
From: Ridge, Ben
To:
Cc: Hulbert, Shane; Cook, Alex; Allday, Stephen
Subject: CMA Contamination Report and andy other information
Date: Friday, 27 March 2015 8:31:01 AM
Attachments: image001.png

Hi Alex
 
We are preparing to release information documents through the Data Room.
 
Are you able to send to me any PB reports related to your CMA deliverables including
 contamination?
 
If they are already on ProjectWise or with us please point me in the right direction.
 
You help is appreciated.
 
Thanks
Benjamin
 
Benjamin Ridge
Transaction Management

M  0450 621 039 | E ben.ridge@act.gov.au
GPO Box 158, Canberra ACT 2601
www.capitalmetro.act.gov.au
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From: Percival, Tom
To: Allday, Stephen
Cc: Cook, Alex; Williams, Cindy
Subject: Contamination samples at depot
Date: Tuesday, 12 May 2015 4:34:27 PM

Steve
 
The Phase 2 ESA report includes the attached plan, showing that there are 10 sample sites within
 the depot.
 
 
Tom Percival | Manager, Planning and Urban Design

T 02 6207 8688 | E tom.percival@act.gov.au  
GPO Box 158, Canberra ACT 2601
www.capitalmetro.act.gov.au

  Please consider the environment before printing this e-mail.
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From: Hulbert, Shane
To: Allday, Stephen; Anderson, Steve; Edghill, Duncan; Giudice, Katrina; Hargreaves, Anita; Jackson, Darrell;

 Taylor, MelanieA; Thomas, Emma
Cc:
Subject: Q&A Daily update 26 May 2015
Date: Tuesday, 26 May 2015 4:41:25 PM
Attachments: Q&A Daily Update 26 May 2015.xlsx

image001.png

Good Afternoon,
 
Please find attached the Q&A daily update.
 
regards
 
Shane Hulbert | 

T 02 6205 2732  | E shane.hulbert@act.gov.au
GPO Box 158, Canberra ACT 2601
www.capitalmetro.act.gov.au
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Q&A Daily Update 26 May 2015

		Question ID		Question Date		Question		Question Author Group		Action

		359		5/25/15		IRW Request - 4 June Dear Anita, ACTivate would like to request an interactive workshop to discuss a cycling interface strategy on 4 June 2015, 13.00 - 15.00. Details of the requested workshop is attached using the Capital Metro Interactive Respondent Workshop Request Form. We look forward to your response. Best wishes, Kerri Eckart		ACTivate		Transaction Team

		1790		5/26/15		Dear Contact Officer, Further to our correspondence on the 3rd March 2015, we are pleased to provide the Indemnity Deed Poll executed by CCCI’s President, President Lu. Yours sincerely, Martin Pugh Canberra Metro Project Director		Canberra Metro		Transaction Team

		3725		5/26/15		KPMG Appointment Good Morning Please confirm that the Territory and the CMA agree to the appointment of KPMG and Marsh Pty Limited ("Marsh" ) as advisers to the Canberra Metro consortium, in accordance with clause B13.4 of the Conditions. Canberra Metro indicated our intention to appoint KPMG in our Expression of Interest. We have since learned that KPMG is also providing services to the Competing Consortium. We would like to confirm that the Territory is comfortable with Canberra Metro proceeding with this appointment. For clarity, we note it is no longer our intention to appoint KPMG to audit our financial model but only to provide us with accounting and tax advice. At the time of our Expression of Interest Canberra Metro was still evaluating advisers to provide insurance broking services. Due to the pre-existing relationships between Marsh and our Respondent Members, we are of the view that this appointment will enable us to obtain a value for money insurance solution. We would like to confirm that the Territory is comfortable with Canberra Metro proceeding with this appointment. For clarity, we note that Marsh will only be providing broking services to Canberra Metro and insurance due diligence for the benefit of debt and equity providers, will be provided by Professional Risk Solutions Pty Ltd, who has extensive experience in this role. Both KPMG and Marsh have acted for multiple parties in other projects and have agreed to implement strict information protection protocols and will utilise separated teams for their different roles. We attach a copy of each firms’ probity procedures which will be adhered to in this situation. Also attached is a copy of a letter Marsh has sent to the ACT Insurance Authority regarding their roles. Please let us know if there is any further information you require regarding this request. Regards Canberra Metro Team		Canberra Metro		Transaction Team/Probity

		5280		5/26/15		Revised attendees IRW4 Good morning, Find attached final copies of the agendas for IRW. Small attendee 'tweaks' for Canberra Metro attendees Regards Canberra Metro Team		Canberra Metro		Transaction Team

		3207		5/26/15		Contamination of Above Ground Spoil Analysis at Depot Good morning, We note that the contamination investigation carried out does not address the material tipped above original ground level in the depot area. We have inspected the area and estimate the quantity of material to be 10,000t. We request Capital Metro carry out an analysis of this above ground spoil and issue results to both bidders. The intent of additional sampling and analysis is to fully characterise material dumped above ground for potential contamination. Canberra Metro propose additional sampling and analysis to be undertaken as per: -NSW EPA Sampling Design Guidelines, September 1995 http://www.epa.nsw.gov.au/resources/clm/95059sampgdlne.pdf -CMA – Phase 2 Environmental Assessment – Contamination Confidential, Parsons Brinckerhoff, 13 February 2015 (CMA Data Room document No. 03.03.57) We consider an appropriate scope for the additional analysis would involve taking 25 random samples and analysis for the same contaminants of concern analysed by the Parsons Brinckerhoff Phase 2 Environmental Assessment. Canberra Metro consider this sampling and testing plan to be appropriate for quantifying the contamination risk of the above ground material. Regards Canberra Metro Team		Canberra Metro		Steven Allday/Steve Anderson

		949		5/26/15		Can CMA please confirm this is the correct interpretation of Territory Communication 036 Health check 8.30 - 9am Commercial session 9.30 - 12pm Technical Session 1-3p Is the final session an optional or extension session?		Canberra Metro		Transaction Team





Disclosed

		ID		Question Date		Question 		Author		Answer		Disclosed 

		357		5/13/15		Dear Anita, ACTivate seeks permission to meet with nominated stakeholders identified in Appendix 30. We also seek permission to consult with other key stakeholders relevant to ACTivate’s RFP response, details of which are also provided in the attached memo. Best wishes, Kerri Eckart		ACTivate		Dear Kerri, With regards to Appendix 30, the Territory advises the following: 1. Please refer to Territory communication No.TC033 for contact details for Mr Ben Stokes of the ACT Building & Construction Industry Training Fund Authority; and 2. Shortlisted Respondents shall be introduced to UNSW at ADFA during interactive sessions to be conducted on 26 and 27 May 2015. With respect to the memo which accompanied the ACTivate request the Territory advises the following: 1. ACTivate must not contact the Commonwealth Department of Defence or ADFA. Any UNSW at ADFA contacts are to be made through the contacts provided during the UNSW at ADFA interactive sessions to be conducted on 26 and 27 May 2015. 2. Contact should not be made with the ACT Directorate of Education and Training. 3. ACTivate may contact the other stakeholders listed under the ‘Local Industry Participation’ heading of the memo.” Regards, Contact Officer Anita Hargreaves | Executive Director, Governance and Operations T 02 6205 8316 GPO Box 158, Canberra ACT 2601 www.capitalmetro.act.gov.au		5/25/15
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From: Percival, Tom
To: Allday, Stephen
Cc: Cook, Alex; Williams, Cindy
Subject: Contamination samples at depot
Date: Tuesday, 12 May 2015 4:34:00 PM
Attachments: Depot contam sampling locations.pdf

image001.png
image002.png

Steve
 
The Phase 2 ESA report includes the attached plan, showing that there are 10 sample sites within
 the depot.
 
