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1. INTRODUCTION 
 
This report describes an environmental imaging (EI) investigation carried out under contract to 
KAVIK-AXYS Inc. of Calgary, Alberta for EnCana Corporation of Calgary, Alberta.  The survey 
was carried out on September 19th, 2005 at the Umiak N16 Sump, located southwest of 
Tuktoyaktuk, Northwest Territories (Figure 1). 
 
The survey objectives were to investigate and delineate the extents of potential drilling wastes at the 
sump.  This investigation was compared to a previous survey directed by KAVIK-AXYS Inc. (see 
Essis Project #1442, August 2004) to determine possible changes in subsurface ion-distributions.   
 
The Geonics EM38 and EM31 were used to map the lateral extents of ion-contaminated regions 
using electromagnetic (EM) inductive forces.  Two Trimble Pathfinder Power DGPS receivers 
provided positional control.  Data were differentially corrected using Inuvik, Northwest Territories 
base station data. 
 
All project work was carried out in accordance to discussions with Mr. Chris Revak of KAVIK-
AXYS Inc. of Calgary, Alberta. 
 
 

FIGURE 1 
Site Location 

Yu
ko

n 
Te

rri
to

rie
s

N
or

th
w

es
t T

er
rit

or
ie

s

Inuvik

Tuktoyaktuk

Umiak N16 Sump



 

2  

2. ENVIRONMENTAL IMAGING (EI)  - DATA ACQUISITION 
 

EI refers to the imaging of the subsurface for anomalous environmental conditions. Various tools are 
applicable to this process, each of unique capability and purpose.  This section describes the tools 
used to image environmental subsurface conditions on site. 
 
Appendix A contains geophysical (Geonics EM38 and EM31) and DGPS positioning (Trimble 
Pathfinder Power) specifications.  Appendix B contains a technical paper by the instrument 
manufacturer (Geonics Limited).  This paper provides in-depth technical background on the applied 
geophysical technique (Frequency-Domain EM induction). 
 

2.1 LATERAL CONDUCTIVITY (GEONICS EM38/31) 
 

Appendix A contains Geonics EM38/31 instrument specifications.  The Geonics EM38/31 use 
electromagnetic (EM) inductive forces to delineate subsurface conductivities.  These instruments 
are digitally synchronized to differentially-corrected GPS (DGPS). This arrangement allows 
positioning and geophysical data to be stored simultaneously on handheld dataloggers.  Data are 
acquired swiftly at high sampling density.  EM38 readings were taken in the ‘EM38 – Horizontal 
Coils at Ground Level’ mode, approximating measurements of the initial 1.5 m of topsoil     
(Table 1).  EM31 readings were taken in the ‘EM31 – Horizontal Coils at Hip Level’ mode, 
approximating measurements of the initial 5 m of topsoil (Table 1). 
 
Please note that an inherent property of EM signals prevents deep penetration into conductive 
media. Tabulated depths of penetration (Table 1) are skindepths of the penetrating EM signal 
and are a function, in part, of overall soil conductivity (conductive soil reduces depth-of-
penetration). The various coil orientations are not used to delineate the depth-extent of 
contamination but rather the depth-onset of contamination.   
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TABLE 1 
EM38/31 Coil Orientations and Corresponding Effective Depths of Penetration 

 

Coil Orientation Effective Depth of Penetration 

EM38 – Horizontal Coils at Ground Level
EM38 – Vertical Coils at Ground Level  
 
EM31 – Vertical Coils at Ground Level 
EM31 – Horizontal Coils at Hip Level 
EM31 – Horizontal Coils at Ground Level 

1.5 m 
1 m  

 
2 m 
5 m 
6 m 

 
 

2.2 DGPS POSITIONING (TRIMBLE PATHFINDER POWER) 
 

Appendix A contains DGPS instrument specifications.  Positioning data were differentially 
corrected using Inuvik, Northwest Territories base station data. The moving DGPS receiver 
(Rover) was synchronized to geophysical instruments providing positioning control of 
geophysical measurements. Although this system can readily apply corrections in real-time, 
post-processing using specialized software is more accurate and avoids potential interference by 
real-time correcting radio signals. Sub-meter positioning accuracies are generally possible.  
Table 2 lists various DGPS survey parameters.  Site features have been surveyed on site and 
serve as reference markings for follow-up work. 
 

TABLE 2 
DGPS Survey Parameters 

 

 Base Station UTM Coordinate: 
 Rover UTM Zone:  
 Final UTM Datum: 

N7577533/E560870/46.36 m (HAE) 

08 
NAD27 
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3. ENVIRONMENTAL IMAGING (EI)  - DATA PROCESSING AND PRESENTATION 
 
EI data processing was initiated infield and completed at headquarters.  Data processing was 
designed to enhance results by carefully applying specific mathematical algorithms.  Such 
algorithms may filter unwanted data, enhance trend continuity or highlight otherwise unclear or 
invisible data. 
  

