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1 INTRODUCTION 
Within the Muggah Creek 
watershed in Sydney, Nova 
Scotia is the Coke Ovens 
Site. The Coke Ovens Site 
is one of several areas 
within this watershed that 
have seen extensive 
industrial usage in the past 
century. Other areas 
include the SYSCO steel 
plant, its railyards, an 
Imperial Oil tank farm and 
distribution center, coal 
storage areas, the Marsh 
Dump where slag, brick, 
granular coal and coke 
debris are as much as 20 
metres thick, and the 
current Municipal Landfill 
(MAID Site). Together 
these areas within the 
watershed have been the 
subject of a Phase I Site Ass
legacy of the coking operati
contaminated sediments depo
the Muggah Creek Estuary wh

The following description draw
only those features and activi
and its interpretation. The pro
blast furnaces of the steel mil
blended, then fed to the batter
with water. Each kilogram of
grams released in ovens as g
water were removed first, and
sulphate, naphthalene and (fr
production of ammonium sulfa
various products were moved
etc.), stored (piles, tanks, etc.)

The Coke Ovens Site was clo
extensive surface and subsurf
tigations - Muggah Creek Watershed, Sydney, Nova Scotia                        

essment (CBCL/CRA, 2000). As reported in that study, one 
ons at Coke Ovens Site is the estimated 550,000 m3 of 
sited by Coke Ovens Brook in the “Sydney Tar Ponds” within 
ere it enters the Sydney River harbor.  

s on the comprehensive Phase I document, and summarizes 
ties at the site that have relevance to the geophysical survey 
cessing used to transform coal to the coke needed to fire the 
l began in 1899. Coal stockpiled on the site was crushed and 
y ovens to be fired (at 1200°C) into coke and finally quenched 
 coal produced 750 grams of coke, with the remaining 250 
as. The gas was then refined for by-products. Coal tar and 

 the water and remaining gases further refined for ammonium 
om the remaining light oil) benzene, toluene and xylene. The 
te required sulphuric acid, made from sulfur on the site. These 
 around the site (pipelines, conveyor belts, off-road vehicles, 
 and – inevitability – spilled onto or into the ground. 

sed in 1988. Over its 89 years of operation, generations of 
ace infrastructure grew on the site. With time, these pipelines, 
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tanks, railways, buildings, etc. would be expanded, abandoned, and replaced. Records of 
these alterations were not always made, or perhaps not always kept. The result today is a 
33-hectare site, stripped of most of its superstructure, but underlain by an extensive and 
decaying infrastructure. It has been estimated1 that the Coke Ovens Site area contains as 
much as 90 km of associated underground piping, ranging in diameter from 25 mm to 900 
mm at depths ranging from 0.5 to 6 m. In addition, there is ample evidence of extensive 
inorganic and organic contamination of the soil and groundwater. 

Steel mesh fencing today encircles the Coke Ovens Site. The original geophysical surveys 
by Hyd-Eng in 1999 were concerned mainly with this fenced area, however this RFP also 
requested information on ground conditions beneath an adjacent area to the east, more or 
less coincident with what is known as the Marsh Dump, and on the adjacent area to the 
south known as Mullins Bank. The Marsh Dump lies between the Coke Ovens Site and the 
current municipal dump and it is an area where (according to the Phase I report) slag, brick, 
granular coal and coke debris have been placed in deposits as much as 20 m thick. There 
are indications that some of this material may have been subsequently removed. The 
resulting ground contamination, and also contamination in or beneath these deposits caused 
by leaching from the municipal landfill are the immediate concerns. Additional investigations 
Southeast of the tar ponds are requested to define the extent and/or presence of fill 
materials. 

1.1 Geological and Geophysical Properties of the Site 

The geological and hydrogeological properties of the site have been described in the Phase 
I report (CBCL/CRA, 2000, Ch. 2 and Figure 2-4) and will not be repeated in detail here. 
Very basically the natural geology consists of glacial till overburden (1 to 10 m, typically 3 m) 
overlying sedimentary bedrock. The till is described as silty sand to silty clay, with some 
gravel. Bedrock is primarily the Morien Sandstone, described as a fine to medium grained 
unit with thin lenses of shale/mudstone and coal, and can be highly fractured within its upper 
surface. 

Overlying this natural geology is a layer of fill that is thought to be 2 m thick on average but 
may reach 5 m. The fill is described in the Phase I report as follows: 

.” … sand, gravel, concrete rubble, coke, cinders and steel plant slag; fill materials are 
extensively contaminated with coal tar and other by-product derivatives of the coking 
process” (CBCL/CRA, 2000, Table 2.2). 

The water table is typically 1 to 3 metres beneath the surface (CBCL/CRA, 2000, Figure 2-
3), near the base of the fill or within the till. 

                                                

1 Eric Parsons Sr., former site manager, personal communication. 
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2 SCOPE OF WORK 

2.1 Issues Addressed 

The general intent of the geophysical surveys was to provide a reconnaissance level 
interpretation of specific features of the site and provide a means to gain information 
between boreholes and test pits undertaken as part of the Phase II investigation 
concurrently being conducted by JDAC. The only exception is the EM31 survey conducted 
at the Southeast Shoreline which is part of the Phase III investigation. Geophysical borehole 
logging was undertaken to help plan shallow screen intervals at nested piezometer 
locations.    

2.2 Specific Areas Surveyed and Targets 

The specific areas surveyed and the targeted issue(s) at each are described below: 

2.2.1 MAID Site 

The area west and northwest of the municipal landfill is the area to the eastern edge of the 
Coke Oven’s Site fence for our purposes is designated as the MAID site. It is an area where 
existing data indicates a conductive leachate plume exists. The existing data includes 
several monitor wells that have been both sampled and geophysically logged as well as a 
surface terrain conductivity survey2. The bedrock is a mixture of sandstone shale and 
mudstone. The possibility exists for contaminant migration through either fractures or some 
of the matrix materials. Overburden (either till or fill) thickness is generally believed to be 
less than 10 metres.  

Remnants of a historic railroad, a fence and a large area of construction debris interfered 
with the interpretation of the results of the previous terrain conductivity survey. An 
alternative approach to exploring for the existence of a conductive groundwater plume, as 
well as improved resolution of bedrock features, which might control contaminant migration, 
was required.  

2.2.2 Coke Ovens Site 

A bedrock depression is suspected south of Coke Ovens brook in the area east of the 
Domtar Tank. The presence of such a feature required confirmation and detailing by 
geophysical means. Previous geophysical work and drilling in the area indicated the shallow 

                                                

2 Geophysical Survey of the Coke Ovens Site and its Surroundings Sydney, Nova Scotia Winter 
1999, Hyd-Eng Geophysics Inc. July 1999. 
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overburden in the area to be primarily fill with a high electrical conductivity. This would limit 
the choices of technologies available. 

2.2.3 Frederick Street 

The area, of the site, on either side of Frederick Street has historically seen little 
investigation. Geophysical surveys were required in this area to provide a shallow 
reconnaissance of variations in the fill/overburden and infrastructure. Bedrock topography is 
believed to be a controlling factor in the potential migration of contaminants into this area 
and requires refinement by geophysical means. 

2.2.4 Lower Morian/Cansoe Contact 

A major geologic contact exists between the Lower Morien Sandstone, which underlies most 
of the Coke Ovens Site, and the Canso unit exists near the Victoria Street Overpass. Canso 
bedrock, underlying the down-gradient portions of the site, is described as a soft 
heterogeneous, anisotropic and fractured mudstone.  Lower Morien bedrock is described as 
a medium-grained sandstone. 

2.2.5 Southeast Shoreline Area – Terminal Road 

This area is west of Victoria Street, south of the steel plant. Historic information suggests 
that the area had been used for landfilling. The presence and limits of fill materials required 
confirmation. 