 
Tom Percival | Manager, Planning and Urban Design

T 02 6207 8688 | E tom.percival@act.gov.au  
GPO Box 158, Canberra ACT 2601
www.capitalmetro.act.gov.au

  Please consider the environment before printing this e-mail.
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 Introduction 1

 Background 1.1
The ACT Government has identified Canberra’s need for accessible, high capacity and high 
quality transport to increase the public transport mode share and reduce car dependence. 
In the Parliamentary Agreement for the 8th Legislative Assembly for the Australian Capital 
Territory (the Parliamentary Agreement), effective from November 2012, the ACT 
Government committed to delivering an operational Light Rail Network by 2018/19. In order 
to achieve this goal, Capital Metro Agency (CMA), a statutory independent authority, was 
established. 

Stage 1 of the development of the network has commenced with CMA identifying the first 
route as Capital Metro, a 12 kilometre light rail service linking the fast-developing area of 
Gungahlin in the north, to the City (hereafter, referred to as the Project). The alignment has 
been confirmed as following Northbourne Avenue, the Federal Highway, Flemington Road 
and Hibberson Street. The Project will also include the development of a depot and stabling 
facility and substations along the route. 

CMA has appointed a Technical Advisor to develop the Project, assess its feasibility and 
provide options for construction and operation. The Capital Metro Technical Advisor role for 
engineering design, environment and light rail operations is being undertaken by Arup, 
Hassell, Parsons Brinckerhoff and Brown Consulting (AHPB).  

 The Project 1.2
The Project is anticipated to include the following key features: 

 the construction of approximately 12 km of light rail track primarily within existing road 
corridors with some land take into adjacent properties possible 

 approximately 14 stops including major transport interchanges at Gungahlin, Dickson 
and Civic 

 a pedestrianised zone in Hibberson Street, Gungahlin  

 overhead line equipment providing traction power and electrical substation facilities 
for the provision of power along the route  

 potential impacts to existing bridge structures and construction of a new bridge 

 a series of crossovers and turnback facilities 

 the provision of new signals at up to nine existing unsignalised intersections 

 passenger information systems at stops and on light rail vehicles (LRVs) 

 a depot facility in Mitchell incorporating the Control Centre and the operator’s 
management and administrative teams as well as operations and maintenance staff, 
the LRV maintenance building and stabling for the fleet of LRVs 

 potential changes to existing utilities 

 drainage infrastructure 

 changes to some parking conditions along the route 
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 urban design and landscaping. 

 Purpose of the SAQP 1.3
This SAQP for the Phase 2 environmental site assessment (ESA) has been prepared by 
Parsons Brinckerhoff. The area of the assessment includes the section of Northbourne 
Avenue from London Circuit to the Federal Highway, a section of the Federal Highway to 
Flemington Road, Flemington Road to Hibberson Street, a section of Hibberson Street to the 
corner of Gungahlin Place West and a parcel of land extending west of the corner of 
Sandford Street and Flemington Road (the site). Figure 1 (Appendix A) presents the location 
of the site and the preliminary impact project footprint. 

The purpose of this SAQP is to document the sampling locations and methodology for the 
planned Phase 2 ESA at the site. The Phase 2 ESA will involve the sampling of soil and 
groundwater along the route. 

 Objectives of the SAQP 1.4
The purpose of the Phase 2 ESA is to assess the extent and sources of contamination 
identified on-site and the potential for these to impact on human health during the 
development works or during the development works or during operation post development. 

The specific objectives of the Phase 2 ESA are to: 

 assess the current extent of soil and groundwater contamination related to past and 
present land uses and the implications it may have to the development of the Project 

 assess the potential for soil and groundwater contamination, if present at the site, to 
impact human health during development and/or during operation of the light rail. 

The objectives of this SAQP are to:   

 detail the scope of work and methodology to be adopted during soil and groundwater 
sampling works 

 document the rationale for the proposed investigation works 

 detail the analytes and parameters to be monitored 

 document quality assurance/quality control (QA/QC) requirements. 

 Scope of works  1.5
The scope of the SAQP comprises the following: 

a brief background outlining site history based on information derived from the Phase 1 
environmental assessment (Phase 1) previously undertaken by Parsons Brinckerhoff, the 
results of which are provided in the report titled Phase 1 Environmental Assessment – 
Contamination (ref: CLR-EEM-RPT-0001 dated 11 April 2014) and Addenda to Phase 1 
Environmental Assessment – Contamination – Cabinet in Confidence (ref: CLR-EEM-RPT-
0002 dated 2 May 2014) 

 provide a conceptual site model 

 identify potential sources of contamination 

 outline proposed soil and groundwater sampling locations and analysis 
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 outline sampling methodologies, including, QA/QC procedures and field screening 
methods to be adopted during sampling 

 provide the rationale for the proposed soil and groundwater sample locations   

 outline the adopted assessment criteria to be used to interpret analytical data 

 This SAQP has been prepared generally in accordance with the ACT EPA 2009, 
Contaminated Sites Environment Protection Policy and the National Environment 
Protection Council (NEPC) 2013, National Environment Protection (Assessment of 
Site Contamination) Amendment Measure 2013 (No. 1) (NEPM) 
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 Site identification  2

 Background 2.1
The proposed route passes through the Canberra central business district (CBD), past 
Braddon, Turner, Dickson, Lyneham, Downer, Mitchell, Franklin, Harrison and Gungahlin to 
the north. The total length of the route is approximately 12.21 kilometres (km). 

The Northbourne Avenue and Federal Highway portion of the site is identified as a busy main 
road located at the centre of the Canberra CBD, comprising three southbound lanes and two 
northbound lanes and separated by a vegetated traffic island varying in width from 
10 metres (m) to 30 m. The total width of Northbourne Avenue and the Federal Highway 
generally varied from 30 m to 40 m, with narrower sections at the northern portion of the 
Federal Highway. 

The Flemington Road portion of the site was observed to be a main road travelling through 
northern Canberra suburbs including Lyneham, Mitchell, Franklin, Harrison and Gungahlin. 
Traffic flows in both directions and varies from one lane to two lanes either side. The road is 
separated by a traffic island in parts, varying in width from 5 m to 20 m. The total width of 
Flemington Road varies from 10 m to 30 m. 

Hibberson Street is identified to be a main road travelling through the commercial district of 
Gungahlin, ACT. The road has a single lane in either direction and has a width of 
approximately 8 m.  

The Phase 1 component of the work was conducted by Parsons Brinckerhoff (2014) and 
identified a number of areas across the proposed alignment that has the potential to have 
caused historical contamination. Areas were identified across the entire route and included 
the following sources of contamination: 

 potentially contaminated heterogeneous fill material in the subsurface 

 potentially dumped contaminated waste on the route or adjacent sites 

 petroleum hydrocarbons from the use of adjacent car dealerships and car parks 

 chemical residues associated with vehicle storage at the car dealerships and the 
repair shop where cleaning agents and solvents are stored and an oil water 
interceptor is present 

 pesticides associated with the maintenance of open space public and private land 

 bitumen, road base and vehicle emissions from the highway and adjacent roads 

 asbestos associated with historically operated landfill sites. 

 Regional topography, geology and hydrology 2.2
Based on the findings of the site inspection, the topography is generally flat with a rise in 
elevation towards the northern sector of the route. Slight rises in elevation are noted at Gould 
Street and Macarthur Avenue along Northbourne Avenue. A larger rise in elevation was 
noted directly south of Sandford Road along Flemington Road.  

