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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: 

 The existence of gravel and cobbles immediately above the rock.  
 The existence of any loose sand below embankments. 
 The existence of any soft clay and organic soils below embankments. 
 The depth and quality of rock below the bridge and viaducts. 
 Potential ground improvement requirements below proposed approach 

embankments due to the presence of any soft clay deposits; 
 Presence of acid sulphate soils. 
 Salinity of channel water and groundwater for durability design. 
 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 
viaduct 

River crossing piers  Northern approach 
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 -21 to -23 N/A 

14,15 -15 to -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. 

  



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

Geotechnical Assessment for Route Options 
 

REP/220422/GEO/001 | Issue | August 2012 | Arup 
 

Page 2 
 

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 1  Route Options Location Plan 
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1.1.2 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 
areas: 

 Northern Bank (Grafton side of the Clarence River); 
 River Channel; 
 Southern Bank (South Grafton side of the Clarence River). 
 
Table 1  Route option features 
 Route 
Option 

Proposed features 

Southern bank 
approach 

River channel crossing Northern bank 
approach 

E High approach 
embankment over 
paddocks from 
Cowan Street, South 
Grafton.  

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 
associated with the 
abutment on Bent 
Street, South 
Grafton. 

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 
Route 
Option 

Proposed features 

Southern bank 
approach 

River channel crossing Northern bank 
approach 

C Approach 
embankment located 
within paddocks. A 
high embankment is 
also associated with 
the connection to the 
Pacific Highway to 
the south. 

The proposed bridge would be 
approximately 458 metres long 
and 15.9 metres wide and would 
be on a constant very large 
radius horizontal curve (4500 
metres radius) over the Clarence 
River.  
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. 

Viaduct (on piers) 
grading into a minor 
embankment between 
the river bank and 
Pound Street, Grafton. 

11 High approach 
embankment 
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.  

The proposed bridge would be 
approximately 387 metres long 
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. 

High embankment 
grading to existing 
road level on Fry 
Street, Grafton. 
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Table 1  Route option features 
Route 
Option 

Proposed features 

Southern bank 
approach 

River channel crossing Northern bank 
approach 

14 High approach 
embankment 
associated with the 
connection to the 
Pacific Highway. 
Over the flood plain, 
a high viaduct 
structure on piers 
extends to the river 
crossing bridge. 

The proposed bridge would be 
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 
provide eleven spans of 53 
metres across the river, followed 
by a 34 metre long span on the 
Grafton side. There would also 
be a 782 metre long approach 
viaduct (with 23 spans of 34 
metres) on the South 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. 

Small viaduct structure 
(on piers) that grades 
into a low 
embankment onto 
Kirchner Street, 
Grafton.  
Further low 
embankments are 
associated with the 
proposed road and two 
short creek crossings 
along North Street, 
Grafton.  

15 The proposed river bridge 
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. 

Small viaduct structure 
(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 5m 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 is 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: 

 Holocene (most recent part of Quarternary) sediments.  
 Soil horizons less than 5mAHD.  
 Marine or estuarine sediments and tidal lakes. 
 Coastal wetlands or back-swamp area, coastal sand dunes. 
 Mangrove or other swamp-tolerant or marine vegetation is dominant. 
 Deep older (Holocene or Pleistocene) estuarine sediments >10m below ground 

surface. 
 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: 

 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; 

 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); 

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

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

 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: 

Coffey 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 BHSG5 (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: 

 In the vicinity of the existing Grafton Bridge; 
 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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4 Ground conditions 

4.1 General 

The sub-surface ground conditions have been split into three geomorphological 
areas of the Clarence River flood plain, namely; 

 Northern Bank (Grafton side of the Clarence River); 

 River Channel; 

 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 

at top of 
surface (m 
AHD) 

Thickness (m) 

Alluvium Sand with some gravels and trace soft clay. -3.3 to -12.2 4.5 to 9 

Gravel and sand and gravel with cobbled 
sized material 
Not encountered in BH3 and BH5 

-6.9 to -9.8 8.5 to 10.2 

Bedrock Sandstone with siltstone layers   

Assumed extremely weathered (soil strength). 
Not encountered in BH5. 

-19.1 to -21.6 1.3 to 6 

Assumed highly weathered, very low 
strength, cracked with clay seams 

-20.4 to -26.8 - 

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 
Route 
option 

Southern Bank Northern Bank 

Geotechnical 
information 
in close 
proximity 

Anticipated ground conditions Geotechnical 
information 
in close 
proximity 

 

Anticipated ground conditions 

E BHSG3(1987), 
  
 
 
 
 
 
 
 
BHSG4(1987), 
BHSG5(1987) 
& BH4(2003) 
considered, 
offset up to 
500m 
upstream 

Approximately 5.5m of firm to very stiff silty clay, 
overlying; 
Very loose becoming medium dense clayey sand to sand 
from RL 1m AHD.  
 
No bedrock encountered (borehole depth RL -6m 
AHD). 
 
Groundwater level at RL 0.5m AHD. 
 
Boreholes offset from the option recorded: 
Up to 7m of loose to medium dense clayey silty sand to 
silty sand, overlying; 
Up to 6.5m of loose to medium dense sand with silty 
clay interbeds from RL 0m AHD  
Stiff silty clay with organic layers from RL 1.5m AHD 
was noted in BHSG5 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 0mAHD. 

BH101 
(2012) 
 
 
 
 
 
 

Approximately 17m of loose becoming medium dense 
silty sand overlying; 
 
Approximately 14m of medium dense to very dense 
gravel, gravelly sand and clayey gravel encountered at 
approximately RL -15.5m AHD, overlying; 
 
Claystone recovered as stiff to very stiff high plasticity 
clay at approximately RL -29.5m AHD.  
 
Groundwater level encountered at RL 1m AHD. 
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Route 
option 

Southern Bank Northern Bank 

Geotechnical 
information 
in close 
proximity 

Anticipated ground conditions Geotechnical 
information 
in close 
proximity 

 

Anticipated ground conditions 

A, C BH7(1981), 
BH10(1981),  
BHSG1(1987), 
BHSG2 (1987) 
Existing as-
built bridge 
cross-section. 

Based on as-built cross-section: material overlying 
bedrock comprises interbedded clays and sand 
(possible levee deposits). Based on the boreholes the 
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. 
 

BH1(1975), 
BH3(1975), 
BH2(1975), 
 
Existing as-
built bridge 
cross-section. 

Sand 4.6m to 5.6m thickness, overlying; 
 
Gravel with cobble sized material, maximum thickness 
of approximately 10m, overlying; 
 
Interbedded sandstone bedrock at a maximum reduced 
level of approximately -23m AHD. 
 
No groundwater information. 
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Route 
option 

Southern Bank Northern Bank 

Geotechnical 
information in 
close proximity 

Anticipated ground conditions Geotechnical 
information 
in close 
proximity 

 

Anticipated ground conditions 

11 Gravity survey 
(2012) (lines 3 
and 4) 
 
No borehole 
information on 
the alignment. 
The following 
exploratory holes 
are within 500m: 
BH8(1981),  
BH9(1981), 
BH11(1981), 
GB7 (2003),  

Up to 5m of loose to medium dense silty sand to 
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 0m AHD (at the Pacific Highway) to RL            
-12.8m AHD near the river bank. 
 
Groundwater from RL-0.6m to 1.2m AHD. 
 

BH102(2012) Very soft sandy clay, 1.2m in thickness overlying; 
 
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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Route 
option 

Southern Bank Northern Bank 

Geotechnical 
information in 
close proximity 

Anticipated ground conditions Geotechnical 
information 
in close 
proximity 

 

Anticipated ground conditions 

14,15 BH106 (2012); 
 
Gravity survey 
(2012) (lines 1 
and 2); 
 
BH1(2003) 
closest to 
southern bank; 
GB1(2003), 
GB2(2003), 
GB3(2003), 
GB4(2003) 
considered but 
offset up to 
400m 
downstream. 
 

