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1.0 BACKGROUND 

ConocoPhillips Canada (CPC) acquired Exploration Licence (EL) 470 from Aboriginal Affairs 

and Northern Development Canada (AANDC) in 2011. In 2015, EL 470 was transferred from 

AANDC to the Government of Northwest Territories (GNWT) Office of Regulator of Oil and Gas 

Operations (OROGO) in response to devolution.  The licence permitted CPC to explore the area 

for oil and gas resources in EL 470 parcel located in the central part of the Mackenzie River 

valley south of Norman Wells, Northwest Territories. A groundwater monitoring program was 

implemented by Hobbit Environmental Consulting Corp. (Hobbit) to provide baseline 

groundwater data in association with the exploration program.  Figure 1 provides a site location 

of EL 470 and Figure 2 is the CPC survey of the activity area of EL 470. A summary of the 

drilling, installation and well development work is included as Appendix A. 

In 2013 and 2014, CPC drilled and tested two vertical (O-06 and N-20) and two horizontal (E-76 

and P-20) oil and gas exploration wells. Four groundwater monitoring wells were installed in 

2013. In 2015, CPC decided to abandon the exploration and groundwater monitoring wells. 

Abandonment work was completed in the first quarter of 2016. Strip logs of the groundwater 

wells are included in Appendix B. 

As part of their exploration work in EL 470, CPC was required to obtain land and water use 

licences with the Sahtu Land and Water Board (SLWB). The current Type A Land Use Permit 

(S15A-001) was issued for the period June 29, 2015 to June 29, 2020. The current Type B 

Water Licence (S14L1-003) was issued on July 31, 2014 and expires on August 1, 2019. This 

water licence superceded previously issued licences. 

With respect to abandonment activities, the land use permit and water licence allowed CPC to 

proceed with their planned well abandonments. The land use permit authorized CPC to: 

 Mobilize equipment to the site using the NWT winter road; 

 Mobilize personnel via air to Norman Wells; 

 Construct a 5 ± kilometer (km) ice bridge across the Mackenzie River from Norman 

Wells to the south bank; 

 Construct 65 km± of pre-existing winter access including access to licenced water 

sources; 

 Construct ice pads at existing wellsites;  

 Transport and set up service rigs at each wellsite; 

 Abandon the two vertical wells (O-06 and N-20); 

 Abandon the two horizontal wells (E-76 and P-20); 
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 Abandon the four groundwater monitoring wells; 

 Manage waste - demobilize equipment and supplies via the winter road and via air to 

Alberta and/or British Columbia; and, 

 Install emergency shelters consisting of skid mounted or wheeled wellsite trailers at each 

active site. 

The water licence authorized ConocoPhillips to: 

 Use up to 348,490 cubic meters of water per year. This water was to be withdrawn from 

a number of surface water bodies within EL 470. 
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2.0 ABANDONMENT 

Between September 2014 and November 2015, CPC decided to abandon the exploration and 

groundwater monitoring wells in EL 470. 

Prior to proceeding with the coordination and planning of the abandonments, CPC notified the 

appropriate regulatory agencies of their intent to abandon the wells. Among the agencies 

contacted were SLWB, OROGO, and GNWT ENR. 

Abandonment of the groundwater monitoring wells was completed between January 29 and 

March 2, 2016. A summary of significant events related to the abandonment of the groundwater 

monitoring wells is summarized below. 

 

Table 1 
Summary of Abandonment Events 

Groundwater Monitoring Wells 
Chinook EL 470 

January-March 2016 

Event 
Well Designation 

WW02-A WW02-B WW04-A WW05-A 

Pump Well February 3, 2016 Not Pumped February 7, 2016 February 5, 2016 

Sample 
Collection 

February 3, 2016 No Sample February 7, 2016 February 5, 2016 

Thaw February 4, 2016 February 3, 2016 February 7, 2016 February 6, 2016 

Pull Pump February 4, 2016 No Pump February 8, 2016 February 6, 2016 

Video Survey 
February 5 and 

19, 2016 
February 4 and 

19, 2016 
February 9, 2016 

February 9 and 
27, 2016 

Shock 
February 8 and 

10, 2016 
February 8 and 

10, 2016 
February 9, 2016 February 9, 2016 

Abandon 
February 21, 

2016 
February 25, 

2016 
February 26 and 

27, 2016 
February 28 and 

29, 2016 

Cut and Cap 
February 29, 

2016 
February 29, 

2016 
March 1, 2016 March 2, 2016 

 

The groundwater monitoring well abandonment program was conducted in the following 

sequential order. 

