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1.0 BACKGROUND AND OBJECTIVES 
Elevated chloride concentrations have been observed in groundwater from monitoring well MW10-1B, located 

north of the Cache Creek Landfill.  To investigate the source of this chloride, an EM31 (Electrical Magnetic) 

survey was conducted to test for the presence of shallow chloride north of the landfill around the Trans Canada 

highway and an Electrical Resistivity Imaging (ERI) survey was conducted to obtain deeper measurements of 

conductivity, focusing on the upper 20 to 30 metres (m). 

The EM31 survey was carried out in the accessible areas around the MW10-1B borehole, including the highway 

ditch.  The objective of this survey was to investigate the possibility of a surface source for the elevated chloride. 

The ERI profiling survey plan consisted initially of two perpendicular lines passing in close proximity to 

MW10-1B, and targeted to the upper 20 to 30 m of the subsurface.  As a value-added service, an additional ERI 

line was surveyed approximately 200 m to the south of MW10-1B, and a 3D ERI survey was conducted in the 

area immediately south of MW10-1B (Figure 1). 

 

2.0 METHODOLOGY 

2.1 Electromagnetic (EM-31) Surveying 
The Geonics EM-31 frequency-domain conductivity meter is widely used for site characterization and identifying 

spatial variations of apparent ground conductivity (the reciprocal of apparent ground resistivity).  EM surveying 

provides rapid areal coverage of a site and is complementary to profiling tools such as ERI.  The EM-31 

inductively measures apparent electrical conductivity by applying an alternating current to a wire transmitter coil, 

producing a time-varying magnetic field that penetrates the ground and induces secondary electrical currents 

within the subsurface materials to approximately 5-m depth.  These so-called eddy currents in turn give rise to a 

secondary magnetic field that is sensed, together with the primary field, by the receiver coil where the strength of 

the measured field is related to apparent ground electrical conductivity.  Since inductive measurements do not 

require contact with the ground, EM-31 surveys are relatively quick; however, resulting measurements are a bulk 

average over the 5-m depth/volume and therefore do not provide a depth profile. 

The EM-31 survey at the Cache Creek landfill was carried out in an approximate grid pattern north of the landfill.  

The area represented by the survey was approximately 400 m in a north-south direction and 120 m in an east-

west direction (Figure 2).  The easternmost edge of the survey was located immediately adjacent to and roughly 

parallel to Highway 1 and the western edge of the survey corresponded to the fenceline, or to the steep slopes.  

The survey encountered some surface metal, such as the stick-ups at boreholes MW97-1 and MW10-1B, and 

the measurements within 5 m of surface metal were not used.  Next to the highway, overhead utility lines and a 

barbed wire fence produced some subtle interference with the EM31, but all data in that area were retained in 

order to detect the possible presence of elevated chloride. 
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2.2 Electrical Resistivity Imaging (ERI) Survey 
The ERI method measures electrical resistivity (reciprocal of conductivity) of the subsurface to infer rock/soil 
types, stratigraphy, and soil conditions.  It is capable of imaging soil and rock variations laterally and vertically 
and can typically distinguish between major grain sizes in soils such as between sand and silt.  The physical 
principles for this method are the same as those established for direct current (DC) resistivity, in which the 
apparent resistivity of the subsurface is calculated for increasing electrode separations by applying a current to 
the ground using two electrodes and measuring the potential difference (voltage) between a second pair of 
electrodes.  The depth of investigation is a function of electrode separation, with larger electrode separations 
providing information from greater depth.  ERI differs from traditional DC sounding techniques in that a ‘spread’ 
of electrodes (up to 120, in this case) is staked along a survey line and connected to the resistivity meter by a 
cable fitted with multiple takeouts.  Software controlling the resistivity meter utilizes the multiple electrodes to 
collect measurements at a variety of electrode separations, providing high-density data along the entire length of 
the profile with one field setup. 

A 120-electrode Syscal-Pro ERI system, manufactured by Iris, was used for data collection of the Cache Creek 
Landfill surveys.  Electrodes were placed at 3-m spacing along the first two lines, and at 2-m spacing along the 
third line.  This provided optimal coverage with sufficient resolution resulting in an investigation depth interval of 
approximately 1 to 40 m below grade. 