The orthophotomap series (reference: Canberra 1:100,000 Sheet 8727-III-N, Hall 1:100,000 
Sheet 8727-IV-N) indicates that the topography of the proposed route generally rises in 
elevation from approximately 562 metres Australian Height Datum (mAHD) to 630 mAHD 
from the southern end of Northbourne Avenue to the northern end of Hibberson Street. The 
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topography reaches a maximum elevation of approximately 630 m AHD at the northern 
portion of the site around Hibberson Street and generally slopes downward to a minimum 
elevation of approximately 562 m AHD to the southern portion of the site towards Lake 
Burley Griffin. 

A review of the geological sheet (reference: Canberra 1:100,000 Geological Series, Sheet 
8727, 1992) indicates that the portions of the site along Northbourne Ave south of Morphett 
Street, the Federal Highway north of Swinden Street and south of Flemington Road and 
Flemington Road north of Sandford Street are underlain by the Canberra Formation, 
comprising mudstone, siltstone, minor sandstone, limestone, and volcanic sediments. 

A number of surface water body receptors are in proximity to the site include the following: 

 Lake Burley Griffin located approximately 400 m south of the site 

 Gungaderra Creek  which intersects at Flemington Road  

 Sullivans Creek which intersects the site north of Clare Burton Circuit  

 Yerrabi Pond located approximately 1 km north-west of the site. 

 Conceptual site model  2.3
The conceptual site model was prepared as part of the Phase 1 Environmental Assessment 
as provided in Table 2.1 below. 

Table 2.1 Conceptual site model 

CSM Factors 

Potential sources 

 
Potentially contaminated fill material in the subsurface 
 
 
Petroleum hydrocarbons from the use of adjacent car dealerships and car parks 
 
 
Chemical residues associated with vehicle storage at the car dealerships and the repair 
shop where cleaning agents and solvents are stored and an oil water interceptor is 
present 
 
 
Pesticide contamination used to maintain private and public open space 
 
 
Coal tar, bitumen, road base and vehicle emissions from the site and adjacent roads 
 
 
Contaminated waste stored at the Mitchell Resource Management Centre 
 
 
Petroleum hydrocarbons from underground storage tanks located along the route 
 
 
Landfill contamination located along the route 
 
 
Hydrocarbons, pesticides, heavy metals and asbestos at a site at the north-east of the 
corner of Mapleton Avenue and Flemington Road 
 

Potential pathways 

 
Leaching and migration of contaminants vertically into underlying groundwater 
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CSM Factors 
Surface water flow and lateral migration of contaminated water through preferential 
pathways such as drainage lines, sewers and infrastructure trenches 
 
 
Human exposure to impacted soil and groundwater during below ground infrastructure 
maintenance works (direct contact with soils and perched groundwater through dermal 
contact, ingestion and inhalation) 
 

Potential receptors 

 
Surface waters 
 
 
Groundwater beneath the site 
 
 
Site infrastructure workers and utility/construction personnel undertaking works at the 
site 
 

Future users of the light rail  

 
Recreational users of Lake Burley Griffin (400 m south of the site) and Yerrabi Pond 
(1 km north-west of the site) 
 

 Contaminants of potential concern  2.4
The contaminants of potential concern (COPC) for the site have been developed based on 
the potential sources of contamination detailed in Table 2.1 and include: 

 total recoverable hydrocarbons (TRH) 

 polycyclic aromatic hydrocarbons (PAHs) 

 benzene, toluene, ethylbenzene and xylene (BTEX compounds) 

 arsenic, cadmium, chromium, copper, lead, mercury, nickel and zinc (heavy metals) 

 organochlorine pesticides (OCPs) 

 organophosphate pesticides (OPPs) 

 polychlorinated biphenyls (PCBs) 

 asbestos. 
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 Data quality objectives  3
The United States Environmental Protection Agency (US EPA) has defined a process for 
establishing data quality objectives (DQOs) for an investigation (US EPA, 1994). The DQO 
process has been adopted by the Australian standard AS4482.1-2005 and referenced by 
NEPM (2013). 

The process, as defined by the US EPA involves a seven step process, described in the 
following terms: 

1. State the problem 

2. Identify the decisions 

3. Identify inputs to the decisions 

4. Define the study boundaries 

5. Develop a decision rule 

6. Specify limits on decision errors 

7. Optimise the design for obtaining data. 

The process listed above has been followed for this investigation to obtain adequate and 
defensible data. The steps are detailed in the following sections. 

 State the problem 3.1
A current road transport corridor road is proposed to be modified to for the development of 
the Project which will include the light rail route. Adjacent blocks will be developed for the 
depot facility and substations. A number of properties bordering the site have been identified 
as potential sources of contamination. Detailed knowledge of the subsurface material at the 
site is required to assess its suitability for development as a light rail and associated 
infrastructure.  Furthermore, knowledge of subsurface contamination is required to allow an 
understanding of whether it has the potential to affect human receptors during the 
development of the light rail and users of the light rail post development. Consequently, 
Capital Metro has requested an investigation be undertaken to assess the potential 
contamination within the areas requiring development. To meet this requirement, the 
objectives of the investigation are to: 

 assess the current extent of soil and/or groundwater contamination related to its past 
and present land uses at the site and the implications to the development of the 
Project  

 assess the potential for soil and/or groundwater contamination to be present at the 
site with the potential to impact human health during development and or during 
operation of the light rail. 

 Identify the decisions  3.2
The principal study questions that arise from Step 1 are: 

 Is soil at the site contaminated in accordance with NEPM (2013)? 

 If soil is contaminated at the site, will it pose a potential risk to human receptors 
during and post development of the site? 
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 If soil is contaminated at the site, what implications will it have in regards to the 
development of the Canberra light rail? 

 Identify inputs to the decisions 3.3
To make the decision, the primary inputs will include: 

 any relevant background data provided in the Phase 1 report 

 visual and olfactory observations made during field investigations, field screening of 
volatile compounds using a photoionisation detector (PID), and observation of soil for 
contamination, including observations made during the geotechnical investigation 

 visual and laboratory identification of asbestos containing material (ACM) fibres and 
fragments in soils 

 laboratory results of soil samples for contaminants of concern 

 appropriate assessment criteria adopted from the NEPM (2013). 

 Define the study boundaries 3.4
The study area includes the section of Northbourne Avenue from London Circuit to the 
Federal Highway, a section of the Federal Highway to Flemington Road, Flemington Road to 
Hibberson Street, a section of Hibberson Street to the corner of Gungahlin Place West and a 
parcel of land extending of the corner of Sandford Street and Flemington Road. 

Test pits and boreholes for the soil contamination assessment will vary in depth according to 
the subsurface material encountered at each location. Test pits are likely to be advanced to a 
total depth of approximately 3 metres below ground level (mBGL). Boreholes will be 
advanced to an approximate depth of 15 mBGL for geotechnical purposes. All soil sampling 
locations will be logged and sampled for contamination purposes to a maximum depth of 
approximately 3.0 mBGL.  

Six boreholes have been selected to be converted into groundwater monitoring wells and will 
vary in depth depending on the depth to groundwater at each location. All groundwater 
monitoring well locations will be logged and sampled to the maximum depth of the well. 

 Develop a decision rule  3.5
The decision rules for the investigation are: 

 If, after initial analytical results are obtained, the contamination status of the areas of 
concern are still unclear, then further samples originally placed on hold may be 
scheduled for analysis to further identify or delineate the contamination present at the 
Site. 

 If the concentrations of contaminants in the analysed soil and groundwater samples 
collected exceed the adopted assessment criteria then assess whether the 
contamination has the potential to migrate into groundwater beneath the site and/or a 
potential risk to human health on and off site during and after development works. 

