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4. Scope of site geotechnical investigations  

The scope of field work for this stage of investigations comprised the excavation of 15 tests pits (GPT1 to 
GPT15) across the Project Site as shown in Table 3-2, to target backhoe refusal depths of 2.5 metres below the 
surface with a program of selected laboratory testing of soils. 

A general description of the geotechnical investigations for this stage of investigations are provided below as 
follows:   

 Prior to field investigations a site specific health, safety and environmental plan was prepared for the 
project and ñdial before you digò underground services checks were undertaken at nominated sites of 
investigations.  

 On the 5 February 2016 an initial walk over site survey was undertaken. At the time the position of the test 
locations were sited and an underground services search was undertaking using a services locator to 
confirm the absence of any underground services at the nominated test locations.  

 The location of all investigations are provided in Table 3-1 and Table 3-2. Test location coordinates were 
determined using a hand held GPS and presented in MGA54 with a typical accuracy of Ñ 5 metres. 

 The main subsurface investigations were carried out between 8 February and 10th of February 2016. This 
involved the excavation and logging of 15 test pits (GPT 1 to GPT 15) throughout the site. Excavation of 
the test pits was undertaken using an 8.5 tonne backhoe to depths of between 1.5 and 2.5 metres below 
the surface at near bucket refusal in weathered bedrock which was encountered in all holes towards the 
base of each excavation. The test pit logs are provided in Appendix B. An explanation of geotechnical 
terms used for description of soils and rock is also provided in this appendix. 

 Logging of test holes was carried out in accordance with AAS1726-1993 and Jacobôs field procedures. At 
the time of the investigations the same tests were logged by a Jacobsôs soil scientist as part of the project 
to avoid duplication of tests pits.  

 Bulk disturbed soil samples were taken from most test pits and submitted for a range of tests as detailed in 
Table 6-1, with the results presented in Appendix C and summarised in Table 6-2.  

 In addition selected disturbed samples within each test pit were submitted for initial screening for acid 
sulphate soil potential with the results presented in Appendix D.A complete assessment of the results of 
both field and laboratory testing on Acid Sulphate Soils are provided in Section 7of this report. In addition 
to this the results of soil and ground water aggressivity to concrete and steel and the exposure 
classification for design are provided in Section 8 of this report.      

It is noted that the results of the six cored boreholes (GBH01 to GBH06) shown on Table 3-2 drilled to a target 
depth of 15 meters are provided in a separate addendum report included as Appendix E and the results of 
these investigations have also been used to summarise site conditions at depth for this report. Cross-sections 
for the additional geotechnical sampling is included in a second addendum report included as Appendix F. 

A range of groundwater analytes were tested for potential contamination in water encountered in GBH05, These 
results are attached in Appendix E and discussed in Section 5.3.  
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5. Site geotechnical conditions  

5.1 Site topography  

The ground slopes within the Project Site are gently sloping ranging between one to six degrees. 

The broad site topography is characterised by a north-south trending gentle ridge line, coincident with Potential 
Archaeological Deposit (PAD) areas, which forms a drainage divide that directs flows to the western and 
eastern lower lying boundaries either side of the ridge, as shown in Table 3-2. The occurrence of this ridge will 
dictate the cut/fill requirements for the construction of a level foundation platform for the proposed development. 
It is noted that the boreholes geotechnical bore log (GBH 1 to 6) locations (refer to Table 3-2) were targeted 
along the gentle ridge line to assess the excavatability of the rockmass for cut and filling works to form a level 
platform.  

The highest ground is in the north of the site at a relative level (RL) of 32 mAHD in the vicinity of GBH1. Further 
south the elevation of the ridge reduces to RL 28 mAHD in the vicinity of GBH3. In the southern part of the site 
in the vicinity of GHB4 ground slope reduce to RL 20 mAHD before rising to RL 31 mAHD in the south west and 
corner southern site boundary.   

5.2 Subsurface model  

A generalised subsurface profile showing the various geotechnical units of varying engineering properties with 
depth has been developed for the site as detailed in Table 5-1 below.  

These units have been developed on the basis of the results of the onsite test pit investigations and the results 
of data from the background review and borehole drilling results.  

Table 5-1  Typical Site Geotechnical Unit Descriptions  

Geotechnical 
Unit   

Unit Name  Typical  
Thickness 
Range (m) 

Typical 
Depth 
Range 
Below 
ground 
Surface 
(mbgl)   

Typical General Unit Description   

Unit 1 Top Soil  0.1-0.25 0.1-0.25 Silty Clay, low to medium plasticity, stiff, pale 
grey, with some gravel and sand and organic 
matter.      

Unit 2 Colluvial and 
Residual 
Soils  

0.5-2.5 0.75-2.75 Silty Clay, high plasticity, stiff to hard, grey and 
mottled red and orange-brown, some sand and 
variable sized gravels and mainly of colluvial 
origin in the upper zone with some very stiff /hard 
high plasticity gravelly clays/clayey gravel 
residual soils towards the base in certain holes.   

