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1 Introduction 
MGM Energy Corp. (MGM) has retained the consulting services of Kavik-Stantec Inc. (Kavik-Stantec) to 
conduct annual monitoring of the Kumak I-25/Unipkat M-45 Sump for 2013. This Annual Sump Monitoring 
Report by Kavik-Stantec details the seventh year of the required fifteen-year monitoring program as per 
Part H: Conditions Applying to Abandonment and Restoration of the Northwest Territories Board Licence 
N7L1-1815 NWT (Water Board, 2006b) for the Taktuk, Langley and Farewell Drilling Program. Kavik-
Stantec started monitoring the sump in 2008 following the setup and initiation of the monitoring program 
by Newpark Environmental Services (Newpark) in 2007. 

1.1 Background 
Chevron Canada Limited (Chevron), operating on behalf of the Mackenzie Delta Joint Venture (MDJV), 
drilled two exploratory wells during winter 2006/2007 on the Mackenzie Delta in the Northwest Territories 
(NWT). The drilling mud program utilized a potassium chloride (KCl) based mud system with no 
hydrocarbon additives used during the drilling of the wells. Drilling wastes generated from these 
exploratory wells were disposed of in a sump on high ground in an area northwest of Inuvik, NWT 
(7668200N/504000E) which was capped during frozen conditions in early spring 2007. The sump is 
approximately 35 m wide and 65 m long with about 2 m of freeboard between the original ground 
elevation and the top of the drilling fluids. See Figure 1-1 for the location of the sump on the Mackenzie 
Delta. MDJV partner MGM, subsequently took over management of the sump from Chevron, effective 
2008. 

1.2 Scope 
A sump monitoring program was setup for the Kumak I-25/Unipkat M-45 sump by Chevron in summer, 
2007 and follows the guidelines described in the 2006 publication: Protocol for the Monitoring of Drilling-
waste Disposal Sumps, Inuvialuit Settlement Region, Northwest Territories, October 2005 (NWT Water 
Board, 2006a) as indicated in Part H: Conditions Applying to Abandonment and Restoration of Water 
License No. N7L1-1815. The sump monitoring program for 2013 included the following: 

 visual assessment of the sump cap and surrounding areas during late summer/early fall 
conditions; 

 temperature logging at three thermister locations (two thermisters located within the sump where 
the drilling fluid is stored and one at a control location not anticipated to be affected by the sump); 

 completion of electromagnetic (EM) surveys (EM38 and EM31) during late summer conditions; 
 collecting active-layer depths on the sump cap, along the perimeter of the sump cap and in an 

undisturbed region for control purposes; 
 determining the requirement to conduct, and execute, soil and/or surface water sampling to 

characterize and confirm EM38 and EM31 survey results as well as any evidence of ponding on 
or areas adjacent the sump cap; 

 conducting an elevation survey at point locations to interpolate the topographical contours of the 
sump cap and areas directly adjacent the sump cap; 

 conducting a geotechnical soil investigation on the east side of the sump cap where ponding has 
been occurring adjacent the sump cap  since the initial reclamation of the sump cap in 2007; and, 

 monitoring any other anomalies or concerns observed during previous monitoring at the Kumak I-
25/Unipkat M-45 Sump. 
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The site visits by Kavik-Stantec representatives during 2013 occurred on September 10 and 13, 2013 and 
included a surveyor to collect survey data and a terrain specialist to collect geotechnical soil samples and 
to conduct all other required monitoring. WorleyParsons Canada (WorleyParsons) completed EM31 and 
EM38 surveys during a supplemental site visit which occurred on September 14, 2013. 

This report herein documents the results of the 2013 site visits and data monitoring activities as well as 
providing discussions, conclusions and any additional recommendations. Included in this report 
(Appendix A) is the Protocol for the Monitoring of Drilling-waste Disposal Sumps (the Protocol) required 
information as outlined in the Appendix of the Protocol. 
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2 Methods 
The methods for monitoring the Kumak I-25/Unipkat M-45 sump were developed using: 

 The Project Description for the Chevron Canada Limited Taktuk, Langley and Farewell Drilling 
Program Winter 2006 to 2008. Submitted to the Inuvialuit Environmental Impact Screening 
Committee (Kavik-AXYS, 2006); 

 Water License No. N7L1-1815 (NWT Water Board, 2006b); 

 Water License No. N7L1-1815 Amendment (NWT Water Board, 2007); and, 

 The Protocol for the Monitoring of Drilling Waste Disposal Sumps, Inuvialuit Settlement Region, 
Northwest Territories (NWT Water Board, 2006a). 

The following section outlines the methodology followed throughout each component of the monitoring 
program, including visual assessment, active-layer depth measurements, ground temperature monitoring, 
electromagnetic surveys, water sampling and the geotechnical assessment. 

2.1 Visual Assessment 
Visual assessments were undertaken by the Kavik-Stantec representative during the late summer visit on 
September 10 and 13, 2013. The purpose of the visual assessments was to document conditions of the 
general physical structure of the sump, including: 

 settlement or subsidence; 

 damage to existing monitoring facilities (thermisters and/or dataloggers); 

 presence or absence of ponding; 

 erosion, stress or tension cracks; and, 

 overall vegetation establishment. 

Visual assessments were completed from the air and on the ground. For photographs of the sump and 
surrounding area during 2013, see Photos 9, 10 and 26 to 32 in Appendix B. The remaining photos are a 
photographic log of the changing conditions specific to the ponded area adjacent the east side of the 
sump cap between 2007 and 2012  

2.2 Active-Layer Depths 
One of the parameters measured is the thickness of the active-layer of areas both on and surrounding the 
sump cap. Active-layer depths were obtained during the September 13, 2013 site assessment. 
Methodology and locations of measurement points were as per the Protocol. Active-layer depths were 
monitored at a control area, on the top of the sump cap and around the perimeter of the sump cap. The 
following active-layer measurements were obtained: 

 Control – 8 active-layer measurements were collected along a 35 m transect (in 5 m intervals) in 
an northwest-southeast orientation, paralleling the sump on the south side; 

 Sump Cap –  5 active-layer measurements were collected on the top of the sump cap; 

 Sump Perimeter – 8 active-layer measurements were collected on the undisturbed area 
surrounding the sump cap within 2 m of the interface between the sump cap and the surrounding 
undisturbed area; and, 
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 Geotechnical Investigation – 9 active-layer depths were measured where the geotechnical soil 
samples were collected on the east side of the sump cap. 

The location and depths of the active-layer measurements can be found in Figure 2-1. Tabulated results 
are located in Tables 3-1 and 3-3.  

2.3 Ground Temperature Monitoring 
On April 13, 2007, three boreholes were drilled in and surrounding the Kumak I-25/Unipkat M-45 sump 
(two in the sump and one at a control location east of the sump). One thermistor string was installed into 
each hole to a depth of 12 m, with sensors at eight prescribed zones: 0.25, 0.5, 0.75, 1.5, 3, 6, 9, and 12 
meters below grade (mbg), as required under NWT Water Licence No. N7L1-1815. During a site visit 
conducted by Newpark Environmental Services on August 20, 2007, it was noted that the sump cap had 
settled between approximately 0.5 and 1.0 m since the installations occurred. Table 2-1 shows the initial 
and the revised depths of the thermistor sensors for each thermistor string (Newpark 2007). Temperature 
graphs in Appendix C (Figures C-1, C-2 and C-3) reflect the revised depths of the thermistor sensors.  