3.1 LATERAL CONDUCTIVITY (GEONICS EM38/31) 
 

EM38/31 data were processed to moderate responses from buried metals and powerline interference. 
Additional data processing enhanced trend continuity and amplified hidden anomalies. Key data 
processing parameters are tabulated (Table 3) to enable future data processing repeatability.  Two 
large-format ‘Lateral Conductivity Distribution (EM38/31) & Site Features’ maps were created 
(Maps 1/2 and 2/2) and are included in the clear plastic pouch accompanying this report.  Reduced 
versions of both maps are bound into the report.  The large-format maps detail site features better 
and offer finer EM-imaging than their smaller, bound counterparts.  
 
The EM38 lateral conductivity image was overlain onto an aerial photograph (taken by Essis crew 
during the mobilization flight).  As the aerial photograph exhibits focal distortion, the DGPS 
surveyed features on the maps should be used for referencing field locations.  The aerial 
photograph underlay is bound in following the report. 

 
TABLE 3 

EM38/31 - Key Data Processing Parameters 
 

Data Gridding: 

 

Data Imaging: 

Image Enhancement: 

Kriging (1 x 1) 

Moving Average (5, 5)  

Non-linear, 4 – 20 mS/m 

Resolution enhancement to 150 dpi, Low-Pass @ 3 
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3.2 DGPS POSITIONING (TRIMBLE PATHFINDER POWER) 
 

Positioning data were corrected for ionospheric effects.  Specialized processing software by Trimble 
Navigation incorporated Inuvik, Northwest Territories base station data to differentially correct all 
rover positions.  PDOP (Positional Dilution of Precision) was consistently below 2.5. PDOP is a 
statistical measure of positional accuracy related to satellite geometry relative to the receiver.  In 
general, PDOP values in excess of five suggest somewhat more inaccurate positioning. Map UTM 
coordinates were projected in NAD27. 
 

 

4. MAPS AND INTERPRETATION 
 

Maps (1/2) and (2/2) are titled 'Lateral Conductivity Distribution (EM38/31) & Site Features'.  
The colour images on the maps represent the lateral conductivity distribution on site, also 
referred to as apparent conductivity.  Apparent conductivity approximates the bulk conductivity 
from surface to skindepth of the primary EM field. Conductivity variations are generally caused 
by a combination of ionic contaminants (chlorides), natural soil salinity, buried metal (pipes, 
scrap, etc.), changes in soil type and saturation. 
 
Metallic and ionic responses can often be distinguished by interpreting their characteristic 
behaviour. Such behaviour is a function of geometric coupling between the instrument and buried 
metal.  Buried metal is easily identified when geometric coupling is maximized (for example, when 
surveying perpendicularly across pipelines).  Consequently, buried metal is not always identified 
when coupling is minimized (for example, when surveying parallel to pipelines). Please note that 
while the EM38/31 respond to buried metal, these tools are not specifically designed to map buried 
metals.   
 
The possibility of conductive media increases from dark blue (cold colours) to dark red (hot 
colours).  Regions that have been surveyed (as revealed by the presence of geophysical measurement  
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stations, fine crosses) and are not coloured (but appear white) are also presumed background. Colour 
(blue) was omitted to ease the presentation of black site features.   
 
Background readings can vary between sites in response to varying soil types.  Dry accumulations of 
sand or gravel typically yield low backgrounds.  Naturally occurring ions, fertilized, fine-grained 
and/or saturated soils yield elevated backgrounds. Elevated backgrounds can sometimes match 
magnitudes typical of contaminated regions. Lab results of test hole locations from within 
anomalous regions (hot colours) should reveal the cause of anomalous responses.  Similarly, lab 
results of test hole locations from outside anomalous regions (cold colours) should reveal the nature 
of background responses.   
 
The large-format maps are scaled at 1:600.  The small-format, bound maps are scaled at 1:790.  Data 
are presented in UTM coordinates and projected in NAD27.  The UTM grid coordinate system 
displays in units of metres (as opposed to degrees) and allows distance measurements to be read 
directly off the maps.  UTM X and Y grid lines (the fine vertical and horizontal lines on the maps) 
are spaced 10 m apart.  Site features have been DGPS surveyed and are included on the maps to 
provide reference control during follow-up work.   
 
