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Executive Summary

Roads and Maritime Services (RMS) are currently undertaking investigations to
identify an additional crossing of the Clarence River at Grafton to address short-
term and long-term transport needs. The objective of this report is to provide a
geotechnical assessment of the foundation conditions associated with the six
short-listed route options so they can be reasonable compared.

A review of the existing geotechnical information within the vicinity of the
preferred route options is presented in this technical paper, and incorporates the
results of a geotechnical investigation conducted by Arup in 2012. Geotechnical
issues that should be considered for the constructability of the bridge foundations
and approaches at each of the route options are:

e The existence of gravel and cobbles immediately above the rock.

e The existence of any loose sand below embankments.

e The existence of any soft clay and organic soils below embankments.
e The depth and quality of rock below the bridge and viaducts.

e Potential ground improvement requirements below proposed approach
embankments due to the presence of any soft clay deposits;

e Presence of acid sulphate soils.
e Salinity of channel water and groundwater for durability design.

e The extent of river scour that could be associated around potential piers within
the river channel.

It is anticipated that piled foundations will be required for the river crossing piers
and approach viaducts associated with each of the route options.

The approximate reduced level (m AHD) for the pile toe for each option, for the
approach viaducts and river crossing is shown below.

Route Option Southern approach | River crossing piers Northern approach
viaduct viaduct
E -18 -18 to -33 -33
A About +5 to -18 -18 to -26 -26
C -18 -18 to -26 -26
11 -15 to -21 -21to0-23 N/A
14,15 -15t0 -23 -23 -23

Ground settlement associated with embankments may be an issue at Options 11,
14 and 15, where some ground improvement may be required. However, these
issues are considered manageable.
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1 Introduction

Roads and Maritime Services (RMS) are currently undertaking investigations to
identify an additional crossing of the Clarence River at Grafton to address short-
term and long-term transport needs. The objective of this report is to provide a
geotechnical assessment of the foundation conditions associated with the six
short-listed route options so they can be compared.

This technical paper is an attachment to the Route Options Development Report
and will be used to define the preliminary geotechnical conditions for these six
short-listed route options. The findings of these investigations will be used as part
of the selection of a recommended preferred option.

A desk study review of the existing geotechnical information within the vicinity
of the preferred route options is presented in this technical paper, which also
incorporates the results of a geotechnical investigation conducted by Arup in
2012.

1.1 Project appreciation

1.1.1 Project background

Since the early 1970s there have been various discussions and studies into an
additional crossing of the Clarence River near Grafton. A number of these studies
have been carried out during the past ten years and provide the background to the
current investigation.

In December 2010, RMS commenced a revised process to work more closely with
the community to determine the preferred location for an additional crossing. As
part of this revised process, a series of public surveys, community forums and
meetings with residents and community groups have been held and various
studies and project documents released for public viewing and comment.

In June 2011, RMS released the Feasibility Assessment Report, which describes
the assessment undertaken by RMS on the 41 route suggestions identified by the
community following the announcement of the revised process in December
2010. The report identifies 25 preliminary options within five strategic corridors
to go forward for further engineering and environmental investigation.

Between June 2011 and January 2012, RMS carried out investigations in the
Grafton area and surrounds to identify constraints relevant to an additional
crossing of the Clarence River. The outcomes of these investigations, community
comment and a community and stakeholder evaluation workshop provided the
inputs to the selection of the short-list of options.

In January 2012, six route options to be investigated further as part of the process
to identify a location for the crossing were announced (as shown in Figure 1). The
short-listed options were identified in the Preliminary Route Options Report —
Final (RMS, January 2012) which also provided details of the technical
investigations undertaken on the 25 preliminary options and the process to select
the short-listed options.
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Figure I Route Options Location Plan
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1.1.2 Route options

Main Road 83 Summerland Way - Additional Crossing of the Clarence River at

Grafton

Geotechnical Assessment for Route Options

The proposed form of the approaches and bridge for each option (as presented on
Figure 1) has been described below.

For the purposes of this investigation, the results are discussed relevant to three

arcas:

e Northern Bank (Grafton side of the Clarence River);

e River Channel,

e Southern Bank (South Grafton side of the Clarence River).

Table 1 Route option features

Route

Proposed features

Qe Southern bank

approach

River channel crossing

Northern bank
approach

E High approach
embankment over
paddocks from

Grafton.

Cowan Street, South

The proposed bridge would be
618 metres long and 15.9 metres
wide and would be on a
constant large radius horizontal
curve (1400 metres radius) over
the Clarence River for the
majority of its length; with a
horizontal curve on the last two
spans on the Grafton side.

The current preliminary concept
design for the bridge would
provide a 39.5 metre span on the
South Grafton side, followed by
11 spans of 49 metres across the
river, and another 39.5 metre
span on the Grafton side. There
would also be a 68 metre long
approach viaduct (with two 34
metre long spans) on the
Grafton side.

Small viaduct structure
(on piers) that grades
into minor
embankment onto
Villiers Street,
Grafton.

A Generally at grade
with some minor
earthworks

abutment on Bent
Street, South
Grafton.

associated with the

The proposed bridge would be
approximately 471 metres long
and 17.7 metres wide, and
would be a straight crossing of
the Clarence River.

The current preliminary concept
design for the bridge would
provide five 74.6 metre long
spans across the river to match
the existing bridge, and another
61 metre span on the South
Grafton side, followed by a 37.5
metre long span on the Grafton
side. There would also be a 145
metre long approach viaduct
(with five 29 metre long spans)
on the Grafton side.

Viaduct (on piers)
grading into a minor
embankment into
Fitzroy Street, Grafton.
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Table 1 Route option features

Main Road 83 Summerland Way - Additional Crossing of the Clarence River at

Grafton

Geotechnical Assessment for Route Options

Route Proposed features
Option - :
Southern bank River channel crossing Northern bank
approach approach
C Approach The proposed bridge would be Viaduct (on piers)
embankment located | approximately 458 metres long | grading into a minor
within paddocks. A and 15.9 metres wide and would | embankment between
high embankment is | be on a constant very large the river bank and
also associated with | radius horizontal curve (4500 Pound Street, Grafton.
the connection to the | metres radius) over the Clarence
Pacific Highway to River.
the south. The current preliminary concept
design for the bridge would
provide a 44 metre span on the
South Grafton side, followed by
five 74 metre long spans across
the river to match the existing
bridge, and a 44 metre long span
on the Grafton side. There
would also be approach viaducts
on either side of the bridge; 64
metres long (with two 32 metre
long spans) on the South
Grafton side, and 58 metres
long (with two 29 metre long
spans) on the Grafton side.
11 High approach The proposed bridge would be High embankment
embankment approximately 387 metres long | grading to existing

associated with the
connection to the
Pacific Highway,
extending half way
across the flood
plain.

The remaining half
of the flood plain
approaching the river
is a large viaduct
structure on piers.

and 15.9 metres wide, and
would be a straight crossing of
the Clarence River.

The current preliminary concept
design for the bridge would
provide eight spans of 48.4
metres across the river. There
would also be a 340 metre long
approach viaduct on the South
Grafton side across the
floodplain (with ten 34 metre
long spans).

In addition to these structures,
an additional shorter 110 metre
long viaduct would be required
to cross a small creek on the
South Grafton side, near the
Pacific Highway.

road level on Fry
Street, Grafton.
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Table 1 Route option features

Main Road 83 Summerland Way - Additional Crossing of the Clarence River at

Grafton

Geotechnical Assessment for Route Options

Route

Proposed features

Option Southern bank River channel crossing Northern bank
approach approach
14 High approach The proposed bridge would be Small viaduct structure
embankment 617 metres long and 16.3 metres | (on piers) that grades
associated with the wide and would be a straight into a low
connection to the crossing of the Clarence River. embankment onto
Pacific Highway. The current preliminary concept Kirchner Street,
Over the flood plain, | design for the bridge would Grafton.
a high viaduct provide eleven spans of 53 Further low
structure on piers metres across the river, followed | embankments are
extends to the river by a 34 metre long span on the associated with the
crossing bridge. Grafton side. There would also | proposed road and two
be a 782 metre long approach short creek crossings
viaduct (with 23 spans of 34 along North Street,
metres) on the South Grafton Grafton.
side across the floodplain. On
the Grafton side, there would be
a 136 metre long approach
viaduct (with four spans of 34
metres).
In addition to these structures,
there would also be three other
shorter bridges for creek
crossings.
15 The proposed river bridge Small viaduct structure

would be the same as in Option
14 (617 metres long and 16.3
metres wide and would be a
straight crossing of the Clarence
River).

The current preliminary concept
design for the bridge would also
be the same as Option 14; with
eleven spans of 53 metres across
the river, followed by a 34
metre long span on the Grafton
side. The approach viaducts
would also be the same as
Option 14; with a 782 metre
long approach viaduct (with 23
spans of 34 metres) on the
South Grafton side across the
floodplain, and a 136 metre long
approach viaduct (with four
spans of 34 metres) on the
Grafton side.

In addition to these structures,
there would also be four other
shorter bridges for creek
crossings.

(on piers) that grades
into a low
embankment onto
Kirchner Street,
Grafton.

Further low
embankments beyond
the bridge approach
associated with a new
road linking to the
Summerland Way
north of Grafton. One
area has higher
embankments
associated with an un-
named creek crossing.
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1.2 Scope of report

This report supports the Route Options Development Report and will be used to
define the geotechnical foundation conditions for the six short-listed route options
and used as part of the selection of a preferred option.

A number of geotechnical investigations have been carried out across the area
covered by the route options since 1975. An additional geotechnical investigation
was carried out by Arup in March 2012 to supplement the existing geotechnical
information, particularly where gaps in data existed. A summary is provided of all
geotechnical information relevant to the project in Section 3 of this report.

This report presents a geotechnical assessment of the foundation conditions for
each of the route options. The assessment is a high level review to provide
founding levels and to identify high risk areas to input into the costing of each of
the route options.

No geotechnical parameters for design are presented as part of this report. Once
the preferred route option is identified, a detailed geotechnical investigation will
be carried out and design parameters will be developed.

1.3 Limitations

This report contains an interpretation of existing available geotechnical
information of the site. The ground is a product of continuing natural and man-
made processes and therefore exhibits a variety of characteristics and properties
which vary from place to place and can change with time. No warrantee can be
given for the information used and no responsibility is undertaken.

The geotechnical assessment was based on the current preliminary concept design
for the bridge and may be refined with further development of the option during
the detailed design of the preferred route. The work undertaken, combined with
information available from other sources and previous field investigations, is
considered suitable for a comparative assessment of the six route options.
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2 Desk study review

2.1 Topography

The route options are located within the flood plain of the Clarence River. The
Clarence River forms a meander between Grafton and South Grafton where the
river runs through the Clarence Valley. The Clarence River and Grafton are at
reduced levels of below 10m AHD and are flanked to the east, south and west by
hillsides that gently rise to an approximate elevation of 70m AHD.

A number of natural water courses and artificial drainage channels are present
within the area.

Historical air photos from 1964 and 1979 have been reviewed as part of the desk
study. No significant development has occurred within the area between 1964 up
to the present day. In terms of the floodplain morphology, the southern bank area
has remained as open paddocks.

A review of historical bank erosion as part of the South Grafton Levee scheme
(Cameron McNamara Consultants, 1987) has indicated that no significant
widening of the Clarence River has occurred from 1870 to 1979. Between the
current rail bridge and the Alipou Creek confluence, approximately Sm of bank
erosion has occurred in this time period.

2.2 Geology

2.2.1 Regional geology

The route options are located within the Clarence-Moreton Basin that has been
described by McEvilly et al (2004) as a broad, gently dipping basin with localised
areas of fold and fault zones. The basin axis trends north-south and runs in close
proximity to Grafton. Geological units in the basin comprise terrestrial sandstone
and shale with minor conglomerate and coal (McEvilly et al (2004)).

2.2.2 Local geology

The Grafton 1:250 000 scale geological Sheet 56-6 (Brunker and Chesnut, 1976),
indicates that the bedrock underlying the route options is the Jurassic to
Cretaceous period, Grafton Formation, comprising sandstone, siltstone, claystone
and minor coal.

The geological map indicates that Quaternary Alluvium overlies the Grafton
Formation at the route options. The Alluvium is described as stream alluvial
deposits that are sandy to silty with minor gravels. In addition, Packham (1969),
states that boulder beds are present in the Clarence River near Grafton.

The anticipated geology underlying the route options is presented as Figure 2.

The Grafton Area 1:25,000 Coastal Quaternary Geology Map (2008) indicates the
route options are underlain by alluvial deposits that have been sub-classified
depending on their position relative to the Clarence River. The surface alluvial
deposits are Holocene in age and occur within the active depositional system
associated with the Clarence River flood plain.
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Figure 2 Anticipated Site Geology
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Figure 3 Schematic Cross Section of Meandering River System Morphology and Ground Conditions
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Figure 3 presents a conceptual schematic cross section detailing the anticipated
ground conditions associated with meandering river systems.

It is anticipated that towards the north of the river, Holocene channel levee
deposits (fluvial sand, silt and clay) overlie Holocene in channel bar deposits
(fluvial sand, silts, gravels and clay). The river channel is anticipated to comprise
fluvial sand, gravel, silt and clay. To the south of the river, Holocene levee
deposits are anticipated to overlie Holocene in channel bar deposits beyond which
Holocene flood plain deposits (fluvial sand, silt and clay) overlie Pleistocene
deposits (clay, silt, fluvial sand and marine sand).

An extract of the Grafton Quaternary geology map is presented as Figure 4.

It 1s anticipated that the geotechnical characteristics between the Holocene and
Pliestocene deposits would differ. A generalised distinction between the Holocene

and Pleistocene deposits is summarised as follows (Troesdson and Hashimoto
(2008)):

Holocene alluvial deposits have minimal weathering, are generally loose to firm
in consistency, friable when moist, and brown to brown grey in colour.

Pleistocene alluvial deposits exhibit substantial dissection and weathering, are
generally stiff to very stiff in consistency with well defined soil structure, plastic
when moist and orange to red orange brown in colour and intensely mottled.

2.3 Acid sulfate soil

Typically acid sulphate soils are found in the following environments/conditions:

e Holocene (most recent part of Quarternary) sediments.

e Soil horizons less than SmAHD.

e Marine or estuarine sediments and tidal lakes.

e Coastal wetlands or back-swamp area, coastal sand dunes.

e Mangrove or other swamp-tolerant or marine vegetation is dominant.

e Deep older (Holocene or Pleistocene) estuarine sediments >10m below ground
surface.

e Sediments/rock with sulphide bearing minerals, coal deposits or former
marine shales/sediments.

The 1:25,000 scale Grafton Acid Sulfate Risk Soil Map (1997) indicates that the
route options are in areas of high and low probability of acid sulphate soil risk
(Figure 5).
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Figure 4 Anticipated Quaternary Geology
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Figure 5 Acid Sulfate Soil Risk
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A high probability of acid sulphate soil is associated with the river channel
sediments and the alluvial plain deposits beyond the southern bank adjacent to the
Pacific Highway. A low probability of acid sulphate soil is associated with the
alluvial levee and alluvial plain deposits on the northern bank, through Grafton,
and the alluvial levee and alluvial plain deposits along the southern bank adjacent
to the river.

Limited existing acid sulphate soil screening has indicated a low potential for acid
sulphate soil and pH testing generally indicates that the alluvial deposits are
acidic. Groundwater testing recorded pH over 6.

2.4 Salinity

The Australian Dryland Salinity Risk for 2000, 2020 and 2050 (NLWRA, 2000)
does not indicate a high hazard or risk of dryland salinity within the area of the
route options.

Based on the Clarence River Fact Sheet (produced by oceanwatch.org), the tidal
limit reaches over 100km inland up to Copmanhurst and it is therefore anticipated
that the channel water and groundwater at Grafton may be saline.

2.5 River scour

A scour investigation carried out by the Bridge Maintenance Engineer in 2003
recorded up to 7m and 5m of scour on the downstream and upstream sides
(respectively) of Piers 2, 3 and 4. A gap was reported under part of an unspecified
pier.

Based on the assumed as built drawing, one pier location was constructed within
the river channel deposits (towards the north of the bridge). Based on the
anticipated river erosion (towards the southern bank) it is considered that the
formation of a gap below this pier would be unlikely as further sediment
deposition is likely to occur towards the northern river bank.
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3 Geotechnical investigations

3.1 Existing geotechnical information

As part of the 2003 Route Selection Study a desk study and geotechnical
investigation was carried out by the then Roads and Traffic Authority (RTA) for
seven crossing locations between Susan Island and Elizabeth Island. The
following information from the RTA 2003 Geotechnical Investigation Route
Selection Report (refer to Appendix F of the Environmental Overview Report,
RTA, January 2004) has been reviewed:

e Seven boreholes from a geotechnical investigation carried out in 1975. Five of
which are located within the river channel to the east (downstream) of route
options A and C;

e A geological cross-section marked on an assumed as-built drawing for the
original bridge based on 17 boreholes (attached to RTA report G3510,
Geotechnical Investigation at Concept Stage dated 26 October 2003, of which
the cross section is produced in Appendix A of this report);

e Four boreholes and seven test pits carried out by the RTA as part of the route
selection investigation, 2003;

e Limited geotechnical laboratory testing carried out on test pit samples from
the 2003 investigation;

e Bridge pier scour depth investigation.

The existing borehole and test pit locations from both the 1975 and 2003
investigations are presented on Figure 6 and copies of the borehole logs, test pits,
as-built cross-section and scour report are reproduced in Attachment A.

In addition to the 2003 route selection geotechnical investigation the following
historical geotechnical investigations have been reviewed:

Coftey and Partners Pty Ltd (1981), Clarence River Flood Mitigation Assessment
of Bank Stability (part of which is attached to RTA Report G3510 in Attachment
A). The investigation comprised 12 boreholes, with associated laboratory testing,
along the alignment of the proposed levees in close proximity to the current route
options. Acid sulphate soil screening was carried out that generally indicated a
low potential for acid sulphate soil. However, two samples showed reaction and
were scheduled for laboratory testing. Only the sample from GB7 showed actual
acid sulphate soil. Thirteen soil samples were tested for pH with results ranging
between 3.5 to 5 and two samples from the boreholes that recorded pH over 5.
The results generally indicate that the alluvial deposits are acidic. Groundwater
testing recorded pH over 6;

Peter J.Burgess & Associates Pty Ltd (1987), South Grafton Levee Geotechnical
Investigation Report (part of which is attached to RTA Report G3510 in
Attachment A). The investigation comprised 7 boreholes along the proposed levee
upgrade alignments, of which BHSG1 to BHSGS (with associated laboratory
testing) are located near current route options E, A and C.
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3.2 Supplementary geotechnical investigation

A supplementary geotechnical investigation was carried out by Arup in March
2012. The investigation was carried out to supplement the existing data,
particularly where gaps in knowledge from previous investigations exist.

The March 2012 geotechnical investigation locations are presented on Figure 6.

The supplementary geotechnical investigation was to provide a comparable level
of geotechnical information for each route option so a comparative assessment can
be made.

Prior to this route options investigation, there was sufficient existing geotechnical
information as follows:

e In the vicinity of the existing Grafton Bridge;

e For the flood plain area on the south side of the river, downstream of the
existing Grafton Bridge and this can be extrapolated, to an extent, to interpret
ground conditions along the three route options that cross the flood plain
(Options 11 and 14/15).

There was no existing geotechnical borehole data for the Grafton side of the river
and the area north to Great Marlow.

Therefore, to supplement the existing information, the supplementary
investigation concentrated on the northern bank with five boreholes located at
route options E, 11, 14 and 15. One borehole was located on the floodplain on the
southern river bank in close proximity to route Options 14/15 to provide
information on the anticipated rock level in this area.

A land based gravity survey was carried out on the south side of the Clarence
River for route options 11 and 14/15. The aim of the gravity survey was to profile
the top of the bedrock to the south east of the river up to the Pacific Highway and
correlate the findings to the nearest boreholes. This will enable a more accurate
estimation of the depth of piles along the floodplain covered by these options.

The factual geotechnical information associated with the current investigation is
presented in Arup’s Ground Investigation Data Report. The information
regarding the type of investigation, methodology, in situ testing, borehole logs and
laboratory test results will not be repeated herein and the reader is referred to the
factual report presented in Attachment B for these details.
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Figure 6 Existing and Current Geotechnical Investigation Location Plan
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3.3 Geotechnical laboratory testing

Geotechnical laboratory testing was carried out as part of the existing and current
investigations on the alluvial deposits. Testing included Atterberg Limits, particle
size distributions, oedometer testing, triaxial testing (both quick undrained and
consolidated undrained with pore water measurements) and California Bearing
Ratios (CBRs). The laboratory testing conducted as part of the March 2012
investigation is presented in Arup’s Ground Investigation Data Report in
Attachment B.

No interpretation of the laboratory testing has been carried out in this report.
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Geotechnical Assessment for Route Options

The sub-surface ground conditions have been split into three geomorphological

areas of the Clarence River flood plain, namely;

e Northern Bank (Grafton side of the Clarence River);

e River Channel,

e Southern Bank (South Grafton side of the Clarence River).

Information related to the river channel is limited to near route options A and C.
The ground conditions for the river channel are presented as a separate section
below (Section 4.2) and will be assumed to apply to all route options at this stage.

The anticipated ground conditions for the northern and southern river banks will
be presented for each of the route options (Section 4.3) using the existing and

current geotechnical investigation data.

4.2 River channel deposits

BH1 to BH5 from the 1975 geotechnical investigation were located within the
river channel. The alignment of these boreholes is directly downstream of the
current route options A and C. The ground conditions encountered within these

boreholes is summarised below.

Table 2 River channel sub-surface conditions

Unit Description Reduced level Thickness (m)
at top of
surface (m
AHD)

Alluvium Sand with some gravels and trace soft clay. -3.3t0-12.2 45t09
Gravel and sand and gravel with cobbled -6.91t0-9.8 8.5t010.2
sized material
Not encountered in BH3 and BH5

Bedrock Sandstone with siltstone layers
Assumed extremely weathered (soil strength). | -19.1 to -21.6 1.3t06
Not encountered in BHS.

Assumed highly weathered, very low -20.4 to -26.8 -

strength, cracked with clay seams

The material descriptions were based on drillers logs. No in-situ testing was

recorded on the logs.

In general, a thicker sequence of gravel / sand and gravel with cobble sized
material was recorded towards the northern bank. A similar geological sequence is
marked on the assumed as-built drawing in Appendix A. The section indicates a
thicker sequence of gravel and boulder deposits to the north of the river channel as

recorded in the 1975 boreholes summarised above.
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The top of rock levels have been presented in the RTA 2003 Geotechnical
Investigation Route Selection Report and vary between -14.8m to -22.8m AHD.
In general, based on the as-built cross-section of the existing bridge in Appendix
A, the rock level shallows towards the south side of the river channel.

4.3 Ground conditions at the route options

A preliminary assessment of the anticipated sub-surface conditions at the six route
options, utilising the existing and current borehole information is presented in
Table 3.

The anticipated ground conditions have been presented as the southern and
northern banks. As mentioned in Section 4.1 above, the ground conditions for the
river channel will be assumed to apply to all options at this stage.
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Table 3 Anticipated ground conditions of routes E, A, C, 11, 14 and 15

Main Road 83 Summerland Way - Additional Crossing of the Clarence River at Grafton
Geotechnical Assessment for Route Options

Route Southern Bank Northern Bank
option Geotechnical | Anticipated ground conditions Geotechnical | Anticipated ground conditions
information information
in close in close
proximity proximity
E BHSG3(1987), | Approximately 5.5m of firm to very stiff silty clay, BH101 Approximately 17m of loose becoming medium dense
overlying; (2012) silty sand overlying;
Very loose becoming medium dense clayey sand to sand
from RL Im AHD. Approximately 14m of medium dense to very dense
gravel, gravelly sand and clayey gravel encountered at
No bedrock encountered (borehole depth RL -6m approximately RL -15.5m AHD, overlying;
AHD).
Claystone recovered as stiff to very stiff high plasticity
Groundwater level at RL 0.5m AHD. clay at approximately RL -29.5m AHD.
BHSG4(1987), | 5 eholes offset from the option recorded: Groundwater level encountered at RL 1m AHD.
BHSG5(1987) Up to 7m of loose to medium dense clayey silty sand to
& BH4(2003) . S
. silty sand, overlying;
considered, . o
offset up to Up to 6.5m of loose to medium dense sand with silty
500m clay interbeds from RL Om AHD
upstream Stiff silty clay with organic layers from RL 1.5m AHD

was noted in BHSGS5 with a thickness of 7m. The clay
was encountered as very soft in BH4(2003).

Very dense sandy gravel was noted at RL -12m AHD in
BH4 (2003).

No bedrock encountered (borehole depths ranged
between RL -7m AHD to -13m).

Groundwater at approximately RL OmAHD.
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Main Road 83 Summerland Way - Additional Crossing of the Clarence River at Grafton

Geotechnical Assessment for Route Options

Route Southern Bank Northern Bank
option Geotechnical | Anticipated ground conditions Geotechnical | Anticipated ground conditions
information information
in close in close
proximity proximity
A, C BH7(1981), Based on as-built cross-section: material overlying BHI1(1975), Sand 4.6m to 5.6m thickness, overlying;
BHI10(1981), bedrock comprises interbedded clays and sand BH3(1975),
BHSG1(1987), | (possible levee deposits). Based on the boreholes the BH2(1975), | Gravel with cobble sized material, maximum thickness

BHSG2 (1987)
Existing as-
built bridge
cross-section.

material overlying the bedrock is interbedded silty
clay and clay, firm to very stiff in consistency with an
approximate thickness 14m. Clayey gravel / gravelly
clay between -8m to -10m AHD was noted above the
bedrock in the boreholes further south.

Maximum depth of rock up to -15m AHD.

Groundwater level varies between RL 1.1m AHD to
-0.2m AHD.

Existing as-
built bridge
cross-section.

of approximately 10m, overlying;

Interbedded sandstone bedrock at a maximum reduced
level of approximately -23m AHD.

No groundwater information.
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Main

Road 83 Summerland Way - Additional Crossing of the Clarence River at Grafton
Geotechnical Assessment for Route Options

Route Southern Bank Northern Bank
optio Geotechnical Anticipated ground conditions Geotechnical | Anticipated ground conditions
information in information
close proximity in close
proximity
11 Gravity survey Up to 5m of loose to medium dense silty sand to BH102(2012) | Very soft sandy clay, 1.2m in thickness overlying;

(2012) (lines 3
and 4)

No borehole
information on
the alignment.
The following
exploratory holes
are within 500m:

BHS8(1981),
BH9(1981),

BHI11(1981),
GB7 (2003),

clayey sand, overlying;

Firm to very stiff sandy clay to silty clay and clay,
from RL 3.1m to 0.5m AHD. Localised very soft
band from RL -0.5 to -2m AHD, overlying;

Medium dense becoming very dense silty sand
becoming sandy gravel to gravel from RL -10m
AHD. Gravel not encountered in BH8(1981).

Interbedded siltstone and sandstone from RL -
17.7m AHD. Medium strength, fresh rock. Only
encountered in BH2(2003).

Gravity survey indicates rock level to vary between
RL Om AHD (at the Pacific Highway) to RL
-12.8m AHD near the river bank.

Groundwater from RL-0.6m to 1.2m AHD.

Very loose to loose sand and silty sand from RL 2.2m
AHD, with a thickness of approximately 6m, overlying;

Medium dense silty sand from RL -2.1m AHD, overlying
Medium dense to very dense clayey gravel from RL -13m
AHD, overlying;

Interbedded claystone/sandstone from RL -20m AHD.
Encountered as distinctly weathered to slightly
weathered, high strength.

No groundwater noted.
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Main

Road 83 Summerland Way - Additional Crossing of the Clarence River at Grafton
Geotechnical Assessment for Route Options

Route Southern Bank Northern Bank
option Geotechnical Anticipated ground conditions Geotechnical | Anticipated ground conditions
information in information
close proximity in close
proximity
14,15 BH106 (2012); BHI106 encountered: BH103 Soft to firm silty clay, ranging in thickness of 2m to Sm
Soft to firm silty clay approximately 10m in (2012), (in BH104 clay is firm to stiff), overlying;
Gravity survey thickness, overlying; BzH}(2)4 Very loose to loose silty sand encountered from RL -0.2
(2012) (lines 1 Very loose becoming medium dense silty sand (2012), to -3m AHD, overlying;
and 2); from RL -5.7m AHD, overlying; Medium dense silty sand encountered from RL -4.7m to -
Dense to very dense sandy gravel and gravel from BH105 10.7m AHD, overlying;
BH1(2003) RL -15m AHD, overlying; (0201,2) (lgor Dense to very dense sandy gravel encountered from RL -
closest to Interbedded siltstone/sandstone from RL -20.7m Orﬁtl;) n 13m to -14.4m AHD.
southern bank; AHD. The rock was encountered as fresh, medium y Interbedded claystone/sandstone was encountered in
GB1(2003), to high strength. BH103 at RL -20m AHD. The rock was encountered as
GB2(2003), The existing information suggests: extremely weathered becoming slightly weathered, very
GB3(2003), Up to 20m of firm to hard silty clay. Locally clay low to low strength. )
GB4(2003) very soft to soft at or below the groundwater level Groundwater encountered at RL-2.3m AHD in BH104.

considered but
offset up to
400m
downstream.

within the test pits. Peat layer from RL -2.2 to -
3.9m AHD recorded in BH1(2003).

Very dense sandy gravel from RL -14.2m AHD,
overlying;

Possible siltstone bedrock from RL -21.4m AHD.
Groundwater from RL -0.5m AHD.

Gravity survey indicates rock level to vary between
RL 7m AHD (at the Pacific Highway) to RL
-19m AHD near the river bank.
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5 Geotechnical assessment for route options

5.1 General geotechnical considerations

The information in Table 3 is approximate only and is based on limited
geotechnical information. The following issues should be considered for the
constructability of the bridge foundations and approaches at each of the route
options:

e Thickness of gravels and possible boulders within the river channel and
the extent of these deposits beyond the northern and southern banks. This
could result in problems with soil backfill into pile excavations in uncased
holes and also issues with the driving or boring of deep foundations.

e Thickness and density of alluvial sand deposits within the river channel
and beyond the river banks.

e Thickness of cohesive alluvial deposits beyond the river channel towards
the north and south and extent of peat layers/pockets which will decay
over time and will result in associated settlement. They also provide
negligible shaft resistance for deep foundations.

e Thickness of weathered bedrock (if present) and uniformity of bedrock
including strength of bedrock. Pile construction may be more difficult if
rock is encountered at a shallower depth or if the rock is more competent
than has been interpreted from the investigation. In this case a larger piling
rig and drilling components may be required.

e Potential ground improvement requirements below proposed approach
embankments due to the presence of any soft alluvial clay deposits;

e Presence of acid sulphate soils.
e Salinity of channel water and groundwater for durability design.

e The extent of river scour that could be associated around potential piers
within the river channel.
5.2 Bridge structures

It is considered that the proposed river crossing structure will require geotechnical
solutions for the following structures:

e Deep foundations for the proposed piers and abutments of the river
crossing bridge and approach viaducts;

e Approach embankment design incorporating slope stability and settlement.

The following geotechnical constraints could be associated with the above
structures based on the review of the geotechnical data.
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5.2.1 Pier foundations

Pier installation costs within the river channel are anticipated to be high in
addition to difficult ground conditions to the north of the river channel in the form
of boulder obstructions within thicker granular alluvium deposits.

Pier spacing should give consideration to the potential difficulty of constructing
foundation piles through thicker gravel deposits in the northern part of the river
channel.

Generic foundation options for the pier and viaduct localities are discussed below.

Shallow Foundations

Shallow foundations have been considered not to be viable because of the
following:

e Soft and loose alluvial soils on both the northern and southern river banks;
e Scour associated with the river channel.

Piled foundations socketing into the bedrock are considered the most suitable
option for piers located within the river channel and the viaduct structures.

Deep Foundations

It is anticipated that deep piled foundations would be founded in the bedrock.
Optimisation of the pile design by use of the alluvial sand and gravel in shaft
friction may be feasible for the viaduct structures. For the river channel this would
depend on the change in thickness of the deposits across the river channel and
degree of scour anticipated. This may reduce the number of piles required.

The following geotechnical issues are associated with the following piling
methodologies.

Driven Piles

Driven piles (precast concrete piles, H section or tubular steel piles) would be
suitable to achieve the required capacity. These could be used for the viaduct
structures on the southern river bank. However, the presence of boulders within
the alluvial gravel in the river channel may inhibit the required penetration depth.
The verification of the required penetration in relation to the scour depth would be
difficult and post construction scour may reduce the capacity of the piles in the
river channel.