Control data were collected from the Control Thermistor (1039252) east of the sump with the Primary 
Thermistor (1113678) and the Secondary Thermistor (1120860) located within the sump (see Figure 2-1 
for thermistor locations). The Primary Thermistor is located within the portion of the sump where the 
majority of the drilling fluids were deposited. The Secondary Thermistor was located within the drilling 
fluids near the centre of the sump (Newpark 2007). The dataloggers attached to the thermistor strings 
recorded temperatures three times daily (every 8 hours) from each sensor, and also recorded the ambient 
temperature. Temperature readings were averaged for each month and graphed as per direction received 
from the NWT Water Board (see Appendix C).  

Two thermistor sensors on the Secondary Thermistor string (0.75 and 5.25 mbg) had been damaged 
which has resulted in default readings of -888.888 oC at various times since monitoring began in 2007. 
These anomalous readings have been removed from the summary table and subsequently excluded from 
the graphs. All raw temperature data from each thermistor can be found in Appendix D.   

Table 2-1 Initial and Revised Depths of Thermistor Sensors 

Thermistor Sensor 
Original Installed 

Thermistor Depths 
(mbg) 

Adjusted Approximate Current Logging Depths 
(mbg) 

Control 
Thermistor  
(1039252) 

Secondary 
Thermistor  
(1120860) 

Primary 
Thermistor  
(1113678) 

TH1 Ambient Ambient Ambient Ambient 
TH2 0.25 - - - 
TH3 0.5 0.0 - - 
TH4 0.75 0.25 0.0 - 
TH5 1.5 1.00 0.75 0.5 
TH6 3 2.5 2.25 2.0 
TH7 6 5.5 5.25 5.0 
TH8 9 8.5 8.25 8.0 
TH9 12 11.5 11.25 11.0 

Note: 
(-) Sensor recording above-ground temperatures 
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2.4  Electromagnetic Surveys 
WorleyParsons completed EM surveys on September 14, 2013 to delineate areas of elevated terrain 
conductivity on and surrounding the sump cap using electromagnetic (EM38 and EM31) terrain 
conductivity methods. Terrain conductivity was measured approximately every metre using the EM38 
terrain conductivity instrument in the vertical dipole mode, along lateral transects spaced between about 5 
to 10 m apart. The EM38 soil spacing has a depth range of approximately 1.5 metres below grade (mbg) 
with the peak response at a depth of about 0.4 mbg. The EM31 soil spacing has a depth range of 
approximately 6.0 metres below grade with the peak response at a depth of about 1.5 mbg. A detailed 
explanation of the EM methodology can be found in Appendix E (WorleyParsons, 2013).  

These instruments were used to identify the lateral extents of ion-rich subsurface zones, which might 
reflect ion migration from the sump to the surrounding areas, and help identify the requirement for 
additional soil and/or water sampling. For a comparison of EM surveys between 2007 and 2013, see 
Appendix F. 

2.5 Water Sampling 
During the 2013 assessment, three water samples were collected and analyzed to investigate the water 
salinities in an area where some subsidence and surface water was identified adjacent the sump cap on 
the south side (WS01) as well as from adjacent to the east perimeter of the sump cap where ponding has 
been observed since the sump was reclaimed (WS02 and WS03). See Figure 2-1 for the location of the 
samples collected.  

The samples were obtained at arm’s length (about 0.5 m) from the edge of the water, stored in laboratory-
issued 500 ml plastic containers and submitted to MAXXAM Analytics Laboratory (MAXXAM) for routine 
salinity analysis. For tabulated water salinity results, see Table 3-2. For the certified laboratory results 
from MAXXAM, see Appendix G. The guidelines used to compare the results from the water sampling 
programs are the CCME (1999, updated 2007) Water Quality Guidelines for the Protection of Aquatic 
Life. 

2.6 Geotechnical Investigation 
Investigations into the ponding adjacent to the east side of the Kumak I-25/Unipkat M-45 sump cap 
included material characterization, determination of active-layer depths, and geotechnical index testing 
such as: moisture contents; grain-size analyses; and Atterberg plastic and liquid limits. The geotechnical 
investigation was part of the overall survey conducted on September 13, 2013. Data collection included 
excavating 9 hand auger holes at the area of concern to evaluate the thawed subsurface soils and 
identify any thawed/soft layers at depth that could explain either ongoing settlement and/or slope stability 
issues. The holes were advanced to refusal in suspected frozen ground (permafrost) with samples 
obtained from each soil layer encountered. Soil samples were stored in moisture tight containers and 
returned to Stantec;s Edmonton, AB laboratory for further testing and classification. Soil classification was 
based on procedures described in ASTM D2487 Standard Practice for Classification of Soils for 
Engineering Purposes (Unified Soil Classification System) and ASTM D 2488 (Standard Practice for 
Description and Identification of Soils, Visual-Manual Procedure). For laboratory analyses results of the 
soil samples collected and analyzed for the geotechnical investigation, see Table 3-3.  

Samples of the pooled water adjacent the east side sump cap were collected and sent to the laboratory 
for salinity analysis as part of the water sampling program outlined in Section 2.5. A detailed geodetic 
survey to delineate elevation contours of the Kumak I-25/Unipkat M-45 sump was also included as part of 
the scope for the geotechnical investigation which is presented in Figure 2-1. 
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3 Results 

3.1 Visual Assessment 
After the capping of the sump was completed in 2007, some settling on the east side was observed at the 
northern half of the sump which resulted in some ponding adjacent to the sump cap. The settlement area 
was remediated between August 21 and 24, 2009 by incorporating the addition of approximately 30 
tonnes of clean material, hauled to the sump by helicopter and spread across the settled area. The 
remediated area was seeded immediately after by raking in a northern seed mix which has since become 
well established across the surface of the sump cap as observed in 2013. There did not appear to be any 
additional obvious subsidence or settling along the remediated area adjacent the eastern side of the 
sump cap in 2013 or since the remediation program in 2009; however, water has continued to persist 
since the remediation program of 2009 was completed.  

There continues to be some minor (<10%) isolated ponding, as defined by the Protocol within 50 m from 
the sump cap. The ponding is primarily isolated to the remediated area adjacent the east side of the sump 
cap. The ponding starts approximately midway along the east perimeter of the sump and becomes more 
accentuated and deeper just before reaching the northeast corner of the sump. Directly within the ponded 
area, the water retention has limited vegetation establishment. Appendix B includes a photo log of the 
changes to the sump surface, at the eastern side of the sump cap (Photos 1 to 28; Appendix B).  

