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INTRODUCTION

This 2018 Annual Report (the Report) for the Inuvialuit Water Board (IWB) provides the required information in
fulfillment of Water Licence N5L8-1837 issued by the IWB to Repsol Oil and Gas Canada Inc. (Repsol) on
August 24, 2016 (with an effective date of June 1, 2017). The Water Licence was issued for the Site Remediation,
Panarctic F-68 Abandoned Wellsite, Satellite Bay – Prince Patrick Island, NWT (the Project), particularly the
remediation activities and construction of an engineered Contaminated Soil and Waste Containment Structure
(hereafter referred to as the containment structure and the containment cell [the portion of the structure that is
below the liner]) at Panarctic Site F-68, located on Prince Patrick Island, in the NWT (the ‘Site’).
In particular, this report addresses Part B, Condition 2 and Annex I – D. Part I – Condition 3 and Part J –
Condition 2 are addressed and submitted under a separate cover and are referenced briefly in this Report.

1.1

Work Completed in 2018

The 2018 field program, designed to finalize the Satellite Bay Remediation Program (the Project), was conducted
from July 18, 2018 through August 28, 2018. Due to weather delays and conditions affecting the runway
conditions at Mould Bay, the proposed scope of work as set out in the 2018 Remediation Action Plan (submitted
to the IWB on March 31, 2018) was not completed and the scope of the 2018 field program was adjusted. The
IWB, as well as all regulators and Inuvialuit communities, were informed of the redesigned 2018 field program, the
deferral of the 2018 construction work to 2019 and the deferral of the final demobilization to 2020. More details on
this deferral and the associated 2019 / 2020 schedule is provided in Section 15.2. The 2018 Project activities are
presented in this Report. A detailed description of 2017 Project activities was provided in the 2017 Annual Report
(submitted to the IWB on March 31, 2018); these are referenced where applicable in this current Report.
After delaying the planned reconnaissance flight to Mould Bay on July 18, 2018 due to poor weather conditions,
mobilization to Mould Bay was successful on July 23, 2018. Whereas Dash-7 flights were subsequently carried
out to mobilize crew and equipment, the Mould Bay airstrip did not improve sufficiently to land the ATR-72 and
supply fuel for the Project. Runway conditions was determined through Dynamic Cone Penetrometer and
California Bearing Ratio [CBR] tests. Operation of the ATR-72 to complete supply operations for the Project was
not possible in the 2018 field program and the construction was therefore deferred to 2019.
On July 23, 2018, the temporary camp at Mould Bay was re-established and improved over the following weeks.
The fuel berms and bladder equipment were set up on August 3, 2018. To avoid the berms filling up with
precipitation, a large Weatherhaven tent was installed over one of the three bulk fuel storage bladders and a tarp
was installed over the second bladder. The temporary camp was winterized on August 28, 2018 and the crew
demobilized.
The temporary Satellite Bay camp was re-established and improved between August 12 and 21, 2018. It was
winterized on August 22, 2018.
Due to weather delays and conditions affecting the runway conditions at Mould Bay, the 2018 construction phase
was deferred to 2019. The following tasks were completed during the short 2018 field season (also described in
more detail in the following sections of this Report):



Two temporary camps were re-established and improved;



Mould Bay airstrip testing, repair and maintenance were completed;



Continuous wildlife monitoring, Surveillance Network Program (SNP) sampling, environmental sampling and
regulatory reporting took place throughout the entire 2018 Project;
1
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Surveys were completed at Satellite Bay using a Trimble R10 integrated GNSS System to lay out sample
locations and to delineate Excavation Areas in preparation for the 2019 construction season; and



Additional sampling to delineate the extent of Excavation Area P was completed in preparation for the 2019
field program.

As part of this Report, we have updated the Remediation Action Plan (RAP), the Reclamation, Closure and
Management Plan (RC&MP), the SNP Plan and the Quality Assurance and Quality Control Plan (QA/QC Plan).
The changes are described in Section 14; the complete plans are provided in Appendices A, B, C and D,
respectively.

1.2

Work to be Completed in 2019 / 2020

As described in Section 1.1, the construction phase and the entire demobilization phase of the Project were
moved to 2019 and 2020, respectively. The following tasks will be completed in the summer of 2019:



Re-establishment of both temporary camps;



Airstrip testing, repair and maintenance as required;



Carry out all required sampling at the SNP Stations;



Excavate and backfill the remaining impacted soil areas identified in the 2017 and 2018 field programs;



Sample, dewater and backfill one additional ponded area (Ponded Area P);



Place additional impacted soils in the lined containment structure;



Complete lining of the containment cell and placement of the upper thermistor strings;



Complete placement of the thermal protective layer over the lined cell, including additional thermal fill;



Grade the containment structure footprint to match local grades as per the design and promote positive
drainage and minimize erosion and effects to permafrost;



Grade and close the borrow area, match to adjacent grade and promote positive drainage and minimize
erosion and effects to permafrost;



Install four shallow groundwater monitoring wells; collect four baseline groundwater samples and soil
samples in the vicinity of the monitoring wells;



Complete a legal survey of the borrow area and of the containment structure area;



Remove some of the material and equipment leaving a reduced winterized temporary camp and the
winterized heavy equipment remaining at Satellite Bay and a reduced winterized temporary camp remaining
at Mould Bay; and,



Produce reports in accordance with regulatory requirements.

2
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The following tasks will be completed in the summer of 2020:



Re-establish both reduced temporary camps;



Airstrip testing, repair and maintenance as required;



Post-construction monitoring of the containment cell as per regulatory requirements;



Maintenance and repair work as required;



Heavy-lift helicopter operation to move all heavy equipment from Satellite Bay to Mould Bay;



Hercules operation to transport heavy equipment from Mould Bay to Inuvik and subsequent overland
transport to Edmonton; and,



Produce reports in accordance with regulatory requirements.

Further details on planned 2019 and 2020 activities are provided in Section 15.2.

3
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PART B – 2.A: WATER USE

Fresh water was used for general camp purposes at both temporary camps at Satellite Bay and at Mould Bay. No
water samples were collected or analyzed for water quality during the 2018 Project. Instead, potable water in the
form of bottled water transported from Yellowknife, was used.

Satellite Bay
A total of 2.18 cubic metres (m3) of fresh water was pumped from the nearby creek located at 77° 17.418’ N, 116°
54.479’ W, upstream of the creek crossing. All water intake occurred during the month of August. The water was
pumped into a portable graduated transfer tank using a gasoline powered pump. Each water intake event was
recorded; the water intake logs are provided in Appendix E. The water was transported to the camp via ATV,
transferred to a large storage tank, run through a flow meter, a particulate filter, and treated with UV radiation. It
was then used for camp operations. As potable water was flown into the camp, the greywater discharge was
significantly higher (see Section 3) compared to the fresh water intake volume.
The water intake volumes presented in Table 1 below represent a conservative over-estimate of actual fresh
water intake.
Table 1: Freshwater Intake at Satellite Bay*
Month
August 2018

Location

Total Monthly Quantities

Creek Crossing

2.18

m3

Total 2018 Quantity
2.18 m3

* potable water was supplied separately and is therefore not included in the fresh water totals.

Mould Bay
The fresh water intake location was at Mould Bay East Threshold Creek at 76° 14.321’ N, 119° 16.376’ W. The
water was pumped into a portable graduated transfer tank using a gasoline-powered pump. The water was then
transported to the camp via ATV, run through a filter, and treated with UV radiation before being used during
camp operations. A total of 36.3 m3 of fresh water was pumped during the 2018 field season (July 23 to August
28). The daily measurements of fresh water uptake are presented in Appendix E.
Water intake volumes measured by the creek uptake flow meter at Mould Bay became increasingly inconsistent
compared to the volumes recorded by the in-line flow meter from the water storage tank in the Dry Tent. This has
been attributed to the uptake flow meter possibly coming out of calibration due to jostling and bumping during
transport and use. The fresh water volumes measured by the in-line flow meter from the water storage tank are
considered to be more accurate, whereas the fresh water volumes measured by the uptake flow meter would be
considered more conservative. The intake volumes presented in Table 2 (based on the uptake flow meter) are
considered to represent an over-estimate of actual water intake.
Table 2: Freshwater Intake at Mould Bay*
Month

Location

Total Monthly
Quantities

July 2018

East Threshold Creek

3.5 m3

August 2018

East Threshold Creek

32.8 m3

Total 2018 Quantity
36.3 m3

* potable water was supplied separately and is therefore not included in the fresh water totals.
A new creek uptake flow meter will be installed at Mould Bay in 2019; the placement of the flow meter at the
uptake will be reconfigured to minimize movement and mitigate future damage.
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PART B – 2.B: GREYWATER DISCHARGE

Greywater from kitchen, showers and washing was stored at both temporary camps at Satellite Bay and at Mould
Bay in aboveground, holding/settling pools (also referred to as holding tanks) and discharged to the terrestrial
environment after samples indicated water met discharge criteria and the IWB Inspector was notified.
Greywater produced by the kitchen was filtered through grease traps to prevent oil and grease from entering the
holding pools. It was tested for effluent parameters in accordance with the Water Licence requirements prior to
discharge. The parameters included:



Total suspended solids less than 100 mg/L;



Total residual chlorine less than 0.1 mg/L;



pH between 6 and 9;



No visible sheen of oil or grease; and,

 No discharge of floating solids, garbage, grease, free oil or foam.
Satellite Bay
The greywater collection system at Satellite Bay included a series of integrated filters, a grease trap, and a plastic
sump located adjacent to the kitchen tent. Greywater collected in the sump was directed to one of two greywater
holding tanks, each with a capacity of approximately 17 m3 for a total greywater storage capacity of approximately
34 m3. Greywater volume records are provided in Appendix E.
A total of 10.66 m3 of greywater from camp operations was discharged during one event (August 20, 2018). Prior
to discharge events, greywater samples were taken and analyzed in accordance with the Water Licence. Table 3
provides an overview of the greywater discharge event.
Table 3: Greywater Discharge at Satellite Bay
Date

August 20, 2018

Quantity

10.66

m3

Test Results

Total Monthly
Quantities

Total 2018
Quantity
Released*

Quantity
Remaining in
Containments

TSS – 37.9 mg/L
TRC – Below detection
pH – 7.13
no Oil & Grease

10.66 m3

10.66 m3

24 m3

Notes:
TSS – Total suspended solids (laboratory tested parameter)
TRC – Total residual chlorine (field tested parameter)

Discharge criteria set by the Water Licence were met for the discharge event. The required notification for the
discharge event was provided to the IWB Inspector prior to the event. The greywater was discharged to a small
depression in sandy soils located just east of the camp at 77° 17.492’ N, 116° 56.252’ W, more than 100 m from
the nearest watercourse.
The combined quantity of greywater remaining in the holding tanks at the time of camp demobilization in August
2018 was approximately 24 m3. Greywater was left in the holding tanks to maintain weight on the floor and ensure
that they stayed in place over the winter.
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Mould Bay
The greywater collection system at Mould Bay included a series of integrated filters, a grease trap, and a plastic
sump located adjacent to the kitchen tent. Greywater collected in the sump was directed to one of two greywater
holding tanks, each with an approximate capacity of 17 m3. Greywater volume records are provided in Appendix E.
A total of 15.9 m3 of greywater from camp operations was discharged during two discharge events (August 5 and
August 18, 2018). Prior to the two discharge events, greywater samples were taken and analyzed in accordance
with the Water Licence. Results of the tests are provided in Table 4. Discharge criteria set by the Water Licence
were met for each event. The required notification for each of the discharge events was provided to the IWB
Inspector prior to each event. The greywater was discharged to the ground just north of the airstrip at 76° 14.384’
N, 119° 20.259’ W, more than 100 m from the nearest watercourse. The discharge point was monitored for
erosion and no erosion was noted during the discharge events.
Table 4 provides an overview of the greywater discharge events.
Table 4: Greywater Discharge at Mould Bay
Date

August 5, 2018

August 18, 2018

Quantity

Test Results

m3

TSS – 20.8 mg/L
TRC – Below detection
pH – 7.3
no Oil & Grease

7.33 m3

TSS – 38.6 mg/L
TRC - Below detection
pH – 6.58
no Oil & Grease

8.57

Total Monthly
Quantities

Total 2018
Quantity
Released

Quantity
Remaining in
Containments

15.9 m3

15.9 m3

28 m3

Notes:
TSS – Total suspended solids (laboratory tested parameter)
TRC – Total residual chlorine (field tested parameter)

The combined quantity of greywater remaining in the two Mould Bay holding tanks at the time of camp
demobilization in August 2018 was approximately 28 m3. Greywater was left in the containments to maintain
weight in the tanks and ensure that they stay in place over the winter.
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PART B – 2.C & D: WASTE REMOVAL

The project-specific Waste Management Plan (submitted to the IWB on March 1, 2017) details all aspects of
waste management and disposal for the Project. In 2018, no construction activities took place and only camp
waste was produced and incinerated or disposed off-site.

4.1

Non-hazardous Waste Removal

Camp waste was generated at the two temporary camps and included paper, plastics, food waste, recyclables
(bottles, cans, etc.), and toilet waste (Pacto bags). Other camp wastes included materials from aviation operations
such as paper, rags, pallets, and empty drums.
Very little camp waste was produced at Satellite Bay; it was bagged and shipped to Yellowknife. No incineration
was conducted at Satellite Bay in 2018.
At Mould Bay, combustible, non-hazardous materials (e.g., paper, cardboard and food waste) were incinerated
on-site following the protocol outlined in the Incineration Memorandum (provided to the IWB on February 10,
2017) and the Water Licence, Part F, Condition 2. All non-combustible, non-hazardous waste was temporarily
stored in wildlife proof containers in a secure wooden shed and then transported to Yellowknife for appropriate
disposal by KBL Environmental.
Pacto toilet waste was bagged and placed in sealed 20 L pails, temporarily stored in a secure wooden shed at
each camp and then transported to Yellowknife for appropriate disposal by KBL Environmental.

4.2

Hazardous Waste Removal

No hazardous waste was generated and / or removed in 2018. A burn barrel was used at the Mould Bay camp
and the resulting ash was packaged and stored on-site. In accordance with the NWT Guideline for Hazardous
Waste Management (October 2017), the ash will be tested in 2019 prior to transportation and appropriate
disposal by KBL Environmental.
Empty fuel drums remaining from the 2017 field program and those used in the 2018 field program were shipped
to Yellowknife and picked up by Fuel Flo for re-use.

7
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PART B – 2.E: CONTAMINATED SOIL CONTAINED IN THE
CONTAINMENT STRUCTURE

In 2017, a total volume of 813 m3 of impacted soil from Excavation Areas A through O was placed into the
containment structure (refer to the 2017 Annual Report submitted to the IWB on March 31, 2018). This amount
was calculated based on excavation depths and the excavation areas were calculated from the survey data. No
additional soil was deposited into the containment structure in 2018.
In 2018, Excavation Area P was fully delineated (described in Sections 12 and 15). Based on these results and
previous calculations, it is estimated that in 2019, an additional 760 to 1,215 m3 will be excavated and placed in
the containment structure. The final volume will depend on the depth of the active layer / permafrost. Details are
provided in Sections 12 and 15 below and in the updated RAP (Appendix A) and RC&MP (Appendix B).
Photos 1 and 2 depict Area P during the 2018 sampling.

Photo 1: Stakes were used to lay out the 2018 Excavation Area P sample locations

Photo 2: Test pits were excavated by hand shovel in 2018.
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6.0 PART B – 2.F: WASTE STORED ON SITE
Satellite Bay
On August 22, 2018, the temporary camp at Satellite Bay was winterized and closed for the season. As
communicated to the IWB and other regulators at the time, the need to safely transport staff from Satellite Bay
resulted in the necessity to leave a total of eight used fuel drums at Satellite Bay, which were filled by pumping
melt and rain water from the fuel storage berms, equipment drip trays and tent heater berms. Since the drums
may have contained fuel residue (depicted on Photo 3) the water is being treated as the hazardous “oily waste
water”. The drums were labelled and secured for the winter in secondary containment. In 2019, this waste will be
disposed at an approved facility in accordance with the Project’s IWB approved Waste Management Plan.

Photo 3: Drums at Satellite Bay containing water pumped from berms and drip trays (August 22, 2018).

Mould Bay
On August 29, 2018, the temporary camp at Mould Bay was winterized and closed for the season.
As communicated to the IWB (and other regulators) at the time, the low fuel reserves and deteriorating weather
resulted in the demobilization of the crew from Satellite Bay on August 29, 2018. After winterizing the camp, the
remaining crew was transported from Mould Bay to Yellowknife.
There are two active lined and bermed drum storage areas at Mould Bay (the South Drum Berm and the North
Drum Berm). They contain full fuel drums for use in 2019 and used fuel drums filled with melt and rain water from
the fuel storage berms, equipment drip trays and tent heater berms. Since the drums may have contained fuel
residue the water is being treated as hazardous “oily waste water”.
The two areas contain the following quantities:

South Drum Berm
34 drums of fuel (mixture of diesel, aviation fuel and gasoline) and 1 drum of oily waste water.

9
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North Drum Berm
9 drums of fuel (diesel) and 10 drums of oily waste water.
The drums were labelled and secured for the winter in a secondary containment berm and securely covered with
tarps (depicted in Photo 4). In 2019, the waste will be disposed at an approved facility in accordance with the
Project’s IWB approved Waste Management Plan.

Photo 4: Drums stored at North Drum Berm tarped over (August 27, 2018).

An unserviceable skid-steer battery and the ash from the Mould Bay burn barrel are securely stored at Mould Bay
for removal and disposal in 2019. The ash will be tested in 2019 in accordance with the NWT Guideline for
Hazardous Waste Management (October 2017) and disposed of accordingly.

10

February 26, 2019

7.0

1780495

PART B – 2.G: SURVEILLANCE NETWORK PROGRAM

The 2018 Summary Report on the Surveillance Network Program (SNP) including all information and data
collected during the year is provided in Section 16 of this Report (Annex I – D: Surveillance Network Program
Report).

11
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PART B – 2.H: UNAUTHORIZED DISCHARGES AND SPILLS

No spills or unauthorized discharges occurred at either the Satellite Bay or Mould Bay camps in 2018.

12
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PART B – 2.I: SPILL TRAINING AND COMMUNICATIONS EXERCISES

As per the Spill Contingency Plan, all Project staff and contractors participated in an on-site safety orientation.
This included information on the Emergency Response Plan, Spill Contingency Plan, aircraft operations, wildlife
awareness, permit awareness, off-highway vehicle (OHV) operations, firearms security. The orientation session
also included an identification of the fuel storage facilities and spill response equipment. On-site orientations
were held for new staff upon arrival at Mould Bay or Satellite Bay. Several daily safety meetings were held as
follows:
1)

A morning safety meeting during breakfast with all staff present;

2)

A morning permit sign-off where work tasks and coordination were discussed; and

3)

Tailgate meetings with sub-contractors whenever Field Level Hazard Assessments (FLHA) were completed.

Emergency Response and Spill Contingency Drills were completed during the 2018 program at the following
dates:



August 4, 2018 – Spill response training exercise;



August 7, 2018 – Live fire wildlife proximity drill;



August 7, 2018 – Inert bear spray deployment exercise; and



August 13, 2018 – Aircraft emergency extrication drill.

13
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10.0 PART B – 2.J: ADDITIONAL STUDIES
There are currently no additional studies required by the IWB and no future studies are planned by Repsol.

14
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11.0 PART B – 2.K: MONITORING PROGRAMS
11.1 Thermal Monitoring
11.1.1

Background

A subsurface ground temperature monitoring system (referred to herein as temperature monitoring) is installed in
the containment cell and at a background station to monitor the thermal regime and changes to the active layer.
The temperature monitoring system is composed of:



Four thermistor strings within the containment cell that consist of two upper strings and two lower strings.
Only one upper and one lower string are actively monitored, whereas the remaining two are backup strings;



One thermistor string at a background station to monitor natural variations in ground temperature at the
active layer;



One air monitoring point on the communication tower where the solar panel is mounted;



A data collection system to retrieve and store data;



Power supply and charging system that includes a solar panel, voltage regulator, and battery;



A communications system that sends data to via satellite uplink; and



The online visualization interface for monitoring data and downloading raw data.

The containment structure was partially constructed in 2017 and completion is planned in the summer of 2019, as
described in Section 1. The temperature monitoring system was installed concurrently with construction of the
containment structure in 2017. Construction of the containment structure was not completed in 2017; the upper
thermistor strings were connected to the data logger and will be set in place after the liner installation. Golder staff
inspected the tower and monitoring system in 2018 and observed that the tower showed no signs of wear, rust or
interference from wildlife. Since no construction activities took place in 2018, no work on the monitoring system
was completed and the monitoring system will be completed in 2019.

11.1.2

Monitoring Data Review

The online visualization platform built by Eagle.io (by 2018 Argos.io Pty Ltd.) is provided by the thermistor
contractor (Neve-TDS) who manages a customized online interface. The platform allows the review of
instrumentation and diagnostic data, along with the ability to download the raw data for additional analysis. Raw
data collected between September 2017 and December 2018 was downloaded, processed, and reviewed. The
results of the data monitoring review are discussed further in the sections below.
Overall, the results from the first year of thermal monitoring indicate conditions consistent with initial observations
of the depth of the active layer and suggest that the thermal soil layer of the containment cell will act as predicted.

15
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Photo 5: Communications tower, photo taken facing south east.

11.1.2.1

Thermistor, Air Temperature, and Diagnostic Data

Temperature data from two active thermistor strings in the containment cell and one at the background station
were plotted along with air temperature as shown in Figures 1 and 2, below. Figure 1 does not show temperatures
from the uninstalled thermistor strings temporarily located within a wooden box. The data from these two nodes
closely matches the air temperature, indicating that they are functional. Significant observations from the data are:



The subsurface temperatures follow the same trend as the air temperature, which is expected;



During the summer of 2018, temperatures remained below freezing in the containment cell at the original
ground surface and west anchor trench;



As expected, the data indicate temperatures vary with fill thicknesses. Typically, larger fill thicknesses relate
to reduced influences from air temperature;



Unusually warm air temperatures were recorded on July 16 through 17, 2018. These unusual temperatures
are consistent with observations from other instrumentation and are considered to be valid;



The coldest temperature was approximately -40˚C in March of 2018;



Temperature trends at the containment cell and background station are similar as expected.



The temperatures between depths of 0.61 metres below ground surface (mbgs) and 1.11 mbgs at the
background station indicate the active layer is located between those two depths. Small changes in air
temperature correlate to temperature changes at 0.61 mbgs but are not observed at 1.11 mbgs. By
interpolating between those two, the maximum depth of thaw is estimated to be approximately 0.85 mbgs.
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Power and Communications

The voltage data indicates the battery is charging from the solar panel. Significant rise and drops in voltage occur
in October and March, which coincide with seasonal changes in daylight. The voltage level of the battery has
remained between 12 and 15 volts over the past year, indicating that the battery is still in good condition. The
battery is performing similarly to the previous year and should operate adequately throughout the winter.
Since August 2017, the system has sent approximately 2,550 messages requiring about 2,600 attempts. This
indicates that the uplink is 98% successful in establishing communications.

11.1.4

Monitoring System Summary

The temperature monitoring system including the four thermistor strings, air temperature sensor, power supply,
and communication systems are working as designed. The subsurface ground temperature regime in the
containment cell is behaving as expected and is supported by supplementary data from the background station.
Diagnostic data from the battery and communications system indicate that the system is continuing to work as
expected.
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Figure 1: F-68 Containment Cell Temperatures
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Figure 2: F-68 Background Station Temperatures
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Wildlife Monitoring

Arctic Response Canada Ltd. (Arctic Response) provided Wildlife Monitoring (and medical) services for the 2018
Project. Inuvialuit Wildlife Monitors were hired, extensively trained by Arctic Response and participated in the
2018 Project at Mould Bay and Satellite Bay.
The Mould Bay camp was protected by an electric wildlife perimeter fence. Due to the restricted time at the
Satellite Bay camp, an electric wildlife perimeter fence was not set up in 2018. Up to four Wildlife Monitors were
patrolling each camp during the day. At night, each camp was watched by two Wildlife Monitors. Wildlife Monitors
recorded all wildlife signs and sightings in daily observation forms. Observations of wolves, caribou, and muskox
were immediately reported to the Clifton site supervisor and Repsol following the Wildlife Encounter Management
Plan and the Emergency Response Plan. Observations that resulted in active deterrence were reported as wildlife
incidents.
Table 5 summarizes all wildlife observations at Mould Bay (for 37 days: July 23 through August 28) and at
Satellite Bay (for 11 days: August 12 through 22). It also provides information on the instances when deterrence
was used to move wildlife (primarily wolves). Deterrence techniques included shouting and the use of
noisemakers and non-lethal shotgun ammunition (e.g., rubber pellets, beanbags, rubber slugs, etc.). No lethal
force was used. Deterrence was successful in all cases and no human or wildlife injuries occurred.
Two muskox carcasses were identified in the Mould Bay area over the course of the Project. Cameras were set
up around the locations of the carcasses to capture photographs of wildlife. The camera recordings are not
included in Table 5 and are not further discussed in this report.
Table 5: 2018 Wildlife Observation Details

Site

Mould Bay

Species

Group Sizes
Observed

Number of Days
Observed

Behaviour Observed

Number of
Occasions
Deterrence
Required

Muskox

1 to 29

11

Feeding
Walking

N/A

Wolf

1 to 15

22

Running
Walking

8

Arctic fox

1 to 4

13

Running
Walking

N/A

Arctic hare

1 to 4

6

Feeding
Running

N/A

Rough-legged hawk

1

1

Sitting

N/A

Snowy owl

1 to 4

15

Flying
Sitting

N/A

Common eider

1 to 6

7

Flying
Swimming

N/A

Long-tailed jaeger

2

2

Flying

N/A

Glaucous gull

1 to 4

5

Flying
Walking

N/A

Seal

1

2

Lying on ice

N/A

Collared lemming

1

2

Running through camp

N/A
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Table 5: 2018 Wildlife Observation Details

Site

Satellite
Bay

Species

Group Sizes
Observed

Number of Days
Observed

Behaviour Observed

Number of
Occasions
Deterrence
Required

Peary Caribou

4

1

Walking
Lying

1

Wolf

1

4

Running
Walking

4

Seal

1,4

2

Lying on ice

N/A

Sandpiper

1, 2

4

Flying
Drinking

N/A

Snow bunting

1, 2, 4

5

Flying
Drinking

N/A

N/A = not applicable because none occurred.

11.2.1

Wildlife at Mould Bay

Individual muskoxen (Ovibos moschatus) or groups of up to 29 individual muskoxen were observed at Mould Bay
on 11 days. Whereas they were in proximity to the camp, the animals never entered, and no incidents occurred.
Wolves (Canis lupus), either alone or in groups, were the most frequently observed species at the camp and were
reported on 22 of 37 days. A large pack of 15 animals (9 mature; 6 juveniles) approached the camp and work site
frequently. Intervention and deterrence were required in eight instances and was successful in all events.
Peary caribou (Rangifer tarandus pearyi) were not observed during the 2018 field season unlike 2017, where
sightings were recorded frequently.
The following additional observations were made at Mould Bay; no human interaction was required (Table 5):



Snowy owls (Bubo scandiacus) were observed on 15 days in groups of one to four owls.



Arctic hare (Lepus arcticus) were observed on 6 days in groups of one to four hares.



One bearded seal (Erignathus babatus) was observed on two days.



Arctic fox (Vulpes lagopus) were seen on 13 days in groups of one to four animals.



Common eiders (Somateria mollissima) were observed on seven days in groups of one to six individuals.



Glaucous gulls (Larus hyperboreous) were observed on five days in groups of one to four individuals.



Long-tailed Jaegers (Sterocorarius longicaudus) were observed on two days, each time in groups of two
birds.



One rough-legged hawk (Buteo lagopus) was observed on one day.



A group of five snow geese (Chen caerulescens) were observed on one day.



One northern collared lemming (Dicrostonyx groenlandicus) was observed on two days running through the
camp; it is possible that this was the same animal.

No signs of polar bears (Ursus maritimus) were noted at Mould Bay.
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Wildlife at Satellite Bay

Wildlife observations and encounters at Satellite Bay differed from those at Mould Bay. In general, there was less
wildlife recorded at Satellite Bay. The most frequent observations were made for snow buntings (Plectrophenax
nivalis). One to four individuals were observed on five days (Table 5).
A lone wolf (Canis lupus) was observed on four days; it was effectively deterred using noisemakers in each
instance and no conflicts arose. The Wildlife Monitors were adequately trained and equipped to deal with these
situations.
Four peary caribou (Rangifer tarandus pearyi) were observed on one day at Satellite Bay. Two of the animals
were encountered as they were bedded down on the airstrip. The Wildlife Monitor approached the caribou, which
did not move until a noisemaker was employed; this was effective in encouraging the animals to move off the
airstrip.
The following additional observations were made at Satellite Bay; no human interaction was required in any
occurrence (Table 5):



Bearded seals (Erignathus babatus) were observed on two days in groups of one to four animals.



One Baird’s sandpiper (Calidris bairdii) was observed on one day.



Purple sandpipers (Calidris maritima) were observed on three days in groups of one to two birds.



No signs of polar bears (Ursus maritimus) were observed at Satellite Bay.

11.2.3

Species at Risk

Several of the observed species are listed by the Government of Canada's Species at Risk Act (20181). SARA
designates a national classification for species that have been assessed by the Committee on the Status of
Endangered Wildlife in Canada (COSEWIC). These include species designations as ‘special concern’ (may
become ‘threatened’ or ‘endangered’ from a combination of biological characteristics and identified threats),
‘threatened’ (may become ‘endangered’ if not protected from factors leading to extirpation or extinction),
‘endangered’ (facing extirpation or extinction), ‘extirpated’ (no longer existing in Canada but does elsewhere in the
world), and ‘extinct’ (no longer existing anywhere). If a species becomes listed as ‘extirpated’, ‘endangered’ or
‘threatened’, it is legally prohibited to kill, harm, harass, or capture individuals of the species, or to damage or
destroy their habitat. In addition, species can be listed under three schedules. Species listed under Schedule 1 of
SARA include those species officially listed under SARA. Species that had been listed by COSEWIC prior to
October 1999, but have not yet been officially protected under SARA, are listed under Schedule 2 and Schedule
3. The species listed under Schedule 2 and Schedule 3 are required to be assessed by COSEWIC within a
certain timeframe.
The GNWT has established an assessment program for NWT species used as a tool for conservation
management. It is called the General Status Ranks of Wild Species (Working Group on General Status of NWT
Species 20162). Under this program, species’ ranks must be reviewed every five years and made available for

1
Species at Risk Act. 2018. Public Registry.
Available at: https://www.registrelep-sararegistry.gc.ca/sar/index/default_e.cfm. Accessed: November 21, 2018.
2
Working Group on General Status of NWT Species. 2016. NWT Species 2016-2020 – General Status Ranks of Wild
Species in the Northwest Territories, Department of Environment and Natural Resources, Government of the
Northwest Territories, Yellowknife, NT. 304 pp.
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review in the NWT Species Monitoring Infobase. Species may be ranked as ‘at risk’ (have been assessed in detail
or ranked by COSEWIC as ‘threatened’ or ‘endangered’), ‘may be at risk’ (may be at risk of extinction or
extirpation; the highest rank for species under GNWT General Status Ranking system), ‘sensitive’ (may require
protection to keep from becoming at risk), ‘secure’ (not at risk or sensitive), ‘undetermined’ (insufficient information
to determine status), ‘not assessed’ (not assessed under program), ‘alien’ (introduced through human activities),
‘extirpated / extinct’ (no longer found in the NWT / world), ‘vagrant’ (infrequent and/or unpredictable occurrences
outside normal distribution range) and ‘presence expected’ (species not yet recorded but expected to occur in the
NWT; Working Group on General Status of NWT Species 2016).
To assess the biological status of species that may be at risk in the NWT, the Species at Risk Committee (SARC)
was established under the Species at Risk (NWT) Act and assesses whether a species should be included in the
NWT List of Species at Risk3.
The only species observed during 2018 that is listed either federally or territorially is listed in Table 6.
Table 6: Federally and / or Territorially Listed Species Observed in 2018
Species

SARA Status

COSEWIC Status

GNWT Status

GNWT SARC

Peary caribou
(Rangifer tarandus pearyi)

Schedule 2 – Endangered
(High Arctic population)

Threatened

At Risk

Threatened

It should be noted that in May 2004 the three Peary caribou population designations were de-activated by
COSEWIC, and the Peary caribou, Rangifer tarandus pearyi, includes now both the former High Arctic and Low
Arctic populations and is assessed separately from the Dolphin and Union Caribou, Rangifer tarandus. The Peary
caribou is assessed as “threatened” by COSEWIC. SARA still assesses the three populations separately and the
caribou on Prince Patrick Island belong to the High Arctic population for the purpose of that assessment and are
listed as “endangered”.

11.2.4

Conclusion

The 2018 season of the Project required a temporary camp at Mould Bay for 37 days (July 23 through August 28)
and at Satellite Bay for 11 days (August 12 through 22). Both camps and the active work site at Satellite Bay were
patrolled during day and night (camps only) by Wildlife Monitors. In addition, the Mould Bay camp was secured
with an electric perimeter fence. Wildlife Monitors recorded their wildlife observations and communicated
interferences with wildlife immediately with the site supervisor and the team.
Wolves
Wolves approached the camps and work site frequently. At Mould Bay, they were observed on 66% of the days
spent on Site and at Satellite Bay, on 36% of the days spent on site. Even though they were less frequently
encountered at Satellite Bay, all of the observations required active deterrence: 100% of all wolf encounters
required active deterrence at Satellite Bay, compared to 36% at Mould Bay. This ratio is very similar to the 2017
observations (described in the 2017 Annual Report submitted to the IWB on March 31, 2018). Table 7
summarizes these results.

Northwest Territories Species at Risk Committee. 2018. Available at: https://www.nwtspeciesatrisk.ca/SARC. Accessed:
November 22, 2018.
3
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Table 7: Wolf Encounters and Deterrence
Site

Days with Wolf Observations

Observations requiring Intervention

Mould Bay

66%

36%

Satellite Bay

36%

100%

Total for both Sites pooled

51%

68%

Deterrence techniques included shouting and the use of noisemakers and non-lethal shotgun ammunition (e.g.,
rubber pellets, beanbags, rubber slugs, etc.). All instances of deployment of deterrence were successful and no
encounter resulted in a conflict situation. Due to the training and availability of deterrent tools and procedures, the
Wildlife Monitors were well prepared to deal with these situations.
Repsol has been conducting site visits to Satellite Bay since 2008. Wolf tracks were encountered in the past and
an occasional wolf sighting in the distance was recorded; however, since 2014, wolves approached the camp and
work sites at Satellite Bay and needed to be actively deterred. In 2014, a pack of seven wolves repeatedly visited
the camp and showed no sign of fear. They were deterred each time and they approached the crew closely.
Mould Bay was previously used for stopovers and no active camp was established there in the past. Prior to 2014,
muskox and seals (on the sea ice) were the only species observed in proximity to that site. In 2014, three wolves
approached the landing strip but left without active deterrence. Wolves were also observed and deterred
frequently in 2017.
As is evident, since 2014, Wildlife Monitors need to be prepared to deter wolves with the appropriate equipment
(e.g., bear bangers and screamers). The electric fence used in 2017 for both camps and in 2018 at Mould Bay
also provided added protection.
Muskox
At Mould Bay, many muskox observations were recorded (on 30% of the days spent on site). Their herd sizes
were variable and reached up to 29 animals. As in 2017, there were no muskox reported at Satellite Bay in 2018.
No interference was required in 2018 at Mould Bay, as the animals stayed at a significant distance from the
airstrip. Two muskox carcasses were encountered close to the site; as in 2017, these carcasses may have
attracted wolves.
Caribou
Caribou were observed only at Satellite Bay and in relatively low frequency (10 %). The group of four animals that
occupied the Satellite Bay airstrip were moved away with noise as a safety precaution. No caribou were observed
after this one occurrence.
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12.0 PART B – 2.L: RECLAMATION ACTIVITIES
This section describes all reclamation activities that were completed in 2018 and provides an updated
remediation, reclamation and closure schedule.

12.1

Overview of 2018 Reclamation Actives and Forecasted 2019 /2020
Schedule

As described in Sections 1.1 and 1.2, due to weather delays and conditions affecting the runway conditions at
Mould Bay, the 2018 construction program at Satellite Bay was not completed and the purpose of the 2018 field
program was adjusted. The 2018 construction phase has been deferred to 2019 and the final demobilization has
been deferred to 2020.
The following key tasks were completed during the 11-day period at Satellite Bay:



Temporary camp set-up, maintenance and winterizing;



Site inspection (including overwintered heavy equipment and fuel drum storage, borrow area, containment
structure and thermal monitoring equipment);



Environmental sampling to delineate Excavation Area P (Figure 3), sampling of meltwater in berms for
laboratory analysis, sampling of greywater for laboratory analysis and sampling of SNP stations as per Water
Licence requirements;



Surveys were completed at Satellite Bay using a Trimble R10 integrated GNSS System to lay out sample
locations and to delineate Excavation Areas in preparation for the 2019 construction season;



Water discharge / removal including pumping of water from berms and drip trays into barrels for future
transportation and off-site disposal; and



Discharge of clean water to the ground surface at least 100 m from the nearest watercourse.

Weather permitting, Repsol anticipates that the Project will be fully executed in 2019 and 2020 in accordance with
all licences, permits and approvals. Construction and camp equipment will be winterized prior to leaving the Site
in 2019 and will then be removed from the Site in the summer of 2020.
Sections 12.2 through 12.6 provide details of the adjusted 2018 field program. Table 8 provides an overview of
the anticipated 2019 and 2020 schedule to complete the remaining tasks of the Project.
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Table 8: 2019 / 2020 Project Schedule
Project Phases

2019 Mobilization Phase

2019 Construction Phase

2019 Winterization od
Equipment and Camp

2019 Demobilization Phase

2020 Re-mobilization

2020 Post-construction
Monitoring / Preparation for
heavy-lift program

2020 Final Demobilization

Key Tasks




Camp deployment



























Equipment mobilization and maintenance*





Packaging of all equipment and materials




Demobilization of camp

Personnel (including Inuvialuit Wildlife
Monitors) staging and training

Estimated
Start Date

Estimated
Finish Date

July 18

July 30

July 31

August 27

August 28

September 3

September 4

September 8

July 20

July 31

August 1

August 15

August 16

August 25

Re-installation of watercourse crossing
Maintenance of existing access roads
Additional ponded area dewatering
Containment structure extension
Completion of thermistor installation
Borrow area operation and reclamation
Impacted soil relocation
Backfill of excavated areas
Completion of liner installation
Installation of soil cap
Grading of all areas
Completion of as-built-survey
Removal of watercourse crossing
Packaging of equipment for transport
Winterizing of heavy equipment
Demobilization of most personnel
Removal of supplies and materials.
Removal of remaining materials
Demobilization of some camp components
Demobilization of remaining personnel
Camp deployment
Personnel staging
Equipment mobilization and maintenance*
Completion of required post-construction
monitoring tasks (as per Water Licence)
Preparation for heavy-lift program
Demobilization of equipment, materials and
supplies
Demobilization of personnel

*maintenance of the equipment that overwintered at the site.
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The following sections provide details on all tasks completed in 2018. In addition, Section 15 contains the 2018
Field Report, which is a summary of all tasks completed in 2018 and their associated timelines.

12.2

Ponded Area Sampling

Removal of standing water and backfilling with compacted granular material will be required at one additional
ponded area within the waste containment structure footprint (Ponded Area P; Figure 4) prior to construction of
the thermal cover. The water from Ponded Area P and the two new puddles which formed directly adjacent to the
containment structure were sampled in 2018 and compared to SNP standards. They will be re-sampled in 2019
prior to dewatering. This process is further described in Sections 15.1.2 and 16.3.

12.3

Inspection of the Containment Structure, Lining System, Thermal
Monitoring System

The construction of the containment structure is still ongoing. No construction activities took place in 2018,
however the components of the containment structure were visually inspected.



Containment Structure and Liner: The containment structure showed no signs of erosion. Tread marks
from 2017 were still evident on the slopes and the top. Some very minor wind scour and deposition of fines
was visible. There was puddled water in the key trench where the liner is exposed on both sides of the
structure (Photo 6). It is expected that this water represents meltwater generated from local snow. Water
samples were collected as part of the SNP program in preparation for pumping at the start of the 2019
program. The results of these samples are detailed in Section 16.3 and laboratory reports are provided in
Appendix F. The exposed liner flap which is covering the new rolls of geotextile (to be used in 2019),
appeared in good condition. The sandbags were observed to be holding the edge of the liner in place
(Photo 6).



Grading Around Containment Structure: There was a very shallow puddle southwest of the containment
structure (Photo 7). This area had been graded in 2017 to permit vehicle traffic in the area while building the
containment structure. This area will be graded in 2019 to promote drainage away from the cell.



Thermistor Tower and Cables: The thermistor tower appeared to be in the same condition as in 2017. No
weathering or wildlife damage was noted. The two plywood crates containing the thermistor cables to be
installed in 2019 showed no evidence of wildlife interaction. The solar panels were clean.
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Photo 6: Intact liner flap, held in place by sand bags. Box containing upper thermistor strings in background.

Photo 7: Shallow puddle formed over winter, adjacent to the containment structure.

12.4

Consolidation and Removal of Historic Waste Fuel Drums

As described in the 2017 Annual Report (submitted to the IWB on March 31, 2018), 96 historical drums were
emptied, crushed and placed in lined super sacks and transported off-site for disposal in 2017. The drums
containing consolidated liquids were transported from the Site to Mould Bay, and subsequently flown to
Yellowknife. The ownership of the waste was transferred to KBL Environmental in accordance with the IWB
approved Waste Management Plan.
No additional historical drums were processed or removed from the Site 2018.
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Removal of Debris

As described in the 2017 Annual Report (submitted to the IWB on March 31, 2018), during 2017, surface debris
scattered throughout the Site was collected and shipped for disposal at a licenced disposal facility (through KBL
Environmental) as described in the IWB approved Waste Management Plan.
Scrap metal waste that remained on-site from the 2017 field program was transported to Yellowknife for disposal
by KBL Environmental.
No additional debris was collected for off-site disposal in 2018.

12.6

Additional Delineation

The originally identified 15 excavation / sampling areas, and additionally identified Areas P and Q are summarized
in Table 9. Excavation to the planned limits of the previously identified Excavation Areas A through O and
relocation of the impacted soils to the containment structure took place in 2017, immediately following the
installation of the placement of two thermistors at the base of the containment structure. Excavations were
advanced vertically until frozen soils were encountered, to an average depth of 0.46 m below grade across the
Site. The impacted soils removed from the excavations were placed within the containment structure and
compacted within the footprint of the containment structure as outlined in the Pre-construction Design Report
(submitted to the IWB on March 1, 2017). Area Q was horizontally delineated through soil sampling in 2017.
Based on the results of the sidewall sampling completed in 2017, the areal extent of the impacts was greater than
initially delineated through previous investigations. As a result, a comprehensive soil sampling program was
completed in late August 2017 to fully delineate these extended areas of impacts.
Table 9: 2017 Excavation Area Dimension and Sample Collection
Area Name

Area
(m2)

Average Depth of
Excavation (m)

Number of Sidewall
Samples Collected in
2017

Number of Floor / Base
samples collected in 2017

A

230

0.47

13

3

B

86

0.46

13

4

C

525

0.40

20 (4 DUP*)

7

D

93

0.39

12 (1 DUP)

2

E

16

0.41

8 (1 DUP)

2

F

35

0.42

8 (1 DUP)

1

G (and area between
FGH)

124

0.44

17

5 (1 DUP)

H

42

0.39

13 (1 DUP)

2

I

51

0.51

8 (1 DUP)

1

J

29

0.48

8 (1 DUP)

1

K

31

0.42

8 (1 DUP)

1

L

25

0.63

8 (1 DUP)

1

M

27

0.60

8 (1 DUP)

1

N

56

0.52

11 (1 DUP)

2

O

38

0.41

8 (1 DUP)

1

P (Butler Building)

440

0.45

13

6
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Table 9: 2017 Excavation Area Dimension and Sample Collection
Area Name

Area
(m2)

Average Depth of
Excavation (m)

Number of Sidewall
Samples Collected in
2017

Number of Floor / Base
samples collected in 2017

Q

690

N/A

12

0

* DUP=duplicate sample; included in the sample number.

Based on the 2017 soil sampling results, the full extent of Area P was not delineated. Sampling of soils beyond
the samples collected in 2017 in this area was prioritized in 2018. Upon arrival at Satellite Bay, sample locations
were surveyed, and test pits dug by hand shovel until refusal (Photo 8). Sampling occurred in a progressive
manner from the area of known impacts outward; the results were compared to the Canadian Council of Ministers
of the Environment (CCME) agricultural soil standards for coarse grained soil. In total, 32 test pits were
excavated, and 17 samples were analyzed to delineate the area where soil results were below the CCME
standard.

Photo 8: Sample layout and test pitting in Excavation Area P.

Of the 17 samples in Excavation Area P collected in 2018, one exceeded the CCME (agricultural) standard and is
included in Table 10 with the 2017 delineation results (Sample ID SP1802). Additional sidewall delineation
samples were collected in the active layer in the area of the Sample ID SP1802 exceedance; the excavation will
be extended to these limits in 2019.
Impacted soil contained within the areas outlined on Figure 3 will be excavated to permafrost and relocated into
the containment structure in 2019.
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Table 10: Sample Exceedances within the Additional Delineation Areas
Delineation Area

Parameter

CCME Agricultural (Coarse Grain)

PHC F1-BTEX – (C6 – C10)

30

PHC F2 (C10 – C16)

150

PHC F1-BTEX – (C6 – C10)

30

C (2017)

E / F / G / H/ J / K
(2017)

PHC F2 (C10 – C16)

PHC F1-BTEX – (C6 – C10)

150

30

P (2017 and 2018)
PHC F2 (C10 – C16)

PHC F1-BTEX – (C6 – C10)

150

30

Q (2017)

PHC F2 (C10 – C16)

150

Sample ID

Depth (cm)

Result (mg/kg)

SS406

40 to 50

160

SS408

40 to 50

322

SS406

40 to 50

1130

SS408

40 to 50

1540

SS468

60

137

SS457

40

458

SS459

40

995

SS467

70

1480

SS468

60

1920

SS477

40 to 50

702

SS489

50

220

SS494

80

249

SS496

60

294

SS499

30

1740

SS500

50

1620

SS531

60

159

SS542

70

214

SS546

40 to 50

42

SS547

40 to 50

79

SS549

40 to 50

66

SS455

40 to 50

230

SS546

40 to 50

1090

SS547

40 to 50

734

SS548

40 to 50

221

SS549

40 to 50

930

SP18024

30

318

SS416

40 to 50

57

SS418

60

155

SS419

60

98

SS438

40 to 50

124

SS441

40 to 50

63

SS443

60

130

SS418

60

1080

SS419

60

1590

SS431

60

208

SS438

40 to 50

1160

SS441

40 to 50

797

SS443

60

1100

Notes:
1.

All units in mg/kg

2.

CCME Soil Standards for Metals and VOCs: Canadian Council of Ministers of the Environment, accessed July 26, 2017 from: http://st-ts.ccme.ca/en/index.html

3.

CCME Soil Standards for PHCs: Canadian Council of Ministers of the Environment, Canada-Wide Standards for Petroleum Hydrocarbons (PHC) in Soil. Table 1. Revised January 2008.

4.

2018 delineation sample collected in the active layer of the proposed sidewall. All other samples were collected in the active layer in 2017.
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13.0 PART B – 2.M: MODIFICATIONS AND/OR MAJOR MAINTENANCE
WORK
No maintenance work has been completed in 2018 as the construction is still ongoing and is currently scheduled
to be completed in 2019. Two modifications were necessary to continue with the program; these were described
in detail in the 2017 Annual Report submitted to the IWB on March 31, 2018. The final containment structure
extension is described below.

13.1

Containment Structure Extension

As described in Section 12, additional impacted soil was encountered during the 2017 Project and further
delineation occurred at Excavation Area P in 2018. These areas are depicted on Figure 3. To accommodate the
additional volume of impacted soil in the containment structure, the following design changes will be implemented;
Appendix I contains the stamped drawings with the design modification:



Additional borrow material will be sourced from the borrow area;



Impacted soils from the additional delineated areas will be excavated, relocated and the excavated areas
backfilled with clean soil from the borrow area following sampling of the base of the excavations;



Excavation Area P has been delineated. Material from this area will be excavated and relocated in 2019;



Ponded area P will be sampled, drained and backfilled (Figure 4). Any additional ponded areas/puddles
adjacent to the containment structure in 2019 will be sampled, drained and backfilled if required;



Thermistor installation will be completed as outlined in the Reclamation, Closure and Monitoring Plan
(approved by the IWB in April 2017); and



Liner installation and the thermal soil cap will be completed (including grading and contouring) in accordance
with the updated design drawings provided in Appendix I;

Details on these steps are provided in the updated Remediation Action Plan (Appendix A) and the updated
Reclamation, Closure and Monitoring Plan (Appendix B).
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14.0 PART B – 2.N: UPDATES AND/OR REVISIONS TO MANAGEMENT
AND MONITORING PLANS
This section summarizes changes that were made to the Management and Monitoring Plans that were approved
in their original version by the IWB on May 18, 2017.

14.1

Spill Contingency Plan

No changes were made to the IWB approved Spill Contingency Plan. Repsol will use the same plan for the 2019
field season.

14.2

Waste Management Plan

No changes were made to the IWB approved Waste Management Plan. Repsol will use the same plan for the
2019 field season.

14.3

Quality Assurance/Quality Control Plan

No major changes were made to the Quality Assurance/Quality Control Plan. In 2018, appendix numbers within
the plan were adjusted. The updated plan was submitted to the IWB on March 31, 2018 and subsequently
approved. The updated plan is provided in Appendix D; changes since the 2018 submission are limited to refined
procedures, updated dates and references.

14.4

Reclamation, Closure and Monitoring Plan

The Reclamation, Closure and Monitoring Plan was updated in 2018 to include the work completed in 2017,
address the design changes and provide an updated schedule of planned 2018 project activities and future postconstruction monitoring. The updated document was provided to the IWB on March 31, 2018 and subsequently
approved. For the 2019 Project phase, the plan was adjusted to include the delineation work completed in 2018 in
Excavation Area P and provide an updated schedule of planned 2019 and 2020 Project activities, as well as
future post-construction monitoring. The updated plan is provided in Appendix B.

14.5

Remedial Action Plan

The Remedial Action Plan was updated in 2018 to include the work completed in 2017, address the design
changes and provide an overview of planned 2018 project activities. The updated document was provided to the
IWB on March 31, 2018 and subsequently approved. For the 2019 Project phase, the plan was adjusted to
include the delineation work completed in 2018 in Excavation Area P and provide an updated schedule of planned
2019 and 2020 Project activities as well as future post-construction monitoring. The updated document is
provided in in Appendix A.

14.6

Surveillance Network Monitoring Plan

No major changes were made to the SNP Plan. Updates include date revisions and an update to the extents of
the containment structure. The updated plan is provided in Appendix C.
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15.0 PART B – 2.O: 2018 FIELD REPORT
This section contains the summary of work completed in 2018. Section 12 of this report provides details of all
tasks completed in 2018 and analytical results, as well as the 2019 / 2020 schedule. Laboratory reports are
provided in Appendices F, G, and H.

15.1

Summary of 2018 Work

The 2018 Project consisted of three phases:
4)

Mobilization (July 23 through August 9, 2018 at Mould Bay - Section 15.1.1);

5)

Site Inspection and Environmental Sampling (August 12 through August 22, 2018 at Satellite Bay Section 15.1.2); and

6)

Demobilization (August 22 through 28, 2018 at Satellite Bay and Mould Bay; Section 15.1.3)

15.1.1

Mobilization Phase

The following points summarize the work that was completed at Mould Bay during mobilization between July 23
and August 9, 2018, camp maintenance and demobilization between August 10 and 28, 2018:



Mould Bay airstrip clearing, drying and maintenance to accommodate aircraft landing and take-off;



Temporary Mould Bay camp set up to house up to 25 crew;



Temporary fuel storage set up for aviation and camp fuel and daily inspections. Construction fuel could not
be delivered and stored in 2018 due to airstrip conditions;



Construction of a Weatherhaven tent over one fuel bladder;



Environmental sampling of the water that had accumulated in the two fuel drum berms;



Discharge of approximately 1.2 m3 of water from the south drum berm to the terrestrial environment more
than 100 m from the nearest watercourse. Water from the second berm and all drip trays was transferred to
empty barrels and stored on-site for removal and disposal in 2019 (described in Section 6);



Environmental sampling of the greywater tank (described in Section 3);



Greywater discharge at least 100 m from the nearest watercourse (described in Section 3);



Fresh water intake (described in Section 2); and



Wildlife monitoring (described in Section 11.2).

15.1.2

Inspection and Environmental Sampling at Satellite Bay

The following components were completed between August 12 and 22, 2018 at Satellite Bay:



Camp set up and maintenance;



Maintenance of temporary fuel storage area;



Temporary access trail and watercourse crossing;



Containment Structure and thermistor inspection;
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Sampling of Ponded Area P and small puddles adjacent to containment structure;



Delineation sampling of Excavation Area P;



Surveying and excavation area layout;



SNP sampling; and



Wildlife monitoring (described in Section 11.2).

1780495

Camp Set-up and Maintenance
The initial flight from Mould Bay to Satellite Bay took place on August 12, 2018. Following this, the camp was set
up and consisted of installing the tent frames and skins over existing floors and newly constructed floors.
The tents included 1 kitchen tent, 1 office tent, 2 storage tents, 1 toilet tent, 2 dry tents, and 11 sleepers. The
camp was also equipped with:



Greywater drainage, collection and storage system;



Spill containment berms;



Bermed and lined oil drip heaters with fuel drums; and



Bermed and lined fuel storage.

Impermeable liners were used for all bermed and lined storage and transfer areas.
The camp was used and maintained between August 12 and 22 and housed up to 14 crew. The camp was
winterized, and the crew left on August 22.

Maintenance of Temporary Fuel Storage Area
The two fuel drum storage areas (one at the camp area, sample SB-AIR-BERM, and one at the construction area,
sample SB-WELL-BERM) were filled with water from accumulating snow that started to melt and had reached
capacity. The water in the berms was tested for BTEX and PHC (fractions F1 to F4) and inspected for sheen, oil
and grease. Based on visual inspection of the water in the berm at the campsite, it was transferred to barrels for
removal and off-site disposal. The test results for the water in the fuel berm at the construction area were below
the CCME water quality guidelines for the protection of aquatic life (freshwater). Subsequently, 1.75 m3 water was
discharged from the construction fuel berm. Water was discharged to the ground surface immediately adjacent to
the berm and at least 100 m from the nearest watercourse. Laboratory results of the fuel berm samples are
provided in Appendix F.
Ongoing maintenance of the temporary fuel storage areas continued throughout the 2018 Project and included
daily drum and containment berm inspections, in accordance with all relevant permits and licences.

Temporary Access Trail and Watercourse Crossing
The access trails were not used in 2018; the watercourse crossing was not installed.

Sampling of Ponded Area and Puddles
One additional ponded area (Ponded Area P) was identified in 2017 within the containment structure area that will
require removal of water and backfilling with compacted borrow material. In addition, two puddles had formed
adjacent to the containment structure, which if present in 2019, will be resampled, drained and backfilled.
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Section 16.3 provides the results of the water samples taken from the three areas. Appendix F contains the
laboratory reports.

Delineation of Soil Excavation Area P
This task is described in detail in Section 12.7 above, including all results of the testing program (Appendix H).

Containment Structure Inspection
This task is described in detail in Section 12.3.

Thermistor Inspection
Partial thermistor installation was carried out in 2017. No thermistor modifications were undertaken in 2018. The
thermistor communication tower was observed to be in good condition and data have been transmitting
consistently since 2017. The upper thermistor string is partially installed above the upper geotextile layer and
ready for deployment in 2019.

Surveying
Surveys were in completed in 2018 to lay out soil sample locations and to delineate excavation areas in
preparation for the 2019 construction season. Sample location layout was completed in Excavation Area P and
excavation layout was completed for future proposed excavations at the wellsite. The survey was completed using
a Trimble R10 integrated GNSS System. The survey was tied to benchmarks installed by Ollerhead and
Associates in 2017.

SNP Sampling
The 2018 SNP sampling program took place during camp setup at Satellite Bay between August 13 and 22 and
consisted of ongoing sampling of SNP stations (as described in detail in Section 16).

15.1.3

Camp Closure and Demobilization

By August 22, 2018, the Satellite Bay camp was dismantled and winterized, the two temporary fuel storage areas
were covered with tarps and the construction fleet equipment was winterized.
All camp waste was removed from the Site. Structures and equipment that were winterized and left in place are
described in the following:

Construction Equipment



2 Cat skid steers with auger, backhoe, and blade attachments;



1 Cat loader;



1 Cat roller compactor;



2 Kubota side-by-side utility vehicles; and



1 sea can with miscellaneous tools.

The dump bodies on the rock trucks were locked in the up position to allow snow and water to drain. The cab of
each piece of equipment was checked in 2018 to ensure they were still closed and locked from the previous field
season. All water from the spill trays placed under each piece of equipment in 2017 was pumped into drums for
off-site disposal and empty drip trays were placed under each piece of equipment.
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Camp Equipment



1 Honda ATV and trailer;



11 Weatherhaven tents on wooden floors;



8 additional wooden floors (canvas and smaller Weatherhaven tents and frames stored in the Weatherhaven
tents listed above);



Fridges, freezers and cook tops/ovens stored in the Weatherhaven tents;



16 oil stoves (stored in Weatherhaven tents);



Satellite dish;



Kitchen supplies;



Aviation weather and communications equipment;



Cleaning equipment;



Kubota 12KW diesel generator;



Wobble fuel pumps;



Porta-berms;



Water pump;



Flowmeters;



Spare lumber;



1 drummed fuel cache in lined and tarped berm near camp;



1 drummed fuel cache in the lined and tarped berm near containment structure; and



2 greywater holding tanks partially filled with frozen greywater and secured with additional guy lines.

The camp was closed on August 22 and the crew was transferred to Mould Bay. At Mould Bay, equipment was
packaged and labelled for transport to Yellowknife. Final demobilization from Mould Bay occurred on August 28,
2018 after the temporary camp and the two greywater holding tanks were winterized and remaining materials
securely stored in sea cans.

15.2

Summary of Planned 2019 Work

As described in the 2017 Annual Report submitted to the IWB on March 31, 2018, the containment structure has
been partially completed, including the placement of all impacted soils identified in the 2017 construction phase,
installation of base and background thermistor equipment and the associated tower and satellite transmitter
equipment. The liner over the containment cell has been partially completed and covered with a protective layer of
compacted soil. The remaining area of the containment cell has been graded to the approved design slope and
compacted.
An overview of the 2019 work is provided in Section 1.2; a forecasted schedule for 2019 / 2020 is provided in
Table 10 (Section 12.1). In summary, the primary project tasks to be executed in 2019 include:
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Excavation and backfilling of impacted soil areas and placement of impacted soils in the lined containment
cell;



Sampling, dewatering and partial backfill of one additional ponded area on the east side of the containment
structure;



Completion of liner installation and placement of the upper thermistor strings and the thermal protective layer
over the liner;



Grading of all areas within the containment structure footprint and buffer area to minimize erosion and effects
to permafrost;



Installation of four shallow groundwater monitoring wells in the area of the containment structure; collection
of groundwater samples from monitoring wells and soil samples in the vicinity of the monitoring;



Excavation of borrow material for the excavated area backfill and the thermal layer over the containment
structure and grading of the borrow area to minimize erosion and effects to permafrost;



Detailed survey of the borrow area and of the containment structure area;



Winterize construction and camp equipment prior to leaving the Site in 2019 in preparation for the removal
from the Site in the summer of 2020; and



SNP sampling and reporting as required.
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16.0 ANNEX I – D: SURVEILLANCE NETWORK PROGRAM REPORT
16.1 Introduction
The Surveillance Network Program (SNP) monitoring was designed and implemented as part of the Project to
collect and analyze water quality samples as described in the Water Licence Terms and Conditions and Annex 1:
Surveillance Network Program. In fulfilling the requirement of Part B – 2.G, this section details the findings of the
SNP. Details are also provided in the updated SNP Plan (Appendix C).
The SNP is comprised of five sampling stations. Details of each station are provided in Table 11. SNP Stations
established in 2018 are described in the following sections and depicted on Figure 2 of the SNP Plan (Appendix
C).
Table 11: Inuvialuit Water Board Water Licence N5L8-1837 Surveillance Network Program Summary
Station
Number

1837-1

1837-2

1837-3

1837-4

1837-5

Station Description

Discharge of greywater holding
tank prior to disposal to the
environment

Discharge from the
containment structure prior to
disposal to the environment

Discharge to land from Borrow
Source

Discharge to land from Borrow
Source
50 m upstream and 100 m
downstream from watercourse
crossing

Sampling Frequency

Prior to discharge to the
environment

Prior to discharge to the
environment

Per discharge event

Per discharge event

Daily

Parameters Sampled

Water Quality Requirement
as per Water Licence

TSS

100 mg/L(a)

Visible sheen of oil and
grease

Concentration not specified,
text reads “no visible sheen”

TRC

0.1 mg/L(a)

pH

6.0 to 9.0(a)

Other

There should be no discharge
of floating solids, garbage,
grease, free oil or foam

TSS

15 mg/L

Oil and Grease(b)

5 mg/L and “no visible sheen”

Benzene

0.37 mg/L

Toluene

0.002 mg/L

Ethylbenzene

0.09 mg/L

Total lead

0.001 to 0.007(c)

TSS

50 mg/L to 100 mg/L(d)

TPH

3 mg/L to 5 mg/L(d)

pH

6.0 to 9.0

TSS

50 mg/L to 100 mg/L(d)

TPH

3 mg/L to 5 mg/L(e)

pH

6.0 to 9.0

TSS

10 mg/L or 10% increase at
downstream station(f)

Notes:
TSS = total suspended solids; TRC = total residual chlorine; TPH = Total petroleum hydrocarbons comprising BTEX (benzene, toluene,
ethylbenzene, and xylenes) and F2, F3 and F4 hydrocarbon fractions; mg/L = milligrams per litre.
(a)
(b)
(c)

(d)
(e)
(f)

Water Licence specifies ‘average’ concentration, which is interpreted as a composite sample from the tank to sample the average
whole-tank concentrations.
Oil and grease is the total oil and grease concentration.
When hardness is <= 60 mg/L calcium carbonate (CaCO3), maximum lead concentration is 0.001 mg/L. When hardness is >60 mg/L
and <180 mg/L CaCO3, maximum lead concentration is e{1.273[ln(hardness)] – 0.475} When hardness is >180 mg/L CaCO3, maximum lead
concentration is 0.007 mg/L.
When hardness is unknown, maximum lead concentration is 0.001 mg/L.
Maximum average concentration = 50 mg/L; maximum concentration of any grab sample is 100 mg/L.
Maximum average concentration = 3 mg/L; maximum concentration of any grab sample is 5 mg/L.
Downstream increase of TSS = 10 mg/L if Upstream TSS <= 100 mg/L; downstream increase of TSS = 10% if Upstream TSS
>100 mg/L.
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SNP Data Collected
This section addresses conditions Part D (Reports) 1.a and parts of Condition 1.b.of the SNP (Annex 1).
Surface water samples were collected as grab samples in accordance with Golder’s technical procedures for
surface water sample collection, using plastic and glass bottles, depending on the parameter or parameter group
being sampled. Surface water quality samples were preserved according to laboratory instructions. Samples were
kept cool until delivery to ALS Environmental (ALS) in Yellowknife, NT; the samples were collected by Golder staff
in Yellowknife and shipped by ALS in Yellowknife to the ALS laboratories in Edmonton for analysis. In addition,
field measurements for pH and total residual chlorine were measured at SNP Station 1837-1. Appendix G
provides all laboratory results for SNP samples.
SNP Station 1837-1
Two greywater holding tanks were installed at the Satellite Bay Camp, which allowed one tank to be filled,
sampled and results received prior to the second tank reaching capacity and requiring discharge. The coordinates
of the greywater holding tanks and sampling locations 77 17’ 30.06” N and 116 56’ 18.64” W. Greywater samples
were collected for total suspended solids (TSS) analysis prior to discharge; field measurements were collected
concurrently, including total residual chlorine (TRC) and pH. Photo 11 depicts a greywater holding tank at Satellite
Bay; Table 12 summarizes all greywater sample results prior to discharge. Both greywater holding tanks were
sampled prior to demobilization and will be resampled in 2019 prior to discharge. All laboratory reports are
provided in Appendix G.
Table 12: SNP Station 1837-1 Summary
Laboratory

Field Measurement

Sample ID

Date

Lab Reference
ID

TSS (mg/L)

pH

TRC (mg/L)

SNP 1837-1a

14-Aug-2018

L2147825-3

28.5

6.93

0.03

SNP1837-1b

14-Aug-2018

L2147825-4

37.9

7.13

0.1

Photo 9: SNP Station 1837-1(greywater holding tank).
SNP Station 1837-2
One additional ponded area (Ponded Area P) was identified in 2017 within the containment structure area that will
require removal of water and backfilling with compacted borrow material. In addition, two puddles had formed
adjacent to the containment structure, if present in 2019, will be resampled, drained and backfilled. The three
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areas were sampled as part of SNP Station 1837-2, in preparation for the 2019 construction season. No
dewatering occurred in 2018. These samples were given unique names as a subset of SNP Station 1837-2. Table
13 provides a summary of sampling locations; Table 14 provides a summary of results of SNP Station 1837-2.
Photo 10 depicts Ponded Area P, from which sample FI6-P was taken. This area will require dewatering in 2019
to accommodate grading adjacent to the containment structure.
Table 13: SNP Station 1837-2 Locations
Sample ID

Location

Location Description

1837-2SE

77°17'32.36"N 116°54'33.08"W

Ponded Area P

1837-2NW

77°17'33.52"N 116°54'35.85"W

Collected from an area of pooled water at the
northern edge of the containment structure

FI6-P

77°17'33.09"N 116°54'22.37"W

Collected from an area of pooled water at the
southern edge of the containment structure

Table 14: SNP Station 1837-2 Summary
Sample
ID

Date
Sampled

Hardness

TSS

Lead Total

Oil and
Grease

Benzene

Ethyl
benzene

Toluene

Xylenes*

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

18372SE

16-Aug-18

34.3

<3.0

0.00109

<2.0

<0.0005

<0.0005

<0.0005

<0.00071

18372NW

16-Aug-18

34.6

4.4

0.000322

<2.0

<0.0005

<0.0005

<0.0005

<0.00071

FI6-P

16-Aug-18

25.7

3.1

0.000486

<2.0

<0.0005

<0.0005

<0.0005

<0.00071

* Xylenes was not a required parameter as per the IWB Water Licence. It was however analyzed as part of BTEX tests.

