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Fingal Landfill EIS Study

Appendix C Interpreted Seismic Refraction Sections
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Appendix D VLF sections
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Appendix E Geophysical Methodology.

E1.

E2.

E3.

E4.

E5.
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E2.1
E2.2
E2.3

E3.1
E3.2
E3.3

E4.1
E4.2
E4.3

E5.1
E5.2
E5.3

Methods Used

2D-Resistivity Profiling
Seismic Refraction Profiling
VLF

Equipment Used

2D-Resistivity Profiling
Seismic Refraction Profiling
VLF

Field Procedure

2D-Resistivity Prof1l1ng(£;x\<> ¢
Seismic RefractlonO«P?Qﬁlmg
0
VLF &(\\5\0
&
Data Processing

2D-Resistivity Profiling
Seismic Refraction Profiling
VLF

Error Analysis
2D-Resistivity Profiling

Seismic Refraction Profiling
VLF
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E1. Methods Used

E1.1 2D-Resistivity Profiling

A basic measurement technique in resistivity work is the Wenner array, whereby four
electrodes are planted along a line in the ground and a current is introduced through
the two outer electrodes. The potential difference across the two inner electrodes is
then measured and the resistance (physical unit: Ohm) is determined as the quotient of
the potential and the current. All measurements are made with a resistivity meter.

To obtain the resistivity (physical unit: Ohm * m), which is a quantity independent of
test conditions and characteristic for different soils and liquids, the following formula is
applied:

Resistivity = 21 * Spacing * Resistance

In 2D-Resistivity a large number of resistivity measurements are taken both laterally and
vertically in order to map changes in material types @these directions. This is achieved
in a very efficient way by connecting a series Q\( ctrodes to the resistivity meter and
using a computer to control the process of d§§a\ lection and storage.

\

oQ 0\

E1.2 Seismic Refraction Profllln%}\ {\‘2‘
This method measures the tr&}(é\[\-\&ﬁ?]‘]es of the refracted seismic waves through the
overburden and rock material a\nﬁQallows an assessment of the thickness and quality of
the materials to be made.iMore compact materials tend to have higher seismic
velocities. The depth rangjé\of the method varies with geophone spacing but for typical
engineering surveys is of the order of 1 to 30 m.

E1.3 VLF

Very Low Frequency (VLF) surveying is a continuous-wave (frequency domain)
electromagnetic technique that utilises high power, low frequency radio transmissions
as the source. Eleven major transmitters located across the globe generate these
transmissions, providing a range of frequencies from 3kHz to 24kHz. Their primary use is
in communication with submerged submarines and for long-range radio positioning.

Sensed at a distance greater than a few tens of kilometres the EM transmissions act as
plane waves propagating outwards horizontally. When these waves intersect a buried
conductor they induce eddy currents that generate a secondary magnetic field
concentric around the source of the currents. The strength of the eddy currents is
greatest when the long axis of the conductor is oriented parallel to the direction of
propagation (i.e. on a radial from the active transmitter). In this orientation the
magnetic vector is acting tangentially. Modern VLF instruments enable measurements to
be carried out at a number of different frequencies in sequence in order to ensure
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optimum secondary field signal strength. However, the orientation of the survey lines
still has to be chosen to lie perpendicular to the expected orientation of the targets.

E2. Equipment Used

E2.1 2D-Resistivity Profiling

The Tigre resistivity meter, a multi-core cable with 32 - 128 takeouts and 32 - 128
stainless steel electrodes were deployed and used to measure the resistivity sections.

The RES2DINV software was used for processing and viewing the data immediately after
the survey (Campus Geophysical Instruments, 1997).

E2.2 Seismic Refraction Profiling

The seismic data was recorded using a 12-channel Geometrics Smartseis signal
enhancement seismograph with a seismic cable and 1®%§%rtical geophones. The seismic

source was a hammer and a striking plate. &
S
S A
&S
G
N
E2.3 VLF &
QRS
&

An Scintrex ENVI VLF meter was u&é%?or the survey. The ENVI is a versatile portable VLF
receiver. It can be integrated@é@ﬂ"n the ENVI magnetometer/gradiometer system to
conduct a full mag/em survey.\gﬁe instrument does not require ground contact and can
be operated by one person.OQ&Q

O

E3. Field Procedure

The locations of the geophysical measurements are shown on Maps 1 and 2

E3.1 2D Resistivity Profiling

A total of 45 2D-Resistivity profiles were undertaken across the site during the three
geophysical investigations.

At each profile location one - four 5 m spacing resistivity cables with 32 take-outs were
used. Contact resistance measurements were taken prior to the survey and salt solution
was used where a poor electrical contact between the ground and electrode was
discovered. Data was stored and checked using a field lap-top.
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E3.2 Seismic Refraction Profiling

In total thirty-one seismic refraction spreads were recorded. All seismic spreads consisted of 12
collinear geophones at a spacing of 4 or 5 m. Records from five different positions were taken
on each p-wave spread (2 x off-end, 2 x end, 1 x middle) to ensure optimum coverage of all
refractors. A hammer and plate were used as seismic sources.