 If the concentrations of contaminants in the analysed soil and groundwater samples 
collected exceed the adopted assessment criteria, then make conclusions pertaining 
to the potential risks to human health based on statistical analysis (if required). 
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 If unacceptable risks to human health are identified with respect to soil and 
groundwater at the site, then assess the requirements for management and/or 
remediation to mitigate the risks. 

 Specify limits on decision errors 3.6
There are two types of errors, false positive errors and false negative errors. The false 
positive errors for this investigation are: 

1. Identifying a source of contamination which is actually not a source; the consequence of this error 
is cost for additional investigation or remediation which is not necessary 

2. Deciding that the site is impacted when it is not; the consequences of this error is cost for 
additional work at the site which is not necessary 

The false negative errors for this investigation are: 

3. Not identifying a source of contamination which is a source at the site; the consequence of this 
error is potential risk to receptors 

4. Deciding that the site is not impacted when it is, the consequence of this error is potential risk to 
receptors 

The more severe consequences are with decision errors 3 and 4, since the risk of 
jeopardising human health outweighs the consequences of paying for unnecessary 
remediation. 

This step also examines the certainty of conclusive statements based on the available site 
data collected.  This should include the following points to quantify tolerable limits: 

 a decision can be made based on a 95% upper confidence limit (UCL) that the ‘true’ 
arithmetic average contaminant concentration will be below the calculated 95% UCL 
value. This follows the guidance given in NEPM (2013) guidelines for comparing 95% 
UCLs to the relevant site criteria. Therefore, a limit on the decision error will be 5% 
that a conclusive statement may be incorrect. 

 a decision can be made based on the probability that a contamination hotspot of a 
certain circular diameter will be detected with 95% confidence using systematic 
sampling data points. The decision error will be limited to a probability of 5% that a 
contamination hotspot may not be detected. 

 Optimise the design for obtaining data 3.7
Chapter 4 provides methodology and rationale for the sampling design. 

 Data quality indicators for analytical data 3.8
The DQOs for sampling techniques and laboratory analyses of collected representative soil 
samples defines the acceptable level of error required for this investigation. The DQOs will 
be assessed by reference to data quality indicators (DQIs) as follows: 

 Representativeness expresses the degree to which sample data accurately and 
precisely represents a characteristic of a population or an environmental condition. In 
the case of the ESA works, targeted sampling locations were selected based on the 
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historical information available. Consistent and repeatable sampling techniques and 
methods will be utilised throughout the sampling.  

 Completeness is defined as the percentage of measurements made which are judged 
to be valid measurements. The completeness goal was set at collecting sufficient 
valid data during the study. If there was insufficient valid data, as determined by the 
other DQOs, then additional data will be collected.  

 Comparability is a qualitative parameter expressing the confidence with which one 
data set can be compared with another. This is proposed to be achieved through 
maintaining a level of consistency in techniques used to collect samples and ensuring 
analytical laboratories use consistent analysis techniques and reporting methods. 
Comparability will be achieved by ensuring that precision and accuracy objectives are 
met. 

 Precision measures the reproducibility of measurements under a given set of 
conditions. The precision of the data will be assessed by calculating the relative per 
cent difference (RPD) of duplicate samples. The criteria used for the assessment of 
RPDs (typically 30-50%) follows the guidelines given in Australian standard 4482.1 
(2005), although it is acknowledged that these are not binding in a regulatory sense. 
Accordingly, the NEPM sets the industry requirements for DQOs. If duplicate results 
were not within acceptable RPD range limits, investigation into the cause was 
initiated. If a cause could not be determined, the validity of the data is questioned. 

 Accuracy measures the bias in a measurement system. Accuracy can be undermined 
by such factors as field contamination of samples, poor preservation of samples, poor 
sample preparation techniques and poor selection of analysis techniques by the 
analytical laboratory. Accuracy will be assessed by reference to the analytical results 
of laboratory control samples, laboratory spikes and analyses against reference 
standards. Accuracy of field works will be assessed by examining the level of 
contamination detected in blank samples. The accuracy of the laboratory data that is 
generated during this study is a measure of the closeness of the analytical results 
obtained by a method to the ‘true’ value. 
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 Scope of work 4

 Preparatory work  4.1
Prior to mobilisation to the site a site health and environmental safety plan (HESP) will be 
prepared and submitted to Capital Metro for review, relevant utility clearances will be 
obtained by Arup who are in control of the investigation works. 

 Soil 4.2

4.2.1 Soil sampling rational  
The contamination assessment works have been scheduled to be undertaken concurrently 
with the geotechnical investigation works at the site. The geotechnical investigation has 
proposed sampling from 22 borehole locations and 116 test pit locations (a total of 138 
locations).  

Contamination investigation locations have been selected from proposed geotechnical 
sampling locations. The selection of locations took into account the linear nature of the route 
and the second objective for the site to assess the potential for soil contamination, if present 
at the site, to impact human health during development and/or during operation of the light 
rail. As a result, a sampling density of approximately one in 500 m was applied and spaced 
to provide adequate coverage of the route with the addition of targeted locations at areas 
previously identified as a contaminated site. Ten boreholes and 44 test pit locations have 
been selected for the contamination investigation (a total of 54 locations). 

Soil bores will be advanced using a drill rig to a maximum depth of 15 mBGL. Test pit 
locations will be excavated using a backhoe to a maximum depth of 3 mBGL. Soil bores and 
test pits will be logged and sampled to a total depth of approximately 3 mBGL for 
contamination sampling purposes. These depths are considered likely to be sufficient to 
reach natural soil. 

The rational for the selection of soil sampling locations is outlined in Table 4.1. Locations are 
presented in Figure 2 (Appendix A). 

Table 4.1 Soil sampling summary 

Proposed locations Rational 

TP003, TP008, TP12, TP024, TP030, TP085, BH22 

 
Assist in providing adequate coverage of the proposed 
route. 
 

TP015, TP021, TP038, TP043, BH020, BH021, TP111, 
TP047, TP049, TP098, TP105, TP106, TP107, TP109, 
TP110, BH022, BH023, BH024, BH025, TP115, 
TP116, BH014, BH016, BH018, BH019   

In proximity to EPA identified contaminated site. 

TP041, TP082, TP090, TP092, TP096, TP113 

 
Potential for neighbouring site to cause petroleum 
hydrocarbon contamination and in proximity to EPA 
identified contaminated site. 
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Proposed locations Rational 

TP050, TP051, TP052, TP054, TP057, TP063, TP064, 
TP070, TP076, TP077, TP079, TP080, TP101, TP102  

 
Potential for neighbouring site to cause contamination 
and in proximity to EPA identified contaminated site. 
 

TP058, TP059, TP060 
 
Potential for neighbouring site to cause contamination. 
 

4.2.2 Soil sampling methodology  
Soil samples will generally be collected from the surface (0.1 to 0.2 m BGL), 0.5 m BGL, 
1.0 mBGL, and every metre thereafter or where changes in lithology, evidence of 
contamination is noted. A minimum of one sample will be selected per borehole for 
laboratory analysis; additional samples will be analysed in boreholes where evidence of 
contamination is present. Dedicated disposable nitrile gloves will be worn and replaced at 
each new sampling location/depth to avoid the potential for cross contamination. 

Subsurface conditions and other relevant information during the investigation works (e.g. in 
situ testing and any groundwater inflow or levels) will be logged by a qualified and 
experienced environmental scientist. Soil samples will be screened for volatiles compounds 
with a photoionisation detector (PID) during sampling and any visual or olfactory signs of 
contamination or visibly identified ACM material will be recorded. The PID will be calibrated 
each day to a known concentration of isobutylene gas. Soil samples will be placed in 500 mL 
glass jars, leaving minimal headspace and closed using Teflon-coated lids. Samples will be 
stored in a dark, chilled cooler and transported to the laboratory under chain of custody 
documentation. 