Photo 10 Sample FI6-P was taken from the above depicted Ponded Area P.
SNP Station 1837-3 and 1837-4
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SNP Station 1837-3 and 1837-4 are described as discharge to land from the borrow source. No activities were
performed at the borrow source in 2018. As a result, there were no samples collected for this SNP Station in
2018.
SNP Station 1837-5
SNP Station 1837-5 is located 50 m upstream and 100 m downstream from watercourse crossing. The
watercourse crossing was not installed in 2018, and therefore SNP Station 1837-5 was not sampled.

Water Intake and Greywater Discharge
This section addresses the remainder of Condition 1.b.
Section 2 of this Report details the water intake volume at Satellite Bay. A total of 2.18 m3 of fresh water was
pumped from a creek located at 77° 17.418’ N, 116° 54.479’ W to supply camp operations. Potable water was
transported to the Site in 2018 and is therefore not reflected in the water intake information. Section 3 details the
greywater discharge volume. A total of 10.66 m3 was discharged during Satellite Bay camp operations during one
discharge event. The greywater was discharged to a small depression in sandy soils located at 77° 17.492’ N,
116° 56.252’ W. The discharge was completed with the assistance of a small sump-pump and the discharge point
was monitored for erosion.

SNP Data Not Collected
This section addresses Condition 1.c.
The borrow source was not active in 2018. As a result, no samples were collected from SNP Stations 1837-3 and
1837-4 in 2018. As no construction occurred in 2018, the water crossing was not installed and therefore station
1837-5 was not activated.

16.2

Quality Assurance/Quality Control

This section addresses Condition 1.d.
Quality assurance/quality control (QA/QC) procedures and requirements were developed for the field program.
The objective of the QA/QC program was to standardize methods such that field sampling, data entry, data
analysis, and report preparation produce technically sound and scientifically defensible results.
As part of routine practices for field operations, the following QA procedures were undertaken:



all surface water samples were collected by experienced personnel following Golder’s technical procedures
for surface water sample collection;



detailed field notes were recorded in a waterproof field notebook;



field data were checked at the end of the sampling event for completeness and accuracy;



chain-of-custody (COC) forms were used to track all sample shipments from the field to the analytical
laboratory.



duplicate QC samples were collected to assess variability introduced during sample collection, sample
handling, and laboratory analytical procedures;
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check for duplicate results not within 20% for parameter concentrations greater than five times detection
limit; and



for low level results (less than five times detection limit), the precision objective is for the difference of the
two results to be less than two times the detection limit.

Table 15 summarizes the results for the duplicate sample. Six of the seven duplicate parameters of SNP Station
1837-2 were below the detection limit. The lead concentration in the duplicate was higher than the sample but the
relative percent difference between the samples is 6%, which meets the objective of 20% or less.
Table 15: Duplicate Sample Summary
Sample
Result
SNP 1837-2SE

Duplicate
Result
SNP 1837-2SEA

Detection
Limit

Parameter

Units

Total Suspended Solids

mg/L

<3.0

<3.0

3.0

Lead

mg/L

0.00109

0.00116

0.00005

Oil and Grease

mg/L

<0.2

<0.2

0.2

Benzene

mg/L

<0.00050

<0.00050

0.00050

Toluene

mg/L

<0.00050

<0.00050

0.00050

Ethylbenzene

mg/L

<0.00050

<0.00050

0.00050

Xylene

mg/L

<0.00071

<0.00071

0.00071

16.3

Interpretations and Calculations

This section addresses Condition 1.e.
SNP Station 1837-1
The August 14th greywater sampling event (Sample ID SNP1837-1b) met the discharge criteria of <100 mg/L of
TSS, pH of between 6.0 and 9.0 and a total residual chlorine of less than 0.1 mg/L. In addition, no visible sheen
was noted on the greywater holding tanks at any time while the camp was in operation.
SNP Station 1837-2
Hydrocarbons, oil and grease were all below their respective detection limits for all samples analyzed. TSS was
4.4 mg/L and 3.1 mg/L in two of the ponds and below the detection limit of 3.0 mg/L in the third pond. Hardness
was measured to be less than 60 mg/L calcium carbonate in all samples and therefore a maximum lead
concentration of 0.001 mg/L is applicable. One of the three sample results (SNP 1837-2SE) and a duplicate of the
sample (SNP 1837-2SEA) contained lead at concentrations of 0.00109 mg/L and 0.00116 mg/L, respectively. This
result, reported to the same accuracy as in the Water Licence, does not constitute an exceedance of the Water
Licence parameters, but is at the limit. Notification was provided to the IWB inspector. No water was discharged in
2018. It is intended to discharge water from this area in 2019, subsequent to confirmatory testing and using onsite treatment methods (e.g., filtration).
SNP Station 1837-3 and 1837-4
No data collected as no material was taken from the borrow area.
SNP Station 1837-5
No data collected as the watercourse crossing was not established.
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Identification of Anomalies and Trends

This section addresses Condition 1.f.
No anomalies were noted in 2018.

16.5

Summary of SNP Stations

This section addresses Condition 1.g.
Table 16 summarizes the status of the five SNP stations and the number of sampling events in 2018. Locations of
each station are provided in Section 16.2 and on Figure 2 of the SNP Plan.
Table 16: SNP Stations
Station ID

Description

Status

Number of Sampling
Locations

Number of
Sampling Events
per Location

1837-1

Satellite Bay camp greywater
holding tanks prior to
discharge

Established

1

1*

1837-2

Containment structure ponded
water prior to discharge

Established

3

1

1837-3

Borrow source area ponded
water prior to discharge

Inactive

-

-

1837-4

Borrow source area ponded
water prior to discharge

Inactive

-

-

1837-5

Stream Crossing (upstream
and downstream)

Inactive

-

-

*Does not include samples taken from greywater tanks, which did not result in a discharge.
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INTRODUCTION

The Repsol Oil and Gas Canada Inc (Repsol) Site Remediation of the Panarctic F-68 Abandoned Wellsite, Satellite
Bay, Prince Patrick Island, Northwest Territories (NWT; the ‘Project’) is undertaken in compliance with Inuvialuit
Water Board (IWB) Type “B” Water Licence N5L8-1837 (the ‘Water Licence’) (IWB 2016).
The Water Licence requires that a Remediation Action Plan (RAP) be completed for the Project to outline the
remediation activities and construction of an engineered Contaminated Soil and Waste Containment Structure
(hereafter referred to as the containment structure and the containment cell [the portion of the structure that is
below the liner]) at Panarctic Site F-68, located on Prince Patrick Island, in the NWT (the ‘Site’). The Site location
is shown in Figure 1; a Project site overview is shown in Figure 2 (both in Appendix A). In addition, a temporary
camp and fuel storage area will be established at Mould Bay on the south end of Prince Patrick Island using an
existing air strip and adjacent apron area owned by Environment and Climate Change Canada (ECCC). Figure 3
(Appendix A) provides an overview of planned Project components at Mould Bay.
This RAP was developed for the Project in compliance with the Water Licence requirements. Wherever applicable,
the RAP references and refers to other plans prepared for approval by the IWB. Plans referenced in the RAP
include the following:



Waste Management Plan



Spill Contingency Plan



Surveillance Network Program Plan



Reclamation, Closure and Monitoring Plan



Pre-construction Design Report

The 2018 Annual Report submitted to the IWB on February 26, 2019 describes in detail the Project components
that were completed in the modified 2018 field season and the planned tasks for 2019. Stamped design drawings
illustrating the current design are provided in Appendix I of the 2018 Annual Report. They have not changed from
the submission of the 2017 Annual Report submitted to the IWB on March 31, 2018.
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BACKGROUND
Site History and Background

Panarctic Satellite F-68 (77° 17’ 30” N and 116° 54’ 27” W) is an abandoned well site located near Satellite Bay at
the northern end of Prince Patrick Island, NWT. Several site visits have been completed between 2008 and 2018
to delineate the environmental issues at the Site and collect the data necessary to produce a detailed remediation
design for the containment of impacted soils located at the Site.
The Site contains waste materials, including soil impacted by hydrocarbons and metals and solid wastes (e.g., used
drums, scrap metal and other debris most of which has been removed in 2017). Previous work at the Site in 2008,
2010, 2011, 2013 and 2015 has involved intrusive sampling programs to identify Areas of Potential Environmental
Concern (APEC) and determine the nature and extent of any soil and water contamination. Hazardous and nonhazardous debris located on the Site has been organized, catalogued and quantified to the extent feasible and an
Airstrip Assessment was conducted to determine the potential to access the Site using larger aircraft.
During these programs, a Phase I and Preliminary Phase II Environmental Site Assessment (ESA) report was
prepared for the 2008 work, and a Debris Consolidation and Phase II ESA report was prepared for the 2010 work.
An Airstrip Assessment report and a detailed Site Description and Future Assessment report (including
recommendations) was developed based on the 2011 work. In addition, a Summary Report of the completed 2008,
2010 and 2011 work was prepared in 2012. To proceed with detailed planning and engineering, an additional Site
reconnaissance and investigation program was completed in the summer of 2013. In 2014, an explosives disposal
program was completed to safely remove abandoned seismic explosives and decommission abandoned seismic
shot holes at the site.
The 2015 Site Investigation and Debris Clean-up Program was designed to provide final input into the planned
construction of an on-site engineered thermal cover and in 2016 a brief site reconnaissance provided all
subcontractors the opportunity to get familiarized with the Site. Additional delineation of impacted soils was
completed in 2017 during initial remediation activities and in 2018 during a scoped investigation at one location.

2.2

Current Site Conditions

The Site is located on Prince Patrick Island, the most westerly of the Queen Elizabeth Islands, within the Sverdrup
Islands Lowland Ecoregion of the terrestrial Northern Arctic Ecozone (Ecological Stratification Working Group
1996). This ecoregion covers Prince Patrick, Mackenzie King, Ellef Ringnes and Amund Ringnes islands. It is
classified as having a high Arctic ecoclimate. The mean annual temperature is approximately -18 degrees
Celsius (°C) with a summer mean of -1.5°C and a winter mean of -32°C. The mean annual precipitation ranges
from 100 to 150 millimetres (mm). Additionally, the marine category of ecozones encompasses Prince Patrick
Island on the western edge of the Arctic Archipelago Marine ecozone (Wiken et al. 1996).

2.2.1

Soil and Vegetation

The Sverdrup Islands Lowland ecoregion is developed on generally soft, poorly consolidated and little-deformed
Mesozoic rocks. Its surface is made up of rolling, scarped lowlands less than 150 m above sea level (masl), low
uplands and dissected plateaus that reach 365 masl (Ecological Stratification Working Group 1996).
Prince Patrick Island is considered a region of Polar Desert soils. It is desert-like, with low vegetation limited to the
lower, wetter areas. Polar Desert soils typically have a desert pavement (i.e., a surface covered with closely packed
pebble and cobble-sized rock fragments) and poorly defined horizon sequences, high pH values (although soil
testing results from previous Site investigations work indicated low pH values), and high levels of soluble
constituents (Tedrow et al. 1968).
2
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Prince Patrick Island is specifically a land of crysolic soils, which are permafrost-affected soils developed from
cryogenic (low-temperature) processes such as freeze-thaw, cryoturbation (frost-churning) and ice segregation
(Tarnocai 2004). Permafrost is frozen rock and soil that remains below 0 degrees Celsius (oC) for at least two
consecutive years. The entire ecoregion is underlain by deep, continuous permafrost with medium ice content and
consisting of abundant ice wedges. The exception is the permafrost on Ellef Ringnes Island and the north-west
coastline of Prince Patrick Island, which may have high ice content (Ecological Stratification Working Group 1996).
Based on field observations during manual advancement of test pits during past Site visits, the soils at the Site
are predominantly sands containing variable amounts of pebbles, gravel and cobbles with some layers / pockets
of clay, and the surface was typically covered with a layer of larger pebbles and gravel. The soils were typically
dry at the surface (to several cm depth) and then became wetter with depth, often to saturation. Groundwater was
not always encountered in test pits, but if present, it was at the bottom of the active layer at an average depth of
0.63 m (average depth as a measurement of test pits with groundwater). The average depth to permafrost based
on all test pits measured was approximately 0.8 m. The depths to water and permafrost will vary depending on
location, soil type and current climactic conditions.
In several test pits that were dug in the central area of the Site, a layer of moss (that grows on the soil surface)
was found buried at variable depths, typically around 0.5 m. This observation indicates that the entire working
area within the Site may have been covered with layer(s) of fill material during historic work at the Site, presumably
to flatten out the terrain. The overlying fill material appears to be native in nature and was likely extracted from
nearby areas.
Vegetation communities in the Arctic are generally simple and dominated by a few species that are well adapted
to the harsh climate and poor soil conditions due to the presence of permafrost. Mosses, lichen, and cold-resistant
vascular plants such as sedges (Carex spp.) and cotton grass (Eriophorum spp.) are the dominant vegetation.
Arctic willow (Salix spp.) and aven (Dryas spp.) occur infrequently (Ecological Stratification Working Group 1996).
As observed during 2008, 2010, 2011, 2013, 2014, 2015, 2016, 2017 and 2018 vegetation was largely absent
from the Site. The scattered vegetation that was observed was concentrated around the lower, wetter areas and
was comprised of mosses, lichen, sedges and other low-growing forbs.
Throughout the Site, the developed / impacted areas and the surrounding higher areas were generally void of
vegetation or had small, isolated patches of mosses, lichen and forbs, such as the relatively abundant arctic poppy
(Papaver radicatum).

2.2.2

Site Geology

Satellite Bay is within the geological province of the Arctic Continental Shelf. The sedimentary rock formations are
Cenozoic in age (Natural Resources Canada [NRCan] 2012). Bedrock was not encountered in the test pits that
were dug across the Site during previous Site investigations.

2.2.3

Surface Water and Groundwater

The terrain of the Site is generally flat, but gently sloping towards the northwest, with localized variability in slope
characteristics. The Site's elevation does not exceed 20 masl. Small draws traverse the area around the Site, and
small dips are scattered throughout the landscape. These draws and dips often contain flowing and standing water,
respectively. The drainage of the Site and surrounding area is towards the north-west, into the inlets of Satellite
Bay (Arctic Ocean), less than 500 m from the northwest end of the airstrip.

3

February 26, 2019

1780495

Hydrological features are variable across the Site, ranging from puddles of standing water and ponded areas to
flowing watercourses. There were a number of standing water bodies in and around the Site noted during the
various investigations, ranging in size from small puddles to larger ponded areas, as well as a number of
creeks, including the unofficially named South River and North River (Appendix A, Figure 2).
The groundwater flow processes at the Site are expected to be significantly influenced by the presence of
continuous permafrost. Annual active thaw layers are typically limited to one m below ground surface, depending
on ground cover, soil materials and surface water features. Shallow groundwater representing meltwater (both
surficial and within the active layer) and infiltration from precipitation during the summer thaw is perched within the
active layer during the short summer season. Movement of the groundwater is dictated by soil type, presence of
shallow permafrost and hydraulic pressures resulting from topographic differences and distribution (elevation) of
the water within the soils.

2.2.3.1

Standing Water

Several depressions with standing water were noted at the Site (Appendix A, Figure 2). These ponds and puddles
varied in diameter and depth and typically had sandy substrates with variable quantities of aquatic vegetation.
While fish were never observed, various organisms were noted in the water, including amphipods, aquatic worms
and/or insect larvae and aquatic insects. These water bodies do not have any surface inflow or outflow channels.
Water bodies at the Site were generally shallow (estimated to be less than one m deep). Ponded areas in and
around the Site may have been created by the gradual formation of depressions in the ground.

2.2.3.2

Watercourses

Two freshwater creeks, flowing to the northwest, are located to the northeast (referred to as North River) and
southwest (referred to as South River) of the Site. Additionally, smaller watercourses flow west out of the Site
(Appendix A, Figure 2).
The South River at a crossing point between the airstrip and the Site (Appendix A, Figure 4), was assessed for
the planned watercourse crossing (described in Section 2.2.4) during previous Site visits. The bankfull width was
20 m at its widest point and water depth was 0.2 to 0.4 m while the flow rate was estimated as 1 to 2 metres/second
(m/s). The substrate was comprised of sand and gravel and no vegetation was observed in the drainage except
for some lichen along the banks.
Surface water quality in and around the Site appears to be variable. Based on investigations in 2010, 2011 and
2015, surface water in the various water bodies on and around the Site has not been affected by hydrocarbons.
Metals exceedances were found at some locations. Given the distribution of metals concentrations in surface water
on-site, it is possible that the metal concentrations are related to natural sources.
Groundwater was encountered in some locations where test pits and temporary groundwater sampling points were
installed at 13 locations in between the North and the South River where soil contamination and debris was
observed. Groundwater was often encountered at the bottom of the active layer at an average depth of 0.63 m.
Based on the results of previous investigations, it is believed that groundwater quality has been affected across
the Site by metals and hydrocarbons.

2.2.4

Site Access

In 2019 It will be necessary to r e - establish a temporary watercourse crossing across the South River
between the airstrip/camp area and the construction area (Appendix A, Figure 4). Based on previous assessments
and a survey of the proposed watercourse crossing location, it is planned to construct a crossing by stacking,
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untreated, 6-inch high prefabricated wooden mats. A series of 20 wooden mats will be placed sideways to create a
14-foot wide crossing. The mats will be connected using straps or chains and tethered to shore to establish a
stable, ground supported crossing. Some minor grading work will be required at each end of the containment
structure (above high-water line) to provide a compact and level foundation to access the mats. Additional timber
cribbing may be required at intermediate points to provide a reasonably level surface; however, no excavation or
regrading of the stream bed will be required. The use of wooden mats as temporary watercourse crossings was
approved by DFO in January 2016 and in March 2017 without an Authorization under the Fisheries Act and renewed
approval was granted in April 2018. DFO was again contacted in November 2018 and it was confirmed that the
2019 and 2020 Project phases can proceed without an Authorization.
Once installed, the mat crossing will allow water to flow below, through each crib mat, between adjoining mats and
during sporadic peak flows over the anchored mats. Given the spacing of the mats it is anticipated that the crossing
will have a negligible effect on stream flow and will not impede potential movement of aquatic organisms.
Once the watercourse crossing is established, the existing access routes will be upgraded to allow safe and
efficient movement of personnel and equipment between the camp and work area. Access, whenever possible,
will be re-established along the same alignment as evident from historical Site activities. Site observations suggest
that general grading with very minor cutting/filling will be sufficient to re-establish the suitable access and imported
fill will not be required.
The intent is to keep traffic on designated routes to minimize impact to the surrounding natural environment. All
vehicles will be inspected and cleaned as needed prior to using the stream crossing.
At the completion of the Remediation Program, the untreated wooden mats will be systematically removed, and
burned. Any non-combustible materials which remain will be collected and disposed off-site. Abutment areas will
be contoured back to equivalent pre-existing conditions as is outlined in detail in the Reclamation, Closure and
Monitoring Plan.

2.3

Previous Site Assessments

Repsol, through their contractors, performed a series of Site investigations between 2008 and 2016. The purpose
of the investigations was to determine the type and extent of Site contamination and to develop a plan to remediate
the Site. Soils impacted with benzene, toluene, ethylbenzene and xylenes (BTEX), petroleum hydrocarbons
(PHCs), and metals in excess of applicable Canadian Council of Ministers of the Environment (CCME) guidelines
(2007a; Agricultural Criteria) were found at the Site. Based on the results of this multiyear work, it was concluded
that the Site could pose a risk to environmental and/or human health and safety.
Some surface waters were found to have metals concentrations above CCME guidelines (2007b; Water Quality
Guidelines for the Protection of Aquatic Life), and some groundwater locations were found to have hydrocarbons
and/or metals concentrations exceeding the (surface) water guidelines.
Approximately 94 m3 of wood, 59 m3 of metal or other debris, and 102 45-gallon drums are also present at the
Site. Some of the non-hazardous metal debris was removed and disposed of in 2015.
Previous related work completed by Repsol at the Site since 2008 includes:



Detailed Site investigations in 2008 and 2010 in support of Phase I and Phase II Environmental Site
Assessments;



Contamination delineation and debris consolidation (2010 and 2011);
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Geophysical assessment, landfill assessment, and airstrip assessment (2011);



Detailed Site reconnaissance and investigations (2011 and 2013);



Abandoned Seismic Explosives Disposal Program in 2014;



Final Site investigations and preliminary non-hazardous debris clean-up in 2015;



Specific site inspections in 2016 for 2017 Remediation program components; and



Site inspection and sampling program in 2018.

1780495

These previous assessments are briefly described in the following paragraphs.

2.3.1

Debris Consolidation

During the 2010, 2011 and 2013 Site investigations, Repsol completed an extensive debris consolidation work
program to organize and consolidate a variety of materials found at the Site. The materials included wood, metal,
drums, batteries and miscellaneous debris. Consolidated materials were organized into material-specific piles or
secured in soil bags (volume: 1 m3) and left on-site. Some of this non-hazardous material was further consolidated
and brought to the Solid Waste Disposal Facility in Inuvik in 2015.

2.3.2

Assessment of Potential Containment Structure Locations

During the 2011 and 2013 investigations, three potential locations for a containment structure were assessed to
examine the feasibility of on-site remediation options. These locations were first identified based on their
slope, size, and proximity to water. The locations were then further assessed based on observations from test
pits and soil samples collected for grain size analysis. Based on the available space, topography, proximity to
the Site, potential safety concerns (construction and filling near the airstrip may interfere with flight safety as
equipment and personnel will be working in close proximity to the airstrip), and the relative locations of water
bodies, a final location has been chosen (Appendix A, Figure 2).

2.3.3

Airstrip Assessment

A professional airstrip assessment was completed as part of the 2011 investigation. The assessment found that
the current airstrip is not serviceable by aircraft larger than a DC-3, however Twin Otter aircraft are the safest
aircraft to land on the Satellite Bay airstrip.

2.3.4

2013 Site Reconnaissance

To proceed with detailed planning and engineering, a Site reconnaissance was completed in the summer of 2013.
It included:



Unmanned Aerial Vehicle (UAV) Survey for detailed mapping purposes



Topographical Survey



Watercourse Crossing Assessment



Site Constructability Assessment



Potable Water Source Assessment



Explosive Materials Investigation
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Results of these assessments (in combination with results of previous investigations, the 2015 final
investigations and the 2017 Remediation Project sampling results) were used as a basis for the current
remediation design (described in this RAP).

2.3.5

2014 Abandoned Seismic Explosives Disposal Program

During the 2013 reconnaissance visit, approximately 558 kilograms (kg; 1,230 pounds [lbs]) of abandoned seismic
explosives were identified in a magazine located on the south side of the Satellite Bay airstrip. Further, previous
reconnaissance visits identified a series of abandoned seismic shotholes containing lead wires near the former
wellsite. In 2014, a specialist blasting contractor was retained to responsibly destroy the abandoned seismic
explosives and shotholes. The abandoned seismic explosives were destroyed through a controlled detonation of
the magazine using dynamite and shaped charges.

2.3.6

2015 Site Investigations and Debris Clean-up

Final Site investigations in preparation of the remediation program were carried out in the summer of 2015 and
non-hazardous debris from the controlled explosion in 2014 was cleaned up and disposed of at the SWDF in
Inuvik. Various field investigations were completed, including:



Geophysical Program



Geotechnical Program



Environmental Soil and Water Sampling



Drum Inventory



Abandoned Seismic Shothole Testing and Decommissioning



Topographical Survey (including a UAV survey)



Non-hazardous Debris Clean-up and Removal

A geophysical investigation, a geotechnical investigation and a thermal analysis were carried out to assess
environmental parameters, such as the composition and location of surface materials to determine adequate
borrow sources, the existing permafrost regime and active layer thickness to determine the favourable location
and design for the containment structure. In addition, a data logging thermistor was installed in one of the boreholes
at the site of the planned containment structure which allowed remote temperature monitoring in several depth
categories at the Site. The resulting reports were provided as appendices to the Project Description approved by
the Environmental Impact Review Board in April 2016.

2.3.7

Specific Site Inspections for the Remediation Program Components

The following inspections and assessments were completed during 2016:



Inspection of alternative landing and refueling sites between Inuvik and Mould Bay;



Inspection of the Mould Bay and Satellite Bay airstrips;



On-site compaction testing of the Mould Bay Airstrip for the use of ATR72 aircraft;



Inspection of the operational areas to identify potential issues;



Inspection and maintenance of the thermistor installed in 2015;
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Inspection of equipment and tools stored onsite in 2015; and,



An attempt to install a remote camera at the Mould Bay airstrip was abandoned due to technical
complications.

Airstrip inspections and certification are required annually for specific aircraft types. Depending on aviation needs
in a given year this work will be completed.
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REMEDIATION OBJECTIVES AND APPROACH

The following sections of this RAP describe the issues of concerns and project objectives based on the results
through Site investigations since 2008 (described in Section 2.3). There are several issues of concern related to
the Site that have been considered in developing the Remediation Program, including:
1)

Soils impacted with PHC, barium, lead and copper at levels above applicable guidelines;

2)

Buried waste contributing to soil and groundwater contamination;

3)

Exposed waste that can create an exposure risk to ecological receptors; and,

4)

Degradation of permafrost that creates the following:
a)

ponded water adjacent to buried waste and impacted soils

b)

general slumping throughout buried waste areas.

Based on our understanding of the issues of concern identified above and subsequent analysis on management
and mitigation of the concerns the following objectives for the Remediation Program have been accepted by the
IWB in the 2017 RAP:
1)

Minimize disturbance;

2)

Thermally stabilize the ground to limit migration from areas of impacted soil and the containment cell;

3)

Backfill ponded areas in the footprint of the containment structure and within a 10 m buffer to prevent direct
contact of water with impacted soil;

4)

Excavate impacted soils within the active layer outside of the containment structure footprint to permafrost;

5)

Consolidate impacted soils and existing buried waste beneath an engineered thermal cover (i.e., in the
containment structure) to prevent exposure to human, wildlife, groundwater and surface water receptors;

6)

Remove all encountered waste and surface debris (including the Butler Building and contents) from the Site
to prevent exposure to human, wildlife and water receptors, in compliance with all applicable permits,
licences and legislation;

7)

Design the thermal cover consistent with observed local landforms to minimize erosion;

8)

Minimize safety risks (e.g., minimize time on Site, number of personnel required, number of flights required);
and,

9)

Comply with all applicable laws, permits and licences.

Analytical results of all soil samples within the active (i.e., thawed) layer will be compared to the Agricultural
Criteria outlined in the CCME guidelines (2007a) as was done during all previous investigations at the Site and
formed the basis of subsequent delineation of the remediation areas (described in Section 5). Samples collected
at the base of the excavations (i.e., permafrost) will be compared to the Abandoned Military Site Remediation
Protocol (Indian and Northern Affairs Canada [INAC] 2008), considered to be an appropriate environmental
standard for this unit in the High Arctic.
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REMEDIATION LOGISTICS AND MITIGATION
Mobilization of Project Team and Equipment
2017 Mobilization

Overland mobilization of equipment and supplies from Edmonton to Inuvik occurred in June 2017. The overland
portion of the mobilization was exclusively on public highways. At Inuvik, equipment was prepared and modified
for Hercules transport between Inuvik and Mould Bay. Camp equipment and supplies as well as crews were
mobilized from Yellowknife to Mould Bay. A small crew of staff mobilized to Mould Bay in June 2017 in
preparation for the equipment deliveries to Mould Bay and subsequent heavy-lift helicopter transfers from Mould
Bay to Satellite Bay. A temporary camp was set up at Mould Bay to support transfer of equipment and supplies.
Once all loads were received and prepared for helicopter transport to Satellite Bay, the heavy-lift helicopter
mobilized to Mould Bay. Some ground crew remained at Mould Bay to assist with rigging the loads while a
second ground crew, with its own camp, was mobilized to Satellite Bay to establish a temporary camp and
receive the loads transported by the helicopter. Once the heavy-lift helicopter transport was completed, the
balance of personnel, smaller equipment and supplies were mobilized to Satellite Bay via Twin Otter aircraft. The
entire mobilization phase was delayed by four weeks, which then delayed portions of the remaining Project (i.e.,
completion of construction and demobilization phases). This portion of the work was subsequently deferred to
2018. The planned mobilization and demobilization for 2018 is described in the following sections.

4.1.2

2018 Mobilization

The 2018 field program, designed to finalize the Project, was conducted from July 18, 2018 through August 28,
2018. Due to weather delays and conditions affecting the runway conditions at Mould Bay, the proposed scope of
work as set out in the 2018 Remediation Action Plan (submitted to the IWB on March 31, 2018) was not
completed, and the purpose of the 2018 field program was adjusted.
After delaying the planned reconnaissance flight to Mould Bay on July 18, 2018 due to poor weather conditions,
mobilization to Mould Bay was successful on July 23, 2018. Whereas Dash-7 flights were subsequently carried
out to mobilize crew and equipment, the Mould Bay airstrip did not improve sufficiently (determined through
Dynamic Cone Penetrometer and California Bearing Ratio (CBR) tests) to land the ATR-72 and supply fuel for the
Project. No ATR-72 operations were ultimately carried out in the 2018 field program and the construction was
deferred to 2019.
On July 23, 2018, the temporary camp at Mould Bay was re-established and improved over the following weeks.
The temporary Satellite Bay camp was re-established and improved between August 11 and 21, 2018. It was
winterized on August 22, 2018. Delineation soil samples were collected from one area (Area P) of Satellite Bay in
2018.
The 2018 construction phase was deferred to 2019 due to weather delays and conditions affecting the runway
conditions at Mould Bay.

4.1.3

2019 Mobilization

Mobilization in 2019 will be completed over a shorter period than in 2017, as most of the equipment and camp
materials were left o- site as described in the 2017 Annual Report submitted to the IWB on March 31, 2018. No
overland transport and heavy-lift operations are planned for the 2019 mobilization phase.
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2020 Demobilization

Once the construction and remediation activities are complete, demobilization will occur in 2019 and the camps
will be reduced in size. This will include removal of remaining wastes at Satellite Bay, the majority of site
personnel and remaining supplies. A reduced camp will be winterized and left at site to support the heavy-lift
demobilization of the larger construction equipment, planned in 2020, assuming the construction phase is
completed in 2019.
It is anticipated that the primary demobilization will be facilitated by Twin Otter aircraft, which will be loaded at
Satellite Bay and the loads will be shuttled to Mould Bay. At Mould Bay, equipment and materials will be
transferred to larger aircraft for transport back to Inuvik or Yellowknife. The camp equipment will be transferred
from Satellite Bay to Mould Bay to allow for mobilization back to Yellowknife. During construction activities
reasonable efforts will be made to utilize back-hauls of the empty aircraft to remove wastes and un-needed
equipment to minimize the number of required demobilization flights.
The heavy-lift helicopter will be mobilized back to Satellite Bay in 2020. A reduced ground crew will remain at
Satellite Bay to assist with rigging the loads while a second ground crew will be positioned at Mould Bay to receive
the loads.
Once the heavy-lift helicopter lifts have been completed, the heavy-lift helicopter will demobilize. It is anticipated
that this will be after two or three days of work on the island.
Once the equipment is delivered to Inuvik, the land transport (over public highways) of the remaining equipment
to Edmonton will commence.

4.2

Site Mitigation Measures

The likely environmental effects that are anticipated to occur as a result of the Project were considered for all
physical works and activities during the Project life cycle. Effects were identified and assessed, taking into
consideration applicable mitigation and impact management measures, along with standard policies and practices.
Applicable mitigation measures have been identified to avoid or minimize any likely adverse environmental effects.
Mitigation is defined as the measures for the elimination, reduction or control of adverse environmental effects of
any project. Mitigation of adverse effects has been introduced at the Project design stage, and adverse effects will
be avoided to the extent practical.
Table 1 provides a summary of the potential impacts to the environment as well as mitigation measures to be
implemented to avoid or minimize those impacts. Impacts and mitigation measures are provided for all planned
Project activities.
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Table 1: Summary of Potential Impacts and Proposed Mitigation
Environmental
Component

Potential Impacts

Proposed Mitigation

Soil
compaction /
disturbance

Minimize overall vehicle use; use of existing on-site trails wherever
possible; restrict traffic to level terrain and avoid steep slopes; protect
access trail surfaces with existing on-site borrow material, wood and
access mats; avoid shorelines and minimize watercourse crossings; use
of tracked vehicles and minimize use of wheeled equipment.
Re-contour borrow pits after use.

Permafrost
melt

On-site fill material will be used from the borrow pit, which will be
graded and re-contoured after use. Impacted soil will be excavated from
several areas. Excavations will be backfilled with clean material and
graded.
Build the closure cap of the containment structure of sufficient thickness
to allow freeze-back of permafrost into impacted soil.
A data-logging thermistor system will monitor freeze-back of waste and
thermal performance of containment structure.
Protect temporary access trail surfaces with existing on-site borrow
material, wood and/or mats.
The borrow pits will be located at a minimum 30 m away from the highwater mark of the nearest waterbody.
The borrow pit floor will be sloped away from the pit face and, if
necessary, drainage ditches will be installed.

Soil quality

Spills /
contamination

Follow Emergency Response Plan and Spill Contingency Plan;
keep spill response equipment on hand; use drip trays for refueling
and under parked equipment; use berms and liners for fuel storage
areas.
If transporting impacted soil in trucks across the watercourse crossing, soil
will be in megabags on a liner.
Use of an impermeable liner to contain impacted soil inside the
containment structure to prevent infiltration, dissolution and vertical
migration of the impacts.

Vegetation
communities

Disturbance /
removal of
localized
vegetation
patches

ATVs, trucks and equipment will travel on existing access trails whenever
possible; avoid vegetated areas and areas containing sensitive vegetation
species; avoid low shrubs and taller vascular plants (if present); minimize
footprint of the camps; vegetation will be disturbed at some temporary
access trails, areas where impacted soil will be excavated and at borrow
pits – topsoil (if existing) will be salvaged and replaced to facilitate natural
re-vegetation.

Wildlife

Sensory
disturbances;
negative
human-bear
encounters

Follow flight altitude guidelines; use of Wildlife Monitors and electric
perimeter fence around the camps; cease work if wildlife is spotted within
500 m and resume only when they move out of the Project area; cease
work immediately if polar bear is spotted; implement the Wildlife
Encounter Management Plan; maintain clean camp with appropriate bearproof containers; train crew in bear awareness.
Approaching aircraft will do a flyover of the airstrip to ensure safe
landing conditions.

Waterfowl

Sensory
disturbances;
habitat
disturbance /
loss; possible
hunting
interference.

Follow flight altitude guidelines; implement mitigation for vegetation to limit
the disturbance to potential nesting habitat; any active nests that are
encountered will be avoided per established setbacks; advise
communities of any possible interference with traditional hunting.

Water quality

Disturbance of
sediment /
increase in
turbidity /

Minimize overall vehicle use; restrict traffic to level areas and avoid steep
slopes; avoid shorelines and minimize water crossings; install temporary
watercourse crossings according to DFO guidelines and remove all
material at end of Project activities; install silt fence; use biodegradable

Sensitive terrain

Permafrost
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Table 1: Summary of Potential Impacts and Proposed Mitigation
Environmental
Component

Potential Impacts
contaminant
spills into or
nearby water
bodies.

4.2.1

Proposed Mitigation
camp products to the extent practical; grey water from camp activities
will be collected in holding tanks and treated / tested prior to release (or
collected and removed for off-site disposal).
Implementation of and adherence to the approved Surveillance Network
Program Plan.
Installation of monitoring wells and sampling and analysis of groundwater.
Dewatering of ponded areas will be onto surrounding environment,
away from watercourses.
Appropriately compact and grade the embankment of the containment
structure at a flat slope to minimize wind and water erosion.
Emergency Response Plan and Spill Contingency Plan will be
implemented; keep spill response equipment on hand; fuel and
hazardous materials will be kept in specified, bermed, lined areas more
than 100 m away from high water marks.
Erosion control measures will be at the Site and installed where
applicable (e.g., mats, blankets, silt curtains).

Fuel Management

Temporary fuel storage areas will be established for aviation and camp fuel in Mould Bay (Appendix A, Figure 3)
and at Satellite Bay (at the temporary camp; Appendix A, Figure 2).
Fuels used during the completion of the entire Project are expected to include:



Diesel (for all heavy equipment, generator, and heating stoves),



Jet-A fuel (for heavy-lift helicopter, smaller fixed-wing and Hercules aircraft);



Propane (for the kitchen appliances); and,



Gasoline (for ATVs and some smaller equipment).

All fuel stored at the Site and at Mould Bay will be handled and stored in accordance with permits, licences
and legislation including:



Secondary containment and spill response capabilities on-site;



Storing of fuel and hazardous materials on land at least 100 m away from the high-water mark of the nearest
watercourse to reduce the risk of spills into water; and,



Spill reporting and clean-up.

Refueling activities will also comply with Water Licence requirements and applicable legislation, including:



Fuel transfers will be visually and continuously monitored;



Containment trays will be placed below vehicle refueling ports;



Fuel transfer nozzles will be operated manually and will not be locked open;



Spill kits and absorbent pads will be maintained in close proximity to the refueling equipment;



Fuel transfers will be conducted with an operator at each end of the hose;
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Refueling will only be done during daylight hours; and



Fuel transfer equipment such as hoses, pumps, and nozzles will be visually checked for leaks or damage prior
to each refueling operation.

A detailed Spill Contingency Plan was prepared for the IWB and will be implemented for all components of the
Project.
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SOIL MANAGEMENT
Background Soil Sampling

Although not specified in the Water Licence (or elsewhere), sampling of soil beyond the toe of the containment
structure will be undertaken to confirm that it is operating as designed. Soil sampling locations will be
established in the vicinity of each of the four monitoring wells to be located around the containment structure
(described in detail in the 2018 and 2019 updates of the Reclamation, Closure and Monitoring Plan), and located
within an approximately two to four metre radius from these wells. Initial soil samples will be collected at
these locations during construction, following completion of the containment structure and in each subsequent
year that the post-construction containment structure inspection occurs. The exact location of the soil samples will
be adjusted for each sampling round, within the specified radius; documentation of the locations and soil
characteristics will be completed for each round including analytical, text and photographic descriptions.
For each sampling location, two soil samples will be collected: (i) a shallow sample at an interval of between 0
and 15 cm and (ii) a deep sample at an interval of between 40 and 50 cm, which is approximately 20 cm above
typical permafrost depth at this Site. Additional samples will be collected for distinct lithological or pedological
strata as well as at any sign of impacts. If the target sampling depths cannot be reached (typically due to frozen
ground), the reason for refusal will be noted and a sample collected from the refusal depth. If non-permafrost
obstructions are encountered at depth, a second sample location will be attempted within a similar radius of the
well. The soil samples will be collected using industry standard protocols and in compliance with this document,
including decontamination of the sampling shovel with soap and water, methyl hydrate and rinsing with distilled
water before each use. Soil samples will be collected by staff wearing single-use disposable nitrile gloves and
placed by hand in clean 125 mL soil sample jars, or directly sampled using TerraCore samplers provided by the
laboratory. The sample jars will be labelled with the sample date, location ID and depth. The samples will be
shipped to a certified laboratory (ALS Laboratories in 2019) under chain-of-custody protocols and analyzed for
BTEX, PHC fractions F1 to F4 and CCME Tier 1 metals with additional analyses for specific chemicals of concern
to be added as required. Additional analyses for specific chemicals of concern may be added, as necessary. The
samples that will be collected in 2019 will be considered baseline samples and will be used for comparison of
samples in subsequent years in order to determine if significant changes in soil quality are occurring. Sample
results will be compared to these baseline results, background results and to the applicable CCME guidelines.

5.2

Soil Excavation and Placement

As described in the 2017 Annual Report (submitted to the IWB on March 31, 2018), additional impacted soil was
identified in 2017 and design changes have been developed and submitted to the IWB to accommodate
placement of this additional soil in the containment structure. The following sections describe both the 2017
activities, 2018 activities and tasks to be completed in 2019.
The approach to remediation considered the logistics associated with the remote location and weather at this High
Arctic Project. Using the available equipment, excavation of impacted soil to the depth limit controlled by the
permafrost, followed by placement of the soil in a lined containment cell located over the majority of the impacted
former wellsite, results in minimizing the potential future release of impacts. Concurrent backfilling of the soil
excavations with clean soil and construction of a thermal layer of soil over the containment cell and remaining
impacted soils under the containment structure minimizes the potential for further future permafrost degradation.
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Impacted soils from outside the proposed footprint of the containment structure will be excavated by the
loader/backhoe, loaded into haul trucks and relocated within the limits of the containment structure. Relocated
soils will be dumped within the prescribed limits of the proposed containment structure and subsequently
spread, graded and compacted. The areal extent of the excavations has been defined by sampling and soil analysis
in 2017 and 2018.

5.3

Detailed Confirmatory Sampling Plan

The purpose of confirmatory sampling during excavation of impacted soils and construction of the
containment structure is to ensure that all impacted soil has been effectively excavated f r o m t h e a c t i v e
l a y e r ( i . e . , t o p e r m a f r o s t ) and relocated to the containment structure. Parameters including BTEX,
PHC, barium, total chromium, lead and other metals exceeding the CCME standards have been previously identified
at the Site. Confirmatory soil samples will be analyzed for the same set of parameters used to delineate the areas
of impact A through Q (Table 2) based on the particular contaminants of concern in each excavation.
Hydrocarbon samples will be field screened using a calibrated and bump tested RKI Eagle Gas Detector (or
equivalent) in methane elimination mode. If significant headspace readings are measured, or if odours or staining are
noted then the excavation will be extended beyond the sample location. As a result of the age of the
hydrocarbons, it was determined in 2017 that the use of a gas detector for field screening was not effective and,
in some cases, visual evidence was used to guide the extent of excavation, confirmed by collection and analysis
of samples.
If a collected sample has no visual or other evidence of contamination and the headspace reading is low, a
representative portion of samples (see below for excavation sampling plan) will be transported to ALS Laboratories
(or another certified laboratory) in Yellowknife; most of the analyses will be conducted in their Edmonton location.
The excavations will be completed to the depth of permafrost. As described in the Abandoned Military Site
Remediation Protocol (INAC, 2008) base samples will be collected for record keeping purposes. Once an
excavation is deemed complete (based on results of confirmatory sampling) the excavation base will be scraped
clean prior to backfilling with borrow source material. Excavations will be backfilled to match pre-existing grades
and promote overland drainage.
Samples will be collected generally in accordance with the Abandoned Military Site Remediation Protocol
(AMSRP; INAC, 2008) and the sampling plan will include the following information:



Description of the objective for each potential area of concern;



Sampling locations;



Sampling methodology;



Proposed number of samples and media;



Parameters for analyses; and



Analytical requirements and Quality Assurance/Quality Control (QA/QC) measures.

The AMSRP requires confirmatory soil sampling to be carried out using a systematic grid sampling design. The
number of samples required per remediated area and the number of those samples required to be submitted for
laboratory analyses are summarized in the tables below. Excavations will be extended until there are no field
indications of impact. Confirmatory samples will be collected from the base (permafrost) and walls (active layer) of
the excavation in accordance with Environmental Sampling Plan and as outlined in concept below.
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The Environmental Guideline for Contaminated Soil Remediation (GNWT ENR 2003) pertains to contaminated
sites on Commissioner’s Land, municipal lands or lands involved GNWT activities in the NWT. It does apply to the
Site but does not contain specific information on confirmatory soil sampling during site remediation. The Alberta
Environmental Site Assessment Standard (AEP; 2016) contains additional guidelines for confirmatory sampling
during site remediation and was included in this Plan. It outlines the following minimum requirements applicable
for the Site:



Discrete samples must be collected from each excavation face;



Samples must be collected a minimum of 0.05 metres (m) from the exposed wall face. The sample must be
collected from within a 0.2 m perpendicular distance from the excavation surface; and



Discrete confirmatory samples must be collected and analyzed such that there is at least one sample
within a grid based on 10 m increments (AEP 2016).

These guidelines are generally less stringent than those stated in the AMSRP, however they do require sampling
from the walls (i.e., excavation faces) which is not explicitly mentioned in the AMSRP.
The additional active layer / sidewall sampling for the areas excavated in 2017 and those to be excavated in 2019
was completed in 2017 and 2018 (Section 5.4; Table 6). This was completed to delineate the excavations and
ensure that the remaining soil can be excavated and placed within the volume contained in the expanded
approved containment structure design.
The soil from the Excavation Areas (labelled A through O) was excavated and relocated as shown on Figure 5
(Appendix A) in 2017. Areas P and Q were identified during the 2017 field program; a portion of Area P
was excavated and relocated in 2017 as shown on Figure 5. The location of the containment structure
was based on maximizing the volume of impacted soil which will remain in place within the area of the
containment structure and minimizing the volume of impacted soil requiring excavation and relocation into the
containment structure. Table 2 provides an overview of all Excavation Areas and their dimensions excavated
during the 2017 Project. The 2017 Annual Report submitted to the IWB on March 31, 2018 provides a detailed
description of all excavations and samples and includes all laboratory analytical results. The 2018 Annual Report
submitted to the IWB on March 31, 2019 provides additional details on the 2018 sampling program.
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Table 2: Planned and Actual Excavation Volumes
Excavation
Area

Planned
Length (m)

Planned
Width (m)

Planned Area
(m2)

Planned
Volume (m3) A

Actual Total
Area (m2)

Actual Total
Volume (m3) B

A

20

10

200

150

230

108

B

15

4

60

45

86

40

C

45

10

450

338

525

210

D

6

10

60

45

93

36

E

4

4

16

12

16

7

F

4

4

16

12

35

15

G

20

4

80

60

79

35

H

10

4

40

30

42

16

I

6

6

36

27

51

26

J

4

4

16

12

29

14

K

4

4

16

12

31

13

L

4

4

16

12

25

16

M

4

4

16

12

27

16

N

5

5

25

19

56

29

O

4

4

16

12

38

16

FGH C

N/A

N/A

N/A

N/A

45

18

P

N/A

N/A

N/A

N/A

440

198

N/A

N/A

N/A

N/A

N/A

N/A

-

-

1304

652 to 1,005

1848

813

Q

D

Total
A.

Based on an average depth of 0.75 m
Based on actual depth to permafrost in each excavation area (average depth from 2017). Averages range between 0.4 and 0.6 m
C.
Additional excavations based on sample results
D.
Not excavated in 2017. Will be excavated in 2019
B.

The average thickness of the active layer at the Site is estimated at approximately 0.8 m and ranged from 0.4 to
1.3 m during earlier Site investigations. During the 2017 excavations, depth to permafrost varied between 0.4 and
0.9 m, averaging 0.46 m. The excavations removed the active layer of each outlined area A through O. Only
remediation areas A and C are greater than 100 m2 and were sampled in a 6x6 m grid. All other areas were
sampled with 3x3 m spacing; 100% of the collected samples were analyzed.
Several remediation areas share the same or similar dimensions and thus sampling design plans were
created for similar length and width combinations. Tables 3 and 4 summarize and illustrate the sampling design
plans for areas measuring less than or equal to 100 m2 and larger than 100 m2, respectively. The total number of
samples collected in 2017 and 2018 were equal to or greater than the planned number of samples and are
provided in Table 6. Additional samples were used for areal delineation; no additional sidewall samples will be
collected in 2019 unless visual or olfactory evidence requires that the excavations extend beyond the previously
established sidewall locations.

18

February 26, 2019

1780495

Table 3: Wall Sampling Design Plans for Areas smaller than or equal to 100 m2

Excavation Area

Dimensions

E, F, I, J, K, L, M, N, O

D, H

Wall Samples

4x4 m, 5x5 m, 6x6 m

Design

8

3m

4-6 m

6x10 m, 4x10 m
4-6 m

3m

12

10 m

B
15x4 m

3m

14

4m
15 m

G
20x4 m

18

4m

3m
20 m

Table 4: Wall Sampling Design Plans for Areas larger than 100 m2
Excavation
Area
A
(L-shape area)

Dimensions

Number of Wall
Samples

1 of 2: 10x5 m

5

2 of 2: 10x15 m

9

TOTAL:
C

45x10 m

Design*




Wall samples spaced 6 m apart (3 walls only)



Two samples on each 10 m wall and eight

Wall samples spaced 6 m apart (3 walls only)

14
20

samples on each 45 m wall

* Text was used in place of figures given the larger areas requiring illustration.

Tables 3 and 4 summarize the sample requirements for the walls of the Excavation Areas; Table 5
summarizes the number of samples taken from the base of each excavation and the number of base samples
required to be collected from the base of each excavation in 2019.
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Table 5: Baseline Sampling Design Plans
Area ID

Area
2017
(m2)

Additional
Area 2018
(m2)

Total Number Confirmatory Sample
of Base
Parameters
Samples

Number of Base Number of Base
Samples
Samples
Collected in 2017 Required in 2019

A

230

21

4

Hydrocarbons and Metals
(Chromium, Nickel)

3

1

B

86

23

4

Metals (Barium, Chromium)

4

0

C

525

276

11

Hydrocarbons

7

4

D

93

23

2

Hydrocarbons and Metals
(Barium, Copper, Lead,
Tin, Zinc)

2

1

E

16

121

4

Hydrocarbons

2

2

F

35

42

2

Hydrocarbons

1

1

G (and area
between
FGH)

124

179

6

Hydrocarbons and Metals
(Barium, Lead,
Molybdenum, Zinc)

5

1

H

42

10

2

Hydrocarbons

2

0

I

51

72

2

Hydrocarbons

1

1

J

29

31

1

Hydrocarbons

1

0

K

31

7

1

Hydrocarbons

1

0

L

25

4

1

Hydrocarbons

1

0

M

27

0

1

Hydrocarbons

1

0

N

56

3

2

Hydrocarbons

2

0

O

38

13

1

Hydrocarbons

1

0

P

440

98

9

Hydrocarbons

6

3

Q

0

690

9

Hydrocarbons

0

9

* Areas are depicted in Figure 5 (Appendix A). Metals in brackets denote previous exceedance.

Applying the guidelines as above, approximately 160 wall samples and 30 base samples are required from areas
A to O; an additional 23 floor samples will be taken from the additional excavation areas in 2019.
Sampling was ongoing during the construction phase in 2017 as the impacted areas were excavated. All
confirmatory and delineation samples (i.e., 100%) were analyzed using on-site screening (i.e., visual or other
evidence) and were submitted for laboratory testing. Samples destined for the laboratory were collected to
coincide with scheduled crew or supply flights to minimize holding time on-site and were transported from the Site
to Yellowknife and from there to Edmonton. The same procedures will be followed for samples collected in 2019.
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2017, 2018 and 2019 Confirmatory Sampling

Some of the excavation areas revealed more impacts than initially determined through previous investigation;
additional active layer / sidewall soil samples were collected and analyzed in 2017 to delineate the limits of the
impacted areas. These samples are described in detail in the 2017 Annual Report submitted to the IWB on March
31, 2018 and summarized in Table 6. Soil samples were collected from the excavation walls at middle height (at
approximately 20 centimetres above the permafrost, or approximately the mid-point of the active zone).
Delineation of excavation Area P was completed in 2018. The average sample depth for the additional samples
was between 0.4 and 0.5 m. No additional confirmatory sampling is planned for 2019.
Table 6: 2017, 2018 and 2019 Sidewall Delineation Samples
Additional
Area Name

Area 2019
(m2)

A/B
C
D
E / F / G / H / I / J /K
L
N
O
P (Butler Building)
Q (Thermistor Trench)

Number of Additional

Number of Additional

Samples in 2017

Samples in 2018

11 (1 DUP)
17
10 (1 DUP)
53 (4 DUP)
3
1
2
23 (4 DUP)
31 (2 DUP)

0
0
0
0
0
0
0
17 (2 DUP)
0

46
186
14
409
4
3
13
152
690

Number of Additional
Samples Planned in
2019
0
0
0
0
0
0
0
0
0

* DUP=duplicate sample; included in the sample number.

5.5

Methodology, Analytical Requirements and QA/QC

Confirmation floor sampling will be ongoing during the construction phase of the Site Remediation Program as the
remediation areas are excavated and final floors exposed. Additional soil samples may be collected for
background soil testing in camp areas, or in the active layer if visual or olfactory evidence dictates additional
areas of impact. All collected samples (i.e., 100%) will be analyzed using a combination of on-site screening and
laboratory testing. Samples destined for the laboratory will be shipped as soon as they are collected and will be
transported from the Site to Yellowknife and from there to Edmonton.
The soil samples will be collected using industry standard protocols which include the use of laboratory supplied
pre-charged methanol vials, single use Terra Core Samplers in addition to glass jars with Teflon-lined lids. Terra
Core samplers, vials and jars are provided by the lab Soil samples will be collected by hand as grab samples
using a single-use disposable nitrile gloves. A single plug of soil obtained from the Terra Core will be placed in
each methanol vial (two vials per sample location). No additional labels are permitted the methanol vials.
Labelling is to be completed by hand to ensure laboratory information remains legible.
In addition to the methanol vials, one laboratory supplied 125 ml glass jar with a Teflon-lined lid will be filled at
each sample location. Pre-printed labels are permitted to be placed on the 125 ml glass jars. All jars and vials are
to be clearly labelled with the sample date, sample ID, sample depth, location, and the sampler’s initial. Location
and depth information will also be recorded by means of a GPS survey following sampling collection. Any
additional observations are to be recorded in the field notebook. Following collection, the samples are to be
submitted to the laboratory with a completed Chain of Custody (COC) form. Samples will be stored in ice-packed
coolers and submitted to the lab within the required holding times.
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Each container will be labelled with the following information:



Sample name



Date



Sample dept



Project number



Sampler’s name

Universal Transverse Mercator (UTM) coordinates will be taken for every sample using a handheld Global
Positioning System (GPS) unit. Sample locations will be marked and locations subsequently verified with RealTime Kinematic Global Positioning System (RTK-GPS) when the satellites are overhead.
COC documentation will be prepared legibly and accurately. Samples will be shipped to ALS Laboratories.
Dedicated flights may be considered to facilitate timely analysis of critical confirmatory samples. Samples will be
submitted with one-day turnaround time requested, understanding that this may become a two or three-day
turnaround depending on analysis and time of day. Samples will be analyzed, based on the concerns for that
location, for any of BTEX, PHC fractions F1 to F4 and CCME Tier 1 metals with additional analyses for specific
chemicals of concern to be added as required. These analyses are similar to those of previous years but will be
focused to address those contaminants that have previously been identified as exceedances at the Site and
specifically in each of the areas A through Q.
Appropriate QA/QC will be performed on all samples, COCs, location spreadsheets and other material pertaining to
confirmatory soil sampling. Details on this process are provided in the QA/QC Plan prepared for the IWB. QA/QC
will also be performed by the laboratory during analysis and quality control reports will be provided with the final
laboratory report.
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CONSTRUCTION OF THE CONTAINMENT STRUCTURE
Dewatering and Backfill

Within the ponded areas within the proposed waste containment area, standing water will be removed and
backfilling completed using compacted granular borrow material, prior to construction of the thermal cover. The
sloughing of previously buried debris indicates that these water-filled areas are the result of permafrost
degradation related to previous disturbance and developed after wellsite operations had ceased. Small gaspowered pumps will be used to draw water out of the ponded areas with the intent to discharge to the
environment at a nearby down-slope surface location at least 30 m from any natural water drainage and at least
100 m from fish-bearing waters.
Chemical analysis of the water, conducted in 2015, indicates that the ponded water does not exceed the relevant
CCME guidelines for surface water quality; and will be resampled prior to discharge in 2019. Chemical analysis of
water from an area of pooled water at the southern edge of the containment structure (SNP station 1837-2),
conducted in 2018, indicates that the concentration of total lead is at the maximum concentration limit provided in
the Water Licence. Discharge from this area will be monitored and sampled in accordance with the IWB Water
Licence conditions for seepage and runoff. If at any time during construction operations, water from the
depressions is noted to have indication of potential hydrocarbon impact (sheen or odour), then the water will be
treated with activated carbon and sampled prior to discharge. Clean imported fill will be obtained from the
approved borrow source and placed and compacted into the depressions to create a stable, positively graded
final surface.
Discharge of water from the ponded areas within the footprint of the containment structure will be managed to
direct water away from the construction area, minimize erosion and preserve permafrost. As needed, energy
dissipation will be used to slow flow and disperse the discharge. A geofabric sock will be used over the discharge
pipe to slow the flow at the discharge and contain any sediment. Discharge volumes will be recorded using an
approved flow meter. Table 7 provides surface areas of all ponded areas that were backfilled in 2017 and amount
of backfill. Note that only parts of the water bodies were backfilled (as outlined in the Pre-construction Design
Report developed for the IWB and as shown in Figure 5 of Appendix A).
Table 7: Ponded Area and Fill Data
Pond ID

Fill Grade Elevation
(masl)

A
F
H
I
J
K
L
M
O
P

14.2
14.1
14.2
14.0
14.2
14.2
13.9
13.6
14.1
14.1

Surface Area of entire
Water Body (m2)
313.0
187.0
43.0
387.0
56.0
55.0
1152.0
70.0
54.0
495.0

Compacted Sand Fill in
Backfilled Area (m3)
196.0
176.0
22.0
352.0
30.0
24.0
966.0
155.0
50.0
62.0

Year Dewatered and
Backfilled
2017
2017
2017
2017
2017
2017
2017
2017
2017
Planned for 2019

One additional ponded area, Ponded Area P, will be dewatered and backfilled in 2019 to accommodate the
completion of the containment structure including the proposed extension (described in detail in the 2018 Annual
Report submitted to the IWB on March 31, 2019). Dewatering methods will remain consistent with 2017 described
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above. Ponded Area P (depicted on Figure 6, Appendix A) is located to the southeast of the containment structure
and has a fill grade elevation of 14.1 masl, a surface area of 495 m2 and will be filled with compacted sand
comprising an estimated volume of 62 m3.
Discharge of the water from Ponded area P will be monitored and sampled in accordance with the IWB Water
Licence conditions for seepage and runoff. If at any time during construction, water from the ponded areas is
noted to have indication of potential hydrocarbon impact (sheen or odour), then the water will be treated with
activated carbon and sampled prior to discharge. Clean imported fill will be obtained from the approved borrow
source and placed and compacted into the ponded area to create a stable, positively graded final surface.
As described in section 2.2.4, DFO was contacted every year since 2016 and has confirmed that the ponded area
infill can be completed without an Authorization under the Fisheries Act and renewed approval was granted
November 2018.

6.2

Construction of the Containment Structure and Installation of Lining
System

Portions of the containment cell and structure construction have been completed in 2017; the remainder will be
finished in 2019. The methods described in the following sections were undertaken for the completed 2017 tasks
and will apply to the work to be completed in 2019. No work on the containment structure or liner was completed
in 2018.
As described in the Pre-construction Design Report developed for the IWB, the first activity associated with the
construction of the containment structure was to excavate the soil from the active layer beyond the footprint of
the containment cell and relocate these soils directly on-top of the left in-place impacts. The impacted
materials will be compacted and graded to promote positive drainage. Impacted soil will be excavated using the
loader/backhoe and transported to the site of the containment structure.
An anchor trench will be excavated around the perimeter of the zone of impacted soil and permanently frozen
waste. A geosynthetic cap liner will be placed over the impacted soil to prevent water infiltration of the impacted
material and with that eliminate leaching and dissolution. It will also prevent vertical migration of the
contamination. The geosynthetic cap liner system will consist of a linear low-density polyethylene (LLDPE) liner
and two layers of medium weight non-woven geotextile above and below the liner, as described in detail in Preconstruction Design Report developed for the IWB. Once the cap liner system is fully deployed, the anchor trench
will be backfilled to secure the cap in place prior to placing the overlying thermal soil cover. The installation of the
LLDPE liner and associated geotextile cushion layers will be supervised by a qualified specialist contractor,
overseen by a Golder QA/QC specialist and an Engineer. The specialist contractor will complete the required
Quality Assurance / Quality Control (QA/QC) testing for the installation, which will be supplemented by Golder’s
QA/QC testing to meet the design specifications. Approval of the sub-grade will be completed by Golder prior to
installation of the cap liner system. The final containment structure will cover an area of approximately 9,570
square metres (m2) plus a 10 m wide buffer zone (resulting in a total of 13,980 m2) and will be 2.4 m above the
top elevation of the liner (the slopes are described below “side slopes”).
As the above noted work is being completed, clean, sand fill from the borrow source stockpiles will be excavated
and transported to the containment cell. Depending on the depth of seasonal thaw and actual ground conditions it
may be necessary to excavate in stages and allow further thaw to occur to reach the design excavation depth. A
loader will be used to push available material down to a prescribed maximum depth in order to minimize
permafrost degradation. Borrow areas will be mined in a series of horizontal lifts as the ground thaws. The
thawed, sandy material will be pushed into windrows to promote draining and facilitate truck loading. A loader
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and/or skid-steer will be used at the borrow source to load the haul trucks. A skid-steer and compactor will be
used at the thermal cover area to place, shape a n d c o m p a c t the cover with incoming fill. A track mounted
skid steer may be used as supplementary support for containment structure construction, particularly when the
loader is stationed at the borrow source.
As outlined in the Pre-construction Design Report developed for the IWB, a thick (2.4 m) soil thermal cover layer
will be placed over the geosynthetic cap l i n e r as per the design specifications. This soil will be placed in lifts
and compacted above the liner through sequential placement of soil and spreading the material with the skid-steer
and compacted with a packer. Operations will be conducted so that no equipment will travel over the cap until
sufficient soil has been pushed across to protect the geosynthetic liner material.

