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1. INTRODUCTION

APEX Geoservices Ltd. was requested by IGSL Ltd., on behalf of ARUP Consulting Engineers, to
carry out an extended geophysical survey as part of the ground investigation contract for the M20
Cork to Limerick Motorway Scheme.

Apex Geoservices Ltd. had previously conducted two geophysical surveys as part of the ground
investigation for the M20 Motorway Scheme. These were the Report on the Geophysical Survey
for the M20 Cork to Limerick Motorway Scheme, Preliminary Ground Investigation for IGSL on
behalf of Arup & WYG-Eptisa, v.02 21% October 2009, and Report on the Additional Geophysical
Survey for the M20 Cork to Limerick Motorway Scheme, Preliminary Ground Investigation for IGSL
on behalf of Arup & WYG-Eptisa, v.02 24" June 2010.

1.1 Survey Objectives

The objectives of the survey as set out in the specification are to measure the following:
1. Depth to rockhead.
2. Seismic velocity of the bedrock.
3. Geophysical anomalies indicative of karst.

1.3 Survey Description
The following geophysical techniques were requested in the specification:

= P-wave Seismic Refraction profiles to map overburden thickness, depth to bedrock and to
investigate the characteristics of the superficial and rock strata including overburden stiffness,
bedrock quality and excavatability.

= The Multi-channel Analysis of Surface Waves (MASW) method to provide shear (S) wave
velocities and small strain shear modulus values (G-max).

= 2D Resistivity Imaging to investigate variations in overburden type and thickness, variations in
depth to bedrock, variations in bedrock lithology and to identify karstified zones within the
limestone bedrock.

= Micro-gravity surveying at the specified location to indicate the location of possible karst at
depth.

1.2 Survey Locations
Use of the P-wave seismic refraction and 2D resistivity geophysical techniques was requested at
locations specified by the client at shown in the table of contents above.

S-wave velocity data was acquired and processed at each of the P-wave seismic profile locations
to provide an S-wave and G-max profile. This was also required to provide the dynamic moduli at
each P-wave seismic profile location.

Micro-gravity data was acquired as one location, at SGP22, from ch.45910-46010m.

1.4 Site Background

The Geological Survey of Ireland 1:100,000 Bedrock Map Series for the area (GSI, Online
Geological Map) indicates that the survey locations are underlain by the Ballytrasna, Gyleen, Lower
Limestone Shale, Waulsortian, Hazelwood, Namurian, Annabella, Caherduggan and Copstown
Limestone Formations. The geology at each survey location will be discussed in more detail in Part
2 of this report.
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The Geological Survey of Ireland Teagasc subsoils map indicates that the survey locations are
underlain by shale and sandstone till (Namurian), sandstone till (Devonian) and alluvium.

The survey area generally comprised undulating farmland with the occasional forested area. The
Blackwater River crosses the survey area at ch.33400m, and the Awber River crosses at
ch.43500m.

A series of rotary core and shell and auger boreholes have been drilled by the client and these
results have been provided by the client to assist in the interpretation of the geophysical data, and

M20 Cork to Limerick Motorway Scheme

Geophysical Survey

2. INTERPRETED RESULTS

The interpreted results are presented on Drawings 10118_01 to 10118 22 & 10118 25 to
10118_29 to 10118_28 as shown in the table of contents. Forthe purposes of reporting, the results
have been subdivided into Phase 1 (ch.26400-34780m), the Link Road (ch.0-2500m), and Phase 2
(ch.39650-47200m).

21 Phase 1 Ch. 26400-34780m
The geological map indicates that the survey area is underlain by Ballytrasna Formation purple

M20 Cork to Limerick Motorway Scheme Phase 1

have been included on the int ted secti Drawings 10018_01 to 10018_28. ; ; £
ave been included on fhe Interpreted sections on Lrawings -1 - mudstone and sandstone, Gyleen Formation sandstone with mudstone and siltstone, Lower

Limestone Shale sandstone, mudstone and thin limestone; massive unbedded lime-mudstone of
the Waulsortian Limestones and pale grey massive mud-grade limestone of the Hazelwood
Limestone Formation. The underlying formation at each profile location is shown on each on the
drawings for Phase 1.

