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1. Introduction 

In March 2006, GHD Pty Ltd was commissioned to undertake a Stage 1 and 2 Environmental review in 
the vicinity of the vehicle refuel area (on the northern side of Building C26) at Army Aviation Centre 
Oakey, herein called AACO.  The work was undertaken for Spotless Services Australia (Spotless) on 
behalf of the Department of Defence (DoD) and was done in accordance with the provisions of the 
Guidelines for the Assessment and Management of Contaminated Land in Queensland (1998). 

1.1 Assessment Objectives 
The objectives of the assessment were to: 

 Report on the current site condition; 

 Summarise past and present activities undertaken on or close to the site that could have the potential 
to cause site derived contamination; 

 Undertake a Stage 1 and 2 environmental review with limited sampling; and 

 Provide an assessment of any wide spread or significant site contamination pursuant to the 
Guidelines for the Assessment and Management of Contaminated Land in Queensland (1998), 
including any recommendation for further investigation. 

1.2 Scope of Works 
The following scope of works was undertaken as part of this investigation. 

 A site inspection conducted by two GHD Environmental Scientists; 

 Identification of Areas of Environmental Concern (AEC); 

 Excavation of boreholes and collection of soil samples at locations of environmental concern;  

 Selection of soil samples for laboratory analysis;  

 Interpretation of results and preparation of a report outlining the results of the investigation, including 
conclusions and recommendations. 

Prior to drilling any bore or test pit, approval was sought from the client representative and each location 
was identified as being free of sub-surface services by a commercial services locater.   

An assessment of groundwater was not undertaken as part of this assessment. 

 

1 41/15855/750     Stage 1 & 2 Environmental Review 
Vehicle Refuel (Facility C26), AACO 



 

 

2. Site History 

2.1 Background 
There are a number of contaminant sources associated with operations at AACO that have the potential 
to impact soil, surface and groundwater both on and off site.  Operations include maintenance of aircraft 
and vehicles, maintenance of equipment and associated infrastructure and preparations for both fixed 
wing and helicopter flights. 

During routine groundwater monitoring on 20 February 2006 a trace hydrocarbon odour was identified 
within monitoring well OMW-02 (as shown in Appendix D - Figure 1). The groundwater monitoring well 
sample OMW-02 indicated levels of Benzene, Toluene, Ethyl benzene, meta-& para Xylene and ortho-
Xylene (BTEX) at 60, <2, 4,8 and <2 μg/L respectively. This indicated concentrations of benzene above 
value for Livestock (ANZECC 2000).  Concentrations of Ethyl benzene were also marginally above the 
ADWG Aesthetic guidelines with all other mono-aromatic hydrocarbons being below guidelines adopted, 
where presented. 

The sample, also analysed for TPH, reported concentrations above adopted detection levels (C6-C9, C10-
C14, C15-C28 and C29-C36 fractions at 310, 180, 300 and 100 ug/L respectively).  In the absence of 
ANZECC guideline values in the assessment criteria adopted, the “Dutch Intervention” guideline1 of 
600 μg/L and the Entrix LC50 2, for marine fish, of 30,000 μg/L was adopted and was not exceeded in all 
samples. 

Historically this monitoring well has shown elevated levels of contaminants since 2002.  Specifically, in 
2002 routine groundwater sampling undertaken by IT Environmental Pty Ltd detected elevated levels of 
TPH and in March 2004 routine groundwater sampling undertaken by IT Environmental Pty Ltd detected 
elevated levels of copper, zinc, nickel, TPH, benzene, ethylbenzene and xylene.  In 2005 the monitoring 
well was dry and could not be sampled but a hydrocarbon odour was noted (Maunsell, 2005). 

The presence of elevated TPH/BTEX in 2006 as well as historically indicates possible contamination 
from the adjacent USTs, from monitoring well construction and/or from impacted surface water ingress 
into the well. As the monocyclic compounds, especially benzene are more soluble than heavier fraction 
hydrocarbons, the results may represent indication of potential migration of hydrocarbons from the 
adjacent USTs. 

                                                           
1TPH results have been compared with Dutch Intervention Guidelines for “mineral oil” and diesel toxicity data published by 

Entrix (1995). 5 Based on the median acute toxicity LC50 (fish) for diesel, given in: ENTRIX Inc. 1995. A Critical Review of Toxicity 

Values and an Evaluation of the Persistence of Petroleum Products for Use in Natural Resource Damage Assessments. American 

Petroleum Institute Pub 4594 

2 Based on the median acute toxicity LC50 (fish) for diesel, given in: ENTRIX Inc. 1995. A Critical Review of Toxicity Values and an 

Evaluation of the Persistence of Petroleum Products for Use in Natural Resource Damage Assessments. American Petroleum 

Institute Pub 4594 
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Table 2.1 Bore ID and GPS Coordinates 

Bore ID Location and Target Approximate* 
Easting                 Northing 

OMW-02 Adjacent to a number of Underground Fuel 
Storage Tanks (USTs) and bowsers 
associated with vehicle refuelling (facility C26). 

375193.523 6966855.189 

Note: Approximate coordinates extracted from aerial photo rectified to cadastral boundaries using 
ArcGIS.  (Geocentric Datum of Australia (GDA), Zone 56.) 

UST integrity testing on 11 April 2006 by Tanknology indicated that two (2) tanks presently in use 
(unleaded and diesel) were of sound integrity.  The third tank, previously containing leaded fuel, was 
empty and could not be integrity tested. 
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3. Site Conditions 

3.1 Subject Site 
The Army Aviation Centre Oakey is located approximately 35km north-west of Toowoomba on the 
western side of the Great Dividing Range.  The site occupies approximately 860ha, of which 
approximately 300ha is leased for agriculture. 

3.1.1 Topography 

The site is located on a level area of ground with the general topography having a very minor fall towards 
Oakey Creek, located to the south of the site.  Site stormwater flow is principally from kerb and channel, 
piped systems, overland flow and open drains.  

3.1.2 Flooding 

Anecdotal evidence collected with the review of historical literature of the region identified that whilst the 
region had been dry for a significant period of time to date, in times of significant rainfall, surface ponding 
of water has occurred creating localised flooding. 
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4. Geology and Hydrogeology 

4.1 Geology 
The study area is underlain by Tertiary-aged (66.4 – 1.6 Ma3) colluvium, which comprises of cemented 
scree and rock debris over the Main Range Volcanics (NRM, 2004). This colluvium cover extends 
regionally over most of the Oakey area. Colluvium identified generally as Cainozoic-aged (66.4 Ma – 
recent aged) is exposed approximately 1.5 km to the southeast of the study site. 