Minimum Cap Thickness
The thermal cover or cap will be of sufficient thickness to allow freeze-back of permafrost into buried waste and
impacted soil. The minimum required thickness of the containment structure was determined following
guidance in the Abandoned Military Site Remediation Protocols (INAC, 2009). For warm conditions today, the
minimum closure cap thickness was estimated to be 1,600 millimetres (mm), whereas a 2,400 mm cap thickness
is required to limit thaw penetration for an estimated warm year in 2115 after 100 years of climate warming. The
minimum thickness of the sand fill is measured from the surface of the relocated, impacted material that is to
remain at ground temperatures below 0°C.

Setbacks
A three to five metre horizontal setback around the perimeter of the underlying waste material (excavated
materials from the active layer in adjacent areas) is incorporated into the design. The permafrost at the Site is
expected to aggrade into the thermal cap in areas that are more than three to five metres from the crest of the
slope. In addition, a ten-metre buffer zone has been delineated beyond the toe of the structure, within which
adjacent ponded areas will be drained and filled.
Surface depressions within and adjacent to the footprint of the thermal cover (within the ten-metre buffer) will be
drained prior to construction (see Section 6.1) because the presence of standing water at the toe of the
thermal cover could lead to increased thaw promoting possible settlement and cracking of the containment
structure. Fill will be placed within the portion of the ponded area within the buffer zone.

Side Slopes
The outer slopes of the containment structure will be graded to an inclination of six horizontal to one vertical
(6H:1V) or flatter to promote airflow across the top of the containment structure and minimize snow drifting.
Minimizing snow drifting is important to provide long term stability, since snow insulates the ground surface and
negatively impacts a thermal closure. Snow drifts may occur in an area where wildlife can den during the winter and
potentially damage the closure cap. A relatively flat side slope is also expected to be more stable and less
susceptible to erosion than steeper slopes during spring break-up when portions of the slope may be locally
saturated as snow melts and excess water drains. All fill and side slopes will be compacted thoroughly, and no
frozen material will be used during constructing the side slopes. These measures are in place to further minimize
the potential for erosion. In addition, shallower slopes are less likely to attract curious wildlife that could
potentially dig or otherwise impact the containment structure.

Surface Drainage and Grading
The top surface of the containment structure will be graded so that precipitation does not pond and so that
runoff drains to the edges of the cap without causing erosion or gullying. The surface grades will be between 2%
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to 5%. In addition, the ground surface surrounding the containment structure will be graded so that runoff flows
away from the Containment Structure.
In general, some post-construction settlement and annual heave should be anticipated as the ground freezes and
thaws. It is anticipated that the post-construction settlement will be minimized through compaction during
construction. Settlement will also be limited once the core of the containment structure freezes during the first
winter after construction.

Installation of Lining System
As described in detail in the Pre-construction Design Report developed for the IWB, an impermeable, 40 mil LLDPE
liner will be placed over the full extent of the consolidated, impacted soils. The full perimeter of the liner will be
secured in place with an anchor trench as specified in the design drawings. A geotextile cushion layer will be
installed across the full extent of the impacted soils, beneath the liner. Panels of LLDPE will be unfolded,
overlapped and heat welded to form a continuous cover over the impacted soils. A second layer of medium
weight non-woven geotextile will be place above the LLDPE liner, prior to placing the thermal cover sand. The
construction crew will have the means to repair and warranty any potential damage to the liner resulting from
installation. Furthermore, additional liner material will be shipped to Yellowknife during mobilization and stored
there during the construction period, in the event that issues arise during liner installation and additional material
is needed.

Extension of the Containment Structure
As described in the Pre-construction Design Report (prepared for the IWB), the original design for the
containment structure included dimensions of the lined containment cell with dimensions of 34 m by 70 m, based
on the containment of an estimated 850 m3 of impacted soil. This design included 2.4 m of sandy soil forming a
thermal and protective barrier over the geomembrane liner. The thickness of the thermal barrier was based on
modelling of the potential thickness of the transition zone under a conservative climate warming scenario.
As described in the 2017 Annual Report, submitted to the IWB on March 31, 2018, in 2017, approximately 813 m3
of impacted soils were excavated and placed on the footprint of the planned lined cell and the western portion of
the cell liner was placed and covered with sandy fill from the borrow area. An estimated 760 m3 to 1,215 m3 of
additional potentially impacted soil was identified in 2017 and 2018; the volume range depends on the thickness
of the transition (thaw) zone. The designed increase of the containment cell volume is required to accommodate
this additional soil identified in 2017 and will also accommodate the soil delineated in 2018.
The design capacity of the lined cell has been expanded to a total of approximately 2,250 m3 to accommodate the
additional soil through the following:



Extension of the length of the cell by approximately 7 metres to the east, as noted on Figures G-3 and C-7
(Appendix I of the 2018 Annual Report; unchanged from the 2017 Annual Report and its Appendix H);



Excavation of clean soils in the area of the eastern extension to a depth of 0.5 metres;



Decreasing the elevation of eastern edge of the top of the containment cell liner to maintain the required
thickness of thermal cover in this area; and



Increasing in the height of the east half of the cell by approximately 0.75 metres.
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The overall thickness of the protective and thermal cover soil remains a thickness of 2.4 m above the containment
cell; the outer side-slopes of the cell remain at a slope of 6:1, including the transition between the existing capped
area and the higher cap to the east. The side slopes to the east will be smoothed into the existing grades
resulting in a 6:1 or shallower grade, as shown on Figure C-2 (Appendix I of the 2018 Annual Report ).

6.3

Thermal Monitoring

During the 2015 field program, a Digital Temperature Cable (DTC; also referred to as a “thermistor”) was installed
in one of the boreholes at the Site of the planned containment structure which allowed remote temperature
monitoring. This information was used to assess the conditions at the Site and was removed in 2017.
Thermal subsurface ground temperature monitoring equipment was installed in the summer of 2017 in the
containment structure and in a background area. The subsurface ground temperature monitoring (referred to
hereafter as temperature monitoring) equipment was installed per the design of the containment structure. The
design requires a temperature monitoring system that could collect and record ground temperature data to assess
the performance of the design relative to freezing of the waste within the containment cell. The temperature
monitoring system was partially constructed in 2017; completion of the system will occur in 2019.
The monitoring system is composed of four main parts, which are discussed below:



Thermistor strings



Instrumentation tower



Data collection system



Communications system

Thermistor Strings
Five thermistor strings protected by cross-linked polyethylene (PEX) tubing were installed to measure ground
temperatures. The strings were manufactured by Hoskins Scientific Ltd. and are composed of individual
thermistors inside a rugged sheathing. Four strings were installed in the containment cell, two strings are north of
the east–west centerline and two are south of the east–west centerline. The fifth string is located at the
background station. Three of the five strings are connected to a data logger, and two are backups.
The lower 2-node string was installed at the original ground surface, prior to the placement of impacted soil. It was
placed horizontally approximately 5 m north and south of the east–west centerline.
The upper 4-node string was partially installed and placed horizontally approximately 5 m north of the east–west
centerline. The first node is located above the west anchor trench, and the second node is located in the clean fill
directly above the 2-node string installed at the original ground surface. The remaining two nodes are coiled at the
surface and covered with a wooden box and will be placed once liner installation is completed.

Instrumentation Tower
An instrumentation tower was manufactured by Baird Mounting Systems. The tower is composed of a buried
base, a mast, and a ladder rack. When construction is complete the base of the tower will be below final grade
and the mast will rise approximately 3.8 m above final grade. The tower holds the data logger, solar panel, air
temperature sensor, and satellite antenna.
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Data Collection System
All three of the active thermistor strings are directly connected to a Campbell Scientific, Inc. model CR1000 data
logger located at the west side of the containment structure. The strings run underground to the instrumentation
tower. Power for the logger is supplied by a 12-volt direct current (DC) battery that is located in a buried box at the
base of the tower. The battery is recharged by a solar panel at the top of the tower. In addition to subsurface
ground temperatures, the system also collects the following data:



Ambient air temperature



Battery box temperature



Logger temperature



Power supply voltage

Communications System
The communications system is composed of an Iridium satellite modem, antenna, and data visualization software.
The data sent from the satellite modem are received by an email server and uploaded to the data visualization
platform provided by Neve LLC. The customized platform can be accessed by a desktop computer and
compatible mobile devices.
The thermal monitoring points buried within the thermal cover are intended to demonstrate how the engineered
cover freezes back after construction, as well as to show that ground temperatures within the thermal cover
stabilize and remain below 0ºC. The two points outside the toe of the lined area are near the edge of the thermal
cover, where the deepest seasonal thawing would normally occur. Air temperatures will be monitored in order to
provide site-specific data that can be used to verify design assumptions if required by Regulators.
As suggested in the IWB guidance document “Protocol for the Monitoring of Drilling-Waste Disposal Sumps“, a
background location has been installed to monitor background temperatures outside of the footprint of the
containment structure. The 6-node thermistor string was installed at the background station in a borehole
constructed at a depth of two to three metres advanced with a powered auger mounted on a skid steer. This
background location is approximately 70 m southwest of the structure. This string is placed vertically and can
acquire the temperature profile of the relatively undisturbed ground.
Upon closure of the Water Licence, the system will be decommissioned or assumed by the IWB at their
discretion.

28

February 26, 2019

7.0
7.1

1780495

HAZARDOUS HISTORIC WASTE MANAGEMENT
Waste Fuel Drum Processing and Liquid Waste Consolidation

The drum inventory conducted in 2015 indicates that there were 102 205 L (45 gallon) steel drums scattered
across the site. Golder conducted a cursory survey of the drums noting condition and contents. As
outlined in the Waste Management Plan developed for the IWB, an estimated quantity of the various liquid waste
streams is provided below:



Approximately 4,350 L of various fuels;



Approximately 1,200 L of PHC impacted water; and



Approximately 1,800 L of unknown liquid contents (presumed to be fuel).

The 2017 Annual Report submitted to the IWB on March 31, 2018 provides details on the waste fuel drum
processing and removal tasks completed in 2017. Most of the tasks in the following section were accomplished in
2017, the remainder will be completed in 2019.
First, each drum will be inspected. The area around the drums will be tested for volatile organic compounds (VOCs)
and combustible gas (lower explosive limit, or LEL relative to hexane) levels to ensure safe working conditions. All
barrels will then be inspected for any symbols or labels that could identify the contents. Any signs of bulging,
swelling, deterioration or damage such as corrosion or leaks at the seams and rim, or spillage and/or discolouration
at the rim will also be documented. This protocol may not be suitable for all substances potentially encountered
and if an unknown liquid (a few drums at site are unopened) is encountered that cannot be identified in the field
its contents will be segregated and sampled separately to properly identify the contents. The following provides a
summary of the procedures for dealing with the barrels.
Pressurized barrels shall be opened with extreme caution only by persons with appropriate training and safety
equipment and clothing, using non-sparking equipment. A safe-work procedure for this operation was developed
and will be followed.
If the bungs can be removed, the barrels will be opened slowly to allow any pressure in the barrel to be released
gradually before the bung is removed. If the bungs are not easily removed, the barrel will be vented remotely, such
as using a weighted sharp object to penetrate the barrel. The remote venting operation will be conducted at a safe
distance from the other site operations and behind a barrier of supersacks filled with sand. A safe work
procedure will be followed and only trained employees with suitable safety equipment and personal protective
equipment will be allowed to perform the task.
The liquid contents of the drums will be visually inspected and like liquids will be consolidated into four streams:
waste oil, fuels, coolant, and potentially impacted water. Liquids will be transferred from existing drums to new
barrels conforming to Transportation of Dangerous Goods (TDG) requirements using intrinsically safe pumps and
gravity decanting. Transferring of liquids will be completed over a liner or spill containment pallet. Once drums of
similar content are consolidated, each drum of liquid will be moved to a lined staging area to be sampled to properly
characterize for waste acceptance and safe transportation. Results of the laboratory analysis will be used to
appropriately c lass i fy the waste for transport and off-site disposal. Drums of consolidated liquids will be
prepared for transportation from Site likely via Twin Otter but potentially by Chinook helicopter, depending on
timing. Ultimately the drums of waste liquids will be palletized at Mould Bay and flown to Yellowknife where the
waste will be transferred to and ownership thereof will be assumed by KBL Environmental (KBL) in accordance
with the Waste Management Plan developed for the IWB.
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Given the small volume, all soils recovered from the opened drums will be visually inspected for oil and grease.
These soils will be sampled for all contaminants of concern to determine how they will be disposed (on-site or offsite) as per the Project Waste Management Plan. All collected drum water will be consolidated and flown to
Yellowknife for disposal by KBL in accordance with the waste Management Plan developed for the IWB.
The newly-emptied barrels will be transferred to a designated, lined and bermed barrel processing area. Once drained,
the lids will be removed, and the barrels will be wiped down. Any oily liquids will be absorbed with oil pillows or similar
material. Used absorbent pads will be disposed of off-site. Empty barrels will then be left to air dry prior to being
crushed using a portable, hydraulic drum crusher. The drum crushing is intended to reduce the volume of the drums by
at least 75% to facilitate off-site transport and disposal in accordance with the Waste Management Plan.

7.2

Hazardous Material Content in Containment Structure

No hazardous material will be deposited in the containment structure. All hazardous materials stemming from
historic operations at the Site and any hazardous waste stemming from Site operations as part of this Project
will be handled, transported and disposed of at a licenced disposal facility as outlined in the Waste Management
Plan developed for approval by the IWB. This Waste Management Plan will be implemented and adhered to by all
staff and during all Project components.

7.3

Hazardous Surface Debris

All debris scattered throughout the Site will be collected and brought to a central collection area where specialists
will determine if the debris stream is hazardous or non-hazardous. Based on previous assessments carried out at
the Site, it is anticipated that very little of the debris will be classed as hazardous (primarily old batteries stemming
from historic operations). A small quantity of hazardous waste will be generated from 2019 and 2020 Site
activities. Operations and maintenance of equipment will generate waste oil, used filters and oily rags. This
material will be containerized in accordance with the approved Waste Management Plan. All hazardous wastes
(historic and newly generated) will be shipped for disposal at a licenced disposal facility as described in the Waste
Management Plan.
All visible surface debris and debris encountered during impacted soil excavation, beyond the limits of the
containment structure, will be fully excavated and removed from the Site. When excavating Areas P and Q
(described in Section 5), all reasonable efforts will be made to remove debris and any associated visual
contamination embedded within the permafrost (as was done for Areas A through O in 2017).

7.4

Remedial Strategy for Hazardous Waste

All waste streams deemed as hazardous will be containerized and shipped off-site and disposed of in accordance
with the IWB approved Waste Management Plan. No hazardous waste will remain at the Site after the 2020
demobilization phase.
Areas potentially subject to small spills or oil leaks (such as the refueling area) will have berms and drip pans in
place to provide containment, and then any collected impacted material or liquid waste will be drained into an oil
waste holding container. Drip pans will also be placed under all vehicles and heavy equipment when not in use for
three (3) hours or more.
As outlined in the Spill Contingency Plan (prepared for the IWB), efforts will be implemented to avoid spills. Onsite spills, leaks and drips will be segregated and cleaned up using sorbent material, which will then be placed in
appropriate containers and transported off-site. The waste will then be placed in drums for appropriate disposal
off-site. The Spill Contingency Plan outlines preventative methods and procedures that Repsol and their
contractors will follow in case of accidental spills.
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NON-HAZARDOUS HISTORIC WASTE MANAGEMENT
Non-Hazardous Surface Debris

As described in Section 7, all debris scattered throughout the Satellite Bay Site will be collected and brought to a
central collection area where specialists will determine if the debris stream is hazardous or non-hazardous. It is
anticipated that most of the historic debris is non-hazardous. Site crews will collect debris and stage it at a
temporary processing area, adjacent to the airstrip. Waste streams will be separated and containerized for
transport and off-site disposal in accordance with the approved Waste Management Plan. Untreated wood
collected in previous years, bagged and stored at the Site may be burned on-site. Metal debris will be transported
off-site to Yellowknife for disposal by KBL. No surface debris will remain at the Site after the planned 2020
demobilization phase.

8.2

Remedial Strategy for Non-Hazardous Waste

Most waste streams deemed as non-hazardous will be containerized and shipped off-site and disposed of in
accordance with the IWB approved Waste Management Plan. Non-hazardous, combustible waste may be burned
on-site in accordance with the approved Waste Management Plan and all applicable regulations. No nonhazardous waste will remain at the Site after the planned 2020 demobilization phase, with the exception of the
containment structure.
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CAMP WASTE MANAGEMENT

Repsol and their contractors are responsible for all waste products generated from the Project and will use an
integrated waste management system to ensure that wastes generated by the Project are disposed of in a manner
that does not adversely affect the environment, public health, or safety. All camp waste management aspects are
described in the Waste Management Plan that was prepared for approval by the IWB. Waste handling and disposal
procedures will be conducted in accordance with all applicable legislation, including GNWT waste management
and disposal guidelines, Department of Transportation rules and regulations, and others as outlined in the Waste
Management Plan.

9.1
9.1.1

Camp Solid Waste
Non-hazardous Solid Camp Waste

All solid camp wastes (such as food wastes and packaging) produced will be divided into non-hazardous,
combustible waste and non-hazardous, non-combustible waste. The non-hazardous, non-combustible waste will
be temporarily stored in wildlife-proof, leak-proof containers, transported off-site and disposed of by KBL in
Yellowknife. Non-hazardous, combustible waste will be incinerated on-site in accordance with the approved Waste
Management Plan and all applicable regulations. Following the updated NWT Guidelines for Waste Management
(Government of the Northwest Territories 2017), in 2019, ash will be tested, classified and then disposed of
accordingly.
The incinerator to be used is an Inciner8 I8-20S general incinerator (transported by Twin Otter). It is fitted with a
secondary combustion chamber and afterburner to ensure complete combustion of emissions. It is
anticipated that only one incinerator will serve the two temporary camps. It will be positioned at the primary camp
during the consecutive Project phases (please refer to Section 12 for a detailed Project schedule). During the
mobilization period in June, the primary camp will be located at Mould Bay. The primary camp will then shift to
Satellite Bay for July and the first two weeks of August. The primary camp will then shift back to Mould Bay during
demobilization, expected to be complete by late August/early September. The minor amounts of domestic waste
produced at the secondary camps may be open burned in a barrel or transported to the primary camp for
incineration. The incinerator will be used daily to dispose of combustible camp waste, including food waste, paper
and cardboard. No plastics or waste fuels/oils will be incinerated. Incineration logs will be kept, and all ashes will
be bagged, stored temporarily in wildlife-proof containers and shipped to Yellowknife for subsequent disposal at
an appropriate facility.
No non-hazardous camp waste will remain at the Site after the planned 2020 demobilization phase.

9.1.2

Hazardous Solid Camp Waste

The camps will use Pacto toilets (i.e., no water is required), and the waste will either be shipped out using pails
or will be incinerated as described in Section 9.1.1. Incineration logs will be kept and all ash will be bagged,
stored temporarily in wildlife-proof containers and shipped to Yellowknife for subsequent laboratory testing
and disposal at an appropriate facility. Solid camp waste stemming from the Pacto toilets of the secondary
camp (described in Section 9.1.1) will be transported to the primary camp for incineration.
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Camp Wastewater

To the extent possible, biodegradable products will be used for camp purposes, including for dish washing, and
general cleaning. Grease traps will be used to minimize the amount of grease and oil entering the greywater
system. Grey water will be inspected for non-biodegradable products. The grey water will be collected and
stored in an appropriate holding tank. As described in the Surveillance Network Program Plan (developed for the
IWB), prior to release, the grey water will be tested so that all relevant parameters are appropriate for release to
the land according to IWB requirements (described in Section 10.2). As appropriate, grey water will be treated
until parameters are tested as acceptable, and then it will be released to the land on non-vegetated and welldrained surfaces at least 100 m from water bodies.
If testing indicates that relevant parameters are not suitable for release to the land, grey water will be containerized
and transported off-site for disposal in another appropriate facility.
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10.0 WATER MANAGEMENT
Water use and discharge as well as surface and groundwater quality monitoring are regulated through the IWB
Water Licence and outlined in detail in the Surveillance Network Program Plan approved by the IWB. This section
of the RAP provides an overview of all associated water management aspects but will refer to the Surveillance
Network Program Plan where applicable.

10.1

Water Supply

Some potable water will be flown in to be used for drinking and cooking. Potable water will also be obtained from
water bodies in the vicinity of the Site for hygienic and camp cleaning purposes. If it is determined that water
sources at the Site will not meet the needs of the camp, treated ocean water may be used for some activities (e.g.,
camp cleaning). Based on an average consumption of 50 to 100 L of water per person per day while at the
remote, temporary camps, the average potable water needs are estimated to be 1,000 to 2,000 L per day.
Flow meters will be installed for all withdrawal at Satellite Bay and Mould Bay. Field crews will maintain an uptake
log for each camp. All logs will be summarized, and total water withdrawal volume provided to the IWB in the
requested reporting format.

10.2

Water Discharge

Water will be discharged from several areas, associated with different project components.

10.2.1

Ponded Areas

Several ponded areas within the proposed construction area were dewatered and backfilled in 2017. In 2019, one
additional Ponded Area (Pond P) will require removal of standing water and partial backfilling with compacted
granular material prior to construction of the containment structure (described in Sections 6.1 and 6.2). Small
gas-powered pumps will be used to draw water out with the intent to discharge to the environment at a nearby
downgradient location. Discharge will be monitored and sampled in accordance with the IWB Water Licence
conditions for seepage and runoff as described in the Surveillance Network Program Plan. The surface water is
assumed to be clean, but if at any time during the 2019 construction period, water from the depressions is noted to
have indication of hydrocarbon impact (sheen or odour), then the water will be treated with activated carbon and
sampled prior to discharge. Discharge of water from the ponded areas within the footprint of the containment
structure will be managed to direct water away from the construction area, minimize erosion and preserve
permafrost. Discharge volumes will be recorded and provided to the IWB in the requested reporting format.

10.2.2

Borrow Pit / Containment Structure

The Borrow Site will be located at a minimum 30 m away from the high-water mark of the nearest waterbody
(please refer to Section 11). The excavation will be designed and managed to maintain positive drainage, avoid
the creation of water collection points and maintain excavation geometry to facilitate the later grading and recontouring. The pit floor will be sloped away from the pit face to avoid pooling of water. Drainage ditches will be
installed if necessary and water will be diverted to promote ground infiltration and evaporation. Water management
measures, as well as erosion control measures (e.g., mats, blankets or silt fence/curtains) will be inspected daily
and after a precipitation event. If water needs to be discharged, sampling and analysis will be in accordance with
the Surveillance Network Program Plan (analysis for total suspended solids [TSS], total petroleum hydrocarbons
[TPH] and pH prior to discharge).
All seepage or runoff derived from the containment structure will be tested for TSS, oil and grease, benzene,
toluene, ethylbenzene total lead and hardness. Sample stations will be located at surface water collection points
for seepage and runoff in accordance with the Surveillance Network Program Plan.
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Camp

As described in Section 9.2, grey water will be monitored so that no non-biodegradable products, oil, grease or
floating solids enter it. The grey water will be collected and stored in an appropriate holding tank. As described in
the Surveillance Network Plan (developed for approval by the IWB), prior to release, the grey water will be tested
for TSS, pH, residual chlorine and visual inspection for the presence of oil, grease and floating solids.
As appropriate, grey water will be treated until parameters are tested as acceptable, and then it will be released
to the land on non-vegetated and well-drained surfaces at least 100 m from water bodies.
If testing indicates that relevant parameters are not suitable for release to the land, grey water will be containerized
and transported off-site for disposal in another appropriate facility

10.3

Groundwater

As outlined in the Reclamation, Closure and Monitoring Plan, the IWB Water Licence has mandated the
installation of at least four monitoring wells around the perimeter of the containment structure. The wells will be
installed into 152 mm (six-inch) diameter boreholes advanced with a powered auger mounted on a skid steer or
alternatively, driven manually from surface, without augering, to the target depth. These wells will be installed to
monitor water quality within the active zone around the containment structure. It is anticipated that groundwater
flow in the active zone will follow the topography in the area. The elevation of the surrounding area is greatest in
the southeast and gently decreases towards the northwest. It is likely that the North River and the South River,
northeast and southwest of the containment structure (Appendix A, Figure 2) will influence the shallow
groundwater flow in the active layer. The installation of the four monitoring wells on each of the four sides of the
containment structure will result in one monitoring well installed up gradient (southeast) of the containment
structure and three wells located down/cross-gradient of the containment structure (northwest, northeast and
southwest). The preferred location of the wells will be determined on-site at the time of the installation, following
the construction of the containment structure, and will preferably be located within 10 metres of the toe of the
containment structure slopes, in areas where no known impacts are present. Upon installation, locations will be
surveyed and mapped.
Due to the proposed expansion of the containment structure at the east side (described in Section 6.3 above and
in the 2017 and 2018 Annual Reports and in Appendix H and I, respectively, submitted to the IWB on March 31,
2018 and 2019) the two eastern monitoring well locations will be moved. The new locations will be submitted to
the IWB and will be mapped in the 2019 Annual Report.
Development of the wells will be undertaken following the installation, after which the first sampling event (baseline)
can occur. Data concerning well yields will be collected to provide guidance for subsequent sampling events.
Conductivity, pH, turbidity and temperature are the parameters that will be recorded during purging of the
monitoring wells and samples can be collected following the stabilization of these values. Groundwater samples
will be analyzed for TSS, O&G, BTEX, and total lead. Results of the analyses will be provided in the monitoring
report. Details on the installation are provided in the Reclamation, Closure and Monitoring Plan.
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Surface Water
Background Surface Water Sampling

Initial background sampling of water sources and nearby water bodies around the perimeter of the containment
structure and Site will be analyzed for TSS, PHC, BTEX, total lead, total metals, dissolved metals and routine
parameters (such as hardness, pH and major ions). Background surface water samples will be taken
immediately prior to commencing on-site work in order to establish background or baseline environmental
conditions at both Satellite Bay and Mould Bay. Background water samples will be collected upstream and
downstream of the Site from the nearby stream and from any adjacent surface water that could be
potentially affected by discharge during construction.

10.4.2

SNP Surface Water Sampling

The Surveillance Network Program Plan was developed for approval by the IWB in fulfillment of the Water Licence
conditions. As detailed in the plan, the following surface water monitoring and sampling was carried out in 2017,
2018 and will again be completed in 2019:



Seepage and runoff sampling from containment structure for TSS, oil & grease, BTEX and total lead (and
hardness) prior to discharge;



Surface runoff sampling from borrow sources for TSS, PHC, BTEX and pH prior to discharge; and



Creek water sampling, 50 m upstream and 100m downstream of the watercourse crossing for TSS.

10.4.3

Drinking Water

Microbiological, chemical and physical parameters will be analyzed according to the Guidelines for Canadian
Water Quality (2014) on raw and treated potable water samples prior to use for each water source as required. It is
anticipated that these samples will be sent off-site for analysis during the regular supply/crew flights, but options
for on-site testing will be evaluated and adopted if effective. In 2018, bottled water was provided to both camps.
This may again be done in 2019 and 2020.
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11.0 BORROW SOURCE
Construction completion of the proposed containment structure will again require borrow source development to
complete the th erm al soil cover. In addition, on e ponded area (ponded Area P) and exaction of impacted soil
(from Excavation Areas P and Q described in Section 5.4) require backfill material to be extracted from the
borrow area. In 2017, Areas A through O (described in Section 5.3) were excavated and backfilled. The location
of the borrow area is shown on Figure 2 (Appendix A). A legal survey of the area was completed prior to
commencing borrow activities in 2017 and the final extent of the area will be surveyed by a surveyor upon
completion of the work in 2019.
Due to the relatively brief window of thawed surface soils each summer, the intent is to develop the borrow source
soon after arrival. A skid steer will be used to push up available material down to a prescribed maximum depth to
minimize permafrost degradation. Borrow areas will be mined in a series of horizontal lifts as the ground thaws.
The excavations will be designed and managed to maintain positive drainage, avoid the creation of water collection
points to minimize permafrost degradation. The thawed, sandy material will be pushed into windrows to promote
draining and facilitate truck loading. Haul trucks will be used to haul sandy material on existing access trails. To
minimize impacts on water quality, only clean equipment will be used, and equipment will be inspected daily.
As outlined in the Reclamation, Closure and Monitoring Plan, the borrow area will be graded and re-contoured
after use to minimize the impact to local permafrost. Localized impacts to permafrost will be mitigated by
confining excavation to areas with a thicker active layer and not allowing water to pool on the Borrow Site
floors, as recommended by the Northern Land Use Guidelines – Pits and Quarries (GNWT 2015). Following the
completion of excavation, the borrow site will be graded and re-contoured to blend into the general landscape.
All operations will be completed in accordance with Quarrying Permit # 2016QP0028 (associated with Land use
Permit N2016U0004) issued by the GNWT Lands Department on October 3, 2016.
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12.0 REMEDIAL SCHEDULE
Overland mobilization of equipment and supplies to Inuvik was completed by the first week of June 2017. At the
end of the first week of June, a small crew mobilized to Mould Bay to set up a temporary camp at Mould Bay in
support of transfer of equipment and supplies.
The 2017 scheduled work was delayed during the mobilization phase in June 2017. This delay was caused by
unfavourable airstrip conditions at Mould Bay due to heavy snow accumulation combined with a later than normal
spring breakup. Due to these delays a portion of the construction phase and the entire demobilization phase of
the Project were moved to 2018. The 2018 construction season was cancelled due to weather. The remaining
construction phase is to be completed in 2019 and demobilization is scheduled for 2020.
The following tasks are planned for the summer of 2019:



Carry out all required sampling at the Surveillance Network Plan Stations;



Excavate and backfill remaining identified soil impact areas;



Sample, dewater and backfill parts of one additional ponded area;



Place additional impacted soils in the containment structure;



Complete lining of the containment cell and placement of the upper thermistor strings;



Complete placement of the thermal protective layer over the liner;



Grade the containment structure footprint to match local grades and promote positive drainage and minimize
erosion and effects to permafrost;



Grade and close the borrow area; match local grades and promote positive drainage and minimize erosion
and effects to permafrost;



Install and sample four shallow groundwater monitoring wells; collect four baseline soil samples in the
vicinity of the monitoring wells;



Survey the borrow area and the containment structure area;



Remove some of the material and equipment leaving a reduced winterized temporary camp and the
winterized heavy equipment remaining at Satellite Bay and a reduced winterized temporary camp remaining
at Mould Bay; and,



Produce reports in accordance with regulatory requirements.

Final Demobilization of all equipment and camp components is planned for 2020.
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13.0 CLOSURE
We trust the above information is satisfactory and meets your present requirements. If you have any questions or
require additional details, please do not hesitate to contact the undersigned.
Yours Truly,
Golder Associates Ltd.

Paul Dewaele, MSc, P.Eng.
Principal

Golder and the G logo are trademarks of Golder Associates Corporation

https://golderassociates.sharepoint.com/sites/13432g/Technical Work/04. Reports/2019 Updated Plans/2019 RAP_January 15_2019.docx
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APPENDIX A
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INTRODUCTION
Site Location

The Repsol Oil and Gas Canada Inc. (Repsol) Site Remediation of the Panarctic F-68 Abandoned Wellsite, Satellite
Bay, Prince Patrick Island, Northwest Territories (NWT; the ‘Project’) is undertaken in compliance with Inuvialuit
Water Board (IWB) Type “B” Water Licence N5L8-1837 (the ‘Water Licence’) (IWB 2016).
The Water Licence requires that a Reclamation, Closure and Monitoring Plan (RC&MP) be completed for the
Site to outline the post-construction reclamation, closure and monitoring activities at Panarctic Site F-68, located
on Prince Patrick Island, in the NWT (the Site). The Site location is shown in Figure 1 and a Site overview is
shown in Figure 2 (both in Appendix A). In addition, a temporary camp and fuel storage area will be established
at Mould Bay on the south end of Prince Patrick Island using an existing air strip and adjacent apron area owned
by Environment and Climate Change Canada (ECCC). Figure 3 (Appendix A) provides an overview of planned
Project components at Mould Bay.
This RC&MP was developed for the Project in compliance with the Water Licence requirements to outline the
remediation activities and construction of an engineered Contaminated Soil and Waste Containment Structure
(hereafter referred to as the containment structure and the containment cell [the portion of the structure that is
below the liner]). Wherever applicable, the RC&MP references and refers to other plans prepared for approval by
the IWB. Plans referenced in the RC&MP include the following:



Waste Management Plan;



Spill Contingency Plan;



Surveillance Network Program Plan;



Remediation Action Plan; and



Pre-construction Design Report.

This RC&MP will be reviewed every two years and revised if necessary to reflect changes in operations or
technology. All revisions or modifications will be submitted for approval to the IWB.
The 2018 Annual Report submitted to the IWB on March 31, 2019 describes the Project components that were
completed in the 2018 field season and the planned tasks for 2019 and 2020 to complete the Project. Design
drawings for the containment structure are contained in Appendix I of the 2018 Annual Report.

1.2

Issues of Concern

There are several issues of concern related to the Site stemming from historic well site activities. These issues
have been assessed since 2008 and were considered in developing the Project scope of work, including:
1)

Soils impacted with petroleum hydrocarbons (PHC), barium, lead, nickel, chromium, tin, zinc,
molybdenum, and copper at concentrations above applicable guidelines;

2)

Buried waste contributing to soil and groundwater impacts;

3)

Exposed waste that can create an exposure risk to ecological receptors; and

1
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Degradation of permafrost that creates the following:
a.

ponded water adjacent to buried waste and impacted soils; and,

b.

general slumping throughout buried waste areas.

1.3

Reclamation Objectives

Repsol is committed to carry out all activities associated with the design, operation, closure, reclamation and
monitoring of the Project in a way that minimizes the risk of negative impacts on the environment, terrestrial,
aquatic and avian wildlife, and humans.
Based on our understanding of the issues of concern (as described in Section 1.2 above) and subsequent analyses
of management and mitigation of the concerns, the following objectives have been developed:
1)

Minimize disturbance;

2)

Thermally stabilize the ground to limit migration from areas of impacted soil and the containment cell;

3)

Backfill ponded areas in the footprint of the containment structure and within a 10 m buffer to prevent direct
contact of water with impacted soil;

4)

Excavate impacted soils within the active layer outside of the containment cell footprint to permafrost;

5)

Consolidate impacted soils and existing buried waste beneath an engineered thermal cover (i.e., within the
containment structure) to prevent exposure to human, wildlife, groundwater and surface water receptors;

6)

Remove all encountered waste and surface debris (including the Butler Building and contents) from the Site
to prevent exposure to human, wildlife and water receptors, in compliance with all applicable permits,
licences and legislation;

7)

Design the thermal cover consistent with observed local landforms to minimize erosion;

8)

Minimize safety risks (e.g., minimize time on Site, number of personnel required, number of flights required);
and,

9)

Comply with all applicable laws, permits and licences.

1.4
1.4.1

Site Specific Reclamation Criteria
Physical Stability

The only project components remaining at the Site after closure will be the containment structure, the tower
structure supporting the solar panel and power for the thermistors and the unmaintained air strip. As outlined in
the Remediation Action Plan (developed for the IWB), measures have been implemented to ensure that the
containment structure is physically stable, does not erode, subside, or move from its location under natural events
or disruptive forces.
The edges of the embankment will be graded to an inclination of six horizontal to one vertical (6H:1V) or flatter to
promote airflow across the top of the containment structure and minimize snow drifting. Minimizing snow drifting is
important in order to provide long term stability, since snow insulates the ground surface and negatively impacts a
thermal closure. Snow drifts also may be an area where wildlife can den during the winter and potentially damage
the closure cap. A relatively flat side slope is also expected to be more stable and less susceptible to erosion than
steeper slopes during spring break-up when portions of the slope may be locally saturated as snow melts and
2
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excess water drains. All fill and side slopes will be compacted thoroughly, and no frozen material will be used
during constructing the side slopes. These measures are in place to further minimize the potential for erosion. In
addition, shallower slopes are less likely to attract curious wildlife that could potentially dig or otherwise impact the
containment structure.
The surface of the containment structure will be graded so that precipitation does not pond and so that runoff
drains to the edges of the cap without causing erosion or gullying. The surface grades will be between 2% to 5%.
In addition, the ground surface surrounding the containment structure will be graded so that runoff flows away from
the site.
In general, some post-construction settlement and annual heave should be anticipated as the ground freezes and
thaws. It is anticipated that the post-construction settlement will be low, especially after the core of the
containment structure freezes during the first winter after construction, since the fill for the closure cap will be
comprised of unfrozen sand that is placed in the summer.

1.4.2

Chemical Stability

The only project components remaining at the Site after closure are the containment structure, thermistor tower
and the unmaintained air strip. Measures have been implemented to ensure that that the impacted soil within the
containment structure is stabilized through use of a geosynthetic liner and placement of a thermal cap to keep the
impacted soils frozen. This will ensure that that seepage or runoff from the containment structure will not
endanger human, wildlife, or environmental health and safety and therefore will not result in the inability to
achieve the water or soil quality objectives in the receiving environment. The thermal cover will be constructed
from local sand and the liner system (an impermeable, 40 mil, linear low density polyethylene geomembrane
combined with two layers of medium weight non-woven geotextile as described in detail in the Remediation Action
Plan) used in the containment structure was chosen because it is non-reactive, designed for use in arctic
environments, and will freeze in place with the impacted soil.

1.4.3

Ecological Stability

Upon construction of the containment structure and removal of all debris, barrels and other structures from the
Site, the topography of the structure will be equivalent to the surrounding landscape.
The surrounding landscape on Prince Patrick Island is barely vegetated and is considered a region of Polar Desert
soils. It is desert-like, with low vegetation limited to the lower, wetter areas. Polar Desert soils typically have a
surface covered with closely packed pebble and cobble-sized rock fragments (Tedrow et al. 1968). This was
confirmed during previous Site visits.

1.4.4

Climate and Geographic Stability

Recent research in the Canadian Arctic is showing evidence of changing coastal zone landscapes and coastal
stability resulting from changing sea ice conditions, storm exposure, and warming permafrost. Affected regions
include the southern Beaufort Sea to the central Arctic, the Baffin coast, Foxe Basin and Hudson Bay, Nunavik
and Nunatsiavut (Bell and Forbes 2011).
Combining data on global sea level changes (from changing climate), postglacial rebound (called vertical land
motion), and the contribution to global sea-level rise from major ice-caps worldwide (called sea-level
fingerprinting), sea-level projections have been estimated for Arctic regions (GNWT 2015).
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In the Canadian Arctic, vertical land motion is mainly a delayed response to the thinning and retreat of the
continental ice sheets from the last ice age. Vertical land motion affects sea level changes on a local scale and
can differ between different coastal areas in the same region. If the land is sinking, sea levels will rise locally, and
if the land is rising, sea level rise will decrease. In some parts of Nunavut, the land is rising at a rapid rate of almost
one centimetre (cm) per year which results in decreased sea level rise for example in Iqaluit and Arviat (Bell and
Forbes 2011). Most coastal communities in the NWT are located near the periphery of the former ice sheet and
vertical land motion is much slower than in Nunavut and therefore sea levels are not impacted as much by this
phenomenon (GNWT 2015).
No information on projected sea level changes is available for Satellite Bay or Prince Patrick Island. However,
Ulukhaktok and Sachs Harbour are the closest communities to Satellite Bay and projections on these communities
are available (GNWT 2015). Along the NWT Beaufort Sea coast, vertical land motion estimates range from an
uplift of the coast of about 1 millimetre (mm) per year at Ulukhaktok, to subsidence of 1 mm per year at Sachs
Harbour. These estimates do not take into account subsidence resulting from compaction or thawing permafrost
or tectonic activity.
In addition to vertical land motion, local sea levels are affected by the uneven redistribution of meltwater from
glaciers, ice caps, and ice sheets (sea-level fingerprinting). Sea levels will fall in proximity to a body of ice that is
melting and providing its meltwater to the oceans. Areas that are further away from melting glaciers will experience
rising sea levels. In the Canadian Arctic, the melting ice cap in Greenland is contributing to global sea level rise.
The effect on the sea level at Ulukhaktok is estimated be -0.1 mm per year (decrease) for a 1 mm per year
Greenland ice cap contribution to global sea-level rise. Sea levels at Sachs Harbour are estimated to result in a
slight rise at the same time.
Scenarios of global sea level change are ranging from 28 to 115 cm rise between 2010 and 2100. The projections
for Ulukhaktok and Sachs Harbour show an overall sea level rise in the 21st century. Ulukhaktok may experience
a slight drop in sea level at the lower end of the projection and a rise of up to 70 cm. According to these projections,
Sachs Harbour could experience between 10 and 90 cm of sea level rise.
The above projections are described as changes in mean sea level. It should be noted that, in addition to these
effects, for the permafrost-rich coastline of the NWT, changes in storms, sea ice, wave energy, as well as water
and air temperatures may affect changes in sea level but are not considered in the described projections for the
21st century (GNWT 2015).
Given the altitude of the proposed containment structure at Satellite Bay between approximately 14 and 17 metres
above sea level (masl), it can be assumed that expected local sea level changes in the 21st century will not affect
the containment structure.
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BACKGROUND
Site History

Panarctic Satellite F-68 (77° 17’ 30” N and 116° 54’ 27” W) is an abandoned well site located near Satellite Bay at
the northern end of Prince Patrick Island, Northwest Territories (NWT). Several Site visits have been completed
to delineate the environmental issues at Site and collect the data necessary to produce a detailed design.
The Site contains waste materials, including soil impacted by hydrocarbons and metals and solid wastes (e.g.,
used drums, scrap metal and other debris). Previous work at the Site in 2008, 2010, 2011, 2013 and 2015 has
involved intrusive sampling programs to identify Areas of Potential Environmental Concern (APECs) and
determine the nature and extent of any soil and water impacts. Hazardous and non-hazardous debris
located on the Site has been organized, catalogued and quantified to the extent feasible and an Airstrip
Assessment was conducted.
During these programs, a detailed Phase I and Preliminary Phase II Environmental Site Assessment (ESA) report
was prepared for the 2008 work, and a Debris Consolidation and Phase II ESA report was prepared for the 2010
work. An Airstrip Assessment report and a detailed Site Description and Future Assessment report (including
recommendations) was developed based on the 2011 work. In addition, a Summary Report of the completed 2008,
2010 and 2011 work was prepared in 2012. To proceed with detailed planning and engineering, an additional Site
reconnaissance and investigation program was completed in the summer of 2013. In 2014, an explosives disposal
program was completed to safely remove abandoned explosives and decommission shot holes at the Site.
The 2015 Site Investigation and Debris Clean-up Program was designed to provide final input into the planned
construction of an engineered thermal cover at the Site and in 2016 a brief site reconnaissance provided all
subcontractors the opportunity to get familiarized with the site.

2.2

Regulatory Background

In addition to the Water Licence issued by the Inuvialuit Water Board pursuant to the Northwest Territories Waters
Regulations (Waters Regulation) established under the Northwest Territories Waters Act (Waters Act), the Project
required the submission of a Project Description to the Environmental Impact Screening Committee pursuant to
the Inuvialuit Final Agreement and a Scientific Research Licence from the Aurora Research Institute pursuant to
the NWT Scientists Act. Land Use Permits and a Quarrying Permit from the Government of the Northwest
Territories (GNWT) Department of Lands, pursuant to Territorial Land Use Regulations established under the
Territorial Lands Act was also obtained. Additionally, in 2018, approval was received from Fisheries and Oceans
Canada (DFO) to proceed without Authorization under the Fisheries Act to undertake the temporary water course
crossing and dewatering / backfilling of one additional Ponded Area. A summary of permitting requirements and
notifications is presented in Table 1.
To use Mould Bay as a staff, supply and equipment transfer location and store fuel for refueling of aircraft at a
designated, bermed fuel storage area, a Land Use Permit from Indigenous and Northern Affairs Canada (INAC)
pursuant to Territorial Land Use Regulations established under the Territorial Lands Act was also secured. Mould
Bay, a designated Federal Reserve, is under INAC’s jurisdiction, that includes the airstrip, all buildings and
infrastructure as well as surrounding land.
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Table 1: Permits and Licences
Permit / Licence
Type B Water Licence
Class A Land Use Permit
– Satellite Bay
Class A Land Use
Permit Application –
Mould Bay
Scientific Research Licence

Quarrying Permit
Project Description
Confirmation received
that no Authorization
under the Fisheries Act
is required

Regulator

Permit Status

Inuvialuit Water Board

Issued on August 24, 2016
Licence#: N5L8-1837

GNWT – Lands Department:

Issued on October 3, 2016
Permit # N2016U0004
One-year extension will be applied for in
2019.

INAC

Issued on January 10, 2017 Permit # 16200
One-year extension will be applied for in
2019.

Aurora Research Institute

Issued on January 10, 2018
Licence # 16200
New Licence was applied for in October
2018.

GNWT – Lands Department:

Issued on October 3, 2016
Permit # 2016QP0028

Environmental Impact Screening
Committee

Approved on May 1, 2018 File #: 03-18-02

Fisheries and Oceans Canada

Confirmed in April and November 2018; File
No.: NWT 18-HCAA-00365
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ENVIRONMENTAL BASELINE
Physical Environment
Climate

The Site is located on Prince Patrick Island, the most westerly of the Queen Elizabeth Islands, within the
Sverdrup Islands Lowland Ecoregion of the terrestrial Northern Arctic Ecozone (Ecological Stratification Working
Group 1996). This ecoregion covers Prince Patrick, Mackenzie King, Ellef Ringnes and Amund Ringnes islands.
It is classified as having a high Arctic ecoclimate. Mean annual temperature is approximately -18 degrees Celsius
(°C) with a summer mean of -1.5°C and a winter mean of -32°C. The mean annual precipitation ranges from 100
to 150 millimetres (mm; Ecological Stratification Working Group 1996). Additionally, the marine category of
ecozones encompasses Prince Patrick Island on the western edge of the Arctic Archipelago Marine ecozone
(Wiken et al. 1996). The Environment and Climate Change Canada Mould Bay Weather Station located on Prince
Patrick Island is the only weather station on the island and is situated in a coastal location at an elevation of
12 masl, similar to the location of the Site. The Mould Bay Weather Station recorded a total mean annual snowfall
(1971 to 2000) of 101.9 cm with snowfall events occurring throughout the year (Environment and Climate Change
Canada [ECCC] 2013). The mean annual snow depth (1971 to 2000) at Mould Bay was 15 cm from September to
June with no mean monthly snow accumulation recorded during July and August. The highest recorded snow
depth in any given month was 55 cm in March 1997 (ECCC 2013).

3.1.2

Terrain and Topography

The Sverdrup Islands Lowland ecoregion is developed on generally soft, poorly consolidated and little-deformed
Mesozoic rocks. Its surface is made up of rolling, scarped lowlands less than 150 m above sea level (masl), low
uplands and dissected plateaus that reach 365 masl (Ecological Stratification Working Group 1996).
The terrain of the Site is generally flat, but gently sloping towards the northwest, with localized variability in slope
characteristics. The elevation at the Site does not exceed 20 masl. Small draws traverse the area around the Site,
and small dips are scattered throughout the landscape. These draws and dips often contain flowing and standing
water, respectively.
The drainage of the Site and surrounding area is downslope to the northwest into the inlets of Satellite Bay, less
than 0.5 km from the northwestern point of the airstrip.
Satellite Bay is within the geological province of the Arctic Continental Shelf. The sedimentary rock formations are
Cenozoic in age (Natural Resources Canada [NRCan] 2012). No rock outcrops or distinctive geologic features
were observed during previous field work. Bedrock was not encountered in the test pits that were dug across the
Site during previous Site investigations.

3.1.3

Permafrost Condition

Prince Patrick Island is considered a region of Polar Desert soils. It is desert-like, with low vegetation limited to the
lower, wetter areas. Polar Desert soils typically have a desert pavement (i.e., a surface covered with closely packed
pebble and cobble-sized rock fragments) and poorly defined horizon sequences, high pH values (although soil
testing results from 2010 work indicated low pH values), and high levels of soluble constituents (Tedrow et al.
1968). Prince Patrick Island is specifically a land of crysolic soils, which are permafrost-affected soils developed
from cryogenic (low-temperature) processes such as freeze-thaw, cryoturbation (frost-churning) and ice
segregation (Tarnocai 2004).
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Permafrost is frozen rock and soil that remains below 0oC for at least two consecutive years. The entire ecoregion
is underlain by deep, continuous permafrost with medium ice content and consisting of abundant ice wedges. The
exception is the permafrost on Ellef Ringnes Island and the north-west coastline of Prince Patrick Island, which
may have high ice content (Ecological Stratification Working Group 1996).
The primary factors that control permafrost and soil temperature regimes include type and extent of vegetation
cover, thickness of surface organic layer, moisture content and topographic location. Specifically, dense vegetation
cover, thick surface organic matter, high moisture content, and depressional topography have a negative effect on
soil temperature. Snow cover can also have an insulating effect (Tarnocai 1984). Once seasonal thawing has
occurred, sensitivity of any site to disturbance may vary depending on the ice content of the soil, soil type, drainage
and vegetative cover.
Based on field observations, the soils at the Site are predominantly sands containing variable amounts of pebbles,
gravel and cobbles with some layers / pockets of clay, and the surface was typically covered with a layer of larger
pebbles and gravel. The soils were typically dry at the surface (to several cm depth) and then became wetter with
depth, often to saturation. Groundwater was often found at the bottom of the active layer at an average depth of
0.63 m and the average permafrost depth was approximately 0.8 m. The depths to water and permafrost will vary
depending on location, soil type and current climactic conditions.
In several test pits that were dug in the central area of the Site, a layer of moss (that grows on the soil surface)
was found buried at variable depths, typically around 50 cm. This observation indicates that the entire working
area within the Site may have been covered with layer(s) of fill material during past work at the Site, presumably
to flatten out the terrain. The overlying fill material appears to be native in nature and was likely extracted from
nearby areas.
During the 2015 field program, a data logging thermistor was installed in one of the boreholes at the location of
the planned containment structure which allowed remote temperature monitoring in several depth categories at
the Site.
The containment structure was partially constructed in 2017. The temperature monitoring system was installed
concurrently with construction of the containment structure in 2017 (as described in Section 5.2.5).

3.1.4

Pingos

A series of pingos are located in the south-central portion of Prince Patrick Island (Mackay and Black 1973). Pingos
are hills with a core of ice that can reach a height of 70 m and a diameter of 1,000 m. These hills originate from
lakes that do not have permafrost located beneath them. As the lake gradually fills with sediment, invading
permafrost isolates the remaining water in the lakes sediment. Inward and downward freezing creates enough
pressure to push the core water upward, which then freezes to form the ice core at the centre of the developing
pingo. Young pingos can grow at a rate of 1.5 m in height per year (Pidwirney 2006).

3.1.5

Surface Water Hydrology

The terrain of the Site is generally flat, but gently sloping towards the northwest, with localized variability in slope
characteristics. The elevation at the Site does not exceed 20 masl. Small draws traverse the area around the Site,
and small dips are scattered throughout the landscape. These draws and dips often contain flowing and standing
water. The drainage of the Site and surrounding area is towards the northwest, into the inlets of Satellite Bay
(Arctic Ocean), less than 500 m from the northwest end of the airstrip.
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Hydrological features are variable across the Site, ranging from puddles with standing water and ponded areas to
flowing watercourses. There were a number of standing water bodies in and around the Site noted during the
various Site investigations, ranging in size from small puddles to larger ponded areas, as well as a number of
creeks, including the unofficially named South River and North River (Appendix A, Figures 2 and 4).

3.1.5.1

Standing Water

Several depressions with standing water were noted at the Site (Appendix A, Figures 2, 5 and 6). These ponds
and puddles varied in diameter and depth and typically had sandy substrates with variable quantities of
aquatic vegetation. While fish were never observed, various organisms were noted in the water, including
amphipods, aquatic worms and/or insect larvae and aquatic insects. These water bodies did not have any
surface inflow or outflow channels.
Water bodies at the Site were generally shallow (estimated to be less than 1 m deep). Ponded areas in and around
the Site may have been created by the gradual formation of depressions in the ground. It is likely that some of the
ponds and puddles found throughout the Site are the result of ground subsidence that has occurred since the Site
was actively worked on during the 1970s

3.1.5.2

Watercourses

Two freshwater creeks, flowing to the northwest, are located to the northeast (referred to as North River) and
southwest (referred to as South River) of the Site. Additionally, smaller watercourses flow west out of the Project
area (Appendix A, Figure 2).
The South River at a crossing point between the airstrip and the Site (Appendix A, Figure 2), was assessed for
the planned watercourse crossing (described in Section 4.3) during previous Site visits. The bankfull width was
20 m at its widest point and water depth was 0.2 to 0.4 m while the flow rate was estimated as 1 to 2 m/second
(s). The substrate was comprised of sand and gravel and no vegetation was observed in the drainage except for
some lichen along the banks

3.1.6

Groundwater and Surface Water Quality

Surface water quality in and around the Site appears to be variable. Based on investigations in 2010, 2011 and
2015, surface water in the various water bodies on and around the Site was not affected by hydrocarbons. Metals
exceedances were found at some locations. Given the distribution of metals concentrations in surface water onsite, it is possible that the metal concentrations are related to natural sources. There are no previous water quality
studies for the Site (or similar sites) available to verify naturally exceeding metal levels in surface waters. However,
it is possible that the existence of metal rich mineral soils and / or the existence of desert soils with low pH values
could contribute to elevated surface water metal levels. Prince Patrick Island soils are permafrost-affected soils
developed from cryogenic processes such as freeze-thaw, frost-churning and ice segregation.
Groundwater was encountered in some locations where test pits and temporary groundwater sampling points were
installed across the Site. Groundwater was often encountered at the bottom of the active layer at an average depth
of 0.63 m. Based on the results of previous investigations, it is believed that groundwater quality has been affected
at previous sample locations by metals and hydrocarbons. These effects are likely related to p a s t activities
related to the former Site operations. Some of the metal concentrations may also be related to natural sources as
described above.
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Biological Environment

Several of the species observed in the project area are listed by the Government of Canada's Species at Risk Act
(SARA; 2018). SARA designates a national classification for species that have been assessed by the Committee
on the Status of Endangered Wildlife in Canada (COSEWIC). If a species becomes listed as ‘extirpated’,
‘endangered’ or ‘threatened’, it is legally prohibited to kill, harm, harass, or capture individuals of the species, or to
damage or destroy their habitat. In addition, species can be listed under three schedules. Species listed under
Schedule 1 of SARA include those species officially listed under SARA. Species that had been listed by
COSEWIC prior to October 1999, but have not yet been officially protected under SARA, are listed under
Schedule 2 and Schedule 3. The species listed under Schedule 2 and Schedule 3 are required to be assessed by
COSEWIC within a certain timeframe.
In addition to federal legislation, the GNWT has established an assessment program for NWT species used as a
tool for conservation management. It is called the General Status Ranks of Wild Species (Working Group on
General Status of NWT Species 2016). Under this program, species’ ranks must be reviewed every five years and
made available for review in the NWT Species Monitoring Infobase. Species may be ranked as ‘at risk’ (have
been assessed in detail or ranked by COSEWIC as ‘threatened’ or ‘endangered’), ‘may be at risk’ (may be at risk
of extinction or extirpation; the highest rank for species under GNWT General Status Ranking system), ‘sensitive’
(may require protection to keep from becoming at risk), ‘secure’ (not at risk or sensitive), ‘undetermined’
(insufficient information to determine status), ‘not assessed’ (not assessed under program), ‘alien’ (introduced
through human activities), ‘extirpated / extinct’ (no longer found in the NWT / world), ‘vagrant’ (infrequent and/or
unpredictable occurrences outside normal distribution range) and ‘presence expected’ (species not yet recorded
but expected to occur in the NWT; Working Group on General Status of NWT Species 2016).
To assess the biological status of species that may be at risk in the NWT, the Species at Risk Committee (SARC)
was established under the Species at Risk (NWT) Act and assesses whether a species should be included in the
NWT List of Species at Risk.
The following sections summarize species potentially occurring in the Project area that are listed territorially and /
or federally.

3.2.1

Vegetation

Vegetation communities in the Arctic are generally simple and dominated by a few species that are well adapted
to the harsh climate and poor soil conditions due to the presence of permafrost. Mosses, lichen, and cold-resistant
vascular plants such as sedges (Carex spp.) and cotton grass (Eriophorum spp.) are the dominant vegetation.
Arctic willow (Salix spp.) and aven (Dryas spp.) occur infrequently (Ecological Stratification Working Group 1996).
As observed during 2008, 2010, 2011, 2013, 2014, 2015 and 2016 Site visits, vegetation was largely absent
from the Project area. The scattered vegetation that was observed was concentrated around the lower, wetter
areas and was comprised of mosses, lichens, sedges and other low-growing forbs.
Throughout the Site, the developed / impacted areas and the surrounding higher areas were generally devoid of
vegetation or had small, isolated patches of mosses, lichen and forbs, such as the relatively abundant arctic
poppy (Papaver radicatum). There are currently no species of vascular plants, lichen, or mosses occurring in the
NWT that are listed on Schedule 1 of the federal Species at Risk Act (SARA; 2018). The Committee on the Status
of Endangered Wildlife in Canada (COSEWIC) lists the hairy braya (Braya Pilosa) as ’endangered’ (Working
Group on General Status of NWT Species 2016). However, this species occurs well south of the Project area.
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The General Status Ranking Program of Wild Species in the NWT as represented in the NWT Species Monitoring
Infobase (Infobase; Working Group on General Status of NWT Species 2016) lists species for the Northern Arctic
Ecozone which contains Prince Patrick Island. The Infobase lists currently 20 ‘sensitive’ lichen or mosses in the
Project area and two lichen species that are assessed as ‘may be at risk’:



Sandy foam lichen (Stereocaulon arenarium); and



Peppered brownette lichen (Vestergrenopsis isidada).

There are currently 12 listed ‘sensitive’ vascular plant species included in the Infobase that may occur in the
Project area, and 5 listed species that ‘may be at risk’ for Prince Patrick Island:



Dane’s gentian (Comastoma tenellum);



Moss heather (Harrimanella hypnoides);



Bank Island alkali grass (Puccinella banksiensis);



Cushion saxifrage (Saxifraga eschscholtzii); and



White mountain saxifrage (Saxifraga paniculate; Working Group on General Status of NWT Species 2016).

A list of rare plants of the NWT, compiled by McJannet et al. (1995), identifies approximately 206 rare species. Of
the 206 rare species listed by McJannet et al. (1995), only two species may occur in the Satellite Bay area
(Table 2).
Table 2: Rare Plant Species Potentially Occurring in the Satellite Bay Area*
Scientific Name
Dryas integrifolia
Saxifraga eschscholtzii

Common Name

Habitat

Species Status

Mountain aven

Arctic; gravely or rocky places on
river flats and less commonly, tundra.

Rare in Canadian Arctic

Cushion saxifrage

Arctic; calcareous gravelly slopes

Rare

* Source: McJannet et al. 1995.

3.2.2

Freshwater Biota and Habitat

Although many fish species occur within the freshwater and marine environments of the High Arctic, there is little
available information specific to the Site. It is assumed, from observations made during the 2008, 2010 2011,
2013, 2014, 2015 and 2016 work in and around the Site that the small water bodies in the Project area are not
fish-bearing, but this has not been confirmed. Some of the waterbodies were observed to be seasonally dry. The
rivers at the Site could potentially be fish bearing.
A list of fish species that may occur in the general Project area is provided in Table 3. The fish listed as being in
the Victoria Island region are included (Community of Ulukhaktok et al. 2008), as well as fish listed by the GNWT,
ENR Infobase as occurring in the Northern Arctic Ecozone (Working Group on General Status of NWT Species
2016). It should be noted that, as verified through previous consultations with the local Hunters and Trappers
Committees (HTCs) and DFO, there is no commercial, recreational or Aboriginal fisheries carried out at the Site
or on the island.
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Table 3: Fish Species that may be found in the Project Area
Family

Common Name

Wolffish (Anarhichadidae)

Wolffish2,4,5

Northern

Arctic cod

Esocid (Esocidae)
Flounder (Pleuronectidae)
Herring (Clupeidae)

Greenland
Saffron

Boreogadus saida

cod1,2

cod1,2

Gadus ogac
Elegiums navaga

Northern pike4

Esox lucius

flounder1,2

Starry
Blue

Platichthys stellatus

herring1,2

Clupea pallasi

Burbot4

Lota lota

Sand eel1,2

Amodytes spp.

Fourhorn sculpin1,2

Myoxocephalus quadricornis

sculpin4

Myoxocephalus thompsonii

Ninespine

stickleback1

Pungitius pungitius

Threespine

stickelback4

Gasterosteus aculeatus

Deepwater

Arctic charr1

Salvelinus alpinus

cisco1,6

Coregonus autumnalis

Arctic

grayling4

Thymallus arcticus

Broad

whitefish1

Arctic

Trout (Salmonidae)

Mallotus villosus

Microgadus proximus

Sand Lance (Ammodytidae)

Stickleback (Gasterosteidae)

1,2

Tom cod1,2

Ling (Lotidae)

Sculpin (Cottidae)

Anarhichas denticulatus

Capelin1,2

Capelin (Osmerdae)

Cod (Gadidae)

Scientific Name

Coregonus nasus

Lake trout1

Salvelinus namaycush

Lake whitefish1

Coregonus clupeaformis

Least
Round

cisco1,3

Coregonus sardinella

whitefish4

Prosopium cylindraceum

1

Species identified in the OCCP as being in the Victoria Island region (Community of Ulukhaktok et al. 2008).

2

Marine / brackish water species.

3

Anadromous (live in ocean but spawn in freshwater) and freshwater populations.

4

Species listed on the Infobase (Working Group on General Status of NWT Species 2016) in addition to those identified by the Community of
Ulukhaktok et al. 2008.
5
Species listed as ‘at risk’ in Species at Risk in the NWT (NWT Species at Risk Committee 2018) and as ‘threatened’ by COSEWIC
6
species listed as ‘sensitive’ in the Infobase (Working Group on General Status of NWT Species 2016).

Of the fish species listed in Table 3, the Working Group on General Status of NWT Species (2016) lists the
Arctic cisco as ‘sensitive’. This species is not listed under SARA (2018) or COSEWIC. The northern wolfish is
not listed under SARA (2018), listed as ‘threatened’ by COSEWIC and as a ‘at risk’ in the NWT (Working Group
on General Status of NWT Species 2016).

3.2.3

Terrestrial Wildlife and Habitat

Wildlife species are important to the communities for subsistence harvesting and for their spiritual and cultural
values. Potential adverse effects on these species and their habitats are listed as being of concern in the
Olokhaktomiut Community Conservation Plan (Community of Ulukhaktok et al. 2008) and the Sachs Harbour
Community Conservation Plan (SCCP; Community of Sachs Harbour et al. 2008).
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The primary terrestrial mammals potentially occurring in the general Project area include Peary caribou (Rangifer
tarandus pearyi), muskox (Ovibos moschatus), wolf (Canis lupus), Arctic fox (Vulpes lagopus), and Arctic hare
(Lepus arcticus; Community of Ulukhaktok et al. 2008). These species are described in the following subsections.
Species observed (or potentially occurring) at Mould Bay and Satellite Bay and are listed either federally or
territorially are listed in Table 4.
Table 4: Federally and / or Territorially Listed Species
Species

SARA Status

COSEWIC Status

GNWT Status

GNWT SARC

Schedule 2 – Endangered
(High Arctic population)

Threatened

At Risk

Threatened

Polar bear (Ursus maritimus)

Schedule 1 – Special
Concern

Special Concern

Sensitive

Special Concern

Wolverine (Gulo gulo)

Schedule 1 – Special
Concern

Special Concern

Sensitive

Special Concern

Peary caribou
(Rangifer tarandus pearyi)

It should be noted that in May 2004 the three Peary caribou population designations were de-activated by
COSEWIC, and the Peary caribou, Rangifer tarandus pearyi, includes now both the former High Arctic and Low
Arctic populations and is assessed separately from the Dolphin and Union Caribou, Rangifer tarandus. The Peary
caribou is assessed as ‘threatened’ by COSEWIC. SARA still assesses the three populations separately and the
caribou on Prince Patrick Island belong to the High Arctic population for the purpose of that assessment and are
listed as ‘endangered’.

