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1. Purpose and Scope of Works

Galway County Council, on its own behalf and on behalf of Galway City Council, are
committed to developing a solution to the existing transportation issues in Galway
City and its environs, which are having a negative impact upon the local, regional and
national road network. As part of this work it is necessary to undertake ground
investigation works prior to the commencement of detailed design work.

The Menlo region, within and to the immediate west of Lackagh Quarry, has been
selected as a possible route for the N6 road development (Figure 1).
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Figure 1: Lackagh Quarry Ground Investigation Site - Yellow Polygon (Google 2015)

The site consists of a non-active quarry with associated derelict buildings, plant,
structures and poor quality agricultural land used for the grazing of cattle (Figure 2).

Figure 2: Site Area - Dashed Red Line
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This area is in an environmentally sensitive region, with the Lough Corrib cSAC
Annex 1 habitat (candidate Special Area of Conservation) located immediately west
and north of the Lackagh Quarry site (Figure 3).

Figure 3: SAC Location (Red Hashed Area) (NPWS 2015)

The objective of the ground investigation is as follows:
e Characterise the nature of the rockmass for tunnel design;

e Characterise the hydrogeology for tunnel design and the existing groundwater
conditions;

¢ Indentify any existing karst features and potential for karstic conditions with
the rockmass

¢ Carryout in-situ and laboratory testing to provide geotechnical and
hydrogeological parameters for tunnel design

In order to accomplish the stated objectives the following ground investigation was
proposed:

e 1 No. Sub-horizontal rotary core drillhole along the proposed tunnel alignment
for a length of approximately 300m

e 3 No. Vertical Rotary core drillholes to depths of 32.5m, 35.0m and 40.0m
¢ 3 No. Monitoring Installations (piezometers) with raised steel covers

e Geotechnical Laboratory Testing
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¢ Downhole Geophysics
e Surface Geophysics

e Factual Reporting
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2. Geological Setting and Ground Conditions

The site is underlain by Lower Carboniferous (Visean) Limestone located
approximately 2km to the northeast of the contact with the Galway granitic intrusive
complex (Figure 4). There is little published data for this region and Geological
Survey of Ireland (GSI) 1:100,000 scale Bedrock Map series record this area as
Undifferentiated Visean Shelf Limestones.

Undifferentiated Visean Limestones

— D

Lackagh Quarry Site
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MurveyiGranite) |

' Meta-Gabbro

Figure 4: Simplified Geology Map of the Menlo Region (GSI 1:100,000 series)

The bedrock geology is dominated by light grey / grey, massively bedded, fine to
medium grained pellety to weakly oolitic grainstones. Discrete, metric scale, beds of
dark grey / black limestones are developed within the sequence. The black limestone
beds are dominated by synsedimentary breccias with intraclastic clasts of grainstone
supported in a black fine grained micritic matrix, this was only intersected by one of
the ground investigation boreholes. There is evidence of burrowing and the
brecciation may have been caused by bioturbation. Minor bioclastic debris is
disseminated throughout, dominated by unrecognisable small shell fragments.
Locally occurring coarse bioclastic fragments consist of thick shelled brachiopods
and solitary corals. The fauna and well sorted nature of the rock are indicative of a
shallow water, relatively high energy depositional environment. Thin (centimetric
scale), horizons of grey / green to black mudstone form semi-continuous marker
horizons within the geological sequence. The mudstone horizons (often known as
clay wayboards) can be weakly tuffaceous, often containing a significant proportion
of finely disseminated pyrite. The pyrite in these thin bands oxidises strongly and is
responsible for the surficial iron staining present on parts of the lower benches at
Lackagh Quarry.
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The unconsolidated Quaternary geology of this region has been proven by the recent
drilling to be much more complex than originally anticipated. A deep buried channel /
trough is located to the west orientated along an east-west axis. Unconsolidated
material deposited within this feature ranges from lacustrine, laminated (possibly
varved) dark brown, organic clays to sands / gravels of a possibly fluviatile origin, all
overlain by very stiff, glacial boulder clays.

Extensive areas of limestone pavement are developed to the north and west of the
quarry site and there are numerous glacial erratics scattered throughout, many of
which are granitic.
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3. Ground Investigations

3.1 Setting Out / Surveying

Drawings and coordinates were provided by ARUP and were used to locate and
position each borehole and geophysical station. The drillhole collar locations were
positioned using a Trimble GeoExplorer 6000 RTK GPS system corrected to a
differential base station through a phone modem link. Locations were measured
relative to Irish Transverse Mercator.

The low angle borehole, BHO1, was set out using the Trimble GeoExplorer 6000 RTK
GPS system. The hole / working platform was orientated using a prismatic compass,
accurate to +/- 0.5°. The rig was then set up using a Reflex TN14 Gyrocompass to
measure the exact dip and azimuth of the hole before coring commenced.

Downhole surveying of drillhole BHO1 was carried out at 3m intervals using a Reflex
EZ-TRAC digital downhole survey instrument. Owing to ground conditions (cavities
and localised broken ground from 186m) the hole could only be surveyed from 175m
back to surface. A core orientation tool had been used throughout the drilling that
provided information about the dip of the hole, the driller noted no significant variation
in dip from 175m. Refer to Appendix | for all surveying data.

3.2 Ground Geophysical Surveying

Ground geophysical surveying was specified for the Lackagh Quarry Ground
Investigation. BRG Ltd were sub-contracted by Priority Drilling Ltd. to carry out the
surveying. The geophysical surveys consisted of 2D Electrical Resistivity
Tomography (ERT) and Microgravity across an initial area of roughly 300x30m, this
area was subsequently extended to define the lateral and depth extent of a zone of
deep overburden. The surveys were designed to test for subsurface heterogeneity
and bedrock depths in advance of follow up rotary core drilling. Information on
potential karst features were of particular interest to the client.

Microgravity data was acquired with measured sites along the centre line and 15m
either side of the proposed tunnel section. These lines were measured with nominal
station spacing of 10m, with gaps where scrub hawthorn was too thick. Extra stations
were measured within the quarry on the first bench at 5-10m intervals.
Measurements were taken using a Lacoste & Romberg model G gravity meter.
Instrument drift was monitored by returning to a locally established base station at
hourly intervals.

Stations were topographically surveyed using a Trimble GeoExplorer 6000 RTK GPS
system corrected through phone modem link for both the ERT and the gravity
surveys. The drift corrected gravity data was corrected for elevation, latitude, and
reduced to Bouguer 2.67g/cm? to allow for local average rock densities. It was then
gridded and exported for display and interpretation in the Mapinfo GIS system
(Figure 5).
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Figure 5: Microgravity Station Locations

Figure 6: 2D Electrical Resistivity Tomography (ERT) Line / Station Locations
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The depth mapping potential with the ERT is limited by the length of each spread.
The variability of line lengths meant that the ERT surveying was capable of surveying
to a minimum depth of 22m bgl on Line 5 to a maximum depth of 60m bgl on Line 6.
Equipment used was an Allied Associates Tigre system which has the potential for
up to 128 electrode takeouts. 2m station spacing was initially used to get the required
detail along the chosen lines, with 3m intervals on the long lines (6, 7 & 8). Data was
measured using a Wenner array, controlled by an Imager2006 programme with a
laptop computer. Saved data was inverted using the Geotomo Res2Dinv programme
and exported as an image file displaying a cross section of the inverted Resistivities
with elevation data. The resultant resistivity sections were subsequently interpreted
and an interpreted geological model developed.

