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1 Introduction 
The Canadian Natural Resources Limited Primrose South in-situ oil sands project is located primarily in 
the Cold Lake Air Weapons Range approximately 65 km north-northeast of Bonnyville, Alberta. Canadian 
Natural operations staff discovered a flow to surface (FTS) bitumen emulsion at 09-21-067-04 W4M on 
June 24, 2013. The FTS area is beneath an unnamed water body within the Canadian Natural Primrose 
South production area. 

On September 24, 2013, Alberta Environment and Sustainable Resource Development (ESRD) issued an 
Environmental Protection Order (EPO No. EPO-2013-33/NR), requesting the preparation of a 
Comprehensive Remedial Plan (CRP), as well as the preparation of a monthly progress report. This 
report summarizes the progress towards the realization of this plan and includes data collected and 
reported up to February 17, 2014. The information in this report focuses on data collected since 
January 25, 2014. 

2 Summary of Activities to Date 

2.1 Individual Plan Submissions 
As required by the EPO, the CRP includes the development, submission and implementation of several 
specific plans. The status of these plans is indicated in Table 1 below: 

Table 1: Components of the Comprehensive Remedial Plan 

Item Plan Name Due Date Submission Date Approval Date Implementation 
Start Date 

Completion 
Date 

Section 
Discussed 

1. Water 
Management Plan 
for Dewatering 

September 26, 
2013 

September 26, 
2013 

September 27, 
2013 

September 27, 
2013 

October 22, 
2013 

2.2 

2. Water Body 
Monitoring Plan 

September 26, 
2013 

September 26, 
2013 

September 27, 
2013 

September 27, 
2013 

Ongoing 3.0 

3. Erosion and 
Sedimentation 
Prevention Plan 

September 26, 
2013 

September 26, 
2013 

September 27, 
2013 

September 27, 
2013 

Ongoing 3.2 

4. Phase II 
Environmental 
Assessment Plan 

October 15, 
2013 

October 3, 2013 October 17, 2013 January 6, 2014 Ongoing 3.3 

5. Bitumen Emulsion 
Delineation and 
Containment Plan 

October 6, 
2013 

October 3, 2013 October 17, 2013 October 18, 
2013 

Ongoing 3.4 
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Item Plan Name Due Date Submission Date Approval Date Implementation 
Start Date 

Completion 
Date 

Section 
Discussed 

6. Amphibian 
Salvage Plan 

September 26, 
2013 

September 25, 
2013 

September 27, 
2013 

September 27, 
2013 

October 22, 
2013 

Complete 

7. Fish and Fish 
Habitat 
Assessment Plan 

September 26, 
2013 

September 25, 
2013 

September 27, 
2013 

September 27, 
2013 

October 30, 
2013 

Complete 

8. Wetlands Impact 
Assessment Plan 

September 30, 
2013 

September 25, 
2013 

September 27, 
2013 

September 27, 
2013 

October 30, 
2013 

Complete 

9. Water Body 
Restoration Plan 

November 30, 
2013 

November 27, 
2013 

February 7, 2014 No later than 
April 1, 2014 

Pending N/A 

10. Wildlife 
Management Plan 

N/A Revised Plan 
October 23, 2013 

October 23, 2013 October 23, 
2013 

Pending 3.5 

11. Waste 
Management Plan 

N/A Revised Plan 
October 24, 2013 

October 24, 2013 October 24, 
2013 

Pending 3.6 

12. Management of 
Residual Bitumen 
Emulsion Plan 

N/A December 22, 
2013 

February 7, 2014 Pending Pending N/A 

13.  Mechanical 
Transplants of 
Aquatic Shoreline 
Vegetation 
Plan - Extension II 

N/A January 14, 2014 February 7, 2014 Pending Pending N/A 

2.2 Water Management for Dewatering 
The water body was divided in four basins as indicated on Figure 1. Basins 1, 2 and 3 were dewatered, 
while Basin 4 and a nearby borrow pit are being used to store the water from Basins 1, 2 and 3. Three 
independent pumping systems were used to pump water from Basins 1, 2 and 3. This configuration 
allowed Canadian Natural to adjust pumping rates in the various basins as specified in the approved 
Water Management Plan for Dewatering. 