1) The three wells with pumps (WW02-A, WW04-A and WW05-A) were prepared for 

sampling. For wells WW02-A and WW05-A with static water levels coincident with the 
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permafrost, the discharge lines for these two wells were depressurized prior to starting 

the pumps. Well WW02-B did not have a pump due to permafrost interference in the 

wells screen. The volume of water pumped from WW02-A, WW04-A and WW05-A prior 

to sampling was 57,000, 60, and 2400 litres respectively. Discharge water from WW02-A 

and WW05-A was discharged directly to ground surface based on previous analytical 

results and field screening results indicating criteria below SLWB values. Discharge 

water from WW04-A was disposed by evaporation. 

2) Samples from the three pumped wells were collected for laboratory analysis. 

3) Thawing of the wells was completed after the wells had been pumped and sampled. 

Well WW02-B was thawed while well WW02-A was being pumped prior to sampling. 

4) After each well was thawed, the pumps and infrastructure were pulled from the wells 

(except for well WW02-B which had no pump or infrastructure). 

5) After the pumps and infrastructure were pulled from the wells a video survey of the inner 

casing of the wells was completed to confirm that ice accumulations and blockages 

associated with the presence of permafrost would not compromise the cement seal to be 

injected into the wells. 

6) Once the downhole video surveys were completed the wells were shocked with a 12% 

concentration of hypochlorite. 

7) A repeat of the thawing and video confirmation process was undertaken prior to the 

abandonment activities. A repeat of the downhole video confirmation of WW04-A was 

not completed. 

8) Each well was plugged using Arctic Set Cement followed by cutting and capping the 

wells. 

The table below summarizes the volumes and density of cement (Arctic Set) used to plug the 

wells. 

Appendix B includes the schematics of the groundwater monitoring wells that were abandoned 

by CPC. 
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Table 2 
Abandonment Volume of Cement 

Groundwater Monitoring Wells 
Chinook EL 470 

February-March 2016 

Well Cement Volume (m3) Density (kg/m3) 

WW02-A 5 1880 

WW02-B 2 1820 

WW04-A 7.9 1880 

WW05-A 1.85 1880 

 

With the exception of well WW02-A, each of the wells was abandoned by inserting a permanent 

bridge plug above the aquifer unit that was accessed for monitoring.  
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3.0 PROGRAM RESULTS 

3.1 SAMPLE COLLECTION AND ANALYSIS 

Samples obtained during the groundwater monitoring program can be placed into two 

categories: 

1) pre well development samples 

2) post well development  samples. 

Pre development samples are defined as samples collected before the February 2014 pumping 

development work.  Post development samples are defined as samples collected after well 

development by pumping in February 2014. Although the wells were developed to a limited 

degree shortly after the installation phase in the first quarter of 2013, the development was not 

deemed to be sufficient to provide samples indicative of baseline conditions. 

Prior to installing the pumps in the wells, grab samples were collected in March 2013 from wells 

WW02-A, WW02-B and WW05-A. Samples retrieved from these three well were submitted for 

the analysis of hydrocarbons, dissolved metals and routine parameters. Grab samples were 

retrieved using disposable bailers. A grab sample was not collected from well WW04-A due to 

the depth to water being greater than 300 mbsg which precluded collection with a bailer. 

Samples analysed after March 2013 were collected from the discharge lines of the submersible 

pumps installed in WW02-A, WW04-A and WW05-A.   

The March 2013 sampling of well WW02-B was the only time this well was sampled. Along with 

wells WW02-A and WW05-A, WW02-B froze because of the influence of permafrost at depth. 

Unlike wells WW02-A and WW05-A, WW02-B could not be thawed sufficiently to allow the 

submersible pump to operate without flow blockage. The blockage of flow was due to the 

freezing effect of the permafrost extending to the top of the well screen. 