2.2.6 Boreholes 

A large number of monitoring wells were drilled as part of the Phase II investigation. At 
twenty-one sites where multi level installations were undertaken the geophysical 
conductivity and stratigraphic structure required resolution prior to the installation of the 
shallow monitoring wells. 

2.2.7 Work Plan Summary 

In summary the geophysical work plan portion of the JDAC work plan3 is divided into the 
following surveys: 

 A resistivity survey to map bedrock and overburden variations as well an expected 
groundwater contaminant plume moving from the Coke Ovens Site; 

                                                

3 JDAC Work plan document 
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 An EM31 survey to map subsurface infrastructure, variations in fill materials and 
potential contaminant transport off the Coke Ovens Site in the vicinity of Lingan Road 
and Lower Frederick Street; 

 Geophysical borehole logging of 21 monitoring wells to optimize screened intervals; 

 An EM31 survey to map variations in fill materials and conductivity anomalies along 
the southeast shore of the Tar Ponds adjacent to Terminal Road; 

 A galvanic resistivity survey to map the Canso/Morien contact in the vicinity of the 
Domtar Plant; 

 A galvanic resistivity survey to map geology and track a groundwater contaminant 
plume being transported off the MAID site; 

 A series of seismic refraction profiles to delineate a bedrock depression expected to 
exist in the Benzol Plant area and, 

 Additional seismic refraction profiles to map overburden thickness at a selected 
location(s) within the study area. 

2.2.8 The Victoria Street Underpass 

A seismic refraction survey was planned to delineate the infilled Victoria Street Underpass at 
the northeast corner of the Coke Ovens property.  However the survey was not conducted 
because historic photos could be correlated to remnant structures in the area and used to 
identify the exact location. Additional data were collected in the Benzol Plant as an 
alternative. 

2.3 Survey Period 

All geophysical data for this survey was collected between July 31, 2000 and September 
1st, 2000.  The order of data collection was dictated by both access and logistical 
considerations.  The geophysical borehole surveys were conducted last – once the deepest 
monitor installations had been completed.  The interim results of the borehole data were 
provided so that the shallower installations could be completed. 

2.4 Team Structure 

Hyd-Eng Geophysics Inc. is acting as an independent sub-contractor to the JDAC team, 
which is conducting the Phase II – Phase III investigation. The Hyd-Eng Team consists of 
Quentin Yarie as Project Manager, field co-coordinator/supervisor and data processor, 
Peeter Pehme providing technical assistance and supervising seismic data collection.  
Quentin Yarie supported by junior staff members completed data collection.  
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3 APPROACH 

3.1 Geophysical Responses to Physical Properties 

An appreciation of the results of the geophysical surveys and its limitations requires an 
understanding of basic geophysical theory. The reader is reminded that the measurements 
of variations in the physical properties of the subsurface are the basis of all geophysical 
surveys. The choice of which parameters are to be measured are dictated by factors 
including: 

 The resolution required 

 Layer thickness 

 Time and budget available 

 External constraints such as weather and cultural interference. 

3.1.1 Electrical 

The ease with which electrical currents can be passed through a material, its “resistivity”, 
can often be used to identify variations in earth materials. In general, sand and gravel 
overburden have resistivity values ranging from 100 to 1000 ohm⋅m while silts and clays will 
be in the order of 10 to 100 ohm⋅m.  Compact till units will have a low interconnected 
porosity and therefore high resistivity levels. The resistivity of shale depends largely on the 
degree of weathering and the chemistry of the groundwater. As a general rule the shallow 
weathered portion will have very low resistivity values, akin to those observed for clays. 
Factors such as varying degrees of saturation, compaction, anomalous porosity, and 
mineralogy can cause bulk material resistivity values to vary drastically. Notably resistivity 
values will tend to decrease with increasing porosity and porewater conductivity.  

The major controlling factors of the bulk apparent conductivity of the subsurface include 
porewater conductivity, the porosity of the formation, and its clay (or other conducting 
mineral (e.g. graphite, sulfide)) content. “Leachate” from most landfills will tend to have a 
significantly higher electrical conductivity when compared to ‘clean and natural’ 
groundwater. Typically the leachate will contain chloride ions and other dissolved species, 
which will increase the conductivity of the groundwater.  Consequently, as leachate moves 
through the ground it tends to increase the naturally occurring bulk apparent conductivity of 
the subsurface. This conductivity contrast between material saturated with natural 
groundwater and that portion of the ground containing conductive leachate (‘plume’) allows 
the contaminant to be mapped by measuring the changing electrical conductivity  (or its 
inverse the electrical resistivity) of the subsurface. 
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These interpretation are further complicated at the Coke Ovens site because of the 
possibility of deposits with naturally conduc ve porewater. The natural porewater in some of 
the bedrock units may be naturally 
brackish and conductive. 

3.1.2 Seismic 

Seismic surveys measure variations in 
elastic properties of the subsurface and 
are capable of resolving a number of 
different layers with depth.  Seismic 
techniques rely on bedding patterns, 
bedrock depth and marker beds to 
maximize interpretations.  Data are 
collected as continuous lines or “groups” of data to facilitate definition of patterns with 
productivity generally ranging from 400 to 600 metres per day. 

3.2  Technologies Utilized 

3.2.1 Galvanic Resistivity 

The electrical properties of the ground can be measured by way of galvanic resistivity 
measurements. An electrical resistivity survey involves the creation of current (I) flow 
between two electrodes in the ground. The penetration depth of this current is complex, but 
it is basically a function of electrode spacing and the resistivity of the ground. As the current 
electrodes are moved farther apart from a fixed point, the sampled volume/depth increases. 
Two other electrodes are used to measure the potential difference (V) created by the current 
flow, and the two values are used to calculate an apparent resistivity (ρ=K∆V/I) for the 
volume being sampled. A factor “K” is used in the equation to account for the geometry. In a 
Wenner configuration, the distance between successive electrodes is the same for any 
given reading. 

3.2.2 Seismic Refraction 

A seismic refraction survey 
involves laying out a series of 
vibration detectors 
(geophones) in line (a 
spread) away from the 
source (shot), and 
measurement of the time 
required for the first pulse of 
energy to reach these 
geophones. More detailed 
descriptions of this method 
can be obtained from 

S
a

 
eismic energy moves away from a shot and towards geophones 
s direct, reflected and refracted modes. 
ions - M
ti
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standard geophysical texts, or the excellent review article by Lankston (1991). Close to the 
shot, the first arrivals travel the shortest distance possible, directly through the near surface 
material. At some distance away from the shot (the “critical distance”) the first arrival is 
energy that has traveled down to, refracted along, and returned to the surface from, a 
deeper layer of higher seismic velocity. The critical distance is a function of the velocity 
contrast between the upper and lower layer as well as the depth to the top of the lower 
layer. 

By using a series of shots at various locations along and off the ends of the spread a depth 
for the deep higher velocity layer can be calculated at each geophone location. The basic 
assumption in the application of the refraction technique is that the velocities of the layers 
increase with depth. A deeper, low velocity layer would be invisible to the technique and 
cause erroneous depths to be calculated for the layers below. The accuracy of the depth 
calculations is directly related to the accuracy of the interpretation of the overburden 
velocities. Resolution of depths to between 5 and 10 percent can be expected; however, 
better than 1 metre accuracy is unlikely at any depth. 

3.2.3 Terrain Conductivity 

The GEONICS EM-31 is an instrument, which is designed, for measuring apparent 
conductivity and is also well suited for buried metal detection.  The Geonics EM-31 uses the 
principle of electromagnetic (EM) induction to measure the electrical properties of the earth. 