Pumping started on September 27, 2013. The volume of water pumped from each basin is presented in 
Appendix A. On October 22, 2013, pumping was stopped. 

Between January 23 and February 17, 2014, no water was pumped to surrounding areas as all water in 
Basins 1, 2 and 3 is frozen. Furthermore, due to freezing conditions, no fluid entered the excavations; 
therefore, no fluid (bitumen emulsion and surface water) was recovered from the 9-21 FTS site for 
disposal. The cumulative total fluid volume (bitumen emulsion and surface water) recovered at the 9-21 
FTS site between July 15, 2013 and February 17, 2014 was 1,429 m3 and the cumulative volume of 
bitumen emulsion recovered was 154 m3. 

The dewatering activities took place in accordance to the conditions specified in the Water Management 
Plan for Dewatering and in the Erosion and Sedimentation Prevention Plan (Table 1, Items 1 and 3). 
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3 Water Body Monitoring 
In accordance with the Water Body Monitoring Plan (Table 1, Item 2), an extensive water quality and 
water quantity monitoring program was implemented on September 27, 2013. This ongoing program is 
tailored to the level of activity taking place at the 9-21 FTS site and complements the ongoing water 
quality and quantity monitoring implemented in June 2013. 

3.1 Dewatering Water Quality 
Weekly water sampling was discontinued after November 12, 2013 due to freeze-up and completion of 
dewatering, except weekly sampling, was continued through February 2014 in one shallow groundwater 
monitoring well (13-DP-4, Section 3.1.3). During the dewatering program, water quality was within 
Alberta Tier 1 Soil and Groundwater Remediation Guidelines (Tier 1) at all sampling locations. Sampling 
locations are shown on Figure 2. 

3.1.1 Dewatering Water Quantity 
The amount of water pumped from Basins 1, 2 and 3 as of December 7, 2013, was 404,378 m3. Pumping 
to remove water seeping into Basin 1 was discontinued after November 24, 2013, due to freezing 
temperatures. 

3.1.2 Surface Water Quality 
Water quality samples were collected weekly from Basins 1, 2 and 3, during the dewatering period, and 
from Basin 4 and the downstream fen until freeze-up, which occurred between October 29 and 
November 12, 2013 (Figure 2). The samples were tested to ensure water quality in the receiving 
environment was not being affected by the dewatering operations. Water quality results are presented 
in Appendix B. No water quality samples were collected from the water body or downstream fen after 
November 12, 2013, due to frozen conditions. 

3.1.3 Shallow Groundwater 
Shallow groundwater quality samples underlying the north end of Basin 3 of the water body were 
collected from one shallow drive-point piezometer well (13-DP4) on January 28, February 5 and 
February 12, 2014 (Figure 3). Water quality results are presented in Appendix B. 

Water quality from the shallow groundwater locations was within freshwater aquatic life guidelines. 
Hydrocarbons were not detected in any shallow groundwater samples taken on January 28 and 
February 5 and 12, 2014. Polycyclic aromatic hydrocarbons (PAHs) were not detected in any shallow 
groundwater samples taken on January 28 and February 5 and 12, 2014, with the exception of 
naphthalene, which was detected in the February 5 sample at a level well below the aquatic life 
guideline. Naphthalene is a common PAH found in petroleum products and as by-products of 
combustion (including cigarette smoke). The source of naphthalene in the shallow groundwater sample 
is unknown and, if persistent, will be investigated further. Chlorides were below detection in all samples. 