H section piles are used in marine environments and the toe can be strengthened
to allow the pile to punch through thin layers of boulders. However, the H section
piles can deflect along the weak axis and if penetrated into rock, the pile driving
can shatter the rock and degrade the bearing capacity (Tomlinson, 1996).

Hollow tubular steel piles may be driven in conjunction with drilling out the basal
section of the pile prior to successive drives. Construction delay may be
associated with this methodology.

Continuous Flight Auger (CFA) Piles

CFA piles may be a suitable option in the granular alluvium as to avoid the
installation of permanent casing, for example on the southern and northern river
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banks. The boulders that were recorded within the alluvial gravel deposits in the
river channel may prevent the piles being installed to the desired depth for the
river crossing piers. If piles refuse at shallow depths, the required bearing
capacities may not be achieved and scour may reduce the capacity of the piles.

Bored Piles

Large diameter bored piles could be a viable option but the presence of granular
alluvium deposits would necessitate lining of bored piles to avoid shaft collapse.
Lining of the piles by use of permanent casing would be required to allow
formation of the pile within the granular deposits on the southern and northern
river bank areas and partly within the water column in the river channel.

5.2.2 Durability

No information regarding the salinity of the river channel and groundwater was
determined as part of the ground investigations. It is considered that the river
channel may be saline due to the extent of the tidal range and may cause corrosion
and durability issues.

Further information regarding durability will be required to aid foundation design
once a preferred location for an additional crossing is identified.

5.3 Approach embankments

The existing geotechnical information suggests that compressible alluvium is
isolated to lenses of peat and localised very soft to soft areas. It is not anticipated
that settlements will be a significant issue and slope stability will be a function of
the embankment fill material, slope angles and slope heights adopted.

Construction related settlements may also be associated with the loose granular
alluvial deposits identified over the southern river bank flood plain and
predominantly within the northern river bank area.

Future geotechnical investigation for the preferred option will need to address
these issues and determine the need for ground treatment to avoid the need for
lengthy construction staging and avoid potential instability and excessive
settlement.

Construction details of the existing flood levees towards the northern and southern
banks are unknown. Details regarding the construction of the levees would be
valuable if the proposed approach embankments are to incorporate the existing
levees. If the levees were not engineered, issues regarding slope stability and
settlement may occur. This is applicable to all route options. Further investigation
for the preferred option would be required.
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54 Option specific considerations

A high level geotechnical assessment for each of the route options is summarised
below based on the assumed geology presented in Section 4.2.

54.1 Option E
Southern Bridge Approach

On the southern approach to the bridge, a short low approach embankment is
proposed. This will be underlain by a crust of stiff clay and very loose to medium
dense sand deposits.

Minor ground settlement issues will need to be considered in detailed design, but
are not likely to be significant. Short term settlement is likely to occur due to the
very loose sand but this is likely to be driven out during construction. Longer
term settlement may be associated with near surface organic layers and potentially
soft clay lenses/bands.

Bridge

The abutments and piers for the bridge will probably be founded in rock, which is
likely to vary in depth from about RL -15m AHD on the southern bank to about
RL -29.5m AHD on the north bank. No information is present within the river
channel, however a rock level of about RL -23m AHD is anticipated based on
information for Options A and C.

A risk in the form of the thickness and extent of the gravel/cobble deposits and the
rock level will need to be investigated further if Option E is identified as the
preferred option.

Northern Bridge Approach

A short viaduct and minor earthworks are proposed on the north side of the river.
The ground conditions in this area comprise the thickest layer of sand/gravel and
deepest bedrock of any route option.

The short section of viaduct may require piled foundations due to the presence of
loose granular deposits. The piers for this viaduct could be founded within the
gravels or, depending on loading, could be founded in the rock.

54.2 Option A
Southern Bridge Approach

The southern bridge approach will likely be at grade and underlain by residual soil
and rock. The bridge abutment could be founded on shallow footings or short
piles.

Bridge

The piers for the bridge will require piled foundations. Gravel with cobbled sized
material increases in thickness across the river from south to north and in addition,
the rock level drops. Cased bored piles (potentially large diameter) would be a
suitable option due to the gravel/cobble deposits. The maximum rock level is
anticipated to be RL -23m AHD.
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Northern Bridge Approach

On the northern bank it is assumed that the gravel/cobble layer is continuous. In
addition it is assumed that predominantly granular (sand) deposits could be
encountered.

A small viaduct is proposed for the approach and the piers would be founded
within gravel or, depending on loading, could be founded in the rock.

54.3 Option C
Southern Bridge Approach

The bridge approach and connection to the Pacific Highway is proposed to be
formed on embankment and viaduct, which will be underlain by about 14m of
stiff clay above the bedrock. Consolidation settlement of the stiff clay is likely to
be minor and manageable.

For the short viaduct, piers may be constructed on piles founded in rock at
approximately RL -15m AHD. Shorter piles may be suitable depending on the
design loadings of the viaduct.

Bridge

The piers and abutments for the bridge will require piled foundations probably
founded in rock. The rock is anticipated to be at about RL-23m AHD and may
increase with depth to the north. Gravel with cobbles increases in thickness
toward the north. Cased bored piles (potentially large diameter) would be a
suitable option due to the gravel/cobble deposits.

Northern Bridge Approach

It is anticipated that the gravel and cobble layer continues under the northern
approach and that granular (sand) deposits are dominant.

A small viaduct is proposed for the approach and the piers could be founded
within the gravels or, depending on loading, could be founded in the rock.

54.4 Option 11
Southern Bridge Approach

This bridge approach will comprise a high embankment over half of the length
and the remaining half, towards the river, will be supported on viaduct.

The rock level drops from near surface at the Pacific Highway, to between RL -
13m and -18m AHD near the river bank. The alluvial deposits over the southern
approach are anticipated to comprise an upper layer of stiff clay with localised
soft bands that overlie medium dense sands and gravels with depth.

Ground settlement beneath the embankment may be an issue and will need to be
considered in the detailed investigation and design. However, any issues are
likely to be manageable.
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It is likely that the viaduct structure will require piles founded in the rock at
approximately RL -12m to -18m AHD. Shorter piles founding within gravels may
be suitable depending on the design loading of the viaduct.

There is a higher risk of acid sulphate soils on the southern bank as compared to
other route options.

Bridge

There is no information on the ground conditions within the river, but it is
anticipated that conditions will be similar to those at Option C. The bridge will
need to be supported on piles probably founded in rock. It is anticipated that the
rock level across the river channel varies between about RL -18m to -20m AHD.
A risk in the form of the thickness and extent of the gravel/cobble deposits and the
rock level will need to be investigated further if Option 11 is identified as the
preferred option.

Northern Bridge Approach

A short high embankment is proposed for the northern approach. A Imto 1.5m
thick layer of soft clay may be present at the ground surface that overlies very
loose to medium dense sand with depth. Dense gravels are anticipated to overlie
the bedrock at RL -20m AHD.

The soft clay may need to be removed to avoid excessive settlement. Construction
related settlements associated with the loose granular material may occur during
construction.

5.4.5 Option 14 and Option 15
Southern Bridge Approach

A high embankment and viaduct structure is proposed over the southern approach
for both options.

The rock level varies from ground level at the Pacific Highway dropping to RL -
19m AHD near the river bank. The alluvial deposits comprise up to 10m of soft to
firm clays, overlying dense gravels that overlie the bedrock.

Ground settlement beneath the embankment associated with the soft clay is likely
to be an issue and will need to be considered in the detailed investigation and
design. Some ground improvement may be required. However, any issues are
likely to be manageable.

The viaduct over the floodplain will require piles probably founded in the rock.
The rock level varies under the viaduct from about RL -12m to -20m AHD. The
piles could be founded in the gravel layers depending on the viaduct loading.

Bridge

There is no information on the ground conditions within the river, but it
anticipated that conditions will be similar to those at Option C. The bridge will
need to be supported on piles probably founded in rock. It is anticipated that the
rock level across the river channel varies between about RL -18m to -20m AHD.
A risk in the form of the thickness and extent of the gravel/cobble deposits and the
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rock level will need to be investigated further if Option 14 or Option 15 is
identified as the preferred option.

Northern Bridge Approach

For both options, the northern approach is in the form of a small viaduct grading
into minor earthworks. For each option further embankments are proposed that are
associated with new roads and creek crossing upgrades.

Soft to firm clay is present at the ground surface overlying very loose granular
material, which become dense with depth. Gravels were found to overlie the
bedrock.

It is anticipated that the viaduct structure will require piled foundations bearing
onto the bedrock at RL -20m AHD or within the gravel.

Embankment settlements associated with the soft clay will need to be considered
at detailed investigation and design. This soft material may need to be improved if
either of these options are identified as the preferred option. Construction related
settlements may also be associated with the loose granular materials underlying
the clay.
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6 Conclusions

6.1 Preliminary piled foundation lengths

It is anticipated that piled foundations will be required for the river crossing piers
and the approach viaducts associated with each of the route options.

To provide a costing comparison between the route options, bored piled
foundations should be assumed for the river crossing and approach viaducts at this
stage. There may be scope on the southern river bank to utilise alternative piling
methods for the viaducts such as driven piles. This would need verification once a
preferred option is chosen.

The approximate reduced level (m AHD) for the pile toe for each option, for the
approach viaducts and river crossing is shown in Table 4.

Table 4 Approximate pile toe reduced level (m AHD) for the route options

Route Option Southern approach | River crossing piers Northern approach
viaduct viaduct
E -18 -18 to -33 -33
A +5to-18 -18 to -26 -26
C -18 -18 to -26 -26
11 -15 to -21 -21to0-23 N/A
14,15 -15t0-23 -23 -23

Note: An increase in bedrock depth occurs progressively from south to north across each route option

It should be noted that the pile toe levels presented in Table 4 incorporate the following
assumptions:

e The pile toe level incorporates an assumed 3m rock socket, i.e. the pile
will be embedded 3m into the bedrock.

e The pile size and length will be reviewed once bridge loading and design
refinements are undertaken for the preferred option.

e The pile toe levels are indicative and are subject to further geotechnical
investigation to confirm the ground conditions assumed once a preferred
location is identified.
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6.2 Approach embankment considerations

Table 5 summarises the geotechnical considerations associated with the approach
embankments for each of the options.

Table 5 Approach embankment considerations

Route Option Geotechnical considerations
E No significant issues

A No significant issues

C Southern Bridge Approach

Minor long term settlement associated with localised soft/organic
bands/lenses, which can be managed.

Northern Bridge Approach
No significant issues

11 Southern Bridge Approach

May have long term settlement issues associated with localised soft
bands/lenses, which will need to be managed.

Northern Bridge Approach
Minor settlement associated with soft soils, which can be managed.

14/15 Southern Bridge Approach

Long term settlement associated with soft to firm clay is likely to be an
issue and will need to be addressed during detailed investigation and
design. Ground improvement may be required.

Northern Bridge Approach

Long term settlement associated with soft clay is likely to be an issue
and will need to be addressed during detailed investigation and design.
Ground improvement may be required.
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- NEW BRIDGE OVER CLARENCE RIVER AT GRAFTON. -

GEOTECHNICAL INVESTIGATION AT CONCEPT STAGE.
Report No G3510

INTRODUCTION

This report presents the results of an initial geotechnical investigation, at concept
stage, for the route selection of a proposed new bridge over the Clarence River at
Grafton. The locations for the investigation were chosen to give a wide perspective on
the possible foundation conditions that can be expected when the actual bridge

location is chosen. The work was requested by Mr Peter Black, Project Manager,
Operations.

GEOLOGY

Reference to the 1:250 000 Metallogenic Series Sheet for Grafton ~ Maclean shows
the area of interest to be underlain by undifferentiated Quaternary alluvial sediments
overlying rocks of the Grafton Formation of late J urassic age. These are described as;
interbedded sandstone, clayey siltstone, claystone and minor coal. The presence of
brick pits in these rocks close to Grafton is noted.

FIELDWORK

One borehole was drilled at each of four locations on the banks of the Clarence River.
Borehole 1 was drilled on the left bank of the river close to the existing bridge. The
other three boreholes were drilled on the right bank. Coordinates and levels of the
boreholes are given in Table 1 below. The boreholes were drilled by Craig Pullman
Site Investigation Pty Ltd, using a truck mounted Jackro Drilling rig for Borehole 2
and a P160 drilling rig for the other boreholes, The boreholes were started using a
continuous flight auger and continued using a rock roller with water and polymer
flush. Standard penetration tests were done, generally at intervals of 1.5m unless
otherwise indicated. (See the log for Borehole 3.) 50mm diameter tube samples were
taken in some of the clays encountered. The rock was cored only in Borehole 2 using
NMLC equipment. ‘

Table 1: Coordinates and Levels of Boreholes

BH No | Eastings | Northings RL

R 496234.2 6717162.8 5.8

495613.6 6715388.3 5.9

2
3 494311.0 6714884.0 1.7
4 493099.9 67145275 1.7
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RESULTS ’

Borehole 1 encountered very stiff silty sandy clay with some stiff and firm material
with peat over hard silty clay. From a depth of 16m, the material becomes
progressively more sandy and has a lower cohesive strength. A very dense sandy silty
gravel was encountered below 20m depth. A material thought to be siltstone was
encountered below 27.2m.

Borehole 2 encountered a clayey and silty sand close to the surface and then clayey
silt and silty clay, some of which was very soft or firm. Loose silty sand was
encountered below 12.6m and very dense sandy gravel below 15.8m. Medium
strength sandstone was encountered below 23.6m. This was found to be interbedded
with siltstones and laminite. The borehole was cored to almost 30m.

Borehole 3 encountered firm silty clay at the surface. There was a gradational change
from 1.7m to 2.65m below which was found loose sand with some gravely,sand.
Medium dense gravely sand was encountered below 9.5m and sandy gravel below
11.9m. Standard penetration testing was discontinued in this borehole to enable
completion of the investigation within the allotted time frame. An indication of the
density of the gravels may be obtained from the column in the logs, which describes
the drilling penetration. Sandstone was encountered below 20.7m

Borehole 4 encountered 0.7m of fill over very soft silty clay to a depth of 5.2m. Loose
silty sand was encountered below this. At the base of this layer, the material became
medium dense, and a dense to very dense sandy gravel was encountered below 10.6m.

~ This borehole was terminated on instruction at 11.5m in the gravel.

A description of the materials encountered in the boreholes and the results of the
standard penetration tests are given on the borehole log sheets. These, to gether with a
photograph of the core from Borehole 2 and an explanatory sheet, are given in
Appendix A.

DISCUSSION

From the results of the investigation it is considered that driven piles would be -
required at all the sites investigated. The nature of the piles and the depth of
embedment will depend on the chosen bridge design. It is probable that the gravels
above the rock would be of sufficient density to support the piles. This should be
reassessed at the time of the actual design of the bridge at the chosen location.
However, if required, bored piles to bedrock may be considered to provide a higher
load bearing capacity. The design loading of the bridge will therefore dictate the type
of pile that will be used. Whatever type of pile is chosen, the presence of clays that
could settle under the weight of the approach embankment (see below) could be a
source of negative skin friction and may require that the embankment materials be
placed before the construction of the piles.
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. Most of e borcholes encountered very soft to firm cluys and silty clays above the
gravels. These will be a sourge of settiement in the approach embankments and should
be thorouphly investigated for both scttlement characteristics and siahility
implicutions ofice the alignment of the hridge has been chosen.

’,f ) ‘Tfj_-t ___,_:) cF_._Q\
Manager Gentechnical Investipgation

26 Qutaber 2000 ) -
: 7 fﬁf A

Manager Geutechnical Engineering

Reviewad by:
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EXFLANATORY NOTES - DRILL & EXCAVATION LOGS
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“Muaicrial Descriptive - b acoontance with AS 1726.1993, Appemlix

A

Moisiure {ondiion

Dry. looks and feals dry
Muist, No freo water on temoulding

Mo eme barrg|

Dellllay; FlubdWatee
I drilhng f1nid used is ddentified and b of relws o the surfbee
Exbimated px o PCICEnLIg:.

Deilting Fopgpratim i 1septh

e lifig ane identi ficd by a tine and depih with core loss FEC mam as a
percintage. Fave of peneuntion fn non-core deilting 5 ablecviated e
follows:

. .
"| Very Eagy
FEazy
I‘I ul
. . Iirm .
vt os '  layd
AT ' '
SN Very Iard
fizountwnter Lyveys
Eite of mesyuroumat 12 shown.
5 5
= Standing water lovel meadtied in
wrmipleed boichple
¥

Level tiken tharing o rmwAliniely
aten killing

Wat, fres water on remoulding

Censlsiensy - In accortancn with AS 1724-]090), Appendia AR 5

<25k
7Yy - 30kPa

50- 100kPa

100 - 200kl
(2K - 400k
= 4U0KPa

Ak Very SUlY
{j Harl

Slengih figuree quited ace the approwimate waags of Unconlined
Cewopressi v Strengih fie cach clas.

Dottty Index. (%) bs estimnted o is based on SPT resulls, APRIL Al
N Yalue carclation is showa in right culemn,

o Very Loose o [5% 0-4
Loose 15-35% (4-10 |
Medium Idonse | 35 - 645% 1o - 30

| 1enge 65-85% | 30- 50
Vory Dense | » 85% | =50




MATERIAL DESCRIFIIGN H{I(CK
IS BIER BTN ATt

Blewhifaeadion ol wech Dypey, Somparalion amd Teadmee e oy visial
featweey fncmeindaaes widh AS VG T90T 0 A ppadin A3 ALY and
Tuables Adea, Adaly anet AT

ore )y

15 shicewnn at the bonrain of the run e othicrwite ndicaged

Bedding:

_"'L__ :i)s.scnpimn. T Sl‘mlfi'rl'g (i
Thinly Laminaled <)
Laminated 6-20
Very Thinly Beddel 20 -60
Thnly Bedded Bl - 2K
Medium Bedded 200 - QLK)
Thickiy Bedded GiK - 2000

Yery Thickly Bedded = AHMH)

Wearleeming - Mivddislinetion is mage bebween weath&ing and aligyation
Woathering classification assisis an wenodicating ut does pol imply
cnpincennyg propenees.

| Rock substance undlccted by
weathoting

3 Rock substance parlly stained
or diseoloured.  Colonr and
fusture ol fresh rock
recapnigable.

Staining  w discolonration
of extencds  throughour  aock
w 'l substance,  Fesh rock colour
nal recognisabile.

Stained L discolovred
thraughaut. Bigns of chemical
or physical alteeation.  Ruck
ll:x_{.uru rilafned,

A Kack  oxiere  ovident  but
omaterial hag  sou moparlies

and i ba regpnulded,

Srecapeh - The toelliewing terms are psed to deseribed ooch suenptle

TS qz;,:,:(; -*:i»a 4,;1:&;;4:1 T
;&'-m .ﬂe@é’m ik [M;r' i :‘d ML*':‘:: 5
Exnemely Low | Hl ) . D.D]

Very Low YL 00310 0.1

dow L. 0.1t20.0 |
Medium M Bl

High 0 Lt )
Very Iligh VH fAwn .
Hilremety High | I'H N =0 _ _‘

Srrengihs e gsnmarad sl whioe possible suppored Gy Poine
Lrmd Indey “Testing, of representanve swenples. Taxt srarls are placd on
that praphical dsimiited stEengih by liing,

" It el Paant Load Teat

= AxiaT I'mint Laad e

Wihere (he eonnnaed strength Mg coeers i han one inge i bndic,e
il ok el siitics Letween (he Hinit shovn,

MATVERIALS STRUCTURPEIFEATUTURES

ROKK

Naiueat Fravgara Spacing - & plot of average fracturs spacing ¢acluding
defeet known or suspected ke be due inahilling, cure Isvadn s or testing,

Viival Log - A diangmmmalic plot af defects skawing B, spacing and
miEauon i eelation D vere axin Clamed defiets e shown A% dash
lenes:

Addutional Date - Peviriptiva of odividha! defots by Lepe, arienlanisg
wi-lilling, shape and roughness in acceidmivie with A% 14 26-190
Appundi: ACTahle MO, pengs aned Frgane A2

E‘?ﬁ#" ﬂ'cﬁurf BF Beedding Farting T
paiipladd T b

Tty 1| 5M Seam

:1‘ i Lo FZX Lirsiiinre Prne

i 57 Sheie Zone

ﬂ: g VH Vein

. ,.":_ : il L Foliatioi

-&i: il 1| L Cleavape

Cleay

o laac cows
Clay

Chiorine

Caluaie

hion Oxide

Quariy

Sccumluy Mincral
Hnidentiliad Minaeal
Planar

Cuiryed

Undulusz

Steppad

Ireeglar
[izegnuiiues
Palished
Slickensided
Emuath

Barigh

Vury Ruugh

SOIL

Siractures « Vassunng and othey delears are dasydbed in 4000
AS 1726-1991, Appendiz A2S, using the wernaiotogy for g

Origén « Where practicable an daevment is provided B
adigin af the woi), cg Al topzoil, alloviv, sulluvium, “-‘I



I RTA TEGHNICAL SERVICES NORTHERMN :I:;r GE1
P A A
EXCAVATION - GEOLOGICAL LOG hoo  Fds
l SHEET 1 OF 2
PROUECT! Girulton Bridgo Uuplicntian Renllgnment Cptions o "
{ DCATION: SURFACC CLEVATION:
EQUIPMENT TYFE: Vonlorn 993 ROSITION.
METHODD: DACKHOE DATEC OF EXCAVATION: 1¥/8/03
_EKCAVATIOI.\I DIMENSIONS; O.45m wide, 3.7 lang L
- CLASLIFIGATION DYMBOLE AND itHL -
% ﬁ ﬁ HOTES, BUECRIPTION é [
x | X SAMPLED. = Baieed tnh Uniims ClnaaRznriod Syatuin T ; SINUCTURE &
] E L T s d hg] é Y] GEHLI QLS ATIING
ﬂ g g¥ e E MATERIAL Uiz ScaniTIan o 5 | 5
@l 58 £3 _ _ 5| gk £
& S4IL TYPT, PLASTICITY OR FANIK: L 2 0
T 2 a3 o CHAAT LI T, C00 AN, SECSHOARY AND o [
| MINLILA! CXIMEINENTS ]
Clayey SILT - light grery-brown, Iow D& | L | TOPSOIL and GHAGS
015 plosticity M
I s | e —— —
" Sty CLAY/Claysy SILT -- gray-brown, low | OL M H | ALLUVIAL AIVER GILT
GB1A plasticiy ) Trase Chrrcoal
CL
HP: 4004 Kpn
o.h h .
- 0.5 '
Z =
-1
=y B
2.0
-2 0 VST | HP: 300 to d00Kpa
GCo1B
P
<4,9- | - 8% abova dwsept lighl oranga brown, low VST | HP; 200 to 300K P
plasticity
B _'“‘llm- L= éu O Gm& e ——— WA E ] L
FEGHT . 1 - Dindwinr WAL IS TLIN 1S IENCY 7 IULATIVG DORSITY
PHOTC) - RN T [ REAVATION
GRAPHS . YES I:I NG 1= Eidy 2 . Mixioroly 3 = Hard - Dry V4= Vory Soll V3T = Vory Enll L= Lmdd
o M = Maigi O Doy H — Houd M= Mosdorably ey
-0 Wata: Inlan ] Waler Cutham | W 2 0 F - Firm Fi - | foblo Li - Dwnan
_'E. o : . . . BT =t L VL Murp L W — Yy Bura
—aED:DAVID GReTH DESIGNATION: SGIENTIFIG OFFIGER CHLCCKEIY DAVID GROTH




RTA TEGHNICAL SERVICES NORTHERN | T GBI
EXCAVATION - GEOLOGICAL LOG 495 e

SHCET @ GF P |

FROJECT Grafion Bridgu Duplication Henliqrmont Ophions
LOCATION, SURFACE ELEVATION.
EOUIPMENT TYFE: Vonior 923 POSIMON;

METHOD: BACKHOE DATE OF EXCAVATICN. 174403
EXCAVATION DIMENSIONS: 0.45m widg, 3.7 lung

CLASSIFEZATHN S ML 55 AMME SOIL
MO NESCAIRTION
Bamp ki, Bagur pn Yneliad S84 enlion Syatom

SIHUCTUNE K
BN, L
Erd. 5

OTHER DS IVATHIMG
WMATEfUM BrSCRIPTION

HUL TYPE, PLASVICT Y O PARTICLE
CHARAGTI TISTIC, COLOUWR, S51COHDANY AND
MIMCAL DOMPOMLMTS

EASE CF
SRV AT
ELPPIAT
GECUO WATER
LEVELS
WETRES)
LASE T
STwam
MCATCUAE
SNSIETERCY
FELSETVE CoEM S

a0 APFD oL | mTvsT

o
GBIC L

3.4

=1.Ex

il
T

40
A0 e e —— e -
Silty CTAY — grey mottied orange. madium | G M | V51 | HPF; 200 0 J00KRa
GBID planticity
4.3
. Tosl Pit endz at 4.3m (LImit of Resch)
-4 5
-5.0-
5.
I-l.lr\_._ .
PHO ' '=UF;LPGHT JFFORT = 1 - linfwdng MOISTUAE CLNBIS TERGY f HELATIVE PLRETTT '
A CAVATE W
TGGMP“E . TES D NO I‘in’ Enw 2. Mederile J-1tami | | B-Dry VI Wurylolt VST =Wy Sl I = Libp3h
M Mol - Goh H - Hamd MM = Madarardly Dende
wnmr infow =l -rater Outigw | ¥ - Wl ¥ —m FB = FHAu L. L
Y l'.“!-_(_b. , i ST . G Wl =WerpLoose VD viery Dandd
- MREGED, DAYT ¢ GHUTH '

I DESIGMNATION, SCIEMTINIC OFFIGEH GHECKED: DAVID GHOTH

T
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EXCAVATION - GEOLOGICAL LOG ' OB waoest |

EHEET 2 OF 2

PROJECT. Graton Hrldge Duplisation Realignment Opticna !

LOCATION: SUAFACE ELCYATION;
EQUIPMENT TYPE: Voniur 52 FOSITION:
METHOD: BAIIKHOE DATE OF EXCAVATION; 17/9/03
EXCAVATION DIMENSIONS: 0.45{31 widy, 3.Hm gng L
- CLANSIFIGATION SYMINIL % AND 0L £
L E W NOTES, D SCRIPTION é -
= =| 3 SAMPLES, Buzed & UniNod Quasiicanon Syxinm 3 STHULTUNR &
w 8 nsrs : iy 5g gﬁ g CTHER OBSCHVATIONG
4] 5 Cie. ' WATERIAL BRSCRIPTICH . & w
f : 528 g8
! SN TYPE, PLASTICITY (N PANTICLE z X
1 7 9 [ CHARACTLINSTIC, COUDURA, SEATINDARY AND < ui
WINL AL COMPOMENTS T
l . | AFD GH | W F
N e ——— —— _H_P'...ETEE_OE____
GR2E CLAY o divk gray with yollow and red | GH W V5 | Clay nppoars o havo
| . -4.5- | mottias, Righ plaslicity oS | EW ok structurs, und
= Appears leguied.
5.8
I HE; 10 te SOKFa
I 3.0
. w_(J HP: 30 o 70KPa
' GRYF
J 4,95
Tusl Fit onds a1 4.35em (Limit of Reach) Test PR n-1itod with
=1.5.

wntar, Sanding walur
loval nl a doplh of J.d4m.

o504

5 K.

| ; -J-LJ..,.,J.,J I

T EUPRAAT = T = Tirden
h Frorocrarie [ ves | | no A5k OF EXCRATION
1 —Capy 7 - Modarats 3= ho Do Liry VEuVary il VAT Vusy SHN L -1 nneg
WATE R ’ M Moial 3 - Buk H = Hprg ML - Modomtaly Txagn
| —_ == Walar intine A Waret Outiow | W= Wl -BIT_ Em r;;-:fnum- n- ::oﬂn?m
o | Qﬁ_—_.' == . . _Bf__ @ = Wy Loaaw VIR - Vary Danpg
‘.. _E‘:—E’E-WID GACOTH DESIGNATION: SCIENTIFIC OFFIGCR CHEGKED: bAVIR GRATH

MOISTORE

a f— [R—
COMEITL R T4 AT ATIVE CENEITY










RTA TECHNICAL SERVICES NORTHERN T GBI
EXCAVATION - GEOLOGICAL L.OG o, 'Laeess
SHEET 1 GF 2
PROJECT: Gailan Bridie Duplinilion Aealignmeant Optians. ' '
LOGATION: SURFACE ELEVATION:
EQUIFMENT TYPE: Vanlari 423 FOSITION:
METHOD: DACKHOE DATL OF EXCAVATION: 17/8/03
EXCAVATION DIMENSIONS; 0,451 wido, 4,0m long
= - = T r— . T ™ Rl ———
- S1ASSIFICALION SYMBOLE AND 501U E
wd E MOTEE. CLAIPTION ﬁ L
uE | %] FAMPLES, i Hangd o Umifiéd Inasifcalion Spatam & S STRAUCTURE &
I%' = X a x| Lt gﬁ L w CTHE R OSCAVATIONS
g i L 5 E MATERIAL BESCIIETIN 13 E E E | P
d >
w g FAIL TYPE, 'LASTICITY OH PEATICLE ? 15 F‘;%
3 CHANACTERIGTIC, G QUR, BECOMIARY ANG ' il
MINERAL COMPONEHTS w
Iranstone GRAVEL - orange-brown, none - Dta L | TOPSCIL nnd Rond
- | plastic, ronstene raval and Sobbles to M Graval
0.18 0.8 _‘I_D[lr'!m_{qﬂ _____ _ _ Gr.‘!:r.__m_nlia_ngl_!brus_
GR3A Sty GLAY — dinrk grey-tirowm, low te CL | M | H | RootPlbres and
ALY mediym plasticily, traca fin to madium [ Charcoal
graval ci )
Jbao HP: 4UD4KPa
-0.f
.
SOTE S —r——— - — S —— —————
Silty GLAY — brown, madium plasticity o] M H [ ALLUMIURM
GOz
ABS 2 HIF: 400y KFa
e L ] e v
CLAY . brown mottiod arange, modiym ta | &) M H | Contains Charoog)
high pinsticity ti>
GEB3c “H HPF: doo vk Fa
ASS 3
1.3
-1.5-
‘ra = I Rl e — —— el R T Tk T S — E— Y e —— i —— — — ey s w— — — — ] — —
Slity GLAY — griry motitad orangn, madium | @1 | Mo | VAT | HP 200 10 300KP:
i high piagtizity, truce fe grave! ta w :
{3H3D ] Home pachots qf FW
ASKL 4 rock ragments
a3, -
421 |
|24
» light gray emotfed arange 5T | HP: 100 to 130K Fa
AK3 S -2.6.
NEX:
- w
-u.:_.=_J_=_ T N S s " . ——%F-_u- —__—
UeFONT = 1w limbaddny MGISTUAE GBS TN ¥ HECATIVE DLIZATY
HAPHE . YES D WO | EMRE UF EXCAVATICH
s | -Fndy & Meodorate A - Had O oLy ¥i—Vary Boh VEY = Yery Sl t— Ll
WA T M=Moim - 8oh H - Hury WU — Mo wralely Danea
= waiar iiowe o -walar Onrdow | W - Wi I =Fim I'tl - Frinbiy 3 — Dgnac
i — ; - 21t oL Vaey Looes Y Vady Usnns
VI GRGT DESIANATION; BCICNTIC GREGER *HECKED: LAVID GROTH
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- T T o~ " JCJi:! H/AunG:
EXCAVATION - GEOLOGICAL LO Jo
EHEET 7 OF 2
" PRQJLECT: GaHen Dridge Uuplicnlion anllgnn"mnl Lynlions - T
LOGATION: SUAFACE ELCYATION:
ECQUIPMENT YYPE: Vaniorl B3 POSITION:
METHGD: EACI‘(H_CJE DATE OF EXCAYATION: 17/9/03
EXCAVATION DIMENSIONS: 0.45m wide, 4 .0m kong
L — i : Tr—
r " RLATRIF I ATION SYMBD L3 AND 3010
5 ki WQTES, OF SCIPTION £
:-'-‘ = | = SMNAPLEE, & Daood an Unibm! Lacs heakion System = -y F‘ S ITHER TLTI &
& ' .kﬁ TosTs. | Tl EQ ;5 ) OTHLN SRSERVATIONS
g % T E E MATERIAL Di S3HIR T ION 2 g iy
=
alg” 2 504, TYRE, FLASTIGITY DR PARTICLE Eﬁ EY g"
_— Eﬂ CHAIAL T UST G, 104 QYN SECORDARY AND n a
* BN AL BOIMOINDHTS m
e . [APD Cr | W | or
tu
(¥}
el 92 b—eivew ] 4 1 ___
Sondy CLAY - light grey moHind crangn | I W V5 | HP 20t 6DKPa
ABE 6 it Thrve diizee gravel, high plasticity BF |.
4 Clay appuars tn havi
EW formugincus pockpts
mr "3-5'
= Strong wubtr inflow
an
ASL 7
3 (-
4.1 —

Toat Mit ands at 4.90m {Litit of Reach) Toui Pil it-tilled with
walor, Swoding walor
level at o deplh of S.6em.