211 Seismic Refraction Profiling
Sixty-six seismic refraction spreads were recorded in Phase 1. The seismic data outlined three-
four velocity layers and has been interpreted on the following basis, in conjunction with the borehole

results.
Layer Seismic Average | Thickness Average Interpretation Estimated Stiffness/
Velocity Seismic {(m) Thickness Rock Quality
{m/sec) Velocity (m)
{m/sec)
1 118-960 370 0.35.0 17 Overburden Material SUIFIIY LOdsE:
Medium Dense
Overburden Material F'rge'nigfﬁ Qgﬁgg’m
2 500-1521 892 02-17.4 5.0 -
Completely - Highly Bor
Weathered Bedrock
Overburden Material W —_\ferry;SSan/slzense
3 834-2290 1726 03-21.9 6.8
Moderately Weathered Fai
air
Bedrock
4 23037594 3433 Slightly Weathered - Fresh Good
Bedrock

Layer 2 has been interpreted as absent for Profiles S200-S202,8205-S206,5275,5321-S322 & S417-S420.
Layer 3 has been interpreted as absent for Profiles S203,S214,5241-S244,S274-S276,5320,8352-S354,
S356 & S449-8453. Layer 4 has not been interpreted for Profiles S318-8319 & $418.

2.1.2 Resistivity Profiling
Twenty-four 2D Resistivity profiles were recorded across the survey area. The resistivity data have
been interpreted as follows:

Resistivity (Ohm-m) | Interpretation |

50-200 | Sandy gravelly SILT/CLAY |

200-3200 | Clayey SAND/GRAVEL or SAND/GRAVEL |

50-275 | MUDSTONE/SHALE |

200-6400 | SANDSTONE |

275-9000 | LIMESTONE |
2 1
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MASW profilesS355 comprises a zone of <200 mfs which indicates that some soft material should

Typical resistivities of Irish overburden deposits as experienced by the author range from 20 Ohm- be present32800m (Drawing 10118_16).

m for pure clay to around 3000 Ohm-m for clean dry gravel, with the resistivity generally increasing

as the sand/gravel content increases. Silty clay typically has values in the range 30-50 Ohm-m and The results for 2D MASW Profiling indicate that soft zones are interpreted to be present from

silty gravelly clay typically has resistivity values in the range 50-100 Ohm-m. ch.32890-32970m (Figure A below), and close to the River Blackwater at ch.33220-33340m, and

also from ch.33640-33700m.
21.3 MASW Results

Each of the seismic refraction profiles have been processed for shear (S) wave velocities and Lower Limestone Shale

corresponding values of G-max (small strain shear modulus). These results are displayed as the Sandstone. mudstone Waulsortian Limest

1D Profiles in Appendix IIl and in Figures 1-12 below. The Dynamic Moduli for each of the seismic R R R e Massive unbedded
& thin limestone (from GSI) Awa¥C UFIDCUME

refraction profiles are displayed in Appendix V.
[ II

Three roll-along 2D MASW profiles (M1, M2a and M2b, and M3) have also been acquired, at
SGP05 and SGP06 (Drawings 10118_16 and 10118_01). This data is incorporated into the
interpretation for these areas. This data is also processed at 40m intervals to give 1D Profiles for

S-wave velocity and G-max shown below. m S 3 1 9 8320 832 1 S 322
M2a

The results indicate S-wave velocities of 107-891 m/s for overburden (average of 364 m/s), with a E
corresponding G-max of 23-1589 MPa (average of 304 MPa). The following chart indicates the M 2 b
cohesion of overburden which falls within the above velocity range, with material <175 m/s E
indicative of soft or very soft overburden.
-H
Shear Wave Velocity (m/s) e SEBHSEE S e
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2 Figure A Soft zone (red dashed line) interpreted from ch.32890-32970m.
Fresh Bedrock
/ -

1=

Figure 5 below indicates that the material within the zone of thick overburden (see Section 2.1.4)
from ch.32200-32960 contains material which is generally firm-stiff. MASW profilesS365 comprises
a zone of <200 m/s which indicates that some soft material should be present 32240m (Drawing
10118_16).
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Fig.1 Shear wave Velocity, V. (m/s). Profiles$200-5213,5404,5417-5420
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Fig.3 Shear wave Velocity, V, (m/s). Profiles $214-8219,5237-5244
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Fig. 4 Calculated Gmax Values (MPa). Profile $214-5$219,5237-S244
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