The instrument consists of two coils on either end of a 3.7 metres rigid boom, plus batteries 
and meters for reading. Passing a current through a transmitter coil creates an EM field. As 
the field passes through the subsurface it induces a small current flow within the ground.  
These ground currents create a secondary EM field. The receiver coil measures the 
combined primary and secondary EM fields, but can extract the secondary from the total 
because the primary field is known. The secondary field is further separated into that part 
which is in-phase and that part which is out-of-phase (or “in quadrature”) with the primary 
field.  

Both the in-phase and quadrature readings are recorded by the EM-31.  The in-phase 
response is sensitive to very high conductivity materials 
(i.e. metal) and relatively insensitive to changes in the 
comparatively low conductivity portion of the ground. The 
quadrature response, on the other hand, is able to 
measure relatively low conductivities (<100 
milliSiemans/metre) and is in fact linearly proportional to 
the conductivity of the ground beneath the instrument.  
Thus, the quadrature reading can be converted to the bulk 
apparent conductivity of the ground in mS/m for a roughly 
hemispherical volume of radius five to six metres centered 
at the operator.  The result is a metal detector and a 
ground conductivity metre combined in one instrument. 

For a complete description of the theory of operation and 

 
Diagram showing typical 
instrument and line orientation. 
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technical details of the EM-31 refer to McNeill (1980). 

Because the magnetic field of a current passed through the coil is dipolar, the terms “coil” 
and “dipole” tend to be used interchangeably in discussing these instruments. In describing 
the configuration of the transmitter and receiver coils, however, it is usual to refer to the 
orientation of the dipole or coil axis (rather than the coil’s plane) as being horizontal, vertical, 
inline, etc.   For clarity, we will refer here to the dipole when discussing orientation, while still 
using terms like “coil separation”.  

The configuration of a terrain conductivity instrument for a given survey consists of a dipole 
orientation (e.g. H (horizontal) or V (vertical)) and a coil separation (e.g. 20m), collectively 
termed the instrument “mode” (e.g. 20H, 10V).  The orientation of the line surveyed needs to 
be specified (e.g. North/South, NW/SE) and the orientation of the instrument relative to the 
survey line also needs to be specified as inline (the cable joining the coils is parallel to the 
survey line) or transverse (perpendicular to the survey line).   

Note that the EM-31 used for the surveys in this report is always in the 3.7V mode. 

3.2.4 Borehole Logging 

Boreholes were geophysically logged using the Geonics EM-39 Conductivity and Gamma 
probes, both manufactured in Mississauga, Ontario.   

Natural Gamma Logs 

The gamma probe measures the natural emissions of gamma radiation emitted from the 
subsurface in counts per second (cps) using a Sodium Iodide crystal detector.  Although 
potassium, thorium and uranium are all geological sources of gamma radiation, it is usually 
the potassium found in clays that is the source of gamma radiation detected by the probe.  
Therefore, the gamma levels can usually be directly related to the clay content of the ground 
and - by implication - gamma highs are generally taken to be an indication of fine-grained 
deposits. Coarse-grained deposits can also produce elevated gamma readings, however, if 
their source rock has a high  potassium (or uranium, thorium) content. Conversely, if the clay 
size fraction is predominantly ‘rock flour’, these fine-grained deposits may not produce 
marked gamma anomalies. 

The gamma counts measured by a stationary probe in a given time interval are not constant 
but rather follow a Poisson distribution, implying that the variance of this reading is equal to 
the average value of the counts received over that interval.  The standard deviation of a 
given reading from the true (mean) value is the square root of the variance and, as a 
percentage of the mean, gets smaller as the mean gets larger.  To get larger means (and 
hence less percentage variability or noise) the longest practical sampling time should 
therefore be used. As the probe moves down the hole, the logging speed can therefore 
influence the quality of the results. The slower it moves, the longer the sampling interval can 
be without smearing the reading over too large a depth interval. 
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The gamma logs in this survey were collected at a rate of approximately 1 metre per minute, 
or less.  

The gamma log also responds to any potassium in the grout, and the presence of grout may 
therefore mask the signature of geological units.  There are many types of grout and not all 
of them have high potassium content. Some of the more common brands, however, are 
quite radioactive. The groutes used for the wells of this project were tested and found to 
minimally (approx. 10 cps) increase the gamma levels. 

Induction (conductivity) Logs 

The apparent conductivity of the ground varies with porosity, clay content, water content, 
and porewater conductivity.  The presence of conductive porewater will usually significantly 
increase the bulk apparent conductivity. The conductivity probe measures the bulk apparent 
conductivity of the subsurface around the borehole/well using the principles of EM induction.  
A self-contained transmitter and receiver with an intercoil spacing of 0.5 metres are lowered 
into the borehole at a rate of approximately 1 metre per minute. 

The apparent conductivity readings are taken in units of milliSiemans per metre (mS/m). The 
instrument is designed so that its measuring radius is from approximately 0.1 to 1 metre 
around the instrument. A focusing coil reduces the influences of any borehole fluid or grout. 

Generally, the bulk apparent conductivity increases with clay content and/or increased 
porewater conductivities.  Under uncontaminated conditions, the conductivity and gamma 
logs are subparallel. For units in which the porewater conductivity is anomalously high, the 
apparent conductivity log will indicate higher levels than would be expected based on the 
gamma log.  Zones of anomalously elevated conductivities may be caused by conductive 
porewater.  Alternatively, our experience has been that when compact tills are encountered, 
a lower conductivity is more often observed than would be expected based on the lithology 
indicated by the gamma log.  This occurs as a result of a lower interconnected porosity 
when compared to other glacial fluvial deposits. 

A steel well cap will usually distort the readings near the top of the borehole, as will fill 
materials (particularly metals) in the upper few metres. Log responses interpreted to result 
from conductive porewater will generally have an elevated (based on what is predicted with 
the gamma probe) and a relatively regular or “smooth” appearance. 

3.3 Allocation of Technologies 

3.3.1 MAID Site 

The area from The Coke Ovens fence to the municipal landfill was surveyed with a series of 
resistivity profiles. These were primarily intended to explore for zones of low resistivity that 
might indicate the presence of conductive porewater. A seismic section supplemented these 
data across an aberration on Line 2 chosen to refine the interpretation of bedrock depth.  
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3.3.2 Coke Ovens 

The presence of an uncertain conductivity structure precluded the use of resistivity to map 
bedrock depth. These surveys were undertaken with seismic refraction  

3.3.3 Frederick Street 

The EM31 was employed to provide the general scan of the near surface materials and 
infrastructure mapping in this area. This was supplemented with a series of resistivity 
sections to map bedrock depth and identify zones of conductive porewater.  

3.3.4 Morien-Canso Contact 

The Morien – Canso contact was explored with galvanic resistivity. Anticipated low velocity 
contrast and background noise in the area of the contact made the use of seismic refraction 
impractical. 

3.3.5 Southeast Shoreline Area – Terminal Road 

Again, the EM31 was employed to identify the anomalous fill on the basis of variations in 
conductivity and presence of metal. 

 

4 DATA COLLECTION 

4.1 Galvanic Resistivity 

The field data were collected using a multi-electrode resistivity meter manufactured by Iris 
Instruments Limited of Orleans, France. Forty-eight electrodes (48), each spaced 5 metres 
apart were placed in the ground at any one time. The instrument sequenced through 360 
combinations of electrodes providing Wenner array readings with “A” spacings ranging from 
5 to 75 metres. For lines longer than 235 metres, 16 electrodes are repeatedly moved from 
the beginning of the array to the end. In this case, 205 readings would be taken, avoiding 
duplications of electrodes configurations previously collected. The data is stored internally 
and later transferred to a PC for processing. Topography data were approximated from field 
notes and several GPS positions along the survey line. 