 Groundwater  4.3

4.3.1 Groundwater well installation 
Six boreholes will be converted into groundwater monitoring wells. Each location will be 
drilled to a depth of at least 2.0 m below the suspected water table. Locations will vary at 
each location depending on the depth of the water table. If water is not encountered to this 
depth, the bore will be backfilled and abandoned. 

The monitoring well will be installed using threaded Class 18 flush-jointed polyvinyl chloride 
(PVC) casing, and screened with machine-slotted PVC pipe with a minimum outside 
diameter of 50 mm. The length of the screened section will be adjusted specifically for the 
well. A PVC plug will be used to cap the bottom and top of the well during installation to keep 
out debris. A filter pack will be installed in the annulus between the boring and the well 
screen to approximately 0.5 m above the slotted section. A bentonite seal of at least 0.5 m 
thickness will then be placed above the sand pack, and the annulus grouted from the 
bentonite seal to the surface. The monitoring well will be completed with a grout finish to the 
ground surface and a gatic cover will be installed. 

Following installation, the new wells will be developed to remove fines from the borehole and 
to promote the flow of groundwater from the surrounding formation into the well for 
subsequent sampling. 
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4.3.2 Groundwater monitoring methodology 
The groundwater monitoring event (GME) will take place approximately one week after the 
installation of the final groundwater monitoring well. 

After development, the monitoring wells will be left for the formation to equilibrate for a 
minimum of 7 days. A Parsons Brinckerhoff environmental scientist will return to the site to 
undertake a GME comprising gauging and sampling of the well in accordance with standard 
industry practice and the Parsons Brinckerhoff documented standard field procedures. 

The wells will be gauged prior to sampling with an oil-water interface probe to detect light 
non-aqueous phase liquids (LNAPLs) such as petroleum hydrocarbons. 

A low flow sampling pump will be employed for sample collection. The unit will be slowly 
lowered into the screened section of the well to minimise disturbance and set to purge at a 
rate of four cycles per minute (equating to approximately 0.4 L per minute). Water quality 
parameters (pH, dissolved oxygen, electrical conductivity, reduction/oxidation potential and 
temperature) will be recorded during purging and groundwater will also be visually assessed 
for turbidity. Samples will be collected when the water quality parameters have stabilised in 
accordance with Parsons Brinckerhoff’s standard procedures. Samples will be obtained 
directly from the dedicated polyethylene tubing connected to the pump and decanted into 
laboratory-supplied bottles. Samples will be stored in a dark, chilled cooler and transported to 
the laboratory under chain of custody documentation. 

4.3.3 Groundwater sampling rationale  
Six boreholes are proposed to be converted into groundwater monitoring wells as a part of 
the geotechnical investigation. Two locations have been selected from the geotechnical 
installed bores and four additional locations have been selected to install groundwater 
monitoring wells for the contamination purposes (a total of six locations).   

The rational for the selection of groundwater sampling locations is outlined in Table 4.1. 
Locations are presented in Figure 2 (Appendix A). 

Table 4.2 Groundwater sampling summary 

Proposed location Rationale 

BH014  
Potential for neighbouring site to cause petroleum hydrocarbon contamination and in 
proximity to EPA identified contaminated site. 
 

BH016  
Potential for neighbouring site to cause petroleum hydrocarbon contamination and in 
proximity to EPA identified contaminated site. 
 

BH018  
Potential for neighbouring sites to cause contamination petroleum hydrocarbon 
contamination and in proximity to EPA identified contaminated site. 
 

BH019 Potential for neighbouring sites to cause contamination petroleum hydrocarbon 
contamination and in proximity to EPA identified contaminated site. 
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Proposed location Rationale 

BH020 

 
Assist in assessing the nature of groundwater in proximity to the proposed depot 
facility and areas identified as an EPA landfill contaminated site. 
 

BH022 
Assist in assessing the nature of groundwater in proximity to the  depot facility and 
areas identified as an EPA landfill contaminated site. 
 

 Laboratory analysis 4.4

4.4.1 Soil 
At least one soil sample is proposed to be analysed per borehole. However a second sample 
will be selected for analysis at locations displaying field indicators of contamination and some 
sampling locations at the depot facility (BH020 to BH025, TP111, TP115 and TP116) which 
has been identified as an area of potential contamination. Samples will be selected for 
analysis based on field indicators of contamination and the potential contamination sources 
and migration pathways identified in Section 2.3. Refer to Figure 1 and 2 for more 
information (Appendix A). 

Asbestos samples will be collected from subsurface fill material and/or locations identified to 
visibly contain potential ACM and analysed for asbestos by quantitative method (percentage 
weight by weight). Soil samples for asbestos analysis will be collected by passing soil 
through a 7 mm sieve until a weight of approximately 500 grams (g) to 1000 g is collected. in 
accordance with the NEPM (2013). Both the greater than 7 mm and less than 7 mm portions 
of the sample will be retained for quantitative analysis of bonded asbestos and friable 
asbestos/asbestos fines, respectively. 

Based on the classification of the site north of the corner of the Federal Highway and Phillip 
Avenue as ‘Class B4 Low probability/very low confidence acid sulfate soil area’ and the 
portion of the site south of the corner of the Federal Highway and Phillip Avenue as ‘Class 
C4 Extremely low probability/very low acid sulfate soil area’ samples will be collected and 
analysed for SPOCAS below the depth of 2 mBGL in areas displaying potential signs of acid 
sulfate soil and/or locations located adjacent to a water body. 

Table 4.2 outlines the proposed soil sampling regime and analysis. 
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Table 4.2 Soil analysis  

Proposed 
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samples Analysis 
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b 
(T

rip
lic

at
e)

 

Tr
ip

 b
la

nk
 

Tr
ip

 s
pi

ke
 

R
in

sa
te

 
B

la
nk

 

61 TRH ,  55 3 3 1 - 25 

61 BTEX compounds 55 3 3 1 1 25 

61 PAHs 55 3 3 - - 25 

61 heavy metals 55 3 3 - - 25 

36 OCP 31 2 2 - - 25 

36 OPP 31 2 2 - - 25 

36 PCB 31 2 2 - - 25 

21 Asbestos 21 - - - - - 

10 SPOCAS 10 - - - - -  
 

4.4.2 Groundwater 
One sample will be collected from each groundwater monitoring well (a total of six samples). 
Table 4.3 outlines the proposed groundwater sampling regime and analysis. 

Table 4.3 Groundwater analysis  

Proposed 
number of 
samples Analysis 

Number of samples 

Pr
im

ar
y 

In
tr

a-
la

b 
(D

up
lic

at
e)

 

In
te

r-
la

b 
(T

rip
lic

at
e)

 

Tr
ip

 b
la

nk
 

Tr
ip

 s
pi

ke
 

R
in

sa
te

 
B

la
nk

 

8 TRH 6 1 1 1 - 2 

8 BTEX compounds 6 1 1 1 1 2 

8 PAH 6 1 1 - - 2 

8 heavy metals 6 1 1 - - 2  
 
  

493



 
Capital Metro Canberra Light Rail – Civic to Gungahlin

Sampling Analysis and Quality Plan

 

CLR-GLWP-RPT-0866 | Draft 2 | 18 September 2014 | Arup-Hassell-Parsons Brinckerhoff 
\\APSYDFIL03\PROJ\A\ARUP\2207509A_CANBERRA_LIGHT_RAIL_TA\05_WRKPAPERS\WP\DRAFT\CONTAMINATION\STAGE_1\SAQP\SAQP\REVD_AUDITORS COMMENTS\CLR-GLWP-RPT-
0866.DOCX 

Page 18
 

 Assessment criteria 5
The assessment criteria for the investigation will be based on an analysis of land uses and 
potential receptors. Based on this, assessment criteria provided in the following guidelines 
have been identified as being applicable for assessing laboratory analytical data:  

 NEPC, 2013, NEPM 

 Cooperative Research Centre for Contamination Assessment and Remediation of the 
Environment (CRC CARE) Technical Report No. 10 (Friebel & Nadebaum), 2011, Health 
Screening Levels for Petroleum Hydrocarbons in Soil and Groundwater, Part 2: Application 
Document. 