The Tertiary-aged Main Range Volcanics outcrop approximately 1.9 km southeast of the study site. The 
Main Range Volcanics consists of basalt, trachybasalt, interbeds of leucocratic trachyte, trachytic to 
rhyolitic breccia, agglomerate and thin beds of diatomite in the lower part of the unit with olivine basal 
predominantly comprising the upper part (Day et al., 1983). Outcrops near Oakey are described as 
olivine basalt (NRM, 2004). 

4.2 Hydrogeology 
A groundwater bore is understood to have been used at the site for vehicle washdown up to 1997 (IT 
Environmental 2002). No details of its location, volumes extracted, water quality or period of use has 
been determined at this stage.  

It is likely that localised, unconfined and semi-confined aquifers will be present at shallow depths. Sand, 
gravel and sandy clay/ clayey sand layers should be assumed to be permeable and to contain local 
resources of reasonable quality water. Due to the presence of a reticulated supply, groundwater would 
predominantly be used for agricultural and stock purposes. 

4.3 Significance of Topography, Geology and Hydrogeology 
Due to the nature of the geology, depth to groundwater and location of the nearest surface water bodies 
it is considered that the site is located in a low to medium sensitivity setting with regard to surface and 
groundwater water resources. 

It is expected that there is a low to medium potential for site-derived contamination associated with point 
sources from former and current infrastructure and activities undertaken, if any, to migrate from the site, 
principally from overland stormwater flow and sub surface flow.  Also there is a low potential for off-site 
derived contamination to enter the site, principally from the same means. 

 

                                                           
3 Ma = million years ago 
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5. Area of Impact 

5.1 Ecological Receptors 
 Oakey Creek is present to the south of the southern boundary of AACO; 

 The nearest residence is located approximately 200m south of the boundary of AACO; and  

 Aquifers underlie the site.  

5.2 Human Receptors 
 Personnel living and working at the AACO; 

 Residents of Oakey. 
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6. Current and Future Uses 

6.1 Current Uses 
The area of investigation is currently being used as a refuel facility for all military vehicles and fire-fighting 
trucks at the AACO.  To the northeast of this facility are the helicopter maintenance hangers and to the 
northwest the toxic waste treatment plant, the paint sheds and associated infrastructure.  South of the 
refuel facility lies the old museum, truck washdown bay (no longer used) and vehicle maintenance sheds 
with associated triple interceptor and grease trap (no longer in use). 

6.2 Future Uses 
Anecdotal evidence suggests the vehicle refuel area has no intended future use outside of its current 
use. 

6.3 Potential Impact on Capability 
Potential contamination at the vehicle refuel facility should have no impact on capability at the AACO. 
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7. Sampling, Analytical and Quality Plans 

7.1 Soil Sampling 
On April 27 2006, the sampling investigation commenced.  To determine the environmental condition of 
the soil matrix in the location of the vehicle refuel facility UST’s, a total of six (6) boreholes were drilled by 
drill rig with push-tubes.   

Each sample location was given an alpha-numeric code such as BH1-1, designating excavation location 
(1), and the number of the sample taken within the profile starting at the surface (1).  Borehole logs are 
detailed in Appendix A. 

Upon retrieval, soil samples were immediately transferred, using a stainless steel trowel into a clean, 
laboratory supplied, labelled glass jar, which was then capped.  The jar was completely filled and stored 
on ice in an insulated container for chemical analysis, if required. 

The integrity of the samples was monitored by the use of Chain of Custody (CoC) documentation, which 
accompanied the samples from the time of collection until their receipt at the laboratories.  A copy of the 
completed CoC documentation is included with the analytical results as shown in Appendix B.  Samples 
were dispatched from the site in an insulated container to the analytical laboratories. 

The location of all soil-sampling boreholes drilled during the investigation is shown in Appendix E - Figure 
2. 

7.1.1 Actual Location 

A plan of the sampling layout is present on the Borehole Sampling Site Plan in Appendix E - Figure 2.  A 
Scientist from GHD, who was also responsible for sample collection and preservation, logged all 
boreholes.   

Site Photos are also contained in Appendix E - Figure 2. 

7.1.2 Borehole Identification Number and Bore Hole Depth 

Table 7.1 Borehole Identification Number and Borehole depths(m) 

Bore 
Hole 

Depth Bore 
Hole 

Depth Bore 
Hole 

Depth Bore 
Hole 

Depth Bore 
Hole 

Depth Bore 
Hole 

Depth 

BH1-1 0.2 BH2-1 0.4 BH3-1 0.6 BH4-1 0.6 BH5-1 0.6 BH6-1 0.2 

BH1-2 1.2 BH2-2 1.2 BH3-2 1.2 BH4-2 1.2 BH5-2 1.2 BH6-2 1.2 

BH1-3 2.4 BH2-3 2.4 BH3-3 2.4 BH4-3 2 BH5-3 2.4 BH6-3 2.4 

BH1-4 3.6 BH2-4 3.0 BH3-4 3.6 BH4-4 2.4 BH5-4 3.6 BH6-4 3.6 

BH1-5 4.8 BH2-5 3.6 BH3-5 4.8 BH4-5 3.6 BH5-5 4.8 BH6-5 4.8 

BH1-6 6.0 BH2-6 4.8 BH3-6 5.5 BH4-6 4.8 BH5-6 4.8   

  BH2-7 6.0   BH4-7 5.1     

  BH2-8 6.0         
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Two boreholes samples were split into two blind samples for quality assurance testing.  BH2-7 was split 
into BH2-8 and BH5-5 split into BH5-6.  BH5-5 was not tested for analytical results.  

7.2 Analytical Plan 
To detect the source of contamination from the adjacent USTs, analytes TPH / BTEX and lead (heavy 
metal) were chosen for analysis. As the monocyclic compounds, especially benzene are more soluble 
than heavier fraction hydrocarbons, the results may represent indication of potential migration of 
hydrocarbons from the adjacent USTs and/or associated pipework.  The analysis of lead (Pb) will detect 
the leakage from the previously used leaded fuel UST. 

