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AC:ds
Project 48670.02 

15 September 2009 

REPORT ON PRELIMINARY GEOTECHNICAL INVESTIGATION 
PROPOSED TOURIST AND RESIDENTIAL DEVELOPMENT 

COMBERTON GRANGE, JERVIS BAY 

1. INTRODUCTION 

This report presents the results of a preliminary geotechnical investigation undertaken at the 

site of a proposed tourist and residential development at Comberton Grange, Jervis Bay.  The 

work was commissioned by Conybeare Morrison International Pty Ltd, project managers acting 

on behalf of the Shaolin Temple Foundation (Australia), developers of the site. 

It is understood that the proposed development comprises a mixed tourist, residential and 

commercial development, including a temple, educational facilities, farms, hotel, staff 

accommodation, dwellings, commercial centre and a golf course.  Investigation was carried out 

in a 285 ha portion of an overall 1249 ha property in order to provide information on subsurface 

conditions within the proposed development area, in order to provide preliminary information on 

subsurface conditions to assist in conceptual planning for the project. 

The investigation comprised field mapping by a senior geotechnical engineer, test pit 

excavation and borehole drilling, followed by laboratory testing of selected samples, 

engineering analysis and reporting.  Details of the work undertaken and the results obtained are 

given in the report, together with comments relating to planning, design and construction 

practice.

A draft report was circulated by mail on 20 August 2009.  This report supersedes all previous 

verbal advice and written correspondence.  
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The field work was undertaken concurrently with preliminary contamination and acid sulphate 

soil assessments, the results of which are given in separate reports (Project 48670 and 

48670.01) dated September 2009. 

Site survey plans and aerial photos were provided by the client for the investigation. 

2. SITE DESCRIPTION 

The site, which comprises two individual portions, nominated as the Northern (174.5 ha) and 

Southern (110.5 ha) Development Areas, is located within the north-western section of a larger 

property that includes Lot 1 in DP 725955, Lot 1 DP 550098, Lot 4 DP 63404 and Lots 59 – 61 

in DP 755928. 

The Northern Development Area (NDA, refer Drawing 1) is an irregular shaped area with 

maximum north-south and east-west dimensions of 1400 m and 1200 m respectively.  It is 

centred on a series of west to north-east and west to south-east ridgelines which are separated 

by south-easterly trending depressions which drain to the Currambene Creek floodplain some 

2 km to the south.  Site levels fall at grades of 1 in 10 to 1 in 25, with an overall difference in 

level estimated to be about 36 m from the highest part to the lowest part of the development 

area.  At the time of the assessment, the NDA was heavily vegetated and largely inaccessible 

with the exception of a grid of tracks formerly used for timber transportation. 

The Southern Development Area (SDA, refer Drawing 2) is an irregular shaped, elongated area 

with maximum plan dimensions of 2300 m and 600 m respectively.  It is located on the south-

west facing flanks of a ridgeline with site levels falling towards Currambene Creek at grades of 

1 in 10 to 1 in 25, with an overall difference of about 34 m.  At the time of the assessment, the 

SDA was predominantly cleared and used for cattle grazing.  A remnant forest was located 

along the north-eastern extent of the proposed development area. 
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3. REGIONAL GEOLOGY 

Reference to the 1:250 000 Wollongong Geological Series Sheet (Ref 1) indicates that the 

proposed development areas are underlain by Nowra Sandstone and Wandrawandian Siltstone 

both belonging to the Shoalhaven Group of Permian age.  The Nowra Sandstone comprises 

quartz sandstone whilst the Wandrawandian Siltstone comprises sandstone, siltstone and 

conglomerate.

The test pits confirmed the geological mapping, with sandstone and siltstone encountered in 

those pits that intersected rock. 

Reference to the 1:25 000 Yalwal/Nowra Acid Sulphate Risk Map (Ref 2) indicates "no known 

occurrence – acid sulphate soils are not known or expected to occur in these environments",

within the proposed development area.  The mapping indicates the likelihood of acid sulphate 

soils within the Currambene Creek floodplain (below about RL 4 m) to the south of the 

development area.  The results of the preliminary acid sulphate soil assessment 

(Project 48670.01) were consistent with the broad scale mapping, with acid sulphate soils "not

expected to be encountered".

4. FIELD WORK 

4.1 Methods 

The field work comprised field mapping by a senior geotechnical engineer followed by test pit 

excavation and borehole drilling.  Relevant site features noted during the inspection are shown 

on the colour photoplates given in Appendix B, with the locations indicated on Drawings 1 and 2 

(Appendix A). 

Pits 1 – 25 were excavated to depths of 0.8 – 3.3 m with a John Deere 315SJ backhoe fitted 

with a 600 mm wide bucket.  The pits were logged on site by an environmental scientist who 

collected representative disturbed samples to aid in strata identification and for possible 

laboratory testing. 
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Bores 26 – 28 were drilled with a Gemcodril 210B soil sampling and drilling rig and were 

advanced with 125 mm diameter continuous solid flight augers to the termination depths (limit of 

investigation) of 6 m.  Standard penetration tests (SPT) were carried out at regular intervals to 

assist with strata identification and for possible laboratory testing.  Details of the SPT procedure 

are given in the accompanying notes (Appendix B) with the penetration 'N' values recorded on 

the borehole logs. 

The approximate locations of the field tests are shown on Drawings 1 and 2 (Appendix A).  The 

surface levels (to Australian Height Datum, AHD) and coordinates (MGA) shown on the logs 

were determined by contour interpolation and by hand-held GPS receivers respectively and as 

such, are approximate only. 

4.2 Results 

4.2.1 Site Inspection 
Inspection of the site by a senior geotechnical engineer on 26 May 2009 indicated the following: 

� limited access within the proposed NDA due to heavy vegetation growth, with the exception 

of an orthogonal grid of gravel tracks previously used for timber haulage; 

� uniform slopes within the northern area, which locally steepen in the vicinity of watercourses 

and drainage depressions; 

� evidence of previous timber plantation in the NDA; 

� uniform slopes within the SDA which are predominantly cleared due to previous grazing 

activities;

� remnants of a previous homestead in the south-western section of the proposed 

development areas; 

� generally upright tree growth patterns in both proposed development areas; 

� no indications of deep-seated site instability. 

4.2.2 Subsurface Investigation 
Details of the subsurface conditions encountered are given on the test pit and borehole logs 

included in Appendix B, together with notes defining classification methods and descriptive 

terms.
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Relatively uniform conditions were encountered underlying the site, with the succession of 

strata broadly summarised as follows: 

TOPSOIL/FILLING: to depths of 0.1 – 0.5 m (but generally to 0.2 – 0.4 m); 

CLAY: variably stiff to hard clay and shaly clay to depths of 0.8 – 3.7 m.  Pits 9, 

11 – 16, 18 and 19 were terminated in residual clay at depths of 

1.5 – 3.3 m; 

BEDROCK: initially extremely low to very low strength sandstone and siltstone 

becoming low to medium strength at refusal of the backhoe bucket at 

depths of 0.8 – 2.8m in Pits 4, 6 – 8, 10 and 20 – 24.  Pits 1, 2, 5 and 17 

and Bores 26 – 28 were terminated in extremely weathered rock at 

depths of 1.8 – 6.0m. 

No free groundwater was observed in any of the pits during excavation or whilst auger drilling in 

the boreholes.  It is noted that the pits were immediately backfilled following excavation, which 

precluded long term monitoring of groundwater levels. 