Aerial Photograph #1 presents an overlay of the EM31 image to an aerial photograph of the site 
(taken by Essis crew on September 19th, 2005 during a mobilization flight). As the aerial photograph 
exhibits focal distortion, the DGPS surveyed features on the UTM referenced maps should be used 
for finding field locations. 
 
In general, Maps (1/2) and (2/2) reveal shallower and deeper conductivity data on site, respectively. 
Conductivity response magnitudes range from 4 to 20 mS/m.  Such low background conductivities 
are typical of clean sands and silts commonly found in this region.   
 
The initial survey conducted on this site was performed in the fall of 2004 (see Essis Project 
#1442, August 2004) to identify the extents of potential ionic contamination at the sump.  At that 
time, elevated responses suggested ionic contaminants were concentrated along the central axis of 
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the visible sump area. This current September 2005 survey was conducted to identify potential 
changes in contaminant extents and magnitudes.  To facilitate comparison of site conditions, 
presentation parameters such as colour scale were maintained from the initial survey.   
 
The central ‘topographic high’ outlines an area of the sump where fill material has been piled.  The 
‘topographic high’ is visible on the Aerial Photograph as the rectangular shaped lighter ground 
pattern.  Water pooling somewhat obscures the northern extent of this feature.  The actual 
dimensions of the sump may exceed this visible boundary.   
 
Conductivity response trends on deeper imaging EM31 (Map 2/2) suggest potential drilling wastes 
are concentrated on the west side of the visible sump area, trending along its central axis.  
Shallower-imaging EM38 conductivities reveal similar response trends on the western side of the 
sump.  Elevated responses also appear north and south of the topographic high on both maps, 
trending parallel to the rectangular feature.  Elevated responses outside the topographic high are 
particularly evident on the EM38 map, suggesting predominantly shallow conductors.  Generally 
wet conditions around the sump may have influenced these slightly elevated shallow responses.       
 
An elevated EM38 response trend extending south from the southeast corner of the sump feature 
may identify a potential contaminant migration path.  The suspect flow path may travel downslope 
from the sump and pool on the opposing side of a ridge, identified on the UTM referenced and aerial 
underlay maps.     
 
Comparison of the current 2005-fall survey to the previous 2004-fall survey reveals similar 
conductivity trends within the topographic high.  The EM31 instrument reported attenuated response 
magnitudes along the axis of the sump during the current survey.   
 
The suspected contaminant migration path identified by the 2005-EM38 survey concurs with an 
elevated conductivity trend revealed during the 2004 survey.  The 2004 trend exhibited 
comparatively reduced response magnitudes, matching those of suspected water saturated 
conditions on site.   
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Future soil coring should be strategically targeted to confirm suspected contaminated zones.  Lab 
results from future borehole samples should be combined and correlated with geophysical data. The 
combined interpretation of all data ensures a comprehensive understanding of site conditions.    
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5. CONCLUSIONS AND RECOMMENDATIONS 
 

The survey objectives were to investigate and delineate potential drilling wastes at the Umiak N16 
Sump. This investigation was compared to a previous survey directed by KAVIK-AXYS Inc. (see 
Essis Project #1442, August 2004) to determine possible changes in subsurface ion-distributions.   
 
The Geonics EM38 and EM31 were used to map the lateral extents of ion-contaminated regions 
using electromagnetic (EM) inductive forces.  Two Trimble Pathfinder Power DGPS receivers 
provided positional control.  Data were differentially corrected using Inuvik, Northwest Territories 
base station data. 
 
Geophysical findings from the current 2005 survey were compared to those from the previously 
conducted 2004 survey.  The general sump location was identified by a pile of fill material, visible 
as a rectangular shaped topographic high on site. Lateral conductivity mapping revealed similar 
conductivity distributions as the previous year within the fill pile, where potential contaminants 
appeared concentrated along its central axis.  Elevated responses appeared paralleling the northern 
and southern sides of the topographic high and may have been influenced by increased water 
saturation.     
 
Potential ionic contaminant migration may have occurred towards the south from the southeast 
corner of the topographic high.  Elevated response trends suggested the flow path extended over a 
ridge where potential contaminants may have pooled.  Although this path was not readily apparent 
on last years results due to reduced response magnitudes, similar response trends suggest potential 
contaminant movement may have already been occurring.   
 
Future soil sampling should be targeted to confirm the true nature of anomalous responses, with 
consideration give to target depth ranges.  Lab results from future soil samples should be combined 
and correlated to all geophysical data.  The combined interpretation of all data ensures a 
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comprehensive understanding of site conditions.  Site features have been DGPS surveyed to assist 
follow-up work.  Caution is advised during subsequent sampling to avoid unidentified buried 
objects.  
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