Unit 3a Highly to 
Moderately 
Weathered 
Bedrock  

3.0-5.0 5.75--7.75 Sandstone, siltstone, or Interbedded Sandstone 
and Siltstone, extremely to moderately 
weathered, fragmented to fractured, very low to 
medium strength rock     

Unit 3b Slightly 
Weathered to 
Fresh 
Bedrock.  

Below Unit 
3a to 
significant 
depths 

>7.75 Sandstone, Siltstone, Shale or Interbedded 
Sandstone and Siltstone, slightly weathered to 
fresh, slightly fractured, medium to high strength 
rock.    

Note: mgbl = meters below ground level 
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It is anticipated that the colluvial soils in Unit 2 are likely to be deeper within the low lying gully areas compared 
to the ridge line, with the depth of weathering also likely to be more pronounced along the gully and lower lying 
areas compared to the more elevated parts of the site.  

5.3 Groundwater conditions  

Groundwater monitoring wells were constructed at GBH1 (RL 25.17 mAHD) and GBH3 (RL 26.91 mAHD) in the 
northern part of the site for the full depth of drilling to 15 metres below the surface. In both these holes no 
groundwater was encountered for the full depth of each hole indicating a deep groundwater table in the northern 
part of the site. 

In the southern part of the site GBH5 (RL 23.20 mAHD) encountered a groundwater table at 5.5 metres below 
the surface measured on the 8 March 2015, indicates a shallow groundwater table in this part of the site. Prior 
to samples being taken the well was purged of drilling water to ensure the results were not impacted.  
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6. Geotechnical laboratory testing  

6.1 Laboratory testing program  

Representative disturbed samples recovered from the test pits were submitted to Cardno Laboratories, a NATA 
accredited laboratory, for testing. The geotechnical testing undertaken is summarised in Table 6-1. 

Table 6-1 Geotechnical Testing 

No. Test Description Standard Test Quantity 

1 PSD: Particle Size 
Distribution 

Wet sieving (63mm to 
75 micron) 

AS1289.3.6.1 18 

2 Atterberg Limits and 
Linear Shrinkage 

Cone penetrometer 
method 

AS1289.3.9.1, .3.2.1, 
.3.3.2, .3.4.1 

8 

3a Compaction By modified or heavy 
compaction (MMDD) 

AS1289.5.2.1 4 

3b Compaction By standard 
compaction 

AS1289.1.2.1 4 

4a CBR California Bearing 
Ratio Modified AS1289.1.2.1 CL6.5.4 4 

4b CBR California Bearing 
Ratio Standard AS1289.1.2.1 CL6.5.4 4 

5 pH pH AS1289.4.3.1 4 
6 Emerson Aggregate 

Test  
Emerson Class 
Number ïdispersivity  

AS1289.1.2.1 CL6.5.4 6 

7 Soil and Groundwater 
Aggressitivity 

Sulphate AS1289.421 3 

8  Soil and Groundwater 
Aggressitivity 

Chloride content/ TSS 
only 

 3 

6.2 Laboratory test results  

The results of laboratory testing are summarised in Table 6-2 and Plates 6.1 and 6.2 below. Notes for Table 6-
2 are as follows: 

LL = Liquid Limit PL = Plastic Limit PI = Plasticity Index LS = Linear Shrinkage 
CBR values refer to modified and standard compaction tests.  
Select samples from particle size distribution taken from Soil Science Tests Results shown in italics    
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Table 6-2  Summary of Geotechnical Laboratory Testing Results  

Sample 
ID 

Depth 
Geotechnical Units 

and Description 

LL  PL PI  LS 

PSD CBR Information  

Emerson 
Class 

Number For 
Aggregate 

Test 

Clay 
(<0.00
2) 

Silt 
(0.002-
0.075) 

Sand 
(0.075-
2.36) 

Gravel 
(>2.36) 

Maximum Dry 
Density 

Optimum 
Moisture 
Content 

CBR 
Value @ 

5mm 

CBR 
Swell 

(%) (%) (%) (%) (%) (%) (%) (%) (t/m^3) (%) (%) (%) 

GPT01 1.3-1.5m 
Units 3a- Gravelly sand 
with some silty clay           12 12 76 1.9 13 4.5 6 2 