Visual assessments during 2013 revealed no evidence of wind or water erosion on the surface of the 
sump cap. Vegetation is well established across the sump cap and should provide adequate stabilization 
for any potential future erosion concerns. Vegetation is both extensive across the sump cap and healthy, 
with a few isolated bare patches limited primarily to areas which seem to experience moderate levels of 
frost heave and are limited to about 1-2 m2 in size. Provided current conditions remain, there should be 
enough donor seed sources that any remaining bare patches across the sump cap not directly influenced 
by surface water retention will continue to re-vegetate. 

There has been no obvious evidence of slumping, settlement or collapse of the sump cap since the initial 
settlement was observed in 2007 by Newpark. Stress and tension cracks were observed on the surface of 
the sump in addition to some areas of frost heaving. Both the cracks in the sump cap and the frost 
heaving have been observed during previous site visits in past monitoring years, with the frost heaving 
generally appearing to be reduced from the 2010 and 2011 peak levels but equivalent to 2012.  

There is some subsidence and associated tension cracks occurring just outside the southern perimeter of 
the sump cap (see Photos 30 to 32). The subsidence has some associated ponding and appears to 
extend south of the sump which may be part of a larger natural subsidence feature located an 
undisturbed area. This subsidence and tension cracks were initially noted in 2012 with a new tension 
crack present in 2013 along the eastern portion of the subsided area. The area is approximately the same 
width and length as 2012 (3 x 10 m) but appeared slightly deeper. The subsided area was filled with water 
which was sampled for salinity testing as part of the water sampling program (see Section 3.5).  
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3.2 Active-Layer Depths 
The control active-layer depths were measured to be between 37 and 80 cm and averaged about 53 cm 
in 2012 (an increase of 1 cm from 2012). Active-layer depths on the sump cap in 2013 ranged between 
88 and 108 cm and averaged about 96 cm (an increase of 3 cm from the average of 93 in 2012). Active-
layer depths around the perimeter of the sump cap ranged between 47 and 88 cm and averaged 64 cm 
(an increase of 12 cm from 2012).  

The average active-layer depth increased around the perimeter of the sump was 11 cm deeper than at 
the control location in 2013 compared to the differences observed in 2012. Of note, is that measured 
active-layer depth represents the depth of the active-layer at that specific time measured and may not 
necessarily indicate the maximum active-layer depth which may be obtained during the year. 

Table 3-1 Active-layer Depth Measurements 

ID 
Thaw 
Depth 
(cm) 

ID 
Thaw 
Depth 
(cm) 

ID 
Thaw 
Depth 
(cm) 

Sump Perimeter Sump Cap Control 
N1 68 North Top 108 C1 37 
N2 65 East Top 98 C2 62 
N3 48 South Top 88 C3 40 
E1 88 West Top 92 C4 45 
S1 60 Centre Top 94 C5 43 
S2 55   C6 80 
S3 47   C7 68 
W1 78   C8 48 

Average: 64 Average: 96 Average: 53 

3.3 Ground Temperature Monitoring  
The Secondary Thermistor encountered some damage resulting in some periods of unusable data at the 
0.75 and the 5.25 mbg sensors between 2009 and 2012. In May 2012, the 5.25 mbg sensor appears to 
have malfunctioned again and stopped recording temperatures.  

Generally the Secondary and Primary Thermistors have similar temperature profiles throughout the 
various depths with a very minor gradual upward trend within the lower permafrost (>3.0 mbg) when 
compared to the Control Thermistor. However, the sump thermistors generally started recording lower 
temperatures than the Control Thermistor (3 to 4oC lower) in the deeper permafrost when the thermistors 
were installed in 2007. In 2013 they appear to be logging similar temperatures in the lower permafrost 
which may be an indication the temperatures in the lower permafrost have stabilized in the sump to 
background conditions.  

Temperatures within the sump were noted to be encroaching upon 0oC at about the 2.0 mbg sensors 
which is above where the drilling fluid is contained.  Thermistors continuing to register temperatures 
below 0°C at depths where drilling waste is contained (assumed to be about >3.0 mbg from the top of the 
sump cap).   
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3.4 Electromagnetic Surveys 
The 2013 EM38 and the EM31 surveys in Appendix E indicate that there appears to be a limited amount 
of lateral migration of elevated apparent conductivity from the initial footprint of the sump cap.  The EM31 
survey suggests that the all sump contents continue to remain in place and are not actively migrating from 
the sump. The EM38 survey (0 to 1.5 mbg) survey shows that there is noticeably higher apparent 
conductivity within the sump than the surrounding undisturbed area. There also appears to be a small 
migration pattern in a southeast orientation from the perimeter of the sump where water has continually 
pooled adjacent the eastern side sump cap and is likely draining off during melting and precipitation 
events. Two water samples (WS02 and WS03) were collected in 2013 to monitor the salinity levels in the 
ponded water and assess potential effects of the off-site migration upon the surrounding vegetation.  

3.5 Water Sampling 
The water sample collected at the ponded water where the subsidence was located south of the sump 
cap (WS01) had a low EC value (80 μS/cm) which is assumed to correspond to background conditions 
(see Table 3-2 for results). A background sample for the site was not collected as there was no other 
surface water available within the vicinity of the sump to collect a sample from. The pH value was lower 
than the CCME guideline; however, due to the organic horizons, the value maybe indicative to 
background conditions. 

The electrical conductivity (EC) values of the samples collected in the ponded water adjacent the east 
side of the sump cap (WS02 and WS03) were 2800 and 2700 μS/cm respectively and appear to be 
directly affected by high amounts of sulphate and to a lesser degree, calcium and magnesium. During the 
geotechnical investigation conducted in 2006 by Meridian Environmental Inc. (2006) to determine the 
suitability of the sump location, subsoil samples with similar sulphate, calcium and magnesium 
concentrations and ratios were collected at depths greater than 2.0 mbg at all borehole locations. The 
subsoil at these depths would have been utilized as backfill and sump cap material when the sump was 
closed and reclaimed. In contrast, elevated potassium and chloride levels were identified as the primary 
reason for the elevated EC values in the drilling fluid when the sump was closed in early spring 2007 
(Newpark, 2007). As a result, these elevated EC values do not appear to be from the drilling fluids but 
rather from within the soil used as backfill for the sump cap and are likely naturally occurring from within 
the parent material. 
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Table 3-2 Water Sampling Salinity Results 

Calculated Parameters Units Guidelinesa KUMAK 
W01 

KUMAK 
W02 

KUMAK 
W03 

Sodium Adsorption Ratio N/A - 0.31 0.53 0.43 
Total dissolved solids (calc., EC) mg/L - 48 2100 2000 
Conductivity uS/cm - 80 2800 2700 
pH N/A 6.5 - 9 6.28 7.87 7.82 
Dissolved Sulphate (SO4) mg/L - <1.0 1900b 1600b 
Dissolved Chloride (Cl) mg/L 120c 5.3 3.1 1.1 
Dissolved Calcium (Ca) mg/L - 6.9 360 370 
Dissolved Magnesium (Mg) mg/L - 3.9 230 190 
Dissolved Potassium (K) mg/L - 1.6 10 5.4 
Dissolved Sodium (Na) mg/L - 4.1 53 40 
Notes: 
a CCME. 1999. Canadian Environmental Quality Guidelines. Canadian Council of Ministers of the Environment. Winnipeg, 

MB. For the Protection of Aquatic Life (Highlighted cells exceed criteria). 
b Detection limits raised due to dilution to bring analyte within the calibrated  
c Long Term Concentration (μg/L)  
(-) denotes ‘no guideline’. 
N/A – Not Applicable    
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3.6 Geotechnical Investigation 
The soil texture in the ponded area adjacent the east side of the sump cap consists of sandy lean clay 
and has active-layer depths exceeding 115 cm at the toe-of slope on the edge where the water has 
ponded. Moisture contents range between 29.4% and 38.3% which are generally consistent throughout 
the slope and are comparable to background (control) conditions. Moisture contents were also within their 
plastic and liquid limits.    