Analysis using chromatogram techniques of samples with detectable odours will determine hydrocarbon 
contaminants. 

All samples from the site were analysed at a laboratory employing NATA certified methods. The 
schedule of chemical analysis performed was based upon the identified chemicals of concern as follows: 

Table 7.2 Identified Chemicals of Concern 

Analytes No of Samples 

TPH / BTEX 19 

Lead 19 

Chromatogram 2 

7.3 Quality Plan 
GHD institutes a Quality Assurance (QA) / Quality Control (QC) program for all projects to ensure that as 
far as possible the data is valid, defensible and of known precision and accuracy.  This includes data 
obtained in the field and in the laboratory. Full details are available in Appendix C. 
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8. Results 

8.1 Sub-Surface Conditions 
 

Borehole logs are presented in Appendix A.  From the boreholes and observations at the site, it was 
found that the underlying soil was broadly characterised as dry red clay covered by a thin layer of asphalt 
and gravel surrounding the USTs.  The following field observations were noted: 

 Groundwater was not encountered during the investigation for all boreholes, to a maximum depth of 
six (6) metres. 

 Boreholes were sampled to the following depths BH1 & BH2 – 6m, BH3 – 5.5m, BH4 – 5.1m, BH5 – 
4.8m, BH6 – 4.8m.  Boreholes BH3 to BH6 were terminated when the drill-rig encountered stone. 

 Hydrocarbon odours were noticeable in samples from BH2-1 to BH2-2 at depths from 0.1 to 2.4 
metres. 

Table 8.1 Soil Discolouration Depths for the Samples 

Borehole Min. Depth (m) Max. Depth (m) Description Odour Detected 

BH1 0.1 6.0 Mottle black staining No 

BH2 0.1 6.0 Mottle black staining Yes 

BH3 2.4 5.5 Spotted black staining No 

BH4 1.2 5.1 Spotted black stain No 

BH5 1.2 4.8 Spotted black stain No 

BH6 1.2 4.8 Mottled black / grey stain Yes 

8.2 Chemical Analysis 
The laboratory analysis certificates and Chain of Custody (CoC) documentation are presented in 
Appendix B.  A summary of the analytical results are contained in Table 8.1. 
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Table 8.2 Summary of Results (Total Heavy Metals – Lead) 

Borehole 
Identification 
Number 

Heavy Metals 

Lead (mg/kg) 

BH1-1 9 

BH1-3 6 

BH1-5 6 

BH1-6 7 

BH2-1 9 

BH2-3 6 

BH2-5 6 

BH2-7 5 

BH2-8 6 

BH3-1 9 

BH3-3 7 

BH3-5 6 

BH4-1 10 

BH4-3 7 

BH5-1 <5 

BH5-3 8 

BH5-6 8 

BH6-1 9 

BH6-3 6 
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Table 8.3 Soil Total Petroleum Hydrocarbons 

Borehole 
Identification 
Number 

Total Petroleum Hydrocarbons 

(mg/kg) 

 

 

C
6 – C

9 Fraction 

 

C
10 – C

14 Fraction 

 

C
15 – C

28 Fraction 

 

C
29 – C

36 Fraction 

BH1-1 <2 <50 <100 <100 

BH1-3 <2 <50 <100 <100 

BH1-5 <2 <50 <100 <100 

BH1-6 <2 <50 <100 <100 

BH2-1 <2 <50 <100 <100 

BH2-3 <2 <50 <100 <100 

BH2-5 <2 <50 <100 <100 

BH2-7 <2 <50 <100 <100 

BH2-8 <2 <50 <100 <100 

BH3-1 <2 <50 <100 <100 

BH3-3 <2 <50 <100 <100 

BH3-5 <2 <50 <100 <100 

BH4-1 <2 <50 <100 <100 

BH4-3 <2 <50 <100 <100 

BH5-1 <2 <50 <100 <100 

BH5-3 <2 <50 <100 <100 

BH5-6 <2 <50 <100 <100 

BH6-1 <2 <50 <100 <100 

BH6-3 <2 <50 <100 <100 
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Table 8.4 Soils THP (V)/BTEX Surrogates  

Borehole 
Identification 
Number 

TPH(V)/BTEX Surrogates 

(%) 

 

 

1.2-D
ichloroethane-D

4 

 

Toluene-D
8 

 

4-B
rom

ofluorobenzene 

BH1-1 106 90.1 99.1 

BH1-3 101 95.3 101 

BH1-5 93.3 85.8 89.4 

BH1-6 87.4 82.7 85.4 

BH2-1 91.1 93.3 95.8 

BH2-3 84.7 82.7 89.0 

BH2-5 92.8 93.4 96.7 

BH2-7 93.8 82.0 84.5 

BH2-8 94.5 88.9 79.8 

BH3-1 95.2 96.3 83.4 

BH3-3 90.4 87.6 75.0 

BH3-5 94.0 90.2 79.2 

BH4-1 87.3 83.8 76.1 

BH4-3 96.3 93.4 80.0 

BH5-1 99.9 94.5 84.9 

BH5-3 91.4 85.2 78.8 

BH5-6 90.5 89.5 77.9 

BH6-1 90.9 90.7 80.4 

BH6-3 99.4 93.5 80.8 
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8.2.1 Assessment Criteria.   

Results of the assessment are presented in the following section. Soil criteria are published in The Draft 
Guidelines for the Assessment and Management of Contaminated land in Queensland (Qld EPA, 1998, 
The National Environment Protection (Assessment of Site Contamination) Measure 1999 and  

Results have been assessed against the following criteria: 

 Environmental Investigation Levels (EIL) for Industrial soil which comprise benchmark levels to assist 
in the determination of the significance of identified contamination and the requirement of a risk based 
site assessment. 

 Human Health Investigation Levels “F”, or HIL-F for commercial / industrial use includes premises 
such as offices, as well as factories and industrial uses. 

8.2.2 Analytical Results 

Lead 
A total of nineteen (19) soil samples were analysed for Lead (Pb). 

All samples reported concentrations at the Levels of Reporting (LOR).  None of the analysis exceeded 
Environmental Investigation Levels (EIL) or Health Investigation Levels (HIL) where presented. 

Total Petroleum Hydrocarbons 
A total of nineteen (19) soil samples were analysed for Total Petroleum Hydrocarbons. 