BH106  encountered: 
Soft to firm silty clay approximately 10m in 
thickness, overlying; 
Very loose becoming medium dense silty sand 
from RL -5.7m AHD, overlying; 
Dense to very dense sandy gravel and gravel from 
RL -15m AHD, overlying; 
Interbedded siltstone/sandstone from RL -20.7m 
AHD. The rock was encountered as fresh, medium 
to high strength. 
The existing information suggests: 
Up to 20m of firm to hard silty clay. Locally clay 
very soft to soft at or below the groundwater level 
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. 

BH103 
(2012), 
BH104 
(2012), 
 
BH105 
(2012) ( for 
Option 15 
only) 
 

Soft to firm silty clay, ranging in thickness of 2m to 5m 
(in BH104 clay is firm to stiff), overlying; 
Very loose to loose silty sand encountered from RL -0.2 
to -3m AHD, overlying; 
Medium dense silty sand encountered from RL -4.7m to -
10.7m AHD, overlying; 
Dense to very dense sandy gravel encountered from RL -
13m to -14.4m AHD. 
Interbedded claystone/sandstone was encountered in 
BH103 at RL -20m AHD. The rock was encountered as 
extremely weathered becoming slightly weathered, very 
low to low strength. 
Groundwater encountered at RL-2.3m AHD in BH104. 
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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: 

 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. 

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

 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. 

 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. 

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

 Presence of acid sulphate soils. 

 Salinity of channel water and groundwater for durability design. 

 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: 

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

 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: 

 Soft and loose alluvial soils on both the northern and southern river banks; 

 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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5.4 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. 

5.4.1 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.  

5.4.2 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.  

5.4.3 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.    

5.4.4 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 1m to 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 

viaduct 
River crossing piers  Northern approach 

viaduct 

E -18 -18 to -33 -33 

A  +5 to -18 -18 to -26 -26 

C -18 -18 to -26 -26 

11 -15 to -21 -21 to -23 N/A 

14,15 -15 to -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: 

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

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

 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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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: 

 In the vicinity of the existing Grafton Bridge; 

 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. 
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Table 1 Summary of investigation purpose 
Location Route 

option 
Primary purpose 

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 

BH105 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 
McLaers Lane and 
adjacent road 

11 Correlation of bedrock depth across the floodplain 
crossing 

Gravity Survey along 
Meona Lane and 
Eggins Lane 

14/15 Correlation of bedrock depth across the floodplain 
crossing 

1.3 Project execution 

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

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

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

 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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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 

(mAHD) 
Total Depth 

BH101 493755 6714983 2.49 35.5 

BH102 495161 6715352 3.4 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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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 
x10 lens 

ii Does not dilate 
on shaking 

iii Adheres to 
fingers when dry 

i Particles >10µm 
visible with x10 lens 

ii Dilates on shaking 
iii Does not adhere to 

fingers when dry 
iv Feels gritty on teeth 

i Particles >75µm visible to 
naked eye 

ii Fine sand feels gritty in 
fingers 

Visible identification 

DESIGNATION CLAY SILT SAND GRAVEL COBBLES BOULDERS 

  Fine 
(f) 

Medium 
(m) 

Coarse 
(c) 

Fine 
(f) 

Medium 
(m) 

Coarse 
(c) 

  

GRAIN SIZE 2 75 200 600 2.36 6 20 63 200 

 microns     millimetres    
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PERCENTAGE AND SHAPE CLASSIFICATION 

             

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 

FIELD TEST 
Exudes between 
fingers when 
squeezed 

Moulded by light 
finger pressure 

Moulded by strong 
finger pressure 

Indented by thumb, 
cannot be moulded 

by fingers 

Indented by 
thumbnail 

Indented with 
difficulty by 
thumbnail 

DESIGNATION Very Soft (VS) Soft (S) Firm (F) Stiff (ST) Very Stiff (VST) Hard (H) 

UNDRAINED 
SHEAR 
STRENGTH kPa 

12 25 50 100 200  

CONSISTENCY Non-Cohesive Soils 

FIELD TEST 
Easily excavated with a 

spade 

Some resistance to a 
spade or penetration 

with a hand bar 

Considerable resistance 
to spade or penetration 

with a hand bar 

No penetration with a 
hand bar; requires pick 

for excavation 
High resistance to a pick 

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). 

 

 

 

 

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’. 
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TYPICAL REPRESENTATION AND TERMS USED FOR CARBONATE ROCK 
 

Classification of calcareous materials (modified from Clark and Walker) 

Soil Consistency and 

Rock Strength 

 Total 

Carbonate 

Content (%) Increasing grain size of particulate deposits 

0.002 mm 0.06 mm 2 mm 60 mm 

Soil 
Density/Consistency 
used as per AS1726-

1993 

CARBONATE 
CLAY 

CARBONATE 
SILT 

CARBONATE SAND CARBONATE GRAVEL 90-100 

Siliceous 
CARBONATE 

SILT 

Siliceous 
CARBONATE SAND 

Mixed carbonate and 
non-carbonate 

GRAVEL 

50-90 

Calcareous CLAY 
Calcareous 

SILT 
Calcareous silica 

SAND 
10-50 

CLAY SILT Silica SAND GRAVEL 0-10 

Extremely Low to 
Medium Strength 

Is50<1MPa 
UCS<12.5MPa 

CALCILUTITE CALCISILTITE CALCARENITE CALCIRUDITE 90-100 
Clayey 

CALCILUTITE 
Siliceous 

CALCISILTITE 
Siliceous 

CALCARENITE 
Conglomeratic 
CALCIRUDITE 

50-90 

Calcareous 
CLAYSTONE 

Calcareous 
SILTSTONE 

Calcareous 
SANDSTONE 

Calcareous 
CONGLOMERATE 

10-50 

CLAYSTONE SILTSTONE SANDSTONE CONGLOMERATE 0-10 

High to Very High 
Strength. 
Is50>1MPa 

UCS >12.5 MPa 

Fine-grained LIMESTONE Detrital LIMESTONE 
CONGLOMERATE 

LIMESTONE 
90-100 

Fine-grained 
Argillaceous 
LIMESTONE 

Fine-grained 
Siliceous 

LIMESTONE 

Siliceous detrital 
LIMESTONE 

Conglomeratic 
LIMESTONE 

50-90 

Calcareous 
CLAYSTONE 

Calcareous 
SILTSTONE 

Calcareous 
SANDSTONE 

Calcareous 
LIMESTONE 

10-50 

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 
by hand to a 
material with soil 
properties 

Material crumbles 
under firm blows 
with sharp end of 
pick.  Pieces up to 
3cm thick can be 
broken by finger 
pressure 

Easily scored with 
knife.  A piece of 
core 150mm long 
and 50mm 
diameter may be 
broken by hand. 

Readily scored by 
knife; a piece of 
core 150mm long 
by 50mm diameter 
can be broken by 
hand with difficulty 

A piece of core 
150mm long by 
50mm diameter 
cannot be broken 
by hand but can 
be broken by a 
pick with single 
firm blow 

Hand specimen 
breaks with pick 
after more than 
one blow; rock 
rings under 
hammer 

Specimen 
requires many 
blows with 
geological pick to 
break through 
intact material; 
rock rings under 
hammer 

POINT LOAD 
STRENGTH 
INDEX 

 Is(50) MPa 

0.03 0.1 0.3 1 3 10  

DESIGNATION Extremely Low 

(EL) 

Very Low 

(VL) 

Low 

(L) 

Medium 

(M) 

High 

(H) 

Very High 

(VH) 

Extremely High 

(EH) 

UNCONFINED 
COMPRESSIVE 
STRENGTH (qu) 
MPa 

The unconfined compressive strength is typically about 20 x Is(50).  The ratio may vary widely for different rock types. 
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ROCK WEATHERING   Based on visual identification 
 

FIELD 
APPEARANCE 

Soil developed on 
extremely weathered 
rock; the mass structure 
and substance fabric are 
no longer evident; there is 
a large change in volume 
but the soil has not been 
significantly transported 

Rock is weathered to an 
extent that it has 'soil' 
properties, ie it either 
disintegrates or can be 
remoulded, in water 

Rock strength usually 
changed by weathering.  
The rock may be highly 
discoloured, usually by 
iron staining.  Porosity 
may be increased by 
leaching, or may be 
decreased due to 
deposition of weathering 
products in pores. 

