
PITEAU ASSOCIATES ENGINEERING LTD.  

PITEAU ASSOCIATES
GEOTECHNICAL AND
HYDROGEOLOGICAL CONSULTANTS

215-260  WEST ESPLANADE
NORTH VANCOUVER, B.C.
CANADA V7M 3G7
TELEPHONE: (604) 986-8551
FAX: (604) 985-7286
WEBSITE: http://www.piteau.com

        
Our file:  1576 

 
       February 2, 2010 
 
 
 
 
 
 
McGill & Associates Engineering Ltd.  
5130 Argyle Street 
Port Alberni, B.C. 
V9Y 1V2 
 
Attention:  Mr. Al McGill, P.Eng. 
 
Dear Sirs: 
 
Re:  2009 Leachate Excursion Investigation, West Coast Landfill, Tofino, B.C. 
 
BACKGROUND 
 
Leachate collection facilities were constructed at the West Coast Landfill in 2004 to intercept 
leachate prior to its entering Sandhill Creek.  The intercepted leachate is stored in a lagoon at the 
southwest corner of the landfill, from which it is pumped to an irrigation area on the north side of 
the landfill.  Irrigation is intended to promote evapo-transpiration of the leachate during warm, dry 
periods of the year, and nutrient uptake during the growing season.  Some nitrification will also 
occur during the irrigation process. 
 
Leachate is chronically detected at the SW-11 sampling site, located on the downstream side of 
the west leachate collector ditch (Fig. 1).  The leachate is either seepage from or beneath the 
west leachate collector ditch, or seepage into this area from the leachate irrigation area to the 
north.  In order to remedy the seepage of leachate into the gully where SW-1 is located, the 
seepage pathway needs to be identified.  Visual inspection in the summer of 2006 did not provide 
any indication of the likely seepage pathway.  A subsurface investigation program was therefore 
determined to be necessary.  An electromagnetic survey was recommended by Piteau 
Associates Engineering Ltd. (Piteau), in the annual monitoring reports dated February 19, 2007 
and April 30, 2008. 
 
SCOPE 
 
Piteau provided a proposal to conduct an Electromagnetic (EM) survey of the subject area, dated 
December 17, 2008.  The scope of the survey included the following: 
 
1. Planning and arrangements for a site survey, to include both the shallow EM method and 

direct measurement of shallow groundwater conductivity using a hand held probe. 
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2. Site visit for two persons to layout the survey grid and conduct the survey.  A plan of the grid 
was provided in advance, so that cut lines could be completed prior to the arrival of the survey 
crew. 

3. Reduction and reporting of the results. 
 
SURVEY 
 
Electromagnetic Survey 
 
A Geonics Ltd. EM31 electromagnetic terrain conductivity instrument, operated by Frontier 
Geosciences Inc., was on site from November 16 to November 17, 2009 to carry out the 
electromagnetic survey.  Stephen Dueck, a hydrogeological technologist with Piteau, travelled to 
the site to supervise the survey, and to collect measurements of shallow groundwater 
conductivity. 
 
A north-south survey grid was established at the site with parallel lines spaced at 10m intervals 
(Fig. 1).  A larger separation of the order of 15m exists between lines F and H.  The grid originally 
comprised lines A through H, but due to access constraints line G was abandoned.  Line I was 
added to fill in the area at the southeast corner of the survey area.   
 
Readings with the EM31 were made at constant terrain clearances of approximately 1m and at 
10m intervals along each grid line.  Throughout the survey, notes were recorded regarding line 
and station positions in relation to existing cultural features and vegetation. 
 
Results of the EM Survey were reported by Frontier Geosciences Inc. (Appendix A). 
 
Groundwater Conductance Measurements 
 
Shallow groundwater measurements for electrical conductivity were attempted using a  
Hanna HI 991300 meter.  Due to the very wet weather conditions the abundance of rain water 
diluted the near surface water, which masked the local electrical conductivity of the shallow 
groundwater.  The EC readings were therefore of no value to the interpretation.   
 