GPT02B 0.5-0.6m  Unit 2-Silty Clay          21 39 38 2           

GPTP02 1.6-1.8 Unit 2- Silty Clay 70 17 53 21 97 3 0 1.50 26 2 5.0  

GPT03 0.8-1.0m  Unit 2- Sandy silty clay  92 18 74 19 94 5 1 1.7 20 1 5.5 2 

GPT04 0.5-0.6m  Unit 2- Silty clay          47 35 17 1           

GPT06 0.7-0.8m Unit 2-Sandy silty clay          37 14 48 1           

GPTP06 1.0-1.2 Unit 2- Gravelly Clay 34 12 22 12 36 29 35 2.0 13 4.0 1.0  

GPT08A 0.5-0.6m  Unit 2- Sandy silty clay          24 20 55 1           

GPT08B 1-1.1m  Unit 2-Sandy silty clay          26 20 53 1           

GPT08C 1.3-1.5m  Unit 2- Silty clay  73 13 60 16.5 70 21 9  1.72 20 1.5  7.5 2 

 GPT09 1.1-1.3m 
Unit 3a- Gravelly sand 
with some silty clay           26 18 46 1.93 13 5 5 2 

GPT10A 0.5-0.6m  Unit 2- Sandy silty clay          29 18 51 2           

GPT10B 1.1-1.3m Unit 2- Silty clay 62 19 43 15.5 97 1 2 1.77 18.5 3 6.5 2 

GPT12A 0.6-0.7m  Unit 2-Sandy silty clay          31 19 48 2           

GPT12 1.0-1.2m Unit2- Silty Clay 84 20 64 20 87 7 6 1.54 24.0 3.5 5.0  

GPT14A 0.5-0.6m  Unit 2- Sandy silty clay         27 35 37 1           

GPT14B 1.2m  Unit 2- Sandy silty clay          32 21 46 1           

GPT14C 1.3-1.5m 
Unit 3a- Silty clay with 
sand sandy gravel  45 20 25 11.5 67 19 14         2 
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Table 6-3 Particle size distribution 
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Table 6-4  Atterberg limits 

 
The following summary conclusions can be drawn from these test results:  

 The site silty clay colluvial soils (Units 2) are typically classified as CH clays referred to as inorganic clays 
of high plasticity; (fat clays) and are expected to be prone to significant shrink-swell movement due to 
seasonable moisture changes. This general behaviour will have a significant impact on earthworks and 
shallow foundations. 

 California Bearing Ratio (CBR) laboratory testing on compacted 4 day soaked samples of Units 2 high 
plasticity clays materials resulted in very low CBR values ranging between 1-4% and high swell values of 
between 5.0-6.5%, with the exception of GPTP06 which had a swell value of 1%. Such low CBR values 
and high swell values indicate that these soils are likely to be problematic as a subgrade for road 
pavements and building platforms when subject to seasonal moisture changes of the subgrade and 
associated loss of strength and swell movement. The usual treatment methods for such materials is the 
addition of lime to reduce swell and increase its strength   

 CBR laboratory testing on compacted 4 day soaked samples of Units 3a (weathered bedrock) silty clay 
sandy gravels (as removed by the excavator bucket) also resulted in very low CBR values ranging between 
4.5-5.0% and high swell values of between 5.0-6.0%. Such low CBR values and high swell values suggest 
that that the weathered bedrocks materials are prone to slaking and breakdown on saturation to clayey 
materials (at least when used from near surface zones) and are also likely to be problematic. This may 
arise when used as a subgrade material for road pavements or building platforms and also as selected fill 
and will also likely require some lime treatment. 

 The Emerson aggregate tests are a measure of soil dispersivity. The Emerson Class number for all Unit 2 
silty clay soils was determined to be Class 2 - ñsome dispersionò. Dispersivity is a type of soil process that 
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occurs in soils that are particularly vulnerable to erosion by water. Such clay soils are saturated with 
sodium ions ("sodic soils"), and can break down very easily into fine particles and wash away. For this 
reason special provision should be made by provision of appropriate surface protection when used on 
slopes to minimise the risk of soil erosion.  
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7. Acid sulfate soils assessment 

7.1 Site acid sulfate risk  

Acid sulfate soils (ASS) are soils and sediments containing iron sulphides that, when disturbed and exposed to 
oxygen, generate sulphuric acid and toxic quantities of aluminium and other heavy metals. The sulphuric acid 
and heavy metals are produced in forms that can be readily released into the environment, with potential 
adverse effects on the natural and built environment and human health. The majority of ASS is formed by 
natural processes under specific environmental conditions. This generally limits their occurrence to low lying 
sections of coastal floodplains, rivers and creeks where surface elevations are less than about 5 metres AHD. 

A desktop assessment of the risks associated with ASS from excavation works within the Project Site was 
conducted, in general accordance with the Department of Land and Water Conservation guideline. An 
assessment of the ASS risk map indicates ñNo known occurrenceò, this means ASS are not known or expected 
to occur in at the Project Site.   

7.2 Screen procedures  

Typical indicators from screening initial test results for Actual Acid Sulfate Soils (AASS) include pHF<4 and for 
Potential Acid Sulfate Soils (Potential ASS) include pHFOX<3, strong reaction rate, and a large change from pHF 
to pHFOX.  