 Acid Sulfate Soils Management Advisory Council (ASSMAC) 1998, Acid Sulfate Soils 
Assessment Guidelines 

 Soil 5.1

5.1.1 Health investigation levels and health screening levels  
In consideration of the proposed future land use of the site as a light rail and associated 
infrastructure, the health investigation level (HIL) corresponding to commercial/industrial 
(HIL-D) will be considered. Additionally, health screening levels (HSLs) will be utilised to 
assess potential vapour intrusion in addition to direct contact resulting from impacted soils. 
The HSLs corresponding to a commercial/industrial setting for sandy soils will be applied at 
the relevant depth where the sample was collected for laboratory analysis. Criteria 
corresponding to sandy soils will be adopted as a conservative measure. 

The CRC CARE Technical Document No. 10 (2011) provides HSLs for petroleum 
hydrocarbons specifically for vapour inhalation for intrusive maintenance workers in shallow 
trenches and direct contact for intrusive maintenance workers. 

Table 5.1 provides a summary of the adopted soil assessment criteria for the project 
  

494



 
Capital Metro Canberra Light Rail – Civic to Gungahlin

Sampling Analysis and Quality Plan

 

CLR-GLWP-RPT-0866 | Draft 2 | 18 September 2014 | Arup-Hassell-Parsons Brinckerhoff 
\\APSYDFIL03\PROJ\A\ARUP\2207509A_CANBERRA_LIGHT_RAIL_TA\05_WRKPAPERS\WP\DRAFT\CONTAMINATION\STAGE_1\SAQP\SAQP\REVD_AUDITORS COMMENTS\CLR-GLWP-RPT-
0866.DOCX 

Page 19
 

Table 5.1. Selected soil assessment criteria  

 
 
 
Analytes 

HILsa HSLsb HSLs direct 
contacte 

HSL shallow trenchf 

 0 m to 
<1 m 

1 m to 
<2 m 

2m to 
<4m 

intrusive 
worker 

0 m to < 
2m 

2 m to <4 m 

(mg/kg) 

Hydrocarbons    

TRH C6-C10 - - - - 82,000 NL NL 

TRH C6-C10 less 
BTEX (F1) 

- 260 370 630  - - 

TRH >C10-C16 -    62,000 NL NL 

TRH >C10-C16 
less 
naphthalene 
(F2) 

- NL NL NL  - - 

TRH >C16-C34 
(F3) 

- - - - 85,000 - - 

TRH >C34-C40 
(F4) 

- - - - 120,000 - - 

Benzene - 3 3 3 1,100 77 160 

Toluene - NL NL NL 120,000 NL NL 

Ethylbenzene - NL NL NL 85,000 NL NL 

Xylene - 230 NL NL 130,000 NL NL 

Naphthalenec - NL NL NL 29,000 NL NL 

Benzo(a)pyrene - - - -  - - 

Carcinogenic 
PAHs (BaP 
TEQ)8 

40 - - -  - - 

Total PAHs 4,000 - - -  - - 

Metals   

Arsenic 3,000 - - -  - - 

Cadmium 900 - - -  - - 

Chromium 3,600 - - -  - - 

Copper 240,000 - - -  - - 

Lead 1,500 - - -  - - 

Mercury 730 - - -  - - 

Nickel 6,000 - - -  - - 

Zinc 400,000 - - -  - - 

Pesticides 

DDT+DDE+DDD 3,600 - - -  - - 
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Analytes 

HILsa HSLsb HSLs direct 
contacte 

HSL shallow trenchf 

 0 m to 
<1 m 

1 m to 
<2 m 

2m to 
<4m 

intrusive 
worker 

0 m to < 
2m 

2 m to <4 m 

(mg/kg) 

Aldrin and 
dieldrin 

45 - - -  - - 

Chlordane 530 - - -  - - 

Endosulfan 2,000 - - -  - - 

Endrin 100 - - -  - - 

Heptachlor 50 - - -  - - 

HCB 80 - - -  - - 

Methoxychlor 2,500 - - -  - - 

Asbestos 

Bonded ACM - 0.05% w/w  - - 

Friable 
asbestos and 
asbestos fines 

- 0.001% w/w  - - 

All forms of 
asbestos 

- Not visible in surface soil  - - 

Other 

PCBs 7 - - -  - - 

a) NEPM (2013) Schedule B1 Table 1A(1) Health investigation levels for soil contaminants (mg/kg), Commercial/industrial D 

b) NEPM (2013) Schedule B1 Table 1A(3) Soil HSLs for vapour intrusion (mg/kg), Commercial/Industrial in sand 

c) HSL for naphthalene refers to results by volatile analysis, not semi-volatile analysis 

d) CRC CARE (2011) Technical document no. 10 Table B4 Soil HSLs for direct contact(mg/kg) HSL D commercial industrial  

e) CRC CARE (2011) Technical document no. 10 Table B4 Soil HSLs for direct contact (mg/kg) Intrusive maintenance worker 
(shallow trench) 

f) CRC CARE (2011) Technical document no. 10 Table B4 Soil HSLs for direct contact (mg/kg) Intrusive maintenance worker 

g) NEPM (2013) Schedule B1 Table 1B(6) ESLs for TPH fractions F1 – F4, BTEX and benzo(a)pyrene in soil 
BaP TEQ Benzo(a)pyrene toxic equivalency quotient; calculated as a weighted sum of selected PAHs. Further details available 
in NEPM Schedule B1 
NL: Non-limiting, maximum potential vapour concentration in soil vapour do not exceed maximum allowable vapour risk 

5.1.2 Ecological screening levels and ecological investigation 
levels 

The NEPM provides ecological screening levels (ESLs) for TRH, BTEX and benzo(a)pyrene, 
used as an initial screening risk assessment to determine whether laboratory analysed 
concentrations of contaminants potentially pose a risk to the environment or relevant 
environmental values. Ecological investigation levels (EILs) are adopted for the assessment 
of selected metals, naphthalene and DDT for purposes of assessing the physiochemical 
properties of soil and contaminants and the capacity of the local ecosystem to accommodate 
increases in the contaminants levels.  
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The EILs are derived using the following equation:  
 

( ) ) 

The ABC is the background contaminant level and requires measurement at appropriate 
reference points at the site. The ACL, which is provided in the NEPC, 2013, NEPM, is the 
maximum contaminant concentration added to the naturally occurring background level, 
exceedances of which may result in adverse effects on plant health. EILs corresponding to 
commercial/industrial land use will be applicable for this investigation and will be calculated 
in the Stage 2 DSI report based on laboratory analytical results. 

The growth of vegetation is not anticipated as a part of the development works; furthermore, 
sensitive ecosystems are not located along the light rail route. However, ESL and EIL criteria 
will be adopted as a conservative initial screening corresponding to a commercial/industrial 
land use. The EIL criteria will not be calculated as a part of the investigation and the ABC 
concentration corresponding to the applicable contaminant criteria will be adopted as the EIL 
criteria to provide a conservative initial assessment of laboratory analytical data. Table 5.2 
outlines the ESL criteria adopted for the investigation, the EIL criteria will be assessed as a 
part of the ESA investigation. 