All samples reported concentrations below the Levels of Reporting (LOR).  None of the analysis 
exceeded Environmental Investigation Levels (EIL) or Health Investigation Levels (HIL) where presented. 

BTEX 
A total of nineteen (19) soil samples were analysed for BTEX. 

All samples reported concentrations below the Levels of Reporting (LOR).  None of the analysis 
exceeded Environmental Investigation Levels (EIL) or Health Investigation Levels (HIL) where presented. 
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9. Conclusions 

9.1 Conclusions 
The investigation enables the following conclusions to be made: 

 All soil samples analysed reported concentrations below the Limit of Reporting and their respective 
investigation levels;  

 It is likely that the marginally elevated TPH(V)/BTEX that does exist where sampling was undertaken 
is due to localised surface ingress into the sediment from refuelling over the years; 

 It is concluded that there is no widespread contamination detected at the vehicle refuel facility. 

Due to the limitations of the assessment we cannot rule out the possibility of contamination existing 
outside of the areas sampled at the vehicle refuel facility and beyond.  

Based on the information presented in this Stage 1 and 2 Environmental review and reported herein, it is 
unlikely that the vehicle refuel facility, poses a significant risk to human health and the environment from 
elevated levels of contaminants, based on its current land use. 
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10. Scope and Limitations 

This report presents the results of an environmental investigation prepared for the purpose of this 
commission.  The data and advice provided herein relate only to the project and structures described 
herein and must be reviewed by a competent engineer/scientist before being used for any other purpose.  
GHD Pty Ltd (GHD) accepts no responsibility for other use of the data. 

Where drill hole or test pit logs, laboratory tests, geophysical test and similar work have been performed 
and recorded by others the data is included and used in the form provided by others.  The responsibility 
for the accuracy of such data remains with the issuing authority, not with GHD. 

The advice tendered in this report is based on information obtained from the investigation locations tests 
points and sample points and is not warranted in respect to the conditions that may be encountered 
across the site at other than these locations.  It is emphasised that the actual characteristics of the 
subsurface materials may vary significantly between adjacent test points and sample intervals and at 
locations other than where observations, explorations and investigations have been made.  Subsurface 
conditions, including groundwater levels and contaminant concentrations can change in a limited time.  
This should be borne in mind when assessing the data. 

It should be noted that because of the inherent uncertainties in subsurface evaluations, changed or 
unanticipated subsurface conditions may occur that could affect total project cost and/or execution.  GHD 
does not accept responsibility of the consequences of significant variances in the conditions and the 
requirements for execution of the work. 

During remediation or subsequent investigations the subsurface and surface earthworks and excavations 
should be examined by a suitably qualified and experienced Engineer/Scientist who shall judge whether 
the revealed conditions accord with both the assumptions in this report and/or the design of the 
remediation works.  If they do not accord, the Engineer/Scientist shall modify the advice in this report 
and/or design of the works to accord with the circumstances that are revealed. 

An understanding of the subsurface site conditions depends on the integration of many pieces of 
information, some regional, some site specific, some structure specific and some experience based.  
Hence this report should not be altered, amended or abbreviated, issued in part or issued incomplete in 
any way without prior checking and approval by GHD.  GHD accepts no responsibility for any 
circumstances which arise from the issue of the report which has been modified in any way as outlined 
above. 

16 41/15855/750     Stage 1 & 2 Environmental Review 
Vehicle Refuel (Facility C26), AACO 



 

 

11. References 

ANZECC (Australian and New Zealand Environment and Conservation Council) 1996. Australian 
Drinking Water Guidelines. 

ANZECC/ARMCANZ (Australian and New Zealand Environment and Conservation Council and 
Agriculture and Resource Management Council of Australia and New Zealand), 2000. National Water 
Quality Management Strategy - Australian And New Zealand Guidelines For Fresh And Marine Water 
Quality 2000. 

GHD, April 2006. Spotless Services, Water Quality Report Army Aviation Centre Oakey. 

National Environmental Protection Council (NEPC). 1999. National Environmental Protection 
(Assessment of Site Contamination) Measure. 

Standards Australia. Site Investigation Code AS1726. 

 

 

 

 

17 41/15855/750     Stage 1 & 2 Environmental Review 
Vehicle Refuel (Facility C26), AACO 



 

 

Appendix A 

Bore Logs 

 

 41/15855/750     Stage 1 & 2 Environmental Review 
Vehicle Refuel (Facility C26), AACO 



 

 

Appendix B 

Analytical Results and Chain of Custody 
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 :Work Order

Comments

This report for the ALSE reference EB0604093 supersedes any previous reports with this reference. Results apply to the samples as submitted. All pages of this report have been checked and 

approved for release.

This report contains the following information:

l Analytical results for samples submitted

When moisture determination has been performed, results are reported on a dry weight basis.  When a reported 'less than' result is higher than the LOR, this may be due to primary sample 

extracts/digestion dilution and/or insuffient sample amount for analysis. Surrogate Recovery Limits are static and based on USEPA SW846 or ALS-QWI/EN38 (in the absence of specified 

USEPA limits).  Where LOR of reported result differ from standard LOR, this may be due to high moisture, reduced sample amount or matrix interference. When date(s) and/or time(s) are 

shown bracketed, these have been assumed by the laboratory for process purposes. Abbreviations: CAS number = Chemical Abstract Services number, LOR = Limit of Reporting. * Indicates 

failed Surrogate Recoveries.   

l Surrogate control limits

The analytical procedures used by ALS Environmental are based on established internationally-recognized procedures such as those published by the US EPA, APHA, AS and NEPM. In house 

procedure are employed in the absence of documented standards or by client request. The following report provides brief descriptions of the analytical procedures employed for results reported 

herein. Reference methods from which ALSE methods are based are provided in parenthesis.
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EB0604093

3 of 7 Page Number :

Work Order :

Analytical Results

BH2-1BH1-6BH1-5BH1-3BH1-1
Client Sample ID :

Sample Matrix Type / Description :

Sample Date / Time :

Laboratory Sample ID :

SOIL

27 Apr 2006

15:00

SOIL

27 Apr 2006

15:00

SOIL

27 Apr 2006

15:00

SOIL

27 Apr 2006

15:00

SOIL

27 Apr 2006

15:00

EB0604093-001 EB0604093-003 EB0604093-005 EB0604093-006 EB0604093-007
Analyte CAS number LOR Units

