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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 
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sampling or in-situ testing.  This is a relatively economical 
means of drilling in clays and in sands above the water 
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 
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soil classification is required, direct drilling and sampling 
may be preferable. 

• 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. 

 
Hand Penetrometers 

• 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. 

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. 

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. 

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. 

 
Engineering Reports 

• 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.  

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.  

Laboratory Testing 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: 

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. 

 
• unexpected variations in ground conditions — the 

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

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. 

• 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. 
 

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. 

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.  

 
Ground Water 

Where ground water levels are measured in boreholes, 
there are several potential problems;  

Reproduction of Information for  
Contractual Purposes 

• 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. Attention is drawn to the document “Guidelines for the 

Provision of Geotechnical Information in Tender 
Documents”, published by the Institution of Engineers, 

• A localised perched water table may lead to an 
erroneous indication of the true water table. 
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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 
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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Laboratory Results and Chain of Custody Information 
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QA/QC PROCEDURES AND RESULTS 
 
Data Quality Objectives 
 

The scope of the Limited Phase 2 Contamination assessment has been devised broadly in 

accordance with the seven step data quality objective process, as defined in Australian 

Standard “Guide to the Sampling and Investigation of Potentially Contaminated Soil Part 1: 

Non-volatile and semi-volatile compounds (AS 4482.1 – 1997).  The DQO process is outlined 

as follows: 

 

(1) State the Problem 

 

The “problem” is to assess the overall contamination status of the site within a limited pre-sale due 

diligence period, and to determine if the site is suitable or can be rendered suitable for the 

proposed development. 

 

(2) Identify the Decision 

 

The suitability of the site for redevelopment and the scope of the required remedial works will be 

assessed against the SAC and GIL provided in Section 10.  

 

(3) Identify Inputs to the Decision 

 

The primary inputs in assessing the requirements for assessing the suitability of the site for the 

proposed development will be: 

• Available site Information regarding site history, activities undertaken on the site and the 

surrounding area; 

• Results of previous investigations;  

• Results from the current round of investigation as detailed in the scope of works; 

• The local geology, topography and hydrology; 

• Potential contaminants;  

• Published guidelines for assessing soil and groundwater quality; 
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• Field observations/measurements, field mapping and analytical results. 

 

(4) Define the Boundary of the Assessment 

 

The site is identified as a 40 ha section of the Hoxton Park Airport that is proposed to form the 

site of a proposed two warehouse redevelopment.  The site is presented in the Drawing 1, 

Appendix A. 

 

(5) Develop a Decision Rule 

 

The decision rule is the comparison of the analytical results against relevant published guideline 

criteria including: 

i) NSW DECC Guidelines for the NSW Site Auditor Scheme 2nd edition (2006); 

ii) NSW DECC Guidelines for Assessing Service Station Sites (1994); 

iii) ANZECC Guidelines for Fresh and Marine Water Quality ANZECC (2000) for the 

protection of 95% of species; and 

iv) Other screening references including Commonwealth legislation – the Airports Act (1997), 

Airport (Environment Protection) Schedule 2 Water Pollution Accepted Limits: Table 1.03).   

 

These assessment criteria will be used to evaluate whether the site is compatible with 

redevelopment into commercial/industrial style warehouse from a contamination standpoint. 

 

(6) Specify Acceptable Limits on Decision Errors 

 

In order to ensure the quality of the soil and groundwater data, appropriate and adequate 

quality assurance and quality control (QA/QC) measures and evaluations should be 

incorporated into the validation sampling and testing regime.  

 

A field and laboratory QA/QC regime, comprising the collection and analysis of Inter-laboratory 

duplicate / replicate samples, Intra-laboratory duplicate / replicate samples will be implemented 

to meet the requirements associated with the following data quality indicators (DQIs). 

• conformance with specified holding times; 
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• accuracy of spiked samples within the laboratory’s acceptable range (typically 70-130% for 

inorganic contaminants and greater for some organic contaminants); 

• field and laboratory duplicates and replicates samples will have a precision average of +/- 

30% relative percent difference (RPD) for inorganic analytes and +/- 50% RPD for organic 

analytes;  

• field replicates will be collected at a frequency of 10% of all samples; and 

• no evidence of significant cross contamination during sampling or handling activities. 