Resistivity sections from the 2D ERT and the microgravity data show a marked
contrast from high resistivity bedrock in the east with a sharp contact into very low
resistivity zones to the west. The western region has a low gravity response
coincident with the low resistivity. The base of the initial ERT lines did not penetrate
below 30m, however, the low resistivity zone developed to the west suggests that
this area was dominated by a significant deep overburden feature. Subsequent 2D
ERT surveying, particularly line 6 defined a channel / basin shaped feature
developed along a roughly east - west axis with sharp contacts to the north and
south. The northern side of the feature seems to be step down into the core of the
channel, which is roughly coincident with BHO3. The surface geophysical report is
appended as Appendix V.

3.3 Rotary Borehole Investigation
Five rotary boreholes were drilled during this phase of the investigation. Four vertical
and one low angle borehole drilled from the quarry floor (Figures 5 & 6).

DHID East North Elevation | Dip Azimuth | Length (m)
BHO1 530370.592 | 728426.557 16.712 -11.5° | 268.3° 276.7
BHO3 530023.824 | 728382.566 26.256 | -90° 360° 109.9
BHO4 530150.783 | 728400.125 32.167 | -90° 360° 35
BHO5 530186.649 | 728378.105 34.138 | -90° 360° 40.3
BHO06 530125.143 | 728383.081 30.799 | -90° 360° 45

Table 1: Borehole Collar Locations

3.3.1 Low Angle Dirilling (HQ Core)

The low angle borehole, BHO1, was drilled using a Dura Lite rig producing HQ
diameter core (63.5mm). This borehole was drilled using a 3m hexagonal core barrel
in order to minimise droop and deflection away from the planned section. The
borehole was collared at an azimuth of 268.3° N,,q and a dip of -11.5° to the
horizontal. BHO1 was located within the boundary of the quarry and was designed to
drill into the quarry face. The hole was located at the base of the lower bench and rig
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was stepped back approximately 6m from the quarry face. The face was scaled back
before the rig was moved onto site using an excavator to remove loose, unstable
rock material that was at risk of collapse. A concrete plinth was constructed between
the borehole collar and the quarry face to support the rods whilst drilling and
accordingly the first 6m cored from BHO1 consists of concrete.

BHO1 was drilled to a final depth of 276.7m. It was scheduled to drill to approximately
300m. However, poor quality and unconsolidated / cavernous ground intersected
from 272.4m to the end of hole at 276.7m meant that the hole could not be
continued.

After drilling was completed borehole BHO1 was sealed at a depth of 175m using a
Vann Ruth plug and was then backfilled with a cement / bentonite grout from 175m
back to surface. The cavities in the lower part of the hole (175.0 - 276.7m)
contributed to localised unstable ground conditions and it was considered a
significant possibility that they may act as conduits to draw the cement / bentonite
grout away from the hole, therefore, a plug was installed at 175m to seal the lower
part of the hole.

3.3.2 Vertical Drilling (PQ Core)

The vertical boreholes (BHO3, BH04, BHO5 & BHO06) were all drilled using a top drive
Hang Seng drilling rig producing PQ diameter drill core (85mm). The holes were
collared along the line of the proposed tunnel route to the west of the quarry. BHO3
was scheduled to drill to a depth of 32.5m, however, it drilled through a deep
overburden feature with very challenging, poorly consolidated ground, intersecting
rock at a depth of 104.95m and stopping at a depth of 109.9m. The hole was cored to
85.55m in PQ and subsequently cased to 85m with PW casing. It was then open hole
drilled using a HQ tricone until competent ground was intersected at 104.95m and
continued to the end of hole with HQ core. Due to the instability of hole BHO3 the
planned piezometer could not be installed or the downhole geophysical survey
carried out. It was backfilled with a cement / bentonite grout upon completion.

BHO4 and BHO5 were drilled to scheduled depths and intersected the expected
geological succession of shallow overburden overlying competent, massively bedded
limestones. Piezometers were installed in both of these holes. BHO6 was an
additional hole added to the ground investigation to test a zone of transition from
competent to poorly consolidated rock / overburden that had been detected by the
ground geophysical survey. This hole was drilled to a final depth of 45m in
unconsolidated clay, sand and gravel it was backfilled with a cement grout from the
end of hole back to a depth of 11.0m. A stand pipe was installed in the top of the
hole.

The core from the rotary drilling was logged in accordance with the BS5930:1999
specification. A detailed geological description of the rock was generated and a
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gquantitative description of the fracture state of the rock core was provided for each
borehole, including:

e Total Core Recovery (TCR)

¢ Solid Core Recovery (SCR)

e Fracture Index (FI)

o Fracture Number (FNo.)

¢ Rock Quality Designation (RQD)

The logs were generated using HoleBase AGS software (Hard copies - Appendix II).

Figure 7: Borehole Collar Locations, Traces and Line of Section
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Figure 8: A - A" Drill Section (looking North) through the Lackagh Quarry Gl Site
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3.4 Discontinuity Logging

Discontinuity logging of rock cores was carried out using the ARUP "Rock Core
Discontinuity Log" template for holes BHO1, BH04 and BHO5. The following headings
were used:

o Orientation

e Spacing

e Roughness

e Weathering

¢ Infilling

o Number of Discontinuity Sets

The core from BHO1 was orientated using a core orientation system mounted on the
core barrel. and the discontinuities were measured relative to the invert of the core
(NB: downhole direction is 180° up hole is 0°).

See Appendix Il for the discontinuity logs.

3.5 Piezometer Installations

Three piezometers were installed in the vertical boreholes located to the west of the
quarry. They were installed in boreholes BH04, BHO5 and BH06. A summary of the
installation design can be seen in Tables 2 - 4.

From (m) | To (m) | Installation

0.00 28.00 | Blank 19mm PVC Pipe
28.00 34.00 | Slotted 19mm PVC Pipe
34.00 End Cap

0.00 21.00 | Cement Grout

21.00 23.00 | Bentonite Pellets

23.00 24.00 | Sand

24.00 34.00 | Pea Gravel

34.00 35.00 | Gravel Base
Table 2: BHO4 Piezometer Installation Details

From (m) | To (m) | Installation

0.00 33.00 | Blank 19mm PVC Pipe
33.00 39.00 | Slotted 19mm PVC Pipe
39.00 End Cap

0.00 19.00 | Cement Grout

19.00 23.00 | Bentonite Pellets

23.00 24.00 | Sand

24.00 39.00 | Pea Gravel

39.00 40.30 | Gravel Base
Table 3: BHO5 Piezometer Installation Details

0rg
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From (m) | To (m) | Installation
0.00 4.00 Blank 19mm PVC Pipe
4.00 10.00 | Slotted 19mm PVC Pipe
10.00 End Cap
0.00 1.00 Cement Grout
1.00 2.00 Bentonite Pellets
2.00 3.00 Sand
3.00 11.00 | Pea Gravel
11.00 45.00 | Cement Grout

Table 4: BHO6 Piezometer Installation Details

3.6 Borehole Geophysical Surveying

Ground geophysical surveying was specified for the Lackagh Quarry Ground
Investigation. European Geophysical Services Ltd were sub-contracted by Priority
Drilling Ltd. to carry out this surveying. It was originally intended to survey three
boreholes, however, the poor ground conditions encountered in BHO3 meant that
only BHO4 and BHO5 were surveyed.

