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Geophysical Survey

EXECUTIVE SUMMARY

1. Minerex Geophysics Ltd. (MGX) carried out a geophysical survey consisting of EM31 ground conductivity,
2D-Resistivity and seismic refraction (p-wave) surveying for the investigation of an illegal landfill at St.
Mary's Park, Limerick City.

2. The main objectives of the survey were to determine ground conditions, delineate the landfill, and

determine the depth to bedrack, thickness of the waste body and characteristics of the underlying soils.

3. The ground conductivity survey outlines areas of mainly domestic waste, high metal concentration and

possible leachate into the marshy ground to the East.

4. The survey resistivity and seismic survey delineated five layers that represent waste at the top and rock
at the bottom of the profile sections.

5. Trial Pitting confirmed the basic underlying ground model interpreted from the survey.
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1. INTRODUCTION

1.1 Background

Minerex Geophysics Ltd. (MGX) carried out a geophysical survey for the investigation of an iilegal landfill at
St. Mary's Park in Limerick City. The survey consisted of acquiring EM31 Ground Conductivity, 2D Resistivity
and seismic refraction datasets. The survey was commissioned by Verde Environmental Consultants acting

on behalf of Limerick County Council.

An illegal landfill was created to the east of the boundary of St. Mary's Park by tipping of household and other
waste onto public land. The landfill is a long thin strip of land beside the estate. The geophysical survey is a
part of a larger ground investigation for this project.

1.2 Objectives

The main objectives of the geophysical survey were:

. To determine the ground conditions under the site
&
. The delineate the horizontal and vertical extent of the wO body
. S
° To check for possible leachate plumes O
§]
QN
° To determine the depth to rock and over’g\x@%\eﬁ\ thickness
XS é\
5 &
. To determine the type of overbu rd.eg&ngrock
NS
SR
. To detect lateral changes withins\ﬂ‘;g geological layers
o
; I £
1.3 Site Description OQG?’
@)

The site is best seen on the topographical survey map (Map 1). The site area is covered by the topographical
survey that indicates the ground surface contour lines and other items. The floodplain of King's Island lies to
the east of the illegal landfill and has a ground surface elevation of around 2.0m mQOD. St-Mary's estate lies to
the west and the elevation around the houses is generally over 3.0 m. An access track runs from the gate in
the north to a bulbous shaped raised area in the south. The total distance where waste can be seen scattered
around the access track has a length of approx. 600m,

1.4 Geology

The bedrock geological map of the Shannon Estuary (GSI, 1999) indicates that the site is underlain by the
Visean Limestone formation which consists of undifferentiated limestones and calcareous shale.

Minerex Geophysics Limited Report Reference: 5550f-005.doc Page 1 0f 9
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1.5 Report

This repott includes the results and interpretation of the geophysical survey. Maps, figures and tables are
included to illustrate the results of the survey. More detailed descriptions of geophysical methods and
measurements ¢an be found in GSEG (2002), Milsom (1989) and Reynolds (1997).

The client provided maps of the site and the digital version were used as the background map in this report.

Elevations were taken from the supplied map.

The interpretative nature and the non-invasive survey methods must be taken into account when considering
the results of this survey and Minerex Geophysics Limited, while using appropriate practice to execute,
interpret and present the data, give no guarantees in relation to the existing subsurface.

Minerex Geophysics Limited Report Reference: 5550f-005.doc Page 2 of 9
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2. GEOPHYSICAL SURVEY
2.1 Methodology

The methodology consisted of using EM31 Ground Conductivity measurements that were followed by five
targeted 2D-Resistivity and Seismic Refraction Profiles.

2.2 EM31 Ground Gonductivity

The EM31 ground conductivity survey was carried out on lines nominally 10 m apart. Along each line a
reading of ground conductivity was taken every second, thereby resulting in a survey grid of nominally 10m x
1 m. Because of the rough ground and overgrown waste in some areas the distances varied. The locations
were measured with a SERES DGPS system attached to the EM31 and all data was jointly stored in a data
logger. The conductivity meter was a GEONICS EM31 with Allegro data logger and NAV31 data acquisition

software. The instrument was checked at a base station and no drift occurred,

EM31 ground conductivity determines the bulk conductivity of the subsurface over a typical depth between 0
and 6 m bgl and over a radius of approx. 5m around the instrument % hen looking for clay, silt and water infill
within rock occurring at relatively shallow depth the EIVI31‘ cg&ofind anomalous rock zones with a vertical
extent of approx. 3m. The measurements are disturb \;\gf metal and other conductive objects within the
range of the instrument and therefore no geologicg{@\@?%retations can be made in the vicinity of such man-
made objects. The instrument does however.&\@f\@ée high metal concentrations by very high or negative
conductivities and by negative Inphase valgg?§\§

2.3 2D-Resistivity Of:o@\

During 2D-Resistivity surveying da&a@é\x acquired in the form of linear profiles using a suite of metal electrodes.
A current is injected into the ground via a pair of electrodes while a potential difference is measured across a
second pair of electrodes. This allows for the recording of the apparent resistivity of the earth system which
can be used for office based digital processing. The generated model resistivity values and their spatial

distribution can then be related to typical values for different geological materials.