 

(7) Optimise the Design for Obtaining Data 

 

The purpose of the current investigation is to provide representative information across the 

entire site. The sampling programme has therefore adopted a combination of a systematic 

approach as well as targeted bores for areas of environmental concern.  The sampling locations 

are provided in Drawings 1 to 4, Appendix A.  

 

Procedures for the collection of environmental samples, as described in Section 9, were 

developed prior to undertaking the assessment phase of works, which were in line with NSW 

EPA guidelines and current industry practice.  DP employs NATA-accredited analytical 

laboratories to conduct sample analysis. Envirolab Services Pty Ltd was employed to conduct 

primary sample analysis and Labmark Pty Ltd was employed to conduct interlaboratory sample 

analysis. 
 

It is therefore considered that the data quality of assessment was of a satisfactory standard.  

 

Quality assurance and control formed an integral part of this assessment.  The results of the 

QA/QC assessments are detailed below. 

 

The Data Quality Indicators (DQI’s) have been addressed as follows in Table G1.   
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Table G1 – DQIs and Evaluation Procedures 

DQI Evaluation Procedure 
Documentation completeness Completion of field and laboratory documentation including 

chain of custody, test bore reports. 
Data completeness Sampling at an appropriate density as per the 

requirements of the Sampling Design Guidelines. Bearing 
in mind the limited nature and time frame of the 
assessment, plus the overall low potential for 
contamination throughout much of the site a sampling 
density of approximately 50% of the requirement of the 
Sampling Design Guideline was adopted, analysis of 
appropriate contaminants, analysis of appropriate soil 
horizons, analysis of appropriate QA samples etc  

Data comparability  Use of NATA accredited analytical methods, use of 
consistent sampling technique, commitment to equipment 
decontamination, field sample storage techniques etc.  

Data representativeness Sampling from targeted areas and a broad grid pattern 
across the site in order to obtain samples representative of 
contamination present. In addition some of the bores were 
targeted to assess known areas of potential environmental 
concern 

Precision and accuracy for 
sampling and analysis  

Use of NATA accredited analytical methods, achievement 
of 30-50% RPD for replicate analysis (as appropriate) and 
achievement of laboratory QC criteria. 

 

As indicated above, the DQIs for sampling and analysis were achieved and the quality of the 

data satisfactorily meets the objectives of the current assessment. 
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Q1 - FIELD QUALITY ASSURANCE AND QUALITY CONTROL 
 

The field QC procedures for sampling as prescribed in Douglas Partners Field Procedures 

Manual were followed at all times during the assessment.   

 
Q1.1 Sampling Team 
Field sampling was undertaken by experienced DP field staff including Environmental Scientists 

Kurt Plambeck, Alistair Hyde Page and David Holden. Soil samples were collected on 25 to 27 

November, 1 December and 4 December 2009.   Groundwater development was conducted 3 

December 2009 on and groundwater sampling was conducted on 4 December 2009. Sampling 

was undertaken during fine and overcast weather conditions. 

 

Q1.2 Sample Collection 
Sample collection procedures and dispatch for soil and groundwater are reported in Section 

9.3. 

 

Q1.3 Logs 
Logs for each sampling location were recorded in the field. The individual samples were 

recorded on the field logs along with the sample identity, location, depth, initials of sampler, 

duplicate locations, duplicate type, and site observations.  Analysis to be performed on each 

sample and the dispatch courier were recorded on the COC, Appendix D.  Test Bore Logs are 

presented in Appendix C. Groundwater sampling and development details were recorded in 

field sheets which are presented in Appendix F. 

 
Q1.4 Chain of Custody 
Chain of custody information was recorded on the Chain of Custody (COC) sheets and 

accompanied samples to the analytical laboratory.  Signed copies of COCs are presented in 

Appendix D, following the laboratory reports. 

 
 
Q1.5 Sample Splitting Techniques 
Replicate samples were collected in the field as a measure of accuracy, precision and 

repeatability of the results.  Field replicate samples for soil were collected from the same 

location and an identical depth to the primary sample.  Equal portions of the primary sample 
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were placed into the sampling jars and sealed.  The sample was not homogenised in a bowl 

and then split to prevent the loss of volatiles from the soil. Replicate samples were labelled with 

a DP identification number, recorded on DP bore logs, so as to conceal their relationship to their 

primary sample from the analysing laboratory. Groundwater replicate collection involved filling 

two sample containers by decanting approximately equal portions of the primary sample. 

