORTHING:
BOREHOLE LOCATION: Southeast of BH-7; west of BH-10. EASTING:
al w SUBSURFACE PROFILE SAMPLES @ VAPOURS @
2| Z ppm VAPOUR MONITORING WELL
TR @» g | g 2= |wd
= |  |ELEV g | Yw |F | ET | E§ |=2| 100200 300 400 VW25-12
©| K |DEPTH DESCRIPTION Q| 3 |4 | BE|BE |BF|X VAPOURSLEL X
z| A [ m 5195 |3 | 22|28 (32 % LEL
(@] @« 3 5= o
a|m ft e 20 40 60 80
Flugh Mount
000 99.65 Ground Surface Casing
5 Sand & Gravel PR3 : 71 99.65
5 [ 9963
S NG )
~ L N g
SR ’ 99.45 o
S b6 |
= . oon #e 4
3 ) . 25 mm Sch.
=18 909;12;’ S o : Granular 40PVC
harf ’ it ) ) Bentonite
alg| Some fine-grained sand, trace small gravel, light
% g brown, soft to medium, low plasticity.
Bleo| | 99.00 P44 Be3
% i -From 0.7-0.8 m: Fine grained sand lens. oo | 9895
g | S 10/20 Silica | - | 25 mm Sch.
2 - sand | | |40PVC-
= T vwzm-wsw c -] 0.25mm
20" [Lesso B loges5
Em 105 End of Borehole at 1.05m Ly
=
-5
2 —
3 il
10
SCALE  1:50.0 LOGGED BY:  TUKO CHECKED BY:  JN







WARDROP LOG - ANALYTICAL 1018901603-BOR-V0001-00F.GPJ 11/30/12

(W) rermarece RECORD OF BOREHOLE Vs
Sheet
1018901603-BOR-V0001-00 heetTof
CLIENT:  Public Works and Government Services Canada DATE DRILLED: October 12, 2012 DATUM: Assumed
PROJECT TITLE: Lobstick Maintenance Compound PROJECT SITE: Waskesiu Lake, SK NORTHING:
BOREHOLE LOCATION: West of BH-9; east of BH-12 EASTING:
(=) w SUBSURFACE PROFILE SAMPLES @ VAPOURS @
g § w | o © - ppm VAPOUR MONITORING WELL
L 2 |mpy S| 4w | F | 25| 25 |22 | 100 200 300 400 VW26-12
© | K |DEPTH DESCRIPTION Q| 32| Y |BE| @5 [EZ| X VAPOURS LEL X
Z| & = |32 |z |E£|58 |58 9
gl 5 | m 51 = | 2% 23|33 % LEL
m [ moft 7 o
20 40 60 80
FIush Mount
0,00 99.58 Ground Surface Casing
= Topsoil REZN 79958
S ] S 19955
b4 F= : :
B | RSN : 99.38 g
= st ]
5 | | 99.28 Ry :
K 030 | Sand and Gravel PR3 : 25 mm Sch.
e Light brown, moist, roots. o 6@ : : Granular 40PVC
= a | 99.08 o : j Bentonite
38 0.50 | Sand
=8| 1 Fine-grained, few clay, little silt, trace small gravel,
216 brown, dense, moist, trace oxidation. : i 98,93 [P0 P64
I 1 ; Analyses ] 98.88
S | vwes2 SH H-
£ 10/20 Silica | " H | 25 mm Sch.
S sand | " H 40PVC-
E i . ]0.25 mm
_| 98.58 [ i R
_g || 1 100 | Sand T e : _— : 98.58
b 1 98.53 | Fine-grained, some silt, trace clay, brownish grey,
= 105 | medium dense, wood inclusion.
= End of Borehole at 1.05m
5
2
3 -
10
SCALE  1:50.0 LOGGED BY:  TLKO CHECKED BY: N







WARDROP LOG - ANALYTICAL 1018901603-BOR-V0001-00F.GPJ 11/30/12

VW27-12

(] rerraTecn RECORD OF BOREHOLE
Sheet 1 of 1
1018901603-BOR-V0001-00
CLIENT:  Public Works and Goverment Services Canada DATE DRILLED: October 12, 2012 DATUM: Assumed
PROJECT TITLE: Lobstick Maintenance Compound PROJECT SITE: Waskesiu Lake, SK NORTHING:
BOREHOLE LOCATION: Northeast of BH16; southwest of BH-12. EASTING:
[=) w SUBSURFACE PROFILE SAMPLES ® VAPOURS @
2 = " ppm VAPOUR MONITORING WELL
E—J 8 w o % . g S w %
=| I |EEV o |gw |F |ET|ES 52100200 300 400 | VW27-12
] 5 DEPTH DESCRIPTION Q %5 § WE | wWs |A5F| X VAPOURS LEL X
gl a | M 519° |2 2% | 28 |33 % LEL
@|m f @ °| 20 40 60 80
FIus.h Mount
0,00 100.76 Ground Surface _ <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>