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1 BACKGROUND

The Unipkat 1-22 wellsite (site) was an exploration natural gas well drilled by Shell Canada Ltd. (Shell)
in 1972 and 1973. The well was originally spudded on September 8, 1972 and the drilling rig was
released on March 6, 1973. Drilling was completed at the site under Indian and Northern Affairs
Canada land use license N72A088. The drilling sump was constructed on July 29, 1972, enlarged
during drilling operations, and capped April 3, 1972.

Shell conducted a drilling sump remediation program at the site between February and April 2011.
The site is located within the Inuvialuit Settlement Region, along the eastern bank of Arvoknar
Channel, southwest of the Kendall Island Bird Sanctuary. The closest community is Tuktoyaktuk,
Northewest Territories (NT).

As part of the remedial program a Type “B” water licence was granted by the Northwest Territories
Water Board (NWTWB). Licence N7L1-1831 requires that a site monitoring and sampling program,
approved by the NWTWB, be conducted in 2012 and 2013. The site monitoring and sampling plan
(IEG, 2011) was submitted in June 2011 to the NWTWB for review, and approval was granted in
February 2012. This report summarizes the activities conducted by IEG Consultants Ltd. (IEG) at the
site in 2013.

2 OBJECTIVE AND SCOPE OF WORK

The objective of the 2013 Site Monitoring and Sampling Program was to monitor the remediated
drilling sump and site conditions. The scope of work included the following:

=  mobilization to site;

= conduct a visual inspection of the site;

= collect groundwater samples from the existing monitoring wells for chemical analyses;
= collect thermal data from the existing thermistor installations for interpretation;

= promote slope stabilization of the eroding river bank with the placement of timber debris and
willow staking;

= jnstall fluorescent markers at 5 meter intervals from the riverbank to the well centre for
erosion monitoring;

= collect six surface soil samples in the area north of the remediated drilling sump and submit
for laboratory analysis;

=  demobilization from site; and,
= preparation and submission of a report summarizing the 2013 site activities.

3 METHODOLOGY

The 2013 Site Monitoring and Sampling Program included five aspects: visual inspection of the site,
collection and analysis of groundwater samples from existing monitoring wells on-site, collection and

130925R_2013 Shell Monitoring Report IEG— Page 1
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analysis of data from existing thermistors on-site, site maintenance, and surface soil sample
collection and analysis.

3.1 Visual Inspection and Site Maintenance

IEG personnel conducted a visual inspection of the site on August 17 and September 2, 2013. Data
collected included:

= date, monitoring event number, weather conditions (temperature, precipitation, cloud cover,
and wind direction) at the time of inspection;

= npame of inspector;

= observations of: subsidence, erosion or frost action, potential seepage, areas of water pooling
or discharge, resurgence, shoreline stability, soil staining, vegetation stress, odours and/or
hydrocarbon sheen;

= condition of monitoring well/thermistors; and,
= photographic evidence of the inspection.

During the visual inspection, global positioning system data of the current shoreline of the Arvoknar
Channel adjacent to the site was collected (Figure 1).

Site maintenance activities conducted on August 17, 2013 involved the placement of timber debris
and willow staking to promote slope stabilization and installation of fluorescent markers to monitor
erosion.

3.2 Groundwater Monitoring and Sampling

There are currently 10 groundwater monitoring wells installed at the site. The monitoring program
included monitoring and sampling the existing (and functioning) monitoring wells. Locations of the
current monitoring wells are shown on Figure 1.

The following protocol applied at each monitoring well location:

= measurement of the groundwater/product level with an interface probe; and,

= measurement of combustible vapours in the monitoring well head spaces (using an RKI
Instruments Eagle hydrocarbon surveyor)

Following monitoring groundwater conditions, approximately one well volume of groundwater was
purged and disposed on-site to allow for recharging of fresh groundwater into the well screenin
preparation for sampling.

Subsequent to purging, groundwater samples were collected using new waterra tubing and
footvalves to reduce the risk of contamination. Samples were collected in laboratory supplied sterile
bottles and stored in a cooler with ice to preserve sample integrity. The samples were transported to
AGAT in Edmonton, Alberta under standard chain-of-custody protocol for laboratory analysis of:

130925R_2013 Shell Monitoring Report 1IEG Page 2
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= petroleum hydrocarbon (PHC) parameters including benzene, toluene, ethylbenzene, xylenes
(BTEX) and fractions F1 to F4;

= polyaromatic hydrocarbons (PAHs);
= total and dissolved metals; and,

= routine potability.

3.3 Thermal Data Collection

There are currently two thermistors installed at the site. The thermistors are used to monitor the
ground thermal profile within the backfilled former drilling sump compared to a control point on the
site. The thermistor locations are shown on Figure 1. Thermistor data was downloaded onto a field
laptop on September 2, 2013.

