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1 Introduction 
The Mallik L-38 lease area has been the site of three historical drilling programs (1972, Mallik 2L-38, and 
2002), during which a total of three conventional drilling sumps were constructed to dispose of drill 
cuttings and fluids. Imperial Oil Ltd. (IOL) drilled the original IOL Mallik L-38 discovery well during the 
winter of 1971-1972, and constructed a large drilling waste disposal sump (approximately 80 m x 95 m). 
In Mallik 2L-38, the Japan National Oil Corporation (JNOC) and the Geological Survey of Canada (GSC) 
collaborated to complete a gas hydrate research well program (Dallimore et al. 1999). With JAPEX 
Canada Ltd. (JAPEX) as the operator, JAPEX/JNOC/GSC drilled the Mallik 2L-38 well and constructed a 
drilling waste disposal sump (approximately 45 m x 50 m). In 2002, a seven-party participant group, again 
led again by JNOC and GSC with JAPEX as the operator (Dallimore and Collett 2005), drilled the 
JAPEX/JNOC/GSC et al. Mallik 3L-38, 4L-38 and 5L-38 wells. A sump with two excavated areas side by 
side (measuring approximately 30 m x 40 m, and 50 m x 55 m) was constructed to dispose of the drilling 
waste associated with the three wells. In the 2007-2008 Mallik program the 2L- and 3L-38 wells were re-
entered and the drilling waste was removed from site (sumpless program). 

The 2012 Annual Sump Monitoring Report by KAVIK-Stantec Inc. (KAVIK-Stantec) details the fifth year of 
a seven year monitoring program to monitor the stability of the Mallik 2L-38 and 3L/4L/5L/-38 drilling 
waste sumps. The monitoring program started in 2008 and is scheduled to conclude in 2014. The 
information in this report is required under Part H: Conditions Applying to Abandonment and Restoration 
of the Northwest Territories Board Licence No. N7L1-1817. 

The 2012 site visit was conducted on September 4th and 5th and included the following: 

 
• a visual assessment of the site with an emphasis on sump cap conditions 

• measurements of the active layer thickness within the sump areas, around their perimeters, as well as 
in an undisturbed area adjacent to the sumps 

• maintenance of the monitoring equipment on site  

• downloading of temperature data at five thermistor locations  

• electromagnetic (EM) surveys (EM 31 and 38) conducted by KiNiLau on both sumps and surrounding 
areas 

• soil sampling in areas showing high electromagnetic conductivities 

• surface water sampling of ponded water located on the sumps and in an undisturbed area (control) 
adjacent to the sumps 

In addition to the annual site visit, a new thermistor cable was installed at the center of the Mallik 2L-38 
Sump. Details concerning the installation of the new thermistor are included in Section 3.3. This report 
herein documents the results of this site visit and presents the data gathered from the monitoring 
activities.  
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2 Site Location 
The Mallik L-38 site is located on the west coast of Richards Island, in the outer region of the Mackenzie 
Delta and bordering the Beaufort Sea. The site is located within the Inuvialuit Settlement Region (ISR) of 
the Northwest Territories (Figure 2-1). The area consists of nearshore floodplains on the west coast of 
Mallik Bay. The site coordinates are approximately 69°27’38”N, 134°39’42”W. The Mallik lease area is 
located on Crown land within the IORL Significant Discovery License (SDL) 060. The locations of the 
sumps are shown on Figures 2-2 and 2-3. Note that the locations of the thermistors displayed on Figure 
2-2 are outdated. Refer to Figure 2-3 for current thermistor locations. 

Figure 2-1 Location of the Mallik L-38 site in the Northwest Territories  
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Figure 2-2 Oblique aerial view of the Mallik site  
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Figure 2-3 Sump Locations 
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3 Methods 
The methods for monitoring the Mallik sumps were developed using the following documents: 

• Water License No. N7L1-1817 (NWT Water Board, 2004) 

• Previous requests and requirements from the NWT Water Board (NWT Water Board, 2006) 

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

The following sections outline the methodology followed throughout each component of the monitoring 
program, including: visual assessment, active layer depth measurements, ground temperature monitoring, 
electromagnetic surveys, and soil and water sampling. 

3.1 Visual Assessment 
Visual assessment was completed by a KAVIK-Stantec representative during the September 2012 visit. 
The purpose of the visual assessment is to document the physical conditions of the sumps and their 
immediate surrounding areas. Some of the key elements that were observed included: 

• vegetation health and establishment on the sump caps or surrounding areas 

• settlement and/or subsidence 

• presence and/or absence of ponding water 

• erosion, stress and/or tension cracks 

• damage to existing monitoring facilities (thermistors and/or dataloggers) 

The visual assessment was performed from both the air and ground. Site photographs can be reviewed in 
Appendix A. 

3.2 Active-Layer Depth Measurements 
Using a specially designed probe, active-layer depths were measured during the September 2012 site 
assessment. The methodology and location of the measurement points were recorded as specified in the 
Protocol for the Monitoring of Drilling-Waste Disposal, Inuvialuit Settlement Region Northwest Territories 
(NWT Water Board 2006). Active-layer depths were collected at a control area, on the sump caps and at 
the perimeter of the sump caps. The number of active layer measurements was increased from the 
surveys in previous years based on feedback from multiple sources (including the NWT Water Board).  
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Table 3-1 Depth below ground surface of Thermistors 

Thermistor  
Depths (mbg) 

07GSC-011 07GSC-021 07GSC-031 07GSC-04 12GSC-052 

1 - 1.0 1.0 1.0 0.25 
2 0.35 1.5 1.5 1.5 0.50 
3 0.85 2.0 2.0 2.0 0.75 
4 1.35 2.5 2.5 2.5 1.5 
5 2.35 4.5 4.5 3.5 3 
6 4.35 6.5 6.5 5.5 6 
7 6.85 10.5 10.5 8.0 9 
8 4.28 5.65 5.65 10.5 12 

1 Cables are longer than the depth of the holes at these sites.  Therefore, the cables were looped back up the hole (i.e. the depth of the sensor #8 is 
above the sensor #6). 
2 New thermistor cable installed on September 20th, 2012 

3.4 Electromagnetic Surveys 
KiNiLau conducted EM surveys (EM31 and EM38) on September 4th, 2012 using Geonics EM31 and 
EM38 ground conductivity meters. These instruments are used to identify the lateral extents of ion-rich 
regions, which might indicate ion migration from the sump to the surrounding areas, and to help identify 
the requirement for additional soil sampling. The surveys measure apparent conductivity of the soil 
around the sump site to determine if salts in the drilling waste are migrating through the soil from the 
sump. The EM38 measures apparent conductivity at soil depths of 0.0 to 1.5 m (shallow), while the EM31 
unit measures apparent conductivity at soil depths of 0.0 to 5.0 m (deep). 

3.5 Water Sampling 
Surface water was sampled from both natural ponding (i.e. a control area away from the sumps) and in 
subsidence areas located within the sump perimeters. Sampling was completed following standard water 
sampling protocols. Samples were collected at the deepest area of the ponding water and stored in 
laboratory-issued 500 ml plastic jars. Samples were submitted to Maxxam Analytical (Maxxam) in 
Edmonton, AB for routine water analysis. The certified laboratory results are provided in Appendix C. See 
Figure 4-8 for the location of the water samples. The guidelines used to compare the results from the 
water sampling program are the Canadian Council of Ministers of the Environment (CCME) Water Quality 
Guidelines for Freshwater and Aquatic Life. 

Surface water samples were collected at eight locations during the 2012 field visit (Table 3-2 and Figure 
4-10). Four samples were collected within subsidence areas located inside the sump boundaries, three 
within natural depressions characterized by moderate to high apparent conductivities and one control 
sample was collected in an undisturbed pond located approximately 150 m away from the sumps. A 
summary of the water analysis results is presented in Tables 4-7 and 4-8. The complete laboratory 
reports are presented in Appendix D. 

Table 3-2 Water Sampling Locations 

Sample Number GPS Location  Comments on sample location 

MALLIK2012 WS01 513242 / 7705853 Water pooling in the depression located at the western edge 
of the Mallik 2L-38 Sump 
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MALLIK2012 WS02 513269 / 7705853 Water pooling in the depression located at the eastern edge of 
the Mallik 2L-38 Sump. 

MALLIK2012 WS03 513222 / 7705858 
Water pooling in a natural depression located half way 
between the Mallik 2L-38 Sump and the Mallik 3L/4L/5L-38 
Sump   

MALLIK2012 WS04 513210 / 7705821 Water pooling in a natural depression approximately 50 m 
south of the Mallik 3L/4L/5L-38 Sump.  

MALLIK2012 WS05 513182 / 7705848 Water pooling in the depression located at the southern edge 
of the Mallik 3L/4L/5L-38 Sump 

MALLIK2012 WS06 513177 / 7705923 Water pooling in a natural depression in contact with the 
northern portion of the Mallik 3L/4L/5L-38 Sump   

MALLIK2012 WS07 513153 / 7705818 Water pooling within the Mallik 2L-38 Camp Sump boundary 

MALLIK2012 WS08 513043 / 7705891 Control water sample taken in a pond approx. 150 m 
northwest of the 2002 camp sump 

 

 

3.6 Soil Sampling 
The purpose of the soil sampling is to investigate areas of apparent higher conductivity. Using results 
from the EM Surveys, one area of high conductivity outside the sump areas was observed without 
justifiable cause. In this area a soil sample was collected during the 2012 field program. Other areas of 
high conductivity outside of the sump areas included natural ponding and depressions, which are 
subjected to high concentrations of seawater, therefore samples were not collected from them.  

The soil sample was obtained using a clean shovel and a soil knife. The sample was collected at a depth 
of 20 cm below ground surface. Approximately 1 kg of soil was collected. The sample was retained for 
analysis in laboratory-issued zip-lock containers and submitted to Maxxam. See Appendix C for the 
certified laboratory results. See Figure 4-10 for the location of the soil sample. 
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4 Results 

4.1 Visual Assessment 
The annual site assessment was conducted on September 4 and 5, 2012. A second field visit was 
conducted on September 20 to install a new thermistor cable at the center of the Mallik 2L-38 Sump. 
Refer to Appendix A for site photographs. 

Site drainage 

An initial, striking observation was that the site appeared much wetter than during the August 2011 visit. 
The water level was high in most ponds, puddles were present and the soil surfaces ranged from 
imperfect to poorly drained. Clear evidence of a recent storm surge was noted during the September 20th 
field visit. The surge occurred sometime between the first and second field visit and was made evident by 
the pattern of ripple marks visible along areas characterized by bare ground (see Appendix A, Figure A-
10). The location of large wood debris was observed to be different between the two site visit dates also 
supports the fact that the Mallik site was inundated by seawater during the storm surge event. The 
observation of high water marks as well as several erosion scars along the upper portion of the IOL Sump 
indicates that most of the Mallik site was submerged by water during this latest storm surge.  

Vegetation and wildlife 

It is estimated that less than 10% of the total sump caps are currently covered by vegetation. The 
vegetation present in and around the sump caps was in slightly better condition than last year. The 
vegetation is predominantly composed of a variety of graminoid species, such as sedges and grasses, 
with a few sporadic low shrubs and mosses. 

Several signs of wildlife were noted on site, the most common were signs of bird droppings, as well as 
birds and reindeer tracks. The remains of a young reindeer calf, cause of death unknown, were found 
approximately 20 meters from the 07GSC-02 thermistor.   

Surface Subsidence 

As reported in the 2011 site assessment, several areas characterized by ground surface subsidence are 
present in the sump areas (see Figure 4-1).  

Signs of surface subsidence were noted along the inner perimeter of the Mallik 3L/4L/5L-38 Sump. The 
level of subsidence is estimated to have increase since the 2011 site visit. The largest subsidence area is 
located in the southwest corner and is approximately 5 m2. The bottom of the depression is approximately 
60 cm lower than the surrounding undisturbed soil surface. Shallower depressions, some characterized 
by small tension cracks, were present at the other corners of the sump. A total of five pools of water were 
noted on the sump, ranging in depth from a few centimeters to a maximum of approximately 40 cm. 

Tension cracks 

Extensive pattern of ice wedge polygons are present in the vicinity of the Mallik site. The polygons are 
variable in size, and range from a few square meters to over 40 m2. Numerous tension cracks can be 
observed at the soil surface. Some correspond to limits of ice-wedge polygon while others are associated 
with contraction of the surface soil. Most tension cracks are naturally occurring while a few, located along 
the edges and perimeters of the sumps, may be induced by surface subsidence. 

Ground surface subsidence is likely taking place along a series of ice-wedge polygons just north from the 
Mallik 2L-38 Sump (see Appendix A: Site Photographs). Long tension cracks have formed approximately 
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50 cm on each side of the center of the some ice-wedges and most probably indicate the lateral extent of 
the wedges. The subsidence range from a few centimeters to approximately 10 cm and is deeper towards 
the center of the ice wedges. 

Figure 4-1 Locations of subsidence areas as indicated by yellow arrows 
(Photo from September 5th, 2012).  

 

 
 

4.2 Active Layer Measurements 
Active layer depth measurements were taken on Sept. 4, 2012 (Figure 4-2). The control transect is not 
showed on the figure but is located at a similar location than last year, an undisturbed area located 
approximately 150 m southeast from the Mallik 2L-38 Sump. Table 4-1 provides a summary and 
comparison of the thawing depths. Note that there are differences in the annual survey dates.  
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Table 4-1 Summary of Active-Layer Measurements (September 4th, 2012) 
 

  Mallik 2L-38 Sump Mallik 3L/4L/5L-38 Sump Control 
Transect   Sump Cap Perimeter Sump Cap Perimeter 

Total Number of probing 25 18 22 20 20 

Minimum Thawing Depth (cm) 116 125 124 124 108 

Maximum  Thawing Depth (cm) 178 148 145 144 145 

Average Thawing Depth  (cm) 140 136 132 131 128 

08/20/2011 Average (cm) 121 114 133 117 113 

09/28/2010 Average (cm) 119 113 118 121 113 

 

 

 

Mallik 2L-38 Sump 

Active layer depths on the Mallik 2L-38 Sump ranged from 116 cm and 178 cm and averaged 140 cm. 
Active-layer depths around the perimeter of the sump cap ranged from 125 cm to 148 cm and averaged 
132 cm.  In comparison, the 2010 and 2011 average depths were of 119 and 121 cm for the sump cap 
and 113 and114 cm for the sump perimeter. 

Mallik 3L/4L/5L-38 Sump 

Active layer depths on the Mallik 3L/4L/5L-38 sump cap ranged from 124 cm and 145 cm, for an average 
of 132 cm. Active-layer depths around the perimeter of sump cap very similar and ranged from 124 cm to 
144 cm, for an of averaged 131 cm. The average active layer thickness at the surface of the sump cap is 
very similar to last year while the average thickness measured along the perimeter has increase by 14 
cm.  

Control transect 

The control transect was conducted at the exact same location than during the 2011 survey. The area 
consists of undisturbed soil located about 150 m east from the Mallik 3L/4L/5L-38 Sump. Active layer 
depths on the control transect range from 108 cm to 145 cm, for an average of 125 cm. This represents 
an increase of 15 cm when compared to the September 28th, 2010 and August 20th 2011 averages of 113 
cm. 
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Figure 4-2 Active-layer measurements on September 4th, 2012 (values in cm)  
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4.3 Air and Ground Temperature Monitoring 
The following section presents a summary of the air and ground temperature at the various sensors and 
thermistor cables present at the Mallik site. The locations of the thermistors are shown on Figure 3-1.  

The mean, maximum and minimum ground temperatures of each sensor are summarized in Tables 4-2 to 
4-6. Diagrams showing the annual variation of the ground temperature at each sensor depth are provided 
in Appendix B.  

4.3.1 Air Temperature 
Air temperature is recorded at an hourly frequency at the Mallik site since October 1st, 2010 (i.e. first full 
day of recording). The air temperature sensor is installed at approximately 1.5 meters above ground level. 
The sensor is mounted within a radiation shield to minimize the heating effects of solar radiation and 
direct exposure to rain and snow. The air temperature recorded over the last two years is presented in 
Table 4-2 and Figure 4-3.  