 
Q1.6 Duplicate Frequency 
Field sampling comprised replicate sampling, at a rate of approximately one duplicate sample 

for every twenty original samples for intra-laboratory analysis, one duplicate/triplicate sample for 

every twenty samples for inter-laboratory analysis, trip spikes, trip blanks and a rinsate sample 

from the groundwater pump during groundwater sampling.   

 

Q1.7 Field Blank Results 
A field blank is a sample taken as an indication to demonstrate correct field handling.  This is 

further discussed in Section Q1.9. 

 
Q1.8 Background Sample 
A background sample is representative of natural background soil conditions. Background 

samples were not applicable as part of this assessment as the land at the site and in the 

surrounding area have been developed over a significant period of time and not in a natural 

state.  

 
Q1.9 Rinsate Samples 
Decontamination was carried out between groundwater sampling events and on augurs 

between test bores. New tubing was used to sample each groundwater well however the tube 

within the pump was non disposable.  Decontamination of all non-disposable soil and 

groundwater sampling equipment involved a “triple rinse” procedure i.e. a rinse of all 

particulates in were first rinsed in tap water followed a decontamination using a 3% Decon 90 

solution and a final rinse in deionised water.   

 

No rinsate samples were collected during the investigation, however the low levels of 

contaminants found in both soil and groundwater indicate that cross-contamination of the 

samples was extremely unlikely and that therefore the decontamination procedures were 

adequate. 
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Q1.10 Trip Spikes 
According to the NSW EPA Guidelines for Consultants Reporting on Contaminated Sites 

(1997), laboratory prepared trip spikes are to be taken into the field, subjected to the same 

preservation methods as the field samples, then analysed, for the purposes of determining the 

losses in volatile organics incurred prior to reaching the laboratory. 
 

The practicalities of trip spikes are currently being debated and a detailed procedure is yet to be 

finalised.  Discussions with the laboratory indicated that trip spikes are generally prepared as 

aqueous solutions.  The current assessment did not include the analysis of trip spikes, however 

samples were maintained at 4oC in the field, during transport and at the laboratory, sample 

jars/bottles were filled to limited air/head space and sample lids were securely fastened. 

Furthermore samples were analysed within recommended holding times. It is therefore 

considered that the potential for volatile loss was minimal. 
 

Q1.11 Trip Blanks 
Laboratory prepared soil and water trip blanks are used to assess cross-contamination of 

samples. Trip blanks were not analysed as part of this assessment, however, there was no 

evidence of cross-contamination in the soil and/or groundwater samples based on the low 

levels detected. It is therefore considered that cross contamination had not occurred during the 

course of the round trip from the site to the laboratory. 

 

Q1.12 Field Instrument Calibration 
The groundwater parameters were measured with a 90FL-T water quality meter. The water 

quality meter was calibrated at Enviroequip and the pH meter was calibrated prior to use in the 

field with pH buffer solutions of 4 and 10. The calibration certificate can be found in Appendix E. 

 

All soil samples were screened for the presence of Total Photo-Ionisable Compounds (TOPIC) 

using a calibrated Photo-Ionisation Detector (PID). The PID was calibrated at Enviroequip and 

in the field with Isobutylene gas. The calibration certificate and daily calibration records can be 

found in Appendix E. 
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Q1.13 Relative Percentage Difference 
A measure of the consistency of results for field samples is derived by the calculation of relative 

percentage differences (RPDs) for duplicate samples.  A RPD of ± 30% is generally considered 

typically acceptable for inorganic analytes by EPA, although in general a wider RPD range 

(50%) may be acceptable for organic analytes.   

 

Q1.13.1   Intra-Laboratory Analysis 
Intra-laboratory duplicates were conducted as an internal check of the reproductively within the 

primary laboratory (Envirolab Pty Ltd) and as a measure of consistency of sampling techniques. 

Replicate samples were collected at a rate of approximately one replicate sample for every ten 

original samples collected and also analysed at a rate of 5% of primary samples analysed.  

 

The comparative results of analysis between original and duplicate samples are summarised in 

the tables below. 

