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Report on Geotechnical Investigation
Proposed Stage 3B Multi Storey Car Park
67 to 69 Uralba Street and 24 to 28 Dalziell Street, Lismore

1. Introduction

This report presents the results of a geotechnical investigation carried out by Douglas Partners Pty Ltd
(DP) for the proposed Stage 3B multi storey car park to be located at 67 to 69 Uralba Street and 24 to
28 Dalziell Street, Lismore. The investigation was carried out at the request of John Holland Pty Ltd
(JH), the builders for the project.

It is understood that the proposed development will comprise the construction of a six storey car park
to be constructed in two stages. Stage 1 will comprise construction of a 250 space car park in the
southern half of the development site and Stage 2 will comprise construction of an extension to the
Stage 1 car park in the northern half of the site to provide an extra 250 car parking spaces.

Based on plans provided to DP, up to 5.3 m of bulk excavation is anticipated in order to achieve the
basement car park design levels in the Stage 1 development area. Up to 2.0 m of cut and 3.0 m of
filling will be required in the Stage 2 development area to achieve design levels.

The aim of this investigation as outlined in Douglas Partners Pty Ltd (DP) proposal GLD140225
(Rev01) dated 22 August 2014, was to provide information and comments on the following:

e regional geology and site description;

e field work procedures;

e results of all geotechnical laboratory testing;

e site preparation, earthworks, excavation conditions, unsuitable soils and reuse of site soils;

e suitable temporary and permanent batter slopes;

e basement retention options and geotechnical basement wall design parameters, design
groundwater levels and rock anchor design parameters;

e allowable bearing pressures and estimated settlements for upper level footings;
e suitable pile foundations and pile design parameters for axially loaded piles in compression;

e comments on erosion potential and soil aggresivity in accordance with AS 2159-2009 (based on
results of hospital investigation);

e indicative subgrade pavement California bearing ratio (CBR) and modulus of subgrade reaction
parameters; and

e assessment of earthquake site sub-soil class to AS1170.4-2007 Part 4.
The investigation comprised the drilling and sampling of five boreholes followed by laboratory testing

of selected samples. The details of the field work and laboratory testing are presented in this report,
together with comments and recommendations on the items listed above.
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This report should be read in conjunction with the notes entitled ‘About this Report’ in Appendix A
along with any other explanatory notes and should be kept in its entirety without separation of
individual pages or sections.

2. Site Description

The proposed development site comprises an ‘L’ — shaped area situated between Uralba Street to the
north and Dalziell Street to the south. The site has an approximate frontage of 45 m along Uralba
Street, some 55 m along Dalziell Street and extends approximately 100 m between both streets.

At the time of the investigation the northern half of the development site comprised two storey building
housing medical practices with car parking areas located to the south. The southern half of the
development site along its frontage with Dalziell Street comprised two storey brick built residential
dwellings denoted as numbers 24 and 28. In between these residential dwellings at number 26 was a
T-shaped area of vacant and which had been cleared of dwellings and vegetation.

Based on the site contour survey plan, ground surface elevations vary from approximately RL
34 mAHD along Uralba Street RL 20 mAHD along Dalziell Street.

An approximately 2.5 m high, 45° slope was located on the southern boundary between the Uralba
Street medical practices and the vacant lot at 26 Dalziell Street. The site boundaries to the east and
west were typically demarcated with wire or panel fencing.

3. Geology

Reference to the Geological Survey of New South Wales 1:250,000 series mapping indicates that the
site lies on a ‘peninsular’ of early Miocene age Lamington Volcanics comprising “basalt, sub-alkali
basalt with members of rhyolite, trachyte, tuff, agglomerate, conglomerate and andesite”.

To the south of the site the lower ground is depicted as being underlain by Quarternary age alluvium
comprising “channel and flood plain alluvium; gravel, sand silt and clay”.

The natural ground conditions encountered during the field work (refer to Section 5 below) comprised
residual soils underlain by basalt rock which are in general agreement with the published early
Miocene geology.

4. Previous Investigation

A previous investigation was undertaken by DP at the main LBH site located on the northern side of
the Uralba Street, directly opposite the proposed Stage 3B car park development site in July 2013.
The results of the investigation are presented in “Geotechnical Investigation: Proposed Eleven Storey
Building, Lismore Base Hospital, Uralba Street, Lismore”, prepared for NSW Health Infrastructure,
Reference 80243.00.

Geotechnical Investigation, Proposed Stage 3B Car Park Project 80760.01
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In summary, the investigation comprised three bores (designated Bores 4, 5 and 6) all of which
encountered basalt rock at shallow depth. The basalt, which was found to be in excess of 20 m thick
(limit of the investigation) comprised two flows separated by a tephra (ie: volcanic ash) layer up to 6 m
thick.

The upper basalt flow was found to vary considerably across the site from high (or stronger) strength
and moderately weathered to very low strength and highly weathered. Below the upper basalt flow a
tephra layer was encountered and comprised extremely low strength to medium strength rock.

The lower basalt flow encountered beneath the tephra layer (in Bores 1 and 2 only) exhibited similar
conditions to those observed within the upper basalt flow and comprised either low strength, highly
weathered rock, or high strength “fresher’ rock.

The results of the laboratory testing undertaken as part of this previous DP investigation are
summarised in Section 7 below.

5. Field Work Methods

Five boreholes (designated Bores 7 to 11) were drilled in accessible locations across the site between
15 and 21 October 2014 to depths of between 8 m and 20 m using a track mounted P120TB drilling rig
at locations selected by JH.

The bores were commenced using continuous solid flight auger techniques to 1.0 m depth, and then
advanced using washboring techniques then NMLC rock coring techniques to termination depths of
the bores. The approximate test locations are shown on Drawing 1 in Appendix B.

Where high strength rock was not encountered within 1.0 m depth of the surface, standard penetration
tests (SPTs) were undertaken, then at nominal 1.5 m intervals to provide samples for identification and
an indication of relative density/strength and consistency.

On completion of drilling, and after making groundwater observations the bores were backfilled with
any drill spoil, a plastic bore spider was installed and the surface reinstated to its pre-drilling condition.

The field work was undertaken by an experienced engineering geologist, who logged, sampled,
photographed and performed point load strength testing of rock core samples.

6. Field Work Results

The subsurface conditions encountered in the bores are described in detail on the borehole logs
presented in Appendix B. Photographs of the recovered core also follow the respective borehole log
sheets in Appendix B. These should be read in conjunction with the notes ‘About this Report’ and
other explanatory notes provided in Appendix A, which define the sampling methods, symbols and
abbreviations and soil and rock descriptions used in their preparation.

Geotechnical Investigation, Proposed Stage 3B Car Park Project 80760.01
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In summary, the natural subsurface conditions encountered during this investigation typically
comprised residual clay soils which were underlain by the variably weathered upper basalt flow.
Underlying the upper basalt flow in Bore 7 only, a thin basaltic tephra layer was encountered and
underlain by the highly weathered lower basalt flow which was generally of lower strength than the
upper flow.

The above stratigraphic sequence varies across the site, not in composition but in the degree of
weathering and fracturing, thus for the following sections, which describe the strata encountered in
detail, for ease of the reader, the site has been divided into two zones (designated Stage 1 and
Stage 2); refer Drawing 1 in Appendix B.

6.1 Stage 1 Development Area - Bores 7, 8 and 11

e Filling: uncompacted, clayey sand filling was encountered in all bores to between 0.05 m and
0.45 m depth.

e Silty or Sandy Clay: stiff, silty or sandy residual clay was encountered below the filling in all
bores to between 1.0 m and 2.8 m depth.

e Upper Basalt Flow: the upper basalt flow was encountered below the residual clay soils in all
bores and was variably weathered between the bores. Bores 7 and 8 initially comprised
extremely low strength basalt which graded to very high strength rock at relatively shallow depth.
The very high strength basalt was interbedded with bands of extremely low strength to medium
strength basalt. The joints encountered within the upper basalt flow were typically at 0 10° and
45° and infilled with up to 5 mm of clay. Below depths of 9.0 m and 7.0 m in Boreholes 7 and 8
respectively, the basalt became less fractured and contained less ‘weaker' bands. The less
fractured basalt layer was encountered to 13.87 m depth in Bore 7 and to the base of Bore 8 at its
termination depth of 8.0 m.

In Bore 11, the basalt encountered was initially very low strength with interbedded bands of
medium strength rock, and was highly fractured to fragmented. Below 4.0 m the basalt became
high strength, but was highly fractured and fragmented with numerous clay infilled joints and
some interbedded bands of low and very low strength basalt. Below 8.3 m depth the basalt
graded to very high strength and fractured to 8.85 m, and was underlain by medium strength
basalt to bore termination at 9.0 m depth.

e Tephra: underlying the upper basalt flow in Bore 7 (at 13.87 m depth) a 0.13 m thick band of
very low strength to low strength, highly weathered, purple grey tephra (volcanic ash) was
encountered.

e Lower Basalt Flow: underlying the tephra layer in Bore 7, the lower basalt flow generally
comprised interbedded bands of extremely low strength and medium strength, extremely
weathered to moderately weathered, slightly fractured basalt. Bore 7 was terminated within this
stratum at 20.0 m depth (RL 3 mAHD).

6.2 Stage 2 Development Area - Bores 9 and 10

e Asphalt: asphalt was encountered to 0.2 m depth on Bore 10 only.

Geotechnical Investigation, Proposed Stage 3B Car Park Project 80760.01
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e Topsoil Filling: uncompacted, silty sand topsoil filling was encountered in Bore 9 to 0.1 m depth.

e Filling: apparently uncompacted gravelly sandy clay or sandy clay filing was encountered to
between 0.34 m and 0.8 m depth.

e Residual Silty Clay: estimated stiff, silty residual clay was encountered below the filling in Bore 9
to 1.0 m depth.

e Upper Basalt Flow: the upper basalt flow in the Stage 2 area of site was observed to have
weathered considerably less than that beneath the ‘lower Stage 1 area of the site. The upper
basalt flow comprised high strength, slightly weathered basalt which was initially slightly fractured
with clay infilled joints typically at 0°, 10° and 45°. The upper basalt flow was encountered in both
bores to their termination at 12 m and 8.14 m depth.

6.3 Groundwater

Due to washboring drilling techniques being used it was not possible to determine groundwater
ingress during the drilling of the bores. Following completion of the drilling of the DP bores, they were
left open for one day to allow monitoring of groundwater levels. The results of monitoring are

presented in Table 1.

Table 1: Summary of Groundwater Levels

Borehole Level Depth of Groundwater Groundv.vater
Borehole (MAHD) (m) Elevation
(mAHD)
7 23.00 4.20 18.80
8 26.75 2.10 24.65
9 33.50 0.94 32.56
10 30.50 0.90 29.60
11 25.75 1.20 24.55

Based on the limited groundwater monitoring undertaken, it is anticipated that perched groundwater
could be expected at between approximately 1.0 m and 4.5 m below the current surface levels. It
should be noted, however, that groundwater depths and ground moisture conditions are affected by
climatic conditions and soil permeability, and will therefore vary with time.

7. Laboratory Testing

During the previous DP investigation for the LBH site geotechnical laboratory testing was performed
on selected samples from the test bores, and comprised the following:
e Emerson class dispersion tests; and

e Soil pH, chloride and sulfate content tests.

The results of this laboratory testing are provided summarised in Tables 2 and 3 below.

Geotechnical Investigation, Proposed Stage 3B Car Park Project 80760.01
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Table 2: Emerson Class Dispersion Test Results

Depth . Emerson Class Potential for
Borehole Material pH )
(m) Number Erosion
4 05 Filling- sandy clay with some 4 76 Moderate
gravel
5 2.1-2.2 Weathered basalt 3 6.6 Moderate
Table 3: pH, Chloride and Sulfate Test Results
Chlorid Sulfate, as SO4
Borehole Depth (m) Material pH orice uiate, as
(mg/kg) (mg/kg)
2-215 Medium strength basalt 8.8 <10 <10
14.1-14.2 Low strength tephra 7.4 <10 <10

Selected lengths of rock core recovered from the bores undertaken during this current investigation
were tested in the laboratory for point load index (ls), both in axial and diametral orientations, to
assess intact rock strength. The results [corrected to Igsg)] are given on the borehole log report sheets
presented in Appendix B and are in the range 0.25 MPa to 7.10 MPa, indicating variable conditions of
low strength to very high strength rock.

8. Comments
8.1 Proposed Development

It is understood that the proposed development will comprise the construction of a six storey car park
to be constructed in two stages. Stage 1 will comprise construction of a 250 space car park in the
southern half of the development site and Stage 2 will comprise construction of an extension to the
Stage 1 car park in the northern half of the site to provide an extra 250 car parking spaces.

Stage 1 will require between 3.8 m and 5.3 m of bulk excavation in order to achieve basement car
park levels of RL 23.1 mAHD and RL 21.7 mAHD at approximately the centre of the site and the
southern end of the site respectively.

The construction of the Stage 2 will require up to 2.0 m of bulk excavation along the northern elevation
of the car park in order to achieve a basement car park level of RL 31.5 mAHD. From plans provided
to DP it is expected that up to 3.0 m of filling will be required along the northern elevation of the
Stage 1 building in order to level the site prior to the commencement of Stage 2 construction.

Locally deeper excavations may be required for lift overrun pits, services installation and footings. It is
expected that the excavation for the lower car park levels will extend close to the eastern and western
boundaries.

Geotechnical Investigation, Proposed Stage 3B Car Park Project 80760.01
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8.2 Appreciation of Ground Conditions

In summary the subsurface conditions across the site are relatively uniform in depth, thickness and
composition. The weathering, strength and consequent fracturing profile changes significantly across
the site. A summary of the conditions underlying the shallow covering 0.05 m to 0.8 m of generally
gravelly sandy clay, sandy clay gravelly or clayey sand filling, then silty or sandy residual clays to
between 1.0 m and 2.8 m is given below:

e Stage 1. A variable deeper weathering profile comprising very low strength, highly fractured to
fragmented basalt with clay seams and some decomposed zones were encountered to 4.0 m
depth in Bore 11. Below this depth high strength basalt was encountered to 8.85 m depth and
underlain by medium strength basalt to bore termination at 9.0 m depth. Bores 7 and 8
encountered high strength basalt from a relatively shallow depth, however, it was highly fractured
to fragmented and contained interbedded bands of extremely low to medium strength basalt.
Bore 8 was terminated in this stratum at 8.0 m depth.