Table 4-2 Monthly Air Temperatures 
Air Temperature (°C)  
  2010/2011 2011/2012 
September - 4.1 
October -5.3 -3.9 
November -13.1 -20.4 
December -25.7 -22.7 
January -25.9 -27.6 
February -23.2 -23.1 
March -23.0 -30.0 
April -19.0 -14.5 
May -3.2 -4.3 
June 4.6 8.1 
July 12.1 15.3 
August 10.2 12.4 

 

The annual mean air temperature for 2011 was -9.1°C. A review of the monthly temperature averages 
indicates that the 2012 summer was warmer than the 2011 summer. Average monthly temperatures were 
approximately 2 to 3.5 degrees warmer in the summer months of 2012 than in 2011 (see Table 4-2). The 
warmest air temperature recorded over the 2010-2011 summer was 26.9°C (August 5, 2011), while the 
warmest air temperature recorded over the 2010-2011 summer was 29.5°C.  

The winter monthly averages are comparable, with only the March temperature average being 7 degrees 
colder in 2012. The coldest air temperature recorded over the 2010-2011 winter was -39.4°C (recorded 
on January 23rd, 2011) compared to -42.2°C for the 2011-2012 winter (recorded on January 26, 2012). 
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Figure 4-3 Mallik daily air temperature (October 2010 to September 2012) 
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4.3.2 Ground thermal monitoring 
 

Ground thermal monitoring has been conducted at Mallik since April 2007. The thermistor depths range 
from just below ground surface to a maximum depth of 12 m.  Figure 4-4 shows the ground surface 
conditions at each site. Data loggers are set up to record hourly temperature. 

Ground temperature data of each thermistor cable are presented below.  

Figure 4-4 Ground surface conditions at monitoring locations 
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4.3.2.1 Ground temperatures at thermistor 07GSC-01 
Thermistor 07GSC-01 is located in an undisturbed area approximately 200 m southwest of the Mallik 
sumps. The thermistor is located at the edge of a large pond which contained approximately 30 cm of 
water at the time of visit on September 5th, 2012.  The top thermistor (i.e. 0.35 m) is located at the 
interface between ground and water and therefore recorded highly variable temperatures. 

Figure 4-5 Ground temperature at Mallik 07GSC-1 (06/09/2011 to 05/09/2012) 
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4.3.2.2 Ground temperatures at thermistor 07GSC-02 
Thermistor 07GSC-02 is located in an undisturbed site with low sedge and grass cover. The surface 
thawing depth ranged between 1 m and 1.5 m.  

Figure 4-6 Ground temperature at Mallik 07GSC-2 (06/09/2011 to 05/09/2012) 
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4.3.2.3 Ground temperatures at thermistor 07GSC-03 
Thermistor 07GSC-03 is located within disturbed material and is installed at the center of the Mallik 
3L/4L5L-38 Sump. The active layer thickness ranged between 1 m and 1.5 m.  

Figure 4-7 Ground temperature at Mallik 07GSC-03 (06/09/2011 to 05/09/2012) 
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4.3.2.4 Ground temperatures at thermistor 07GSC-04 
Thermistor 07GSC-04 is located in an undisturbed site approximately 150 m west of Mallik 2L-38 Sump.  
Active layer depth ranged between 1 m and 1.5 m.  

Figure 4-8 Ground temperature at Mallik 07GSC-04 (06/09/2011 to 05/09/2012) 
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Temperatures recorded along thermistor strings 
Ground thermal monitoring data demonstrate that the thermal regime recorded at the site primarily 
fluctuates with seasonal temperature variations, regardless of whether the thermistor is located within the 
sump or outside the sump. The thermistor cable that recorded the coldest temperature profile for the 
2011-2012 period is thermistor 07GSC-03, located in the 3L/4L/5L-38 Sump.  

Temperature differences were observed when comparing the values recorded at similar depth between 
the different thermistors (see Figure 4.9). For example, the average temperature recorded at a depth of 
1.5 m is -3.9°C at 07GSC-02 compared to -7.3°C at 07GSC-03. These differences in temperature can be 
linked to several factors such as local site conditions, material texture and drainage, slope and exposure, 
presence or absence of vegetation, thickness of snow cover, etc. The fact that the coldest ground 
temperatures were recorded in the Mallik 3L/4L/5L-38 Sump is very positive as it confirms that permafrost 
conditions are well established in the sump and that the drilling waste are kept frozen. 

The analysis of the ground temperatures data recorded at all four thermistors shows that the annual mean 
temperatures were colder for the 2011-2012 period than for the 2010-2011 period. The difference in 
average temperature between the two years is more accentuated near the ground surface then 
attenuates at depths of 6 to 8 m below ground level. The fact that the air temperatures were somewhat 
similar during the two winter periods reinforce the idea that less snow was present at the Mallik site during 
the 2011/2012 winter, therefore allowing an increase frost penetration. Snow is a strong insulator and 
limits the heat exchange between the atmosphere and the ground (Stieglitz et al. 2003). Difference in 
snow cover is only one off many potential explanations for the variation of ground temperature observed 
on site.  

Figure 4-9 2011-2012 Annual mean temperature at Mallik (11/06/2011 to 
11/05/2012 
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4.4 Electromagnetic Surveys 
As expected, both the EM38 Survey (0 to 1.5 m) and the EM31 Survey (0 to 5 m)  have identified areas of 
high apparent conductivity values on the Mallik 2L-38 Sump and on the 3L/4L/5L-38 Sump. These 
elevated responses confirm the presence of saline drill cuttings within the sumps, after they have been 
corrected for salinity due to sea water infiltration.  

Similarly to the 2011 analysis, both the EM31 and EM38 surveys indicate that there is elevated apparent 
conductivity in an area immediately adjacent to the northeast corner of the Mallik 2L-38 Sump. The 
conductivity values are similar to that observed at the surface of the sump. It is unclear as to why the high 
conductivity distribution extends beyond the sump boundaries. Additional observation along this portion of 
the sump indicates that the ground surface could possibly have been disturbed and that drill muds and 
cuttings could be present at the ground surface. A soil sample was collected at this location and the 
results are presented in Section 4.5.2. 

High apparent conductivity was identified at an area located approximately 50 m from the southern edge 
of the 3L/4L/5L-38 Sump. The area consists of a small topographic depression approximately 30 m x 35 
m and about 60 cm deep. The depression was filled with water to a depth of approximately 30 cm; 
therefore no soil sample was taken. Knowing that the site is subject to annual storm surges reinforce the 
idea that the evaporation of sea water trapped in the ponds can increase the local sodium content and 
generate higher apparent conductivity. 

The EM surveys also indicated a moderate to high conductivity at the large pond located just north of the 
Mallik 3L/4L/5L-38 Sump. The high measurements are likely related to the evaporation of sea water from 
the annual storm surges and are not indicative of sump seepage. A water sample was collected in order 
to investigate the apparent high conductivity (Section 4.5.1). 

Detailed electromagnetic survey results are presented in Appendix C.  

4.5 Soil and Water Sampling 
Water samples were collected from the subsidence areas located on the 2002 camp and drilling sumps 
as well as from the Mallik 2L-38 Sump. The water samples were analyzed for routine water chemistry (i.e. 
conductivity, pH and major cations). In addition, soil and water samples were taken from areas outside 
the sump to investigate high apparent conductivity and potential contamination. Figure 4-10 shows the 
location of each sample. 
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4.5.1 Water Sampling 
The surface water samples collected at Mallik have pH values ranging from 7.55 to 8.46, which is in 
accordance with the CCME guidelines (CCME 1999) and within the range of values observed in several 
lakes and channels of the Mackenzie Delta (Anema et al. 1990). 

The exact nature of the materials contained in the Mallik drilling sumps is not documented in this report 
but typically the constituents of brine-based drilling mud are potassium chloride, bentonite, cellulose 
polymers, lignosulphonates and sodium hydroxide (Piteau Engineering Ltd., 1988; Kokelj and GeoNorth, 
2002).  

The conductivity values measured from the water samples ranges from 5,100 uS/cm to 26,000 uS/cm. 
The conductivities of the sample taken in the subsidence areas of the Mallik 2L-38 and 3L/4L/5L-38 
Sumps appear to be influenced by elevated sodium, potassium, calcium and chloride parameters while 
the samples taken in the natural depressions outside the sumps appear to be primarily influenced by 
elevated sodium parameters.  

The sample with the highest conductivity was collected in the subsidence area marking the southern 
corner of the Mallik 3L/4L/5L-38 Sump (WS05). That sample also recorded the highest level of potassium 
(2,800 mg/L), sodium (1,800 mg/L), sulphate (1,500 mg/L) and chloride (7,700 mg/L). The second and 
third highest levels of potassium were recorded in the samples taken in the subsidence areas of the 
Sump (820 mg/L at WS01 and 600 mg/L at WS02). By comparison, the level of dissolved potassium in 
the control water sample (WS08) is of 24 mg/L. The potassium levels recorded in the water samples 
taken in the natural depressions outside the sump boundaries much lower and in range with potassium 
level recorded in the control sample. 

The analysis suggests that there is a general correlation between elevated conductivities, sodium and 
potassium concentrations of the water samples taken from the subsidence areas of the two drilling 
sumps. These high values correlate with data of the previous years and reinforce the theory that 
seasonally unfrozen drill mud contaminants are mixing into the subsiding portions of the sump caps. 
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Table 4-7 Water Sampling Results  
  UNITS MALLIK2012 WS01 MALLIK2012 WS02 MALLIK2012 WS03 MALLIK2012 WS04 
Sampling Date  9/5/2012 10:00 9/5/2012 13:15 9/5/2012 11:00 9/5/2012 13:15 
Calculated Parameters      
Anion Sum meq/L 130 46 90 110 
Cation Sum meq/L 130 44 88 100 
Hardness (CaCO3) mg/L 1900 1100 1500 1200 
Ion Balance N/A 1.0 0.97 0.98 1.0 
Dissolved Nitrate (NO3) mg/L 0.48 0.19 <0.013 <0.066 
Nitrate plus Nitrite (N) mg/L 0.11 0.049 <0.0030 <0.015 
Dissolved Nitrite (NO2) mg/L 0.014 0.018 <0.0099 <0.049 
Total Dissolved Solids mg/L 7600 2900 5200 6000 
Misc. Inorganics      
Conductivity uS/cm 14000 5600 9300 11000 
pH N/A 7.61 7.55 7.95 8.25 
Anions      
Alkalinity (PP as CaCO3) mg/L <0.50 <0.50 <0.50 <0.50 
Alkalinity (Total as CaCO3) mg/L 240 220 150 270 
Bicarbonate (HCO3) mg/L 290 270 180 330 
Dissolved Sulphate (SO4) mg/L 600 520  600  310  
Dissolved Chloride (Cl) mg/L 3800 1100  2600  3300 
Nutrients      
Dissolved Nitrite (N) mg/L 0.0043 0.0054 <0.0030 <0.015 
Dissolved Nitrate (N) mg/L 0.11 0.043 <0.0030 <0.015 
Elements      
Dissolved Calcium (Ca) mg/L 390 330 300 150 
Dissolved Iron (Fe) mg/L 0.079 <0.060 0.074 0.064 
Dissolved Magnesium (Mg) mg/L 220 55 180 190 
Dissolved Manganese (Mn) mg/L 0.16 0.23 0.025 <0.0040 
Dissolved Potassium (K) mg/L 820 600 83 67 
Dissolved Sodium (Na) mg/L 1600 180 1300 1800 
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Table 4-8 Water Sampling Results  
  UNITS MALLIK2012 WS05 MALLIK2012 WS06 MALLIK2012 WS07 MALLIK2012 WS08 
Sampling Date  9/5/2012 12:00 9/5/2012 12:00 9/5/2012 12:45 9/5/2012 12:30 
Calculated Parameters      
Anion Sum meq/L 250 44 72 58 
Cation Sum meq/L 250 47 76 61 
Hardness (CaCO3) mg/L 5300 580 1200 620 
Ion Balance N/A 1.0 1.1 1.1 1.0 
Dissolved Nitrate (NO3) mg/L 32 <0.013 0.52 0.29 
Nitrate plus Nitrite (N) mg/L 7.3 <0.0030 0.12 0.10 
Dissolved Nitrite (NO2) mg/L 0.076 <0.0099 <0.0099 0.11 
Total Dissolved Solids mg/L 16000 2600 4200 3300 
Misc. Inorganics      
Conductivity uS/cm 26000 5100 8200 6700 
pH N/A 7.81 8.27 8.18 8.46 
Anions      
Alkalinity (PP as CaCO3) mg/L <0.50 <0.50 <0.50 5.8 
Alkalinity (Total as CaCO3) mg/L 170 230 290 240 
Bicarbonate (HCO3) mg/L 210 280 360 280 
Dissolved Sulphate (SO4) mg/L 1500 74 310 39 
Dissolved Chloride (Cl) mg/L 7700 1300 2100 1900 
Nutrients      
Dissolved Nitrite (N) mg/L 0.023 <0.0030 0.0030 0.033 
Dissolved Nitrate (N) mg/L 7.3 <0.0030 0.12 0.067 
Elements      
Dissolved Calcium (Ca) mg/L 1500 88 200 79 
Dissolved Iron (Fe) mg/L 0.082 <0.060 0.097 <0.060 
Dissolved Magnesium (Mg) mg/L 400 88 160 100 
Dissolved Manganese (Mn) mg/L 0.25 0.018 0.16 0.0061 
Dissolved Potassium (K) mg/L 2800 24 33 24 
Dissolved Sodium (Na) mg/L 1800 800 1200 1100 



2012 Mallik Annual Sump Monitoring Report  
Section 4: Results  

 

November 2012 Page 28 

 

4.5.2 Soil Sampling 
Only one soil sample was collected during the 2012 field visit (Figure 4-9). The sample corresponds to an 
area of high apparent conductivity located approximately 10 meters outside the eastern portion of the 
Mallik 2L-38 Sump. Note that the exact extent of the sump is unknown and that the sample could actually 
be located within the sump cap area. Visual assessment indicates that the ground surface was most likely 
disturbed in that specific area during the construction, operation or closure of the sump (i.e. irregular 
ground surface). Small debris of unknown origin (possibly dried-out drilling muds) was present at the 
ground surface in that specific area.  

A summary of the laboratory results is presented in Tables 4-9. Results from a soil sample taken at the 
same location as well as a control sample taken in an undisturbed area away from the sumps in 2011 are 
also included in the table. Refer to Appendix D for the complete laboratory report.   

Table 4-9 Soil Sampling Results – Salinity 

 UNITS MALLIK2012 SS01 MALLIK2011 SS01 MALLIK2011 SS08 

Sampling Date  9/5/2012 13:00 8/22/2011 12:00 8/22/2011 13:00 

Calculated Parameters     

Anion Sum meq/L 200 290 86 

Cation Sum meq/L 200 280 100 

Ion Balance N/A 1.0 0.98 1.2 

Soluble Parameters     

Soluble Chloride (Cl) mg/L 6200 9800 2600 

Soluble Conductivity dS/m 22 33 10 

Soluble (CaCl2) pH N/A 7.50 7.47 6.65 

Soluble Calcium (Ca) mg/L 460 920 310 

Soluble Magnesium (Mg) mg/L 120 450 250 

Soluble Sodium (Na) mg/L 1000 2700 1400 

Soluble Potassium (K) mg/L 4700 3300 110 

Saturation % % 51 55 73 

Soluble Sulphate (SO4) mg/L 970 560 590 

 

Although collected in the same area and at similar depth (i.e. less than 2 m apart and at 40 cm depth), the 
chemical properties of the two samples are slightly different.  Sodium, calcium and chloride values are 
higher in the 2012 sample, while the potassium values are lower. Regardless, the sodium, potassium, 
calcium and chloride values are more than double the ones from the control soil sample.  

These high values suggest rich drilling material. The presence of potassium rich material near the 
perimeter of the sump could be related to a sampling error (i.e. sampling sump material rather than clean 
undisturbed soil) or to a very small and localized spill of potassium chloride salt.   
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5 Conclusion 
The 2012 annual field survey was conducted on September 4 and 5, 2012. A second site visit was 
conducted on September 20 to install a thermistor cable into the Mallik 2L-38 Sump. The visual 
assessment conducted from both the air and the ground shows that the site was much wetter than during 
the previous year. Water levels were high in most ponds and puddles and soil moisture ranged from 
imperfect to poor. The increase soil moisture had a positive effect on the local vegetation which appeared 
to be in a better condition than the previous year. The amount of vegetation at the surface of the various 
sumps hasn’t changed and corresponds to approximately 10% of the total disturbed area.  