The 2D-Resistivity profiles were done with 93m length per profile at five locations shown on Map 1. The set-
up used 32 electrodes with a spacing of 3m. The readings were taken with a Tigre Resistivity Meter and
Imager Cables.

2D-Resistivity has proven zones of anomalous rock/karstified rock with lateral extents of 5 m and more.
2.4 Seismic Refraction

In the seismic refraction survey method a p-wave is generated by a source at the surface resulting in energy
travelling through surface layers directly and along boundaries between layers of differing seismic wave
velocities. Processing of the seismic data allows geological layer thicknesses and boundaries to be
established.

Minerex Geophysics Limited Report Reference: 5550f-005.doc Page 30of 9
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The seismic survey consisted of p-wave seismic refraction profiling. Each of the profiles consisted of 24

geophones with 3 m spacing, resulting in lengths of 69m per profile. The recording equipment consisted of an

ES-3000 seismograph with 10 Hz vertical geophones. The seismic energy source consisted of a hammer and

plate. A zero delay trigger was used to start the recording. At least 7 shot points per p-wave profile were

used.

Seismic Refraction generally determines the depth to horizontal or near horizontal layers where the

compaction/strength/rock quality changes with an accuracy of 10 — 20% of depth to that layer. Where low

velocity layers are present or where layers dip with more than 20% angle the accuracy becomes much less.

2.5 Site Work

The data acquisition was carried out on the 8™ and 10" of June 2011 in fair weather conditions. Health and

safety standards were adhered to at all times.

The survey locations and background map are on Map 1.

Minerex Geophysics Limited Report Reference: 55501-005.doc
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3. RESULTS AND INTERPRETATION

The interpretation of geophysical data was carried out utilising the known response of geophysical
measurements, typical physical parameters for subsurface features that may underlay the site, and the
experience of the authors.

3.1 EM31 Ground Conductivity

The EM31 ground conductivity and Inphase values were merged into one data file for the survey area and
contoured and gridded with the SURFER contouring package. The contours are created by gridding and
interpolation and care must be taken when using the data. The contours lines are overlaid over the location

and base maps and the values are visible from the colour scale.
The ground conductivities are indicated on Map 2 and the Inphase values are visible on Map 3.

Low conductivities would indicate either shallow bedrock or sandy and gravely overburden while higher
conductivities would indicate deeper bedrock, zones of clay mineral rich bedrock and clay-rich overburden.
High conductivities can also derive from leachate or buriedédf?fhestic waste. Very high or negative
conductivities indicate the presence of man-made metal obje &sﬁhgh interference typically occurs along field
boundaries and fences. 0

oo%
Inphase values for natural geclogical layers are t@lt@ﬁy close to zero. In the presents of metal the Inphase
values take on higher positive or negative re@i \@g% Therefore the Inphase value can be used like a metal
O
QO‘\&\Q\?
Map 2 shows the ground COnleCtIVItlés that cover a large range of values typical for landfill and wate

indicator.

situations. High values over 50 n&&ﬂn along the western edges, especially in the North-west, are due to
interference from buildings and fences. Rapidly changing values, from 50 mS/m to negative values, indicate
the presence of waste and metal within the waste. Medium values of 20 — 40 mS/m indicate the typical
geological background of the floodplain to the east of the build-up and made ground area. Negative values
generally stretching along and beside the access track indicate a larger amount of metal within the domestic

waste.

Map 3 shows the Inphase values in ppt (Parts per thousand). The values act like a metal indicator and where
the values turn to very negative values a larger amount of metal can be expected in the subsurface.

3.2 2D-Resistivity Profiles

The 2D-Resistivity data was positioned and inverted with the RES2DINV inversion package. The
programme uses a smoothness constrained least-squares inversion method to produce a 2D model of the
subsurface model resistivities from the recorded apparent resistivity values. Three variations of the least
squares method are available but for this project the Jacobian Matrix was recalculated for the first three
iterations then a Quasi-Newton approximation was used for subsequent iterations. Each dataset was

Minerex Geophysics Limited Report Reference: 5550f-005.doc Page 50f9
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inverted using five iterations resulting in a typical RMS error of < 3.0%. The resulting models were colour
contoured with the same scale for all profiles and they are displayed as cross sections (Figure 1a).