ANALYSIS AND ASSESSMENT 
 
A thick (>15m) sequence of marine clay underlies the area, and is mantled with a veneer of highly 
organic silt and a peat.  The clay has a naturally high electrical conductivity.  The EM31 is 
designed to measure conductance to a depth of only a few metres, so should be able to 
differentiate a shallow conductive zone with limited interference from the underling clay. 
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The contoured EM data on Fig. 1 shows elevated electrical conductivities along the extension of 
the gully which runs up grid line D.  The lower gully, where SW-11 is located, would likely have 
shown up as an anomaly if the rainfall had not been so intense at the time of the survey  The 
anomaly along line D follows the likely surface pathway for the leachate seepage, so provides 
some confidence that the methodology is capable of detecting the subsurface leachate pathway. 
 
Historically, leachate flowed along ruts in a cut line located on the original property boundary.  
Flow along the cut line was prevented by the construction of storm bars (Fig. 1), which diverted 
the flow over the adjacent peat areas to the west.  If water from the irrigation system was entering 
the area, it would likely flow along the old cut line.  The EM survey results indicate that this is not 
occurring, as the conductance measured at the north end of the old cut line was not elevated 
above a typical background value (Fig. 1). 
 
A conductance anomaly, that appears to be contiguous with the anomaly noted above, is present 
within the central eastern edge of the survey grid.  This area, labelled on Fig. 1, is interpreted to 
be the potential leachate seepage pathway.  The conductance increases closer to the leachate 
collector ditch, suggesting the water is seeping from or beneath the west leachate collector ditch 
near this point.  Seepage along this pathway would explain the leachate indicator concentrations 
measured at the SW-11 sampling site. 
 
RECOMMENDATION 
 
The area of the EM anomaly identified on Fig. 1 should be investigated by: 

• Carefully inspecting the west bank of the west leachate collector ditch in the identified 
area, to determine if there are any organic soils exposed in the wetted depth of the 
channel. 

• Excavating a shallow trench with a small tracked excavator along the invert of the 
collector ditch, to confirm the presence of intact clay beneath the ditch, or to identify the 
extent of any permeable sediments that may underlie the ditch invert. 

 
LIMITATIONS AND CLOSURE 
 
Piteau Associates Engineering Ltd. has exercised reasonable skill, care and diligence in 
obtaining, reviewing, analyzing, and interpreting the information acquired during this study, but 
makes no guarantees or warranties, expressed or implied, as to the accuracy or completeness of 
the information contained in this report.  Piteau relied on information provided by others, and 
while this information is believed to be accurate, it cannot be guaranteed.   
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We trust that the enclosed is sufficient for your present needs.  If you have any questions or 
comments, or require additional clarification of the above, please contact us. 
 

Respectfully submitted, 
 
PITEAU ASSOCIATES ENGINEERING LTD. 
 
 
 
 
 
Andrew T. Holmes, P.Eng. 
 
 
 
 
 
Stephen Dueck, AScT 
 

ATH/SD/slc 
 
Att. 
 
H:\Project\1576\EM_Suvey_2009\1576_EM-R1.doc 
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APPENDIX A 
 
 

EM SURVEY REPORT 
 

Frontier Geosciences Inc., 2009 

EM 31 Terrain Conductivity Survey – West Coast Landfill, Tofino, B.C 
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1. INTRODUCTION

On November 16th and November 17th, 2009, Frontier Geosciences Inc. carried out an
electromagnetic terrain conductivity survey for Piteau Associates Engineering Ltd. at the
West Coast Landfill near Tofino, British Columbia.  A Survey Location Plan of the site area
is illustrated at 1:100,000 scale in Figure 1 on page 2.