Upon completion of the survey, the data were transferred to a portable computer. The 
interpretation was completed using “RES2DINV”, a program developed by Dr. M.H. Loke.  
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Resistivity sections were determined using the calculated resistivity against the “A” spacing. 
The software uses an iterative process combining a non-linear least-squares optimization 
technique in conjunction with a finite difference forward modeling subroutine. The 
subsurface is approximated as a series of blocks of varying size, ranging from ½ A (2.5 
metres) at surface and increasing by 10% with depth. The resistivity of each block is 
iteratively adjusted so as to minimize the difference between the theoretical (forward 
modeled) response and the actual field observations. The program is designed to account 
for variations in surface topography. 

The iterative modeling process appears to have worked well. The final percent RMS for the 
modeling was less then 10 percent.  

The final results of the modeling process are re-plotted using Geosoft® and AutoCAD®. A 
colour scheme was used to highlight the variations in the data and the results of the survey 
are displayed as a colour, contoured sections (Figures RES1 through RES15).  In these 
diagrams, the high resistivity values are shown as red and low values as blue.  

4.2 Seismic Refraction 

At each setup a series (“spread”) of 48 vibration detectors (geophones) were planted in the 
ground or roadway at nominal 5 metre intervals. The seismic source used was a 
sledgehammer and steel plate.   

By using a series of sources at various locations along and off the ends of the spread, a 
depth for the deeper higher, velocity layer can be calculated at each geophone location. The 

 

Figure 2:  Example of multi-electrode sampling 
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basic assumption in the application of the refraction technique is that the velocity of 
the layers increases with depth. A deeper, low velocity layer would be invisible to the 
technique and cause erroneous depths to be calculated for the layers below. Resolution of 
depths to between 5 and 10 percent can be expected.  The velocity of bedrock can be 
related to rippability. 

The field data was transferred from the seismograph to computer for processing. Data will 
be converted into a form acceptable to “ProSeis”, a program used for seismic data analysis. 
The first arrivals will be determined (“picked”) and that data exported in ASCII format.  

The first picks will be collated, plotted and interpreted in an “Excel” spreadsheet developed 
at Hyd-Eng for the interpretation of refraction data. The basis of the spreadsheet is a 
combination of the “delay time” technique developed by Redpath and the “generalized 
reciprocal time” presented by Palmer. The basic steps of the interpretation are: 

Offend shots are phantomed down to determine bedrock arrivals at the ends of the spreads. 

Bedrock velocities are determined using time differentials between permutations of end and 
phantomed offend shots. 

Overburden layering and velocities are determined using short spreads and near source 
arrivals. 

The travel time through each successive overburden layer is calculated or interpolated at 
each geophone location. 

The thickness of each layer is calculated at each geophone location using the velocities 
(Step 3) and travel times (Step 4). 

An AutoCAD script file is automatically created which plots overburden layers and bedrock 
depth arcs at each location for the final interpretation section. 

The interpretation is competed at a 1:1 scale and then given a 2x vertical exaggeration for 
the final interpretation plots  

This complex interpretation process provides ongoing quality control to maintain a 
consistent interpretation. Formal quality control review points in the process occur after the 
interpretation on the spreadsheet and after the draft plot of the interpretation by Hyd-Eng.  

4.3 Terrain Conductivity 

The EM31 data were collected at regular intervals within the areas surveyed. The EM31 
data was triggered manually at a regular interval determined by the operator’s step.  The 
locations of the survey stations are shown on the Figure(s) preceding the data 
presentations.  The EM stations were located using a global positioning system (GPS). The 
GPS data was differential corrected resulting in an accuracy of ±1 metre.  
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In general, the survey limits were based on an "infield" interpretation of the data. Survey 
lines were extended and spacing were varied such that anomalies as interpreted in the field 
from the raw data would be adequately represented.  

At the completion of the survey, the EM measurements and locations were transferred into a 
computer. These data were then sorted, gridded, contoured and plotted at an appropriate 
scale “Geosoft”, a data presentation package developed by Geosoft Limited of Toronto.  The 
data were colored and contoured at a linear interval in order to equally represent the 
complete range of values.  

The conductivity and inphase data can also displayed in shaded relief format (Figure SSA4).  
Shaded relief diagrams are produced by digitally "shining a sun" on the data surface, 
creating shadows.  This technique is useful for enhancing subtle trends and anomalies that 
may be difficult to distinguish in the colour presentation.  Note that the shaded relief 
diagram(s) for the NOCO area is not provided because they did not provide any additional 
information. 

4.4 Borehole Logging 

The natural gamma data was collected using a probe manufactured by Geonics Limited. 
The gamma detector is a sodium iodide crystal. The data was collected downward at an 
approximate logging speed of 0.7 to 1 metre per minute. Samples were collected at an 
interval of 0.02 metres. 

The conductivity probe, also manufactured by Geonics Limited, measures the bulk apparent 
conductivity of the subsurface around the borehole/well using the principles of EM induction.  
A self-contained transmitter and receiver with an intercoil spacing of 1.2 metres are lowered 
into the borehole at a rate of approximately 1 metre per minute. 

The gamma, conductivity and inphase data have been plotted relative to depth. All logs 
have been referenced to ground surface. 

 

5 RESULTS 
All resistivity sections are shown a log interval in ohm-m. Low resistivity values are blue and 
high resistivity readings are red. Fifteen interpreted cross-sections are provided. The spatial 
relationship of the cross-sections are shown in plan on Figures RESP1-3. 

5.1 General Discussion 

The Phase II geophysical survey includes both resistivity and conductivity data. The 
apparent resistivity is the inverse of conductivity and the two parameters are related by the 
equation:  
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 resistivity [Ω-m] = 1000/conductivity (mS/m) 

The major controlling factors of the bulk apparent conductivity/resistivity have been 
discussed in Section 3 Physical Properties and if the reader is not familiar with that 
discussion it should reviewed before proceeding.  

It should be noted that detection and/or recognition of geophysical anomalies indicative of 
conductive contaminant is highly site specific and is dependent on the number of factors. 
These factors include the concentration of the contaminate, it’s depth and thickness, native 
materials present, as well as local sources of EM or electrical interference (“noise”).  

If the subsurface is so conductive as to cause instrument readings to increase above the 
levels expected from natural materials, designating the area as geophysically anomalous is 
relatively uncomplicated. However, in many cases the identification of subtle conductivity 
variations as anomalous can be difficult and depends heavily on pattern recognition. The 
pattern would normally include a connection to the source, and a trend of decreasing 
conductivity values extending away from the source(s). The limits of the “anomalous” zone 
cannot be identified without first defining what is not anomalous (i.e. “background”). 
Connection to the presumed source can be difficult to establish when contaminant migration 
is through fractured rock. Since a fracture of limited aperture can facilitate the movement of 
large quantities of groundwater, it is not only difficult to identify the fractures, connecting the 
flowpaths is not always obvious.  

Defining “background” conditions would be complicated, and the pattern of leachate 
migration from the source more difficult to define, if those porewaters which have not been 
influenced by the presence of the contaminant also had a spatially variable conductivity.  
Background apparent conductivity values can vary considerably, depending on – for 
example - geologic variations and changes in the water table depth. If water conductivity 
were uniform throughout the site, areas where the water table is shallow (e.g. near surface 
water, or moist low lying ground, such as was noted throughout portions of the survey area) 
will tend to have higher conductivity readings when compared to areas that are 
topographically elevated.  

Some of the bedrock geologic units in this area have potential for naturally brackish 
porewater. The background electrical resistivity values for some of these (particularly fine 
grained units) may be low (high conductivities) relative to other geologic units encountered. 
These will create ambiguities in the interpretation that can only be resolved by direct 
sampling. 

It is unlikely that the limits of anomalous zones, as inferred from the geophysical data will 
correlate exactly with ‘real’ limits of contaminant migration based on accepted groundwater 
quality standards. The geophysical anomalies will however, be relatively indicative of 
porewater/soil conductivities and the direction of possibly existing conductive leachate 
migration.  