Rock is slightly 
discoloured but shows 
little or no change of 
strength from fresh rock. 

Rock shows no sign of 
decomposition or staining 

DESIGNATION Residual Soil 

(RS) 

Extremely weathered rock 

(XW) 

Distinctly weathered rock 

(DW) 

Slightly weathered rock 

(SW) 

Fresh rock 

(FR) 

 

 

BEDDING STRATIFICATION 
 

Term Description Separation of Stratification 

Planes 

Stratification not recognisable Massive - 

Stratification more than 20 mm apart Bedded 

Very thickly bedded >2 m 

Thickly bedded 0.6 - 2 m 

Medium bedded 0.2 - 0.6 m 

Thinly bedded 60 mm-0.2 m 

Very thinly bedded 20 – 60 mm 

Stratification planes less than 20 mm apart Laminated 
Thickly laminated 6 – 20 mm 

Thinly laminated <6 mm 

 
Table based on Geological Society Engineering Group Working Party report on The Logging of Rock Cores for Engineering Purposes - Q Jl 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. 

 

 
Carbonate rock fabric descriptive terminology based on Dunham 1962. 
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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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SHAPE 
 

Symbol Description 

PL Planar - forms a continuous plane without variation in 
orientation 

IR Irregular - has no clear orientation  

CU 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 

SU Sulphides 

RF Rock fragments 

g gravelly 

s sandy 

m silty 

c 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: 

• ST Iron oxide staining less than 1mm 

• VN Veneer coating less than 1mm 
 
 
If the infilling is greater than 1mm, the actual thickness of infill is recorded in 
millimetres.  If 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 
 

Is(50)  Diametral test results to be recorded on log as:  2.05 DI 

Is(50) Axial test results to be recorded on log as:  2.05 AX 

Is(50) Irregular test results to be recorded on log as:  2.05 IR 
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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 

 

Support  

W Water 

M Mud 

C Casing 

T Timbering 

U Unsupported 
 
 
 
 
 

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) 

qc 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) 

R SPT refusal 

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

W Water sample 

B Bulk sample 
 

Water – Moisture 
 

W Wet 

M Moist 

D Dry 

S Standpipe installed to depth shown 

P Piezometer installed at depth shown 

 Inflow 

 Outflow (loss) 

 Level (date) 

 Partial loss 
 

 
Soil Properties  
CBR California Bearing Ratio 

c' Effective shear strength 

cc Compressed index 

cu Undrained shear strength 

cv Coefficient of consolidation 

cα Coefficient of secondary compression 

DD Dry density 

Dr Dry density expressed  

E Elastic modulus 

e Void ratio 

G Shear modules 

Gs Specific gravity 

k Coefficient of permeability 

MDD Maximum dry density obtained in compaction test 

mv Coefficient of volume compressibility 

NDD Natural dry density 

NMC Natural moisture content 

OMC Optimum moisture content obtained in compaction 

test 

LI Liquidity index 

LL Liquidity limit 

LS Linear shrinkage 

PI Plasticity index 

PL Plastic limit 

qu, UCS Unconfined compressive strength 

w Moisture content (% of dry weight) 

γb Bulk density 

γd Dry density 

γw Density of water 

υ Poisson's ratio 

φu Apparent angle of friction from quick undrained triaxial 
test 

φuφu' Effective angles of friction in drained and undrained 
conditions 

 

 
Design Parameters 
Ab Footing or pile base area 

B Footing or pile width or diameter 

D Footing or pile depth 

d Diameter of pile (m) 

K Coefficient of earth pressure 

Ka Coefficient of active pressure 

Ko Coefficient earth pressure at rest 

Kp Coefficient of passive pressure 

L Footing length 

Nc, Nq, Nγ Bearing capacity factors 

NSF Negative skin friction 

P Load 

Pa Total active force 

Pb Pile base load 

Pp Total passive force 

Ps Pile shaft load 

Pa Active earth pressure 

Pb Pile base pressure 

Pp Passive earth pressure 

Ps Pile shaft adhesion 

S Settlement 

Tv Dimensionless time factor 

t Time 

U Degree of consolidation 

u Pore water pressure 

α Shaft adhesion factor 

δ Angle of friction between soil and structure 

σ Total normal stress 

σ' Effective normal stress 

τ Shear stress 

Subscript all Allowable or working 

Subscript h Horizontal 

Subscript r Residual 

Subscript ult Ultimate 

Subscript v Vertical 
 

 

 



CL

SM

SM

Gravelly CLAY,  (CL)  low plasticity, brown, gravel is medium to coarse
grained, angular (sandstone and siltstone), with sand, trace root fibres.
(inferred Probable FILL).

Silty SAND,  (SM)  fine to medium grained, sub-angular to rounded,
brown-pale brown, trace clay.

Silty SAND,  (SM)  fine to coarse grained, poorly graded, sub-angular,
grey-pale brown.

.... 5.00m - 8.00m thin layers of Clayey SAND, fine to coarse grained,
sub-angular, pale brown

.... 8.00m - 10.90m higher proportion of coarse grained sand, trace fine
to medium gravels, sub-angular (fine grained sandstone/ siltstone), dark
grey
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SM

GP

Silty SAND,  (SM)  fine to coarse grained, poorly graded, sub-angular,
grey-pale brown. (continued)

.... 10.90m clay layer, 7mm thick, high plasticity, dark grey, organic
odour

.... 12.30m becoming trace silt

.... 14.00m gravel layers, probably fine grained (some resistance to
boring)

.... 16.00m gravel layers

.... 16.50m SPT sample had fall in from above. Gravel layer over silty
sand, fine to coarse grained, sub-angular, grey

GRAVEL,  (GP)  fine to coarse grained, poorly graded, sub-angular to
sub-rounded, dark grey mottled brown-white.

.... 18.50m large amount of fall in for SPT sample
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GP GRAVEL,  (GP)  fine to coarse grained, poorly graded, sub-angular to
sub-rounded, dark grey mottled brown-white. (continued)

.... 20.50m becoming Clayey, medium plasticity, brown

Borehole continued as a Cored Drillhole
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GRAVEL,  (GP)  coarse grained, sub-rounded, very
dense, with cobbles.
CORE LOSS.
Gravelly SAND,  (SP)  medium to coarse grained,
poorly graded, sub-angular, pale brown, very dense,
gravel is fine to coarse grained, sub-rounded, trace
clay.
.... 23.15m - 23.40m without gravel, sand becoming
fine to medium grained
CORE LOSS (probable wash out of fines around
gravels).

Gravelly SAND,  (SP)  medium to coarse grained,
poorly graded, sub-angular, pale brown, very dense,
gravel is fine to coarse grained, sub-rounded, trace
clay.
CORE LOSS (probably Gravelly SAND).
Gravelly SAND,  (SP)  medium to coarse grained,
poorly graded, sub-angular, pale brown, very dense,
gravel is fine to coarse grained, sub-rounded, trace
clay.

.... 26.50m with gravel, fine to medium grained,
sub-rounded, mixed lithologies

Clayey GRAVEL,  (GC)  fine to coarse grained,
poorly graded, sub-rounded to sub-angular, mottled
grey-brown.

Continued from Borehole
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Clayey GRAVEL,  (GC)  fine to coarse grained,
poorly graded, sub-rounded to sub-angular, mottled
grey-brown. (continued)

CLAYSTONE, recovered on the end of the roller and
barrel as clay, high plasticity, grey, stiff to very stiff.