  EA055: Moisture Content

11.0 13.3 17.2 11.6 12.5%1.0Moisture Content (dried @ 103°C)

  EG005T: Total Metals by ICP-AES

9 6 6 7 97439-92-1 mg/kg5Lead

  EP080/071: Total Petroleum Hydrocarbons

<2 <2 <2 <2 <2mg/kg2C6 - C9 Fraction

<50 <50 <50 <50 <50mg/kg50C10 - C14 Fraction

<100 <100 <100 <100 <100mg/kg100C15 - C28 Fraction

<100 <100 <100 <100 <100mg/kg100C29 - C36 Fraction

  EP080: BTEX

<0.2 <0.2 <0.2 <0.2 <0.271-43-2 mg/kg0.2Benzene

<0.2 <0.2 <0.2 <0.2 <0.2108-88-3 mg/kg0.2Toluene

<0.2 <0.2 <0.2 <0.2 <0.2100-41-4 mg/kg0.2Ethylbenzene

<0.2 <0.2 <0.2 <0.2 <0.2108-38-3 

106-42-3

mg/kg0.2meta- & para-Xylene

<0.2 <0.2 <0.2 <0.2 <0.295-47-6 mg/kg0.2ortho-Xylene

  EP080S: TPH(V)/BTEX Surrogates

106 101 93.3 87.4 91.117060-07-0 %0.11.2-Dichloroethane-D4

90.1 95.3 85.8 82.7 93.32037-26-5 %0.1Toluene-D8

99.1 101 89.4 85.4 95.8460-00-4 %0.14-Bromofluorobenzene

A Campbell Brothers Limited Company
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Work Order :

Analytical Results

BH3-1BH2-8BH2-7BH2-5BH2-3
Client Sample ID :

Sample Matrix Type / Description :

Sample Date / Time :

Laboratory Sample ID :

SOIL

27 Apr 2006

15:00

SOIL

27 Apr 2006

15:00

SOIL

27 Apr 2006

15:00

SOIL

27 Apr 2006

15:00

SOIL

27 Apr 2006

15:00

EB0604093-009 EB0604093-011 EB0604093-013 EB0604093-014 EB0604093-015
Analyte CAS number LOR Units

  EA055: Moisture Content

14.9 11.6 14.9 16.2 18.8%1.0Moisture Content (dried @ 103°C)

  EG005T: Total Metals by ICP-AES

6 6 5 6 97439-92-1 mg/kg5Lead

  EP080/071: Total Petroleum Hydrocarbons

<2 <2 <2 <2 <2mg/kg2C6 - C9 Fraction

<50 <50 <50 <50 <50mg/kg50C10 - C14 Fraction

<100 <100 <100 <100 <100mg/kg100C15 - C28 Fraction

<100 <100 <100 <100 <100mg/kg100C29 - C36 Fraction

  EP080: BTEX

<0.2 <0.2 <0.2 <0.2 <0.271-43-2 mg/kg0.2Benzene

<0.2 <0.2 <0.2 <0.2 <0.2108-88-3 mg/kg0.2Toluene

<0.2 <0.2 <0.2 <0.2 <0.2100-41-4 mg/kg0.2Ethylbenzene

<0.2 <0.2 <0.2 <0.2 <0.2108-38-3 

106-42-3

mg/kg0.2meta- & para-Xylene

<0.2 <0.2 <0.2 <0.2 <0.295-47-6 mg/kg0.2ortho-Xylene

  EP080S: TPH(V)/BTEX Surrogates

84.7 92.8 93.8 94.5 95.217060-07-0 %0.11.2-Dichloroethane-D4

82.7 93.4 82.0 88.9 96.32037-26-5 %0.1Toluene-D8

89.0 96.7 84.5 79.8 83.4460-00-4 %0.14-Bromofluorobenzene

A Campbell Brothers Limited Company
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Work Order :

Analytical Results

BH5-1BH4-3BH4-1BH3-5BH3-3
Client Sample ID :

Sample Matrix Type / Description :

Sample Date / Time :

Laboratory Sample ID :

SOIL

27 Apr 2006

15:00

SOIL

27 Apr 2006

15:00

SOIL

27 Apr 2006

15:00

SOIL

27 Apr 2006

15:00

SOIL

27 Apr 2006

15:00

EB0604093-017 EB0604093-019 EB0604093-021 EB0604093-023 EB0604093-028
Analyte CAS number LOR Units

  EA055: Moisture Content

16.7 13.6 15.9 12.5 9.4%1.0Moisture Content (dried @ 103°C)

  EG005T: Total Metals by ICP-AES

7 6 10 7 <57439-92-1 mg/kg5Lead

  EP080/071: Total Petroleum Hydrocarbons

<2 <2 <2 <2 <2mg/kg2C6 - C9 Fraction

<50 <50 <50 <50 <50mg/kg50C10 - C14 Fraction

<100 <100 <100 <100 <100mg/kg100C15 - C28 Fraction

<100 <100 <100 <100 <100mg/kg100C29 - C36 Fraction

  EP080: BTEX

<0.2 <0.2 <0.2 <0.2 <0.271-43-2 mg/kg0.2Benzene

<0.2 <0.2 <0.2 <0.2 <0.2108-88-3 mg/kg0.2Toluene

<0.2 <0.2 <0.2 <0.2 <0.2100-41-4 mg/kg0.2Ethylbenzene

<0.2 <0.2 <0.2 <0.2 <0.2108-38-3 

106-42-3

mg/kg0.2meta- & para-Xylene

<0.2 <0.2 <0.2 <0.2 <0.295-47-6 mg/kg0.2ortho-Xylene

  EP080S: TPH(V)/BTEX Surrogates

90.4 94.0 87.3 96.3 99.917060-07-0 %0.11.2-Dichloroethane-D4

87.6 90.2 83.8 93.4 94.52037-26-5 %0.1Toluene-D8

75.0 79.2 76.1 80.0 84.9460-00-4 %0.14-Bromofluorobenzene

A Campbell Brothers Limited Company
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Work Order :

Analytical Results

BH6-3BH6-1BH5-6BH5-3
Client Sample ID :

Sample Matrix Type / Description :

Sample Date / Time :