=] =
o5
% -

"':' EL TN W S
2 QARAPIIZ . YES D MO

!‘;LIf"r‘UT‘l:r_—.:T_-Irﬁﬂ;;r:inp T s

LA QF [ XCAYATION

1 Enny & — Weadamla 1- Hond D= Dy

WATEH M — Mniaf
= W Inkow ~ll-valor Cuinaw | W - el

DESIGNATION; BRIENTIFIC QFFIZER

EOMIISTENY / AFT ATIVE DEMGHTY

Vnldary Ban  ¥31 - vary SuH L - Loung
= Gait H - Ham MO - Hadirandy Gonso
b =1im Ely = Frnbin Iy =Dunnu

aT - 5 WL = iy Ltk WO = Yy Dunde

CHECKED: DAVIND GADTH

ot










RTA TECHNICAL SERVICES NORTHERN T GBA|
EXCAVATION - GEOLOGICAL LOG o hiobsg
SHEET 1 OF 2 |
80 ECT: (aeatton Riidge Ouplicatian Heallgnment Ophions ™
SURFACE ELEVATION;
|PMENT TYPE; Voo 523 POSITION:
FTHOD: BAGKHOE DATE QF EXCAVATION: 17/8/03
{ AVATION DIMENSIONS: 0.45m whiie, 3.8m lang
- " il - o —
CLAGSTITATION 3YMEQLS AN SOIL :
DCCAIPTION = E
EAMPLL 5, w Baawdd on [iihea CTRasitCiilon Syxism E E E 2 &TAUCTURL &
E E MATEHIAL DESCHTION Eg g ] F ; FTHER CRSERVATIGNS
e 56, TYPF, PLASTICH Y (1 PARTHA,C | 23 4
EHAMAL I RIGTIC, COUOUR. ECONUANY AND a.
MM HA, COMPORENTS L'
Clayoy SILT - gray, low plaslicity » [t | L | TOPSUIL and Grass
. M
oz F————- e —————— —_—t e ————
Clayuy SIET = groy, law plaaticily - Din | M | Secondiry Soll Horzon
ool Froras
04 e Y — ——— v I———————l—————
CLAY — durk yray mattod orangs, high | GH M ET { ALLLVIUM
.5 | plaatciy Ruot e ihroughow
HP! 150 to 200 KP4
OB
1.0
12 b ... - ——— ] e S
GLAY — gray tnotied orangp brown, high | CH | W | Fta | HP: B8 12 150KPa
plagticiy 8T
Hama pockats af EW
rack franmonta
-1.5 F | HP; HOKPa
=20 | CLAY — dark qroy motlled orange, high | GH | W | VS | HP: 1oKpa
plusticity Plt walls collupsing
.2-5. _____ T ML N N S e e e e e e e e T R e e e e e e e e e ey e e e e e e e 17 -
CLAY -- light gray motted red und ormngs, | GH ¥y ST | HP: 120 1o 1HOKpR
high ramsticly
Giypgum grystala in oy
matrdx
AEESH) . 1 =Yirkedn WYL T TONTLTE MY ¢ BE| ATIVE DERSITT =
[_ NO EN UF EXUAYATHEN
1=Fany 7= Modarats 3 - Haml L Lty VE-Vory ot VET - Vory B8 L = | nana
WATER M — Mol & - Lun H- pang MWD - Moduritely Bonaa
e Wtar iInfgw Wl Watur Dulliow | W W F -k I =1 finbdn 1 = Py
1 - _ LT =TSN ML Yy Losse V2 — Yery Donge
NESIGHATION: SCIENTIFIG QFFIGER CHECKCD: DAVID GROTH
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EXCAVATION - GEOLOGICAL LOG e FADBSE
SHEET 2 OF
PRUJECT. Geatton Bridgn Tuphcation Reelignmont Gptians
LOCATION: SURFACGE ELEVATION:
EQUIPMENT TYPEL: Von|nn 923 PFGSITION:
METHOD: DACKHOE DATE OF EXCAVATION: 17/9/00
| EXCAVATION DIMENSIONS: 0.46m widy, 3.6m tong i . J
CLATTIFICATION SYMAQLE AL 34w
MOTES, LELEAITION E E
SAMPLEE, Boned on U dflud (Ransificaiion Syseom e wx | STAUCTURL A
TE3T3, TE 3 u lﬁ T 1 CHL TWATIOHT
ETC. !;_ MATERIAL GESCRIRTIOM - E i
' - BOdL TYL, 1M ASTICITY OR PAR ICLE ? 5
CHARALTERIL | IC, GOLAUN, REZOHDARY AND o fr
HIMEHAL LXIMMONEMTS =
b AP.D. -
3.1 [ T . e e e ——— - e e e —
Sipndy SHty GLAY — light groy matisd | G | Mo | VST | WE: 200 to S00KHPn
oranga, fine grained sand W
3.0 35 Emem————— e —————— e ————— —
CLAY - light grey molfed red-orangn, with | &1 | Mta | BT | HP: 165 w 200KEa
ABE & ;
finu grained aand W
3.7 o T S S N
Siudy Sity CLAY — oranga-brown and | CI W 2T | REZIDUALT
grey, medium to high peaticly
HF: 120 {0 170KPa
.0
4.0
GRLD
A5S 4
-4,5-
4.5
Tedt Pit unds ot 4,55m {LLimit of Ruach) Test Pit in-filted with
witar and eollapaod
walla,
5,0«
wfi G
[ ITEONT T w Ty, ] WO~ [ CTGH TENGY 2 HECAT w DT
| TFALE GF EACAVA LIUN
1 -Loay % — Modomin 23— Harg L -l Y- Vury Bult VET — Wary SR 1 =100
WATLTL e ] "= ST H - Hard MD - Waderatily Canas
'h'w-tnr rafow sl-watar Gumgw | W - F o Fhm FD - FloaDse O+ Laiaa
. . KT - nin W= Wary Lagne V0 =Yy Tinae
DESKINATION: SCIENTIFIC OFFICER CHEUKED DAVID ¢2RTH
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a0

LQCATION;
EQILIFMENT TYPE. Yenion 523
METHQD: HAGKHOE

TFROJEGT: CGiralion Bridqu Doplicntiom Rentgnmen Oplans

| EXCAYATION DIMENSIONS: 0.45m wide, 4.0 long

ERNM
EXCAVATION - GEOLDGICAL LOG

L —p—
. ...."_'?-_G B3
JGB  hvdeoss

Mo.
SHEET 1 OF 7 |

SURFAGE ELCYATION:
PRSITION,
OATE OF EXCAVATION: 17/9/03

N

il 45 | g
= [
EE 5 éq ETis 1;

I

GLATZIFICATION SyMIN G AND 301
DESCHN TitiH
Raxmd on Linthey Cladaiicmbign Sysigm

WATIIIAL DESCAIPTION
A0 TYDPC, PLAATICITY (IR PARTIOLE

CHARACTERIBTIC, COLOUN, 57" CONDARY AND
MIERAAL COMUONTNTS

o7

1.65

~Z.0a

-2.5-

.20

2.5-

«1.0a

===l+ll L
[ HUPOAT - T Twﬁ' g MOISTURT
LA OF AYAL

Clayay SILT - Hgh! gray-beowt, low
plasticity

Clayay SILT 7 Sy CLAY - dark brown,
low to maodium plaatizity

Sty CLAY = dnk biown, modum
plustlcily
Gilly CLAY orarge-brown,  medium
plicity

ST TURE &
GTHL I QIR RYATICNG

STRIOL
OEMAITT

== e ]

MM EE

CLAES RCATIN
OO SEET EMCY

RELATTY

D L | TOPSOI
Qraus ronts nnd rool
R . fibrom
Gl | Do | VST | ALILLYILIM
M HP: 200 to 300 KPR
o] M ST | L 100 10 120KPa
Charcoul and roct fipbres
) M ST | HP 100Kpa
Traco root fbros
VET | Hf* 340 14 370Kpa

HF; 300Kpa

HP: 200K Pa

1 =EChany 7 =kindarag 3 Hung G- Dry
WATI N M —Mgln
Wit kriow - wpiar Outlom | W - Wai

Ctigis [ENCT 7 NLCA HRETIEaITY ]

M - Varg laall  WIRT - Wiy Ui L - Luaso
3 - 5o H—lard MO — WodoraTely Looo
I —fFwm FBy ) rlolia 13— [anga

BT« N VL = Vary Lopan WD = Vary Donan

CHECGKED: DAVID GHOTH

| DESIEMATION: SCIENTIENG OFFSER
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EXCAVATION - GEOLOGIGAL LOG e TVA0638
"SHEET 2 DF 2 |
[PROJECT: Grattan Bildno Duplizaken Realignmant Options T o
LOGATION; EURFACE ELEVAIIGHN:
EQULPMERNT TYPE: vonlgrl 923 POSITION;
METHOD: BACKHOE DATE QOF EXCAVATION; 17/4/03
EXCAVATION DIMENSIONS: 0.46n1 widn, 4.0m long o
; CLASSIFICATION SYMBCOLS AND 8O r
u-é il MOTLE, MEGCARTION g =
oy | B, | BaMpLRg ,;.r ased on Unilieg Qngaiflcallon Symgm ; W x ? STRUCTURE &
E ™ tears, | Ed g == o OTHEN DRSEMYATIONS
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Barehole Nao,

BHEG 1
Borehaole Log
Shoet of
1 ]
. c Job Na.
CLIENT: CAMERON M-NAMARA PTY. LTD. 2417
Locatlon @ & 712 405 331K
FROJECT: SONTH GRATTON LEVIT = GEOTECHNICAL (NVESTLIGATION 294 7A%.574E
[ ‘ . Collgr Lovel - kL. 1.1m
Equiprment Type TRUCE MOUNTED EASON 300D Angle From Vartlcal @ g°
Hole Diomueter ; 100mm Bearing !
[
i i Material Dezerlption, Structure e
‘ 8 ool s F £ 23 Fiem N
o == | Q sl Type o Plogllclly o Partbcle Chiregteriaticn, w='m LIELIH'.'N_._IIL'I.ﬂ
= g i) = o Toaglowar, Fogeuwoahwy oy dleoge Qurepusgpla, 'H a4 E Teat Frofile
Gl B § #of et
SILTY LAY, med{um plasticity. dark brown,
M | orjanic, with fibrous roats. Mosst. FlkM
il B == I U SR 1P B Vi T
Y 20 — CLAY, medium Lo high plasticity, brown snd prango
T ..\:_K_ N brawn, hecaming grey brown with depth, Moist, STIFT [Tv&5 .HF"lﬁD -
== [H
i, L e .
e T -
ST e NOTL: Groundwator Intersected at 4,30 metrgr, M
TYF LML LLAY, a5 above, herpming graen hrawn, ;r'bl'l.'[:gf :TWI'I_H'I"_E?E]_ Lﬂm:iL -
R oL T1 AT TURY . medi Vst e Tty oreen Draan. Fine L SOFT DEMOSITE
T i 8, SANBY LLOY, medtun plasEictty, green brown, fine SOET A
T i) =—J1 rH \\ﬂ'ainud Sand, wilh svwe fine Grovel Lo Jmm. Hnt,/rL IR
Y P - CLAY, a5 above, Browh and orange grey. Molst. LL?JYl_ \EG.Q. /
' L . By R . e ———— e 7 =
upd. = CLAY and SILTY CLAY, high plasticity, griy and TV 100
_DF_:N_ broun, with some thin dark brown arganin bands, \j_l".3|]3 _/'/
L Blto Lome Fine Gravel Lo Smn. Hei. -
s | [ STLTTRCAY, ned funr’ ple'sticiTy, grey and Growm, LTI
. N — —"
5 B.0- “ith some Lne Sand aod Gravel. UBRUY -
7 [ CLAY and SILTY CLAY, a5 from & to 7.5 metras, M Y y
LR K SILTY CLAY, medium to high plazticity, brown, -
.- with somr fing grodned Sand, Moist to wek,
. k] {519ghtly Tess stiff from 10 o 11 metres), _ __
] =] c1y V50 1P - 240 -
o Jreal e
SILTY CLAY, as abuve, bucuning nrange hrown, ]
1o ] SILTY CLAY, wedfun to hjgh nlasticity, brown and ! TN :_'u'. —|
[ qrey brown, with some tine hand and 3 trace of “'“z-IPIYI- —
fine rounded Gravel. Moisk. -+
ERAVELLY STLTY CLAY, mediun to high plasticity>
| o 11,0 2tt / brown and grey, with raumded Gravel incressing
] URE=A oL/ in size and density with depth. to Gravelly PTG -
:‘.{gﬁ i Clay and Clayey Gravel, Maist. N P - 500
§ ! VoRIT REFISAL AT 1A, 04 MEITFS 1IN CLAYEY GRYYCL 7
l OVERLYING HIGHLY WEATHERED ROCK.
B FND OF AMLE AT 1A 64 METHIS,
b
E
‘ Legged By @1 G.PLE, Date ©  9.17.86 Checked By : fﬂl Date 1 i 12-86
2R
' Daosos | Rurmnre B Aremaimtines Dia. 1 8



Borehele Log

Barzhole No.

BH5G 2

sheet 1 of ]

- : | Job Nou ..
CLIENT: CAMERUN MUNAMARA PTY. LTD. 217
. . - ] . R Location :
PROJECT: SOUTH GRATTUN LUVIF - GEOTECHNICAL INVESTIGATION ol
—— Collar Level @ p,. 3 28m
Equipment Type ; TAUCK HOHNTED EOSON 600 Anyle From Vertleol : o
Hele Diameter ; 100mm Hearity
1 : Materiaol Dezcription, Structurc brg
L 5By EH=q 4 . S o § 22| Flad S
(BB BET J Sal Tygee  Plowtily 0 R lide o st erlalles, 55 o Ganlayicol
Ié g a = a ‘:r’u_l A Falrar, Toewibiry god Lhoad Comtpanunlz, 'H % h Tc:t P.I‘Q“’E
L] y Wulaluie, Struclure, 5 Results
Ol etrea| T | 2 59 .
- SILTY CLAY, medium pasticity, dork hrown, BOFT
- T O/ argnnic, with lbrous roots, Mofst, ;D
<P 1 ' oL SILTY CLAY, as above, becoming grey Lrtwn FIRM _HSIP"II:-,-'H-T' '
Iess 311ty with depth, I—
LT u. 2l—
(00 4 CLAY, migh plagtinity, grey hrown and 1ight STIFE [V-65 1P L3N
3 Lrown. Moiut. Beeoming 1ight yrey with spme
— Stlty hands from 2,8 metres, . .
APT 2 o ] ¢y | MNOTE: Croundaater Intérsecled ol 365 metres. | | A
N T — LLAT, a5 ahova, with STItY Clay bands, high
A F Ja — plastieily, green-arey-brown, with some dark YERY TV:G5 4P 280 7
hrown arganic bands and inclusiens, STLFF
DL | B0 m s m
Ve P e - VT e
S LT -\\EILT‘T GRAVELLY ELAY, ‘med[um piasticity, grovn CROFT_NHpe0, /) LRTERD
T 6. Q- — CH b_:_'_uw_n._ with sane Ting r.r.l_ldr‘nm!d hravel ko bmp, Wetd, VERY TR OEPDSITE  —
— CLAY wno SILTY GLAY, high plasticity, grocpn-gray-| S11HF S HP: 0D /
; (,_'-g-"- brown, with some tine roundad Gravel Fragmenls Lo} TO
B Imm. Wot, HAR[ T
na = T T omtL 1Y et tme a1 T T T T
I"..l'.l—_f_,—--.-.— CHAVELLY SILIY CLAY, modium plasticity, qreen- = TTRIART —
LD & -"“‘E il brown, with rounded Gravel fragueonts 1;6 Lomm, Eﬁ;r | TVR0,AM: ”"q
b | wet. [
B0 =1 T 70l Ay and S0 1T LAY, high plastaci by, oranie-
» I [ e e e
D . tmim i . \\ . . y
WEY || OOy [NSVELLY SILTY CLAY. 35 Tren 7.7 to 8.9 metres. / TYS70,100: 240 -
— CLAY and B1LTY CLAY, high plasticity, aranne
11.0 - brown. Maist tu woet.
0 il GRAVELLY SILTY CIAY, high plasticity. brosn |
hy ] with roundad Gravel {ragments tu 1o, MofsL. CapT . N e
) Bucoming mure Gravelly from 12.9 maters. . !
[ very | -
—_ LTIFF
D1l ] I 4
uoz | INILHE TV A0 HP : At
HALD
V-0IT RCTUSAL AT 19.6 METHES M GRAVELLY CLAY,
END OF HOLE &1 19,0 METRES.
1 _
Loggud By :  G.P.K. Dote ; 10.12.8; Checked By ! FFK Date : tb-12 BC

EJB Patar | Rurmance B Acensintoe Piv 1 3d
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- l Borehole Log

Eﬂruhule Na.

BH3G 3

of

Sheat 1 1

CLIENT:

CAYI RON MENAMARA PTY, LT,

Job Na.
2417

PROJECT: SOUTH GRAFTON LEVEE - GEOTECHNICAI TRVISTIGATION

[ S

Loeotian ;1 713 oze.182 N
KL T
Coflar Level : R.L. 6.47m

Fouipment Typy |

TRUCK ROUNTER FDSON 3000

Angle From Vertleal ;

Hala Qigmeter : 10w Hearlny !
;g e £ g A Moterial Description, Structure F‘ ¥ Fleld
LL - 2~ El- -E_g' s Sl Ty o Plondlgdly s Pactield Chegr duetediaticu. , i = e GEG]GgiCCIl
g E:D | g LS =] E_| i Celriie, Sannedary Rall kb CURjidmid g, !h E_E h Tﬂ-"t "f'U“lt
] %) o Molabare, el Results
17 Metres = SR . uE o
- ETTORETT ROAT PRVEFE AT, =
| N&F riu
GRAVILLY SAND, fing to medium grained sand, red-  [FED5EN '
T, brown, with tipo Geavel, Dry. Gradfng intoe FIRM TO™|
\ roundéd Grave! (to 4Dwm). frem 0.6 to D% metees./| 5TIFF
M. 1 liry, . T, N/
\ETITY FIAY, modlum 1o high plasticity, dark beownd| VERY
. 5TIHF
(TR \‘19”_’”"_“‘2'*_ e T B0, 1P P ALLUYTUM
SILTY GLAY, medium to high plasticity, qroy and
qréen-brown, wilh some Gravel fragments to Bmm
decreasing with depth, Moist,
_lTIT_ﬂ - | Incr‘t?as.mu l,n ELifTnesy with depth, TTEACY W".’lm’ T
SANIDSIONE, Fine qrained, oranne and yallow. Ory. HP: =500 _/ FLUALER
-.U]l-;_%_ V-flitrafusal, 1,0, Wt roquirgd, HM TH S —
: SILTY CLAY/CLAYLY SILT, Tow plusticity, dark IELELAN S e
Lo frown, with sone fine Sand trom 5.0 metees. Moistayeny )
512 = CLAYEY %AMD, fine to wery (ine grained Sand, LE0OSE SPT, N = 3
dark brown-grey, wilbh Tow plasticity Clmy, and
_D .3.| some S11t, Urganic. Wef, .
BT Becoming less Clayey with depth, FLLL I
5 a \and size increasing with depth. o fLOSE -
0T SILTY SAND, fine Lo mudiun qrained Sand, dark T ) st N o= 16 ATV T
: : \:iu_v._'[nw luurl-p'ln!'.tir_' finpn. Wnt, . / MENT U .
Sl SAND, medivm grained, dark grey. Wet. Panrly DENSE .
SPTE R graded, SPT, N oo 17
0.0af" ‘
.. I. s - .":"_ -
ik 1.0 NN
. 2.0 .
T[T, ] SPT. N = 18
- END CF WOLL AT 12.45 HLTRLS.

Logged By :

G.F.K,

Dnte *  10.12.B5 Checked By @

Lfk.

Date ; (6178
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Patar .|
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Borchole Na.

BHSGY
Borehole Log
Shect of ,
1 1
. ” . Job Ne.
CLIENT:  CAMERUN MENAMARA PTY. LTD, 2417
. . Locatlan ; 3y 7y 1ww s5/a
PROJECT: SOUTH GRAFTON LEVEE - GEDTECHHICAL INVESTIGATION M43 U57.803 €
Collar Lavel ! p L 7200 m
Equipmuent Twpe o TRUCK MOUNTED EDSON 3000 Angla From Verticol @ g°
Mole COlometer ; 100 Beoring :
i‘;' gl Bl oo W Mdterial Uescripllon, Strugture E‘ Y Flutd
28 - -% ' : 'E E;' %] Soil lype @ Moxticily nr P'ocbicls Bhorselorlollioag, = ='h & Gaﬂiﬂglﬂul
E gl g o o 4 Culnur, Socondury and Winer Cumponents, E oo 5 Teat Frofil
[=] =0 - - M) -]
W G = Mrlclury, Skruclure é o R::EI.IHE
gLAth1$AHuT SlkTﬁﬁLAFEY 51hrvk5auu. fine groinad
ard . Jow plasticity Clay. dar rFowWn, Moist. X
p1 Organic, with same fibroos rools. EEI"D#;EH } EWEE i
5PT 1 Beconing Sandinr with depth, SPT. N =~ 16 BARK
e - . e — — — — e o e s s |
_I-HID'_LIH SILTY BAND, Tihe grained Sand, dark brown, with V=100 —
— low to nen-plastic fines. Partially dry, e — P HP RN l’,.--‘
FIE - - SR S
TR SILTY SAND/SAMDY SILT, as abeve, with prngrps- _ﬂ}'_, - ’
nivgly Yosr Sand, HLAE N '}
BEULE) CLAYEY SAMOY SI1.T/CLAYEY SILTY SAND. fine gradned SPT. N~ 10 "
Sand, Tow plastigity Clay, dark brown. Mpisty.
] Qreganic. LCOOSE o i
B Some: thin bands of highor £lay content from 5.5 to SAT, N =10
5.4 metres.
Becoming Sandiler from 7.0 nelres. -
Ry . NOTE' Rrgyndwager | ntersected ot /.10 metres.
[ - ! & -
£PT3 2 P N T ALLuvIom
D 6| - d [ ZILTY SAAR, Tine to medium Band, Tow plazBichly | .
aPT G y WHeeg, Wet, /] SFT, N~ 0
) L YRHD, Time to mediwn grafned, brown-gqroy and grey f— - :
57 T del. : AT
N0 R i
) L 5NN, grey, as abovo,
i ST, 8 T
0.0+ Menlw [ -
co] ge DENSE
—_— 1.0+ = }
SPY'g ST, e 17
12,04 L. SAMLY, grey, a5 above, -
EFT1 o SPT, W ooo13
13,04 . g
P R I .
vHT ] 4 . ‘ 15 R
| EWD OF HOLE AT 14.45 METRES. ]
' T
Logged By : C.F.K, Date @+ 11.12.86 Chrckad By pffﬁl Data : (G-1n'BE
[ ] [ ]
= Dotar | Aruvmarer B fAermnalabms Dias | -




Baraholz No,

HHSG &
Borehole Log
Shaot ol
1
Job Mo
CLENT:  CAYERDN M*NAMARA PTY. LTD. 241/
. Lowotlon 1 7)3 p19.596 N
PROJECT: SoUTH GRAFTON LEVEE - GECTECHMICAL TNVESTIGATION 297 937.77% F
. e Coflgr 1 evel @ R, 7-53%1
Equ'pf-nant Twa 1 TRUCK MOUL T F 250N 2000 Anqh: From Verklcal :{]
Hole Dlometer : 10Dy Beoring :
|
e ol o : Materlal Deseriptlon, Slrgckure &
L g 2la ®BlELl 7 . , - g 2Z Flad
i | ot E &g I,'_a ol Iyna @ Viaalleily or Partlzle Clhuracteiatles, — e GGQ'UQIGGI
E ﬁ Ig =] E_; 7] Uplour, Ysconidary ond Minar Sempenand 4 'E d% s Tasat Frofile
6-’: .. Metras 7 = Malafgrs, Birgglyca é o Rosulls
CLAYEY SANDY $1IT/CLAYEY S50.7¢ SAND, fine
/] grained Sand, Tow plasticity Clay, Dark brogn.
SPT | Molst, Drganic, with some Fibrous rouds. ST, W = 2L .
L [— "] LCYLC
b2 AN
T T MECIUM [~Trs+100 -
“3 NENSE  Pjip: =tiou /
5PT 3 CLAYEY SANDY S111/C1LAYEY SIL1Y 5SAND, vine '?;'m_.'n - g '
A gratned Saml, Tuw plasbicily Clay. Dark brown.
04 Urganic. Foist.
L STV 100 T -
! M 500 __/
As above, grading wrogressively to Clayey 5i0t,
with some thin 3andy 517t laycrs, ]
5013 | £) P, N - TT |
__' _: . — — — — — — — — r— i b —_——— -—-?——?—_|
b5 === SILTY CLAY, medium plasticity, groy brown- bT.'\rI-L
; . - Memist, Qrganic, -
g Jsy| — | TV A0 AP |
A 0-f===< _
DR
I ' TYidi HI LI L]
B/ 81Ty CIAY, as apove. beconing high plasticity LAYERED -
DH from arvund 9.0 motres. STIFT ALLUY AL
LEE R NEFOGITS
yob MR S— SILIY CLAY, medium to high plasticily, dark grey. TV G TiH T T
Wet. Oryande. Some thin grey Sandy layers,
-
U0 & TV 7% A L0
SILTY LLAY, a5 abovo, with soine layers of gray
- Sandy Cloy and yrey mediom yradined Sand.
s
W) Thin (upLa L00nm} interbuds of SILTY CLAY, #n LN TN
2 ahove, nad gray mrdiom grained SpND, Wet, o S .
LOD5E
| D i |
o " SILTY CIAY becoming less prrdominant with depth, SPT, N = 3 =
(on
) 15,0 ' Interboeds {uplu 300mmY of S1LTY CLAY, as above,
E!’_E_ — 1n grey, maddum grasned SAND. Wel. RRT. N - B m
anT 7 END OF HOLE AT 20,15 METRES. SPFT. N « B
Layged By ; &.F.K Date : 11.12.0G Cheekad By - 61”’-' Datr ; 1612784
Doatan | Burwrnmrr 0 AnnmaasiwbiAan O, 1 ad



Borehale Mo,
MisG 6
Borehole Log
sheet of
1 1
e : . Job No.
CLIENT: CAMERON M-NAMARA PPTY. LTD. : 241/
) . . o Location @1 714 M1.002 H
PROJECT: 50UTH GRAFION LEVEE - GEDTECHNICAL INVESTIGATION A1 Dtk Ghd F
Collgr |,mwm] :H.L.6_ 5En
Equipmgnt Typc o THHCE WOUNTEDE FRsON 3000 Angle From Vertloal n*
tole Qlegmeter ; 100mm. Beoring
0 - v Materlal Uascription, Structure i g =
i, K
B | A .E Lk Luil lypu . Flullcily uwr Parlicle Cheraelecntice, .E \_.E"'ﬁ ':-I'Iu“i.'l Gooleqlcal
5 £ 3] V‘f Cuolwwr, Srcondary ond Mlaar Coinponal, - DE E CE Prafllae
th ] = Moulmbure, Slruclure. g €3 Hﬂﬂultﬁ
SANDY STLT, fine grained Sand, non-plastic fipes,
amyt brown, Dry,
ML T
Becoming Samdier with depth.
1;[:"1'“1“ SILTY S4Nn, fino grainad &Sand, noneplastic 1inns, 5T, N = 13 n
hrawn, [y,
MLEDTNM -
SILTY SANO, 25 sbove. UEN3E
sere! oy . . 5PT, W= 12 )
t SILTY SAND, wedium grained Sand, low ta none
plastic fings. Brown and arange hrosn, ey, -1
_.'u,_ Fecomtmg mofat fram S.4 metres. EEIEEEHL
. '_'-r '-'.'-..”_______--““ " e ] SPW REMSEIS
| 5H1 3 SAND, mediun gradned, hrnwn and grey., with some !
" layers of non-plastic SiTEy Fand. Wul.
5P 3 -:IT"I‘? TrAY, | h'lnh pl.ls.rinry ::I.wk glcrl'dn‘ist-__._e'w_ A, N R
_'\\“%AHII, .1': frnm é' [‘} tn B 2 I'I'lt‘L'I"l"'f. IJ,-“-\_LUU"':F .-"4 _
SILTY CLAY, h:gh plastieity, dark yrey. Hoist.
o2 160.00 N EH VERY
7T 1222 STITT [TV HE -
. wol~——__ 1 _ __ ] .
03] 2 CLAYEY SILT. mecium plastieiny with some Tine 1 (0OGC_
] e Hand, Wet. _ Ay, st
T _[=HILTY CLAY, as_me’l_ﬂ“_Umtm-___f | DonL 7
= AND, Mino to madium grained, grey-hrown. Wet. A==
SPT 8 13.0 Intorbeds {uptt 200mm) of SAND, fine ta mt.d'num spT T H g |
' graiped, grey and brown, wet, and S1LTY CLAY, LODS[ *
TR high plasticity, ?ruy and brown, malst. .
) {5and 45 wet and Joose, Silty Clay is mofst amd -
vary stiff).
SPTE 15.00 SAML, fine ta medivn grained, grey and brown, aPT, H -6 i
- ‘ Wnt. With somn thin intavheds of Lloyoy Sand, e —
s =" =y fine Lo wediun gruined 5and, low plasticity Clay, _
I' (sc) Wnt.
70 e e T T e -
SFT } "'ﬁul: SANDY GRAVEL, rouynded Lo J0my, grey and brown, DENSE ST, W= 42
Qo BN | with tine to medium gratned Sand. Wet. T
¥-BIT BEEUSAL A1 17,9 METRES 1IN SAHOY GRAYFL.
FND OF HOLE AT 1/.9 MLTRES.
Logged By : CALLY Date ; 12.17.85 Checkad By ! 6!"!’- Date | 1613 86

-
m] Potos | Rusmaocer B Acrrmcimine B 1sd



Sorehole Me,

&G 7
Borehole Log
Shoaot of
1 1
Jobi Mo.
CLIENT:  caMbRON MENASARA FTY, LTD, 17
Lacatisa = 1 716 Bﬂ? Nl
PROJECT: S0UTH GRAFTON LEVEE - GEOTECHNICAL INVESTIGATION PRI RO} L1948 E
— P Caollar Levsl @ t.l.. 7.76m o
Equ;pmgnl‘. Tﬂ::g H IRICE MOUNTEN EIPRON 3000 A”‘:ﬂﬂ FI"C.II'I‘I Vt‘:l'tltﬂll s T
Hole Mameter 1D0in Hearlng !
g . . K A Moterial Dexcription, Structure Fry w o
=i _:‘_': g = a -E_g‘ ' neil Tyt @ Plasliely ar Pactlcla Cidogetadls e, E :;E Fleld L;E[Ill]g[uul
E E_E g [ £ S_l [T Crtrad, Seaddalafy il Mind? Diroeiopil g, IE BE & Tﬂ-"t r'rt‘.ﬂ]lu
o L] v Wolafwr e, Struclyre, ¥ Raeulte
= ' O
V Mt'.tre:l_ S8 F -
SANDY S1LT. fine grained Sand and nonoplastic
—T fines, brown, Dy, Some rounded Grawvel to fmm.
[ CLAYDY SAWOV SILT, fine gralncd Sand, T
| ¥ plasticity Clay. Brown and dark breown, MoisL, | FYFE
Sy e
LI CLAYEY SILT, mediun plasticity Clay, dark nrey N LR
brown, whih some fine graimesd Sand. Madist. -
—i
SPT? Rpay . SNID, fine Lo E1IE1E.FE}_ Moist. LR L T :
by T T Y amn fie — — — T — 7
A SAND and SILTY SAND, fine qrdlm.-d wIlh #ono : :
;"'- o Sl.:,{‘ low to non-plasiic an-s. Dark groy, Mojst. |_
b te 1Lo0sE 7]
LPT3 . . -
5 P e [ R )t R K- B Ry Y
' - ; ] o AlLLUYTAI
SUTY CIAY, medium plasticity, gecy and grey PEMOSITS
brwin, Malst. VLRY _
Avd STIFF
Uil |~ . TV 1)
um;orlnnq sH_g_I; ¥ mndy,. R i P 3An N
SILIY CLAY, a5 abowe, wilth intrrbeds of SPNDY
CLAY and CLAYEY SAND, fide to medium grained Sand _
mrdium ta high p1n:t1c1ty Clay, Grey and dark FIIM
T £ arey. Wet. (Sand 15 JootafClay 1% firm). LT USTIIE R
oK [ 5N, fine to medium grained, groy. Met. With | |
intarirds of f'-LAYt'f SAND angd SANDY CLAY, fime to | LOOSE
:_ . ned{ium gralned Sond, medivm plasticity t."l.'ay. 10
i o L HF TR .
T g s -
T4 | Ll AU, Tine to medium qrelned, grey. Wet. Hith UENSE T, N - 10 ]
I soie thin Clayey Sand interhnds from 7.4 to 13,0
17 netres,
1q_o—:‘-’9'-'§"_,"'_ T T T -
o= | BMS GRAVELLY 5AMD and SAHDY GI!M’EL, Fine to medium
o ‘:‘ GH grained Sand, rounded Gravel to 4lmm, Uegy and DENSE
. TR T brown, et -
5P R P GPT, N - 28
_ END OF HOLE AT 1%.49% MCTRES _
!
Legged By : Pk Dote : 421280 Cheacked By ! (:f'!é Date (L-n-"&&.
E Doioer | Biuuvmaresr B Aerscmsaimins Dru [ |




APPENRTX C

TEST PIT LOGS - RUSHFOTIH ROAD TRPL TO TPG

Peter J. Burgeis & Assocliates Pry Lid



Excavation Log

Excavation HNo.