The site is currently being utilized as a waste disposal area.  The purpose of the terrain
conductivity investigation was to detect possible elevated soil and groundwater
conductivities that may be due to leachate in the native earth materials and shallow
groundwater beneath the site.  A Site Plan of the EM survey lines is presented at a scale of
1:1,500 in Figure 2 of the Appendix.
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2. THE ELECTROMAGNETIC TERRAIN SURVEY METHOD

2.1 Equipment

The electromagnetic terrain conductivity surveying was carried out using a Geonics Ltd.
EM31 electromagnetic terrain conductivity instrument.  This unit is an electromagnetic
instrument consisting of a transmitter coil and a receiver coil at opposing ends of a 3.66 m
boom.  Together with the electronics package, the instrument is one-person portable.  The
instrument is operated at audio frequencies and makes use of the effect that earth
conductivity information is contained in the behaviour of the phase of the received EM field.
This phase information is calibrated to read directly in milliSiemens/metre, units of
conductivity.  The effective penetration of the instrument under usual conditions is six metres
in the normal vertical dipole operating position and three metres in the horizontal dipole
operating position.  The EM31 was used in conjunction with a data logger.  The recorded
data was downloaded to a field computer for processing and plotting.

The electrical resistivity (or conductivity) of a geologic unit is determined by the amount of
contained water, the distribution of water within the unit, the quantity of the total dissolved
salts in the water, and the presence of minerals such as clays with conductive ion exchange
properties.  Thus, the resistivity of most granular soils and rocks is controlled more by
porosity, water content, and water quality than by the conductivity of matrix materials.  The
resistivity of the soil would be strongly dependent on the total dissolved salts in the pore
space water. 

2.2 Survey Procedure

A north-south survey grid was established at the site with parallel lines spaced at 10 metre
intervals.  A larger separation of the order of 15m, exists between lines F and H.  At a survey
station, the instrument was held parallel to the ground surface in the vertical dipole
orientation and the reading recorded and stored in the data logger.  Readings with the EM31
were made at constant terrain clearances of approximately 1 metre and taken at 10 metre
station intervals.  Throughout the survey, notes were recorded regarding line and station
positions in relation to existing cultural features and vegetation.
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3. GEOPHYSICAL RESULTS

3.1 General

After downloading from the data logger, the survey data was gridded, contoured and plotted
at a scale of 1:500 in Figures 3 in the Appendix. The blue and green tones denote areas of
relatively low apparent conductivity, while yellow and red colours show areas of relatively
high apparent conductivity. The locations of survey stations are represented by dots on the
contour plan.

3.2 Discussion

The EM31 terrain conductivity plan map in Figure 3 indicates generally high conductivities
for the entire site area that would ordinarily be associated with high conductivity soils such
as marine clays.  The first of three areas of relatively increased apparent conductivities is
located near the middle of the eastern edge of the grid and has conductivities ranging from
70 mS/m to 82 mS/m. 

The presence of a small creek that traverses the start of lines A, B, and C and extends
northward along line D shallowing into a slough, is reflected in the high conductivity
anomaly that extends coincident with the location of this water feature.  This relatively broad
area has electrical conductivities that are in excess of 85 mS/m.  This anomaly, that extends
northeast from the southwest corner of the grid area to the middle of line I, is believed to be
related to elevated surface and shallow groundwater conductivities and not to changes in soil
conditions.  A zone of shallow, more conductive marine clays oriented southwest to northeast
is an alternate, less likely geological interpretation for the apparent high conductivity
anomaly.

A small, third anomaly with an electrical conductivity of approximately 77 mS/m was
detected at the beginning of line I, in the far southeast corner of the survey grid.
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4. LIMITATIONS

The EM31 measure terrain apparent electrical conductivity and is successful only if the
desired parameter exhibits a significant conductivity contrast with respect to the background.
In addition, the normal penetration depth of the EM31 instrument is approximately six
metres.  In some cases, field conditions such as the presence of boundary fences, power
cables and metal objects buried at reasonably shallow depths may create anomalous effects
which would be inconsistent with the response expected from soil/groundwater conductivity
conditions.

The results are interpretive in nature and are considered to be a reasonably accurate
presentation of subsurface conditions within the limitations of the electromagnetic terrain
conductivity survey method.

    For: Frontier Geosciences Inc.

Caitlin Gugins, B.Sc.

Cliff Candy, P.Geo.
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FIG. 3SCALE  1:500DATE: NOV. 2009
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