3.2.3.1

Peary Caribou

Peary caribou inhabit the Arctic Cordillera and Northern Arctic ecozones. Their diet includes more mosses than
that of other types of caribou. Fecal studies on nearby Melville and Axel Heiberg islands showed that willow is the
predominant food item in summer, and forbs, grasses, and that some sedges were consumed in the winter
(COSEWIC 2004a). All Peary caribou populations on Melville, Prince Patrick, Banks, and north-west Victoria
belong to the High Arctic population (Nagy 1999).
There are two populations of Peary caribou in the Inuvialuit Settlement Region (ISR): the Banks Island population
(on Banks Island and northwestern Victoria Island) and the High Arctic population (on the Queen Elizabeth
Islands). It is estimated that there are approximately 7,250 Peary caribou in the NWT (and those are in the ISR),
which have suffered severe declines of up to 80% over the past five decades (SARA 2018).
High Arctic Peary caribou migrate annually and seasonally between Prince Patrick, Eglinton and Melville islands.
Many caribou that overwinter on Prince Patrick Island move in spring to Eglinton, Emerald, Melville, and Byam
Martin islands for the summer (COSEWIC 2004a). Although the majority of inter-island movements occur on sea
ice, some caribou are believed to swim during the open water period. Peary caribou are especially sensitive during
the fall, winter, and early spring due to inter-island movements for which they depend on the sea ice. It is believed
that the availability of winter forage under deep snow and ice is the main limiting factor for Peary caribou across
their range. In addition, hunting, predation and disturbance due to human activities are considered as contributing
factors to their decline (SARA 2018). Inuvialuit also believe that the caribou are affected by competition for food
with the growing muskox population (Community of Sachs Harbour et al. 2008).
The High Arctic population of Peary caribou is listed because of an ongoing decline. The GNWT Infobase lists
them as ‘at risk’ due to low numbers and high level of threats in the form of climate change, predation, and
human development (Working Group on General Status of NWT Species 2016).
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Muskox

Muskox are found year-round throughout Prince Patrick Island; however, they are typically concentrated in the
southern portion of the island (Bird Studies Canada 2012). A 1997 aerial survey resulted in a population estimate
of approximately 100 animals on Prince Patrick Island (Gunn and Dragon 2002). Previous studies of Prince Patrick
Island, dating back to 1961, have shown extreme fluctuation in muskox abundance. Periodic harsh winter
conditions may have led to lack of forage, which can cause die-offs and may limit reproductive success (Gunn and
Dragon 2002). Muskox reportedly disappeared completely from Prince Patrick Island between 1952 and 1961 but
re-colonized the island by 1972 (Thomas et al. 1981).
During the summer, muskox move to areas of higher vegetation concentration along the small rivers and creeks,
feeding on willow leaves, sedges and grasses. In the fall, from late August to early September, they move toward
the coast before going back inland for the winter (Community of Ulukhaktok et al. 2008). Muskox browse on willows
in the summer and sedges through the winter (Urquhart 1982). Muskox are not listed by SARA (2018) nor by
COSEWIC. The GWNT Infobase lists them as ‘secure’ (Working Group on General Status of NWT Species 2016).

3.2.3.3

Wolf

The wolf subspecies that inhabits Prince Patrick Island is the Arctic wolf (Canis lupus arctos). These animals are
light coloured, and their diet includes species such as caribou, muskox, Arctic hare, lemming, seal, ptarmigan, and
bird eggs (Riewe 1975; Morrison 2007). A 1995 study of wolves throughout the Arctic Archipelago found that pack
sizes ranged from 2 to 15 wolves with a mean pack size of 5 (Miller and Reintjes 1995). The frequency of wolf
sightings is reported to fluctuate with the populations of Peary caribou and muskox. Wolf harvest reports from
Sachs Harbour and Ulukhaktok on neighbouring Banks and Victoria Islands indicate that wolf numbers increased
throughout the 1990s on these islands (Larter and Nagy 2001).
In High Arctic locations, wolves have pups in May and they are known to reuse the den site or at least same area
for denning (Feldhamer et al. 2003). The Arctic wolf is not listed by SARA (2018), is listed as ‘data deficient’ by
COSEWIC, and as ‘secure’ by the GNWT Species Monitoring Infobase (Working Group on General Status of NWT
Species 2016).

3.2.3.4

Arctic Fox

The Arctic fox population of the NWT is estimated to be in excess of 10,000 (Mammals Committee 1999). The
population numbers fluctuate in a four-year cycle, following fluctuations of its main prey - lemmings. Arctic fox also
prey on Arctic hares, birds, fish, insects, and have been known to prey on weak caribou calves and ringed seal
(Phoca hispida) pups. Their diet also includes bird eggs, berries, and carrion (Feldhamer et al. 2003).
Arctic foxes mate in March, den in April, and pups are active in May although they may stay near the den until
October (Community of Ulukhaktok et al. 2008). Fox den construction occurs in sites with sandy soils with good
exposure to spring sun and reduced accumulation of winter snow. Dens are often on mounds or ridges where the
soils are more thawed (Feldhamer et al. 2003). Neither COSEWIC nor SARA (2018) list the Arctic fox and the
GNWT Infobase lists them as ‘secure’ (Working Group on General Status of NWT Species 2016).

3.2.3.5

Arctic Hare

Arctic hare have been found throughout the Queen Elizabeth Islands (Feldhamer et al. 2003). Their winter diet
consists mainly of willow with lesser amounts of legumes. Their summer diet includes mainly legumes with lesser
amounts of forbes such as mountain aven (Dryas integrifolia), sedges (Carex aquatilis), cotton grass (Eriophorum
scheuchzeri), and tundra grass (Dupontia fisheri).
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The Arctic hare population on neighbouring Victoria Island is recognized as following a seven-year cycle, with
populations rising, then drastically decreasing within that time frame (Community of Ulukhaktok et al. 2008). The
population of neighbouring Banks Island has reportedly increased substantially since the 1980’s (Community of
Sachs Harbour et al. 2008). Neither COSEWIC nor SARA (2018) list the Arctic hare and the GNWT
Infobase lists them as ‘secure’ (Working Group on General Status of NWT Species 2016).

3.2.4

Avian Wildlife and Habitat

The Arctic is important as a spring and fall staging and moulting area for migrating waterfowl, and a variety of
different shorebirds breed in the Arctic Archipelago. Most waterfowl species and shorebirds arrive in the area by
mid-June and leave by late September, depending on weather conditions (Aurora Research Institute 2002). Ducks,
geese and swans are an important subsistence resource in spring and fall and the communities wish to see the
identification and protection of important habitats from disruptive land uses (Community of Ulukhaktok et al. 2008).
The area around Satellite Bay has no specifically identified important habitat for birds. On the east coast of Prince
Patrick Island (approximately 40 km south of the Project area) is an area designated as an Important Bird Area
(IBA) by Birdlife International (Bird Studies Canada 2012). This Eastern Prince Patrick Island Coast (NT044) site
was designated due to its significant breeding population of Western High Arctic black brant (Branta bernicla
nigricans). This area is south of Intrepid Inlet along the cliffs and includes tundra habitat. Some of the brant are
believed to nest there, the majority come there to moult and the birds are believed to leave southern Prince Patrick
Island around mid-August (Bird Studies Canada 2012).
Further north in the Satellite Bay area, without cliffs and almost bare of vegetation, there are no known nesting,
moulting or staging areas. However, individual birds may pass through the area.
The following species may occur in the Project area:
Black brant (Branta bernicla) - The brant on Prince Patrick Island are considered part of the western high Arctic
brant population and are thought by some ornithologists to be a separate subspecies (CWS Waterfowl Committee
2011). The entire population winters in Puget Sound in Washington, USA. A winter count in Washington in 2004
found 7,695 western High Arctic brant. The same survey in 2003 found 4,880 western High Arctic brant.
This species is not listed by SARA (2018) or COSEWIC, but the GNWT Infobase lists it as ‘sensitive’ due to its
small, highly fluctuating population size and restricted wintering range (Working Group on General Status of NWT
Species 2016).
King eider (Somateria spectabilis) / common eider (Somateria molissima) - There is an eastern and a western
population of king eider (Cornell 2013). Both populations may be found breeding on Prince Patrick Island. Studies
in the western Canadian Arctic in the early 1990’s arrived at a population estimate of 200,000 to 260,000 king
eiders (CWS Waterfowl Committee 2011). The Pacific population of common eider has an estimated population
of 37,000 breeding birds in the central Arctic (Working Group on General Status of NWT Species 2016). In
nesting areas, both common eider and king eider feed on aquatic vegetation such as sedges, buttercups
(Ranunculus spp.), bur reeds (Sparganium spp.), and their diet also includes crustaceans, and aquatic insect
larvae (Cornell 2013; GNWT, ENR 2012).
The NWT populations of king and common eider have both been in decline since the 1970’s (Working Group on
General Status of NWT Species 2016). Neither king nor common eider is listed by SARA (2018) or COSEWIC.
The GNWT lists both species as ‘sensitive’ due to limited occurrence in the NWT and the decline in population
respectively (Working Group on General Status of NWT Species 2016).
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Long-tailed duck (Clangula hyemalis) - The Atlantic Coast Sea Duck survey indicates that the population of longtailed duck (formerly known as oldsquaw) has increased from 1991 to 2002 (CWS Waterfowl Committee 2011).
They nest at a density of about one pair per square kilometre (km2; Cornell 2013). Long-tailed ducks nest from
late-June to early-September (Community of Ulukhaktok et al. 2008). They feed on larval and adult aquatic insects,
crustaceans (amphipods, fairy shrimp, cladocerans), fish roe, and vegetable matter (Cornell 2013). Population
studies on the Arctic Coastal Plain and on Devon Island (the two populations closest to Prince Patrick Island for
which studies are available) showed no discernable population trends up to the late 1990’s (Cornell 2013).
The number of long-tailed duck in the NWT is estimated at 115,000 (Working Group on General Status of NWT
Species 2016). Long-tailed ducks are not listed by SARA (2018) or COSEWIC; the GNWT Infobase lists this
species as ‘sensitive’ because of its limited population and distribution (Working Group on General Status of
NWT Species 2016).
Ivory gull (Pagophila eburnea) - Ivory gulls remain in the Canadian Arctic year-round, but their breeding range is
not well known; they are assumed to breed in the High Arctic. Nesting occurs on granite, limestone or gravel, near
openings in the ice. Outside of the breeding season, ivory gulls are found along the edge of the pack ice (Working
Group on General Status of NWT Species 2016).
Their breeding population is estimated to be 500 to 700 and shrinking (GNWT, ENR 2012). Ivory gulls are ranked
as ‘endangered’ by SARA (2018) and as ‘special concern’ by COSEWIC. The NWT SARC (2018) also lists
ivory gulls as ‘endangered’ and mentions they are an uncommon migrant in the Beaufort Sea, while the GNWT
Infobase lists them as ‘at risk’ (Working Group on General Status of NWT Species 2016).
Ruddy turnstone (Arenaria interpres) - Ruddy turnstones nest throughout Arctic coastal North America and most
of the Queen Elizabeth Islands, including Prince Patrick Island (Cornell 2013). Their diet when breeding consists
mainly of insects and spiders, and some vegetation such as berries early in season.
The NWT population size is approximately 36,000 birds (Working Group on General Status of NWT Species
2016). Ruddy turnstones reach their breeding grounds in late-May or early-June. They nest in dry, open tundra
flats and slopes near ponds, lakes, and creeks and depart their breeding ground between mid-August and midSeptember. Ruddy turnstone is not listed by SARA (2018) or COSEWIC; the GNWT lists this species as
‘sensitive’ because of population decline in the NWT (Working Group on General Status of NWT Species 2016).
Sanderling (Calidris alba) - Sanderling nest throughout the Canadian Arctic Archipelago, including on Prince
Patrick Island (Cornell 2013). Their estimated NWT population is 60,000 birds (Working Group on General Status
of NWT Species 2016). They arrive at the nesting grounds between late-May and early-June and leave between
July and October (Cornell 2013). During the breeding season, they feed at damp tundra sites or at edges of
creeks, ponds, lakes, and sandy beaches on insects, spiders and crustaceans (e.g., burrowing amphipod
Pseudalibrotus litoralis). When insects are scarce, sanderling may feed on plant material, including buds and
shoots.
Sanderling are not listed by SARA (2018) or COSEWIC; the GNWT lists this species as ‘sensitive’ because of the
small population in the NWT (Working Group on General Status of NWT Species 2016).
Red knot (Calidris canutus) - There are two subspecies of red knot, one of which (C.c. islandica) nests on the
Queen Elizabeth Islands. The other, C. c. rufa nests to the south on Victoria Island and is not expected to occur
in the Project area (Working Group on General Status of NWT Species 2016). There are estimated to be
approximately 30,000 breeding individuals in the NWT. Individuals feed on insects and marine invertebrates
where available and early in the breeding season feed on grass shoots, seeds, and other vegetable matter.
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Nests are built on dry, sunny, elevated tundra, on windswept ridges and slopes dominated by stunted willow
and avens (Cornell 2013).
The red knot islandica subspecies is listed by SARA (2018) and COSEWIC as ‘special concern’. The subspecies
are listed as such because of an estimated 70% decline in the past 15 years possibly due to depletions of its food
sources (e.g., shellfish) in its wintering grounds in north-west Europe. The GNWT Infobase lists both subspecies
as ‘at risk’ in the NWT (GNWT, ENR 2012).
Buff-breasted sandpiper (Tryngites subruficollis) - The buff-breasted sandpiper is a shorebird that may occur in
the Project area. They arrive in the NWT as early as mid-May to breed and leave from July to early-September for
their wintering grounds in South America. Nesting habitat is in grassy meadows on the tundra near streams
(GNWT, ENR 2012).
The buff-breasted sandpiper is listed by SARA (2018) and COSEWIC as ‘special concern’. The GNWT Infobase
lists this species as ‘sensitive’ due to potential threat of breeding habitat degradation due to industrial
development and climate change (Working Group on General Status of NWT Species 2016).
Additional species - Other bird species that may occur in the Project area during the breeding season include
glaucous gull (Larus hyperboreus), Baird's Sandpiper (Calidris bairdii), white-rumped sandpiper (Calidris
fuscicollis), pectoral sandpiper (Calidris melanotos), purple sandpiper (Calidris maritima), red throated loon (Gavia
stellata), long-tailed jaeger (Stercorarius longicaudus), rough legged hawk (Buteo lagopus), snow bunting
(Plectrophenax nivalis), common raven (Corvus corax) and Lapland longspur (Calcarius lapponicus) (Cornell
2013; American Ornithologists' Union [AOU] 2013).
A complete list of 2018 wildlife observations and encounters is provided in the 2017 Annual Report submitted to
the IWB on March 31, 2019.

3.3

Land Use

The proposed Project falls within the Olokhaktomiut Community Conservation Planning Area identified in the
Olokhaktomiut Community Conservation Plan (Community of Ulukhaktok et al. 2008).
The Community of Ulukhaktok (formerly known as Holman) has identified a special designated area that
encompasses portions of the southern end (including Mould Bay) of Prince Patrick Island (Management Zone
505E) as Key Migratory Bird Terrestrial Habitat (Community of Ulukhaktok et al. 2008). The area is approximately
100 km south of the Satellite Bay Project area but includes a portion of the Mould Bay coast beginning
approximately 2 km north of the Mould Bay airstrip. The area belongs to Management Category “E” which is
considered to have lands and waters with cultural or renewable resources of extreme significance and sensitivity.
In these areas no development is allowed, and the lands and waters are managed to eliminate potential damage
and disruption. It recommends the highest degree of protection (Community of Ulukhaktok et al. 2008). The Hamlet
of Ulukhaktok was included in consultations on planned Site activities since 2008. After each field season,
summary reports were sent to the HTC for distribution and discussion. With each new proposed field season, the
HTC was provided with proposed plans and encouraged to provide comments and concerns. To date, only positive
feedback was received from Ulukhaktok and the HTC provided their approval for the planned 2017 Remediation
Program.
Management Zone 505E is home to nesting and moulting waterfowl, particularly the black brant. The wetland
habitat in the area is recognized as being sensitive year-round and the area is important as polar bear habitat and
for subsistence harvesting (Community of Ulukhaktok et al. 2008).
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The Sachs Harbour Community Conservation Plan does not include Prince Patrick Island (Community of Sachs
Harbour et al. 2008).

3.3.1

Hunting and Fishing

There are no communities on Prince Patrick Island. The closest communities are Sachs Harbour, located
approximately 650 kilometres (km) south-west of the Site on Banks Island, and Ulukhaktok, located approximately
730 km south on Victoria Island. The Community of Ulukhaktok includes Prince Patrick Island in their Community
Conservation Plan area (Community of Ulukhaktok et al. 2008).

3.3.2

Protected Areas and Archaeology

There are no protected areas in proximity of the Site. As described above, on the east coast of Prince Patrick
Island (approximately 40 km south of the Project area) is an area designated as an Important Bird Area by Birdlife
International and the Eastern Prince Patrick Island Coast (NT044) site was designated due to its significant
breeding population of Western High Arctic black brant. Also described above, north of Mould Bay is an area
classified as Management Category “E” land in the Ulukhaktok Community Conservation Plan.
No previously documented cultural and heritage resource sites occur within the proposed Project area. A search
of the database maintained by the Prince of Wales Northern Heritage Centre (PWNHC) was conducted in 2012
for the proposed Project area and it was determined that no known archaeological sites are located within the
Project area plus a 150 m buffer. However, Repsol acknowledges the fact that not all archaeological sites are
reported, and vast areas of land have remained unexplored. In the event of a discovery of a potential archaeological
site during field operations, work will cease at that location and the PWNHC will be contacted for further
instructions.

3.3.3

Pre-Disturbance Site Conditions

No studies exist describing the pre-disturbance conditions at the Site. It can be assumed that prior to oil and gas
activities in the 1970’s the conditions were very similar to those of the surrounding area which is described in the
sections above.
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RECLAMATION AND CLOSURE MEASURES
Reclamation and Closure Approach

The ongoing Site Remediation Program constitutes the reclamation and closure of a historic, abandoned
wellsite. The purpose of the Project is primarily to remove impacted soil and waste from direct contact with water
bodies and terrestrial ecological receptors and place this material into an engineered containment cell. A total of
approximately 3,000 m3 of soil was originally estimated to exceed the Canadian Council of the Ministers for
Environment (CCME) Agricultural Land Use Criteria for BTEX, PHCs and metals. Of the 3,000 m3 of impacted
soils, an estimated 2,150 m3 will be covered in place (forming the base of the containment structure). The
remaining 850 m3 of impacted soil was excavated from the active layer in adjacent areas in 2017 and relocated
directly on top of the in-place impacts (Appendix A, Figure 5). An additional 760 m3 to 1215 m3 were identified
during the excavations in 2017 and the delineation sampling in 2018; this material will be excavated and moved to
the containment structure in 2019. A cap liner will be placed over the impacts. The liner system will consist of a
linear low density polyethylene (LLDPE) geomembrane and two layers of medium weight non-woven geotextile.
The details of this approach are provided in the Pre-construction design report developed for the IWB.
As described in the updated Remediation Action Plan and the 2018 Annual Report (both submitted to the IWB
on March 31, 2019), additional impacted soil was identified in 2017 and design changes were completed to
accommodate this additional soil to be placed in the containment structure in 2019. Drawings depicting these
changes are provided in Appendix I of the 2018 Annual Report. This design was also provided to the IWB as
part of the 2017 Annual Report as Appendix H).
An over-arching principle that was applied to all aspects of the design was to minimize the requirements for
maintenance and long-term monitoring. Continuous thermal monitoring (see Section 5.2.5), intermittent soil
sampling (see Section 5.2.4) as well as intermittent groundwater and surface water monitoring (see
Sections 5.2.2 and 5.2.3, respectively) are included in the design to confirm performance of the containment
structure.

4.2

Re-contouring and Revegetation

In ongoing correspondence with regulators, revegetation of the Site has been considered. Specifically, discussions
with the GNWT Lands Department regarding Repsol’s LUP #N2016U0004 (GNWT, Lands 2016) concluded that
given the poor soil, the complete lack of an organic layer, naturally bare vegetation (predominantly mosses and
lichen with scattered herbaceous plants), revegetation will not be likely. By removing debris and contamination
from the Site, regrading excavation and borrow areas and sloping the sides of the containment structure, will
facilitate natural revegetation over time and have been typically accepted in lieu of reseeding. Re-contouring and
grading of specific Project components are discussed in the following sections.

4.3

Water Course Crossings

As in 2017, it will be again necessary in 2019 to establish a temporary water course crossing across the
South River between the airstrip/camp area and the construction area (Appendix A, Figures 2 and 4). Based on
previous assessments and a survey of the proposed water course crossing location, it is planned to construct a
crossing by stacking, clean, untreated, 6 inch (”)-high prefabricated wooden mats. A series of up to 20 wooden
mats will be placed sideways to create a 14 foot (’)-wide crossing. The mats will be connected using straps or
chains and tethered to shore to establish a stable, ground supported crossing. Some minor grading work will
be required at each end of the structure (above high-water line) to provide a compact and level foundation to
access the mats. Additional timber cribbing may be required at intermediate points to provide a reasonably level
surface; however, no excavation or regrading of the stream bed will be required.
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Once installed, the mat crossing will allow water to flow below, through each crib mat, between adjoining mats and
during sporadic peak flows over the anchored mats. Given the spacing of the mats it is anticipated that the crossing
will have a negligible effect on stream- flow and will not impede potential movement of aquatic organisms. At
completion of the Project, the untreated wooden mats will be systematically removed, and burned. Abutment
areas will be contoured back to pre-existing conditions.
The following mitigation measures will be implemented during the installation and removal processes



Installation of erosion control measures will be to the satisfaction of the Lead Environmental Engineer;



Access mats will be positioned to make use of high points of ground and mats will be supported using
untreated wood timbers to minimize flow restriction;



Access mats will extend on-shore at least one metre, to protect the bank;



Any required grading of the approaches will be conducted in such a way as to not decrease the crosssectional area of the creek;



Temporary silt fencing will be installed as required, to protect the banks at the approaches;



Mats and timbers will be pinned to the ground to minimize movement from traffic;



The crossing will be inspected daily in order to identify deficiencies in a timely fashion;



Any observed deficiency will be corrected the same day or early the next day;



Only new, clean wooden access mats and timbers will be placed below the normal high-water mark;



All wood used will be un-treated;



All proposed building materials will be inspected prior to installation to ensure compliance;



Significant streambank modifications will not be required for construction of a safe crossing, with the
exception of grading of the approaches (see above); and,



Any minor contouring required in areas adjacent to the stream banks will be restored to pre-existing
conditions during crossing removal.

4.4

Borrow Source

Construction of the planned containment structure and associated activities will require borrow source
development to construct a soil cover. The location of the proposed borrow area is shown on Figure 2
(Appendix A). The exact location and extent of the area was laid out by legal land surveyor prior to opening the
quarry and will again be surveyed when the Project is completed.
Due to the relatively brief window of thawed surface soils each summer, the intent is to develop the borrow source
soon after arrival. A loader will be used to push up available material down to a prescribed maximum depth in order
to minimize permafrost degradation. Borrow areas will be mined in a series of horizontal lifts as the ground thaws.
The excavations will be designed and managed to maintain positive drainage, avoid the creation of water collection
points to minimize permafrost degradation. The thawed, sandy material will be pushed into windrows to promote
draining and facilitate truck loading. Haul trucks will be used to haul sandy material on existing access trails. To
minimize impacts on groundwater quality, only clean equipment will be used, and equipment will be inspected
daily.
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Borrow pits will be graded and re-contoured after use to minimize the impact to local permafrost. Localized impacts
to permafrost will be mitigated by confining excavation to areas with a thicker active layer and not allowing water
to pool on the Borrow Site floors, as recommended by the Northern Land Use Guidelines – Pits and Quarries
(GNWT 2015). Following the completion of excavation, the borrow site will be graded and re-contoured to blend
into the general landscape of the Site. The side slopes will be contoured at to blend with surrounding grades.
The following mitigation measures will be implemented during borrow source development and upon completion
of quarrying activities:



All operations will be completed in accordance with Quarrying Permit # 2016QP0028 (associated with
Land use Permit N2016U0004) issued by the GNWT Lands Department on October 3, 2016;



The Northern Land Use Guidelines – Pits and Quarries (GNWT 2015) will be followed;



The excavation will progress in wide shallow cuts with ongoing contouring to reduce the occurrence of
steep slopes/sharp edges and to facilitate non-channelized drainage;



The excavation base will be shaped/graded to direct and contain surface runoff;



As needed, temporary ditching and berms will be constructed up-slope to divert surface water away from the
borrow area;



Any surface water accumulated will be contained within the limits of the borrow area until discharge is
approved (depending on analytical results as detailed in the Surveillance Network Program Plan); and,



Final backfilling, grading and regrading (if required) will be carried out to blend in with the surrounding
landscape.

4.5

Soil Excavation Areas

Impacted soils from outside the proposed footprint of the containment structure will be excavated by the
loader/backhoe, loaded into haul trucks and relocated within the limits of the containment structure. Relocated
soils will be dumped within the prescribed limits of the proposed containment structure and subsequently spread
in lifts, graded and compacted. The areal extent of the impacted soil excavations has been defined by sampling and
soil analysis in 2017 and 2018. All proposed excavation areas are shown on Figure 5 of Appendix A.
As described in detail in the updated Remediation Action Plan and the 2018 Annual Report submitted to the IWB
on February 26, 2019, some of the excavation areas revealed more impacts below grade than initially determined
(through previous investigations). Additional delineation samples were collected and analyzed to delineate these
areas in 2018. These areas including additional excavation required in Areas A through O in addition to the Butler
Building footprint (Area P) and from the area of the background thermistor trench (Area Q). This additional
impacted soil will be excavated and relocated within the limits of the containment structure in 2019.
Depending on the progression of seasonal ground thaw, it may be necessary to excavate impacted soil within the
active layer in stages or horizontal layers to promote deeper thawing to occur in order to reach the seasonal
adequate permafrost depth. The areal extent of the excavations has been defined by delineation sampling and
soil analysis as described in detail in the Remediation Action Plan provided to the IWB. The excavations will be
backfilled with soil from the borrow area and compacted in order to re-establish the thickness of the active layer
and limit degradation of permafrost. The following mitigation measures will be implemented during soil
excavation and upon completion of the excavations:



The excavation will progress in wide shallow cuts to remove the impacted active layer soils;
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Silt fencing will be installed on steeper slopes between excavation areas and any nearby surface water
bodies;



Excavations will not daylight into downslope areas, unless required for the removal of impacted soil;



Silt fencing will be inspected daily to ensure they are functioning adequately and any deficiencies will be
corrected immediately;



Previously identified areas of impacted soil will be delineated and marked in the field prior to commencing
excavations; and



All excavation areas will be contoured by grading or backfilling with clean borrow material to blend in with the
surrounding landscape.

4.6
4.6.1

Dismantling and Removal of Temporary Camps and Fuel Storage
Area
Temporary Camps

Two camps will again be required to carry out the Project in 2019: one at Satellite Bay (Appendix A, Figure 2) and
one at Mould Bay (Appendix A, Figure 3). Camps will be required from l a t e June to late August, and
possibly into September. Due to concurrent activities at Mould Bay and Satellite Bay during the mobilization and
demobilization phases, two complete camps will be constructed and in place during the entire Project
duration.
Once the 2019 Project activities have been completed, demobilization will commence. This will include removal of
all remaining wastes at Satellite Bay, all equipment, the majority of site personnel and supplies. A reduced camp
will be left at Satellite Bay to support the heavy-lift demobilization of the larger construction equipment in
2020 (see Section 4.8). The rest of the camp and supplies will be transported through Mould bay to Yellowknife.
In 2020, once all heavy equipment has left Satellite Bay, the remaining camp, supplies and materials will be
packaged and transported to Mould Bay and from there to Yellowknife (see Section 4.8). Once the last Hercules
flight has left Mould Bay with oversized equipment (see Section 4.8), the Mould Bay camp, materials, supplies and
all crew will be transported to Yellowknife.

4.6.2

Temporary Fuel Storage Areas

Bulk JET-A fuel storage at Mould Bay will comprise three Arctic King Fuel bladders manufactured by SEI
Industries and holding a total volume of approximately 50,000 Litres (L). The location of the temporary fuel
storage area is shown on Figure 3 (Appendix A). The three fuel bladders will be housed each in an aluminumframed secondary containment berm, equipped with a rain drain designed to permit the drain of excess water
from the berm while blocking any hydrocarbons. The drain will remain closed until accumulated water meets
discharge criteria. The berm is built to military and ULC S668 specifications which meets Canadian regulatory
requirements for secondary containment. In 2018, a weatherhaven tent was erected over one of the bladders, in
an effort to reduce precipitation within in the containment berm. Three approximately 13,000 L bladders will be
filled with bulk JET-A fuel flights of the ATR72, which will be configured with two 5,000 L Bulk Aircraft Transport
Tanks (BATT) manufactured by SEI Industries. As outlined in the INAC Land Use Permit (#N2017J0001)
and determined in subsequent discussions with INAC, the bladder system will be monitored for potential leaks
daily when the Mould Bay camp is occupied (during mobilization and demobilization phases) and twice per
week when the camp is not in use (during the construction phase). Any observed concerns will be addressed
immediately. In addition, the containment berm will be equipped with a remote leak detection equipment configured
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to transmit a leak detection warning by satellite to staff at Satellite Bay. Drummed fuel (diesel, Jet-A and
gasoline), lubricants, hydraulic oils and coolants required at Mould Bay will also be stored in the containment
berm.
A similar framed containment berm will be constructed at Satellite Bay to support the camp, construction and
limited aviation (helicopter) operations. Only drummed fuel, lubricants, hydraulic oils, coolants and waste liquids
will be stored in this bermed storage area at the Satellite Bay camp (Figure 2, Appendix A). A smaller second fuel
storage area will be located close to the construction site (Figure 2, Appendix A) and will be used for refuelling of
equipment during the day.
As per the Water License, the bermed fuel storage areas, lined with an impermeable barrier, will be located a
minimum of 100 m away from any water body (excluding ponded areas). An area adjacent to each fuel berm will
be designated for refuelling of all site equipment and aircraft. All refuelling will be conducted as outlined in the Spill
Contingency Plan. Drip pans will be used to capture potential spills during the refuelling process. Spill response
equipment (i.e., absorbent pads and spill kits) and drip trays will be readily available at the fuel storage location /
refuelling area and personnel will be trained in its use. Any inadvertent spills or leaks will be contained, cleaned
up immediately, and reported as required pursuant to applicable legislation, the Spill Contingency Plan, and Repsol
requirements.
The temporary fuel storage areas in Satellite Bay (for equipment and camp fuel) and in Mould Bay (for aviation
and camp fuel) will be dismantled and removed during demobilization of each camp as outlined in the Spill
Contingency Plan developed for this Project and provided to the IWB. Any remaining fuel will be transferred to fuel
drums and transported off-site.

4.7

Dismantling and Removal of Butler Building

As visible on the site plan (Appendix A, Figure 2), there was a metal shed (the Butler Building) adjacent to the
airstrip at Satellite Bay. The building and contents were removed and disposed off-site in 2017. Details on this
process are provided in the 2017 Annual Report provided to the IWB on March 31, 2018.

4.8

Removal of Equipment

The primary demobilization will be facilitated by Twin Otter aircraft which will be loaded at Satellite Bay and shuttle
loads to Mould Bay. At Mould Bay equipment and materials will be transferred to larger aircraft for transport back
to Inuvik or Yellowknife. The camp equipment will be transferred from Satellite Bay to Mould Bay to allow for the
camp provider to mobilize their gear back to Yellowknife using a Dash-7 aircraft.
As the demobilization is being completed, oversized equipment and supplies will be prepared for heavy-lift transfer
from Satellite Bay to Mould Bay. At that time, a heavy-lift helicopter will be mobilized to Satellite Bay in September,
2020. A reduced ground crew will remain at Satellite Bay to assist with rigging the loads while a second ground
crew will be positioned at Mould Bay to receive the loads.
Once the heavy-lift helicopter equipment lifts have been completed, the heavy-lift helicopter will demobilize. It is
anticipated that this will be after two or three days of work on the island.
A Hercules aircraft will then mobilize to Inuvik and from there to Mould Bay to remove the oversized equipment
from Mould Bay to Inuvik. Once the equipment is delivered to Inuvik, the land transport to Edmonton will
commence. The overland travel will cover some 3,200 km and take three to four days from Inuvik to Edmonton
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Schedule of Reclamation and Closure Activities

The Reclamation and Closure Activities are part of the 2017 to 2020 Site Remediation Program outlined in the
Remediation Action Plan provided to the IWB. The overall activities and schedule are described in the following
paragraphs.
Overland mobilization of equipment and supplies from Edmonton to Inuvik and staging at the Inuvik Mike Zubko
Airport was completed in the first half of June 2017. After some delay due to unfavourable runway conditions at
Mould Bay (determined through reconnaissance flights), a small crew of staff mobilized to Mould Bay to set up a
temporary camp at Mould Bay in support of transfer of equipment and supplies. Once that camp was set up and
conditions at Satellite Bay were favourable, a second ground crew, mobilized to Satellite Bay in early July 2017 to
establish the temporary camp there and receive the loads transported by the helicopter. The 2017 mobilization
phase experienced a total of four weeks in delays. This caused further delays in the construction phase and
ultimately the deferral of parts of the construction to 2018. Due to weather delays and conditions affecting the
runway conditions at Mould Bay, the 2018 construction phase was deferred to 2019 and the final demobilization is
planned to be carried out in 2020 after the successful completion of the remaining construction.

4.9.1

Work Completed in 2017

In summary, the following tasks were completed during the shortened 2017 field season:



Two temporary camps and associated structures were established;



Continuous wildlife monitoring, Surveillance Network Program (SNP) sampling, environmental sampling and
regulatory reporting took place throughout the entire 2017 Project;



Barrels at the site were tested, contents consolidated, removed and disposed off-site;



Debris and waste was removed from the site and disposed off-site;



The Butler Building was dismantled, removed and disposed off-site. Asbestos containing materials from that
building were abated, removed and disposed of off-site (following all required approvals);



The borrow area was surveyed by a legal Land Surveyor and material for construction activities was quarried
in accordance with the Quarry Operations Plan and all relevant permits;



The delineated areas of impacted soil were excavated, and samples analyzed by a certified laboratory;



Additional excavations and delineation were completed in areas were contamination was detected;



The containment structure was partially completed including the placement of all originally expected
impacted soils, installation of base and background thermistor equipment and associated tower;



Nine ponded areas were dewatered, backfilled with clean borrow material and compacted;



The liner was partially completed and covered with a protective layer of soil. The remaining area of the
containment structure was graded to the approved design slope and compacted; and



In early September of 2017, crews winterized the temporary camps and equipment and demobilized from
site.
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Work Completed in 2018

The 2018 field program, designed to finalize the Satellite Bay Remediation Program (the Project), was conducted
from July 18, 2018 through August 28, 2018. Due to weather delays and conditions affecting the runway
conditions at Mould Bay, the proposed scope of work as set out in the 2018 Remediation Action Plan (submitted
to the IWB on March 31, 2018) was not completed and the scope of the 2018 field program was adjusted. The
IWB (as well as all regulators and Inuvialuit communities) were informed of the redesigned 2018 field program,
the deferral of the 2018 construction work to 2019 and the deferral of the final demobilization to 2020. The 2018
Project activities are presented in this Report.
After delaying the planned reconnaissance flight to Mould Bay on July 18, 2018 due to poor weather conditions,
mobilization to Mould Bay was successful on July 23, 2018. Whereas Dash7 flights were subsequently carried out
to mobilize crew and equipment, the Mould Bay airstrip did not improve sufficiently (determined through Dynamic
Cone Penetrometer and California Bearing Ratio [CBR] tests) for the ATR-72 to land and supply fuel for the
Project. No ATR-72 operations were ultimately carried out in the 2018 field program and the construction was
therefore deferred to 2019.
On July 23, 2018, the temporary camp at Mould Bay was re-established and improved over the following weeks.
The temporary Satellite Bay camp was re-established and improved between August 12 and 21, 2018. It was
winterized on August 22, 2018.
Due to weather delays and conditions affecting the runway conditions at Mould Bay, the 2018 construction phase
was deferred to 2019. The following tasks were completed during the short 2018 field season.



Two temporary camps were re-established and improved;



Mould Bay airstrip testing, repair and maintenance;



Continuous wildlife monitoring, Surveillance Network Program (SNP) sampling, environmental sampling and
regulatory reporting took place throughout the entire 2018 Project;



Surveys were completed at Satellite Bay using a Trimble R10 integrated GNSS System to lay out sample
locations and to delineate Excavation Areas in preparation for the 2019 construction season; and



Additional sampling and delineation of impacted soil was completed for Excavation Area P in preparation for
the 2019 field program.

4.9.3

Work to be Completed in 2019 / 2020

The construction phase and the entire demobilization phase of the Project were moved to 2019 and 2020,
respectively. The following tasks will be completed in the summer of 2019:



Re-establishment of both temporary camps;



Airstrip testing, repair and maintenance as required;



Carry out all required sampling at the Surveillance Network Plan Stations;



Excavate and backfill the remaining impacted soil areas identified in 2017 and 2018 field programs;



Sample, dewater and backfill one additional ponded area;



Place additional impacted soils in the lined containment structure;
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Complete lining of the cell and placement of the upper thermistor strings;



Complete placement of the thermal protective layer over the liner, including additional thermal fill to account
for minor expansion of the structure;



Grade the containment structure footprint to match local grades and promote positive drainage and minimize
erosion and effects to permafrost;



Grade and close the borrow area; match local grades and promote positive drainage and minimize erosion
and effects to permafrost;



Install four shallow groundwater monitoring wells; collect four baseline groundwater samples and four soil
samples in the vicinity of the monitoring wells if field conditions permit;



Complete a legal survey of the borrow area and of the containment structure area.;



Remove some of the material and equipment with a reduced winterized temporary camp and the winterized
heavy equipment remaining at Satellite Bay and a reduced winterized temporary camp remaining at Mould
Bay; and



Produce reports in accordance with regulatory requirements;

The following tasks are planned to be completed in the summer of 2020:



Re-establish both reduced temporary camps;



Airstrip testing, repair and maintenance as required.;



Post-construction monitoring of the containment cell as per regulatory requirements;



Maintenance and repair work as required;



Heavy-lift helicopter operation to move all heavy equipment from Satellite Bay to Mould Bay;



Hercules operation to transport heavy equipment from Mould Bay to Inuvik and subsequent overland transport
to Edmonton; and,



Produce reports in accordance with regulatory requirements.
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MONITORING PLAN
Monitoring During Remediation

A Surveillance Network Program Plan was developed and submitted to the IWB. The Surveillance Network
Program Plan outlines surface water, groundwater and discharge water monitoring during the Project (i.e., during
remediation activities). The following monitoring and sampling will be carried out regularly during Project work (as
described in detail in the Surveillance Network Program Plan):



Potential seepage and runoff sampling from the containment structure will be analyzed for: Total Suspended
Solids (TSS), oil and grease (O&G), benzene, toluene, ethylbenzene, xylenes (BTEX), hardness and total
lead prior to discharge;



Surface runoff sampling from borrow sources for TSS, Total Petroleum Hydrocarbons (TPH) and pH prior
to discharge;



Camp greywater sampling for TSS, pH, total residual chlorine and visual inspection for the presence of O&G
prior to discharge; and



Creek water sampling, 50 m upstream and 100 m downstream of the watercourse crossing for TSS.

Further, periodic bacteriologic sampling of raw and treated potable water will be carried out as required. Upon
commissioning of each camp water treatment system, water samples will be collected and analyzed for water
quality parameters (fecal and total coliforms, total metals, and routine water quality analyses). It is anticipated that
these samples will be sent off-site for analysis during the regular supply/crew flights, but options for on-site testing
will be evaluated and adopted if effective. Microbiological, chemical and physical parameters will be analyzed
according to the Guidelines for Canadian Water Quality (2014) on raw and treated potable water prior to use for
each water source. It is anticipated that these samples will be sent off-site for analysis during the regular
supply/crew flights, but options for on-site testing will be evaluated and adopted if effective. In 2018, bottled water
was provided to both camps; this approach for potable water supply may also be implemented in 2019 and 2020.

5.2

Post-construction monitoring

Depending on the successful completion of the construction in 2019, post-construction monitoring will occur once
during the summer of 2020 (or one year following construction), once during the summer of 2025 (or six years
following construction) and once during the summer of 2035 (or sixteen years following construction) to ensure
that mitigation, facilitation of natural revegetation, erosion control and restoration efforts have been successful.
The results of each Site monitoring visit will be provided in a report submitted to the IWB. The monitoring activities
are described in the following sections.

5.2.1

Visual Inspections

Visual inspections carried out as part of the post-construction monitoring will include a walk-through of the entire
Site. Overall Site conditions will be recorded and photographs will be taken using a high quality digital camera to
document the observations. In addition to taking soil and water samples (see Sections 5.2.2 through 5.2.4), special
emphasis will be placed on examining the following components:



Inspection of the containment structure (assess integrity, assess stability of the slopes, record any
runoff/seepage);



Inspection of the previous borrow area and soil excavation areas (record any slumping or pooling of water);
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Inspection of previously disturbed areas (temporary camp, fuel storage and staging sites; location of
former butler building);



Inspection of the thermistor tower instrumentation and carrying out maintenance as required;



Inspection of monitoring wells (including water levels and casing condition inspection and carrying out
maintenance and repair as required); and



Collection of soil and groundwater samples and package for shipment to analytical laboratory.

5.2.2

Groundwater Sampling

The IWB Water Licence has mandated the installation of at least four monitoring wells around the perimeter of the
containment structure. These wells will be installed to monitor water quality within the active zone around the
containment structure. It is anticipated that groundwater flow in the active zone will follow the topography in the
area. The elevation of the surrounding area is greatest in the southeast and gently decreases towards the
northwest. It is likely that the North River and the South River, northeast and southwest of the containment
structure (Appendix A, Figure 2) will influence the shallow groundwater flow in the active layer. The installation of
the four monitoring wells, one on each of the four sides of the containment structure, will result in one monitoring
well being installed up gradient (southeast) of the containment structure and three wells located down/crossgradient of the containment structure (northwest, northeast and southwest). As described in the 2018 Annual
Report and in its Appendix I submitted to the IWB on March 31, 2019, also provided to the IWB as part of the
2017 Annual Report submitted on March 31, 2018, the containment structure will be expanded to the east. The
two eastern monitoring well locations will be moved to accommodate this change. The new locations will be
submitted to the IWB and will be surveyed and identified on maps in the 2019 Annual Report.
The wells will be installed in boreholes drilled to a depth of approximately two metres. The wells will be installed
into 152 mm (six-inch) diameter boreholes advanced with a powered auger mounted on a skid steer or
alternatively, driven manually from surface, without augering, to the target depth. They will consist of 52 mm
diameter stainless steel casing and slotted screens, with graded silica sand pack in the annular space between
the screened part of the well and the borehole. The screens will be set in the upper metre to collect groundwater
from the transition zone; a solid casing “sump” extending below this will be grouted in place within the permafrost
and will anchor the well. An annular bentonite seal will be placed near grade. A larger diameter protective steel
casing will be installed to a shallow depth (maximum 300 mm) over the well casing; both the protective casing
and well will extend a height of approximately 0.5 m above grade. Soil will be mounded slightly above grade to
limit surface water from pooling in the area of the well. Upon installation, locations will be surveyed and
mapped.
Development of the wells will be undertaken following the installation, after which the first sampling event (baseline)
can occur. Sampling will be conducted using low flow methods and all sampling equipment (low flow tubing) will
be removed from the well following sampling. Data concerning well yields will be collected to inform subsequent
sampling events. Conductivity, pH, turbidity, temperature a n d d r a w d o w n will be recorded during purging of
the monitoring wells; samples can be collected following the stabilization of these values in accordance with
standard protocols. If the well runs dry prior to stabilization, another sampling event will be planned for the
following day. If a stabilized sample is not possible due to logistical restraints (e.g., continued poor recovery) an unstabilized sample will be collected if possible.
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Single use sampling materials for each sampling location will be used. If logistical constraints prevent this
approach, multi-use sampling equipment may be used if the equipment is adequately decontaminated (outside
and inside surfaces) between each sampling event. Samples will be clearly labeled with the monitoring well
location and not filtered prior to lab submittal. Groundwater samples will be transported as outlined in the
Surveillance Network Program Plan. They will be analyzed for TSS, O&G, Benzene, Toluene, Ethylbenzene,
Xylenes (BTEX), hardness and total lead. Results of the analyses will be provided in the monitoring report.

5.2.3

Seepage and Runoff Sampling

If any water originating as seepage or runoff at the containment structure should be encountered during a postconstruction monitoring Site visit, water samples will be collected following all steps outlined in the Surveillance
Network Program Plan. Locations of the samples will be recorded, and water samples will be analyzed for TSS,
O&G, BTEX, hardness and total lead. Results of the analyses will be provided in the monitoring report.

5.2.4

Soil Sampling

As described in detail in the Remediation Action Plan, background soil samples were collected during the
construction phase in 2017 and will be collected in 2019 following completion of containment structure
construction also during the subsequent post-construction Site visits. While not a requirement of any issued
licence or permit for this Project, post-construction soil samples will contribute to determining the integrity of the
containment structure. Soil sampling locations will be established in the vicinity of each of the four monitoring
wells to be located around the containment structure (described in Section 5.2.2) and located within an
approximately two to four metre radius from these wells. Initial soil samples will be collected at these locations in
2019, following completion of the construction and in each subsequent year that the containment structure
inspection occurs. The exact location of the soil samples will be adjusted for each sampling round, within the
specified radius; documentation of the locations and soil characteristics will be completed for each round
including analytical, text and photographic descriptions. As described in detail in the Remediation Action Plan, ar
each sampling location, two soil samples will be collected: (i) a shallow sample at an interval of between 0 and 15
cm and (ii) a deep sample at an interval of between 40 and 50 cm, which is approximately 20 cm above the
typical permafrost depth. Additional samples will be collected for distinct lithological or pedological strata as well
as areas where any signs of impacts are observed. If the target sampling depths cannot be reached (typically due
to frozen ground), the reason for refusal will be noted and a sample collected from the refusal depth. If nonpermafrost obstructions are encountered at depth, a second sample location will be attempted within a similar
radius of the well. The soil samples will be collected using industry standard protocols and in compliance with this
document, including decontamination of the sampling shovel with soap and water, methyl hydrate and rinsing with
distilled water before each use. Soil samples will be collected by staff wearing single-use disposable nitrile gloves
and placed by hand in clean 125 mL soil sample jars, or directly sampled using TerraCore samplers provided by
the laboratory. The sample jars will be labelled with the sample date, location ID and depth. The samples will be
shipped to a certified laboratory (ALS Laboratories in 2019) under chain-of-custody protocols and analyzed for
BTEX, PHC fractions F1 to F4 and CCME Tier 1 metals with additional analyses for specific chemicals of concern
to be added as required.
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Thermal Monitoring

During the 2015 field program, a Digital Temperature Cable (DTC; also referred to as a “thermistor”) was installed
in one of the boreholes at the location of the planned containment structure which allowed remote
temperature monitoring. This information was used to assess the typical thermal trends at the Site during that
period and was removed in 2017.
Thermal subsurface ground temperature monitoring equipment was installed in the summer of 2017 in the
containment structure and in a background area. The subsurface ground temperature monitoring (referred to
hereafter as temperature monitoring) equipment was installed per the design of the containment structure. The
design requires a temperature monitoring system that could collect and record ground temperature data to assess
the performance of the design relative to freezing of the waste within the containment cell. The temperature
monitoring system was partially constructed in 2017; completion of the system will occur in 2019.
The monitoring system is composed of four main parts, which are discussed below:



Thermistor strings;



Instrumentation tower;



Data collection system; and,



Communications system.

Thermistor Strings
Five thermistor strings protected by cross-linked polyethylene (PEX) tubing were installed to measure ground
temperatures. The strings were manufactured by Hoskins Scientific Ltd. and are composed of individual
thermistors inside a rugged sheathing. Four strings were installed in the containment cell, two strings are north of
the east–west centerline and two are south of the east–west centerline. The fifth string is located at the
background station. Three of the five strings are connected to a data logger, and two are backups.
The lower 2-node string was installed at the original ground surface, prior to the placement of impacted soil. It was
placed horizontally approximately 5 m north and south of the east–west centerline.
The upper 4-node string was partially installed and placed horizontally approximately 5 m north of the east–west
centerline. The first node is located above the west anchor trench, and the second node is located in the clean fill
directly above the 2-node string installed at the original ground surface. The remaining two nodes are coiled at the
surface and covered with a wooden box and will be placed once liner installation is completed.

Instrumentation Tower
An instrumentation tower was manufactured by Baird Mounting Systems. The tower is composed of a buried
base, a mast, and a ladder rack. When construction is complete the base of the tower will be below final grade
and the mast will rise approximately 3.8 m above final grade. The tower holds the data logger, solar panel, air
temperature sensor, and satellite antenna.

Data Collection System
All three of the active thermistor strings are directly connected to a Campbell Scientific, Inc. model CR1000 data
logger located at the west side of the cell. The strings run underground to the instrumentation tower. Power for the
logger is supplied by a 12-volt direct current (DC) battery that is located in a buried box at the base of the tower.
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The battery is recharged by a solar panel at the top of the tower. In addition to subsurface ground temperatures,
the system also collects the following data:



Ambient air temperature



Battery box temperature



Logger temperature



Power supply voltage

Communications System
The communications system is comprised of an Iridium satellite modem, antenna, and data visualization software.
The data sent from the satellite modem are received by an email server and uploaded to the data visualization
platform provided by Neve LLC. The customized platform can be accessed by a desktop computer and
compatible mobile devices.
The thermal monitoring points buried within the thermal cover are intended to demonstrate how the engineered
cover freezes back after construction, as well as to show that ground temperatures within the thermal cover
stabilize and remain below 0ºC. The two points outside the toe of the lined area are near the edge of the thermal
cover, where the deepest seasonal thawing would normally occur. Air temperatures will be monitored in order to
provide site-specific data that can be used to verify design assumptions if required by Regulators.
As suggested in the IWB guidance document “Protocol for the Monitoring of Drilling-Waste Disposal Sumps“, a
background location has been installed to monitor background temperatures outside of the footprint of the
containment structure. The 6-node string was installed at the background station in a borehole constructed at a
depth of two to three metres advanced with a powered auger mounted on a skid steer. This background location is
approximately 70 m southwest of the structure. This string is placed vertically and can acquire the temperature
profile of the relatively undisturbed ground.
Upon closure of the water Licence, the system will be decommissioned or assumed by the IWB at their
discretion.
Work completed in 2017 as part of the thermal monitoring is described in detail in the 2017 Annual Report
submitted to the IWB on March 31, 2018. No work was completed on the thermal monitoring system during the
2018 field program.

5.3

Contingency

The IWB will be informed if, during any of the scheduled monitoring Site visits, it becomes evident that:



there are soil or water quality issues;



the containment structure shows signs of failure or erosion; or



any other issues are noted at the Site.

In the event of an identified issue, a revised monitoring schedule will be developed for approval by the IWB and
that new plan will take effect upon IWB approval. Modifications may include changes to monitoring activities, to
monitoring parameters or to the monitoring schedule.
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Schedule of Monitoring Activities

Based on the IWB Water Licence requirements, Table 4 provides an overview of the anticipated schedule of
monitoring activities.
Table 5: Post-construction Monitoring Activities
Year

2020
(or one year
after
construction)

2025
(or six years
after
construction)
2035
(or 16 years
after
construction)

Activities

Components / Parameters

Reporting

Visual
Inspection

Overall Site conditions; containment
structure; borrow site; excavation
areas; temporary camp, staging and
fuel storage sites

Groundwater
Sampling

TSS, O&G, BTEX, hardness and
total lead

Seepage and
Runoff
Sampling
from
containment
structure

TSS, O&G, BTEX, hardness and
total lead

Soil
Sampling

BTEX, PHC fractions F1 to F4 and
CCME Tier 1 metals

As in 2020*

As in 2020*

As in 2020*

As in 2020*

As in 2020*
 Compilation Report including all
observations and results of the three
monitoring visits, description of the
effectiveness of the remediation program
and conclusions / recommendations.

As in 2020*










Summary of monitoring activities carried
out during Site visit
Description of Site conditions and
performance of the containment structure
Description of all visual inspections
Description and inclusion of all analytical
results
Description of all modifications while at
the Site (if any)
Description of activities planned for the
next scheduled site visit
Description of any modifications required
for future site visits (if any)
Site photographs

* Assuming no revisions need to be implemented.

It should be noted that the thermal monitoring will be completed through the use of a solar powered data logger
configured to allow for near-real time telemetry using a satellite uplink. Therefore, thermal monitoring will be
continuous and is not included in the Site visits (Table 4).
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CLOSURE

We trust the above information is satisfactory and meets your present requirements. If you have any questions or
require additional details, please don’t hesitate to contact the undersigned.
Yours Truly,

Golder Associates Ltd.

Paul Dewaele, M.Sc., P.Eng.
Principal

Golder and the G logo are trademarks of Golder Associates Corporation

https://golderassociates.sharepoint.com/sites/13432g/technical work/04. reports/2019 updated plans/2019 rcm plan_january 15, 2019.docx
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SITE DESCRIPTION

The Repsol Oil and Gas Canada Inc (Repsol) Site Remediation of the Panarctic F-68 Abandoned Wellsite,
Satellite Bay, Prince Patrick Island, Northwest Territories (the ‘Project’) is being undertaken in compliance with
Inuvialuit Water Board (IWB) Type “B” Water Licence N5L8-1837 (the ‘Water Licence’) (IWB 2016). The Project
location is shown in Figure 1, and a sampling location overview is shown in Figure 2. Repsol is the Licensee and
Clifton Associates Ltd. is the Prime Contractor for the Project.
The Water Licence requires that a Surveillance Network Program (SNP) be designed and implemented for the
Project site (Site) to collect and analyze water quality samples as described in the Water Licence terms and
conditions and Annex 1: Surveillance Network Program (IWB 2016).
This document describes the proposed Surveillance Network Program for the Project, in compliance with the
Water Licence requirements.
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SUMMARY OF SURVEILLANCE NETWORK PROGRAM
REQUIREMENTS IN WATER LICENCE N5L8-1837

Surveillance Network Program requirements for the Project as described in the Water Licence are summarized in
Table 1. Clarifications and modifications to the SNP are described in this document and summarized in Table 2 in
Section 3.0.
Table 1: Inuvialuit Water Board Water Licence N5L8-1837 Surveillance Network Program Summary
Station
Number

Station Description

Sampling
Frequency

Parameters
Sampled
TSS
Visible sheen of oil
and grease

1837-1

Discharge of greywater
holding tank prior to
disposal to the environment

Prior to discharge to
the environment

TRC
pH
Other
TSS
Oil and Grease(b)

1837-2

Discharge from the
containment structure prior
to disposal to the
environment

Prior to discharge to
the environment

1837-3

Discharge to land from
Borrow Source

Per discharge event

1837-4

Discharge to land from
Borrow Source

Per discharge event

1837-5

50 m upstream and 100 m
downstream from
watercourse crossing

Daily

Benzene
Toluene
Ethylbenzene
Total lead
TSS
TPH
pH
TSS
TPH
pH
TSS

Water Quality
Requirement
100 mg/L(a)
Concentration not
specified, text reads “no
visible sheen”
0.1 mg/L(a)
6.0 to 9.0(a)
There should be no
discharge of floating
solids, garbage, grease,
free oil or foam
15 mg/L
5 mg/L and “no visible
sheen”
0.37 mg/L
0.002 mg/L
0.09 mg/L
0.001 to 0.007 mg/L(c)
50 mg/L to 100 mg/L(d)
3 mg/L to 5 mg/L(d)
6.0 to 9.0
50 mg/L to 100 mg/L(d)
3 mg/L to 5 mg/L(e)
6.0 to 9.0
10 mg/L or 10% increase
at downstream station(f)

Notes:
TSS = total suspended solids; TRC = total residual chlorine; TPH = Total petroleum hydrocarbons comprising BTEX (benzene, toluene,
ethylbenzene, and xylene) and F2, F3 and F4 hydrocarbon fractions; mg/L = milligrams per litre.
(a)
(b)
(c)

(d)
(e)
(f)

Water Licence specifies ‘average’ concentration, which is interpreted as a composite sample from the tank to sample the average
whole-tank concentrations.
Oil and grease is the total oil and grease concentration.
When hardness is <= 60 mg/L calcium carbonate (CaCO3), maximum lead concentration is 0.001 mg/L. When hardness is >60 mg/L
and <180 mg/L CaCO3, maximum lead concentration is e{1.273[ln(hardness)] – 0.475} When hardness is >180 mg/L CaCO3, maximum lead
concentration is 0.007 mg/L.
When hardness is unknown, maximum lead concentration is 0.001 mg/L.
Maximum average concentration = 50 mg/L; maximum concentration of any grab sample is 100 mg/L.
Maximum average concentration = 3 mg/L; maximum concentration of any grab sample is 5 mg/L.
Downstream increase of TSS = 10 mg/L if Upstream TSS <= 100 mg/L; downstream increase of TSS = 10% if Upstream TSS >
100 mg/L.
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SURVEILLANCE NETWORK PROGRAM PLAN

This SNP plan has been created based on the Water Licence requirements, the existing Site conditions and aerial
images. In some instances, the SNP Plan in this document deviates from the Water Licence requirements.
Changes from the SNP requirements in the Water Licence are summarized in Table 2.
Table 2: Proposed Changes to Surveillance Network Program from Water Licence Requirements
Station

Requirement

Change

1837-1

Discharge from the camp
greywater holding tank
prior to disposal to the
environment

1837-2

Discharge from the
containment structure prior
to disposal to the
environment

Assign station names for each of the
greywater holding tanks:
1837-1a: Greywater holding tank 1
1837-2b: Greywater holding tank 2
Include station numbers 1837-2a,
1837-2b, etc. in surface water areas
as appropriate to allow for collection
at multiple sampling points.

1837-3 and
1837-4

Discharge to land from
Borrow Sources 1 and 2

Each station will monitor a different
end of the single borrow source.

1837-5

50 metres (m) upstream
and 100m downstream
from watercourse crossing

Assign station names for upstream
and downstream locations:
1837-5a: 50 m upstream
1837-5b: 100 m downstream

3.1

Rationale
Reduces confusion regarding
sampling locations.
The size and shape of the
containment structure will likely
require multiple sampling
locations.
Since the original two borrow
areas have been combined into
one, the stations will be modified
to match this change. The result
will be one quarry with two
stations monitoring discharge
from different ends of the borrow
area
Reduces confusion regarding
sampling locations.

Updated Surveillance Network Program Sampling Locations,
Analyses and Schedule

A summary of the updated Surveillance Network Program sampling locations, analyses, schedule, and water
quality requirements is shown in Figure 2 and in Table 3.
All station locations will be finalized using hand-held GPS coordinates and marked using metal stakes with signs
indicating station numbers.
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Table 3: Proposed Surveillance Network Program Locations, Parameters, and Sampling Frequency
Station
Number in
Water
Licence

Location

Camp
Greywater
Holding
Tank

1837-1

Containment
Structure

1837-2

Proposed
Station

1837-1

1837-2a
1837-2b(a)
(b)

Borrow
Source Area

1837-3
1837-4

1837-3
1837-4

Stream
Crossing

1837-5

1837-5a(b)
1837-5b

Sampling
Frequency

Prior to
discharge to
the
environment

Prior to
discharge to
the
environment

Per
discharge
event
Daily

Parameters

Water Quality Requirement

TSS
Visible sheen of oil
and grease

100 mg/L(a)
Concentration not specified, text reads
“no visible sheen”

TRC

0.1 mg/L(a)

pH

6.0 to 9.0(a)

TSS
Oil and Grease
Benzene
Toluene

15 mg/L
5 mg/L and “no visible sheen”
0.37 mg/L
0.002 mg/L

Ethylbenzene

0.09 mg/L

Hardness as CaCO3

n/a

Total lead

0.001 to 0.007 mg/L(c)

TSS
TPH
pH

50 mg/L to 100 mg/L(d)
3 mg/L to 5 mg/L(e)
6.0 to 9.0
10 mg/L or 10% increase at
downstream station(f)

TSS

Notes:
n/a = not applicable; TSS = total suspended solids; TRC = total residual chlorine; TPH = Total petroleum hydrocarbons comprising BTEX
(benzene, toluene, ethylbenzene, and xylene) and F2, F3 and F4 hydrocarbon fractions; mg/L = milligrams per litre.
(a) Water Licence specifies ‘average’ concentration, which is interpreted as a composite sample from the tank to sample the average wholetank concentrations.
(b) Station lettering at the Containment Structure (1837-2 and 1837-5) will be used as required to designate specific sampling points at these
locations.
(c) When hardness is <= 60 mg/L calcium carbonate (CaCO3), maximum lead concentration is 0.001 mg/L. When hardness is >60 mg/L and
<180 mg/L CaCO3, maximum lead concentration is e{1.273[ln(hardness)] – 0.475} When hardness is >180 mg/L CaCO3, maximum lead concentration
is 0.007 mg/L.
When hardness is unknown, maximum lead concentration is 0.001 mg/L.
(d) Maximum average concentration = 50 mg/L; maximum concentration of any grab sample is 100 mg/L.
(e) TPH is comprised of BTEX (benzene, toluene, ethylbenzene, and xylene) and F2, F3 and F4 hydrocarbon fractions. Maximum average
concentration = 3 mg/L; maximum concentration of any grab sample is 5 mg/L.
(f) Downstream increase of TSS = 10 mg/L if Upstream TSS <= 100 mg/L; downstream increase of TSS = 10% if Upstream TSS > 100 mg/L

3.1.1

1837-1: Camp Greywater Holding Tank Discharge SNP Station Location

The camp greywater holding tank discharge point (Station 1837-1) is estimated to be located as shown on
Figure 2 and at the following coordinates:
1837-1: 116° 56' 27.2970" W, 77° 17' 30.6488" N
Actual coordinates will be updated following camp construction. It is planned to use two camp greywater holding
tanks at the Satellite Bay camp.
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1837-2: Containment Structure Discharge SNP Station Locations

The containment structure discharge sampling locations will be called 1837-2a, 1837-2b, and if required,
subsequent stations will be added using the same naming convention (i.e. 1837-2c, etc.). These stations will be
located at surface water collection points for seepage and runoff. Station locations at the containment structure
will be confirmed immediately after arrival at the Project site and communicated to the IWB prior to discharge of
surface water from ponded areas. Estimated sampling locations are shown in Figure 3 and are located at the
following coordinates:
1837-2a: 77° 17' 32.8817" N, 116° 54' 44.5834" W
1837-2b: 77° 17' 31.9210" N, 116° 54' 26.4261" W

3.1.3

1837-3: Borrow Source Area Discharge SNP Station Locations

The preliminary Project Work Plans (Golder 2016a) and the Water Licence refer two borrow source areas (Borrow
Source Area 1 and Borrow Source Area 2). The Water Licence identified two Borrow Source Area sampling
locations: 1837-3 for Borrow Source Area 1, and 1837-4 for Borrow Source Area 2. The Project plan has been
modified to combine Borrow Source Areas 1 and 2 into a single Borrow Source Area (also referred to as a
“quarry”). It is recommended the sampling locations be changed to either side of the end of the single Borrow
Source Area. Station locations at the Borrow Source Area will be confirmed immediately after arrival at the Project
site and communicated to the IWB as required. Estimated sampling locations are shown in Figure 2 and are
located at the following coordinates:
1837-3: 77° 17' 28.1763" N, 116° 53' 35.3930" W
1837-4: 77° 17' 21.3928" N, 116° 53' 11.3988" W

3.1.4

1837-5: Watercourse Crossing SNP Station Locations

Watercourse Crossing stations are located 50 m upstream and 100 m downstream of the water crossing as
shown in Figure 2 and at the following coordinates:
1837-5a (Upstream Station): 77° 17' 23.2690" N, 116° 54' 35.0993" W
1837-5b (Downstream Station): 77° 17' 27.7698" N, 116° 54' 40.6983" W

3.2

Signage

As early as possible when at the Project site, and at least to seven days prior to discharge, signs will be posted
indicating the locations of all SNP sampling locations indicating the station numbers. If new sampling locations are
required following the initial posting, they will be added as soon as possible. Signs will also be posted at discharge
locations with text indicating “Discharge Point”. All signs will be removed during demobilization.
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QUALITY ASSURANCE / QUALITY CONTROL PLAN

Quality assurance/quality control (QA/QC) procedures and requirements are an important aspect of any field or
laboratory testing program. The objective of the QA/QC program is to standardize methods so that field sampling,
data entry, data analysis, and report preparation produce technically sound and scientifically defensible results.
An overall QA/QC Plan has been compiled and includes a copy of this SNP QA/QC Plan.