5. LABORATORY TESTING 

Selected samples from the pits were tested in the laboratory for measurement of field moisture 

content, Atterberg limits, linear shrinkage, compaction properties, California bearing ratio, 

particle size distribution, Emerson Class number, pH, chloride/sulphate concentrations, 

electrical conductivity and exchangeable sodium percentage (sodicity).  The detailed test report 

sheets are given in Appendix C and are summarised in Tables 1 – 3. 

Table 1: Results of Compaction and CBR Tests 

Pit
No

Depth 
(m) 

FMC
(%) 

OMC
(%) 

MDD
(t/m3)

CBR 
(%) Material

3 0.8 – 1.0 20.5 18.1 1.75 4 Silty Clay 
9 2.3 – 2.5 19.4 18.1 1.75 4 Silty Clay 
16 0.5 – 0.7 21.3 24.0 1.55 9 Silty Sandy Clay 

 Where FMC = Field moisture content OMC = Optimum Moisture Content 
MDD = Maximum Dry Density CBR = California Bearing Ratio 
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The results of the particle size distribution tests indicate the soils tested are predominantly clays 

whilst the topsoil comprises silty sand. 

The results in Table 2 indicate that the soils tested are of variable plasticity and as such, would 

be susceptible to shrinkage and swelling with changes in soil moisture content.  The results of 

the Emerson Class testing indicate only a slight susceptibility for dispersion, with the exception 

of the dispersive soil tested at Pit 25 (0.5 – 0.7 m). 

Table 2: Results Plasticity and Dispersion Tests 

Pit
No

Depth 
(m) 

W
(%) 

WL
(%) 

WP
(%) 

IP
(%) 

LS
(%) ECN Material 

1 0.3 – 0.5 18.6 44 19 25 10.5  Silty clay 
1 0.8 – 1.0 13.3      Silty clay 
2 0.0 – 0.25 14.2     4 Silty clay 
3 0.8 – 1.0 20.5      Silty clay 
3 1.3 – 1.5 20.6 44 20 24 10.5  Silty clay 
4 0.4 – 0.5 26.5     4 Silty clay 
5 0.8 – 1.0 18.8 44 18 26 11.5  Silty clay 
6 0.4 – 0.5 16.3     4 Silty clay 
7 1.3 – 1.5 24.9 42 22 20 10.5  Silty clay 
8 0.8 – 1.0 12.9      Silty clay 
9 0.0 – 0.25 13.3     4 Topsoil
9 1.8 – 2.0 22.5 37 19 18 9.0  Clay
9 2.3 – 2.5 19.4      Silty Clay 

10 0.4 – 0.5 19.3      Silty clay 
12 0.3 – 0.5 23.4     4 Silty clay 
14 0.5 – 0.8 19.6 69 23 46 15.0  Sandy silty clay 
15 0.5 – 0.7 22.0      Silty clay 
16 0.5 – 0.7 21.3     4 Silty sandy clay 
17 0.5 – 0.7 5.4 30 18 12 7.0  Sandy clay 
19 0.5 – 0.7 21.2      Silty sandy clay 
20 0.5 – 0.7 31.6     4 Silty clay 
20 1.0 – 1.2 13.9      Silty clay 
20 1.5 – 1.7 15.0 52 19 33 14.5  Sandy silty clay 
21 0.0 – 0.2 12.4     8 Clayey sandy silt 
22 0.5 – 0.7 18.9 65 27 38 16.0 4 Sandy gravelly silty clay 
22 1.0 – 1.2 13.5      Sandy gravelly silty clay 
23 0.5 – 0.7 8.8      Sandy gravelly silty clay 
24 0.5 – 0.7 8.9 35 22 13 7.5  Sandy gravelly silty clay 
25 0.5 – 0.7 16.9     1 Silty clay 
25 1.0 – 1.2 18.0      Silty clay 

Where W = Field moisture content WL = Liquid limit 
 WP  = Plastic limit IP = Plasticity index 
 LS = Linear shrinkage ECN = Emerson Class Number 
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Table 3: Results of Chemical and Electrical Tests 

Pit
No Depth pH Cl

(mg/kg) 
SO4

2-

(mg/kg) 
EC

(�S/cm) Factor ECe (1)

(dS/m) ESP Material 

2 1.8 – 2.0 5.4 <100 64 130 8 1.04 37 Clay 
5 0.4 – 0.5 5.0 <100 <25 110 8 0.88 19 Clay 

11 0.8 5.0 <100 35 56 8 0.45 15 Sandy Clay
15 1.0 – 1.2 4.9 <100 51 39 8 0.31 23 Clay 
17 1.0 – 1.2 5.2 <100 <25 65 8 0.52 28 Clay 

Note  (1): ECe = EC x textural factor (Ref 3) 1dS/m = 1000 �S/m
Where Cl- = Chloride concentration SO4

2- = Sulphate concentration 
 EC = Electrical conductivity Factor = Soil texture factor (Ref 3) 
 ECe = Electrical conductivity of a saturated extract ESP = Exchangeable sodium percentage 

Reference to AS 2159 – 1996 (Ref 4) indicates that the soils tested are generally classified as 

non-aggressive to concrete and steel piles.  The sample from Pit 15 (1.0 – 1.2 m) is classified 

as mildly aggressive to concrete due to a pH in the range 4.5 – 5.0. 

Furthermore, the site soils are non-saline but highly sodic.  The main implication of sodic soils is 

that erosion can occur due to concentrated surface flows. 

6. PROPOSED DEVELOPMENT 

It is understood that the proposed development comprises a tourist and residential complex, 

including temple, education complex, hotel, staff accommodation, dwellings, commercial 

buildings and a golf course. 

7. COMMENTS 

7.1 General 

The following comments are based on the results of site reconnaissance, subsurface 

investigations and Douglas Partners involvement in similar projects.  It is understood that further 

investigations will be undertaken as the planning and design of the subdivision proceeds and 

accordingly this report must be considered as being preliminary in nature. 
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7.2 Development Considerations 

7.2.1 Stability Assessment 
The following slope stability assessment is based on the results of the geological 

reconnaissance, the limited subsurface investigation and company involvement in similar 

projects.  It includes consideration of bedrock geology, observed or anticipated soil depth, 

steepness of slope relative to historical or ancient slope failures in similar materials, the 

disturbance of soil and vegetation cover during development, the influence of groundwater or 

surface saturation and the effects of earthquake forces. 

The study area has been qualitatively classified in accordance with the methods of the 

Australian Geomechanics Society (AGS – 2007, Ref 5) relevant extracts of which are included 

in Appendix C.  The study area has been divided into three risk of instability zones – very low, 

low and moderate risk of instability.  The approximate interpreted zone boundaries are shown 

on Drawings 3 and 4, with the results of the assessment outlined in Tables 4 and 5. 

It is noted that the boundary between risk zones will commonly be transitional and as such dual 

classifications (eg: very low to low and low to moderate risk of instability) have been employed 

in some areas of transitional change in slope.  It is anticipated that zone boundaries would be 

confirmed or modified by more extensive investigation undertaken as planning and design 

proceeds.

Table 4: Slope Stability Assessment (Area of Slight Relief) 

Hazard Likelihood Consequence to 
Proposed Development 

Risk to Proposed 
Development 

Creep of surface soils Rare Minor Very low 

Active/deep-seated slide Rare to Barely 
Credible Major to Catastrophic Very low to low 

Table 5: Slope Stability Assessment (Area of Moderate Relief) 

Hazard Likelihood Consequence to 
Proposed Development 

Risk to Proposed 
Development 

Creep of surface soils Possible Minor Moderate 
Active/deep-seated slide Rare Major to Catastrophic Low to moderate 
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In summary, it is considered that the areas of slight topographic relief are classified as either 

very low or low risk of damage to property occurring as a result of slope instability, whilst the 

area of moderate relief would be classified as moderate risk.  Notwithstanding the stability 

classifications nominated, development of the site for the proposed development is considered 

geotechnically feasible with respect to slope stability, with development in moderate risk zones 

to be in accordance with accepted hillside practice (Ref 5) and the specific recommendations 

given in this report. 