Based on the results of the initial screening potential ASS samples are selected for confirmation of ASS 
potential using Chromium Suite analysis. The Chromium Suite test is an acid base accounting approach widely 
used for predicting net acidity from the oxidation of sulphides present in ASS, and has the advantage of not 
being subjected to significant interferences from the sulphur in either organic matter or sulphate minerals 
present in the soil. The test determines net acidity by calculating the summation of Potential Sulfidic Acidity 
(SCR), Existing Acidity (Actual Acidity [STAA] + Retained Acidity [SNAS]) and Acid Neutralising Capacity (SANC). 

7.3 Results of field tests  

Laboratory analysis of the collected samples was conducted by ALS, a NATA accredited laboratory, comprising 
ófieldô test analyses  

The sample analysis program consisted of: 

 Fifteen (15) ñfieldò tests (pHF/pHFOX).  

 Six (6) SCR and TOC tests. 

SCR tests were scheduled upon receipt of the field results. Table 7-1 presents the results of the field analyses, 
Samples showing strong evidence of ASS presence. For the full laboratory analyses report, refer to Appendix 
D. 

Table 7-1 ASS Field Test Results Summary 

Test Pit Depth Range 
(mbgl) 

pHF pHFOX ∆pH Reaction Rate 

GPTPO2 0.5-0.6 5.5 3.8 1.7 Strong 
1.4-1.5 5.4 4 1.4 Strong 

GTP05 0.3-0.5 5.2 3.4 1.8 Moderate 
GTP06 0.5-0.6 6.0 3.8 2.2 Strong 
GTP08 1.2-1.3 5.3 3.5 1.8 Slight 
GTP09 0.5-0.6 6.0 3.6 2.4 Strong 
GTP10 0.6-0.7  5.9  3.3 2.6 Strong 

1.5-1.6 - - - - 
GTP11 0.4-0.5 5.9 3.9 2 Strong 

1.4-1.5 7.5 6.1 1.4 Extreme 
GTP12 0.4-0.5 5.2 3.3 1.9 Strong 
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Test Pit Depth Range 
(mbgl) 

pHF pHFOX ∆pH Reaction Rate 

1.4-1.6 - - - - 
GTP13 0.8-1.0 5.0 3.3 1.7 Strong 

1.5-1.6 5.1 3.8 1.3 Strong 
GTP14 0.3-0.5 5.8 3.4 2.4 Strong 
DUP1 - 5.7 3.5 2.2 Strong 

 

The results of the field analyses suggest evidence of potential ASS presence across several test pits. Although 
the results of the pHFOX testing were not less than 3, Table A3 of Appendix 1 (DEC 2013) suggest the results 
are likely due to the presence of organic matter and the SCR should be undertaken to confirm.  

Table 7-2: ASS Field Test Analysis and SCR Summary 

Test Pit Depth 
Range 
(mbgl) 

pHF pHFOX ∆pH Reaction 
Rate 

pH 
KCL 

TAA 
%S 

TOC SCR Net 
Acidity 
(acidity 
Units) 

LOR - 0.1 0.1 0.1 - 0,1 0.02 0.02 0.05 0,02 
GPTP02 0.5-0.6 5.5 3.8 1.7 Strong 4.0 0.19 0.44 <LOR 0.2 
GPTP05 0.3-0.5 5.2 3.4 1.8 Moderate 4.0 0.11 0.34 <LOR 0.13 
GPTP10 0.6-0.7 5.9 3.3 2.6 Strong 3.8 0.16 0.29 <LOR 0.18 
GPTP12 0.4-0.5 5.2 3.3 1.9 Strong 3.8 0.19 0.48 <LOR 0.21 
GPTP13 0.8-1.0 5.0 3.3 1.7 Strong 4.3 0.11 0.23 <LOR 0.12 
GPTP14 0.3-0.5 5.8 3.4 2.4 Strong 4.1 0.15 0.56 <LOR 0.17 

Notes: 

TAA- Titratable Actual Acidity  TOC ï Total Organic Carbon 
SCR ï Chromium Reducible  <LOR- Limit of Reporting 

The results of testing and the understanding of the history of the formation of these site soils do not indicate the 
typical formation of ASS. This is because the soils do not contain sulphides, and are non-estuarine in origin. 
However, based on the test results there is some other acid soil generation hazard which would require further 
field and laboratory investigation to quantify the risk. It is recommended that additional sampling be completed 
prior to construction occurring in the exact location of the footprint of the Project and to the depths that 
excavation is required in accordance with the Roads and Traffic Authority (2005) Guidelines for the 
Management of Acid Sulfate Materials: Acid Sulfate Soils, Acid Sulfate Rock and Monosulfidic Black Ooze. Test 
material would be subject to a full range of analyses including Suspension Peroxide Oxidation Combined Acidity 
and Sulphate (SPOCAS) suite testing and if the results indicate that acid sulphate material is present, an Acid 
Sulfate Material Management Plan would be prepared prior to construction activities commencing.   
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8. Soil and groundwater aggressivity 

Selected soil samples were tested for soil aggressiveness to steel and concrete structural elements. The 
chemical test results were compared to the exposure classification for concrete and steel piles presented in 
AS 2159(2009) Pile Design and Installation. 