 

Table Q1 – Intra-laboratory Results Heavy Metals 

  As Cd Cr1 Cu Pb Hg Ni Zn 
 

B(a)P 
Total 
PAH 

GW3/0.4-0.5 6 <0.5 20 14 17 <0.1 6 10 <0.05 <0.1 
BD1/2611094 6 <0.5 18 12 13 <0.1 6 10 <0.05 <0.1 
Difference 0 0 2 2 4 0 0 0 0 0 
RPD (%) 0 0 11 15 27 0 0 0 0 0 
GW8/0.3-0.5 7 <0.5 16 11 22 <0.1 8 15 <0.05 <0.1 
BD2/2611094 6 <0.5 14 9 19 <0.1 6 12 <0.05 <0.1 
Difference 1 0 2 2 3 0 2 3 0 0 
RPD (%) 15 0 13 20 15 0 29 22 0 0 
BH15/0.1-0.3 8 <0.5 27 8 37 <0.1 6 32 0.08 0.68 
BD1/2711094 8 <0.5 24 7 34 <0.1 5 24 0.05 0.45 
Difference 0 0 3 1 3 0 1 8 0.03 0.23 
RPD (%) 0 0 12 13 8 0 18 29 46 41 
OW2 <1 <0.1 <1 <1 <1 <0.1 2 1 <1 <0.1 
BD1 0412093 <1 0.2 <1 <1 <1 <0.1 2 <1 <1 0.2 
Difference 0 0 0 0 0 0 0 0 0 0.1 
RPD (%) 0 0 0 0 0 0 0 0 0 67 
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Table Q2 – Intra-laboratory TPH, BTEX, phenols 

  
C6-
C9 

C10-
C36 Benzene Toluene 

Ethyl 
benzene xylenes phenols 

OW2 <10 <250 <1 <1 <1 <3  470 
BD1 0412093 <10 <250 <1 <1 <1 <3  <50 
Difference 0 0 0 0 0 0 420 
RPD (%) 0 0 0 0 0 0 162 

 

Most of calculated RPD values were within the acceptable range of ± 30 for inorganic analytes 

(± 50% for organic) for the sample and its duplicates with the exception of those shaded.   

However, this is not considered to be of concern due to: 

• The low actual differences in the concentrations of the replicate pairs; 

• Replicates, rather than homogenised duplicates were used to avoid volatile loss;  

• Some of the duplicate samples being collected in filling material which is heterogeneous in 

nature, therefore differences are representative of the material and not the result 

inconsistencies in the sampling technique or laboratory precision; and 

• Most of the recorded concentrations being at/ close to the practical quantitation limit. 

• All other QA/QC parameters met the DQI’s 

 

It is therefore considered that the results indicate an acceptable consistency between the 

samples and their duplicates and indicate that suitable field sampling methodology was adopted 

and laboratory precision was achieved. 

 

Q1.13.2   Inter-Laboratory Analysis 
Inter-laboratory duplicates were conducted as a check of the reproductively of results between 

the primary laboratory (Envirolab Pty Ltd) and a secondary laboratory (Labmark Pty Ltd) and as 

a measure of consistency of sampling techniques. Inter-laboratory duplicates were collected at 

a rate at least one replicate sample for every 5 original samples collected and also analysed at 

a rate of 5% of primary samples analysed. Primary chemicals of concern were analysed at a 

higher frequency to other chemicals.  

 

The comparative results of analysis between original and inter-laboratory duplicates are 

summarised in the tables below. Note that where the laboratory PQL are different and both 
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samples are below PQL (or one sample is below PQL and other has a recorded detection below 

the other lab PQL) the difference and RPD has been given as zero (0). 

 
Table Q3 - Inter-laboratory Results 

  As Cd Cr1 Cu Pb Hg Ni Zn 
 

B(a)P 
Total 
PAH 

GW9/2.8-3.0 - - - - - - - - <0.05 <0.1 
BD32611099 - - - - - - - - <0.5 <0.5 
Difference - - - - - - - - 0 0 
RPD (%) - - - - - - - - 0 0 
BH6/0.1-0.3 7 <0.5 16 19 18 <0.1 9 28 <0.05 <0.1 
BD4/2711099 7 <0.1 16 15 20 0.11 8 25 <0.5 <0.5 
Difference 0 0 0 4 2 0.01 1 3 0 0 
RPD (%) 0 0 0 24 11 10 12 11 0 0 
BH1/0.1-0.3 5 <0.5 18 21 15 <0.1 11 20 <0.05 <0.1 
BD3/2711099 5 <0.1 15 18 14 0.08 9 19 <0.5 <0.5 
Difference 0 0 3 3 1 0 2 1 0 0 
RPD (%) 0 0 18 15 7 0 20 5 0 0 

 

All of calculated RPD values were within the acceptable range of � 30 for inorganic analytes 

(�50% for organic). It is therefore considered that the results indicate an acceptable 

consistency between the samples and their duplicates and indicate that suitable field sampling 

methodology was adopted and laboratory precision was achieved. 
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Q2 - LABORATORY QUALITY ASSURANCE AND QUALITY CONTROL 
 
Q2.1 Chain of Custody 
Chain of custody information was recorded on the Chain of Custody (COC) sheets and 

accompanied samples to the analytical laboratory. COCs contained receipt date and time and 

the identity of samples. Signed copies of COCs are presented in Appendix D, following the 

laboratory reports. 