3.4 Soil Sampling

Surface soil samples were collected on August 17, 2013, north of the sump remediated in 2011 to
characterize surface soil where residual exceedances were identified. Test holes were advanced using
a shovel and samples were collected at 0.0 m to 0.15 m, 0.15 m to 0.3 m, and 0.3 m to 0.6 m depth
intervals.

Soil samples were collected in laboratory supplied sterile jars and kept cool prior to transport off site.
Samples were submitted under standard chain of custody protocol to AGAT in Edmonton, Alberta for
analysis of:

= PHC parameters including BTEX and fractions F1 to F4;
= PAHs;
= regulated metals including barium by fusion; and,

= detailed salinity.

3.5 Quality Assurance and Quality Control

One soil replicate sample was collected as per Canadian Council of Ministers of the Environment
(CCME) Guidance, as part of the quality assurance/quality control (QA/QC) program for the site. The
replicate sample was submitted to the laboratory under a blind sample designation (Dup A) and
analyzed in order to evaluate analytical precision and sampling procedures. The data was evaluated
using Zeiner’s (1994) relative percent difference method.

Field sampling QA/QC measures included implementation of IEG’s site investigation manual for
guidelines and protocols regarding field instrument calibration, sampling techniques, and personal
protection equipment. To prevent cross contamination, new/or cleaned (as appropriate) sampling
equipment was used during sample collection. Nitrile gloves were worn when handling samples and
were changed between sampling locations.

130925R_2013 Shell Monitoring Report IEG page 3
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3.6 Soil and Groundwater Quality Assessment Guidelines

The dominant soil texture at the site was determined during previous assessments to be fine-grained.
Based on the land use of the site and the surrounding properties, BTEX and inorganic parameters
(salinity and metals) in soil were compared to the fine-textured soil guidelines found in the CCME
Canadian Environmental Quality Guidelines (CEQG), (Update 7.0, September 2007) for
residential/parkland land use, where applicable. True total barium results were compared to the
Alberta Environment (AENV) Soil Remediation Guidelines for Barite: Environmental Health and
Human Health guidelines (AENV, 2009). Groundwater was also compared to the CCME CEQG, 1999
(Update 7.0, September 2007) for residential/parkland land use, where applicable.

4 RESULTS AND DISCUSSION

4.1 Visual Inspection and Site Maintenance

Based on the 2013 visual inspection, the backfilled former drilling sump area and shoreline exhibited
signs of erosion where sloughing has resulted in soil loss. At the section of shoreline observed to have
the greatest degree of erosion, the shoreline has eroded approximately 9 m since June 2012 and
approximately 13 m since June 2011. The rate of erosion is expected to stabilize over time and will
continue to be monitored. Signs of staining, vegetative stress or cap failure were not observed. Two
of the monitoring wells (MW1 and MW3) were observed to be damaged (Appendix |, Photograph 1)
and one monitoring well (MW4) could not be located.

Site maintenance involved the relocation of timber debris from the site to the eroding river bank
(Appendix I, Photographs 2 and 3) and the placement of fluorescent markers at 5 m intervals from
the riverbank to the well center to monitor erosion (Appendix I, Photograph 4). Site maintenance also
included planting two rows of approximately ten willow stakes along the east corner and southern
extent of the eroding riverbank to assist with slope stabilization (Appendix |, Photograph 2).

4.2 Groundwater Monitoring and Sampling

In September 2013, monitoring wells MW1 and MW3 were observed to be damaged and monitoring
well MW4 could not be located. The remaining monitoring wells were monitored for depth to
groundwater and total well depth. The headspace of each well was monitored for organic vapours
using an RKI Instruments Eagle hydrocarbon surveyor. Each monitoring well, with the exception of
monitoring well MW11-03, was found to be dry. Groundwater monitoring well details and
groundwater monitoring results are included in Table 1.

Following monitoring groundwater conditions, at monitoring well MW11-03, approximately one well
volume of groundwater was purged and disposed on-site to allow for recharging of fresh
groundwater into the well screen in preparation for sampling (Appendix |, Photograph 5).

Laboratory analytical results indicated concentrations of routine potability parameters chloride
(723 mg/L) and iron (3.3 mg/L) at monitoring well MW11-03 exceeded the applicable guidelines
(120 mg/L and 0.3 mg/L).