3.2 Erosion and Sedimentation Prevention 
The dewatering activities took place in accordance to the conditions specified in the Erosion and 
Sedimentation Prevention Plan (Table 1, Item 3). All erosion and sediment control structures, which 
were set up during the dewatering program, were removed once pumping was suspended on 
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October 22, 2013. However, containment structures, such as the aquadams located in Basin 4 and at the 
south end of Basin 1, will be removed in spring 2014. There were no signs of erosion or sedimentation 
associated with the dewatering program. 

Erosion and sediment control structures are currently not required as all remedial works are being 
completed within the dewatered water body. Any water that was intermittently collected from the 
water body, after the dewatering phase was suspended on October 22, 2013, was stored in tanks and 
disposed offsite. Erosion and sediment control structures may be implemented during the water body 
refilling phase, as required. 

3.3 Phase II Environmental Assessment 
ESRD approved a plan for conducting an interim Phase II environmental site assessment (ESA) of shallow 
soils at the site on October 17, 2013. As part of the interim ESA in December 2013, boreholes were 
drilled in Basins 1 and 2 as well as the south portion of Basin 3, to assess soil types and the potential 
presence of bitumen emulsion in the soils underlying the water body. The drilling of shot holes, used for 
the placement of charges for a seismic survey in Basin 3 (the seismic program was unrelated to the 
Phase II ESA or to the investigation of the bitumen emulsion release) was completed between February 
8 and 10, 2014. Over 200 shot holes were drilled to depths between 6 and 9 m in Basin 3 and provide 
additional subsurface Information such as ice thickness, organic material thickness and presence/ 
absence of bitumen emulsion. Based on observations, no bitumen emulsion was encountered in any of 
the shot holes. The final phase of the seismic survey is scheduled to be completed in Basins 1 and 2 at 
the end of February.  

Interim Phase II ESA drilling was completed in early January 2014. Preliminary results indicate that there 
were measured concentrations of petroleum hydrocarbon (PHC) fraction 2 (C>10-C16), fraction 3 
(C>16-C34), fraction 4 (C>34) and a few PAH compounds in some soil samples, but all concentrations were 
below Tier 1 guidelines. No benzene, toluene, ethylbenzene and xylenes (BTEX) or PHC fraction 1 (C6-C10, 
excluding BTEX) concentrations above laboratory detection limits were found and no salinity impacts 
were detected either. 

3.4 Bitumen Emulsion Remediation and Containment 

3.4.1 Remedial Activities of the Release Point for Bitumen Flow to Surface 
From January 25 to February 17, 2014, the following activities were carried out as part of the plan to 
characterize and contain the bitumen emulsion release point: 

 Testing of ice thickness in Basins 1 and 3 was suspended in January 2014 due to temperatures 
measured below -15°C, and the last ice thickness measurement from early December 2013 
indicated that the ice was at least 30 cm thick. Ice thickness measurements were conducted on 
January 29, 2014, before seismic survey activities started and the ice thicknesses measured were 
still at least 30 cm thick. Regular ice thickness measurements may be conducted again should 
temperatures rise above freezing to confirm that heavy equipment can still safely access the 
ice-covered areas. 
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 Excavation at the western shore of the water body, in the area of the fissure was completed on 
February 15, 2014. This included the enlargement of the excavation to encompass the area required 
for the approved fissure containment structure and drilling pad. The fissure has been fully exposed 
and delineated. Clean organic sediment from the enlargement of the fissure excavation was 
stockpiled in the scraped shoreline areas north of the Basin 2 excavation. To date, approximately 
7,576 m3 of material has been stockpiled in Zones 3.1, 3.2, 3.3 and 3.4 (Figure 4). Approximately 
1,224 m3 of potentially clean clay from the removal of the ice road within the excavation was 
stockpiled in Zone 3.5. 