The area adjacent to the sump cap which had ponded was approximately 70 m2 based on the survey 
calculations. The depth of the water is estimated to average about 10 to 20 cm deep (depending on the 
climatic conditions); therefore, the overall ponded area is estimated to require about 7 to 14 m3 of fill to 
achieve a positive grade and limit potential future ponding near  that section of the sump.  

Based upon the survey contours in Figure 1, the thickness of the sump cap above the approximate 
original undisturbed elevation is estimated to be up to about 1 m.  MGM records indicate that there was 
about 2 m of freeboard between the top of the sump and the undisturbed ground surrounding the sump 
cap which would suggest that there is between about 2 m (at the edges of the sump cap) and 3 m (at the 
centre of the sump cap) of fill between sump contents and the top of the sump cap.  

Based on the geotechnical and survey data collected during the site visit, the slopes on the sump cap at 
the eastern perimeter are less than 5:1 and should remain stable to limit the downward migration of the 
sump cap due to soil creep. 

Table 3-3 Moisture Contents and Active-Layer Depths 

Sample 
Description Sample Location Texture 

Average 
Plastic Limit 
(% Moisture) 

Average 
Liquid Limit  
(% Moisture)  

Active-
Layer Depth 

(cm) 
Moisture 

(%) 

Kumak-2013-S01 Undisturbed - - - 120 38.3  

Kumak-2013-S02 Toe of slope - - - 130 29.4  

Kumak-2013-S03 Mid-slope  - - - 110 31.9  

Kumak-2013-S04 Undisturbed Sandy lean clay 20 41 115 29.9  

Kumak-2013-S05 Toe of slope Sandy lean clay 21 41 115 35.6  

Kumak-2013-S06 Mid-slope  Sandy lean clay 21 40 112 30.4  

Kumak-2013-S07 Undisturbed - - - 130 29.7  

Kumak-2013-S08 Toe of slope - - - 122 34.5  

Kumak-2013-S09 Mid-slope  - - - 106 31.4  

Kumak-2013-S10 Control - - - 42 29.5  

Notes: 
(-) denotes no value    
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4 Discussion 
Vegetation cover across the sump cap is very well established. The seeding program which occurred 
after completion of the 2009 remediation program and the supplemental seeding program in 2011 appear 
to have resulted in good vegetation cover across the entire sump. Most of the established grass is mature 
with growth up to about 1.5 m and producing seeds which should cover any residual small isolated bare 
areas in the near future and provide thermal protection of the active-layer of the sump cap.  Vegetation 
establishment north of the sump cap where some of the subsoil from the sump was temporarily stored, 
also appears to be occurring with native species from the existing seed bank within the soil, and is 
anticipated to continue trending towards pre-disturbance conditions. 

Results of the EM38 and EM31 surveys suggest that there may be some limited active-layer or surface 
migration of apparent conductivities from the sump cap into the surrounding areas at the east side of the 
sump. The laboratory analysis of the ponded water adjacent the east side of the sump cap suggests that 
no elevated concentrations of potassium and chloride were observed as would be expected from a KCl 
drilling mud; therefore, the drilling mud is not anticipated to be the original source. The elevated levels of 
sulphate, magnesium, or calcium also do not appear to be negatively impacting the re-establishment of 
vegetation in this area and/or the vegetation off-site. 

There appears to be a slight warming trend of the deeper permafrost (>3.0 mbg) since monitoring began 
at the Primary and Secondary Thermistor locations. However, in 2007 when these thermisters were 
installed, they were recording temperatures that were about 3 to 4oC cooler than at the Control 
Thermister. Although the temperatures in the Primary and Secondary Thermister locations have become 
slightly warmer in the deeper permafrost within the sump, they have logged temperatures that are similar 
(within 1oC) to the Control Thermister over the last monitoring period (September 2012 to September 
2013) and are still below 0oC. The thermister sensors logging about 2.0 mbg within the sump appear to 
be encroaching within the thawing point (0oC) during thawing cycles which should continue to be 
monitored.  

A warming trend can also be observed at the active-layer bottom on the east perimeter where the ponded 
water was observed at the remediated area. Such a warming trend is absent in other perimeter active-
layer measurements around the sump cap.  The active-layer depth within the area of ponding (115 cm to 
130 cm) is almost double the average active-layer depth around the remainder of the perimeter (64 cm). 
This may be from the thermal impacts directly associated with the ponded water.  

Frost heaving and tension cracks have been observed at various locations across the surface of the sump 
cap, primarily at the north end. The frost heaving may be indicative of the formation of ice lenses. Tension 
cracks may result in ice wedge formation on the surface of the sump cap and should be considered for 
ongoing monitoring in subsequent years to determine their significance.  

The subsidence noted south of the sump cap appears to be part of a larger drainage feature in the vicinity 
of the sump. The water sample collected within the observed subsidence area had a very low EC and 
together with the EM surveys since 2007, suggests that there has been no migration from either within the 
sump or sump cap into that region. The subsidence observed during the assessment may be an isolated 
natural occurrence of melting subsurface ice or a result of the saturated wet conditions experienced in 
recent years.   
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The geotechnical observations indicated that the sump cap appeared to be between about 2 to 3 m thick 
and that the slopes of the sump cap are relatively stable. However, if the sump cap is 2 m thick at the 
eastern perimeter of the sump where the ponding was observed and the active-layer in that area is up to 
1.3 m thick, there may only be 0.7 m of permafrost between the drilling fluid and the bottom of the active-
layer. Although there is currently no evidence that the sump is leaking or that drilling mud contents have 
entered the ponded area, the water ponding adjacent to the sump cap should be reduced if possible, 
thereby limiting the thermal impacts. Should material be required from the sump cap to fill in the ponded 
area on the east side, some limited material at the thickest points on the surface of the sump cap could 
potentially be utilized for fill.  
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5 Conclusions 
Based on the data collected since monitoring began, the sump appears to have generally stabilized 
compared to background conditions and has sufficient vegetation establishment to effectively eliminate 
any potential erosion concerns. Only at the location of the ponded water adjacent the east side of the 
sump cap does vegetation growth appear to be impeded. Since salinity values identified within the 
ponded water (sulphates, calcium and magnesium) do not seem to have had an effect on vegetation 
growth in the surrounding areas and is likely naturally occurring from within the backfill material used to fill 
and cap the sump, any impeded vegetation establishment appears to be directly associated the surface 
water ponding and not the elevated ECs.  