The geophysical surveys consisted of:

e Optical Televiewer

e Acoustic Televiewer

e Fluid Temperature and Conductivity, Natural Gamma Calliper
¢ Impeller Flowmeter

e Focused Resistivity

e Full Wave Sonic Velocity

e Pumped Temperature and Conductivity

Report attached as Appendix VI

3.7 Rock / Soil / Water - Laboratory Testing

Core samples were taken from the rock / soil recovered during the drilling operations
and forwarded to two accredited laboratories for a testing. The Celtest Laboratory
near Bangor in North Wales was selected to carry out the rock testing. The Priority
Geotechnical Soil testing Laboratory was selected to carry out the soil testing.

0rg
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Test BHO1 | BHO4 | BHO5 | Total Number
(No.) | (No.) | (No.) | of Tests

Deformability in Uniaxial Compression 10 5 5 20

Indirect Tensile Strength by Brazilian Test 3 1 1 5

Natural Water Content 40 10 9 59

Oxidisable Sulphate 5 1 1 7

pH Value 5 1 1 7

Point Load 58 25 25 108

Porosity / Density using Saturation &

Buoyancy 15 2 3 20

Porosity / Density using Saturation & Calliper 15 2 3 20

Thin Section Petrography 2 1 1 4

Total Sulphur 6 1 1 8

Uniaxial Compressive Strength 36 10 10 56

Total 195 59 60 314

Table 5: Scheduled Rock Tests

Test BHO3 | BHO6 | Total Number
(No.) | (No.) | of Tests

Atterberg Limits 9 3 12

Moisture Content 19 3 22

Oedometer 4 3 7

Organic Matter Content 9 3 12

Particle Size Distribution 9 0 9

pH Value 5 0 5

Triaxial Test (Unconsolidated / Undrained) 5 3 8

Total 60 15 75

Table 6: Scheduled Soil Tests

A suite of aggregate tests had been scheduled in the Bill of Quantities, including:

e Slake Durability Index

o Los Angeles Coefficient

e Aggregate Crushing Value
e Ten Percent Fines

e Aggregate Impact Value

e Aggregate Abrasion Value
e Polished Stone Value

e Aggregate Frost Heave

The volume of material required to carry out these tests was excessive (e.g. the
Aggregate Frost Heave test needs a minimum of 75kg of rock) and would have taken
the bulk of the available drill core. Given the relatively homogenous nature of the
limestone intersected it was agreed that a representative bulk sample would be
acquired from the quarry and sent for the specified aggregate testing. Accordingly, a
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composite, 275kg, representative sample was obtained from the quarry and sent to
Celtest.

Water samples were obtained from the piezometers in boreholes BH04, BHO5 and
BHO6 and sent to the IAS Laboratory in Bagenalstown, Co Carlow for testing for
major cations and anions.

Test results are summarised in Tables 7 - 10 certificates are attached as Appendix
Vi

Location | Sample Depth Depth
ID ID Top Base Test Result
BHO1 48861 6.70 6.80 | Moisture Content 1.20%
BHO1 48862 10.36 10.46 | Point Load 79.3MPa
BHO1 48863 10.46 10.69 | Uniaxial Compressive Strength 97MPa
BHO1 48864 10.69 10.76 | Point Load 78MPa
Porosity / Density using Saturation
BHO1 48865 10.89 10.97 | and Buoyancy 0.5/2.63
Porosity / Density using Saturation
BHO1 48866 10.97 11.07 | and Calliper 0.47/2.69
BHO1 48867 11.57 11.94 | Deformability in Uniaxial Compression | 99.8MPa
BHO1 48868 13.26 13.35 | Moisture Content 1.60%
BHO1 48869 13.35 13.45 | Point Load 82.9MPa
BHO1 48870 13.45 13.70 | Uniaxial Compressive Strength 59MPa
BHO1 48871 13.70 13.80 | Point Load 71.9MPa
BHO1 48872 16.30 16.40 | Point Load 67.7MPa
BHO1 48873 16.40 16.66 | Uniaxial Compressive Strength 73MPa
BHO1 48874 16.66 16.80 | Point Load 76.5MPa
Porosity / Density using Saturation
BHO1 48875 22.40 22.50 | and Calliper 0.58/2.65
Porosity / Density using Saturation
BHO1 48876 22.50 22.60 | and Buoyancy 1.2/2.70
BHO1 48877 26.20 26.36 | Point Load 47.1MPa
BHO1 48878 26.36 26.61 | Uniaxial Compressive Strength 100MPa
BHO1 48879 26.61 26.70 | Point Load 60.5MPa
BHO1 48880 27.85 28.15 | Deformability in Uniaxial Compression | 112.4MPa
BHO1 48881 32.65 32.72 | Moisture Content 1.40%
BHO1 48882 34.44 34.48 | Point Load 88.8MPa
BHO1 48883 34.48 34.73 | Uniaxial Compressive Strength 69MPa
BHO1 48884 34.73 34.83 | Point Load 62.2MPa
Porosity / Density using Saturation
BHO1 48885 44.35 44.40 | and Calliper 0.54/2.70
BHO1 48886 44.45 44.54 | Point Load 84.8MPa
BHO1 48887 44.54 44.79 | Uniaxial Compressive Strength 83MPa
BHO1 48888 44.79 44.90 | Point Load 53.0MPa
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Porosity / Density using Saturation