Below 10.4 m depth in Bore 7 the basalt became slightly weathered and slightly fractured, and did
not contain the interbedded weaker zones. A 0.13 m thick band of tephra was encountered at
approximately 13.87 m depth and comprised very low to low strength ash. Beneath the tephra
layer, the lower basalt flow was encountered and typically comprised very low and low strength,
highly weathered basalt to 20.0 m depth.

e Stage 2: Limited weathering and a high strength (or stronger) more ‘massive’ basalt profile.

Based on the limited groundwater monitoring undertaken, it is anticipated that groundwater could be
expected at between approximately 1 m and 4.5 m below the current surface levels. It should be
noted, however, that groundwater depths and ground moisture conditions are affected by climatic
conditions and soil permeability, and will therefore vary with time.

It should also be noted that following a number of batter and pad footing inspections undertaken at the
main LBH site, no groundwater seepages were noted from the excavation faces or at the base of any
footings. Therefore, groundwater seepages within the high strength basalt rock are unlikely however,
groundwater seepages in the lower strength and fractured basalt (particularly where clay seams are
present) are expected.

Due to the subsurface conditions encountered and the requirement to excavate close to the
boundaries of the site, the anticipated major implications for the design and construction of the
proposed building and basement are:

e  Excavatability;
e  Stability of excavated faces during construction; and

e  Foundation options, particularly high level footings.

8.3 Basement Level Construction

It is understood that in order to achieve the proposed design levels for the basement car park levels in
Stage 1, bulk excavation depths to between 3.8 m (RL 23.1 mAHD) and 5.3 m (RL 21.7 mAHD) will be
undertaken at approximately the southern end of the site and centre of the site respectively.

Geotechnical Investigation, Proposed Stage 3B Car Park Project 80760.01
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Stage 2 construction will require up to 2.0 m (RL 31.5 mAHD) of bulk excavation in order to achieve
the proposed design level for the basement car park level at the northern elevation of the building.

Based on the plans provided, it is anticipated that the proposed basement level excavations will
extend close to the western and eastern site boundaries and therefore close to neighbouring
properties. The need therefore, to maintain stability of the excavation faces and of the adjacent roads,
buildings, footpaths and in-ground services will impact on the method of construction adopted.

Where space permits and surcharging from neighbouring structures does not occur, then battering for
both long term and short term stability of the excavation faces could be undertaken.

Where battering of the excavation faces cannot be undertaken, temporary support of near vertically
cut excavation faces will be required to prevent instability of the near surface clay soils, the weathered
basalt and the highly fractured basalt anticipated in the top sections of the faces (particularly in the
Stage 1 development area) to prevent potentially unstable block and wedge failure of rock deeper
down.

Progressive excavation with installation of support of the near-surface soils, weathered and highly
fractured basalt to the required bulk excavation levels is considered feasible. It is anticipated that such
support could comprise soil nails and rock bolts with mesh reinforced shotcrete panels.

Alternative methods could comprise anchored contiguous or soldier piles and shotcrete panels,
although installation within the high strength (or stronger) basalt would be slow. This method would,
however, reduce any delays with regard to potential instability in excavation faces, allow vertical
excavation and the piles to be incorporated in the design of the permanent basement walls to support
proposed building loads.

It is anticipated that in the Stage 2 development area, beyond the retention of the surface soils, only
mapping and some anchoring or bolting with mesh and shotcrete would be required within the high
strength, fractured basalt.

8.4 Excavatability

Excavation of the filling, residual clay soils and extremely low to low strength basalt should be
achievable using conventional medium sized earthmoving plant (ie. 20-25 tonne hydraulic excavators
with toothed buckets and ripping tynes etc). Where medium to high strength, highly fractured rock is
encountered, heavy rock breakers will be required to facilitate excavation.

It is anticipated that excavation of the high strength (or stronger) slightly fractured rock could be
undertaken with using large sized earthmoving plant ((ie. 80 tonne hydraulic excavators fitted with
large rock breakers).

Inspection of core samples by tendering contractors is considered essential prior to the selection of the
most suitable excavation technique and finalising of tender price.

Rock breaking or blasting may require the need for vibration monitoring at adjoining buildings and the
undertaking of building condition reports of adjoining structures prior to bulk excavation. Predrilling or

Geotechnical Investigation, Proposed Stage 3B Car Park Project 80760.01
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rock sawing of the high (or stronger) strength rock at the site boundaries could be undertaken to
reduce the transmission of ground vibrations and to avoid over-excavation.

It should be recognised that the above excavatability estimates are based on materials encountered at
test locations only and that excavation conditions may prove more difficult (or easier) between and
beyond these test locations.

8.5 Construction Vibration, Noise and Movements

Vibration will result from excavation, earthworks and construction work on this site. There is significant
debate as to the maximum amount of vibration that buildings can accommodate; however, vibration
restrictions must be set with a realistic appreciation for the normal operational environment of the site.
Tolerance to vibration will also depend upon the nature of the materials used in construction (ductile or
brittle), the age of the buildings, and whether or not the buildings are already cracked or in disrepair.

Development of a peak particle velocity (PPV) criterion in conjunction with a frequency component is
considered essential to enable adequate monitoring and control of demolition and construction
vibrations. The development of a site-specific vibration monitoring program is outside the scope of this
report, but it is anticipated that the following could be adopted as an initial guide:

Type of Building or Structure Historical/Heritage Sound Construction
Maximum PPV (mm/sec) 2 -3 10
Frequency range (Hz) <10 10 -50

Note: ) or below background levels.

A properly designed vibration monitoring program will need to be implemented during demolition,
excavation and new construction phases of the project. Demolition and construction noise and its
impact upon nearby tenants and residents will also need to be considered.

A movement monitoring program is suggested to ensure excavation, earthworks and construction
works do not affect adjacent structures. A dilapidation/building condition survey of the adjacent
buildings prior to commencing site work, coupled with vibration, noise and movement monitoring, is
also suggested. DP can undertake the vibration monitoring works if required.

8.6 Temporary Slope Batters

Full height battering of excavation faces may not be suitable due to the close proximity of the adjoining
buildings, access roads, footpaths and in ground services.

If space permits, however, non-surcharged dry batter slopes cut into the various soil profiles
encountered during the field work, may be designed for short and long term conditions, using the
ratios of horizontal (H) to vertical (V) measurements as presented in Table 4 below.

Geotechnical Investigation, Proposed Stage 3B Car Park Project 80760.01
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Table 4: Temporary Batter Slopes

P dT Batt
Safe Batter Slope r.opose emporary watter
(H:V) Heights and Depth to Base of
Material ) Strata
Short Long Stage 1 Stage 2
Term Term 53 m" 2.0m"
Uncontrolled filling 2:1 251
- ] 02-28 0.8-1.0
Controlled filling, natural stiff or stronger 11 21
clays and extremely low strength basalt ' '
Very low to low strength weathered basalt 11 11 2.8-4.09 -
High strength (or stronger) fractured basalt 0.75:1t0 1:1? 1.79-53 2.0

Notes: ® Excavation depth based on proposed bulk excavation depth and bore elevation.
@ Design using 1:1 but may be steepened to 0.75:1 following geotechnical inspection and analysis.
® Based on the ground conditions encountered in Bore 11 only
“ Based on the ground conditions encountered Bores 7 and 8 only

Specific slope stability assessment, including stability analysis, should be undertaken prior to any final
design, particularly those adopting a battered excavation in excess of the batter heights given in the
table above.

It is strongly recommended that all batters be inspected and geologically mapped during excavation to
identify the condition and orientation of rock mass defects along the rock faces. Measured
orientations and representative averages should then be plotted and analysed to assess the potential
for wedge or block failure. All batters where rock is exposed, particularly the fractured and highly
fractured basalt, which contained numerous clay filled fractures, joints and seams some near vertical,
will need to be scaled back in a controlled manner to remove any loose blocks or wedges of rock.

Furthermore, it should also be expected that some particularly fragmented and fractured zones will be
encountered within the basement excavation faces (most likely during excavation in the Stage 1
development area), thus provision should be made for some spot bolts, mesh and shotcrete. All
completed batters will require geotechnical inspection during which recommendations with regard to
spot bolts etc (if required) could be made.

All batters should be completed with lined open drains across the top of cut batter slopes to prevent
overland water flow down the batters and subsequent erosion of the near surface soils.

For dry, temporary, confined excavations (ie. services trenches, footing excavations, lift overrun pit
etc) excavated with vertical sides to a maximum height of 2.0 m should remain stable, provided
adversely dipping joints or clay seams are not present, which should be confirmed on-site by a
geotechnical engineer. Based on the limited groundwater monitoring undertaken it is possible that
groundwater may seep from the faces of confined excavations and will require temporary dewatering
and possibly the installation of positive support to ensure personnel safety.

Geotechnical Investigation, Proposed Stage 3B Car Park Project 80760.01
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8.7 Positive Support

Positive excavation support may be required to minimise ground movements behind the excavation
faces to ensure adjoining structures, footpaths, access roads and in-ground services are not affected
as a result of basement construction.

The near surface soils, very low to low strength basalt encountered to 4.0 m depth (Bore 11 only) in
the Stage 1 development area could be retained near vertically by regularly spaced, anchored soldier
piles with shotcrete panels between, or by shotcrete panels supported by a regular grid of soil
nails/rock bolts and rock anchors.

It is expected that a full depth, bored soldier pile retaining wall founded into the very low to low
strength, fractured rock would be feasible. However, due to the variation in rock strengths across the
site, installation into a uniform stratum such as high strength rock would be necessary. Installation into
high strength rock, would be extremely slow, and costly to construct and is therefore not
recommended. However, if adopted anchored or propped piled walls could be designed using the
parameters given in the following sections.

8.7.1 Shotcrete Panels Supported by Soil Nails and Rock Bolts

Shotcrete panels supported by a regular grid of soil nails and rock anchors could be used to
temporarily support the near surface soils and very low strength rock anticipated in the top sections of
the faces. Shotcrete panels would be required over the entire extent of these weaker soils and rock to
ensure they do not deteriorate and become unstable with time.

8.7.2 Regular Grid of Rock Anchors

Where excavation into high strength, fractured to slightly fractured basalt is required (primarily in the
Stage 2 development area) it is anticipated that rock anchors possibly with the use of mesh and
shotcrete in any particularly loose zones would be sufficient for short term stability of cut faces.

Determination of rock anchor spacing and lengths is a matter for detailed design, DP could undertake
this design if required.

8.7.3 Bond Stresses for Rock Anchors and Dowels

Temporary rock anchors and rock dowels may be required to support the faces of the excavation and
it is envisaged that such anchors will be multi-strand cable anchors bonded into rock.

Ultimate bond stresses for the design of rock bolts and anchors are given in Table 5 below. These
stresses should be divided by a factor of safety of 2 to assess suitable working bond stresses in the
design of fixed anchor lengths. All ground anchors should be bonded into rock below a 45° line rising
up from the toe of the excavation, and should be load tested to 1.3 times their working load after
installation.
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Table 5: Ultimate Bond Stresses for Ground Anchors

Material Ultimate Unfactored

Bond Stress (kPa)
Filling, residual soils and extremely low strength basalt N/A
Very low and low strength basalt 200
Medium strength (or stronger) highly fractured to fragmented basalt 500
High strength (or stronger) slightly fractured to fractured basalt @) 1500
Very high strength slightly fractured (or less) basalt @ 3000

Notes: ® Anticipated to be encountered only in excavations in the Stage 2 development area.

8.7.4 Wall Design Pressures

It is envisaged that the faces of the excavation (if required) would be either battered or supported by
anchored shotcrete panels around the top sections of the faces followed by a regular grid of ground
anchors below. The permanent basement walls will then be constructed inside the temporarily
supported faces. The basement walls will be propped internally by floor slabs, and it is assumed that
the structure (ie. walls and floor slabs) will support the long term excavation earth pressures.

For preliminary design, walls supported by multiple rows of anchors or props could be designed using
a rectangular earth pressure distribution of 0.3yH kPa over the full height of the wall (where H is the
total vertical height of the wall in metres and y is the bulk unit weight of the soil retained). Suggested
value for soil is 18kN/m?, very low strength rock 20kN/m® and high strength rock is 22kN/m>. It is
probable that the earth pressure will be below this value at the top and toward the base of the wall.
DP should be contacted if more refined and sophisticated wall analysis is required.

Surcharge loading should be multiplied by a lateral coefficient of 0.3 to calculate the resulting
additional lateral pressure on the walls.

Adequate drainage will need to be provided behind temporary shoring and/or permanent walls (for
‘drained’ basement) via strip drains and weepholes to ensure water pressure does not build up behind
these walls. If the permanent basement walls are to be ‘tanked’, then the walls and base slabs will
need to be designed for full hydrostatic pressures.

8.8 Re-Use of Cut Materials

The field work results indicate that the materials won from excavations on the site would vary between
near surface sandy or silty residual clays, extremely low strength to very high strength basalt. It is
considered that the majority of these materials would be suitable for reuse as structural or general
filling, subject to meeting minimum placement and compaction requirements

The existing gravelly sandy clay filling, residual soils and extremely low strength rock could be reused
as controlled filling provided that any oversized inert material (e.g. gravel, rock, brick, concrete etc
greater than 75 mm) is crushed or removed or any deleterious material (e.g. organic matter, steel,
plastic etc), if encountered, is removed.

The weathered highly fractured and fragmented very low to low strength basalt is expected to be
recovered as a gravelly clay mixture and would be suitable for reuse with little working provided that
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any material greater than 75 mm is crushed or removed. Where ‘fresher’ high and very high strength,
slightly fractured basalt is encountered (particularly in the Stage 2 development area) it is likely to
require crushing prior to reuse.