7.2.2 Site Classification 
Classification of individual allotments or building areas within the site should comply with the 

requirements of AS 2870 – 2007 Residential Slabs and Footings (Ref 6).  Based on the results 

of the field investigation and the limited laboratory testing together with previous experience in 

similar geological settings, the subsurface profiles would most likely be equivalent to Class M 

(moderately reactive) or Class H (highly reactive) with the final classification dependent on soil 

reactivity, soil strength and rock depth. 

Class P conditions may also be present in the drainage depressions should weak soils be 

encountered during project-specific subsurface investigation.  Re-classification of such areas to 

M or H may be possible subject to the extent of earthworks undertaken during construction.  In 

areas of moderate relief, P (hillside) classifications would likely result. 

7.2.3 Site Preparation and Earthworks 
Site preparation for the construction of residential structures should include the removal of 

topsoils and other deleterious materials from the proposed building areas.  In areas that require 

filling, the stripped surfaces should be proof rolled in the presence of an experienced 

geotechnical engineer. 

To validate bearing pressures within controlled filling, sufficient field inspections and in-situ 

testing of future earthworks should be undertaken in order to satisfy the requirements of a 

Level 1 inspection and testing service as defined in AS 3798 – 2007 (Ref 7).  In areas where 

filling is required to achieve design levels, allowance should be made for filling within building 

areas to be compacted to at least 98% standard compaction, with placement moisture contents 

to be within 2% of standard optimum (as measured in the standard compaction test).  
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Filling within road alignments should be compacted to at least 95% standard compaction to 

within 0.5 m of design subgrade level, with the top 0.5 m to be compacted to at least 100% 

standard compaction.  Placement moisture contents should also be within 2% of standard 

optimum.  Based on the limited testing undertaken to date, the residual soils underlying the site 

would appear suitable for re-use as filling, subject to appropriate geotechnical validation testing 

being undertaken both prior to and during construction. 

Earthworks required for pavement construction will need to be based on batters formed no 

steeper than 3:1 (H:V) in the residual clays and 1.5:1 (H:V) in weathered rock.  All batters 

should be suitably protected against erosion, with toe and spoon drains constructed as a means 

of controlling surface flows on the batters. 

Subject to the existing site contours, excavation and filling (should it be proposed within the 

moderate risk zones) may need to be limited to a maximum vertical height of 1 m respectively 

below or above the existing ground surface.  Proposed earthworks that exceed the above 

requirements should be subject to review by a geotechnical engineer during the design phase 

of the individual project.  Excavation that exceeds 1 m may need to be supported by engineer-

designed retaining walls founded on bedrock.  However, it must be accepted that creep 

movement in retaining walls constructed perpendicular to the slope is probably inevitable, due 

to the high active pressures of the retained material. 

Site observations have indicated the presence of silty and sandy topsoils and clays which could 

be adversely affected by inclement weather.  Whilst these soils are typically stiff to very stiff 

consistency when dry, they may rapidly lose strength during rainfall and saturation, resulting in 

difficult trafficability conditions.  As a result, surface drainage which directs runoff away from 

work areas should be installed prior to construction, possibly in conjunction with the designation 

of construction equipment haul routes to minimise trafficking of stripped areas. 

Conventional sediment and erosion control measures should be implemented during the 

construction phase, with exposed surfaces to be topsoiled and vegetated as soon as 

practicable following the completion of earthworks. 
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7.2.4 Retaining Structures 
It is suggested that earth pressures on cantilever or gravity retaining walls due to the retained 

soils be estimated using a triangular pressure distribution calculated as follows: 

�z = �.Ka.z

where �z = horizontal pressure at depth z 

� = unit weight of retained soil 
 = 20 kN/m3

 Ka = active earth pressure coefficient 
 = 0.3 for stiff clays and compacted filling 
 = 0.1 for low strength sandstone 

The angle of inclination of the retained soils must be taken into account when determining the 

active earth pressure coefficient, as the above values are for horizontal backfill only. 

Design of retaining walls should also make allowance for a partial hydrostatic head over the top 

1 m of wall (to accommodate short-term inundation during storm events) and for all 

superimposed or surcharge loads that will occur. 

Drainage must be provided behind the walls or alternatively, full hydrostatic pressure allowed 

for in the design.  In the event that hydrostatic pressures are allowed, densities of the retained 

soils can be appropriately reduced to the buoyant values. 

7.2.5 Footings 
All footing systems should be designed and constructed in accordance with engineering 

principles which take into account subsurface profiles, proposed loads and stability zoning. 

The selection of bearing stratum will be dependent on the type of structures, the proposed 

loads, resultant settlements and stability zoning.  Project-specific geotechnical investigation with 

subsurface profiling should be undertaken at the appropriate time as planning proceeds in order 

to determine most suitable foundation systems for the various structures. 
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As a guide, typical bearing pressures on various strata are as follows: 

Allowable base bearing on stiff clay or compacted filling 100 kPa (for loads up to 300 kN) 

Allowable base bearing on very low strength rock 500 kPa 

Allowable base bearing on low strength rock  1500 kPa 

Footings should be inspected by a suitable qualified engineer prior to the pouring of concrete to 

confirm the appropriateness of the bearing stratum for the adopted design pressures. 

For construction in the steeper (moderate risk) areas, reference should be made to the 

publication by AGS (Ref 5), relevant extracts of which are included in Appendix D.  The 

principal recommendation for building in the moderate risk areas is for footings to found below 

the zones of potential creep and within the underlying weathered rock of low or greater strength. 

7.2.6 Site Maintenance and Drainage 
The developed site should be maintained in accordance with the CSIRO publication 

"Foundation Maintenance and Footing Performance: A Homeowners Guide", a copy of which is 

included in Appendix D.  Whilst it must be accepted that minor cracking in most structures is 

inevitable, the guide describes suggested site maintenance practices aimed at minimising 

foundation movement to keep cracking within acceptable limits. 

Surface drainage should be installed and maintained at the site.  All collected stormwater, 

groundwater and roof runoff should be discharged into the stormwater disposal system.  

Similarly, effluent flows should be directed to the sewerage system.  Subsurface drainage may 

also be required with the locations and extent to be determined in consultation with the design 

engineer at the appropriate time. 

7.2.7 Preliminary Pavement Thickness Design 
Table 6 summarises a range of pavement thickness designs based on the procedures given in 

APRG (Ref 8) for varying traffic loadings and subgrade CBR values.  Based on previous 

experience in the Nowra area, typical CBR values would be around 3% for clay soils increasing 

to around 5% for weathered rock. 
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Table 6: Preliminary Pavement Thickness Design 

Total Pavement Thickness (mm)(1)Traffic Loading 
(ESA) CBR < 3%(2) CBR 3% CBR 4% CBR 5% 

Car Parks(3) 250 (400) 250 225 200
1 x 104 400 (550) 400 335 290 
5 x 104 450 (600) 450 375 320 
1 x 105 470 (620) 470 390 340 
5 x 105 530 (650) 530 445 380 

Note (1): Total pavement thickness is inclusive of asphalt wearing course, base and subbase 
Note (2): Bracketed figures indicate total boxing depth, taking into account 150 mm of subgrade replacement. 
Note (3) In areas restricted to cars and light commercial vehicles up to 3 tonne gross weight 

The pavements should be placed and compacted in layers no thicker than 150 mm, with control 

exercised over placement moisture contents.  If layer thicknesses greater than 150 mm are 

proposed, it may be necessary to test the top and bottom of the layer to ensure that the 

minimum level of compaction has been achieved through the layer. 