BHO1 48889 45.65 45.74 | and Buoyancy 0.5/2.68
BHO1 48890 48.90 49.16 | Deformability in Uniaxial Compression | 187.5MPa
BHO1 48891 53.80 53.93 | Total Sulphur <0.1%
BHO1 48892 55.30 55.40 | Oxidisable Sulphate <0.01%
BHO1 48893 55.84 55.92 | pH Value 9.1
BHO1 48894 56.50 56.60 | Point Load 64.4MPa
BHO1 48895 56.60 56.85 | Uniaxial Compressive Strength 138MPa
BHO1 48896 56.85 56.93 | Point Load 63.9MPa
BHO1 48897 57.30 57.40 | Moisture Content 1.10%
BHO1 48898 61.65 61.75 | Moisture Content 1.20%
BHO1 48899 62.76 62.86 | Point Load 83.4MPa
BHO1 48900 62.86 63.05 | Uniaxial Compressive Strength 65MPa
BHO1 50857 63.05 63.16 | Point Load 49.6MPa
Indirect Tensile Strength by Brazilian
BHO1 50858 64.20 64.50 | Test 7.8MPa
BHO1 50859 65.40 65.50 | Total Sulphur <0.1%
Porosity / Density using Saturation
BHO1 50860 65.66 65.75 | and Buoyancy 0.2/2.72
Porosity / Density using Saturation
BHO1 50861 65.75 65.92 | and Calliper 0.64/2.69
BHO1 50862 66.00 66.10 | Point Load 69.6MPa
BHO1 50863 66.10 66.34 | Uniaxial Compressive Strength 104MPa
BHO1 50864 66.34 66.45 | Point Load 62.6MPa
BHO1 50865 67.07 67.20 | Moisture Content 1.10%
Porosity / Density using Saturation
BHO1 50866 67.20 67.28 | and Calliper 0.57/2.71
Porosity / Density using Saturation
BHO1 50867 68.50 68.59 | and Buoyancy 0.2/2.63
BHO1 50868 70.10 70.20 | Moisture Content 1.30%
BHO1 50869 72.10 72.30 | Deformability in Uniaxial Compression | 136.3MPa
BHO1 50870 73.03 73.10 | Moisture Content 1.60%
BHO1 50871 76.00 76.09 | Moisture Content 1.20%
BHO1 50872 79.10 79.18 | Point Load 51.8MPa
BHO1 50873 79.18 79.40 | Uniaxial Compressive Strength 62MPa
BHO1 50874 79.40 79.52 | Point Load 48.0MPa
BHO1 50875 80.04 80.12 | Moisture Content 1.20%
BHO1 50876 81.70 81.78 | Moisture Content 1.60%
BHO1 50877 87.50 87.57 | Moisture Content 1.80%
BHO1 50878 39.70 39.80 | Moisture Content 1.30%
BHO1 50879 91.10 91.20 | Total Sulphur <0.1%
Porosity / Density using Saturation
BHO1 50880 91.34 91.42 | and Calliper 0.49/2.71
Porosity / Density using Saturation
BHO1 50881 91.42 91.51 | and Buoyancy 1.0/2.70
BHO1 50882 91.63 91.71 | Moisture Content 1.80%
BHO1 50883 92.35 92.47 | Point Load 73.3MPa
BHO1 50884 92.47 92.70 | Uniaxial Compressive Strength 76MPa
0Org
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BHO1 50885 92.70 92.79 | Point Load 711
BHO1 50886 93.00 93.10 | Moisture Content 1.50%
BHO1 50887 94.90 94.96 | Oxidisable Sulphate <0.01%
BHO1 50888 94.96 95.05 | pH Value 9.2
BHO1 50889 97.34 97.43 | Moisture Content 1.30%
BHO1 50890 97.95 98.23 | Deformability in Uniaxial Compression | 110.0MPa
BHO1 50891 101.36 101.45 | Moisture Content 1.60%
Indirect Tensile Strength by Brazilian
BHO1 50892 102.90 103.20 | Test 12.6MPa
BHO1 50893 108.15 108.22 | Point Load 61.2MPa
BHO1 50894 108.22 108.51 | Uniaxial Compressive Strength 107MPa
BHO1 50895 108.51 108.62 | Point Load 70.2MPa
BHO1 50896 108.62 108.70 | Moisture Content 1.20%
Porosity / Density using Saturation
BHO1 50897 110.27 110.37 | and Calliper 0.57/2.69
Porosity / Density using Saturation
BHO1 50898 110.37 110.45 | and Buoyancy 0.7/2.59
BHO1 50899 113.00 113.08 | Thin Section - Petrology
BHO1 50900 113.12 113.19 | Moisture Content 1.50%
BHO1 50901 115.89 116.05 | Point Load 52.5MPa
BHO1 50902 116.05 116.29 | Uniaxial Compressive Strength 104MPa
BHO1 50903 116.29 116.39 | Point Load 62.2MPa
BHO1 50904 118.82 118.88 | Moisture Content 1.90%
BHO1 50905 123.44 123.55 | Moisture Content 2.20%
BHO1 50906 125.90 126.00 | Moisture Content 1.30%
BHO1 50907 126.80 126.90 | Moisture Content 2.50%
BHO1 50908 128.80 128.89 | Point Load 80.8MPa
BHO1 50909 128.89 129.14 | Uniaxial Compressive Strength 79MPa
BHO1 50910 129.14 129.21 | Point Load 84.0MPa
BHO1 50911 131.12 131.17 | Moisture Content 2.60%
BHO1 50912 131.60 131.70 | Moisture Content 1.20%
BHO1 50913 132.65 132.62 | Moisture Content 1.80%
BHO1 50914 133.21 133.32 | Point Load 69.2MPa
BHO1 50915 133.32 133.54 | Uniaxial Compressive Strength 110MPa
BHO1 50916 133.54 133.63 | Point Load 61.8MPa
BHO1 50917 134.35 134.44 | Moisture Content 1.10%
Porosity / Density using Saturation
BHO1 50918 137.06 137.20 | and Calliper 0.76/2.81
Porosity / Density using Saturation
BHO1 50919 37.20 137.30 | and Buoyancy 0.3/2.63
BHO1 50920 138.60 138.72 | pH Value 9.2
BHO1 50921 140.00 140.20 | Deformability in Uniaxial Compression | 58.7MPa
BHO1 50922 142.81 142.91 | Moisture Content 1.30%
BHO1 50923 146.20 146.30 | Point Load 55.0MPa
BHO1 50924 146.30 146.52 | Uniaxial Compressive Strength 100MPa
BHO1 50925 146.52 146.61 | Point Load 62.6MPa
BHO1 50926 148.97 149.05 | Thin Section - Petrology
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Porosity / Density using Saturation

BHO1 50927 150.29 150.37 | and Calliper 0.61/2.75
Porosity / Density using Saturation
BHO1 50928 151.67 151.75 | and Buoyancy 0.7/2.67
BHO1 50929 152.97 153.04 | Total Sulphur <0.1%
BHO1 50930 153.20 153.30 | Oxidisable Sulphate <0.01%
BHO1 50931 154.60 154.68 | Moisture Content 1.40%
BHO1 50932 155.20 155.28 | Moisture Content 1.70%
BHO1 50933 156.33 156.44 | Point Load 42.0MPa
BHO1 50934 156.44 156.68 | Uniaxial Compressive Strength 86MPa
BHO1 50935 156.68 156.76 | Point Load 47.3MPa
BHO1 50936 163.49 163.56 | Moisture Content 2.50%
BHO1 50937 165.17 165.25 | Point Load 77.7MPa
BHO1 50938 165.25 165.49 | Uniaxial Compressive Strength 83MPa
BHO1 50939 165.49 165.58 | Point Load 64.6MPa
BHO1 50940 166.00 166.10 | Moisture Content 1.30%
Porosity / Density using Saturation
BHO1 50941 172.96 173.07 | and Calliper 0.49/2.68
Porosity / Density using Saturation
BHO1 50942 173.07 173.20 | and Buoyancy 0.4/2.72
BHO1 50943 174.47 174.69 | Uniaxial Compressive Strength 76MPa
BHO1 50944 175.18 175.26 | Point Load 58.6MPa
BHO1 50945 175.26 175.50 | Uniaxial Compressive Strength 86MPa
BHO1 50946 175.50 175.59 | Point Load 58.6MPa
BHO1 50947 176.00 176.10 | Moisture Content 1.20%
Indirect Tensile Strength by Brazilian
BHO1 50948 180.24 180.50 | Test 14.6MPa
BHO1 50949 182.12 182.20 | pH Value 9.3
BHO1 50950 183.17 183.40 | Deformability in Uniaxial Compression | 118.6MPa
BHO1 50951 183.90 184.02 | Point Load 48.8MPa
BHO1 50952 184.02 184.25 | Uniaxial Compressive Strength 97MPa
BHO1 50953 184.25 184.34 | Point Load 70.1MPa
BHO1 50954 196.19 186.25 | Moisture Content 1.80%
BHO1 50955 193.60 193.68 | Total Sulphur <0.1%
Porosity / Density using Saturation
BHO1 50956 194.13 194.20 | and Calliper 0.54/2.69
BHO1 50957 194.60 194.67 | Point Load 48.0MPa
BHO1 50958 194.67 194.90 | Uniaxial Compressive Strength 114MPa
BHO1 50959 194.90 194.99 | Point Load 57.6MPa
Porosity / Density using Saturation
BHO1 50960 195.77 195.86 | and Buoyancy 0.5/2.71
BHO1 50961 201.47 201.55 | Oxidisable Sulphate <0.01%
BHO1 50962 204.62 204.70 | Point Load 83.6MPa
BHO1 50963 204.70 204.95 | Uniaxial Compressive Strength 132MPa
BHO1 50964 204.95 205.02 | Point Load 60.5
BHO1 50965 209.65 209.72 | Moisture Content 1.70%
Porosity / Density using Saturation
BHO1 50966 210.18 210.30 | and Calliper 0.65/2.69
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Porosity / Density using Saturation