130925R_2013 Shell Monitoring Report IEG Page 4
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Laboratory analytical results for dissolved metals were compared to the CCME CEQG guidelines for
dissolved metals in groundwater and indicated concentrations of cadmium (0.000660 mg/L), copper
(0.008 mg/L), iron (3.3 mg/L), selenium (0.005 mg/L), silver (0.000310 mg/L), and zinc (0.046 mg/L) at
monitoring well MW11-03 exceeded the applicable guidelines (0.00002 mg/L, 0.004 mg/L, 0.3 mg/L,
0.001 mg/L, 0.0001 mg/L, and 0.03 mg/L, respectively). Laboratory analytical results for total metals
were also compared to CCME CEQG guidelines for dissolved metals in groundwater as there is not a
guideline for total metals in groundwater. Total metals parameters aluminum, cadmium, copper,
iron, selenium, silver, and zinc exceeded the applicable dissolved metals guidelines. Laboratory
analytical results for dissolved and totals metals are included in Table 2.

Laboratory analytical results indicated concentrations of PHC and PAH parameters at monitoring well
MW11-03 were below the applicable guidelines (Table 3).

Laboratory analytical reports are included in Appendix Il. Monitoring well logs are included in
Appendix IlI.

4.3 Thermal Data Analysis

Thermistor T3 is located to the north of the excavation towards the lease boundary, while thermistor
T4 is within the backfilled former drilling sump. Thermal records were downloaded from the T3 and
T4 dataloggers in September 2013. The downloaded data spanned from September 2012 to August
2013. The data for thermistor T3 was corrupted and could not be analyzed. A graph showing average
monthly temperatures for each bead depth at thermistor T4 is provided in Appendix IV. Previously
reported thermal data were presented in the Stage 1 — 2011 Site Remediation Report (IEG, 2012a)
and the Unipkat I-22 2012 Monitoring and Sampling Program (IEG, 2012b) submitted by IEG in March
2012 and September 2012. The graphs from those submissions (with data spanning from March 2011
to August 2011 for T3 and April 2011 to August 2012 for T4) are also included in Appendix IV.

The graphs depict average changes in temperature with depth for each month that data was
recorded. On the 2011 graph of the T3 data, at depths of between 1.5 m below ground surface (bgs)
and 5.0 m bgs, the temperature of the ground was less than zero degrees Celcius, which is consistent
with historical values at this location and at other previously installed locations.

Similar to the 2011 and 2012 graphs, the 2013 graph of the T4 data indicates the temperature of the
ground was less than zero degrees Celcius below approximately 1.0 m bgs. The 2012 graph shows
the variation decreased between the sampling months from what was shown on the 2011 graph,
indicating the ground was returning to equilibrium with the general thermal regime at the site. The
results from 2013 support this further as the temperature variation between sampling months from
2012 to 2013 was minimal.

4.4 Soil Sampling

Six samples were collected north of the sump remediated in 2011 to characterize surface soil where
residual exceedances were identified (Appendix |, Photograph 6). Surface soil samples were collected
at 0.0 mto 0.15 m, 0.15 m to 0.3 m, and 0.3 m to 0.6 m depth intervals. The sample locations are

130925R_2013 Shell Monitoring Report IEG’ Page 5
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shown on Figure 1. The soil analytical results are summarized in Table 4 and Table 5, and laboratory
analytical reports are included in Appendix II.

Laboratory results reported indicate that soil exceeded the applicable EC guideline (2 dS/m) in nine of
the 12 soil samples collected. The EC valuesin 2013 ranged from 1.01 dS/m at sample location
TH13-05 (0.3-0.6m) to 8.89 dS/m at sample location TH13-02 (0.0-0.15m). The SAR value (5.47 dS/m)
at sample location TH13-02 (0.0-0.15m) was slightly above the SAR guideline. The Arvoknar Channel is
presumed to have elevated salinity due to mixing water from the Beaufort Sea.

Reported metals parameters were less than applicable guidelines for the samples submitted with the
exception of total barium. Exceedances of the CCME guideline for total barium were reported in each
sample collected with the exception of samples TH13-04 (0.0-0.15 m), TH13-05 (0.0-0.15 m), and
TH13-05 (0.3-0.6 m). The samples were analyzed for barium by fusion and the results were less than
the applicable guideline.

The PHC results for each of the 12 soil samples reported concentrations less than the applicable
guidelines. Soil samples TH13-01 (0.0-0.15) and TH13-02 (0.0-0.15) were analyzed for PAHs and
reported concentrations less than the detection limit and applicable guideline for each PAH
parameter.

4.5 Quality Assurance/Quality Control Results

Quality assurance and quality control for analytical data was assessed by collecting a field replicate
sample. A blind replicate was obtained with a frequency of 10% of the samples collected. A replicate
soil sample was collected from sample location TH13-02 (0.0-0.15 m) and labeled Dup A. Replicate
sample laboratory analytical results are included in Table 6.