TP !

zhoal

of

CLIENT: CAMCRON MENAMARA PTY, LTD,

Job o,

2417

PROJECT: SOUTH GRAFTON |LVCE

Equipment Typa @ MASSEY FERGUSON 50H OACKHOE
Excovation Dimensiong ;  0.450 x 3.6m

Locatian : RUSHFORTII FOAT

Surface Level 1 -
BEARING: 327

C.R.C.C. LAND.

@ . £l v Materlal Daaeription, Structure & W
B = LEI 3 JE:LE" fJ Salb Tyue  Fluaudeliy ar Particls Cherucinciticon, E";E Fiegld Gnniﬂgh}:ﬂ
E ;D ] 84 r_r? Gl Swaepuelor p o) Mimgr Cormponante, ' b._: E Teat Profllc
i P :3 = Muiglur, Steusiore, | E o Raautka
" SIT, low plasticily, brown, dry, RUREFOUS Pooks . FRIABLE TOPSOIL
II-:;;‘ : . s
| CLAY, Tow plasticit rEY Lrowh, dfy Lo imvist, .
4 L | rumerous roore. T RTEY urowh, ery L6 mAst. | ppragc ALYV UM
1.5 .rf__.r - . -
CLAY, high plastivity, durk grey with some began | HARD
L / ¢ | motlling, dry £ moist, numevouws reols and m
'/ dessiration aracks, THD < Wp. FkIABLE 1
1.0 'F,.»”/f : —-
/ o CLAY, n3 above, but moist, beceming less stirr VLRY
_/ with depth, FME = &p, 11FF
20 '/
e lllj v, - -
2.0 / CLAY, hinh plasticity, Tight groy and brown .
I ci mottled, mafst, FMC @ Wp, some disconbd nious STIFM
o Uistures, troce gravel: caloareows nodules uplo
W / 15mm, .
o .
=
n |z _/ ;
) /
= .
"
= 30.% :
. TEST P'IT TF1 TCRMINATCOD AT 3.4 WITRELS. LIMIT -
OF REACH .
4 -
Logged By ;  1.AM. Date : Z0.11.46 Checked By : F.0.B. Date : OEC 'f6
LRI
= Fatar 1. Rurmeere B Acznrintac Péu | id



Excavatlen He.
. [P 7
Excavation Log
' Sheat . of
1 1
. Jab He,
CLIENT:  CAMCRON MCNAMARA PTY, (TR, 2417
Location ; RUSHFURIH RDAD
PROJECT: SOUIH GRAFION LEVEE (oRC.C, LAND
Equlpment Typa :  MASSCY FCRGISON SN BACKHOE Surfase Level : )
Excovatlon DII"I'IEI"I!IiﬂI'lﬂ H O.q% % 3.1m BEARING: r:lﬁa
H . |. s5le o Materlal Qeucription, Structurs T
o u |- 9-': =]} d_i Yo 1 . Blartl N h 2 Flﬂld
) o =i Tymam lazllelly or Parilcla GCharaclaslobiva, WSy e Gcn]nglnn|
E ; o o g T Gy, Soueidury prg Winer Uempenants, -b! b% E Teat Profile
: Mciolure, ulruslurg. Raaulta
" Metrcaf = & co N
/ GLAY, hioh piasticily, gray brown, dessication
% Cit cracks to O.4m, dry, some Foots. HARD ALLUV UM
0.4 ;’j*{ - -
U.5'-'/ CLAY, high plasticity, light grey and browns FRM ~
/ CH mottled, molst, FME » Wp, sone Poots, some dull, j R
1D / undulosa, striated Fissaras, sema £alcarogys I,U
'/ noduled to S0imm. “L1H ...
1.u_g |
= /
A '_// :
B . .
3z
12 1.5 J..-r“"'j‘ " .. - .
o ,-“?ﬂ"f SANDY CLAY, wellow Brown and neoy msttled, maiat, :
i ey medium plasticily, THE v Wp. FIRH
yoa
E
o
- —
20 .
. TEST PIT TPZ TERMINATED AT 2,7 Wi iRES AT REOUIRCD e
DEFIH,
] NOTF::  TEST PIT TRE WAS DG INTQ THF 5IDF OF .
A BANK, THE LOG D5 OTF THE vicH rND OF
THE P11,
Laggad By ;  L.AL Date ; 25.01.06 Checkad By :  P.J.B. Dote ! DEE, 'H6
- [
'J = Peter 1. Buranrss & Ascnrintes Ftuv |id



I : Excavation Ho.

Excavatioen Log "3

sheat 1 af 1

. ) Job Mo
CLIEMT: © CAMERON MENAMARA PTY. LTD. 2417
0 Location © rusironmh koo
PROJECT: SUUIH GRAFTON LEVEE AR LR
PROPERTY
Equ]pmgnt Typ.c : MASELY FRRGUSON SDv BACKINOC Surface Lavel : -
Excavation Dimenalons ! 0.45 & 1.0m
g . [, =l U Motarial Descriptlon, Structure Iy ®
B = pE® o nell Tyee o lanticlly & Pactile Pleoor berlgbn, a LR Fleld Geological
E o | cl F.a I Colour, Yeccndary end Minge DEmpnnents, -? ob¢c Tent Prafii
U"-'; = -;:5 _—_J', Mclzlurs, Structure, bi d",g Ronults rowme
Matres L —
y ¢ | CLAY, high plasticity, Maht brown, dry, numerous| HARD ALV T
) é : dacsication fracks Lo imn wide,
0.1 . . -
‘ "";/ CLAY, high piasticity, grey, dry, nomerous
0.5 dessication cracks to 15mn wide, eracks extonding| HAND _
/ LH ta ] .dm, '
1.0—% .
1.4 % al Nipth of dessication cragks “"'“.".' lop of bank]
- 1'5'/ el CLAY, high plasticity, Ttght grey with same YERY —
) brown motlling, Lrave black piseliths ko tam), S1IFF
= / FHMG  Wp.
' 1n § /
pr}
i 5 2-'3"/ o| STIFF -
i : Shckensidod Tissupes A€ 2 1-7.4m, dipping 45607 TO
o / shinpy,undulose, continuaus toe s 1,4, . F1RM
e ] /
¥ ’__},/
F 2.5 ]
f‘/’ oL CLAY, madium plazticity, qrey and brown metiled,
% maist, FHEC = Wp, trace Sand. FFIRH
NZ |
TEST PIT TP3 TERMINATCL AT 3.1 MEIRES,
REQUIKED DCFTII.
. -
- —
MOTE%: TEST PIT TP2 WAS DUS INTO THE SIDE OF A
BANK. THC 106G IS OF 11k HEGH END OF PIT,
Logged By : 1.4.K, Ogte ! 25.11.486 Chackad By : P.L0, Dotm :0EC. 'B&

| m Pater J. Buraess R Aszoriate: Piv. Lrd.



Excavation Ho.

. TP 4
Excavation Leg -
sheet of
, 1
- . ] Job Mo,
CLIENT: CAMERON MUNAMARA PTY. LID. 41/
L]
) o Lacatlon @ RUSHFORTII ROAD
FPROJECT: S5QUTH GRAFTON LEVEE BROTHF RSN
. PROPERTY
Equipment T_y'po : MASSLY FEAGISON HEO BAGKHOE Surfqoe Laya| @
Excavation Dimensions @ i1,4n % 3,&m ARMRING:  2g2?
,%.' TR v Materlal Desecrlptlon, Struetura E‘ 9 Flald
=% L= HET @ Gl lpm o Flaaticlly o Pe (ke Choroaterlatica, = HE e Gentayical
!:J‘ g = 3 g,_j 73] Cofpw, Secteidory und Mbnw Goinpoencato, 'E dg nE.p lL‘ﬂt Prafile
4 Melzlure, Structurs. Ragults
@ Motres = e .
SILT, with trace Sand, low plastbiclly, bluck FRIBHLE
] ol fwierovs roots and root holes, diy t.nlmr)lst.. TOPSOIL
0.25 . . .
K . :
CLAY, hiyh glasticity, groy hrown, maist,
/7 CH b Pae » wp. e ALLUVIUM
0.5 _/’ STIFF -
0.6 i ..
1~
_,:/ CH CIAY, high plasticily, light grey and hrown ATTEE
/ motbied, moist, FMC » Wp IF 7l
1.0—% ]
10 //
z.u_/
v -
R ) ————
_?‘( CHY | CLAY. mpddum £o high plasticily, yrey and brown | pp.
. . -":: CL wotlled, Calcarvous wmodules to 1emm dia. at 10
L ,,J 2.2m, modst, FMG = Wp, calcareous nadules Lo 10mm STIFF
i E.ﬁ_/y Jia, al 2.%m. _
AR
mo| T . /
= .
bal
< { 3.0 % :
= 0] -
£ % '
P _
— T4 /;’i o~
T TEST PIT TAA TERMIWATED AT 2.4 pF IHEN. -
1IMIT (I RFACH,
Logged By :  1.p.n. Dote @ 75.11.86 Checkad By : PR Dote : URC. ‘A6
- Patar | Rirrnecse R Accnrintes Prv | td




Excavation Log

Exvaveotion No,
xuavation No M s

of

Shaat
1

CLIENT:

CAMERON MENAMARA PTY. LTD,

Job Na,
R TP

PROJECT: S0UIH GRAFION LEVEE

Lacation ; RuSHFORIN HDAD
RRAOTIE REON' 5

PROPERTY

Eyulpment Type :

MAYSEY FERGUSDN S0 BACKIICE

Surfoce Lavel :

Excovation Dirmensjapz ; 0.4%m x 1.5m REARING:  ros?
g .|. = o Materlal Descriptian, Structurg & oy
- i - 'n = m C.S el 1 Flu=llcht o de B o= Flald Ceol jcal
) & l} } Sl Tyww |, Plecllilly w Fuotivie Cherecderialicn, = L_.-é a Taat e agica
E g L }.3 [0s] Coploae, Fatwguiley ueal Mluge Pynpuepiia, & DTJ' E R HBI: Praflle
A ; Wulafure, Srocline, aaulks
o |Motres = i c§ S
nL 5ILT, with somo Sand, low plasticity, dark brown, c
o ] dry, Munerous roots, FRIAGLE TOrSaIL
- S0, med{um plasticity, black, dry, nummorops -
oL réots . FrREAM F
t " - _r —— L} Y1 ImEl ey
H:gi’_,-" . CLAY, with sone Sand, high plasticity, grey and -1
H hrown pttled, woisl, FMC = Wp. VLRY ALLIWIUM
'_/ W1IFF .
/ O -
/ S11FF
I.U_% —
l.c—J/ -
in -é N
2.D_% -
& £.35 //‘;
'.:.'il S B e SANDY SILT, Tow plasticity, yollow brown with
. : Mgkt gray aottling, trace Cravel, moiit. FIRM h
in |5 FHC = Wp .
) .
o
= Gravelly band at A.0%n, d0mn thick, chert,
= wiTlslone, suberpunded fragnents o 10mm dia.
L P -
= | CLAY, high plasticity, Tiyht yroy wikth brown F1RM
mottling. Q) y
STIIT
TES1 P11 1P TEMMINAIED AL .6 METHES,
i LIMIT QF REACH. i
B .
LQEIIJCd By i LhH, Dote : 25.11.86 I:hl:r.'.kqd H,‘f H oL, Cate : NEC. '8

| 2

Peter J. Buroess

& Asszociates Ptv.

Lid.



Excavation MNe.

Excavation Leg e
' Sheat of
1 1
. . Job Ne.
CLIENT: - CAMERON MENAMARA PIY. LIT. 417
- |Locatlon : wusironTH roso
PROJECT: SOUTH GRAFTON LEVEE SROTIERSON 'S
_ s AROPERTY
Equifpment Type ! MASSEY FERCLSON 50t BACKHOL Surface Level : .
Excovation Dirmenalons : 0.4um % 3,6m BEARTNG: 24"
a R " Materlal Deseriptian, Strueture oy ¥
™ E E-} % ﬁg l,'_i' Sell Tyen @ Plaatlzlty or Marticla Chorneiariatlane, E ' ‘._.‘% Fluld Geﬁlﬂgitﬁl
E E [} E_[ u'i Uolour, Ymcondary ond Miase Compononty, :gu.g E Itﬁt Prafile
o Hnlmiure, Ytracturs.
“ Metraa| © = 3 ro Rosults
J1]]ol SILT, whth some Sund, dark brown, ngn.-plastig, FRIABLF, 10rs0IT
0.1 ,;}, e roUs routs, 0 -
/ i CLAY . hiuh plasticily, dark yrey, dry Lo moist, -’FEMBLE ALLIATUM
/ FHC » HWp, numerous rools. HAND
05142 . _— 4
CLAaY, high plasbicity arey aod brown mottled, :
% T Y arey s
1 _',..J;/ "
1.11_'% _
F 1R
: 0
_/ HTIFF -
1.5J/% -
o
_?/A Calcareou: nodulas to 15mm dlo. at 1.7m.
= 2.D--/ -
) /
g /P‘( Lalcaremis nodules to lbmn J1a. ot 2.15m. -
i . % '
—_— W lFalcarroys nadules to 20mm od4n, at 2.4m,
o . —
2l = " /
= )
- _/ -
Y /
3.0_/ -]
Iy
1, ] -
TEST FIT TPe TERMINATED AT 3.20 METRRS.
_ Limtr ¥ ntAcH,
Lugga'd By ; 1.A.H. Date : 249.11.86 Chaclad Ey: ra.a, Dates ; DEC. 'H6

o

Peter J. Burgess & Associates Pty. Ltd.



APPENDTX D

MESUL TS OF LABUKRATORY TESTS ON PORENHOLL SAMFLES

A programme  of  laborabory besting was carried oub on soil  samplen
recovered from the borehnles. Tesling comprised:

Teul Deseription _.No, of Teats I
Field Moisture GCuntent 33 {Sce lahle 4)
Atterberg Llmits o (See lable 4)
Particle Size Distribuktion 11 (Soe Table &)
Hydrumector Analysis -
Confined Compressinn 3
Consolidated Undrained Triaxial with

fore Pressure Measurement 4
Direct Shenr 2
Uedometer 2

PIE Poter J. Burgess & Associates Pty Lid
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CAMERON MGCNAMARA PTY. LTD.

SOUTH GRAFTON LEVEE - GEOTECHNICAL INVESTIGATION
CU. TRIAXIAL TEST RESULT - SAMPLE BH 5G3/UD1

Peter J. Burgess & Associataes Pry Ltd

2417

FIGURE DI
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Peter X Burgess & Associates Py Lid 74517 FIGURE D2
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SOUTH GRAFTON LEVEE - GEOTECHNICAL INVESTIGATION

CU. TRIAXIAL TEST RESULT - SAMPLE BH 5GG6/UD1

Pefer ). Egracss & Azcoclntes Pty Lid

2417 FIGURE 03
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FIGURE D4
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APPEMDLX E

RESUL L LR LAGORATORY TRATS ON QORAOW MATERIAL

A programme of labaratory testing wan oopricd oot on disturbad somplen
recovered from teakb pilta 1o Lhe propowscd Rushlorth Road borraw areo. Teating
comprined:

Teat Deacripktinn

—_— e — e —_—— -

———— = ww W

Nuo. of lasts

Field Malsture Content

Atterhewyg Lmiln '

Partiole Srze DML thglbLon

Hydromeber Anglynig

Lonfined Lompression

Consglidated Undraingd Trioxial wilh
Pope Meessore Measurement

Frmerson Disporsion

Gtandard Compaction Tests

12 (Sew Table 5)
t (Bee Tahle o
4 .

2

1

1
5 {%ee Tuble 5%

L7
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paoavalign enrnsigna. 2.0 mlang, 0.7 m i dakym:
5 noe PR material - 3—.5 ‘1'_‘."35 structure g
o Wt = = R . |
i £ 16 & suman. o ;';E suil Type. DlASNCHY of particle chaacreryrics, _::3 el EE additional alievaTient
L > ;‘:' tockL, PG ﬂ S B eatour, secondary and mings campoaeng: o " oI
t 2 depth | | 2& Eof F o 2
K - a1 = ] L
123 T e “ _ =2
N i "%HH LEY QAMD, fine preained, b-lL= " TORSOIL FILL )
’ A }‘;q,g b?.a::wn, finez af low to MM )
b b s‘;b‘u to medium liquie limic. .
% o o —
48}, 0.5 -1 TOPSOIL ~
s H 2 - i- Abundant root -
of TEEHUE] LD
= ARG i fibres. .
i [} % X "I' -
g i § - AP O [GANT, flne 1o medium prai-
: : Sl [BANDY, DL . Ha
S I —{ U30Y1.0 -1 . red, yollow-hrown, trace to -
- " some =1 e
b 1 -
1.5 — -
; . FILL
2.0 _| -
: sheeting had],y —_
_ deteriovared a, keay -
' . timey —
. sheer piling
. . —
. .
R = . — — [ I S ——— =
n : gy it gy ey ey P
A ‘lmm temaning !;;H ﬂ::-:::uumm ol s tol & e
LY R . ‘._“.«:-ﬂ :ﬂ""'-ld - r farm
5 et e -33' :‘:;::'::‘“ L4 oy ymply I - q,““ _ 3.5‘ fl:.un
Ly ittt L'::'--?'--.- o Q relumal H e e e el Tom . bt
Wy
v | 2 et || T T . 4o g
¥ wdern bips : . ,I,:I.:.,n.::,:” i he £ Rl " m ED e
- —d i W v o




B |

Culiey & Martndan FLy L,

engineering log

‘excavation

efhie and jobr ng,

TEZ
l of 1

jhegl

Svdnoy, G854

. - . - picamnmenced. 11 Aupgust 1981
CLARFNCE RIVER COUNTY COUNCIL P camplered: 11 mupuse 14981
prEjecr CLARENCE RIVER FLOOD HITIGATTON supesviied by: FEY
it 100t (:HAF'I'DN log Chwecked By, MCE
pampmdnd type and model ({and Shovel W.L.surlace: Not rmesifubod
mravALinh diriensign: 1,2 m lang, 0.8 m wide thatem
g . - = I )
& notes -4 E maierial v 'E-i B = Structiice anil .
P i 1 aimples, wl B B lemil iype plaibety 0 porUCle ChBLMCTERSTICE, ;::: a= EEE adddiiDnRl bt vatigns
E E A B [rears, e, ﬁ i E |eolnur weoundary 8nd ranor COMpoanis Sel =& WP
E| # |- Jideoih| = ;-;2:“ Eé £ E .
173 gmeirn | P G e 4 |2
r=; YT, [SANDY CLAYLY G1LT, low Fa | M7[8tq]  [OFEOIL FILL
ﬁ 'ﬁ%? meelium ligquid limiv, davk | PLIVEt % [Albundant rouds s &
g & _ﬁﬁﬁ hrown, fine grained sand fibres o’
] [ - q}'k’: ==
-] | U5 I"* vy ® S .-
2 1 = il 7o
il s 0.5 —f] ar
arl [ ' e [ ———
4 — O 5} e -
atd s 4l .
" s 1 i %
) " .
] SHETET -0
4| R i o
o _,i" | . "
E =+ Bl
11
uso |- L N
1.5 =1
_— - =
2.0 7
) Grassed surface
i TIPS SR
7 100 _
]
7 460 ——cuperere footing
- timer sheeting -
- only =alight
- deterioration
- ,.|—"'_._'_'_‘—-
Ly = e ————e " i ey
A T =l ar .. T, T TP ———
Py - s e Ay
i T §imigariry :u'.ll ::n.ﬂ-i ittt B T e ach v ;ﬂ :.:: b
mpngy - 1 7 1 i bt Y iy Lefin Febd ' am
P (L L PR T ] il
b v byral geimuer T ] | ne——= o T LT | i — s':il ey T
E‘n‘-’}ﬂ'_ﬂ:r :‘:‘::r " L LA 3 CHep1 N e (o T H LiLhiS
] iy mararihies e ¥ tar = vt E o e i
BH Tyt e TuihH =k . L4 LY A ° e '-L‘L &'W
T 16 P maien ey gr i et “ R -, e i3t
u [SIEL PP p—  weurrinion " e o iy
5 - —t il b i




—————

Calley & Parineane Py | i,

engineering log

excavation

E wil np
. . 19
h"”’“' e T
q'.,
Y of

alfic and b no

Hyduooy, 564568

. B il carrungneed ]_1 AUPUF‘.I, lgul i
CLARENCE RIVER COUNTY GCOUNCIL ' !

* 1 carmple ted 11 Aupusy 1951 I
proagt. CLARKENCE RIVER FLOOD MITICATION supeseied biy! PEW |
wt lggatiun.  GRAFTON oacheckedby:  MCE |
dQuIpMUnt \or and model- Hand Shawval 1L wrface: Not moasured
gxcavanon cimanuome. 0.8 m lang, 0 A m vade datum-

E N Aatee IR mataral vg f:-.‘: ?E i strucTui® ankd
E S {h & [amele, Sl 22 ot tvpe plaviaiy or gacticla eharactansts, ,:=;:-_ LR Eif additional ahse sationy
o ¢ o E 1503, €IC, H o E galpur, prgoalay wiad nonor ggmpdnraty SE 2 r el
L[ & [« Jtlegth | oo | B3 Faol £ A
i sl 8] f £ 5leags)
1T | T SN [BLLIY SAND, Tine prained, | D-| L] |FLLL TorROL
K i brown, somo rounded eivor H Abundant roor
" :j m gravel to 1C0=13mm size fibres
Ly (] = ]
24 I Elus 3 .
2n He a. —
aH H I A HL/ JCLAYEY SANDY 510LT/CLAYRY Mlse |l * [Some tree poors
:: w 4 BM— |BTLYY SAND, fFloos of low (decompozed), i
E Em""_-_ 3 &G [ra medlum Pigquld limir, A  Tacaranda Toolis -
'; =uso 1. fine pralned sand, hrown. very saft & light |
L 1. =
1.9 9 I FOOT PATI & ROAD PAVEMENTS I
. concrele levee —b— .|
- 1.35m hixh .
2.0 7] -
- -
) 550 .Y - |
) e A }
— =t == -shecting badly .
7 300 deteorinrated N
. at key 1
= timbor sheot 7
— piling ™
- o
— =
- -
- e
. o —rrey R WA . e
[—— e i pyene— Ay by el h
*a ??w‘_‘lmﬁ :': .mu: ::m 't em ol FA v :1 - ="
maran 1 ek " i L Pl ' fum
L] LISTrE e e Fr‘ "'r‘:;;::‘:l;"f' N [FRTIR W pr—— bt npmard :‘1. Ll
] FLIRY FLrdLEngn ..-'..-"'..-..-" S rrlenal " ﬂﬂdﬁmm it -?-H-'_- rh ;L.::-*
44 Cmbhur Dures M W' Y v amply " - \ YL i -
T 18 2y M rvdld Yl e weher " - i . an L -t
a e R h— R [ rm prwrirg gty W - ;El F—:u-u =
- - —if A wi -l M I




Colrgy & Fmoveery Poy, Ll

3 . P PRI Sl
56560/ 1-AB AR
27th Auguat, 1981 Bl. N

TR, S v o

.

RESULTS OF_ LADORATORY INVESTIGATION
A programne of labaratary testiog has been cavrled ouwt on seil
samples racovered from the field. The cesring has been aimed at deter-
mingtion ef the strength ond draivape charactepivtics of the seils
encounterad, togerther with onther Indicative restineg such as the derer-
mination of erodilility af the wvardeas materiala,  The resting han

- included:=

* Visual Clzssification {233
* Atterberg Limits (7
* Moisture Content {35)
% Confined Compression (7N
* Consolidated Undreined Trigxial Testinp with (4)
[OI€ pressure measurement
LA Sherard pinhale dispersion test {&)
* Fermeability tests (Falling head mothad) {5)
* Farticle slze distribution {7)

* & Passing 7oum (19}
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Clarence RIver County Council

clate: A0eh July 1981
festea hy: RM, MJL, JI, VT, A

projestt  Clarence River Flood Mitigation eheckud Ly: kR
kstion: Grafton
le derait < material [ R ruslure and
- — 2. E:T &g §3f; B additional 0DSOIVATIONS
depih o EE ol yoo: plagticity or porfigly cheosctarinfion] 3 25 &:_ T: E;:.'E‘I.'E -E_E
- m -E\_i = I_E_ cakpur, wgandary and mingge epnypdnents, E'ﬁ L 'l'_'-‘ = 3 E‘ IE"‘ 'l-_:
from o 5 o f_E' Avterlrg Limits [ dewermined). E" o ‘j,' 20 w 35-!
THI 5. 0-5.5)U75 5C |STLTY CLAYEY SAND, finm 295/ v5g 210 |1.25] Bherard pinhele
grajned, dark brown. test - class D1/
D2
7.0-7.5|U075| GL/ |CLAY, medium plastleity, 20030 V5 As0 139 Flasured, Sherared
Cli [brown, somec fine simd ' pinbele togst =
/ rlass Nb2.
w2 | 7.0-7.3|Usq CH O [CLAY, high plauticity, grey,| M= | VSi] 240#%|1.534|Confined at 120
tracc of fine sand. Wp 310 kPa. Sherard pin-
22.0 helc tost - ¢lass
ni,
B.5--5.8) U450 3¢/ [CLAYEY SAND/SILTY SAND, Line| M= 1.3 e = 2 EPa
g4 |grained, dark grey, fincs of{ Wp At~ 34
moed ivn plasticicy. 7.4 Sherard pinhele
WL=3?,Hp~23,Ip=14,L.5,n7,DZ. Lest. cla=ss NDI,
BH} | 4.0- Usi CL [$1LTY SANDY CTAY, low to Mx | vsyf 380 [1.62[65% paﬁsigg 75um
[ 4,35 wmediuwm plast icity, broun, W hu = Bx107% cm/sm
fine grained nand. 20,5
5.0-5,3 1150 CL [SILTY SANDY CLAY, low to 21.1 1. 40t = 2 EPE
mixd ium plastieity, brown, ﬂ' = 34 - .
fine prained sand. 37% passing 75
WL-SS,Wp=IB,Ipnl?,L.S.“Q.BZ.
L1EEA 1.0-1.4! U7 Mr, [SANDY CLATEY SILT, low to p-M 1.32]157% l‘:ﬂssill 15um
: medium ligquid limit, browm, [14-03 ky = 1x1077 cm/aa
fine grained sand. ¥Motc abundant rool
hole channelu.
2.0-2.2] U7y 20.3 774 passing 75um
3.0-3.5 U7y 17.4 yax pancing 75um
o ian ) L {moisure condition consistency deruy inclea unconinad oM riuve
nated  (lor rerm see Lﬂpinm:tf“ ShLujL.D ey Y . strengih
mmole 1ype chadification syrmbolgM — it i = ot L — lxan * from telﬂ: QTHe T b
n N oagmcrigninn (W - W F - "Tirm MDD nifdiui en t haoel pEneTrOMmEeter
:;: : ::‘:?L‘il;’dbegv:apr:'plu l:.“wdmﬂﬂ ::“:c:ﬂ - - IJI:I:I!!" Than k1l - nifi 3] - dnﬁsn b rem
M — atgnclerg claailization iydoem ﬁ - hll-“ :””'I'.‘ . :{5' - ‘”"n it wD wary Jdenie
s . AT Nl . Mar
Panntralion et wi . Ldum limit | Fb o Iriahle

This taboratory s registered by the Mapoaal Asgooiasuon of

A Testing Aumhoriies. Aunryia, The tessfs) reporied hormn
T ~ have peen pedarmed in accorgiince with the termy ol i
F-% v oryiiration, Thd dotoament alall el b ragroaguced wxogpl
- 1 oin tuil without the orier appraval of 1he labaraiory.
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. ) date: I0Eh July 14981
Clarenae Biver Couniy Council, Ittt Loy KM, MJL, JB, VT, AC
projear: Claremee River Fleood Mitipution chaghd bv: KB
laeationt  Grafron
| ' a aterial B —hlmw =t d
Fenple detaily 5 materia g:# 5’13' T3, ,-:i-': :tdditi['suufr::lur{fb:.;:wtinm
detath hg wil lepi: pintheity of particle charseterimicsl B 3§ i o Q E‘u’. %-E
P AL S T.ii'; ": E |caloue, secondary and minor companents, E';:;ﬁ ;_‘3 B P S E
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‘JLMSO,\JI:-'QE,Ip=2ﬁ,L.S."l'_"l.ﬂﬂ 7.8 ¢' - D kPa

g o= 3¢
BHIO [ 1.0 us0 21.5 1 420
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1 Introduction

This report contains the factual data from the ground investigations undertaken for
the Arup Geotechnical Investigation for the Route Options report.

1.1 Project background

Roads and Maritime Services (RMS) are currently undertaking a route selection
investigation of an additional crossing of the Clarence River at Grafton. Six route
options are currently being considered as discussed in Section 1 of Arup’s
Geotechnical Investigations for Route Options report. The objective of the ground
investigation is to provide a geotechnical assessment of the foundation conditions
associated with the six route options so they can be reasonably compared.

This report presents the factual results of the ground investigation for the project.
Results included in this report comprise all site works completed and all results of
laboratory testing

1.2 Scope of ground investigation

Prior to this route options investigation, there was existing geotechnical
information as follows:

e In the vicinity of the existing Grafton Bridge;

e For the flood plain area on the south side of the river, downstream of the
existing Grafton Bridge and this can be extrapolated, to an extent, to
interpret ground conditions along the three route options that cross the
flood plain (Options 11 and 14/15).

There was no existing geotechnical borehole data for the Grafton side of the river
and the area north to Great Marlow.

Therefore, to supplement the existing information, the supplementary
investigation concentrated on the northern bank with five boreholes located at
route options E, 11, 14 and 15. One borehole was located on the floodplain on the
southern river bank in close proximity to route Options 14/15 to provide
information on the anticipated rock level in this area.

A land based gravity survey was carried out on the south side of the Clarence
River for route options 11 and 14/15. The aim of the gravity survey was to profile
the top of the bedrock to the south east of the river up to the Pacific Highway and
correlate the findings to the nearest boreholes. This will enable a more accurate
estimation of the depth of piles along the floodplain covered by these options.

The borehole locations and gravity survey undertaken for this investigation is
presented in Appendix A. Table 1 provides a list of the investigations undertaken
and their relevance to the route options.

REP/220422/GI | Issue 3 | July 2012 | Arup Page 1
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Grafton
Ground Investigation Data Report

Table 1 Summary of investigation purpose

Location Route Primary purpose
option

BH101 E Investigation of bridge abutment founding materials and
depth

BH102 11 Investigation of bridge abutment founding materials and
depth

BH103 14/15 Investigation of bridge abutment founding materials and
depth

BH104 14/15 Investigation of embankment founding materials and depth

BHI105 15 Investigation of embankment founding materials and
depth surrounding Lawrence Road

BH106 14/15 Investigation of founding materials and depth for bridge
abutment and floodplain crossing

Gravity Survey along 11 Correlation of bedrock depth across the floodplain

McLaers Lane and crossing

adjacent road

Gravity Survey along 14/15 Correlation of bedrock depth across the floodplain

Meona Lane and crossing

Eggins Lane

1.3 Project execution

The ground investigation was carried out between the 5™ and 23" of March 2012.
All works were conducted in accordance with the following documents:

e Summerland Way Geotechnical Investigation, Review of Environmental
Factors, Revision 2;

e Main Road No. 83 Summerland Way Additional Clarence River Crossing,
Geotechnical Investigation Environmental Management Plan, Issue 2;

e Main Road No. 83 Summerland Way Additional Crossing of the Clarence
River at Grafton, Geotechnical Investigation Health and Safety
Management Plan, Issue 3.