BHO1 50967 210.30 210.40 | and Buoyancy 0.3/2.85
BHO1 50968 210.57 210.82 | Uniaxial Compressive Strength 111MPa
BHO1 50969 211.10 211.20 | Moisture Content 1.40%
BHO1 50970 211.77 211.85 | Point Load 56.2MPa
BHO1 50971 211.85 212.10 | Uniaxial Compressive Strength 52MPa
BHO1 50972 212.10 212.20 | Point Load 68.7MPa
BHO1 50973 212.33 212.58 | Deformability in Uniaxial Compression | 104.7MPa
BHO1 50974 213.80 213.90 | pH Value 9.1
BHO1 50975 218.20 218.28 | Moisture Content 1.50%
BHO1 50976 222.52 222.62 | Moisture Content 1.00%
Porosity / Density using Saturation
BHO1 50977 223.70 223.80 | and Calliper 0.56/2.75
Porosity / Density using Saturation
BHO1 50978 224.08 224.20 | and Buoyancy 0.3/2.63
BHO1 50979 225.65 225.74 | Point Load 80.3MPa
BHO1 50980 225.74 225.95 | Uniaxial Compressive Strength 77MPa
BHO1 50981 225.95 226.03 | Point Load 72.3MPa
Porosity / Density using Saturation
BHO1 50982 228.16 228.24 | and Calliper 0.64/2.70
Porosity / Density using Saturation
BHO1 50983 228.24 228.32 | and Buoyancy 0.4/2.65
BHO1 50984 230.13 230.20 | Moisture Content 2.00%
BHO1 50985 231.65 231.78 | Point Load 53.0MPa
BHO1 50986 231.78 232.00 | Uniaxial Compressive Strength 111MPa
BHO1 50987 232.00 232.10 | Point Load 74.6MPa
BHO1 50988 232.46 232.60 | Deformability in Uniaxial Compression | 69.6MPa
BHO1 50989 235.04 235.10 | Moisture Content 1.30%
BHO1 50990 235.64 235.73 | Total Sulphur <0.1%
BHO1 50991 236.73 237.03 | Uniaxial Compressive Strength 80MPa
BHO1 50992 237.17 237.43 | Uniaxial Compressive Strength 76MPa
BHO1 50993 242.82 242.92 | Point Load 53.8MPa
BHO1 50994 242.92 243.14 | Uniaxial Compressive Strength 118MPa
BHO1 50995 243.14 243.23 | Point Load 64.6MPa
BHO1 50996 250.30 250.56 | Deformability in Uniaxial Compression | 56.4MPa
BHO1 50997 251.81 251.95 | Point Load 52.5MPa
BHO1 50998 251.95 252.22 | Uniaxial Compressive Strength 121MPa
BHO1 50999 252.22 252.32 | Point Load 61.4MPa
BHO1 51000 253.30 253.38 | Oxidisable Sulphate <0.01%
BHO1 51001 259.72 259.82 | Point Load 64.1MPa
BHO1 51002 259.82 260.06 | Uniaxial Compressive Strength 143MPa
BHO1 51003 260.06 260.18 | Point Load 44.9MPa
BHO1 51004 262.43 262.63 | Uniaxial Compressive Strength 66MPa
BHO1 51005 262.63 262.73 | Point Load 67.7MPa
BHO1 51006 264.80 164.93 | Point Load 48.5MPa
BHO1 51007 264.93 264.15 | Uniaxial Compressive Strength 83MPa
Porosity / Density using Saturation
BHO1 51008 265.15 265.25 | and Calliper 0.63/2.65
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Porosity / Density using Saturation
BHO1 51009 265.25 265.38 | and Buoyancy 0.5/2.64
BHO1 51010 268.30 268.40 | Uniaxial Compressive Strength 90MPa
BHO1 51011 271.70 271.90 | Uniaxial Compressive Strength 91MPa
Table 7: Summary of Rock Test Results in BHO1.
Location
ID Sample ID | Depth Top | Depth Base | Test Certificate
BHO3 48801 4.15 4.42 Triaxial - Unconsolidated / Undrained X
BHO3 48802 13.65 13.73 Moisture Content X
BHO3 48803 13.73 13.85 Atterberg Limits X
BHO3 48804 14.90 15.00 Particle Size Distribution X
BHO3 48805 19.00 19.10 Particle Size Distribution X
BHO3 48806 19.10 19.20 Atterberg Limits X
BHO3 48807 19.25 19.30 Moisture Content X
BHO3 48808 19.90 20.00 Moisture Content X
BHO3 48809 20.95 21.05 pH X
BHO3 48810 21.30 21.40 Moisture Content X
BHO3 48811 25.50 25.60 Particle Size Distribution X
BHO3 48812 25.80 25.90 Particle Size Distribution X
BHO3 48813 26.50 26.60 Particle Size Distribution X
BHO3 48814 26.70 26.80 Particle Size Distribution X
BHO3 48815 27.20 27.25 pH X
BHO3 48816 27.45 27.55 Atterberg Limits X
BHO3 48817 27.55 27.65 Particle Size Distribution X
BHO3 48818 30.25 30.33 Particle Size Distribution X
BHO3 48819 31.20 31.30 Moisture Content X
BHO3 48822 33.95 34.03 Moisture Content X
BHO3 48824 36.70 36.80 Particle Size Distribution X
BHO3 48825 38.60 38.70 Moisture Content X
BHO3 48826 38.95 39.05 Organic Matter Content X
BHO3 48827 39.25 39.30 Atterberg Limits X
BHO3 48828 39.45 39.55 Organic Matter Content X
BHO3 48829 39.80 39.83 Moisture Content X
BHO3 48830 40.65 40.77 Atterberg Limits X
BHO3 48831 41.20 41.25 pH X
BHO3 48832 41.30 41.50 Oedometer X
BHO3 48833 41.85 42.08 Triaxial - Unconsolidated / Undrained X
BHO3 48834 42.30 42.35 Moisture Content X
BHO3 48835 42.35 42.40 Organic Matter Content X
BHO3 48836 42.65 42.97 Triaxial - Unconsolidated / Undrained X
BHO3 48837 42.97 43.30 Oedometer X
BHO3 48838 44.05 44.20 Oedometer X
BHO3 48839 46.20 46.27 Organic Matter Content X
BHO3 48840 46.27 46.59 Triaxial - Unconsolidated / Undrained X
BHO3 48841 47.00 47.10 pH X
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BHO3 48842 47.20 47.27 Moisture Content X
BHO3 48843 47.45 47.55 Organic Matter Content X
BHO3 48844 47.85 48.02 Oedometer X
BHO3 48845 48.20 48.30 Atterberg Limits X
BHO3 48846 48.45 48.70 Triaxial - Unconsolidated / Undrained X
BHO3 48847 49.00 49.10 Organic Matter Content X
BHO3 48848 49.30 49.40 Moisture Content X
BHO3 48849 63.15 63.22 Organic Matter Content X
BHO3 48850 63.38 63.43 pH X
BHO3 48851 63.50 63.55 Moisture Content X
BHO3 48852 63.90 63.95 Organic Matter Content X
BHO3 48853 64.30 64.35 Moisture Content X
BHO3 48854 64.90 64.95 Organic Matter Content X
BHO3 48855 65.50 65.60 Moisture Content X
BHO3 48856 66.95 67.05 Moisture Content X
BHO3 48857 68.40 68.45 Moisture Content X
BHO3 48858 70.40 70.50 Moisture Content X
BHO3 48859 70.75 70.85 Moisture Content X
BHO3 48860 71.60 71.70 Moisture Content X
BHO6 50742 5.25 5.50 Triaxial - Unconsolidated / Undrained X
BHO6 50744 16.20 16.50 Oedometer X
BHO6 50745 16.60 16.70 Moisture Content X
BHO6 50746 16.70 16.80 Atterberg Limits X
BHO6 50747 17.13 17.20 Organic Matter Content X
BHO6 50748 18.00 18.25 Triaxial - Unconsolidated / Undrained X
BHO6 50749 18.25 18.35 Moisture Content X
BHO6 50750 18.65 18.75 Atterberg Limits X
BHO6 50851 18.95 19.05 Organic Matter Content X
BHO6 50852 19.70 19.95 Oedometer X
BHO6 50853 20.00 20.25 Oedometer X
BHO6 50854 21.45 21.52 Moisture Content X
BHO6 50855 21.52 21.60 Atterberg Limits X
BHO6 50856 21.75 21.80 Organic Matter Content X