Clear evidences of a recent storm surge were noted during the September 20 field visit. Fresh ripple 
marks on the ground surface were present throughout the site and the distribution of large drift wood 
debris had considerably changed. The successive storm surges that take place at the Mallik site clearly 
have an impact on the site by inundating the sump areas with saline water; water that then get trapped in 
the various natural depressions and subsidence areas that are present within the perimeters of the 
sumps. 

The subsidence at all three sumps appears to have increased. This is based on visual assessment only 
as no precise surveying method is presently utilized to monitor subsidence. The subsidence is more 
active at the Mallik 2L-38 Sump where two depressions occur. In contrast to the 2011 visit, the 
depressions were filled with waters; potentially as a result of increase precipitations but also linked to the 
storm surge process.  

Active layer measurements are quite consistent throughout the site. The measurements were taken on 
September 4 and indicate an average thawing depth of 140 cm at the Mallik 2L-38 Sump, 132 cm for the 
Mallik 3L/4L/5L-38 Sump and 109 cm at the 1998 Camp Sump. The differences in annual thaw 
penetration could be explained by an earlier snowmelt or by the warmer air temperature recorded during 
the 2012 summer months (2 to 3.5 degrees warmer in June/July/August of 2012 than in the similar 
months of 2011).  

The analysis of the four thermistor strings indicates that the ground temperatures were colder for the 
winter 2011-2012 period than for the 2010-2011 winter period. The facts that the air temperatures were 
somewhat similar during the two winter periods reinforce the idea that a lesser amount of snow was 
present at the Mallik site during the last winter, therefore allowing an increase frost penetration and a 
cooling of the permafrost in the upper 6 to 8 meters. 

The findings of the electromagnetic survey are consistent with last year’s results and confirm that there is 
no evidence of contaminant migration. The EM 31 and EM38 surveys confirmed that a series of natural 
depression located at proximity to the sumps have high apparent conductivities. Theses depressions 
were all filled with water at the time of visit. The water chemistry analysis indicates that the high 
conductivity within those natural depression is not related to the seepage of drilling contaminants but most 
probably due to elevate sodium level resulting from the evaporation of sea water. Water samples taken in 
the subsidence areas of the Mallik 2L-38 and Mallik 3L/4L/5L-38 Sumps have high potassium values and 
reinforce the idea that seasonally unfrozen drill mud contaminants are mixing into the subsiding portions 
of the sump caps. 

Both the EM31 and EM38 surveys indicate that there is elevated apparent conductivity in an area 
immediately adjacent to the northeast corner of the Mallik 2L-38 Sump. A review of previous years EM 
reports indicates that the area of elevated response has not increase in size. A new soil sample taken 
from this area (Mallik2012 SS01) confirm the higher than normal potassium, chloride and sodium values 
that were recorded from a previous sample (Mallik2011 SS01). These values are considered too high for 
a natural source and suggest the presence of sump contaminants. The presence of residue of unknown 
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nature at the ground surface in that specific area could explain the high potassium, chloride and sodium 
values (rather than the progressive migration of contaminants outside of the sump area). 
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Figure A-1 Aerial overview of Mallik site (looking southeast) 

 

Figure A-2 Aerial view of the Mallik 3L/4L/5L-38 Sump (looking south) 

 

Mallik 
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Sump 
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Figure A-3 Subsidence and tension cracks at the eastern corner of the Mallik 
3L/4L/5L-38 Sump 

 

Figure A-4 Subsidence and ponding at the southern corner of the Mallik 
3L/4L/5L-38 Sump 
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Figure A-5 Aerial view of the Mallik 2L-38 Sump (looking west) 

 

Figure A-6 Aerial view of Mallik 2L-38 Sump (looking east) 
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Figure A-7 Subsidence area at the eastern end of the Mallik 2L-38 Sump 

 

Figure A-8 Subsidence area at the western end of the Mallik 2L-38 Sump 
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Figure A-9 Subsidence and ponding around Mallik 2L-38 wellhead 

 

Figure A-10 Ripple marks from a recent storm surged that flooded the Mallik 
site sometime between September 6th and September 20th, 2012. 
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Figure A-11 Surface subsidence at the surface of two interconnecting ice-
wedges (approx. 40 m north of the Mallik 2L-38 Sump). 

 

Figure A-12 Thermistor casing installed at the center of the Mallik 2L-38 Sump 
on September 20th, 2012. 
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Figure B-1 Thermistor 07GSC-01 – Daily Ground Temperatures (October 2010 to September 2012) 

 
Note: The temperature sensor 1 is located above ground and is recording air temperature 
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Figure B-2 Thermistor 07GSC-02 – Daily Ground Temperatures (October 2010 to September 2012) 
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Figure B-3 Thermistor 07GSC-03 – Daily Ground Temperatures (October 2010 to September 2012) 
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Figure B-4 Thermistor 07GSC-04 – Daily Ground Temperatures (October 2010 to September 2012) 
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Thank you for choosing KiNiLau Physics!  We hope to have delivered a technically superb, easy-to-understand 

and perhaps simply a great product. 

 

Our primary product is the Lateral Conductivity Detail - EM31/38, designed to be a user-friendly but 

comprehensive reporting tool.  It combines geophysical images, survey features and an interpretation into one 

package, replacing the traditional paper report. 

 

This report provides clients a traditional reporting option.  It has been obtained from a secured and privately 

assigned Project Page using the Project # and Password provided on the cover page of this report: 

 

 

Obtaining this Report 
 

1. Go to www.kinilau.ca 

2. Enter login details at ‘Project Login’ 

3. Print ‘Traditional Report'              

4. Print & append ‘Lateral Conductivity Detail - EM31/38’ Appendix A 

 

 

While the conductivity detail satisfies all requirements for a complete geophysical analysis, KiNiLau provides 

additional data products to clients.  These can be downloaded from the client Project Page at www.kinilau.ca 

using the Project # and Password provided on the cover page of this report: 

 

• Lateral Conductivity Detail - EM31/38 - lateral conductivity (EM induction) analysis 

• Survey Features - all surveyed  features in standard AutoCAD format (dxf) 

• Traditional Report - paper report (this one) to augment geophysical details 

• Raw Data - lateral conductivity XYZ data files (ASCII) 

• Binary Files - raw binary field data (ssf) and field map (pdf) 

• Referenced Images - lateral conductivity images (jpg) with superimposed reference points (dat) 

• Other - anything else  

• Invoice 

 



In addition to detailing relevant aspects of the geophysical survey, this report is designed to tutor beginners 

and seasoned geophysicists the advanced technical aspects of a KiNiLau survey.  It serves as training tool 

and readers are encouraged to engage this report and enjoy the intricacies of their project. 

 

Graphics and moss green insets are provided throughout in support of key points and terms.  Geophysical 

jargon is printed in italic suggesting that explanatory relief is nearby, usually within the next inset.  

 

Survey samples are provided in Section 6.  These samples typify soil conductivity surveys encountered over 

the years in western Canada and give good insight to the interpretation methodology of KiNiLau 

conductivity surveys.  Feel free to print out and distribute these hand-out style samples for educational 

purposes. 
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1.   Introduction 

 

The survey objective was to delineate 

EM31 and/or EM38 were used to map 

(EM) inductive forces.  Positioning data were

corrected (DGPS) using nearby base station data

 

2.   Data Acquisition 

This section describes the tools used to 

Appendix B contains Geonics EM31/38

are specification sheets for the Trimble Pathfinder Office Suite

 

 2.1   Lateral Conductivity (EM31/38)

Lateral site conductivities were delineated using 

vertical dipole mode (horizontal coil mode), with

and 1.5 m, respectively.   

 

As the deeper imaging tool, the EM31 is 

best suited for the task.  Particularly, the deeper imaging EM31 carries a larger 

surface area and is more prone to interference from nearby metal conduct

buildings.  So, while the EM31 provides comfort in being able to image deeply, on 

plants it may actually yield more questionable results.  

 

    

   Footprint 
 

Footprint is the aerial extent 

sphere of investigation.   The depth of investigation is the vertical radius and the 

the cross-sectional area of that sphere.  

 

  

delineate the 2D (lateral only) extent of subsurface soil conductivities.  

used to map lateral extents of subsurface soil conductivities using elect

sitioning data were acquired using the Trimble Pathfinder ProXT and

using nearby base station data and the Trimble Pathfinder Office Suite.   

tools used to delineate the 2D extent of subsurface soil conductivities

38 and Trimble Pathfinder ProXT instrument specifications.  Also included 

Trimble Pathfinder Office Suite.   

onductivity (EM31/38) 

delineated using the Geonics EM31 and/or EM38.  Both tools were operated in 

vertical dipole mode (horizontal coil mode), with approximate EM31 and EM38 depths-of-penetration near 5

EM31 is often preferred over the EM38.  Having said that, 

best suited for the task.  Particularly, the deeper imaging EM31 carries a larger footprint

surface area and is more prone to interference from nearby metal conductors such as pipes, fences or 

provides comfort in being able to image deeply, on metallically busy 

questionable results.   

is the aerial extent which an EM tool images.  Think of the EM31 as having a 

sphere of investigation.   The depth of investigation is the vertical radius and the 

sectional area of that sphere.   

1 

 

of subsurface soil conductivities.  The Geonics 

lateral extents of subsurface soil conductivities using electromagnetic 

XT and differentially-

 

D extent of subsurface soil conductivities on site.  

XT instrument specifications.  Also included 

.  Both tools were operated in 

penetration near 5 m 

often preferred over the EM38.  Having said that, it is not always the 

t.  It images a larger 

ors such as pipes, fences or 

metallically busy sites like gas 

Think of the EM31 as having a 

sphere of investigation.   The depth of investigation is the vertical radius and the footprint 



 

The EM31/38 uses electromagnetic (EM) inductive forces to delineate subsurface conductivities.  

instrument records the quadrature and 

tools are designed such that the quadrature 

higher conductivity ranges (metals or very high ionic

 

 

    In-Phase vs. Quadrature 
 

EM conductivity tools 

counteracting signal, 

ground that is measured and related

more aggressively than resistive ones.  
 

Basically, the response itself can be split 

the coaxing signal and one that

terminology, geophysicists have adopted the term 
 

Geonics has related the quadrature

tools soil conductivity meters.  The 

to higher conductivities such as those of metals or extreme

   manufacturers have related the ‘in

        those relationships to, for example, 

 

 

The EM31/38 yield bulk soil conductivities averaged from surface to their depths of penetration.  They cannot 

be used to identify individual conductivity layers

equivalence. 

  

electromagnetic (EM) inductive forces to delineate subsurface conductivities.  

and in-phase components of the induced secondary EM field.  

quadrature relates to lower conductivity ranges (soils) and

ranges (metals or very high ionic concentrations). 

tivity tools send off signals that coax the ground into sending its own unique 

, a process called induction.  It is that counteractive 

that is measured and related to soil conditions, with conductive soils respond

more aggressively than resistive ones.   

itself can be split into two components, one that is aligned or 

and one that is not, the ‘out-of-phase’.  In search of mor

, geophysicists have adopted the term quadrature to describe the ‘out-of

quadrature component to soil conductivity, enabling them to name their 

.  The EM31/38 in-phase component is not used as much, but 

to higher conductivities such as those of metals or extreme ionic concentrations.  Othe

related the ‘in-phase to quadrature ratio’ to ground properties and used

example, find mineral deposits. 

he EM31/38 yield bulk soil conductivities averaged from surface to their depths of penetration.  They cannot 

ndividual conductivity layers beneath surface, a shortcoming described by the 

2 

 

electromagnetic (EM) inductive forces to delineate subsurface conductivities.  The 

EM field.  The Geonics 

tivity ranges (soils) and the in-phase to 

sending its own unique 

 response by the 

onductive soils responding 

aligned or in-phase with 

more user-friendly 

of-phase’. 

, enabling them to name their 

is not used as much, but relates 

Other instrument       

phase to quadrature ratio’ to ground properties and used 

he EM31/38 yield bulk soil conductivities averaged from surface to their depths of penetration.  They cannot 

neath surface, a shortcoming described by the principle of 



 

 

   Equivalence 
 

The principle of equivalence

conductivity and depth yield the same 

Heuristically, conductivity being equal, a large conductor that is deeply buried, gives the 

same response as a small conductor that is shallow

gives the same response as a weak conductor that is shallow.

conductor yields the same response as a large but weak conduc
 

In other words, the EM31 yields a combined response of an object

The EM31 cannot distinguish between 

     depth investigation tool (nor as 

 

 

EM31/38 readings were taken in ‘horizontal coils or vertical ax

initial 5 m/1.5 m of soil, respectively.  Please note that actual 

conductivity.  To emphasize this point, 

 

 

   Skindepth 
 
 

Skindepth refers to the

one third its original amplitude.  

completely runs out of energy.  I

insignificant; and they have agreed 
 

Skindepth is, in part, a function of soil conductivity

conductive ones.  An EM31 wave might travel to a depth of 8

of 3 m in conductive clay (and only 50 cm in highly 
 

The theory suggests that the true depth of penetration of the EM31 is unknown, since it is a function 

of soil conductivity; and soil conductivity
 

The practical implication is that EM induction tools of 

      only be used to identify depth

quivalence describes when buried conductors of differing size, 

conductivity and depth yield the same (or equivalent) secondary EM response.  

onductivity being equal, a large conductor that is deeply buried, gives the 

small conductor that is shallow.  Size being equal, a strong conductor at depth, 

gives the same response as a weak conductor that is shallow.  Depth being equal, a small but strong 

conductor yields the same response as a large but weak conductor.   

the EM31 yields a combined response of an object’s size, conductivity and 

distinguish between size, conductivity or depth and should not be 

as a pure size or conductivity investigation tool).  

‘horizontal coils or vertical axes’ modes, approximating measurements of the 

.  Please note that actual EM penetration depths vary

, they are referred to as skindepths.   

refers to the depth an EM signal travels at which point it has been reduce

its original amplitude.  Physicists use this term since theoretically a wave neve

completely runs out of energy.  It simply gets to a point at which it has become practically 

insignificant; and they have agreed that point shall be 1/e (Euler's Number), about one third.

a function of soil conductivity.  EM waves penetrate resistive soils deeper than 

ve might travel to a depth of 8 m in resistive sand but to a lesser depth 

only 50 cm in highly conductive salt contamination!).   

the true depth of penetration of the EM31 is unknown, since it is a function 

conductivity is what we are trying to find in the first place.  

that EM induction tools of varying depth capability (EM38/31/34) 

be used to identify depth-onsets of conductors, rather than their depth-extent

3 

 

buried conductors of differing size, 

secondary EM response.  

onductivity being equal, a large conductor that is deeply buried, gives the 

.  Size being equal, a strong conductor at depth, 

Depth being equal, a small but strong 

s size, conductivity and depth. 

should not be seen as pure  

ng measurements of the 

vary as a function of soil 

has been reduced to 

theoretically a wave never 

t simply gets to a point at which it has become practically 

one third. 

ate resistive soils deeper than 

sand but to a lesser depth 

 

the true depth of penetration of the EM31 is unknown, since it is a function 

in the first place.   

/31/34) should  

extents. 



 

The EM31/38 are only capable of detecting layers 
  

 

           Thickness-Conductivity Product
 

Vertical resolution refers to the smallest identifiable stratigraphic thickness and is a 

function of the thickness

words, a thin stratigraphic layer is detectable

 stratigraphic unit is detectable with less conductivity contrast.  

and EM38 would be considered to have 

    exhibit large thickness-conductivity product

 

 

The Geonics EM31/38 exhibit adequate 

low conductivity variations as well as higher ones

part of that dynamic data range, from zero to approximately 100 mS/m.

 

 

            Dynamic Data Range & Response 
 

Dynamic data range refers to the range of data values the 

of low dynamic data range

readings above or below a certain threshold.

greater dynamic data range (so that we can 

this tool to exhibit good response linearity

from low to high conductivity.   
 