Laboratory Sample ID :

SOIL

27 Apr 2006

15:00

SOIL

27 Apr 2006

15:00

SOIL

27 Apr 2006

15:00

SOIL

27 Apr 2006

15:00

EB0604093-030 EB0604093-033 EB0604093-034 EB0604093-036
Analyte CAS number LOR Units

  EA055: Moisture Content

15.9 16.4 17.2 11.7%1.0Moisture Content (dried @ 103°C)

  EG005T: Total Metals by ICP-AES

8 8 9 67439-92-1 mg/kg5Lead

  EP080/071: Total Petroleum Hydrocarbons

<2 <2 <2 <2mg/kg2C6 - C9 Fraction

<50 <50 <50 <50mg/kg50C10 - C14 Fraction

<100 <100 <100 <100mg/kg100C15 - C28 Fraction

<100 <100 <100 <100mg/kg100C29 - C36 Fraction

  EP080: BTEX

<0.2 <0.2 <0.2 <0.271-43-2 mg/kg0.2Benzene

<0.2 <0.2 <0.2 <0.2108-88-3 mg/kg0.2Toluene

<0.2 <0.2 <0.2 <0.2100-41-4 mg/kg0.2Ethylbenzene

<0.2 <0.2 <0.2 <0.2108-38-3 

106-42-3

mg/kg0.2meta- & para-Xylene

<0.2 <0.2 <0.2 <0.295-47-6 mg/kg0.2ortho-Xylene

  EP080S: TPH(V)/BTEX Surrogates

91.4 90.5 90.9 99.417060-07-0 %0.11.2-Dichloroethane-D4

85.2 89.5 90.7 93.52037-26-5 %0.1Toluene-D8

78.8 77.9 80.4 80.8460-00-4 %0.14-Bromofluorobenzene

A Campbell Brothers Limited Company
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EB0604093

7 of 7 Page Number :

Work Order :

Surrogate Control Limits

Surrogate Control LimitsMatrix Type: SOIL -  Surrogate Control Limits

Upper LimitLower LimitAnalyte nameMethod name

EP080: TPH Volatiles/BTEX

EP080S: TPH(V)/BTEX Surrogates 80 1201,2-Dichloroethane-D4

81 117Toluene-D8

74 1214-Bromofluorobenzene

A Campbell Brothers Limited CompanyReport version : COANA 3.02















 

 

Appendix C 

Quality Assurance/Quality Control 

 41/15855/750     Stage 1 & 2 Environmental Review 
Vehicle Refuel (Facility C26), AACO 



1 QUALITY ASSURANCE/QUALITY CONTROL PROCEDURES 

GHD institutes a Quality Assurance (QA) / Quality Control (QC) program for all projects to ensure 
that as far as possible the data is valid, defensible and of known precision and accuracy.  These 
data include data obtained both in the field and in the laboratory. 

The Company has established a Quality Management System based on the requirements of AS 
3901-1987, Quality Systems for Design/Development, Production, Installation and Servicing to 
manage quality throughout the Company’s operations. 

The Company Quality System is documented in: 

 Quality Manual which documents Quality Policy, Organisation and Responsibilities, and 
outlines the quality system; 

 Systems Procedures Manual which documents the administrative and management 
procedures for each element in the quality system; and 

 Technical Manual, which details the specific operating procedures and work methods which 
employees must follow in carrying out activities or processes.  

Provisions of the Quality System include: 

 Guidelines/Procedures for most routine situations; and 

 Information/Responses for non-standard situations. 

Quality within the Company is managed by the Quality Committee, which undertakes periodic 
reviews of the effectiveness of the quality system. 

2. FIELD QUALITY CONTROL PROCEDURES 

The Company has in place Technical Procedures under which all field operations are conducted, 
and sampling was carried out in accordance with AS/NZS 5667.1-11:1998 Water Quality - 
Sampling. 

A specific sampling plan is prepared for each project.  The sampling plan contains details of the 
method/s for collecting the samples, the number and type of containers per sampling location, any 
required sample preservation techniques, sample identification codes, frequency of any required 
QC samples and documentation procedures. 

In addition, the Company has developed additional procedures for assessing sampling and 
analytical quality and has developed procedures for assessing sampling and analytical variance.  

2.1  Sample Collection 

Samples for chemical or physical analysis were collected by qualified and experienced 
environmental scientists or environmental engineers, employing the appropriate Technical 
Procedures, as specified in the Sampling Plan. 

In general for collection soil and groundwater samples, an area adjacent to the soil bore, test pit or 
monitoring bore was set-up with plastic sheeting laid on the ground. Groundwater samples were 
collected using the dedicated foot-valve samplers at a rate of approximately 1 L/min to minimise 
loss of any volatile compounds.  The sampling hose was discharged directly into the appropriate 
sample bottle. Samples for analysis for volatile or semi-volatile compounds were collected first. 
Samples were placed as soon as possible into a secure cool box on ice. Soil samples were 
collected using a push tube sampler from auger holes, or from the excavator bucket for test pits. 

The Chain of Custody documentation was then completed.  Other data, such as OH&S monitoring, 
groundwater data, etc. were listed in the field note book. 



2.2 Sample Documentation 

All data collected in the field was recorded in the field note book or on field data sheets.  

Sample bottles were labelled with the following: 

 GHD Job number 

 Unique sample number referring to a particular sample location and depth 

 Sampler’s identification 

 Destination of the sample. 

Labelling of sample containers was effected with permanent marking ink on the body of the 
container, not the lid. 

Chain of custody documentation (CoC) was employed for all sampling events with copies of the 
CoCs retained by GHD. 

2.3 Decontamination Procedures 

As described above, standard GHD decontamination procedures were employed.  These include 
for sampling equipment, the following: 

 Wash and/or scrub in tap water 

 Rinse or scrub in phosphate-free detergent 

 Rinse in tap water 

 Rinse in nitric acid in distilled water 

 Rinse in methanol/distilled water (if organic compounds are to be analysed or if oily 
substances are noted in samples) 

 Rinse twice in distilled water. 

2.4 Field Analytical Equipment 

Analytical equipment used in the field was appropriate to the required task, and was used under 
the appropriate Technical Procedure. Water quality meters (pH, eH, DO, Temp EC) were 
calibrated, as appropriate, and details of the calibration are recorded in the field note book or on 
the field data sheets. Field water quality measurements were carried out in a 1 L bottle with the 
discharge hose placed below the water surface to minimise aeration of the sample. 