Monitoring data appear to demonstrate that the thermal regime within the sump generally reflects 
seasonal temperatures. Although the depth of the active-layer is greater on the sump cap than the 
surrounding area, it is likely a function of the substrate, water retention capacity and moisture content, 
insulating vegetation cover and the elevated topography of the sump cap. Of specific note is that 
thermistor readings at approximately 2.0 mbg in the sump indicate average values that are approaching 
thaw temperatures during warming cycles which could potentially become problematic should this trend 
continue to rise. The slightly warming trend observed at the deeper permafrost within the sump are now 
logging at temperatures within 1oC of the Control Thermister (background conditions) after initially logging 
temperatures 3 to 4oC below background conditions. This appears to support the sump being stabilized to 
background conditions within the lower permafrost where the drilling fluid is contained. 

The sump currently does not appear to have a negative effect on the surrounding environment. Potential 
effects from the eastward migration of ions from the ponded area adjacent to the east side of the sump 
cap should continue to be monitored, although direct effects to vegetation were not noted. Consideration 
for draining and filling in the ponded low area adjacent the east side of the sump cap is recommended to 
limit the effects surface water may have on the active-layer and on the sump’s overall integrity. The 
active-layer depth on the sump cap’s perimeter should continue to be monitored at the ponded area for 

annual fluctuations. 
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6 Recommendations 
Any recommendations for the Kumak I-25/Unipkat M-45 Sump during 2013 provided by Kavik-Stantec are 
in addition those requirements outlined in:  

 Chevron Canada Limited Taktuk, Langley and Farewell Drilling Program Winter 2006 to 2008 
Project Description submitted to the Inuvialuit Environmental Impact Screening Committee 
(Kavik-Stantec, 2006); 

 Water License No. N7L1-1815 (NWT Water Board, 2006b); 

 Water License No. N7L1-1815 Amendment (NWT Water Board, 2007); and, 

 The Protocol for the Management of Drilling Waste Disposal Sumps, Inuvialuit Settlement Region 
NWT (NWT Water Board, 2006a). 

Detailed recommendations for future activities at the Kumak I-25/Unipkat M-45 sump are as follows (see 
Table 6-1 for a summary of the results and their associated recommendations): 

1. Consideration should be given to installing a permanent small drainage channel or conduit at the 
northeast corner of the sump cap during non-frozen conditions in 2014 to allow the ponded water 
to drain naturally down gradient; 

2. Should the ponding along the eastern perimeter of the sump cap persist after the installation of a 
drainage channel, infilling to achieve positive grade is recommended to further improve drainage 
and reduce the potential for ponding and the associated thermal effects on the active-layer. The 
material on the sump cap could be adequate to use as a fill material provided that the location is 
chosen carefully from the surface of the sump and the material is minimal (i.e., < 14 m3). However, 
minimal disturbance would be preferred with some additional granular material considered to be 
imported as fill material. Any fill added to the area should be sloped to allow drainage off-site. An 
additional thin organic horizon (peat) to act as a rooting medium and an erosion control blanket to 
limit erosion and assist with vegetation establishment should be considered at any areas with new 
fill. This work would have to be conducted carefully to limit the potential for overall disturbance; 

3. Should the areas with frost heave and/or tension cracks on the sump cap appear to increase in 
size, data should be collected documenting their locations, measuring the dimensions and 
generating a photographic log to determine if they are recurring small-scale events associated with 
minor water infiltration, freeze-thaw cycles and bare soil or whether they are aggrading and a 
result of processes such as ice lens and ice wedge formation, that could have more serious 
negative effects for the sump integrity; and, 

4. Visual monitoring of the subsidence area located south of the sump cap should be continued to 
determine if the subsidence area is expanding or continuing to encroaching on the sump. 
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Table 6-1 Summary of Recommendations 

Methods Results Discussion Recommendations 
Visual 
Observations 

Vegetation is well established across the surface of 
the sump cap. 

Most of the established grass is mature and producing seeds which 
should cover any residual small isolated bare areas. 

No recommendations 

Vegetation surrounding the sump cap is well 
established and limited to one single location. 

Only at one location adjacent to the east side of the sump cap does 
vegetation establishment appear to be impeded and is associated with 
surface water ponding. 

See Geotechnical 
Investigation in this table 

No evidence of subsidence on the sump cap There has been no obvious evidence of slumping, subsidence, 
settlement or collapse of the sump cap since the initial settlement was 
observed in 2007 by Newpark 

No recommendations 

Some tension cracks and subsidence were observed 
south of the sump cap in undisturbed vegetation. 

The subsidence has some associated ponding and appears to extend 
south of the sump which may be part of a larger natural subsidence 
feature located in the undisturbed areas.  

Continuing visual 
monitoring as per the 
Protocol 

Isolated ponding (<10%), as defined by the Protocol, 
within 50 m from the sump cap. 

The ponding is primarily isolated to the remediated area adjacent the 
east side of the sump cap.  

See Geotechnical 
Investigation in this table 

Frost heaving and tension cracks have been 
observed at various locations across the surface of 
the sump cap since 2008. 

The frost heaving may be indicative of ice lens formation, and the 
tension cracks from freeze-thaw action which may result in ice wedge 
formation on the surface of the sump cap. 

Visual monitoring 

There was no evidence of erosion on the sump cap or 
surrounding area. 

Due to the abundant vegetation establishment, no erosion is anticipated 
across the surface of the sump cap.  

No recommendations 

Active-Layer 
Depths 
Monitoring 

The following are the active-layer depths changes 
between 2012 and 2013 (average 2013 depths in 
parentheses): 
 Control -  +1 cm (53 cm) 
 Sump cap - + 3 cm (96 cm) 
 Perimeter - + 12 cm (64 cm) 

Active-layer depths around the perimeter increased an average of 12 
cm compared to 1 cm at the control location and are likely a function of 
the substrate, water retention capacity, moisture content, insulating 
vegetation cover and the elevated topography of the sump cap. 

Continue monitoring as 
per the Protocol and the 
Water License 
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Table 6-1 Summary of Recommendations 

Methods Results Discussion Recommendations 
Ground 
Temperature 
Monitoring 

All thermistors appear to be logging similar 
temperatures in the lower permafrost after a warming 
trend between 2007 and 2013. 
Temperatures within the sump were noted to be 
encroaching upon 0oC at about the 2.0 mbg sensors.  

The slightly warming trend observed at the deeper permafrost (> 3.0 
mbg) within the sump are now logging at temperatures within 1oC of the 
Control Thermistor (background conditions) after initially logging 
temperatures 3 to 4oC below background conditions (Control 
Thermistor).  
Thermistor readings at approximately 2.0 mbg in the sump indicate 
average values that approaching thaw temperatures during warming 
cycles which could potentially become problematic should this trend 
continue. 