Many forms of groundwater contamination are not electrically conductive and will not be 
mapped by geophysical techniques. Each of these contaminants will have its own plume 
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depending on mobility, adsorption and a variety of other factors. Fortunately, the 
“conductivity plume” is typically one of the most mobile of these plumes and therefore 
provides a conservative indication of contaminant migration. 

Note: the scope of this report is the presentation and comment regarding variations in the 
geophysical instrument response as it relates to the intended target. The geophysical 
interpretation relies primarily on other forms of geophysical data to make inference 
regarding background levels etc. Comparison of this data to chemical results, drilling and 
other forms of direct sampling is left to those with a complete database. 

5.2 MAID Site 

The results of the modeled resistivity data are presented on cross-sections RES1 through 
RES15 and combined for comparison on Figures RESP1-3. These indicate a generally 
horizontally strata with a shallow, low resistivity zone overlying a relatively high resistivity 
material.  

All but one, MAID-001-MWB, of the available boreholes are relatively shallow (< 15m) in 
comparison to the modeled resistivity sections. MAID-001-MWB is one of the seven wells∗ 
logged for gamma and conductivity that is available for calibration. The apparent 
conductivity log data at this location correlates well with the modeled resistivity section. The 
majority of the section has conductivity values below 10mS/m (>100 ohm-m). The lowest 
resistivity is modeled to be from 7 to 18 metres below surface and the highest conductivity 
(lowest resistivity) values are from13 to 20 metres on the well log.  

Based on the geophysical well logs, background conductivity values for the sandstone at the 
MAID site are less than 5 to 8 mS/m (resistivity values of 200 to 125 ohm-m (log values 2.3 
to 2.1)). Where mudstone exists in what is interpreted to be an uncontaminated condition, 
the background conductivity values are approximately 20mS/m (resistivity 50 mS/m (log 
value 1.7)).  

Not all the fine-grained units necessarily have the same background electrical properties. 
Few of the deeper layers have been intersected with conductivity logs and their depositional 
origins may vary, as could their resistivity. Therefore, extrapolation of these values as 
representing background for the entire section must be undertaken cautiously. 

Based on the premise that geologic units are relatively continuous, sub-parallel and 
predominantly near flat lying, geometrically it is unlikely that the almost vertical low resistivity 
units encountered on many of the sections represent geologic layering. It is more likely that 
these represent fractures that contain conductive porewater. 

A number of low resistivity zones that likely represent fractures can be correlated between 
sections. The surface expression of each potential fracture are plotted in plan and 

                                                

∗ Three boreholes were logged as part of this effort and four were previously logged by HEG in 1999.. 
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connected as potential lineations. These potential lineations have been labeled of Figures 
RESP1 through RESP3.  Not all of the features are represented on all resistivity sections.  

Note that: 

 Because the varying topography, dipping, planer features will not necessarily appear 
linear but may have an irregular surface expression. 

All the resistivity sections are orientated in a predominantly north-south direction. This will 
invariably skew the interpretation towards predominantly identifying orthogonal (east-west) 
features. 

Ambiguities in the trends exist and these have been indicated as optional interpretations 
green and blue. Additional borehole and surficial geologic information will be required to 
refine these interpretations. 

The two most extremely low resistivity zones that are likely related to fracturing are on Lines 
1 and 3 at L2 (see Figure RESP1). Although these are shown as connected through Line 2 
by L2, the signature along Line 2 is not as obvious as one might expect considering the 
proximity of lines. A zone of moderately low resistivity is interpreted to exist on Line 2 at the 
appropriate location, however the values are not as extreme as those observed on Lines 1 
or 3. It is possible the fracture is very narrow at Line 2, so as to be inadequately sampled, or 
that the conductive porewater implied on Line 1 and 3 takes a circuitous route. Direct 
topographic influences such that would cause the aberration to be below our sampling depth 
along Line 2 have been considered and rejected. 

In most of the area, the transition between low and variable resistivity near surface to the 
higher broad resistivity section represents the bedrock boundary. Locally however, (see Line 
2 where seismic data is available) it appears the low resistivity unit crosses the interpreted 
bedrock boundary. This indicates that both the overburden and the shallow bedrock likely 
have conductive porewater and are therefore not electrically differentiable. 

Also of note is a broad zone of extremely low resistivity on Line 5. This zone is interpreted 
by modeling to extend below an elevation of –15 metres. The data in this area was difficult 
to collect because of poor ground contact resulting from abundant surface rubble. Several 
attempts were made at collecting this data before acceptable results were achieved. Initially, 
this zone was attributed to poor ground contact, but under closer examination it was noted 
that: 

Not all contacts were poor. 

 The limits of the zone do not match the extent of the surface rubble. 

The zone extends to a portion of Line 4. 

The limits extend down vertically, not at an angle, as would be the case if surface influences 
were impacting the interpretation. 
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In conclusion, at Z1 there appears to exist extremely low resistivity material and likely 
conductive porewater beneath the rubble. This conclusion is supported by previous EM31 
data collected by Hyd-Eng in 1999 (Figure 41b, Apparent Conductivity Data (EW)).  The 
surface width observed in the resistivity interpretation is the same as that interpolated from 
the previous EM31 survey. The sharp lateral limits extending to depth imply the low 
resistivity feature may be constrained by fracturing. 

5.3 Coke Ovens 

The seismic data collected on the Coke Ovens is shown on sections S2 through S6 and 
bedrock depth has been summarized on Figure S7. Bedrock Depth varies from 
approximately 3 to 11 metres. The bedrock depth in the area surveyed is generally low in 
the center rising to the north and south. A north south trending ridge crosses the area 
investigated.  A well-defined bedrock depression is interpreted to exist in the central portion 
of the seismic survey in this area (Figure S7). 

With the exception of a short portion of Line 2, the seismic sections indicate a three-layer 
case. A shallow weathered/fill zone ranges in thickness from 2 to 6 metres. The material 
below ranges in velocity from 900 to 1900 m/sec. Portions of this is likely fill and others 
native material. The velocity of water is 1500 m/sec and saturated material should be this or 
higher.  Fill will tend to be less consolidated and be of lower velocity than native material, 
unless of course the fill is slag that has undergone chemical solidification. 

The seismic data correlates with the above descriptions. The higher velocity (1900 m/sec) is 
primarily till. The bedrock is sandstone. Based on typical velocities (i.e. 3000 m/sec) it is 
relatively soft.   

5.4 North of the Coke Ovens 

The EM31 survey along portions of Frederick Street indicate variable near surface 
conductivities. The bulk of the values range between 10 and 40 mS/m, well within the range 
expected for naturally occurring materials. Test pit and/or borehole data will be required to 
resolve the cause of the broad variations in the distribution of conductivities.  A number of 
pipes and utilities (linear anomalies) exist most of which are associated with either roads or 
buildings. Three of these appear to extend beyond the survey area towards the Coke Ovens 
Site. 

Two geophysical borehole logs were collected in the North of the Coke Ovens (NOCO) area, 
NOCO-001-MW and NOCO-008-MW. These exist near each end of Resistivity Line 8. The 
data collected in these can be correlated only in the broadest sense. Both are primarily 
through “low” gamma level sandstone with two zones of higher gamma level, fine-grained 
material. The details of the data observed in each of the wells are very different. In NOCO-
001-MW the gamma levels are generally low, the zones of increased gamma counts are 1-2 
metres thick and the peak levels are 100-110 cps. The gamma levels in the intervening 
sandstone are 55-65 cps. 



 

Phase II/III Geophysical Investigations - Muggah Creek Watershed, Sydney, Nova Scotia                        
Page 19 of 29 

 

 

At NOCO-008-MW the zones of high gamma counts are approximately 4 metres thick, the 
peak levels are 125-140 cps and the intervening sandstone has gamma levels of 75 cps. 
The geologic boundaries shown on the core log of NOCO-008-MW are clearly different from 
the geophysical results.  