Table 7 – Materials and Compaction 

Layer Material Quality Minimum Compaction 
Wearing Course To conform to APRG requirements To conform to APRG requirements 

Base Course To conform to APRG requirements
Soaked CBR � 80%, PI � 6% 

Minimum dry density ratio of 98% 
Modified (AS 1289 Test 5.2.1) 

Sub-base Course To conform to APRG requirements
Soaked CBR � 50%, PI � 12% 

Minimum dry density ratio of 95% 
Modified (AS 1289 Test 5.2.1) 

Subgrade Replacement Soaked CBR � 15% Minimum dry density ratio of 100% 
Standard (AS 1289 Test 5.1.1) 

Subgrade Minimum dry density ratio of 100% 
Standard (AS 1289 Test 5.1.1) 

Where PI = plasticity index 

Whilst the use of lesser quality pavement materials than that detailed in Table 7 may be 

feasible, some compromise in either performance and/or pavement life must be anticipated and 

accepted.

7.2.8 Pavement Drainage 
Surface and subsurface drainage should be installed and maintained to protect the pavement 

and subgrade.  The subsurface drains should be located at a minimum of 0.5 m depth below 

the excavation level.  Guidelines on the arrangement of subsurface drainage are given on  
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NOTES RELATING TO THIS REPORT
Introduction 

These notes have been provided to amplify the
geotechnical report in regard to classification methods,
specialist field procedures and certain matters relating to
the Discussion and Comments section. Not all, of course,
are necessarily relevant to all reports. 

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

Description and Classification Methods 
The methods of description and classification of soils

and rocks used in this report are based on Australian
Standard 1726, Geotechnical Site Investigations Code. In
general, descriptions cover the following properties - 
strength or density, colour, structure, soil or rock type and
inclusions. 

Soil types are described according to the predominating
particle size, qualified by the grading of other particles
present (eg. sandy clay) on the following bases: 

Soil Classification Particle Size 
Clay less than 0.002 mm 
Silt 0.002 to 0.06 mm 
Sand 0.06 to 2.00 mm 
Gravel 2.00 to 60.00 mm 

Cohesive soils are classified on the basis of strength
either by laboratory testing or engineering examination.
The strength terms are defined as follows. 

Classification 
Undrained

Shear Strength kPa 
Very soft less than 12 
Soft 12—25 
Firm 25—50 
Stiff 50—100 
Very stiff 100—200 
Hard Greater than 200 

Non-cohesive soils are classified on the basis of relative
density, generally from the results of standard penetration
tests (SPT) or Dutch cone penetrometer tests (CPT) as
below: 

Relative Density 
SPT  
“N” Value 
(blows/300 mm) 

CPT 
Cone Value 
(qc — MPa) 

Very loose less than 5 less than 2 
Loose 5—10 2—5 
Medium dense 10—30 5—15 
Dense 30—50 15—25 
Very dense greater than 50 greater than 25 

Rock types are classified by their geological names.
Where relevant, further information regarding rock
classification is given on the following sheet. 

Sampling
Sampling is carried out during drilling to allow

engineering examination (and laboratory testing where
required) of the soil or rock. 

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

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

Details of the type and method of sampling are given in
the report. 

Drilling Methods. 
The following is a brief summary of drilling methods

currently adopted by the Company and some comments
on their use and application. 

Test Pits — these are excavated with a backhoe or a
tracked excavator, allowing close examination of the
in-situ soils if it is safe to descent into the pit.  The depth of
penetration is limited to about 3 m for a backhoe and up to
6 m for an excavator. A potential disadvantage is the
disturbance caused by the excavation. 

Large Diameter Auger (eg. Pengo) — the hole is
advanced by a rotating plate or short spiral auger,
generally 300 mm or larger in diameter. The cuttings are
returned to the surface at intervals (generally of not more
than 0.5 m) and are disturbed but usually unchanged in
moisture content. Identification of soil strata is generally
much more reliable than with continuous spiral flight
augers, and is usually supplemented by occasional
undisturbed tube sampling. 

Continuous Sample Drilling  — the hole is advanced
by pushing a 100 mm diameter socket into the ground and
withdrawing it at intervals to extrude the sample. This is
the most reliable method of drilling in soils, since moisture
content is unchanged and soil structure, strength, etc. is
only marginally affected. 

Continuous Spiral Flight Augers — the hole is
advanced using 90—115 mm diameter continuous spiral
flight augers which are withdrawn at intervals to allow
sampling or in-situ testing. This is a relatively economical
means of drilling in clays and in sands above the water
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table. Samples are returned to the surface, or may be
collected after withdrawal of the auger flights, but they are
very disturbed and may be contaminated. Information
from the drilling (as distinct from specific sampling by
SPTs or undisturbed samples) is of relatively lower
reliability, due to remoulding, contamination or softening
of samples by ground water. 

Non-core Rotary Drilling — the hole is advanced by a
rotary bit, with water being pumped down the drill rods and
returned up the annulus, carrying the drill cuttings. Only
major changes in stratification can be determined from the
cuttings, together with some information from ‘feel’ and
rate of penetration. 

Rotary Mud Drilling — similar to rotary drilling, but using
drilling mud as a circulating fluid. The mud tends to mask
the cuttings and reliable identification is again only
possible from separate intact sampling (eg. from SPT). 

Continuous Core Drilling — a continuous core sample
is obtained using a diamond-tipped core barrel, usually
50 mm internal diameter. Provided full core recovery is
achieved (which is not always possible in very weak rocks
and granular soils), this technique provides a very reliable
(but relatively expensive) method of investigation. 

Standard Penetration Tests 
Standard penetration tests (abbreviated as SPT) are

used mainly in non-cohesive soils, but occasionally also in
cohesive soils as a means of determining density or
strength and also of obtaining a relatively undisturbed
sample. The test procedure is described in Australian
Standard 1289, “Methods of Testing Soils for Engineering
Purposes” — Test 6.3.1. 

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

The test results are reported in the following form. 
• In the case where full penetration is obtained with

successive blow counts for each 150 mm of say 4, 6
and 7 
  as 4, 6, 7 
   N = 13

• In the case where the test is discontinued short of full
penetration, say after 15 blows for the first 150 mm and
30 blows for the next 40 mm 
  as 15, 30/40 mm. 
The results of the tests can be related empirically to the

engineering properties of the soil. 
Occasionally, the test method is used to obtain samples

in 50 mm diameter thin walled sample tubes in clays. In
such circumstances, the test results are shown on the
borelogs in brackets. 

Cone Penetrometer Testing and Interpretation 
Cone penetrometer testing (sometimes referred to as

Dutch cone — abbreviated as CPT) described in this
report has been carried out using an electrical friction cone
penetrometer. The test is described in Australian Standard
1289, Test 6.4.1. 

In the tests, a 35 mm diameter rod with a cone-tipped
end is pushed continuously into the soil, the reaction being
provided by a specially designed truck or rig which is fitted
with an hydraulic ram system. Measurements are made
of the end bearing resistance on the cone and the friction
resistance on a separate 130 mm long sleeve,
immediately behind the cone. Transducers in the tip of the
assembly are connected by electrical wires passing
through the centre of the push rods to an amplifier and
recorder unit mounted on the control truck. 

As penetration occurs (at a rate of approximately
20 mm per second) the information is plotted on a
computer screen and at the end of the test is stored on the
computer for later plotting of the results. 

The information provided on the plotted results
comprises: — 
• Cone resistance — the actual end bearing force divided

by the cross sectional area of the cone — expressed in
MPa. 