CORE LOSS.
CLAYSTONE, recovered as clay, high plasticity, grey,
stiff to very stiff.
CORE LOSS (fall in of gravel from above caused
washout of claystone). Casing could not be
advanced further.
.... 32.80m short runs due to gravel fall in blocking
core barrel
CLAYSTONE, recovered as clay, high plasticity, grey,
stiff to very stiff.
CORE LOSS (fall in of gravel from above caused
washout of claystone).
.... 34.00m cleaned hole with tricone roller, returned
clay, grey, stiff to very stiff

CLAYSTONE, recovered as clay, high plasticity, grey,
stiff to very stiff.
CORE LOSS (fall in of gravel from above caused
washout of claystone).
.... 35.50m end of borehole as agreed with RMS
End of Borehole at 35.50m
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SM

SM

SM

SM

Sandy CLAY,  (SM)  medium plasticity, dark brown, sand is fine grained,
trace root fibres.

SAND, trace Silt,  (SM)  fine to medium grained, trace coarse grained,
poorly graded, sub-angular to sub-rounded, brown to pale brown.

Silty Clayey SAND,  (SM)  fine to medium grained, poorly graded, dark
brown, clay is low plasticity, layered, black.

Silty SAND,  (SM)  fine to medium grained, poorly graded, sub-angular
to sub-rounded, grey-brown.
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SM

GC

Silty SAND,  (SM)  fine to medium grained, poorly graded, sub-angular
to sub-rounded, grey-brown. (continued)

.... 11.50m becoming fine to coarse grained.

.... 14.40m GRAVEL layer, 50mm thick, likely fine grained.

.... 15.00m becoming Gravelly.

Clayey GRAVEL,  (GC)  fine to coarse grained, poorly graded,
sub-angular to sub-rounded, mixed lithologies, clay is high plasticity,
brown.

.... 18.50m becoming Sandy, sand is fine to medium grained,
sub-angular, brown.
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GC Clayey GRAVEL,  (GC)  fine to coarse grained, poorly graded,
sub-angular to sub-rounded, mixed lithologies, clay is high plasticity,
brown. (continued)

.... 20.50m medium grained gravel blocked SPT tube, sub-rounded.

.... 22.50m large amount of gravel fall-in top of SPT. 100mm at base of
sample shows Sandy Clayey GRAVEL.

CLAYSTONE, recovered as Gravelly CLAY, high plasticity, dark grey,
gravel is fine to medium grained, tabular.

Borehole continued as a Cored Drillhole
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INTERBEDDED SANDSTONE / CLAYSTONE, thinly
laminated at 5 to 10 degrees. sandstone is fine
grained, grey, claystone is dark brown. trace
inclusions of organic matter and coal on bedding
planes.
CORE LOSS.
INTERBEDDED SANDSTONE / CLAYSTONE, thinly
laminated at 5 to 10 degrees. sandstone is fine
grained, grey, claystone is dark brown. trace
inclusions of organic matter and coal on bedding
planes.

.... 25.81m - 24.30m sandstone laminations are less
frequent, higher proportion of claystone.

CORE LOSS.

INTERBEDDED SANDSTONE / CLAYSTONE, thinly
laminated at 5 to 10 degrees. sandstone is fine
grained, grey, claystone is dark brown. trace
inclusions of organic matter and coal on bedding
planes.
.... 26.50m - 26.70m drilling induced core diameter
reduction.

Continued from Borehole

End of Borehole at 27.24m
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 Core Photographs BH102 
 

 
24.24m to 27.24m 

 

  



CL

SM

CH

SM

SM

Silty CLAY,  (CL)  medium plasticity, grey, silt is brown, thinly layered,
with sand, fine grained, trace root fibres.

.... 1.25m sand lense at base of U50 sample.

Silty Clayey SAND,  (SM)  fine to medium grained, poorly graded,
sub-angular, brown, clay is medium plasticity, trace gravel, medium
grained, sub-angular.

Silty CLAY,  (CH)  medium to high plasticity, brown, trace sand, fine
grained.

Silty SAND,  (SM)  fine to medium grained, poorly graded, sub-rounded
to sub-angular, brown to pale brown, trace clay.

.... 5.50m becoming dark grey.

Silty SAND,  (SM)  fine to coarse grained, poorly graded, sub-angular,
grey.

.... 9.10m - 10.00m with gravel, likely fine to medium grained.
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SM

GC

Silty SAND,  (SM)  fine to coarse grained, poorly graded, sub-angular,
grey. (continued)

.... 12.50m becoming with gravel, fine grained, sub-rounded.

.... 16.35m GRAVEL layer 100mm thick, likely fine grained.

.... 17.50m - 18.00m Gravelly, likely fine to medium grained.

Sandy GRAVEL,  (GC)  fine to medium grained, poorly graded,
sub-rounded to sub-angular, brown, sand is fine to coarse grained,
sub-angular, with clay.
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GC Sandy GRAVEL,  (GC)  fine to medium grained, poorly graded,
sub-rounded to sub-angular, brown, sand is fine to coarse grained,
sub-angular, with clay. (continued)

.... 20.50m medium grained gravel blocked SPT tube.

.... 22.50m becoming Clayey, high plasticity, brown.

CLAYSTONE, dark grey, extremely low strength, recovered as CLAY,
high plasticity, with gravel, fine to medium grained, tabular.

Borehole continued as a Cored Drillhole
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CORE LOSS.
CLAYSTONE, thinly laminated, well developed
bedding dipping at 5 to 10 degrees, dark grey-brown.
CORE LOSS (due to core rotating inside barrel).
CLAYSTONE, thinly laminated, well developed
bedding dipping at 5 to 10 degrees, dark grey-brown.
CORE LOSS.
INTERBEDDED CLAYSTONE/SANDSTONE,
Claystone, is dark grey, organic, Sandstone is fine
grained, thinly laminated, very well developed
bedding, dark grey.
CORE LOSS.
.... 25.00m organic fragments on bedding plane.
INTERBEDDED CLAYSTONE/SANDSTONE,
Claystone, is dark grey, organic, Sandstone is fine
grained, thinly laminated, with very well developed
bedding, dark grey.
.... 25.90m - 26.00m recovered as Clayey GRAVEL,
fine grained, angular.
.... 26.10m slickenslides on joint plane dipping at 70
degrees.
.... 26.15m - 26.30m dark grey-brown, increasing
clay content.
CORE LOSS.
INTERBEDDED CLAYSTONE/SANDSTONE,
Claystone, is dark grey, organic, Sandstone is fine
grained, thinly laminated, with very well developed
bedding, dark grey.

Continued from Borehole

End of Borehole at 27.00m
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 Core Photographs BH103 
 

 
23.90m to 27.00m 

 

  



CH

SM

CL

SM

CLAY,  (CH)  medium to high plasticity, dark grey mottled brown, with
silt, trace sand, fine to medium grained, trace root fibres.

Silty SAND,  (SM)  fine to medium grained, poorly graded, sub-angular
to sub-rounded, grey, trace clay.

Silty CLAY,  (CL)  medium to high plasticity, grey, with sand, fine to
medium grained, sub-angular.

Silty SAND,  (SM)  fine to medium grained, poorly graded, sub-rounded
to sub-angular, grey, with clay.

.... 6.00m becoming trace clay.

.... 8.50m trace clay lenses, high plasticity, dark grey.
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SM

SM

GP

Silty SAND,  (SM)  fine to medium grained, poorly graded, sub-rounded
to sub-angular, grey, with clay. (continued)
.... 10.20m becoming dark grey-brown.

SAND  (SM)  fine to coarse grained, poorly graded, sub-rounded to
sub-angular, grey, with silt.

.... 12.00m GRAVEL layer, 50mm thick, likely fine to medium grained.

.... 14.20m GRAVEL layer, 100mm thick, likely fine to medium grained.

Sandy GRAVEL,  (GP)  fine to coarse grained, poorly graded,
sub-rounded, of mixed lithologies, grey, sand is medium to coarse
grained, poorly graded, sub-angular.
.... 15.00m high resistance to tri-cone roller.

.... 16.00m large amount of gravel fall in and slow drilling progress.