A number of different array types can be used by using different combinations of electrodes to enhance certain 
properties of the technique.  A Wenner-Schlumberger array type was used because it provides a good 
compromise between delineation of lateral and vertical variations in the subsurface and reliably provides a good 
signal-to-noise ratio. 

A 3D ERI survey was also conducted.  This survey consisted of three lines of 20 electrodes, each 100 m long, 
intersecting Line 1 at 175 m, 185 m, and 195 m along line.  The layout of the ERI survey is shown in Figure 1. 

Preliminary processing and modeling of ERI data were carried out and reviewed in the field to ensure data/image 
quality.  The data were processed to remove spurious readings and then modeled using commercially available 
resistivity inversion software, RES2DINV and RES3DINV developed by Loke.  Features in resulting model 
profiles were then correlated with available geological control, such as bedrock outcrops and monitoring wells. 

 

3.0 RESULTS 
The field surveys were conducted during the period from October 24 to 27, 2011, a period of relatively dry and 
cool weather. 

 

3.1 EM-31 Results 
Electromagnetic surveying results are summarized in Figure 2.  The survey found the conductivity of the 
near-surface ranged from 6 mS/m in the southern end of the survey and gradually increased to up to 20 mS/m 
as the survey moved north.  A somewhat higher conductivity anomaly, up to 30 mS/m, was found towards the 
north end of the survey area, and was roughly coincident with a sedimentation pond.  A lower conductivity 
anomaly was seen in the north-west corner and can be correlated with the generally thinner and dryer 
overburden seen there. 

A thin band of high conductivity along the eastern edge of the survey was likely caused by interference with the 
fence along the side of the road and not indicative of ground conditions. 
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3.2 ERI Interpretation 
ERI data were generally of excellent quality along all lines. The data sets have been processed as indicated 

above, and modelled using inversion settings to maximize resolution of the possibly sharp bedrock resistivity 

contrast to overburden values.  All datasets were inverted using robust (L1-norm) data constraints and standard 

(L2-norm) model constraints which provided good model imaging of high conductivity areas.  Topography was 

included in the model using finite element model cells.  Model misfit ranged between 1.6% to 7%, indicative of 

excellent fit between model-predicted data and actual data. 

Resulting ERI profiles are plotted in Figures 3 through 5 for the 2D lines, and Figure 6 for the 3D ERI.  Figure 7 

shows a fence diagram of all ERI data.  The profiles have a 1.5x vertical exaggeration applied to magnify smaller 

changes in conductivity.  Blue to bright green colours (0.5 to 6 mS/m) represent low conductivity areas and 

probable bedrock or dry soils/overburden.  Orange to red colours (65 to 160 mS/m) represent high conductivity 

and may be indicative of fine soils, groundwater, and possible areas of elevated chloride concentrations.  Dark 

green to brown (6 to 65 mS/m) zones are likely transitional with probable wet zones. 

 

3.2.1 ERI Line 1 

ERI Line 1 was 360 m long and ran roughly southeast to northwest, along the lower road, parallel to Highway 1, 

and passing through boreholes MW97-1 and MW10-1B.  The profile shows three clear layers; a low conductivity 

upper layer, likely dry soils and overburden, a high conductivity middle layer, likely a zone of wetness, and 

another low conductivity layer on the bottom, which is likely bedrock.  The middle layer is relatively flat, with the 

top boundary at around 484-m elevation (or 5 to 10 m below grade), which is believed to be the water table.  It 

increases in conductivity towards the centre of the line, up to 150 mS/m, around MW10-1B. 

 

3.2.2 ERI Line 2 

ERI Line 2 was 210 m long and ran roughly southwest to northeast, perpendicular to Line 1 and intersecting it 

25 m from the eastern end of the line.  The profile shows very low conductivity towards the western end, which 

can be explained by the bedrock outcropping seen at the start of the line.  A small area of high conductivity 

appears underneath the diversion ditch west of the upper road.  Larger areas of high conductivity appear deeper 

in the profile towards the east end of the line, where it intersects Line 1. 