1.4 Boreholes

All boreholes were carried out by Terratest Pty Ltd, using a Hydropower 5000
truck mounted rig. Site supervision and logging was carried out by an Arup
Engineer. Boreholes were advanced using washbore with standard penetration
tests at 2m intervals. Undisturbed samples were taken of soft cohesive soils.
Where rock was encountered the boreholes were advanced with NMLC core
recovery (52mm core).

The boreholes were carried out in the locations presented in Table 2. Borehole
locations were surveyed by GPS accurate to £3 m.

Boreholes located at abutment foundations were progressed 3 metres into rock.
Due to difficulties in advancing casing through gravels, poor core recovery was
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Roads and Maritime Services Main Road 83 Summerland Way - Additional Crossing of the Clarence River at

Grafton
Ground Investigation Data Report

obtained from BH101. BH105 was terminated within the gravels on approval
from RMS.

Borehole logs and explanatory notes are presented in Appendix B. The core boxes
were stored at the RMS Laboratory in Grafton.

Table 2 Summary of borehole locations

Borehole Easting Northing Elevation Total Depth
(mAHD)

BH101 493755 6714983 2.49 35.5

BH102 495161 6715352 34 27.24

BH103 495438 6716883 3.77 27

BH104 494995 6717473 1.75 16.7

BH105 494720 6718301 6.7 27.5

BH106 495904 6716405 4.79 28.8

1.5 Laboratory testing

Laboratory testing of soil samples was undertaken by Trilab Pty Ltd, Brisbane,
which included six atterberg limit, six particle size distribution, two oedometer,
and one undrained triaxial tests. Laboratory testing of rock core samples was
undertaken by SGS Australia Pty Ltd, Alexandria, NSW, which included twelve
point load tests, six diametral and six axial. All laboratory testing results are
presented in Appendix C.

1.6 Gravity survey

A gravity survey was undertaken for route options 11 and 14/15 to the east of the
Clarence River. The survey was conducted along existing tracks between the river
and the Pacific Highway. The survey was used to correlate bedrock elevation
below the flood plain with borehole BH106 and previous investigation data. The
results are presented in Appendix D.
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Geotechnical Explanatory Notes

DESCRIPTION AND CLASSIFICATION METHODS

Soil and rock descriptions are generally in accordance with the recommendations of Australian Standards AS 1726-1993 and cover the following properties:

SOIL

Classification Group
Soil Name

Plasticity

Grain Size

Colour

Texture and Fabric

Secondary Components

Minor Components
Moisture
Consistency
Structure

Origin

Other Relevant Information

ROCK Name

Grain Size
Texture and Fabric
Colour

Strength
Weathering
Structure

Defects

Weathering of Rock Mass

Field tests have been used extensively to assess soil consistency, rock strength and grain size. Unless specifically stated otherwise, these assessments have been
transferred directly to the record sheets and not modified to coincide with laboratory test results. Field descriptions may therefore be used as an independent

estimate of material properties which can be correlated with other data.

SOIL CLASSIFICATION SYMBOLS

The appropriate group symbol is given as shown on Sheet 2. This is based on the Unified Classification procedure - Visual Method for field identification in accordance
with ASTM D 2487 - 83 and D 2488 - 84.

COMPOSITE SOIL TYPE

As most natural soils are a mixture of basic soil types, the primary soil is described and modified by secondary constituents as follows:

Coarse Grained Soils Fine Grained Soils
% Fines Terms % Fines Terms
<5 omit, or use 'trace’ <15 omit, or use 'trace’
>5<12 describe as 'with clay/silt' as applicable >15 <30 describe as 'with sand/gravel' as applicable
>12 'silty/clayey' preceding primary soil >30 'sandy/gravelly' preceding primary soil
GRAIN SIZE
FIELD TEST i Not visible with |[i  Particles >10um i Particles >75um visible to
x10 lens visible with x10 lens naked eye
ii Does notdilate |ii Dilates on shaking |ii Fine sand feels gritty in T .
’ X Visible identification
on shaking i Does not adhere to fingers
iii Adheres to fingers when dry
fingers when dry |iv Feels gritty on teeth
DESIGNATION CLAY SILT SAND GRAVEL COBBLES| BOULDERS
Fine Medium | Coarse | Fine ‘ Medium ‘ Coarse
(®) (m) () (®) (m) (c)
GRAIN SIZE 2 200 600 2.36 6 20 63 200
microns millimetres
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Geotechnical Explanatory Notes

PERCENTAGE AND SHAPE CLASSIFICATION

Essentially two-dimensional particles with the third dimension small by
comparison may be described as ‘flaky’ or ‘platy’.

Essentially one-dimensional particles with the other two dimensions small by
comparison may be described as ‘elongated’.

COLOUR

Individual assessment of colour has been made at field moisture condition, or as received using simple terms like black, white, grey, red, brown, orange, yellow,
green or blue. No reference has been made to standard colour charts unless specifically stated. These may be modified where necessary using ‘pale’, or ‘dark’ or
‘mottled’. Borderline colours shall be described as a combination of colours e.g. red-brown etc.

Mottling shall be described as ‘(Primary colour) mottled (secondary colour)’. Where a soil consists of two colours present in roughly equal proportions the colour
description should be ‘Mottled (first colour) and (second colour)

SOIL MOISTURE CONDITION

Condition Cohesive Granular
DRY (D) Hard and friable or powdery, well dry of plastic limit Cohesionless and free-running
MOIST (M) Cool, darkened in colour, can be moulded Cool, darkened in colour, tends to cohere
WET (W) Weakened. Free water forms on hands when handling Tends to cohere

Moisture content (mc) may be compared to the plastic limit (PL), eg mc>PL means moisture content greater than the plastic limit. The presence of any water
seepage may be noted on the borehole records.

CONSISTENCY Cohesive Soils

Exudes between ) Indented by thumb, Indented with
FIELD TEST fingers when Moulded by light Mqulded by strong cannot be moulded Indented py difficulty by
finger pressure finger pressure 8 thumbnail .
squeezed by fingers thumbnail
DESIGNATION Very Soft (VS) Soft (S) Firm (F) Stiff (ST) Very Stiff (VST) Hard (H)
UNDRAINED
SHEAR 12 25 50 100 200
STRENGTH kPa
CONSISTENCY Non-Cohesive Soils
Easily excavated with a Some resistance to a Considerable resistance No penetration with a
FIELD TEST Y spade or penetration to spade or penetration | hand bar; requires pick High resistance to a pick
spade X . .
with a hand bar with a hand bar for excavation
SPT 'N' VALUE
(blows / 300 mm) 4 10 30 50
DESIGNATION Very loose (VL) | Loose (L) | Medium Dense (MD) | Dense (D) | Very Dense (VD)
DENSITY INDEX % 15 35 65 85
DILATANCY Cohesive Soils

A positive reaction consists of the appearance of water on the surface of the pat which changes to livery consistency and becomes glossy. When the sample is
squeezed the water and gloss disappear from the surface, the pat stiffens and finally cracks or crumbles.

The rapidity of appearance of water during shaking and its disappearance during squeezing assist in identifying the character of the fines in a soil.

Very fine clean sands give the quickest and most distinct reaction whereas a plastic clay has no reaction. Inorganic silts, such as a typical rock flour, show a
moderately quick reaction.

SOIL STRUCTURE

Zoning: May consist of separate zone differing in colour, grain size or other properties. These should be describe d with the following descriptions:

a. “Layer” i.e. zone is continuous across exposure or sample
b. “Lens” i.e. a discontinuous layer of different material, with lenticular shape
c. “Pocket” i.e. an irregular inclusion

(the thickness , orientation an distinguishing features of the zones should be described).
Defects: described dimensions, orientation and spacing. Defects may include fissures, cracks, root-holes etc.

Cementing: Coarse grained soils may be cemented together by various agents. If the cementing agent allows the particle aggregations to be easily fractured by
hand when the soil is saturated it is described as “weakly” cemented. If the cementing agent prevents fracturing by hand of the particle aggregations when
saturated, it is described as “strongly” cemented.

ORGANICS

The presence of organic material shall be described using proportion terms such as ‘with’ or ‘trace’ using the following terms: fibrous peat; charcoal; wood
fragments; roots (greater than 2 mm diameter); or root fibres (less than 2 mm diameter).
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Geotechnical Explanatory Notes

TYPICAL REPRESENTATION AND TERMS USED FOR CARBONATE ROCK

Classification of calcareous materials (modified from Clark and Walker)

Soil Consistency and Total
. — . . Carbonate
Rock Strength Increasing grain size of particulate deposits Content (%)
0.002 mm 0.06 mm 2mm 60 mm
CARSONATE | CARBONATE SAND | CARBONATE GRAVEL 90-100
- CARBONATE  |---- o
Soil CLAY Siliceous Siliceous
Density/Consistency CARBONATE CARBONATE SAND Mixed carbonate and 50-90
used as per AS1726- | _________________ | .SWT___ | T T T T . norgcarbonate __________________
Calcareous Calcareous silica RAVEL
198 Catoareous CLAY | T | osann || 1980
CLAY SILT Silica SAND GRAVEL 0-10
___CALCILUTITE __|_{ CALCISILTITE | CALCARENITE _ | __ CALCIRUDITE | ___f 90-100 ____
Extremely Low to Clayey Siliceous Siliceous Conglomeratic 50-90
Medium Strength _._CALCILUTITE_ __|_{ CALCISILTITE_ | __ CALCARENITE ___| ____ CALCIRUDITE ____ | .7 77 . .
1s50<1MPa Calcareous Calcareous Calcareous Calcareous 10-50
UCS<12.5MPa ___CLAYSTONE _ | __ SILTSTONE _ | ____ SANDSTONE ____| __ CONGLOMERATE __ | _____ 7.
CLAYSTONE SILTSTONE SANDSTONE CONGLOMERATE 0-10
) . . CONGLOMERATE
_______ Fine-grained LIMESTONE | DerMtalLIMESTONE | Limvestone | 90190
High to Very High Flng-gralned leel-gramed Siliceous detrital Conglomeratic
Strength. Argillaceous Siliceous LIMESTONE LIMESTONE 50-90
1s50>1MPa .. LIMESTONE __ | _| LIMESTONE _ | ..
UCS >12.5 MPa Calcareous Calcareous Calcareous Calcareous 10-50
___CLAYSTONE _ | __ SILTSTONE _ | . SANDSTONE | _____ LIMESTONE | 7~ - ...
CLAYSTONE SILTSTONE SANDSTONE CONGLOMERATE 0-10
CRYSTALLINE LIMESTONE 2

1. The strength of rock was determined in the field based on visual identification in accordance with page 3 of the Arup Explanatory Notes and was
subsequently confirmed by laboratory testing.
2. Classification based upon rock displaying a crystalline fabric.

The term ‘siliceous’ replaces the term ‘silica’ when a secondary descriptor are used to indicate the presence of clay or silt fractions. These terms are as follows:
- Calcareous Siliceous Silty Sand
- Calcareous Siliceous Clayey Sand
- Siliceous Silty Sand
- Siliceous Clayey Sand

ROCK STRENGTH Based on visual identification

FIELD TEST Easily remoulded | Material crumbles | Easily scored with | Readily scored by | A piece of core Hand specimen Specimen
by hand to a under firm blows | knife. A piece of | knife; a piece of 150mm long by breaks with pick requires many
material with soil | with sharp end of | core 150mm long | core 150mm long | 50mm diameter after more than blows with
properties pick. Pieces up to | and 50mm by 50mm diameter | cannot be broken | one blow; rock geological pick to
3cm thick can be | diameter may be | can be broken by | by hand but can rings under break through
broken by finger broken by hand. hand with difficulty | be broken by a hammer intact material;
pressure pick with single rock rings under
firm blow hammer
POINT LOAD
STRENGTH
INDEX 0.03 0.1 0.3 1 3 10
Is(50) MPa
DESIGNATION Extremely Low Very Low Low Medium High Very High Extremely High
(EL) (VL) (L) (M) (H) (VH) (EH)
UNCONFINED
COMPRESSIVE ) . . . ) . .
STRENGTH (q.) The unconfined compressive strength is typically about 20 x Is(50). The ratio may vary widely for different rock types.
MPa
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Geotechnical Explanatory Notes

ROCK WEATHERING Based on visual identification

FIELD Soil developed on Rock is weathered to an Rock strength usually Rock is slightly Rock shows no sign of
APPEARANCE extremely weathered extent that it has 'soil' changed by weathering. | discoloured but shows decomposition or staining
rock; the mass structure | properties, ie it either The rock may be highly little or no change of
and substance fabric are | disintegrates or can be discoloured, usually by strength from fresh rock.
no longer evident; there is | remoulded, in water iron staining. Porosity
a large change in volume may be increased by
but the soil has not been leaching, or may be
significantly transported decreased due to
deposition of weathering
products in pores.
DESIGNATION Residual Soil Extremely weathered rock | Distinctly weathered rock | Slightly weathered rock Fresh rock
(RS) (Xw) (DW) (SW) (FR)
BEDDING STRATIFICATION
Term Description Separation of Stratification
Planes
Stratification not recognisable Massive -
Very thickly bedded >2m
Thickly bedded 0.6-2m
Stratification more than 20 mm apart Bedded Medium bedded 0.2-0.6m
Thinly bedded 60 mm-0.2 m
Very thinly bedded 20 - 60 mm
Thickly laminated 6 —20 mm
Stratification planes less than 20 mm apart Laminated
Thinly laminated <6 mm

Table based on Geological Society Engineering Group Working Party report on The Logging of Rock Cores for Engineering Purposes - Q JI Eng Geol Vol 3, 1970,

pp1-24.

DEVELOPMENT OF STRATIFICATION

Term

Description

Poorly Developed

Bedding is barely obvious as faint mineralogical layering or grain size banding, but bedding planes are poorly defined

Well Developed

Bedding is apparent as distinct layers or lines marked by mineralogical or grain size layering

Very Well Developed

Bedding is often marked by a discrete colour banding as well as by mineralogical or grain size layering

ROCK TEXTURE AND FABRIC

Texture of rock refers to individual grains. Terms used frequently are: Crystalline, porphyritic, granular, cryptocrystalline, amorphous, glassy.
The arrangement of the grains (fabric) should be described as massive or layered (bedded, foliated, cleaved) Calcareous rocks should be described using the table

below.

Depositional texture recognizable

Depositional
texture not

Mudstone

Packstone

. Qriginal
QOriginal components not bound
: P components
together during deposition were bound
Contains mud Lacks mud together
(clay and fine silt-size carbonate) and is grain
. Grain- supported
Mud-supported suppc;rted
Less than Moare than
10% grains 10% grains
Wackestone Grainstone Crysialline

Boundstone

recognizable

Carbonate rock fabric descriptive terminology based on Dunham 1962.
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Geotechnical Explanatory Notes

ROCK STRUCTURE

Sedimentary rocks — Bedded, laminated (<20 mm)
Metamorphic — Foliated, banded or cleaved

Igneous — massive, flow banded

DEFECT DESCRIPTION

Order of description: type, angle, thickness, planarity, roughness, coating, infill.

Defect Type
Symbol Description
Sh Sheared Zone - zone of multiple closely spaced fracture planes with roughly parallel planar boundaries, usually forming blocks of lenticular or
wedge-shaped intact material. Fractures are typically smooth, polished or slickensided; and curved.
Be Bedding plane parting - arrangement in layers of mineral grains of similar sizes, near parallel to surface of deposition along which a continuous
observable parting occurs. Generally no microfractures.
Fo Foliation Parting — As for bedding plane parting except discontinuous microfractures may be present near parallel to the layering.
Jo Joint - a fracture across which rock has little or no tensile strength and is not obviously related to rock fabric.
Cr Crushed Seam - zone with roughly parallel, planar boundaries (commonly slickensided) containing disoriented usually angular rock fragments of
variable size often in a soil matrix.
Cl Dyke — Igneous intrusion - often weathered and altered to a clay-like substance.
We Weathered/Decomposed Zone - zone of any shape but commonly with parallel planar boundaries containing moderately to gradational
boundaries into fresher rock.
SC Solution cavity
Inclination

For specific defects, the orientation of each individual defect is noted in degrees from core normal. If the orientation cannot be measured, a dash (-) is used.

SPT SAMPLE DESCRIPTIONS

Where SPT tests are carried out in regions of core loss, a separate description of the SPT sample is provided. A separate description of the SPT sample is not
however provided when core loss has not been recovered.
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Geotechnical Explanatory Notes

SHAPE
Symbol Description
PL Planar - forms a continuous plane without variation in
orientation
IR Irregular - has no clear orientation
CuU Curved - has a gradual change in orientation
UN Undulating - has a wavy surface shape
ST Stepped - has one or more well-defined steps
ROUGHNESS
Symbol Description
Ro1 Slickensided or polished - very smooth, reflects light

Ro2 Smooth - roughness not detected with finger
Ro3 Defined ridges - Sandpaper feel (fine to medium sandpaper)
Ro4 Small steps - sandpaper feel (medium to coarse sandpaper)

Ro5 Very rough - very well defined ridges and/or steps.

INFILL TYPE
Symbol Description

CL Clean
CA Calcite
CB Carbonaceous material
CH Chlorite
CT Carbonate
FE Iron oxide
LM Limonite
Qz Quartz

SuU Sulphides
RF Rock fragments

g gravelly
s sandy
m silty

[ clayey
G Gravel
S Sand

M Silt

C Clay

Note: lower case letters are used as prefix

INFILL THICKNESS

Where infilling is present, the thickness of infill is recorded using the
following convention:

e ST Iron oxide staining less than 1mm

e VN Veneer coating less than Tmm

If the infilling is greater than 1mm, the actual thickness of infill is recorded in
millimetres. [f infill is not present, a dash (-) is recorded.

SAMPLE CODES
Symbol Description
C Core sample

SB Small bulk disturbed
AMAL | Amalgamated sample

B Bulk disturbed
BLK Block
CBR CBR mould
CD Plastic tub for chemical analysis

D Small disturbed
DEN Denison Sampler

DENm | Denison Sampler (modified)

E Environmental

G Gas

J Jar

K Amber chemical jar

LB Large bulk disturbed
LDS Large disturbed
M Mazier type

P Piston
TW Thin walled push-in
U Undisturbed — open drive

U100 100mm diameter undisturbed
u63 63mm diameter undisturbed
u76 76mm diameter undisturbed
w Water

STANDARD PENETRATION TEST REPORTING

The results of SPT’s are reported on both borehole and cored borehole
logs.

Typically the test is reported as the number of blows for the seating drive ;
and the number of blows of the two increments of the main drive e.g. N
5;10,15

For a test which is terminated during the main drive, the blows for the
seating drive are reported followed by a semi-colon (;) and then the total
number of blows and the total distance driven (mm) is reported e.g. N
15;50/250

For a test which is terminated during the seating drive, the total number of
blows and the distance driven (mm) is reported and the result is suffixed
with an “s” to designate the test was terminated during the seating drive
e.g. N 50/75s.

For a test that is terminated within the seating drive the N values is
determined by extrapolation of the penetration and number of blows
recorded and is denoted with "**".

For a test that is terminated before achieving the full main drive
penetration, the N values is determined by extrapolation of the penetration
and number of blows recorded and is denoted with "*".

HB — Hammer double bouncing

POINT LOAD TESTING

Iss0) Diametral test results to be recorded on log as: 2.05 DI

Is50) Axial test results to be recorded on log as: 2.05 AX
Iss0) Irregular test results to be recorded on log as: 2.05 IR
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Geotechnical Explanatory Notes

SYMBOLS & ABBREVIATIONS
Drilling
Method
AD Auger drilling (drilled depths shown (m))
V bit Steel 'V' bit
TC Tungsten carbide bit
RR Tricone (rock roller) bit
W Washboring
NMLC, BMLC Triple tube rotary core drilling (52mm, 35mm
diameter)
NH, HQ Wireline core drilling
D Diatube coring
Sample and Field Testing
D Disturbed sample
U(x) Undisturbed sample x mm diameter
U(x)+ U(x) attempted, little or no recovery
PT Pressuremeter test
PL Point load test (AX - axial, DI - diametral test)
Is(50) Point load strength index (MPa)
de Cone resistance (from CPT)
qp, PP Unconfined compressive strength estimated from
pocket penetrometer (kPa)
RQD Rock quality designation expressed as:
sum of lengths of sound core pieces >100mm total
length of core section considered
SCR Solid core recovery
TCR Total core recovery
D/DD Dip/dip direction of rock discontinuity (degrees)
CPT Cone penetration test
SPT Standard penetration test
N SPT blow count (blows/300 mm)

Soil Properties
CBR
¢
CC
CU

California Bearing Ratio

Effective shear strength

Compressed index

Undrained shear strength

Coefficient of consolidation

Coefficient of secondary compression

Dry density

Dry density expressed

Elastic modulus

Void ratio

Shear modules

Specific gravity

Coefficient of permeability

Maximum dry density obtained in compaction test
Coefficient of volume compressibility

Natural dry density

Natural moisture content

Optimum moisture content obtained in compaction

Design Parameters

Footing or pile base area
Footing or pile width or diameter
Footing or pile depth

Diameter of pile (m)

Coefficient of earth pressure
Coefficient of active pressure
Coefficient earth pressure at rest
Coefficient of passive pressure
Footing length

Bearing capacity factors
Negative skin friction

Load

Total active force

Pile base load

Total passive force

Pile shaft load

Active earth pressure

Pile base pressure

Support

cH0Zs

wWs<D

Water

Mud

Casing
Timbering
Unsupported

SPT refusal

In situ vane test (showing peak/residual value (kPa))
Water sample

Bulk sample

Water — Moisture

LI
LL
LS
Pl
PL
qu, UCS
w
Vo
Yd
Tw
v

‘bu
‘bu‘tu'

©

»

<

cC~TH4wwuwo

Qa o c

T

Subscript all
Subscript h
Subscript r
Subscript ult
Subscript v

Wet

Moist

Dry

Standpipe installed to depth shown
Piezometer installed at depth shown
Inflow

Outflow (loss)

Level (date)

Partial loss

test

Liquidity index

Liquidity limit

Linear shrinkage

Plasticity index

Plastic limit

Unconfined compressive strength

Moisture content (% of dry weight)

Bulk density

Dry density

Density of water

Poisson's ratio

Apparent angle of friction from quick undrained triaxial
test

Effective angles of friction in drained and undrained
conditions

Passive earth pressure
Pile shaft adhesion
Settlement
Dimensionless time factor
Time

Degree of consolidation
Pore water pressure
Shaft adhesion factor
Angle of friction between soil and structure
Total normal stress
Effective normal stress
Shear stress

Allowable or working
Horizontal

Residual

Ultimate

Vertical
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Project
Library

Hole Diameter 100mm to 2.50m depth. (Auger, then 100mm to 20.5m depth, washbore, then
75mm to 22.5m depth, washbore, then 52mm to 35.5m depth, NMLC)
End of borehole at 35.50m as agreed with the RMS

220422

ARUP BOREHOLE RECORD BH101 ==
HOLE OF 5
CLIENT RMS LOGGED BY RG
" " - CHECKED BY AB
PROJECT Summerland Way Additional Clarence River Crossing DRILLED DATE 06-Mar-12 to 09-Mar-12
CONTRACTOR Terratest Pty Ltd ANGLE Vertical GROUND LEVEL RL 2.49m
DRILL MODEL Hydropower 5000 BEARING - LOCATION 493755 E 6714983 N
DRILLER Terratest (DC) HOLE DIAMETER  100mm () ELEVATION DATUM  Australian Height Datum
COORDINATE SYSTEM AMGB84 Zone 56
DRILLING STRATA MATERIAL DESCRIPTION CONDITION OBSERVATION
)
2 w CONSISTENCY
SAMPLE, TEST, RL. | DEPTH % % SOIL TYPE 5 'DDE SOIL ORIGIN,
BIT, SUPPORT, o ©] Plasticity / Grain Size, Colour, Minor Components ':( @ | COHESIVE co:ggwE STRUCTURE,
ETC. 3 ] = g ETC.
[
[a)
MAHD | m & Cyubhlrs_.2a8
cL Gravelly CLAY, (CL) low plasticity, brown, gravel is medium to coarse D FILL
+ + grained, angular (sandstone and siltstone), with sand, trace root fibres.
1 | (inferred Probable FILL).
N=25 + -
4520 | 174 0.75
) T ’ SM I Silty SAND, (SM) fine to medium grained, sub-angular to rounded, M Alluvium
14 | brown-pale brown, trace clay. i
i 4 L
h 4 w
12 L ]
N=8 1 . 1
4,35 1 o
13 L ]
14 L ]
201 | 450 L - -
N=16 1 SM .| Silty SAND, (SM) fine to coarse grained, poorly graded, sub-angular, w Alluvium
6;8,8 * | grey-pale brown.
TS | ....5.00m - 8.00m thin layers of Clayey SAND, fine to coarse grained, ]
+ - I sub-angular, pale brown
16 L ]
N=11 4 NS
4,47 1 ol
17 L ]
T8 | ....8.00m-10.90m higher proportion of coarse grained sand, trace fine ]
+ -  tomedium gravels, sub-angular (fine grained sandstone/ siltstone), dark
1 | grey
N=10 + S
4,55 1 o
1o L ]
NOTES JOB




ARUP BOREHOLE RECORD BH101 ==~
HOLE OF 5
CLIENT RMS LOGGED BY RG
" " - CHECKED BY AB
PROJECT Summerland Way Additional Clarence River Crossing DRILLED DATE 06-Mar-12 to 09-Mar-12
CONTRACTOR Terratest Pty Ltd ANGLE Vertical GROUND LEVEL RL 2.49m
DRILL MODEL Hydropower 5000 BEARING - LOCATION 493755 E 6714983 N
DRILLER Terratest (DC) HOLE DIAMETER  100mm () ELEVATION DATUM  Australian Height Datum
COORDINATE SYSTEM AMGB84 Zone 56
DRILLING STRATA MATERIAL DESCRIPTION CONDITION OBSERVATION
)
2 w CONSISTENCY
SAMPLE, TEST, s =] c X SOIL ORIGIN,
BIT, SUPPORT, REIPEPT & | & SOIL TYPE E e NON STRUCTURE
! ! o ©] Plasticity / Grain Size, Colour, Minor Components < © | COHESIVE COHESIVE :
ETC. 3 ] = g ETC.
[
[a)
MAHD | m & Louh2zS.2an8
SM Silty SAND, (SM) fine to coarse grained, poorly graded, sub-angular, Alluvium
+ * '+ grey-pale brown. (continued) b
D N=12 + O ,
76,6 .
L -+1 " . L ... 10.90m clay layer, 7mm thick, high plasticity, dark grey, organic - E
* | odour
- T12 e : .
€ . :, .... 12.30m becoming trace silt |
D N=13 1 L |
56,7 i - ]
= 13 B | -
s
% 1 L 1
g B 114 L | i
§ © | ...14.00m gravel layers, probably fine grained (some resistance to
° + .| boring) 1
s .
o € L 1
3 D N=17 1 ot 1
5 8:8,9 | | |
&
8 - 115 F : .
2
2 1 L 1
g
S | i L il i
% 16 .... 16.00m gravel layers
(=} 4 L 4
gl
% D N=26 4 _ | ....16.50m SPT sample had fall in from above. Gravel layer over silty 1
5 9:12,14 - | sand, fine to coarse grained, sub-angular, grey
"‘I w .
g8 t ot :
5 < C
Z 4 1 L 4
s < ]
e 1 L |
g © L R 1 S
§ 2 15.517-1818.00 | 5 GRAVEL, (GP) fine to coarse grained, poorly graded, sub-angular to w Alluvium
s 3 + 3O t sub-rounded, dark grey mottled brown-white. b
Fa®
D> 4 L 4
25 O |
15 ;LOD D N=26 1 L ....18.50m large amount of fall in for SPT sample 1
” gg = 18;10,16 O
52,4 T i 1
£Esos )
CreUI -—19 ) - - s
5 E5EN O(
sEeRy T : 1
FiE<o
2JEJD T r 1
Se22
% 23 % 3 NOTES  Hole Diameter 100mm to 2.50m depth. (Auger, then 100mm to 20.5m depth, washbore, then JOB
S8 3 75mm to 22.5m depth, washbore, then 52mm to 35.5m depth, NMLC)
§-g§ g,g End of borehole at 35.50m as agreed with the RMS 22 0422
52535
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ARUP BOREHOLE RECORD BH101 ==~
HOLE OF 5
CLIENT RMS LOGGED BY RG
— - - CHECKED BY AB
PROJECT Summerland Way Additional Clarence River Crossing DRILLED DATE 06-Mar-12 to 09-Mar-12
CONTRACTOR Terratest Pty Ltd ANGLE Vertical GROUND LEVEL RL 2.49m
DRILL MODEL Hydropower 5000 BEARING - LOCATION 493755 E 6714983 N
DRILLER Terratest (DC) HOLE DIAMETER  100mm () ELEVATION DATUM  Australian Height Datum
COORDINATE SYSTEM AMGB84 Zone 56
DRILLING STRATA MATERIAL DESCRIPTION CONDITION OBSERVATION
)
] w CONSISTENCY
SAMPLE, TEST, RL | DEPTH % % SOIL TYPE x 'g,_ﬁ SOIL ORIGIN,
BIT, SUPPORT, o ©] Plasticity / Grain Size, Colour, Minor Components ':( @ | COHESIVE co:ggwE STRUCTURE,
ETC. 3 ] = g ETC.
=
MAHD | m & 2pu2zs 508
GP GRAVEL, (GP) fine to coarse grained, poorly graded, sub-angular to Alluvium
+ O(— sub-rounded, dark grey mottled brown-white. (continued)
D N=38 1 C, .... 20.50m becoming Clayey, medium plasticity, brown W
19;18,20 O
I 1 Ei |
I 1 Ei |
4 W I
Borehole continued as a Cored Drillhole
B 123 L |
B 1o L |
B 125 L |
B HEP L |
B Lo7 L |
B 1 og L |
B HEPP L |

inf_120 infrastructure\techl

Project : j:\220000\220422 - mr83 summerland way\07-00_site and construction\07-02_site investigations\07-00-03_geotechnics jan 2012\05_gint\20120427_summerland way_master.gpj

Log: 1.0.1 AUSTRALIA GENERAL BOREHOLE LOG (rev 30Jun10 checked AB/ACP Feb 2006)

gINT v8.2.904 Licenced to Ove Arup & Partners
gINT output page 3 of 3. Made 27Apr12 14:41

Library :

NOTES Hole Diameter 100mm to 2.50m depth. (Auger, then 100mm to 20.5m depth, washbore, then
75mm to 22.5m depth, washbore, then 52mm to 35.5m depth, NMLC)
End of borehole at 35.50m as agreed with the RMS