The exposure classification extracted from AS 2159-2009 for concrete piles is presented in the Table 8-1. 

Table 8-1: Exposure Classification for Concrete 

Exposure conditions Exposure classification 

Sulphates (expressed as SO4) pH Chlorides in 
groundwater 

(ppm) 

Soil 
conditions A 

Soil conditions 
B In soil (ppm) In groundwater 

(ppm) 

<5,000 <1,000 >5.5 <6,000 Mild Non-aggressive 
5,000 - 10,000 1,000 - 3,000 4.5 - 5.5 6,000-12,000 Moderate Mild 
10,000 - 20,000 3,000 - 10,000 4 - 4.5 12,000-30,000 Severe Moderate 

>20,000 >10,000 <4 >30,000 Very Severe Severe 

Notes: 

1) Soil conditions A ï high permeability soils (e.g. sands and gravels) which are in groundwater. 
2) Soil conditions B ï low permeability soils (e.g. silts and clays) or all soils above groundwater. 

The exposure classification in accordance with AS 2159-2009 for steel piles is presented in Table 8-2. 

Table 8-2: Exposure Classification for Steel 

Exposure conditions Exposure classification 

pH Chlorides (Cl) Soil conditions A Soil conditions B 

In soil (ppm) In groundwater 
(ppm) 

>5 <5,000 <1,000 Non-aggressive Non-aggressive 
4 - 5 5,000 - 20,000 1,000 - 10,000 Mild Non-aggressive 
3 - 4 20,000 - 50,000 10,000 - 20,000 Moderate Mild 
<3 >50,000 >20,000 Severe Moderate 

Notes: 

1) Soil conditions A ï high permeability soils (e.g. sands and gravels) which are in groundwater. 
3) Soil conditions B ï low permeability soils (e.g. silts and clays) or all soils above groundwater. 
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The results of the chemical testing are summarised in Table 8-3. 

Table 8-3 Summary of chemical testing 

Location Sample 
depth (m) 

Sample type pH Resistivity Sulfate 
content 

ppm 

Chloride 
content ppm 

GPTP08 1.2-1.3 Soil 5.8 2820 140 680  
GPTP10 1.5-1.6 Soil 5.8 3880 130 390 
GPTP12 1.4-1.6 Soil 5.5 3970 170 440 
GBH05 5.5 Groundwater 7.0 <1 370 5400 

The results attained for pH, sulphate, resistivity and chloride testing (refer to Table 8-1 and Table 8-2) indicate 
the site soils and groundwater have a non-aggressive exposure classification with respect to buried, reinforced 
concrete structural steel elements. 
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9. Overall geotechnical assessment  
The Project Site is underlain generally by stiff high plasticity clayey soils to depths ranging between about 
0.75 to 2.75 metres below the surface (Unit 1 and 2). These overburden soils are in turn underlain by siltstones 
and sandstone bedrock of the Grafton Formation. The upper zone of this bedrock is comprises of weathered 
low strength bedrock extending to depths ranging between 5.75 and 7.75 metres (Unit 3a) below the surface. 
Below this the quality of the rockmass tends to improve grading to slightly weathered to fresh (Unit 3b), medium 
to high strength bedrock. The groundwater table is anticipated at depths ranging between 5 and greater than 15 
metres below the surface.  

These general geotechnical conditions do not represent any particular constraint on the Project and general 
founding conditions for building structures should generally be considered favourable given the shallow depth to 
bedrock and the generally stiff near surface soils encountered at the Project Site. However given the nature of 
the gently undulating site topography and the requirement for the development to construction large levelled 
building platform areas, extensive cut and fill earthworks areas are expected to be required for the development. 
This will likely be required to balance earth works and avoid importation of site fill materials for the platforms. In 
view of such requirements and depending on the depth of excavations consideration will have to be given to the 
excavatibilty of the subsurface materials to the required depth. In particular if it is required to excavate well 
below the surface into the underlying medium to high strength (unit 3a) bedrock heavy ripping machinery maybe 
required with associated significant noise and air quality impacts during the works.       

There are also a range of other geotechnical related conditions that need to be considered in the design and 
construction of the proposed development as listed below.  

 The occurrence of the surface high plasticity clay reactive soils (Unit 2) that are prone to shrink-swell 
movement as a result of seasonable moisture changes which will require careful consideration for the 
design of building structures founded directly on such soils.  

 These high plasticity soils result in Low CBR values forming subgrades for road pavements and would 
likely require special treatment such as lime stabilisation for subgrade treatment for design of road 
pavements for the site. 

 The site soils are dispersive in nature and would require special treatment when used in fill batters and 
slope cuts to avoid soil erosion problems. 