8.9 Site Preparation at the Base of the Excavation

The exposed subgrades at bulk excavation levels of RL 23.1 mAHD and RL 21.7 mAHD in the Stage 1
development area are expected to comprise residual clay soils, or high strength basalt with
interbedded extremely low to medium strength bands. The exposed subgrade at the bulk excavation
level of RL 31.5 mAHD in the Stage 2 development area is expected to comprise very high strength,
slightly fractured basalt.

It would be prudent to over excavate any areas below proposed ground bearing floor slabs in the high
strength (or stronger) basalt typically encountered in Stage 2 area. It is suggested that over
excavation by at least 0.1 m should occur prior to the placement of select filling. This will ensure that
any ground bearing floor slabs will be constructed on a uniform platform to avoid any problems
associated with ‘hard’ spots directly beneath proposed floor slabs.

The exposed subgrade at the base of the excavations should be air blasted to remove all loose
material and then inspected. Any soft or loose material should be removed and replaced with
approved and suitably compacted fill prior to any platform fill placement.

It is recommended that all residual clay soils (encountered in the area of Bore 11 in the Stage 1
development area) be removed and the underlying weathered very low strength basalt exposed. If
any soft or loose zones are present, they should be removed and replaced with approved and suitably
compacted filling. Test rolling should be carried out with a smooth drum roller with a minimum static
weight of 12-tonne.

Any new filling, if required to achieve design levels, should be undertaken under ‘Level 2’ supervision
and testing as detailed in AS 3798-2007 (Ref 3). Filling should be placed in layers not exceeding
300 mm ‘loose’ thickness, with each layer compacted to a minimum dry density ratio of 100%
Standard compaction within +2% of optimum moisture content.

Trafficability problems on the weathered very low strength basalt should also be expected during and
after periods of rainfall or other increases in subgrade moisture content. It will be essential to keep
this lower part of the site well drained during construction. A granular working platform is
recommended to reduce potential lost time during or following wet weather, and to reduce wetting or
drying of the subgrade soils.

8.10 Foundations

With anticipated column working loads in the order of 4000 kN, it is considered that building
foundations will generally need to be supported in very low strength or stronger rock. Based on the
subsurface conditions encountered in the bores, very low and high strength basalt is likely to be
present at bulk excavation depth in the Stage 1 development area and high strength basalt is likely to
be present at bulk excavation depths in the Stage 2 development area.

Geotechnical Investigation, Proposed Stage 3B Car Park Project 80760.01
67 to 69 Uralba Street and 24 to 28 Dalziell Street, Lismore November 2014



m Douglas Partners

Geotechnics | Environment | Groundwater Page 14 of 19

It is anticipated that due to the varied rock strengths and weathering encountered in the Stage 1
development area that a combination of shallow and deepened pad footings and/or piles in
conjunction with a suspended raft may be required to minimise differential settlement of the structure
across the site. All building footings should be founded in similar strength strata to reduce the risk of
differential settlement between adjacent footings which could damage the new structures, however as
some differential settlement is expected to occur, the structure should be designed to incorporate
movement joints to allow for some articulation.

8.10.1 Pad and Strip Footings

The use, performance and associated bearing pressure of pad and strip footings on this site will be
controlled by both the strength, degree of weathering and fracturing of the basalt rock. Rock strengths
at the anticipated founding depths are typically varied in strength and weathering beneath the Stage 1
development area and generally uniform beneath the Stage 2 development area.

Therefore, the governing factors with regard to the use of pad footings in the Stage 1 development
area will be presence of lower strength bands, clay seams, persistence of fracture spacing and the
resulting settlement caused. It would therefore be essential to base the design of pad footings on the
lowest strength material encountered within 1.5 x the depth of the breadth of footing base order to limit
punching failure into the weaker strata bands and potential excessive settlements.

Provided site preparation is carried out in accordance with the recommendations in this report, it is
considered that pad or strip footings keyed in to the respective rock strengths could be designed using
the allowable bearing pressures given in Table 6.

It is expected that all ‘uncontrolled’ filling under the footprint of the proposed structures will be removed
during bulk excavation to achieve the proposed design levels.

Table 6: Maximum Allowable Bearing Pressures for Pad and Strip Footings

Maximum Allowable | Base of Strata Depths in Proposed Excavations

Material Bearing Pressure Stage 1 Stage 2
(kPa) 53 m" 2.0m"
Filling, residual soils and
N/A 1.7m-28m 08m-10m
extremely low strength rock
Very low to low strength 1000 To 4.0 m depth in
weathered basalt Bore 11 only

To the base of the
1500 proposed excavation -
at 5.3 m depth

Medium (or stronger) highly
fractured to fragmented basalt

_ To the base of the
High strength (or stronger) proposed excavation in
slightly fractured to fractured 3000 - Bore 9

basalt
To 1.2 m depth in Bore 10

To the base of the
6000 - proposed excavation in
Bore 10

Very high strength slightly
fractured (or less) basalt

Notes: ® Estimated excavation depth below existing site levels required to achieve proposed bulk excavation levels.
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At the above allowable bearing pressures, total settlements would not be expected to exceed 1% to
2% of footing width. However, as noted previously some allowance should be made for differential
settlement (possibly through the use of movement joints and careful articulation of the structure) due
to both the lateral and vertical variation in basalt weathering profile.

All footing excavations will need to be inspected by a qualified geotechnical engineer/engineering
geologist prior to casting of concrete to confirm rock quality. As part of the inspection process, probe
drilling and spoon testing must be carried out to ensure the percentage of clay seams and highly
fractured zones present beneath footings do not exceed that assumed in the design.

8.10.2 Bored Piles Founded in Rock

Bored piles may be used should the allowable bearing pressures presented in Section 8.10.1 prove
inadequate for the structural loadings.

The most suitable pile types are expected to be bored piles founded in the slightly fractured, high
strength basalt. Care will be required, however, when designing piles, particularly if they are to be
founded in the upper basalt flow above any weaker zones, to ensure that punching failure with
settlement does not occur. It is therefore recommended that piles in this situation are founded a
minimum of four pile diameters above any decrease in rock strength within the upper basalt flow or
from the upper basalt flow/tephra interface.

Bored piles founding into the nominated founding strata a minimum of one pile diameter for rock, can
be designed using the ultimate geotechnical strengths (Rg) given in Table 7. During design the upper
1.5 D length of shaft (where D = pile diameter) should be ignored in shaft capacity calculations to allow
for load development.

Pile capacities and suitable pile types should be confirmed by prospective piling contractors.
Contractors should also be made aware of the potential for groundwater inflow at depth.
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Table 7 — Bored Pile Design Pressures (Ultimate Unfactored)

Ultimate Ultimate Base of Strata Depths in Proposed
Unfactored | Unfactored Excavations
Material Shaft End st 1 St 2
Adhesion Bearing 5 :g':m 2 29;13(1)
(MPa) (MPa) ) )
Filling, residual soils and
Hing, residuat sol N/A N/A 17m-2.8m 0.8m—10m
extremely low strength rock
Very low to low strength 0.15 1 To 4.0 m depth in
weathered basalt ' Bore 11 only
To the base of the
Medium (or stronger) highly 0.2 6 proposed
fractured to fragmented basalt ' excavation at 5.3 m
depth
To the base of the
High strength (or stronger) propo_sed excavation
slightly fractured to fractured 0.8 25 - in Bore 9
basalt To 1.2 m depth in
Bore 10
Very high strength slightly , . To the ;’ase of the
fractured (or less) basalt propqse excavation
in Bore 10

Notes: ® Estimated excavation depth below existing site levels required to achieve proposed bulk excavation levels

Where limit state methods are used to design the piles, the ultimate geotechnical strength (R ,g) must
be multiplied by a suitable geotechnical strength reduction factor (¢g4) to obtain the design geotechnical
strength (Rqg4). The geotechnical strength reduction factor is dependent upon several factors which
were unknown at the time of preparation of this report, including incorporation of pile testing (if any)
into the construction sequence and method of pile testing. As a guide, where the average risk rating is
assessed to be high, there is no pile testing and the system has low redundancy, a ¢4 value of 0.45
would apply. Guidance on the choice of ¢4 factor is provided in Section 4 of AS2159-2009.

Where working stress methods are used to design piles and no pile testing is carried out, the above
ultimate values should be divided by a factor of safety of 2.5.

Experience indicates that settlements of properly designed and constructed piles designed using
suitably factored shaft adhesion and end bearing values, are unlikely to exceed 1% of the pile
diameter.

It should be noted that the ability to drill bored piles in rock is not only dependent on the characteristics
of the rock (strength, fracture spacing etc) but also the type (power and size) of the drilling rig and the
size (diameter) of piles. Bored pile installation in medium or stronger strength rock will require the use
of heavy drilling plant such as Casagrande, Soilmec or Bauer rigs. It is recommended that the drilling
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contractors allow for slow drilling rates, the use of coring buckets, high bit wear and also confirm the
size of equipment required prior to commencing works on the site.

8.10.3 Verification of Design Pressures

It is essential that both pile and foundation excavations (where applicable) be inspected by
experienced geotechnical personnel to ensure the design parameters adopted are suitable for the
ground conditions and to ensure that there is no soft or loose material remaining at the base of the
excavations or smear on the side walls. As previously stated ground conditions can vary, and it is
essential that adequate provision be made throughout the project to vary foundations to suit differing
ground conditions.

8.11 Aggressivity of Foundation Soils

The results of the aggressivity testing undertaken during the previous DP geotechnical investigation
for the main LBH site were compared to values presented in AS 2159 to arrive at exposure
classifications for buried concrete and steel. These suggest that soil conditions are generally ‘non-
aggressive’ for buried concrete and ‘non-aggressive’ for buried steel. It is anticipated that the same
values can be adopted for the ground conditions encountered below Stage 1 and Stage 2 of the
proposed Stage 3B car park.

Recommendations are presented in AS 2159 for appropriate minimum concrete strengths and
minimum cover to reinforcing steel for various aggressivity categories.

8.12 Earthquake Site Factor

In accordance with AS 1170.4 (Ref 2), it is recommended that a site sub-soil classification of “Class
B.— Rock Site” be adopted, in accordance with the definitions presented in Section 4.2 — Class
Definitions.

A site hazard factor (z) of 0.05 has been assessed for the site based on the above standard.

8.13 Erodability and Erosion Control

Fine grained soils are prevalent near surface at the site and would generally be susceptible to erosion
and dispersivity. Given the proposed depth of excavation at the site and the fine grained soils present,
it is expected that there is a moderate erosion risk associated with surface water flow, as the soils
exposed to water runoff will be mainly contained within any basement excavation.

Erosion control measures at the surface will require detailed design. It is expected, however, that as a
minimum, measures will need to include silt fences, hay bales and measures to limit water runoff
velocity (such as swales or benches).

It is recommended that adequately lined collector drainage be installed at the top/crest of all batters
and that all clean drainage is discharged off-site via pipes or lined channels.
8.14 On-Ground Floor Slabs
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Following basement excavation, the exposed subgrade is expected to comprise high to very high
strength Basalt in Stage 2, and very low strength weathered basalt in Stage 1.

Provided subgrade preparation is carried out in accordance with the recommendations given in this
report, a modulus of subgrade reaction (k) of 50kPa/mm could be adopted for the design of floor slabs
subjected to standard wheel loads (i.e. car traffic). This is based on a soaked California bearing ratio
(CBR) of 10% where the subgrade comprises medium strength (or stronger) basalt subjected to
standard wheel loads (ie. car traffic). A modulus of subgrade reaction of 40kPa/mm or soaked CBR of
7% could be used for slabs founded on the very low strength basalt based on its potential high
plasticity clay content. For loaded areas of different proportion or different load intensity to standard
wheel loads, DP should be contacted for further advice.

It is envisaged that the basement will be ‘drained’ and therefore on-ground basement floor slabs will
need to be designed with appropriate hydrostatic pressure relief such as a gravel drainage layer with a
grid of ‘ag’ pipes linked to sumps for removal by pumps.

8.15 Further Investigation and Geotechnical Inspection

Based on the subsurface conditions encountered and the findings of this report it is recommended that
all batters, excavations and footing excavations (particularly those personnel are to enter) are
inspected by an experienced geotechnical engineer. Inspection is particularly required along
excavation faces and batters to ensure that there are no adversely orientated joints or shear planes,
which could lead to failure especially within the highly fractured to fractured basalt which contained
numerous clay filled fractures, joints and some near vertical seams. Footing inspections will also
particularly important to confirm base material strength of all footings in the Stage 1 area, where very
low strength basalt was encountered.

9. References

1. Australian Standard AS 3798-2007 “Guidelines on earthworks for commercial and residential
developments”, Standards Australia.

2. Australian Standard AS 2159 — 2009 “Piling — Design and Installation”, Standards.

3. Australian Standard AS 1170.4-2007, “Structural Design Actions, Part 4: Earthquake actions in
Australia”, Standards Australia.

10.Limitations

Douglas Partners (DP) has prepared this report for the proposed Stage 3B multi-storey car park
located at 67 to 69 Uralba Street and 24 to 28 Dalziell Street, Lismore in accordance with DP's revised
proposal GLD140225 (Rev. 01) dated 22 August 2014 and acceptance received from John Holland
Pty Ltd. The report is provided for the exclusive use of John Holland Pty Ltd for this project only and
for the purpose(s) described in the report. It should not be used by or relied upon for other projects or
purposes on the same or other site or by a third party. Any party so relying upon this report beyond its
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exclusive use and purpose as stated above, and without the express written consent of DP, does so
entirely at its own risk and without recourse to DP for any loss or damage. In preparing this report DP
has necessarily relied upon information provided by the client and/or their agents.

The results provided in the report are indicative of the sub-surface conditions only at the specific
sampling or testing locations, and then only to the depths investigated and at the time the work was
carried out. Sub-surface conditions can change abruptly due to variable geological processes and
also as a result of human influences. Such changes may occur after DP's field testing has been
completed.

DP's advice is based upon the conditions encountered during this investigation. The accuracy of the
advice provided by DP in this report may be limited by undetected variations in ground conditions
between sampling locations. The advice may also be limited by budget constraints imposed by others
or by site accessibility.

This report must be read in conjunction with all of the attached and should be kept in its entirety
without separation of individual pages or sections. DP cannot be held responsible for interpretations
or conclusions made by others unless they are supported by an expressed statement, interpretation,
outcome or conclusion given in this report.