Analytical results were compared to the Canadian Council of Ministers of the Environment 

(CCME) Canadian Water Quality Guidelines for the Protection of Aquatic Life (PAL) (CCME 

2007). Comparison to the PAL was based on the SLWB permit conditions related to PAL and 

the potential discharge of groundwater to surface. 
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Summary tables of the sampling results obtained from the groundwater wells since March 2013 

are provided below.  Copies of the analytical reports are included in Appendix C.  

  



WW02-B

Mar-13 Feb-14 Jun-14 Sep-14 Feb-16 Mar-13 Jun-13 Sep-13 Feb-14 Jun-14 Sep-14 Feb-16

pH 9.77 8.16 8.25 8.03 7.55 10 9.02 9.37 8.93 8.9 8.98 8.69  6.5-9.0
EC 681 830 820 750 814 290 5780 6680 6150 6810 6200 6750 ng

TDS 458 509 521 523 505 177 3340 3880 3870 3960 3840 3920 ng
Bicarbonate 117 372 300 326 299 34 1530 1400 1590 1470 1450 1490 ng

Calcium 29.7 15.9 16.1 17.4 17.2 8.3 5.1 5.8 5.5 1.5 3.7 3.2 ng
Magnesium 7.2 5.9 6 5.8 5.7 2.1 3 4.9 3.9 3 3.2 3.0 ng

Sodium 136 158 167 154 149 48.4 1140 1660 1590 1610 1500 1460 200
Potassium 7.8 5.8 6.5 6.6 5.7 8.7 26.7 26.7 13.3 16.2 18.8 16.6 ng
Sulphate 127 121 122 121 125 50 6 12 3 <1 <1 <1 ng
Chloride 28 19 20 19 20 17 1230 1230 1310 1350 1340 1460 640 (ST) 120 (LT)
Nitrate <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 13

Fluoride <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 0.75 0.06 <0.05 <0.05 <0.45 0.12
Ionic Balance 121 90.7 109 97.8 99 102 84.8 111 102 106 99.4 93 ng

Aluminum 0.39 <0.002 0.026 <0.004 <0.004 0.861 0.005 0.004 <0.002 0.004 <0.004 <0.004 0.1 variable
Antimony 0.004 <0.001 <0.001 <0.001 <0.001 0.006 0.003 0.002 0.001 <0.001 <0.001 <0.001 ng (DW)

Arsenic 0.005 <0.001 <0.001 <0.001 <0.001 0.003 0.001 0.009 <0.001 <0.001 <0.001 <0.001 0.005
Barium 0.75 <0.05 <0.05 <0.05 <0.05 0.13 2.75 1.48 1.36 1.49 <0.05 2.32 ng (DW)
Boron 0.08 0.08 0.1 0.05 0.08 0.03 0.81 0.96 0.8 1.02 0.04 0.9 29 (ST) 1.5 (LT)

Cadmium 0.000121 <0.00005 <0.00005 <0.00005 <0.000016 0.000039 0.00016 0.000341 0.00009 0.0001 <0.00005 0.000093 0.001 (ST) 0.00009 (LT)
Chromium 0.012 <0.001 <0.001 <0.001 <0.001 0.005 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 0.0089

Chromium, Hexavalent na <0.01 <0.005 <0.001 <0.005 na na na <0.005 <0.005 <0.001 <0.005 0.001
Copper 0.021 (0.002) <0.002 <0.002 <0.002 <0.001 0.004 (0.002) <0.002 0.019 (0.002) <0.002 <0.002 <0.002 0.001 (0.002) hardness based

Iron 23.3 <0.1 0.3 <0.1 0.2 1.7 <0.1 <0.1 <0.1 0.1 <0.1 <0.1 0.3
Lead 0.052 (0.003) <0.001 <0.001 <0.001 <0.0005 0.002 (0.001) 0.002 (0.001) <0.001 <0.001 <0.001 <0.001 0.006 (0.001) hardness based

Manganese 0.406 0.009 0.01 0.015 <0.005 0.018 0.02 0.032 0.044 0.021 0.014 <0.005 0.05
Mercury na <0.000025 <0.000025 <0.000025 <0.000005 na na 0.000026 0.000076 0.00203 <0.000025 <0.000005 0.000026