Table 8: Summary of Soil Test Results in BHO3 & BHO6.

Location | Sample | Depth Depth
ID ID Top Base Test Result
BHO4 48901 3.5 3.55 | Moisture Content 0.20%
BHO4 48902 5.4 5.48 | Moisture Content 0.60%
BHO4 48903 8.06 8.36 | Deformability in Uniaxial Compression | 119.9MPa
BHO4 48904 9.3 9.36 | Moisture Content 0.30%
BHO4 48905 10.63 10.88 | Deformability in Uniaxial Compression 41.6MPa
BHO4 48906 11.77 11.83 | Moisture Content 0.20%
BHO4 48907 12.62 12.75 | Point Load 59.2MPa
BHO4 48908 12.85 13.1 | Uniaxial Compressive Strength 76MPa
BHO4 48909 13.1 13.25 | Point Load 52.7MPa
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BHO4 48910 14.4 14.63 | Deformability in Uniaxial Compression 62.0MPa
BHO4 48911 14.63 14.74 | Point Load 49.2MPa
BHO4 48912 14.74 14.97 | Uniaxial Compressive Strength 86MPa
BHO4 48913 14.97 15.13 | Point Load 60.1MPa

Porosity / Density using Saturation and

Calliper & Porosity / Density using
BHO4 48914 11.77 11.83 | Saturation and Buoyancy 0.2/2.72
BHO4 48915 17.74 17.86 | Point Load 60.2MPa
BHO4 48917 18.12 18.2 | Point Load 56.5MPa
BHO4 48918 19.2 19.32 | Point Load 36.5MPa
BHO4 48919 20.05 20.12 | Thin Section / Petrography
BHO4 48920 20.12 20.22 | Point Load 73.9MPa
BHO4 48921 20.22 20.5 | Uniaxial Compressive Strength 55MPa
BHO4 48922 20.8 20.85 | Moisture Content 0.40%
BHO4 48923 21.2 21.3 | Point Load 68.4MPa
BHO4 48924 21.8 21.9 | Moisture Content 1%
BHO4 48925 22.2 22.31 | Point Load 90.2MPa
BHO4 48926 22.6 22.78 | Point Load 60.1MPa
BHO4 48927 22.78 23.06 | Uniaxial Compressive Strength 53MPa
BHO4 48928 23.1 23.2 | Point Load 64.6MPa

Porosity / Density using Saturation and

Calliper & Porosity / Density using
BHO4 48929 21.8 21.9 | Saturation and Buoyancy 0.4/2.69
BHO4 48930 23.7 23.8 | Point Load 77.7MPa
BHO4 48931 23.8 24.1 | Uniaxial Compressive Strength 111MPa
BHO4 48932 24.17 24.28 | Point Load 74MPa
BHO4 48933 24.28 24.52 | Uniaxial Compressive Strength 91MPa
BHO4 48934 25.08 25.19 | Point Load 77.5MPa
BHO4 48935 25.19 25.41 | Deformability in Uniaxial Compression 64.1MPa

Porosity / Density using Saturation and
BHO4 48936 28.27 28.4 | Calliper 0.5/2.65
BHO4 48937 27.91 28 | Point Load 89.4MPa
BHO4 48938 28.27 28.4 | Moisture Content 0.10%
BHO4 48939 28.4 28.44 | Point Load 68.3MPa