Borehole completed at 16.7m depth

-9.75

-12.95

-14.95

11.50

14.70

16.70

D

D

D

D

W

W

W

W

Alluvium

Alluvium

Alluvium

N=8
5;4,4

N=13
6;7,6

N=40
13;22,18

N=180*
27;30/50

G
R

O
U

P
 S

Y
M

B
O

L

DRILLING

COHESIVE

OBSERVATION

W
A

T
E

R
 /

M
O

IS
T

U
R

E

MATERIAL DESCRIPTION

BOREHOLE RECORD SHEET  2

OF  2

SAMPLE, TEST,

BIT, SUPPORT,

ETC.

V
S

S F S
T

V
S

T
H V

L
L M

D
D V

D

STRATA

CONSISTENCY

NON
COHESIVE

CONDITION

LE
G

E
N

D SOIL ORIGIN,

STRUCTURE,

ETC.

SOIL TYPE
Plasticity / Grain Size, Colour, Minor Components

R.L.

mAHD

11

12

13

14

15

16

17

18

19

m

DEPTH

10-Mar-12PROJECT

JOB

CLIENT RMS LOGGED BY

GROUND LEVEL
LOCATION

RG

BH104

CHECKED BY

ELEVATION DATUM

COORDINATE SYSTEM

RL 1.75m
494995 E   6717473 N

Summerland Way Additional Clarence River Crossing

HOLE

Australian Height Datum

AMG84 Zone 56

220422
NOTES

DRILLED DATE
JV

Hole Diameter 100mm to 2.00m depth. (Auger, then 100mm to 16.7m depth, washbore)
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CL

SP

CH

SP

CH

SP

Silty CLAY,  (CL)  low to medium plasticity, dark brown, trace sand, fine
grained, trace root fibres.

Silty SAND,  (SP)  fine to medium grained, sub-angular, poorly graded,
yellow-pale brown, with silt.

.... 4.50m becoming Clayey, brown.

CLAY,  (CH)  high plasticity, grey mottled brown, trace organic lenses.

.... 6.50m becoming dark brown mottled brown.

.... 7.20m becoming brown.

Silty SAND,  (SP)  fine grained, poorly graded, grey.

CLAY,  (CH)  high plasticity, brown.

Silty SAND,  (SP)  fine to medium grained, poorly graded, grey-dark
grey.
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Hole Diameter 100mm to 5.50m depth. (Auger, then 100mm to 27.5m depth, washbore)
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SP

CH

SC

SP

GM

Silty SAND,  (SP)  fine to medium grained, poorly graded, grey-dark
grey. (continued)

.... 13.50m with clay.

.... 14.50m trace shell fragments.

CLAY,  (CH)  high plasticity, grey-dark grey.

Clayey Silty SAND,  (SC)  fine grained, poorly graded, grey.

.... 17.00m trace organics.

Silty SAND,  (SP)  fine grained, poorly graded, grey.

Silty Sandy GRAVEL,  (GM)  fine to coarse grained, sub-rounded to
sub-angular, well graded, grey, sand is fine to medium grained.
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Hole Diameter 100mm to 5.50m depth. (Auger, then 100mm to 27.5m depth, washbore)
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GM

GW

GP

Silty Sandy GRAVEL,  (GM)  fine to coarse grained, sub-rounded to
sub-angular, well graded, grey, sand is fine to medium grained.
(continued)

Sandy GRAVEL  (GW)  fine to coarse grained, sub-angular to angular,
well graded, grey, brown, white, sand is medium to coarse grained,
sub-rounded, brown, white, with silt.

GRAVEL  (GP)  fine to medium grained, angular, poorly graded, dark
grey, brown, white, with sand, fine to medium grained, brown, white,
black.

.... 25.00m large amount of water loss into gravels.

.... 26.60m reduction in cutting return.

Borehole completed at 27.5m depth
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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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ML

CH

Sandy Clayey SILT,  (ML)  medium plasticity, dark brown, trace gravel,
trace organics.

.... 0.60m increasing clay proportion, decreasing sand proportion.

Silty CLAY,  (CH)  medium plasticity, brown-dark brown, trace sand, fine
grained.

.... 3.50m without sand.

.... 4.50m becoming pale grey mottled orange.

.... 5.50m - 6.50m becoming dark grey, organic odour.

.... 6.50m trace yellow-brown clay pockets.
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DRILLED DATE
AB

Hole Diameter 100mm to 8.50m depth. (Auger, then 100mm to 25.6m depth, washbore, then
52mm to 28.8m depth, NMLC)
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CH

SC

SP

SP

Silty CLAY,  (CH)  medium plasticity, brown-dark brown, trace sand, fine
grained. (continued)

Silty SAND,  (SC)  fine grained, poorly graded, sub-rounded to angular,
pale brown-yellow, with clay, non-plastic.

.... 11.50m increasing clay component.

.... 14.60m - 14.70m Sand CLAY, medium to high plasticity, dark brown
mottled pale grey, sand, fine grained.

.... 16.50m - 16.60m trace organics.

.... 16.70m - 16.80m Sand CLAY, medium to high plasticity, dark brown
mottled pale grey, sand, fine grained.
Silty SAND,  (SP)  fine grained, poorly graded, brown-yellow, trace clay,
trace organics.

.... 17.50m trace mica grains.

SAND,  (SP)  fine grained, poorly graded, brown.

.... 19.60m trace gravel.
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N=11
2;4,7

N=14
0;7,7

N=19
7;8,11

G
R

O
U

P
 S

Y
M

B
O

L

DRILLING

COHESIVE

OBSERVATION

W
A

T
E

R
 /

M
O

IS
T

U
R

E

MATERIAL DESCRIPTION

BOREHOLE RECORD SHEET  2

OF  4

SAMPLE, TEST,

BIT, SUPPORT,

ETC.

V
S

S F S
T

V
S

T
H V

L
L M

D
D V

D

STRATA

CONSISTENCY

NON
COHESIVE

CONDITION

LE
G

E
N

D SOIL ORIGIN,

STRUCTURE,

ETC.

SOIL TYPE
Plasticity / Grain Size, Colour, Minor Components

R.L.

mAHD

11

12

13

14

15

16

17

18

19

m

DEPTH

21-Mar-12 to 23-Mar-12PROJECT

JOB

CLIENT RMS LOGGED BY

GROUND LEVEL
LOCATION

JV

BH106

CHECKED BY

ELEVATION DATUM

COORDINATE SYSTEM

RL 4.79m
495904 E   6716405 N

Summerland Way Additional Clarence River Crossing

HOLE

Australian Height Datum

AMG84 Zone 56

220422
NOTES

DRILLED DATE
AB

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

GW

Sandy GRAVEL,  (GW)  fine to coarse grained, sub-angular to angular,
black, white, sand is fine to coarse grained, sub-rounded to angular,
brown, black, white, with clay, brown.

.... 21.50m decreasing clay proportion.

GRAVEL,  (GW)  fine to medium grained, sub-angular to angular, black,
brown, white, red, with sand, medium to coarse grained, sub-rounded to
angular, black, brown.

.... 23.70m becoming fine to coarse grained, trace clay.

CLAYSTONE fine grained, thinly laminated at 5 degrees, grey.
Borehole continued as a Cored Drillhole
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N=50
27;24,26

N=113**
30/80s

G
R

O
U

P
 S

Y
M

B
O

L

DRILLING

COHESIVE

OBSERVATION

W
A

T
E

R
 /

M
O

IS
T

U
R

E

MATERIAL DESCRIPTION

BOREHOLE RECORD SHEET  3

OF  4

SAMPLE, TEST,

BIT, SUPPORT,

ETC.

V
S

S F S
T

V
S

T
H V

L
L M

D
D V

D

STRATA

CONSISTENCY

NON
COHESIVE

CONDITION

LE
G

E
N

D SOIL ORIGIN,

STRUCTURE,

ETC.