4.1

Sampling Equipment

A list of sampling equipment is included in Table 4.
Table 4: List of Sampling Equipment
Equipment
pH probe and calibration solutions
Turbidity meter and calibration vials
Camera
GPS
Sample bottles (laboratory supplied)
Sample preservatives (laboratory supplied)
Deionized water (laboratory supplied)
Ice packs
Bottle labels (laboratory supplied)
Total Residual Chlorine Test Kit

4.2

Field notebook
Sharpie markers
Pencils
Nitrile gloves
Project documentation (Work Plans, safety plans, etc.)
Maps
SNP Plan document
Chain of custody forms (laboratory supplied)
Field data sheets
GeoPump, tubing and filters (for filtering CaCO3 samples)

Sampling Methods

Golder has developed technical procedures for water sampling which are consistent with the methods prescribed
in the current edition of Standard Methods for the Examination of Water and Wastewater (Standard Methods
2016).

4.2.1

Field Analysis Samples

Field analyses will be conducted for pH, turbidity, and total residual chlorine as described in Table 5.
Table 5: Surveillance Network Program Sample Bottles Summary
Analysis

Testing Method

pH

Handheld pH probe

Turbidity

Field test kit

TRC

Field test kit

Notes
Field pH must be collected because laboratory hold time for pH is 15 minutes,
which is not possible to meet
Turbidity is not required in the Water Licence; however, it will be collected to
establish a correlation between turbidity and TSS for 1837-5a and 1837-5b
samples. This will allow for real-time TSS monitoring at the Site.
Field TRC must be measured because laboratory hold time for TRC is 15
minutes, which is not possible to meet

Notes: TRC = total residual chlorine; TSS = total suspended solids.

Although Total Suspended Solids cannot be directly measured in the field, data will be collected to determine the
correlation between turbidity and TSS, as described in numerous studies including Ballentine et al. 2015; Gippell
1995; Irvine et al. 2002; Hannouche 2012; Nasrabadi et al. 2016. Establishing this correlation will allow field crews
to calculate TSS immediately in the field based on field turbidity measurements, rather than waiting for laboratory
results.
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Laboratory Analysis Samples

Sample bottles and preservatives for all analyses to be conducted at the laboratory will be provided by ALS
Environmental in Yellowknife, Northwest Territories and are summarized in Table 6. Note that most analyses are
to be conducted by ALS Environmental in Edmonton, Alberta.
Some samples require addition of a laboratory provided preservative.
Table 6: Surveillance Network Program Sample Bottle Summary
Analysis
TSS and pH
Oil and grease
Benzene, toluene,
ethylbenzene; PHC (F1)
[component of TPH];
PHC (F2, F3 and F4)
Total lead
Hardness (as CaCO3)

Bottle
500 mL HDPE
bottle
2 x 250 mL amber
glass bottle

Preservative

Notes

none

No preservative required

hydrochloric acid

Preservative to be added

2 x 40 mL vial and
2 x 100 mL amber

Sodium bisulphate
(pre-charged)

Preservative pre-charged in vials; do not add
preservative

60 mL HDPE
250 mL HDPE
bottle

nitric acid

Preservative to be added

none

Field filtering required; no preservative required

Note: TPH comprises BTEX (benzene, toluene, ethylbenzene, and xylene) and F1 sampled from three 40 mL glass vials, and F2, F3 and F4
hydrocarbon fractions sampled from two 100 mL amber glass vials.

4.2.3

Field Data Recording

Field data will be recorded on the Field Data Sheet (Appendix B). All sections of the Field Data Sheet must be
filled out, and sections that are not applicable must have a ‘strike-through’. Field data sheets must be reviewed by
office or QA/QC staff and stored electronically at the end of each day (digital photo) in addition to the original hard
copy.
For each collected sample, corresponding photographs will be taken of the sampling site and the sample bottles
following collection. The photograph reference numbers will be entered on the field data sheet.

4.2.4

Field Sample Collection

Surface water sampling will be conducted at the SNP stations and some background locations. A new field data
sheet will be used for each sample collected, and all sections of the form completed. A photograph of the sample
location and filled sample bottles will be taken for each sample collected.
The following field tests will be conducted, as applicable:
1)

Field pH: tested using a hand-held pH meter, calibrated daily;

2)

Turbidity: field test kit, calibrated daily;

3)

Total Residual Chlorine: Digital Colorimeter, calibrated daily; and

4)

Partway through the day, a calibration check (‘bump test’) will be conducted to detect calibration drifts
throughout the day.
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Following data recording on the field data sheet, a water sample will be collected using the following procedure:
1)

Confirm station location;

5)

Confirm bottle label contains all relevant information: sample control number, date, time, sampling personnel,
analysis to be performed and project name;

6)

Using new nitrile gloves, remove sample bottles from plastic bags;

7)

Insert new 1 L or 500 mL routine sample bottle into sampling device (dipper), collect sample water by
extending sampling device into water at sample location (rinse and repeat three times), and then decant
sample water into target bottles;

8)

Follow laboratory handling instructions regarding preservation of samples;

9)

Replace sample bottle cap;

10) Place sample bottle into a cooler with ice packs;
11) Following each sample collection, discard the routine sample bottle used for collecting sample water; and,
12) Enter sample details into the chain of custody form.
Specific sampling requirements for each SNP station are shown in Table 7.
Table 7: Specific Sampling Method Requirements for SNP Stations
Station

Specific Method Requirements

1837-1a
1837-1b

Collect sample using remote sampling device (dipper device). Measure turbidity, pH and TRC.
Collect sample using remote sampling device (dipper device). Measure turbidity, pH and TRC.
Use caution to avoid mobilizing sediment into sample location water. Collect sample using remote
sampling device (dipper device) as required. Measure turbidity and pH.
Use caution to avoid mobilizing sediment into sample location water. Collect sample using remote
sampling device (dipper device) as required. Measure turbidity and pH.
Use caution to avoid mobilizing sediment into sample location water. Collect sample using remote
sampling device (dipper device) as required. Measure turbidity and pH.
Use caution to avoid mobilizing sediment into sample location water. Stand downstream of the sample
location. Sample the downstream location prior to the upstream location. Measure turbidity and pH.
Use caution to avoid mobilizing sediment into sample location water. Stand downstream of the sample
location. Measure turbidity and pH.

1837-2
1837-3
1837-4
1837-5a
1837-5b

4.2.5

QA / QC Sample Collection

The following quality control samples will be collected:
1)

Duplicate Water Samples:
a. Prepare and label two bottle sets with the location sample control number and appropriate duplicate
sample control number;
b. When collecting samples from a well, duplicate samples shall be from a well where the level of
static water level and/or the evident recharge rate indicate that sufficient water exists for duplicate
samples;
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Use stabilized water in sampling device to alternate filling sample bottles in the ‘sample’ and
‘duplicate’ bottle sets. Preserve samples if required; and

d. Store and transport the sample sets together under the same conditions.
2)

Field Blank Water Samples:
a. Prepare and label two bottle sets with the location sample control number and appropriate blank
sample control number;
b. For the location sample, collect sample water using the appropriate/specified method from the
desired source, fill one set of sample bottles and preserve if required;
c.

For the field blank sample, fill one set of required sample bottles directly at the sampling location
using laboratory-supplied de-ionized water and preserve if required; and

d. Store and transport the blank samples together with the corresponding sample location under the
same conditions.
3)

Travel Blank Samples:
a. Check that the laboratory-prepared blank is sealed and full; keep the bottles sealed throughout the
field program;
b. Transport the blank samples into the field with the other sample bottles;
c.

Label the blank bottles with the appropriate sample control number; and

d. Store and transport the blank samples together with the corresponding sample location under the
same conditions.
4)

Stream Crossing Baseline Samples:
a. Immediately upon arrival at the Site, and before any in-stream work or stream crossings, collect a
sample from stations 1837-5a and 1837-5b and submit to the laboratory for TSS analysis.

4.2.6

Sample Handling

All samples will be handled using nitrile gloves and packed into coolers containing ice packs immediately following
sample collection. If shipping is occurring the same day, coolers can be prepared for shipping as described in
Section 4.3. If shipping is occurring at a later date, store samples in a designated (non-food) fridge until just prior
to shipping. If there is no non-food fridge available ice packs will be maintained and replaced as required in
sample coolers until samples are shipped.

4.3
4.3.1

Sample Shipping and Tracking
Packaging

Samples must be packed into coolers with ice packs to maintain samples as close to 4 degrees Celsius as
possible, and packaging material (e.g. bubble wrap) to prevent breakage or leakage. All samples are to be packed
upright and each sample stored in a separate sealed plastic bag in the event of leakage of ice in the coolers. Seal
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coolers closed using packing tape or straps, and securely affix a shipping label on the cooler top indicating the
sender, receiver, and number of coolers. Also indicated on the shipping label which cooler contains the chain of
custody form (see section 4.3.2).

4.3.2

Chain of Custody Forms

The chain of custody form is a critical piece of documentation used to record the sample handling from the source
water to the laboratory. Chain of custody documentation will be prepared legibly and accurately including any
notes with respect to holding samples for future analysis signed by sampling personnel and shipped with the
samples to the receiving laboratory. A current chain of custody form will be provided by ALS Laboratory.
Following delivery to Yellowknife on the contracted project aircraft, the samples will be placed in the cooler at the
warehouse by the pilot. The samples will be picked up by Golder staff in Yellowknife and coolers will be restocked
with ice bags if required, samples will be hand delivered to the ALS Laboratory in Yellowknife. A separate chain of
custody shall be attached to the cooler to describe the hand-off of the coolers from the field Site, project aircraft
transport and ultimately to the analytical laboratory in Yellowknife. A custody seal will be applied to the cooler by
the sampling personnel on site. The custody seal will remain in place on the cooler until pickup by Golder staff at
the airport warehouse in Yellowknife. A new custody seal will be applied to the cooler after Golder staff confirm
that samples have not been damaged during shipment, and sufficient ice is present in the cooler.

4.3.3

Tracking

Sample tracking methods will be established with the charter airline prior to project initiation. Samples will be
handed from the Golder representative on site to the charter airline and will be picked up by Golder employees in
Yellowknife. Sample shipping will be monitored by Golder personnel in Yellowknife.

4.3.4

Hold Times

The laboratory recommends that a set amount of time between sample collection and sample extraction at the
laboratory, referred to as the ‘hold time’, is not exceeded or uncertainty in analytical results may be present. It is
anticipated that hold times will be met, notwithstanding flight delays or other unavoidable circumstances.
A summary of analyses, hold times and notes is provided in Table 8.
Table 8: Surveillance Network Program Water Sample Hold Times
Analysis

Hold Time

Notes

Hardness as CaCO3
Total lead
TRC
TPH
Oil and Grease
pH

28 days
180 days
15 minutes
14 days
28 days
15 minutes

TSS
Turbidity

7 days
n/a

Sampled in field and submitted to lab for analysis
Sampled in field and submitted to lab for analysis
Analyzed in field
Sampled in field and submitted to lab for analysis
Sampled in field and submitted to lab for analysis
Analyzed in field; sample collected and submitted to lab for quality control
comparison to field pH
Sampled in field and submitted to lab for analysis
Analyzed in field; correlation between TSS and turbidity used to calculate TSS

TSS = total suspended solids; TRC = total residual chlorine; TPH = Total petroleum hydrocarbons comprising BTEX (benzene, toluene,
ethylbenzene, and xylene) and F1, F2, F3 and F4 hydrocarbon fractions; n/a = not applicable.
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Laboratory Analysis

4.4.1

Laboratory Accreditation

Laboratory Accreditation from ALS is shown in Appendix D.

4.4.2

Laboratory Analysis Methods, Hold Times and Targeted Report Detection
Limits

A summary of the laboratory analysis methods and targeted report detection limits for analyses required in the
SNP are included as Table 9. These detection limits are listed as ‘targets’ because sample characteristics can
affect detection limits used by the laboratory.
Table 9: Surveillance Network Program Laboratory Analysis and Targeted Report Detection Limits
Analysis

Field / Laboratory Analysis

Targeted Report Detection Limit

TSS
Oil and Grease
Benzene
Toluene
Ethylbenzene
Xylene
TPH
Hardness as CaCO3
Total lead
TRC
pH
Turbidity

Laboratory
Laboratory
Laboratory
Laboratory
Laboratory
Laboratory
Laboratory
Laboratory
Laboratory
Field
Field / Laboratory
Field

3.0 mg/L
1.0 mg/L
0.0005 mg/L
0.0005 mg/L
0.0005 mg/L
0.0005 mg/L
0.37 mg/L
0.053 to 0.50 mg/L
0.00005 mg/L
0.02 mg/L
0.1 units / 0.10 units
0.01 units

Note: TSS = total suspended solids; TPH = Total petroleum hydrocarbons comprising BTEX (benzene, toluene, ethylbenzene, and xylene)
and F1, F2, F3 and F4 hydrocarbon fractions; TRC = total residual chlorine.

4.5

Data Analysis

Data will be managed in Excel format. Golder will use a multi-step data validation process to evaluate data quality
as follows:
1)

Check 100% of results in Excel export document versus ALS Certificate of Analysis (COA) Published
Document Format (PDF) document for consistency;

2)

Confirm that all parameters requested in quote and on chain of custody form were collected and analyzed;

3)

Identify and investigate all lab qualifiers;

4)

Confirm sample temperature and integrity acceptable on arrival to lab;

5)

Confirm field readings were similar to lab results for pH;

6)

Confirm detection limits match quote;

7)

Confirm analysis methods match quote;

8)

Check for hold time exceedances;

9)

Check for parameters detected in blank samples above five times the detection limit;
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10) Confirm correct units used on lab reports;
11) Check for duplicate results not within 20% for parameter concentrations greater than five times the detection
limit;
12) For low level results (less than five times detection limit), the precision objective is for the difference of the
two results to be less than two times the detection limit; and
13) Check internal lab QC samples.

4.6

Notifications and Reporting

All SNP data will be reported in the Water Licence Annual Report, due to the IWB on March 31 on the year
following a sampling year. Ongoing notification requirements are shown in Table 10.
Table 10:: Surveillance Network Program Notification Requirements
Notification

Trigger

SNP Station Locations – Signage Posting
Greywater Holding Tank
SNP Station Water Quality Exceedances

7 days prior to discharge
5 days prior to discharge
Immediately
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SNP CRITERIA EXCEEDANCES

All SNP criteria exceedances will be communicated by Golder to Repsol and Clifton immediately through email
and verbal communication. Repsol will be responsible for communicating exceedances to the IWB. A summary of
actions required following SNP exceedances is shown in Table 11.
Table 11: Actions Following SNP Criteria Parameter Exceedances
Location

Station
Number in
Water
Licence

Station

Parameters

Actions Required following SNP
Criteria Exceedance

Follow-up Actions

Settling should allow TSS to
drop below SNP criteria. If TSS
remains high, follow-up
between Repsol and IWB.
Remaining sludge in the
TSS
holding tank which does not
meet discharge criteria is to be
shipped off-site for final
disposal at a licensed facility.
Sheen can be removed with
1) Do not discharge
2) Use oil-absorbent spill pads to dab absorbent materials. Confirm
removal with photographs and
Visible sheen surface of tank water to remove
completed data sheet.
sheen
of oil and
grease
3) Check filters and grease traps on
line to tank
4) Resample
Residual chlorine will dissipate.
1) Do not discharge
Wait 24 hours and resample
TRC
2) Resample in 24 hours
prior to discharging.
Follow-up between Repsol and
1) Do not discharge
pH
IWB.
2) Resample in 24 hours
Settling should allow TSS to
1) Do not discharge
drop below SNP criteria. If TSS
2)
Resample
TSS
remains high, follow-up
between Repsol and IWB.
Impacted water may need to
1) Do not discharge
be removed from Site.
2) Use oil-absorbent spill pads and
absorbent booms to dab surface of
Oil and
water to remove surface oil and
Grease
grease
3) Resample
Impacted water may need to
1) Do not discharge
be drummed and removed
Benzene
2) Resample
from Site.
Impacted water may need to
be drummed removed from
Toluene
Site.
Impacted water may need to
be drummed removed from
Ethylbenzene
Site.
Impacted water may need to
1) Do not discharge
be drummed and removed
Total lead
2) Resample
from Site.
1) Do not discharge
2) Check filters on line to tank
3) Resample

Camp
Greywater
Holding Tank

1837-1

1837-1

Containment
Structure

1837-2

1837-2a
1837-2b(a)
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Station

Parameters

TSS

Borrow
Source Area

1837-3

1837-3a
1837-4(b)

TPH

pH
Stream
Crossing

1837-5

1837-5a
1837-5b

TSS

Actions Required following SNP
Criteria Exceedance
1) Do not discharge
2) Resample

1) Do not discharge
2) Use oil-absorbent spill pads and
absorbent booms to dab surface of
water to remove surface oil and
grease
3) Resample

1) Do not discharge
2) Resample in 24 hours
1) Resample

Follow-up Actions
Settling should allow TSS to
drop below SNP criteria. If TSS
remains high, follow-up
between Repsol and IWB.
Follow-up between Repsol and
IWB. Remediation measures
such as granular activated
carbon drums may be used to
reduce TPH concentrations to
below SNP criteria.
Alternatively, impacted water
may need to be drummed and
removed from Site.
Follow-up between Repsol and
IWB.
Conduct investigation of bridge
structure and other possible
source areas of TSS.
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GROUNDWATER MONITORING

In addition to the requirements of the SNP program, the Water Licence Requires installation and monitoring of at
least four groundwater wells. This is described in detail in the 2019 Closure, Reclamation and Monitoring Plan.
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SAMPLING SUMMARY

Sampling summary data is provided in Table 12. Laboratory containers, preservatives and sample hold times
should be confirmed with the laboratory prior to collecting samples. Information regarding sample QA/QC is
summarized in Section 4.0 above.
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Table 12: Summary of N5L8-1837 Surveillance Network Program Plan and Quality Assurance / Quality Control Plan
Sampling
Location

1837-1

1837-2

1837-3

Description

Camp
Greywater
Holding Tank

Containment
Structure

Borrow
Source Area

Latitude

77° 17'
30.6488" N

77° 17'
32.8817" N

77° 17'
28.1763" N

Longitude

116° 56'
27.2970"
W

116° 54'
44.5834"
W

116° 53'
35.3930"
W

Sampling
Frequency

Prior to discharge
to environment

Prior to discharge
to environment

Per discharge
event

Analyses

Method

Bottle 1

Preservative 1

Hold Time 1

Detection Limit

Maximum Concentration

TSS

Lab analysis

500 mL HDPE
(taken from same bottle as pH
sample)

n/a

7 days

3.0 mg/L

100 mg/L(a)

Oil and Grease

Lab analysis

2 x 250 mL or 2 x 500 mL amber
glass

hydrochloric acid

28 days

1.0 mg/L

Concentration not specified, text reads “no
visible sheen”

TRC

Field analysis

n/a

n/a

15 minutes

0.02 mg/L

0.1 mg/L(a)

pH

Field and lab analysis

500 mL HDPE (taken from same
bottle as TSS sample)

n/a

15 minutes

0.1 units

6.0 to 9.0(a)

TSS

Lab analysis

500 mL HDPE

n/a

7 days

3.0 mg/L

15 mg/L

Oil and Grease

Lab analysis

2 x 250 mL or 2 x 500 mL amber
glass

hydrochloric acid

28 days

1.0 mg/L

5 mg/L and “no visible sheen”

Benzene

Lab analysis

2 glass vials (40 mL) total for BTE
samples

Sodium bisulphate (precharged)

14 days

0.00050 mg/L

0.37 mg/L

Toluene

Lab analysis

2 glass vials (40 mL) total for BTE
samples

Sodium bisulphate (precharged)

14 days

0.00050 mg/L

0.002 mg/L

Ethylbenzene

Lab analysis

2 glass vials (40 mL) total for BTE
samples

Sodium bisulphate (precharged)

14 days

0.00050 mg/L

0.09 mg/L

Hardness as CaCO3

Lab analysis

250 mL HDPE

n/a

28 days

0.053 to 0.50 mg/L

n/a

Total lead

Lab analysis

250 mL HDPE

nitric acid

6 months

0.00005 mg/L

0.001 to 0.007(b)

TSS

Lab analysis

500 mL HDPE
(taken from same bottle as pH
sample)

n/a

7 days

3.0 mg/L

50 mg/L to 100 mg/L(c)

Lab analysis

2 glass vials. (40 mL) for BTE, F1;
2 amber glass vials (100 mL) for F2F4

Sodium bisulphate (precharged)

14 days

500 mL HDPE
(taken from same bottle as TSS
sample)

n/a

15 minutes

TPH

pH

Field and lab analysis

F2, F3, F4:
0.37 mg/L
3 mg/L to 5 mg/L(d)
BTEX:
0.00050 mg/L
0.1 units

6.0 to 9.0
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Table 12: Summary of N5L8-1837 Surveillance Network Program Plan and Quality Assurance / Quality Control Plan
Sampling
Location

Description

Borrow
Source Area

1837-4

Latitude

77° 17'
21.3928" N

Longitude

116° 53'
11.3988"
W

1837-5a

50m
Upstream of
Stream
Crossing

77° 17'
23.2690" N

116° 54'
35.0993"
W

1837-5b

100m
Downstream
of Stream
Crossing

77° 17'
27.7698" N

116° 54'
40.6983"
W

n/a

n/a

Duplicate

QA/QC
Sample

Travel Blank

QA/QC
Sample

Field Blank

QA/QC
Sample

Baseline
Samples (at
1837-5a and
1837-5b)

QA/QC
Sample

n/a

n/a

n/a

n/a

n/a

n/a

Sampling
Frequency

Per discharge
event

Analyses

Method

Bottle 1

Preservative 1

Hold Time 1

Detection Limit

Maximum Concentration

TSS

Lab analysis

500 mL HDPE
(taken from same bottle as pH
sample)

n/a

7 days

3.0 mg/L

50 mg/L to 100 mg/L(c)

Lab analysis

2 glass vials. (40 mL) for BTE, F1;
2 amber glass vials (100 mL) for F2F4

Sodium bisulphate (precharged)

TPH

14 days

F2, F3, F4:
0.37 mg/L

3 mg/L to 5 mg/L(d)

BTE: 0.00050 mg/L

pH

Field and lab analysis

500 mL HDPE
(taken from same bottle as TSS
sample)

n/a

15 minutes

0.1 units

6.0 to 9.0

Daily

TSS

Lab analysis

500 mL HDPE

n/a

7 days

3.0 mg/L

n/a

Daily

Turbidity

Field analysis

n/a

n/a

n/a

0.01 NTU

n/a

Daily

TSS

Lab analysis

500 mL HDPE

n/a

7 days

3.0 mg/L

10 mg/L or 10% increase at downstream
station(d)

Daily

Turbidity

Field analysis

n/a

n/a

n/a

0.01 NTU

n/a

1 per discharge
event

Same as associated
water quality sample

Lab analysis

Same bottle set as associated water
quality sample

Same as associated water
quality sample

Same as
associated water
quality sample

Same as associated
water quality sample

Same as associated water quality sample

1 per 2 discharge
events

Same as associated
water quality sample

Lab analysis

Same bottle set as associated water
quality sample

Same as associated water
quality sample

Same as
associated water
quality sample

Same as associated
water quality sample

n/a

1 per 2 discharge
events

Same as associated
water quality sample

Lab analysis

Same bottle set as associated water
quality sample

Same as associated water
quality sample

Same as
associated water
quality sample

Same as associated
water quality sample

n/a

TSS

Lab analysis

500 mL HDPE

n/a

7 days

3.0 mg/L

n/a

Turbidity

Field analysis

500 mL HDPE

n/a

n/a

0.01 NTU

n/a

Immediately after
arrival to Project
site

Notes:
1. Sample bottle, preservative and hold time to be confirmed with laboratory when ordering sample bottles and scheduling analysis.
n/a = not applicable; TSS = total suspended solids; TRC = total residual chlorine; TPH = Total petroleum hydrocarbons comprising BTEX (benzene, toluene, ethylbenzene, and xylene) and F2, F3 and F4 hydrocarbon fractions; mg/L = milligrams per litre.
(a)
(b)

(c)
(d)
(e)

Water Licence specifies ‘average’ concentration, which is interpreted as a composite sample from the tank to sample the average whole-tank concentrations.
When hardness is <= 60 mg/L calcium carbonate (CaCO3), maximum lead concentration is 0.001 mg/L.
When hardness is >60 mg/L and <180 mg/L CaCO3, maximum lead concentration is e{1.273[ln(hardness)] – 0.475}
When hardness is >180 mg/L CaCO3, maximum lead concentration is 0.007 mg/L.
When hardness is unknown, maximum lead concentration is 0.001 mg/L.
Maximum average concentration = 50 mg/L; maximum concentration of any grab sample is 100 mg/L.
Maximum average concentration = 3 mg/L; maximum concentration of any grab sample is 5 mg/L.
Downstream increase of TSS = 10 mg/L if Upstream TSS <= 100 mg/L; downstream increase of TSS = 10% if Upstream TSS > 100 mg/L.
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APPENDIX A

Turbidity and TSS Correlation
Methodology

APPENDIX A

Turbidity and TSS Correlation Methodology

1.0

TURBIDITY AND TOTAL SUSPENDED SOLIDS

The Water Licence requires total suspended solids (TSS) monitoring at Surveillance Network Program (SNP)
stations, including daily samples at the watercourse crossing stations (1837-5a and 1837-5b). Due to the remote
location of the project site, the delay between collecting a TSS sample and receiving analytical lab results can be
a week or more. At many remote sites in the Northwest Territories, a correlation between turbidity and TSS is
established early in the project, and TSS concentrations are then calculated based on the established correlation
with field turbidity measurements. This approach reduces the time required to determine TSS concentrations from
one or more weeks to a few minutes. There have been numerous studies that have examined the relationship
between TSS and turbidity (e.g., Gippell 1995; Irvine et al. 2002; Hannouche 2012; Ballentine et al. 2015;
Nasrabadi et al. 2016), primarily in an effort to improve efficiencies in monitoring.
A site-specific relationship between TSS and turbidity will be used to estimate TSS concentrations from turbidity
measurements made in the field at the beginning of the SNP sampling program. A site-specific regression model
for TSS using measured turbidity as the predictor will be applied to predict TSS concentrations onsite. This
technique is used in many types of monitoring situations, from both in situ spot measurements and data logging
approaches, and is currently being applied in the monitoring around construction activities that influence the
aquatic receiving environment at other project sites in the Northwest Territories (e.g., Diavik Mine, Gahcho Kué
Mine).
The outcome of this work will be to reduce collection of TSS samples in the field from once daily at stations 18375a and 1837-5b to once weekly, reducing the overall number of TSS samples collected, shipped and analyzed
from approximately 126 to approximately 52, and allowing for near real-time TSS concentrations to be calculated.

2.0

TURBIDITY / TSS MEASUREMENT

A total of 20 samples will be used to establish the turbidity / TSS correlation for the watercourse crossing stations
(1837-5a and 1837-5b) as described in Table 1. Background samples are samples collected to characterize the
normal in-stream turbidity and TSS concentrations. Spiked samples are collected by adding stream sediment to
a water column (e.g. 1 meter tall, 10 centimeter diameter clear plastic tube), and sampling from a set depth in the
water column at incremental time intervals. This allows for a range of turbidity values and TSS concentrations to
be sampled and analyzed, extending the bounds of the turbidity / TSS correlation beyond the normal in-stream
conditions. Regulatory samples are those samples collected as required under the Water Licence.
Table 1: Samples Collected for Turbidity / Total Suspended Solids Correlation
Sample Type

Number

Purpose

Schedule

Background Sample

10

Establish correlation

Beginning of SNP sampling program

Spiked Sample

10

Establish correlation; extend
bounds of correlation beyond
normal in-stream conditions

Beginning of SNP sampling program

Regulatory Sample

32

Meet regulatory requirements;
quality control on correlation

February 24, 2017
Project No. 1531921
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Beginning of SNP sampling program
Daily until correlation established
Weekly after correlation established
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3.0

CALCULATION OF CORRELATION BETWEEN TURBIDITY AND TSS

Turbidity values and TSS concentrations will be plotted on a chart using Excel, and the coefficient of determination
(r2) value calculated to evaluate correlation strength prior to using the correlation to calculate TSS concentration
from measured turbidity values.

4.0

ONGOING EVALUATION

The relationship will be revised/updated on an ongoing basis, with evaluation as to whether the turbidity / TSS
relationship has any discernible significant temporal or spatial factors that may limit the application of a unique
relationship in the TSS prediction. It is recognized that while site-specific turbidity / TSS relationships can be
accurate for the most part, environmental factors, such as particle size distribution, particle composition, and
organic matter composition, can result in increased variability, such that the relationship may be more spatially
and/or temporally specific. While this is not expected due to the homogeneity of surface material at Satellite Bay,
weekly coincident regulatory samples will still be collected and submitted to the laboratory for confirmation and
evaluation of the turbidity / TSS relationship.

https://capws.golder.com/sites/0813340030satellitef68wellsiteremediation/phases and tasks/snp plan/February 24 2017 version/turbidity tss - app a to snp.docx
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APPENDIX B

Field Data Sheet

Project No. 1780495

Sample Location/ID:

Date:

Sampler:

Soil /

Field Parameters (if required)

Instrument (include S/N)

Total Chlorine:

YSI 900 Chlorine Colorimeter

Free Chlorine:

YSI 900 Chlorine Colorimeter

pH:
Turbidity:

LaMotte 2020we Turbidity Meter

Sheen:

See photo

Headspace

RKI Eagle

Observations (include depth of sample if soil):

Number of sample bottles/jars filled:

(Duplicate ID if applicable):

Relevant photos are included below.

Water

Laboratory Reference COC:
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APPENDIX C

ALS Chain of Custody Form

Chain of Custody (COC) / Analytical
Request Form

COC Number:

Affix ALS barcode label here

Page

(lab use only)

Canada Toll Free: 1 800 668 9878

14 of

www.alsglobal.com
Report Format / Distribution

Report To
Company:

Select Report Format:

Contact:

Quality Control (QC) Report with Report

Address:

PDF

EXCEL

Select Service Level Below (Rush Turnaround Time (TAT) is not available for all tests)
EDD (DIGITAL)

R

Regular (Standard TAT if received by 3 pm - business days)

No

P

Priority (2-4 bus. days if received by 3pm) 50% surcharge - contact ALS to confirm TAT

E

Emergency (1-2 bus. days if received by 3pm) 100% surcharge - contact ALS to confirm TAT

Yes

Criteria on Report - provide details below if box checked

Select Distribution:
Phone:

EMAIL

E2

FAX

MAIL

Same day or weekend emergency - contact ALS to confirm TAT and surcharge

Specify Date Required for E2,E or P:

Email 1 or Fax

Analysis Request

Email 2
Invoice To

Same as Report To

Yes

No

Copy of Invoice with Report

Yes

No

Invoice Distribution
Select Invoice Distribution:

Company:

EMAIL

Indicate Filtered (F), Preserved (P) or Filtered and Preserved (F/P) below
FAX

MAIL

Email 1 or Fax
Email 2
Project Information

Oil and Gas Required Fields (client use)

ALS Quote #:

Approver ID:

Cost Center:

Job #:

GL Account:

Routing Code:

PO / AFE:

Activity Code:

LSD:

Location:
ALS Contact:

ALS Lab Work Order # (lab use only)
ALS Sample #
(lab use only)

Sampler:

Sample Identification and/or Coordinates

Date

Time

(This description will appear on the report)

(dd-mmm-yy)

(hh:mm)

1
Drinking Water (DW) Samples (client use)

Sample Type

Special Instructions / Specify Criteria to add on report (client Use)

Are samples taken from a Regulated DW System?

Yes

No

Released by:

SAMPLE CONDITION AS RECEIVED (lab use only)
Yes
SIF Observations
No

Frozen
Ice packs

Yes

Cooling Initiated

Are samples for human drinking water use?

Yes

Number of Containers

Contact:





No



Custody seal intact

INIITIAL COOLER TEMPERATURES ºC

Yes




FINAL COOLER TEMPERATURES ºC

No

SHIPMENT RELEASE (client use)
Date:

Time:

Received by:

INITIAL SHIPMENT RECEPTION (lab use only)
Date:
Time:

REFER TO BACK PAGE FOR ALS LOCATIONS AND SAMPLING INFORMATION

WHITE - LABORATORY COPY

Received by:

FINAL SHIPMENT RECEPTION (lab use only)
Time:
Date:

YELLOW - CLIENT COPY

Failure to complete all portions of this form may delay analysis. Please fill in this form LEGIBLY. By the use of this form the user acknowledges and agrees with the Terms and Conditions as specified on the back page of the white - report copy.
1. If any water samples are taken from a Regulated Drinking Water (DW) System, please submit using an Authorized DW COC form.

No
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GENERAL TERMS AND CONDITIONS:
These terms and conditions are incorporated in and form part of the Agreement between ALS Group's Environmental Division and the party named in the Offer (the “Client”).
1. Definitions. Capitalized Terms not defined in these Terms and Conditions have the definitions set out in the other Agreement documents.
2. The Services. ALS will provide the Services to the Client as described in the Offer and in any change of custody form provided with any sample.
3. Prices. ALS may review and change all prices, fees, surcharges or other charges set out in the Agreement if there are changes to ALS’s cost beyond ALS’s control, including changes in
legislative requirements, Client variations of sample numbers and Client requests for changes to standard reporting requirements. Notwithstanding Condition 3, all quotations are reviewed
and updated on a yearly basis.
4. Payment Terms. The Client shall pay ALS within 30 days of the invoice date OAC. ALS may, for reasonable business reasons, require the Client to arrange for payment in advance.
5. Quotation Numbers. The Client shall provide the quotation number to ALS (where applicable) to ensure correct pricing.
6. Taxes. Applicable taxes are not included in prices, surcharges and additional fees and will be added at the time of invoicing.
7. Quality Control. ALS has an extensive QA/QC program. Clients' samples are analyzed using approved, referenced procedures followed by thorough data validation prior to reporting the
analytical results.
8. Test Results are Not Guaranteed. Results are obtained from analytical measurements that are subject to inherent variability. Measurement results reflect characteristics of submitted test
samples at time of analysis. The Client is responsible for informing itself on the limitation of test results and acknowledges that test results are not guaranteed.
9. Standard of Care. ALS will use reasonable care and diligence as required by the laws of the province or territory where the sample is tested.
10. Storage. Where possible, ALS will store samples for 30 days from the date a final report is issued to the Client, after which ALS may discard the samples.
11. Holds. If the Client requests a sample to be placed on hold, ALS will store the sample for 30 days from date of receipt, after which ALS will invoice the Client and discard the sample. Longer
hold periods are available upon request.
12. Archives. If the Client requests a sample be archived, ALS will invoice in advance and store the sample for the period requested, after which ALS may discard the sample.
13. Handling Protocol. Legal sample handling protocol must be arranged before samples are collected. ALS charges a minimum 20% surcharge on the list price plus the hourly technologist or
chemist rates for legal sample protocol. Additional charges will apply for samples that require storage by ALS.
14. Samples. The quality, condition, content and source of samples stored and tested are not known to ALS except as declared and described on the chain of custody form completed and
submitted by the Client and accompanying the sample.
15. Risk of Loss. ALS will use reasonable care to protect samples during storage, however all samples are stored at the Client’s risk and the Client is responsible for obtaining appropriate
insurance, if desired. The Client acknowledges that during the performance of the Services samples may be altered, lost, damaged or destroyed and the Client releases ALS from any claim the
Client may have for any loss or damage to the sample.
16. Environmental. The Client must comply with all applicable environment legislation, including labeling all hazardous samples to comply with WHMIS and TDG regulations, and must provide
appropriate safety data sheets (previously referred to as 'MSDS") that include the nature of the hazard and a contact name and phone number to call for information. The Client will indemnify
ALS for all loss or damages, including any fine or cost of complying with an order of any government authority, resulting from the Client’s breach of this paragraph.
17. Hazardous Materials Disposal. ALS may return, at the Client’s cost, hazardous material to the Client for disposal.
18. Hazardous Materials Surcharge. ALS may apply an additional surcharge for handling of hazardous samples or samples with Naturally Occurring Radioactive Materials (NORM), H2S, CN, etc.
19. Sample Containers. ALS may ship sample containers to the Client’s location by the most cost effective means using ALS preferred courier suppliers, within the specified project timeline.
20. Additional Charges. ALS may charge the Client (a) its cost for emergency bottle shipments and shipments to and from a remote site, and (b) where pick up and delivery services are
provided, subject in each instance to a minimum charge of $25.00.
21. Re-Tests. ALS reserves the right to re-test any samples that remains in its possession. Re-tests requested by the Client may be charged.
22. Waiver. The Client is responsible for making any assessment regarding the suitability of the Services and the intended results for the Client’s purposes and waives any claims against ALS it
may have as a result of the interpretation of the results. The Client shall indemnify ALS for all claims made by any third party against ALS in respect of all losses however arising from the
performance of the Services or the use of any report provided in the performance of the Services.
23. Limitation of Liability. In no event shall ALS be liable for any consequential, indirect, incidental, special, exemplary or punitive damages, whether foreseeable of unforeseeable, (including
claims for loss of profits or revenue or losses caused by stoppage of other work or impairment of other assets) incurred by the Client arising out of breach or failure of express of implied
warranty, breach of contract, breach of warranty, misrepresentation, negligence, strict liability in tort or otherwise. In any event, the liability of ALS to the Client shall be limited to the cost of
testing the sample as requested in the chain of custody form under which the sample was originally deposited. For the purposes of this paragraph and paragraphs 8, 15, 16, 22 and 24, as the
applicable, “ALS” includes without limitations its directors, officers, employees and affiliates and the “Client” includes without limitation any third party that may have a claim against ALS
through the Client.
24. Notice of Liability. Notwithstanding paragraph 23, ALS shall not be liable to the Client unless the Client provides notice in writing to ALS of such loss or damage, together with full
particulars thereof, within 30 days of the Client’s receipt of the report of the analysis of the sample giving rise to such liability. The provisions of this paragraph allocate the risk under the
Agreement between the Client and ALS, and the fees to be paid by the Client to ALS reflect this allocation of risks and the limitations of liability in this Agreement.
25. Entire Agreement. The Agreement is the entire agreement between the parties and supersedes and takes precedence over any terms and conditions contained in any documentation
provided by the Client. ALS’s execution of any subsequent documentation from the Client only acknowledges receipt and not acceptance of any terms or conditions therein. If there is a
conflict between these terms and conditions and any other Agreement document, these terms and conditions prevail.
26. Term. Providing the first batch of samples to which this tender refers is submitted within three months of the starting date of this quotation, the following prices, terms and conditions will
remain firm until the closing date. This offer, and terms and conditions will automatically lapse if the offer has not been accepted, and samples not delivered to ALS, within the Closing Date.
27. Termination. (a) Either party may terminate this Agreement for any reason by giving the other party thirty (30) days written notice (Notice Period).(b) If the Agreement is terminated
pursuant to clause (a), then the Client must pay ALS for all Services performed up to the expiry of the Notice Period.
NA-FM-0326e v09Terms

Sample Container, Preservation and Holding Time Table. Keep samples cool (4ºC) and ship to an ALS location as soon as possible.

ALS Environmental

Note: Specific container, preservation and holding times may vary based on regulatory requirements - consult your local ALS laboratory for assistance prior to sampling.

Canadian Locations (Toll Free 1-800-668-9878)
Inorganics

EMERGENCY SPILL RESPONSE: +1 855 838 LABS (5227)

Analysis

1

Water Container

Water Preservation

Additional Notes

Soil Container

Water / Soil Hold Time

Vancouver, BC

Fort St. John, BC

Acidity and Alkalinity

0.5-1 L Plastic

125-250 mL Jar or Bag

14 Days / NA

8081 Lougheed Hwy

10345A Dogwood Street

Anions (Br, Cl, SO4, F) and Electrical Conductivity

0.5-1 L Plastic

125-250 mL Jar or Bag

28 Days / 6 Months

125 mL Plastic

EDA (Ethylenediamine)

NA

28 Days (Chlorite 14 Days) / NA

1:1 Sulfuric Acid (H 2SO4)

NA

28 Days / NA

6N NaOH

125-250 mL Jar or Bag

14 Days / 14 Days

Burnaby, BC,

Ph: 604-253-4188

Fort St. John , BC

Ph: 250-261-5517

Bromate, Chlorate and Chlorite

V5A 1W9

Fax: 604-253-6700

V1J 6W7

Fax: 250-261-5587

BOD, Colour and Turbidity

0.5-1 L Plastic

After Hours / Emergency

Ph: 250-261-4947

COD and Phenols (4AAP)

125-250 mL Glass

Kamloops, BC

Fort Nelson, BC

1445 McGill Rd, Unit 2B

Airport Terminal Building

Kamloops, BC

Ph: 250-372-3538

No.1 Cessna Way, Rm 106

Ph: 250-775-0929

NA

145 mL Plastic

Cyanide, Total ,Weak Acid Dissociable,Free
ROUTINE
Dissolved Oxygen
INORGANICS
AND MISC Dissolved or Total Inorganic Carbon (DIC or TIC)

1 each; MnSO4 & alkaline iodide azide pillows

300 mL BOD bottle

2-4 Days

8 Hours / NA

.

Field Filter for Dissolved

125-250 mL Jar or Bag

14 Days / 28 Days

125-250 mL Glass

1:1 Sulfuric Acid (H 2SO4)

Field Filter for Dissolved

125-250 mL Jar or Bag

28 Days / 28 Days

Zero Headspace

125-250 mL Jar

Ph: 250-372-3670

Fort Nelson, BC

Dissolved or Total Organic Carbon (DOC or TOC)

Ph: 250-572-1458

V0C 1R0

Flashpoint

Edmonton, AB

Calgary, AB

pH

0.5-1 L Plastic

125-250 mL Jar or Bag

9936-67 Avenue NW

2559-29th Street NE

Solids (TS, TSS, TDS)

0.5-1 L Plastic

NA

Sulfide

125 mL Plastic

Sulfite

125 mL Plastic

Ph: 780-413-5227

Calgary, AB

Fax: 780-437-2311

T1Y 7B5

Fax: 403-291-0298

After Hours / Emergency

Ph: 780-913-2299

After Hours / Emergency

Ph: 403-651-1471

The Centre, AB

Nitrate or Nitrite Nitrogen (and Ammonia unpreserved)

Bay 1, 245 MacDonald Crescent

5424 97th Street

Nitrogen, Kjeldahl, Organic, Total or Dissolved

Fort McMurray, AB

Ph: 780-791-1524

Edmonton, AB

Ph: 780-391-2300

T9H 4B5

Fax: 780-791-1586

T6E 5C1

Fax: 780-434-9178

After Hours / Emergency

Ph: 780-714-8482

2 x 100mL Amber Glass

NUTRIENTS

Zinc Acetate & 6N NaOH
1:1 Sulfuric Acid (H 2SO4)

250 mL Glass or Plastic

Ammonia Nitrogen

Fort McMurray, AB

1:1 Sulfuric Acid (H 2SO4)

250 mL Glass or Plastic

1:1 Sulfuric Acid (H 2SO4)

250 mL Glass or Plastic

1:1 Sulfuric Acid (H 2SO4)

1329 Niakwa Road East, Unit 12

9505-111th Street

Chromium VI (Hexavalent)

T8V 5W1

Fax: 780-513-2191

After Hours / Emergency

Ph: 780-512-4343

After Hours / Emergency

Ph: 204-784-6677

METALS

28 Days / 30 Days
6 Months / 28 Days

Contact Lab

125-250 mL Jar or Bag
125-250 mL Jar or Bag

28 Days / 28 Days

125-250 mL Plastic

1:3 Nitric Acid (HNO 3) to pH<2

Field Filter for Dissolved

125-250 mL Jar or Bag

6 Months / 6 Months

Sodium Bisulfate

Zero Headspace

125 mL Jar, Encore or Terra

Zero Headspace

Core® sampling kit

2 or 3 x 40 mL Glass Vials

2
2

After Hours / Emergency

28 Days / NA

125-250 mL Jar or Bag

Field Filter for Dissolved

2 or 3 x 40 mL Glass Vials

Ph: 306-221-7147

28 Days / NA

NA

Contact Lab

BTEX / F1 or VPH

After Hours / Emergency

11

/ NA

1:1 Hydrochloric Acid (HCl)

Volatile Organics (THM, Perchloroethylene)

S4R 8R4

NA

12

250 mL pre-cleaned Glass or TFE

Regina, SK

Fax: 306-668-8383

NA / 3 Days
2-7 Days

40 mL Glass Vial or 120 mL Glass

1119 Osler Street

S7K 6X5

/ NA

Mercury, Total or Dissolved

819 - 58 Street East

Regina, SK

10

28 Days / NA

Mercury, Methyl

Saskatoon, SK

Ph: 306-668-8370

Field Filter for Dissolved

50 % NaOH (BC MoE) or 6N NaOH + Ammonium Buffer (OMoE)

125 mL Plastic

Metals, Total or Dissolved

Saskatoon, SK

2-7 Days

NA

NA

Phosphorus, Total

Fax: 204-255-9721

28 Days / 72 Hours

125-250 mL Jar or Bag

Phosphorus, Total Dissolved

Ph: 204-255-9720

125-250 mL Jar or Bag

NA

Grande Prairie, AB

R2J 3T4

0.25 Hours / NA

0.5-1 L Plastic

Winnipeg, MB

Winnipeg, MB

7 Days / 7 Days

NA

Field Filter for Dissolved

9

7 Days / NA

NA

250 mL Glass or Plastic

Nutrients, Available (N,P,K,S)

7 Days / 7 Days
0.25 Hours / 30 Days

125-250 mL Jar or Bag

0.5-1 L Plastic

Phosphorus, Reactive (orthophosphate)

/ NA

125-250 mL Glass

V2C 6K7

T6E 0P5

8

NA

After Hours / Emergency

Edmonton, AB

7

Organics

Ph: 306-221-7147

HYDROCARBONS

CWS F2-F4

2 x 60 mL Amber Glass Vials or 500 mL Amber Glass

EPH or LEPH/HEPH

Waterloo, ON

Thunder Bay, ON

Polycyclic Aromatic Hydrocarbons (PAHs)

60 Northland Drive, Unit 1

1081 Barton Street

Oil & Grease or Mineral Oil & Grease

Sodium Bisulfate

2 x 500 mL Amber Glass
2 x 0.5 - 1 L Amber Glass

3

Sodium Bisulfate

125 - 500 mL Jar

Sodium Bisulfate

6

14 Days / 7 Days

13

14 Days / 7 Days

13

14 Days

14

/ 14 Days

125 - 500 mL Jar

14 Days / 14 Days

5

125 - 500 mL Jar

14 Days / 14 Days

1:1 HCl or H2SO4

125 - 500 mL Jar

28 Days / 28 Days

125 - 500 mL Jar

7 Days / 14 Days

Sodium Bisulfate

2 x 0.5 - 1 L Glass

4

2 x 40 mL Glass Vials

Zero Headspace

Waterloo, ON

Ph: 519-886-6910

Thunder Bay, ON

Ph: 807-623-6463

Alcohols

N2V 2B8

Fax: 519-886-9047

P7B 5N3

Fax: 807-623-7598

Alkanolamines (MEA, DEA, DIPA)

125 mL Amber Glass

125 - 500 mL Jar

7 Days / 14 Days

After Hours / Emergency

Ph: 519-589-0044

After Hours / Emergency

Ph: 807-624-4482

Dioxins and Furans

2 x 1 L Amber Glass

125 - 500 mL Jar

Unlimited / Unlimited

125 - 500 mL Jar

6 months

Mississauga, ON

Burlington, ON

AOX

5730 Coopers Avenue, Unit 26

5420 Mainway Drive, Unit 5

Formaldehyde

Mississauga, ON

Ph: 905-507-6910

Burlington, ON

Ph: 905-331-3111

L4Z 2E9

Fax: 905-507-6927

L7L 6A4

Fax: 905-331-4567

TRACE
ORGANICS

Glycols
Naphthenic Acids

40 - 250 mL Amber Glass
2 x 40 mL Amber Glass Vials

7 Days / 14 Days

125 - 500 mL Jar

Unlimited / Unlimited

125 - 500 mL Jar

14 Days / 14 Days

PCB

2 x 0.5 - 1 L Amber Glass
2 x 0.5 - 1 L Amber Glass

Ph: 905-881-9887

London, ON

Ph: 519-652-6044

Priority Pollutants (EPA 625 list) or SVOCs

Fax: 905-881-8062

N6L 1C1

Fax: 519-652-0671

Resin Acids & Fatty Acids

2 x 0.5 - 1 L Amber Glass
2 x 0.5 - 1 L Amber Glass

Nepean, ON

Ph: 613-225-8279

Whitehorse, YT

Ph: 867-668-6689

K2E 7J5

Fax: 613-225-2801

Y1A 2V3

Fax: 867-668-6684

After Hours / Emergency

Ph: 867-335-5416

PESTICIDE
RESIDUES

Ascorbic Acid & Sodium Bisulfate

5

2 x 1 L Amber Glass

Richmond Hill, ON
L4B 1H2

Sulfolane

/ 28 Days

14 Days / 14 Days

Phenolics, Chlorinated and Non-Chlorinated

Carbamate Pesticides

15

7 Days / 5 Days

125 - 500 mL Jar

London, ON

Whitehorse, YT

125 - 500 mL Jar
125 - 500 mL Jar

309 Exeter Road, Unit #29

13A - 151 Industrial Road

Zero Headspace

2 x 250 mL Amber Glass

95 West Beaver Creek Road, Unit 1

190 Colonnade Road, Unit 7

Ammonium Chloride+Copper Sulfate

2 x 40 mL Amber Glass Vials

Richmond Hill, ON

Ottawa, ON

1:3 Nitric Acid (HNO 3) to pH<2
2

2 x 1 L Amber Glass

125 - 500 mL Jar
Ascorbic Acid & NaOH

125 mL Jar

Potassium Dihydrogen Citrate or ChlorAC buffer

7 Days / 14 Days

17

14 Days / 14 Days

125 mL Jar

7 Days / 14 Days

125 - 500 mL Jar

28 Days / 14 Days
14 Days / 14 Days

Glyphosate / AMPA

2 x 1 L Amber Glass

Use Sodium Thiosulfate if chlorinated

125 - 500 mL Jar

Herbicides, Acidic

2 x 1 L Amber Glass

Sodium Bisulfate

125 - 500 mL Jar

14 Days / 14 Days

2 x 0.5 - 1 L Amber Glass

Sodium Bisulfate

125 - 500 mL Jar

28 Days / 14 Days

Nonylphenol & Ethoxylates

Yellowknife, NT

Organochlorine or Organophosphate Pesticides

2 x 1 L Amber Glass

125 - 500 mL Jar

7 Days / 14 Days

116 - 314 Old Airport Road

Soil Sterilant Scan

2 x 1 L Amber Glass

250 g Poly Bag

7 Days / 14 Days

Yellowknife, NT

Ph: 867-873-5593

X1A 3T3

Fax: 867-920-4238

After Hours / Emergency

Ph: 867-446-5593

16

Micro
MICROBIOLOGICAL

Coliforms-Fecal, Total, E-coli & HPC
Microtox

100 - 300 mL Sterilized Plastic

Sodium Thiosulfate

1 L Amber Glass

1. Additional analyses with the same container and preservation may be possible - consult the lab for details.
2. The number of 40 mL glass vials required (2 or 3) for BTEX & VOC varies by lab based on instrumentation. Consult the lab for
details.

500 mL Sterilized Jar
125-250 mL Jar or Bag

24-48 Hours

18

(24 - HPC) / NA

3 Days / 3 Days

9. pH in water should be taken in the field as per BC MoE, 4 Days hold time for Ontario MISA and
28 Days hold time for OMoE. 30 Days hold time as received for pH in soil as per OMoE. Unlimited
hold time once soil is dried.
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3. If CWS F2-F4 is required in addition to EPH or LEPH/HEPH, only 2 x 500 mL Amber Glass containers are required. For Ontario
Ministry of Environment (OMoE) CWS PHC F2-F4 + F4G, ALS requires 2 x 500 mL Amber Glass.

10. 3 Days hold time as per BC MoE, 5 Days hold time as per Ontario MISA and 7 Days hold time as per OMoE.

4. Use Sodium Thiosulfate instead of Sodium Bisulfate if sample is chlorinated.

12. 3 Days hold time as per BC MoE and 7 Days hold time as per OMoE.

5. No preservative is required for these analyses in Ontario.

13. 40 Days hold time for field methanol preserved samples, 7 Days hold time for CCME CWS PHC F1 and 2 Days hold time for
Encore sampler.

6. Soil sampling options depend on soil location and condition of soil. Terra Core® sampling kit consists of Terra Core® sampler,
two pre-weighed 40mL glass vials with methanol preservative and a 125 mL soil jar for moisture. Encore samplers and 125 mL
soil jars with zero headspace are other options - consult the lab for details.

11. 3 Days hold time until received. Unlimited hold time once soil is dried.

14. 40 Days hold time as per OMoE.

7. 4 Days hold time for Electrical Conductivity only as per Ontario MISA.

15. 14 Days hold time as per Ontario MISA.

8. 3 Days hold time for British Columbia as per BC Ministry of Environment (BC MoE), 4 Days hold time as per OMoE.

16. 14 Days hold time as per OMoE.
17. 14 Days hold time for water and 60 Days hold time for soil as per OMoE.
18. 30 Hours hold time as per BC Drinking Water Regulation and 48 Hours as per OMoE.

February 26, 2019

1780495

APPENDIX D

ALS Environmental Laboratory
Accreditation

February 26, 2019

1780495

APPENDIX E

Golder Technical Procedures

Golder Technical Procedure

Freshwater Quality Technical Procedure
Revised July, 2016
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1.0

INTRODUCTION

This technical procedure (TP) describes the common methods used by Golder
Associates Ltd. (Golder) field crews to collect samples and supporting water
quality data from freshwater environments (e.g., streams, rivers, ponds, and lakes).
The main focus of the document is to provide basic sampling instructions
including appropriate pre- and post-field activities, in situ measurements, and the
preservation and handling of water quality samples.

1.1

APPLICABILITY AND LINKS TO OTHER DOCUMENTS

The Freshwater Quality TP is applicable to sampling performed by Golder field
crews across Canada. The general procedures described herein are broadly
consistent with water quality sampling guidance documents available in Canada
and the United States. The TP will be appended as Appendix A to the Technical
Guidance Document for the Collection of Water and Sediment Quality Samples
and Data Processing (TGD) that is currently in preparation. The following TPs and
supporting documents will also be appended as Appendices B to F to the TGD
and are cross-referenced throughout this document, as appropriate:
QQ

Appendix B: Water Quality Meter Calibration and Use TP;

QQ

Appendix C: Sediment Quality TP;

QQ

Appendix D: Field Data Recording Checklist;

QQ

Appendix E: Specific Work Instructions Template; and

QQ

Appendix F: Quality Control Appendix Template.

As further described in the TGD, there will be cases where a Golder project
requires a sampling protocol(s) not described in this TP. This might be in response
to regional or agency specific guidance or under particular circumstances that
require modification of sampling protocols described in this TP. In such cases, the
project or component manager should provide the new or modified protocol in
the Specific Work Instructions (SWI). The person(s) conducting the sampling
should be provided with training in the specific sampling technique and have an
understanding of the rationale for employing that technique. The project
documentation, including the SWI, field notes and the methods section of the
report, should reflect the sampling protocol used.
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1.2 RULES OF THUMB
Water samples are collected to characterize the physical and chemical
characteristics of an entire waterbody or an area within a waterbody. In this TP the
term waterbody refers to a stream, river, pond or lake; no distinction has been
made between flowing and standing waters. Single location, multiple location, or
composite samples may be collected. To obtain representative results, it is
essential to sample at suitable locations, use appropriate and consistent sampling
methods, and maintain sample integrity throughout the process of collection and
transportation.
Sampling program rules of thumb include the following:
QQ
QQ

QQ

QQ

QQ

QQ

QQ

QQ

QQ

QQ

QQ

QQ

QQ

Prioritize the safety of field personnel.
Be familiar with the field equipment to be used in the field; be prepared to
troubleshoot equipment limitations or problems.
Have an understanding of key program components such as the
location and characteristics of proposed sampling locations, rationale
for location selection, and requirements of the quality assurance and
quality control (QA/QC) plan associated with the program.
Be aware of, and avoid, possible sources of sample contamination, and plan
the field program to start sampling from the least contaminated area (i.e.,
reference area) to the most contaminated area (i.e., exposure area).
Understand sample preparation and processing requirements (e.g.,
filtering and preservation) before collecting water samples.
Liaise, as appropriate, with the analytical laboratory regarding the
water quality parameters to be analyzed, the detection limits and
the analytical methods required by the project. Plan field programs
to consider restrictions in shipping times and sample receiving times
at the laboratory.
Order more sample bottles and preservatives than required,
especially for remote sampling locations.
Perform a thorough pre-field check of sampling equipment, sample bottles,
preservatives, labels and chain of custody (COC) forms to identify missing
items before leaving for the field.
Make sure re-sealable plastic bags are available for packaging COC
forms and for protecting sample bottles during shipping.
Identify and double-check unusual or unexpected field
measurements. Expected measurement ranges should be identified
by the project team before fieldwork starts.
Seek approval from the Technical Lead if there is a need to deviate from the
SWI based on field conditions.
Understand and eliminate or minimize the potential for sample
qualifiers in the laboratory reports (e.g., qualifiers caused by hold
time exceedances, incorrect pre-treatment or sample storage, broken
bottles).
Keep clear, consistent and precise field records. Make sure project
documentation is accurately and efficiently filled out.
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2.0

DEFINITIONS

Definitions of key terms used in this TP are provided in Table 2-1.
Table 2.1: Definitions of Key Terms

Term

Definition

ACCURACY

In relation to analysis, accuracy is how close the measurement is to the true value (e.g., the center
of a bulls-eye). High accuracy is achieved when a measurement has low bias and high precision.

ANALYTICAL
REQUEST FORM

Standard form provided by analytical laboratories. This form is filled out by the discipline lead or
person(s) collecting samples and is used to indicate how each sample is to be analyzed. This form
is often combined with the chain of custody form as a single document.

BIAS

The bias in a measurement is caused by systematic errors in the sampling or analysis procedures.
Some sources of bias, such as improperly calibrated instruments, may cause measured values to
be, on average, either higher or lower than the “true” value. Other sources of bias, such as
contaminated sampling equipment, tend to cause the average measured value to overestimate
the “true” value. All sources of bias contribute to the total bias for any given measurement.

CHAIN OF CUSTODY
FORM

Standard form used to track the movement of sample containers from the time they leave the
field until they arrive at the specified laboratory. The chain of custody form provides a clear record
of sample transport and handling, thereby reducing the risk of sample loss during transport.

CLINE

A thin, typically horizontal layer of water within a waterbody that is caused by a gradient in temperature
(thermocline), chemistry (chemocline), oxycline (oxygen concentration), salinity (halocline), or density
(pycnocline). A cline may also be referred to as the metalimnion.

COMPARABILITY

Is a qualitative term that expresses how well data from one sample compares to data from another sample at
the same location. It compares sample collection and handling methods, analytical techniques and quality
assurance protocols.

COMPLETENESS

Is a measure of the amount of valid data needed to assess the hypothesis of the program. Several statistical
procedures are available to estimate the number of samples needed for a particular study design.

DATA SONDE

An instrument probe that automatically transmits data or information about its surroundings (underground,
underwater, atmosphere, etc.). Water quality sondes are capable of measuring parameters in-situ and storing
the data into its memory. The specific parameters will vary with the unit but common requirements are water
temperature, pH, conductivity, oxidation reduction potential (ORP), turbidity, and dissolved oxygen.

DETECTION LIMIT

The smallest concentration or amount of a substance that can be reported as present with a specified degree
of certainty by a defined analytical procedure.

PRECISION

The precision of a measurement indicates how reliably a measurement can be repeated. Random errors, such
as instrument noise, decrease the precision of a measurement. Because such factors are random, they are
equally likely to cause the measured value to be higher or lower than the “true” value. For this reason, the
precision of the estimate of the “true” value can be increased by performing the same measurement
repeatedly and averaging the results. With enough measurements, the high and low random errors should
cancel.
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Term

Definition

PROFILE

Measurements taken at discrete depths through the water column of a lake. This represents the
water quality characteristics of the lake from surface to bottom. Parameters that are often
measured as a profile include dissolved oxygen, temperature, specific conductivity, turbidity and
pH.

QUALITY
ASSURANCE/
QUALITY CONTROL
(QA/QC)

Quality assurance refers to a detailed protocol used to produce high quality products, while quality control
refers to the process by which this protocol is tested to ensure that final products are of the specified quality.
With reference to water quality sampling, quality assurance includes the use of trained personnel, proper
sampling methods, clean containers and equipment, proper sample preservation and transportation and
detailed documentation of the entire process.

REPRESENTATIVENESS

Is a qualitative tem that expresses how well the data reflect the true environmental condition being sampled. It
includes accuracy and precision, but also how well the sampling site reflects the location under study.
Variability in sampling should be minimized to ensure representativeness.

STRATIFICATION

In the context of water quality, stratification refers to the development (and persistence) of different layers of
water in a waterbody. These layers may differ physically through density differences (e.g., temperature of
dissolved solids) or chemically (e.g., dissolved oxygen). Waterbodies that develop these layers separated by a
thermocline and/or chemocline (the transition zone between the layers) are said to be stratified.

PECIFIC WORK
INSTRUCTIONS (SWI)

Detailed instructions in a standardized format provided to field personnel. The SWI describe all
aspects of the work to be conducted, including personnel allocation, procedures to be used, time
allocation and any additional information deemed necessary by the project or task manager.
Refer to Specific Work Instructions Template document for additional details.
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3.0

SAMPLE TYPES

The types of samples collected during a
surface water quality program can vary
depending on the specific project
requirements and waterbody in question.
Different sample types require different
methods of collection.
Refer to the project SWI for sampling
requirements specific to each individual
program. See the TGD for further details
regarding water sample types commonly
sampled by Golder, the rationale as to why
each type of sample is collected, and associated
advantages and disadvantages. The most common
sample types are listed below:
GRAB SAMPLE
A grab sample is a sample containing water
collected from a single point in space and
time.
COMPOSITE SAMPLE
A composite sample is a sample containing a
mixture of water collected from multiple
locations in space and/or time. Multiple grab
samples are usually combined in a pail or carboy of
sufficient volume to meet sample analysis needs.
The pail or carboy should be laboratory-provided or
pre-cleaned such that it is not a source of sample
contamination. A composite sample could consist of
water from the following:
QQ

different depths at the same location;

QQ

different locations at the same waterbody;

QQ

different times at the same location; or

�	

a combination of the above.