JOB

220422




ARUP COREDBOREHOLE RECORD A BH101 =
HOLE OF 5
CLIENT RMS LOGGED BY RG
— - " CHECKED BY AB
PROJECT Summerland Way Additional Clarence River Crossing DRILLED DATE 06-Mar-12 to 09-Mar-12
CONTRACTOR Terratest Pty Ltd ANGLE Vertical GROUND LEVEL RL 2.49m
DRILL MODEL Hydropower 5000 BEARING - LOCATION 493755 E 6714983 N
DRILLER Terratest (DC) HOLE DIAMETER ~ 100mm () ELEVATION DATUM  Australian Height Datum
COORDINATE SYSTEM AMG84 Zone 56
DRILLING STRATA MATERIAL DESCRIPTION DISCONTINUITIES
E g 10) 10) 5 SPECIFIC GENERAL DESCRIPTION
f1g|E | 48 3 = £ &¢ @
| x |2m| wd R.L. DEPTH | © ESTIMATED u = %)
8| = ke gF = o ROCKTYPE £ ROCK 2|38 |wy o Planarity, Roughness
2| |zE| 26 o Grain Size, Texture/Fabric, Colour, Minor Components E|STRENGTH| 8 | & — & (O~ £ ’ ’
g |38 | ag < o o | X FlZ[gE Coating, Infill
= T o - I
= & |mAHD | m o 2 i srIh 82. . F
B 12 L i
B 122 L i
—~ | 8 2011 | 22.60 Continued from Borehole
S|e 3| -20.26 2275 4 GRAVEL', (GP) coarse grained, sub-rounded, very
T *f [ -20.36 2285 [_——_F \dense, with cobbles. =
! 1y | [lCoRELoss /]
< S - Gravelly SAND, (SP) medium to coarse grained,
© | 3 T " ..\ poorly graded, sub-angular, pale brown, very dense,
¢ ¢ Co gravel is fine to coarse grained, sub-rounded, trace
[-21.01 T 23.50 |. [ \ clay. i
g ° 1 \ L \'.... 23.15m - 23.40m without gravel, sand becoming / ]
=3 =S \ / . . .
B o \ /| \finetomediumgrained J
] ™~ T \X/ [ CORE LOSS (probable wash out of fines around 7
E | S S iR /\ | gravels). |
§ = 24 / \\\
° |-21.76 + 2425y N _ _ ___ _ __ __ _ _ 7
% . Gravelly SAND, (SP) medium to coarse grained,
£ gl -22.01 T 2450 | . [ poorly graded, sub-angular, pale brown, very dense, |
5 =| s § 2216 1 2485 | | gravel is fine to coarse grained, sub-rounded, trace /]
{:ll % g [ ) \ Cljy; 77777777777777 J/7
3 T | \CORE LOSS (probably Gravelly SAND)._ | |
3 | -+ 25 © - L Gravelly SAND, (SP) medium to coarse grained, -
z R poorly graded, sub-angular, pale brown, very dense,
5 ° T I gravelis fine to coarse grained, sub-rounded, trace 1
'3 ES
S > 1 - - | clay. |
g o .
(] o ° °
-::E’ a R
8 - 3 —+26 R -
5 R
ml . .
=3 R
3 . 1 b 1
% § 1 .} ....26.50m with gravel, fine to medium grained, 1
5 z - | sub-rounded, mixed lithologies
§ B 17 F i
e 1 B A 1
2 3
o8 B
8 R 1 L 1
= 8 R
s 5 . 1 o 1
g L Z | -25.51 | g 800
° £ © Clayey GRAVEL, (GC) fine to coarse grained,
s % <4 + a t poorly graded, sub-rounded to sub-angular, mottled g
Zow 8 grey-brown.
S22 5 g T 1
Q93 © g
5z¢ S 8 4 o L ]
§53 T = o (\°
0= CS 1 L 1
o I
£2283 b
EsEnl T29 T :
s EoEy
eu202 + o F 4
SNBET a
8SE<T 9
2JEJD T r 1
8ogey 5@
it
g O 354l .
2 & = -1 NOTES Hole Diameter 100mm to 2.50m depth. (Auger, then 100mm to 20.5m depth, washbore, then See explanatory notes for details of JOB
Q5EN3 75mm to 22.5m depth, washbore, then 52mm to 35.5m depth, NMLC) abbreviations and basis of 2 2 04 22
Eofss End of borehole at 35.50m as agreed with the RMS descriptions
S [ i i iy )




ARUP COREDBOREHOLE RECORD @ BH101 =
HOLE OF 5
CLIENT RMS LOGGED BY RG
— - " CHECKED BY AB
PROJECT Summerland Way Additional Clarence River Crossing DRILLED DATE 06-Mar-12 to 09-Mar-12
CONTRACTOR Terratest Pty Ltd ANGLE Vertical GROUND LEVEL RL 2.49m
ydropower -
DRILL MODEL Hyd 5000 BEARING LOCATION 493755 E 6714983 N
DRILLER Terratest (DC) HOLE DIAMETER ~ 100mm () ELEVATION DATUM  Australian Height Datum
COORDINATE SYSTEM AMG84 Zone 56
DRILLING STRATA MATERIAL DESCRIPTION DISCONTINUITIES
| = g 10) 10) 5 SPECIFIC GENERAL DESCRIPTION
E181E | 48 3 = £l &t @
| x |2m| wd RL. | DEPTH | o ESTIMATED £ %)
§| = Eg T = o ROCKTYPE £ ROCK 2|3 g |w |4 g Planarity, Roughness
2| |zE| 26 o Grain Size, Texture/Fabric, Colour, Minor Components E|STRENGTH| 8 | & — oo 8 E ’ ’
513 |5 °g & i | K e Z o E Coating, Infill
i = % mAHD m © = oSSt 82, - =
Clayey GRAVEL, (GC) fine to coarse grained, NN L
+ Q  poorly graded, sub-rounded to sub-angular, mottled g
1 grey-brown. (continued) |
g 1 oY ]
z a a
ES 1 D | 1
B 3 13 T i
° 1 L 1
_8 Q
% T o \Dr 1
©
s t QY :
a a
B | 2951 | ,, 3200 55&
—— CLAYSTONE, recovered on the end of the roller and
+ [ __} barrel as clay, high plasticity, grey, stiff to very stiff. b
—_| = | -30.01 T 3250 ]
S| = £-30.09 | 3258 L —— CORE LOSS. P
N e 3260 [ ] o o e
S § P -30.11 3283 | \ CLAYSTONE, recovered as clay, high plasticity, grey, /
1 2 L © £-30.34 & 3283 ‘ + \\stiiff toverystf. A
= -30.36 | 33 \ | CORE LOSS (fall in of gravel from above caused [
/| I washout of claystone). Casing could not be |
T advanced further. I 1
~| | 1 L |I.... 32.80m short runs due to gravel fall in blocking
S|5|g |corebarel ’
g T r \CLAYSTONE, recovered as clay, high plasticity, grey,|
B ! | stftoverystif. " ]
g CORE LOSS (fall in of gravel from above caused
%' —+34 \w shout of claystone). —
H .... 34.00m cleaned hole with tricone roller, returned
2 T clay, grey, stiff to very stiff 1
P fo|glz I ; |
3 YIS|R 1 a ]
N
g 1 [l ]
§ L l l | -32.49 34.98 | |
S ATATA [-32.51 T 35 3500 | CLAYSTONE, recovered as clay, high plasticity, grey, / |
5 lolal= 1 N pastfttoveysit. T g
8 ©13|R /N CORE LOSS (fall in of gravel from above caused
S Yivly | -33.01 | 3550 [ washout of claystone).
Y + ... 35.50m end of borehole as agreed with RMS B
= End of Borehole at 35.50m
g T r 1
£
8 - 136 F :
I=3
& 1 L 1
ml
il
3 1 L 1
5 1 L |
g - 137 3 8
o 1 L 1
2 3
o 8
8 R 1 L 1
-
52
% @ T [ |
c <
3 3 I 38 - B
°
233 i L |
g2
528 1 L ]
2§
T4 3
£539%
EsEps[ 139 F :
s EDX YN
I * |
8828 1 . ]
2ES5Z e
SEBEg
2ewi2Os 4 L d
Ngx=
g8y
EQEZD T r 1
S8REY
STES
g5g38 .
2 & = -1 NOTES Hole Diameter 100mm to 2.50m depth. (Auger, then 100mm to 20.5m depth, washbore, then See explanatory notes for details of JOB
Q5EN3 75mm to 22.5m depth, washbore, then 52mm to 35.5m depth, NMLC) abbreviations and basis of 2 2 04 22
Eofss End of borehole at 35.50m as agreed with the RMS descriptions
52535




Roads and Maritime Services Main Road 83 Summerland Way - Additional Crossing of the Clarence River at
Grafton
Ground Investigation Data Report

Core Photographs BH101

22.60m to 35.00m
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ARUP BOREHOLE RECORD BH102 ==
HOLE OF 4
CLIENT RMS LOGGED BY RG
— - - CHECKED BY JV
PROJECT Summerland Way Additional Clarence River Crossing DRILLED DATE 13-Mar-12 to 15-Mar-12
CONTRACTOR Terratest Pty Ltd ANGLE Vertical GROUND LEVEL RL 3.40m
DRILL MODEL Hydropower 5000 BEARING - LOCATION 495161 E 6715352 N
DRILLER Terratest (DC) HOLE DIAMETER  100mm () ELEVATION DATUM  Australian Height Datum
COORDINATE SYSTEM AMGB84 Zone 56
DRILLING STRATA MATERIAL DESCRIPTION CONDITION OBSERVATION
)
] w CONSISTENCY
SAMPLE, TEST, = =) X SOIL ORIGIN,
BIT, SUPPORT, REIPEPT & | & SOIL TYPE E e NON STRUCTURE
! ! o ©] Plasticity / Grain Size, Colour, Minor Components < © | COHESIVE COHESIVE :
ETC. 3 ] = g ETC.
=
=)
MAHD | m & Cyubhlrs_.2a8
SM .| Sandy CLAY, (SM) medium plasticity, dark brown, sand is fine grained, M Alluvium
+ © b trace root fibres. b
D N=4 1 ot 1
1;2,2 .
o 19 ‘ L i |
220 T 1.20 — - - - - -
SM -] SAND, trace Silt, (SM) fine to medium grained, trace coarse grained, M Alluvium
+ * 't poorly graded, sub-angular to sub-rounded, brown to pale brown. g
B P L i |
D N=4 1 L |
2;2,2 1 o |
B 13 L i |
020 T 3.20 — - - -
SM .| Silty Clayey SAND, (SM) fine to medium grained, poorly graded, dark w Alluvium
+ * '+ brown, clay is low plasticity, layered, black. b
g 1 ‘7 i
g
2 1 L ]
EI
g B T4 [ B 7]
H
&
o € L 1
£ .
5. D N=4 + AR i
5 0;0,4 1 o |
&
=1
o T L ]
8 210 1 580 gy " L Silty SAND, (SM) fine to medium grained, poorly graded, sub-angular | Alluvium
s * | tosub-rounded, grey-brown.
8 T 3 q
o
3
2 D N=11 4 ot 4 W
s 45,6 C
3 = i | i
z 8
g 8 1 s ]
5 <
Z o 1 L 1
s <
3 3
3 | i |
8 S +8 - b 1
ZF-
§I :E” 4 ‘ . ‘, 4
5§g | D N=10 + b 1 W
g5~ 34,6 T
524 + 8 ]
cea23l 1 a i |
o gEN= 9
® ESO Y
5583 1 : 1
g8 ! i 1
gEcis
FiE<o
§953° T [ |
Joh
Se28
%5 = % 3 NOTES  Hole Diameter 100mm to 4.50m depth. (Auger, then 100mm to 23m depth, washbore, then JOB
E E— E‘?E 75mm to 24.24m depth, washbore, then 52mm to 27.24m depth, NMLC) 2 2 O 4 2 2
Z 95 Rz
o0 3 J o




ARUP BOREHOLE RECORD BH102  ==°
HOLE OF 4
CLIENT RMS LOGGED BY RG
— - - CHECKED BY JV
PROJECT Summerland Way Additional Clarence River Crossing DRILLED DATE 13-Mar-12 to 15-Mar-12
CONTRACTOR Terratest Pty Ltd ANGLE Vertical GROUND LEVEL RL 3.40m
DRILL MODEL Hydropower 5000 BEARING - LOCATION 495161 E 6715352 N
DRILLER Terratest (DC) HOLE DIAMETER  100mm () ELEVATION DATUM  Australian Height Datum
COORDINATE SYSTEM AMGB84 Zone 56
DRILLING STRATA MATERIAL DESCRIPTION CONDITION OBSERVATION
)
2 w CONSISTENCY
SAMPLE, TEST, s =] c X SOIL ORIGIN,
BIT, SUPPORT, REIPEPT & | & SOIL TYPE E e NON STRUCTURE
! ! o ©] Plasticity / Grain Size, Colour, Minor Components < © | COHESIVE COHESIVE :
ETC. 3 ] = g ETC.
=
=)
MAHD | m & Louh2zS_.2an8
SM .| Silty SAND, (SM) fine to medium grained, poorly graded, sub-angular Alluvium
+ * '} tosub-rounded, grey-brown. (continued) b
D N=15 1 ot 1w
6;6,9 .
B 11 t 4 i
1 "1 ... 11.50m becoming fine to coarse grained. 1
- T12 e : .
D N=13 1 L |
4,58 1 o |
= —+13 B - .
g
2 1 L ]
E, O
g B T4 T B 7]
H
E 5 T | ... 14.40m GRAVEL layer, 50mm thick, likely fine grained. |
3 N=14 + s ]
5‘ 6;7,7 | o |
&
8 - 115 F . : .
z .... 15.00m becoming Gravelly.
=1
2 1 L ]
g
3 - 116 - : .
o
3
2 4310 | 1650 . . :
e D N=26 1 GC I Clayey GRAVEL, (GC) fine to coarse grained, poorly graded, ] Alluvium
5 17;13,13 o sub-angular to sub-rounded, mixed lithologies, clay is high plasticity,
3 T r brown. 1
¢ 8 I +17 - . .
a8
g8 t 1
5 <
Z o € 1
s <
s 3 1 |
3 ST 18 a a
s 3 T 1
Fa0®
cl?p 5 4 4
5' gg D N=17 1 .... 18.50m becoming Sandy, sand is fine to medium grained, 1
” §§ J 10;6,11 sub-angular, brown.
R T 1
cE30%
S3ED st +19 . -
2ELQT s o i
S5G 0
£82¢
o gx T r ]
§esle
Biisy + O *
8355 0
SESEe
SE2S
%ﬁ = % 3 NOTES  Hole Diameter 100mm to 4.50m depth. (Auger, then 100mm to 23m depth, washbore, then JOB
©5u93 75mm to 24.24m depth, washbore, then 52mm to 27.24m depth, NMLC)
cBE 220422
52335




BOREHOLE RECORD

ARUP

BH102 SHEET 3

gint\aus_ library_p.glb

HOLE OF 4
CLIENT RMS LOGGED BY RG
" - - CHECKED BY JV
PROJECT Summerland Way Additional Clarence River Crossing DRILLED DATE 13-Mar-12 to 15-Mar-12
CONTRACTOR Terratest Pty Ltd ANGLE Vertical GROUND LEVEL RL 3.40m
DRILL MODEL Hydropower 5000 BEARING - LOCATION 495161 E 6715352 N
DRILLER Terratest (DC) HOLE DIAMETER  100mm () ELEVATION DATUM  Australian Height Datum
COORDINATE SYSTEM AMGB84 Zone 56
DRILLING STRATA MATERIAL DESCRIPTION CONDITION OBSERVATION
)
] w CONSISTENCY
SAMPLE, TEST, RL. | DEPTH % % SOIL TYPE E "JD_C SOIL ORIGIN,
BIT, SUPPORT, o ©] Plasticity / Grain Size, Colour, Minor Components ':( @ | COHESIVE ComggIVE STRUCTURE,
ETC. 3 ] = g ETC.
[
[a)
MAHD | m & Lyuubhlrs_.3an8
GC Clayey GRAVEL, (GC) fine to coarse grained, poorly graded, Alluvium
+ sub-angular to sub-rounded, mixed lithologies, clay is high plasticity,
brown. (continued)
N=75* T [
30/120s € .... 20.50m medium grained gravel blocked SPT tube, sub-rounded. w
12 ]
122 ]
D N=40 1 .... 22.50m large amount of gravel fall-in top of SPT. 100mm at base of W
27:22,18 sample shows Sandy Clayey GRAVEL.
123 ]
2010 | 2350 — I CLAYSTONE, recovered as Gravelly CLAY, high plasticity, dark grey, MW Bedrock
gravel is fine to medium grained, tabular.
24 I— E
N=100** 1 C—
30/90s 1 | Borehole continued as a Cored Drillhole D
1 25 L ]
126 L ]
197 L ]
1 28 L ]
1 29 L ]

\2200001220422 - mr83 summerland way\07-00_site and construction\07-02_site investigations\07-00-03_geotechnics jan 2012\05_gint\20120427_summerland way_master.gpj

:\inf_120 infrastructure\tech\

Log: 1.0.1 AUSTRALIA GENERAL BOREHOLE LOG (rev 30Jun10 checked AB/ACP Feb 2006)

gINT v8.2.904 Licenced to Ove Arup & Partners
gINT output page 3 of 3. Made 27Apr12 14:42

Project
Library

NOTES  Hole Diameter 100mm to 4.50m depth. (Auger, then 100mm to 23m depth, washbore, then
75mm to 24.24m depth, washbore, then 52mm to 27.24m depth, NMLC)

JOB
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ARUP COREDBOREHOLE RECORD @ BH102 =
HOLE OF 4
CLIENT RMS LOGGED BY RG
— - : CHECKED BY JV
PROJECT Summerland Way Additional Clarence River Crossing DRILLED DATE 13-Mar-12 to 15-Mar-12
CONTRACTOR Terratest Pty Ltd ANGLE Vertical GROUND LEVEL RL 3.40m
DRILL MODEL Hydropower 5000 BEARING - LOCATION 495161 E 6715352 N
DRILLER Terratest (DC) HOLE DIAMETER  100mm () ELEVATION DATUM  Australian Height Datum
COORDINATE SYSTEM AMG84 Zone 56
DRILLING STRATA MATERIAL DESCRIPTION DISCONTINUITIES
| = g o 10) 5 SPECIFIC GENERAL DESCRIPTION
E181E | 48 3 = £l &t @
| 2|gg 4> | RLJDEPTH| o ROCK TYPE G |ESTMATED | S 1 S o | | w @ .
S| I 8> g T . Ny . T ROCK ~| g & = 1=z Planarity, Roughness,
2| |zE| 26 o Grain Size, Texture/Fabric, Colour, Minor Components E|STRENGTH| 8 | & — & (O~
518313 °g & & | K FlZe E Coating, Infill
3
" | § |mAHD| m | O = l@sosz3E |se.. F
B 12 L i
B 122 L i
B 123 L i
s
2 1 L 1
€
> B . 24 r f
; = ‘8 | -20.84 | 2424 | Continued from Borehole i
2 2 5 | -20.95 24.35 INTERBEDDED SANDSTONE / CLAYSTONE, thinly _8W/D!
g F-21.02 7 2442 | laminated at 5 to 10 degrees. sandstone is fine ST
E k " / ) —45 —0 —PLRo3 CL
H 1 . & grained, grey, claystone is dark brown. trace I Lo Lo pLRosoL
N \inclusions of organic matter and coal on bedding |
g —+ Lplguai 77777777777777 /] B 20 [—1 [—PLRo4CL
S L . | lcoRELOSS.
2 INTERBEDDED SANDSTONE / CLAYSTONE, thinly
5 | © T laminated at 5 to 10 degrees. sandstone is fine 1 Los L1 lpLrosc
8 g <2 grained, grey, claystone is dark brown. trace S
g 2 c T inclusions of organic matter and coal on bedding ] C U D04t I N B
E T planes. h RN A0.49 —10 =1 [—PLRo3C
E 4 20 /0 r_PLRo2CL
< .... 25.81m - 24.30m sandstone laminations are less 22 NS NBRezer
3 - 26 frequent, higher proportion of claystone. - Lo Lo LpLrozcL
§1 10 0 PLRo4 C
Y |-22.90 T 2630 ]
8 'T T | 2340 T eso| | CORELOss.
S . 1 INTERBEDDED SANDSTONE / CLAYSTONE, thinly ~ SW/D
5 =| 3 laminated at 5 to 10 degrees. sandstone is fine
IS 15 T grained, grey, claystone is dark brown. trace 1 80 =1 |~PLRo2M
3 | © 1 o7 inclusions of organic matter and coal on bedding
£ i ¢ | planes. 80 1 [—UNRo2M
2 5 | -23.84 27.24 |-~ .+ ‘... 26.50m - 26.70m drilling induced core diameter ki (75 1 [—PLRo2M
o § 1 | \reduction. 1
g < End of Borehole at 27.24m
gk 1 f f
52
% @ T [ |
c <
3 3 I 28 r N
°
233 i L 1
g2
=] 1 L ]
2§
T4 3
£530%
Fsigsl +29 - .
@ EDXYN
i * ]
88N 1 , ]
2ES5Zo
SEBEg
2ewi2Os + b B
Ngx=
82T
8§EZD T r 1
85383
Se%e
g O 354l .
2 & = -1 NOTES Hole Diameter 100mm to 4.50m depth. (Auger, then 100mm to 23m depth, washbore, then See explanatory notes for details of JOB
C5uN3 75mm to 24.24m depth, washbore, then 52mm to 27.24m depth, NMLC) abbreviations and basis of 2 2 4 2 2
=y ;'E descriptions
Z 958z
o0 3 J o




Roads and Maritime Services Main Road 83 Summerland Way - Additional Crossing of the Clarence River at
Grafton
Ground Investigation Data Report

Core Photographs BH102

24.24m to 27.24m
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:\2200001220422 - mr83 summerland way\07-00_site and construction\07-02_site investigations\07-00-03_geotechnics jan 2012\05_gint\20120427_summerland way_master.gpj
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Log: 1.0.1 AUSTRALIA GENERAL BOREHOLE LOG (rev 30Jun10 checked AB/ACP Feb 2006)

gINT 8. 2.904 Licenced to Ove Arup & Partners
gINT output page 1 of 3. Made 27Apr12 14:43

Hole Diameter 100mm to 4.50m depth. (Auger, then 100mm to 21m depth, washbore, then
75mm to 23.9m depth, washbore, then 52mm to 27m depth, NMLC)

220422

ARUP BOREHOLE RECORD BH103 ="
HOLE OF 4
CLIENT RMS LOGGED BY RG
— - - CHECKED BY JV
PROJECT Summerland Way Additional Clarence River Crossing DRILLED DATE 12-Mar-12 to 13-Mar-12
CONTRACTOR Terratest Pty Ltd ANGLE Vertical GROUND LEVEL RL 3.77m
DRILL MODEL Hydropower 5000 BEARING - LOCATION 495438 E 6716883 N
DRILLER Terratest (DC) HOLE DIAMETER  100mm () ELEVATION DATUM  Australian Height Datum
COORDINATE SYSTEM AMGB84 Zone 56
DRILLING STRATA MATERIAL DESCRIPTION CONDITION OBSERVATION
)
] w CONSISTENCY
SAMPLE, TEST, RL | DEPTH % % SOIL TYPE x 'g,_ﬁ SOIL ORIGIN,
BIT, SUPPORT, o ©] Plasticity / Grain Size, Colour, Minor Components ':( @ | COHESIVE co:ggwE STRUCTURE,
ETC. 3 ] = g ETC.
=
=)
MAHD | m & Cyubhlrs_.2a8
cL Silty CLAY, (CL) medium plasticity, grey, silt is brown, thinly layered, M Alluvium
+ t with sand, fine grained, trace root fibres.
D N=5 1 L
1;2,3
B 19 L |
1 .... 1.25m sand lense at base of U50 sample.
197 1.80 — - - -
SM .| Silty Clayey SAND, (SM) fine to medium grained, poorly graded, M Alluvium
- -2 I sub-angular, brown, clay is medium plasticity, trace gravel, medium B
1 | grained, sub-angular.
D N=3 1 L
2,21 1 |
B 13 L |
037 T 3.40 - - - —
CH Silty CLAY, (CH) medium to high plasticity, brown, trace sand, fine M Alluvium
+ I grained.
i 023 4 400 oy " .| Silty SAND, (SM) fine to medium grained, poorly graded, sub-rounded w Alluvium
+ * 't tosub-angular, brown to pale brown, trace clay.
D N=5 1 b
2;2,3 1 ol
B 15 L |
1 " L ... 5.50m becoming dark grey.
B 1e L |
D N=2 € L W
0;1,1 1 |
B 47 L |
B 1g L |
473 | 850 L - -
D N=18 1 SM .| Silty SAND, (SM) fine to coarse grained, poorly graded, sub-angular, w Alluvium
78,10 1 . ‘7 grey.
B 19 L |
1 "~ L ...9.10m - 10.00m with gravel, likely fine to medium grained.
NOTES JOB




ARUP BOREHOLE RECORD BH103  ='°
HOLE OF 4
CLIENT RMS LOGGED BY RG
— - - CHECKED BY JVv
PROJECT Summerland Way Additional Clarence River Crossing DRILLED DATE 12-Mar-12 to 13-Mar-12
CONTRACTOR Terratest Pty Ltd ANGLE Vertical GROUND LEVEL RL 3.77m
DRILL MODEL Hydropower 5000 BEARING - LOCATION 495438 E 6716883 N
DRILLER Terratest (DC) HOLE DIAMETER  100mm () ELEVATION DATUM  Australian Height Datum
COORDINATE SYSTEM AMGB84 Zone 56
DRILLING STRATA MATERIAL DESCRIPTION CONDITION OBSERVATION
)
2 w CONSISTENCY
SAMPLE, TEST, RL | DEPTH % % SOILTYPE x 'DD_C S SOIL ORIGIN,
BIT, SUPPORT, o [©] Plasticity / Grain Size, Colour, Minor Components '<_( @ | COHESIVE CO:EQIVE STRUCTURE,
ETC. 3 ] = g ETC.
MAHD | m %
SM Silty SAND, (SM) fine to coarse grained, poorly graded, sub-angular, Alluvium
+ © b grey. (continued) B
D N=32 + O 1 W
10;13,19 :
B 11 L i |
B 112 L i |
D N=20 1 : L ... 12.50m becoming with gravel, fine grained, sub-rounded. {1 W
6;9,11 1 i |
- - 13 |- . .
k3
2 1 L ]
EI
§ - 14 - : 1
B 1 L ]
3 D N=16 + s ]
N 10;10,6 ]
S 1 L ]
(=}
N
g | 115 - 1 .
=1
5 1 L ]
&
s | L1e i 1 |
5
8 O
8 T [ ... 16.35m GRAVEL layer 100mm thick, likely fine grained. 1
2 D N=14 + ot 1
s 9;7,7 o
fg | a7 e . .
95 2 1 "1 ... 17.50m - 18.00m Gravelly, likely fine to medium grained. J
g 3 .
ESt 18 1 |
s 3 1443 1 1820 . . .
2.8 GC ] Sandy GRAVEL, (GC) fine to medium grained, poorly graded, M-W Alluvium
23 T 0 I sub-rounded to sub-angular, brown, sand is fine to coarse grained, b
g ;[;’ D N=75* sub-angular, with clay.
35S 29;30/120 T I 1
Fiszil 10 ¢ 1 1
2 E5SN 8)
gstas T . ]
<g33R
2ESug T o [ 1
o7y E‘U“
29502 T r 1
g3 8x2
£JEIS T P r ]
S5RES o [\
ST o8&
%g_g % § NOTES Hole Diameter 100mm to 4.50m depth. (Auger, then 100mm to 21m depth, washbore, then JOB
ERORS 3 75mm to 23.9m depth, washbore, then 52mm to 27m depth, NMLC)
e 220422
o0 d Jd O




ARUP BOREHOLE RECORD

BH103 SHEET 3

gint\aus_ library_p.glb

HOLE OF 4
CLIENT RMS LOGGED BY RG
" - - CHECKED BY JV
PROJECT Summerland Way Additional Clarence River Crossing DRILLED DATE 12-Mar-12 to 13-Mar-12
CONTRACTOR Terratest Pty Ltd ANGLE Vertical GROUND LEVEL RL 3.77m
DRILL MODEL Hydropower 5000 BEARING - LOCATION 495438 E 6716883 N
DRILLER Terratest (DC) HOLE DIAMETER  100mm () ELEVATION DATUM  Australian Height Datum
COORDINATE SYSTEM AMGB84 Zone 56
DRILLING STRATA MATERIAL DESCRIPTION CONDITION OBSERVATION
)
2 w CONSISTENCY
SAMPLE, TEST, RL. | DEPTH % % SOIL TYPE i 'DD_C SOIL ORIGIN,
BIT, SUPPORT, o ©] Plasticity / Grain Size, Colour, Minor Components ':( @ | COHESIVE co:ggwE STRUCTURE,
ETC. 3 ] = g '_ ETC.
[a)
MAHD | m & Cyuuh2rs_.2a8
GC | Sandy GRAVEL, (GC) fine to medium grained, poorly graded, Alluvium
T o + sub-rounded to sub-angular, brown, sand is fine to coarse grained,
1 1 sub-angular, with clay. (continued)
N=60* 1 8} L ....20.50m medium grained gravel blocked SPT tube.
25;58/290 o [ \°
- - 21 D .
{
1 o L
1 b L
B 122 ]
D N=69* 1 ... 22.50m by ing Cl , high plasticity, b .
20:30/130 m becoming Clayey, high plasticity, brown
B 123 L ]
1 A
119.83 1 23.60 a
N=129** — — - CLAYSTONE, dark grey, extremely low strength, recovered as CLAY, D-M Bedrock
D 30/70s + [~ ___+ high plasticity, with gravel, fine to medium grained, tabular.
B <+ 24 I Borehole continued as a Cored Drillhole ]
B 1 25 L ]
B 126 L ]
B 197 L ]
B 1 28 L ]
B 1 29 L ]
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Project
Library

NOTES Hole Diameter 100mm to 4.50m depth. (Auger, then 100mm to 21m depth, washbore, then
75mm to 23.9m depth, washbore, then 52mm to 27m depth, NMLC)
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ARUP COREDBOREHOLE RECORD @ BH103 =
HOLE OF 4
CLIENT RMS LOGGED BY RG
— - " CHECKED BY JV
PROJECT Summerland Way Additional Clarence River Crossing DRILLED DATE 12-Mar-12 to 13-Mar-12
CONTRACTOR Terratest Pty Ltd ANGLE Vertical GROUND LEVEL RL 3.77m
y
DRILL MODEL Hydropower 5000 BEARING - LOCATION 495438 E 6716883 N
DRILLER Terratest (DC) HOLE DIAMETER ~ 100mm () ELEVATION DATUM  Australian Height Datum
COORDINATE SYSTEM AMG84 Zone 56
DRILLING STRATA MATERIAL DESCRIPTION DISCONTINUITIES
o | == g 10) 10 5 SPECIFIC GENERAL DESCRIPTION
5| 5|2 g Q Z sz "
| E&T @q RL | DEPTH | © ROCK TYPE & | ESTIMATED % o= w (@
S| T |¥%| zx T . ) ) T ROCK S|l g 3 |wlalzEg Planarity, Roughness
2| |zE| 26 o Grain Size, Texture/Fabric, Colour, Minor Components % | STRENGTH 2 o = L0 g E , )
x | O|® RS < | Z2 0L Coating, Infill
S|lo |2 Q o ul ® | w < 8
i = E mAHD m © = ds_sr3h 82, - =
B 12 L i
B 122 L i
B 123 L i
9]
‘§ |-2013 T 2390| [ Continued from Borehole ]
4 [AATs L2023 4 200 —1 CORELOSS. b
g =13|e £-20.33 2412 F===—"1 CLAYSTONE, thinly laminated, well developed g
r% IS ;;, 2035 7 I-—— T \bedding dipping at 5 to 10 degrees, dark grey-brown. //
= © — — 1 NV AADE 1 MO0 /oo e o e o T T e
2 o + - CORE LOSS (due to core rotating inside barrel). ] A
E -20.73 50 - — — e BP9 (e 1D DUTR TURATTIY ISTE Daltel). Lo L, L
€ X V= 2086 | s 'CLAYSTONE, thinly laminated, well developed ] S I
2 =1 g8 ro } bedding dipping at 5 to 10 degrees, dark grey-brown. /5w S o
IN < = | = 1 [ i NN N Jo |—45 |—1 —PLRo4CL
<y ~I S ~ T \CORELOSS. Co C Jo =40 =1 [~PLRo3C
S | ] c  [-2123 | 25 2500 - — INTERBEDDED CLAYSTONE/SANDSTONE, CU ! |post|
g [-21.32 2509 [ _——11 Claystone, is dark grey, organic, Sandstone is fine /i N A0.90
5 1 — 7 i\ grained, thinly laminated, very well developed | bw .
g — — | \\bedding darkgrey. _ " _ _ _ |
s ~ =z 1 ——T\COoRELOSS.  _ J ]
T s 8 901 + — .. 25.00m organic fragments on bedding plane. g o C
n © g 3 1 1 INTERBEDDED CLAYSTONE/SANDSTONE, 1 R s o las 1 Lrirotcs
'::E’ E - — — Claystone, is dark grey, organic, Sandstone is fine s s Jo |20 [0 [-PLRo3CL
2 L -+ 26 [ _—_ N\ grained, thinly laminated, with very well developed 4 — .
2 |— — 1 \ bedding, dark grey. Jo (80 1 [~UNRofcCL
- 2253 T 2630 |— — R . 25.90m - 26.00m recovered as Clayey GRAVEL, N L Jo =45 =0 —PLRoiCL
2 A 5 [-2255 | 2632 [ ,\fme grained, angular. ‘f SW
2 % — 2 - — — \ . 26.10m slickenslides on joint plane dipping at 70 /
=) =|Q 1 — de rees. Co C Jo [—40 1 [—PLRo2CL
2 | R | & [ {¢]
5 51 3|3 — —1 }..726.15m - 26.30m dark grey-brown, increasing I C Cl Jo {=10 =1 |—PLRo3CL
3 ¢ >l g| ° T T~ |caycontent. " 11 i pposg
g | B | 2323 | ,; 2700 1 |CORELOSS. N D o Joo =80 =1 PLRe2CL
£ INTERBEDDED CLAYSTONE/SANDSTONE,
2 & T [ | Claystone, is dark grey, organic, Sandstone is fine
g' § 1 | \grained, thinly laminated, with very well developed
= g bedding, dark grey.
5 o T I End of Borehole at 27.00m 1
g3 O
2 < 1 t 1
z 2
83T T i 1
238 s L i
822
5z¢ 1 L |
558
82400 T * |
Faiail +29 = .
sE5Es
S3§0 8 T I 1
$88h i , ]
BEZZ®
2 55% -+ r 1
Ngx=
g3 &<
2JEJD T r 1
88om—
it
g O 354l .
e & = -1 NOTES  Hole Diameter 100mm to 4.50m depth. (Auger, then 100mm to 21m depth, washbore, then See explanatory notes for details of JOB
Q5EN3 75mm to 23.9m depth, washbore, then 52mm to 27m depth, NMLC) abbreviations and basis of 2 2 0 4 2 2
= .%g gv'i descriptions
S [ i i iy )