The Geonics EM31/38 maintain instrument linearity 

soil has specific conductivity and the 

conductivity (perhaps due to ionic enrichment

the soil conductivity doubles once mo

exceeded and we might get a reading of 
 

From a practical stand-point non-linearity doesn’t really matter since 

    rather than absolute magnitude of readings to 

          up, we know it’s getting worse.

capable of detecting layers exhibiting relatively high thickness-conductivity produc

Conductivity Product 

Vertical resolution refers to the smallest identifiable stratigraphic thickness and is a 

thickness-conductivity product of individual stratigraphic layers.

n stratigraphic layer is detectable only if it possesses large conductivity

with less conductivity contrast.  For our applications, the Geonics 

38 would be considered to have poor vertical resolution, requiring stratigraphic entities to

conductivity products. 

The Geonics EM31/38 exhibit adequate dynamic data range for our purposes.   They have

higher ones.  Both instruments maintain response linearity

from zero to approximately 100 mS/m. 

Dynamic Data Range & Response Linearity 

refers to the range of data values the instrument can 

dynamic data range is sensitive to a very specific range of conductivities, but clip

readings above or below a certain threshold.  While it is nice to have a tool s

(so that we can map resistive and conductive targets with it

response linearity over that large data range.  It needs to increase 

maintain instrument linearity from zero to approximately 100 mS/m.  

and the EM31/38 read it as 30 mS/m.  Should that soil double in 

ps due to ionic enrichment) then we expect the EM31/38 to yield 

once more, all bets are off, as the instrument’s linearity cap has been 

ight get a reading of 110 mS/m, less than 120 mS/m in any case. 

linearity doesn’t really matter since KiNiLau uses relative behavior 

rather than absolute magnitude of readings to identify targets.  As long as the numbers keep going

up, we know it’s getting worse. 
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conductivity products. 

Vertical resolution refers to the smallest identifiable stratigraphic thickness and is a 

of individual stratigraphic layers.  In other 

sses large conductivity.  A thick  

For our applications, the Geonics EM31 

, requiring stratigraphic entities to 

for our purposes.   They have the ability to detect 

response linearity over the lower 

instrument can handle.  A tool 

sensitive to a very specific range of conductivities, but clips 

to have a tool sensitive to a 

with it), we also want 

increase steadily 

to approximately 100 mS/m.  Let’s say 

Should that soil double in 

to yield 60 mS/m.  But if 

as the instrument’s linearity cap has been 

uses relative behavior   

numbers keep going  



 

 2.2   DGPS Positioning (Trimble 

The EM31 is digitally synchronized to differentially

and geophysical data to be stored simultaneously on handheld dataloggers.  Data are acquired swif

sampling density.   EM data were acquired at a

and a line spacing near 10 m.  The correct sampling density 

 

 

   Nyquist’s Theory 
 

Nyquist’s Theory states that the 

that analog signal is sam

known phase information

long should be surveyed with a minimum 

   apart.  Smaller plumes could get missed

 

 

The Trimble Pathfinder ProXT uses L1 code and carrier information to provide survey

The moving DGPS receiver (Rover) is 

control of geophysical measurements. 

and data from the nearest available base station.  

like rover-to-base station distance, satellite geo

metre accuracies are readily obtained

serve as reference markings for follow

 

Common site-specific GPS settings are 

optimal GPS signals in varying site conditions. 

 

 

   PDOP (Positional Dilution of Precision)
 

PDOP is a statistical measur

relative to the receiver

accuracies appropriate for our purpose

field engineer may elect to increase the 

  sake of survey completion.   

ioning (Trimble Pathfinder ProXT) 

digitally synchronized to differentially-corrected GPS (DGPS). This arrangement allows positioning 

and geophysical data to be stored simultaneously on handheld dataloggers.  Data are acquired swif

quired at a measurement station spacing of approximately 

10 m.  The correct sampling density varies and is dictated by Nyquist

states that the digital representation of an analog signal is valid as long 

that analog signal is sampled at three times its highest frequency content, 

phase information.  Ok, what it means is that a chloride plume 10 m wide and 100 m

minimum station spacing of 3.3 m along survey lines spaced 

could get missed. 

uses L1 code and carrier information to provide survey

s digitally synchronized to geophysical instruments providing positioning 

control of geophysical measurements.  Data are post-processed using the Trimble Pathfinder Office Suite 

and data from the nearest available base station.  While positioning accuracies vary as a 

satellite geometry relative to the receiver or signal interference

readily obtained.  Site features were surveyed for inclusion on 

serve as reference markings for follow-up work.  

settings are PDOP, Minimum Satellites and Elevation Mask.  All relate to 

varying site conditions.   

PDOP (Positional Dilution of Precision) 

is a statistical measure of positioning accuracy and is a function of satellite geometry 

relative to the receiver (constellation).  In general, PDOP cut-off values below five yield 

accuracies appropriate for our purpose.  As with the other GPS instrument settings, the 

field engineer may elect to increase the PDOP limit in specific environments and forego accuracy for the 

5 

 

corrected GPS (DGPS). This arrangement allows positioning 

and geophysical data to be stored simultaneously on handheld dataloggers.  Data are acquired swiftly at high 

approximately 2 m (along line) 

Nyquist’s Theory.    

n analog signal is valid as long as 

content, two times with 

10 m wide and 100 m 

along survey lines spaced 33 m  

uses L1 code and carrier information to provide survey-grade positioning.  

synchronized to geophysical instruments providing positioning 

rimble Pathfinder Office Suite 

vary as a function of factors 

signal interference, sub-

were surveyed for inclusion on KiNiLau details and 

ll relate to obtaining 

satellite geometry 

off values below five yield 

As with the other GPS instrument settings, the 

limit in specific environments and forego accuracy for the  



 

 

  Minimum Satellites 
 

Minimum Satellites refers to the minimum number of satellites the GPS receiver will accept 

before shutting down.  GPS surveying requires a minimum of four satellites.  Three are 

required to geometrically pinpoint intersections of spheres in 3D space, 

One more is required to resolve timing inac
 

At times, survey location and condition may prevent a view of four satellites, for example when closing 

salt plumes underneath dense tree canopy.  In that case, the field engineer may reduce the 

Satellites setting to three and forego the 

    acceptable since GPS elevations are practically in

 

 

 

   Elevation Mask 
 

Elevation Mask is measured in degrees and refers to the GPS antenna’s cone

viewing angle, measured upwards fro

implies the view of all satellites above.  An 

angle completely and cause no satellites to be in view.  Generally, the 

may be reduced to 0° in hope for a greater satellite 

    the side, ones that can be seen only at low 

 

 

 

3.   Data Processing 

Data processing begins in the field with

completion and data integrity.  These 

Page at www.kinilau.ca and clicking on

observations which form the basis for the final interpretation.

interpretation immediately after survey completion

geophysicist then confirms that interpretation for inclusion 

 

refers to the minimum number of satellites the GPS receiver will accept 

before shutting down.  GPS surveying requires a minimum of four satellites.  Three are 

required to geometrically pinpoint intersections of spheres in 3D space, to get a position.  

to resolve timing inaccuracies between the satellite and GPS clocks.  

At times, survey location and condition may prevent a view of four satellites, for example when closing 

plumes underneath dense tree canopy.  In that case, the field engineer may reduce the 

setting to three and forego the elevation information.  Not collecting elevation information is 

elevations are practically inaccurate for our purposes. 

is measured in degrees and refers to the GPS antenna’s cone

measured upwards from earth’s horizontal surface.  An Elevation Mask

implies the view of all satellites above.  An Elevation Mask of 90° would close the viewing 

angle completely and cause no satellites to be in view.  Generally, the Elevation Mask

may be reduced to 0° in hope for a greater satellite view.  For geometric reasons, satellites far off to 

ones that can be seen only at low elevation masks, decrease positioning accuracies.

cessing begins in the field with the KiNiLau field engineer making field maps to c

integrity.  These (pdf) field maps can be obtained by accessing the client’s custom 

and clicking on Binary Files.  The field engineer annotates field maps 

basis for the final interpretation.  In essence, the field engineer

interpretation immediately after survey completion, having still a keen focus on that particular project

that interpretation for inclusion into the Lateral Conductivity Detail 

6 

 

refers to the minimum number of satellites the GPS receiver will accept 

before shutting down.  GPS surveying requires a minimum of four satellites.  Three are 

to get a position.  

clocks.   

At times, survey location and condition may prevent a view of four satellites, for example when closing 

plumes underneath dense tree canopy.  In that case, the field engineer may reduce the Minimum 

.  Not collecting elevation information is  

is measured in degrees and refers to the GPS antenna’s cone-shaped 

Elevation Mask of 0° 

of 90° would close the viewing 

ask is set to 5° and 

geometric reasons, satellites far off to  

, decrease positioning accuracies.   

field maps to confirm survey 

client’s custom Project 

field maps with pertinent  

In essence, the field engineer writes the final 

articular project.  The 

Conductivity Detail - EM31/38. 
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 3.1   Lateral Conductivity (Geonics EM31/38) 

Original binary EM31/38 data files arrive from the field in Trimble proprietary format (ssf) and can be obtained 

from the client Project Page at www.kinilau.ca under Binary Files.   Most clients will not utilize these files as 

they can only be accessed using specialized engineering software (KiNiLau uses the Trimble Pathfinder Office 

Suite, Appendix B).  They contain lateral conductivity data (quadrature and in-phase) synchronized to raw GPS 

positions and various other data fields.   

 

The processor converts these files into standard ASCII format, also called (txt) or (dat) format, and combines 

them to form the em31/38.dat  file.   The em31/38.dat  file is a raw data file in that no algorithm has yet been 

applied to the lateral conductivity data.  GPS positions, on the other hand, have already been differentially-

corrected at that point.   This file is provided to clients who would like to process their own data and is 

accessible at the client Project Page by clicking on Raw Data.  Graphic 1 displays a typical em31.dat file and its 

column assignment. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Graphic 1:  em31.dat and its column assignment 

 

The em31/38.dat file is gridded and enhanced using in-house designed processing and imaging techniques.  

The resulting image is UTM-referenced.  Four superimposed crosses, only faintly visible, correspond to UTM 

grid coordinates.  The image itself is provided in (jpg) and the UTM coordinates in ASCII (dat) format, both of 

which are zipped together and obtainable via the client Project Page by clicking on Referenced Images. 



 

Surveyed features are drafted using CAD software and exported as 

standard AutoCAD format.  Clients can obta

from www.kinilau.ca and clicking on Survey Features

 

The Lateral Conductivity Detail - EM31/38

Interpretation events are drafted onto 

uploading to the KiNiLau server as Lateral C

 

 3.2   DGPS Positioning (Trimble 

KiNiLau maps are posted in UTM and projected in 

Trimble Pathfinder Office Suite (see Appendix B

ionospheric effects, multipath rejection and

 

 

    UTM & NAD83 
 

Universal Transverse Mercator

posted in metre units 

system, which posts in units of degrees.  Since it is 

units than degrees (we can walk

designed for field follow-up work should probably
 

The datum represents the mathematical 

region.  It is used to transpose positions acquired on that rounded surface to their 

counterpart.   
 

For example, an ant walking across

and sweet flavour) from Point A to B mi

of that lanzones, the horizontal projection of that distance

corrects for this error by stretching the map and making the distance from Point A to B appear as 

what it should be.  We might call that Datum 
 

  In western Canada, commonly used data are

          earth as a whole and, as a result, is 

 

urveyed features are drafted using CAD software and exported as survey features.dxf

.  Clients can obtain this AutoCAD survey features file by accessing their Project Page 

Survey Features.   

EM31/38 is analyzed in the context of the field engineer’s

Interpretation events are drafted onto the maps, which are then checked by a second data 

Lateral Conductivity Detail - EM31/38. 

ioning (Trimble Pathfinder ProXT) 

and projected in NAD83.  GPS positions are differentially

(see Appendix B).  This software uses differentials to correct primarily for 

rejection and timing synchronization errors.   

Universal Transverse Mercator (UTM) is a coordinate system that allows survey data to be 

units (m).  The traditional coordinate system is the Latitude/Longitude 

osts in units of degrees.  Since it is easier for us to think in terms of 

(we can walk 20 m north much better than we can walk 2° north

up work should probably be posted in UTM.   

mathematical approximation of the earth’s rounded surface for a particular 

It is used to transpose positions acquired on that rounded surface to their flat cartographic 

across a lanzones (a fruit native to the Philippines of particularly exotic 

) from Point A to B might cover a real-life distance of 3 cm.  On a flat, 

the horizontal projection of that distance might only appear as 2 cm.   

error by stretching the map and making the distance from Point A to B appear as 

We might call that Datum LANZONES83.   

In western Canada, commonly used data are NAD83 and at times NAD27.  WGS84 best approximates 

earth as a whole and, as a result, is the one used by space roving satellites. 

8 

 

.dxf, a drafting file in 

by accessing their Project Page 

field engineer’s interpretation.   

data processor prior to 

differentially-corrected using the 

uses differentials to correct primarily for 

is a coordinate system that allows survey data to be 

.  The traditional coordinate system is the Latitude/Longitude 

for us to think in terms of metre 

20 m north much better than we can walk 2° north) most maps 

approximation of the earth’s rounded surface for a particular 

flat cartographic 

fruit native to the Philippines of particularly exotic 

flat, contoured map 

cm.   The datum 

error by stretching the map and making the distance from Point A to B appear as 3 cm, 

4 best approximates  



 

 

  Differential-Corrections 
 

The EM31/38 are synchronized to a GPS called the rover, the mobile unit.  To find out what 

kind of positioning errors the rover incurs, all we have to do is compare it to the positioning 

errors incurred by a nearby stationary point, called the base.  Any recorded deviations 

about that stationary point are errors that would have equally affected

deviations are called differentials and can be subtracted from 

 

 

4.  Conductivity Details 

Conductivity details are included in Appendix A

comprehensive reporting tools replacing the traditional paper report

superimposed survey features as well as an interpretation story line

 

 4.1   Distance Scales 

Distance scales are omitted from digital 

Since UTM map bases post in units of 

Graphic 2.  

 

 

 

 

 

 

 

 

 

 

 

Graphic 2:

The EM31/38 are synchronized to a GPS called the rover, the mobile unit.  To find out what 

errors the rover incurs, all we have to do is compare it to the positioning 

errors incurred by a nearby stationary point, called the base.  Any recorded deviations 

about that stationary point are errors that would have equally affected nearby 

and can be subtracted from time-synchronized, roving GPS data. 

onductivity details are included in Appendix A of this report.  They are designed to serve as independent and 

replacing the traditional paper report.  Details present 

superimposed survey features as well as an interpretation story line. 

digital conductivity details due to the potential for unintentional distortion

post in units of (m), they can readily be utilized to obtain scaling information

 

 

:  UTM map bases provide scaling information 
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The EM31/38 are synchronized to a GPS called the rover, the mobile unit.  To find out what 

errors the rover incurs, all we have to do is compare it to the positioning 

errors incurred by a nearby stationary point, called the base.  Any recorded deviations 

 rovers.  These 

synchronized, roving GPS data.  

designed to serve as independent and 

 geophysical images, 

unintentional distortion.   

scaling information instead, 



 

 4.2   Legend & Color Apparent 

The legend details surveyed features and includes 

color gradations from beige to moss green to maroon.
 

 

           Apparent Conductivity 
 

Apparent conductivity

conductivities, but rather a combination of properties and phenomena 

Pages 3 and 4 of this report 

 

Beige regions represent background and maroon regions anomalous conductivities.  T

contamination increases from beige to 

the color scale in large bold font, Graphic

response. 