QA/QC SAMPLES
Replicate/Duplicate Samples

Replicate or duplicate samples are used to check variability of water quality at the
sampling site or within the sampling process. If replicate samples are required,
two or more separate samples (i.e., duplicate samples) are collected from one
location using identical sampling procedures. Replicate samples are labelled,
preserved and submitted separately to the analytical laboratory for identical
analyses.
Split Samples

Split samples are used to check analytical precision. A single sample is collected
and mixed and is then split into two or more separate sample containers. The
containers are labelled and preserved individually before being submitted for
analysis of the same parameters. Split samples are often submitted to two
different analytical laboratories to check inter-laboratory variability, but can also
be submitted to a single laboratory to check intra-laboratory variability.
Field Blank Samples

Field blanks are used to detect potential sample contamination during sample
collection, transport, and analysis. The field blank is a sample prepared in the
field that contains Deionized water (DI) provided by the analytical laboratory. DI
water is used to fill a set of sample bottles, that are then submitted to the
laboratory for the same analysis as the water quality samples being collected..
Travel/Trip Blank Samples

Travel/trip blanks are used to detect potential sample contamination during
storage and transport. A travel/trip blank usually consists of a complete set of
filled, sealed bottles containing DI water, which are provided by the analytical
laboratory. The travel/trip blanks are never opened, but accompany sample
bottles to and from the field site. The unopened travel/trip blanks undergo the
same analysis as the field samples and are used to determine if sample
contamination may have occurred during transport and analysis.
Spiked Samples

Spiked samples are field-collected or DI water samples that contain a known
quantity of a known analyte. These samples are used to evaluate recovery of the
analyte or accuracy of the reported concentration.
Equipment Blank Samples

Equipment blanks are used to detect potential sample contamination during
sample collection. An equipment blank is a sample prepared in the field by filling
a sampling device (e.g., Van Dorn sampler) with DI water and then filling sample
bottles following the same procedures used for field samples. A full set of sample
bottles is submitted to the laboratory for the same analyses as the field samples.
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4.0

EQUIPMENT TYPES

Water sampling programs
generally consist of water sample
collection for laboratory analysis
and in situ field parameter
measurements (e.g., pH, temperature,
dissolved oxygen, specific
conductivity, and turbidity). These
two tasks require the use of different
equipment. Samplers commonly
used by Golder to collect water
samples are listed in Table 4.1. The
type of sampler selected for a
program will depend on the
waterbody, water quality
characterization requirements, and
program consistency considerations.

Table 4.1: Examples of Commonly Used Water Samplers

Type of Sampler Suitable Application
HAND GRAB
SAMPLE

Single point grab
sample

SAMPLE POLE

Single point grab
sample from a
location that is too
deep to stand in , too
far to reach with just an
arm, or where foot
access is not
appropriate

KEMMERER

Discrete interval
depth samples of a
known volume.
Options include a PVC
for general sampling or
a Teflon for ultra-low
metals sampling

VAN DORN

Discrete interval
depth samples of a
known volume

PERISTALTIC
PUMP

Discrete interval
depth samples with
no fixed volume or
depth integrated
samples

9
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Table 4.2: Water Quality Meters/Instruments

Water quality meters such as
those listed in Table 4.2 are
used in the field to measure in situ
physico-chemical water quality
parameters; the type of meter used
will depend on the program-specific
parameter requirements. Refer to
the Water Quality Meter Calibration
and Use TP for more information on
specific water quality meters.

Type of Meter

Suitable Application

HAND-HELD
MULTIPARAMETER
METER

Spot or depth profile in
situ physico-chemical
water quality parameter
measurements

TURBIDITY
METER

Portable electronic
turbidity readings of a
water sample

PARAMETERSPECIFIC TEST
KIT

Portable kit for
measuring field readings
of specific parameters
(e.g., alkalinity, dissolved
oxygen, chlorine)

SECCHI DISK

Water transparency
measurements mainly in
lakes but sometimes in
rivers

DEPLOYABLE
MULTIPARAMETER
DATA SONDE

Long-term in situ
physico-chemical water
quality monitoring that
allows measurements to
be taken at set time
intervals. The instrument
can be deployed at
desired water depths
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5.0

PRE-FIELD PREPARATION

Before conducting surface water quality field
sampling, certain steps must be followed to execute
an effective, efficient, and reliable program,
including the following:
QQ

QQ

QQ

Consider the Health and Safety requirements of
the program.
Prepare a suitable SWI to meet the needs of the
program.
Coordinate logistics with sub-contractors,
suppliers and crews and request site access as
appropriate.

For a more detailed discussion of pre-field
preparation activities refer to the TGD. An example
checklist of sampling equipment is provided in
Attachment 1 – Sampling Equipment and Materials
Checklist.

5.1

HEALTH AND SAFETY

Review all Health and Safety project documentation
before departing for the field and follow up on
questions or concerns with the appropriate project
contact. The pre-field meeting is an excellent
opportunity to raise and discuss questions prior to
the field program. Typical Health and Safety
documentation requirements for Golder programs
include, but are not restricted to, the following:
QQ

QQ

QQ

QQ

QQ

QQ

relevant project-related information (i.e., client, site location[s], project title,
project/phase/task number, project/component manager);
particulars of the field program (i.e., identification of field personnel, purpose
of sampling event, sampling locations, hours allocated to the field activity ,
site access requirements);
sampling requirements (i.e., sample analysis requirements, number and types
of containers, filtering and preservation needs, hold-times, sample storage/
handling requirements);
sampling methods (i.e., equipment list, particular cleaning/decontamination
requirements, specific sampling procedures or additional project specific
methods, labelling requirements, bottle checklist, shipping instructions); and
courier and laboratory operating hours and drop-off locations.

Expected hazards and mitigations;

»»

Project contact details;

QQ

»»

Emergency call down procedures;

»»

Check in and out procedures; and

QQ

ordering, checking availability, and organizing field equipment;

Required personal protective equipment and
safety equipment;

QQ

checking the field equipment is operational and not defective;

Health and Safety Environment Plan (HaSEP);

applicable Safe Work Procedures;

QQ

applicable Job Safety Analysis forms;

QQ

applicable Material Safety Data Sheets;

QQ

QQ

compiling all required project documentation into a field folder (e.g., Health
and Safety documents, data sheets, maps);

organizing all required personal protective equipment and personal field
gear; and
confirming courier and laboratory operating hours and drop-off locations.

appropriate Golder required training (e.g.,
Workplace Hazardous Materials Information
System (WHMIS), Transportation of Dangerous
Goods);

QQ

appropriate client/site training;

QQ

current drug and alcohol test, if applicable;

QQ

The following information is typically included in SWIs:

»»

QQ

QQ

The SWI provides detailed instructions for the sampling program and should be
thoroughly reviewed by field crews before starting a program. Advanced reading
of the SWI also allows time for questions to be asked and for clarification to be
provided by the project management team or technical component lead. The
pre-field meeting is an excellent opportunity to raise and discuss questions prior
to the field program. Ideally the SWI should be provided to the field crew at least
one week prior to the initiation of the field program. Refer to the SWI Template for
more detail on information to be provided in the SWI and a recommended SWI
layout.

The sampling protocols outlined in the SWI should not be altered
without consulting the project or component manager. Based on the
SWI, field crews should plan the logistics of the sampling program before leaving
for the field, including but not limited to, the following:

»»

QQ

5.2 SPECIFIC WORK INSTRUCTIONS

Field Level Hazard Assessment booklets/forms;
and
Health and safety inspections forms such as
Worker Observations Forms..
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5.2.1

SELECTION OF SAMPLING LOCATIONS

Sampling locations should be provided in the SWI,
preferably as Global Positioning System (GPS)
coordinates. It is possible that field crews may be
required to refine sampling locations in the field
because of environmental conditions or waterbody
characteristics. The sampling locations selected
should be easily accessible and represent sitespecific conditions specified in the SWI (i.e., sampling
at these localizations would achieve study
objectives).
When establishing sampling locations, the field crew
should proceed as follows:
QQ
QQ

QQ

QQ

QQ

QQ

Consider safety and access.
Consider if a relocated or new sampling location
would allow study objectives to be addressed.
Accurately record sampling locations with GPS
coordinates.

5.3 LABORATORY COORDINATION
In advance of fieldwork, the analytical laboratories specified in the SWI
should be contacted and requested to provide the following, as a
minimum:
QQ

sample containers in appropriate quantities

QQ

bottle labels – many laboratories will pre-label bottles if requested;

QQ

COC/analytical request forms;

QQ

appropriate preservatives;

QQ

syringes and filters;

QQ

DI water for field blanks;

QQ

pre-filled blanks; and

QQ

handling instructions (i.e., special filling requirements, special protocols,
sample preservation, hold times and storage requirements).

It is good practice to request at least one extra set of bottles and
preservatives per crew for each sampling program.

Describe relocated sampling locations in relation
to the intended location.
Take photos or videos to document the locations,
conditions and access.
Note key observations at the sampling location,
for example:
»»

»»
»»

»»
»»

»»

flow conditions of a stream or river (i.e.,
actively flowing vs. stagnant);
beaver activity in the local area;
presence or absence of chemical precipitates
along the river or lake bed;
presence or absence of wave action at a lake;
relative turbidity of the water and if suspended
solids are present; and
visible sheens, foam, odours, or other
characteristics.
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6.0
6.1

FIELD ACTIVITIES
WATER QUALITY MEASUREMENTS

Portable water quality equipment and meters are
used to record in situ measurements of field
measured parameters, such as water temperature,
dissolved oxygen, specific conductivity, electrical
conductivity, pH, oxidation reduction potential
(ORP), and turbidity (Table 6.1). Field measurements
are collected in conjunction with water quality
samples for analysis or are collected separately.
Water quality parameters may be collected as single
spot measurements or water column profiles during
sample collection, or parameters may be measured
continuously for long-term monitoring.
Field crews are required to review the operations
manual to familiarize themselves with calibration
and operation procedures for each particular meter
intended for use on the field program. Refer to the
Water Quality Field Measurements TP for more detail
on instructions for use, calibration and maintenance
of field meters.

Table 6.1: Field Parameters Commonly Measured by Water Quality Meters

Parameter

Definition

CONDUCTIVITY

A measure of the conductivity of a solution to electrical
flow. Recorded as microSiemens per centimetre (µS/
cm) or milliSiemens per centimentre (mS/cm). Waters
with high conductivity typically have high
concentrations of salts (e.g., sodium, chloride, TDS)
with the propensity to carry electrical flow.
Conductivity is proportional to water temperature
(increases about 2% per 1°C), therefore, conductivity is
generally corrected to a defined temperature (i.e., 25°C;
see Specific Conductivity below). The inverse of
conductivity is resistance.

SPECIFIC
CONDUCTIVITY

As stated above, conductivity is proportional to water
temperature (increases about 2% per 1°C), so for field
measurements, a correction of conductivity to 25°C is
recommended when comparing sites of varying
temperature. This corrected data should be clearly
defined as “specific conductivity” and should be
identified as having been corrected to 25°C. Recorded
as microSiemens per centimetre (µS/cm) or
milliSiemens per centimentre (mS/cm).

DISSOLVED
OXYGEN (DO)

Dissolved oxygen is the concentration of oxygen
dissolved in the water that is available for use by
aquatic life. Recorded as concentration (mg/L) and
percent saturation (% saturation). The solubility of
oxygen in water is inversely proportional to
temperature.

LIGHT
ATTENUATION

Light attenuation measurements are collected using
light meters that provide distinct light measurements
at depths through the water column or as a percentage
of the ambient light intensity at the surface of the
water. Underwater light sensors come in two types: a
bulb sensor, which measures both upwelling and
downwelling light simultaneously at required depths,
or a flat sensor, which measures upwelling and
downwelling independently (the sensor has to be
switched 180° in the frame to complete both
measurements).
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Parameter

Definition

OXIDATION
REDUCTION
POTENTIAL /
REDOX POTENTIAL
(ORP)

An expression of the oxidizing or reducing power of
water relative to a reference potential. Redox potential
is dependent on the nature of the chemical substances
in the water, as well as the proportion of their oxidized
and reduced components. When conditions tend to
promote electrons, it is an oxidizing environment (e.g.,
typically surface waters), whereas if conditions tend to
release electrons, it is a reducing environment (e.g., the
monimolimnion in a deep water body). ORP values are
measured in millivolts (mV).

pH

The logarithm of the reciprocal of the free hydrogen
ion concentrations. It is an indicator of the acidic or
basic nature of aqueous solutions. The pH is measured
on a scale from 1 to 14, with pH 1 representing strong
acids, pH 14 representing strong bases and pH 7 being
neutral. pH has no units.

TEMPERATURE

The measure of how “hot” or “cold” water is relative to
a standard scale. Typically temperature is recorded in
degrees Celsius (°C).

TURBIDITY

Measure of the degree to which water loses its
transparency due to the presence of suspended
particles. Generally, the more suspended particulate
matter (or total suspended solids)present in the water,
the more cloudy or hazy the water will appear and the
higher the turbidity will be. Turbidity values, measured
in nephelometric turbidity units (NTU), can be affected
by the particle’s properties for light absorption and
reflection (clays and silts vs sand).
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6.1.1

CALIBRATION

Portable electronic water quality meters require a comprehensive pre-field check
and calibration for parameters selected for measurement. Should sensors fail
calibration, exceed expected operation life time standards, or exhibit
communication issues with the field meter, servicing or replacement should be
undertaken. The meters should be cleaned, calibrated and checked for proper
operation keeping the following in mind.
QQ

QQ

QQ

Calibrate each meter daily in the field before use, or as recommended by the
manufacturer. Note that some regions or projects may require specific
calibration schedules.
Use appropriate calibration solutions (i.e., calibration standard values must be
close to what is expected in the field).
Calibration information should be recorded either in a calibration logbook or
calibration form, and records must be kept with the meter and a copy filed for
project records.

6.1.2

DEPTH PROFILING IN LAKES

Field water quality measurements collected in lakes may include water column
(vertical) profiling. Vertical profiling of a lake is carried out to determine the status
of stratification by measuring physico-chemical characteristics of water throughout
the lake depth (i.e., the water column at a sampling station).
Profiling can also include measurement of photosynthetically active radiation
(PAR), the specific band of solar radiation that is used by plants for photosynthesis,
in the water column. Profile data collection consists of taking a series of
measurements at regular depth intervals from the lake surface to close to the
bottom. The intervals of depth at which samples are collected to complete the
profile are standard and usually depend on the maximum depth of the lake.
Consult the SWI for specific instructions but these are general considerations:
QQ

QQ

QQ

QQ

QQ

Typically, measurements are taken every metre or half-metre, depending on
lake depth. However, depth intervals may be scaled to the degree of change in
water quality characteristics.
In very deep lakes (e.g., greater than 40 m), the intervals may be widened
depending on the needs of the project (e.g., if the physico-chemical WQ is
homogenous for all parameters through the water column, the depth intervals
can increase accordingly).
Profiling generally starts at 30 cm below the water or the ice surface and
continues down to approximately less than 1 m above the lake bottom.
For very shallow lakes (e.g., less than 2 m), measurements at the surface and
mid-depth may be sufficient.
Greater resolution (i.e., shorter intervals) for physico-chemical measurements
may be required in the metalimnion (located close to the thermocline), as this is
typically an area characterized by rapid changes in water quality.

Sensors on the water quality meter should be allowed to stabilize before recording
water quality values at different depths of the water column.
Detailed instructions for how to conduct vertical profiles are described in Attachment
2: Profiling and Composite Procedures. See Golder (2016) for detailed information on
measuring Light in aquatic ecosystems
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6.1.3

SPOT MEASUREMENTS

Spot measurements are taken close to the water
surface and are commonly used in streams and
rivers. Consult the SWI for specific instructions but
these are general considerations:
- Flow selection is important and measurements
should only be conducted in flowing water with
unbroken surface (run/glide habitat), either upstream
or downstream of pools, riffles or rapids.
- Collect measurement at 30 cm below the water
surface, or half way through the water column if the
total depth is less than 60 cm.
- Sensors should not be submerged in sediments or
vegetation.
- Sensors on the water quality meter should be
allowed to stabilize before recording water quality
values.

6.1.4

DEPLOYMENT OF LOGGING DATA SONDES

Water quality data sondes can be used for single point measurements or continuous in situ
water quality monitoring. For continuous monitoring, automated data sondes are installed at
sampling locations and retrieved after a specified period to download data and to calibrate and
maintain the units. Data sondes can be connected to handheld units or laptops to download
stored data, or can transmit the data via Bluetooth (i.e., wirelessly). These instruments can be
equipped with a variety of probes for different parameter measurement options (i.e., water
temperature, pH, conductivity, dissolved oxygen, ORP and turbidity sensors). The following
factors should be considered for the use of data sondes:
QQ

QQ

QQ

QQ

QQ

QQ

Units should be calibrated frequently as per manufacture instructions and programmed to
record readings at desired time intervals.
Units should be securely anchored in place to reduce the risk of losing the unit. Floats
attached to the sondes and anchor line are useful because they are visible on the surface
during retrieval.
If data sondes are installed under ice, enough distance should be maintained between the
sondes and the ice to prevent the units from being frozen and damaged. Units should be
removed over winter from shallow locations that will freeze.
When setting up logging files, it is good practice to add an additional logging file (with
modified intervals) to provide a back-up should a file become corrupted while logging. The
modified intervals is a suggestion to reduce potential memory requirements of the
additional file
Logged data need to be recovered and saved electronically, and reviewed as soon as
possible after sonde recovery. Often logged data are subject to noise, calibration shifts, etc.
, which need to be addressed and corrected. Most high level logging sondes have
correction protocols in their data acquisition software (e.g., Hydrolab)
Select a logging sonde that has the capacity to warm up the sensors before readings and, if
possible, has the capacity to generate minor, steady flow across the sensors prior to
measurement, which is important in a static (zero flow) water column

6.1.5

QUALITY ASSURANCE

When taking field water quality measurements, safety and quality assurance steps should be
consistent with those taken when collecting water samples:
QQ

Safety comes first.

QQ

Avoid cross-contamination.

QQ

Collect representative data.

QQ

Double-check unusual measurements.

QQ

Document data immediately and clearly.

Expected ranges of in situ physico-chemical parameters should be discussed with the project
team and/or be available in the SWI to reference before and during the project. Knowledge of
historical ranges is beneficial to avoid the collection of unusual readings; if no historic data are
available then an understanding of the area and typical measurements that can be expected is
useful.
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Table 6.2: Typical Water Quality Values in Surface Waters

Parameter

Typical Range for Surface Waters Notes for Typical Parameter Concentrations

pH

6.0 to 8.0

QQ
QQ

QQ

QQ

DISSOLVED
OXYGEN (DO)

5 – 14 mg/L

QQ

QQ

QQ

QQ

QQ

SPECIFIC
CONDUCTIVITY

20 – 500 µS/cm

QQ

QQ

QQ

QQ

QQ

TEMPERATURE

0 – 16oC

Measurements under pH 6 or over pH 8 should be double-checked.
At the beginning and end of each field day, at minimum, check
the meter using pH buffers that are appropriate to the range of
pH expected in the sampling environment and recalibrate if
necessary; record whether the re-calibration was required.
Check pH buffers more often (e.g., every three hours) if
readings outside of the expected range are encountered during
the day.
Acid mine drainage and industrial waste may lower the pH of
the water.
Turbulent waters will have high DO and stagnant ponds will have low
DO.
If there is a lot of organic material in the water (e.g., high
colour), DO may be low.
If there are a lot of aquatic plants present then DO may be
high.
DO levels of 0 to 5 mg/L are common near the bottom of a lake
or under ice, but should not occur at the water surface in
open-water.
DO measurements above 14 mg/L or greater than 120%
saturation are suspect and should be verified. Readings outside
of the expected range should also be double-checked.
Check the reading against standard solutions at the beginning
and end of each field day at a minimum; be sure to record
concentrations if readings differ from the standard solutions.
Check the readings more frequently (e.g., every three hours) if
readings outside of the expected range are encountered during
the day.
Calibrate in a conductivity range that might be expect for the
samples.
Check units; meters may give readings in mS/cm or µS/cm; make sure
measurement is standardized to 25°C (i.e., specific conductivity).
Groundwater seepage, agricultural runoff or industrial
effluents may result in higher conductivity at the surface water
sampling location.

QQ

Lakes fed by saline groundwater may have higher conductivity.

QQ

Check against a hand-held thermometer, if practicable.

QQ

QQ

Note the time of day, season, air temperature, elevation, rate of
flow and depth (in general terms, e.g., shallow, stagnant pool);
high temperatures generally occur in late afternoon in summer,
at lower elevation, low flows and shallow depth.
High temperatures (above 20°C) may be measured in shallow
standing or slow moving waters.

17

If a parameter is measured outside of the “typical range” the following procedures apply:
QQ

QQ
QQ

Perform appropriate equipment checks and calibrations to confirm unusual measurements as
outlined in Table 6.3. Document the results of checks conducted or additional calibrations
required on the field data sheet or in the field notebook.
Evaluate field conditions to determine if there is some valid reason for the unusual measurement value.
Call the Technical Lead if a parameter continues to be measured outside the range after
calibration and other tests are completed.

Table 6.3: Suggested Equipment Checks and Calibrations to Confirm Unusual Measurements

Parameter

Suggested Check/Test

pH

QQ

QQ

QQ

DISSOLVED
OXYGEN (DO)

QQ

QQ

QQ

SPECIFIC
CONDUCTIVITY

TEMPERATURE

QQ

QQ

Use the calibrated pH Pocket Tester (or equivalent) to confirm pH
readings (device should be calibrated at the same time as meter
calibration). The reading can also be checked using the pH buffer
solution closest to the measured value.
pH strips may also be used.
If pH Pocket Tester measurements are not similar, re-calibrate the
meter.
Inspect the DO membrane for air bubble trapped under the
membrane. Repair or re-calibrate again as required. Re-calibrate the
meter for DO at each site, or as appropriate according to the
manufacturer’s recommendations.
If feasible, a Winkler test can be used to confirm DO reading. Meter and Winkler
measurements should be within 1.5 mg/L of each other.
See Attachment 3 – Winkler Titration Procedure.
Check the reading against appropriate standard solutions at the
beginning and end of each day, at a minimum.

Use the pH Pocket Tester to confirm temperature readings as it also
measures temperature.
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6.2 GENERAL SAMPLE COLLECTION REQUIREMENTS
A generalized list of procedures appropriate for most water quality
sampling programs is provided below, but be mindful to always refer to
the program SWI:
1

Record GPS coordinates of each sampling location and include time, date
of visit, and prevailing site conditions (i.e., weather conditions), and take
photographs.

2

Plan sampling to begin at the least contaminated locations (i.e., reference
stations) and move from there to the more contaminated areas (i.e.,
exposure stations or those known to be contaminated).

3

Sample upstream of culverts, bridges, boats and yourself to prevent
sample contamination.

When collecting a sample from a stream or river, determine a representative
location and stand facing upstream, making sure the bed of the stream is not
disturbed upstream of the sampling location.
When collecting samples from a lake/pond/sump, do not disturb the bottom
(sediment surface) in the sampling area. For lake sampling requiring the use of a
boat anchor, be sure to deploy the anchor away from the sampling location so as
to not cause sediment disturbance; this may require strategic planning
depending on wind direction, drifting of the boat and sampling location.
4

Use new, clean gloves of appropriate sleeve length and type for each
sampling location.

5

Fill sample containers directly from the source when possible. For precharged bottles, use a general chemistry intermediate container from the
same sample set to sample and transfer water to the correct bottle.

6

Label each sample bottle at the time of collection with at least
the date, time, sample ID and project number. Bottles can also be prelabelled prior to the sampling event.

7

Rinse or do not rinse containers as per the SWI and laboratory’s specific
bottle requirements.

8

Collect samples at least 30 cm below the surface of the water, or to a
specified depth if required. At sample locations less than 30 cm deep
collect the sample mid-water and do not disturb the bottom.

9

Fill sample containers as per the SWI and laboratory specified
bottle requirements.

10

Preserve, filter, handle and store samples as per the SWI and laboratory
specified bottle requirements.

11

Complete COCs/analytical request forms in detail.
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6.2.1

COMPOSITE AND DEPTH-INTEGRATED
SAMPLE COLLECTION

A composite sample is a sample containing a
proportionate mixture of water collected from
several spatially distinct locations distributed within
a waterbody, collected from different depths at the
same location (i.e., samples are collected from
sampling points distributed across a river/stream or
within a lake [vertically or horizontally], or collected
over a period of time. Composite sampling is often
necessary to collect a representative sample of a
larger area or over a defined period of time than that
collected by a single point grab sample.
Depth-integrated water samples are a type of
composite sample; these samples are generally
collected to provide an indication of water quality
that is averaged over a prescribed depth range (e.g.,
the photic zone) or time. Various methods can be
used to collect a depth-integrated sample, and
depending on specific project requirements, the
appropriate method should be selected in
discussions with the project or task manager.
Equipment and sampling methods for depthintegrated samples include the following:
QQ

QQ

QQ

use of a peristaltic pump with a weighted,
graduated length of Teflon or silicon tubing to
sample water by pumping from different depths;
use of a Van Dorn, Kemmerer, or other remotelyoperated sampling device to collect samples
from different depths for subsequent
compositing; and
use of a commercially available depth-integrating
sampler designed to continuously collect a
sample as it is lowered from the water surface to
the desired depth and returned to the surface at
a constant rate of travel.
See Attachment 2: Profiling and Composite
Procedures for detailed instructions on how to collect
composite samples.

6.2.3

SAMPLE COLLECTION FOR VOLATILE ORGANIC COMPOUNDS

Be sure to obtain the appropriate sample bottles from the analytical laboratory
and refer to the SWI or specific instructions provided by the analytical laboratory
for sampling volatile organic compounds (VOCs). It is important to completely fill
each bottle, leaving no headspace, because certain organics will volatilize into the
overlying air space.
The procedure for sampling VOCs is as follows:

6.2.2

1

Make sure the correct sample container is being used as supplied by the
laboratory.

2

Do not rinse the sample container, unless instructed to do so by the
laboratory, because these containers are usually pre-charged with
preservative.

3

Fill the container completely slowly, ensuring that the bottle has a
meniscus (a convex shaped portion of water extending out from bottle
opening).

4

Place the cap on tightly and ensure that no air is in the container
by inverting the container and tapping it to dislodge air bubbles.

5

If air bubbles dislodge and are visible, re-sampling will be
required.

SAMPLE COLLECTION FOR ULTRA-LOW
METALS ANALYSIS

Specific procedures should be followed for sampling
program specifically designed to determine ultralow metal concentrations. To collect samples for
ultra-low metals analysis, the “clean hands/dirty
hands” method (USGS 2015) is generally applied to
reduce the potential for contamination.. This method
may also be used when collecting samples for other
analyses (e.g., dissolved metals).

The sampling technique described in Attachment 4
– Ultra-Low Trace Metals Sampling Procedures.
Different analytical laboratories often have specific
sampling containers and requirements; therefore, the
sampling program needs to be coordinated closely
with the analytical laboratory

GOLDER TECHNICAL PROCEDURE | Freshwater Quality

20

6.2.4

SAMPLE FILTERING

Filtering is recommended in the field (or as soon as possible after sample
collection) before sample preservation and submission for filterable parameters.
The SWI and sampling requirements will specify which parameters are to be
filtered in the field and which are to be filtered in the lab, if applicable. Bottle
labels, and the COC, should indicate which samples have been field filtered.
Field filtering can be performed using an in-line
peristaltic pump (e.g., Geopump) equipped with
tubing and an in-line filter, or by using laboratory
supplied syringes and disk filters. Filters typically
use 0.45 µm pore size; however, other pore sizes
may be required depending on the parameter
and the application.
6.2.5

Details of how to
perform both in-line
filtering and syringe
filtering is provided in
Attachment 5 – Water
Sample Filtering
Procedures.

FIELD QUALITY CONTROL SAMPLES

Descriptions for how to collect field quality control samples (i.e., replicate/
duplicate, split, field blank, travel/trip blank, spiked, or equipment blank
samples) are provided in Attachment 6 - Quality Control Sample Collection.
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6.3 SAMPLE DOCUMENTATION
6.3.1

FIELD NOTEBOOKS AND DATA SHEETS

6.3.3

Field documentation must be kept that describes all field activities in
chronological order. Field notes and datasheets (either in electronic or paper
format) should be used during the entirety of the field program to document all
events and provide detail applicable to the fieldwork. During the field program,
documentation must be kept in a secure and safe place. At the end of each day,
field documentation should be removed from the field and either uploaded for
filing or kept together and safe until the completion of the program.
Field notes and/or datasheets should include the following information,
as a minimum:

QQ

QQ
QQ

coordinates of each sample
location, hazard identification
or area of concern;
field tasks being performed;
visual observations, unusual
observations and site
descriptions, as discussed in
Section 5.2.1;

QQ

date and time;

QQ

sampler initials;

QQ

photo log;

QQ

sample descriptions;

QQ

QQ

CHAIN-OF-CUSTODY FORMS AND
ANALYTICAL REQUEST FORMS

COC and analytical request forms are required
documentation to be provided to the analytical
laboratory for each set of submitted samples. These
forms must accompany the samples during
transportation and delivery and are usually
combined into a single document. In general they
are laboratory specific.
Documentation needs to be submitted complete.
The information to provide to the analytical
laboratory includes:
QQ

QQ

field parameter measurements;
and
sampling requirements.
QQ

QQ

QQ

project contact details – reporting and invoicing
contact information, lab quote identifier.;
sample information – location ID, date, time,
matrix, analytical parameters requested and/or
test codes, number of bottles per set, samples
that have been field filtered, samples that need
to be lab-filtered;
analysis turn-around times or required report
dates;
any special sample considerations/requests –
holding samples for re-tests, specific parameter
order of importance if working with minimum
sample volumes, detection limits to be met; and
individual relinquishing samples – signature,
date and time.

Forms should be kept with the sample coolers and
inside a re-sealable plastic bag. A photocopy or
photograph of the forms should be taken before
custody is relinquished and provided to the project
team.

6.3.2

METER CALIBRATION LOGS/NOTEBOOKS

Calibration of all electronic water quality equipment must be recorded.
A calibration/service log/notebook should be located within the storage
case of each piece of equipment. A minimum requirement during
calibration is to record the following information in the equipment
logbook:
QQ

date;

QQ

unit identifier;

QQ

pre-calibration value;

QQ

standard used;

QQ

“calibrated to” value;

QQ

QQ

post calibration/linearity checks;
and
service/maintenance completed at
the time of calibration, if
applicable.
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6.4 SAMPLE HANDLING, STORAGE AND SHIPPING
Sample handling, storage and shipping can all affect the integrity of
samples. It is important to handle samples with care and ship them in
conditions so as to preserve sample integrity for program quality
assurance. Handle, store and ship all samples as outlined in the SWI or laboratory
specific requirements. If these directions are altered, consult the project team.
Breakage, label degradation and cross-contamination should be avoided when
handling and samples. The following points are important for sampling handling
and care:
QQ

QQ

QQ

QQ

QQ

Samples should be stored in a dark, cool environment unless
otherwise directed.
When shipping is required, make sure all samples are carefully
packed within coolers to avoid damage during transportation. Glass
bottles should be individually wrapped with bubble wrap or other
cushioning material.
Bottle sets should be sealed inside re-saleable plastic bags to avoid
contamination from other samples or ice.
A sufficient amount of bagged ice or re-usable icepacks must be
packed in coolers to keep samples cool for the duration of transport.
The cooler should be taped closed and a clear and visible address
label should be taped to it.
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7.0

POST-FIELD ACTIVITIES

Upon return from the field, the following activities are required:
QQ

QQ

QQ

QQ

QQ

QQ

Upload all field notes, photos, and communications (e.g., e-mails
between field crew and laboratories or project manager/component
lead) to the appropriate project folder or project workspace.
Confirm that all field datasheets have been proofed and check with the
Technical Lead about entering the data into the appropriate database.
Confirm sample receipt at the laboratories and resolve outstanding
concerns (e.g., questions about sample labels, analytical
requirements, holding conditions).
Clean as per the necessary decontamination procedures, noting the
nature of previous sampling locations (e.g., if contaminated) and
steps that were taken to decontaminate the equipment before
storage.
Return all equipment and notify equipment managers and/or tag out
sampling equipment with defects (e.g., parts are missing and on
order).
Conduct a post-field de-brief and Health and Safety discussion with
the project team.
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Attachment 1: Sampling Equipment and Materials Checklist
General Equipment/Consumables
QQ Bound, water-proof field logbooks/e-book
QQ Site/location maps
QQ Aerial photos
QQ Indelible ink pens and pencils
QQ Long tape measure
QQ Survey flagging tape
QQ Compass
QQ Camera
QQ GPS unit
QQ Chain of Custody analytical request form
QQ Plastic bags
QQ Batteries
QQ Duct tape

Sample Pre-Treatment
QQ Appropriate laboratory supplied
preservatives

QQ Laboratory supplied filtering syringes
and disposable filters

QQ Peristaltic pump (Geopump)
QQ Clean silicon or Teflon tubing
QQ Disposable in-line 0.45 µm filters

Health and Safety
QQ Project specific health and safety
paperwork

QQ Inspections forms
QQ Personal protective equipment (PPE)
for the region/site/client /work task

QQ Personal floatation device (PFD) and/
or life jacket as required

Sample Collection (as required)
QQ Pre-cleaned , laboratory-supplied, sample
bottles

QQ 20 L pails and 1 L wide-mouth bottles for
composite samples

QQ Coolers and ice
QQ Waterproof labels
QQ Nitrile gloves
QQ Sample pole
QQ Kemmerer sampler
QQ Van Dorn sampler
QQ Depth-integrated sampler
QQ Water quality meters – multi-parameter

meter and sonde, turbidity meter, light meter
and underwater sensors

QQ Secchi disc
QQ Winkler titration kit
QQ Ice auger (under ice sampling)

Freshwater Quality Technical Procedure
July 2016

QQ Personal floatation suits (winter
work)

QQ Waders
QQ Personal first aid and survival kit
QQ Boat safety kits
QQ Ice rescue kits for under ice sampling
QQ Audible and visual signaling devices

Additional considerations
QQ Extra set of clothes in dry bag
QQ Sun screen, sun hat, sunglasses and/or
safety glasses

QQ Heavy socks, warm pants, rain gear

and other articles of clothing suitable
for prolonged water work

QQ Bug jacket

Attachment 2: Profiling and Composite Procedures
WATER COLUMN PROFILING
1

2

3

Measure and record the depth from the water’s
surface to the bottom using a handheld depth sounder or
sounding line, for under ice conditions measure the effective
depth (under ice depth to bottom). If using a sounding line,
move away from the original location (e.g., upstream) to
avoid collecting profile data from a disturbed water column
(in some instances the sounding line will generate a plume
near the bottom of the water column).
Calculate profile point depths based on the depth of
the waterbody and the depth intervals as specified in
the SWI (e.g., every 0.5 m or every 1 m depending on
waterbody depth).
Begin the first profile point 0.3 m below the water
surface, or under the ice, and continue collecting
profile point data up to approximately 1 m above the
bottom.

4

Lower the probe through the water column to each
required depth, using either a depth calibrated probe
cord or the sounding line for reference.

5

Allow the sensors of the meter to stabilize at each
new depth.

6

Record the depth and field data measurements at
each profile point.

7

Repeat steps for all depth intervals required to
complete the profile.

If the meter does not have a probe capable of measuring all
parameters, repeat using a separate meter for each parameter but
at a location where the water column has not been previously
disturbed by the first set of measurements..
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COMPOSITE AND DEPTH-INTEGRATED SAMPLING
PROCEDURE
1

Clean the sampler from previous use and rinse with ambient
water before sample collection.

2

Slowly lower the sampling device (e.g., Kemmerer, Van Dorn,
integrated sampler) to the desired depth.

3

Collect water from the desired sampling locations and/or
depths, according to project specific requirements.

4

Combine water samples in a 20-L clean pail or carboy; these
are provided by the laboratory upon request.

5

Repeat this process at each sample location or depth to
collect the required volume of water.

6

When finished, gently mix the water, fill all sample bottles, as
per laboratory specific requirements, using the composite
water collected in the pail or carboy.

Attachment 3: Winkler Titration Procedure
* In the event that the general procedures listed below do not align with the manufacturers instructions, follow all
procedures as outlined in the manufacturer specific Winkler kit guidelines (e.g., reagent powder pillows versus
reagent droppers and their required volumes).

GENERAL SAMPLING PROCEDURE
1

Fill the dissolved oxygen bottle (glass bottle with glass
stopper) gently with sample water, allowing 2 to 3 times the
bottle volume of water to overflow the sample bottle. Tilt
the bottle slightly and insert the glass stopper.

2

Avoid creating turbulence and bubbles in the sample
while filling; if the sample contains trapped bubbles
from filling or from inserting the glass stopper,
discard the sample and fill again.

3

4

Remove the stopper and carefully add the required volumes
of manganous sulphate powder pillow reagent followed by
the alkaline iodide azide powder pillow reagent in quick
succession, re-stopper the bottle.
Invert the sample bottle several times gently to mix
sample water completely with the reagents; a
brownish-orange flocculent participate will form.

5

Keep the sample bottle still and upright for the
flocculent to settle out to approximately two-thirds
the bottle volume.

6

Once the flocculent has settled, remove the stopper and add
the required volume of sulfamic acid powder pillow reagent,
then re-stopper the bottle.

7

Invert the sample bottle several times gently to mix,
the flocculent will dissolve and the sample will turn
yellowish-brown.

8

The sample can be stored for up to 24 hours prior to
titration.
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GENERAL TITRATION PROCEDURE
1

Using a graduated measuring cylinder, decant 200 mL
of sample water into the designated glass titration
bottle.

2

Add the required volume of starch indicator solution
drops to the sample water, the starch indicator will
turn the sample blue in colour.

3

Titrate the sample with sodium thiosulphate (0.2 N) standard
solution, one drop at a time to the sample while gently
swirling the sample bottle.

4

Stop the titration when the sample water is clear in
colour and no longer blue.

5

Record the volume of sodium thiosulphate required
to complete the titration.

6

When using 200 mL of sample, the millilitres added or
number of drops (converted to a volume in millilitres) of
sodium thiosulphate required to complete the titration is
equal to the dissolved oxygen measurement in mg/L.

Attachment 4: Ultra-low Trace Metals Sampling Procedures
Samples are collected using rigorous ultra-clean protocols by at least two people, wearing fresh
unpowered nitrile gloves at all times, sharing the sampling tasks. One person is designated as
“clean hands” (CH) and a second person as “dirty hands” (DH):
QQ

QQ

QQ

QQ

DH pulls a bagged sample bottle from the cooler and opens the outer “dirty” bag, avoiding
touching the inside of the bag.
CH reaches in, opens the inner “clean” bag, touching the outer bag as little as possible, and
pulls out the sample bottle.
CH opens the sample bottle and discards any acidified water contained within the sample
bottle (dependent on laboratory bottle standards).
Sampling can be done by using either of the appropriate techniques:
»»

»»

When grab sampling in water, CH holds the bottle near the bottom during filling
with the mouth facing into the current.
When using a sampling device (e.g., Teflon Kemmerer sampling bottle), CH holds the bottles
while DH fills the bottle, taking care not to contaminate the sample by touching the bottle
on the sampling device.

QQ

CH rinses sample containers if required, as per laboratory specific requirements.

QQ

CH filters and preserves the sample if required, as per laboratory specific requirements.

QQ

If filtering for dissolved mercury:
»»

»»

»»

QQ
QQ

QQ

CH takes a clean and sealed 20 mL plastic syringe, as supplied by the laboratory,
removes the plunger and attaches a clean filter (0.45 um) to the end of the
syringe;
DH fills the syringe with about 15 mL of sample for CH to push through the syringe filter and
discard of in order to rinse the filter; and
DH pours sample water into the syringe as needed for CH to fill the sample
container with filtered sample. If the syringe filter becomes clogged, connect a new filter,
rinse through with sample and continue the filtration.

CH replaces the sample container lid puts the bottle back into the inner bag and seals the bag.
DH seals the outer bag and writes the appropriate sample identification data on the
label on the outer bag. The sample bottles must not have labels affixed to them or be written
on directly.
Gloves are changed between sample locations and whenever something not known to be
clean, including the sample, is touched.
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Attachment 5: Water Sample Filtering Procedures
INSTRUCTIONS FOR FILTERING AND PRESERVING SAMPLES USING A PERISTALTIC PUMP
Note: Samples collected for dissolved parameters require filtration, and certain parameters will
also require preservation. Check your location/project specific sampling requirements and
analytical laboratory bottle requirements for pre-treatment details.
QQ

QQ

QQ

Collect sample in a clean laboratory-provided spare bottle and store appropriately until filtration step. Do
not add preservative at this point. Complete the next steps upon return from the field or at an appropriate
location in the field.
Rinse the ends of a new length of silicon or Teflon tubing (30 to 60 cm long) with deionized (DI) water and
install on the pump head. Rinse inside of the tubing by running DI through the tube via the pump. Purge
the tube with air and turn off the pump.
Remove a cartridge filter from its plastic bag, typically 0.45 µm, and attach to the end of the
tubing with arrow on filter pointing in direction of flow.

Filter
Bottle

QQ

Pump

Filter

Sample
Bottle

As a first step, filter a small amount of sample (e.g., 50 mL or as specified in the SWI) from the filter bottle
into a waste bucket.

QQ

Continue to filter the sample and fill appropriate laboratory supplied sample bottles.

QQ

Add appropriate preservatives, if required, provided by the analytical laboratory.

QQ

Discard filter and tubing appropriately.

QQ

If filtering water from another station, repeat the steps.

Freshwater Quality Technical Procedure
July 2016

Attachment 6: Quality Control Sample Collection
Replicate / Duplicate Samples
QQ

QQ

Prepare and label two bottle sets with the location ID
and appropriate duplicate ID.
Collect the sample using the appropriate/specified method from
the desired source (e.g., SWI).

QQ

Fill each sample bottle of one bottle set.

QQ

Filter and preserve sample as appropriate.

QQ

QQ

QQ

Collect another sample of water as per the second bullet
above. Fill the second bottle set, filter, and preserve as
appropriate.
When filtering, treat each sample separately (i.e., do not mix the
two sets of samples).
Store and transport the sample sets together under the
same conditions.

Split Samples
QQ

Prepare and label two bottle sets with the appropriate split sample
location ID as specified in the SWI.

Travel / Trip Blank Samples
QQ

QQ

QQ

QQ

QQ

QQ

QQ
QQ

QQ

Fill both bottle sets using the pail or carboy sample water.

QQ

QQ

Filter and preserve as appropriate.

QQ

Store and transport the sample sets together under the same
conditions.

QQ

Field Blank Samples

QQ

QQ

QQ
QQ

Prepare and label two bottle sets with the location ID
and appropriate blank sample ID.
For the location sample, collect sample water using the
appropriate/specified method from the desired source,
fill all sample bottles and perform all filtering/
preservation requirements.
For the field blank sample, fill all required sample bottles
directly at the sampling location with the laboratory supplied
de-ionized water.
Filter and preserve as appropriate.
Store and transport the blank samples together with the
corresponding sample location under the same conditions.
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Label the blank bottles with the appropriate ID that corresponds
with the selected sample location. Travel/trip blanks are neither
filtered or preserved.
Store and transport the blank samples together with the
corresponding sample location under the same
conditions.

Prepare and label a bottle set with the appropriate
spiked sample ID.
Fill all sample bottles with the provided / prepared
“spiked” sample water.
Filter and preserve as appropriate.
Store and transport the sample set under the same
conditions as all other samples.

Equipment Blank Samples

QQ

QQ

Transport the blank samples into the field with the other
empty bottle set(s) for the field samples.

Spiked Samples

Collect the sample using the appropriate/specified method from
the desired source and combine all water into an adequately
sized pail or carboy (supplied by the laboratory) with sufficient
volume to be able to fill both bottle sets.

QQ

Check that the laboratory prepared blank sample is sealed and
full; keep the bottles sealed throughout the field program.

QQ
QQ

Prepare and label a bottle set with the appropriate
equipment blank sample ID.
Rinse and fill the sampling device (e.g., Kemmerer, Van Dorn)
with de-ionized water provided by the laboratory.
Fill all samples bottles with de-ionized water from the
sampling device.
Filter and preserve as appropriate.
Store and transport the sample set under the same
conditions as all other samples.

Developed through the Aquatics Technical Community by...
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APPENDIX F

Anticipated Sampling Schedule

SAMPLING SCHEDULE
REPSOL OIL AND GAS CANADA INC.
F68 WELLSITE REMEDIATION
SATELLITE BAY, NWT
Mobilization Phase
2
Location

SNP #

Field
Lab Package
Total
Instruction
Number
Samples

M T

4

5

W T

6

F

7

S

8

S

M T

W T

F

S

S

M T

W T

F

S

S

M T

W T

F

S

S

M T

1

2

W T

3

F

4

S

5

S

6

7

M T

8

Demobilization Phase
Aug-19
9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26

W T

F

S

S

M T

W T

F

S

S

M T

W T

1837-1a

Camp Greywater Holding Tank A

1a

1837-1a

3

1837-1b

Camp Greywater Holding Tank B

1b

1837-1b

2

Containment Structure (Background Water
Sampling - Containment Area)

2 and 6

1837-2

8

1837-3

Borrow Source Area

3

1837-3

10

(As needed, request 10 bottle sets from lab)

1837-4

Borrow Source Area

4

1837-4

10

(As needed, request 10 bottle sets from lab)

1837-5a

50m Upstream of Stream Crossing

5a

1837-5a

38

1

2

1

1

1

1

1

2

1

1

1

1

1

1

1

1

1

1

2

1

1

1

1

1

1

1

1

1

1

1

1

1

2

1

1837-5b

100m Downstream of Stream Crossing

5b

1837-5b

36

1

1

1

1

1

1

1

1

1

1

1

2

1

1

1

1

1

1

1

1

1

1

1

1

1

2

1

1

1

1

1

1

1

1

N/A

Collect Potable Water Sample (Raw and
Treated)

7 and 8

SFI-7 or SFI8

9
10

SFI-9
SFI-10

5
36

12
13 through
20

SFI-12
SFI-13
through SFI20

39

N/A

Background GW samples
Soil Samples post construction
Background Soil Sampling Fuel Facilities /
Heaters
Confirmatory / Delineation Soil Samples (Floor
in Areas A, C, E, F, G, I, P, Q; Sidewalls in P if
required)

N/A

Incinerator Ash Samples Storage 1a

21

SFI-21

2

N/A
QA/QC
QA/QC
QA/QC
QA/QC

Incinerator Ash Samples Storage 1b
Duplicate Sample (Soil)
Duplicate Sample (Water)
Travel Blank
Field Blank

21
N/A
N/A
N/A
N/A

SFI-21
N/A
N/A
N/A
N/A

1
10
8
1
1

N/A

Camp Greywater Holding Tank A

1a

1837-1a

3

1

N/A
QA/QC
QA/QC
QA/QC

Camp Greywater Holding Tank B
Duplicate Sample (Soil)
Travel Blank
Field Blank

1b
N/A
N/A
N/A

1837-1b
N/A
N/A
N/A

4
4
0
0

1

7 and 8
N/A

SFI-7 or SFI8
N/A

5
10

2

11

SFI-11

28

6

SNP Sampling
(Satellite Bay) 1837-2

N/A
N/A
N/A
Satellite Bay

Mould Bay

Activity

3

Construction Phase
Jul-19
9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31

N/A
N/A
N/A

Collect Potable Water Sample (Raw and
Treated)
Berm Bladder samples
Background Soil Sampling Fuel Facilities /
Heaters
Laboratory Analysis
Flights

1

1

S

S

1

1

1

3

5

F

5

3

2

5
27

9
7

32

35

25

10
1

1

2
2

1

1

1

1

1
1

1

1
3
2
1
1

3

1

1

1

1
3

1

3
(As needed, request 10 bottle sets, 1 field blank and 1 travel blank from lab)
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PURPOSE
The purpose of this document is to consolidate all Quality Assurance and Quality Control (QA/QC) documents for
work detailed in the Remediation Action Plan (Updated 2019) to be undertaken at Satellite Bay in 2019 and during
subsequent monitoring events as required by the Inuvialuit Water Board Water Licence N5L8-1837. Appended
herein are the QA/QC plans for (i) the Surveillance Network Program, (ii) Containment Cell Construction and (iii)
the Remedial Action Plan.
Numbering of the sections and references to appendices contained within this document have been preserved
from their parent document.
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SURVEILLANCE NETWORK PROGRAM QA/QC

4.0

QUALITY ASSURANCE / QUALITY CONTROL PLAN

Quality assurance/quality control (QA/QC) procedures and requirements are an important aspect of any field or
laboratory testing program. The objective of the QA/QC program is to standardize methods so that field sampling,
data entry, data analysis, and report preparation produce technically sound and scientifically defensible results.
An overall QA/QC Plan has been compiled and includes a copy of this SNP QA/QC Plan.

4.1

Sampling Equipment

A list of sampling equipment is included in Table 4.
Table 4: List of Sampling Equipment
Equipment
pH probe and calibration solutions
Turbidity meter and calibration vials
Camera
GPS
Sample bottles (laboratory supplied)
Sample preservatives (laboratory supplied)
Deionized water (laboratory supplied)
Ice packs
Bottle labels (laboratory supplied)
Total Residual Chlorine Test Kit

4.2

Field notebook
Sharpie markers
Pencils
Nitrile gloves
Project documentation (Work Plans, safety plans, etc.)
Maps
SNP Plan document
Chain of custody forms
Field data sheets
GeoPump, tubing and filters (for filtering CaCO3 samples)

Sampling Methods

Golder has developed technical procedures for water sampling which are consistent with the methods prescribed in the
current edition of Standard Methods for the Examination of Water and Wastewater (Standard Methods 2016).

4.2.1

Field Analysis Samples

Field analyses will be conducted for pH, turbidity, and total residual chlorine as described in Table 5.
Table 5: Surveillance Network Program Sample Bottles Summary
Analysis

Testing Method

pH

Handheld pH probe

Turbidity

Field test kit

TRC

Field test kit

Notes
Field pH must be collected because laboratory hold time for pH is 15 minutes,
which is not possible to meet
Turbidity is not required in the Water Licence; however, it will be collected to
establish a correlation between turbidity and TSS for 1837-5a and 1837-5b
samples. This will allow for real-time TSS monitoring at the Site.
Field TRC must be measured because laboratory hold time for TRC is 15
minutes, which is not possible to meet

Notes: TRC = total residual chlorine; TSS = total suspended solids.

Although Total Suspended Solids cannot be directly measured in the field, data will be collected to determine the
correlation between turbidity and TSS, as described in numerous studies including Ballentine et al. 2015; Gippell
1995; Irvine et al. 2002; Hannouche 2012; Nasrabadi et al. 2016. Establishing this correlation will allow field crews
to calculate TSS immediately in the field based on field turbidity measurements, rather than waiting for laboratory
results.
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Laboratory Analysis Samples

Sample bottles and preservatives for all analyses to be conducted at the laboratory will be provided by ALS
Environmental in Yellowknife, Northwest Territories and are summarized in Table 6. Note that most analyses are
to be conducted by ALS Environmental in Edmonton, Alberta.
Some samples require addition of a laboratory provided preservative.
Table 6: Surveillance Network Program Sample Bottle Summary
Analysis
TSS and pH
Oil and grease
Benzene, toluene,
ethylbenzene; PHC (F1)
[component of TPH];
PHC (F2, F3 and F4)
Total lead
Hardness (as CaCO3)

Bottle
500 mL HDPE
bottle
2 x 250 mL amber
glass bottle

Preservative

Notes

none

No preservative required

hydrochloric acid

Preservative to be added

2 x 40 mL vial and
2 x 100 mL amber

Sodium bisulphate
(pre-charged)

Preservative pre-charged in vials; do not add
preservative

60 mL HDPE
250 mL HDPE
bottle

nitric acid

Preservative to be added

none

Field filtering required; no preservative required

Note: TPH comprises BTEX (benzene, toluene, ethylbenzene, and xylene) and F1 sampled from three 40 mL glass vials, and F2, F3 and F4
hydrocarbon fractions sampled from two 100 mL amber glass vials.

4.2.3

Field Data Recording

Field data will be recorded on the Field Data Sheet (Appendix B). All sections of the Field Data Sheet must be
filled out, and sections that are not applicable must have a ‘strike-through’. Field data sheets must be reviewed by
office or QA/QC staff and stored electronically at the end of each day (digital photo) in addition to the original hard
copy.
For each collected sample, corresponding photographs will be taken of the sampling site and the sample bottles
following collection. The photograph reference numbers will be entered on the field data sheet.

4.2.4

Field Sample Collection

Surface water sampling will be conducted at the SNP stations and some background locations. A new field data
sheet will be used for each sample collected, and all sections of the form completed. A photograph of the sample
location and filled sample bottles will be taken for each sample collected.
The following field tests will be conducted, as applicable:
1)

Field pH: tested using a hand-held pH meter, calibrated daily;

2)

Turbidity: field test kit, calibrated daily;

3)

Total Residual Chlorine: Digital Colorimeter, calibrated daily; and

4)

Partway through the day, a calibration check (“bump test”) will be conducted to detect calibration drifts
throughout the day.
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Following data recording on the field data sheet, a water sample will be collected using the following procedure:
1)

Confirm station location;

2)

Confirm bottle label contains all relevant information: sample control number, date, time, sampling personnel,
analysis to be performed and project name;

3)

Using new nitrile gloves, remove sample bottles from plastic bags;

4)

Insert new 1 L or 500 mL routine sample bottle into sampling device (dipper), collect sample water by
extending sampling device into water at sample location (rinse and repeat three times), and then decant
sample water into target bottles;

5)

Follow laboratory handling instructions regarding preservation of samples;

6)

Replace sample bottle cap;

7)

Place sample bottle into a cooler with ice packs;

8)

Following each sample collection, discard the routine sample bottle used for collecting sample water; and

9)

Enter sample details into the chain of custody form.

Specific sampling requirements for each SNP station are shown in Table 7.
Table 7: Specific Sampling Method Requirements for SNP Stations
Station
1837-1a
1837-1b
1837-2
1837-3
1837-4
1837-5a
1837-5b

4.2.5

Specific Method Requirements
Collect sample using remote sampling device (dipper device). Measure turbidity, pH and
TRC.
Collect sample using remote sampling device (dipper device). Measure turbidity, pH and
TRC.
Use caution to avoid mobilizing sediment into sample location water. Collect sample using
remote sampling device (dipper device) as required. Measure turbidity and pH.
Use caution to avoid mobilizing sediment into sample location water. Collect sample using
remote sampling device (dipper device) as required. Measure turbidity and pH.
Use caution to avoid mobilizing sediment into sample location water. Collect sample using
remote sampling device (dipper device) as required. Measure turbidity and pH.
Use caution to avoid mobilizing sediment into sample location water. Stand downstream of
the sample location. Sample the downstream location prior to the upstream location.
Measure turbidity and pH.
Use caution to avoid mobilizing sediment into sample location water. Stand downstream of
the sample location. Measure turbidity and pH.

QA / QC Sample Collection

The following quality control samples will be collected:
1)

Duplicate Water Samples:
a. Prepare and label two bottle sets with the location sample control number and appropriate duplicate
sample control number;
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b. When collecting samples from a well, duplicate samples shall be from a well where the level of
static water level and/or the evident recharge rate indicate that sufficient water exists for duplicate
samples;
c.

Use stabilized water in sampling device to alternate filling sample bottles in the ‘sample’ and
‘duplicate’ bottle sets. Preserve samples if required; and

d. Store and transport the sample sets together under the same conditions.
2)

Field Blank Water Samples:
a. Prepare and label two bottle sets with the location sample control number and appropriate blank
sample control number;
b. For the location sample, collect sample water using the appropriate/specified method from the
desired source, fill one set of sample bottles and preserve if required;
c.

For the field blank sample, fill one set of required sample bottles directly at the sampling location
using laboratory-supplied de-ionized water and preserve if required; and

d. Store and transport the blank samples together with the corresponding sample location under the
same conditions.
3)

Travel Blank Samples:
a. Check that the laboratory-prepared blank is sealed and full; keep the bottles sealed throughout the
field program;
b. Transport the blank samples into the field with the other sample bottles;
c.

Label the blank bottles with the appropriate sample control number; and

d. Store and transport the blank samples together with the corresponding sample location under the
same conditions.
4)

Stream Crossing Baseline Samples:
a. Immediately upon arrival at the Site, and before any in-stream work or stream crossings, collect a
sample from stations 1837-5a and 1837-5b and submit to the laboratory for TSS analysis.

4.2.6

Sample Handling

All samples will be handled using nitrile gloves and packed into coolers containing ice packs immediately following
sample collection. If shipping is occurring the same day, coolers can be prepared for shipping as described in
Section 4.3. If shipping is occurring at a later date, store samples in a designated (non-food) fridge until just prior
to shipping. If there is no non-food fridge available ice packs will be maintained and replaced as required in
sample coolers until samples are shipped.
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Sample Shipping and Tracking
Packaging

Samples must be packed into coolers with ice packs to maintain samples as close to 4 degrees Celsius as
possible, and packaging material (e.g. bubble wrap) to prevent breakage or leakage. All samples are to be packed
upright and each sample stored in a separate sealed plastic bag in the event of leakage of ice in the coolers. Seal
coolers closed using packing tape or straps, and securely affix a shipping label on the cooler top indicating the
sender, receiver, and number of coolers. Also indicated on the shipping label which cooler contains the chain of
custody form (see section 4.3.2).

4.3.2

Chain of Custody Forms

The chain of custody form is a critical piece of documentation used to record the sample handling from the source
water to the laboratory. Chain of custody documentation will be prepared legibly and accurately including any
notes with respect to holding samples for future analysis signed by sampling personnel and shipped with the
samples to the receiving laboratory. A current chain of custody form will be provided by ALS Laboratory.
Following delivery to Yellowknife on the contracted project aircraft, the samples will be placed in the cooler at the
warehouse by the pilot. The samples will be picked up by Golder staff in Yellowknife and coolers will be restocked
with ice bags if required, samples will be hand delivered to the ALS Laboratory in Yellowknife. A separate chain of
custody shall be attached to the cooler to describe the hand-off of the coolers from the field Site, project aircraft
transport and ultimately to the analytical laboratory in Yellowknife. A custody seal will be applied to the cooler by
the sampling personnel on site. The custody seal will remain in place on the cooler until pickup by Golder staff at
the airport warehouse in Yellowknife. A new custody seal will be applied to the cooler after Golder staff confirm
that samples have not been damaged during shipment, and sufficient ice is present in the cooler.

4.3.3

Tracking

Sample tracking methods will be established with the charter airline prior to project initiation. Samples will be
handed from the Golder representative on site to the charter airline and will be picked up by Golder employees in
Yellowknife. Sample shipping will be monitored by Golder personnel in Yellowknife.

4.3.4

Hold Times

The laboratory recommends that a set amount of time between sample collection and sample extraction at the
laboratory, referred to as the ‘hold time’, is not exceeded or uncertainty in analytical results may be present. It is
anticipated that hold times will be met, notwithstanding flight delays or other unavoidable circumstances.
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A summary of analyses, hold times and comments is shown in Table 8.
Analysis

Hold Time

Notes

Hardness as CaCO3
Total lead
TRC
TPH
Oil and Grease
pH

28 days
180 days
15 minutes
14 days
28 days
15 minutes

TSS
Turbidity

7 days
n/a

Sampled in field and submitted to lab for analysis
Sampled in field and submitted to lab for analysis
Analyzed in field
Sampled in field and submitted to lab for analysis
Sampled in field and submitted to lab for analysis
Analyzed in field; sample collected and submitted to lab for quality control
comparison to field pH
Sampled in field and submitted to lab for analysis
Analyzed in field; correlation between TSS and turbidity used to calculate TSS

TSS = total suspended solids; TRC = total residual chlorine; TPH = Total petroleum hydrocarbons comprising BTEX (benzene, toluene,
ethylbenzene, and xylene) and F1, F2, F3 and F4 hydrocarbon fractions; n/a = not applicable.

4.4
4.4.1

Laboratory Analysis
Laboratory Accreditation

Laboratory Accreditation from ALS is shown in Appendix D.

4.4.2

Laboratory Analysis Methods, Hold Times and Targeted Report Detection
Limits

A summary of the laboratory analysis methods and targeted report detection limits for analyses required in the
SNP are included as Table 9. These detection limits are listed as ‘targets’ because sample characteristics can
affect detection limits used by the laboratory.
Analysis

Field / Laboratory Analysis

Targeted Report Detection Limit

TSS
Oil and Grease
Benzene
Toluene
Ethylbenzene
Xylene
TPH
Hardness as CaCO3
Total lead
TRC
pH
Turbidity

Laboratory
Laboratory
Laboratory
Laboratory
Laboratory
Laboratory
Laboratory
Laboratory
Laboratory
Field
Field / Laboratory
Field

3.0 mg/L
1.0 mg/L
0.0005 mg/L
0.0005 mg/L
0.0005 mg/L
0.0005 mg/L
0.37 mg/L
0.053 to 0.50 mg/L
0.00005 mg/L
0.02 mg/L
0.1 units / 0.10 units
0.01 units

Note: TSS = total suspended solids; TPH = Total petroleum hydrocarbons comprising BTEX (benzene, toluene, ethylbenzene, and xylene)
and F1, F2, F3 and F4 hydrocarbon fractions; TRC = total residual chlorine.
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Data Analysis

Data will be managed in Excel format. Golder will use a multi-step data validation process to evaluate data quality
as follows:
1)

Check 100% of results in Excel export document versus ALS Certificate of Analysis (COA) Published
Document Format (PDF) document for consistency;

2)

Confirm that all parameters requested in quote and on chain of custody form were collected and analyzed;

3)

Identify and investigate all lab qualifiers;

4)

Confirm sample temperature and integrity acceptable on arrival to lab;

5)

Confirm field readings were similar to lab results for pH;

6)

Confirm detection limits match quote;

7)

Confirm analysis methods match quote;

8)

Check for hold time exceedances;

9)

Check for parameters detected in blank samples above five times the detection limit;

10) Confirm correct units used on lab reports;
11) Check for duplicate results not within 20% for parameter concentrations greater than five times the detection
limit;
12) For low level results (less than five times detection limit), the precision objective is for the difference of the two
results to be less than two times the detection limit; and
13) Check internal lab QC samples.

4.6

Notifications and Reporting

All SNP data will be reported in the Water Licence Annual Report, due to the IWB on March 31 on the year
following a sampling year. Ongoing notification requirements are shown in Table 10.
Table 10: Surveillance Network Program Notification Requirements
Notification

Trigger

SNP Station Locations – Signage Posting
Greywater Holding Tank
SNP Station Water Quality Exceedances

7 days prior to discharge
5 days prior to discharge
Immediately
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CONSTRUCTION QA/QC
3.0 AGGREGATE QUARRY OPERATIONS
The material to be used to construct the thermal cover, as well as the backfill for the impacted soil excavations,
will be sourced from the aggregate borrow area located as shown on Figure G2 (Appendix I of the 2018 Annual
Report). The overall operations will involve use of tracked equipment to push up available material down to the
seasonal frost line to promote further thaw. Borrow areas will be mined in a series of horizontal excavations as the
ground thaws. The excavation will progress in wide shallow cuts with ongoing contouring to reduce the
occurrence of steep slopes/sharp edges and facilitate non-channelized drainage.
Temporary ditching and berms will be constructed up-slope to divert surface water away from the borrow area; silt
fencing will be installed on steeper slopes between excavation areas and any nearby surface water. The
excavation base will be shaped/graded to direct and contain surface runoff and direct the water within the borrow
area to sumps for settling/clarification as required. Any surface water accumulated in sumps will be contained
within the limits of the borrow area until sampled and discharge approved for release by the Engineer, in
accordance with the Surveillance Network Program Plan.
Thawed material will be pushed into stockpiles to allow drainage as required and for ease of access and loading
into haul trucks as required for construction purposes. Where areas of overall coarser or finer aggregate are
encountered, this material will be segregated to optimize the thermal cover fill, in order to preferentially place finer
material on within the first lift and coarser material within the last lift.
After all required borrow materials have been extracted, the aggregate borrow area will be graded and recontoured to minimize the impact to local permafrost and ponding. Once the excavation is completed, the area will
be final graded to minimize any direct water flow paths between excavations and natural waterways.
The quarry operations will be conducted in accordance with the Quarry Operations Plan (April 2016) and the
Government of the Northwest Territories (GNWT) Quarry Permit No. 2016QP0028. The quarrying operations will
follow the Construction Specifications (Appendix A), notably Excavation and Fill (Section 31 23 00) and Erosion
and Sediment Control (Section 01 57 13).
No excavation will be undertaken within 30 metres (m) of a water body. The excavations will be advanced in a
manner meeting the requirements of the Quarry Permit to obtain the required volumes and prevent over-cut of
lower areas where final drainage contouring could be impacted. The aggregate extraction limits will be established
in the field prior to commencement of operations to ensure they are at least 30 m from a water body. A survey will
be completed before and after the excavation operations to confirm that the extraction operations remain within
the approved volumes. If it is anticipated that the volumes will need to be exceeded, the Quarry Permit will be
amended following the process described by the GNWT Lands Department. Interim grade surveys will be
undertaken to confirm that the base of the excavation does not go below the planned final grades.