Roads and Maritime Services Main Road 83 Summerland Way - Additional Crossing of the Clarence River at
Grafton
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23.90m to 27.00m

REP/220422/Gl | Issue 3 | July 2012 | Arup Page B3




gint\aus_ library_p.glb

:\2200001220422 - mr83 summerland way\07-00_site and construction\07-02_site investigations\07-00-03_geotechnics jan 2012\05_gint\20120427_summerland way_master.gpj

:\inf_120 infrastructure\tech\
.0.1 AUSTRALIA GENERAL BOREHOLE LOG (rev 30Jun10 checked AB/ACP Feb 2006)

gINT 8. 2.904 Licenced to Ove Arup & Partners
gIN:F output page 1 of 2. Made 27Apr12 14:44

Hole Diameter 100mm to 2.00m depth. (Auger, then 100mm to 16.7m depth, washbore)
End of borehole at 16.70m as instructed by the RMS

220422

ARUP BOREHOLE RECORD BH104 ==
HOLE OF 2
CLIENT RMS LOGGED BY RG
— - - CHECKED BY JV
PROJECT Summerland Way Additional Clarence River Crossing DRILLED DATE 10-Mar-12
CONTRACTOR Terratest Pty Ltd ANGLE Vertical GROUND LEVEL RL 1.75m
DRILL MODEL Hydropower 5000 BEARING - LOCATION 494995 E 6717473 N
DRILLER Terratest (DC) HOLE DIAMETER  100mm () ELEVATION DATUM  Australian Height Datum
COORDINATE SYSTEM AMGB84 Zone 56
DRILLING STRATA MATERIAL DESCRIPTION CONDITION OBSERVATION
)
2 w CONSISTENCY
SAMPLE, TEST, RL | DEPTH § % SOIL TYPE x 'DD_C SOIL ORIGIN,
BIT, SUPPORT, o ©] Plasticity / Grain Size, Colour, Minor Components ':( @ | COHESIVE co:ggwE STRUCTURE,
ETC. 3 ] = g ETC.
=
=)
MAHD | m & Cyuhlzs_.2a8
CH CLAY, (CH) medium to high plasticity, dark grey mottied brown, with M Alluvium
+ I silt, trace sand, fine to medium grained, trace root fibres.
D N=9 1 L
3;4,5
[ uso T i !
B P L |
D N=8 1 L
4,35 1 |
-1.15 2.90 e - - -
B 13 SM . L Silty SAND, (SM) fine to medium grained, poorly graded, sub-angular Alluvium
| to sub-rounded, grey, trace clay.
-145 3.20 - - - — -
cL Silty CLAY, (CL) medium to high plasticity, grey, with sand, fine to Alluvium
+  medium grained, sub-angular.
uUs0 1
-3.05 T 4.80 e - - -
SM .| Silty SAND, (SM) fine to medium grained, poorly graded, sub-rounded w Alluvium
B -5 I~ to sub-angular, grey, with clay. i
D N=7 o
1;2,5 T T
B 1e L ) |
.... 6.00m becoming trace clay.
T . ;7 W
D N=5 4 NS
3;3,2 1 ol
B 47 L |
B 1g L |
D N=4 1 : € ....8.50m trace clay lenses, high plasticity, dark grey.
1;2,2 1 o
B 19 L |
NOTES JOB




ARUP BOREHOLE RECORD

BH104 SHEET 2

gint\aus_ library_p.glb

HOLE OF 2
CLIENT RMS LOGGED BY RG
— - - CHECKED BY JV
PROJECT Summerland Way Additional Clarence River Crossing DRILLED DATE 10-Mar-12
CONTRACTOR Terratest Pty Ltd ANGLE Vertical GROUND LEVEL RL 1.75m
DRILL MODEL Hydropower 5000 BEARING - LOCATION 494995 E 6717473 N
DRILLER Terratest (DC) HOLE DIAMETER  100mm () ELEVATION DATUM  Australian Height Datum
COORDINATE SYSTEM AMGB84 Zone 56
DRILLING STRATA MATERIAL DESCRIPTION CONDITION OBSERVATION
)
] w CONSISTENCY
SAMPLE, TEST, s =] x X SOIL ORIGIN,
BIT, SUPPORT, REIPEPT & | & SOIL TYPE E e NON STRUCTURE
! ! o ©] Plasticity / Grain Size, Colour, Minor Components < © | COHESIVE COHESIVE :
ETC. 3 ] = g ETC.
=
4 =)
MAHD | m & Cyuubhlrs_.2a8
SM .| Silty SAND, (SM) fine to medium grained, poorly graded, sub-rounded Alluvium
+ * 't tosub-angular, grey, with clay. (continued)
. .... 10.20m becoming dark grey-brown.
D N=8 1 L w
54,4
B 11 e i
975 | 180 gy " .| SAND (SM) fine to coarse grained, poorly graded, sub-rounded to Alluvium
* | sub-angular, grey, with silt.
i T2 " ... 12.00m GRAVEL layer, 50mm thick, likely fine to medium grained. 1
D N=13 4 L W
67,6 1 el
| —+13 R N
B 114 . :, |
T | ... 14.20m GRAVEL layer, 100mm thick, likely fine to medium grained.
D N=40 1 . :,
13:22,18 | 1295 | 1470 5 L Sandy GRAVEL, (GP) fine to coarse grained, poorly graded, w Alluvium
O sub-rounded, of mixed lithologies, grey, sand is medium to coarse
- 15 I~ grained, poorly graded, sub-angular. 7
1 )O | .... 15.00m high resistance to tri-cone roller.
1 )O(,
i T. O { ... 16.00m large amount of gravel fall in and slow drilling progress. ]
4 ) (,
N=180* :
° 2730150 | 4405 | 1670 K@; "
U : L Borehole completed at 16.7m depth
B T L |
B PP L |
B HEPPS L |
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NOTES  Hole Diameter 100mm to 2.00m depth. (Auger, then 100mm to 16.7m depth, washbore)
End of borehole at 16.70m as instructed by the RMS
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ARUP BOREHOLE RECORD BH105 ="
HOLE OF 3
CLIENT RMS LOGGED BY JV
— - - CHECKED BY AB
PROJECT Summerland Way Additional Clarence River Crossing DRILLED DATE 19-Mar-12 to 21-Mar-12
CONTRACTOR Terratest Pty Ltd ANGLE Vertical GROUND LEVEL RL 6.70m
DRILL MODEL Hydropower 5000 BEARING - LOCATION 494720 E 6718301 N
DRILLER Terratest (DC) HOLE DIAMETER  100mm () ELEVATION DATUM  Australian Height Datum
COORDINATE SYSTEM AMGB84 Zone 56
DRILLING STRATA MATERIAL DESCRIPTION CONDITION OBSERVATION
)
] w CONSISTENCY
SAMPLE, TEST, s =] x X SOIL ORIGIN,
BIT, SUPPORT REIPEPT & | & SOIL TYPE fip NON STRUCTURE
! ! o ©] Plasticity / Grain Size, Colour, Minor Components ':( @ | COHESIVE COHESIVE :
ETC. 3 ] = g ETC.
=
4 =)
MAHD | m & Cyubhlrs_.2a8
cL Silty CLAY, (CL) low to medium plasticity, dark brown, trace sand, fine D Alluvium
+ F grained, trace root fibres. b
580 | 090 —1 . —_ ]
B 19 SP L Silty SAND, (SP) fine to medium grained, sub-angular, poorly graded, -| D Alluvium i
© | yellow-pale brown, with silt.
D Ne5 | _— i
223 | | |
B P L i |
B 13 L i |
g D N=5 + T f
5 22,3 o
2 1 L ]
EI
g B T4 [ B 7]
H
&
o € L 1
£
5 1 " . 'L ...4.50m becoming Clayey, brown. J
I . . .
&
s | T8 i MW !
£ 1 L 1
Lnl
=1
S 1.20 5.50 - — -
S D N=5 1 CH | CLAY, (CH) high plasticity, grey mottled brown, trace organic lenses. | M-W Alluvium
L 0;3,2
S | i L il i
g Us0 6
U’I 4 L 4
3
3 1 L ]
% 1 | .... 6.50m becoming dark brown mottled brown. J
s
Bow .... 7.20m becoming brown.
g8 t — 1
s < - - - g
% 2 |D N=5 080 | 780| op [T Silty SAND, (SP) fine grained, poorly graded, grey. I Mw Alluvium
R 214 S
g s+ +8 or B 1
5 5 401 8101 oy | CLAY, (CH) high plasticity, brown. I Mw Alluvium
Fa®
cl?p 5 4 o 4
g5 -2.00 8.70 S - - - -
£ == 1 SP | . . | Silty SAND, (SP) fine to medium grained, poorly graded, grey-dark | M-W Alluvium
8T .
Z2doy S| grey.
Frzusl +9 NS . .
2 E5SN o
SEgR% 1 : 1
dezbg o
cq2gsf D N=8 i ]
3o 453 o
S88E.
3828
2253 NOTES  Hole Diameter 100mm to 5.50m depth. (Auger, then 100mm to 27.5m depth, washbore) JOB
25523 End of borehole at 27.50m as agreed with the RMS
cBE 220422
52335




ry_p.glb
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ARUP BOREHOLE RECORD BH105  =='*
HOLE OF 3
CLIENT RMS LOGGED BY JV
— - - CHECKED BY AB
PROJECT Summerland Way Additional Clarence River Crossing DRILLED DATE 19-Mar-12 to 21-Mar-12
CONTRACTOR Terratest Pty Ltd ANGLE Vertical GROUND LEVEL RL 6.70m
DRILL MODEL Hydropower 5000 BEARING - LOCATION 494720 E 6718301 N
DRILLER Terratest (DC) HOLE DIAMETER  100mm () ELEVATION DATUM  Australian Height Datum
COORDINATE SYSTEM AMGB84 Zone 56
DRILLING STRATA MATERIAL DESCRIPTION CONDITION OBSERVATION
)
] w CONSISTENCY
SAMPLE, TEST, RL |DEPTH | 2 | 2 SOIL TYPE 5 SOIL ORIGIN,
n w 2
BIT, SUPPORT, o ©] Plasticity / Grain Size, Colour, Minor Components ':( @ | COHESIVE ComggIVE STRUCTURE,
ETC. 3 ] = g ETC.
=
MAHD | m & 2pu%2zs.5a8
SP | . Silty SAND, (SP) fine to medium grained, poorly graded, grey-dark Alluvium
+ © b grey. (continued)
B 11 O
D N=7 1 L
4;4,3 1 |
| 140 S
= -+13 L
D N=11 1 L ... 13.50m with clay.
6;4,7 1 .
B 114 L
1 "L ...14.50m trace shell fragments.
B 115 L
D N=3 880 | 1830 oy CLAY, (CH) high plasticity, grey-dark grey. M-W Alluvium
0;0,3 1
-9.10 15801 oc [ Clayey Silty SAND, (SC) fine grained, poorly graded, grey. M-W Alluvium
B 116 L
i T | ... 17.00m trace organics.
D N=7 1080 | 1780 | op [T Silty SAND, (SP) fine grained, poorly graded, grey. M Alluvium
534 o
B 18 N
2107 18801 oy 7 | Silty Sandy GRAVEL, (GM) fine to coarse grained, sub-rounded to w Alluvium
- —+19 Ld @9 I sub-angular, well graded, grey, sand is fine to medium grained.
1 o 6t
| Logal
D N=67* 1 v @7 L
20;60/270 /@ 5
4o¥n
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NOTES  Hole Diameter 100mm to 5.50m depth. (Auger, then 100mm to 27.5m depth, washbore)
End of borehole at 27.50m as agreed with the RMS

JOB

220422
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ARUP BOREHOLE RECORD BH105 ="
HOLE OF 3
CLIENT RMS LOGGED BY JV
— - - CHECKED BY AB
PROJECT Summerland Way Additional Clarence River Crossing DRILLED DATE 19-Mar-12 to 21-Mar-12
CONTRACTOR Terratest Pty Ltd ANGLE Vertical GROUND LEVEL RL 6.70m
DRILL MODEL Hydropower 5000 BEARING - LOCATION 494720 E 6718301 N
DRILLER Terratest (DC) HOLE DIAMETER  100mm () ELEVATION DATUM  Australian Height Datum
COORDINATE SYSTEM AMGB84 Zone 56
DRILLING STRATA MATERIAL DESCRIPTION CONDITION OBSERVATION
)
2 w CONSISTENCY
SAMPLE, TEST, = =) X SOIL ORIGIN,
BIT, SUPPORT, REIPEPT & | & SOIL TYPE E e NON STRUCTURE
\ ) o Q Plasticity / Grain Size, Colour, Minor Components < Q| COHESIVE | ~~pESivE '
ETC. 3 ] = g ETC.
MAHD | m %
GM P~/ k| Silty Sandy GRAVEL, (GM) fine to coarse grained, sub-rounded to Alluvium
+ Ld I sub-angular, well graded, grey, sand is fine to medium grained.
(f{ (continued)
! “oxal
| g %
i 1 8
e
1 be G{
N=100** | _ T [
D 30/90s 14.80 1 2150 4 Sandy GRAVEL (GW) fine to coarse grained, sub-angular to angular, Alluvium
b well graded, grey, brown, white, sand is medium to coarse grained,
T . - sub-rounded, brown, white, with silt.
- +22 Mol
- —+23 o
ol
D N=g4+ | 1680 | 2850 op = A GRAVEL (GP) fine to medium grained, angular, poorly graded, dark Alluvium
29;30/140 O grey, brown, white, with sand, fine to medium grained, brown, white,
T [ black.
i 1 )8 i
1 )OC,
- 125 ) O - .
O( .... 25.00m large amount of water loss into gravels.
e | ko)
30/115s + O(
- - 26 )8(
| !
O( .... 26.60m reduction in cutting return.
- - 27 )8(
-20.80 1 27.50 " L Borehole completed at 27.5m depth
B 1 og L
B HEPP L
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NOTES  Hole Diameter 100mm to 5.50m depth. (Auger, then 100mm to 27.5m depth, washbore)
End of borehole at 27.50m as agreed with the RMS
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Log: 1.0.1 AUSTRALIA GENERAL BOREHOLE LOG (rev 30Jun10 checked AB/ACP Feb 2006)
gINT output page 1 of 3. Made 27Apr12 14:44

gINT v8.2.904 Licenced to Ove Arup & Partners

Library :

52mm to 28.8m depth, NMLC)

Hole Diameter 100mm to 8.50m depth. (Auger, then 100mm to 25.6m depth, washbore, then

220422

ARUP BOREHOLE RECORD BH106 ="
HOLE OF 4
CLIENT LOGGED BY JV
" " - CHECKED BY AB
PROJECT Summerland Way Additional Clarence River Crossing DRILLED DATE 21-Mar-12 to 23-Mar-12
CONTRACTOR Terratest Pty Ltd ANGLE Vertical GROUND LEVEL RL 4.79m
DRILL MODEL Hydropower 5000 BEARING - LOCATION 4959004 E 6716405 N
DRILLER Terratest (DC) HOLE DIAMETER  100mm () ELEVATION DATUM  Australian Height Datum
COORDINATE SYSTEM AMGB84 Zone 56
DRILLING STRATA MATERIAL DESCRIPTION CONDITION OBSERVATION
)
2 w CONSISTENCY
SAMPLE, TEST, s =] c X SOIL ORIGIN
i ’ DEPTH > z SOIL TYPE =) '
%] ] 2
BIT, SUPPORT, o ©] Plasticity / Grain Size, Colour, Minor Components ':( @ | COHESIVE co:ggwE STRUCTURE,
ETC. 3 ] = g ETC.
[a)
m % Coruhlrs.sas
ML [~ —] Sandy Clayey SILT, (ML) medium plasticity, dark brown, trace gravel, D Alluvium
+ — -~ trace organics.
[ *:; .... 0.60m increasing clay proportion, decreasing sand proportion.
i 1 1000 oy Silty CLAY, (CH) medium plasticity, brown-dark brown, trace sand, fine Alluvium
L | grained.
B o L ]
D N=11 r
3;5,6 |
B 3 L ]
t | .... 3.50m without sand.
B | 4 L ]
D N=8 L | ... 4.50m becoming pale grey mottled orange.
444 |
B l 5 L ]
L | .... 5.50m - 6.50m becoming dark grey, organic odour.
B 16 L ]
D N=4 1 | ....6.50m trace yellow-brown clay pockets.
2;2,2 1
B 17 L ]
B 1g L ]
D N=9 1
44,5 |
B 1o L ]
NOTES JOB




ARUP BOREHOLE RECORD BH106 =
HOLE OF 4
CLIENT RMS LOGGED BY JV
" - - CHECKED BY AB
PROJECT Summerland Way Additional Clarence River Crossing DRILLED DATE 21-Mar-12 to 23-Mar-12
CONTRACTOR Terratest Pty Ltd ANGLE Vertical GROUND LEVEL RL 4.79m
DRILL MODEL Hydropower 5000 BEARING - LOCATION 4959004 E 6716405 N
DRILLER Terratest (DC) HOLE DIAMETER  100mm () ELEVATION DATUM  Australian Height Datum
COORDINATE SYSTEM AMGB84 Zone 56
DRILLING STRATA MATERIAL DESCRIPTION CONDITION OBSERVATION
)
] w CONSISTENCY
[a) P4
SAMPLE, TEST, RL. | DEPTH ?} 2 SOIL TYPE i > o SOIL ORIGIN,
BIT, SUPPORT, o ©] Plasticity / Grain Size, Colour, Minor Components ':( @ | COHESIVE COHESIVE STRUCTURE,
ETC. 3 ] = g ETC.
[
4 [a)
MAHD | m & Cyuhlzs_.2a8
CH Silty CLAY, (CH) medium plasticity, brown-dark brown, trace sand, fine Alluvium
+ I grained. (continued) b
571 | 1050 - R ]
D N=3 1 sc | - L Silty SAND, (SC) fine grained, poorly graded, sub-rounded to angular, | M Alluvium
11,2 pale brown-yellow, with clay, non-plastic.
B A L i ]
1 ! \} - 11.50m increasing clay component. 1
B 112 L i ]
D N=8 4 L I M
1,44 1 | |
B 113 L i ]
5 1 § 1
3
% 1 L 1
EI
2 - 114 F : .
3 1 I ]
&
o € { 1
€
: D N=11 + ) b
N 2:4.7 . .... 14.60m - 14.70m Sand CLAY, medium to high plasticity, dark brown | M
g Y + . I mottled pale grey, sand, fine grained. ™
N
8 - 115 r : .
£ 1 L |
Lnl
2
2 1 L 1
g
2 1 L 1
£
o
3 - 116 - : .
& 1 L 1
ml
il
S 1 L 1
% D N=14 4 "~ L ... 16.50m - 16.60m trace organics. 1
2 N .
':‘% 077 - + N1 ... 16.70m - 16.80m Sand CLAY, medium to high plasticity, dark brown M
12.01 16.80 |
g = SP | .- \mottled pale grey, sand, fine grained. M Alluvium
2 § B T 17 - - [ Silty SAND, (SP) fine grained, poorly graded, brown-yellow, trace clay, N
® 2 1 " .| trace organics. |
3 8
N o 1 L B
£ 2 1 © b ... 17.50m trace mica grains. 4
3 3
2 £ + b 1
E 3
£ 5
Se e i ] 1
& S 1 L 1
2 3
-0
g8 4371 | 1850 ]
5 gg | D N=19 L : SP | . . | SAND, (SP) fine grained, poorly graded, brown. ] Alluvium
g5~ 7;8,11 o
524 o + H i
E z s z ,§£ - 19 F : .
=
s ESoN 1 | |
536825
Za22g
oP 2w + L 4
SEZ4S
SN 552 —+ F 4
é&?@i’m ... 19.60m trace gravel.
SREJ® + b i
8355
J8Thd
3]e28
gg = -1 NOTES Hole Diameter 100mm to 8.50m depth. (Auger, then 100mm to 25.6m depth, washbore, then JOB
< 3 52mm to 28.8m depth, NMLC)
Sl 220422
E) E)




ARUP  BOREHOLE RECORD BH106  *=°

HOLE OF 4
CLIENT RMS LOGGED BY JV
— - - CHECKED BY AB
PROJECT Summerland Way Additional Clarence River Crossing DRILLED DATE 21-Mar-12 to 23-Mar-12
CONTRACTOR Terratest Pty Ltd ANGLE Vertical GROUND LEVEL RL 4.79m
DRILL MODEL Hydropower 5000 BEARING - LOCATION 4959004 E 6716405 N
DRILLER Terratest (DC) HOLE DIAMETER  100mm () ELEVATION DATUM  Australian Height Datum
COORDINATE SYSTEM AMGB84 Zone 56
DRILLING STRATA MATERIAL DESCRIPTION CONDITION OBSERVATION
)
2 w CONSISTENCY
SAMPLE, TEST, = =) X SOIL ORIGIN,
BIT, SUPPORT, REIPEPT & | & SOIL TYPE E e NON STRUCTURE
! ! o ©] Plasticity / Grain Size, Colour, Minor Components < © | COHESIVE COHESIVE :
ETC. 3 ] = g ETC.
=
=)
MAHD | m & Louh2zS_.2a8
-15.21 20.00 | gw Sandy GRAVEL, (GW) fine to coarse grained, sub-angular to angular, | M-W Alluvium
+ black, white, sand is fine to coarse grained, sub-rounded to angular, b
1 brown, black, white, with clay, brown. |
D N=55 1 1
29;25,30
B P i
1 .... 21.50m decreasing clay proportion. 1
B Lo i
N=90** | _ T 1
D 30/100s 7 2580 gy GRAVEL, (GW) fine to medium grained, sub-angular to angular, black, | M-W Alluvium

brown, white, red, with sand, medium to coarse grained, sub-rounded to
r angular, black, brown.

- 123 -
5 1 |
% D N=50 1 .... 23.70m becoming fine to coarse grained, trace clay. 1
£ 27,24,26
> - 24 N
s
° 1 1
&
o € 1
€
€
H 1 1
N
g 1 1
8
I B T 25 -
b=
= 1 1
ml
3
= 1 1
s N=113%* | _ i .
% D 30/80s 2071 2550 — — — _CLAYSTONE fine grained, thinly laminated at 5 degrees, grey. Bedrock
% 1 | Borehole continued as a Cored Drillhole |
%
2 B 26 r -
5
& 1 L 1
gl
S 1 L 1
5 1 L |
g er 27 - .
; e} 4 L 4
= [}
s &
g8 ! s ]
5 <
g 2 T i 1
5% i i ]
3 8
g8 s | 28 - B
- 2
& S 1 L 1
2 3
2.8
8I : E 4 L 4
5z0 1 L ]
%59
g2 T — ]
EpgUs 29
s ESoN
53§32 T I ]
<=
oP 2w + L 4
SEZUS
.82 %&
SnoWs + L 4
SNBO=
BI e«
1 f —
S8gx
g § T6 R
<8 g
gg = -1 NOTES Hole Diameter 100mm to 8.50m depth. (Auger, then 100mm to 25.6m depth, washbore, then JoB
< 53 52mm to 28.8m depth, NMLC)
c8Eys 220422
E) E)




ARUP COREDBOREHOLE RECORD @ BH106 =
HOLE OF 4
CLIENT RMS LOGGED BY JV
— - - CHECKED BY AB
PROJECT Summerland Way Additional Clarence River Crossing DRILLED DATE 21-Mar-12 to 23-Mar-12
CONTRACTOR Terratest Pty Ltd ANGLE Vertical GROUND LEVEL RL 4.79m
DRILL MODEL Hydropower 5000 BEARING - LOCATION 495904 E 6716405 N
DRILLER Terratest (DC) HOLE DIAMETER  100mm () ELEVATION DATUM  Australian Height Datum
COORDINATE SYSTEM AMG84 Zone 56
DRILLING STRATA MATERIAL DESCRIPTION DISCONTINUITIES
] = /g 10) o 5 SPECIFIC GENERAL DESCRIPTION
£181E o8 2 = gl &°E @
= =im ESTIMATED
S € E? Ei RL DEPTH g ROCK TYPE u:|:J ROCK 2 8 € |w|Yy i = Pl ity, Roughi
=l %: =5 E Grain Size, Texture/Fabric, Colour, Minor Components E |STRENGTH | 8 | & e & o E E anarity, Roughness,
g3 |8| 3z < = o | & Flz g g Coating, Infill
[~ z - T
v g |mAHD | m © = ms.s:3E 820 F
B Lo L B
B 1 L B
B P L B
5 + b i
B
¢ 1 L 1
EI
> B T 24 r T
3 1 i ]
&
o 4 L 1
£
£
3 1 L 1
,\I
Q‘r 4 L 4
S
8 - 25 F a
£ 1 L ]
lnl
=
g 1 L 1
15 | -20.81 | 25.60 Continued from Borehole
8 A é | -20.96 2575 CORE LOSS.
é S| < T [ SILTSTONE, fine grained, poorly developed bedding, ~FR/S Leo Lo |sTrosc
] ~ S rey. 15 [No PLR02C
NS 12 grey i
g y | | -21.31 26.10 [ _
%I L-21.41 1 2620 |_——| CORE LOSS. =
8 INTERBEDDED SILTSTONE/SANDSTONE, 5, (5 [CReRaS,
) T { sandstone, fine grained, pale grey, siltstone, fine 20 N0 PLRo2¢, G
% c 1 | grained, grey, thinly laminated. ] 0056 0 |2 | PLRotcG
.é A0.85 5 0 [—PLRoiC
S T i |
g - a7 F .
E —_ =+ . B — = 1
% 2 = ¢ o [hrRescl
88 2| 8 1 H —
58|83 ¢ D032 Co o Cermorol
g v o 1 1 A0.65 0 0 PL Ro3 Pyrite
3 % 1 L | =5 -0 [—PLRo3CL
3 2 90 0  [—PLRo3Pyite
8 3 | —+28 = — (=30 -0 [—PLRo2CL
2 3 5 =0 |[-PLRo3G
I g 1 L - 5 0 PLRo3 G
2,8 =70 [~RRo5G
53 { : 1
S Q.|g —0 —0 —PLRo2G
= >3 1 | ]
ig >
0328 c | -2401 | 28.80 D0.40
f2doy End of Borehole at 28.80m ST |Rods
Sssosf 29 = _ N
Ey
sE5es
S3§0 8 T I 1
Ig8ih i , ]
3ERSS
2 55% -+ r 1
Ngx=
g3 &<
EYEID T r 1
85383
J8Thd
2522%| NOTES , ; JoB
Sd=<y Hole Diameter 100mm to 8.50m depth. (Auger, then 100mm to 25.6m depth, washbore, then See explanatory notes for details of
grung 52mm to 28.8m depth, NMLC) abbreviations and basis of 22 0 4 22
=y ;'E descriptions
50335




Roads and Maritime Services Main Road 83 Summerland Way - Additional Crossing of the Clarence River at
Grafton
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Core Photographs BH106
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Appendix C
Laboratory Tests



ABN 44 000 964 278
ph: +61 (0)2 9597 5599
fax: +61 (0)2 9597 3442

CLIENT:  Arup

TEST CERTIFICATE

POINT LOAD STRENGTH INDEX

PO Box 76 Millers Point NSW 2000

PROJECT: Summerland Way, Grafton (220422)

yyyyyyyyy

SGS Australia Pty Ltd
Unit 15, 33 Maddox Street

(PO Box 6432)

Alexandria NSW 2015

Australia

LAB. SAMPLE LITHOLOGY PLATEN TEST POINT POINT Type

NO. SOURCE SEPARATION ORIENTATION LOAD LOAD OF
DIAM | HEIGHT STRENGTH | STRENGTH| FAILURE
(mm) (mm) Is (MPa) | Issg (MPa)

71494 BH102 Siltstone 50.3 Diametral 0.41 0.41 FB
25.41- 28.5 Axial 0.53 0.49 FOB
25.53m

71495 BH103 Siltstone / Sandstone 51.5 Diametral 0.51 0.51 FB
24.88- 28.9 Axial 0.96 0.90 FOB
25.00m

71496 BH103 Siltstone 51.6 Diametral 0.83 0.84 FB
26.70- 31.7 Axial 2.09 2.01 FOB
26.87m

71497 BH106 Siltstone 51.2 Diametral 0.55 0.56 FB
26.57- 34.5 Axial 0.87 0.85 FOB
26.60m

71498 BH106 Siltstone 51.6 Diametral 0.40 0.40 FB
28.68- 30.6 Axial 0.51 0.48 FOB
28.80m

71499 BH106 Siltstone 51.6 Diametral 0.32 0.32 FB
27.44- 30.8 Axial 0.68 0.65 FOB
27.51m

NOTES TO TESTING

Testing Device ELE Point Load Tester Failure Type

FOB Fracture through fabric of specimen oblique to bedding

Sample History Unsoaked not influenced by weak planes

FB Fracture along bedding

Sampled By: Client FIP Fracture influenced by pre-existing plane, microfracture,

vein, chemical alteration

Job Number: 007-272 CPF Chip or partial fracture

Date Tested: 28.03.12

Test Method:

AS 4133.4.1 2007

Page 1 of 1

Approved Signatory:

Accreditation No. 2418

Chris Lloyd

Date: 28.03.12

This document is issued in accordance with NATA’s accreditation requirements




Brisbane Perth
346A Bilsen Road, 2 Kimmer Place,
Geebung Queens Park

) ] j QLD 4034 WA 6107
Soil Rock Calibration Ph: +61 7 3265 5656 Ph: +61 8 9258 8323

PARTICLE SIZE DISTRIBUTION TEST REPORT

Test Method: AS 1289 3.6.3,3.5.1

Client Arup Geotechnics Pty Ltd Report No. 12031187-G
Project Summerland Way, Grafton Gl Test Date 11-13/04/2012
Report Date 4/5/2012
ClientID  BH101 Depth (m)  2.50-2.95
Sieve Size |Passing
100
(mm) % | L
150.0
75.0 20
53.0
375
26.5 80
19.0
9.5
70
4.75
2.36 100
1.18 99 60
0.600 97 3
0.425 87 2
0.300 58 g %
0.150 30
0.075 22
40
0.075 22
0.053 19
0.038 18 30
0.027 17
0.02 15
0.014 14 20 p=
0.0102 13 //
0.0072 12 10 /|
0.0051 9 //
0.0042 8 —1
0.0036 7 0
0.001 0.01 0.1 1 10
0.003 5 _ _
0.0026 4 Particle Size (mm)
0.0015 4
NOTES/REMARKS: -
Moisture Content 25.6% -2.36mm Soil Particle Density(t/me’) 2.60
Sample/s supplied by the client Page10f1 REP03902
This document is issued in accordance with NATA's accreditation Authorised Signatory
requirements. Accredited for compliance with ISO/IES 17025. The } )
results of the tests, calibrations, and/or measurements included in this p- !/! Z ;gé /
document are traceable to Australian/National Standards. _awadld

J. Russell
Laboratory No. 9926

The results of calibrations and tests performed apply only to the specific instrument or sample at the time of test unless otherwise clearly stated.
Reference should be made to Trilab's “Standard Terms and Conditions of Business” for further details.
Trilab Pty Ltd  ABN 25 065 630 506

ACCURATE QUALITY RESULTS FOR TOMORROW'S ENGINEERING




. . . QLD 4034 WA 6107
SOI| ROCk Callbratlon Ph: +61 7 3265 5656 Ph: +61 8 9258 8323

Brisbane Perth
346A Bilsen Road, 2 Kimmer Place,
Geebung Queens Park

COMPRESSIVE STRENGTH OF A SOIL TEST REPORT

Test Method: AS 1289.6.4.1 - 1998

Client Arup Geotechnics Pty Ltd Sample No. 12031188-QU

Project Summerland Way, Grafton Gl Test Date 12/04/2012
Report Date  20/04/2012

Client ID BH104 Depth (m)  1.00-1.30

Description  Silty Sandy Clay - Mottled Brown/Orange/Grey

300

./-—-M
250

150 r/

Compressive Stress (kPa)

100
50
0
0 2 4 6 8 10 12 14
Axial Strain (%)
Average Sample Diameter (mm) 48.6 Maximum Principal Stress (kPa) 261
Average Sample Height (mm)  101.2 Strain at Failure (%) 13.3
Height to Diameter Ratio 2.1 Average rate of Strain (%/min) 1.5
Wet Density (/m?) 1.83 Moisture Content (%) 21.6
Dry Density (m®  1.50
Mode of Failure of Specimen Shear
Notes/Remarks: -
Sample/s supplied by the client Page 1of1 REP02201
This document is issued in accordance with NATA's accreditation Authorised Signatory

requirements. Accredited for compliance with ISO/IES 17025. The
results of the tests, calibrations, and/or measurements included in
this document are traceable to Australian/National Standards.