• Sleeve friction — the frictional force on the sleeve
divided by the surface area — expressed in kPa. 

• Friction ratio — the ratio of sleeve friction to cone
resistance, expressed in percent. 
There are two scales available for measurement of

cone resistance. The lower scale (0—5 MPa) is used in
very soft soils where increased sensitivity is required and
is shown in the graphs as a dotted line. The main scale
(0—50 MPa) is less sensitive and is shown as a full line. 

The ratios of the sleeve friction to cone resistance will
vary with the type of soil encountered, with higher relative
friction in clays than in sands. Friction ratios of 1%—2% 
are commonly encountered in sands and very soft clays
rising to 4%—10% in stiff clays. 

In sands, the relationship between cone resistance and
SPT value is commonly in the range:— 

qc (MPa)  =  (0.4 to 0.6) N (blows per 300 mm) 
In clays, the relationship between undrained shear

strength and cone resistance is commonly in the range:— 
qc  =  (12 to 18) cu

Interpretation of CPT values can also be made to allow
estimation of modulus or compressibility values to allow
calculation of foundation settlements. 

Inferred stratification as shown on the attached reports
is assessed from the cone and friction traces and from
experience and information from nearby boreholes, etc.
This information is presented for general guidance, but
must be regarded as being to some extent interpretive.
The test method provides a continuous profile of
engineering properties, and where precise information on
soil classification is required, direct drilling and sampling
may be preferable. 
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Hand Penetrometers 
Hand penetrometer tests are carried out by driving a rod

into the ground with a falling weight hammer and
measuring the blows for successive 150 mm increments
of penetration. Normally, there is a depth limitation of
1.2 m but this may be extended in certain conditions by
the use of extension rods. 

Two relatively similar tests are used. 
• Perth sand penetrometer — a 16 mm diameter flat-

ended rod is driven with a 9 kg hammer, dropping
600 mm (AS 1289, Test 6.3.3). This test was
developed for testing the density of sands (originating in
Perth) and is mainly used in granular soils and filling. 

• Cone penetrometer (sometimes known as the Scala
Penetrometer) — a 16 mm rod with a 20 mm diameter
cone end is driven with a 9 kg hammer dropping
510 mm (AS 1289, Test 6.3.2).  The test was developed 
initially for pavement subgrade investigations, and
published correlations of the test results with California
bearing ratio have been published by various Road
Authorities.

Laboratory Testing 
Laboratory testing is carried out in accordance with

Australian Standard 1289 “Methods of Testing Soil for
Engineering Purposes”. Details of the test procedure used
are given on the individual report forms. 

Bore Logs 
The bore logs presented herein are an engineering

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

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

Ground Water 
Where ground water levels are measured in boreholes,

there are several potential problems; 
• In low permeability soils, ground water although present,

may enter the hole slowly or perhaps not at all during
the time it is left open. 

• A localised perched water table may lead to an
erroneous indication of the true water table. 

• Water table levels will vary from time to time with
seasons or recent weather changes. They may not be

the same at the time of construction as are indicated in
the report. 

• The use of water or mud as a drilling fluid will mask any
ground water inflow. Water has to be blown out of the
hole and drilling mud must first be washed out of the
hole if water observations are to be made. 
More reliable measurements can be made by installing

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

Engineering Reports 
Engineering reports are prepared by qualified personnel

and are based on the information obtained and on current
engineering standards of interpretation and analysis.
Where the report has been prepared for a specific design
proposal (eg. a three storey building), the information and
interpretation may not be relevant if the design proposal is
changed (eg. to a twenty storey building). If this happens,
the Company will be pleased to review the report and the
sufficiency of the investigation work. 

Every care is taken with the report as it relates to
interpretation of subsurface condition, discussion of
geotechnical aspects and recommendations or
suggestions for design and construction. However, the
Company cannot always anticipate or assume
responsibility for: 
• unexpected variations in ground conditions — the

potential for this will depend partly on bore spacing and
sampling frequency 

• changes in policy or interpretation of policy by statutory
authorities 

• the actions of contractors responding to commercial
pressures. 
If these occur, the Company will be pleased to assist

with investigation or advice to resolve the matter. 

Site Anomalies 
In the event that conditions encountered on site during

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

Reproduction of Information for  
Contractual Purposes 

Attention is drawn to the document “Guidelines for the
Provision of Geotechnical Information in Tender
Documents”, published by the Institution of Engineers,
Australia. Where information obtained from this
investigation is provided for tendering purposes, it is
recommended that all information, including the written
report and discussion, be made available. In
circumstances where the discussion or comments section
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is not relevant to the contractual situation, it may be
appropriate to prepare a specially edited document. The
Company would be pleased to assist in this regard and/or
to make additional report copies available for contract
purposes at a nominal charge. 

Site Inspection 
The Company will always be pleased to provide

engineering inspection services for geotechnical aspects
of work to which this report is related. This could range
from a site visit to confirm that conditions exposed are as
expected, to full time engineering presence on site. 

Copyright © 1998 Douglas Partners Pty Ltd 
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GRAPHIC SYMBOLS FOR SOIL & ROCK

CONGLOMERATE

CONGLOMERATIC SANDSTONE

BOULDER CONGLOMERATE

SANDSTONE FINE GRAINED

SANDSTONE COARSE GRAINED

BITUMINOUS CONCRETE

CONCRETE

FILLING

TOPSOIL

PEAT

CLAY

SOIL

GRAVELLY CLAY

SHALY CLAY

SILT

CLAYEY SILT

SILTY CLAY

COBBLES/BOULDERS

SANDY CLAY

SANDY SILT

SAND

CLAYEY SAND

SILTY SAND

GRAVEL

SANDY GRAVEL

LAMINITE

MUDSTONE, CLAYSTONE, SHALE

COAL

LIMESTONE

IGNEOUS ROCK

GNEISS

QUARTZITE

DOLERITE, BASALT

SEDIMENTARY ROCK

SILTSTONE

METAMORPHIC ROCK

CLAYEY GRAVEL

SLATE, PHYLITTE, SCHIST

GRANITE

TUFF

PORPHYRYTALUS
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CERTIFICATE OF ANALYSISCERTIFICATE OF ANALYSIS 2967829678
Client:Client:
Douglas Partners UnanderraDouglas Partners Unanderra
Unit 1, 1 Luso DriveUnit 1, 1 Luso Drive
UnanderraUnanderra
NSWNSW 25262526

Attention:Attention: Arthur CastrissiosArthur Castrissios

Sample log in details:Sample log in details:
Your Reference:Your Reference: 48670, Proposed Res. & Tourist Dev.48670, Proposed Res. & Tourist Dev.
No. of samples:No. of samples: 3 Soils3 Soils
Date samples received:Date samples received: 11/06/0911/06/09
Date completed instructions received:Date completed instructions received: 11/06/0911/06/09

Analysis Details:Analysis Details:
Please refer to the following pages for results, methodology summary and quality control data.Please refer to the following pages for results, methodology summary and quality control data.
Samples were analysed as received from the client. Results relate specifically to the samples as received.Samples were analysed as received from the client. Results relate specifically to the samples as received.
Results are reported on a dry weight basis for solids and on an as received basis for other matrices.Results are reported on a dry weight basis for solids and on an as received basis for other matrices.
Please refer to the last page of this report for any comments relating to the results.Please refer to the last page of this report for any comments relating to the results.