 Bitumen-impacted excavated material was stockpiled in containment cells for temporary storage 
before trucking to landfill. Confirmatory samples collected in a grid pattern from the base of the 
area excavated between January 25 to February 15, 2014 to remove material containing bitumen 
emulsion and to expose the fissure, were submitted for analysis of hydrocarbons. Confirmatory 
sampling was completed on February 15, 2014. The results from this testing will be included in the 
next monthly report. Ice and high ice content frozen sediments with bitumen emulsion were 
temporarily placed in lined cells. The material will be allowed to melt so that the water and 
sediments can be disposed separately. 

 Excavation of bitumen-impacted soil and ice, and removal of affected vegetation from shoreline 
areas continued intermittently between January 25 and February 17, 2014. This was due to 
deadlines for enlarging the fissure excavation to enable installation of the temporary workspace 
containment structure (containment wall). Scraping activities were started on the southern portion 
of Basin 1 on February 17, 2014. Scraping of the areas north of the main excavation in Basin 3 
(Figure 4) is complete and confirmatory sampling has been completed. The sediments were scraped 
to a depth of approximately 30 cm based on the visual observation of bitumen emulsion, and 
confirmatory samples were collected based on a 10 m linear grid pattern and tested for 
hydrocarbons. The bitumen-impacted soil and ice was transported either to containment Cells A 
and B for offsite disposal or containment Cell C for storage. 

 The shoreline sediment excavation is ongoing and efforts are being made to minimize the removal 
of vegetative rhizomes during scraping activities. All unaffected sediment and rhizomes that were 
removed during scraping activities will be placed within the scraped areas of the water body along 
the shoreline. This will facilitate recolonization of macrophyte communities during open water 
conditions. 

3.4.2 Containment of Bitumen Emulsion 
Due to frozen conditions and the slow seepage of bitumen emulsion from the fissure, the temporary 
containment of bitumen emulsion during fissure exposure and material excavation was not required. 
However, due to construction activities within the excavation, a temporary low (0.5 to 1.0 m high) clay 
berm was constructed on February 14 and 15, 2014, surrounding the fissure to ensure equipment would 
not come in contact with the bitumen emulsion. Water recovered from the excavation is currently 
collected in depressions within the excavation, removed by vacuum truck and disposed at the Tervita 
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Corporation disposal facility in Lindbergh, Alberta. Between January 25 and February 17, 2014, 22 m3 of 
water was collected and removed for disposal. 

3.4.3 Final Design for Permanent Containment of Bitumen Emulsion Seepage from Fissure 
ESRD granted approval of the Temporary Workspace Containment Structure Plan (containment wall) on 
January 24, 2014. The containment wall is to be located in Basin 1 (Figure 4) to provide a temporary 
work space for completing bitumen emulsion containment berms around the fissure, as well as 
construction of the drilling pad. Construction of the containment structure is scheduled to start 
February 18, 2014. It is planned to start refilling the water body on March 15, 2014. 

The fissure containment structure will be similar to the structures completed at the 10-1, 10-2 and 2-22 
FTS sites. The fissure will be surrounded by a low earthen berm, a steam pipe will be installed to 
facilitate bitumen emulsion removal in cold weather and the space within the bermed area containing 
the fissure will be filled with corduroy to allow the bitumen emulsion to collect. An impermeable liner 
will be placed over the corduroy and the structure covered with clay fill. When complete, the structure 
will be buried beneath the drilling pad and recovery culverts and monitoring wells installed to recover 
the bitumen emulsion and to track possible seepage outside of the structure. 

In preparation for the containment wall and drilling pad construction, timber salvage was conducted on 
February 6 to 12, 2014. The salvage was done at two locations on the west shore to accommodate the 
north and south ends of the containment wall. Trees/willows/shrubs were removed from the 
containment structure and pad construction area along the western shoreline of the water body with a 
mulcher and buncher/feller. 

Monitoring wells and recovery culverts will be installed through the drill pad, around the fissure 
containment structure and into the corduroy to allow monitoring and recovery of the bitumen emulsion 
seepage. 