Molybdenum 0.039 <0.003 <0.003 <0.003 <0.001 0.043 0.148 0.173 0.078 0.092 0.01 0.144 0.073
Nickel 0.01 (0.0985) <0.003 <0.003 <0.003 <0.01 <0.01 <0.01 <0.01 <0.003 <0.003 <0.003 <0.01 hardness based
Nitrite <0.05 <0.05 <0.05 <0.05 <0.02 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 0.06

Selenium 0.004 <0.001 <0.001 <0.001 <0.0005 <0.001 0.02 0.017 0.002 <0.001 <0.001 <0.0005 0.001
Silver <0.00005 <0.00001 <0.00001 <0.00005 <0.00006 <0.00005 <0.00005 <0.00005 0.00001 <0.0001 <0.00005 0.00008 0.0001

Thallium <0.0005 <0.0001 <0.0001 <0.0001 <0.0005 <0.0005 <0.0005 <0.0005 <0.0001 <0.0001 <0.0001 <0.001 0.0008
Uranium 0.003 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 0.001 <0.001 <0.001 <0.01 0.015

Zinc 0.174 <0.001 <0.001 <0.004 <0.01 0.035 <0.001 0.002 0.008 <0.004 <0.004 <0.005 0.03

Benzene <0.0005 <0.0005 <0.0005 <0.0005 <0.0005 <0.0005 0.0023 0.0012 0.0006 0.0005 <0.0005 <0.0005 0.37
Toluene <0.0005 0.0006 <0.0005 0.0028 <0.0003 <0.0005 0.0074 0.0061 0.018 0.0333 0.0405 0.0550 0.002

Ethylbenzene <0.0005 <0.0005 <0.0005 <0.0005 <0.0005 <0.0005 <0.0005 <0.0005 <0.0005 <0.0005 <0.0005 <0.0005 ng
Xylenes <0.0005 <0.0005 <0.0005 <0.0005 <0.0005 <0.0005 <0.0005 <0.0005 <0.0005 0.009 <0.0005 <0.0005 ng
Styrene <0.0005 <0.0005 <0.001 <0.0005 na <0.0005 <0.0005 <0.0005 <0.0005 <0.0005 <0.0005 na 72

TABLE 3
SUMMMARY OF GROUNDWATER ANALYTICAL RESULTS

CONOCO EXPLORATION LEASE 470 (EL 470)

MARCH 2013 TO FEBRUARY 2016

Parameter
WELLS 

Guideline PALWW04-A

8) na-not analysed

ROUTINE

DISSOLVED METALS

ORGANICS

WW02-A

5) Guideline values with (ST) and (LT) are for short term (ST) and long term (LT) exposure periods.

6) ng indicates no PAL guideline for that parameter

7) Italicize and underline  indicates the reported detection limit exceeds the PAL Guidelines.

NOTES:  

1) All concentrations expressed in parts per million (ppm) equivalent to milligrams per litre (mg/L) except pH, EC and ionic balance.

2)  pH in logarithmic pH units, electrical conductivity (EC) in micro-Siemens per centimeter uS/cm and ionic balance as a percentage.

3) Bold indicates parameter exceeds CCME Protection of Aquatic Life (PAL) Guidelines.

4) Copper, Lead and Nickel have hardness derived values that need to be calculated to provide a guideline value. Calculated guideline values are in green with the constituent concentration above the guideline value in bold.

Canuck
Typewritten Text
Page 8 of 18



Mar-13 Jun-13 Feb-14 Jun-14 Sep-14 Feb-16

pH 9.73 11.5 7.81 8.01 8.03 7.46  6.5-9.0

EC 427 1870 500 <1 482 549 ng

TDS 257 534 337 328 316 325 ng

Bicarbonate <5 <5 224 190 178 212 ng

Calcium 16.1 142 47.9 43.8 39 39.2 ng

Magnesium 8.8 <0.2 21 19.1 15.6 17.1 ng

Sodium 46.1 113 40.9 44.9 46.8 41.2 200

Potassium 11.3 31.4 7.3 8.1 10.7 6.6 ng

Sulphate 126 45 104 89 86 83 ng

Chloride 25 105 5 7 9 9 640 (ST) 120 (LT)

Nitrate <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 13

Fluoride 0.7 <0.05 <0.05 <0.05 <0.05 <0.05 0.12
Ionic Balance 92.5 51.1 102 115 112 98 ng