Report Details:Report Details:
Date results requested by:Date results requested by: 18/06/0918/06/09
Date of Preliminary Report:Date of Preliminary Report: Not IssuedNot Issued
Issue Date:Issue Date: 18/06/0918/06/09
NATA accreditation number 2901. This document shall not be reproduced except in full.NATA accreditation number 2901. This document shall not be reproduced except in full.
This document is issued in accordance with NATA's accreditation requirements.This document is issued in accordance with NATA's accreditation requirements.
Accredited for compliance with ISO/IEC 17025.Accredited for compliance with ISO/IEC 17025.
Tests not covered by NATA are denoted with *.Tests not covered by NATA are denoted with *.

Results Approved By:Results Approved By:

Page 1 of  6Page 1 of  6Envirolab Reference:Envirolab Reference: 2967829678
Revision No:                RRevision No:                R 0000



Client Reference:Client Reference: 48670, Proposed Res. & Tourist Dev.48670, Proposed Res. & Tourist Dev.

Miscellaneous Inorg - soil 
Our Reference: UNITS 29678-1 29678-2 29678-3
Your Reference ------------- Pit 2/1.8-2.0 Pit 5/0.4-0.5 Pit 11/0.8
Type of sample ------------ Soil Soil Soil

Date prepared - 15/06/2009 15/06/2009 15/06/2009

Date analysed - 15/06/2009 15/06/2009 15/06/2009

pH 1:5 soil:water pH Units 5.4 5.0 5.0

Chloride 1:5 soil:water mg/kg <100 <100 <100

Sulphate, SO4 1:5 soil:water mg/kg 64 <25 35

Electrical Conductivity 1:5 soil:water µS/cm 130 110 56

Page 2 of  6Page 2 of  6Envirolab Reference:Envirolab Reference: 2967829678
Revision No:                RRevision No:                R 0000



Client Reference:Client Reference: 48670, Proposed Res. & Tourist Dev.48670, Proposed Res. & Tourist Dev.

ESP/CEC
Our Reference: UNITS 29678-1 29678-2 29678-3
Your Reference ------------- Pit 2/1.8-2.0 Pit 5/0.4-0.5 Pit 11/0.8
Type of sample ------------ Soil Soil Soil

Exchangeable Ca* meq/100g 0.040 0.34 0.090

Exchangeable K* meq/100g 0.52 0.65 0.54

Exchangeable Mg* meq/100g 4.4 4.3 2.3

Exchangeable Na* meq/100g 3.0 1.3 0.54

Cation Exchange Capacity* meq/100g 8.0 6.5 3.5

ESP* % 37.0 19.0 15.0

Page 3 of  6Page 3 of  6Envirolab Reference:Envirolab Reference: 2967829678
Revision No:                RRevision No:                R 0000



Client Reference:Client Reference: 48670, Proposed Res. & Tourist Dev.48670, Proposed Res. & Tourist Dev.

Method ID Methodology Summary

  LAB.1 pH - Measured using  pH meter and electrode in accordance with APHA 20th ED, 4500-H+. 

  LAB.11 Chloride determined by argentometric titration.

  LAB.9 Sulphate determined turbidimetrically.

  LAB.2 Conductivity and Salinity - measured using a conductivity cell and dedicated meter, in accordance with 
APHA2510 20th ED and Rayment & Higginson.

  Metals.23 Determination of exchangeable cations and cation exchange capacity in soil.
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Client Reference:Client Reference: 48670, Proposed Res. & Tourist Dev.48670, Proposed Res. & Tourist Dev.

QUALITY CONTROL UNITS PQL METHOD Blank Duplicate Sm# Duplicate results Spike Sm# Spike % 
Recovery

Miscellaneous Inorg - soil Base ll Duplicate ll %RPD

Date prepared - 15/06/2
009

29678-1 15/06/2009 || 15/06/2009 LCS-1 15/06/2009

Date analysed - 15/06/2
009

29678-1 15/06/2009 || 15/06/2009 LCS-1 15/06/2009

pH 1:5 soil:water pH Units LAB.1 [NT] 29678-1 5.4 || 5.4 || RPD: 0 LCS-1 100%

Chloride 1:5 soil:water mg/kg 100 LAB.11 <100 29678-1 <100 || <100 LCS-1 104%

Sulphate, SO4 1:5 
soil:water

mg/kg 25 LAB.9 <25 29678-1 64 || 60 || RPD: 6 LCS-1 94%

Electrical Conductivity 
1:5 soil:water

µS/cm 1 LAB.2 <1.0 29678-1 130 || 120 || RPD: 8 LCS-1 104%

QUALITY CONTROL UNITS PQL METHOD Blank Duplicate Sm# Duplicate results Spike Sm# Spike % 
Recovery

ESP/CEC Base ll Duplicate ll %RPD

Exchangeable Ca* meq/100
g

0.01 Metals.23 <0.01 29678-3 0.090 || 0.090 || RPD: 0 LCS-1 83%

Exchangeable K* meq/100
g

0.01 Metals.23 <0.01 29678-3 0.54 || 0.52 || RPD: 4 LCS-1 107%

Exchangeable Mg* meq/100
g

0.01 Metals.23 <0.01 29678-3 2.3 || 2.4 || RPD: 4 LCS-1 92%

Exchangeable Na* meq/100
g

0.01 Metals.23 <0.01 29678-3 0.54 || 0.55 || RPD: 2 LCS-1 102%

Cation Exchange 
Capacity*

meq/100
g

1 Metals.23 <1.0 29678-3 3.5 || 3.6 || RPD: 3 [NR] [NR]

ESP* % 1 Metals.23 <1.0 29678-3 15.0 || 15.0 || RPD: 0 [NR] [NR]
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Client Reference:Client Reference: 48670, Proposed Res. & Tourist Dev.48670, Proposed Res. & Tourist Dev.

Report Comments:Report Comments:

Asbestos was analysed by Approved Identifier: Asbestos was analysed by Approved Identifier: Not applicable for this jobNot applicable for this job
INS: Insufficient sample for this testINS: Insufficient sample for this test NT: Not testedNT: Not tested PQL: Practical Quantitation LimitPQL: Practical Quantitation Limit <: Less than<: Less than >: Greater than>: Greater than
RPD: Relative Percent DifferenceRPD: Relative Percent Difference NA: Test not requiredNA: Test not required LCS: Laboratory Control SampleLCS: Laboratory Control Sample NR: Not requestedNR: Not requested

Quality Control DefinitionsQuality Control Definitions
Blank: This is the component of the analytical signal which is not derived from the sample but from reagents, 
glassware etc, can be determined by processing solvents and reagents in exactly the same manner as for samples. glassware etc, can be determined by processing solvents and reagents in exactly the same manner as for samples. 
Duplicate: This is the complete duplicate analysis of a sample from the process batch. If possible, the sample
selected should be one where the analyte concentration is easily measurable. selected should be one where the analyte concentration is easily measurable. 
Matrix Spike: A portion of the sample is spiked with a known concentration of target analyte. The purpose of the matrix 
spike is to monitor the performance of the analytical method used and to determine whether matrix interferences exist. spike is to monitor the performance of the analytical method used and to determine whether matrix interferences exist. 
LCS (Laboratory Control Sample): This comprises either a standard reference material or a control matrix (such as a blank
sand or water) fortified with analytes representative of the analyte class. It is simply a check sample. sand or water) fortified with analytes representative of the analyte class. It is simply a check sample. 
Surrogate Spike: Surrogates are known additions to each sample, blank, matrix spike and LCS in a batch, of compounds
which are similar to the analyte of interest, however are not expected to be found in real samples.which are similar to the analyte of interest, however are not expected to be found in real samples.
Laboratory Acceptance Criteria:Laboratory Acceptance Criteria:
Duplicate sample and matrix spike recoveries may not be reported on smaller jobs, however, were analysed at a frequencyDuplicate sample and matrix spike recoveries may not be reported on smaller jobs, however, were analysed at a frequency
to meet or exceed NEPM requirements. All samples are tested in batches of 20. The duplicate sample RPD and matrixto meet or exceed NEPM requirements. All samples are tested in batches of 20. The duplicate sample RPD and matrix
spike recoveries for the sample batch were within laboratory acceptance criteria.spike recoveries for the sample batch were within laboratory acceptance criteria.
Duplicates: <5xPQL - any RPD is acceptable;Duplicates: <5xPQL - any RPD is acceptable; >5xPQL - 0-50% RPD is acceptable.>5xPQL - 0-50% RPD is acceptable.
Matrix Spikes and LCS: Generally 70-130% for inorganics/metals; 60-140% for organics and 10-140% for Matrix Spikes and LCS: Generally 70-130% for inorganics/metals; 60-140% for organics and 10-140% for 
SVOC and speciated phenols is acceptable.SVOC and speciated phenols is acceptable. Surrogates: 60-140% is acceptable for general organics and 10-140% for Surrogates: 60-140% is acceptable for general organics and 10-140% for 
SVOC and speciated phenols.SVOC and speciated phenols.
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CERTIFICATE OF ANALYSISCERTIFICATE OF ANALYSIS 3062330623
Client:Client:
Douglas Partners UnanderraDouglas Partners Unanderra
Unit 1, 1 Luso DriveUnit 1, 1 Luso Drive
UnanderraUnanderra
NSWNSW 25262526