The lowest resistivities occur over the elevated ground on Profiles R1 to R3 (< 20 Ohmm). These low
resistivities (comparable to the high conductivities) indicate the domestic waste. Slightly higher resistivities
occur at the elevated ground on R4 and R5 (> 40 Ohmm) and this indicates that the nature of the made
ground changes to building waste type deposits that contain a high proportion of boulders, sand and gravel.
Therefore a distinction between thicker domestic waste and building waste has been made in the
interpretation.

Towards the east (floodplain) where natural geclogical layers are present below the ground surface the
resistivities range between 20 and 60 Ohmm. This would indicate clay and silt rich saturated overburden.

The resistivities increase with depth to values of several 100 Ohmm which indicated the presence of rock.
The resistivities indicate a shale/limestone rock type in accordance with the bedrock geclogical map.

3.3 Seismic Refraction Data

The seismic refraction data was positioned and processed with tQ@%EISIMAGER software package to give a
layered model of the subsurface. The numbers of Iaye&-;\ h@’s been determined by analysing the seismic
traces and 6 layers were used in the models. All sel%&;ﬁ’@broﬂles were subject to a standardised processing
sequence which consisted of a topographic corr@:@?i which was based on supplied elevation data, first
break picking, tomographic inversion, travel-tl@)é \@gmputatlon via ray-tracing and velocity modelling. Residual
deviations of typically 0.6 to 1.5 msec RI@S t@ve been obtained for each profile. Following each processing
stage QC procedures were adhered to T{Sﬁe resulting layer boundaries are shown as thick lines overlaid on
the 2D-Resistivity cross sections (F\@\'e 1). The seismic velocities obtained within the layers are annotated
O

on the sections. O

Seismic velocities cover a large range from 0.2 to 3.0 km/s. The lowest velocities correspond to made
ground and topscil. The top three layers have been assigned an interpretation of domestic waste with 0.2
km/s seismic velocity (which is most loose), soft/loose overburden (0.3 km/s) and building waste (0.4 km/s).

Below these layers the natural overburden is more compacted with depth. Layer 5 is seen as a transitional
layer between overburden and bedrock with highly compacted overburden and weathered broken rock.
Below this layer the rock has a good quality and is a strong bedrock.

3.4 Combined Interpretation

Table 1 summarises the interpretation. The compaction/strength/rock quality has been estimated from the

seismic velocity.

Interpreted cross sections are shown in Figure 2. The interpretation has been made from ali available
information. For overburden layers and the top of the rock the seismic refraction data has been used as

Minerex Geophysics Limited Report Reference: 5550f-005.doc Page 6 of 9
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seismic refraction is the best method to delineate layer boundaries. The resistivity models have been used

to delineate layers outside the seismic profiles.

Resistivity data is better suited to show rock types and features within the rock while seismic refraction
velocities are indicating the change of compaction/stiffness/rock quality with depth.

Table 1: Summary of Results and Interpretation

Layer | General Seismic | General Compaction/ Interpretation
Velocity Range | Resistivity Range
Strength/ Rock Quality
(km/sec) (Ohmm)
1 0.2 <20 Soft/Leose Made Ground (Predominantly Domestic Waste)
2 0.4 > 40 Loose/soft Made Ground (Predominantly Building Wasts)
3 0.3 20-40 Soft/loose Qi%‘rburden (predominantly Clay/Silt)
o
O
4 0.8-0.9 >20 Firm-stifi/Densexy)’ ,@ Overburden (Predominantly Clay/Silt}
(SIS
G S
5 1.8-1.9 >30 Very sli@vg@se Overburden and weathered rock
&
s
XN O
- S
6 3.0 >100 go E\Strcmg rock Rock (Shale and Limestone)
&
&

N

OO
Map 4 indicates a summary interpretation for the area investigated. The area outlining made ground and
domestic waste is enclosed in a red line. This includes made ground of the access track and land that has

been raised probably at a stage when the estate was build.

The areas marked by magenta hatching indicate the thickest domestic and other waste as interpreted from
the conductivity and resistivity data. The thickness of domestic waste is expected to be in the order of 0.5 to
1.0m.

Areas marked in blue indicate on interpreted high metal content and this fact can be considered for the
remediation of the landfill.

The highest conductivities and lowest resistivities outside the waste area occur in the floodplain to the east
of R3 and R4 {orange hatching). This could be either due to leachate or to higher clay content in the
overburden.

Minerex Geophysics Limited Report Reference: 5550f-005.doc Page 7 of 9
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4, CONCLUSIONS AND RECOMMENDATIONS

The following conclusions and recommendations are made:

e The geophysical surveys delineated areas with domestic waste, building waste and possible
leachate.

e Further sampling after the report confirmed that the geophysical derived interpretation is valid.
Some of the waste encountered in the trial pit was described a municipal waste, that stretches into

the layer 2 of the interpretation and that is partially decomposed.

Minerex Geophysics Limited Report Reference: 5550f-005.doc Page 8019
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