Aluminum 0.021 0.081 0.009 <0.004 <0.004 <0.004 0.1 variable

Antimony 0.004 0.002 <0.001 <0.001 <0.001 <0.001 ng (DW)

Arsenic 0.001 0.001 <0.001 <0.001 <0.001 <0.001 0.005

Barium <0.05 0.28 <0.05 <0.05 <0.05 0.07 ng (DW)

Boron 0.03 <0.01 0.04 0.05 0.06 0.05 29 (ST) 1.5 (LT)

Cadmium 0.000088 0.000175 <0.00005 <0.00005 <0.00015 <0.000016 0.001 (ST) 0.00009 (LT)

Chromium <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 0.0089

Chromium, Hexavalent na na <0.005 <0.005 <0.001 <0.005 0.001

Copper <0.002 <0.002 <0.002 <0.002 <0.002 <0.001 hardness based

Iron <0.1 <0.1 0.2 0.3 <0.1 0.2 0.3

Lead 0.001 0.006 (0.007) <0.001 <0.001 <0.001 <0.0005 hardness based

Manganese <0.005 <0.005 0.055 0.042 0.044 0.047 0.05

Mercury na na <0.000025 <0.000025 <0.000025 <0.000005 0.000026

Molybdenum 0.065 0.15 0.006 0.007 0.117 0.004 0.073

Nickel <0.01 <0.01 <0.003 <0.003 <0.003 <0.01 hardness based

Nitrite <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 0.06

Selenium 0.002 0.005 <0.001 <0.001 <0.001 <0.0005 0.001

Silver <0.00005 0.00005 <0.00001 <0.00001 <0.00005 <0.00006 0.0001

Thallium <0.0005 <0.0005 <0.0001 <0.0001 <0.0001 <0.0005 0.0008

Uranium <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 0.015
Zinc 0.009 <0.001 0.009 0.014 <0.004 <0.01 0.03

Benzene <0.0005 0.001 <0.0005 <0.0005 <0.0005 <0.0005 0.37

Toluene 0.0008 0.01 0.0012 0.0051 0.0402 0.0008 0.002

Ethylbenzene <0.0005 <0.0005 <0.0005 <0.0005 <0.0005 <0.0005 ng

Xylenes <0.0005 0.0008 <0.0005 0.0008 <0.0005 <0.0005 ng
Styrene <0.0005 <0.0005 <0.0005 <0.001 <0.0005 na 72

8) na-not analysed

ROUTINE

DISSOLVED METALS

ORGANICS

TABLE 3 (cont.)

SUMMMARY OF GROUNDWATER ANALYTICAL RESULTS

CONOCO EXPLORATION LEASE 470 (EL 470)

MARCH 2013 TO FEBRUARY 2016

Parameter Guideline PALWW05-A

5) Guideline values with (ST) and (LT) are for short term (ST) and long term (LT) exposure periods.

6) ng indicates no PAL guideline for that parameter

7) Italicize and underline  indicates the reported detection limit exceeds the PAL Guidelines.

NOTES:  

1) All concentrations expressed in parts per million (ppm) equivalent to milligrams per litre (mg/L) except pH, EC and ionic balance.

2)  pH in logarithmic pH units, electrical conductivity (EC) in micro-Siemens per centimeter uS/cm and ionic balance as a percentage.

3) Bold indicates parameter exceeds CCME Protection of Aquatic Life (PAL) Guidelines.

4) Copper, Lead and Nickel have hardness derived values that need to be calculated to provide a guideline value. Calculated guideline values are in green with the constituent concentration above the guideline value in bold.
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3.2 SUMMARY OF ANALYTICAL RESULTS 

Analytical results obtained prior to the development of the wells had a greater range of 

variability than samples collected after development. This variability is more evident for pre and 

post development result comparisons for each well than well to well comparisons. Post 

development samples seem to be indicative of a more stable sample medium as evidenced by 

the narrower range of variation of the constituent values between sample events. The relative 

stability of pH, TDS, conductivity and ionic balances in samples collected since development 

support the opinion of greater stability and representativeness of the sampled medium. Piper 

plots (Piper 1944) of the major cations and anions for each of the three wells (WW02-A, WW04-

A and WW05-A) that could be sampled periodically are provided in Appendix D. Each of the 

wells had pre and post development samples that could be plotted on the Piper diagram. The 

Piper plots for wells WW02-A, WW04-A and WW05-A provide a distinct illustration of the 

difference in pre and post development chemistry comparisons for individual wells and well to 

well comparisons. A Piper plot for WW02-B is also included for the single sample event results 

for this well. 