Attention:Attention: Arthur CastrissiosArthur Castrissios

Sample log in details:Sample log in details:
Your Reference:Your Reference: 48670.02, Prop. Tourist & Res. Dev.48670.02, Prop. Tourist & Res. Dev.
No. of samples:No. of samples: 2 Soils2 Soils
Date samples received:Date samples received: 07/07/0907/07/09
Date completed instructions received:Date completed instructions received: 07/07/0907/07/09

Analysis Details:Analysis Details:
Please refer to the following pages for results, methodology summary and quality control data.Please refer to the following pages for results, methodology summary and quality control data.
Samples were analysed as received from the client. Results relate specifically to the samples as received.Samples were analysed as received from the client. Results relate specifically to the samples as received.
Results are reported on a dry weight basis for solids and on an as received basis for other matrices.Results are reported on a dry weight basis for solids and on an as received basis for other matrices.
Please refer to the last page of this report for any comments relating to the results.Please refer to the last page of this report for any comments relating to the results.

Report Details:Report Details:
Date results requested by:Date results requested by: 14/07/0914/07/09
Date of Preliminary Report:Date of Preliminary Report: Not IssuedNot Issued
Issue Date:Issue Date: 14/07/0914/07/09
NATA accreditation number 2901. This document shall not be reproduced except in full.NATA accreditation number 2901. This document shall not be reproduced except in full.
This document is issued in accordance with NATA's accreditation requirements.This document is issued in accordance with NATA's accreditation requirements.
Accredited for compliance with ISO/IEC 17025.Accredited for compliance with ISO/IEC 17025.
Tests not covered by NATA are denoted with *.Tests not covered by NATA are denoted with *.

Results Approved By:Results Approved By:
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Client Reference:Client Reference: 48670.02, Prop. Tourist & Res. Dev.48670.02, Prop. Tourist & Res. Dev.

Miscellaneous Inorg - soil 
Our Reference: UNITS 30623-1 30623-2
Your Reference ------------- Pit 15/1.0-1.2 Pit 17/1.0-1.2
Type of sample ------------ Soil Soil

Date prepared - 10/07/2009 10/07/2009

Date analysed - 10/07/2009 10/07/2009

pH 1:5 soil:water pH Units 4.9 5.2

Chloride 1:5 soil:water mg/kg <100 <100

Sulphate, SO4 1:5 soil:water mg/kg 51 <25

Electrical Conductivity 1:5 soil:water µS/cm 39 65
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Client Reference:Client Reference: 48670.02, Prop. Tourist & Res. Dev.48670.02, Prop. Tourist & Res. Dev.

ESP/CEC
Our Reference: UNITS 30623-1 30623-2
Your Reference ------------- Pit 15/1.0-1.2 Pit 17/1.0-1.2
Type of sample ------------ Soil Soil

Exchangeable Ca* meq/100g 0.020 0.020

Exchangeable K* meq/100g 0.13 0.19

Exchangeable Mg* meq/100g 0.86 1.6

Exchangeable Na* meq/100g 0.29 0.68

Cation Exchange Capacity* meq/100g 1.3 2.5

ESP* % 23.0 28.0
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Client Reference:Client Reference: 48670.02, Prop. Tourist & Res. Dev.48670.02, Prop. Tourist & Res. Dev.

Method ID Methodology Summary

  LAB.1 pH - Measured using  pH meter and electrode in accordance with APHA 20th ED, 4500-H+. 

  LAB.11 Chloride determined by argentometric titration.

  LAB.9 Sulphate determined turbidimetrically.

  LAB.2 Conductivity and Salinity - measured using a conductivity cell and dedicated meter, in accordance with 
APHA2510 20th ED and Rayment & Higginson.

  Metals.23 Determination of exchangeable cations and cation exchange capacity in soil.
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Client Reference:Client Reference: 48670.02, Prop. Tourist & Res. Dev.48670.02, Prop. Tourist & Res. Dev.

QUALITY CONTROL UNITS PQL METHOD Blank Duplicate Sm# Duplicate results Spike Sm# Spike % 
Recovery

Miscellaneous Inorg - soil Base ll Duplicate ll %RPD

Date prepared - 10/7/09 [NT] [NT] LCS-1 10/7/09

Date analysed - 10/7/09 [NT] [NT] LCS-1 10/7/09

pH 1:5 soil:water pH Units LAB.1 [NT] [NT] [NT] LCS-1 101%

Chloride 1:5 soil:water mg/kg 100 LAB.11 <100 [NT] [NT] LCS-1 100%

Sulphate, SO4 1:5 
soil:water

mg/kg 25 LAB.9 <25 [NT] [NT] LCS-1 114%

Electrical Conductivity 
1:5 soil:water

µS/cm 1 LAB.2 <1.0 [NT] [NT] LCS-1 102%

QUALITY CONTROL UNITS PQL METHOD Blank Duplicate Sm# Duplicate results Spike Sm# Spike % 
Recovery

ESP/CEC Base ll Duplicate ll %RPD

Exchangeable Ca* meq/100
g

0.01 Metals.23 <0.01 [NT] [NT] LCS-1 107%

Exchangeable K* meq/100
g

0.01 Metals.23 <0.01 [NT] [NT] LCS-1 112%

Exchangeable Mg* meq/100
g

0.01 Metals.23 <0.01 [NT] [NT] LCS-1 104%

Exchangeable Na* meq/100
g

0.01 Metals.23 <0.01 [NT] [NT] LCS-1 97%

Cation Exchange 
Capacity*

meq/100
g

1 Metals.23 <1.0 [NT] [NT] [NR] [NR]

ESP* % 1 Metals.23 <1.0 [NT] [NT] [NR] [NR]
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Client Reference:Client Reference: 48670.02, Prop. Tourist & Res. Dev.48670.02, Prop. Tourist & Res. Dev.