This report, or sections from this report, should not be used as part of a specification for a project,
without review and agreement by DP. This is because this report has been written as advice and
opinion rather than instructions for construction.

The contents of this report do not constitute formal design components such as are required, by the
Health and Safety Legislation and Regulations, to be included in a Safety Report specifying the
hazards likely to be encountered during construction and the controls required to mitigate risk. This
design process requires risk assessment to be undertaken, with such assessment being dependent
upon factors relating to likelihood of occurrence and consequences of damage to property and to life.
This, in turn, requires project data and analysis presently beyond the knowledge and project role
respectively of DP. DP may be able, however, to assist the client in carrying out a risk assessment of
potential hazards contained in the Comments section of this report, as an extension to the current
scope of works, if so requested, and provided that suitable additional information is made available to
DP. Any such risk assessment would, however, be necessarily restricted to the geotechnical
components set out in this report and to their application by the project designers to project design,
construction, maintenance and demolition.

Douglas Partners Pty Ltd
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About this Report

Introduction

These notes have been provided to amplify DP's
report in regard to classification methods, field
procedures and the comments section. Not all are
necessarily relevant to all reports.

DP's reports are based on information gained from
limited subsurface excavations and sampling,
supplemented by knowledge of local geology and
experience.  For this reason, they must be
regarded as interpretive rather than factual
documents, limited to some extent by the scope of
information on which they rely.

Copyright

This report is the property of Douglas Partners Pty
Ltd. The report may only be used for the purpose
for which it was commissioned and in accordance
with the Conditions of Engagement for the
commission supplied at the time of proposal.
Unauthorised use of this report in any form
whatsoever is prohibited.

Borehole and Test Pit Logs

The borehole and test pit logs presented in this
report are an engineering and/or geological
interpretation of the subsurface conditions, and
their reliability will depend to some extent on
frequency of sampling and the method of drilling or
excavation. Ideally, continuous undisturbed
sampling or core drilling will provide the most
reliable assessment, but this is not always
practicable or possible to justify on economic
grounds. In any case the boreholes and test pits
represent only a very small sample of the total
subsurface profile.

Interpretation of the information and its application
to design and construction should therefore take
into account the spacing of boreholes or pits, the
frequency of sampling, and the possibility of other
than ‘straight line' variations between the test
locations.

Groundwater

Where groundwater levels are measured in

boreholes there are several potential problems,

namely:

e In low permeability soils groundwater may
enter the hole very slowly or perhaps not at all
during the time the hole is left open;

e A localised, perched water table may lead to
an erroneous indication of the true water
table;

e Water table levels will vary from time to time
with seasons or recent weather changes.
They may not be the same at the time of
construction as are indicated in the report;
and

e The use of water or mud as a drilling fluid will
mask any groundwater inflow. Water has to
be blown out of the hole and drilling mud must
first be washed out of the hole if water
measurements are to be made.

More reliable measurements can be made by
installing standpipes which are read at intervals
over several days, or perhaps weeks for low
permeability soils. Piezometers, sealed in a
particular stratum, may be advisable in low
permeability soils or where there may be
interference from a perched water table.

Reports

The report has been prepared by qualified
personnel, is based on the information obtained
from field and laboratory testing, and has been
undertaken to current engineering standards of
interpretation and analysis. Where the report has
been prepared for a specific design proposal, the
information and interpretation may not be relevant
if the design proposal is changed. If this happens,
DP will be pleased to review the report and the
sufficiency of the investigation work.

Every care is taken with the report as it relates to
interpretation of subsurface conditions, discussion
of geotechnical and environmental aspects, and
recommendations or suggestions for design and
construction. However, DP cannot always
anticipate or assume responsibility for:

e Unexpected variations in ground conditions.
The potential for this will depend partly on
borehole or pit spacing and sampling
frequency;

e Changes in policy or interpretations of policy
by statutory authorities; or

e The actions of contractors responding to
commercial pressures.

If these occur, DP will be pleased to assist with

investigations or advice to resolve the matter.

July 2010



About this Report

Site Anomalies

In the event that conditions encountered on site
during construction appear to vary from those
which were expected from the information
contained in the report, DP requests that it be
immediately notified. Most problems are much
more readily resolved when conditions are
exposed rather than at some later stage, well after
the event.

Information for Contractual Purposes
Where information obtained from this report is
provided for tendering purposes, it is
recommended that all information, including the
written report and discussion, be made available.
In circumstances where the discussion or
comments section is not relevant to the contractual
situation, it may be appropriate to prepare a
specially edited document. DP would be pleased
to assist in this regard and/or to make additional
report copies available for contract purposes at a
nominal charge.

Site Inspection

The company will always be pleased to provide
engineering inspection services for geotechnical
and environmental aspects of work to which this
report is related. This could range from a site visit
to confirm that conditions exposed are as
expected, to full time engineering presence on
site.

July 2010



Sampling Methods

Sampling

Sampling is carried out during drilling or test pitting
to allow engineering examination (and laboratory
testing where required) of the soil or rock.

Disturbed samples taken during drilling provide
information on colour, type, inclusions and,
depending upon the degree of disturbance, some
information on strength and structure.

Undisturbed samples are taken by pushing a thin-
walled sample tube into the soil and withdrawing it
to obtain a sample of the soil in a relatively
undisturbed state. Such samples yield information
on structure and strength, and are necessary for
laboratory determination of shear strength and
compressibility. Undisturbed sampling is generally
effective only in cohesive soils.

Test Pits

Test pits are usually excavated with a backhoe or
an excavator, allowing close examination of the in-
situ soil if it is safe to enter into the pit. The depth
of excavation is limited to about 3 m for a backhoe
and up to 6 m for a large excavator. A potential
disadvantage of this investigation method is the
larger area of disturbance to the site.

Large Diameter Augers

Boreholes can be drilled using a rotating plate or
short spiral auger, generally 300 mm or larger in
diameter commonly mounted on a standard piling
rig. The cuttings are returned to the surface at
intervals (generally not more than 0.5 m) and are
disturbed but usually unchanged in moisture
content. Identification of soil strata is generally
much more reliable than with continuous spiral
flight augers, and is usually supplemented by
occasional undisturbed tube samples.

Continuous Spiral Flight Augers

The borehole is advanced using 90-115 mm
diameter continuous spiral flight augers which are
withdrawn at intervals to allow sampling or in-situ
testing. This is a relatively economical means of
drilling in clays and sands above the water table.
Samples are returned to the surface, or may be
collected after withdrawal of the auger flights, but
they are disturbed and may be mixed with soils
from the sides of the hole. Information from the
drilling (as distinct from specific sampling by SPTs
or undisturbed samples) is of relatively low

reliability, due to the remoulding, possible mixing
or softening of samples by groundwater.

Non-core Rotary Drilling

The borehole is advanced using a rotary bit, with
water or drilling mud being pumped down the drill
rods and returned up the annulus, carrying the drill
cuttings. Only major changes in stratification can
be determined from the cuttings, together with
some information from the rate of penetration.
Where drilling mud is used this can mask the
cuttings and reliable identification is only possible
from separate sampling such as SPTs.

Continuous Core Drilling

A continuous core sample can be obtained using a
diamond tipped core barrel, usually with a 50 mm
internal diameter. Provided full core recovery is
achieved (which is not always possible in weak
rocks and granular soils), this technique provides a
very reliable method of investigation.

Standard Penetration Tests

Standard penetration tests (SPT) are used as a
means of estimating the density or strength of soils
and also of obtaining a relatively undisturbed
sample. The test procedure is described in
Australian Standard 1289, Methods of Testing
Soils for Engineering Purposes - Test 6.3.1.

The test is carried out in a borehole by driving a 50
mm diameter split sample tube under the impact of
a 63 kg hammer with a free fall of 760 mm. It is
normal for the tube to be driven in three
successive 150 mm increments and the 'N' value
is taken as the number of blows for the last 300
mm. In dense sands, very hard clays or weak
rock, the full 450 mm penetration may not be
practicable and the test is discontinued.

The test results are reported in the following form.

e In the case where full penetration is obtained
with successive blow counts for each 150 mm
of, say, 4, 6 and 7 as:

4.6,7
N=13

e In the case where the test is discontinued
before the full penetration depth, say after 15
blows for the first 150 mm and 30 blows for
the next 40 mm as:

15, 30/40 mm
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Sampling Methods

The results of the SPT tests can be related
empirically to the engineering properties of the
soils.

Dynamic Cone Penetrometer Tests /

Perth Sand Penetrometer Tests

Dynamic penetrometer tests (DCP or PSP) are
carried out by driving a steel rod into the ground
using a standard weight of hammer falling a
specified distance. As the rod penetrates the soil
the number of blows required to penetrate each
successive 150 mm depth are recorded. Normally
there is a depth limitation of 1.2 m, but this may be
extended in certain conditions by the use of
extension rods. Two types of penetrometer are
commonly used.

e Perth sand penetrometer - a 16 mm diameter
flat ended rod is driven using a 9 kg hammer
dropping 600 mm (AS 1289, Test 6.3.3). This
test was developed for testing the density of
sands and is mainly used in granular soils and
filling.

e Cone penetrometer - a 16 mm diameter rod
with a 20 mm diameter cone end is driven
using a 9 kg hammer dropping 510 mm (AS
1289, Test 6.3.2). This test was developed
initially for pavement subgrade investigations,
and correlations of the test results with
California Bearing Ratio have been published
by various road authorities.
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Symbols & Abbreviations

Introduction
These notes summarise abbreviations commonly
used on borehole logs and test pit reports.

Drilling or Excavation Methods

C Core Dirilling
R Rotary drilling
SFA Spiral flight augers

NMLC Diamond core - 52 mm dia
NQ Diamond core - 47 mm dia
HQ Diamond core - 63 mm dia
PQ Diamond core - 81 mm dia
Water

> Water seep

v Water level

Sampling and Testing

A Auger sample

B Bulk sample

D Disturbed sample

E Environmental sample

Usg Undisturbed tube sample (50mm)
W Water sample

pp pocket penetrometer (kPa)
PID Photo ionisation detector

PL Point load strength Is(50) MPa
S Standard Penetration Test

\% Shear vane (kPa)

Description of Defects in Rock

The abbreviated descriptions of the defects should
be in the following order: Depth, Type, Orientation,
Coating, Shape, Roughness and Other. Drilling
and handling breaks are not usually included on
the logs.

Defect Type

B Bedding plane
Cs Clay seam

Cv Cleavage

Cz Crushed zone
Ds Decomposed seam
F Fault

J Joint

Lam lamination

Pt Parting

Sz Sheared Zone
\% Vein

Orientation
The inclination of defects is always measured from
the perpendicular to the core axis.

h horizontal
vertical

sh sub-horizontal

sV sub-vertical

Coating or Infilling Term

cln clean
co coating
he healed
inf infilled
stn stained
ti tight
vn veneer

Coating Descriptor

ca calcite

cbs carbonaceous
cly clay

fe iron oxide
mn manganese
slt silty

Shape

cu curved

ir irregular

pl planar

st stepped

un undulating
Roughness

po polished

ro rough

sl slickensided
sm smooth

vr very rough
Other

fg fragmented
bnd band

qtz quartz
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Symbols & Abbreviations

Graphic Symbols for Soil and Rock

General

s I
- x-3
PN [ VW

S A
/./1/./././1
ADA

Asphalt

Road base

Concrete

Filling

Topsoil

Peat

Clay

Silty clay

Sandy clay

Gravelly clay

Shaly clay

Silt

Clayey silt

Sandy silt

Sand

Clayey sand

Silty sand

Gravel

Sandy gravel

Cobbles, boulders

Talus

Sedimentary Rocks

oS

Boulder conglomerate

Conglomerate

Conglomeratic sandstone

Sandstone

Siltstone

Laminite

Mudstone, claystone, shale

Coal

Limestone

Slate, phyllite, schist

Gneiss

Quartzite

Igneous Rocks

b

Granite

Dolerite, basalt, andesite

Dacite, epidote

Tuff, breccia

Porphyry
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Soil Descriptions

Description and Classification Methods
The methods of description and classification of
soils and rocks used in this report are based on
Australian Standard AS 1726, Geotechnical Site
Investigations Code. In general, the descriptions
include strength or density, colour, structure, soll
or rock type and inclusions.

Soil Types

Soil types are described according to the
predominant particle size, qualified by the grading
of other particles present:

Type Particle size (mm)
Boulder >200
Cobble 63 - 200
Gravel 2.36 - 63
Sand 0.075-2.36
Silt 0.002 - 0.075
Clay <0.002

The sand and gravel sizes can be further
subdivided as follows:

Type Particle size (mm)
Coarse gravel 20 - 63
Medium gravel 6 -20

Fine gravel 2.36-6
Coarse sand 0.6 -2.36
Medium sand 0.2-0.6
Fine sand 0.075-0.2

The proportions of secondary constituents of soils
are described as:

Definitions of grading terms used are:

e Well graded - a good representation of all
particle sizes

e Poorly graded - an excess or deficiency of
particular sizes within the specified range

e Uniformly graded - an excess of a particular
particle size

e Gap graded - a deficiency of a particular
particle size with the range

Cohesive Soils

Cohesive soils, such as clays, are classified on the
basis of undrained shear strength. The strength
may be measured by laboratory testing, or
estimated by field tests or engineering
examination. The strength terms are defined as
follows:

Description Abbreviation Undrained
shear strength
(kPa)
Very soft Vs <12
Soft S 12-25
Firm f 25-50
Stiff st 50 - 100
Very stiff vst 100 - 200
Hard h >200

Cohesionless Soils

Cohesionless soils, such as clean sands, are
classified on the basis of relative density, generally
from the results of standard penetration tests
(SPT), cone penetration tests (CPT) or dynamic
penetrometers (PSP). The relative density terms
are given below:

Term Proportion Example
And Specify Clay (60%) and Relative Abbreviation | SPTN CPT qc
Sand (40%) Density value value
Adjective 20 - 35% Sandy Clay Verv| I 2 (MPZa)
< <
Slightly 12-20% | Slightly Sandy ery loose v
Clay Loose I 4-10 2-5
With some 5-12% Clay with some Medium md 10-30 | 5-15
sand dense
With a trace of 0-5% Clay with a trace Dense d 30-50 | 15-25
of sand Very vd >50 >25
dense
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Soil Descriptions

Soil Origin
It is often difficult to accurately determine the origin
of a soil. Soils can generally be classified as:

Residual soil - derived from in-situ weathering
of the underlying rock;

Transported soils - formed somewhere else
and transported by nature to the site; or

Filling - moved by man.