 

Q2.2 Holding Times 
A review of the laboratory report sheets and chain-of-custody documentation indicated that 

holding times were met, as summarised in the table below. 

 

Table Q4 - Holding Times 

Matrix Analyte Recommended maximum 
holding time Holding time met 

Soil Heavy Metals: As, Cd, Cr, 
Cu, Pb, Hg, Ni, Zn 

6 months Yes 

 TPH C6-C9 14 days Yes 
 TPH C10-C36 14 days Yes 
 BTEX 14 days Yes 
 PAH 14 days Yes 
 OCP 14 days Yes 
 PCB 14 days Yes 
 Phenols 14 days Yes 
 pH 7 days Yes 
 Asbestos Nil yes 
Water Metals 6 months yes 
 TPH C6-C9 14 days yes 
 TPH C10-C36 7 days yes 
 BTEX 14 days yes 
 PAH 7 days yes 
 pH 6 hours yes 
 hardness 28 days yes 
 

 
Q2.3 Analytical Laboratory 
Samples were submitted to the following laboratories for analysis: 

• Primary Laboratory: Envirolab Services Pty Ltd (Chatswood); 

• Secondary Laboratory: Labmark Environmental Laboratories (Asquith) 
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Both laboratories are NATA accredited.  Envirolab's accreditation number is 2901 and is 

accredited for compliance with ISO/IEC 17025. Envirolab tests comply with NATA and NEPM. 

In house procedures are employed by Envirolab in the absence of documented standards. 

 

Labmark's NATA accreditation number is: 13542. NATA accredited in-house laboratory 

methods are referenced from NEPC, ASTM, modified USEPA/ APHA documents.  

 

Q2.4 Analytical Methods 
The laboratory analytical methods are provided on the laboratory certificates in Appendix D and 

summarised below in Tables Q5 and Q6. 

 

Table Q5 - Soil Analysis 

Analyte 
Limit of Reporting 

(mg/kg) 
Envirolab/labmark 

Envirolab Reference 
Method Labmark Reference Method 

Heavy Metals Cd, 
Cr, Cu, Pb, Ni, Zn 

1.0/0.1-5.0 Metals.20 ICP-AES E022.2 digested in nitric/hydrochloric acid, 
analysis by ICP-MS 

Arsenic (As) 4.0/1.0 Metals.20 ICP-AES E022.2 digested in nitric/hydrochloric acid, 
analysis by ICP-MS 

Mercury (Hg) 0.10/0.05 Metals.21 ICP-AAS E026.2 digested in nitric/hydrochloric acid, 
analysis by CV-ICP-MS or FIMS 

VOC 0.5-10/0.5-5.0 GC.14 E016.2 methanol extraction, analysis by 
P&T/GC/MS 

TPH C6-C9 25/10 GC.16 E029.2/E016.2 methanol extraction, analysis by 
P&T/GC/FID/MSD 

TPH C10-C36 250/250 GC.3 E006.2 DCM/Acetone/Hexane (10:45:45) 
extraction, analysis by GC/FID 

BTEX 0.5-2/0.2-1.0 GC.14 E002.2 methanol extraction, analysis by 
P&T/GC/PID/MSD 

OCP 0.1/0.05 GC-5 E013.2 DCM/Acetone/Hexane (10:45:45) 
extraction, analysis by GC/dual ECD 

PCB 0.1/0.5 GC-6 E013.2 DCM/Acetone/Hexane (10:45:45) 
extraction, analysis by GC/dual ECD 

PAH 0.05-0.1/0.5-1.0 GC.12 subset E007.2 DCM/Acetone/Hexane (10:45:45) 
extraction, analysis by GC/MS 

Phenols 1-10/0.5-1.0 GC.12 E008.2 DCM/Acetone/Hexane (10:45:45) 
extraction, analysis by GC/MS 

Asbestos qualitative 
identification 

AS4964-2004, qualitative 
identification using 
Polarised Light Microscopy 
and Dispersion Staining 
Techniques. 