Indirect Tensile Strength by Brazilian
BHO4 48941 29.38 29.54 | Test 5.97MPa
BHO4 48943 29.86 29.94 | Point Load 92MPa
BHO4 48949 30.93 30.03 | Point Load 76.6MPa
BHO4 48950 31.03 31.3 | Uniaxial Compressive Strength 76MPa
BHO4 48951 313 31.4 | Point Load 67.8MPa
BHO4 48954 31.66 31.7 | Total Sulphur <0.1%
BHO4 48955 31.76 31.84 | Point Load 59.6MPa
BHO4 48956 31.84 31.93 | Oxidisable Sulphur 0.04
BHO4 48957 31.93 32.15 | Uniaxial Compressive Strength 78MPa
BHO4 48958 32.15 32.26 | Point Load 55.4MPa
BHO4 48959 32.26 32.35 | pH 9.3
BHO4 48962 325 32.57 | Point Load 78.8MPa
BHO4 48963 32.57 32.85 | Uniaxial Compressive Strength 92MPa
BHO4 48964 32.85 32.96 | Point Load 65.5MPa
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BHO4 48965 33.12 33.16 | Moisture Content 0.10%
BHO4 48966 33.2 33.48 | Deformability in Uniaxial Compression 66.5MPa
BHO4 48967 33.48 33.6 | Point Load 49.9MPa
Porosity / Density using Saturation and
BHO4 48968 32.35 32.43 | Buoyancy 0.4/2.69
BHO4 48969 34.56 34.59 | Moisture Content 0.30%
BHO4 48970 34.96 35 | Moisture Content 0.20%
BHO5 48971 0.65 0.73 | Moisture Content 0.30%
BHO5 48972 0.98 1.04 | Moisture Content 0.10%
BHO5 48973 1.41 1.5 | Moisture Content 0.10%
Porosity / Density using Saturation and
BHO5 48974 2.62 2.67 | Calliper 0.4/2.68
BHO5 48975 2.8 2.96 | Point Load 27.8Mpa
Porosity / Density using Saturation and
BHO5 48976 141 1.5 | Buoyancy 0.3/2.65
BHO5 48977 7.73 7.84 | Point Load 63MPa
BHO5 48978 8.1 8.25 | Point Load 43.8MPa
BHO5 48979 8.54 8.66 | Point Load 62MPa
BHO5 48980 8.9 8.96 | Moisture Content 0.10%
BHO5 48981 9.46 9.57 | Point Load 91.5MPa
BHO5 48982 9.57 9.77 | Uniaxial Compressive Strength 91MPa
BHO5 48983 9.77 9.92 | Point Load 55.4MPa
BHO5 48984 10.2 10.26 | Point Load 101.0MPa
BHO5 48985 11.3 11.45 | Point Load 43.1MPa
BHOS5 48986 11.45 11.72 | Uniaxial Compressive Strength 86MPa
BHO5 48987 11.72 11.83 | Point Load 77.2MPa
BHO5 48988 12.92 13.07 | Moisture Content 0.30%
BHO5 48989 13.5 13.6 | Point Load 141.1MPa
BHO5 48990 13.7 13.81 | Point Load 67.3MPa
BHO5 48991 13.81 14.07 | Uniaxial Compressive Strength 94MPa
BHO5 48992 14.07 14.15 | Point Load 84.4MPa
BHO5 48993 14.27 14.4 | Point Load 74.0MPa
BHOS5 48994 14.65 14.89 | Uniaxial Compressive Strength 72MPa
BHO5 48995 15.43 15.55 | Point Load 81.8MPa
BHO5 48996 15.95 16.22 | Deformability in Uniaxial Compression 57.0MPa
BHO5 48997 16.45 16.55 | Point Load 67.3MPa
BHOS5 48998 16.87 17.19 | Uniaxial Compressive Strength 77MPa
Porosity / Density using Saturation and
BHO5 48999 17.97 18.06 | Buoyancy 0.3/2.69
Indirect Tensile Strength by Brazilian
BHO5 50701 19.7 19.92 | Test 3.39MPa
Porosity / Density using Saturation and
BHO5 50702 28.85 28.95 | Calliper 0.4/2.69
BHO5 50703 22.07 22.21 | Point Load 54.3MPa
BHO5 50704 22.9 23 | Point Load 87.3MPa
BHO5 50705 23.94 24.05 | Point Load 67.2MPa
BHO5 50706 24.05 24.3 | Deformability in Uniaxial Compression 44.9MPa
BHO5 50707 24.73 24.85 | Point Load 66.4MPa
BHO5 50708 25.2 25.4 | Deformability in Uniaxial Compression 22.6MPa
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BHO5 50709 26 26.12 | Point Load 76.4MPa
BHO5 50710 26.12 26.35 | Deformability in Uniaxial Compression 66.3MPa
BHOS5 50711 27.68 27.88 | Uniaxial Compressive Strength 79MPa
BHO5 50712 28.75 28.85 | Moisture Content 0.10%
BHO5 50715 29.09 29.18 | Total Sulphur <0.1
BHO5 50716 29.18 29.3 | Oxidisable Sulphur <0.01
BHO5 50717 29.3 29.4 | pH 9.2
BHO5 50718 30.3 30.4 | Moisture Content 0.40%
BHO5 50721 30.88 30.92 | Moisture Content 0.30%
BHO5 50725 32.44 32.54 | Point Load 76.8MPa
BHO5 50726 32.54 32.6 | Moisture Content 0.20%
BHO5 50727 32.83 32.92 | Point Load 66.7MPa
BHO5 50728 32.92 33 | Thin Section / Petrography
BHOS5 50729 33 33.26 | Uniaxial Compressive Strength 116MPa
Porosity / Density using Saturation and
BHO5 50730 33.22 33.26 | Calliper 0.6/2.69
BHO5 50731 335 33.7 | Uniaxial Compressive Strength 51MPa
BHOS5 50733 33.92 33.16 | Uniaxial Compressive Strength 54MPa
Porosity / Density using Saturation and
BHO5 50735 34,5 34.7 | Buoyancy 0.4/2.68
BHO5 50736 37.4 37.5 | Point Load 80.7MPa
BHOS5 50737 375 37.82 | Uniaxial Compressive Strength 131MPa
BHO5 50738 37.82 37.92 | Point Load 77.2MPa
BHO5 50740 37.92 38.08 | Point Load 52.3MPa

Table 9: Summary of Rock Test Results in BHO4 & BHO5

Sample Test Result
Bulk Sample | Aggregate Crushing Value 23%
Bulk Sample Aggregate Impact Value 17%
Bulk Sample Aggregate Abrasion Value 12
Bulk Sample Polished Stone Value 38
Bulk Sample Slake Durability 99.40%
Bulk Sample Los Angeles Coefficient 28
Bulk Sample Soundness by Magnesium Sulphate 1
Bulk Sample 10% Fines 150kN
Bulk Sample Frost Heave 3.3mm

Table 10: Summary of Rock Test Results in Bulk Sample

3.8 In Situ Water Testing

Water samples were obtained from boreholes BH04, BHO5 and BHO6 and tested for
pH, Temperature, Conductivity and Dissolved O,. Three water samples were
obtained and the pH, Temperature, Conductivity and dissolved O, data was acquired
using a Watterra Pump with each borehole purged for at least 30 minutes. This work
was carried out by Ronan Doyle of Ronan Doyle Monitoring Solutions, Ballinrobe
County Mayo.
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Borehole pH Temperature (°C) | Conductivity (uS) | Dissolved O, (mg/l)
BHO4 7.47 10.5 295 0.21
BHO5 7.77 10.5 420 0.8
BHO6 12.53 9.8 6187 0.8

Table 11: In Situ Water Testing Results

3.9 Permeability Testing

Falling Head and Packer Testing was carried out on boreholes BHO4 and BHO5. The
ground conditions intersected in boreholes BHO3 and BHO6 was considered too
unstable for permeability testing.

A falling head test was carried out in BHO4 on the 5th of January 2016. The rods
were removed from the hole and the water level in the borehole was recorded at
17.88m bgl before the test commenced. Initially a volume of 130 litres was pumped
into the hole, upon cessation of pumping the water level recovered almost
immediately (i.e. faster than the dip meter could be lowered into the hole). A second
test was subsequently carried out and 500 litres were pumped into the hole and
same rapid recovery to 17.88m bgl was observed.

Falling head tests were carried out in BHO5 on the 7th of January 2016. The rods
were removed from the hole and the water level in this borehole was recorded at
19.45m bgl before commencement of the test. Initially a volume of 215 litres was
pumped into the hole and the hole recovered back to 19.42m bgl and had stabilised
after 40 minutes. A second test using a greater volume of water was carried out and
1000 litres of water was pumped into the hole. This test had proceeded almost to
conclusion when the water level rose slightly (c.1.0cm) and a obstruction could be felt
in the hole. The driller ran the rods back into the hole to assist with the piezometer
installation and found that there was clay in the hole from 19.3 to 20.8m. The Falling
Head test data is presented in Appendix XI.

Packer testing was carried out in boreholes BHO4 and BHO5 on the 18th of
December 2015 and the 6th of January 2016 respectively. Set up details are
presented in Table 12 and the results in Appendix X.

Borehole | Top (m) | Bottom (m) | Midpoint (m)
BHO4 18 20 19
BHO4 21 23 22
BHO4 24 26 25
BHO4 28 30 29
BHO5 36 38 37
BHO5 30 32 31
BHO5 24 27 25.5
BHO5 20 23 21.5

Table 12: Packer Test Installation Details
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The Packer Tests carried out at 28-30m and 21-23m in BHO4 suffered from loss of
water pressure due to cavities / fractures. For both of these tests only one stage
could be measured. All of the scheduled packer tests were carried out in BHO5.