 

 

 

 

 

 

 

 

Graphic 3:

 

 4.3   Maroon Interpretation Circles

Maroon colored script is reserved for 

geophysical interpretation events while

Apparent Conductivity Scale 

details surveyed features and includes a customized apparent conductivity color 

color gradations from beige to moss green to maroon.   

conductivity implies that measurements do not purely represent soil 

conductivities, but rather a combination of properties and phenomena 

es 3 and 4 of this report (see equivalence, skindepth & thickness-conductivity product

regions represent background and maroon regions anomalous conductivities.  The possibility of ionic 

to dark maroon.  The peak color scale value is posted 

Graphic 3.  This value is inevitably less than the unfiltered peak survey 

 

 

 

 

 

 

 

: The KiNiLau apparent conductivity color scale 

Maroon Interpretation Circles and Arrows 

reserved for the interpretation.  Maroon, numbered circles 

while maroon dashed arrows highlight interpreted trends
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color scale, displaying 

implies that measurements do not purely represent soil 

conductivities, but rather a combination of properties and phenomena as described on 

conductivity product). 

he possibility of ionic 

maroon.  The peak color scale value is posted at the right side of 

less than the unfiltered peak survey 

Maroon, numbered circles point out various 

maroon dashed arrows highlight interpreted trends, Graphic 4.   
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Graphic 4:  Interpretation events are drafted in maroon 

 

 4.4   Conductivity Interpretation Insets 

Each numbered interpretation circle on the map is further detailed in the moss colored inset titled ‘Lateral 

Conductivity Interpretation’, Graphic 5. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Graphic 5:  The interpretation inset details each interpretation circle 
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5.   Interpretation 

The interpretation is included on all conductivity details.  Numbered circles in maroon color each represent 

an interpretation event, which is elaborated on within the moss colored inset titled ‘Lateral Conductivity 

Interpretation’.  Maroon colored dashed lines and arrows highlight interpreted trends and boundaries.   

 

Since interpretations imply a certain level of uncertainty readers at times question the validity of a 

particular geophysical technique.  It should be noted that each geophysical technique is intrinsically very 

accurate and that the cause of interpretational disorientation is unfamiliarity with the theory pertaining to 

that technique.  Readers are encouraged to familiarize themselves with the following key terms relevant to 

interpreting KiNiLau Conductivity Details: 

 

 

Footprint ………………………………………………………… Page 1 

In-Phase vs. Quadrature …………….……………………  Page 2 

Equivalence …..………………………………………………… Page 3 

Skindepth ………………………………………………………… Page 3 

Thickness-Conductivity Product ………….……………. Page 4 

Dynamic Data Range & Response Linearity ……… Page 4 

Nyquist’s Theory ………………………………………………. Page 5 

Apparent Conductivity ……………………………………… Page 10 

 

 

 

 5.1   Interpretation Basics 

In general, the electrical conductivity of soil increases with moisture and ionic content.  Fine grained soils 

tend to be higher in conductivity since they usually hold more ions.  Conductivity increases even further 

with an increase in moisture content.   

 

  



 

Coarse-grained soils tend to attract

grained soils are more resistive.  Further, coarse

hold moisture as well as fine-grained ones

 

 

 Fine-grained, moist soils are higher in conductivity tha

 

 

Natural, usually weak, accumulations of 

conductivity by freeing electrons for current flow.  

grained, moist and holds weak ion accumulations

plumes.  It tends to contrast well to the resistivity of dry sand, which 

contaminant plumes.   

 

 

 Ions increase soil conductivity.

 

 

Salts are ions of ‘high-mobility’, readily freeing up electrons into solution that cause 

soil conductivity.  Consequently, salts are easy to delineate using 

naturally or man-made.  In western Canada

(SO4
2-

).  Man-made salts typically encountered are nitrates (NO

products from potash plants, oilfield facilities

anomalous soil conductivities near sulfur storage blocks

drainage channels.  

 

 

 Salts occur naturally or man

 

 

Ferrous metals cause extreme conductivities that 

Metals respond abruptly, often swinging wildly from 

soils tend to vary gradually.   

grained soils tend to attract less ions, which leads to an appropriate generalization that coarse

grained soils are more resistive.  Further, coarse-grained soils tend to be dryer since they don’t absorb and 

grained ones, making them even more resistive. 

s are higher in conductivity than coarse-grained, dry ones.

accumulations of all types of ions can be found in soils.  Such ions increase electrical 

electrons for current flow.  Clay is a good example of conductive soil that is 

accumulations.  Clay often forms the impenetrable layer to contaminant 

contrast well to the resistivity of dry sand, which often form

Ions increase soil conductivity. 

mobility’, readily freeing up electrons into solution that cause astounding increases in 

soil conductivity.  Consequently, salts are easy to delineate using conductivity techniques.  Salts may occur

n western Canada, soils are commonly enriched with naturally occurring sulfates 

made salts typically encountered are nitrates (NO3
-
) from fertilizers and chlorides (Cl

oilfield facilities or tanneries.  At times, acids (H
+
) are encountered 

anomalous soil conductivities near sulfur storage blocks, battery storage yards or within acidic mine 

Salts occur naturally or man-made and are easy to delineate using conductivity techniques.

extreme conductivities that are usually easy to distinguish from salt contaminated soil.  

often swinging wildly from positive to negative peaks, whereas salt contaminated 
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ons, which leads to an appropriate generalization that coarser 

grained soils tend to be dryer since they don’t absorb and 

grained, dry ones. 

.  Such ions increase electrical 

conductive soil that is fine 

the impenetrable layer to contaminant 

often forms the flowpath for 

astounding increases in 

conductivity techniques.  Salts may occur 

are commonly enriched with naturally occurring sulfates 

) from fertilizers and chlorides (Cl
-
) as by 

are encountered causing 

or within acidic mine 

conductivity techniques. 

from salt contaminated soil.  

, whereas salt contaminated 



 

 

Buried metal pipelines respond aggressively creating unique, linearly

signatures.  The effect is one of ‘geometric coupling’ and is a function of the pipeline’s relative position to the 

instrument’s receiver and transmitter coils.  Maximized 

effect disappears when surveying parallel to th

receiver coils should not be used to detect buried metal pipelines.

  

 

 Metals cause abrupt conductivity variations while ions cause smooth ones.

 

 

A buried target should be evaluated based on its relative rather than absolute response.  For example, a 

response of 100 mS/m in a background of 90 mS/m might be less significant than a response of 50 mS/m in 

a background of 10 mS/m.   

 

 

 Interpret conductivity data based on relative response behavior, not absolute magnitudes.

 

 

 

 5.2   Interpreting Conductivity Magnitudes

While conductivity data should be interpreted 

magnitudes, KiNiLau will provide a rough guide to interpreting absolute 

EM31/38.  Please note that while the following generalization

interpretation of over 1500 sites in western Canada, exceptions to this 

abound.  Conductivity magnitudes must be understood

report. 

  

Buried metal pipelines respond aggressively creating unique, linearly-trending high

effect is one of ‘geometric coupling’ and is a function of the pipeline’s relative position to the 

instrument’s receiver and transmitter coils.  Maximized when surveying perpendicularly across pipelines, the 

when surveying parallel to them.  As a result, EM induction tools with offset transmitter and 

receiver coils should not be used to detect buried metal pipelines. 

Metals cause abrupt conductivity variations while ions cause smooth ones. 

A buried target should be evaluated based on its relative rather than absolute response.  For example, a 

response of 100 mS/m in a background of 90 mS/m might be less significant than a response of 50 mS/m in 

ctivity data based on relative response behavior, not absolute magnitudes.

Interpreting Conductivity Magnitudes 

should be interpreted based on relative response behavior rather than 

will provide a rough guide to interpreting absolute conductivity magnitudes 

.  Please note that while the following generalizations are derived from the acquisition and 

00 sites in western Canada, exceptions to this generalization will undoubtedly 

must be understood within the theoretical context provided in 
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trending high-low-high (hi-lo-hi) 

effect is one of ‘geometric coupling’ and is a function of the pipeline’s relative position to the 

surveying perpendicularly across pipelines, the 

em.  As a result, EM induction tools with offset transmitter and 

A buried target should be evaluated based on its relative rather than absolute response.  For example, a 

response of 100 mS/m in a background of 90 mS/m might be less significant than a response of 50 mS/m in 

ctivity data based on relative response behavior, not absolute magnitudes. 

d on relative response behavior rather than absolute 

conductivity magnitudes of the 

derived from the acquisition and 

generalization will undoubtedly 

theoretical context provided in this 



 

 

    Conductivity Magnitudes 
 

In western Canadian clay till soils

mS/m.  ‘Background’

in, for example, ionically enriched 

may be obtained in drier silty, sandy or 

as low as 2 mS/m corresponding to 
 

EM31 readings above 100 mS/m

and/or chlorides.  Only rarely do 

   chlorides past that range.   
 

 

6.   Samples 

The following samples provide insight to interpreting 

have been included in this section of the report, enabling valuable insight to the depth r

Geonics EM31 and EM38.   

 

While we have learnt to interpret each site uniquely and independently, we have also been able to 

establish similarities between them.  'T

insight to the integrity and consistency of conductivity details

 

 

  Interpretation Samples
 

1. Natural Soil Variations (EM31)

2. Natural Salinity & Pipes (EM31)

3. Flarepit with Chlorides (EM31 & VC)

4. Pipeline Break & Brine Spill (EM31 & VC)

5. Pipe Break, 

6. Flarepit, Chlorides & Sulfates (EM31, EM38 & VC)

ian clay till soils, average EM31 background readings hover around

’ is a relative term and at times 100 mS/m represents ba

ionically enriched solonetzic soils.  Background readings of 

may be obtained in drier silty, sandy or gravelous zones but we have also encountered b

corresponding to Precambrian Shield.  

100 mS/m suggest some form of ionic influence, perhaps

Only rarely do sulfates elevate EM31 conductivities past 150 mS/m

The following samples provide insight to interpreting conductivity details.  Vertical Conductivity profiles 

have been included in this section of the report, enabling valuable insight to the depth r

we have learnt to interpret each site uniquely and independently, we have also been able to 

between them.  'Typical responses' are presented on the following pages, p

consistency of conductivity details. 

Interpretation Samples 

Natural Soil Variations (EM31) 

Natural Salinity & Pipes (EM31) 

with Chlorides (EM31 & VC) 

Pipeline Break & Brine Spill (EM31 & VC) 

Pipe Break, Chlorides & Sulfates (EM31 & VC) 

Flarepit, Chlorides & Sulfates (EM31, EM38 & VC) 
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background readings hover around 50 

presents background 

soils.  Background readings of 20 mS/m 

encountered backgrounds 

some form of ionic influence, perhaps from sulfates 

150 mS/m, suggesting 

Vertical Conductivity profiles 

have been included in this section of the report, enabling valuable insight to the depth response of the 

we have learnt to interpret each site uniquely and independently, we have also been able to 

the following pages, providing 
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Naturally‐saline soils contain sulfates, ions of high mobility that yield response magnitudes matching those of

chlorides.  To an experienced surveyor, sulfate‐laden and chloride‐impacted soils can usually be distinguished

by their unique conductivity trends.

In western Canada radial conductivity trends often result from groundwater recharge‐discharge events. Here,

the slough yields elevated conductivities near 110 mS/m, surrounded by a low conductivty ring near 50 mS/m.

The reverse effect may also be encountered, when a slough yields reduced conductivities in contrast to a ring

of high conductivity.

Note the linearly trending 'hi‐lo‐hi' response signatures across the site caused by metal pipelines.  The effect is

one of 'geometric coupling' and is a function of the pipeline's relative position to the instrument's receiver and

transmitter coils.  Maximized surveying perpendicularly across pipelines, the effect disappears when surveying

parallel to them.   As a result,  EM induction tools with offset transmitter and receiver coils should not be used

to detect buried metal pipelines.
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Compared to the previous EM31 detail, the EM38 reveals higher conductivities surrounding the flarepit.  Since

the EM38 has an intrinsically lesser skindepth than the EM31,  one can interpret the main cause of anomalous

response to have originated from 'shallower' depth, anywhere from surface to 2 m.  Depth extent would be an

unknown as would be the degree of contamination or chloride concentrations.

A more objective answer can not be provided since the induction technique inherently falls prey to theoretical

factors such as skindepth, equivalence or thickness‐conductivity product.  Based on different technologies, the

vertical conductivity technique does not suffer the same theoretical shortcomings and offers far more detailed

and objective depth information.
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Appendix B 

Instrument Specifications 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 



SPECIFICATION  SHEET Retyped, formatted and edited version of original Geonics instrument data sheet  

 

 KiNiLau Physics Inc.     www.kinilau.ca     CANADA 

 

 

 

 

EM31 

GROUND CONDUCTIVITY 

METER with  

INPHASE CHANNEL 
 

 

 

 

The EM31 measures the conductivity of the ground 

directly in mS/m. The EM31 also measures the 

inphase component of response, which is useful for 

detecting ferrous and non-ferrous buried material. 

 

Two meters on the front panel of the EM31 

simultaneously display conductivity and inphase 

response. Readings can be taken at successive 

survey stations, or continuously along the survey 

line. 

 

Using the inductive method, the EM31 operates 

without the ground contact required by 

conventional resistivity. As a result, surveys can be 

done over highly resistive material, such as gravel or 

asphalt, at the pace of a walk. 

 

Compared to resistivity surveys, EM31 surveys yield 

detailed, continuous data, with better resolution of 

small changes in conductivity. This enables the 

EM31 to identify subtle changes in conductivity that 

can be caused by contamination, and to delimit 

affected areas with precision. 

 

 

 

 

 

 

 

 

 

 

 

Depth of exploration is about 6 m, which makes the 

EM31 suitable for many geotechnical and 

environmental applications. 

 

The EM31 is synchronized with DGPS 

instrumentation to simultaneously record 

positioning and geophysical measurements. The 

EM31 can be towed behind a skidoo or other 

vehicle to efficiently cover large terrain. 

 

The EM31 can be applied to mapping ionic-

contamination at a variety of site types including oil 

and gas, salt storage and waste-disposal. The EM31 

can map conductive contamination of soil and 

groundwater, and simultaneously detect buried 

metal, which makes this instrument the ideal tool 

for site assessment. It is most commonly used 

during soil-salinity surveys. 

 
*Technical information provided by Geonics Ltd., Mississauga, 

Canada. Phone (905) 670-9580 

 

 

 

 

 

 

EM31 SPECIFICATIONS 

Measured Quantities: Quadrature in mS/m  Intercoil Spacing:  3.66 m 

   Inphase in ppt, Hs/Hp  Operating Frequency: 9.8 kHz 

Primary Field Source (Tx): Self-Contained Dipole Tx  Conductivity Ranges: 10-1000 mS/m 

Receiver (Rx):  Self-Contained Dipole Rx 

 



SPECIFICATION  SHEET Retyped, formatted and edited version of original Geonics instrument data sheet  

 

 KiNiLau Physics Inc.     www.kinilau.ca     CANADA 

 

 

 

 

EM38 

GROUND CONDUCTIVITY 

METER with 

INPHASE CHANNEL 

 

 

The EM38 measures the conductivity of the ground 

directly in mS/m. The EM38 also measures the 

inphase component of response, which enables it to 

be used as a metal detector or, for poorly to 

moderately conductive material, a magnetic-

susceptibility meter. 

 

The depth to which the EM38 measures 

conductivity depends solely on the orientation of 

the instrument. When the instrument is upright in 

vertical-dipole mode (as shown), depth of 

measurement is approximately 1.5m. With the 

instrument on its side, in horizontal-dipole mode, 

depth of measurement is approximately 0.75m. 

Readings are shown on digital meters which are 

mounted on the top and side of the EM38, for 

convenient reading regardless of the orientation of 

the instrument. 

 

Using EM induction, the EM38 requires no contact 

with the ground. As a result, surveys can cover large 

areas rapidly. To survey at walking speed, a special 

handle allows the operator to carry the EM38 at 

ground level.  

 

 

 

 

 

 

 

 

 

 

 

 

 

The EM38 is synchronized with DGPS 

instrumentation to simultaneously record 

positioning and geophysical measurements. 

 

The EM38 is most commonly used during soil-

salinity surveys, in both dry-land and irrigated areas. 

Compared to resistivity, EM38 surveys offer better 

lateral-resolution, and much faster coverage. The 

EM38 can be towed behind a skidoo or other 

vehicle to efficiently cover large terrain. 

 

The EM38 can be applied to mapping ionic-

contamination at a variety of site types including oil 

and gas, salt storage and waste-disposal. These 

applications make good use of the excellent spatial 

resolution of the EM38. The EM38 can also be used 

to identify shallow metallic objects. 