Apparent conductivity levels are low in NOCO-001-MW with the exception of the very 
bottom. The data indicates high conductivity values likely exist beyond the bottom of the 
borehole. There exists a significant zone of elevated conductivity in NOCO-008-MW 
between 6 and 15 metres deep. The conductivity values are distinctly higher than most often 
noted in other boreholes for comparable gamma levels. This data strongly supports 
interpretations elsewhere that conductive porewater may exist within fine-grained units, 
possibly by way of fracturing. 

Five resistivity sections (Lines 6 through Line 10) have been collected through the NOCO 
area. The surface resistivity values on Line 10 are consistent with the EM31 survey where 
the two overlap. The conductivity data collected in NOCO-001-MW and NOCO-008-MW are 
consistent with the interpreted resistivity section of Line 8.  

The resistivity sections indicate the bulk of the deep material to be relatively resistive. The 
exceptions to this are the southern ends of Lines 9 and 10. Bedrock is interpreted to be 
relatively shallow on the sections. The surface appears to dip towards the south.  

A number of zones of low resistivity exist on the sections, some as in the case of the north 
end of Line 8, are related at least in part to geology. The interpretation of the borehole data 
at NOCO-008-MW (see above) indicates of the elongated resistivity low correlates with a 
fine-grained unit with potentially elevated porewater conductivity. A deep zone horizontal 
zone, of low resistivity on this section has not been sampled.  

There are several localized zones of low resistivity (elevated conductivity) crossed by the 
resistivity sections. Since these do not extend across the resistivity sections, the zones do 
not represent laminar or near laminar bedding. There are few mechanisms to introduce fine-
grained geologic units that tend to be deposited in “sheets” in quiet environments as thick 
(5-10m) pods or lenses. It is more likely that the low resistivity zones represent conductive 
porewater within higher porosity channels in the sandstone. These tend to cross the 
sections in and east-west orientation.  

A distinct, large-scale change in the resistivity sections occurs across the southern half of 
Line 10 and the south end of Line 9. Note that although the EM31 data indicates pipes exist 
along both roads crossed by Line 10, the interpreted resistivity cross-sections have 
identified the pipes as shallow phenomena and the variations in resistivity are not consistent 
with interference from a shallow source.  The southern portions of these lines have a very 
low resistivity in comparison to the north. Determining whether the cause is geologic or 
porewater related is currently beyond the data we have available.  

What follows is a more detailed description of specific anomalies (not attributed to cultural 
interference) identified schematically on Figure NOCO-7 – the Frederick Street EM31 
Survey Interpretation. 
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L1 through L22 are strong linear anomalies 
distinguishable in the conductivity and/or 
inphase data.  These anomalies are typical of 
the EM31’s response to buried pipes, utilities 
or similarly proportional objects.  Of note are 
the three linear aberrations that appear to 
extend beyond the survey area in the 
direction of the Coke Ovens Site.  These are 
identified as L16, L17 and L21. 

Z1 through Z10 are zones of elevated 
inphase values.  It is possible these zones 
result from numerous shallow buried small 
metallic object(s) in close proximity and/or 
large (greater than inter-coil spacing of the 
EM31 - ~5m) buried metallic objects. These 
zones also coincide with elevated conductivity 
halos.  The positive inphase response in 
these areas is typical of the instrument 
response expected due to fill materials with a 
significant metal content. 

C1 through C7 are zones of moderately (30 
to 35 mS/m) and weakly (26 to 30 mS/m) 
elevated conductivity that exist across the 
site.  The shape and gradient of the zones are 
consistent with conductive porewater moving 
from a source (such as Z type anomaly).  
Alternatively these zones may be interpreted 
to result from increased soil conductivities 
and/or slightly anomalous fill materials. 

M1 through M18 are moderately sized, 
discrete anomalies observed in the apparent 
conductivity and/or inphase data.  These 
anomalies are interpreted to result from 
metallic objects. Although sources of cultural 
interference exist near these anomalies 
(fences, buildings and surface metal), the 
data implies that larger, discrete buried 
metallic objects are also likely present.  

5.5 Morien-Canso Contact 

The Canso bedrock, underlying the down-
gradient portions of the site, is described as a 
soft heterogeneous, anisotropic and fractured 
 

Monitoring Well Geophysical Logs Bedrock Type 

NOCO-002-MWB Gamma, Conductivity 
Morien/Canso 

NOCO-003-MWB Gamma, Conductivity Morien 

COBC-001-MWC 
None 

Canso 

COBT-001-MWB 
None 

Morien* 

COBT-002-MWB 
None 

Morien 

COBT-003-MWB 
None 

Morien/Canso 

CODT-002-MW 
None 

No Rock 

CODT-003-MW 
None 

No Rock 

CODT-004-MW 
None 

Morien 

CODT-005-MWC 
None 

Morien 

CODT-006-MW 
None 

Morien 

CODT-007-MW 
None 

Morien 

CODT-008-MWB 
None 

No Rock 

CODT-009-MWC 
None 

Morien 

CONPK-001-MWB 
None 

Morien 

CONPK-002-MWB 
None 

Morien 

CONPL-001-MWB 
None 

Morien 

CONPL-002-MWB 
None 

Morien 

CONPM-001-MW 
None 

Morien* 

MSES-013-MW Gamma, Conductivity Canso 

MSES-014-MW 
None 

Canso 

Rock Type based on presence or absence of sandstone 
with the exception of * which were confirmed by F
 Creek Watershed, Sydney, Nova Scotia                        
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mudstone, with permeability K (from slug testing) of 10-6 to 10-7 m/s.  Lower Morien bedrock 
underlies most of the site. It is described as a medium-grained, with matrix porosity 0.05-
0.15 and significant fracture porosity, which is primarily horizontal in the upper section, 
becoming more vertically oriented with depth. Mean permeability was estimated as 5x10-6 
m/s. 

The Morien-Canso contact is explored with resistivity Lines 11 through 15. Other data in the 
area include a number of monitoring wells, some of which have been geophysically logged, 
which sampled bedrock.  A summary of the boreholes considered is included in Table 1. 

Well NOCO-002-MWB intersects sandstone at surface and a thick zone of siltstone and 
mudstone below, with a thin deep sandstone layer near the bottom. Based on the strong 
shallow/deep conductivity contrast we speculate this as having crossed the Morien-Canso 
contact.  

Comparing Lines 14 and 15 it appears that the Morien is notable more resistive than the 
Canso. Well COBT-003-MWB intersects the Morien-Canso at a depth 15 metres. The 
conductivity of the Canso in the well is approximately 100 mS/m (10 ohm-m). This is 
consistent with the resistivity lines 14 an 15. The conductivity of the porewater in Cansoe is 
interpreted to be anomalously high in this well. The interpreted contact (indicated in 
magenta) in this area appears to be beneath Victoria Street.  

Along resistivity lines 11,12 and 13 the resistivity sections do not indicate an obvious contact 
that extends to surface. On Line 12 the low resistivity western portion may represent the 
Canso. The diagonal and/or deep change in resistivity observed on Lines 11,12 and 15 may 
represent the contact between the two rock types. Note the band of low resistivity dipping 
westward diagonally across Line 11 and Line 12 may extend to Line 14 and is interpreted to 
represent a fracture. 

Based on the interpreted resistivity sections the dip of the contact does not appear to be 
represented as a discrete plane.  The resistivity and borehole geophysical data suggest the 
contact may be better described as undulating and in some areas indistinct. 

5.6 Southeast Shoreline Area, Terminal Road 

The EM31 survey of this area is intended to map the limits of a suspected former landfill. 
The location of the data points are shown in Figure SSA1. The Conductivity and Inphase 
data are included as Figures SSA2 and SSA3 respectively. The conductivity data is shown 
in shaded relief overlain by color in Figure SSA4 and the anomalous zones as discussed are 
identified schematically on Figure SSA5.  