Transported soils may be further subdivided into:

Alluvium - river deposits
Lacustrine - lake deposits
Aeolian - wind deposits

Littoral - beach deposits
Estuarine - tidal river deposits
Talus - scree or coarse colluvium

Slopewash or Colluvium - transported
downslope by gravity assisted by water.
Often includes angular rock fragments and
boulders.
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Rock Descriptions

Rock Strength

Rock strength is defined by the Point Load Strength Index (Isisg)) and refers to the strength of the rock
substance and not the strength of the overall rock mass, which may be considerably weaker due to defects.
The test procedure is described by Australian Standard 4133.4.1 - 1993. The terms used to describe rock
strength are as follows:

Term Abbreviation Point Load Index Approx Unconfined
Iss0) MPa Compressive Strength MPa*

Extremely low EL <0.03 <0.6

Very low VL 0.03-0.1 0.6-2

Low L 0.1-0.3 2-6

Medium M 0.3-1.0 6-20

High H 1-3 20 - 60

Very high VH 3-10 60 - 200

Extremely high EH >10 >200

* Assumes a ratio of 20:1 for UCS to Is(sq)

Degree of Weathering
The degree of weathering of rock is classified as follows:

Term Abbreviation Description

Extremely weathered EW Rock substance has soil properties, i.e. it can be remoulded
and classified as a soil but the texture of the original rock is
still evident.

Highly weathered HW Limonite staining or bleaching affects whole of rock

substance and other signs of decomposition are evident.
Porosity and strength may be altered as a result of iron
leaching or deposition. Colour and strength of original fresh
rock is not recognisable

Moderately MW Staining and discolouration of rock substance has taken

weathered place

Slightly weathered SW Rock substance is slightly discoloured but shows little or no
change of strength from fresh rock

Fresh stained Fs Rock substance unaffected by weathering but staining
visible along defects

Fresh Fr No signs of decomposition or staining

Degree of Fracturing
The following classification applies to the spacing of natural fractures in diamond drill cores. It includes
bedding plane partings, joints and other defects, but excludes drilling breaks.

Term Description

Fragmented Fragments of <20 mm

Highly Fractured Core lengths of 20-40 mm with some fragments

Fractured Core lengths of 40-200 mm with some shorter and longer sections
Slightly Fractured Core lengths of 200-1000 mm with some shorter and loner sections
Unbroken Core lengths mostly > 1000 mm
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Rock Descriptions

Rock Quality Designation

The quality of the cored rock can be measured using the Rock Quality Designation (RQD) index, defined
as:

RQD % = cumulative length of 'sound' core sections > 100 mm long
total drilled length of section being assessed

where 'sound' rock is assessed to be rock of low strength or better. The RQD applies only to natural
fractures. If the core is broken by drilling or handling (i.e. drilling breaks) then the broken pieces are fitted
back together and are not included in the calculation of RQD.

Stratification Spacing
For sedimentary rocks the following terms may be used to describe the spacing of bedding partings:

Term Separation of Stratification Planes
Thinly laminated <6 mm

Laminated 6 mm to 20 mm

Very thinly bedded 20 mm to 60 mm

Thinly bedded 60 mmto 0.2 m

Medium bedded 0.2mto0.6m

Thickly bedded 0.6mto2m

Very thickly bedded >2m
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Appendix B

Drawing 1 — Site and Test location Plan
Borehole Log Sheets
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BOREHOLE LOG

CLIENT: John Holiand Pty Lid SURFACE LEVEL: 23.00 AHD BORENo: 7
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BOREHOLE LOG

SURFACE LEVEL: 23.00 AHD
EASTING: 528548
NORTHING: 6813007

CLIENT:
PROJECT:
LOCATION:

John Holland Pty Ltd
Proposed Stage 3B Car Park
67-69 Uralba Street & 24-28 Dalziell Street,

BORE No: 7
PROJECT No: 80760.01
DATE: 15-16/10/2014
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BOREHOLE LOG
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TYPE OF BORING: Auger 0 - 1m, washboring 1m - 2m, NMLC coring 2m - 20m
WATER OBSERVATIONS:
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D Disturbed sample B Water seep s Standard penatration test
E  Environmental sample ¥ Walerievel v Shear vane (kPa)

CASING: 0.8m

JDouglas Partners

3 Geotechnics | Environment | Groundwater




BOREHOLE LOG

CLIENT: John Holland Pty Ltd SURFACE LEVEL: 23.00 AHD BORE No: 7
\
PROJECT: Proposed Stage 3B Car Park EASTING: 528548 PROJECT No: 80760.01
LOCATION: 67-69 Uralba Street & 24-28 Dalziell Street, NORTHING: 6813007 DATE: 15-16/10/2014
Lismore DIP/AZIMUTH:  90°/-- SHEET 4 OF 5
Description ﬁEQ{ﬁerPf o _| Fracture Discontinuities Sampling & In Situ Testing
| Depth eahering ‘g' o Spacing o Test R It
E () of &9 S m 3-Bedding J - Joint 2 gz‘;gﬁ 51 Results
- _ -0 oy o
| Strata 5%%%& x [G] 5 gg Eg 5 - Shear O - Drill Braak = U& i Comments
- T 1T I NN T 1 Pl
IR N N I 11
J P [ 1| 121t J @ 0° 2mm
NN B I 1] 11| cayinfit
1]t i I . o
REREAD o] b | 1220m i@ ST clay
[ < RN
s Y
R EENE RN NN C |100| 83
IR I A, SRS N
I < R RN
I P I V| 127amu@5 da
RS Dol | eal @Sty
R I RN N
RN RN RN
e } i : : XY I : B :i 13m: J @ 45° clay infill
EEREEAD Lorf o1 | @2
LTTE T |x IRl PLIA) = 5.64
111 ~ |1 11 13.2m: J @ 0° clean
e |0 Il
NEREER | #] |1 { 13.33m: highly fractured
BT XY | t] 1 L zone between 13.33m
i x { 3| 11 [\and 13.4m
|11 | ~ I 11 \13.43m:J@0:c!ean
ERRERW: P 1y | 3ml@otdean | ¢ g0 g1
N b N
Frorgtx I I
FELLE IS I Il
13.87 I I RN [ _ i
TEPHRA - very low strength to low 1R P11 q11 | 13.87m b @ 20° clean
strength, highly weathered green 1IEEE R
Fer 14 1401 grey and purple grey basaltic IR R ot
fepira [ Hi 1 bty | 14.05m: d@ 5°clean
BASALT - medium strength, I Porry
moderately weathered basalt HNERERA RN ER:
(Lower Basalt Flow) HEEEREAS RN B
- becoming exiremely low strength, [} [ 1 1 1 [x% NN B
extremely weathered, red brown L N (I R
and orange brown, typically il 11
weathered to a clay soil below TEREAR RN
14.1m T1IEX Lo
- becoming very low strength, TR N Y A N
highly weathered, blue grey and RN N R
crange brown below 14.43m RN X RN R
- extremely low strength, extremely (1 [ 5| | 1% ERER RN C {100] 0
weathered band between 14.5m RS RN R
and 15.0m P |x RN
T il
| Pt
1 IEREE RS A N
TR~ o
1IRERAN g
IIREREN P
. . ] IR I B
- becoming low strength and highly i |« IR Y
weathered with some gravel size o Coir b
clay inclusions betow 15.5m i ~ Coar b
'\( N
HEERE il ¢ 100|100
] NI T I A NS NI R
HIEEE T ix Pore]id
i [N BN
devg i 1% Ll
RIG: Track Mounted P120TB DRILLER: NCD LOGGED: AS CASING: 0.8m
TYPE OF BORING: Auger 0 - 1m, washboring 1m - 2m, NMLC coring 2m - 20m
WATER OBSERVATIONS:
REMARKS:
SAMPLING & IN SITU TESTING LEGEND
B Buksamie B Foscample TL{A) Pt load, ol test 15150} )
BUETIGETS N OD 0 (e Y Douglas Partners
D Disturbed sample > \Water seep S Standard penatration tast f . 3
E _ Environmental sample ¥ Water level V. Shear vane (kPa) 8 Geotechnics | Environment | Groundwater




BOREHOLE LOG

CLIENT: John Holland Pty Lid SURFACE LEVEL: 23.00 AHD BORE No: 7
PROJECT: Proposed Stage 3B Car Park EASTING: 528548 PROJECT No: 80760.01
LOCATION: 67-69 Uralba Street & 24-28 Dalziell Street, NORTHING: 6813007 DATE: 15-16/10/2014
Lismore DIPIAZIMUTH:  90°/-- SHEET 5 OF 5
Description Veggtrl’?:ri?'zfg o St?grfgth _| Fracture Discontinuities Sampling & In Situ Testing
| Depth of ST TT & | Spacing . . o lo® Test Results
©lm) £33 15 Fgg| (M | B-8eddng J.Jon g |8l &
Strata 5Eispe” |pEBEEEG |5 83 58 | S-S O-OWAeN | FIOZ1® 1 Comments
U T T T [ T LTI
IIlIiY\E!IIEI N R
HI PEILLE o
Hrrre Xyt bl
HIEEREAG NN NN bt C |100¢ 100
HY UL ] I [N B _
%llllz cifi | hoadn PL(D)=0.25
Heirl PP [ |
I IARERAR AN AR [ I 16.47m: J @ 0° clay
METELEy T HET L [ I veneer
el I i1 [ I
Iillli\llilll ] 1
I%III\< i1 (A
- i i 1 I I N
h;?;{'v”?g_‘g”mﬁ"e" vesicles present 1A e A N bt IF | 18.84m: J @ O° dif
BUET D e I [ RN |
o - becoming orange brown, light : : é : { XY : : : ; : : : i: ;
blue grey and red brown below 17 1 IEREEAS BIIERE BRI
m ity et I 11 1 c [100{100
HUB T s DT I 1 | 17.2m:J @ 0° dif
HE Tt < I [ I
HIRER [ [ I
HOTS LY Capb !ill:
HIEREE R RN IERE Il 17.47m: § @ O° oif
IIERRER IR RER IR I miesd
e ~ I I
HENE PIPL B Pl
HEEEEAREE INER N
HENEERG NE 1N : ! : NI
i S I 11 . .
1|n|i§ Pty | oy g} | fesmJ@otdr
Lol-18 HE T L I [ I
HINEE A RN NN [ 18m: J @ 0° dif
HErirpeYy t i [ L
et vt o | | eImJ@otde
Iélll.{\llllll (S I
il L R
IIREERAS BRI IREE [ R 18.3m: J @ 0° dif
a1yl [
1 I N I [
||§II::\III§II [
Mrivi i [ I '
Hi1e1 % N b 111 [ . 18.6m: J @ 0° dif C [10C| 100
eyt I
HINEE NN I
Illili\illlél Eolr )
1 IR P Porr 18.84m: J @ 0° dif
ey v Pl
P19 I I ' B IR Pl
NN NI I [ I
!Illii\liilli [ I
Hrind T [ I
HIREEEAS R INEE I 19.22m: J @ 0° dif
I NI FR (I
) ] R I VRN | A S
- becoming very low strength tolow | i | | | ety (O
strength with some hard orange IIEERERREIIRERN [
brawn clay bands below 19.4m 1IREREAS Hil i1t Pl
(1 IO S I e B Y RN i
1 AV S [ I ¢ |400!100
Illilx\!lliil (I
1IN qririd I I
Uty I I
IiIE;\':\H:I%E! illi
200 1 B H I 14
Bore discontinued at 20.0m, target
RIG: Track HeptihreashedoTR DRILLER: NCD LOGGED: AS CASING: 0.8m
TYPE OF BORING: Auger 0 - 1m, washboring 1m - 2m, NMLC coring 2m - 20m
WATER OBSERVATIONS:
REMARKS:
SAMPLING & IN SITU TESTING LEGEND
B Buksanpn. 5 Eonemele BLiAY Pat load axil lest (50, TPmy | B
B e dERSSRh L B Y Douglas Paritners
0 Disturbed sample B Water seep S Standard penetration test : K ]
£ Environmental sample T Watar lavel V  Shearvane (kPa) @8 Geotechnics | Environment | Groundwater