Continue monitoring as 
per the Protocol and the 
Water License 

EM Surveys The EM31 and EM38 surveys suggests that all sump 
contents continue to remain in place with a small 
migration indicated by elevated apparent conductivity 
to the east of the sump, likely sourced from where the 
ponded water occurs.  

Results of the EM38 and EM31 surveys suggest that there may be 
some limited active-layer or surface migration of salts indicated by 
elevated apparent conductivities along a trajectory from the sump cap 
into the surrounding area at the east side of the sump.   

Continue monitoring as 
per the Protocol and the 
Water License 

Water 
Sampling 

At the following locations water samples were 
collected: 
A. Subsidence area south of the sump cap (W01) 
which had an EC of 80 μS/cm and a pH value lower 
than the CCME guideline. 
B. From a ponded water area adjacent to the east 
side of the sump cap (WS02 and WS03) which had 
ECs of 2800 and 2700 μS/cm respectively which is 
primarily caused by sulphate, calcium and 
magnesium.  

The water sample collected within the observed subsidence area had a 
very low EC which together with the results from EM surveys since 
2007, suggests that there has been no substantial migration of salts 
from either the sump or sump cap towards the perimeter into that 
region.   
The elevated EC values in the samples collected at the ponded water 
adjacent to the east side of the sump cap do not appear to be from the 
drilling fluids but rather naturally from within the soil used as backfill for 
the sump cap. 

Continue monitoring as 
per the Protocol and the 
Water License 
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Table 6-1 Summary of Recommendations 

Methods Results Discussion Recommendations 
Geotechnical 
Investigation 

The following are the results of the geotechnical 
investigation at the ponded area adjacent the east 
side of the sump: 
 Soil texture was a sandy lean clay 
 Active-layer depths exceeded 115 cm at the toe-

of slope  
 Moisture contents ranged between 29.4% and 

38.3% 
 Moisture contents were within their plastic and 

liquid limits 
 Thickness of the sump cap is estimated up to 1 m 

above the original ground elevation and about 3 
m from the drilling fluids at the centre of the sump 
cap and 2 m at the perimeter 

 Slopes on the sump cap at the eastern perimeter 
are about 5:1 and should remain stable  

 The active-layer depths (106 to 130 cm) are 
almost double the average active-layer depths 
around the remainder of the perimeter of the 
sump 64 cm 

The geotechnical observations along the eastern perimeter of the sump 
cap indicated that the sump cap may be between about 2 to 3 m thick, 
has slopes that are relatively stable and at least 0.7 m of frozen material 
between the drilling fluid and the bottom of the active-layer.  
The water ponding adjacent to the sump cap may be having an effect 
on the active-layer depths and should be reduced where possible.  
Should material be required from the sump cap to fill in the ponded area 
on the east side, some material at the thickest points on the surface of 
the sump cap could potentially be utilized as fill material (i.e., between 7 
and 14 m3 of material). 

Consideration should be 
given to installing a small 
drainage channel or 
conduit at the northeast 
corner of the sump cap to 
allow the ponded water to 
drain down gradient to the 
surrounding vegetation.  
The ponded area along 
the eastern perimeter of 
the sump cap could be 
filled to achieve positive 
grade and drainage 
should channelizing the 
surface water be 
unsuccessful in reducing 
the amount of ponded 
water. 
The active-layer depth on 
the sump cap’s perimeter 
should continue to be 
monitored at the ponded 
area for annual 
fluctuations. 
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7 Closure 
This report documents work that was performed in accordance with The Protocol for the Monitoring of 
Drilling Waste Disposal Sumps, Inuvialuit Settlement Region, Northwest Territories (NWT Water Board, 
2006a), Water License No. N7L1-1815 (NWT Water Board, 2006b), Water License No. N7L1-1815 
Amendment (NWT Water Board, 2007) and the general accepted professional standards at the time and 
location in which the services were provided. No other representations, warranties or guarantees are 
made concerning the accuracy or completeness of the data or conclusions contained within this report, 
including no assurance that this work has uncovered all potential liabilities associated with the identified 
property. All information received from the client or third parties in the preparation of this report has been 
assumed by Kavik-Stantec to be correct. Kavik-Stantec assumes no responsibility for any deficiency or 
inaccuracy in information received from others. 

The opinions in this report can only be relied upon as they relate to the condition of the sump and sump 
cap at the time the assessment was conducted. The conclusions are based on the site conditions 
encountered by Kavik-Stantec at the time the assessment was performed at the specific testing and/or 
sampling locations while conditions may vary among sampling locations. In addition, analysis has been 
carried out for only a limited number of parameters, and it should not be inferred that other parameters 
are not present or elevated in the area. Due to the nature of the assessment and data collection 
requirements, Kavik-Stantec does not warrant against any other undiscovered environmental concerns.  

The recommendations outlined in this report are suggested to improve the environmental state of the 
Kumak I-25/Unipkat M-45 sump. Due to the location of this sump in an area subjected to freeze-thaw 
action in continuous permafrost, Kavik-Stantec cannot guarantee that should these recommendations be 
implemented that the Kumak I-25/Unipkat M-45 sump   will remain stable or that the sump contents will 
remain in place.   

This report was prepared by Mr. Chris Revak, B.Sc. and reviewed by Mr. Fons Schellekens, Ph.D., of 
Kavik-Stantec. Should you have any questions regarding the information detailed within, please do not 
hesitate to contact the undersigned.  

Sincerely, 

  

Chris Revak, B.Sc. 
Environmental Planner 
Phone: (705) 750-8873 
chris.revak@stantec.com 

Fons Schellekens  
Regulatory Specialist 
Phone: (780) 917-1832 
fons.schellekens@stantec.com 
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Inuvialuit  Settlement Region
Northwest Territories
October  2005
© 2006 Northwest Territories Water Board
P.O. Box 1326
4916-47 Street
2nd Floor, Goga Cho Building
Yellowknife, NT X1A 2N9
Tel:        (867) 765-0106
Fax:       (867) 765-0114
E-mail: info@nwtwb.com

A P P E N D I X
Well number and operator 
National Energy Board ID 
Water Licence #
Lat/UTM
Long./UTM

1. Purpose of well drilled at the lease

3. Project team

1. Bar chart showing time line of all major activities 
(detail those with respect to the drilling mud sump, 
i.e.. Excavation date, discharges to sump, closure of 
sump)

2. Method of preparing the lease
3. Reclamation methods

1. Method and depth of drilling
2. Problems encountered during operations
3. Unusual/unexpected events that may have short 
or long-term environmental impacts
4. Indicate timing and volume of materials 
discharged to the sump

11

1. Date of excavation
3. Date of closure
4. Sump dimensions
5. Maximum, minimum and mean daily 
temperatures and precipitation (Attach data sheet)

6. Problems encountered and mitigation applied

7. Description of drilling mud as per Water License 
requirements (Attach data sheet)
8. Minimum verticle distance (m) from wastes to 
native ground at sump perimeter
9. Describe the timing and method of backfill
10. Other reclamation activities