Not analysed 
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Table Q6 - Groundwater Analysis 

Analyte 
Limit of Reporting 

(µg/L) 
Envirolab/labmark

Envirolab Reference Method 

Heavy Metals, 
As, Cd, Cr, Cu, 
Pb, Ni, Zn 

0.1-1.0/0.5-5.0 Metals.22 ICP-MS 

Mercury (Hg) 0.5-0.1 Metals.21 CV-AAS 

BTEX 1-2/5-10 GC.13 

TPH C6-C9 10/50 GC.16 

TPH C10-C36 250/250 GC.3 

PAH 0.1-0.2 GC.12 subset 

pH 0.1 LAB.1 

 
The following QA/QC procedures were conducted by the laboratory. The results are included in 

the laboratory reports in Appendix D. 

 
Q2.5 Surrogate Spike 
This sample is prepared by adding a known amount of surrogate, which behaves similarly to the 

analyte, prior to analysis to each sample.  The recovery result indicates the proportion of the 

known concentration of the surrogate that is detected during analysis. These results are within 

acceptance limits as specified in Envirolab Services, indicating that the extraction technique 

was effective. 

 

The laboratory acceptance criteria for surrogate samples is generally 60-140% for organics; 

and 10-140% for SVOC and speciated phenols. 

 
Q2.6 Practical Quantitation Limits - PQLs 
The PQL is the lowest quantity of an analyte which can be detected during the analysis.  PQLs 

at different analytical laboratories can differ based on the analytical techniques.  

 
Q2.7 Reference and Daily Check Sample Results - Laboratory Control Sample (LCS) 

This sample comprises spiking either a standard reference material or a control matrix (such as 

a blank of sand or water) with a known concentration of specific analytes. The LCS is then 

analysed and results compared against each other to determine how the laboratory has 

performed with regard to sample preparation and analytical procedure.  LCSs are analysed at a 

frequency of 1 in 20, with a minimum of one analysed per batch. 
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The laboratory acceptance criteria for LCS samples is generally 70-130% for inorganics/ 

metals; and 60-140% for organics; and 10-140% for SVOC and speciated phenols.  

 
Q2.8 Laboratory Duplicate Results 
These are additional portions of a sample which are analysed in exactly the same manner as all 

other samples. The laboratory acceptance criteria for duplicate samples is: in cases where the 

level is <5xPQL – any RPD is acceptable; and in cases where the level is >5xPQL – 0-50% 

RPD is acceptable. 

 
Q2.9 Laboratory Blank Results 
The laboratory blank, sometimes referred to as the method blank or reagent blank is the sample 

prepared and analysed at the beginning of every analytical run, following calibration of the 

analytical apparatus.  This is the component of the analytical signal which is not derived from 

the sample but from reagents, glassware etc, it can be determined by processing solvents and 

reagents in exactly the same manner as for samples. Laboratory blanks are analysed at a 

frequency of 1 in 20, with a minimum of one per batch. 

 

Q2.10 Matrix Spike 
This is a sample duplicate prepared by adding a known amount of analyte prior to analysis, and 

then treated exactly the same as all other samples.  The recovery result indicates the proportion 

of the known concentration of the analyte that is detected during analysis.  The laboratory 

acceptance criteria for matrix spike samples is generally 70-130% for inorganics/metals; and 

60-140% for organics; and 10-140% for SVOC and speciated phenols. 

 

Q2.11 Results of Laboratory QA 
The laboratory QA for surrogate spikes, LCS, laboratory duplicate results, method blanks and 

matrix spikes were generally within the acceptance standards. There were, however a few 

comments made in the laboratory reports which are summarised in Table Q7 below. 
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Table Q7 -  Laboratory QA Comments 

Laboratory Report Comment 

ELS 35840 No comments 
ELS 35858 Phenols in soil spike recovery failed due to matrix interference 
ELS 35984 PQL of TPH raised due to sample matrix requiring dilution (due to high 

sediment) 
ELS 35987 No comments 
Labmark E045950 No comments 

 

It was therefore considered that an acceptable level of laboratory precision and consistency 

was achieved and that surrogate spikes, LCS, laboratory duplicate results, method blanks and 

matrix spike results were of an acceptable level.  

 