SOIL TYPE
Plasticity / Grain Size, Colour, Minor Components

R.L.

mAHD

21

22

23

24

25

26

27

28

29

m

DEPTH

21-Mar-12 to 23-Mar-12PROJECT

JOB

CLIENT RMS LOGGED BY

GROUND LEVEL
LOCATION

JV

BH106

CHECKED BY

ELEVATION DATUM

COORDINATE SYSTEM

RL 4.79m
495904 E   6716405 N

Summerland Way Additional Clarence River Crossing

HOLE

Australian Height Datum

AMG84 Zone 56

220422
NOTES

DRILLED DATE
AB

Hole Diameter 100mm to 8.50m depth. (Auger, then 100mm to 25.6m depth, washbore, then
52mm to 28.8m depth, NMLC)

gI
N

T
 v

8.
2.

90
4 

 L
ic

en
ce

d 
to

 O
ve

 A
ru

p 
&

 P
ar

tn
er

s
P

ro
je

ct
 :

 j:
\2

20
00

0\
22

04
22

 -
 m

r8
3 

su
m

m
er

la
nd

 w
ay

\0
7-

00
_s

ite
 a

nd
 c

on
st

ru
ct

io
n\

07
-0

2_
si

te
 in

ve
st

ig
at

io
ns

\0
7-

00
-0

3_
ge

ot
ec

hn
ic

s 
ja

n 
20

12
\0

5_
gi

nt
\2

01
20

42
7_

su
m

m
er

la
nd

 w
ay

_m
as

te
r.

gp
j

Li
br

ar
y 

: 
g:

\in
f_

12
0 

in
fr

as
tr

uc
tu

re
\t

ec
h\

gi
nt

\a
us

_ 
lib

ra
ry

_p
.g

lb
Lo

g:
 1

.0
.1

 A
U

S
T

R
A

LI
A

 G
E

N
E

R
A

L 
B

O
R

E
H

O
LE

 L
O

G
 (

re
v 

30
Ju

n1
0 

ch
ec

ke
d 

A
B

/A
C

P
 F

eb
 2

00
6)

gI
N

T
 o

ut
pu

t 
pa

ge
 3

 o
f 

3.
 M

ad
e 

27
A

pr
12

 1
4:

44

Vertical
-
100mm ()

CONTRACTOR
DRILL MODEL
DRILLER

ANGLE
BEARING
HOLE DIAMETER

Terratest Pty Ltd
Hydropower 5000
Terratest (DC)



-20.81
-20.96

-21.31
-21.41

-24.01

FR/SW

FR

25.60

25.75

26.10
26.20

28.80

ST Ro3 C
PL Ro2 C

PL Ro4 G
PL Ro2 c, G
PL Ro2 c, G
PL Ro4 c, G

PL Ro1 C

PL Ro3 G
PL Ro2 CL

PL Ro2 Cl
PL Ro4 CL
PL Ro3 Pyrite

PL Ro3 CL

PL Ro3 Pyrite

PL Ro2 CL

PL Ro3 G
PL Ro3 G
IR Ro5 G

PL Ro2 G
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()

D0.56
A0.85

D0.32
A0.65

D0.40
A0.48

70
/(

40
)

93
/(

93
)

CORE LOSS.
SILTSTONE, fine grained, poorly developed bedding,
grey.

CORE LOSS.
INTERBEDDED SILTSTONE/SANDSTONE,
sandstone, fine grained, pale grey, siltstone, fine
grained, grey, thinly laminated.

Continued from Borehole

End of Borehole at 28.80m
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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  
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 Core Photographs BH106 
 

 
25.60m to 28.80m 

 

 

 

 



 

 

Appendix C 

Laboratory Tests 
 



TEST CERTIFICATE

POINT POINT Type

LOAD LOAD OF

DIAM HEIGHT STRENGTH STRENGTH FAILURE

(mm) (mm) Is (MPa) Is(50) (MPa)

50.3 0.41 0.41 FB

28.5 0.53 0.49 FOB

51.5 0.51 0.51 FB

28.9 0.96 0.90 FOB

51.6 0.83 0.84 FB

31.7 2.09 2.01 FOB

51.2 0.55 0.56 FB

34.5 0.87 0.85 FOB

51.6 0.40 0.40 FB

30.6 0.51 0.48 FOB

51.6 0.32 0.32 FB

30.8 0.68 0.65 FOB

FOB

FB

FIP

CPF

Page  1  of 1

Approved Signatory: Chris Lloyd Date:

Fracture through fabric of specimen oblique to bedding

Failure TypeELE Point Load Tester

not influenced by weak planes

Fracture influenced by pre-existing plane, microfracture,

Fracture along bedding

Client

UnsoakedSample History

Sampled By:

Testing Device

vein, chemical alteration

Test Method:

Job Number:

Date Tested:

Chip or partial fracture007-272

AS 4133.4.1 2007

Axial

Axial

Diametral

Axial

Diametral

Axial

Diametral

Diametral

Axial

Diametral

Axial

BH106        

26.57-

26.60m

BH106        

28.68-

28.80m

Diametral

BH106        

27.44-

27.51m

BH103        

24.88-

25.00m

BH103        

26.70-

26.87m

BH102        

25.41-

25.53m

Siltstone

Siltstone

Siltstone

Siltstone

Siltstone / Sandstone

Siltstone

71499

71498

71497

71496

71495

71494

CLIENT:

PROJECT:

SEPARATION

PLATENLITHOLOGYSAMPLE TEST

ORIENTATION

POINT LOAD STRENGTH INDEX

28.03.12

SOURCE

LAB.

NO.

28.03.12

Summerland Way, Grafton (220422)

PO Box 76 Millers Point NSW 2000

Arup

NOTES TO TESTING

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

Accreditation No. 2418

SGS Australia Pty Ltd

Unit 15, 33 Maddox Street 

(PO Box 6432)

Alexandria NSW 2015

Australia

This document is issued by the Company subject to its General Conditions of Service (www.sgs.com/terms_and_conditions.htm). Attention is drawn to the limitations of liability, indemnification and jurisdictional issues established therein.

This document is to be treated as an original within the meaning of UCP 600. Any holder of this document is advised that information contained hereon reflects the Company's findings at the time of its intervention only and within the limits of client's 

instructions, if any. The company's sole responsibility it to its client and this document does not exonerate parties to a transaction from exercising all their rights and obligations under the transaction documents. Any unauthorized alteration, forgery or 

falsification of the content or appearance of this document is unlawful and offenders may be prosecuted to the fullest extent of the law.

ABN 44 000 964 278

ph: +61 (0)2 9597 5599

fax: +61 (0)2 9597 3442



Brisbane

346A Bilsen Road, 
Geebung
QLD  4034                 
Ph: +61 7 3265 5656

Perth

2 Kimmer Place,  
Queens Park             
WA  6107                
Ph: +61 8 9258 8323Soil      Rock      Calibration

James 5758

Client Report No.

Project Test Date

Report Date

Client ID BH101 Depth (m)

Sieve Size Passing

(mm) %

150.0

75.0

53.0

37.5

26.5

19.0

9.5

4.75

2.36 100

1.18 99

0.600 97

0.425 87

0.300 58

0.150 30

0.075 22

0.075 22

0.053 19

0.038 18

0.027 17

0.02 15

0.014 14

0.0102 13

0.0072 12

0.0051 9

0.0042 8

0.0036 7

0.003 5

0.0026 4

0.0015 4

NOTES/REMARKS: -
Moisture Content  25.6%  -2.36mm Soil Particle Density(t/m3) 2.60
Sample/s supplied by the client Page 1 of 1 REP03902

Laboratory No. 9926

Summerland Way, Grafton GI

2.50-2.95

PARTICLE SIZE DISTRIBUTION TEST REPORT
Test Method: AS 1289 3.6.3, 3.5.1

Arup Geotechnics Pty Ltd 12031187-G

4/5/2012
11-13/04/2012

 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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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. 