Zeiner’s Environmental Standard’s Field Duplicate Criteria has been applied in order to evaluate the
precision of the analytical results (Zeiner, 1994). Precision in analytical results may be evaluated by
calculating the relative percent difference (RPD) or absolute difference (AD) of duplicate samples
using the following formulae:

(S'—D)
D= ______ .. %100 AD= (§-D)
(8 +D)/2
where: RPD and AD are absolute values
S is the original sample result (mg/kg)
D is the duplicate sample result (mg/kg)

If both the original and replicate soil sample concentrations are greater than or equal to five times
the laboratory detection limit for a given parameter, the RPD must be less than or equal to 40%. If
the results lie outside of the range, they should be considered estimates only (Zeiner, 1994).

If at least one of the sample concentrations is less than or equal to five times the laboratory detection
limit for a given parameter, the AD should be less than or equal to twice the detection limit. If the AD

130925R_2013 Shell Monitoring Report IFB Page 6
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is greater than twice the detection limit, the results should be considered estimates only
(Zeiner, 1994).

If one of the sample concentrations is above the detection limit and its replicate sample
concentration is less than the detection limit, the difference between the reported concentration and
one-half the detection limit should be less than or equal to twice the detection limit. If the difference
is greater than twice the detection limit, the results should be considered estimates only

(Zeiner, 1994).

Analyzed parameters from 2013 were assessed using the Zeiner criteria. The replicate sample
submitted did not meet the Zeiner criteria for Total Barium. Based on the results of the replicate
analysis, analytical results for Total Barium should be considered estimates.

Additionally, AGAT conducts quality assurance and quality control procedures during analysis,
including the regular use of calibration checks, surrogate matrix spikes, blanks, and laboratory
duplicates. Laboratory quality assurance reports and analytical methods are included in Appendix Il.

5 CONCLUSIONS AND RECOMMENDATIONS

IEG personnel conducted the 2013 Site Monitoring and Sampling Program, which included a visual
inspection, groundwater monitoring, soil sampling and thermal monitoring, at the site in September
2013. Based on the 2013 visual inspection, the backfilled former drilling sump area and shoreline
exhibited signs of erosion where sloughing has resulted in soil loss. At the section of shoreline
observed to have the greatest degree of erosion, the shoreline has eroded approximately 9 m since
June 2012 and approximately 13 m since June 2011. The rate of erosion is expected to stabilize over
time and will continue to be monitored. There were no observed signs of staining, vegetative stress
or cap failure observed.

Monitoring wells MW1 and MW3 were found to be damaged during the site visit and monitoring well
MW4 could not be located. Each of the remaining monitoring wells, with the exception of monitoring
well MW11-03, were found to be dry.

Laboratory analytical results indicated concentrations of routine potability parameters chloride and
iron, and dissolved metals parameters cadmium, copper, iron, selenium, silver, and zinc exceeded the
applicable guidelines at monitoring well MW11-03.

Based on the thermal monitoring data, the ground is frozen from approximately 1.0 m bgs to the
maximum depth of investigation of 5.5 m bgs. Minimal variation in temperature between the same
sampling month at T4 indicates the ground has returned to equilibrium with the general thermal
regime at the site.

Soil analytical data reported EC and SAR results greater than the applicable guideline values of 2 dS/m
and 5 dS/m. These results are expected to be elevated based on proximity of the source area
(Arvoknar Channel) and the Beaufort Sea.
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IEG recommends continuing site visits on an annual basis to conduct maintenance activities and
monitor erosion.

6 CLARIFICATIONS OF THIS REPORT

This report was prepared by |EG for the account of Shell Canada Energy. The material in it reflects
IEG’s best judgment in light of the information available to it at the time of preparation. Any use
which a third party makes of this report, or any reliance on or decisions to be made based on it, are
the responsibility of such third parties. IEG accepts no responsibility for damages, if any, suffered by
any third party as a result of decisions made or actions based on this report.

The interpretations and conclusions contained herein are based on data derived from a sampling
program, where a limited number of soil samples were collected at widely spaced intervals. The
sampling method determines surface and subsurface conditions at specific locations where samples
were taken and where in-situ tests were conducted, only at the time they were obtained and to the
depths penetrated.

The samples and tests cannot be relied upon to accurately reflect the nature and extent of variations
that usually exist between sampling or testing locations. The recommendations included herein are
based in part on assumptions about variations between sampling or testing locations.

' CLOSING

We trust this report meets your approval and satisfies your current needs. Should you have any
questions or comments, please contact the undersigned at (403) 730-6809.

IEG CONSULTANTS LTD.
©~

Jlest 4t

Nicole Wills, P. Ag. (Alberta)
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