The March 2013 pre-development results for WW02-A and WW02-B had very similar plots. The 

similarity in the plots could be interpreted to infer that the samples were collected from the same 

aquifer source waters. The comparable chemistry of the two wells from a single event should 

not be considered as the sole basis in concluding the wells are completed in a groundwater 

source having a common origin.  Several factors should be considered with regard to 

determining the common origin of the groundwater including: 

1) Results are from a single event in wells not fully developed; 

2) Both wells were drilled using mud rotary methods which could result in masking 

potential, ambient chemistry differences in groundwater samples retrieved from wells not 

fully developed. 

3) The wells are in close proximity (within 12 m) at roughly the same ground elevation  (286 

masl) but groundwater elevations differ by almost 6 meters (depth to water in WW02-A is 

6 meters shallower than depth to water in WW02-B); 

4) There is a 100 meter interval between the bottom of the well screen of WW02-B (96 

mbsg) and the top of the well screen in WW02-A (196 mbsg); and, 

5) Using points 3 and 4 would result in an upward vertical gradient of 0.06m/m. 
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An intriguing aspect of the commonality of the analytical chemistry between WW02-A and 

WW02-B is the apparent upward vertical gradient from WW02-A to WW02-B (0.06m/m). 

Coupling the upward vertical gradient with similarity of chemistry from March 2013 indicates a 

reasonable possibility that WW02-A and WW02-B are completed in the same aquifer. 

Analytical results obtained from WW04-A have been consistently distinct from results obtained 

from the other wells. Specifically, the samples analysed from WW04-A have had elevated 

(greater than 1000 ppm) chloride and sodium concentrations that, at a minimum, are an order of 

magnitude greater than chloride and sodium values detected in the other wells. The elevated 

chloride values are assumed to be naturally occurring. This assumption is based on the fact that 

WW04-A primarily was drilled using air rotary techniques thus precluding the possibility that the 

chlorides could have been introduced while drilling with additives (salinity based weighing 

agents) common to mud rotary methods. Also all of the wells were completed using 

conventional cementing methods. The cement mixtures for the wells had consistent 

composition. Therefore, the possibility that the chlorides detected in WW04-A could be related 

to a cement accelerator such as calcium chloride does not seem reasonable as the chloride 

concentrations detected in WW04-A would have been detected in the other wells.  

Development efforts on well WW04-A produced a relatively low volume of water (9.5 m3). This 

relatively low development volume is probably the result of the inflow into the well being through 

perforations and not well screen and the well perforations being in a low production interval of 

the formation.  Purging prior to sampling events also resulted in low discharge volumes. 

Typically purge volumes have been 100 liters or less. These low volumes are further indication 

of the low productivity of the perforated interval. 

The detected chloride and sodium levels are naturally occurring, therefore the perforated 

interval of WW04-A (399 to 408 mbsg) is in the approximate depth coinciding with the transition 

zone from potable to saline water. 

The ionic chemistry of samples analysed from well WW05-A consistently have been indicative 

of a potable water source. Analytical results from this well are not in alignment with chemistry 

from the other wells. This non alignment is specifically relevant in comparing the chemistry of 

WW05-A with the results of WW02-A. The groundwater elevations of these two wells are 

approximately equal which could be interpreted as the wells being completed in the same 

aquifer. The comparison of chemistry of the two wells, however, is not strongly indicative of the 

wells being completed in a common aquifer.  
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Based on the Piper plots, water collected from the wells could be classed as the following types: 

WW02-A Sodium Bicarbonate Type 

WW02-B Sodium Sulfate Type 

WW04-A Sodium Chloride Type 

WW05-A Bicarbonate Type 

With the exception of well WW02-B, each of the wells has had at least one sample event above 

the PAL. Well WW04-A has had increasing concentrations of toluene above the PAL. The 

detected concentrations of toluene are related to the adhesive compound on the electrical tape 

used to secure the electrical cable, support cable and discharge line together at periodic 

intervals as the submersible pump was lowered down the well. Binding these lines together is 

necessary to lower the pump and assembly down the well to reduce the likelihood of the cables 

obstructing the well. Some of the electrical tape used to bind the cables to the discharge line 

was in contact with groundwater thus resulting in detectable levels of toluene.  