 Special consideration for the engineering design of fill platforms given the likely poor strength of excavated 
materials for re-use as general fill for building platforms due to the highly reactive nature of the upper 
clayey soils and the slaking properties of the underlying bedrock.  

 The results of testing and the understanding of the history of the formation of these site soils do not 
indicate the typical formation of ASS. This is because the soils do not contain sulphides, and are non-
estuarine in origin. However, based on the test results there is some other acid soil generation hazard 
which would require further field and laboratory investigation to quantify the risk. It is recommended that 
additional sampling be completed prior to construction occurring in the exact location of the footprint of the 
Project and to the depths that excavation is required in accordance with the Roads and Traffic Authority 
(2005) Guidelines for the Management of Acid Sulfate Materials: Acid Sulfate Soils, Acid Sulfate Rock and 
Monosulfidic Black Ooze. Test material would be subject to a full range of analyses including Suspension 
Peroxide Oxidation Combined Acidity and Sulphate (SPOCAS) suite testing and if the results indicate that 
acid sulphate material is present, an Acid Sulfate Material Management Plan would be prepared prior to 
construction activities commencing. 
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Appendix A. Previous geotechnical investigations  
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EXCAVATION GTP 90 TERMINATED AT 2.50 m
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medium plasticity.

SILTY CLAY: Brown/grey mottled with orange brown, high plasticity.

SILTY CLAY: Dark brown, low plasticity.
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See Explanatory Notes for
details of abbreviations
& basis of descriptions.
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EXCAVATION GTP 91 TERMINATED AT 2.20 m
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SILTY CLAY: Mottled pale orange/pale grey, medium plasticity.
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See Explanatory Notes for
details of abbreviations
& basis of descriptions.
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SILTY SAND: Brown orange, medium grained sand.

EXCAVATION GTP 92 TERMINATED AT 2.00 m

SILTSTONE: grey, highly weathered

0.80m

SILTY CLAY: High plasticity. Dark red, orange - yellow mottling.
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CLAY: High plasticity. grey with blocks of indurated sand from 1.4m and
highly weathered rock, phyllite from 1.6m.

STRUCTURE
& Other Observations

GTP 92

See Explanatory Notes for
details of abbreviations
& basis of descriptions.
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See Explanatory Notes for
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& basis of descriptions.
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DRILLER  :  Joel Wright

See Explanatory Notes for
details of abbreviations
& basis of descriptions.
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BOREHOLE GBH 181 TERMINATED AT 11.60 m

START CORING AT 8.60m
SILTSTONE: Dark grey/ pale grey, some narrowly
interlaminated sandstone, fine grained distinctly
laminated at 0Á-15Á
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9.90m

JT 80Á CN IR RF

JT 60Á VR PR S

JT 75 - 90Á VR IR S

20 mm XW seam
50 mm jointed seam
50 mm XW seam

All defects BP, 0-5Á, CN, UN,
RF unless otherwise noted
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See Explanatory Notes for
details of abbreviations
& basis of descriptions.
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MOUNTING  :  4WD
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FRACTURE

(mm)
DESCRIPTION

ROCK TYPE : Colour, Grain size, Structure
(texture, fabric, mineral composition, hardness

alteration, cementation, etc as applicable)
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10.80m

POSITION : E: 506942.800, N: 6708461.800 (56 MGA94)
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PROJECT : Pacific Highway Upgrade - Wells Crossing to IIuka Road
LOCATION : Off Wants Lane

DATE STARTED :  8/12/07

ANGLE FROM HORIZONTAL  :  90Á

DATE COMPLETED  :  8/12/07

SURFACE ELEVATION  :  2.700  (AHD)

LOGGED BY  :  JAF
CONTRACTOR  :  North Coast Drilling

CHECKED BY  :  DHDATE LOGGED  :  8/12/07
DRILLER  :  Joel WrightRIG TYPE  :  Edson 3000

WELLS CROSSING TO ILUKA ROAD

W
ea

th
er

in
g

D
EP

TH
 (m

)

8.0

9.0

10.0

11.0

12.0

13.0

14.0

15.0

16.0

    - Axial
    - Diametral

20 40 10
0

30
0

10
00

ADDITIONAL DATA

9.90m

11.45m

Is(50)
a=1.1
d=0.99
MPa

Is(50)
a=1.05
d=0.92
MPa

Is(50)
a=0.49
d=0.78
MPa

Is(50)
a=0.85
d=0.89
MPa

DRILLING

8.95m

10.80m

11.45m

BIT  :

PROGRESS

Description, orientation, infilling
or coating, shape, roughness,

thickness, other

BARREL (Length)  :  3.00 mCASING DIAMETER  :  HQ

DRILL
DEPTH

(C
O

R
E

 L
O

S
S

R
U

N
 %

) (joints, partings, seams, zones, etc)