Report Comments:Report Comments:

Asbestos was analysed by Approved Identifier: Asbestos was analysed by Approved Identifier: Not applicable for this jobNot applicable for this job
INS: Insufficient sample for this testINS: Insufficient sample for this test NT: Not testedNT: Not tested PQL: Practical Quantitation LimitPQL: Practical Quantitation Limit <: Less than<: Less than >: Greater than>: Greater than
RPD: Relative Percent DifferenceRPD: Relative Percent Difference NA: Test not requiredNA: Test not required LCS: Laboratory Control SampleLCS: Laboratory Control Sample NR: Not requestedNR: Not requested

Quality Control DefinitionsQuality Control Definitions
Blank: This is the component of the analytical signal which is not derived from the sample but from reagents, 
glassware etc, can be determined by processing solvents and reagents in exactly the same manner as for samples. glassware etc, can be determined by processing solvents and reagents in exactly the same manner as for samples. 
Duplicate: This is the complete duplicate analysis of a sample from the process batch. If possible, the sample
selected should be one where the analyte concentration is easily measurable. selected should be one where the analyte concentration is easily measurable. 
Matrix Spike: A portion of the sample is spiked with a known concentration of target analyte. The purpose of the matrix 
spike is to monitor the performance of the analytical method used and to determine whether matrix interferences exist. spike is to monitor the performance of the analytical method used and to determine whether matrix interferences exist. 
LCS (Laboratory Control Sample): This comprises either a standard reference material or a control matrix (such as a blank
sand or water) fortified with analytes representative of the analyte class. It is simply a check sample. sand or water) fortified with analytes representative of the analyte class. It is simply a check sample. 
Surrogate Spike: Surrogates are known additions to each sample, blank, matrix spike and LCS in a batch, of compounds
which are similar to the analyte of interest, however are not expected to be found in real samples.which are similar to the analyte of interest, however are not expected to be found in real samples.
Laboratory Acceptance Criteria:Laboratory Acceptance Criteria:
Duplicate sample and matrix spike recoveries may not be reported on smaller jobs, however, were analysed at a frequencyDuplicate sample and matrix spike recoveries may not be reported on smaller jobs, however, were analysed at a frequency
to meet or exceed NEPM requirements. All samples are tested in batches of 20. The duplicate sample RPD and matrixto meet or exceed NEPM requirements. All samples are tested in batches of 20. The duplicate sample RPD and matrix
spike recoveries for the sample batch were within laboratory acceptance criteria.spike recoveries for the sample batch were within laboratory acceptance criteria.
Duplicates: <5xPQL - any RPD is acceptable;Duplicates: <5xPQL - any RPD is acceptable; >5xPQL - 0-50% RPD is acceptable.>5xPQL - 0-50% RPD is acceptable.
Matrix Spikes and LCS: Generally 70-130% for inorganics/metals; 60-140% for organics and 10-140% for Matrix Spikes and LCS: Generally 70-130% for inorganics/metals; 60-140% for organics and 10-140% for 
SVOC and speciated phenols is acceptable.SVOC and speciated phenols is acceptable. Surrogates: 60-140% is acceptable for general organics and 10-140% for Surrogates: 60-140% is acceptable for general organics and 10-140% for 
SVOC and speciated phenols.SVOC and speciated phenols.
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APPENDIX G - SOME GUIDELINES FOR HILLSIDE CONSTRUCTION 

GOOD ENGINEERING PRACTICE POOR ENGINEERING PRACTICE 
ADVICE 
GEOTECHNICAL 
ASSESSMENT 

Obtain advice from a qualified, experienced geotechnical practitioner at early 
stage of planning and before site works. 

Prepare detailed plan and start site works before 
geotechnical advice. 

PLANNING 
SITE PLANNING Having obtained geotechnical advice, plan the development with the risk 

arising from the identified hazards and consequences in mind. 
Plan development without regard for the Risk. 

DESIGN AND CONSTRUCTION 

HOUSE DESIGN 

Use flexible structures which incorporate properly designed brickwork, timber 
or steel frames, timber or panel cladding. 
Consider use of split levels. 
Use decks for recreational areas where appropriate. 

Floor plans which require extensive cutting and 
filling. 
Movement intolerant structures. 

SITE CLEARING Retain natural vegetation wherever practicable. Indiscriminately clear the site. 
ACCESS & 

DRIVEWAYS 
Satisfy requirements below for cuts, fills, retaining walls and drainage. 
Council specifications for grades may need to be modified. 
Driveways and parking areas may need to be fully supported on piers. 

Excavate and fill for site access before 
geotechnical advice. 

EARTHWORKS Retain natural contours wherever possible. Indiscriminatory bulk earthworks. 

CUTS
Minimise depth. 
Support with engineered retaining walls or batter to appropriate slope. 
Provide drainage measures and erosion control. 

Large scale cuts and benching. 
Unsupported cuts. 
Ignore drainage requirements 

FILLS

Minimise height. 
Strip vegetation and topsoil and key into natural slopes prior to filling. 
Use clean fill materials and compact to engineering standards. 
Batter to appropriate slope or support with engineered retaining wall. 
Provide surface drainage and appropriate subsurface drainage. 

Loose or poorly compacted fill, which if it fails, 
may flow a considerable distance including 
onto property below.  
Block natural drainage lines. 
Fill over existing vegetation and topsoil. 
Include stumps, trees, vegetation, topsoil, 
boulders, building rubble etc in fill. 

ROCK OUTCROPS
& BOULDERS

Remove or stabilise boulders which may have unacceptable risk. 
Support rock faces where necessary. 

Disturb or undercut detached blocks or 
boulders. 

RETAINING 
WALLS 

Engineer design to resist applied soil and water forces. 
Found on rock where practicable. 
Provide subsurface drainage within wall backfill and surface drainage on slope 
above. 
Construct wall as soon as possible after cut/fill operation. 

Construct a structurally inadequate wall such as 
sandstone flagging, brick or unreinforced 
blockwork. 
Lack of subsurface drains and weepholes. 

FOOTINGS 

Found within rock where practicable. 
Use rows of piers or strip footings oriented up and down slope. 
Design for lateral creep pressures if necessary. 
Backfill footing excavations to exclude ingress of surface water. 

Found on topsoil, loose fill, detached boulders 
or undercut cliffs. 

SWIMMING POOLS 

Engineer designed. 
Support on piers to rock where practicable. 
Provide with under-drainage and gravity drain outlet where practicable. 
Design for high soil pressures which may develop on uphill side whilst there 
may be little or no lateral support on downhill side. 

DRAINAGE  

SURFACE

Provide at tops of cut and fill slopes. 
Discharge to street drainage or natural water courses. 
Provide general falls to prevent blockage by siltation and incorporate silt traps. 
Line to minimise infiltration and make flexible where possible. 
Special structures to dissipate energy at changes of slope and/or direction. 

Discharge at top of fills and cuts. 
Allow water to pond on bench areas. 

SUBSURFACE

Provide filter around subsurface drain. 
Provide drain behind retaining walls. 
Use flexible pipelines with access for maintenance. 
Prevent inflow of surface water. 

Discharge roof runoff into absorption trenches. 

SEPTIC &
SULLAGE

Usually requires pump-out or mains sewer systems; absorption trenches may 
be possible in some areas if risk is acceptable. 
Storage tanks should be water-tight and adequately founded. 

Discharge sullage directly onto and into slopes.  
Use absorption trenches without consideration 
of landslide risk. 

EROSION 
CONTROL & 

LANDSCAPING 

Control erosion as this may lead to instability. 
Revegetate cleared area. 

Failure to observe earthworks and drainage 
recommendations when landscaping. 

DRAWINGS AND SITE VISITS DURING CONSTRUCTION 
DRAWINGS Building Application drawings should be viewed by geotechnical consultant  
SITE VISITS Site Visits by consultant may be appropriate during construction/ 

INSPECTION AND MAINTENANCE BY OWNER 
OWNER’S 

RESPONSIBILITY 
Clean drainage systems; repair broken joints in drains and leaks in supply 
pipes. 
Where structural distress is evident see advice. 
If seepage observed, determine causes or seek advice on consequences. 
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