Well WW02-B provided a toluene concentration below the method detection limit. This sample 

was collected before the pump and associated lines were placed in WW02-B. The toluene result 

obtained from WW02-B supports the conclusion that toluene detections in the other wells are 

related to the use of electrical tape.. After the installation of the pump and lines in well WW02-B, 

the well froze due to permafrost and subsequent attempts to rehabilitate this well for sampling 

with the pump were not successful. As a result, a pump produced sample from well WW02-B 

was never collected.  

Conversely samples from WW04-A had toluene concentrations consistently greater than the 

PAL that increased over time. The trend of increasing concentrations above the PAL could 

possibly be related to the fact that WW04-A had the greatest length of discharge pipe, electrical 

wire and support cable of the four wells which would result in this well having the greatest 

number of electrical tape secure points. The greater number of secure points would increase 

tape adhesive exposure to groundwater relative to the other wells. Well WW04-A is also the 

lowest producing well. The combination of greater number of electrical tape secure points and 

low volume of production would concentrate the effect of electrical tape adhesive residuals 

leaching from the tape. Two other considerations that could influence the toluene levels 

detected in samples from WW04-A could be the more corrosive character of the water from this 
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well and the restricted withdrawal of water from the well prior to sampling. The more corrosive 

character of the water from well WW04-A is substantiated by the chloride and sodium 

concentrations consistently detected in this well. These concentrations resulted in the water 

being classed as sodium-chloride type water. The more corrosive character of this water has 

decreased the volume of water removed from well WW04-A prior to sampling due to limited 

treatment/disposal options for this water. This low volume of purge water removal may not 

sufficiently purge the well to provide a sample that would contain a toluene concentration 

representative of ambient conditions.  

Toluene concentrations detected in well WW04-A are likely anthropogenic due to the following 

conditions: 1) greater number of electrical tape secure points; 2) low production (low hydraulic 

conductivity) from the water bearing unit accessed by WW04-A; 3) greater corrosivity of the 

water; and, 4) low volume of purge water removed from well prior to sampling.  

Wells WW02-A and WW05-A were sampled six times before abandonment. Well WW02-A had 

one toluene exceedance marginally above the PAL detected in the sample collected in 

September 2014.  

Well WW05-A had three toluene exceedances above the PAL detected in samples collected in 

June 2013, June 2014 and September 2014. 

Wells WW02-A and WW05-A did not have toluene exceedances above PAL detected in the 

February 2016 samples.  

The wells (WW04-A and WW05-A) with the more frequent detection of toluene above PAL were 

completed wholly or partially in bedrock types (shale and siltstone) known to have naturally 

occurring levels of hydrocarbons. Although the presence of the toluene can be attributed the 

electrical tape, potential natural contributions from bedrock cannot be ignored. 

Metals constituents above the PAL detected in the wells since development generally can be 

linked to natural concentrations present in shale, siltstone and or coal. Each of the wells 

(WW02-B, WW04-A and WW05-A) with metals concentrations above PAL had all or part of the 

screened/perforated section of the well in a shale/siltstone. Well WW02-A did not have metals 

exceeding PAL. The well screen in WW02-A was installed in sandstone which does not have 

the naturally occurring concentrations of metals detected in the other wells. 
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4.0 DISCUSSION/CONCLUSIONS 

The baseline groundwater program in EL 470 yielded some useful information. Drilled depths of 

the four wells ranged from 97 m (WW02-B) to 472 m (WW04-A). 

Stratigraphic profiles generated from the four wells were compared to the Loon Creek O-06 and 

Mirror Lake N-20 stratigraphic profiles (Figures 6 and 7). The Loon Creek O-06 exploration well 

was drilled approximately 500 m northwest of WW04-A, whereas the Mirror Lake N-20 

exploration well was drilled approximately 1000 m southeast of WW02-A and WW02-B. A 

comparison of stratigraphic profiles is illustrated in the cross section on Figure 8. It is evident 

that more of the Little Bear Formation is preserved in the southern portion of EL 470 which 

coincides with an increase in structural depth of the syncline. The increase in the presence of 

the Little Bear Formation was apparent in the stratigraphic profiles generated for WW02-A, 

WW02-B and Mirror Lake N-20. 