Ry

J. Russell

Laboratory No. 9926
The results of calibrations and tests performed apply only to the specific instrument or sample at the time of test unless otherwise clearly stated.
Reference should be made to Trilab's “Standard Terms and Conditions of Business” for further details.
Trilab Pty Ltd ABN 25 065 630 506




i ) . QLD 4034 WA 6107
Soil Rock Calibration  ph:+61732655656  Ph: +61 8 9258 8323

Brisbane Perth
346A Bilsen Road, 2 Kimmer Place,
Geebung Queens Park

OEDOMETER TEST REPORT

Test Method: AS1289.6.6.1, 3.5.1

Client: Arup Geotechnics Pty Ltd Report No.:  12031188-OED
Project: Summerland Way, Grafton Gl Test Date:  12/04/2012
Report Date:  24/04/2012
Client Id.: BH104 Depth (m):  1.00-1.30
Description: SANDY CLAY - mottled yellow red brown grey
0.72 T T 16
+V;3\d Ratio ‘
—@— % Consolidation
T 14
0.72 k
~_ \
\\
\\ 112
0.71
1 1.0
S \
= [
2 g
2on 08 =2
= 2
| 5
o
=
1 0.6
0.70
/l/ 1%
T
_—
0.70 é
T+ 02
0.69 0.0
1 10 100 1000
Applied Pressure (kPa)
Wet Density (tm?): 1.94 Initial Moisture (%): 253 Test Condition: Inundated on load
Particle Density (t/m3); 2.62 Initial Voids Ratio: 0.691 Initial Degree of Saturation (%): 96.7
Undisturbed sample supplied by the client Remarks: Tested as Received Page 1 0of 2
Authorised Signatory
This Document is issued in accordance with NATA's E Z ?
accreditation requirements. Accredited for v
compliance with ISO/IEC 17025. The results of the - M
tests, calibrations, and/or measurements included in J. Russell
this document are traceable to Australian/National
. standards.
NATA Accredited Laboratory
Number 9926 Doc. Id.: REP03102

The results of calibrations and tests performed apply only to the specific instrument or sample at the time of test unless otherwise clearly stated.
Reference should be made to Trilab's “Standard Terms and Conditions of Business” for further details.
Trilab Pty Ltd
ABN 25 065 630 506



\

Soll

Rock

iigil=le,

Calibration

Brisbane

346A Bilsen Road,
Geebung

QLD 4034

Ph: +61 7 3265 5656

Perth

2 Kimmer Place,
Queens Park
WA 6107

Ph: +61 8 9258 8323

OEDOMETER TEST REPORT

Test Method: AS1289.6.6.1, 3.5.1

Client: Arup Geotechnics Pty Ltd Report No.:  12031188-OED
Project: Summerland Way, Grafton GI Test Date:  12/04/2012
Report Date:  24/04/2012
Client Id.: BH104 Depth (m):  1.00-1.30
Description: SANDY CLAY - mottled yellow red brown grey
TEST RESULTS
Stage Load Cc Cv (mlyr) Mv (kPa"'x107) c, x10° % Consolidation
(kPa) 5o teo
1 100-197 0.077 2.62 211.29 0.136 1.00 1.3
2 197-73 0.038 2.65 2.08 0.078 0.55 04
3 73-26 0.005 0.95 70.33 0.029 1.78 0.2
4 26-73 0.019 3.53 29.11 0.106 0.29 0.7
Remarks: Tested as Received Page 2 of 2

This Document is issued in accordance with NATA's
accreditation requirements. Accredited for
compliance with ISO/IEC 17025. The results of the
tests, calibrations, and/or measurements included in
this document are traceable to Australian/National

NATA Accredited Laboratory
Number 9926

standards.

Doc. Id.: REP03102

The results of calibrations and tests performed apply only to the specific instrument or sample at the time of test unless otherwise clearly stated.

Trilab Pty Ltd
ABN 25 065 630 506

Reference should be made to Trilab's “Standard Terms and Conditions of Business” for further details.




N\

Soil

Rock

Niigil =l

Calibration

Brisbane
346A Bilsen Road,
Geebung

QLD 4034

Ph: +61 7 3265 5656

Perth

2 Kimmer Place,
Queens Park

WA 6107

Ph: +61 8 9258 8323

ATTERBERG LIMITS TEST REPORT

Test Method: AS12892.1.1,3.1.1,3.1.2,3.2.1, 3.3.1,3.4.1
Client Arup Geotechnics Pty Ltd Report No. 12031189-AL
Project Summerland Way, Grafton Gl Test Date 19/04/2012
Report Date 20/04/2012
Sample No. 12031189 12031190 12031194 12031195 - -
Client ID BH103 BH102 BH106 BH106 - -
Depth (m) 0.50-0.95 4.50-4.95 2.50-2.95 | 12.50-12.95 - -
Liquid Limit (%) 39 30 39 24 - -
Plastic Limit (%) 19 24 17 21 - -
Plasticity Index (%) 20 6 22 3 - -
Linear Shrinkage (%) 6.5+ 2.5* 9.5 0.5 - -
Moisture Content (%) 291 474 24.5 32.2 - -
Sample No. - - - - - -
Client ID - - - - - -
Depth (m) - - - - - -
Liquid Limit (%) - - - - - -
Plastic Limit (%) - - - - - -
Plasticity Index (%) - - - - - -
Linear Shrinkage (%) - - - - - -
Moisture Content (%) - - - - - -
NOTES/REMARKS: The samples were tested oven dried, dry sieved and in a 125-250mm mould.
Sample/s supplied by the client * Crumbling occurred + Curling occurred Page1of1 REP00102

This document is issued in accordance with NATA's
accreditation requirements. Accredited for compliance with
ISO/IES 17025. The results of the tests, calibrations, and/or
measurements included in this document are traceable to

Australian/National Standards.

Authorised Signatory

Swia buitl )

J. Russell

Laboratory No. 9926

The results of calibrations and tests performed apply only to the specific instrument or sample at the time of test unless otherwise clearly stated.
Reference should be made to Trilab's “Standard Terms and Conditions of Business” for further details.

Trilab Pty Ltd

ABN 25 065 630 506

ACCURATE QUALITY RESULTS FOR TOMORROW'S ENGINEERING



N\

Niigil =l

Soil Rock Calibration

Brisbane

346A Bilsen Road,
Geebung

QLD 4034

Ph: +61 7 3265 5656

Perth

2 Kimmer Place,
Queens Park

WA 6107

Ph: +61 8 9258 8323

PARTICLE SIZE DISTRIBUTION TEST REPORT

Test Method: AS 12893.6.1,2.1.1
Client Arup Geotechnics Pty Ltd Report No. 12031190-G
Project Summerland Way, Grafton Gl Test Date 19/04/2012
Report Date 20/04/2012
Sample No. 12031190 - - - - -
Client ID BH102 - - - - -
Depth (m) 4.50-4.95 - - - - -
Moisture (%) 47.4 - - - - -
AS SIEVE SIZE PERCENT PASSING
(mm)
150 - - - - -
75 - - - - -
53 - - - - -
37.5 - - - - -
26.5 - - - - -
19 - - - - -
9.5 - - - - -
4.75 - - - - -
2.36 - - - - -
1.18 100 - - - - -
0.600 98 - - - - -
0.425 97 - - - - -
0.300 91 - - - - -
0.150 68 - - - - -
0.075 53 - - - - -
NOTES/REMARKS:
Sample/s supplied by the client Page10of1 REP01102

This document is issued in accordance with NATA's
accreditation requirements. Accredited for compliance with
ISO/IES 17025. The results of the tests, calibrations, and/or
measurements included in this document are traceable to

Australian/National Standards.

Authorised Signatory

J. Russell

Laboratory No. 9926

The results of calibrations and tests performed apply only to the specific instrument or sample at the time of test unless otherwise clearly stated.

Reference should be made to Trilab's “Standard Terms and Conditions of Business” for further details.

Trilab Pty Ltd

ABN 25 065 630 506

ACCURATE QUALITY RESULTS FOR TOMORROW'S ENGINEERING




Brisbane Perth
346A Bilsen Road, 2 Kimmer Place,
Geebung Queens Park

. . . QLD 4034 WA 6107
Soil Rock Calibration Ph: +61 7 3265 5656 Ph: +61 8 9258 8323

PARTICLE SIZE DISTRIBUTION TEST REPORT

Test Method: AS 1289 3.6.3,3.5.1

Client Arup Geotechnics Pty Ltd Report No. 12031191-G
Project Summerland Way, Grafton Gl Test Date 11-13/04/2012
Report Date 17/4/2012
Client ID BH105 Depth (m) 3.50-3.95
Sieve Size |Passing
(mm) % 100
150.0
75.0 90
53.0
375
265 80
19.0
3.5 70
4.75
2.36
1.18 60
0.600 g
0.425 g
0.300 100 g
0.150 83
0.075 40 20
0.071 36
0.051 28
0.037 25 30
0.026 22 d
0.019 19 /
0.014 17 20 /
0.0099 15 A
0.0071 12 1
10
0.005 11
0.0041 10 - ol
0.0036 9 0
0.0029 8 0.001 0.01 0.1 1
0.0025 7 Particle Size (mm)
0.0015 4
NOTES/REMARKS: -
Moisture Content 16.2% -2.36mm Soil Particle Density(t/m3) 2.66
Sample/s supplied by the client Page 1of 1 REP03902
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Brisbane Perth
346A Bilsen Road, 2 Kimmer Place,
Geebung Queens Park

OEDOMETER TEST REPORT

Test Method: AS1289.6.6.1, 3.5.1

Client: Arup Geotechnics Pty Ltd Report No.:  12031192-OED

Project: Summerland Way, Grafton Gl Test Date:  13/04/2012
Report Date:  24/04/2012

Client Id.: BH105 Depth (m): 6.00-6.45
Description: SILTY CLAY - mottled yellow red brown grey
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Applied Pressure (kPa)
Wet Density (t/m3): 1.90 Initial Moisture (%): 28.1 Test Condition: Inundated on load
Particle Density (t/m3); 2.57 Initial Voids Ratio: 0.731 Initial Degree of Saturation (%): 99.3
Undisturbed sample supplied by the client Remarks: Tested as Received Page 1 0of 2
Authorised Signatory
This Document is issued in accordance with NATA's E Z ?
accreditation requirements. Accredited for v
compliance with ISO/IEC 17025. The results of the - M
tests, calibrations, and/or measurements included in J. Russell
this document are traceable to Australian/National
. standards.
NATA Accredited Laboratory
Number 9926 Doc. Id.: REP03102

The results of calibrations and tests performed apply only to the specific instrument or sample at the time of test unless otherwise clearly stated.
Reference should be made to Trilab's “Standard Terms and Conditions of Business” for further details.
Trilab Pty Ltd
ABN 25 065 630 506
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OEDOMETER TEST REPORT

Test Method: AS1289.6.6.1, 3.5.1

Client: Arup Geotechnics Pty Ltd Report No.:  12031192-OED
Project: Summerland Way, Grafton GI Test Date:  13/04/2012
Report Date:  24/04/2012
Client Id.: BH105 Depth (m): 6.00-6.45
Description: SILTY CLAY - mottled yellow red brown grey
TEST RESULTS
Stage Load Cc Cv (mlyr) Mv (kPa"'x107) c, x10° % Consolidation
(kPa) tso tao
1 25-43 0.000 50.44 4791 0.000 0.00 0.0
2 43-79 0.038 5.06 175.78 0.160 1.21 0.6
3 79-120 0.064 3.02 303.36 0.163 1.32 1.2
4 120-240 0.106 5.27 84.52 0.154 1.50 3.1
5 240-79 0.061 5.22 15.12 0.108 0.40 1.4
6 79-43 0.030 1.15 166.33 0.127 0.77 0.9
7 43-79 0.097 6.21 258.24 0.412 0.23 24
Remarks: Tested as Received Page 2 of 2

This Document is issued in accordance with NATA's
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compliance with ISO/IEC 17025. The results of the
tests, calibrations, and/or measurements included in
this document are traceable to Australian/National
standards.

NATA Accredited Laboratory
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Doc. Id.: REP03102

The results of calibrations and tests performed apply only to the specific instrument or sample at the time of test unless otherwise clearly stated.
Reference should be made to Trilab's “Standard Terms and Conditions of Business” for further details.
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Report Date 17/4/2012
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0.075 14
0.054 13
0.038 12 30
0.027 12
0.02 12
0.014 12 20
0.0101 12 gy
0.0071 11 10 T
0.005 10 7
0.0041 9
0.0036 8 0
0.0029 s 0.001 0.01 0.1 1
0.0025 8 Particle Size (mm)
0.0015 6
NOTES/REMARKS: -
Moisture Content 25.6% -2.36mm Soil Particle Density(t/m3) 2.67
Sample/s supplied by the client Page 1of 1 REP03902
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0.0025 3 Particle Size (mm)
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NOTES/REMARKS: -
Moisture Content 24.5% -2.36mm Soil Particle Density(t/me’) 2.56
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PARTICLE SIZE DISTRIBUTION TEST REPORT

Test Method: AS 1289 3.6.3,3.5.1

Client Arup Geotechnics Pty Ltd Report No. 12031195-G
Project Summerland Way, Grafton Gl Test Date 13-19/04/2012
Report Date 23/4/2012
ClientID  BH106 Depth (m)  12.50-12.95
Sieve Size |Passing
100
(mm) %
150.0
75.0 %0
53.0
375
265 80
19.0
9.5
70
4.75
2.36
1.18 60
0.600 S
0.425 100 2
0.300 99 g
0.150 61
0.075 36
40
0.073 36 /
0.052 30
0.037 25 30
0.026 22 /
0.019 19
0.014 17 20 -
0.0101 16 /////
0.0071 15 10
0.0051 14 ]
0.0042 12
0.0036 11 0
0.001 0.01 0.1 1
0.0029 10 A .
0.0026 9 Particle Size (mm)
0.0015 8
NOTES/REMARKS: -
Moisture Content 32.2% -2.36mm Soil Particle Density(t/m3) 2.62
Sample/s supplied by the client Page 1of 1 REP03902
This document is issued in accordance with NATA's accreditation Authorised Signatory
requirements. Accredited for compliance with ISO/IES 17025. The NATA
results of the tests, calibrations, and/or measurements included in this é Z : éé f
document are traceable to Australian/National Standards. M TEGHNICAL

J. Russell
Laboratory No. 9926

The results of calibrations and tests performed apply only to the specific instrument or sample at the time of test unless otherwise clearly stated.
Reference should be made to Trilab's “Standard Terms and Conditions of Business” for further details.
Trilab Pty Ltd  ABN 25 065 630 506
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Brisbane Perth
346A Bilsen Road, 2 Kimmer Place,
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Soil Rock Calibration Ph: +61 7 3265 5656 Ph: +61 8 9258 8323

ATTERBERG LIMITS TEST REPORT

Test Method: AS 12892.1.1,3.1.1,3.1.2, 3.2.1, 3.3.1, 34.1

Client Arup Geotechnics Pty Ltd Report No. 12031188-AL
Project Summerland Way, Grafton Gl Test Date 19-30/4/2012
Report Date 11/05/2012
Sample No. 12031188 12031189 12031190 12031192 12031194 12031195
Client ID BH104 BH103 BH102 BH105 BH106 BH106
Depth (m) 1.00-1.30 0.50-0.95 4.50-4.95 6.00-6.45 2.50-2.95 | 12.50-12.95
Liquid Limit (%) 54 39 30 65 39 24
Plastic Limit (%) 28 19 24 29 17 21
Plasticity Index (%) 26 20 6 36 22 3
Linear Shrinkage (%) 13.0+ 6.5 2.5 16.5 9.5 0.5
Moisture Content (%) 253 29.1 47.4 28.1 24.5 32.2
Sample No. - - - - - -
Client ID - - - - - -
Depth (m) - - - - - -

Liquid Limit (%) - - - - -

Plastic Limit (%) - - - - -

Plasticity Index (%) - - - - -

Linear Shrinkage (%) - - - - .

Moisture Content (%) - - - - -

NOTES/REMARKS: The samples were tested oven dried, dry sieved and in a 125-250mm mould.
Sample/s supplied by the client * Crumbling occurred + Curling occurred Page1of1 REP00102
This document is issued in accordance with NATA's Authorised Signatory
accreditation requirements. Accredited for compliance with
ISO/IES 17025. The results of the tests, calibrations, and/or M
measurements included in this document are traceable to y 7. Russell

Australian/National Standards.

Laboratory No. 9926

The results of calibrations and tests performed apply only to the specific instrument or sample at the time of test unless otherwise clearly stated.
Reference should be made to Trilab's “Standard Terms and Conditions of Business” for further details.

Trilab Pty Ltd  ABN 25 065 630 506
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Appendix D
Gravity Field Survey



ET403.01

Report
prepared for

ARUP

On behalf of

Roads and Maritime Services of NSW

GRAFTON SUMMERLAND WAY
GRAVITY SURVEY

April 2012 ETS Job No. ET403

Report Prepared By:
Earth Technology Solutions Pty Ltd
ACN 078 325 658

35 O’keefe Crescent
Eastwood NSW 2122

P.O. Box 202
North Ryde NSW 1670

Tel: 612 9804 1752
Fax: 612 9804 1751



ET403.01

TABLE OF CONTENTS

1.0 INTRODUCTION 3

2.0 SCOPE OF WORK 3

3.0 EQUIPMENT 3

4.0 FIELD PROCEDURES 4

5.0 INTERPRETATION PROCEDURES 4
5.1 Survey Co-ordinates 4
5.2 Gravity Data Processing & Corrections 5
5.3 Regional Gravity Gradient 5
54 Gravity Modelling 6

6.0 RESULTS 6

7.0 CONCLUSIONS 7

FIGURES

Figure 1 Aerial Photo Plan — Location of Gravity Lines

Figure 2 Bouguer Gravity Data & estimated Regional Gravity Gradient

Figure 3 Interpreted Rock Levels — Contour Plan

Figure 4 Interpreted Rock Levels (Aerial Photo Site Plan)

Figure 5 3D View — Interpreted Rock Levels

APPENDIX A Gravity Method, Instrumentation & General

Assumptions of Interpretation



ET403.01

1.0 INTRODUCTION

Earth Technology Solutions Pty Ltd (ETS) was commissioned by ARUP on
behalf of the Roads & Maritime Services of NSW (RMS) to carry out a
gravity survey adjacent to the Clarence River at Grafton for the proposed
Summerland Way road project.

The gravity profiling was undertaken as part of a preliminary level study to
provide interpreted bedrock profiles in the region of two potential road
alignments to aid the assessment of foundation conditions for a proposed
bridge and elevated roadway.

Borehole results from a number of previous investigations in the area had
indicated a palaeochannel in the region of the current river however access
to land for a drilling investigation was limited.

The gravity method was recommended as the most effective non-invasive
method to delineate the general rock profile and provide information on the
bedrock depths given the site conditions.

The fieldwork was carried out from 13" and 14™ March 2012 in accordance
with standard practice as detailed below.

2.0 SCOPE OF WORK

Four (4) individual gravity lines were completed, totalling approximately
3500m in length. The locations of the gravity lines are shown on the general
site plan Figure 1. This site plan has been generated from an aerial photo
plan provided by ARUP showing proposed road alignments, previous
borehole locations and the proposed location of the gravity stations.

Line 1 extended from the Pacific Highway along Eggins and Moana Lanes.
Line 2 was positioned along the western and northern extension of Eggins
Lane. Line 3 was positioned along a public access laneway further to the
south and the southern Line 4 was positioned along McClaers Lane.

3.0 EQUIPMENT

A Lacoste & Romberg G-Model gravimeter was used to acquire the gravity
data. This instrument measures the Earth’s gravitational field very
accurately by balancing or “nulling” the gravitational force on a proof mass,
with a restoring force provided by a series of levers activated by turning a
high precision screw.

Gravity readings are taken by levelling the instrument on a base plate and
manual reading of the “null” position.
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Further details of the specifications of the Lacoste & Romberg gravimeter
are provided in Appendix A.

4.0 FIELD PROCEDURES

A description of the field procedures is provided below. Some further
background information of the micro-gravity method is also provided in
Appendix A.

Gravity readings were taken generally at 20m intervals along the survey
lines. The position of each station was located using a 100m tape laid along
the ground surface and marked with marker paint.

The surface elevations for each gravity station were measured by the
geophysical crew, using an ATG-6 Automatic level, whilst undertaking the
gravity measurements for each area.

The horizontal position of the start and end of each of the gravity lines was
determined with a Differential GPS system.

A number of base station were established in relatively quite locations and
repeat readings were taken at these base station and a number of other
secondary base points at approximately 30 to 45 minute intervals, to allow
determination of the residual drift of the gravity meter, in accordance with
accepted practice.

The ground surface was generally very stable comprising gravel roadways
over the majority of stations with some of the survey points on grass
surface. In general the data was considered of good quality and repeat
measurements indicated a survey accuracy of approximately 10 microgals.

A number of outlier gravity points were taken to the south of the Pacific
Highway where rock is expected to be very shallow, and at Borehole
locations to the South and North of the river with known rock levels, to allow
an estimation of the regional gravity gradient across the area of interest.

5.0 INTERPRETATION PROCEDURES

5.1 Survey Co-ordinates

The Relative Levels for each gravity survey point was measured during the
gravity survey relative to the start of each line.

Listing of the corrected Easting and Northing coordinates to AMG-56 for
each of the gravity stations were provided to ARUP and ground surface
levels to AHD were then derived from the LIDAR survey. These levels were
used to provide a shift of the ground surface for each gravity line to AHD
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datum. It is expected that overall the surface levels would be accurate to
within approximately +/-0.1m.

5.2 Gravity Data Processing & Corrections

The Earth Tide corrections and the short-term residual gravity meter
drift were removed using repeat base station readings. Approximately 150
microgals of drift was observed over the course of each day of the survey,
which was effectively removed by curve fitting of the base station data.

A latitude correction was applied to the data using the surveyed station co-
ordinates, assuming a datum point to the south of the site. A Free Air
correction was applied using the elevations provided for each station.

Bouguer Corrections were applied to the Free Air gravity data using a
range of densities from 1.6 to 2.4 tonne/cubic metre, and plotted against
elevation to determine the most appropriate density of the near-surface
rocks using Nettleton’'s Method. A value of 2.2 t/cu.m was chosen as the
most appropriate density for the near surface to derive a final Bouguer
Gravity Data.

Terrain corrections were not applied as the ground surface was relatively
flat and there were no obvious areas where irregularities in the surface
elevations would have resulted in errors in assumption, which would cause
a reduction in gravity due to upward pull. The river and subsequent drop in
river bed surface may have an effect on the data within approximately 50m
of the river’'s edge.

5.3 Regional Gravity Gradient

The regional gravity gradient is a longer wavelength gravity anomaly due to
large and deeper structures such as the sedimentary basin structure or
other large scale changes in bedrock density. Typically this gradient would
be sub-planar over a survey area of this size and may be identified by taking
gravity readings at locations where rock outcrops ie the contribution of the
alluvium is nil. However rock outcrops in the vicinity of the site were limited.

A number of spatially diverse locations where the rock level was relatively
shallow as provided by the borehole data, were used in conjunction with 2D
modelling of the gravity response for these known depths to rock, to best
approximate the region gravity gradient. This is shown in Figure 2 where
the contoured Bouguer gravity data and estimated regional gradient is
shown as a 3D perspective view.

5.4 Gravity Modelling

This Regional Corrected Bouguer gravity data was used as the input data to
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2-Dimensional modelling, using Grav2D Gravity Interpretation package.
The gravity modelling is based on a simplified earth-model with the following
assumed densities for the soil and rock units.

Alluvium 1.8 t/cu. m wet
Rock 2.35 t/cu. m wet

As the water table and moisture levels would be considered relatively
shallow and sub-parallel with the ground surface, separate regions of
density variations due to moisture content were not included in the gravity
model. It was assumed that the water table was fairly shallow and the
shallow soils were generally moist.

Gravity modelling was undertaken assuming a soil layer, of generally
uniform density contrast of -0.55 t/cu.m compared to the underlying bedrock.
The depth to rock indicated at the boreholes nearest the gravity lines were
used to calibrate the gravity modelling.

Sections of the gravity lines with varying depths to rock were modelled to
obtain a “best approximation” between the corrected Bouguer gravity data
and known depths to rock. An approximate correlation factor of 0.038
milligals per meter depth to rock was determined. This was used then used
to calculate an interpreted depth below ground surface which when
subtracted from the measured ground surface provided an interpreted rock
level to AHD datum.

Further details of the gravity data corrections and interpretation are provided
in Appendix A.

6.0 RESULTS

A contour plan of interpreted rock RL (AHD) has been provided on Figure 3.
The Interpreted Rock Contour Plan is interpreted to represent the bedrock
mass as defined by the assumed two layer model. The gravity station
locations, interpreted rock RL’s and contours of the interpreted rock levels
from the gravity data labelled at 5m depth intervals are shown. The location
and RL of the bedrock from the nearby boreholes provided are also shown.

These same interpreted rock contour levels derived from the gravity survey
are shown overlain on the aerial photo base map provided by ARUP in
Figure 4.

The interpreted rock profile is observed to vary from approximately RL Om
depth to RL-22m over the regions tested.

There may be some significant variation in densities along the lines due to
variable thickness of gravels or dense sediments. Such density variations
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may affect the interpreted levels. If the sediments contain an increased
percentage of gravel, then the density contrast used in the modelling (-0.55
t/cu.m) may have been overestimated resulting in an underestimation of the
depth to rock. Similarly if some areas contain relatively less dense
sediments then the depth to rock may be overestimated.

Density variations within the bedrock are also possible. Due to variations in
the weathering profile across site the interface of the relatively “dense” rock
surface on which the gravity interpretation is based may vary slightly.

It was not possible to account for these variations systematically based on
the limited spatial information available and the single gravity profiles.

Listings of the gravity station coordinates and interpreted rock levels along
the gravity profiles from which the contour plans have been derived will be
provided in electronic format.

7.0 CONCLUSIONS

Gravity survey was successfully completed along the designated profiles.
The gravity data acquired was considered to be generally of good quality.

The gravity testing has allowed modelling of an interpreted rock profile along
each of the surveyed lines based on a relatively simplistic subsurface model
of uniform sediment density overlying a uniform rock mass.

This interpreted rock profile is observed to vary from approximately RL Om
to RL-22m depth over the regions tested.

Whilst the actual rock level may vary from the interpreted rock level for a
number of reasons as detailed in this report it is considered that the
interpretation included is a good approximation of the overall bedrock
topography and trends given the scope and objectives of the survey.

Appendix A — Gravity Method, Instrumentation & General Assumptions of
Interpretation, is provided to offer some general information on the gravity
method including the precision and accuracy of results and the possible
effect of variations to the assumptions on which the method and
interpretation procedure is based.
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APPENDIX A

GRAVITY METHOD, INSTRUMENTATION & GENERAL ASSUMPTIONS
OF INTERPRETATION

The results of gravity surveys are presented as interpreted rock profiles
beneath the line of traverse. These outputs are a two-dimensional model,
which have been interpreted from corrected gravity data obtained in the
field.

The following background information is intended to assist in the
understanding of the gravity instrumentation and method, and the
interpreted gravity sections provided.

A1 The Earth’s Gravitational Field and its Variations

The Earth is essentially a spheroid, with slight flattening at the poles. The
mean value of gravity reduces at the equator and increases at the poles.
Due to lateral variation in density the Earths gravitational field (g) is not a
simple spheroid.

A Latitude Correction is applied using an equation, which approximates
the Earth spheroid and includes the Newtonian attraction of the Earth as a
spheroid and the centrifugal force caused by rotation about its axis.

The Free-Air Effect is the mean vertical gradient of g above the surface of
the Earth. As one increases in elevation above sea level, the gravitational
attraction will decrease as the inverse square of the distance to the centre of
the Earth. A Free-Air Correction is applied using the measured elevation
for each gravity station.

When one increases elevation on the Earth, it usually implies that there is
an additional mass, which will exert a positive gravitational attraction, which
acts to reduce the Free-Air gravity change. The Bouguer gravity effect is
calculated on the basis of the gravitational attraction of a horizontal slab, of
infinite extent and of thickness equal to the elevation difference assuming a
mean density of the slab. Nettleton’s Method for determining the density of
near-surface rocks is based on applying the Bouguer correction to the Free-
Air gravity data over a broad topographic feature using a range of assumed
densities. The correct density is indicated by the profile which least
correlates with the topography.
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Local irregularities in the topography around a gravity station may give rise
to significant Terrain Effects. Embankments or dense structures rising
above a station will cause a reduction in gravity, due to upward pull. Road
cuttings or embankments falling below the station will also cause a reduction
in gravity due to the deficit of mass that would be included in the Bouguer
assumption of an infinite slab. As the ground surface surrounding the areas
tested was relatively flat and the distance to the river was approximately
constant, no terrain corrections were attempted for this data.

The final correction to the gravity data is the removal of the Regional
Gradient, which are longer wavelength anomalies due to large and deeper
structures such as the sedimentary basin structure. These are typically
observed as sub-planar gradients over a relatively short profile, and are
defined by comparing the corrected gravity values at a number of regions
around the site of constant depth to rock. Ideally we would take gravity
readings at a number of points around the site where rock outcropped (ie
the contribution of sediments/alluvium nil) to determine the regional
gradient. However as rock was not outcropping at this site a number of
locations of relatively shallow rock were used to attempt to best define this
gradient.

A2 Gravity Instrumentation — Lacoste & Romberg G Meter

The Lacoste & Romberg is a gravimeter which
measures the Earth’s gravitational field very
accurately by measuring the gravitational force
on a proof mass. The beam is supported from a
point just behind the mass by a “ zero length”
spring. The spring is at an angle of
approximately 45 degrees from horizontal.

The meter is read by nulling the mass position, that is, adding or subtracting
a small amount of force to the mass to restore it to the same “ reading”
position. This is accomplished by lifting up on the top end of the zero length
spring. This must be done with great accuracy and is accomplished with a
series of levers. In turn, the levers are moved by a high-precision screw
which in turn is rotated by a gear box with considerable reduction.
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The instrument is placed on a tripod base plate, which contains levelling
screws and tilt meters to allow very accurate levelling of the meter in the
vertical plane.

A3 Assumptions Of Interpretation

Two-dimensional modelling of the corrected gravity profile data (Bouguer
Profile) enables an interpretation of the rock profile assuming a density
distribution of the shallow subsurface.

The gravity interpretation provides a simplified model of the subsurface
densities and is based on a number of assumptions about its nature. The
major assumptions are:

i) the subsurface essentially consists of two layers of uniform density ie
alluvium overlying rock,

ii) the cross section of the density model is assumed to be constant in
the direction orthogonal to the direction of the gravity profile.

There is no unique interpretation to any observed gravity data as the
densities or density contrasts of the subsurface materials must be assumed.
Thus the depth to the source of a specific gravity anomaly cannot be
precisely determined.

The interpreted rock levels provided in this report are based on 2-
dimensional modelling of the gravity data assuming a uniform density
contrast of -0.55t/cu.m between the sediments and underlying bedrock.

If the assumed density contrast varies along the gravity lines the interpreted
depth to rock will be in error. If the actual density of the shallow subsurface
is 10% higher than the assumed density, this will result in an interpreted
bedrock model which is approximately 10% shallower than the actual depth
to rock.
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