 
*Technical information provided by Geonics Ltd., Mississauga, 

Canada. Phone(905) 670-9580 

 

 

EM38 SPECIFICATIONS 

Measured Quantities: Quadrature in mS/m  Intercoil Spacing:  1.0 m 

   Inphase in ppt, Hs/Hp  Operating Frequency: 14.6 kHz 

Primary Field Source (Tx): Self-Contained Dipole Tx  Conductivity Ranges: 10-1000 mS/m 

Receiver (Rx):  Self-Contained Dipole Rx 

 



Purpose-built for GIS data collection, the 

GPS Pathfinder® ProXTTM receiver sets new 

standards for ease of use. A submeter 

GPS receiver, antenna, and all-day battery 

in one, the ProXT receiver is totally 

cable-free, making data collection more 

straightforward than ever before. Simple 

to set up and easy to use, we’ll forgive 

you for taking its sophisticated technology 

for granted.

accuracy you can depend on

The real test of a GPS receiver is the quality 

of the GPS data it produces. The ProXT 

receiver passes the test with flying colors, 

delivering consistent, reliable, submeter 

accuracy. The receiver’s advanced design, 

and features like EVERESTTM multipath 

rejection technology let you work under 

canopy, in urban environments, or 

wherever accuracy is crucial.

If you need to be sure of your accuracy in 

the field, the integrated SBAS receiver or 

optional GeoBeaconTM receiver provides 

submeter accuracy in real time. For the 

very best results, postprocessing is easy 

with Trimble® GPS Pathfinder Office 

software or the GPS AnalystTM extension 

for ESRI ArcGIS software.

cable-free convenience

Forget lost or tangled cables: with a 

Bluetooth® wireless connection, you are 

cable free between the ProXT receiver and 

your field computer. No more snagging 

as you get in and out of vehicles or move 

through difficult terrain. Snap it onto the 

convenient belt clip and you’re ready to 

go anywhere. You can mount it on your 

vehicle for data collection on the move, 

clip it to a range pole when accuracy is 

critical, or even use it on a backpack. 

It’s quick and easy to mount the ProXT 

receiver to suit the job at hand.

all day, every day 

The receiver has an integrated battery, 

good for a full day’s work; simply charge 

the battery overnight and you’re ready to 

go again. The ProXT receiver will last the 

distance, and its rugged design can take 

a lot of punishment. Rain, hail, or shine, 

it’s built to keep working, whatever the 

environment throws at you. 

Options to suit your workflow 

You can choose a field computer and 

software to suit your workflow. The 

ProXT receiver is ready to use with a variety 

of field computers, including laptops, 

Tablet PCs, and PDAs, and of course with 

Trimble’s own rugged field computers: 

the Trimble Recon® handheld and the 

Trimble RangerTM handheld. 

Choosing software? Trimble’s TerraSyncTM 

software or the GPScorrectTM extension 

for ESRI ArcPad software provides a 

complete solution from field to office 

and back. Choose any off-the-shelf GPS 

field software, or use the GPS Pathfinder 

Tools Software Development Kit (SDK) to 

build an application that’s customized to 

your needs.

designed for the GiS professional

The high performance GPS Pathfinder 

ProXT receiver is purpose built for serious 

GIS data collection. No cables. No hassles. 

Just reliable submeter GPS accuracy from a 

system designed to work where you work.

KeY featureS

Real-time submeter GPS with integrated 
SBAS, and EVEREST multipath rejection 
technology

Receiver, antenna, and battery in one 
compact unit

Bluetooth wireless technology for totally 
cable-free operation

Rugged and weatherproof for all 
conditions

User-replaceable battery lasts a full day in 
the field 

Choice of field computer and software to 
suit your workflow

GPS Pathfinder ProXT 
receiver

DATASHEET

fullY inteGrated BluetOOth GPS receiVer fOr SuBMeter accuracY



YOUR LOCAL TRIMBLE OFFICE OR REPRESENTATIVE

GPS Pathfinder ProXT receiver

Standard featureS
GPS 
• Integrated GPS/SBAS1 receiver and antenna
• Submeter accuracy in real-time
• EVEREST multipath rejection technology
• RTCM input
• NMEA and TSIP protocol support

System
• Integrated GPS receiver, antenna and battery
• Integrated Bluetooth wireless technology 
• User replaceable all-day battery
• Wearable GPS receiver with ergonomic belt clip
• Rugged weatherproof housing

Software
• GPS Controller software for mission planning and GPS configuration
• Bluetooth deactivation utility

accessories 
• Power supply with international adapter kit
• Ergonomic belt clip
• Screwthread adaptor for range pole, backpack, or vehicle mounting
• Null modem cable
• User Guide

OPtiOnal featureS
Software
• TerraSync software
• Trimble GPScorrect extension for ESRI ArcPad software
• Custom applications built with the GPS Pathfinder Tools Software 

Development Kit (SDK)
• GPS Pathfinder Office software
• Trimble GPS Analyst extension for ESRI ArcGIS software

field computers
• Field computer running Microsoft® Windows Mobile® version 5.0 

software or Windows Mobile 2003 software for Pocket PCs, such as:
• Trimble Ranger handheld
• Trimble Recon handheld

• Field computer running Microsoft Windows® desktop operating system

accessories
• GeoBeacon receiver • Backpack
• 1 foot pole (for backpack mounting) • 2 meter range pole
• Range pole bracket • Hurricane antenna kit
• External patch antenna • Baseball cap with patch 
• Hard carry case antenna pocket
• Magnetic vehicle mount • Serial port splitter cable

technical SPecificatiOnS
Physical
Integrated GPS receiver, antenna, and battery
Size . . . . . . . . . . . . .10.6 cm × 4.0 cm × 14.6 cm (4.2 in × 1.6 in × 5.75 in)
Weight  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0.53 kg (1.16 lb)
Power

Low (GPS only)  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0.8 Watts
Normal (GPS and Bluetooth) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1.0 Watt

Battery . . . . . . . . . . . . . . . . .User replaceable lithium-ion, chargeable in unit 
 12.6 Watt hours

environmental
Temperature

Operating  . . . . . . . . . . . . . . . . . . . . . . . .–20 °C to +60 °C (–4 °F to +140 °F) 
Storage . . . . . . . . . . . . . . . . . . . . . . . . . .–30 °C to +85 °C (–22 °F to +185 °F)

Humidity . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .99% non-condensing
Casing . . . . . . . . .Wind-driven rain and dust-resistant per IP 54 standard
Drop  . . . . . . . . 1.22 m (4 ft), MIL-STD-810F, Method 516.5, Procedure IV
Vibration. . .Vibration resistant, MIL-STD-810F, Method 514.5, Procedure I
Shock . . . . . . . Shock resistant, MIL-STD-810F, Method 516.5, Procedure I

input/output
Serial . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Dual port in single DE9
Bluetooth2  . . . . . . . . . . . . . . . . . . . 2 NMEA/TSIP Serial Port (SPP) services
Interface . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Power button, 3 status LEDs

GPS
Channels . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .12 (L1 code and carrier)
Integrated real-time  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .SBAS1

Update rate  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .1 Hz
Time to first fix . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 30 seconds (typical)
Protocols . . . . . . . . . . TSIP, NMEA (GGA, VTG, GLL, GSA, ZDA, GSV, RMC)

accuracy (hrMS)3 after differential correction
Code postprocessed . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Submeter
Carrier postprocessed4

With 5 minutes tracking satellites . . . . . . . . . . . . . . . . . . . . . . . . . . . . 30 cm
With 10 minutes tracking satellites . . . . . . . . . . . . . . . . . . . . . . . . . . . 20 cm
With 20 minutes tracking satellites . . . . . . . . . . . . . . . . . . . . . . . . . . . 10 cm
With 45 minutes tracking satellites . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 cm

Real-time (SBAS1 or external RTCM source) . . . . . . . . . . . . . . . . Submeter

1 SBAS (Satellite Based Augmentation System). Includes WAAS (Wide Area Augmentation 
System) available in North America only. And EGNOS (European Geostationary 
Navigation Overlay System) available in Europe only.

2 Bluetooth type approvals are country specific. The GPS Pathfinder ProXT receiver has 
Bluetooth approval in the U.S. and EU. For other countries please consult your local 
Distributor.

3 Horizontal Root Mean Squared accuracy. Requires data to be collected with minimum 
of 4 satellites, maximum PDOP of 6, minimum SNR of 39 dBHz, minimum elevation of 
15 degrees, and reasonable multipath conditions. Ionospheric conditions, multipath 
signals or obstruction of the sky by buildings or heavy tree canopy may degrade 
precision by interfering with signal reception. Accuracy varies with proximity to base 
station by +1 ppm for postprocessing and real-time.

4 Accuracy varies with proximity to base station by +5 ppm. 45 minute carrier capability 
applies only to GPS Pathfinder Office software.

Specifications subject to change without notice.
© 2006, Trimble Navigation Limited. All rights reserved. Trimble, the Globe & Triangle logo, and GPS Pathfinder are 
trademarks of Trimble Navigation Limited, registered in the United States Patent and Trademark Office and in other 
countries. EVEREST, GeoBeacon, GPS Analyst, GPScorrect, ProXT, and TerraSync are trademarks of Trimble Navigation 
Limited. The Bluetooth word mark and logos are owned by the Bluetooth SIG, Inc. and any use of such marks by 
Trimble Navigation Limited is under license. Ranger and Recon are trademarks of Tripod Data Systems Inc., a wholly 
owned subsidiary of Trimble Navigation Limited. Microsoft, Windows, and Windows Mobile are either registered 
trademarks or trademarks of Microsoft Corporation in the United States and/or other countries. All other trademarks 
are the property of their respective owners. 022501-021C (10/07)

NORTH & SOUTH  
AMERICA
Trimble Navigation Limited
10355 Westmoor Drive
Suite #100
Westminster, CO 80021
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+1-720-587-4574 Phone
+1-720-587-4878 Fax
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MIDDLE EAST
Trimble GmbH
Am Prime Parc 11
65479 Raunheim
GERMANY
+49-6142-2100-0 Phone
+49-6142-2100-550 Fax
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80 Marine Parade Road
#22-06 Parkway Parade
Singapore, 449269
SINGAPORE
+65-6348-2212 Phone
+65-6348-2232 Fax
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The GPS Pathfinder® Office software adds 

value to your GIS data collection and data 

maintenance projects. This powerful and 

easy-to-use software ensures your data is 

consistent, reliable, and accurate—enabling 

you to make informed decisions.

Improve the accuracy of your GPS data

The differential correction process can 

improve the accuracy of your GPS positions 

from around 10 meters1 to submeter and 

better, depending on the environment 

and your GPS receiver. Using Trimble’s 

established H-StarTM technology you can 

now achieve decimeter accuracy with 

the GPS Pathfinder ProXRT receiver and 

GeoXHTM 2008 series handheld (using an 

optional ZephyrTM external antenna). 

Make sure that your data is differentially 

corrected using the best quality base 

station data available with GPS Pathfinder 

Office software’s unique Integrity 

Index grading system. Providing a list 

of monitored base data providers from 

around the world, the Integrity Index helps 

you select quality providers to use when 

differentially correcting your data.

Increase the efficiency of your field work

Data can be imported from a number of GIS 

and database formats allowing previously 

collected GIS data to be taken back to the 

field for verification and update.

The GPS Pathfinder Office software’s Data 

Dictionary Editor creates custom lists of 

features and attributes for data collection. 

You can be confident that data collected 

in the field meets your specific GIS needs 

by creating your own data dictionary or 

importing one from your GIS based on 

its exact data schema. In the field, the 

data dictionary prompts the field crew to 

enter specific information—ensuring data 

integrity and compatibility with your GIS  

or database. You can also create waypoint 

files to enhance productivity in the field. 

Ensure you have quality data

You can view your features for comparison 

against any number of background files 

such as aerial photographs or satellite 

imagery of the area you are working in. 

You can even display and use background 

data directly from a web map server. 

Before transferring your data to a GIS, 

CAD, or database system, you can analyze 

it to confirm it is complete and free of 

errors. GIS feature and attribute data can 

be changed, and unnecessary or unwanted 

GPS positions can be deleted. This ensures 

that only the highest quality data is 

exported to your GIS.

GPS Pathfinder Office software—making 

it easy for you to manage, correct, and 

update your GIS data.

1 Typical autonomous GPS accuracy.

KEy FEaturES

Differentially correct to improve the  
quality of your GPS data

H-Star data processing for high accuracy 
with the GPS Pathfinder ProXRT and  
ProXH receivers, or the GeoXH handheld

Import and export data in a variety  
of GIS formats

Create sophisticated data dictionaries  
to match your GIS or database

Carry out quality control on your data 
before you transfer it to the GIS

DATASHEET

Carry out qualIty Control on your data bEForE you tranSFEr It to  
thE GIS

GPS Pathfinder Office 
software



       

FEaturES and oPtIonS
GPS accuracy
• Improve GPS position accuracy through differential postprocessing
• Achieve from subfoot to decimeter accuracy using postprocessed  

H-Star technology1

• Postprocess real-time differential GPS data to improve accuracy  
and consistency

• Review and edit GPS data before you transfer it to a GIS
• Compatible with any Trimble® GPS Pathfinder receiver, any GeoExplorer® 

series, Trimble NomadTM G series, or JunoTM series handheld, or with 
Trimble YumaTM rugged tablet computer

GIS compatibility
• Import data from popular GIS, CAD, and database formats
• Export data into a wide variety of GIS, CAD, and database formats
• Create data dictionaries to ensure data collected is consistent with  

GIS requirements
Workflow
• Use waypoints to plan GPS field sessions to ensure productive use of  

field time 
• Set up multiple field computers with the same files and settings
• Automate data transfer, differential correction, and data export
available languages
• Chinese (Simplified)  • German  • Korean
• English   • Italian   • Portuguese
• French   • Japanese • Russian 
• Spanish
Field software options
• TerraSyncTM software
• Trimble GPScorrectTM extension for ESRI ArcPad software
• Applications developed using GPS Pathfinder Tools Software 

Development Kit (SDK)

rECoMMEndEd PlatForM
Operating system . . . . . . . . . . . . . . . . . . . . . . . . .Windows® 2000,Windows XP 
 (Home, Professional2, or Tablet PC Edition) (32- or 64-bit versions)
 Windows Server 2003 or Windows Vista® 
 (Home thru Enterprise Editions) (32- or 64-bit versions)
Processor type  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Pentium
Free disk space . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 270 MB
Input/output . . . . . . . . . . . . . . . . . . . . . . . . . . .RS-232 serial port and USB port

GPS rECEIvErS and aCCuraCy (hrMS)3 SPECIFICatIonS
Typical autonomous accuracy for all GPS receivers is around 10 meters. The 
following table shows differentially corrected accuracy specifications for 
supported receivers:

receiver/handheld Postprocessed
GPS Pathfinder ProXRT receiver   10–20 cm4

GPS Pathfinder Pro XRS receiver 50 cm
GPS Pathfinder ProXHTM receiver submeter / subfoot4

GPS Pathfinder ProXTTM receiver submeter 
GeoXH handheld submeter / subfoot4 / decimeter5

GeoXTTM handheld submeter
GeoXMTM handheld 1–3 m
Juno series handheld 2–5 m
Trimble Nomad G series handheld 2–5 m
GPS Pathfinder XB receiver 2–5 m
Trimble Recon® GPS XB edition 2–5 m
GPS Pathfinder XC receiver 2–5 m
Trimble Recon GPS XC edition 2–5 m
Trimble Yuma rugged tablet computer 2–5 m

SuPPortEd ForMatS
Import formats
• AutoCAD 2000 ASCII DXF
• dBASE
• ESRI Shapefiles
• MapInfo MIF
• Microsoft Access MDB
Export formats
• ARC/INFO (for NT and UNIX) Generate
• AutoCAD 2000 ASCII DXF (with or without blocks)
• dBASE
• ESRI Shapefiles
• GRASS
• IDRISI Vector
• MapInfo MIF
• MGAL
• Microsoft Access MDB
• Microstation version 7 DGN
• PC-ARC/INFO Generate
• PC-MOSS
vector background formats
• AutoCAD 2000 ASCII and binary DXF (.dxf)
• ESRI Shapefiles (.shp)
• Trimble SSF format (.ssf, .cor, .imp, .phs, .wpt)
raster (image) background formats
• JPEG (.jpg)
• JPEG 2000 (.jp2, .j2c)
• Enhanced Compression Wavelet (.ecw)
• MrSID (.sid)
• TIFF (.tif)
• Windows bitmap (.bmp)
Web map servers
• ArcIMS
• OpenGIS

SuPPortEd baSE FIlE and CoMPrESSIon ForMatS
base file formats  Compression types
• Hatanaka (Compressed RINEX)  • GZip (.gz)
• RINEX • Self-extracting executable (.exe)
• Trimble DAT format  • Zip (.zip)
• Trimble SSF format

1 Dependent on H-Star-capable receiver and antenna combination, and correction  
source used. 

2 Windows XP Professional x64 Edition is not supported.
3 Horizontal Root Mean Squared accuracy. Requires data to be collected with minimum 

of 4 satellites, maximum PDOP of 6, minimum SNR of 39 dBHz, minimum elevation 
of 15 degrees, and reasonable multipath conditions. For the Juno series, Trimble 
Nomad G series, Trimble Yuma tablet, or GPS Pathfinder XB or XC receivers, data must 
be collected using maximum PDOP of 99, minimum SNR of 12 dBHz, and minimum 
elevation of 5 degrees, under reasonable multipath conditions. The Trimble Nomad G 
series and GPS Pathfinder XB or XC receivers must be horizontally mounted; the Juno SB 
and SC handhelds must be vertically mounted. Ionospheric conditions, multipath signals 
or obstruction of the sky by buildings or heavy tree canopy may degrade precision by 
interfering with signal reception. Accuracy varies with proximity to reference station by 
+1 ppm for postprocessing and real-time.