 

3.2.3 ERI Line 3 

ERI Line 3 was 200 m long and ran west to east, with the eastern end crossing Line 1 at borehole MW97-1.  Like 

Line 2 it shows mostly low conductivity towards the western end, with small pockets of high conductivity 

associated with the diversion ditch north of the upper road, and also with the berm and upper road itself.  A 

higher conductivity area appears about 10 to 15 m below grade at 106 m to 150 m along line.  However this is 

smaller and less conductive than in Line 2, only reaching 30 mS/m.  This matches the conductivity seen at the 

south end of Line 1, where Line 3 intersects it. 
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3.2.4 3D ERI Survey 

A 3D ERI survey was conducted that consisted of three 100-m lines, spread 10 m apart, with electrodes spaced 

at 5-m intervals along the lines.  These three lines intersected ERI Line 1 at 175 m, 185 m, and 195 m along the 

line.  This survey confirmed results seen in ERI Lines 1 and 2.  A zone of high conductivity was centered 

approximately 10 to 20 m west of ERI Line 1 at approximately 477-m elevation with conductivities as high as 

100 mS/m.  Conductivity was highest on the north side of the 3D survey, coincident with the high conductivity 

seen under ERI Line 1 at around 195 m. 

 

4.0 DISCUSSION AND CONCLUSION 
The geophysical investigation was successfully conducted as proposed.  In addition, a third ERI profile was 

obtained and a 3D ERI survey was conducted, all within the proposed budget allowance. 

The EM31 survey covered enough area near the highway to investigate the possibility of surface contamination 

from excess road salt.  There does not appear to be a source of elevated chloride emanating from the highway, 

at least in the area surveyed.  The EM31 results do show that elevated conductivities are found near the surface 

in the diversion ditch sedimentation basin.  The sediments in the sedimentation basin are more fine-grained than 

the surrounding area, so the elevated conductivity could be explained by the presence of moist silts and clays. 

The ERI surveys identified a subsurface zone of elevated conductivity in the area around MW10-1B, and in a 

layer ranging from approximately 5 to 20 m below grade.  Vertically, the upper bound is likely associated with the 

water table, and the lower bound associated with the bedrock surface.  Horizontally, the high conductivity zone 

around MW10-1B shows that the highest conductivities are found within a few tens of metres around MW10-1B, 

and then it stretches and diminishes towards the south as can be seen in the Line 1 ERI plot.  Where Line 2 

crosses Line 1, this conductive zone is seen at approximately the same depth in Line 2 where it intersects 

Line 1.  Towards the west, the conductive zone extends approximately 40 to 50 m westwards of Line 1.  The 

3D ERI survey confirmed this high conductivity distribution and centered the highest conductivity at 

approximately 10 to 20 m west of Line 1, and approximately 20 m south of MW10-1B. 

There are also small zones of elevated conductivity immediately beneath the diversion ditch itself where the 

ERI lines cross the ditch.  These are laterally constrained to the ditch area only, and could be explained by the 

presence of wetted fine grained soils immediately below the ditch.  However it is also possible that the diversion 

ditch water has transported some conductive fluid, leaving a residual conductivity, and also transported this fluid 

to the sedimentation basin area where elevated conductivities were detected by the EM31 survey. 

 

5.0 LIMITATIONS 
Golder Associates Ltd.’s services are conducted in a manner consistent with the level of care and skill ordinarily 

exercised by other members of the geophysical community currently practicing under similar conditions subject 

to the time limits and financial and physical constraints applicable to the services.  Methods used in this 

investigation are remote sensing geophysical methods that, because of geometrical limitations and/or limitations 

in contrasting physical properties and interference from infrastructure, may not delineate all features of interest 

or may have higher inaccuracy in certain areas. 
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6.0 CLOSURE 
This report has been prepared based on the information obtained for the purposes outlined above.  Should 

additional details become available, Golder Associates should be requested to review this report in light of this 

information, and provide revised and/or additional recommendations as appropriate. 

We trust that this report meets your immediate requirements.  Please contact the undersigned should you have 

any questions or concerns. 

GOLDER ASSOCIATES LTD.  

 

 

 

Michael (Max) Maxwell, Ph.D., P.Geo., RMC Jeffrey Schmok, M.Sc., P.Geo. 
Principal/Senior Geophysicist Principal/Senior Geophysicist 

 

MGM/JPS/rja 

Golder, Golder Associates and the GA globe design are trademarks of Golder Associates Corporation.  

\\bur1-s-filesrv2\final\2011\1435\11-1435-0804\rep 0321_12 geophysical survey - final\rep 0321_12 geophysical survey - final.docx 
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Summary of 3D ERI results 
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Fence Diagram of all ERI data 
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