 

The Little Bear Formation is more difficult to distinguish from Quaternary deposits (glacial 

sediments) in the northern portion of the EL 470 block. Limited biostratigraphy completed on the 

shallow sequence of Loon Creek O-06 could not differentiate between the Little Bear and Slater 

River Formations. Coupling the Loon Creek and Mirror Lake stratigraphic profiles with the four 

groundwater monitoring well profiles provides clear evidence that the lateral continuity of 

formations (specifically the Little Bear) across the EL 470 block is not distinct. 

  

The range of drilled groundwater monitoring well depths resulted in the identification of two and 

possibly three distinct groundwater units. One of the distinct units was the Little Bear Aquifer 

encountered in WW02-A and probably WW02-B. The productivity noted during the development 

and subsequent pre-sampling purging of WW02-A is indicative of productivity anticipated from 

the Little Bear Aquifer. The well screen in WW02-A was installed in sandstone of the Little Bear 

Formation between 196 to 202 mbsg. The well screen in WW02-B was installed in an 

interlayered siltstone/sandstone of the Little Bear Formation between 87 to 96 mbsg. The 

productivity difference noted between WW02-A and WW02-B is probably partially due to the 

homogeneity of the material type in which the well screen for WW02-A was installed and the 

heterogeneity of material in which the well screen for WW02-B was installed. Well WW02-B was 

completed in close proximity (within 12 m) to WW02-A. The groundwater elevation for WW02-A 

has been consistently near 253 masl, whereas the groundwater elevation for WW02-B has been 

consistently near 247 masl. The calculated upward vertical gradient between these two wells 
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was 0.06 m/m. Due to the influence of permafrost on the well screen of WW02-B, the only time 

this well was sampled was in March 2013. This sample was collected before WW02-B was 

developed sufficiently.    A comparison of the analytical results obtained from wells WW02-A 

and WW02-B indicates that the water quality of these wells is similar. The similarity of the 

chemistry and the upward vertical gradient are two factors that point to the wells being 

completed in a common source. With the productivity differences between wells WW02-A and 

WW02-B, well WW02-A seems to be completed in the Little Bear Aquifer and well WW02-B in a 

water bearing interval of the Little Bear Formation not necessarily in the Little Bear Aquifer.    

The groundwater elevation measured in WW05-A corresponded closely to the elevation of 

WW02-A. Similar to well WW02-B, well WW05-A was completed in a water bearing, interlayered 

siltstone and sandstone of the Little Bear Formation with observed productivity an order of 

magnitude less than WW02-A. Chemistry of groundwater samples from WW05-A was distinct 

from WW02-A and WW02-B which could be inferred that well WW05-A was completed in a 

water bearing unit not laterally continuous with either wells WW02-A or WW02-B. 

The characteristics documented for well WW04-A are unique relative to the other three wells. 

Chemistry of groundwater from WW04-A was slightly saline. The well was completed in the 

Slater River Formation in a low production water bearing unit. Based on the analytical chemistry 

obtained from this well, potable water in the area of EL 470 was shallower than 400 m. Whether 

the occurrence of potable water was associated with the presence of the Little Bear Formation 

or in the upper portions of the Slater River Formation is not known. 

Using the limited number of data points in EL 470, the inferred direction of groundwater flow in 

the Little Bear Formation appeared to be from northwest to southeast. This inferred flow 

direction would be more definitive with a greater number groundwater wells completed in 

common water bearing units.  

The depth of influence of the permafrost ranged between 33 to 70 m.  The maximum depth of 

influence was greater than what was accounted for prior to the initiation of the baseline 

groundwater work. 

Although the number of monitoring points was less than the maximum estimated, results of the 

program identified the depth and productivity of a few water bearing units. In the instance of well 

WW02-A, a productive aquifer of potential benefit has been identified. 
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The limited number of monitoring locations did not provide sufficient areal coverage to 

definitively project the depth and lateral extent of water bearing units or the Little Bear Aquifer.   
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