ACCURATE QUALITY RESULTS FOR TOMORROW'S ENGINEERING



Brisbane

346A Bilsen Road, 
Geebung
QLD  4034                 
Ph: +61 7 3265 5656

Perth

2 Kimmer Place,  
Queens Park             
WA  6107                
Ph: +61 8 9258 8323Soil      Rock      Calibration

5758

Client

Project

Client ID

Description

Average Sample Diameter (mm) 48.6 Maximum Principal Stress (kPa)

Average Sample Height (mm) 101.2 Strain at Failure (%)

Height to Diameter Ratio 2.1 Average rate of Strain (%/min)

Wet Density (t/m3) 1.83 Moisture Content (%)

Dry Density (t/m3) 1.50

Mode of Failure of Specimen Shear
Notes/Remarks:

Sample/s supplied by the client Page 1 of 1 REP02201

Laboratory No. 9926

Silty Sandy Clay - Mottled Brown/Orange/Grey
BH104

 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

-

21.6

1.5

13.3

261

1.00-1.30Depth (m)

COMPRESSIVE STRENGTH OF A SOIL TEST REPORT
Test Method: AS 1289.6.4.1 - 1998

Arup Geotechnics Pty Ltd

Summerland Way, Grafton GI

12031188-QUSample No.

12/04/2012Test Date

 Report Date 20/04/2012
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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. 



Brisbane

346A Bilsen Road, 
Geebung
QLD  4034                 
Ph: +61 7 3265 5656

Perth

2 Kimmer Place,  
Queens Park             
WA  6107                
Ph: +61 8 9258 8323Soil      Rock      Calibration

James 5758

Client: Report No.:

Project: Test Date:

Report Date:

Client Id.: Depth (m):

Description:

0.6

0.8

0

5

Wet Density (t/m
3
): 1.94 Initial Moisture (%): 25.3 Test Condition:

Particle Density (t/m
3
): 2.62 Initial Voids Ratio: 0.691 Initial Degree of Saturation (%): 96.7

Undisturbed sample supplied by the client Remarks: Tested as Received

Trilab Pty Ltd
ABN 25 065 630 506

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.

Page 1 of 2

OEDOMETER TEST REPORT
Test Method: AS1289.6.6.1, 3.5.1

12031188-OED

12/04/2012
24/04/2012

1.00-1.30

SANDY CLAY - mottled yellow red brown grey

Arup Geotechnics Pty Ltd

Summerland Way, Grafton GI

Inundated on load

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 

standards.
NATA Accredited Laboratory 

Number 9926

BH104
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Brisbane

346A Bilsen Road, 
Geebung
QLD  4034                 
Ph: +61 7 3265 5656

Perth

2 Kimmer Place,  
Queens Park             
WA  6107                
Ph: +61 8 9258 8323Soil      Rock      Calibration

Client: Report No.:

Project: Test Date:

Report Date:

Client Id.: Depth (m):

Description:

Stage

 t50 t90

1 2.62 211.29

2 2.65 2.08

3 0.95 70.33

4 3.53 29.11

Remarks:

Trilab Pty Ltd
ABN 25 065 630 506

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.

0.106

Cv (m2
/yr)   % ConsolidationCa      x 10

-3Mv (kPa
-1

x10
-3

)Cc

1.00

0.55

1.78

0.29

0.077

0.038

0.005

0.019

1.3

0.4

0.2

0.7

1.00-1.30

SANDY CLAY - mottled yellow red brown grey

Load

BH104

0.136

0.078

0.029

100-197

197-73

73-26

26-73

(kPa)

TEST RESULTS

OEDOMETER TEST REPORT
Test Method: AS1289.6.6.1, 3.5.1

Arup Geotechnics Pty Ltd 12031188-OED

Summerland Way, Grafton GI 12/04/2012
24/04/2012

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 

standards.
NATA Accredited Laboratory 

Number 9926

Page 2 of 2Tested as Received



Brisbane

346A Bilsen Road, 
Geebung
QLD  4034                 
Ph: +61 7 3265 5656

Perth

2 Kimmer Place,  
Queens Park             
WA  6107                
Ph: +61 8 9258 8323Soil      Rock      Calibration

James 5758

James

Client Report No.

Project Test Date

Report Date

12031189 12031190 12031194 12031195 - -

BH103 BH102 BH106 BH106 - -

0.50-0.95 4.50-4.95 2.50-2.95 12.50-12.95 - -

39 30 39 24 - -

19 24 17 21 - -

Plasticity Index (%) 20 6 22 3 - -

Linear Shrinkage (%) 6.5+ 2.5* 9.5 0.5 - -

Moisture Content (%) 29.1 47.4 24.5 32.2 - -

- - - - - -

- - - - - -

- - - - - -

- - - - - -

- - - - - -

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 Page 1 of 1 REP00102

Laboratory No. 9926

Sample No.

Client ID

Depth (m)

Client ID

Sample No.

Plastic Limit (%)

Liquid Limit (%)

 ATTERBERG LIMITS TEST REPORT
Test Method: AS 1289 2.1.1, 3.1.1, 3.1.2, 3.2.1, 3.3.1, 3.4.1

Arup Geotechnics Pty Ltd

Summerland Way, Grafton GI

12031189-AL

20/04/2012
19/04/2012

Depth (m)

Trilab Pty Ltd     ABN 25 065 630 506
 Reference should be made to Trilab's “Standard Terms and Conditions of Business” for further details.

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

Liquid Limit (%)

Plastic Limit (%)

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. 

ACCURATE QUALITY RESULTS FOR TOMORROW'S ENGINEERING



Brisbane

346A Bilsen Road, 
Geebung
QLD  4034                 
Ph: +61 7 3265 5656

Perth

2 Kimmer Place,  
Queens Park             
WA  6107                
Ph: +61 8 9258 8323Soil      Rock      Calibration

James 5758

James

Client Report No.

Project Test Date

Report Date

Sample No. 12031190 - - - - - -

Client ID BH102 - - - - - -

Depth (m) 4.50-4.95 - - - - - -

Moisture (%) 47.4 - - - - - -

AS SIEVE SIZE 

(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 Page 1 of 1 REP01102

Laboratory No. 9926

PERCENT PASSING

Trilab Pty Ltd     ABN 25 065 630 506
 Reference should be made to Trilab's “Standard Terms and Conditions of Business” for further details.

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

PARTICLE SIZE DISTRIBUTION TEST REPORT
Test Method: AS 1289 3.6.1, 2.1.1

Arup Geotechnics Pty Ltd

Summerland Way, Grafton GI

12031190-G

20/04/2012
19/04/2012

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. 

ACCURATE QUALITY RESULTS FOR TOMORROW'S ENGINEERING



Brisbane
346A Bilsen Road, 
Geebung
QLD  4034                 
Ph: +61 7 3265 5656

Perth
2 Kimmer Place,  
Queens Park             
WA  6107                
Ph: +61 8 9258 8323Soil      Rock      Calibration

ACCURATE QUALITY RESULTS FOR TOMORROW'S ENGINEERING

James 5758

Client Report No.

Project Test Date
Report Date

Client ID BH105 Depth (m)
Sieve Size Passing

(mm) %
150.0
75.0
53.0
37.5
26.5
19.0
9.5
4.75
2.36
1.18

0.600
0.425
0.300 100
0.150 83
0.075 40
0.071 36
0.051 28
0.037 25
0.026 22
0.019 19
0.014 17
0.0099 15
0.0071 12
0.005 11
0.0041 10
0.0036 9
0.0029 8
0.0025 7
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 1 of 1 REP03902

Laboratory No. 9926

Summerland Way, Grafton GI

3.50-3.95

PARTICLE SIZE DISTRIBUTION TEST REPORT
Test Method: AS 1289 3.6.3, 3.5.1

Arup Geotechnics Pty Ltd 12031191-G

17/4/2012
11-13/04/2012

 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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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. 