It was noted that the water pressure recovery once pumping had ceased was
instantaneous in all of the test intervals.

3.10 Water level Measurements

Throughout the ground investigation water level measurements were taken from all
of the vertical drillholes, both during and after drilling. It should be noted that owing to
ground instability and the need to keep holes open for the ground geophysical
surveying, the bulk of the readings from boreholes BHO3 and BHO4 were taken when
the holes were cased with PW steel casing, which extended from surface to the base
of the hole.
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APPENDIX |
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Hole East North Elevation
BH1 530370.592 | 728426.557 | 16.712
BH3 530023.824 | 728382.566 | 26.256
BH4 530150.783 | 728400.125| 32.167
BH5 530186.649 | 728378.105| 34.138
BH6 530125.143 | 728383.081| 30.799




:::::V Station | East North Elevation | Dip Azimuth | Tool- Gravity Mag.Str. | Mag.Dip | Mag.X | Mag.Y | Mag.Z »lxgle Mag.T/face | DLS

* Metres | Metres | Metres | Metres Degrees | Degrees | Centigrade | G nT Degrees | nT nT nT Degrees | Degrees deg./30m
BH-1 1 0 0 0 -11.5 268.3 11 | 1.000147 48955 67.9 | 18396 0 | 45367 90 292.4 0
BH-1 4 -2.94 -0.09 -0.6 -11.5 268.1 11 1.00047 48954 67.9 | 18424 0 | 45355 90 292.4 1.9
BH-1 7 -5.88 -0.18 -1.2 -11.5 268.4 11 | 1.000677 48946 67.9 | 18415 0 | 45350 89.7 292.1 2.3
BH-1 10 -8.81 -0.28 -1.8 -11.7 267.9 11 1.00063 49023 67.9 | 18436 0 | 45424 89 291.5 5.4
BH-1 13 -11.75 -0.39 -2.41 -11.7 267.9 11 | 1.001172 49022 67.9 | 18468 0 | 45410 88.4 290.9 0.4
BH-1 16 -14.68 -0.5 -3.02 -11.8 267.6 11 | 1.000628 49027 67.9 | 18422 0 | 45434 88.4 290.8 3
BH-1 19 -17.62 -0.62 -3.63 -11.9 267.5 11 1.00041 49014 67.9 | 18451 0 | 45408 88.2 290.7 0.9
BH-1 22 -20.54 -0.81 -4.27 -12.6 265.4 11 | 1.002129 49028 68.5 | 17966 0 | 45618 89.2 291 22.5
BH-1 25 -23.47 -0.99 -4.91 -12.1 267.2 11 | 1.000351 49037 67.9 | 18457 0 | 45431 88.7 291.1 19
BH-1 28 -26.4 -1.13 -5.54 -12.2 267.3 11 | 1.000495 49044 67.9 | 18458 0 | 45438 88.4 290.8 1.2
BH-1 31 -29.33 -1.28 -6.18 -12.4 267.1 11 | 1.000687 49069 67.9 | 18452 0 | 45467 88.5 290.9 3.2
BH-1 34 -32.25 -1.43 -6.83 -12.6 266.9 11 | 1.000132 49044 67.9 | 18419 0 | 45454 88.4 290.8 2.8
BH-1 37 -35.18 -1.58 -7.48 -12.6 267.1 11 | 1.000742 49065 67.9 | 18458 0 | 45460 88.3 290.7 2.2
BH-1 40 -38.1 -1.73 -8.13 -12.6 267.1 11 | 1.000358 49075 67.9 | 18479 0 | 45463 88.3 290.8 0.4
BH-1 43 -41.02 -1.88 -8.79 -12.6 267.1 11 | 1.000171 49057 67.9 | 18429 0 | 45464 88.5 290.9 0.6
BH-1 46 -43.95 -2.02 -9.44 -12.5 267.3 11 | 1.000035 49054 67.9 | 18466 0 | 45446 88.8 291.3 2
BH-1 49 -46.87 -2.17 -10.09 -12.7 267 11 | 1.000317 49034 67.9 | 18438 0 | 45435 89.4 291.8 2.7
BH-1 52 -49.8 -2.32 -10.75 -12.7 267.1 11 | 1.000291 49062 68 | 18415 0 | 45475 89.7 292.1 0.4
BH-1 55 -52.72 -2.47 -11.41 -12.7 266.9 11 | 1.000127 49043 67.9 | 18450 0 | 45440 90.4 292.9 2
BH-1 58 -55.64 -2.61 -12.06 -12.5 267.8 11 0.99969 49044 67.6 | 18658 0 | 45356 90.8 293.6 9.5
BH-1 61 -58.57 -2.74 -12.72 -12.8 267.1 11 | 1.000477 49098 67.9 | 18474 0 | 45490 92.3 294.8 8
BH-1 64 -61.49 -2.89 -13.38 -12.8 267 11 1.00001 49037 67.9 | 18460 0 | 45430 93.1 295.6 0.4
BH-1 67 -64.41 -3.04 -14.05 -12.9 266.9 11 | 1.000212 49044 67.9 | 18458 0 | 45438 93.5 296 1.5
BH-1 70 -67.33 -3.2 -14.72 -12.9 267 11 1.0002 49029 67.9 | 18458 0 | 45422 94.5 297 1.4
BH-1 73 -70.25 -3.35 -15.39 -12.9 266.9 11 | 1.000355 49071 67.9 | 18437 0 | 45476 94.9 297.4 1.7
BH-1 76 -73.17 -3.51 -16.06 -12.9 267 11 | 1.000287 49068 67.8 | 18512 0 | 45442 95.4 297.9 1.8
BH-1 79 -76.11 -3.53 -16.68 -10.9 272 11 | 0.992033 49037 67.9 | 18432 0 | 45441 95.8 298.3 52.4




Survey Roll

name Station | East North Elevation | Dip Azimuth | Tool- Gravity Mag.Str. | Mag.Dip | Mag.X | Mag.Y | Mag.Z | Angle Mag.T/face | DLS

* Metres | Metres | Metres | Metres Degrees | Degrees | Centigrade | G nT Degrees | nT nT nT Degrees | Degrees deg./30m
BH-1 82 -79.04 -3.56 -17.3 -13 266.9 11 | 1.000459 49018 67.9 | 18469 0 | 45406 96.3 298.8 53.7
BH-1 85 -81.96 -3.72 -17.98 -13.2 266.6 11 | 1.000487 49052 67.9 | 18490 0 | 45434 96.5 299.1 3.2
BH-1 88 -84.87 -3.89 -18.66 -13.1 266.8 11 | 1.000296 49038 67.9 | 18437 0 | 45440 96.8 299.2 1.2
BH-1 91 -87.79 -4.06 -19.34 -13.1 266.8 11 | 1.000282 49031 67.9 | 18455 0 | 45426 96.8 299.3 0.7
BH-1 94 -90.71 -4.22 -20.03 -13.1 266.7 11 | 1.000122 49080 67.9 | 18447 0 | 45482 97.2 299.7 1
BH-1 97 -93.62 -4.39 -20.71 -13.2 266.7 11 | 1.000303 49066 67.9 | 18470 0 | 45457 97.6 300.1 0.6
BH-1 100 -96.54 -4.55 -21.4 -13.2 266.7 11 | 1.000268 49068 67.8 | 18503 0 | 45445 97.5 300.1 0.5
BH-1 103 -99.47 -4.63 -22.05 -