35 x 65 m
not reported during drilling operations

none reported
none reported

1280m3 (I-25), not reported for M-45

ii)  Sump Details - Sump construction and contents

no information available
no information available

C. Drilling operations

Name Responsibilities Contact Information
Unknown as both wells were drilled by Chevron in 2006/07

B. Site development
not provided as information is not available

-134.899418/504000E
2. SITE HISTORY AND LOCAL ENVIRONMENTAL CONDITIONS
i)  Site Background
A. Project background

Exploration well
2. Site survey plan. Location of sump, drill rig, 
equipment storage area, extent of ice pad, location 
of spoil pile, wellhead and access road. (Attach 
map)

PROTOCOL FOR THE MONITORING OF DRILLING WASTE DISPOSAL SUMPS

1. SITE IDENTIFICATION AND LOCATION
Kumak I-25/Unipkat M-45 MGM Energy Corp.
WID 2045 and 2044
N7L1-1815
69.124071/7668200N
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PROTOCOL FOR THE MONITORING OF DRILLING WASTE DISPOSAL SUMPS

1. Note the presence of groundwater
2. Primary aquifers or artesian pressures
3. If groundwater is encountered - obtain samples 
for baseline groundwater chemistry
2. Primary aquifers or artesian pressures

12

10

11

12

2013 Aerial view of sump cap from the southeast 
(September 10, 2013)
2008 ponding on adjacent the east side of the sump cap 
from the north prior to the August 21-24, 2009 
remediation program (August 19, 2008)
2008 ponding on adjacent the east side of the sump cap 
from the east prior to the August 21-24, 2009 remediation 
program (August 19, 2008)

i) Infrastructure and sump morphology
A. Photographs (attach folder with photographs)

Photo # Description (include reference to site  map)

3. If groundwater is encountered - obtain samples for baseline groundwater 

3. SITE CONDITIONS AFTER CLOSURE

1. Describe each major soil unit in upper 5 to 10 m, include excess ice content 
and thaw
2. Photographs (attach folder with digital photographs)

C. Groundwater (may not be applicable in areas of continuous permafrost)

5. Indicate annual frequency and average duration of flooding
6. Natural vegetation cover

B. Soils and ground-ice conditions

2. Slope gradient and topographic setting
3. Proximity to nearest water body in meters (indicate type: lake, river, stream, 
sea)
4. Note the presents of ephemeral drainage ponds

iii) Environmental Setting
A. Surface conditions
1.Terrain type (alluvial, upland, coastal)

2009 Aerial view of sump cap from the north prior to the 
August 21-24, 2009 remediation program 
(August 18, 2009)

8 2008 ponding adjacenton the east side of the sump cap 
from the top of the northwest corner of the sump cap 
prior to the August 21-24, 2009 remediation program 
(August 19, 2008)

9 2013 Aerial view of sump cap from the south (September 
10, 2013)

2011 Aerial view of sump cap from the north (August 23, 
2011)

1

4

5

6

7

2007 Aerial view of sump cap from the south prior to the 
August 21-24, 2009 remediation program (September 4, 
2007)

2010 Aerial view of sump cap from the north (August 24, 
2010)

2 2008 Aerial view of sump cap from the north prior to the 
August 21-24, 2009 remediation program (August 19, 
2008)

3

2012 Aerial view of sump cap from the north (September 
6, 2012)
2013 Aerial view of sump cap from the north (September 
10, 2013)
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PROTOCOL FOR THE MONITORING OF DRILLING WASTE DISPOSAL SUMPS

5. Nature of 
vegetation (% 
cover;
shrubs/grasses;
canopy height)

6. Indicate 
state of soil in 
areas 
immediately 
adjacent to 
sump

7. Ponding on 
lease
(none, minor, 
moderate, 
significant)

8. Percentage of sump 
cap that has collapsed
(if applicable)

organics

Sandy lean clay None obvious in 2013
1. 5 m with some 

B. Sump characteristics
1. Dimension of 
sump (m) (length & 
width)

2008 ponding on the east side of the sump cap from the 
top of the northwest corner of the sump cap (August 19, 
2008)

14 2009 ponding adjacenton the east side of the sump cap 
from the east prior to the August 21-24, 2009 remediation 
program (August 17, 2009)

13

15 2009 ponding on adjacent the east side of the sump cap 
from the south prior to the August 21-24, 2009 
remediation program (August 17, 2009)

2. Height of cap 
above grade 
(m)

3. Nature of cap 
material

4. Note slumping or 
settlement of cap 
material

About 65 x 35 m About 1 to 

31 Ponded water and recently subsided area south of the 
sump cap (September 10, 2013)

32 Close-up of tension crack south of the sump cap 
(September 10, 2013)

20

21

22

23

24

2009 ponding on adjacent the east side of the sump cap 
from the south prior to the August 21-24, 2009 
remediation program (August 17, 2009)
2010 ponding on adjacent the east side of the sump cap 
from the south (August 25, 2010)
2010 ponding on adjacent the east side of the sump cap 
from the northeast (August 25, 2010)

16

17

18

19 2010 ponding adjacent the east side of the sump from the 
northeast corner of the sump cap from top of slope 
(August 25, 2010)
2010 ponding on adjacent the east side of the sump cap 
from the south (August 25, 2010)
2011 ponding on adjacent the east side of the sump cap 
from the east (August 23, 2011)
2011 ponding on adjacent the east side of the sump cap 
from the east (August 23, 2011)
2012 ponding adjacenton the east side of the sump cap 
from the north (Sept 8, 2012)
2012 ponding on adjacent the east side of the sump cap 
from the east (Sept 8, 2012)

25

26

27

28

29

30

2012 ponded water onadjacent the east side of the sump 
cap from the south (Sept 8, 2012)
2013 ponded water on adjacent the east side of the sump 
cap from the northeast corner 
2013 ponded water on adjacent the east side of the sump 
cap from the south (September 10, 2013)
2013 ponded water on adjacent the east side of the sump 
cap from the south (September 10, 2013)
2013 aerial view of the northeast corner of the sump cap 
from the northeast ((September 10, 2013)
Ponded water, subsided area and tension crack south of 
the sump cap (September 10, 2013)
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PROTOCOL FOR THE MONITORING OF DRILLING WASTE DISPOSAL SUMPS

*Note: See Figure 2-1 in the Kumak I-25/Unipkat M-45 2012 Annual Sump Monitoring Report for Locations
13

Wtop Etop

N1 N2 N3

W1 E1

S3 S2 S1

Temp. Temp. Temp. Temp.
See the following data sheets in the file: 0.25 3 9 12

"Primary Thermister" Data Sheet
"Secondary Thermister" Data Sheet
"Control Thermister" Data Sheet
See "Tables" for Averaged Monthly Data
See "Graphs" for Corresponding Graphs

Sump
Ntop
Ctop
Stop

Date
Date

Date
Date

1.5 6

Date
Thermistor depth (m) 0.5 0.75

Date

ii) Thermal monitoring(Attach separate excel spreadsheet with temperature data)
Temp. Temp. Temp. Temp.