Brisbane

346A Bilsen Road, 
Geebung
QLD  4034                 
Ph: +61 7 3265 5656

Perth

2 Kimmer Place,  
Queens Park             
WA  6107                
Ph: +61 8 9258 8323Soil      Rock      Calibration

James 5758

Client: Report No.:

Project: Test Date:

Report Date:

Client Id.: Depth (m):

Description:

0.6

0.8

0

5

Wet Density (t/m
3
): 1.90 Initial Moisture (%): 28.1 Test Condition:

Particle Density (t/m
3
): 2.57 Initial Voids Ratio: 0.731 Initial Degree of Saturation (%): 99.3

Undisturbed sample supplied by the client Remarks: Tested as Received

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 

standards.
NATA Accredited Laboratory 

Number 9926

BH105

Page 1 of 2

OEDOMETER TEST REPORT
Test Method: AS1289.6.6.1, 3.5.1

12031192-OED

13/04/2012
24/04/2012

6.00-6.45

SILTY CLAY -  mottled yellow red brown grey

Arup Geotechnics Pty Ltd

Summerland Way, Grafton GI

Inundated on load

Trilab Pty Ltd
ABN 25 065 630 506

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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Brisbane

346A Bilsen Road, 
Geebung
QLD  4034                 
Ph: +61 7 3265 5656

Perth

2 Kimmer Place,  
Queens Park             
WA  6107                
Ph: +61 8 9258 8323Soil      Rock      Calibration

Client: Report No.:

Project: Test Date:

Report Date:

Client Id.: Depth (m):

Description:

Stage

 t50 t90

1 50.44 47.91

2 5.06 175.78

3 3.02 303.36

4 5.27 84.52

5 5.22 15.12

6 1.15 166.33

7 6.21 258.24

Remarks:

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 

standards.
NATA Accredited Laboratory 

Number 9926

Page 2 of 2Tested as Received

(kPa)

TEST RESULTS

OEDOMETER TEST REPORT
Test Method: AS1289.6.6.1, 3.5.1

Arup Geotechnics Pty Ltd 12031192-OED

Summerland Way, Grafton GI 13/04/2012
24/04/2012

240-79

79-43

43-79

25-43

43-79

79-120

120-240

0.097

0.0

0.6

1.2

3.1

1.4

6.00-6.45

0.9

2.4

SILTY CLAY -  mottled yellow red brown grey

Load

BH105

0.000

0.160

0.163

Cv (m2
/yr)   % ConsolidationCa      x 10

-3Mv (kPa
-1

x10
-3

)Cc

0.00

1.21

1.32

1.50

0.40

0.77

0.000

0.038

0.064

0.106

0.061

0.030

0.154

0.108

0.127

0.230.412

Trilab Pty Ltd
ABN 25 065 630 506

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.



Brisbane
346A Bilsen Road, 
Geebung
QLD  4034                 
Ph: +61 7 3265 5656

Perth
2 Kimmer Place,  
Queens Park             
WA  6107                
Ph: +61 8 9258 8323Soil      Rock      Calibration

ACCURATE QUALITY RESULTS FOR TOMORROW'S ENGINEERING

James 5758

Client Report No.

Project Test Date
Report Date

Client ID BH105 Depth (m)
Sieve Size Passing

(mm) %
150.0
75.0
53.0
37.5
26.5
19.0
9.5
4.75
2.36
1.18

0.600 100
0.425 99
0.300 94
0.150 27
0.075 14
0.075 14
0.054 13
0.038 12
0.027 12
0.02 12

0.014 12
0.0101 12
0.0071 11
0.005 10
0.0041 9
0.0036 8
0.0029 8
0.0025 8
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 1 of 1 REP03902

Laboratory No. 9926

Summerland Way, Grafton GI

11.50-11.95

PARTICLE SIZE DISTRIBUTION TEST REPORT
Test Method: AS 1289 3.6.3, 3.5.1

Arup Geotechnics Pty Ltd 12031193-G

17/4/2012
11-12/04/2012

 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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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. 



Brisbane

346A Bilsen Road, 
Geebung
QLD  4034                 
Ph: +61 7 3265 5656

Perth

2 Kimmer Place,  
Queens Park             
WA  6107                
Ph: +61 8 9258 8323Soil      Rock      Calibration

James 5758

Client Report No.

Project Test Date

Report Date

Client ID BH106 Depth (m)

Sieve Size Passing

(mm) %

150.0

75.0

53.0

37.5

26.5

19.0

9.5

4.75

2.36

1.18

0.600

0.425

0.300

0.150 100

0.075 99

0.065 94

0.047 84

0.034 76

0.024 72

0.018 66

0.013 60

0.0096 54

0.0069 46

0.0049 43

0.004 39

0.0035 37

0.0029 34

0.0025 33

0.0014 29

NOTES/REMARKS: -
Moisture Content  24.5%  -2.36mm Soil Particle Density(t/m3) 2.56
Sample/s supplied by the client Page 1 of 1 REP03902

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

PARTICLE SIZE DISTRIBUTION TEST REPORT
Test Method: AS 1289 3.6.3, 3.5.1

Arup Geotechnics Pty Ltd 12031194-G

23/4/2012
12-19/04/2012Summerland Way, Grafton GI

2.50-2.95
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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. 

ACCURATE QUALITY RESULTS FOR TOMORROW'S ENGINEERING
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346A Bilsen Road, 
Geebung
QLD  4034                 
Ph: +61 7 3265 5656

Perth
2 Kimmer Place,  
Queens Park             
WA  6107                
Ph: +61 8 9258 8323Soil      Rock      Calibration

ACCURATE QUALITY RESULTS FOR TOMORROW'S ENGINEERING

James 5758

Client Report No.

Project Test Date
Report Date

Client ID BH106 Depth (m)
Sieve Size Passing

(mm) %
150.0
75.0
53.0
37.5
26.5
19.0
9.5
4.75
2.36
1.18

0.600
0.425 100
0.300 99
0.150 61
0.075 36
0.073 36
0.052 30
0.037 25
0.026 22
0.019 19
0.014 17
0.0101 16
0.0071 15
0.0051 14
0.0042 12
0.0036 11
0.0029 10
0.0026 9
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 1 of 1 REP03902

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

PARTICLE SIZE DISTRIBUTION TEST REPORT
Test Method: AS 1289 3.6.3, 3.5.1

Arup Geotechnics Pty Ltd 12031195-G

23/4/2012
13-19/04/2012Summerland Way, Grafton GI

12.50-12.95
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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. 



Brisbane

346A Bilsen Road, 
Geebung
QLD  4034                 
Ph: +61 7 3265 5656

Perth

2 Kimmer Place,  
Queens Park             
WA  6107                
Ph: +61 8 9258 8323Soil      Rock      Calibration

James 5758

James

Client Report No.

Project Test Date

Report Date

12031188 12031189 12031190 12031192 12031194 12031195

BH104 BH103 BH102 BH105 BH106 BH106

1.00-1.30 0.50-0.95 4.50-4.95 6.00-6.45 2.50-2.95 12.50-12.95

54 39 30 65 39 24

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 (%) 25.3 29.1 47.4 28.1 24.5 32.2

- - - - - -

- - - - - -

- - - - - -

- - - - - -

- - - - - -

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 Page 1 of 1 REP00102

Laboratory No. 9926

Depth (m)

Trilab Pty Ltd     ABN 25 065 630 506
 Reference should be made to Trilab's “Standard Terms and Conditions of Business” for further details.

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

Liquid Limit (%)

Plastic Limit (%)

 ATTERBERG LIMITS TEST REPORT
Test Method: AS 1289 2.1.1, 3.1.1, 3.1.2, 3.2.1, 3.3.1, 3.4.1

Arup Geotechnics Pty Ltd

Summerland Way, Grafton GI

12031188-AL

11/05/2012
19-30/4/2012

Sample No.

Client ID

Depth (m)

Client ID

Sample No.

Plastic Limit (%)

Liquid Limit (%)

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. 

ACCURATE QUALITY RESULTS FOR TOMORROW'S ENGINEERING



 

 

Appendix D 

Gravity Field Survey 
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