Table 5.1 Soil assessment criteria - ESLs 

Analyte ESLs (mg/kg dry soil)1 

TRH C6-C10 minus BTEX (F1) 215 

TRH >C10-C16 (F2) 170 

TRH >C16-C34 (F3) 1,700 

TRH >C34-C40 (F4) 3,300 

Benzene 75 

Toluene 135 

Ethylbenzene 165 

Xylene (Total) 180 

Benzo(a)pyrene 0.7 

(1) NEPM (2013) Schedule B1 Table 1B(6) Health investigation levels for soil contaminants (mg/kg), 
Commercial/industrial D  

5.1.3 ASS action criteria   
The ASSMAC 1998, Acid Sulfate Soils Assessment Guidelines action criteria (action criteria) 
are categorised according to the texture and clay content of the soil being analysed and the 
total volume of soil to be disturbed. Table 5.3 outlines the action criteria according to size of 
the material proposed to be removed and the soil description. The applicable criteria will be 
adopted according to soil description at the ESA portion of the investigation. 
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Table 5.3 Soil assessment criteria 

Analyte 

Action 
criteria for 

coarse 
textured 

soils3 

Action criteria, medium 
textured soils3 

Action criteria for fine 
textured soils3 

1-1000 tonnes 
(t) >1000 t 1-1000 tonnes 

(t) >1000 t 

SPOS (% S 
oxidisable) 0.03 0.06 0.03 0.1 0.03 

TSA (mol H+/tonne) 18 36 18 62 18 

TPA 18 36 18 62 18 

(1) ASSMAC (1998)  

SPOS – Peroxide oxidisable sulfur  

TPA – Titratable peroxide acidity 

TSA – Titratable sulfidic acidity 

SPOS criteria in % S oxidisable, TSA and TPA criteria in mol H+/ tonne 

 Groundwater 5.2
To assess the contamination status of groundwater at a site, the NSW EPA refers to the 
NEPC, 2013, NEPM, specifically Schedule B-1 Investigation Levels for Soil and 
Groundwater. Schedule B-1 provides a framework for the use of investigation and screening 
levels based on a matrix of human health and ecological soil and groundwater risks. 

NEPM Schedule B-1 presents groundwater investigation levels (GILs) for protection of 
receiving water (ecological protection) and for human health (drinking water guidelines). It is 
necessary to assess the potential uses and receptors of groundwater downgradient of the 
site in order to correctly apply the GILs. 

Groundwater is expected to discharge into various freshwater sources across the route, 
Based on this, the GILs for the protection of freshwater ecosystems have been considered 
for this assessment. As the guidelines apply to receiving waters, it is generally conservative 
to apply these to groundwater discharging into receiving waters. 

Trigger values for recreational water quality and aesthetics are provided in the ANZECC, 
2000, Guidelines for Fresh and Marine Water Quality. These have also been adopted for this 
assessment based on the potential receiving water bodies. 

The drinking water GILs have been adopted because domestic groundwater bores exist 
within a 1 km radius of the site in the bore search results. Several locations are considered 
likely to be downgradient of the alignment. 

Schedule B-1 of the NEPM also assesses the risk of vapour intrusion arising from 
groundwater impacted by hydrocarbons (HSLs). The adopted carbon fraction ranges for the 
HSLs are based on TRH analysis after subtraction of BTEX compounds. 

The HSLs have been developed for sand, silt and clay soils based on texture classifications 
and criteria are listed for several depth intervals. A subsurface profile of sand has been 
assumed based on our preliminary understanding of the site. As with the soil HSLs, 
groundwater HSLs also depend on land uses scenarios. For the purpose of this investigation, 
the ‘HSL D’ criteria for commercial/industrial land use with gardens/accessible soil have been 
adopted. 
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With respect to the risk to maintenance/excavation workers from identified impacts in 
groundwater via inhalation pathways and dermal contact, the risk-based HSLs detailed in 
CRC CARE Technical Report No. 10: Health Screening Levels for Petroleum Hydrocarbons 
in Soil and Groundwater, Part 2: Application Document (Friebel & Nadebaum, 2011) have 
been considered. 

Groundwater HSLs for vapour intrusion are provided in Table B2 of Friebel & Nadebaum 
(2011). A subsurface profile of sand has been adopted for the purposes of this investigation,  

A summary of the adopted groundwater assessment criteria is included in Table 5.4. 
 
Table 5.4 Groundwater assessment criteria 

Analyte 

GILs1 (µg/L) Recreational 
water 

quality 
and 

aestheti
cs2 

NEPM HSLs (µg/L) 

Marine 
waters 

Drinking 
water 

Commercial/industrial 
(HSL D, in sand)3 

2 to <4 m 4 to <8 m 8 m + 

TRH/BTEX compounds 

TRH C6-C10 
minus BTEX 
(F1) 

- - - 
6,000 

6,000 7,000 

TRH >C10-C16 
minus 
naphthalene 
(F2) 

- - - 
NL 

NL NL 

TRH C6-C10 - - - - - - 

TRH >C10-C16 - - - - - - 

Benzene 500 1 10 5,000 5,000 5,000 

Toluene - 800 - NL NL NL 

Ethylbenzene - 300 - NL NL NL 

m&p-Xylene - - - NL NL NL 

o-Xylene - - - - - - 

Xylene (Total) - 600 - NL NL NL 

PAHs 

Naphthalene 50 - - NL NL NL 

Benzo(a)pyrene - 0.01 0.01 - - - 

Heavy metals 

Arsenic - 10 50 - - - 

Cadmium 0.7 2 5 - - - 

Chromium 4.44 504 50 - - - 

Copper 1.3 2,000 1,000 - - - 

Lead 4.4 10 50 - - - 

Mercury 0.1 1 1 - - - 
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Analyte 

GILs1 (µg/L) Recreational 
water 

quality 
and 

aestheti
cs2 

NEPM HSLs (µg/L) 

Marine 
waters 

Drinking 
water 

Commercial/industrial 
(HSL D, in sand)3 

2 to <4 m 4 to <8 m 8 m + 

Nickel 7 20 100 - - - 

Zinc 15 - 5,000 - - - 

(1) NEPM (2013) Schedule B1 Table 1C Groundwater Investigation Levels (GILs) 
(2) ANZECC (2000) Table 5.2.3 Summary of water quality guidelines for recreational purposes: general chemicals 
(3) NEPM (2013) Schedule B1 Table 1A(4) Groundwater HSLs for vapour intrusion (mg/L) 
(4) GIL for chromium VI adopted for total chromium as a conservative approach 

- No assessment criteria available 

NL Non-limiting due to maximum vapour concentrations being below the acceptable health risk level   
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 Quality Assurance/Quality Control 6

 Field Quality Assurance/Quality Control 6.1

6.1.1 Sample collection, handling and preservation 
Field sampling procedures conforming to regulatory guidelines and Parsons Brinckerhoff 
Quality Assurance/Quality Control (QA/QC) procedures are to be used to minimise potential 
for cross-contamination and preserve sample integrity. The non-disposable sampling 
equipment is to be decontaminated by triple washing between each sample location. The 
triple washing technique comprises washing equipment with water, scrubbing with phosphate 
free detergent (Decon 90) and water, followed by a final rinse with demineralised water. 
Disposable nitrile gloves are to be worn and replaced before collecting each sample. 