e e T B e — ity

Bore 7-2.0 m to 8.0 m depth

;. - e =y

K

Douglas Partners

Geotechnics | Environment | Groundwater

CLIENT: John Holland Pty Ltd
OFFICE: Gold Coast
DATE: November 2014

Core Photographs

Proposed Lismore Base Hospital Stage 3B Car
Park

Uralba Street and Dalziel Street, Lismore

PROJECT No: 80760.01
PLATE No: 1
REVISION: 0




CORE LOUSS
10-28 = [0.40

P s 8

Bore 7-8.0 m to 13.0 m depth

K

Douglas Partners

Geotechnics | Environment | Groundwater

CLIENT:  John Holland Pty Ltd
OFFICE:  Gold Coast
DATE: November 2014

Core Photographs

Proposed Lismore Base Hospital Stage 3B
Car Park

Uralba Street and Dalziell Street, Lismore

PROJECT No: 80760.01
PLATE No: 2
REVISION: 0




Bore 7 -14.0 m to 19.0 m depth

Douglas Partners

Geotechnics | Environment | Groundwater

CLIENT: John Holland Pty Ltd
OFFICE: Gold Coast
DATE: November 2014

Core Photographs

Proposed Lismore Base Hospital Stage 3B Car
Park

Uralba Street and Dalziell Street, Lismore

PROJECT No: 80760.01

PLATE No: 3

REVISION: 0




BOREHOLE LOG

CLIENT: John Holland Pty Ltd SURFACE LEVEL: 26,75 AHD BORENo: 8
PROJECT: Proposed Stage 3B Car Park EASTING: 528543 PROJECT No: 80760.01
LOCATION: 67-69 Uralba Street & 24-28 Dalziell Street, NORTHING: 6813020 DATE: 16/10/2014
Lismore DIPIAZIMUTH: 90°/-- SHEET 1 OF 2
Description veggtf:rﬁfg o . l;ractpre Discontinuities Sampling & In Situ Testing
Depth 3 L1 Spacing °
& (en;:) of @9 g‘g‘i m) 8-Seddng  J- Joint 8 gf} Qe Test Fg‘esuits
Strata 2z % Zop Q E g §: E.E-’ §-Snear  D-DnllBreak | = IO @l Comments
FILLING - uncompacted brownand [ T T T 11 T T
red brown, clayey sand filiing with P (I N
some basalt cobbles, glass FLLEI I N
fragments and wood fragments L Foilobi
P Pt
P Forr ot
JH1 Pt
048 SILTY CLAY - firm, orange brown : : : E § A : H :; A
and brown silfy clay EERER Y% N
(NN N
NN [ I B I
&8 I TEHT§ LA e
r [ O I I g g oo
i / Poblobl
Pl |: bl bl
F1 1.0 Frin o obi —
BASALT - extremely low strength, SERRE A TR
extremely weathered dark red ARRRENS Porlodl
brown and brown basalt (Upper SRR
~ Y Pl 11,30 for 140mm
Basalt Flow) RN < TERY S refusal
FELL [ R
X RSN
11X [ A
I T O I I ¥ (I I
PPl X | e 1
I TET (S
RN RN
.g' I A I I ¢ Forloti
L FTEET [~ Pl
P11 X Forr bl
11l [N
L, HERERA Lol b
- becoming very high strength, I A Ifre 1
slightly weathered blue grey basalt. | | i | |~ fpre It
Fractured with fractures fypicallyat | 141 | | § X Py i
0°, 10° and 45°, and infilled with ] [ EEEEEE
siiff clay. Micro fractures also ] 11X N N
present throughout and typically | 11 il sy |\ 228m:J@0° vhclay
intersecting at 0°, 10°, 45° | |1 “ N Ty mg" @fzm ted
% very low strength, highly | 1 e ragmenied zane
weathered band between 2.1m and : : AR vl oo g%t‘g;e" 2.3m and
2.22m : L1 FA 11 [ Y24m: J@o and 45° clay
= very low strength band, highly ; 11X e 1 \;f @ 3mm
| weathered band between 2.44m i R (11 1) n2e1m: J@0° clay ven C || o
L3 and 2.6m i I 14 1] \E.GBm: J @ 0° clay ven
= very low strength band, highly | | i X by o1y
weathered band between 2.76m X . N PL{D}=5.57
| and 2.85m : : : N : ! ll : : 2.87m: J @ 10° clay ven
-3 _\-very low strength band, highly I L[ i | 1] | 2.96m:J@ 5° clayinfill -
weathered band between 2.95m I I J i [ 1] | 5mm
and 3.24m I AN J oy | 3am: J @ 30° clay indil -
R RIS b1y [ smm
| A FuiBE *3.2m: J @ 0° clay infill -
. P | [[ 1} p3mm
extremely low strength, extremely N3 am: fragmented zone
weathered band between 3.3m and b NN LE i between 3.30m and
3.35m N BETE Y 335m
= medium strength, highty I N P
weathered band between 3.35m L et C j100| O
and 3.8m. Typically recovered as I~ [
gravel size fragmenis : : ~ N : ; : :
N 'II‘(\ el 3.8m: highly fractured
1] 111 | Sam by actet
1 < SRR 2.0m : C |[100] 24
[ I 0 N I
RIG: Track Mounted P120TB DRILLER: NCD LOGGED: AS CASING: 0.8m
TYPE OF BORING: Auger 0 - 1m, washbore 1m - 2m, NMLC coring 2m - 8m
WATER OBSERVATIONS:
REMARKS:
SAMPLING & IN SITU TESTING LEGEND
B Bukeampe E Siion samele FLTA) Py toad it test 1(50) PD) > g
B Bk sole b e RO e oo B ) Do uglas Partners
0 Disturbed sampie B Water seep s Standard penatration test : N .
£  Environmentalsample T Waler level V__ Shear vane (kPa) # Geoftechnics | Environment | Groundwater




BOREHOLE LOG

CLIENT: John Holland Pty Ltd SURFACE LEVEL: 26.75 AHD BORE No: 8
PROJECT: Proposed Stage 3B Car Park EASTING: 528543 PROJECT No: 80760.01
LOCATION: 67-69 Uralba Street & 24-28 Dalziell Street, NORTHING: 6813020 DATE: 16/10/2014
Lismore DIP/AZIMUTH: 90°/-- SHEET 2 OF 2
ot Degree of Rock . P . . :
Description Wegthering o Strength | s Fracture Discontinuities Sampling & In Situ Testing
Depth = @ Spacing
2| bep of Y RERRE R (m) B-Bedding  J - Joind o {o®|g | TestResults
m 5 a|HELIEERS Vo | S D-Diloen | & S gig=® &
trata s BIZIZEly & 8% =S i Comments
T T T T T T T
| P < I H ; [
| P LV IR ! |1 . o
Prafrv Y e |l ojrogg | M@0 clyven
£ becoming high strength below | PLINY B [ I
4.0m i i i « % I z } E i i I: Ei 4.3m: highty fractured
zone between 4.3m and
- very low strength, highly | | X {1 bt | | 11 | 446m
weathered band between 44mand | | RS HEN IR [ 11 PL{A) = 2.4
n-46m . MENEEES B il Il | 485m: highly fractured | © [ 199 24
~ very low strength, highly PTI [ VT T 0 S ] Il } zonebetween 4.55m
weathered band between 4.55m ’
L and 4 Bm | || ~ I N (. 1t and 4.6m
8 - | | 1 | gt | — I
B \«verylow strength, highly 1IEREEEA 1IAERE 1§ || { 476m: highly fractured
weathered band between 4.76m N zone between 4.76m
and 4 84m Py el g 11 and 4 84m
-\_ T . H il N st | ] [ 11 '\-4'92”.]: highly fracture
L = very low sfrength, highly HINEN 1IN R
® | weatheredwitninterbeadearign | ;|1 11 (XYl i u] |1 Ly | e ez
trength bands (up to 1em thick) N o i ypIcaTy
Etw 492 451 Haw [N 1710 | | Fi 11 |0 joints and clay infill up
GIWEEN &.vam and o.1m POy T e e b p1 41| to3mm thick
LU ey U IR PP U soamu@sea
I T ~ ] (N \5:25$;Jgsvg|:§::2
ip PV L] Hfer ft VssimJ@s dayven | © 100 O
HEHERAREEERHE Pl 31 1 ['5.33m: highly fractured
O iy b LI | | 1] | withfragmented zone
PRI D e T LT | I Il | s58mi@orc
1 E I X Pl | I 1 5.5921‘]%&.%3!\'&“
| ]I N INIRE I | (N clean
" T I A R [ I {1 {1 [Y581m: d @ ¢ stained
A Py g e jr 1 [{sesm:J@s0° clean
FTHI D e PR ! | 1] | 5.75m: J @ 15° very low
L1 L] |t 1 pstrength infill 2mm
REIE XN EERIE ir_l i 5.91m: highly fractured
-5 N joints @ 10° to 90° with
I [P [ I} Clay ven
PPy T o I
PEIUE e ErEr e fe g iy Amed @ascciayven
NN] [ FORN IR LT R BN I (-t y C |00} 35
P PR bl H MNgosm: J @ 10° ¢l
BRI RECS BRI R N1 BRI e
N F IO IR A} H i bl
PRI D 00 R 1) T [ ed2miJ @0 clean
P ~ IR 1IN |1 il
I IR IS [ il ) . )
IR ~ Pl | Il g.59m.J@45 clay infill
PEHEE N T f e 1 g teactured
8 DU (s rnafrn | e g >omnanyies oLA)
L Prrgrr ) 15 =294
Pofee S rain 0 g 1| essm: J @700 stained
FEHEEIXN Y TR fet i 11 _
L7 | I ] | E ~ | I ; I"'l ‘ . I’ 5.95m; fragmentedzone
- becoming very high strength, il RERRII [ '
slightly weathered below 7.0m SR X 1 ih | H
AR IREAREREREIL o1t | 7.15mJ @ 0° clean
N T NI I N
FLIM DN P11 I I
LR e P U N 1N c |100] =8
HIH\< FETE IR N 1N
P P T S 1N
IO B R I I
IS I O IR I I | R n i 7.61m: J @5 ° clean PL(D) = 4.24
FEHE L e g U P I
Lo [T I || P Ho 773m: o
- Pl XY el | oy | TR @S clean
T TR I I I B RN B
N I e I | PP | 7.8m: 0 @ 35° clay infill
89 (A . ] (N bty Tl
Bore discontinued at 8.0m, target
RIG: Track ReRlihieachedoTs DRILLER: NCD LOGGED: AS CASING: 0.8m
TYPE OF BORING: Auger 0 - 1m, washbore 1m - 2m, NMLC coring Zm - 8m
WATER OBSERVATIONS:
REMARKS:
SAMPLING & IN SITU TESTING LEGEND
A puger st § gemomoe, B oo iealon dtecor oo
B Bk sl B etk () Douglas Partners
D Disturbad sample &> Watarseap 5 Standard penetration test i . R
E Environmental sample ¥ Waterlevel v Shear vane (kPa) Geotechmcs ] Env,ronmen{ ] Groundwafer




Bore 8 — 2.0 m to 8.0 m depth

CLIENT: John Holland Pty Ltd | Core Photographs PROJECT No: 80760.01
(/) Douglas Partners OFFICE: Gold Coast Proposed Lismore Base Hospital Stage 3B Car BLATE No: 4
Geotechnics | Environment | Groundwater ’ 0 oas Park ’

DATE: November 2014 Uralba Street and Dalziell Street, Lismore REVISION: 0




BOREHOLE LOG

CLIENT: John Holland Pty Ltd SURFACE LEVEL: 33.50 AHD BORE No: 9
PROJECT: Proposed Stage 3B Car Park EASTING: 528511 PROJECT No: 80760.01
LOCATION: 67-69 Uralba Street & 24-28 Dalziell Street, NORTHING: 6813076 DATE: 17/10/2014
Lismore DIPIAZIMUTH: 90°/- SHEET 1 OF 3
o Degree of Rock f foa it ; ; ;
Description Wegihering E Strength | l;ra:gi.!nre Discontinuities Sampling & In Situ Testing
| Depth of S QTeT T g g| SPacing _ 4 o |o® Test Results
= m) g3lad 15 BigS| (M | 8:Bestng J-don g18682
Strata 22230xC |RBBEEEG T E 82 88 | S-Swr 0-DwEek | 2 I0RIET] Comments
FILLING - uncompacied, brown T IR 1T T
0.1} gravelly sandy clay filling. Gravel Prnt Pt I
component compirses angularand [ 11 11| P Lo
sub-angular basait Pt PP EoLr o1
TOPSOIL FILLING - uncompacted, | | | 1 11 I I I
0.34 [~ brown sandy silt fepsoil filling. Vs B : ! : PLprti § [t 1
SILTY CLAY - red brown and . { | ; '[ ; : E : ; H ;; A
oo orange brown silly clay {(Residual ARy SEERE RN
“ Soil)
S PR LA
i PRI [ I
iilll/iillli I
NI FELL LG R
Pt FPilbod T _——
%illl/i%lllé Pyt
FELL HE NI [ I
L1 10 : . ORI 70 O O S
BASALT - high strength, slightly ERHEEAGEERRIIE E |t
weathered blue grey basalt ERIIERCEEERRIE i 11 \1_07m;J@45oc;ayven
PIIEE e THLIE | 0 g1 1) o J@0° clayinfl
mm
SN R R RN BRI I Wmu@oummu
2mm
PEHEEEY e b [M.28m: @ o0 clay infil
poh NN o ] e @ty
Les 111501 1 (. i1 | 14m J@ 0° clay
5 BRI IRENRERRRI (B! Il | veneer M
111h 1 X 11 | |11 | §.56m: highly fractured
X Zene between 1.56m PL{D}=2.54
(I [T | |11 and 4.6m
: : E ' : AR RSN ' Ll 1.62m: J @ 10° clean
PRy PEERETE AL TE T Ry 2om: § @ o0 ciay
BRI INESNERER! I ] o
I N [ E 5 ] 1 [Y1.8m:J @ 45° clay ven
., Prypr e <Y rrederi oo n
- becoming very high strength BRI IREE S REERNI N
below 2.0m ] IR AN I I R I
Y| ] | 2 @o e
Prye e <Y errer]| v
N E o I A B b
AT RN AV PEL I RN BN
(I P I ; =
&2 AR i R AR __L] 247m: J @ 0° clean PLA)= 028
PO I 3 1] = i o
voafi ey rrerde ] od | | 2%8mJ @0 clean
R
o i | o | 2remy@orsteines | € {100] 85
PrHre <] oo
eS| o o
= e sy ooy | 2ml@o
|lII§\<\I|lIEI S A
[ A \illlil Pl i | simJ@o°clean
NRIIBEAREREEE IR I E
T IXYETTTHH bl B
P [0 LI R
|1t PRI R
ERIIRENARRERE ARIIN
£ NN IEEAREEREN IR I T
) F I o BN A N R A N
FLIE D NPT IR N
A RN
Py re e o ¢ 100|100
PN IX (I (I
P |~ eI e
P L E il L 1E N
RIG: Track Mounied P120TB DRILLER: NCD LOGGED: AS CASING: 0.8m
TYPE OF BORING: Auger 0 - 0.8m, washbore 0.8m - 1m, NML.C coring 1m - 8.14m
WATER OBSERVATIONS:
REMARKS:
SAMPLING & IN SITU TESTING LEGEND
B Buksampe” B Sttoneample PLIA) Bein 1o ot et ety ) | e
B« Bocs sarple W faemrrnee) SOt 00 R ¢ ()] Do uglas Partners
D Disturbed sample & Watar seep s Standard penetration test h
E Environmental sample ¥ waterlevel V  Shear vane (kPa) s @ Geotechnics | Environment | Groundwater