3. QUALITY CONTROL ASSESSMENT OF LABORATORY RESULTS 

GHD carries out routinely a number of procedures to ensure the results of laboratory chemical 
analyses could be relied upon to make valid conclusions concerning the presence or absence of 
contamination on the site. 

3.1 Laboratory Procedures 

The first requirement of laboratories employed by GHD to analyse samples is that they are 
certified by the National Association of Testing Authorities Australia (NATA) as required by Water 
Quality Sampling Manual (EPA, 1998) and AS/NZS 5667.1:1998.  NATA certification applies to 
each analytical method (i.e. for each substance) and ensures that the laboratory carried out certain 
prescribed procedures to ensure accuracy and precision of results for each analyte (the term 
analyte relates to the substance being analysed, which may be a compound such as DDT or an 
element such as lead). The methods for analyses are certified by NATA as being appropriate for 
each analyte. 



The NATA certification provides for strict laboratory quality assurance procedures to be in place 
and to be carried out on an on-going basis in the laboratories.  These include meticulous 
adherence to approved methods for carrying out the analytical procedures themselves, and a 
number of other QA procedures which have been put into place to ensure reliable analytical 
results. These procedures include on receipt of samples at the laboratory logging-in of samples, 
checking chain-of-custody documentation, ensuring analyses are carried out within appropriate 
holding times, ensuring the appropriate samples preparation and extraction procedures are 
employed, tracking of samples and analytical results, calibration of analytical equipment, etc. 

As part of the NATA requirements the laboratories carry out and report analyses a number of types 
of quality control samples, such as duplicate samples (the same sample analysed more than 
once), blanks (containing no levels of the analytes to be analysed), spiked samples (containing 
known additions of the analytes to appropriate matrices) and standard samples (samples 
containing known concentrations of the analytes - also known as reference standards). 

The laboratories are also obliged under the terms of their NATA certification to carry out analyses 
of reagents (‘Reagent Blanks’) used in the analytical methods.  These procedures are aimed at 
detecting impurities in reagents which may give impact on the accuracy of the results. 

The laboratories also employ other procedures, such as analysis of surrogate sample, which 
involve addition of substances with properties similar to the analytes being sought to samples 
which are then analysed with the field samples.  The concentrations determined by the laboratory 
are then compared with the concentrations of the surrogates added and are another method of 
evaluating the laboratory performance. 

To avoid confusion, samples collected in the field and which are to be analysed to determine the 
concentrations of potential contaminants are referred to, below, as “field samples” or in the report, 
itself, where there is no likelihood of confusion, simply as “samples”. 

3.2 Accuracy of Results - Spike and Certified Reference Samples and Reagent Blanks 

3.2.1 Spike and Certified Reference Samples 

The accuracy of analytical results relates to the actual or “true” concentration of each analyte in the 
sample.  The accuracy of analytical results is measured by comparison of the results reported by 
the laboratory for spiked or standard samples. 

Estimates of the accuracy of the laboratory results is given by analysis of the following samples: 

 For analysis of organic substances, samples of similar types to the field samples are “spiked” 
with known concentrations of one or more of the analytes and then analysed with the field 
samples to determine the quantity of spike that is detected 

 For analysis of inorganic substances, certified reference samples containing known 
concentrations of the analytes are analysed with the field samples and the quantity of 
substances detected is compared with the known or “true” value.  

The data quality is evaluated by reference to the Relative Percentage Difference (RPD), which is 
generally expressed as a percentage and is defined as follows: 

 RPD = 100 (Result 1 - Result 2)/ (Mean Result) 

The accuracy of analytical results is evaluated by reference to the “Percent Recovery” of known 
quantities of the analytes into a blank sample which have been analysed in exactly the same 
manner as the field samples. Samples to which known quantities of the analytes have been added 
as known as “spiked samples” or “spikes”. 



The Percent Recovery is calculated as follows: 

% Recovery = 100 (Result for spiked sample - background concentration in blank) 

                                                            Concentration of spike  

If the analysis is 100% accurate then the Recovery is 100 %. 

The % Recovery is generally reported only for organic analytes, for which reliable standards are 
generally unsatisfactory, due to their instability, availability at concentrations which may not be 
appropriate for each job, and their high cost. Because of their stability, standard samples 
containing accurately known concentrations of substances such as heavy metals are readily 
available and are generally employed to evaluate accuracy of inorganic analyses, as noted above. 

3.2.2 Reagent Blanks 

Reagent blanks are samples, which consist of the reagents that are used during the preparation, 
extraction and digestion procedure and are analysed at the beginning of every sample batch 
analysis.  These procedures are aimed at detecting impurities in reagents, which may give impact 
on the accuracy of the results. 

3.3 Precision of Results - Duplicate Samples and Surrogate Spikes 

3.3.1 Duplicate Samples 

The term precision relates to the reproducibility of the results reported by the laboratory and is 
measured by comparison of results of repeat analyses of the same sample.  Laboratories carry out 
repeat analyses of samples submitted from each job. 

Also as a measure of precision, GHD may submit duplicate field samples, which have been 
collected for the same field location and as best we are able are carefully homogenised before 
splitting and placing one part of the sample in one container and the other part in another 
container, which is labelled so as to preserve the anonymity of the samples.  The samples are 
submitted blind to the laboratory for analysis (i.e. the laboratory does not know the samples are 
related). 

Precision is not necessarily related in a simple manner to accuracy.  It is possible for a laboratory 
to produce results having high precision (measured by similar results for repeat analyses) but 
because of some systems error for the results to have low accuracy (i.e. to be not close to the 
“true” concentrations of the analyte in question). 

The precision of the laboratory analyses, themselves, is evaluated by repeated analysis of known 
samples. The precision of results is evaluated by reference to the RPD, as above. 

3.3.2 Surrogate Spikes 

Surrogate spikes are added to all samples requiring analyses for organics. The surrogate spikes 
are organic compounds, which are similar to the target analytes in chemical composition and 
behaviour in the analytical process, but which are not normally found in environmental samples. 

The analyses of surrogate samples involve the addition of the organic compounds, prior to 
extraction, which are then analysed with the field samples. The concentrations determined by the 
laboratory are then compared with the concentrations of the surrogates added. 