4 H-Star specified accuracy is typically achieved within 2 minutes. Requires a minimum 
of three good quality dual frequency reference stations within 200 km, or one good 
quality dual frequency reference station within 80 km. With one reference station 
accuracy degrades at +1 ppm beyond 80 km. The ProXH receiver achieves 20 cm 
postprocessed accuracy with the optional Zephyr external antenna.

5 GeoXH 2008 series with optional Zephyr external antenna.

Specifications subject to change without notice.
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Your P.O. #: 16300R-40           
Your Project #: 110218745                     
Site Location: MALLIK/INUVIK NWT                                                                                   
NSD # 16300NR
Your C.O.C. #: A043727

Attention: OLIVIER PIRAUX
STANTEC CONSULTING LTD
10160 112 STREET
EDMONTON, AB
CANADA          T5K 2L6

Report Date: 2012/09/17

CERTIFICATE OF ANALYSIS

MAXXAM JOB #: B280550
Received: 2012/09/10, 10:52

Sample Matrix: Soil
# Samples Received: 1

Date Date
Analyses Quantity Extracted Analyzed Laboratory Method Analytical Method
Cation/EC Ratio 1 N/A 2012/09/14 C A L C U L A T I O N         
Chloride (Soluble) 1 2012/09/14 2012/09/14 AB SOP-00020 EPA 325.2            
Conductivity @25C (Soluble) 1 2012/09/14 2012/09/14 AB SOP-00004 SSMA 15.3            
Ion Balance 1 N/A 2012/09/14 AB WI-00065 SM 1030E             
Sum of Cations, Anions 1 N/A 2012/09/14 AB WI-00065 SM 1030E             
Moisture 1 N/A 2012/09/11 AB SOP-00002 CCME PHC-CWS         
pH @25C (1:2 Calcium Chloride Extract) 1 2012/09/11 2012/09/11 AB SOP-00006 SSMA 16.3            
Particle Size by Sieve (75 micron) 1 N/A 2012/09/11 EENVSOP-00077 SSMA 55.4            
Sodium Adsorption Ratio 1 N/A 2012/09/14 AB WI-00065 SSMA 15.4.4          
Ca,Mg,Na,K,SO4 (Soluble) 1 2012/09/14 2012/09/14 AB SOP-00042 EPA 200.7            
Soluble Paste 1 2012/09/14 2012/09/14 AB SOP-00033 SSMA 15.2            
Soluble Ions Calculation 1 N/A 2012/09/11 C A L C U L A T I O N         
Theoretical Gypsum Requirement ( 1 ) 1 N/A 2012/09/14 CAL WI-00087 CJSS 79:449-455      

Sample Matrix: Water
# Samples Received: 8

Date Date
Analyses Quantity Extracted Analyzed Laboratory Method Analytical Method
Alkalinity @25C (pp, total), CO3,HCO3,OH 8 N/A 2012/09/11 AB SOP-00005 SM 2320-B            
Chloride by Automated Colourimetry 8 N/A 2012/09/12 AB SOP-00020 EPA 325.2            
Conductivity @25C 8 N/A 2012/09/11 AB SOP-00005 SM 2510-B            
Hardness 8 N/A 2012/09/17 AB WI-00065 SM 2340B             
Elements by ICP - Dissolved 5 N/A 2012/09/14 AB SOP-00042 EPA 200.7            
Elements by ICP - Dissolved 3 N/A 2012/09/15 AB SOP-00042 EPA 200.7            
Ion Balance 8 N/A 2012/09/17 AB WI-00065 SM 1030E             
Sum of cations, anions 8 N/A 2012/09/17 AB WI-00065 SM 1030E             
Nitrate and Nitrite 8 N/A 2012/09/14 AB SOP-00023 S M 4 1 1 0 B             
Nitrate + Nitrite-N (calculated) 8 N/A 2012/09/14 AB SOP-00023 SM 4110-B            
Nitrogen, (Nitrite, Nitrate) by IC 8 N/A 2012/09/11 AB SOP-00023 SM 4110-B            
pH @25°C (Alkalinity titrator) 8 N/A 2012/09/11 AB SOP-00005 SM 4500-H+B          
Sulphate by Automated Colourimetry 8 N/A 2012/09/12 AB SOP-00018 EPA 375.4            
Total Dissolved Solids (Calculated) 8 N/A 2012/09/17 AB WI-00065 SM 1030E             

../2
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Your P.O. #: 16300R-40           
Your Project #: 110218745                     
Site Location: MALLIK/INUVIK NWT                                                                                   
NSD # 16300NR
Your C.O.C. #: A043727

Attention: OLIVIER PIRAUX
STANTEC CONSULTING LTD
10160 112 STREET
EDMONTON, AB
CANADA          T5K 2L6

Report Date: 2012/09/17

CERTIFICATE OF ANALYSIS
-2-

* RPDs calculated using raw data.  The rounding of final results may result in the apparent difference.

(1) Units for TGR have changed from tons/acre to tonnes/ha

Encryption Key

Please direct all questions regarding this Certificate of Analysis to your Project Manager.

Jeremy Wakaruk, B.Sc., Senior Project Manager
Email:  JWakaruk@maxxam.ca
Phone# (780) 577-7105 Ext:7105

====================================================================
Maxxam has procedures in place to guard against improper use of the electronic signature and have the required "signatories", as per section
5.10.2 of ISO/IEC 17025:2005(E), signing the reports.  For Service Group specific validation please refer to the Validation Signature Page.

Total cover pages: 2
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STANTEC CONSULTING LTD
Maxxam  Job  #: B280550 Client Project #: 110218745
Report Date: 2012/09/17 Site Location: MALLIK/INUVIK NWT

Your P.O. #: 16300R-40
Sampler Initials: OP

ROUTINE WATER (WATER)

Maxxam ID     E K 5 4 7 1     E K 5 4 7 5     E K 5 4 7 6
Sampling Date 2012/09/05 2012/09/05 2012/09/05

10:00 13:15 11:00
COC Number A043727 A043727 A043727
  U N I T S MALLIK2012 RDL MALLIK2012 RDL MALLIK2012 RDL QC Batch

WS01 WS02 WS03

Calculated Parameters

Anion Sum meq/L 130 N/A 46 N/A 90 N/A 6152850

Cation Sum meq/L 130 N/A 44 N/A 88 N/A 6152850

Hardness (CaCO3) mg/L 1900 0.50 1100 0.50 1500 0.50 6152848

Ion Balance N/A 1.0 0.010 0.97 0.010 0.98 0.010 6152849

Dissolved Nitrate (NO3) mg/L 0.48 0.013 0.19 0.013 <0.013 0.013 6152851

Nitrate plus Nitrite (N) mg/L 0.11 0.0030 0.049 0.0030 <0.0030 0.0030 6152852

Dissolved Nitrite (NO2) mg/L 0.014 0.0099 0.018 0.0099 <0.0099 0.0099 6152851

Total Dissolved Solids mg/L 7600 10 2900 10 5200 10 6152853

Misc. Inorganics

Conductivity uS/cm 14000 1.0 5600 1.0 9300 1.0 6156382

pH N/A 7.61 N/A 7.55 N/A 7.95 N/A 6156381

Anions

Alkalinity (PP as CaCO3) mg/L <0.50 0.50 <0.50 0.50 <0.50 0.50 6156380

Alkalinity (Total as CaCO3) mg/L 240 0.50 220 0.50 150 0.50 6156380

Bicarbonate (HCO3) mg/L 290 0.50 270 0.50 180 0.50 6156380

Carbonate (CO3) mg/L <0.50 0.50 <0.50 0.50 <0.50 0.50 6156380

Hydroxide (OH) mg/L <0.50 0.50 <0.50 0.50 <0.50 0.50 6156380

Dissolved Sulphate (SO4) mg/L 600 ( 1 ) 5.0 520 ( 1 ) 5.0 600 ( 1 ) 5.0 6159749

Dissolved Chloride (Cl) mg/L 3800 ( 1 ) 20 1100 ( 1 ) 10 2600 ( 1 ) 20 6159746

Nutrients

Dissolved Nitrite (N) mg/L 0.0043 0.0030 0.0054 0.0030 <0.0030 0.0030 6156894

Dissolved Nitrate (N) mg/L 0.11 0.0030 0.043 0.0030 <0.0030 0.0030 6156894

Elements

Dissolved Calcium (Ca) mg/L 390 0.30 330 0.30 300 0.30 6168361

Dissolved Iron (Fe) mg/L 0.079 0.060 <0.060 0.060 0.074 0.060 6168361

Dissolved Magnesium (Mg) mg/L 220 0.20 55 0.20 180 0.20 6168361

Dissolved Manganese (Mn) mg/L 0.16 0.0040 0.23 0.0040 0.025 0.0040 6168361

Dissolved Potassium (K) mg/L 820 ( 1 ) 3.0 600 ( 1 ) 3.0 83 0.30 6168361

Dissolved Sodium (Na) mg/L 1600 ( 1 ) 5.0 180 0.50 1300 ( 1 ) 5.0 6168361

RDL = Reportable Detection Limit
( 1 )    Detection limits raised due to dilution to bring analyte within the calibrated range.
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STANTEC CONSULTING LTD
Maxxam  Job  #: B280550 Client Project #: 110218745
Report Date: 2012/09/17 Site Location: MALLIK/INUVIK NWT

Your P.O. #: 16300R-40
Sampler Initials: OP

ROUTINE WATER (WATER)

Maxxam ID     E K 5 4 7 7     E K 5 4 7 8     E K 5 4 7 9
Sampling Date 2012/09/05 2012/09/05 2012/09/05

13:15 12:00 12:00
COC Number A043727 A043727 A043727
  U N I T S MALLIK2012 RDL MALLIK2012 RDL MALLIK2012 RDL QC Batch

WS04 WS05 WS06

Calculated Parameters

Anion Sum meq/L 110 N/A 250 N/A 44 N/A 6152850

Cation Sum meq/L 100 N/A 250 N/A 47 N/A 6152850

Hardness (CaCO3) mg/L 1200 0.50 5300 0.50 580 0.50 6152848

Ion Balance N/A 1.0 0.010 1.0 0.010 1.1 0.010 6152849

Dissolved Nitrate (NO3) mg/L <0.066 0.066 32 0.013 <0.013 0.013 6152851

Nitrate plus Nitrite (N) mg/L <0.015 0.015 7.3 0.0030 <0.0030 0.0030 6152852

Dissolved Nitrite (NO2) mg/L <0.049 0.049 0.076 0.0099 <0.0099 0.0099 6152851

Total Dissolved Solids mg/L 6000 10 16000 10 2600 10 6152853

Misc. Inorganics

Conductivity uS/cm 11000 1.0 26000 1.0 5100 1.0 6156382

pH N/A 8.25 N/A 7.81 N/A 8.27 N/A 6156381

Anions

Alkalinity (PP as CaCO3) mg/L <0.50 0.50 <0.50 0.50 <0.50 0.50 6156380

Alkalinity (Total as CaCO3) mg/L 270 0.50 170 0.50 230 0.50 6156380

Bicarbonate (HCO3) mg/L 330 0.50 210 0.50 280 0.50 6156380

Carbonate (CO3) mg/L <0.50 0.50 <0.50 0.50 <0.50 0.50 6156380

Hydroxide (OH) mg/L <0.50 0.50 <0.50 0.50 <0.50 0.50 6156380

Dissolved Sulphate (SO4) mg/L 310 ( 1 ) 5.0 1500 ( 1 ) 20 74 1.0 6159893

Dissolved Chloride (Cl) mg/L 3300 ( 1 ) 20 7700 ( 1 ) 50 1300 ( 1 ) 20 6159884

Nutrients

Dissolved Nitrite (N) mg/L <0.015 ( 2 ) 0.015 0.023 0.0030 <0.0030 0.0030 6156894

Dissolved Nitrate (N) mg/L <0.015 ( 2 ) 0.015 7.3 0.0030 <0.0030 0.0030 6156894

Elements

Dissolved Calcium (Ca) mg/L 150 0.30 1500 ( 1 ) 3.0 88 0.30 6168361

Dissolved Iron (Fe) mg/L 0.064 0.060 0.082 0.060 <0.060 0.060 6168361

Dissolved Magnesium (Mg) mg/L 190 0.20 400 0.20 88 0.20 6168361

Dissolved Manganese (Mn) mg/L <0.0040 0.0040 0.25 0.0040 0.018 0.0040 6168361

Dissolved Potassium (K) mg/L 67 0.30 2800 ( 1 ) 3.0 24 0.30 6168361

Dissolved Sodium (Na) mg/L 1800 ( 1 ) 5.0 1800 ( 1 ) 5.0 800 ( 1 ) 5.0 6168361

RDL = Reportable Detection Limit
( 1 )    Detection limits raised due to dilution to bring analyte within the calibrated range.
( 2 )    Detection limits raised due to matrix interference.
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STANTEC CONSULTING LTD
Maxxam  Job  #: B280550 Client Project #: 110218745
Report Date: 2012/09/17 Site Location: MALLIK/INUVIK NWT

Your P.O. #: 16300R-40
Sampler Initials: OP

ROUTINE WATER (WATER)

Maxxam ID     E K 5 4 8 0     E K 5 4 8 1
Sampling Date 2012/09/05 2012/09/05

12:45 12:30
COC Number A043727 A043727
  U N I T S MALLIK2012 RDL MALLIK2012 RDL QC Batch

WS07 WS08

Calculated Parameters

Anion Sum meq/L 72 N/A 58 N/A 6152850

Cation Sum meq/L 76 N/A 61 N/A 6152850

Hardness (CaCO3) mg/L 1200 0.50 620 0.50 6152848

Ion Balance N/A 1.1 0.010 1.0 0.010 6152849

Dissolved Nitrate (NO3) mg/L 0.52 0.013 0.29 0.066 6152851

Nitrate plus Nitrite (N) mg/L 0.12 0.0030 0.10 0.015 6152852

Dissolved Nitrite (NO2) mg/L <0.0099 0.0099 0.11 0.049 6152851

Total Dissolved Solids mg/L 4200 10 3300 10 6152853

Misc. Inorganics

Conductivity uS/cm 8200 1.0 6700 1.0 6156382

pH N/A 8.18 N/A 8.46 N/A 6156381

Anions

Alkalinity (PP as CaCO3) mg/L <0.50 0.50 5.8 0.50 6156380

Alkalinity (Total as CaCO3) mg/L 290 0.50 240 0.50 6156380

Bicarbonate (HCO3) mg/L 360 0.50 280 0.50 6156380

Carbonate (CO3) mg/L <0.50 0.50 6.9 0.50 6156380

Hydroxide (OH) mg/L <0.50 0.50 <0.50 0.50 6156380

Dissolved Sulphate (SO4) mg/L 310 ( 1 ) 5.0 39 1.0 6159893

Dissolved Chloride (Cl) mg/L 2100 ( 1 ) 50 1900 ( 1 ) 25 6159884

Nutrients

Dissolved Nitrite (N) mg/L 0.0030 0.0030 0.033 ( 2 ) 0.015 6156894

Dissolved Nitrate (N) mg/L 0.12 0.0030 0.067 ( 2 ) 0.015 6156894

Elements

Dissolved Calcium (Ca) mg/L 200 0.30 79 0.30 6168361

Dissolved Iron (Fe) mg/L 0.097 0.060 <0.060 0.060 6168361

Dissolved Magnesium (Mg) mg/L 160 0.20 100 0.20 6168361

Dissolved Manganese (Mn) mg/L 0.16 0.0040 0.0061 0.0040 6168361

Dissolved Potassium (K) mg/L 33 0.30 24 0.30 6168361

Dissolved Sodium (Na) mg/L 1200 ( 1 ) 5.0 1100 ( 1 ) 5.0 6168361

RDL = Reportable Detection Limit
( 1 )    Detection limits raised due to dilution to bring analyte within the calibrated range.
( 2 )    Detection limits raised due to matrix interference.
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STANTEC CONSULTING LTD
Maxxam  Job  #: B280550 Client Project #: 110218745
Report Date: 2012/09/17 Site Location: MALLIK/INUVIK NWT