FRACTURES

-0
.0

3

-0
.1

-0
.3

-1 -3 -1
0

EL VL L M H VH EH

BIT CONDITION  :  good

W
A

T
E

R

D
R

IL
LI

N
G

&
 C

A
S

IN
G

ESTIMATED STRENGTH
Is(50)



drawn MT client: SINCLAIR KNIGHT MERZ PTY LTD 

approved DMH 

date 18/10/07 

project: PACIFIC HIGHWAY UPGRADE 
WELLS CROSSING TO ILUKA ROAD 

GEOTECHNICAL INVESTIGATIONS FOR PREFERRED ROUTE

scale N/a title: ROCK CORE OF GBH181 (8.60m-11.60m) 
original
size A4 project no:  GEOTLCOV22115AE figure no:  A36



A
G

S
 3

_1
 R

TA
 1

_1
 L

IB
 0

6-
C

O
FF

E
Y

 L
O

G
O

.G
LB

  L
og

  R
TA

 N
O

N
-C

O
R

E
 D

R
IL

L 
H

O
LE

  S
22

11
5A

E_
S

EC
TI

O
N

 2
.G

P
J 

 <
<D

ra
w

in
gF

ile
>>

  0
5/

01
/2

00
9 

12
:5

0

VH

H

0.00: Topsoil
0.05: Alluvium
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1.45m

C
LA

SS
IF

IC
A

TI
O

N
SY

M
BO

L

FILL: GRAVELLY SAND: Red-yellow, medium to coarse. Traces of roots.

MATERIAL DESCRIPTION
Soil Type, Colour, Plasticity or Particle Characteristic

Secondary and Minor Components

1.00m

D

SPT
3, 4, 7
N*=11

1.70: Residual Soil

CI-CH

CI-CH

2.50m

0.05m

Continued as Cored Drill Hole

Becoming siltier from 2.30m.

SILTY CLAY: Grey with mottled with orange/red, medium to high
plasticity.

SILTY CLAY: Grey/brown mottled with orange/red, medium to high
plasticity. trace sand, Trace of shells.

1.70m

1.30: HP Samp = 340 kPa
1.20: HP Samp = 340 kPa
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MOUNTING  :  Truck
DATE COMPLETED  :  7/29/07

SURFACE ELEVATION  :  10.500  (AHD)

LOGGED BY  :  LV
CONTRACTOR  :  Terratest

CHECKED BY  :  DHDATE LOGGED  :  7/29/07DATE STARTED :  7/29/07
RIG TYPE  :  Edson 3000

PROJECT : Pacific Highway Upgrade - Wells Crossing to IIuka Road
LOCATION : Wants Lane

HOLE NO  :NON-CORE DRILL HOLE - GEOLOGICAL LOG
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DRILLER  :  Sam Abourouche
ANGLE FROM HORIZONTAL  :  90Á

GBH 182

WELLS CROSSING TO ILUKA ROAD
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SHEET  :  1  OF  3

POSITION : E: 506157.800, N: 6708370.400 (56 MGA94)
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See Explanatory Notes for
details of abbreviations
& basis of descriptions.
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BP 0Á Clay VR PR S

BP 5Á Clay CT PR S 9 mm

JT 30Á CN PR RF

JT 90Á Clay VR UN RF
JT 15Á CN CU RF
JT CN IR RF CU
SM Clay 70mm; pp=220KPa

Clay 10mm;  pp=110KPa
SM Clay 15mm;  pp=110KPa

BP 0Á Clay CT IR RF 2 mm

JT 0 - 20Á Clay CT IR RF
3 mm

BP 10Á Clay VR PR RF
JT 10Á Clay VR PR S
SS 10Á Clay CT IR RF 5 mm
BP 0Á Clay PR RF 4 mm
SM Clay 50mm;  pp=120mm

SM Clay 15mm;  pp=110KPa

JT 70Á CN CU S

SS 0Á Clay VR PR VR

JT 10Á Clay CT PR RF 2 mm
BP 5Á Clay VR IR RF
SM Clay 40mm;  pp=10KPa

BP 0Á Clay VR PR S
JT 90Á CN CU S

SM Clay 50 mm

JT 0 - 15Á Clay CT CU RF
5 mm

SM Clay 30mm;  pp=150KPa

SM 20mm clay, pp=40KPa

BP 5Á Clay CT PR 5 mm

JT 70Á Clay VR UN RF
BP 0Á Clay VR PR RF
BP 0 - 5Á Clay VR IR RF

BP 5Á Clay CT PR S 2 mm
SM 10mm clay, pp=110KPa

SM 10mm clay,pp=110 KPa

All defects are BP, 0-15Á,
CN/SN, PR, S/RO except
where noted.