BOREHOLE LOG

SURFACE LEVEL.: 33.50 AHD BORENo: 9

John Holland Pty Lid

CLIENT:

PROJECT No: 80760.01

528511

NORTHING: 6313076

EASTING:

Proposed Stage 3B Car Park

PROJECT:

1711012014

SHEET 2 OF 3

DATE:

LOCATION: 67-69 Uralba Street & 24-28 Dalziell Street,

DIP/AZIMUTH: 90°/—

Lismore

gig o -
2 B i
EleeE =)
2|le oS I
n(E v o
E
os| % 8 2 3
o| aoy B < -
= |9 03y o =} =)
(=]
g aiop 2 2 =l
]
v | Bdh) 5] &) 5]
% L.
o (=]
o - c <
gl 22 5 § 5 & & s - 3 &
= 50 o © a @ 4 @ £ < @
S| 75 . o o o o ] < ] ] . ]
E|l =0 |2 & g 2 o = bl =S =) & =3
= &N
§| o |§ ® @ @ ® ® P @ @ ® @
2 £ 5 & - - - - - = - ] = -
bl 5§ it It I
A o L = E E E E E P [=3 E £ E
2% e g g8 5 g K § X8 g 5
L - < ~f [t} 13 o [ 5] ~ ~
0 k[ mm e S e e o e ==
mmv T i e
.m.m\m., _ — |
O ———— — — e ———————————— e e e e e e P e e e — — — — —
B B OO e e e e e e e oo _”_”_”__"T]
8 s
MO o me o s e e oo e e o o e e o e o e et oo e e o o e o e ot e o e o o o e o e e o e e e ]
JBIBAN
B ] e e ik e e e e s s s ot o e e e e e e e ]
= [ H T H A e e
7=
8§ [ empows — —— ————————— T _ -~ oo -ooTmn
[ RO T T e ————————
«*kep _ —— ———————————— - - ,,_,,,,_—_—__ ]
Mo X3
Ol_ T A F S Sy rd rd A A A A A A 7
aydelny [ ¥ ¥ ¥ Y Y Y Y Y Y Y Y YV Y Y Y YYYYYY Y SSSYYYYYYYYYYYYY
B T T T T o e e e —
B B e e e s —————— e e e et e o ]
oG A TS T T T T T e e e e e e e ——
32 NS Joremmmrmee e e e e ————ee— |
BE el T T I T L L L LI
QO m- -
ez malC— ™
=
2 -
T% P
B
@
O

Depth
{m)

3 N N N s mw N s N L L e N H ” ” , : =

CASING: 0.8m

LOGGED:

NCD

TYPE OF BORING: Auger 0 - 0.8m, washbore 0.8m - 1m, NMLC coring 1m - 8.14m

WATER OBSERVATIONS:

REMARKS:

DRILLER:

RIG: Track Mounted P120TB

#l Geotechnics | Environment | Groundwater

JYDouglas Partners

SAMPLING & IN SITU TESTING LEGEND

Pocket penetrometar (kPa)
Stancard penatration test

PL{D} Point load diametral test 15(50) (MPa)
Shear vane (kPz)

£:D  Phate ionisation detecter (ppm)
PL{A) Point load axial tast 15(50} {MPa)

Rp
S
v

Tube sample (x mm dia.}

Water sample

Piston sample
Water seep
Water level

Gas sample

G
P
U,
w
g
x

Auger sample
Bulk sample

BLK Block samale
Core drilling
Disturbed sample
Environmental sample

A
B
cC
D
|




BORE No: 8

PROJECT No: 80760.01
DATE: 17/10/2014
SHEET 3 OF 3

528511

SURFACE LEVEL: 33.50 AHD

EASTING:
DIP/AZIMUTH: 90°/--

NORTHING: 6813076

BOREHOLE LOG

John Holland Pty Ltd
Proposed Stage 3B Car Park

Lismore

LOCATION: 67-89 Uralba Sfreet & 24-28 Dalziell Street,

CLIENT:
PROJECT:
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Bore 9 -1.0 mto 6.5 m depth

K

Douglas Partners

Geotechnics | Environment | Groundwater

CLIENT: John Holland Pty Ltd
OFFICE: Gold Coast
DATE: November 2014

Core Photographs

Proposed Lismore Base Hospital Stage 3B Car
Park

Uralba Street and Dalziell Street, Lismore

PROJECT No: 80760.01

PLATE No: 5

REVISION: 0




Bore 9 - 6.5 m to 8.14 m depth

m Douglas Partners

Geotechnics | Environment | Groundwater

CLIENT:  John Holland Pty Ltd
OFFICE:  Gold Coast
DATE: November 2014

Core Photographs

Proposed Lismore Base Hospital Stage 3B
Car Park

Uralba Street and Dalziell Street, Lismore

PROJECT No: 80760.01

PLATE No: 6

REVISION: 0




CLIENT:

PROJECT:
1.OCATION:

John Holland Pty Ltd

Lismore

BOREHOLE LOG

SURFACE LEVEL: 30.50 AHD BORE No: 10

Proposed Stage 3B Car Park EASTING: 528526 PROJECT No: 80760.01
67-69 Uralba Street & 24-28 Dalziell Street, NORTHING: 6813046 DATE: 20-21/10/2014

DIP/AZIMUTH: 90°/-- SHEET t OF 3

i Depth
om)

Descripfion
of
Strata

Degree of Rock Fracture Discontinuities Sampling & In Situ Testing
Weathering Spacing

{m) B-~Bedding J-.Joint
S- Shear D - Drill Break

o | TestResulls
EE

Graphic
Water

5
1]

Type
Core
Rec. %

ExZzox Comments

0.2

0.8

1.13
1.2

29

27

ASPHALT

FILEING - apparently well
compacted, gravelly, sandy clay
filkng. Gravel component
comprises fine {o coarse, angular
and sub-angutar basalt

BASALT - high strength, slightly
weathered dark grey basalt

s s o vome e e o e e — e —| ()0}

A KA K

VA VA A 4

1.04m: J @ 0° clay infill C|65| 0

I OV S TR I X |
— e e e e 1050
e e i

TTTTT
i
Pl
Pt
e
I
I
P
11
FLTE
Frrl
Pl
Frrod
PELn
FELI
DI
A EES Ram
P
IR N

CORE LOSS

\ @ 3mm
1.13m: CORE LOSS:

BASALT - very high strength,
slightly weathered dark grey basalt

T0mm

1.2m: J @ 0°, 45° and

\10" clay infill 3mm
1.35m: J @ 10° clay infill

2mm

\1 A2m: J @ 0° clay ven PL{D)= 4.46
1.49m: J @ 20° clay ven

1.6m: J @ 0° stained

VA S AR SR S

1.72m: J @ 0° clay infill clar|s0
\me
1.82m: J @ 10° clean

_\_2.?5m: clay infill 2mm
2.2m: J @ 5° clay infilt
2mm

A4

2.37m: J @ 0° stained
\‘2.4m: J @ 0° stained

2.55m: J @ 10°, 45° clay
infill 2mm

2.7m: highly fractured
zone between 2.7m and
2.74m

“2.86m: 4 J @ 0° and 45°
clay infitl 2Zmm

3m: highly fractured
zone between 3.0m and
3.07m

C |100| 50

3.25m: J @ 0° clay infill
3mm

VAR A S A S

3.49m: J @ 10° stain

3.61m: J @ 0° clean

3.68m: J @ 10° clay infill
2mm

PL(A) = 6.64
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RIG: Track Mounted P120TB

DRILLER: NCD LOGGED: AS CASING: 1.0m

TYPE OF BORING: Auger 0 - §.8m, washbore 0.8m - 1m, NMLC coring 1m - 12.0m
WATER OBSERVATIONS:

REMARKS:

A Auger sample
8  Bulk sample
BLK Block sample
¢ Core drilling
D Disturhed sample

E Environmental sample

Gas sample

Piston sample

Tube sample {x mm dia))
‘Water sample

Water seep

‘Waler leval

LA~

SAMPEJc;NG & IN SITU TESTING LE(DEEND

Pi Phate icnisation detecter (ppm)
PL(A) Point laad axial test s(50) (MPa)
PLD) Point load diametral test 15{50) (MPa)
pp  Pocket penetrometer (kPa)

] Standard penetration test

v Shear vane (kPa)

5:;__: Douglas Partners

@ Geotechnics | Environment | Groundwater



BOREHOLE LOG

CLIENT: John Holland Pty Ltd SURFACE LEVEL: 3050 AHD BORE No: 10
PROJECT: Proposed Stage 3B Car Park EASTING: 528526 PROJECT No: 80760.01
LOCATION: 67-69 Uralba Street & 24-28 Dalziell Street, NORTHING: 6813046 DATE: 20-21/10/2014
Lismore DIP/AZIMUTH: 90°/- SHEET 2 OF 3
Description m?gg{ﬁ:rﬁg 2 Stl?gr?gth . gra:éyxe Discontinuities Sampling & In Situ Testing
| Depth of g g SRR . o |o®|q | TestResults
™ Strat SpE g g O | S e | S|85/2% &
raia B3izew |alEBEESS 3 5T %8 ) © i " 92® | Comments
BASALT - very high strength, TTTI T IN N TTT I T H -3.98m: J @ 10° clay
slightly weathered dark grey basait | | I I}1 1| 111 (et \veneer
{continued) (T R [ 11 [V4m: J @ 30° clay venesr
IR IEEAEEREEH vl vy | M41m: highly fractured
TPy HET T i] 11 1| | zonebetweend.1m and
EEHARCEEERES R RIE N
IlIII\< Il il
|1l ] N SR
Gl PN T I R
(IS IO e I RO AN E ] I R
FTHE e THTTI [ 11 ] 458m:] @ 10° clay ven
[ ~ IR oy
I I I Fed | 1 ) C |100|40.6
s [X L1 ih i i 4.76m; highly fractured
Loafre eS| o] vy | zomepetweend.76m
and 4.82m
FEHEE e VT Py 3 Pegaom: aif
-5 Illli,‘< I || Py Hi
Y LI ELL T P 1] s.03m: dif PL(D)=5.23
Frp ey errri 1] i
(Y NI e O S B B 1] 11| 515m: J @ 5° stained
PLIE Y e BT [
Pt ¢ LT T
LA FEELO [ 13 1
IR NI I i I A I I 1§ 11
AR
} | N | | | 5.52m:J@ 0° clean
LI : Prr I [ e
FLIE eI [
LR rerf [
PO TET T I N
TEIH T e 1)1 IR [ 1] Il | 58mJ@ 0°clean
I £ 1 ~ (RSN I
s (AT T (NI S N
NI NN ot} 11 ] emedif
IENHEEAe NEENE bl ot
FYHIL ey L TTT P 1f 11| 812mJ@12° clean
1Tl FEET I R R
AR AN ERREE (R I L C {100]100
FrHEL XYt th Py o
P Iy PEETI | P | 5.38m: J @ 5° clean
- FEHED e EHET [N
B IIEHY,\!IHII [N
] I FET T [ 1] 11
R IRl [ I'l | 6.61m:J@ 0° stained
R
N !
lllfli\lllill N
PO 11 ip Py 1
NIRRT EEEEE Py oI
F7 Py VT Polil | 6.97m J@20°dif
FET D e P T HI Forl o
IlII!\< P N AN
| tIfld LR [N I
BRHESAREREREI N I
T HEE[ N T HI [l
IR IO B EVEN AR A I I N I
!I!IEK\EHII% I 7.43m: J @ 0° clean
L P FELL I A TN B Cc [100]100
ELI XY i I e _
%I:l:\( I?:(:l [t Jiy | 7.57m:dif
ELI I [ A I
Eil!l:; FEL LI S IR
FEAL FEY Iy RN 1N
PENE LY L) o | 7.8am; J @ 0° clean
PRI T T IR AN
1§ 1§11 | |
RIG: Track Mounted P120TB DRILLER: NCD LOGGED: AS CASING: 1.0m
TYPE OF BORING: Auger 0 - 0.8m, washbore 0.8m - 1m, NMLC coring 1m - 12.0m
WATER OBSERVATIONS:
REMARKS:
SAMPLING & IN SITU TESTING LEGEND
B Bukeamile A PLIA) Point1oad axie e 1iom) SARY we g
Bl Hock samel W pmmeen) SO | [ ¢ () Do uglas Partners
L Disturbed sample I Water seep 3 Standard penetration test : g . .
E  Envionmentaisample ¥ Water level vV Shear vane (kPa) 2 88 Geofechnics | Environment | Groundwater