Surrogate samples are to used to determine the extraction efficiency, i.e. a method of evaluating 
the laboratory performance. The precision of results is evaluated by reference to the laboratory 
acceptable recovery range (%).   



3.4 Blank Sample 

Samples known to contain only very low or nil levels of the analytes can be submitted 
anonymously (blind) to the laboratory for analysis together with the field samples. 

3.5 Equipment Blanks 

After cleaning sampling tools, streams of distilled deionised water are sprayed over the tools, 
collected and analysed to determine the extent, if any, of cross-contamination that may have been 
transferred from sample to sample. 

3.6 Trip Blanks 

For projects where the utmost reliability is required, and before going to the field, blank samples 
are placed in containers identical to those to be employed to collect the field samples.  These 
containers are then carried out in the field where they are treated in an identical fashion to the field 
samples.  Analysis of the trip blanks is employed to determine if any contaminants have been 
introduced to samples in the field and during subsequent storage and transport. Use of these 
blanks is important where low levels of volatile compounds are to be sought in either soil, water or 
air samples. 

3.7 Background Samples 

For projects where all the site is likely to contain elevated concentrations of the analytes, samples 
representative of local background levels can be collected from an adjacent site where no 
contamination will be present.  However, for most projects not all locations on a site will be within 
contaminated zones and it is generally acceptable to rely on samples from these locations to 
provide an estimate of background levels of the analytes. 

3.8 Interlaboratory Checking 

For larger or especially sensitive projects, duplicates of field samples are sent to different 
laboratories for analysis of the same analytes and the results reported by each laboratory are 
evaluated by reference to the RPD, as above.  

Differences are expected in the results from each of the laboratory and the results can be 
expected to be the same only if the same method of extraction or dissolution of the sample is 
employed by both laboratories and the method of analysis is exactly the same.  Commonly, these 
procedures differ, from laboratory to laboratory.  Evaluation of the results of the interlaboratory 
testing is made by reference to the RPD, as above.  

The evaluation of interlaboratory checking will also be influenced by the homogeneity of field 
samples, as explained above. 

3.9 Acceptability of Analytical Results 

In evaluating the acceptability of analytical results reference is made to the RPD, as below. 

 Analyses Upper Acceptable RPD 

Inorganic analytes 30% Intralaboratory results 

Organic analytes 100% 

Inorganic analytes 50% Interlaboratory results 

Organic analytes 100% 

 

The RPD cannot be used as a stand-alone measure of laboratory accuracy or precision. For 
example, in determining the acceptability of the laboratory duplicate analyses consideration is also 



given to the proximity of the results to the analytical detection limit.  When the concentrations of 
the analytes are low, small differences in the analytical results can give rise to large RPDs which 
would not necessarily mean that the laboratory results are unreliable.  

In addition, when the concentrations of the analytes are very high (exceeding, say for water, 1000 
mg/L for certain analytes) the RPDs are often high, indicating that a second round of analyses may 
be required.  Commonly, for preliminary assessments it is not required to accurately quantify 
extremely high levels of analytes, since it will be sufficient to know that the results can be relied on 
to indicate the presence of samples which greatly exceed the adopted Site-Specific Environmental 
Trigger Levels (SSETL) or other applicable human health-based guidelines such the recreational 
water quality guideline (RWQ). 

In determining the acceptability of analytical results employing RPDs, consideration is given to the 
likely stability of contaminants within the field samples.  If they are unstable, for example highly 
volatile compounds or those subject to significant changes in solubility under different 
temperature/pH or ORP conditions, the use of RPDs to determine acceptability of the analytical 
results will be of little benefit. 

4. QUALITY CONTROL PROGRAM FOR THE PRESENT ASSESSMENT 

In addition to the standard laboratory QA/QC program, Field duplicates were collected and 
analysed for the full suite of analytes.  Rinsate blanks were not collected as only pre-washed 
dedicated sampling devices were used. The results of the Quality Control Program undertaken for 
the preset assessment are presented below. 

4.1   Laboratories Employed 

Commercial laboratories used for the analysis of samples were as follows: 

 Australian Government Analytical Laboratories (AGAL). 

Methods employed for the analyses of the above substances were in accordance with the 
respective NATA certification and are listed on the laboratory certificates of analysis. 

4.2 Sample Holding and Extraction 

The holding times prior to the date the analyses (extraction) of the samples commenced were 
within the stated holding times and are considered to be acceptable.  Analyses completion dates 
provided indicate that analyses had been undertaken within the stated holding times, as tabulated 
below:  



Maximum water sample holding times (Days) 

Analyte Maximum sample holding time prior to 
sample extraction (days) 

Metals and metalloids 30 

Total Phosphorous 30 

Pesticides (OC/OP) 7 

TPH, BTEX, volatile chlorinated hydrocarbons 7 

Polychlorinated biphenyls (PCBs) 7 

Chlorinated Solvents 7 

Nitrate/Nitrite 1 

Ammonia 1 

Cyanide 1 

Note: Sample holding times published in AS/NZS 5667.1:1998 

 

Maximum soil sample holding times (Days) 

Analyte Maximum sample holding time prior to 
sample extraction (days) 

Metals and metalloids other than mercury 180 

Mercury 28 

TPH, BTEX 14 

Note: Sample holding times published in Australian and New Zealand Environment Conservation Council (1996), 

Guidelines for the Laboratory Analysis of Contaminated Soils - these holding times also appear within AS 4482.1-

1997 

4.4 GHD Quality Control Program for the Present Assessment 

4.4.1 Field Procedures 

Samples were collected, stored and transported in accordance with the described quality 
assurance procedures.  

4.5 Overall Assessment of the Quality Control 

RPDs were within the accepted limits (maximum 24%), except for samples where either the 
primary sample or the duplicate was below the laboratory level of reporting. Overall, the results of 
the QC programs adopted by the laboratories and by GHD are believed to indicate that the results 
of chemical analysis reported by the laboratories are of sufficient quality to be confidently used for 
determining the concentrations of substances within the soil on the site for comparison with the 
site criteria. 

 



 

 

Appendix D 

Groundwater Bore Location 

 41/15855/750     Stage 1 & 2 Environmental Review 
Vehicle Refuel (Facility C26), AACO 
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Sampling Site Plan and Photographs 
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