48
6. S2 88
7. S3 60
8. W1 55

1. N1 47
2. N2 78
3. N3 68
4. E1 65
5. S1

88
4. West top 92
5. Centre top 94

D. Sump perimeter

8. C8 48
C. Sump cap

1. North top 108
2. East top 98
3. South top

45
5. C5 43
6. C6 80
7. C7 68

ID Thaw depth (cm)
1. C1-0m 37
2. C2-5m 62
3. C3- 10m 40
4. C4

4. ACTIVE-LAYER AND GROUND TEMPERATURE MONITORING
i) Active-layer depths
A. Survey date:

B. Control
13-Sep-13

ii) Surface water

Pond 1
Pond 2
Pond 3
Pond 4

1. Electrical conductivity/salinity
(pond) (dS/m)

Water chemistry
(Attach excel data sheet)

WS01 - 0.08 See "Water Chemistry (2013)" Data 
SheetWS02 - 2.8

WS03 - 2.7

Arctagrostis 
latifolia

(Attach excel sheet 
if necessary)

Species include:
Deschampsia 
Caespitosa

About 90% overall 
cover (no plot data 
was collected in 
2013)

No impact 
noted with 
some 
subsidence 
noted directly 
south of the 
sump camp

None on sump 
cap with minor 
surrounding 
sump at the east 
side of the sump 
cap and south of 
the sump cap

None noted in 2013

Carex sp.
Carex aquatiis

Page 4 of 5 November 2013



PROTOCOL FOR THE MONITORING OF DRILLING WASTE DISPOSAL SUMPS

14

Depth of sample
Surface (0-15 cm)
Middle of active layer (15-30 cm)
Base of active-layer (30-40 cm)

Depth of sample
Surface (0-15 cm)
Middle of active layer
Base of active-layer (15-35 cm)

Depth of sample
Surface (0-25 cm)
Middle of active layer
Base of active-layer (25-51 cm)

See the Kumak I-25/Unipkat M-45 2012 Annual Sump Monitoring Report for intepretation of environmental data

* Denotes sample collect from 2007 at first monitoring visit (Newpark, 2007)

Electrical Conductivity

Electrical Conductivity

Electrical Conductivity

ii) Soils
* Control  soil "Active-Layer Control" [See "Soil Chemistry (2007)" Data Sheet; Newpark, 2007] 

5. ELECTROMAGNETIC SURVEY AND SOIL SAMPLING
i) Surveys (Please include  map of survey results  and indicate  locations where active-layer and water samples were obtained)

Water soluble materials in soils (salinity package) See Figure 2-1 in the Kumak I-25/Unipkat M-45 2013 
Annual Sump Monitoring Report for locations of 
samples

Date
Date

Electrical Conductivity

* Disturbed area "Active-Layer South" [See "Soil Chemistry (2007)" Data Sheet; Newpark, 2007] 

If hydrocarbon contamination is suspected, samples should be collected and analyzed appropriately

Parameter

6. INTERPRETATION OF ENVIRONMENTAL DATA

0.09Electrical Conductivity

Parameter
Electrical Conductivity dS/m

dS/mElectrical Conductivity

Results
0.24
0.1

Units (Saturated Paste)

Results (EC) Units (Saturated Paste)
2.53 dS/m

-

Units (Saturated Paste)

-

-

* Disturbed area "Active-Layer North" [See "Soil Chemistry (2007)" Data Sheet; Newpark, 2007] 
Parameter

3.12 dS/m

2.82 dS/m

Results (EC)

- -
3.28 dS/m

-

dS/m
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Photo 1: 2007 Aerial view of sump cap from the south prior to the August 21-24, 2009 remediation program 
(September 4, 2007) 
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Photo 2: 2008 Aerial view of sump cap from the north prior to the August 21-24, 2009 remediation program 
(August 19, 2008) 
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Photo 3: 2009 Aerial view of sump cap from the north prior to the August 21-24, 2009 remediation program  
(August 18, 2009) 
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Photo 4: 2010 Aerial view of sump cap from the north (August 24, 2010) 
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Photo 5: 2011 Aerial view of sump cap from the north (August 23, 2011) 
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Photo 6: 2012 Aerial view of sump cap from the north (September 6, 2012) 
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Photo 7: 2013 Aerial view of sump cap from the north (September 10, 2013) 
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Photo 8: 2012 Aerial view of the sump cap directly from above (September 6, 2012) 
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Photo 9: 2013 Aerial view of sump cap from the south (September 10, 2013) 
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Photo 10: 2013 Aerial view of sump cap from the southeast (September 10, 2013) 
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Photo 11: 2008 ponding adjacent the east side of the sump cap from the north prior to the August 21-24, 2009 
remediation program (August 19, 2008) 
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Photo 12: 2008 ponding adjacent the east side of the sump cap from the east prior to the August 21-24, 2009 
remediation program (August 19, 2008) 
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Photo 13: 2008 ponding adjacent the east side of the sump cap from the top of the northwest corner of the sump 
cap prior to the August 21-24, 2009 remediation program (August 19, 2008) 
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Photo 14: 2009 ponding adjacent the east side of the sump cap from the east prior to the August 21-24, 2009 
remediation program (August 17, 2009) 



 Kumak I-25 / Unipkat M-45 
2013 Annual Sump Monitoring Report 

 Appendix B: Site Photographs 

  
 November 2013 

Project No. 122300068 

 

Photo 15: 2009 ponding adjacent the east side of the sump cap from the south prior to the August 21-24, 2009 
remediation program (August 17, 2009) 
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Photo 16: 2009 ponding adjacent the east side of the sump cap from the south prior to the August 21-24, 2009 
remediation program (August 17, 2009) 
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Photo 17: 2010 ponding adjacent the east side of the sump cap from the south (August 25, 2010) 
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Photo 18: 2010 ponding adjacent the east side of the sump cap from the northeast (August 25, 2010) 
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Photo 19: 2010 ponding adjacent the east side of the sump from top of slope (August 25, 2010) 



Kumak I-25 / Unipkat M-45  
2013 Annual Sump Monitoring Report   

Appendix B: Site Photographs   

November 2013 
Project No. 122300068   

 

Photo 20: 2010 ponding adjacent the east side of the sump cap from the south (August 25, 2010) 
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Photo 21: 2011 ponding adjacent the east side of the sump cap from the east (August 23, 2011) 



Kumak I-25 / Unipkat M-45  
2013 Annual Sump Monitoring Report   

Appendix B: Site Photographs   

November 2013 
Project No. 122300068   

 

Photo 22: 2011 ponding adjacent the east side of the sump cap from the east (August 23, 2011) 
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Photo 23: 2012 ponding adjacent the east side of the sump cap from the north (Sept 8, 2012) 
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Photo 24: 2012 ponding adjacent the east side of the sump cap from the east (Sept 8, 2012) 
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Photo 25: 2012 ponded adjacent the east side of the sump cap from the south (Sept 8, 2012) 