The area in general has a “mottled” and irregular appearance in both the conductivity and 
inphase data set indicative of abundant and scattered shallow debris.  This debris includes a 
significant amount of metal objects. These are characterized by localized discrete relatively 
negative readings and several examples of these are indicated on Figure SSA5. 
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The conductivity data indicates a broad elevated zone which encompasses an area of 
extremely high conductivity which likely indicates the limits of the fill. This zone 
approximately coincides with elevated inphase values reinforcing the interpretation of the 
cause as anomalous fill. The regular shape of the northern limit and portions of the southern 
edge indicates reworking and controlled deposition rather than random dumping. There are 
also an abundant number of buried metal objects within the interpreted landfill area. 
Although the northern limit has been well established, the southeastern limit has not been 
mapped. The western limit is diffuse implying conductive porewater may exist.   

5.7 Boreholes 

Twenty-one boreholes were geophysically logged. The results have been shown on the 
attached diagrams. Anomalously high zones of apparent conductivity that likely result from 
conductive porewater have been highlighted. Geologic boundaries interpreted from the 
gamma and conductivity logs have also been shown. In many cases these either do not 
coincide with the boundaries indicated in the geologic log or the geophysical interpretation 
provides detail and subdivision not possible from the drilling record. 
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6 APPRAISAL AND RECOMMENDATIONS 
In summary, the geophysical investigation appears to have been successful in meeting the 
goals attached to the survey. The resistivity survey has mapped and identified an 
anomalous low resistivity patterns that are interpreted to, at least, partially be a result of 
conductive porewater. Secondly, the downhole geophysical program was successful in 
identifying anomalous zones for recommended screened intervals.  The seismic survey also 
successfully identified variations in bedrock topography.   

Recommendations that may be inferred from this data are; 

The areas in and around notable/significant features be drilled and/or explored further to 
better explain their source or discrepancy from existing borehole logs; 

When additional data becomes available a correlation between the resistivity patterns, 
amount of fracturing and groundwater chemistry be examined; 

Future borehole locations should be defined in order to correlate and confirm interpreted 
depths more precisely, 

Future seismic surveys be considered to more accurately detail bedrock topography; and 

Resolution of the anomalous resistivity zone beneath the “brick pile” through an intrusive 
investigation.  This could be supplemented by a number of perpendicular (to the existing 
data) resistivity lines.  

 

7 LIMITATIONS 
Hyd-Eng Geophysics Incorporated prepared this report for JDAC.  The material in this report 
reflects Hyd-Eng’s best judgment in context of the information available at the time of 
preparation.  This report is based on data and information collected during the investigation 
conducted by Hyd-Eng Geophysics Inc. personnel and is based solely on the conditions of 
the property at the time of the site reconnaissance, as described in this report. No intrusive, 
or direct, sampling was conducted as part of this survey. 

Any use which a third party makes of this report, or any reliance on or decisions to be made 
based on it, are the responsibilities of such third parties. Hyd-Eng accepts no responsibility 
for damages, if any, suffered by any third party as a result of decisions made or actions 
based on this report. 
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Hyd-Eng makes no warranty, expressed or implied, and assumes no liability with respect to 
the use of information contained within this report. No changes to the report form or content 
may be made without Hyd-Eng’s written approval. 
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8 GLOSSARY OF TERMS 
 

Accuracy: Refers to closeness of a measurement to the true value. 

Amplitude: The maximum departure of a waver from the average value. 

Anisotropic: Having a physical property that varies with direction. 

Anomaly: Refers to deviation from uniformity in a physical property or measurement. 

Apparent resistivity/conductivity: The resistivity of a homogeneous isotropic ground that 
would give the same voltage/current or secondary/primary field ratios as observed in the 
field with resistivity or EM methods. The apparent conductivity is the reciprocal of the 
apparent resistivity. 

Aquifer: Rocks or unconsolidated sediments that are capable of yielding a significant 
amount of water to a well or a spring. 

Aquitard: Geologic formation/s of low hydraulic conductivity, typically saturated, but yielding 
a limited amount of water to wells. Also referred to as a confining unit. 

Archie’s Law: Am empirical relationship linking formation resistivity (ρt – aρw
-m where a and 

m are experimentally determined constants. 

 

Bedrock: A general term referring to rock that underlies unconsolidated material. 

 

Conductance: The product of conductivity and thickness [Siemens]. 

Conduction currents: Electrical current resulting from the movement of free charges 
(contract with displacement current). 
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Conductivity (electrical): The ability of material to conduct electrical current. In isotropic 
material, it is the reciprocal of resistivity. Units are Siemens/m. 

Contoured map: A map with contour lines drawn at regular intervals to show surface 
configuration (elevation), geophysical and geochemical data distributions. 

Counts per Second (CPS): A measure of nuclear radiation striking a detector during a 
second interval. 

Cross-hole: Geophysical methods carried out between boreholes (see also tomography). 

Cultural environment: The part of the environment that represents man-made features (e.g. 
roads, buildings, canals, bridges) as opposed to natural features. 

Current channeling/gathering: Channeling is a restriction of current flow due to an 
insulating barrier or narrowing of a conductor. Current gathering is a concentration of current 
in a locally, more conductive zone. The disproportionate influence of lakes and swamps on 
VLF surveys is a well-known example. 

 

Dense-non-aqueous-phase liquids (DNAPLS): Organic liquids that are more dense than 
water. They often coalesce in an immiscible layer at the bottom of a saturated geologic unit. 

Dielectic constant: A measure of the ability of a material to store charge when an electric 
field is applied. 

Dielectric permitivity: Describes the charge separation or polarization in a medium. 

Dipole: A pair of equal charges or poles of opposite signs. 

 

Electric field: A vector field describing the force on a unit electrical charge 
[newtons/coulomb = volts/metre]. 

Electrical logs: Provide information on porosity, hydraulic conductivity, and fluid content of 
formations drilled in fluid-filled boreholes. This record is based on the dielectric properties 
(e.g., electrical resistivity) of the aquifer materials measured by geophysical devices lowered 
down boreholes or wells. 
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Electrode: A piece of metallic material that acts as an electric contact with a non-metal. In 
chemistry, it refers to an instrument designed to measure an electrical response that is 
proportional to the condition being assessed (e.g. pH, resistivity). 

Electromagnetic method: A method which measures magnetic and/or electric fields 
associated with subsurface currents. 

 

Field: That space in which an effect, such as gravity or magnetism, is measurable. 

Fill: Generally loose material moved and/or reworked by man. It can include different soils, 
rock, rubble and debris. 

Filtering: a) The attenuation of a signal’s components based on a measurable property 
(usually frequency). Filtering usually involves a numerical operation that enhances only a 
portion of the signal. b) Fluid passage through a material that retains particles or colloids 
above a certain size. 

Frequency domain: In geophysics, refers to measurements analyzed according to their 
constituent frequencies. The usual alternative is time domain measurements. 

 

Gamma: The common unit of magnetic field intensity, equal to none nanoTesla (a Tesla is 
the SI unit). The Earth’s magnetic field strength is about 50,000 gammas (γ) in mid-latitudes. 

Gamma Probe: An instrument that measures natural emissions of gamma radiation. 
Typically related to clay content. 

Geomagnetic field: The Earth’s magnetic field. 

Geophones: Receivers used to record the seismic energy arriving from a source, in seismic 
geophysical methods. 

Geophysical mapping: Locating geophysical anomalies in space (as opposed to time, 
which is geophysical monitoring). 

Geophysical monitoring: Observing the change in a geophysical measurement with time. 