BOREHOLE LOG

CLIENT: John Holland Pty Ltd SURFACE LEVEL: 30.50 AHD  BORE No: 10
PROJECT: Proposed Stage 3B Car Park EASTING: 528526 PROJECT No: 80760.01
LOCATION: 67-69 Uralba Street & 24-28 Dalziell Street, NORTHING: 6813046 DATE: 20 -21/10/2014
Lismore DIP/AZIMUTH: 90°/- SHEET 3 OF 3
Description v'\:i)ggt??gri?\fg © S?gggth _| Fracture Discontinuities Sampling & In Situ Testing
= Depth § ST g| Seacing = Test Results
=l m) ° S8 15 _Sigg| (M) | B-Seddng St & 185g= &
Strata E;F::mﬁw Eiglﬁlg@ig:é g uglv$ $$ §-Ghear  D-DrilBresk | = |0 O gl_"(g‘)m%“ésﬁ
BASALT - very high strength, I ! ] =9
slightly weathered dark greybasait | | 1 i1 | N FET I (RN b
(continued) I P [ 1
N IR EERRE [
(I F e I (A AN ¢ |10e!100
Pl et 0o | ssmumirca
ERIASRERERE (N RN (1 R
P I B ol
B PrrrixX i Elr
T RO A B IR RO | %II I
PO I I )| N I
lIIiii I | Fobl
Pl ] SN I
P eIy |11 it | 877m:J@0°clean
Frip ey |11 )it
FHIE [T 0TI [
B 1P \<\HIIII |11 Ji1 | 8.86m: J@ 20° dif
[ it Pl N
P EIX Y T8I R
N I NN |18 h 9-148m: J @ 5° clean
[ I NI I bE I [T9.19m: J @ 5° clean
iIIII:\IIIIIi NER N C | 100100
I I [ TETI] R I
I T O NN AT A I
L= FLIRE DI N L P I 31|11 | 944m:J @ 0° clean
SRR RRERRI IR INIR Y
IR ~ FELTL I I 1§ 9.58m: J @ 10° clean
18l PO [
P Xyt [
PPN Y T HTEIR [
IR I EVRN A I R A 1 L 11§11 | 9.82m: J @ 0° clean
R NADRRERRE NS ¥
L Ly L EERR (IR
I IR NN RN I
P IX !III%I Eill :i
PO I il i
IIIiIE I || Vol
R AN RNIINE c | 100! 88
NN ERARERERENI] (N ER
PRI BNy (N
|1t PEL I I
hi Illli:\lilfli AR
VT < [ 11713 I I
i eIyl o Il . o
Pl i bofe g gy | osem @8 clean
LI PEin il [ I
zlulz ERRRI RN ¥ PLAY= 308
111311 FETy Il | |1 - . )
e r XY ereie] s {rory | 1089mJ@30% clean
-1 P b HETT IR | N g
REIRERERERE (N R N i
I 1T ¥ < P I Pl )
[ I (NS § o PL| 11.18m: dif
NI IR NN | ol I
LR Ly LT bl I
PO A bl i . o
R i corrip | o] g | Mm@ 07clayven
e [ ] | (. b
R ISR RN |13 i
PP X PiT I (I i
] [ EVEN I I I H
!I!IE\< [ FE 11}l S BN C |100| O
P | b I
FLAr ey e th 1] 11} 11,84m: J @ 0° clean
Pl LIy LR [ I 1 41.9m: dif
12.0 ISR L LT 11 11
Bore discontinued at 12.0m, {arget
RIG: Track RemlinieaghredoTs DRILLER: NCD LOGGED: AS CASING: 1.0m
TYPE OF BORING: Auger 0 - 0.8m, washbore 0.8m - 1m, NMLC coring 1m - 12.0m
WATER OBSERVATIONS:
REMARKS:
SAMPLING & IN SITU TESTING LEGEND
5 Buksampia £ Paoneimie PLTA) Pontload aartas 501 ire) | e g
iR bl HissEen il BN Douglas Partners
D Disturbed sample B Waler seep S Standard penatration test : . .
E Environmentalsample T Waler lavel V  Shearvane (kPa) ddl Geotechnics | Environment | Groundwater



CORE
LOQSS
143 2320 m

Bore 10-1.0 m to 7.0 m depth

K

Douglas Partners

Geotechnics | Environment | Groundwater

CLIENT: John Holland Pty Ltd | Core Photographs

OFFICE: Gold Coast Proposed Lismore Base Hospital Stage 3B Car
Park

DATE: November 2014 Uralba Street and Dalziell Street, Lismore

PROJECT No: 80760.01
PLATE No: 7
REVISION: 0




Bore 10 - 7.0 m to 11.0 m depth

K

Douglas Partners

Geotechnics | Environment | Groundwater

CLIENT:  John Holland Pty Ltd
OFFICE:  Gold Coast
DATE: November 2014

Core Photographs

Proposed Lismore Base Hospital Stage 3B
Car Park

Uralba Street and Dalziell Street, Lismore

PROJECT No: 80760.01

PLATE No: 8

REVISION: 0




BOREHOLE LOG

CLIENT: John Holland Pty Ltd SURFACE LEVEL: 2575 AHD BORE No: 11
PROJECT: Proposed Stage 3B Car Park EASTING: 528523 PROJECT No: 80760.01
LOCATION: 67-69 Uralba Street & 24-28 Dalziell Street, NORTHING: 6813012 DATE: 21/10/2014
Lismore DIP/AZIMUTH:  90°/-- SHEET 1 OF 3
it D f Rock : A N - -
Description ng{,?:r%g 2 Stength | gra:ésl.:{e Discontinuities Sampling & In Situ Testing
i Depth of BRI g raond _ . o |e®|n | TestResults
o (m) Egd) 15 sigz; (M) | B-beddng - Joint 2 |54lge &
Sirata E§§%$&0 3@];@2%@13 g g;ag §§ S - Shear D-Dril Break | = O& w Comments
0.05); FILLING - uncompacted, brown REEE REERE (RN
and red brown, clayey sand filling [ A I N A
with some basalt cobbles, glass Pt / PG I
fragmenis and wood fragments [ O I I LT [ T
SANDY CLAY - siiff, orange brown, L / P o
sandy clay with trace AR / EERRRE IS
angular-sub-angular, fine and NN / EEREE NS
medium basali gravel P PLrid Foblod
P PEE T Pl A
LI I A Foblobi
P (I A I Porr bl
L I Fib1il Pl
Fe illll/lillil it
- HIII/I%!IEI I
PO [ {1111 11l
[ [81 10 I i 11
L4 Pidld| I I 1§ 11 S—
HIII/IIIIII I 1§ 11
!illl/llll:l :l% Il
[ R PITELd N
7R I s No s
3 - becoming red brown and light : i : : I % } : ll : : § : §]| H
greyyvith same basalt litahrelics RERE / EEREE: YL
(Residual Soi) R Z i e ]
bl Pl ol
IIiIl/Ililll Pl
PLET Vvt Pl b
L Pl [ I O e
PlLin it [ N
Iliil/lllill [Tl
lllil/illill I 1
L, II]iI/!IIEII O
lII%I/iIIEII R
P Pl P i
IIIEI/%IIIH FoLL b
It Pl FoLlobd
IR P Pl
VIl P P
R I I IS I Pl
A A IR I b1
I (I It 1l
N [ I I I ¢ 11
PL LT [
M il 4 (I I (N I s 5,7,20{400mm
8 L. ‘ NN P I N
BASALT - verylow strength, highty | 1 1 LT [ I Y11 Pyl
weathered, dark brown, fragmented | | 11 | | ¢ Hrert Forlob |
basalt. IIIIIV HIEERN [ NN
-3 1 LI H——— T v
1 IRERECS R (R R R I RISt
HIRE | XN ifEritd | I I between 3.0m and
IIHIY\I!IEII [P0 11 | 384m
il it e
IINERR AR B INRERE N AR R ¢ (100} O
1IN I I i BRI
HET D [ P14
Illi!\< Hit il AR
IIII%Y\EIH%I R
E I ] I LIt PL{A) = 0.48
- medium strength, moderately Pty i (I
Leg weathered band between 3.64m 1 [ AV R I I
and 3.69m iI!I!Y\Iillli [ it 11 C |100]| O
FIE L il e 1
NN N INEERE N A
[ IR A 1 I I R
RIG: Track Mounted P120TB DRILLER: NCD LOGGED: AS CASING: 1.0m
TYPE OF BORING: Auger 0 - 1m, washbore 1.0m - 3.0m, NMLC coring 3.0m -9.0m
WATER OBSERVATIONS:
REMARKS:
SAMPLING & IN SITU TESTING LEGEND
d A o g DI pastajerisaon deeer o)
BEE b e SRS B YDouglas Partners
D Disturbed sample >  Waler seep 35 Standard penelration test 2 : . .
E Envirenmentalsample ¥ Waler level W Shear vane {kPa) il Geotechnics | Environment | Groundwater




BOREHOLE LOG

CLIENT: John Helland Pty Ltd SURFACE LEVEL: 25.75 AHD BORE No: 11
PROJECT: Proposed Stage 3B Car Park EASTING: 528523 PROJECT No: 80760.01
LOCATION: 67-69 Uralba Street & 24-28 Dalziell Street, NORTHING: 6813012 DATE: 21/10/2014
Lismore DIP/IAZIMUTH: 90°/— SHEET 2 OF 3
Description V'agg{ﬁgﬂ‘:‘; © St'?eerfgth _| Fracture Discontinuities Sampling & In Situ Testing
| Depth of Sg LT Y| Seacing . ] ® Test Results
Zl (m) | P Ifiﬁ‘g {m) B-Badding  J- Joint § gdgg Py
Strata 5323p¢C [MEBEESG 5 53 38 | S-Swr O-DAsex | PGS Comments
T[T T3 e TP T Qi T1 4m: typically highly
1 #11 i < I : 1 I ¥ 11§ fractured to fragmented
[ 1 FET | |t 1] ] between4.0mand 8.1m
- becoming high strength, PRI Y P [t 11| Joints with clay infill up
moderately weathered, grey, : § : i E X : : i : : : { éi H :)c.',sgﬂn;ﬁ?;soid'”gat c l100| o
typically highly fractured to '
fragmented basalt with clay infilled [ IR < I1E N LR
with clay below 4.0m RIERENRRRRR NN L
NIRRT NN P13 b
N1 I I A NN AN E I Pt
1 P NN P ot
II§|I:<<\|IIIII N TN
Fa | el \||1I|I N IR
BB
- medium strength, highly lIIi I VN IEI | N T PL{A) = 0.75
Ls weathered, band between 4.9m ] SRR “ ikl ] (I T
and 5m PO P I [N
PPy P I IR
IR LI PETT i I
I ey P R [N
- medium strength, moderately : : : : : ~ : : : E ; : ; H ;i
weathered zone between 5.3m and i e Ix ke NI
5.6m BIREECE RRRRI AR NN NS ¢ 1ol o
P ey TR N TR B
III%!Y\II!HI I I
I I L I N TR
L FHEELIY T P
L . ) [[FRE I S I T R 1N
- medium strength, highly HEEE 1T RE 1§11 11
weathered band between 5.8m and TIRNN X 1 IAEEE R I
6.0m IIAEERARE HERERRIE I
-6
1 IR ] I [ IE 11
I LN PO Iqie 1l
FIH T e TH IR
2I!Ii\<\illlll Flie 1
(T TR I I EHE P PL(D} = 0.75
T L P b )
BEEEREREE RN Il
I | I
Iilliz NI IR
I T I T1 Il P
I IR A II!!Il I I c (100 o
La| - medium strength, highly I T i : : X : : -I_; : : Ii : : : :
weathered band between 6.7m and X
7.5m IIEII\( YL N IR
11NN Pt e N
HEs b <y N IR
-7 Hryriixytirrid I ER R B
HUET U e P [ IR
II|§1\<\IIH§I I TN
el i [ TR
1S R I I (I T
i< !HI:; :H :I
Hilil i | |
IIIiIé NS VIR I IR
(R N i | [ it 1
S IR EE RN IR c |100| 0
- very low strength, highly ey i b e h
weathered band between 7.6mand | 1 111 [~ P HT T N LR
Lo 7.9m Ellli\< it IR
{ IR < et I IR c
Hilli 1HIEREE N IR 00| 0
- medi trength, maderatel [y TSR A A N R Y NI N I
medium strength, moderately I-Sll L T 1R
RIG: Track Mounted P120TB DRILLER: NCD 1L.OGGED: AS CASING: 1.0m
TYPE OF BORING: Auger 0 - 1m, washbare 1.0m - 3.0m, NMLC coring 3.0m - 8.0m
WATER OBSERVATIONS:
REMARKS:
SAMPLING & IN SITU TESTING LEGEND
B Bk samp B Bision samsle PLU) Pntload e toe 150) BAER)
dpiE b e HBEEEIER e | Douglas Pariners
D Distwbed sample B Waler seep S Standard penetration test : N R
E  Enviranmenta! sample ¥ Waterlevel W Shear vane (kPa) # Geotachnics | Environment | Groundwater




BOREHOLE LOG

CLIENT: John Helland Pty Lid SURFACE LEVEL: 2575 AHD BORE No: 11
PROJECT: Proposed Stage 3B Car Park EASTING: 528523 PROJECT No: 80760.01
LOCATION: 67-69 Uralba Street & 24-28 Dalziell Street, NORTHING: 6813012 DATE: 21/10/2014
Lismore BIPIAZIMUTH: 90°/-- SHEET 3 OF 3
Description Vegg{ﬁ;'%fg © Stsgrggth .| Fracture Discontinuities Sampling & In Situ Testing
=| Depth of TR T T A Spacing i . o lo®|g | TestResulis
(m) Sz 18 _Eigz| (M) | B-Beddng - doint & 18l6x &
Strata §§§%EE(D 3]5@'%[%@!& E Eg §§ S - Shear 0 - Drill Break = ona:) i3 Comments
weathered band between 7.9mand [ T TfT T T [~ N T 7 131 T [ L
8.3m i!lllx\llllli [ AN
PELD I VI #1111 . ) C {100| 0
PP TP e g 1 g 8tem:J @07 clay indl PL{A) = 3.47
PELE Ly TIPS I 5.40m: J @ 0° cay infill
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Bore 11 — 3.0 m to 9.0 m depth
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Appendix C

Results of Laboratory Testing
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Determination of Emerson Class Number and pH Value of Soil

Douglas Partners Pty Lid
ABN 75 053 980 117

www.douglaspartners.com.au

439 Montague Road
West End QLD 4101
Phone (07) 3237 8900
Fax (07) 3237 8999

Form Na BL - 020 Rev. Z Dato of lesue Apiit 2013

Client: NSW Health Infrastructure Project No: 80243
Report No: BO13-0723
Report Date: 17.06.2013
Project: Lismore Base Hospital Date Sampled: 28-30.05.2013
Date of Test: 14.06.2013
Page: 1of1
Location: 60 Uralba Street, Lismore
SAMPLE DEPTH DESCRIPTION WATER TYPE | WATER CLASS PH
NO (m) TEMP NO. VALUE
Bore 4 0.50 Filling- sandy clay with some | De-ionised 22%c 4 7.61
gravel
Bore 5 2.10-2.20 Extremely low strength De-ionised 22°% 3 6.60
basalt
Test Method(s): AS 1289 3.8.1, AS 1289 4.3.1
Sampling Method(s): Sampled by DP Engineering
Remarks:
/
NATA Accredited Laboratory e UA—
NATA Number: 828 Tested:  AC r¢jan Jajcanin
v The results of the tests, calibrations and/or Creckes: SJ oFatory Manager

measuremenls included in lhis document are
traceable to Australian/nalional siendards
Accredited for compliance with ISO/EC 17025

ACOMBTED
TECHNICAL
COMPETENCE
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