9

February 26, 2019

4.0

1780945

BACKFILL FOR IMPACTED SOIL EXCAVATION AND PONDED AREAS

Excavation and Fill Specifications are provided in Appendix A, Section 31 23 00. The overall intent of the QA/QC
controls for the excavation backfill will be to ensure that fill is placed in lifts that are compacted suitably to prevent
potential future settlement of the filled excavations and the ponded areas in the vicinity of the containment cell.
The final layer of fill will be graded to match the local grades in a manner that prevents ponding.
A number of areas of impacted soil are located outside of the limits of the containment structure area, as shown
on Drawing G3 (Appendix I of the 2018 Annual Report). These will be excavated, and the impacted soil removed
and placed in the containment structure as described in Section 5 below. Following confirmatory sampling (as
described in the Remediation Action Plan developed for the IWB) the excavation areas will be backfilled with
clean fill material obtained from the on-site aggregate borrow.
Backfilling and compaction specifications require that aggregate be placed in loose lifts with a thickness of 300
millimetres (mm) and compacted with a smooth drum roller or vibratory tamper or walk behind compactor until no
further appreciable density increase can be achieved. The standard for achieving this density in the excavated
pits will be based on compaction settlement observed by the Engineer, of no more than 5 mm consolidation
following the final compaction.
As identified on Figure C2 (Appendix I of the 2018 Annual Report), fill will be placed in the dewatered ponds
located within the footprint of the Ponded Area Fill Buffer Zone. This fill will be placed in 300 mm lifts and
compacted with a smooth drum roller and (as necessary in smaller areas) a portable plate compactor. Sand fill
placed where some residual surface water or seepage is present may result in soil becoming loose and saturated.
As a result, fill placed in the dewatered ponded areas may require an initial lift on the order of 600 mm or more
before compaction can be achieved and the slope of material placed in ponded water may need to be flattened.
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CONTAINMENT STRUCTURE QA/QC OVERSIGHT

Full time QA/QC monitoring during construction of the containment cell will be carried out by an Engineer licenced
in the Northwest Territories to verify compliance with the Construction Specifications (Appendix A) and Design
Drawings (Appendix I of the 2018 Annual Report). The general order of the inspection and oversight activities will
include the following steps:



Placement and compaction of impacted soil from the remediation areas outside of the containment cell and
installation of the thermistor strings);



Completion and approval of final grades of the top of the impacted soil cell and the liner anchor trench;



Installation and approval of the lower geotextile cushion layer;



Testing (by the Engineer) and approval of the installation of the containment cell geomembrane liner;



Installation and approval of the upper geotextile cushion layer and upper thermistor strings;



Inspection and oversight of the hauling, spreading and compaction equipment on the upper geotextile surface
during placement of the soil cover lifts;



Control formation/propagation of wrinkles in the geosynthetic liner system during spreading of the cover soil and
approval prior to placement of the next lift;



Placement of subsequent lifts of aggregate for the thermal cover, to the specified loose thickness followed by
specified compaction ;



Installation of the support post and remote readout panel and solar panel for the DTC; and



Approval of the condition and finished thickness of the cover soil surface and the completion of grades at the
toe of slope of the containment cell.

5.1

Geotextile Cushion Layers

Details for the specification, installation and QA/QC for the geotextile cushion layers are provided in Appendix A,
Geotextile Cushion, Section 31 05 19.13. The overall intent of the QA/QC controls for the geotextile cushion
layers will be to ensure that the material is placed in a manner that protects the liner from punctures and tears.
The geotextile cushion above and below the geomembrane will be a non-woven, needle-punched polypropylene
or polyester material meeting or exceeding the criteria outlined in Appendix A (Table 1 Section 31 05 19.13).
Narrower geotextile rolls than the standard may be used to fabricate a standard 6.5 m width, such that the
fabricated panel has no more than two fabrication seams. Threads for sewn seams are to be polymeric threads of
the same material and as chemically resistant and durable as the geotextile. The Engineer may require testing to
verify the integrity of any pre-fabricated seams.
At least two weeks prior to delivery of materials to the site, the geotextile manufacturer must furnish the Engineer
with copies of quality control test data and a certificate stating that the geotextile to be delivered to the site meets
the requirements given in Appendix A.
Geotextile labelling, shipment and storage on site shall follow ASTM D 4873. Product labels shall clearly show the
manufacturer or supplier name, style name and roll number. Each geotextile roll shall be wrapped with a material
that will protect the geotextile from damage due to shipment, water, sunlight and contaminants.
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Prior to installation, the finished surface of the containment cell, referred to herein as the liner subgrade, will be
compacted using a smooth drum roller, fine graded to the grades and elevations stated in the Design Drawings and
proof rolled using a smooth drum roller to confirm its strength/stability. Any soft areas will be re-compacted and proof
rolled again to confirm stable ground conditions. Any standing water will be removed prior to installation of the
geotextile cushion layer. The Engineer will inspect the finished subgrade surface to ensure the surface is smooth and
uniform without ruts or depressions and free of standing water. All angular stones that are protruding more than 10 mm
from the finished sub-base surface will be removed or further depressed into the subbase using a smooth drum roller.
The Engineer will monitor the placement of the geotextile cushion to ensure compliance with the Construction
Specifications and Design Drawings. Special attention will be given to field seaming operations and movement of
personnel and equipment on the geotextile. Any holes or tears in the geotextile will be repaired by heat bonding in
place, a patch made from the same geotextile with a minimum of 600 mm overlap in all directions. Care will be
taken to remove any soil or other material which may have penetrated the torn geotextile.
Atmospheric exposure of the geotextile to the elements following lay down will be limited to 14 days to prevent
damage. If liner / cushion is left in place for an extended period, the end portion of the material will be folded back
and covered with 300 mm of sand. Unused liner and geotextile cushion rolls will be covered with tarps for
protection from weather.

5.2

Geomembrane Liner

Details for the specification, installation and QA/QC for the geomembrane over-liner (liner) are provided in
Appendix A, Geomembrane Liner, Section 31 05 19.16. The overall intent of the QA/QC controls for the liner
installation will be to ensure that the material is placed and seamed in a manner that prevents punctures and tears
and achieves the specified strength and impermeability of the seams.
The geomembrane liner covering the impacted soil in the containment cell will be a 1.0 mm (40 mil) thick smooth
Linear Low Density Polyethylene (LLDPE) geomembrane. The geomembrane is to be supplied in panels, which
will be deployed and seamed by specialized installers (Terrafix) using specialized equipment.
At least two weeks prior to delivery of materials, the geomembrane manufacturer must provide the Engineer with
copies of quality control test data and a certificate stating that the geomembrane meets the requirements provided
in Appendix A (Table 1(b), Section 31 05 19.16).
Each geomembrane panel will be clearly marked with the product information including the Manufacturer, product
type, thickness, lot number, roll number, length and width. The geomembrane will be protected from direct
sunlight, excessive heat, mud, debris, dust, snow and deformation.
Prior to installation, the geotextile cushion will be inspected by the Engineer for damage and completeness of
seaming. The Engineer will monitor the placement of the geomembrane to ensure compliance with the
Construction Specifications and Design Drawings. Field seaming will commence once a passing trial seam
meeting the requirements outlined in Appendix A (Table 2(b) Section 31 05 19.16) is produced. All seams will be
subjected to non-destructive (air pressure or vacuum box) testing for their full length under the observation of the
Engineer. Defects identified during testing will be clearly labelled, repaired and retested to confirm acceptance.
Any holes or tears in the geomembrane will be repaired by seaming or patching using the same geomembrane
material. Destructive seam testing will be performed concurrent with seaming at a frequency of one sample per
150 m of seam. The location of the destructive test samples will be in accordance with the Construction
Specifications and must meet the acceptance criteria outlined in Appendix A.
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Thermal Cover Soil Layer

Details for the specification, installation and QA/QC for the thermal cover soil layer are provided in Appendix A,
Section 31 23 23. The overall intent of the QA/QC controls for the thermal cover will be to ensure that the material
is placed to the specified thickness, in a manner that prevents punctures and tears of the geosynthetic liner
system and is compacted to achieve the required final stability.
The thermal cover soil material will consist of a clean native material obtained from the on-site borrow area as
shown on the Design Drawings and described above in Section 3. The material to be used will be free of refuse,
organic matter and construction debris or other deleterious materials. The suitability of the aggregate will be
confirmed by the Engineer prior to placement.
Approval of the installation of the thermal cover soil layer will be based on the following criteria:



Cover soil spread with a low ground pressure equipment (maximum ground pressure of 35 kPa) in lifts of
300 mm ± 30 mm compacted thickness;



Each lift compacted with a minimum of four one way passes of a smooth drum roller;



Minimum finished soil liner thickness of 2400 mm ± 50 mm (measured perpendicular to the surface of the
geomembrane liner) as per the Construction Drawings; and



Smooth finished surface of cover soil layer to the design elevations and grades specified in the Design
Drawings.
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REMEDIATION ACTION PLAN QA/QC
The Remedial Action Plan details confirmatory and background soil samples to be taken. Soil samples will be
collected as grab samples and will be sealed in laboratory supplied 250 millilitre (mL) glass jars with Teflon-lined
lids for analysis of metals and inorganics; Terracore sampling devices and 40 mL glass vials pre-charged with
methanol for analysis of volatiles. The soil samples will be collected using industry standard protocols including
decontamination of the sampling shovel with soap and water, methyl hydrate and rinsing with distilled water
before each use. Soil samples will be collected by hand using single-use disposable nitrile gloves and placed into
new/clean glass sample jars provided by the laboratory. The sampling jars will be clearly labelled and submitted to
the laboratory with a completed Chain of Custody (COC) form. There will be sufficient soil within the sample for
the analyses and to eliminate headspace, as some parameters require more sample material than others. If soil
samples are stored prior to being submitted to the laboratory, they will be stored upright in sealed plastic bags
within ice-packed coolers or non-food fridges and submitted to the lab within the appropriate holding time.
Each container will be labelled with the following information:



Sample name;



Sample depth;



Date;



Project number; and



Sampler’s name

The naming convention of samples is designed to follow that used in similar years: two capital letters followed by
three numbers. Soil samples will be named accordingly:
The naming convention of samples is designed to follow that used in similar years: two capital letters followed by
three numbers. Soil samples will be named accordingly:

SA001
‘S’ for soil will be
consistent for
every soil sample.

The second letter will be designated as A-Q for
each distinct remediation area.

Numbers will be
unique for each
sample per
remediation area
and will begin at
001 for every
remediation area.

Universal Transverse Mercator (UTM) coordinates will be taken for every sample using handheld Global
Positioning System (GPS) units. Coordinates will be tied in to previous locations using Real-Time Kinematic
Global Positioning System (RTK-GPS) surveying. Coordinates will also be provided from a known geo-referenced
stake (i.e., with a tape measure) at each excavation area in the event the GPS unit is not available.
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Analytical Requirements and QA/QC
Chain of Custody (COC) documentation will be prepared legibly and accurately. Samples will be shipped to ALS
Laboratories. Dedicated flights may be considered to facilitate timely analysis of critical confirmatory samples. The
confirmatory soil samples will be submitted and a 24-hour turnaround time (TAT) requested for analysis and
reporting of results. Soil samples will be analyzed, based on the historically identified impacts for each sample
location, for PHC fractions F1 to F4, BTEX and metals. The overall parameter list is the same as those of previous
years, however the parameters selected will be focused to address those contaminants that have previously been
identified as exceedances in each of the remediation areas A through Q.
Ten percent of all soil samples (i.e., one duplicate sample for every ten samples) will be collected during the
excavation program. Two jar/container sets with the location sample control number and appropriate duplicate
sample control number will be prepared and filled from sample material.
The laboratory will conduct internal duplicate analysis on samples to assess whether the accuracy and
repeatability of the analysis program was within acceptable ranges. The relative percent difference (RPD)
between the samples’ results will be used to assess the sample variability. The RPD is a measure of the variability
between two outcomes from the same procedure or process and is calculated by the following formula:


(x1 − x 2 )  × 100
absolute 

 average ( x1 , x 2 ) 
where x1 is the original sample result and x2 is the field duplicate result.
Theoretically, the duplicate samples should have identical chemical concentrations (i.e., RPD = 0). However, due
to factors such as sample matrix heterogeneity, natural variations or variations in sample collection, handling or
analysis, a minor variation in chemical concentration may occur (i.e., RPD > 0). Moreover, the reproducibility of
duplicate analyses at concentrations near the reported detection limit (RDL) can be poor, resulting in RPD values
of greater than the allowable limits. Therefore, the use of the RPD is limited to analytical values that are greater
than five times the detection limit. For duplicate concentrations greater than five times the detection limit, a
relative percent difference value of +/- 50% is considered acceptable for organic compounds in soils,+/- 40% is
considered acceptable for inorganic compounds in soils, +/-30% for organic compounds in water, and +/- 25% for
inorganic analytes in water. RPD values greater than the project objectives suggest variability has been
introduced through sample collection, sampling handling, or sample analysis.
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APPENDIX E

Water Intake and Discharge Logs

Satellite Bay Freshwater Uptake - Water Crossing
Date

Time
Recorded

22-Aug-18

Daily Total Pump Intake
(m3)

Company

Staff

Comments

Arrived at Satellite Bay. No freshwater used. Advance Party using bottled water.

11-Aug-18
12-Aug-18
13-Aug-18
14-Aug-18
15-Aug-18
16-Aug-18
17-Aug-18
18-Aug-18
19-Aug-18
20-Aug-18
21-Aug-18

Cumulative
Total - Pump
Intake (m3)

15:00

11:00

0
0
1.80
1.80
1.80
1.80
1.80
1.80
2.18
2.18

0
0
1.80
0
0
0
0
0
0.38
0.0

No freshwater used. Advance Party using bottled water.
No freshwater used. Advance Party using bottled water.

DMS

M. McLeod

Uptake from creek using pump and transfer tank. Flowmeter not installed yet.

DMS

M. McLeod

Uptake from creek using pump and transfer tank. Flowmeter not installed yet.

Departed Satellite Bay

Mould Bay Freshwater Uptake - East Threshold Creek
Date

Time
Recorded

Cumulative
Total - Pump
Intake (m3)

Daily Total Pump Intake
(m3)

Cumulative
Total - Filter
System (m3)

Daily Total Filter System
(m3)

Company

23-Jul-18
24-Jul-18
25-Jul-18

19:00
19:00
19:00

0
0
0.18

0.0
0.0
0.18

0
0
0

0.0
0.0
0.0

DMS
DMS
DMS

Staff

Comments
No freshwater used. Advance Party using bottled water.
No freshwater used. Advance Party using bottled water.

S. MacLaughlin

180l taken by hand using the blue 20l water jugs.

Flowmeters installed - started recording from flowmeters on 26 Jul. Don't forget to add the amount from 25 Jul 18 to the cumulative and daily totals below.

26-Jul-18
27-Jul-18
28-Jul-18
29-Jul-18
30-Jul-18
31-Jul-18
01-Aug-18
02-Aug-18
03-Aug-18
04-Aug-18
05-Aug-18
06-Aug-18
07-Aug-18
08-Aug-18
09-Aug-18
10-Aug-18
11-Aug-18
12-Aug-18
13-Aug-18
14-Aug-18
15-Aug-18
16-Aug-18
17-Aug-18
18-Aug-18
19-Aug-18
20-Aug-18
21-Aug-18
22-Aug-18
23-Aug-18
24-Aug-18
25-Aug-18
26-Aug-18
27-Aug-18
28-Aug-18
29-Aug-18

20:00
21:50
21:30
16:30
21:00
15:00
17:00
21:00
9:00
15:00
16:00
16:00
16:00
16:00
16:00
17:00
19:00
19:30
19:00
17:30
16:30
16:30
20:30
17:45
10:35
16:45
13:40
16:30
11:30
19:45
17:00
10:30
14:00
21:00

1.5255
1.5255
1.5255
2.5241
2.5241
3.5269
4.5695
5.5647
7.1451
8.1980
9.1986
9.7101
10.7828
11.3051
12.5963
13.1274
14.1473
15.4836
17.6687
19.6738
20.8700
22.1512
23.1266
24.0527
24.0527
25.7664
26.7454
28.2082
30.1480
31.8649
32.7581
33.7197
34.8010
36.3047
36.3047

1.5255
0.0000
0.0000
0.9986
0.0000
1.0028
1.0426
0.9952
1.5804
1.0529
1.0006
0.5115
1.0727
0.5223
1.2912
0.5311
1.0199
1.3363
2.1851
2.0051
1.1962
1.2812
0.9754
0.9261
0.0000
1.7137
0.9790
1.4628
1.9398
1.7169
0.8932
0.9616
1.0813
1.5037
0.0000

0.0000
0.4814
0.6837
1.1858
1.7386
2.2037
3.0766
4.7430
5.7313
6.5910
7.4763
8.1222
9.2024
10.0453
10.7372
11.4870
12.5697
13.0810
14.2717
15.1378
15.5857
16.3909
16.9814
18.0955
18.9275
19.7626
20.7531
22.4248
22.9624
23.7906
24.5712
25.7085
26.7391
27.7777
28.9251

DMS
0.0000
Clifton
0.4814
Clifton
0.2023
DMS
0.5021
Clifton
0.5528
DMS
0.4651
DMS
0.8729
DMS
1.6664
DMS
0.9883
DMS
0.8597
DMS
0.8853
DMS
0.6459
DMS
1.0802
DMS
0.8429
DMS
0.6919
DMS
0.7498
DMS
1.0827
DMS
0.5113
DMS
1.1907
DMS
0.8661
DMS
0.4479
DMS
0.8052
DMS
0.5905
DMS
1.1141
DMS
0.8320
DMS
0.8351
DMS
0.9905
DMS
1.6717
DMS
0.5376
DMS
0.8282
DMS
0.7806
DMS
1.1373
DMS
1.0306
DMS
1.0386
DMS
1.1474
Camp closed on 29 Aug 18

S. MacLaughlin
D. Pritchard
D. Pritchard
T. Retiffe
D. Pritchard

Uptake from creek using pump and transfer tank.
No water uptake from creek today.
No water uptake from creek today.
Water uptake at 1630. Filter reading at 2200.
No water uptake from creek today.

S. MacLaughlin

Water uptake at 1500. Filter reading at 2100.

S. MacLaughlin

Water uptake at 1700. Filter reading at 2100.

S. MacLaughlin

Water uptake at 1500. Filter reading at 2100.

S. MacLaughlin

Water uptake at 0900 and 1300. Filter reading at 2100.

S. MacLaughlin

Water uptake at 1500. Filter reading at 2100.

S. Cornellier

Water uptake at 1600. Filter reading at 2100.

S. MacLaughlin

Water uptake at 1600. Filter reading at 2200.

S. MacLaughlin

Water uptake at 1600. Filter reading at 2100.

S. MacLaughlin

Water uptake at 1300. Filter reading at 2100.

S. MacLaughlin

Water uptake at 1600. Forgot filter reading.

S. MacLaughlin

Water uptake at 1700. Filter reading at 2100.

S. MacLaughlin

Water uptake at 1900. Filter reading at 2130.

S. MacLaughlin

Water uptake at 1930. Filter reading at 2100.

S. MacLaughlin

Water uptake at 1900. Filter reading at 2130.

S. MacLaughlin

Water uptake at 17:30. Filter reading at 21:45.

S. MacLaughlin

Water uptake at 16:30. Filter reading at 20:00.

S. MacLaughlin

Water uptake at 16:30. Filter reading at 21:00.

S. MacLaughlin

Water uptake at 20:30. Filter reading at 21:15.

S. MacLaughlin

Water uptake at 17:45. Filter reading at 20:40.

S.Singh

No water uptake. Filter reading at 20:45.

S. MacLaughlin

Water uptake at 10:35. Filter reading at 22:55.

S. MacLaughlin

Water uptake at 16:45. Filter reading at 21:35.

S. MacLaughlin

Water uptake at 13:40. Filter reading at 21:00.

S. MacLaughlin

Water uptake at 16:30. Filter reading at 21:15.

S. MacLaughlin

Water uptake at 11:30. Filter reading at 21:30.

S. MacLaughlin

Water uptake at 19:45. Filter reading at 21:00.

S. MacLaughlin

Water uptake at 17:00. Filter reading at 21:00.

S. MacLaughlin

Water uptake at 10:30. Filter reading at 21:00.

S. MacLaughlin

Water uptake at 14:00. Filter reading at 21:00.

S. MacLaughlin

No water uptake. Readings at 12:00.

2018 Grey Water Pool Volumes - Mould Bay

FILL LEVEL
(0-80 FSL)

POOL #1
VOLUME (L)

CAPACITY
LEFT (L)

FILL LEVEL
(0-80 FSL)

POOL #2
VOLUME (L)

CAPACITY
LEFT (L)

4158
4158

No ice. Pool in good condition.
No grey water production.

25-Jul-18

60

12474

4158

Field Tests: Free Cl=ND. Total
Cl=ND. Turb=29.4NTU. pH=7.3.

56

11642

4990

26-Jul-18

60

12474

4158

56

11642

4990

27-Jul-18
28-Jul-18
29-Jul-18
30-Jul-18

60
60
60
60

12474
12474
12474
12474

4158
4158
4158
4158

57
58
60
61

11850
12058
12474
12682

4782
4574
4158
3950

31-Jul-18

60

12474

4158

63

13098

3534

01-Aug-18
02-Aug-18

60
61

12474
12682

4158
3950

70
75

14553
15593

2079
1040

03-Aug-18

62

12890

3742

80

16632

0

04-Aug-18

62

12890

3742

83

17256

624

05-Aug-18

25

5198

11435

85

17672

1040

06-Aug-18
07-Aug-18
08-Aug-18
09-Aug-18
10-Aug-18

28
32
36
42
0

5821
6653
7484
8732
0

10811
9979
9148
7900
16632

85
85
85
85
85

17672
17672
17672
17672
17672

1040
1040
1040
1040
1040

11-Aug-18

47

9771

6861

85

17672

1040

12-Aug-18

50

10395

6237

86

17879

1247

13-Aug-18

53

11019

5613

88

18295

1663

14-Aug-18

56

11642

4990

90

18711

2079

15-Aug-18
16-Aug-18

60
64

12474
13306

4158
3326

90
90

18711
18711

2079
2079

17-Aug-18

67

13929

2703

58

12058

4574

18-Aug-18
19-Aug-18

70
71

14553
14761

2079
1871

22
26

4574
5405

12058
11227

20-Aug-18

51

10603

6029

50

10395

6237

21-Aug-18
22-Aug-18
23-Aug-18

51
52
53

10603
10811
11019

6029
5821
5613

53
59
59

11019
12266
12266

5613
4366
4366

24-Aug-18

55

11435

5198

64

13306

3326

25-Aug-18
26-Aug-18

57
62

11850
12890

4782
3742

64
64

13306
13306

3326
3326

27-Aug-18

65

13514

3119

65

13514

3119

28-Aug-18
29-Aug-18

65
65

13514
13514

3119
3119

69
70

14345
14553

2287
2079

DATE
23-Jul-18
24-Jul-18

60
60

12474
12474

COMMENT

Five day notification for discharge
filed with Lands. TSS=20.8 mg/L
Precip has added 1cm of water.
Precip has added another 1cm of
water.

Discharged grey water. Initial
flowmeter 0.0201 m3. Final
flowmeter 8.5870 m3.
Total 8.5669 m3.

Transferred some grey water to
Pool #2.

Switched camp discharge to
Pool #1.

Switched camp discharge to
Pool #2.
Camp Closed

Clifton Associates Limited

56
56

11642
11642

4990
4990

COMMENT
No ice. Pool in good condition.
No grey water production.
Field Tests: Free Cl=0.00mg/L.
Total Cl=0.04mg/L.
Turb=28.8NTU. pH=6.9
Sample sent to ALS. Started
discharging grey water into Pool
#2.

Five day notification for discharge
filed with Lands. TSS=25.4 mg/L

At warning level, 40cm of
freeboard left. Will discharge from
Pool #1 on Sunday.
Over warning level, 38cm of
freeboard left.
Switched camp discharge to
Pool #1.

Field Tests: Free Cl=nd. Total
Cl=nd. Turb=47.3NTU. pH=6.58.
TSS=38.6mg/L. No sheen.
Volumes estimated - not
recorded. DGP in Satellite Bay.
Volumes estimated - not
recorded. DGP in Satellite Bay.
Volumes recorded by V. Gouws.

Discharged grey water. Initial
flowmeter 8.5623 m3. Final
flowmeter 15.8915 m3.
Total 7.3292 m3.

Transferred some grey water to
Pool #2.

Switched camp discharge to
Pool #1.

Switched camp discharge to
Pool #2.
Camp Closed

FILL LEVEL
(cm)

POOL #1
VOLUME (L)

CAPACITY
LEFT (L)

12-Aug-18

48

9979

13-Aug-18

48

9979

DATE
11-Aug-18

48

9979

Satellite Bay Grey Water Pool Volumes
FILL LEVEL
(cm)

POOL #2
VOLUME (L)

CAPACITY
LEFT (L)

6653

71

14761

1871

6653

71

14761

1871

6653

14-Aug-18

48

9979

6653

15-Aug-18

48

9979

6653

COMMENTS
South Pool (SNP1837-1a)

Started discharging camp water
to Pool #1.

71

14761

1871

71

14761

1871

72

14969

1663

16-Aug-18

53

11019

5613

72

14969

1663

17-Aug-18

60

12474

4158

72

14969

1663

18-Aug-18

71

14761

1871

72

14969

1663

19-Aug-18

80

16632

0

72

14969

1663

20-Aug-18

52

10811

5821

21-Aug-18

59

12266

4366

22-Aug-18

60

12474

4158

After Pool #2 was discharged,
approximately 5.8 m3 of
greywater was transferred from
Pool #1 to Pool #2 for ballast.
Camp discharge continued into
Pool #1.
Camp Closed

Clifton Associates Limited

53

11019

5613

53

11019

5613

53

11019

5613

COMMENTS
North Pool (SNP1837-1b)

Field Tests: Free Cl=ND. Total
Cl=0.10mg/L. Turb=32.8 NTU.
pH=7.13. TSS=37.9mg/l. No
sheen.

Discharged grey water. Initial
flowmeter 0.3785 m3. Final
flowmeter 10.9777 m3. Total
10.5992 m3.

Camp Closed
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APPENDIX F

Water Sample Laboratory
Analytical Results

Date Received: 02-AUG-18
Report Date:
07-AUG-18 14:12 (MT)
Version:
FINAL

Golder Associates Ltd.
ATTN: LAUREL HOFFARTH
121 COMMERCE PARK DRIVE UNIT L
BARRIE ONTARIO L4N 8X1

Client Phone: 705-722-4492

Certificate of Analysis
Lab Work Order #:

L2140292

Project P.O. #:

178095
REPSOL PPI-F68

Job Reference:
C of C Numbers:
Legal Site Desc:

17

Comments:
7-AUG-2018 Prelim Report

____________________________________________

Rick Zolkiewski
General Manager
[This report shall not be reproduced except in full without the written authority of the Laboratory.]
ADDRESS: 314 Old Airport Road, Unit 116, Yellowknife, NT X1A 3T3 Canada | Phone: +1 867 873 5593 |
ALS CANADA LTD

Part of the ALS Group

An ALS Limited Company

L2140292 CONTD....
PAGE

ALS ENVIRONMENTAL ANALYTICAL REPORT
Sample ID
Description
Sampled Date
Sampled Time
Client ID
Grouping

L2140292-1

L2140292-2

WATER

WATER

01-AUG-18

01-AUG-18

22:00

22:00

MB DRUM BERM
NORTH

MB DRUM BERM
SOUTH

Benzene (mg/L)

<0.00050

<0.00050

Ethylbenzene (mg/L)

<0.00050

<0.00050

Methyl t-butyl ether (MTBE) (mg/L)

<0.00050

<0.00050

Styrene (mg/L)

<0.00050

<0.00050

Toluene (mg/L)

0.00289

<0.00045

ortho-Xylene (mg/L)

0.00070

<0.00050

meta- & para-Xylene (mg/L)

0.00149

<0.00050

Xylenes (mg/L)

Analyte

WATER
Volatile Organic
Compounds

Hydrocarbons

0.00219

<0.00075

F1 (C6-C10) (mg/L)

<0.10

<0.10

Surrogate: 4-Bromofluorobenzene (SS) (%)

77.4

79.1

Surrogate: 1,4-Difluorobenzene (SS) (%)

92.7

90.2

F1-BTEX (mg/L)

<0.10

<0.10

F2 (C10-C16) (mg/L)

<0.30

<0.30

F3 (C16-C34) (mg/L)

0.52

0.83

F4 (C34-C50) (mg/L)

<0.30

<0.30

Surrogate: 2-Bromobenzotrifluoride, F2-F4
(%)

88.3

91.3
SURRND

Surrogate: 3,4-Dichlorotoluene (SS) (%)
55.8

96.1

* Please refer to the Reference Information section for an explanation of any qualifiers detected.
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FINAL

Qualifiers for Individual Parameters Listed:
Qualifier

Description

SURR-ND

Surrogate recovery marginally exceeded ALS DQO. Reported non-detect results for associated samples were deemed to be
unaffected.

Test Method References:
ALS Test Code
F1-BTX-CALC-VA

Matrix
Water

Test Description

Method Reference**

F1-Total BTX

CCME CWS PHC TIER 1 (2001)

This analysis is based on the "Reference Method for the Canada-Wide Standard for Petroleum Hydrocarbons in Soil - Tier 1 Method, Canadian
Council of Ministers of the Environment, December 2000." For F1 (C6-C10), the sample undergoes a purge and trap extraction prior to analysis by
GC/FID. The F1-BTEX result is calculated as follows:
F1-BTEX: F1 (C6-C10) minus benzene, toluene, ethylbenzene and xylenes (BTEX).
F1-HSFID-VA

Water

CCME F1 By Headspace with GCFID

EPA 5021A/CCME CWS PHC (Pub# 1310)

This analysis is based on the "Reference Method for the Canada-Wide Standard for Petroleum Hydrocarbons in Soil - Tier 1 Method, Canadian
Council of Ministers of the Environment, December 2000." For F1 (C6-C10), the sample undergoes a headspace purge prior to analysis by GC/FID.
F1 (C6-C10): Sum of all hydrocarbons that elute between nC6 and nC10.
F2-F4-ME-FID-VA

Water

CCME F2-F4 Hydrocarbons in Water

CCME CWS-PHC, Pub #1310, Dec 2001

F2-F4 is extracted from water using a hexane micro-extraction technique. Instrumental analysis is by GC-FID, as per the Reference Method for the
Canada-Wide Standard for Petroleum Hydrocarbons in Soil Tier 1 Method, CCME, Dec 2001.
VH-SURR-FID-VA

Water

VH Surrogates for Waters

BC Env. Lab Manual (VH in Solids)

VOC7-HSMS-VA

Water

BTEX/MTBE/Styrene by Headspace GCMS

EPA 5021A/8260C

The water sample, with added reagents, is heated in a sealed vial to equilibrium. The headspace from the vial is transfered into a gas chromatograph.
Target compound concentrations are measured using mass spectrometry detection.
VOC7/VOC-SURR-MS-VA

Water

VOC7 and/or VOC Surrogates for Waters

EPA 5035A/5021A/8260C

XYLENES-CALC-VA

Water

Sum of Xylene Isomer Concentrations

CALCULATION

Calculation of Total Xylenes
Total Xylenes is the sum of the concentrations of the ortho, meta, and para Xylene isomers. Results below detection limit (DL) are treated as zero.
The DL for Total Xylenes is set to a value no less than the square root of the sum of the squares of the DLs of the individual Xylenes.
** ALS test methods may incorporate modifications from specified reference methods to improve performance.
The last two letters of the above test code(s) indicate the laboratory that performed analytical analysis for that test. Refer to the list below:
Laboratory Definition Code

Laboratory Location

VA

ALS ENVIRONMENTAL - VANCOUVER, BRITISH COLUMBIA, CANADA

Chain of Custody Numbers:
17
GLOSSARY OF REPORT TERMS
Surrogate - A compound that is similar in behaviour to target analyte(s), but that does not occur naturally in environmental samples. For
applicable tests, surrogates are added to samples prior to analysis as a check on recovery.
mg/kg - milligrams per kilogram based on dry weight of sample.
mg/kg wwt - milligrams per kilogram based on wet weight of sample.
mg/kg lwt - milligrams per kilogram based on lipid-adjusted weight of sample.
mg/L - milligrams per litre.
< - Less than.
D.L. - The reported Detection Limit, also known as the Limit of Reporting (LOR).
N/A - Result not available. Refer to qualifier code and definition for explanation.
Test results reported relate only to the samples as received by the laboratory.
UNLESS OTHERWISE STATED, ALL SAMPLES WERE RECEIVED IN ACCEPTABLE CONDITION.
Analytical results in unsigned test reports with the DRAFT watermark are subject to change, pending final QC review.

Date Received: 16-AUG-18
Report Date:
17-AUG-18 19:42 (MT)
Version:
FINAL

Golder Associates Ltd.
ATTN: Laurel Hoffarth
121 commerce park drive unit
Ranie ON L4N 8X1

Client Phone: 867-873-6319

Certificate of Analysis
Lab Work Order #:

L2147825

Project P.O. #:

1780495
REPSOL PPI-F68

Job Reference:
C of C Numbers:
Legal Site Desc:

15-584540

____________________________________________

Jessica Spira, Env. Tech. DIPL
Senior Account Manager
[This report shall not be reproduced except in full without the written authority of the Laboratory.]
ADDRESS: 9450 17 Avenue NW, Edmonton, AB T6N 1M9 Canada | Phone: +1 780 413 5227 | Fax: +1 780 437 2311
ALS CANADA LTD

Part of the ALS Group

An ALS Limited Company
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ALS ENVIRONMENTAL ANALYTICAL REPORT
Sample ID
Description
Sampled Date
Sampled Time
Client ID
Grouping

17-AUG-18 19:42 (MT)
Version:

L2147825-1

L2147825-2

L2147825-3

WATER

WATER

WATER

WATER

14-AUG-18

14-AUG-18

14-AUG-18

14-AUG-18

L2147825-4

11:00

11:30

15:00

15:00

SB-WELL-BERM

SB-AIR-BERM

SNP1837-1A

SNP1837-1B

28.5

37.9

Analyte

WATER
Physical Tests

Total Suspended Solids (mg/L)

Volatile Organic
Compounds

Benzene (mg/L)

<0.00050

<0.00050

Ethylbenzene (mg/L)

<0.00050

<0.00050

Methyl t-butyl ether (MTBE) (mg/L)

<0.00050

<0.00050

Styrene (mg/L)

<0.00050

<0.00050

Toluene (mg/L)

<0.00045

<0.00045

ortho-Xylene (mg/L)

0.00124

<0.00050

meta- & para-Xylene (mg/L)

<0.00050

<0.00050

Xylenes (mg/L)

Hydrocarbons

0.00124

<0.00075

F1 (C6-C10) (mg/L)

<0.10

<0.10

Surrogate: 4-Bromofluorobenzene (SS) (%)

83.7

82.4

Surrogate: 1,4-Difluorobenzene (SS) (%)

104.8

103.2

F1-BTEX (mg/L)

<0.10

<0.10

F2 (C10-C16) (mg/L)

<0.30

<0.30

F3 (C16-C34) (mg/L)

1.37

1.74

F4 (C34-C50) (mg/L)

<0.30

<0.30

Surrogate: 2-Bromobenzotrifluoride, F2-F4
(%)

110.4

103.3

Surrogate: 3,4-Dichlorotoluene (SS) (%)

88.9

97.9
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Test Method References:
ALS Test Code
F1-BTX-CALC-VA

Matrix
Water

Test Description

Method Reference**

F1-Total BTX

CCME CWS PHC TIER 1 (2001)

This analysis is based on the "Reference Method for the Canada-Wide Standard for Petroleum Hydrocarbons in Soil - Tier 1 Method, Canadian
Council of Ministers of the Environment, December 2000." For F1 (C6-C10), the sample undergoes a purge and trap extraction prior to analysis by
GC/FID. The F1-BTEX result is calculated as follows:
F1-BTEX: F1 (C6-C10) minus benzene, toluene, ethylbenzene and xylenes (BTEX).
F1-HSFID-VA

Water

CCME F1 By Headspace with GCFID

EPA 5021A/CCME CWS PHC (Pub# 1310)

This analysis is based on the "Reference Method for the Canada-Wide Standard for Petroleum Hydrocarbons in Soil - Tier 1 Method, Canadian
Council of Ministers of the Environment, December 2000." For F1 (C6-C10), the sample undergoes a headspace purge prior to analysis by GC/FID.
F1 (C6-C10): Sum of all hydrocarbons that elute between nC6 and nC10.
F2-F4-ME-FID-VA

Water

CCME F2-F4 Hydrocarbons in Water

CCME CWS-PHC, Pub #1310, Dec 2001

F2-F4 is extracted from water using a hexane micro-extraction technique. Instrumental analysis is by GC-FID, as per the Reference Method for the
Canada-Wide Standard for Petroleum Hydrocarbons in Soil Tier 1 Method, CCME, Dec 2001.
TSS-VA

Water

Total Suspended Solids by Gravimetric

APHA 2540 D - GRAVIMETRIC

This analysis is carried out using procedures adapted from APHA Method 2540 "Solids". Solids are determined gravimetrically. Total Suspended
Solids (TSS) are determined by filtering a sample through a glass fibre filter, TSS is determined by drying the filter at 104 degrees celsius.
Samples containing very high dissolved solid content (i.e. seawaters, brackish waters) may produce a positive bias by this method. Alternate analysis
methods are available for these types of samples.
VH-SURR-FID-VA

Water

VH Surrogates for Waters

BC Env. Lab Manual (VH in Solids)

VOC7-HSMS-VA

Water

BTEX/MTBE/Styrene by Headspace GCMS

EPA 5021A/8260C

The water sample, with added reagents, is heated in a sealed vial to equilibrium. The headspace from the vial is transfered into a gas chromatograph.
Target compound concentrations are measured using mass spectrometry detection.
VOC7/VOC-SURR-MS-VA

Water

VOC7 and/or VOC Surrogates for Waters

EPA 5035A/5021A/8260C

XYLENES-CALC-VA

Water

Sum of Xylene Isomer Concentrations

CALCULATION

Calculation of Total Xylenes
Total Xylenes is the sum of the concentrations of the ortho, meta, and para Xylene isomers. Results below detection limit (DL) are treated as zero.
The DL for Total Xylenes is set to a value no less than the square root of the sum of the squares of the DLs of the individual Xylenes.
** ALS test methods may incorporate modifications from specified reference methods to improve performance.
The last two letters of the above test code(s) indicate the laboratory that performed analytical analysis for that test. Refer to the list below:
Laboratory Definition Code

Laboratory Location

VA

ALS ENVIRONMENTAL - VANCOUVER, BRITISH COLUMBIA, CANADA

Chain of Custody Numbers:
15-584540
GLOSSARY OF REPORT TERMS
Surrogate - A compound that is similar in behaviour to target analyte(s), but that does not occur naturally in environmental samples. For
applicable tests, surrogates are added to samples prior to analysis as a check on recovery.
mg/kg - milligrams per kilogram based on dry weight of sample.
mg/kg wwt - milligrams per kilogram based on wet weight of sample.
mg/kg lwt - milligrams per kilogram based on lipid-adjusted weight of sample.
mg/L - milligrams per litre.
< - Less than.
D.L. - The reported Detection Limit, also known as the Limit of Reporting (LOR).
N/A - Result not available. Refer to qualifier code and definition for explanation.
Test results reported relate only to the samples as received by the laboratory.
UNLESS OTHERWISE STATED, ALL SAMPLES WERE RECEIVED IN ACCEPTABLE CONDITION.
Analytical results in unsigned test reports with the DRAFT watermark are subject to change, pending final QC review.

ALS Sample ID:
Client Sample ID:

L2147825-C-1
SB-WELL-BERM
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7.5

8.0

8.5

Time - Minutes

The CCME F2-F4 Hydrocarbon Distribution Report (HDR) is intended to assist you in characterizing
hydrocarbon products that may be present in your sample.
The scale at the bottom of the chromatogram indicates the approximate retention times of common petroleum
products and four n-alkane hydrocarbon marker compounds. Retention times may vary between samples, but
general patterns and distributions will remain similar.
Peak heights in this report are a function of the sample concentration, the sample amount extracted, the
sample dilution factor, and the scale at left.
Note: This chromatogram was produced using GC conditions that are specific to ALS Canada CCME F2-F4
method. Refer to the ALS Canada CCME F2-F4 Hydrocarbon Library for a collection of chromatograms from
common reference samples (fuels, oils, etc.). The HDR library can be found at www.alsglobal.com.
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ALS Sample ID:
Client Sample ID:

L2147825-C-2
SB-AIR-BERM
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The CCME F2-F4 Hydrocarbon Distribution Report (HDR) is intended to assist you in characterizing
hydrocarbon products that may be present in your sample.
The scale at the bottom of the chromatogram indicates the approximate retention times of common petroleum
products and four n-alkane hydrocarbon marker compounds. Retention times may vary between samples, but
general patterns and distributions will remain similar.
Peak heights in this report are a function of the sample concentration, the sample amount extracted, the
sample dilution factor, and the scale at left.
Note: This chromatogram was produced using GC conditions that are specific to ALS Canada CCME F2-F4
method. Refer to the ALS Canada CCME F2-F4 Hydrocarbon Library for a collection of chromatograms from
common reference samples (fuels, oils, etc.). The HDR library can be found at www.alsglobal.com.
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APPENDIX G

Surveillance Network Program
Laboratory Analytical Results

Date Received: 27-JUL-18
Report Date:
30-JUL-18 12:59 (MT)
Version:
FINAL

Golder Associates Ltd.
ATTN: LAUREL HOFFARTH
121 COMMERCE DR. UNIT L
BARRIE ON L4N8X1

Client Phone: 867-873-6319

Certificate of Analysis
Lab Work Order #:

L2137130

Project P.O. #:

OG2793 REPSOL F68

Job Reference:
C of C Numbers:
Legal Site Desc:

15-583421

____________________________________________

Rick Zolkiewski
General Manager
[This report shall not be reproduced except in full without the written authority of the Laboratory.]
ADDRESS: 314 Old Airport Road, Unit 116, Yellowknife, NT X1A 3T3 Canada | Phone: +1 867 873 5593 |
ALS CANADA LTD

Part of the ALS Group

An ALS Limited Company
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ALS ENVIRONMENTAL ANALYTICAL REPORT
Sample ID
Description
Sampled Date
Sampled Time
Client ID
Grouping

L2137130-1

L2137130-2

WATER

WATER

26-JUL-18

26-JUL-18

14:00

14:00

MBGW-1

MBGW-2

20.8

25.4

Analyte

WATER
Physical Tests

Total Suspended Solids (mg/L)

2 of 3

30-JUL-18 12:59 (MT)
Version:

FINAL

L2137130 CONTD....
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Reference Information
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30-JUL-18 12:59 (MT)
Version:

FINAL

Test Method References:
ALS Test Code
TSS-VA

Matrix
Water

Test Description

Method Reference**

Total Suspended Solids by Gravimetric

APHA 2540 D - GRAVIMETRIC

This analysis is carried out using procedures adapted from APHA Method 2540 "Solids". Solids are determined gravimetrically. Total Suspended
Solids (TSS) are determined by filtering a sample through a glass fibre filter, TSS is determined by drying the filter at 104 degrees celsius.
Samples containing very high dissolved solid content (i.e. seawaters, brackish waters) may produce a positive bias by this method. Alternate analysis
methods are available for these types of samples.
** ALS test methods may incorporate modifications from specified reference methods to improve performance.
The last two letters of the above test code(s) indicate the laboratory that performed analytical analysis for that test. Refer to the list below:
Laboratory Definition Code

Laboratory Location

VA

ALS ENVIRONMENTAL - VANCOUVER, BRITISH COLUMBIA, CANADA

Chain of Custody Numbers:
15-583421
GLOSSARY OF REPORT TERMS
Surrogate - A compound that is similar in behaviour to target analyte(s), but that does not occur naturally in environmental samples. For
applicable tests, surrogates are added to samples prior to analysis as a check on recovery.
mg/kg - milligrams per kilogram based on dry weight of sample.
mg/kg wwt - milligrams per kilogram based on wet weight of sample.
mg/kg lwt - milligrams per kilogram based on lipid-adjusted weight of sample.
mg/L - milligrams per litre.
< - Less than.
D.L. - The reported Detection Limit, also known as the Limit of Reporting (LOR).
N/A - Result not available. Refer to qualifier code and definition for explanation.
Test results reported relate only to the samples as received by the laboratory.
UNLESS OTHERWISE STATED, ALL SAMPLES WERE RECEIVED IN ACCEPTABLE CONDITION.
Analytical results in unsigned test reports with the DRAFT watermark are subject to change, pending final QC review.

Date Received: 13-AUG-18
Report Date:
15-AUG-18 17:38 (MT)
Version:
FINAL

Golder Associates Ltd.
ATTN: LAUREL HOFFARTH
121 COMMERCIAL DRIVE UNIT L
BARRIE ON L4N 8XL

Client Phone: 705-722-4492

Certificate of Analysis
Lab Work Order #:

L2145382

Project P.O. #:

1780495
REPSOL PPI-F68

Job Reference:
C of C Numbers:
Legal Site Desc:

15-584539

____________________________________________

Joanne Lee
Sales Associate
[This report shall not be reproduced except in full without the written authority of the Laboratory.]
ADDRESS: 8081 Lougheed Hwy, Suite 100, Burnaby, BC V5A 1W9 Canada | Phone: +1 604 253 4188 | Fax: +1 604 253 6700
ALS CANADA LTD

Part of the ALS Group

An ALS Limited Company
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ALS ENVIRONMENTAL ANALYTICAL REPORT
Sample ID
Description
Sampled Date
Sampled Time
Client ID
Grouping

L2145382-1
WATER
11-AUG-18
09:30
MBGW-211

Analyte

WATER
Physical Tests

Total Suspended Solids (mg/L)

38.6

2 of 3

15-AUG-18 17:38 (MT)
Version:

FINAL
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15-AUG-18 17:38 (MT)
Version:

FINAL

Test Method References:
ALS Test Code
TSS-VA

Matrix
Water

Test Description

Method Reference**

Total Suspended Solids by Gravimetric

APHA 2540 D - GRAVIMETRIC

This analysis is carried out using procedures adapted from APHA Method 2540 "Solids". Solids are determined gravimetrically. Total Suspended
Solids (TSS) are determined by filtering a sample through a glass fibre filter, TSS is determined by drying the filter at 104 degrees celsius.
Samples containing very high dissolved solid content (i.e. seawaters, brackish waters) may produce a positive bias by this method. Alternate analysis
methods are available for these types of samples.
** ALS test methods may incorporate modifications from specified reference methods to improve performance.
The last two letters of the above test code(s) indicate the laboratory that performed analytical analysis for that test. Refer to the list below:
Laboratory Definition Code

Laboratory Location

VA

ALS ENVIRONMENTAL - VANCOUVER, BRITISH COLUMBIA, CANADA

Chain of Custody Numbers:
15-584539
GLOSSARY OF REPORT TERMS
Surrogate - A compound that is similar in behaviour to target analyte(s), but that does not occur naturally in environmental samples. For
applicable tests, surrogates are added to samples prior to analysis as a check on recovery.
mg/kg - milligrams per kilogram based on dry weight of sample.
mg/kg wwt - milligrams per kilogram based on wet weight of sample.
mg/kg lwt - milligrams per kilogram based on lipid-adjusted weight of sample.
mg/L - milligrams per litre.
< - Less than.
D.L. - The reported Detection Limit, also known as the Limit of Reporting (LOR).
N/A - Result not available. Refer to qualifier code and definition for explanation.
Test results reported relate only to the samples as received by the laboratory.
UNLESS OTHERWISE STATED, ALL SAMPLES WERE RECEIVED IN ACCEPTABLE CONDITION.
Analytical results in unsigned test reports with the DRAFT watermark are subject to change, pending final QC review.

Date Received: 16-AUG-18
Report Date:
17-AUG-18 19:42 (MT)
Version:
FINAL

Golder Associates Ltd.
ATTN: Laurel Hoffarth
121 commerce park drive unit
Ranie ON L4N 8X1

Client Phone: 867-873-6319

Certificate of Analysis
Lab Work Order #:

L2147825

Project P.O. #:

1780495
REPSOL PPI-F68

Job Reference:
C of C Numbers:
Legal Site Desc:

15-584540

____________________________________________

Jessica Spira, Env. Tech. DIPL
Senior Account Manager
[This report shall not be reproduced except in full without the written authority of the Laboratory.]
ADDRESS: 9450 17 Avenue NW, Edmonton, AB T6N 1M9 Canada | Phone: +1 780 413 5227 | Fax: +1 780 437 2311
ALS CANADA LTD

Part of the ALS Group

An ALS Limited Company
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ALS ENVIRONMENTAL ANALYTICAL REPORT
Sample ID
Description
Sampled Date
Sampled Time
Client ID
Grouping

17-AUG-18 19:42 (MT)
Version:

L2147825-1

L2147825-2

L2147825-3

WATER

WATER

WATER

WATER

14-AUG-18

14-AUG-18

14-AUG-18

14-AUG-18

L2147825-4

11:00

11:30

15:00

15:00

SB-WELL-BERM

SB-AIR-BERM

SNP1837-1A

SNP1837-1B

28.5

37.9

Analyte

WATER
Physical Tests

Total Suspended Solids (mg/L)

Volatile Organic
Compounds

Benzene (mg/L)

<0.00050

<0.00050

Ethylbenzene (mg/L)

<0.00050

<0.00050

Methyl t-butyl ether (MTBE) (mg/L)

<0.00050

<0.00050

Styrene (mg/L)

<0.00050

<0.00050

Toluene (mg/L)

<0.00045

<0.00045

ortho-Xylene (mg/L)

0.00124

<0.00050

meta- & para-Xylene (mg/L)

<0.00050

<0.00050

Xylenes (mg/L)

Hydrocarbons

0.00124

<0.00075

F1 (C6-C10) (mg/L)

<0.10

<0.10

Surrogate: 4-Bromofluorobenzene (SS) (%)

83.7

82.4

Surrogate: 1,4-Difluorobenzene (SS) (%)

104.8

103.2

F1-BTEX (mg/L)

<0.10

<0.10

F2 (C10-C16) (mg/L)

<0.30

<0.30

F3 (C16-C34) (mg/L)

1.37

1.74

F4 (C34-C50) (mg/L)

<0.30

<0.30

Surrogate: 2-Bromobenzotrifluoride, F2-F4
(%)

110.4

103.3

Surrogate: 3,4-Dichlorotoluene (SS) (%)

88.9

97.9

2 of 3
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FINAL

Test Method References:
ALS Test Code
F1-BTX-CALC-VA

Matrix
Water

Test Description

Method Reference**

F1-Total BTX

CCME CWS PHC TIER 1 (2001)

This analysis is based on the "Reference Method for the Canada-Wide Standard for Petroleum Hydrocarbons in Soil - Tier 1 Method, Canadian
Council of Ministers of the Environment, December 2000." For F1 (C6-C10), the sample undergoes a purge and trap extraction prior to analysis by
GC/FID. The F1-BTEX result is calculated as follows:
F1-BTEX: F1 (C6-C10) minus benzene, toluene, ethylbenzene and xylenes (BTEX).
F1-HSFID-VA

Water

CCME F1 By Headspace with GCFID

EPA 5021A/CCME CWS PHC (Pub# 1310)

This analysis is based on the "Reference Method for the Canada-Wide Standard for Petroleum Hydrocarbons in Soil - Tier 1 Method, Canadian
Council of Ministers of the Environment, December 2000." For F1 (C6-C10), the sample undergoes a headspace purge prior to analysis by GC/FID.
F1 (C6-C10): Sum of all hydrocarbons that elute between nC6 and nC10.
F2-F4-ME-FID-VA

Water

CCME F2-F4 Hydrocarbons in Water

CCME CWS-PHC, Pub #1310, Dec 2001

F2-F4 is extracted from water using a hexane micro-extraction technique. Instrumental analysis is by GC-FID, as per the Reference Method for the
Canada-Wide Standard for Petroleum Hydrocarbons in Soil Tier 1 Method, CCME, Dec 2001.
TSS-VA

Water

Total Suspended Solids by Gravimetric

APHA 2540 D - GRAVIMETRIC

This analysis is carried out using procedures adapted from APHA Method 2540 "Solids". Solids are determined gravimetrically. Total Suspended
Solids (TSS) are determined by filtering a sample through a glass fibre filter, TSS is determined by drying the filter at 104 degrees celsius.
Samples containing very high dissolved solid content (i.e. seawaters, brackish waters) may produce a positive bias by this method. Alternate analysis
methods are available for these types of samples.
VH-SURR-FID-VA

Water

VH Surrogates for Waters

BC Env. Lab Manual (VH in Solids)

VOC7-HSMS-VA

Water

BTEX/MTBE/Styrene by Headspace GCMS

EPA 5021A/8260C

The water sample, with added reagents, is heated in a sealed vial to equilibrium. The headspace from the vial is transfered into a gas chromatograph.
Target compound concentrations are measured using mass spectrometry detection.
VOC7/VOC-SURR-MS-VA

Water

VOC7 and/or VOC Surrogates for Waters

EPA 5035A/5021A/8260C

XYLENES-CALC-VA

Water

Sum of Xylene Isomer Concentrations

CALCULATION

Calculation of Total Xylenes
Total Xylenes is the sum of the concentrations of the ortho, meta, and para Xylene isomers. Results below detection limit (DL) are treated as zero.
The DL for Total Xylenes is set to a value no less than the square root of the sum of the squares of the DLs of the individual Xylenes.
** ALS test methods may incorporate modifications from specified reference methods to improve performance.
The last two letters of the above test code(s) indicate the laboratory that performed analytical analysis for that test. Refer to the list below:
Laboratory Definition Code

Laboratory Location

VA

ALS ENVIRONMENTAL - VANCOUVER, BRITISH COLUMBIA, CANADA

Chain of Custody Numbers:
15-584540
GLOSSARY OF REPORT TERMS
Surrogate - A compound that is similar in behaviour to target analyte(s), but that does not occur naturally in environmental samples. For
applicable tests, surrogates are added to samples prior to analysis as a check on recovery.
mg/kg - milligrams per kilogram based on dry weight of sample.
mg/kg wwt - milligrams per kilogram based on wet weight of sample.
mg/kg lwt - milligrams per kilogram based on lipid-adjusted weight of sample.
mg/L - milligrams per litre.
< - Less than.
D.L. - The reported Detection Limit, also known as the Limit of Reporting (LOR).
N/A - Result not available. Refer to qualifier code and definition for explanation.
Test results reported relate only to the samples as received by the laboratory.
UNLESS OTHERWISE STATED, ALL SAMPLES WERE RECEIVED IN ACCEPTABLE CONDITION.
Analytical results in unsigned test reports with the DRAFT watermark are subject to change, pending final QC review.

ALS Sample ID:
Client Sample ID:

L2147825-C-1
SB-WELL-BERM
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The CCME F2-F4 Hydrocarbon Distribution Report (HDR) is intended to assist you in characterizing
hydrocarbon products that may be present in your sample.
The scale at the bottom of the chromatogram indicates the approximate retention times of common petroleum
products and four n-alkane hydrocarbon marker compounds. Retention times may vary between samples, but
general patterns and distributions will remain similar.
Peak heights in this report are a function of the sample concentration, the sample amount extracted, the
sample dilution factor, and the scale at left.
Note: This chromatogram was produced using GC conditions that are specific to ALS Canada CCME F2-F4
method. Refer to the ALS Canada CCME F2-F4 Hydrocarbon Library for a collection of chromatograms from
common reference samples (fuels, oils, etc.). The HDR library can be found at www.alsglobal.com.

Printed on 8/17/2018 4:29:28 PM

Page 1 of 1

ALS Sample ID:
Client Sample ID:

L2147825-C-2
SB-AIR-BERM
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The CCME F2-F4 Hydrocarbon Distribution Report (HDR) is intended to assist you in characterizing
hydrocarbon products that may be present in your sample.
The scale at the bottom of the chromatogram indicates the approximate retention times of common petroleum
products and four n-alkane hydrocarbon marker compounds. Retention times may vary between samples, but
general patterns and distributions will remain similar.
Peak heights in this report are a function of the sample concentration, the sample amount extracted, the
sample dilution factor, and the scale at left.
Note: This chromatogram was produced using GC conditions that are specific to ALS Canada CCME F2-F4
method. Refer to the ALS Canada CCME F2-F4 Hydrocarbon Library for a collection of chromatograms from
common reference samples (fuels, oils, etc.). The HDR library can be found at www.alsglobal.com.
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ALS ENVIRONMENTAL ANALYTICAL REPORT
Sample ID
Description
Sampled Date
Sampled Time
Client ID
Grouping

14-SEP-18 19:14 (MT)
Version:

L2152068-1

L2152068-2

L2152068-3

WATER

WATER

WATER

L2152068-4
WATER

16-AUG-18

16-AUG-18

16-AUG-18

16-AUG-18

11:00

11:20

11:40

11:40

FI6-P

SNP1837-2NW

SNP1837-2SE

SNP1837-2SEA

Hardness (as CaCO3) (mg/L)

6.09

25.7

34.6

34.3

pH (pH)

7.26

Total Suspended Solids (mg/L)

3.1

4.4

<3.0

<3.0

Turbidity (NTU)

18.3

Analyte

WATER
Physical Tests

Anions and
Nutrients

Total Metals

Bromide (Br) (mg/L)

<0.050

Chloride (Cl) (mg/L)

10.5

Fluoride (F) (mg/L)

0.072

Nitrate (as N) (mg/L)

0.0986

Nitrite (as N) (mg/L)

<0.0010

Sulfate (SO4) (mg/L)

5.01

Aluminum (Al)-Total (mg/L)

0.499

0.0843

0.0436

0.0420

Antimony (Sb)-Total (mg/L)

<0.00010

0.00012

0.00027

0.00028

Arsenic (As)-Total (mg/L)

0.00130

0.00102

0.00131

0.00140

Barium (Ba)-Total (mg/L)

0.0509

0.105

0.140

0.142

Beryllium (Be)-Total (mg/L)

<0.00010

<0.00010

<0.00010

<0.00010

Bismuth (Bi)-Total (mg/L)

<0.000050

<0.000050

<0.000050

<0.000050

0.032

0.010

0.029

0.031

Boron (B)-Total (mg/L)
Cadmium (Cd)-Total (mg/L)

0.0000154

0.0000431

0.000117

0.000102

Calcium (Ca)-Total (mg/L)

1.26

7.47

10.4

11.0

Cesium (Cs)-Total (mg/L)

0.000108

<0.000010

<0.000010

<0.000010

Chromium (Cr)-Total (mg/L)

0.00085

0.00053

0.00033

0.00032

Cobalt (Co)-Total (mg/L)

0.00046

0.00339

0.00359

0.00353

Copper (Cu)-Total (mg/L)

0.00154

0.00163

0.00179

0.00195

Iron (Fe)-Total (mg/L)

0.818

1.03

0.953

0.947

Lead (Pb)-Total (mg/L)

0.000486

0.000322

0.00109

0.00116

Lithium (Li)-Total (mg/L)

0.0010

<0.0010

<0.0010

<0.0010

Magnesium (Mg)-Total (mg/L)

0.896

0.862

1.52

1.53

Manganese (Mn)-Total (mg/L)

0.0216

0.216

0.494

0.492

Mercury (Hg)-Total (mg/L)

0.0000055

Molybdenum (Mo)-Total (mg/L)

0.000500

0.000515

0.00103

0.00109

Nickel (Ni)-Total (mg/L)

0.00145

0.00088

0.00148

0.00141

Phosphorus (P)-Total (mg/L)

0.053

<0.050

<0.050

<0.050

Potassium (K)-Total (mg/L)

1.17

0.690

1.06

1.07

Rubidium (Rb)-Total (mg/L)

0.00188

0.00068

0.00073

0.00065

Selenium (Se)-Total (mg/L)

0.000078

0.000108

0.000097

0.000105

Silicon (Si)-Total (mg/L)

1.15

0.98

0.90

0.90

Silver (Ag)-Total (mg/L)

0.000014

0.000012

<0.000010

0.000010

* Please refer to the Reference Information section for an explanation of any qualifiers detected.
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ALS ENVIRONMENTAL ANALYTICAL REPORT
Sample ID
Description
Sampled Date
Sampled Time
Client ID
Grouping

14-SEP-18 19:14 (MT)
Version:

L2152068-1

L2152068-2

L2152068-3

WATER

WATER

WATER

L2152068-4
WATER

16-AUG-18

16-AUG-18

16-AUG-18

16-AUG-18

11:00

11:20

11:40

11:40

FI6-P

SNP1837-2NW

SNP1837-2SE

SNP1837-2SEA

11.7

1.98

2.84

2.92

0.0140

0.0539

0.0807

0.0837

1.96

1.97

1.57

1.55

Tellurium (Te)-Total (mg/L)

<0.00020

<0.00020

<0.00020

<0.00020

Thallium (Tl)-Total (mg/L)

0.000014

<0.000010

<0.000010

<0.000010

Thorium (Th)-Total (mg/L)

0.00011

<0.00010

<0.00010

<0.00010

Tin (Sn)-Total (mg/L)

<0.00010

<0.00010

<0.00010

<0.00010

Titanium (Ti)-Total (mg/L)

0.00573

0.00210

0.00103

0.00103

Tungsten (W)-Total (mg/L)

<0.00010

<0.00010

<0.00010

<0.00010

Uranium (U)-Total (mg/L)

0.000072

0.000073

0.000102

0.000106

Vanadium (V)-Total (mg/L)

0.00232

0.00079

0.00070

0.00070

Zinc (Zn)-Total (mg/L)

0.0071

<0.0030

<0.0030

0.0031

0.000764

0.000212

0.000187

0.000188

LAB

LAB

LAB

8.69

11.0

10.9

0.976

1.72

1.69

Analyte

WATER
Total Metals

Sodium (Na)-Total (mg/L)
Strontium (Sr)-Total (mg/L)
Sulfur (S)-Total (mg/L)

Zirconium (Zr)-Total (mg/L)
Dissolved Metals

Dissolved Mercury Filtration Location

FIELD

Dissolved Metals Filtration Location

FIELD

Aluminum (Al)-Dissolved (mg/L)

0.322

Antimony (Sb)-Dissolved (mg/L)

<0.00010

Arsenic (As)-Dissolved (mg/L)

0.00094

Barium (Ba)-Dissolved (mg/L)

0.0452

Beryllium (Be)-Dissolved (mg/L)

<0.00010

Bismuth (Bi)-Dissolved (mg/L)

<0.000050

Boron (B)-Dissolved (mg/L)
Cadmium (Cd)-Dissolved (mg/L)

0.032
0.0000076

Calcium (Ca)-Dissolved (mg/L)

1.06

Cesium (Cs)-Dissolved (mg/L)

0.000036

Chromium (Cr)-Dissolved (mg/L)

0.00054

Cobalt (Co)-Dissolved (mg/L)

0.00012

Copper (Cu)-Dissolved (mg/L)

0.00102

Iron (Fe)-Dissolved (mg/L)

0.289

Lead (Pb)-Dissolved (mg/L)

0.000146

Lithium (Li)-Dissolved (mg/L)

<0.0010

Magnesium (Mg)-Dissolved (mg/L)

0.838

Manganese (Mn)-Dissolved (mg/L)

0.00157

Mercury (Hg)-Dissolved (mg/L)

<0.0000050

Molybdenum (Mo)-Dissolved (mg/L)

0.000388

Nickel (Ni)-Dissolved (mg/L)

0.00090

Phosphorus (P)-Dissolved (mg/L)

<0.050

* Please refer to the Reference Information section for an explanation of any qualifiers detected.
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ALS ENVIRONMENTAL ANALYTICAL REPORT
Sample ID
Description
Sampled Date
Sampled Time
Client ID
Grouping

14-SEP-18 19:14 (MT)
Version:

L2152068-1

L2152068-2

L2152068-3

WATER

WATER

WATER

L2152068-4
WATER

16-AUG-18

16-AUG-18

16-AUG-18

16-AUG-18

11:00

11:20

11:40

11:40

FI6-P

SNP1837-2NW

SNP1837-2SE

SNP1837-2SEA

Analyte

WATER
Dissolved Metals

Potassium (K)-Dissolved (mg/L)

0.860

Rubidium (Rb)-Dissolved (mg/L)

0.00083

Selenium (Se)-Dissolved (mg/L)

0.000092

Silicon (Si)-Dissolved (mg/L)

0.994

Silver (Ag)-Dissolved (mg/L)

<0.000010

Sodium (Na)-Dissolved (mg/L)
Strontium (Sr)-Dissolved (mg/L)
Sulfur (S)-Dissolved (mg/L)

0.0120
1.92
<0.00020

Thallium (Tl)-Dissolved (mg/L)

<0.000010

Thorium (Th)-Dissolved (mg/L)

<0.00010

Tin (Sn)-Dissolved (mg/L)

<0.00010

Titanium (Ti)-Dissolved (mg/L)

0.00640

Tungsten (W)-Dissolved (mg/L)

<0.00010

Uranium (U)-Dissolved (mg/L)

0.000043

Vanadium (V)-Dissolved (mg/L)

0.00100

Zinc (Zn)-Dissolved (mg/L)

0.0013

Zirconium (Zr)-Dissolved (mg/L)
Aggregate
Organics

Oil & Grease-(IR) (mg/L)

Volatile Organic
Compounds

Hydrocarbons

11.0

Tellurium (Te)-Dissolved (mg/L)

0.000487
DLIS

DLIS

DLIS

DLIS

<2.0

<2.0

<2.0

<2.0

Benzene (mg/L)

<0.00050

<0.00050

<0.00050

<0.00050

EthylBenzene (mg/L)

<0.00050

<0.00050

<0.00050

<0.00050

Toluene (mg/L)

<0.00050

<0.00050

<0.00050

<0.00050

o-Xylene (mg/L)

<0.00050

<0.00050

<0.00050

<0.00050

m+p-Xylene (mg/L)

<0.00050

<0.00050

<0.00050

<0.00050

Xylenes (mg/L)

<0.00071

<0.00071

<0.00071

<0.00071

F1(C6-C10) (mg/L)

<0.10

<0.10

<0.10

<0.10

F1-BTEX (mg/L)

<0.10

<0.10

<0.10

<0.10

Surrogate: 4-Bromofluorobenzene (SS) (%)

94.6

94.9

95.0

95.1

Surrogate: 3,4-Dichlorotoluene (SS) (%)

107.5

108.4

107.1

107.5

Surrogate: 1,4-Difluorobenzene (SS) (%)

100.6

100.9

100.0

99.4

F2 (>C10-C16) (mg/L)

<0.10

F3 (C16-C34) (mg/L)

<0.25

F4 (C34-C50) (mg/L)

<0.25

Surrogate: 2-Bromobenzotrifluoride (%)

110.2

* Please refer to the Reference Information section for an explanation of any qualifiers detected.
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QC Samples with Qualifiers & Comments:
QC Type Description

Parameter

Qualifier

Applies to Sample Number(s)

Matrix Spike

Barium (Ba)-Dissolved

MS-B

L2152068-1

Matrix Spike

Calcium (Ca)-Dissolved

MS-B

L2152068-1

Matrix Spike

Calcium (Ca)-Dissolved

MS-B

L2152068-1

Matrix Spike

Calcium (Ca)-Dissolved

MS-B

L2152068-1

Matrix Spike

Magnesium (Mg)-Dissolved

MS-B

L2152068-1

Matrix Spike

Magnesium (Mg)-Dissolved

MS-B

L2152068-1

Matrix Spike

Magnesium (Mg)-Dissolved

MS-B

L2152068-1

Matrix Spike

Manganese (Mn)-Dissolved

MS-B

L2152068-1

Matrix Spike

Manganese (Mn)-Dissolved

MS-B

L2152068-1

Matrix Spike

Manganese (Mn)-Dissolved

MS-B

L2152068-1

Matrix Spike

Sodium (Na)-Dissolved

MS-B

L2152068-1

Matrix Spike

Sodium (Na)-Dissolved

MS-B

L2152068-1

Matrix Spike

Strontium (Sr)-Dissolved

MS-B

L2152068-1

Matrix Spike

Strontium (Sr)-Dissolved

MS-B

L2152068-1

Matrix Spike

Strontium (Sr)-Dissolved

MS-B

L2152068-1

Matrix Spike

Calcium (Ca)-Dissolved

MS-B

L2152068-2, -3, -4

Matrix Spike

Magnesium (Mg)-Dissolved

MS-B

L2152068-2, -3, -4

Matrix Spike

Calcium (Ca)-Total

MS-B

L2152068-1, -2, -3, -4

Matrix Spike

Magnesium (Mg)-Total

MS-B

L2152068-1, -2, -3, -4

Matrix Spike

Magnesium (Mg)-Total

MS-B

L2152068-1, -2, -3, -4

Matrix Spike

Sodium (Na)-Total

MS-B

L2152068-1, -2, -3, -4

Matrix Spike

Strontium (Sr)-Total

MS-B

L2152068-1, -2, -3, -4

Matrix Spike

Strontium (Sr)-Total

MS-B

L2152068-1, -2, -3, -4

Qualifiers for Individual Parameters Listed:
Qualifier

Description

DLIS

Detection Limit Adjusted: Insufficient Sample

MS-B

Matrix Spike recovery could not be accurately calculated due to high analyte background in sample.