Ground penetrating radar (GPR): A geophysical method in which bursts of 
electromagnetic energy are transmitted downwards from the surface, to be reflected and 
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refracted by velocity contrasts within the subsurface. Also known as “Ground Probing 
Radar”. 

Groute: Material, usually an expanding clay such as bentonite or cement used to fill the 
annulus of a borehole around a borehole monitor to restrict the vertical movement of water. 

 

Introduction number: A quantitative measure of the quality of a target for EM methods. The 
formulation varies for different targets but in general it involves the product of target 
conductivity, magnetic permeability, frequency of the transmitter and a cross-sectional 
dimension of the target. Dimensionless. 

Introduction (EM), induce: The process, described by Faradays Law, hereby a variable 
magnetic field generates an electric field (voltage) that, in the presence of a conductor, will 
produce electric currents. 

In-phase: That part of a periodic signal that has zero phase shift with a reference signal. 
See also Quadrature. In an electromagnetic instrument this variations in the inphase 
component are particularly sensitive to the presence of metal. 

Interpolation: A method to determine intermediate values from surrounding known values. 

Interpretation: Transforming geophysical measurements into subsurface structure. More 
general term than inversion. 

Inversion, inverting: The process of deriving a model of the subsurface that is consistent 
with the geophysical data obtained. Generally refers to a more specific methodology than 
interpretation. 

 

Light-non-aqueous phase liquids (LNAPLs): Organic fluids that are less dense than 
water. They are capable of forming an immiscible layer that floats on the water table (e.g. 
petroleum hydrocarbons or other organic liquids). Also referred to as Floaters. 

 

Magnetics, geomagnetics: Geophysical methodology for studying anomalies in the 
geomagnetic field due to non-uniform magnetization of the subsurface. Uses 
magnetometers. 
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Magnetic permeability: Characteristic of a material, it is proportional to the magnetism 
induced in that material divided by strength of the magnetic field used. 

Magnetic susceptibility: A measure of the extent to which a substance may be 
magnetized; it represents the ratio of magnetization to a magnetic field strength. 

Magnetization: The magnetic moment per unit volume. It is a vector quantity. See also 
magnetic susceptibility. 

Magnetometer: A device for measuring the earth’s magnetic geomagnetic field. Variations 
in the field strength may indicate changes in magnetic properties of soil and rock or 
presence of ferrous metals. 

Mapping: Locating geological, chemical or geophysical information in space (as opposed to 
time, which is monitoring). The results are usually summarized as maps. 

Micro-gravity survey: A surface geophysical survey method, undertaken on a very small 
scale (typically station spacings of a few metres), and requiring a high meter sensitivity. 
Measures the earth’s gravitational field at different points over an area of interest. Variations 
in the field are related to differences in subsurface density distributions, which in turn are 
associated with changes in soil, rock, and cultural factors. Typically used for cavern or 
fracture detection. 

Monitoring: Observing the changes in a geophysical, hydrogeological or geochemical 
measurement with time. 

Monitoring Well: A stainless steel or PVC pipe placed into the ground with a screened 
portion at the bottom used to sample water and measure hydraulic head at a fixed depth 
interval. 

 

Noise: Any unwanted signal; a disturbance that is not part of signal from a specified source. 
In electrical or induced polarization (IP) surveys, noise may result from interference of power 
lines, motor-generators, atmospheric electrical discharges, etc. See cultural noise. 

Non-aqueous-phase-liquid (NAPL): Elements or compounds in the liquid phase other than 
water. This phase is immiscible in water. Examples include petroleum hydrocarbons, like 
gasoline, and solvents such as trichloroethylene. 

Non-unique: In geophysical interpretation and mathematical modeling, a problem for which 
two or more subsurface models satisfy the data equally well. 
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Overburden: All geologic material that lies above bedrock. 

 

P-wave: An elastic body wave in which particles move in the direction of propagation. It is 
the wave assumed in most seismic surveys. Also called primary or push-pull wave. 

Phase II study: Common nomenclature for the part of an environmental investigation that 
first involves on-site intrusive characterization activities (i.e. geophysics, soil gas surveys 
and drilling). 

Precision: The reproducibility of a measurement; the closeness of each of a set of similar 
measurements to the arithmetic mean of that set. 

Primary (magnetic field): The magnetic field generated by an EM transmitter. May induce a 
secondary magnetic field. 

Processing: Geophysically, to change data so as to emphasize certain aspects or correct 
for known influences, thereby facilitating interpretation. 

Profiling: In geophysics, a survey method whereby an array of sensors is moved along the 
Earth’s surface without change in its configuration, in order to detect lateral changes in the 
properties of the subsurface (faults, buried channels, etc.). The alternative is usually a 
sounding. 

Pseudosection: A cross section showing the distribution of a geophysical property, such as 
seismic travel time, from which the distribution of the geological property of interest (depth to 
bedrock, for example) can be interpreted. 

 

Quadrature: That part of a periodic signal that is 90 degrees out of phase with a reference 
signal. See also in-phase. In terrain conductivity surveys it is synonymous with conductivity 
measurements. 
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Radar: A system whereby short pulses of electromagnetic waves are transmitted and any 
energy that is scattered back by reflecting objects is detected. Acronym for “radio detection 
and ranging”. 

Receiver: The part of an acquisition system that senses the information signal. 

Reflection coefficient: A term used in seismic reflection and GPR to describe the ratio of 
the reflected to incident amplitudes of a pulse reflected from an interface. 

Resistivity (electrical): Electrical resistance to the passage of a current, expressed in ohm-
meters; the reciprocal of conductivity. 

Resolution: Refers to the smallest unit of measurement that can be distinguished using a 
particular instrument or method; based on the ability to separate two measurements that are 
very close together. 

RI/FS: Remedial investigation/feasibility study. 

 

S-wave: A body wave in which particulates move perpendicular to the direction of 
propagation. Also known as secondary or shear wave. 

Secondary (magnetic field): The magnetic field that is generated by currents that are 
induced to flow in the ground by time variations in the primary magnetic field of the 
transmitter. 

Seismic reflection: A surface geophysical method recording seismic waves reflected from 
geologic strata, giving an estimate of their depth and thickness. 

Seismic refraction: A surface geophysical method recording seismic waves refracted by 
geological strata. 

Skin depth: The effective depth of penetration in a conducting medium of electromagnetic 
energy (when displacement currents can be ignored); the depth at which the amplitude of a 
plane wave has been attenuated to 1/e or 0.37. 

Sounding: In geophysics, a survey method whereby the geometry and/or frequency of an 
array of sensors is varied so as to measure the physical properties of the earth as a function 
of depth beneath the configuration. The alternative is usually profiling. 

Specific conductance: Strictly speaking to electrical conductivity; the term is used in 
hydrogeology to refer to the conductivity of surface and ground water and expressed in 
micro Siemens per centimetre. It is a direct function of the total dissolved solids in the water. 
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Surface wave: A wave that travels along, or near to, the surface; its motion dropping off 
rapidly with distance from it. A distinct seismic mode from the body waves, P- and S. 

 

Target: The object at which a survey is aimed. 

Terrain conductivity: Geophysical method in which EM methods measure directly the 
average electrical conductivity of the ground. Operates at low induction number. 

Time domain: In geophysics refers to measurements analyzed according to their behavior 
in time. The usual alternative is frequency domain measurements. 

Tomography: A method for determining the distribution of physical properties within the 
earth by inverting the results of a large number of measurements made in three dimensions 
(e.g. seismic, radar, resistivity, EM) between different source and receiver locations. 

Transient: Occurring when the system is still changing with time; i.e., a steady state has not 
been attained. Most groundwater flow systems are transient, not steady state. 

 

Well log: A record describing geologic formations and well testing or development 
techniques used during well construction. Often refers to a geophysical well log in which the 
physical properties of the formation are measured by geophysical tools, E-logs, neutron 
logs, etc. 
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