JT 90Á SN UN S

fractured rocks, 40mm

BP 0Á Clay CT PR 5 mm
BP 5Á Clay CT PR 5 mm

BP 0Á Clay CT PR 2 mm
BP 0Á Clay CT PR RF
fractured rocks; 50mm; defects
at 7.55mm are caused by
handling

SS 0Á CN PR S
BP 0 - 10Á SN IR RF

BP 5Á Clay CT PR 5 mm
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BIT CONDITION  :  goodBIT  :
FRACTURES

PROGRESS

(joints, partings, seams, zones, etc)
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d=0.5
MPa
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2.95m

3.95m
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CASING DIAMETER  :  HQ
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SHEET  :  2  OF  3

HOLE NO  :

MOUNTING  :  TruckRIG TYPE  :  Edson 3000 DRILLER  :  Sam Abourouche
DATE LOGGED  :  7/29/07 CHECKED BY  :  DH

CONTRACTOR  :  Terratest
LOGGED BY  :  LV

SURFACE ELEVATION  :  10.500  (AHD)

DATE COMPLETED  :  7/29/07

ANGLE FROM HORIZONTAL  :  90Á

DATE STARTED :  7/29/07

Description, orientation, infilling
or coating, shape, roughness,

thickness, other

POSITION : E: 506157.800, N: 6708370.400 (56 MGA94)

WELLS CROSSING TO ILUKA ROAD
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MATERIAL

DESCRIPTION
ROCK TYPE : Colour, Grain size, Structure

(texture, fabric, mineral composition, hardness
alteration, cementation, etc as applicable)
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See Explanatory Notes for
details of abbreviations
& basis of descriptions.

GBH 182

BARREL (Length)  :  3.00 m

NATURAL
FRACTURE

(mm)

4.20m

3.48m
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0%
LOSS

 7.76

N
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0%
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 3.63

0%
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 5.68

7.77m

SANDSTONE: Brown/orange, fine grained, Indistinct
bedding at 5Á-10Á

SILTSTONE: Orange/brown, Indistinct bedding at 0Á-5Á

SILTSTONE: Brown to dark brown, Fine laminations at
0Á

SANDSTONE INTERLAMINATED SILTSTONE:
Orange/grey, fine grained, Indistinct to distinctly
cross-bedded at 0Á-5Á, Trace carbonaceous laminations

SANDSTONE: Pale grey to grey, Distinctly laminated at
0Á, with some orange bands
Siltstone rip-clasts at 6.85m.

Wavy bedding at 7.64m.
Coal seam at 8.03m.

START CORING AT 2.50m
SANDSTONE: Orange/brown/white, fine grained,
Indistinct bedding at 0Á-5Á



SANDSTONE INTERLAMINATED SILTSTONE: Grey to
dark grey, fine grained, Distinctly laminated at 0Á-5Á, with
some orange bands (continued)
SANDSTONE: Pale grey to grey, fine grained,
Non-distinct to distinctly cross-bedded at 0Á-5Á

10.26m

SILTSTONE: Grey, Laminated at 0Á.

Shale band from 10.20m to 10.26m.

10.10m

8.69m

8.27m
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8.80m

A shale band from 9.30m to 9.56m.

INTERLAMINATED SANDSTONE/ SILTSTONE: Grey to
dark grey, fine grained, Distinctly laminated at 0Á.

BOREHOLE GBH 182 TERMINATED AT 10.26 m

SM Clay 15 mm pp=15KPa

JT CN UN RF
JT 0 - 10Á Clay CT UN RF

BP 0Á Coal CT PR S
BP 0 - 5Á CN CU RF

SW
/ F

HW

N
M

LC

 10.26

9.95m

0%
LOSS

 9.25

0%
LOSS

JT 0 - 10Á CN IR RF

BP 0Á CN UN S
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GBH 182

See Explanatory Notes for
details of abbreviations
& basis of descriptions.

RIG TYPE  :  Edson 3000

VI
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NATURAL
FRACTURE

(mm)
DESCRIPTION

ROCK TYPE : Colour, Grain size, Structure
(texture, fabric, mineral composition, hardness

alteration, cementation, etc as applicable)

MATERIAL
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8.80m

POSITION : E: 506157.800, N: 6708370.400 (56 MGA94)
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HOLE NO  :
FILE / JOB NO  :  GEOTLCOV22115AE
SHEET  :  3  OF  3

MOUNTING  :  Truck

PROJECT : Pacific Highway Upgrade - Wells Crossing to IIuka Road
LOCATION : Wants Lane

DATE STARTED :  7/29/07

ANGLE FROM HORIZONTAL  :  90Á

DATE COMPLETED  :  7/29/07

SURFACE ELEVATION  :  10.500  (AHD)

LOGGED BY  :  LV
CONTRACTOR  :  Terratest

CHECKED BY  :  DHDATE LOGGED  :  7/29/07
DRILLER  :  Sam Abourouche

WELLS CROSSING TO ILUKA ROAD
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Description, orientation, infilling
or coating, shape, roughness,

thickness, other

(joints, partings, seams, zones, etc)
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