Your P.O. #: 16300R-40
Sampler Initials: OP

SOIL SALINITY 4 (SOIL)

Maxxam ID     E K 5 5 3 0
Sampling Date 2012/09/05

13:00
COC Number A043727
  U N I T S MALLIK2012 RDL QC Batch

SS01

Calculated Parameters

Anion Sum meq/L 200 N/A 6154407

Cation Sum meq/L 200 N/A 6154407

Cation/EC Ratio N/A 9.2 0.10 6154405

Ion Balance N/A 1.0 0.010 6154406

Calculated Calcium (Ca) mg/kg 230 0.76 6152978

Calculated Magnesium (Mg) mg/kg 62 0.51 6152978

Calculated Sodium (Na) mg/kg 530 1.3 6152978

Calculated Potassium (K) mg/kg 2400 0.66 6152978

Calculated Chloride (Cl) mg/kg 3100 63 6152978

Calculated Sulphate (SO4) mg/kg 490 2.5 6152978

Soluble Parameters

Soluble Chloride (Cl) mg/L 6200 ( 1 ) 130 6168404

Soluble Conductivity dS/m 22 0.020 6167666

Soluble (CaCl2) pH N/A 7.50 N/A 6156495

Sodium Adsorption Ratio N/A 11 0.10 6154408

Soluble Calcium (Ca) mg/L 460 1.5 6168718

Soluble Magnesium (Mg) mg/L 120 1.0 6168718

Soluble Sodium (Na) mg/L 1000 2.5 6168718

Soluble Potassium (K) mg/L 4700 1.3 6168718

Saturation % % 51 N/A 6167271

Soluble Sulphate (SO4) mg/L 970 5.0 6168718

Theoretical Gypsum Requirement tonnes/ha <0.10 0.10 6154409

RDL = Reportable Detection Limit
( 1 )    Detection limits raised due to dilution to bring analyte within the calibrated
range.
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STANTEC CONSULTING LTD
Maxxam  Job  #: B280550 Client Project #: 110218745
Report Date: 2012/09/17 Site Location: MALLIK/INUVIK NWT

Your P.O. #: 16300R-40
Sampler Initials: OP

RESULTS OF CHEMICAL ANALYSES OF SOIL

Maxxam ID     E K 5 5 3 0
Sampling Date 2012/09/05

13:00
COC Number A043727
  U N I T S MALLIK2012 RDL QC Batch

SS01

Physical Properties

Moisture % 24 0.30 6156948

Sieve - Pan % 98 0.20 6155529

Sieve - #200 (>0.075mm) % 1.6 0.20 6155529

Grain Size % FINE 0.20 6155529

RDL = Reportable Detection Limit
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STANTEC CONSULTING LTD
Maxxam  Job  #: B280550 Client Project #: 110218745
Report Date: 2012/09/17 Site Location: MALLIK/INUVIK NWT

Your P.O. #: 16300R-40
Sampler Initials: OP

General Comments

Results relate only to the items tested.
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STANTEC CONSULTING LTD
Attention: OLIVIER PIRAUX                 
Client Project #: 110218745
P.O. #: 16300R-40
Site Location: MALLIK/INUVIK NWT

Quality Assurance Report
Maxxam Job Number: EB280550

QA/QC Date
Batch Analyzed
Num Init QC Type Parameter yyyy/mm/dd Value Recovery UNITS QC Limits

6155529 JF8 Method Blank Sieve - Pan 2012/09/11 <0.20 %
Sieve - #200 (>0.075mm) 2012/09/11 <0.20 %

RPD Sieve - Pan 2012/09/11 20.8 % 35
Sieve - #200 (>0.075mm) 2012/09/11 6.1 % 35

6156380 CBE Spiked Blank Alkalinity (Total as CaCO3) 2012/09/11 97 % 80 - 120
Method Blank Alkalinity (PP as CaCO3) 2012/09/11 <0.50 mg/L

Alkalinity (Total as CaCO3) 2012/09/11 <0.50 mg/L
Bicarbonate (HCO3) 2012/09/11 <0.50 mg/L
Carbonate (CO3) 2012/09/11 <0.50 mg/L
Hydroxide (OH) 2012/09/11 <0.50 mg/L

RPD [ E K 5 4 7 1 - 0 1 ] Alkalinity (PP as CaCO3) 2012/09/11 NC % 20
Alkalinity (Total as CaCO3) 2012/09/11 0.2 % 20
Bicarbonate (HCO3) 2012/09/11 0.2 % 20
Carbonate (CO3) 2012/09/11 NC % 20
Hydroxide (OH) 2012/09/11 NC % 20

6156381 CBE Spiked Blank pH 2012/09/11 100 % 97 - 103
RPD [ E K 5 4 7 1 - 0 1 ] pH 2012/09/11 0.4 % 5

6156382 CBE Spiked Blank Conductivity 2012/09/11 100 % 90 - 110
Method Blank Conductivity 2012/09/11 <1.0 uS/cm
RPD [ E K 5 4 7 1 - 0 1 ] Conductivity 2012/09/11 0.07 % 20

6156495 LCA QC Standard Soluble (CaCl2) pH 2012/09/11 99 % 97 - 103
Spiked Blank Soluble (CaCl2) pH 2012/09/11 99 % 97 - 103
RPD Soluble (CaCl2) pH 2012/09/11 0.7 % 5

6156894 DPB Matrix Spike Dissolved Nitrite (N) 2012/09/11 98 % 80 - 120
Dissolved Nitrate (N) 2012/09/11 96 % 80 - 120

Spiked Blank Dissolved Nitrite (N) 2012/09/11 101 % 80 - 120
Dissolved Nitrate (N) 2012/09/11 100 % 90 - 110

Method Blank Dissolved Nitrite (N) 2012/09/11 <0.0030 mg/L
Dissolved Nitrate (N) 2012/09/11 <0.0030 mg/L

RPD Dissolved Nitrite (N) 2012/09/11 NC % 20
Dissolved Nitrate (N) 2012/09/11 1.1 % 20

6156948 KH7 Method Blank Moisture 2012/09/11 <0.30 %
RPD Moisture 2012/09/11 13.9 % 20

6159746 BA3 Matrix Spike Dissolved Chloride (Cl) 2012/09/12 NC % 80 - 120
Spiked Blank Dissolved Chloride (Cl) 2012/09/12 100 % 80 - 120
Method Blank Dissolved Chloride (Cl) 2012/09/12 <1.0 mg/L
RPD Dissolved Chloride (Cl) 2012/09/12 0.6 % 20

6159749 BA3 Matrix Spike Dissolved Sulphate (SO4) 2012/09/12 NC % 80 - 120
Spiked Blank Dissolved Sulphate (SO4) 2012/09/12 107 % 80 - 120
Method Blank Dissolved Sulphate (SO4) 2012/09/12 <1.0 mg/L
RPD Dissolved Sulphate (SO4) 2012/09/12 3.8 % 20

6159884 BA3 Matrix Spike
[EK5477-01] Dissolved Chloride (Cl) 2012/09/12 NC % 80 - 120
Spiked Blank Dissolved Chloride (Cl) 2012/09/12 92 % 80 - 120
Method Blank Dissolved Chloride (Cl) 2012/09/12 <1.0 mg/L
RPD [ E K 5 4 7 7 - 0 1 ] Dissolved Chloride (Cl) 2012/09/12 0.8 ( 1 ) % 20

6159893 BA3 Matrix Spike
[EK5477-01] Dissolved Sulphate (SO4) 2012/09/12 NC % 80 - 120
Spiked Blank Dissolved Sulphate (SO4) 2012/09/12 98 % 80 - 120
Method Blank Dissolved Sulphate (SO4) 2012/09/12 <1.0 mg/L
RPD [ E K 5 4 7 7 - 0 1 ] Dissolved Sulphate (SO4) 2012/09/12 0.3 ( 1 ) % 20

6167271 LX QC Standard Saturation % 2012/09/14 101 % 93 - 107
RPD Saturation % 2012/09/14 0.8 % 12

6167666 LZ2 QC Standard Soluble Conductivity 2012/09/14 106 % 85 - 115
Spiked Blank Soluble Conductivity 2012/09/14 100 % 90 - 110

Maxxam Analytics International Corporation o/a Maxxam Analytics  Edmonton: 9331 - 48th Street T6B 2R4 Telephone(780)577-7100 Fax(780)450-4187
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STANTEC CONSULTING LTD
Attention: OLIVIER PIRAUX                 
Client Project #: 110218745
P.O. #: 16300R-40
Site Location: MALLIK/INUVIK NWT

Quality Assurance Report (Continued)
Maxxam Job Number: EB280550

QA/QC Date
Batch Analyzed
Num Init QC Type Parameter yyyy/mm/dd Value Recovery UNITS QC Limits

6167666 LZ2 Method Blank Soluble Conductivity 2012/09/14 <0.020 dS/m
RPD Soluble Conductivity 2012/09/14 7.3 % 35

6168361 JK9 Matrix Spike Dissolved Calcium (Ca) 2012/09/14 NC % 80 - 120
Dissolved Iron (Fe) 2012/09/14 99 % 80 - 120
Dissolved Magnesium (Mg) 2012/09/14 NC % 80 - 120
Dissolved Manganese (Mn) 2012/09/14 95 % 80 - 120
Dissolved Potassium (K) 2012/09/14 100 % 80 - 120
Dissolved Sodium (Na) 2012/09/14 NC % 80 - 120

Spiked Blank Dissolved Calcium (Ca) 2012/09/14 97 % 80 - 120
Dissolved Iron (Fe) 2012/09/14 96 % 80 - 120
Dissolved Magnesium (Mg) 2012/09/14 96 % 80 - 120
Dissolved Manganese (Mn) 2012/09/14 98 % 80 - 120
Dissolved Potassium (K) 2012/09/14 96 % 80 - 120
Dissolved Sodium (Na) 2012/09/14 98 % 80 - 120

Method Blank Dissolved Calcium (Ca) 2012/09/15 <0.30 mg/L
Dissolved Iron (Fe) 2012/09/15 <0.060 mg/L
Dissolved Magnesium (Mg) 2012/09/15 <0.20 mg/L
Dissolved Manganese (Mn) 2012/09/15 0.0041, RDL=0.0040 mg/L
Dissolved Potassium (K) 2012/09/15 <0.30 mg/L
Dissolved Sodium (Na) 2012/09/15 0.75, RDL=0.50 mg/L

RPD Dissolved Calcium (Ca) 2012/09/15 0.2 % 20
Dissolved Magnesium (Mg) 2012/09/15 0.3 % 20
Dissolved Potassium (K) 2012/09/15 1.2 % 20
Dissolved Sodium (Na) 2012/09/15 0.1 % 20

6168404 KD5 Matrix Spike Soluble Chloride (Cl) 2012/09/14 101 % 75 - 125
QC Standard Soluble Chloride (Cl) 2012/09/14 96 % 75 - 125
Spiked Blank Soluble Chloride (Cl) 2012/09/14 99 % 75 - 125
Method Blank Soluble Chloride (Cl) 2012/09/14 <5.0 mg/L
RPD Soluble Chloride (Cl) 2012/09/14 NC % 35

6168718 JHC Matrix Spike Soluble Calcium (Ca) 2012/09/14 104 % 75 - 125
Soluble Magnesium (Mg) 2012/09/14 102 % 75 - 125
Soluble Sodium (Na) 2012/09/14 105 % 75 - 125
Soluble Potassium (K) 2012/09/14 102 % 75 - 125

QC Standard Soluble Calcium (Ca) 2012/09/14 124 % 75 - 125
Soluble Magnesium (Mg) 2012/09/14 120 % 75 - 125
Soluble Sodium (Na) 2012/09/14 100 % 75 - 125
Soluble Potassium (K) 2012/09/14 101 % 75 - 125
Soluble Sulphate (SO4) 2012/09/14 122 % 78 - 122

Spiked Blank Soluble Calcium (Ca) 2012/09/14 105 % 75 - 125
Soluble Magnesium (Mg) 2012/09/14 104 % 75 - 125
Soluble Sodium (Na) 2012/09/14 98 % 75 - 125
Soluble Potassium (K) 2012/09/14 103 % 75 - 125

Method Blank Soluble Calcium (Ca) 2012/09/14 <1.5 mg/L
Soluble Magnesium (Mg) 2012/09/14 <1.0 mg/L
Soluble Sodium (Na) 2012/09/14 <2.5 mg/L
Soluble Potassium (K) 2012/09/14 <1.3 mg/L
Soluble Sulphate (SO4) 2012/09/14 <5.0 mg/L

RPD Soluble Calcium (Ca) 2012/09/14 6.4 % 35
Soluble Magnesium (Mg) 2012/09/14 NC % 35
Soluble Sodium (Na) 2012/09/14 7.3 % 35
Soluble Potassium (K) 2012/09/14 5.9 % 35
Soluble Sulphate (SO4) 2012/09/14 18.7 % 35

Duplicate:  Paired analysis of a separate portion of the same sample. Used to evaluate the variance in the measurement.
Matrix Spike:  A sample to which a known amount of the analyte of interest has been added. Used to evaluate sample matrix interference.
QC Standard:  A blank matrix to which a known amount of the analyte has been added. Used to evaluate analyte recovery.

Maxxam Analytics International Corporation o/a Maxxam Analytics  Edmonton: 9331 - 48th Street T6B 2R4 Telephone(780)577-7100 Fax(780)450-4187
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STANTEC CONSULTING LTD
Attention: OLIVIER PIRAUX                 
Client Project #: 110218745
P.O. #: 16300R-40
Site Location: MALLIK/INUVIK NWT

Quality Assurance Report (Continued)
Maxxam Job Number: EB280550

Spiked Blank:  A blank matrix to which a known amount of the analyte has been added. Used to evaluate analyte recovery.
Method Blank:  A blank matrix containing all reagents used in the analytical procedure. Used to identify laboratory contamination.
NC (Matrix Spike): The recovery in the matrix spike was not calculated. The relative difference between the concentration in the parent sample and the
spiked amount was not sufficiently significant to permit a reliable recovery calculation.
NC (RPD): The RPD was not calculated. The level of analyte detected in the parent sample and its duplicate was not sufficiently significant to permit a
reliable calculation.
( 1 )    Detection limits raised due to dilution to bring analyte within the calibrated range.

Maxxam Analytics International Corporation o/a Maxxam Analytics  Edmonton: 9331 - 48th Street T6B 2R4 Telephone(780)577-7100 Fax(780)450-4187
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Validation Signature Page

Maxxam  Job  #: B280550

The analytical data and all QC contained in this report were reviewed and validated by the following individual(s).

Carol Gebhart, Senior Analyst                                     

Dina Tleugabulova, Ph.D., Scientific Specialist, Inorganics Department      

====================================================================
Maxxam has procedures in place to guard against improper use of the electronic signature and have the required "signatories", as per section 5.10.2 of
ISO/IEC 17025:2005(E), signing the reports.  For Service Group specific validation please refer to the Validation Signature Page.
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