Given the current location and length of the exposed fissure, the final alignment and size of the 
containment wall has been modified from that planned in the Bitumen Emulsion Delineation and 
Containment Plan (Table 1, Item 5). 

3.4.4 Schedule of Implementation 
The schedule of implementation was provided in the approved Bitumen Emulsion and Delineation Plan; 
there have been no deviations to date. 

3.5 Wildlife Management 
Wildlife management activities between January 25 and February 17, 2014 included maintaining 
perimeter fencing; installing, maintaining and frequently relocating wildlife scare cannons; and 
conducting daily inspections. Current focus is on large mammals as most other species are not found 
near the site due to winter conditions. 
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3.6 Waste Management 
Waste generated as part of the remediation program includes liquid bitumen emulsion, vegetation 
containing bitumen emulsion, oily absorbents, fluids and soil and sediment containing bitumen 
emulsion. All waste was collected in bags, bins or barrels or was trucked to lined containment cells for 
temporary storage. Waste is tested to ensure that it meets landfill requirements and is suitable to 
transport by truck. All waste is manifested for transportation and is disposed at certified waste 
management facilities. Soils near waste storage areas onsite are tested before collection and will be 
assessed following completion of the remediation program. 

The waste management program is summarized as follows: 

 Impacted soil temporarily stockpiled in Cells A and B continue to be transported to the landfill for 
disposal. Materials in Cell C will be transported to the landfill for disposal in spring 2014, after the 
material has been dewatered to meet landfill criteria. 

 A fourth lined containment cell (Cell D) is currently being constructed at former lease 14-1, located 
northeast of the water body. Cell D is being constructed to hold organic and mineral soils that 
cannot be transported to the landfill due to high water content. Cell C that was constructed to hold 
the same material is almost at capacity. Soils forming the base of Cell D were sampled before cell 
installation to provide baseline soil quality information. Construction is scheduled to be completed 
near the end of February. Trucks continued hauling 4,494 tonnes of impacted material to the Tervita 
Bonnyville landfill between January 25 and February 17, 2014. To date, a cumulative total of 
31,171 tonnes of soil containing bitumen emulsion has been taken to the Tervita Bonnyville landfill. 
Based on the bitumen content of the soil, a cumulative total of 104 tonnes of bitumen emulsion 
have been removed from the site as part of the impacted materials. 

 Daily landfill composite samples and paint filter test samples were collected from soil being trucked 
to landfill. Most paint filter tests conducted between January 25 and February 17, 2014 passed, with 
the exception of filter tests on January 26, 30 and 31, 2014. Impacted material transport from 
shoreline scrape areas to containment Cells A and B was suspended for the remainder of the day 
after each failed test. Excavation operations were revised to ensure the issue was addressed and 
transport resumed. 

4 Conclusions 
The data collected between January 25 and February 17, 2014, indicate that dewatering and subsequent 
remediation activities have not had any detectable adverse effect on the hydrology and water quality in 
the surrounding environment. Furthermore, continued compliance with requirements of the EPO has 
been demonstrated throughout the monitoring period. 

Excavation of impacted soil within the fissure area is complete. Enlargement of the excavation to 
encompass the area needed for the fissure containment structures including the containment wall and 
future drilling pad footprint is also complete. Scraping of the impacted sediments along the shoreline in 
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Basin 3 is complete and is ongoing in Basin 1. Installation of the containment structure wall is scheduled 
to start February 18, 2014. 

The work is progressing as planned and the objectives, as required by the EPO, are being achieved 
within the required time frame. 
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Note: Removal Option Numbers (1
through 5) are described in Table 1 and
presented in Appendix A.

Scraped to 30cm - 17,885 m2

Excavation to Clay - 34,657 m2
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APPENDIX B 
WATER QUALITY DATA – WATER BODIES AND WATERCOURSES 
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