Test Method References:
ALS Test Code
BR-L-IC-N-VA

Matrix
Water

Test Description

Method Reference**

Bromide in Water by IC (Low Level)

EPA 300.1 (mod)

Inorganic anions are analyzed by Ion Chromatography with conductivity and/or UV detection.
BTXS,F1-ED

Water

BTEX, Styrene and F1 (C6-C10)

EPA 5021/8015&8260 GC-MS & FID

CL-IC-N-VA

Water

Chloride in Water by IC

EPA 300.1 (mod)

Inorganic anions are analyzed by Ion Chromatography with conductivity and/or UV detection.
EC-SCREEN-VA

Water

Conductivity Screen (Internal Use Only)

APHA 2510

Qualitative analysis of conductivity where required during preparation of other tests - e.g. TDS, metals, etc.
ETL-HARDNESS-DIS-ED

Water

Hardness (from Dissolved Ca and Mg)

APHA 2340 B-Calculation

F-IC-N-VA

Water

Fluoride in Water by IC

EPA 300.1 (mod)

Inorganic anions are analyzed by Ion Chromatography with conductivity and/or UV detection.
F2,F3,F4-ED

Water

F2, F3, F4

EPA 3510/CCME PHC CWS-GC-FID

Water samples are spiked with 2-BBTF surrogate, and extracted by reciprocal action shaker for 30 minutes using a single micro-extraction with 2 mL
hexane. After extraction, hexane extracts are dispensed into GC vials for GC-FID analysis.
HG-D-CVAA-VA

Water

Diss. Mercury in Water by CVAAS or CVAFS

APHA 3030B/EPA 1631E (mod)

Water samples are filtered (0.45 um), preserved with hydrochloric acid, then undergo a cold-oxidation using bromine monochloride prior to reduction
with stannous chloride, and analyzed by CVAAS or CVAFS.
HG-T-CVAA-VA

Water

Total Mercury in Water by CVAAS or CVAFS

EPA 1631E (mod)

Water samples undergo a cold-oxidation using bromine monochloride prior to reduction with stannous chloride, and analyzed by CVAAS or CVAFS.
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Water

Dissolved Metals in Water by CRC ICPMS
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APHA 3030B/6020A (mod)

Water samples are filtered (0.45 um), preserved with nitric acid, and analyzed by CRC ICPMS.
Method Limitation (re: Sulfur): Sulfide and volatile sulfur species may not be recovered by this method.
MET-D-CCMS-ED

Water

Dissolved Metals in Water by CRC ICPMS

APHA 3030B/6020A (mod)

Water samples are filtered (0.45 um), preserved with nitric acid, and analyzed by CRC ICPMS.
Method Limitation (re: Sulfur): Sulfide and volatile sulfur species may not be recovered by this method.
MET-T-CCMS-CL

Water

Total Metals in Water by CRC ICPMS

EPA 200.2/6020A (mod)

Water samples are digested with nitric and hydrochloric acids, and analyzed by CRC ICPMS.
Method Limitation (re: Sulfur): Sulfide and volatile sulfur species may not be recovered by this method.
NO2-L-IC-N-VA

Water

Nitrite in Water by IC (Low Level)

EPA 300.1 (mod)

Inorganic anions are analyzed by Ion Chromatography with conductivity and/or UV detection.
NO3-L-IC-N-VA

Water

Nitrate in Water by IC (Low Level)

EPA 300.1 (mod)

Inorganic anions are analyzed by Ion Chromatography with conductivity and/or UV detection.
OGG-IR-ED

Water

Oil & Grease-(IR)

APHA 5520 C-Liq-Liq Extraction Infrared

PH-PCT-VA

Water

pH by Meter (Automated)

APHA 4500-H pH Value

This analysis is carried out using procedures adapted from APHA Method 4500-H "pH Value". The pH is determined in the laboratory using a pH
electrode
It is recommended that this analysis be conducted in the field.
SO4-IC-N-VA

Water

Sulfate in Water by IC

EPA 300.1 (mod)

Inorganic anions are analyzed by Ion Chromatography with conductivity and/or UV detection.
SOLIDS-TOTSUS-ED

Water

Total Suspended Solids

APHA 2540 D-Gravimetric

Gravimetric determination of solids in waters by filtration and drying filter at 104 degrees Celsius.
TSS-VA

Water

Total Suspended Solids by Gravimetric

APHA 2540 D - GRAVIMETRIC

This analysis is carried out using procedures adapted from APHA Method 2540 "Solids". Solids are determined gravimetrically. Total Suspended
Solids (TSS) are determined by filtering a sample through a glass fibre filter, TSS is determined by drying the filter at 104 degrees celsius.
Samples containing very high dissolved solid content (i.e. seawaters, brackish waters) may produce a positive bias by this method. Alternate analysis
methods are available for these types of samples.
TURBIDITY-VA

Water

Turbidity by Meter

APHA 2130 Turbidity

This analysis is carried out using procedures adapted from APHA Method 2130 "Turbidity". Turbidity is determined by the nephelometric method.
** ALS test methods may incorporate modifications from specified reference methods to improve performance.
The last two letters of the above test code(s) indicate the laboratory that performed analytical analysis for that test. Refer to the list below:
Laboratory Definition Code

Laboratory Location

ED

ALS ENVIRONMENTAL - EDMONTON, ALBERTA, CANADA

VA

ALS ENVIRONMENTAL - VANCOUVER, BRITISH COLUMBIA, CANADA

CL

ALS ENVIRONMENTAL - CALGARY, ALBERTA, CANADA

Chain of Custody Numbers:
15-584550
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GLOSSARY OF REPORT TERMS
Surrogate - A compound that is similar in behaviour to target analyte(s), but that does not occur naturally in environmental samples. For
applicable tests, surrogates are added to samples prior to analysis as a check on recovery.
mg/kg - milligrams per kilogram based on dry weight of sample.
mg/kg wwt - milligrams per kilogram based on wet weight of sample.
mg/kg lwt - milligrams per kilogram based on lipid-adjusted weight of sample.
mg/L - milligrams per litre.
< - Less than.
D.L. - The reported Detection Limit, also known as the Limit of Reporting (LOR).
N/A - Result not available. Refer to qualifier code and definition for explanation.
Test results reported relate only to the samples as received by the laboratory.
UNLESS OTHERWISE STATED, ALL SAMPLES WERE RECEIVED IN ACCEPTABLE CONDITION.
Analytical results in unsigned test reports with the DRAFT watermark are subject to change, pending final QC review.
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Chrom Perfect Chromatogram Report

ALS Sample ID:
Client ID:

L2152068-1
FI6-P
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The Canada Wide Standard Hydrocarbon Distribution Report is intended to assist you in characterizing
hydrocarbon products that may be present in your sample. The scale at the bottom of the chromatogram
indicates the approximate retention times of common petroleum products as well as a number of
specified n-alkane hydrocarbon marker compounds. Comparison of this report with those of reference
standards may also assist in characterizing hydrocarbons present in the sample.
Peak heights in this report are a function of the sample concentration, the sample amount extracted,
the sample dilution factor, and the scale at left.
Note:
This chromatogram was produced with a high temperature GC method that is specific to the Canada-Wide
Standard method. Note that retention times and distribution profiles from reports produced using
different GC programs will differ.
Printed on 27/08/2018 3:35:00 PM
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Soil Sample Laboratory
Analytical Results

Golder Associates Ltd.
ATTN: LAUREL HOFFARTH
121 COMMERCE PARK DRIVE
UNIT L
BARIE ON L4N 8X1

Date Received: 16-AUG-18
Report Date: 23-AUG-18 12:54 (MT)
Version:
FINAL

Client Phone: 705-722-4492

Certificate of Analysis
Lab Work Order #: L2147842
Project P.O. #:
Job Reference:
C of C Numbers:
Legal Site Desc:

1780495
REPSOL PPI-F68
15-584547

____________________________________________

Jessica Spira, Env. Tech. DIPL
Senior Account Manager
[This report shall not be reproduced except in full without the written authority of the Laboratory.]
ADDRESS: 9450 17 Avenue NW, Edmonton, AB T6N 1M9 Canada | Phone: +1 780 413 5227 | Fax: +1 780 437 2311
ALS CANADA LTD

Part of the ALS Group

An ALS Limited Company
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ALS ENVIRONMENTAL ANALYTICAL REPORT
Sample ID
Description
Sampled Date
Sampled Time
Client ID
Grouping
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Version:

FINAL

L2147842-1

L2147842-2

L2147842-3

L2147842-4

SOIL

SOIL

SOIL

SOIL

L2147842-5
SOIL

14-AUG-18

14-AUG-18

14-AUG-18

14-AUG-18

14-AUG-18

16:41

16:53

17:05

17:05

17:05

SP1801

SP1802

SP1803

SP1804

SP1817

14.9

13.7

16.5

15.2

14.8

Analyte

SOIL
Physical Tests

% Moisture (%)

Volatile Organic
Compounds

Benzene (mg/kg)

<0.0050

<0.0050

<0.0050

<0.0050

<0.0050

Ethylbenzene (mg/kg)

<0.010

<0.010

<0.010

<0.010

<0.010

Toluene (mg/kg)

<0.050

<0.050

<0.050

<0.050

<0.050

o-Xylene (mg/kg)

<0.050

<0.050

<0.050

<0.050

<0.050

m+p-Xylene (mg/kg)

<0.050

<0.050

<0.050

<0.050

<0.050

Xylenes (mg/kg)

<0.10

<0.10

<0.10

<0.10

<0.10

Surrogate: 4-Bromofluorobenzene (SS) (%)

79.2

102.9

89.6

89.4

88.7

Surrogate: 3,4-Dichlorotoluene (SS) (%)

96.2

89.5

88.6

97.1

98.7

Surrogate: 1,4-Difluorobenzene (SS) (%)

83.6

92.1

93.3

92.7

90.0

F1 (C6-C10) (mg/kg)

<10

<10

<10

<10

<10

F1-BTEX (mg/kg)

<10

<10

<10

<10

<10

F2 (C10-C16) (mg/kg)

<20

318

<20

<20

<20

F3 (C16-C34) (mg/kg)

<20

21

<20

<20

<20

F4 (C34-C50) (mg/kg)

<20

<20

<20

<20

<20

Total Hydrocarbons (C6-C50) (mg/kg)

<20

339

<20

<20

<20

Chrom. to baseline at nC50

YES

YES

YES

YES

YES

Surrogate: 2-Bromobenzotrifluoride (%)

85.6

85.0

87.7

90.8

95.3

Hydrocarbons

L2147842 CONTD....
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ALS ENVIRONMENTAL ANALYTICAL REPORT
Sample ID
Description
Sampled Date
Sampled Time
Client ID
Grouping

L2147842-6
SOIL
14-AUG-18
17:35
SP1805

Analyte

SOIL
Physical Tests

% Moisture (%)

Volatile Organic
Compounds

Benzene (mg/kg)

<0.0050

Ethylbenzene (mg/kg)

<0.010

Toluene (mg/kg)

<0.050

o-Xylene (mg/kg)

<0.050

m+p-Xylene (mg/kg)

<0.050

Xylenes (mg/kg)

<0.10

Surrogate: 4-Bromofluorobenzene (SS) (%)

83.3

Surrogate: 3,4-Dichlorotoluene (SS) (%)

91.8

Surrogate: 1,4-Difluorobenzene (SS) (%)

88.3

F1 (C6-C10) (mg/kg)

<10

F1-BTEX (mg/kg)

<10

F2 (C10-C16) (mg/kg)

<20

F3 (C16-C34) (mg/kg)

<20

F4 (C34-C50) (mg/kg)

<20

Total Hydrocarbons (C6-C50) (mg/kg)

<20

Chrom. to baseline at nC50

YES

Surrogate: 2-Bromobenzotrifluoride (%)

87.2

Hydrocarbons

15.0
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Test Method References:
Matrix

ALS Test Code
BTXS,F1-MEOH-ED

Soil

Test Description

Method Reference**

BTEX and F1

EPA 8260C/5021A and CWS PHC Tier 1

This analysis involves the extraction of a subsample of the sediment/soil with methanol added in the field at the time of subsampling. The soil
methanol extract is added to water and reagents, then heated in a sealed vial to equilibrium. The headspace from the vial is transferred into a gas
chromatograph. BTX Target compound concentrations are measured using mass spectrometry detection. The instrumental portion of F1 analysis is
carried out in accordance with the Canada Wide Standard for Petroleum Hydrocarbons in Soil - Tier 1 Method (2001).
ETL-TVH,TEH-CCME-ED

Soil

CCME Total Hydrocarbons

CCME CWS-PHC, Pub #1310, Dec 2001

Analytical methods used for analysis of CCME Petroleum Hydrocarbons have been validated and comply with the Reference Method for the CWS
PHC.
Hydrocarbon results are expressed on a dry weight basis.
In cases where results for both F4 and F4G are reported, the greater of the two results must be used in any application of the CWS PHC guidelines
and the gravimetric heavy hydrocarbons cannot be added to the C6 to C50 hydrocarbons.
In samples where BTEX and F1 were analyzed , F1-BTEX represents a value where the sum of Benzene, Toluene, Ethylbenzene and total Xylenes
has been subtracted from F1.
In samples where PAHs, F2 and F3 were analyzed, F2-Naphth represents the result where Naphthalene has been subtracted from F2. F3-PAH
represents a result where the sum of Benzo(a)anthracene, Benzo(a)pyrene, Benzo(b)fluoranthene, Benzo(k)fluoranthene, Dibenzo(a,h)anthracene,
Fluoranthene, Indeno(1,2,3-cd)pyrene, Phenanthrene, and Pyrene has been subtracted from F3.
Unless otherwise qualified, the following quality control criteria have been met for the F1 hydrocarbon range:
1. All extraction and analysis holding times were met.
2. Instrument performance showing response factors for C6 and C10 within 30% of the response factor for toluene.
3. Linearity of gasoline response within 15% throughout the calibration range.
Unless otherwise qualified, the following quality control criteria have been met for the F2-F4 hydrocarbon ranges:
1. All extraction and analysis holding times were met.
2. Instrument performance showing C10, C16 and C34 response factors within 10% of their average.
3. Instrument performance showing the C50 response factor within 30% of the average of the C10, C16 and C34 response factors.
4. Linearity of diesel or motor oil response within 15% throughout the calibration range.
F2-4-TMB-ED

Soil

CCME Total Extractable Hydrocarbons

CCME CWS-PHC, Pub #1310, Dec 2001

This analysis is carried out in accordance with the "Reference Method for the Canada-Wide Standard for Petroleum Hydrocarbons in Soil - Tier 1
Method, Canadian Council of Ministers of the Environment" For C10 to C50 hydrocarbons (F2, F3, F4) and gravimetric heavy hydrocarbons (F4G-sg),
a subsample of the sediment/soil is extracted with 1:1 hexane:acetone using a rotary extractor. The extract undergoes a silica-gel clean-up to remove
polar compounds. F2, F3 & F4 are analyzed by on-column GC/FID, and F4G-sg is analyzed gravimetrically.
Notes:
1. F2 (C10-C16): Sum of all hydrocarbons that elute between nC10 and nC16.
2. F3 (C16-C34): Sum of all hydrocarbons that elute between nC16 and nC34.
3. F4 (C34-C50): Sum of all hydrocarbons that elute between nC34 and nC50.
4. F4G: Gravimetric Heavy Hydrocarbons
5. F4G-sg: Gravimetric Heavy Hydrocarbons (F4G) after silica gel treatment.
6. Where F4 (C34-C50) and F4G-sg results are reported for a sample, the larger of the reported values is used for comparison against the relevant
CCME standard for F4.
7. The gravimetric heavy hydrocarbon results (F4G-sg), cannot be added to the C6 to C50 hydrocarbon results.
8. This method is validated for use.
9. Data from analysis of quality control samples is available upon request.
10. Reported results are expressed as milligrams per dry kilogram.
PREP-MOISTURE-ED

Soil

% Moisture

Oven dry 105C-Gravimetric

The weighed portion of soil is placed in a 105 C oven to dry to a constant weight; the drying time will vary based on the moisture content of the soil.
The dried soil weight is then used to calculate % moisture.
Reference: ASTM D2974-00.
** ALS test methods may incorporate modifications from specified reference methods to improve performance.
The last two letters of the above test code(s) indicate the laboratory that performed analytical analysis for that test. Refer to the list below:
Laboratory Definition Code

Laboratory Location

ED

ALS ENVIRONMENTAL - EDMONTON, ALBERTA, CANADA

Chain of Custody Numbers:
15-584547

L2147842 CONTD....
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Reference Information

Version:

GLOSSARY OF REPORT TERMS
Surrogate - A compound that is similar in behaviour to target analyte(s), but that does not occur naturally in environmental samples. For
applicable tests, surrogates are added to samples prior to analysis as a check on recovery.
mg/kg - milligrams per kilogram based on dry weight of sample.
mg/kg wwt - milligrams per kilogram based on wet weight of sample.
mg/kg lwt - milligrams per kilogram based on lipid-adjusted weight of sample.
mg/L - milligrams per litre.
< - Less than.
D.L. - The reported Detection Limit, also known as the Limit of Reporting (LOR).
N/A - Result not available. Refer to qualifier code and definition for explanation.
Test results reported relate only to the samples as received by the laboratory.
UNLESS OTHERWISE STATED, ALL SAMPLES WERE RECEIVED IN ACCEPTABLE CONDITION.
Analytical results in unsigned test reports with the DRAFT watermark are subject to change, pending final QC review.
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Chrom Perfect Chromatogram Report

ALS Sample ID:
Client ID:

L2147842-1
SP1801
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The Canada Wide Standard Hydrocarbon Distribution Report is intended to assist you in characterizing
hydrocarbon products that may be present in your sample. The scale at the bottom of the chromatogram
indicates the approximate retention times of common petroleum products as well as a number of
specified n-alkane hydrocarbon marker compounds. Comparison of this report with those of reference
standards may also assist in characterizing hydrocarbons present in the sample.
Peak heights in this report are a function of the sample concentration, the sample amount extracted,
the sample dilution factor, and the scale at left.
Note:
This chromatogram was produced with a high temperature GC method that is specific to the Canada-Wide
Standard method. Note that retention times and distribution profiles from reports produced using
different GC programs will differ.

Printed on 23/08/2018 12:23:12 PM
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Chrom Perfect Chromatogram Report

ALS Sample ID:
Client ID:

L2147842-2
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The Canada Wide Standard Hydrocarbon Distribution Report is intended to assist you in characterizing
hydrocarbon products that may be present in your sample. The scale at the bottom of the chromatogram
indicates the approximate retention times of common petroleum products as well as a number of
specified n-alkane hydrocarbon marker compounds. Comparison of this report with those of reference
standards may also assist in characterizing hydrocarbons present in the sample.
Peak heights in this report are a function of the sample concentration, the sample amount extracted,
the sample dilution factor, and the scale at left.
Note:
This chromatogram was produced with a high temperature GC method that is specific to the Canada-Wide
Standard method. Note that retention times and distribution profiles from reports produced using
different GC programs will differ.
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ALS Sample ID:
Client ID:

L2147842-3
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The Canada Wide Standard Hydrocarbon Distribution Report is intended to assist you in characterizing
hydrocarbon products that may be present in your sample. The scale at the bottom of the chromatogram
indicates the approximate retention times of common petroleum products as well as a number of
specified n-alkane hydrocarbon marker compounds. Comparison of this report with those of reference
standards may also assist in characterizing hydrocarbons present in the sample.
Peak heights in this report are a function of the sample concentration, the sample amount extracted,
the sample dilution factor, and the scale at left.
Note:
This chromatogram was produced with a high temperature GC method that is specific to the Canada-Wide
Standard method. Note that retention times and distribution profiles from reports produced using
different GC programs will differ.
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ALS Sample ID:
Client ID:

L2147842-4
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The Canada Wide Standard Hydrocarbon Distribution Report is intended to assist you in characterizing
hydrocarbon products that may be present in your sample. The scale at the bottom of the chromatogram
indicates the approximate retention times of common petroleum products as well as a number of
specified n-alkane hydrocarbon marker compounds. Comparison of this report with those of reference
standards may also assist in characterizing hydrocarbons present in the sample.
Peak heights in this report are a function of the sample concentration, the sample amount extracted,
the sample dilution factor, and the scale at left.
Note:
This chromatogram was produced with a high temperature GC method that is specific to the Canada-Wide
Standard method. Note that retention times and distribution profiles from reports produced using
different GC programs will differ.
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ALS Sample ID:
Client ID:

L2147842-5
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The Canada Wide Standard Hydrocarbon Distribution Report is intended to assist you in characterizing
hydrocarbon products that may be present in your sample. The scale at the bottom of the chromatogram
indicates the approximate retention times of common petroleum products as well as a number of
specified n-alkane hydrocarbon marker compounds. Comparison of this report with those of reference
standards may also assist in characterizing hydrocarbons present in the sample.
Peak heights in this report are a function of the sample concentration, the sample amount extracted,
the sample dilution factor, and the scale at left.
Note:
This chromatogram was produced with a high temperature GC method that is specific to the Canada-Wide
Standard method. Note that retention times and distribution profiles from reports produced using
different GC programs will differ.
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ALS Sample ID:
Client ID:

L2147842-6
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The Canada Wide Standard Hydrocarbon Distribution Report is intended to assist you in characterizing
hydrocarbon products that may be present in your sample. The scale at the bottom of the chromatogram
indicates the approximate retention times of common petroleum products as well as a number of
specified n-alkane hydrocarbon marker compounds. Comparison of this report with those of reference
standards may also assist in characterizing hydrocarbons present in the sample.
Peak heights in this report are a function of the sample concentration, the sample amount extracted,
the sample dilution factor, and the scale at left.
Note:
This chromatogram was produced with a high temperature GC method that is specific to the Canada-Wide
Standard method. Note that retention times and distribution profiles from reports produced using
different GC programs will differ.

Printed on 23/08/2018 12:23:28 PM
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Report Date:
17-AUG-18 16:12 (MT)
Version:
FINAL

Golder Associates Ltd.
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Client Phone: 867-873-6319

Certificate of Analysis
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Project P.O. #:

1780495
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Jessica Spira, Env. Tech. DIPL
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Sample ID
Description
Sampled Date
Sampled Time
Client ID
Grouping
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L2147848-1

L2147848-2

L2147848-3

L2147848-4

SOIL

SOIL

SOIL

SOIL

L2147848-5
SOIL

15-AUG-18

15-AUG-18

15-AUG-18

15-AUG-18

15-AUG-18

09:55

10:20

10:25

10:31

10:45

SP1813

SP1814

SP1815

SP1816

SP1818

14.5

11.1

11.4

7.73

11.7

Analyte

SOIL
Physical Tests

% Moisture (%)

Volatile Organic
Compounds

Benzene (mg/kg)

<0.0050

<0.0050

<0.0050

<0.0050

<0.0050

Ethylbenzene (mg/kg)

<0.010

<0.010

<0.010

<0.010

<0.010

Toluene (mg/kg)

<0.050

<0.050

<0.050

<0.050

<0.050

o-Xylene (mg/kg)

<0.050

<0.050

<0.050

<0.050

<0.050

m+p-Xylene (mg/kg)

<0.050

<0.050

<0.050

<0.050

<0.050

Xylenes (mg/kg)

<0.10

<0.10

<0.10

<0.10

<0.10

Surrogate: 4-Bromofluorobenzene (SS) (%)

77.4

83.7

83.1

85.1

75.4

Surrogate: 3,4-Dichlorotoluene (SS) (%)

107.2

93.8

93.0

89.2

98.0

Surrogate: 1,4-Difluorobenzene (SS) (%)

87.0

85.1

86.6

86.6

85.7

F1 (C6-C10) (mg/kg)

<10

<10

<10

<10

<10

F1-BTEX (mg/kg)

<10

<10

<10

<10

<10

F2 (C10-C16) (mg/kg)

<20

<20

30

<20

<20

F3 (C16-C34) (mg/kg)

<20

<20

<20

<20

<20

F4 (C34-C50) (mg/kg)

<20

<20

<20

<20

<20

Total Hydrocarbons (C6-C50) (mg/kg)

<20

<20

30

<20

<20

Chrom. to baseline at nC50

YES

YES

YES

YES

YES

Surrogate: 2-Bromobenzotrifluoride (%)

80.8

83.5

82.7

78.7

77.9

Hydrocarbons
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Sample ID
Description
Sampled Date
Sampled Time
Client ID
Grouping

L2147848-6

L2147848-7

SOIL

SOIL

L2147848-8
SOIL

15-AUG-18

15-AUG-18

15-AUG-18

11:03

11:20

11:20

SP1819

SP1821

SP1820

7.98

5.89

6.69

Analyte

SOIL
Physical Tests

% Moisture (%)

Volatile Organic
Compounds

Benzene (mg/kg)

<0.0050

<0.0050

<0.0050

Ethylbenzene (mg/kg)

<0.010

<0.010

<0.010

Toluene (mg/kg)

<0.050

<0.050

<0.050

o-Xylene (mg/kg)

<0.050

<0.050

<0.050

m+p-Xylene (mg/kg)

<0.050

<0.050

<0.050

Xylenes (mg/kg)

<0.10

<0.10

<0.10

Surrogate: 4-Bromofluorobenzene (SS) (%)

74.4

86.0

79.0

Surrogate: 3,4-Dichlorotoluene (SS) (%)

99.9

118.5

111.9

Surrogate: 1,4-Difluorobenzene (SS) (%)

84.0

98.8

89.3

F1 (C6-C10) (mg/kg)

<10

<10

<10

F1-BTEX (mg/kg)

<10

<10

<10

F2 (C10-C16) (mg/kg)

<20

<20

<20

F3 (C16-C34) (mg/kg)

<20

<20

<20

F4 (C34-C50) (mg/kg)

<20

<20

<20

Total Hydrocarbons (C6-C50) (mg/kg)

<20

<20

<20

Chrom. to baseline at nC50

YES

YES

YES

Surrogate: 2-Bromobenzotrifluoride (%)

73.5

82.5

83.9

Hydrocarbons
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Test Method References:
Matrix

ALS Test Code
BTXS,F1-MEOH-ED

Soil

Test Description

Method Reference**

BTEX and F1

EPA 8260C/5021A and CWS PHC Tier 1

This analysis involves the extraction of a subsample of the sediment/soil with methanol added in the field at the time of subsampling. The soil
methanol extract is added to water and reagents, then heated in a sealed vial to equilibrium. The headspace from the vial is transferred into a gas
chromatograph. BTX Target compound concentrations are measured using mass spectrometry detection. The instrumental portion of F1 analysis is
carried out in accordance with the Canada Wide Standard for Petroleum Hydrocarbons in Soil - Tier 1 Method (2001).
ETL-TVH,TEH-CCME-ED

Soil

CCME Total Hydrocarbons

CCME CWS-PHC, Pub #1310, Dec 2001

Analytical methods used for analysis of CCME Petroleum Hydrocarbons have been validated and comply with the Reference Method for the CWS
PHC.
Hydrocarbon results are expressed on a dry weight basis.
In cases where results for both F4 and F4G are reported, the greater of the two results must be used in any application of the CWS PHC guidelines
and the gravimetric heavy hydrocarbons cannot be added to the C6 to C50 hydrocarbons.
In samples where BTEX and F1 were analyzed , F1-BTEX represents a value where the sum of Benzene, Toluene, Ethylbenzene and total Xylenes
has been subtracted from F1.
In samples where PAHs, F2 and F3 were analyzed, F2-Naphth represents the result where Naphthalene has been subtracted from F2. F3-PAH
represents a result where the sum of Benzo(a)anthracene, Benzo(a)pyrene, Benzo(b)fluoranthene, Benzo(k)fluoranthene, Dibenzo(a,h)anthracene,
Fluoranthene, Indeno(1,2,3-cd)pyrene, Phenanthrene, and Pyrene has been subtracted from F3.
Unless otherwise qualified, the following quality control criteria have been met for the F1 hydrocarbon range:
1. All extraction and analysis holding times were met.
2. Instrument performance showing response factors for C6 and C10 within 30% of the response factor for toluene.
3. Linearity of gasoline response within 15% throughout the calibration range.
Unless otherwise qualified, the following quality control criteria have been met for the F2-F4 hydrocarbon ranges:
1. All extraction and analysis holding times were met.
2. Instrument performance showing C10, C16 and C34 response factors within 10% of their average.
3. Instrument performance showing the C50 response factor within 30% of the average of the C10, C16 and C34 response factors.
4. Linearity of diesel or motor oil response within 15% throughout the calibration range.
F2-4-TMB-ED

Soil

CCME Total Extractable Hydrocarbons

CCME CWS-PHC, Pub #1310, Dec 2001

This analysis is carried out in accordance with the "Reference Method for the Canada-Wide Standard for Petroleum Hydrocarbons in Soil - Tier 1
Method, Canadian Council of Ministers of the Environment" For C10 to C50 hydrocarbons (F2, F3, F4) and gravimetric heavy hydrocarbons (F4G-sg),
a subsample of the sediment/soil is extracted with 1:1 hexane:acetone using a rotary extractor. The extract undergoes a silica-gel clean-up to remove
polar compounds. F2, F3 & F4 are analyzed by on-column GC/FID, and F4G-sg is analyzed gravimetrically.
Notes:
1. F2 (C10-C16): Sum of all hydrocarbons that elute between nC10 and nC16.
2. F3 (C16-C34): Sum of all hydrocarbons that elute between nC16 and nC34.
3. F4 (C34-C50): Sum of all hydrocarbons that elute between nC34 and nC50.
4. F4G: Gravimetric Heavy Hydrocarbons
5. F4G-sg: Gravimetric Heavy Hydrocarbons (F4G) after silica gel treatment.
6. Where F4 (C34-C50) and F4G-sg results are reported for a sample, the larger of the reported values is used for comparison against the relevant
CCME standard for F4.
7. The gravimetric heavy hydrocarbon results (F4G-sg), cannot be added to the C6 to C50 hydrocarbon results.
8. This method is validated for use.
9. Data from analysis of quality control samples is available upon request.
10. Reported results are expressed as milligrams per dry kilogram.
PREP-MOISTURE-ED

Soil

% Moisture

Oven dry 105C-Gravimetric

The weighed portion of soil is placed in a 105 C oven to dry to a constant weight; the drying time will vary based on the moisture content of the soil.
The dried soil weight is then used to calculate % moisture.
Reference: ASTM D2974-00.
** ALS test methods may incorporate modifications from specified reference methods to improve performance.
The last two letters of the above test code(s) indicate the laboratory that performed analytical analysis for that test. Refer to the list below:
Laboratory Definition Code

Laboratory Location

ED

ALS ENVIRONMENTAL - EDMONTON, ALBERTA, CANADA

Chain of Custody Numbers:
15-584548

L2147848 CONTD....
PAGE

Reference Information

Version:

GLOSSARY OF REPORT TERMS
Surrogate - A compound that is similar in behaviour to target analyte(s), but that does not occur naturally in environmental samples. For
applicable tests, surrogates are added to samples prior to analysis as a check on recovery.
mg/kg - milligrams per kilogram based on dry weight of sample.
mg/kg wwt - milligrams per kilogram based on wet weight of sample.
mg/kg lwt - milligrams per kilogram based on lipid-adjusted weight of sample.
mg/L - milligrams per litre.
< - Less than.
D.L. - The reported Detection Limit, also known as the Limit of Reporting (LOR).
N/A - Result not available. Refer to qualifier code and definition for explanation.
Test results reported relate only to the samples as received by the laboratory.
UNLESS OTHERWISE STATED, ALL SAMPLES WERE RECEIVED IN ACCEPTABLE CONDITION.
Analytical results in unsigned test reports with the DRAFT watermark are subject to change, pending final QC review.
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ALS ENVIRONMENTAL ANALYTICAL REPORT
Sample ID
Description
Sampled Date
Sampled Time
Client ID
Grouping

L2147860-1

L2147860-2

SOIL

SOIL

L2147860-3
SOIL

15-AUG-18

15-AUG-18

15-AUG-18

08:46

08:53

09:06

SP1806

SP1807

SP1808

11.7

12.9

16.3

Analyte

SOIL
Physical Tests

% Moisture (%)

Volatile Organic
Compounds

Benzene (mg/kg)

<0.0050

<0.0050

<0.0050

Ethylbenzene (mg/kg)

<0.010

<0.010

<0.010

Toluene (mg/kg)

<0.050

<0.050

<0.050

o-Xylene (mg/kg)

<0.050

<0.050

<0.050

m+p-Xylene (mg/kg)

<0.050

<0.050

<0.050

Xylenes (mg/kg)

<0.10

<0.10

<0.10

Surrogate: 4-Bromofluorobenzene (SS) (%)

85.3

76.1

71.7

Surrogate: 3,4-Dichlorotoluene (SS) (%)

110.1

90.1

89.4

Surrogate: 1,4-Difluorobenzene (SS) (%)

94.2

88.6

77.2

F1 (C6-C10) (mg/kg)

<10

<10

<10

F1-BTEX (mg/kg)

<10

<10

<10

F2 (C10-C16) (mg/kg)

<20

<20

<20

F3 (C16-C34) (mg/kg)

<20

<20

<20

F4 (C34-C50) (mg/kg)

<20

<20

<20

Total Hydrocarbons (C6-C50) (mg/kg)

<20

<20

<20

Chrom. to baseline at nC50

YES

YES

YES

Surrogate: 2-Bromobenzotrifluoride (%)

77.0

81.4

78.5

Hydrocarbons
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Test Method References:
Matrix

ALS Test Code
BTXS,F1-MEOH-ED

Soil

Test Description

Method Reference**

BTEX and F1

EPA 8260C/5021A and CWS PHC Tier 1

This analysis involves the extraction of a subsample of the sediment/soil with methanol added in the field at the time of subsampling. The soil
methanol extract is added to water and reagents, then heated in a sealed vial to equilibrium. The headspace from the vial is transferred into a gas
chromatograph. BTX Target compound concentrations are measured using mass spectrometry detection. The instrumental portion of F1 analysis is
carried out in accordance with the Canada Wide Standard for Petroleum Hydrocarbons in Soil - Tier 1 Method (2001).
ETL-TVH,TEH-CCME-ED

Soil

CCME Total Hydrocarbons

CCME CWS-PHC, Pub #1310, Dec 2001

Analytical methods used for analysis of CCME Petroleum Hydrocarbons have been validated and comply with the Reference Method for the CWS
PHC.
Hydrocarbon results are expressed on a dry weight basis.
In cases where results for both F4 and F4G are reported, the greater of the two results must be used in any application of the CWS PHC guidelines
and the gravimetric heavy hydrocarbons cannot be added to the C6 to C50 hydrocarbons.
In samples where BTEX and F1 were analyzed , F1-BTEX represents a value where the sum of Benzene, Toluene, Ethylbenzene and total Xylenes
has been subtracted from F1.
In samples where PAHs, F2 and F3 were analyzed, F2-Naphth represents the result where Naphthalene has been subtracted from F2. F3-PAH
represents a result where the sum of Benzo(a)anthracene, Benzo(a)pyrene, Benzo(b)fluoranthene, Benzo(k)fluoranthene, Dibenzo(a,h)anthracene,
Fluoranthene, Indeno(1,2,3-cd)pyrene, Phenanthrene, and Pyrene has been subtracted from F3.
Unless otherwise qualified, the following quality control criteria have been met for the F1 hydrocarbon range:
1. All extraction and analysis holding times were met.
2. Instrument performance showing response factors for C6 and C10 within 30% of the response factor for toluene.
3. Linearity of gasoline response within 15% throughout the calibration range.
Unless otherwise qualified, the following quality control criteria have been met for the F2-F4 hydrocarbon ranges:
1. All extraction and analysis holding times were met.
2. Instrument performance showing C10, C16 and C34 response factors within 10% of their average.
3. Instrument performance showing the C50 response factor within 30% of the average of the C10, C16 and C34 response factors.
4. Linearity of diesel or motor oil response within 15% throughout the calibration range.
F2-4-TMB-ED

Soil

CCME Total Extractable Hydrocarbons

CCME CWS-PHC, Pub #1310, Dec 2001

This analysis is carried out in accordance with the "Reference Method for the Canada-Wide Standard for Petroleum Hydrocarbons in Soil - Tier 1
Method, Canadian Council of Ministers of the Environment" For C10 to C50 hydrocarbons (F2, F3, F4) and gravimetric heavy hydrocarbons (F4G-sg),
a subsample of the sediment/soil is extracted with 1:1 hexane:acetone using a rotary extractor. The extract undergoes a silica-gel clean-up to remove
polar compounds. F2, F3 & F4 are analyzed by on-column GC/FID, and F4G-sg is analyzed gravimetrically.
Notes:
1. F2 (C10-C16): Sum of all hydrocarbons that elute between nC10 and nC16.
2. F3 (C16-C34): Sum of all hydrocarbons that elute between nC16 and nC34.
3. F4 (C34-C50): Sum of all hydrocarbons that elute between nC34 and nC50.
4. F4G: Gravimetric Heavy Hydrocarbons
5. F4G-sg: Gravimetric Heavy Hydrocarbons (F4G) after silica gel treatment.
6. Where F4 (C34-C50) and F4G-sg results are reported for a sample, the larger of the reported values is used for comparison against the relevant
CCME standard for F4.
7. The gravimetric heavy hydrocarbon results (F4G-sg), cannot be added to the C6 to C50 hydrocarbon results.
8. This method is validated for use.
9. Data from analysis of quality control samples is available upon request.
10. Reported results are expressed as milligrams per dry kilogram.
PREP-MOISTURE-ED

Soil

% Moisture

Oven dry 105C-Gravimetric

The weighed portion of soil is placed in a 105 C oven to dry to a constant weight; the drying time will vary based on the moisture content of the soil.
The dried soil weight is then used to calculate % moisture.
Reference: ASTM D2974-00.
** ALS test methods may incorporate modifications from specified reference methods to improve performance.
The last two letters of the above test code(s) indicate the laboratory that performed analytical analysis for that test. Refer to the list below:
Laboratory Definition Code

Laboratory Location

ED

ALS ENVIRONMENTAL - EDMONTON, ALBERTA, CANADA

Chain of Custody Numbers:
15-584549

L2147860 CONTD....
PAGE

Reference Information

Version:

GLOSSARY OF REPORT TERMS
Surrogate - A compound that is similar in behaviour to target analyte(s), but that does not occur naturally in environmental samples. For
applicable tests, surrogates are added to samples prior to analysis as a check on recovery.
mg/kg - milligrams per kilogram based on dry weight of sample.
mg/kg wwt - milligrams per kilogram based on wet weight of sample.
mg/kg lwt - milligrams per kilogram based on lipid-adjusted weight of sample.
mg/L - milligrams per litre.
< - Less than.
D.L. - The reported Detection Limit, also known as the Limit of Reporting (LOR).
N/A - Result not available. Refer to qualifier code and definition for explanation.
Test results reported relate only to the samples as received by the laboratory.
UNLESS OTHERWISE STATED, ALL SAMPLES WERE RECEIVED IN ACCEPTABLE CONDITION.
Analytical results in unsigned test reports with the DRAFT watermark are subject to change, pending final QC review.
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6.

REFERENCES

DIMENSIONS, ELEVATIONS AND STATIONS ARE IN METRES UNLESS NOTED OTHERWISE.
EXISTING SITE ROADS AND TRAILS TO BE UTILIZED DURING CONSTRUCTION ACTIVITIES AS PRACTICABLE.
WELLSITE BOREHOLE LOCATIONS NOT SHOWN FOR CLARITY. SEE DRAWING G-3.
BORROW AREA TO BE SET BACK 31 METRES FROM WATERBODIES.
DEPTH OF EXCAVATION WITHIN THE BORROW AREA SHALL BE TYPICALLY 0.5 m BELOW ORIGINAL GRADE. AT THE
COMPLETION OF THE EXCAVATION, THE BORROW AREA WILL BE LEFT IN PLACE AS A SURFACE DEPRESSION.
GOLDER WILL CONTOUR THE EXCAVATION AREA AT 4H:1V SIDE SLOPES TO TIE TO EXISTING GRADE AND TRACK
THE SLOPES IN PLACE AND ESTABLISH DRAINAGE TO EXISTING GRADE TO LIMIT POND DEVELOPMENT.
SITE-WIDE SURFACE WATER AND EROSION CONTROL MEASURES TO BE IMPLEMENTED AS DETERMINED BY SITE
ENGINEER PRIOR TO AND THROUGHOUT CONSTRUCTION ACTIVITIES. THE LOCATION OF EROSION CONTROL
MEASURES WILL BE FIELD VERIFIED, PLACED AND MAINTAINED DURING CONSTRUCTION. THE EROSION CONTROL
MEASURES WILL BE INSPECTED DAILY AND AFTER A PRECIPITATION EVENT DURING CONSTRUCTION.

1.
2.
3.
4.
5.
6.

EXISTING TOPOGRAPHIC FEATURES COMPILED USING UAV AND GROUND SURVEY INCLUDING
BATHYMETRY PERFORMED BY GOLDER ASSOCIATES LTD., 2015.
COORDINATES REFERENCE UTM ZONE 11 WGS84.
GOLDER ASSOCIATES, INC. OCTOBER 2015, TECHNICAL MEMORANDUM "2015 GEOTECHNICAL FIELD
INVESTIGATION TALISMAN ENERGY PANARCTIC SATELLITE F-68 WELLSITE", PROJECT NO. 1531921.
GOLDER ASSOCIATES, INC. NOVEMBER 25, 2015, TECHNICAL MEMORANDUM "DESIGN CRITERIA
GUIDANCE FOR ACSCS SATELLITE F-68", PROJECT NO. 1531921.
GOLDER ASSOCIATES, INC. JANUARY 2016, TECHNICAL MEMORANDUM "THERMAL ANALYSIS OF
WASTE CONTAINMENT STRUCTURE ON PRINCE PATRICK ISLAND FOR ACSCS SATELLITE F-68",
PROJECT NO. 1531921.
GOLDER ASSOCIATES, INC. OCTOBER 2015, GEOPHYSICAL REPORT "SATELLITE F-68 WELLSITE
RECLAMATION PRINCE PATRICK ISLAND, NWT, PROJECT NO. 1531921.
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EXISTING TOPOGRAPHY COMPILED USING UAV AND GROUND SURVEY INCLUDING
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GOLDER ASSOCIATES, INC. OCTOBER 2015, TECHNICAL MEMORANDUM "2015
GEOTECHNICAL FIELD INVESTIGATION TALISMAN ENERGY PANARCTIC SATELLITE F-68
WELLSITE", PROJECT NO. 1531921.
GOLDER ASSOCIATES, INC. NOVEMBER 25, 2015, TECHNICAL MEMORANDUM "DESIGN
CRITERIA GUIDANCE FOR ACSCS SATELLITE F-68", PROJECT NO. 1531921.
GOLDER ASSOCIATES, INC. JANUARY 2016, TECHNICAL MEMORANDUM "THERMAL
ANALYSIS OF WASTE CONTAINMENT STRUCTURE ON PRINCE PATRICK ISLAND FOR
ACSCS SATELLITE F-68", PROJECT NO. 1531921.
GOLDER ASSOCIATES, INC. OCTOBER 2015, GEOPHYSICAL REPORT "SATELLITE F-68
WELLSITE RECLAMATION PRINCE PATRICK ISLAND, NWT, PROJECT NO. 1531921.

BH-01
H
H

H
H

G
G

A
A

BH-06

F
F
K
K

LL

E
E
G
G

M
M

N
N

B
B

O
O

IF THIS MEASUREMENT DOES NOT MATCH WHAT IS SHOWN, THE SHEET SIZE HAS BEEN MODIFIED FROM: ANSI D

JJ

D
D

HH
UUTT
SSOO

----

D

2018-02-16

2018 DESIGN EXPANSION

JPR

PJD

MM

TP

C

2016-11-11

REGULATORY APPROVAL FINAL

JPR

LR

PJD

TP

B

2016-01-20

REGULATORY APPROVAL DRAFT

CV

LR

PZ

TP

A

2017-01-05

ISSUED FOR 30% DESIGN

CV

LR

LR

Rev.

YYYY-MM-DD

DESCRIPTION

PREPARED DESIGN

REVIEW

APPROVED

0
1:600

CLIENT

PROJECT

CONSULTANT

TITLE

REPSOL OIL & GAS CANADA INC.

20

40
METRES

SATELLITEF-68NWT
ARTICCONTAMINATEDSOILANDWASTECONTAINMENTSTRUCTURE
SATELLITEBAY,PRINCEPATRICKISLAND,NT

GENERAL ARRANGEMENT - WELL SITE

CALGARY OFFICE
[+1] (403) 299 5600
www.golder.com

PROJECT No.

1780495

CONTROL

----

25 mm

SEAL

FINAL

E 502 400

E 502 300

N 8 579 300

E 502 200

N 8 579 300

E 502 100

Path: C:\ACAD\TRANSFER_TO_C\1780495\DRAWINGS\ | File Name: 1780495DW007.dwg

RR
VVEE
RRII

C
C

Rev.

----

3 of 10

DRAWING

G-3

0

IIII

E 502 400

E 502 300

E 502 200

E 502 100

LEGEND
EXISTING TOPOGRAPHY (0.2m MINOR, 1m MAJOR) (SEE REFERENCE 1)
A
A

EXISTING PONDED AREA

K
K

CONTAMINATED SOIL AREA EXCAVATED AND RELOCATED IN 2017
EXISTING CONTAMINATED SOIL AREA TO BE EXCAVATED
AND RELOCATED
PROPOSED CONTAINMENT STRUCTURE FOOTPRINT

Q
Q

PONDED AREA FILL BUFFER ZONE (10 m)
RELOCATED CONTAMINATED SOIL AND WASTE FOOTPRINT

R
R

AREA OF PROPOSED EXCAVATION / CONTAMINATED BACKFILL
T

PROPOSED THERMISTOR LOCATION (GOLDER)

A
A
10 m BUFFER
ZONE
NOTES

TOP OF CAP

B
B

1.

CONTAMINANT
CAP TOE

2.

3 m OFFSET FROM
TOP OF LINER
TOE OF LINER
@ 6H:1V

T

R
VER
RIIV
HR
TH
RT
OR
N
NO

LL

TM-04

BH-02

P
P

BH-03

T
TM-03

BH-04

M
M

C
C

N
N
EXISTING
LINER
LINER

2.
3.
4.

6.

EXISTING TOPOGRAPHY COMPILED USING UAV AND GROUND SURVEY INCLUDING
BATHYMETRY PERFORMED BY GOLDER ASSOCIATES LTD., 2015.
COORDINATES REFERENCE UTM ZONE 11 WGS84. ELEVATIONS ARE ORTHOMETRIC
PROJECTION CGVD 28 VERTICAL DATUM, HT 2.0 GEOID.
GOLDER ASSOCIATES, INC. OCTOBER 2015, TECHNICAL MEMORANDUM "2015
GEOTECHNICAL FIELD INVESTIGATION TALISMAN ENERGY PANARCTIC SATELLITE F-68
WELLSITE", PROJECT NO. 1531921.
GOLDER ASSOCIATES, INC. NOVEMBER 25, 2015, TECHNICAL MEMORANDUM "DESIGN
CRITERIA GUIDANCE FOR ACSCS SATELLITE F-68", PROJECT NO. 1531921.
GOLDER ASSOCIATES, INC. JANUARY 2016, TECHNICAL MEMORANDUM "THERMAL
ANALYSIS OF WASTE CONTAINMENT STRUCTURE ON PRINCE PATRICK ISLAND FOR
ACSCS SATELLITE F-68", PROJECT NO. 1531921.
GOLDER ASSOCIATES, INC. OCTOBER 2015, GEOPHYSICAL REPORT "SATELLITE F-68
WELLSITE RECLAMATION PRINCE PATRICK ISLAND, NWT, PROJECT NO. 1531921.
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NOTES
1. DIMENSIONS, ELEVATIONS AND STATIONS ARE IN METRES UNLESS NOTED OTHERWISE.
2. STORMWATER AND EROSION CONTROL MEASURES;
A. NON-STRUCTURAL ACTIVITIES WILL CONSIST PRIMARILY OF PLANNING AND
SCHEDULING CONSTRUCTION ACTIVITIES TO ACHIEVE GOAL OF MINIMIZING EROSION.
B. EROSION AND SEDIMENTATION ACTIVITIES WILL CONSIST OF SILT FENCE, BERMS, AND
OTHER MEASURES TO LIMIT SEDIMENT FROM ENTERING OFFSITE WATERCOURSES.
4. PONDS A, F, Q, AND P PARTIALLY FILLED
5. POND FILL TO BE GRADED AT 4H:1V FROM EDGE OF BUFFER ZONE.
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EXISTING TOPOGRAPHY COMPILED USING GROUND SURVEY END OF SEASON 2017
CONSTRUCTION BY GOLDER ASSOCIATES LTD. AND PRE-CONSTRUCTION SURVEY BY
OLLERHEAD LTD.
COORDINATES REFERENCE UTM ZONE 11 WGS84. ELEVATIONS ARE ORTHOMETRIC
PROJECTION CGVD 28 VERTICAL DATUM, HT 2.0 GEOID.
GOLDER ASSOCIATES, INC. OCTOBER 2015, TECHNICAL MEMORANDUM "2015
GEOTECHNICAL FIELD INVESTIGATION TALISMAN ENERGY PANARCTIC SATELLITE F-68
WELLSITE", PROJECT NO. 1531921.
GOLDER ASSOCIATES, INC. NOVEMBER 25, 2015, TECHNICAL MEMORANDUM "DESIGN
CRITERIA GUIDANCE FOR ACSCS SATELLITE F-68", PROJECT NO. 1531921.
GOLDER ASSOCIATES, INC. JANUARY 2016, TECHNICAL MEMORANDUM "THERMAL ANALYSIS
OF WASTE CONTAINMENT STRUCTURE ON PRINCE PATRICK ISLAND FOR ACSCS SATELLITE
F-68", PROJECT NO. 1531921.
GOLDER ASSOCIATES, INC. OCTOBER 2015, GEOPHYSICAL REPORT "SATELLITE F-68
WELLSITE RECLAMATION PRINCE PATRICK ISLAND, NWT, PROJECT NO. 1531921.
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Table 1 - Initial Ponded Area Fill Quantities (Note 5)
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NOTES
1. DIMENSIONS, ELEVATIONS AND STATIONS ARE IN METRES UNLESS NOTED OTHERWISE.
2. EXISTING SOIL IN EAST CELL TO BE EXCAVATED TO PERMAFROST DEPTH AND
BACKFILLED WITH CONTAMINATED SOIL.
3. EXISTING CONTAMINATED SOIL AREAS TO EXCAVATED, RELOCATED IN CONTAINMENT
CELL AND BACKFILLED WITH CLEAN AGGREGATE AND MOUNDED. ALL BACKFILL WITHIN
THE 10 m BUFFER AREA SHALL BE COMPACTED AND GRADED TO DRAIN AWAY FROM
THE CONTAINMENT STRUCTURE, TYING TO EXISTING GRADE.
4. DRAIN PONDED AREAS PRIOR TO BACKFILLING WITH AGGREGATE AND COMPACTING.
5. EXISTING FROZEN BURIED DEBRIS ABOVE PLANNED GEOSYNTHETIC COVER ELEVATION
TO BE GRADED TO CONTAINMENT CELL.
6.

TM-01 CONTAINS THE PROPOSED TEMPERATURE ACQUISITION BOX AND SATELLITE UPLINK
SYSTEM EXTENDS APPROXIMATELY 2.4 m ABOVE CONTAINMENT CELL CAP.
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PROJECTION CGVD 28 VERTICAL DATUM, HT 2.0 GEOID.
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DIMENSIONS, ELEVATIONS AND STATIONS ARE IN METRES UNLESS NOTED OTHERWISE.
EXISTING FROZEN BURIED DEBRIS ABOVE PLANNED GEOSYNTHETIC COVER ELEVATION
TO BE GRADED TO CONTAINMENT CELL.
EXISTING CONTAMINATED SOIL AREAS TO EXCAVATED, RELOCATED TO CONTAINMENT
CELL AND BACKFILLED WITH CLEAN AGGREGATE AND MOUNDED. ALL BACKFILL WITHIN
THE 10 m BUFFER AREA SHALL BE COMPACTED AND GRADED TO DRAIN AWAY FROM THE
CONTAINMENT STRUCTURE, TYING TO EXISTING GRADE.
DRAIN PONDED AREAS PRIOR TO BACKFILLING WITH AGGREGATE AND COMPACTING.
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DIMENSIONS, ELEVATIONS AND STATIONS ARE IN METRES UNLESS NOTED OTHERWISE..
STORMWATER AND EROSION CONTROL MEASURES;
A. NON-STRUCTURAL BEST MANAGEMENT PRACTICES WILL CONSIST PRIMARILY OF
PLANNING AND SCHEDULING CONSTRUCTION ACTIVITIES AIMED AT ACHIEVING THE
GOAL OF MINIMIZING EROSION.
B. EROSION AND SEDIMENTATION CONTROL WILL CONSIST OF MONITORING TO LIMIT
SEDIMENT EXITING THE SITE AND ENTERING WATERCOURSES.
C. THE LOCATION OF EROSION CONTROL MEASURES WILL BE FIELD VERIFIED, INSTALLED
AND MAINTAINED DURING CONSTRUCTION. THE EROSION CONTROL MEASURES WILL
BE INSPECTED DAILY AND AFTER A PRECIPITATION EVENT DURING CONSTRUCTION.

REFERENCES
1. EXISTING TOPOGRAPHY COMPILED USING UAV AND GROUND SURVEY INCLUDING
BATHYMETRY PERFORMED BY GOLDER ASSOCIATES LTD., 2015.
2. COORDINATES REFERENCE UTM ZONE 11 WGS84. ELEVATIONS ARE ORTHOMETRIC
PROJECTION CGVD 28 VERTICAL DATUM, HT 2.0 GEOID.
3. GOLDER ASSOCIATES, INC. OCTOBER 2015, TECHNICAL MEMORANDUM "2015
GEOTECHNICAL FIELD INVESTIGATION TALISMAN ENERGY PANARCTIC SATELLITE F-68
WELLSITE", PROJECT NO. 1531921.
4. GOLDER ASSOCIATES, INC. NOVEMBER 25, 2015, TECHNICAL MEMORANDUM "DESIGN
CRITERIA GUIDANCE FOR ACSCS SATELLITE F-68", PROJECT NO. 1531921.
5. GOLDER ASSOCIATES, INC. JANUARY 2016, TECHNICAL MEMORANDUM "THERMAL ANALYSIS
OF WASTE CONTAINMENT STRUCTURE ON PRINCE PATRICK ISLAND FOR ACSCS SATELLITE
F-68", PROJECT NO. 1531921.
6. GOLDER ASSOCIATES, INC. OCTOBER 2015, GEOPHYSICAL REPORT "SATELLITE F-68
WELLSITE RECLAMATION PRINCE PATRICK ISLAND, NWT, PROJECT NO. 1531921.
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DIMENSIONS, ELEVATIONS AND STATIONS ARE IN METRES UNLESS NOTED OTHERWISE.
BH-04 CONTAINS THE TAC THERMISTOR, CONTINUOUS D401 DATALOGGER INSTRUMENT
AND AURORALINK SATELLIITE UPLINK SYSTEM.
3. STORMWATER AND EROSION CONTROL MEASURES;
A. NON-STRUCTURAL BMPS WILL CONSIST PRIMARILY OF PLANNING AND
SCHEDULING CONSTRUCTION ACTIVITIES AIMED AT ACHIEVING THE GOAL OF
MINIMIZING EROSION.
B. EROSION AND SEDIMENTATION CONTROL WILL CONSIST OF MONITORING TO LIMIT
SEDIMENT EXITING THE SITE AND ENTERING WATERCOURSES.
C. THE LOCATION OF EROSION CONTROL MEASURES WILL BE FIELD VERIFIED, INSTALLED
AND MAINTAINED DURING CONSTRUCTION. THE EROSION CONTROL MEASURES WILL
BE INSPECTED DAILY AND AFTER A PRECIPITATION EVENT DURING CONSTRUCTION.

REFERENCES
1. EXISTING TOPOGRAPHY COMPILED USING UAV AND GROUND SURVEY INCLUDING
BATHYMETRY PERFORMED BY GOLDER ASSOCIATES LTD., 2015.
2. COORDINATES REFERENCE UTM ZONE 11 WGS84. ELEVATIONS ARE ORTHOMETRIC
PROJECTION CGVD 28 VERTICAL DATUM, HT 2.0 GEOID.
3. GOLDER ASSOCIATES, INC. OCTOBER 2015, TECHNICAL MEMORANDUM "2015
GEOTECHNICAL FIELD INVESTIGATION TALISMAN ENERGY PANARCTIC SATELLITE F-68
WELLSITE", PROJECT NO. 1531921.
4. GOLDER ASSOCIATES, INC. NOVEMBER 25, 2015, TECHNICAL MEMORANDUM "DESIGN
CRITERIA GUIDANCE FOR ACSCS SATELLITE F-68", PROJECT NO. 1531921.
5. GOLDER ASSOCIATES, INC. JANUARY 2016, TECHNICAL MEMORANDUM "THERMAL ANALYSIS
OF WASTE CONTAINMENT STRUCTURE ON PRINCE PATRICK ISLAND FOR ACSCS SATELLITE
F-68", PROJECT NO. 1531921.
6. GOLDER ASSOCIATES, INC. OCTOBER 2015, GEOPHYSICAL REPORT "SATELLITE F-68
WELLSITE RECLAMATION PRINCE PATRICK ISLAND, NWT, PROJECT NO. 1531921.
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