E3.2 VLF

Readings were taken along a number of profiles in the eastern part of the site and to
the east of the site

A Garmin 12 XL GPS receiver was used to record the start and end of each profile.
The locations of the conductivity readings are displayed on Map 1a.

E4. Data Processing

E4.1 2D-Resistivity Profiling SO
S
The field data were stored in compu&e‘?&??les and converted within the CAMPUS
resistivity meter. The resulting files ,\g\e?e@oaded into RES2DINV (Campus Geophysical
Instruments, 1997), where an invers'é?%@fv\lth up to 5 iterations of the measured data was
carried out for each profile to o(l?ga‘j‘\\{&j% 2D-Depth model of the resistivities.
N

These 2D-Resistivity models a\@dointerpreted geology are displayed within the results
section. The horizontal axis,\\ﬁ%\ows distance along the profile, while the depth (b.g.l.) is
indicated at the sides. Cofistant contour intervals and colour codes have been used for
the interpreted sections.

Note: Care should be taken when using these sections. The data displayed is real physical data that can be
measured with a high repeatability, but transforming resistivities directly into geological layers requires
interpretation of the geophysical results.

E4.2 Seismic Refraction Profiling
The data were processed as follows:

(i) 'First breaks' were picked on the field records and travel-time plots constructed

for each spread.

(i1) Seismic velocity phases were picked on each travel-time plot and the thickness
of each velocity unit was calculated using the intercept - time method (Redpath,
1973).
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The data processing was carried out using the "FIRSTPIX' and "GREMIX" computer
programs (Interpex, 1997, 1998). The travel-time graphs, depth sections and velocity
graphs for each spread are contained in Appendix B.

E4.3 VLF

The data was downloaded from the meter and displayed on Excel graphs as a function
of, in-phase, tilt angle, gradient and total filed against the chainage. The main VLF
anomalies were picked where the VLF data switched from positive to negative.

E5. Error Analysis

&

0®®

The interpretation is based on the available factual i@(ﬁ%tion, typical geophysical responses
of known materials and the experience of the autf@fﬁhe problem of non-uniqueness should
also be considered for the modelling and inter%@i@ﬁon of geophysical data.
P
O
N
e L SO

E5.1 2D-Resistivity Profi llnngoQ\\
S\

O
Recorded data is restricted by thgéé‘grray used during the collection of data and should be
noted. A degree of fit between thé measured apparent resistances and the inverted resistivites
is calculated by the program, allowing an assessment of the degree of confidence of the
inverted data. A damping factor can be applied to smooth erroneous data points. However,
resolution lessens with an increased damping factor.

It must be noted that geological interpretations from inverted resistivity data are only
interpretations based on experience of the interpreter and known resistivity values of
materials. Interpretations are based on contouring and smoothness constraints performed by
the inversion.

E5.2 Seismic Refraction Profiling
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It should be noted that layer thickness’ are modeled from the seismic data, areas of greatest
coverage (i.e. the centre of the spread) will have the greatest accuracy. At the edges of the
spread less ray coverage reduces the accuracy of layer interpretation and thickness calculation.

Noisy data due to (wind / rain / local noise) will result in less accurate picking of the seismic
traces hence resulting in increased errors or layer calculation.

Approximate errors for velocities are estimated to be +/- 10%. Errors for the calculated layer
thickness are of the order of +/-15%. Possible errors due to the "hidden layer” and "velocity
inversion” effects may also occur (Soske, 1959).

E5.3 VLF

VLF ground conductivity can be measured with a repeatability of 2% over typical ground,
allowing the detection and accurate mapping of areas of very low conductivity contrast. VLF is
sensitive to the orientation of the transmitters and their strength of signal. Great care should
be taken regarding the interpretation of VLF anomalies. Either a qualitative or quantitative
interpretation is based on the requirements of the interpreter @pd what information is

extracted from the data. @
S

NS
VLF data is limited in its investigations by the relativ o*l'ﬁ\gh and limited range of operating
frequencies and a large spatially distributed prin&\ \)g?eld.

&

SuS
Depth of penetration is dependant on the skg}@g@bth a function of the conductivity of the
terrain and the frequency of the source tr\ itter.
&, A*\

Qualitative interpretations can be mad@c?rom the general anomaly shape however, a number of
variations in the field and data can gﬁ‘sult in a number of different interpretations. Great care

is required for any mterpretatlonoO

The VLF will only yield useful information only in those situations where the anomaly to be
studied presents a significant and unambiguous conductivity contrast with the surrounding
medium. In continuous surveys to assess ground conditions only a crude assessment of material
type can be made.
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