All samples collected are to be placed into laboratory supplied containers. Sample containers 
will be filled to the maximum level attainable to assist in minimising the loss of volatile 
contaminants. All samples are to be placed on ice in coolers for transport to the National 
Association of Testing Authorities (NATA) accredited laboratories. Standard chain of custody 
documentation is to accompany the samples to the laboratories. 

Suitably qualified personnel will collect asbestos samples in accordance with the NEPM 
(2013). If asbestos is identified in soil, an ACT WorkSafe licenced hygienist will be called to 
site to complete asbestos sampling. 

6.1.2 Field duplicates 
Field intra-laboratory duplicate and inter-laboratory duplicate samples will be collected at a 
rate of at least 1 per 20 primary samples for each type of duplicate, according to NEPM 
(2013) standards during soil sampling events. 

6.1.3 Rinsate blanks 
Rinsate blank samples comprise de-ionised water supplied by the laboratory. Rinsate blanks 
are collected by running the de-ionised water over a piece of sampling equipment, that has 
been decontaminated using field procedures, and into a sample bottle. The rinsate blank is 
submitted to the laboratory with the other samples. The purpose of rinsate blank samples is 
to assess if cross-contamination has occurred through the use of sampling equipment that 
has not been decontaminated appropriately.   

One rinsate blank sample will be collected per piece of non-disposable sampling equipment 
per day of sampling. 

6.1.4 Trip blanks 
Trip blank samples comprise clean sand supplied by the laboratory. Trip blanks samples are 
placed within the cooler containing all the other sample containers. Trip blank samples 
remain within the cooler for the extent of the ‘trip’. The purpose of the trip blank samples is to 
assess if any volatile or semi-volatile contaminants have entered the sample containers 
during their journey from either an outside source or from the sample container itself. 

One trip blank sample should be collected for each sample shipment submitted to the 
laboratory. 
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6.1.5 Trip spikes 
Trip spikes comprise sand or water spiked with a known concentration of BTEX compounds 
supplied by the laboratory. Trip spikes are placed within the cooler containing all other 
sample containers. Trip spikes will remain within the container for the extent of the trip. The 
purpose of the analysis of trip spike samples is to assess if there has been any loss of 
volatile contaminants in samples collected. 

6.1.6 Calibration 
Isobutylene gas will be used to calibrate the PID at the beginning of each day of sampling 
and recoded on a field calibration sheet. If there is evidence to suggest calibration of the PID 
has been effected during the sampling day, the PID will be calibrated again and recorded on 
the field calibration sheet. The calibration will be in accordance with manufacturer’s 
instruction manuals. 

 Assessment of data quality 6.2
The quality of the data collected during the monitoring program is required to be assessed. A 
data validation process is used to assess the effect of the site sampling program on the data 
quality. The data quality assessment is based upon requirements of NSW EPA, the NEPM, 
US EPA Functional Guidelines for Data Validation and Parsons Brinckerhoff validation 
procedures. 

Data quality is typically discussed in terms of precision, accuracy, representativeness, 
comparability and completeness. These are referred to as the PARCC parameters. The 
PARCC and additional QA parameters are discussed in what follows as indicators of data 
quality. The QA criteria examined included: 

 RPD evaluation of laboratory matrix duplicates 

 RPD evaluation of field duplicates 

 matrix spikes 

 surrogate spikes 

 sample method blanks 

 laboratory blanks  

 holding times 

 sample handling and analysis protocols (e.g. correct sample preservation, correct 
sample containers and chilling of the samples) 

 laboratory control samples. 

6.2.1 Precision 
Precision is a measure of the ability to reproduce results, and is assessed on the basis of 
agreement between a set of replicate results obtained from duplicate analyses. The precision 
of a set of duplicates is measured as RPD, and is calculated from the following equation: 
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100  

2
21

X2 - X1 = RPD
XX

 

where:               X1 is the first duplicate value 

 X2 is the second duplicate value 

Laboratory personnel calculate the RPDs of laboratory duplicates (also referred to as matrix 
duplicates) as a measure of precision. Laboratory duplicates are a sample which has been 
split by the laboratory and both portions are subject to the same analytical processes as if 
they were individual samples. Laboratory duplicates are generally analysed at a rate of one 
duplicate per 20 samples.  The target RPD values range depending on the sample matrix 
and analyte as shown in Table 6.1 below. 

Table 6.1 Acceptable Laboratory duplicate RPD values 

Analyte (<10 x PQL) %RPD (10-20 PQL) %RPD (>20 X PQL) 
All analytes no criteria 50% 20% 

If the RPD for a sample does not fall within the control limits, laboratory based corrective 
action is taken; however, the sample is not necessarily reanalysed.  

It should be noted that a laboratory batch may contain samples from other sources, therefore 
laboratory duplicates may be analysed on other samples from the batch. However, the 
laboratory’s QA/QC procedures require all batch laboratory duplicates to conform to 
prescribed criteria. 

6.2.1.1 Field duplicates 

An assessment of the precision of the laboratory results is also undertaken by Parsons 
Brinckerhoff following a similar method. A sample is split into three representative samples 
termed the primary, intra-laboratory duplicate and inter-laboratory duplicate samples. Primary 
samples and intra-laboratory duplicates are analysed by the nominated primary laboratory, 
while the inter-laboratory duplicate sample is submitted to a secondary laboratory. RPD 
values are calculated between the primary sample and the intra-laboratory duplicate sample, 
and the primary sample and the inter-laboratory duplicate sample. Acceptance criteria for 
RPD values are documented in Australian standard 4482.1-2005 section 8.2.6 as 30% - 50% 
of the mean concentration. Field duplicates are collected on a frequency of at least one 
sample per 20 primary samples. 

6.2.2 Accuracy 

Accuracy is a measure of the agreement between an experimental determination and the 
true value of the parameter being measured. 

6.2.2.1 Matrix spikes 

The determination of accuracy can be achieved through the analysis of known reference 
materials or assessed by the analysis of matrix spikes. Matrix spikes are analysed by 
splitting a field sample. Each portion is spiked with known quantities of the target compound 
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in order to ascertain the effects of the specific sample matrix on the recovery of analytes. 
Accuracy is measured in terms of percentage recovery as defined by the following equation: 

 

 

 

where:       %R = percentage recovery of the spike 
SSR = spiked sample result  
SR = sample result (native)  
SA = spike added  

Laboratory personnel calculate percentage recoveries of spiked compounds, which are 
evaluated against control or acceptance limits taken from the appropriate method or the 
Laboratory Program Statement of Work. If the spike recovery for a sample does not fall 
within the prescribed control limits, laboratory based corrective action is taken, although the 
sample is not necessarily re analysed. Matrix spikes are analysed at a rate of one matrix 
spike per twenty samples. Acceptance criteria for matrix spikes are shown in Table 6.2. 

Table 6.2 Acceptance criteria for matrix spikes 

Analyte Acceptance criteria  (% recovery) 

TRH, BTEX, PAHs 70-130 
Dissolved or total metals 80-120 
Total metals 70-130 

Typically, results are qualified when percentage recovery is below QA acceptance criteria, 
indicating that sample results may be biased low. However, results are also qualified when 
percentage recovery is above QA acceptance criteria, indicating that sample results may be 
biased high. 

The sample batch may contain samples from other sources. Therefore, matrix spikes may be 
analysed on other samples from the batch. However, the laboratory’s QA/QC procedures 
require all batch matrix spikes to conform to the prescribed criteria. The laboratory may 
report this analysis as laboratory control samples, which may be used to assess the 
laboratory’s methods and procedures.   

6.2.2.2 Laboratory control samples 

A laboratory control sample comprises clean sand and is spiked with a known quantity of a 
target analyte. The laboratory control sample is extracted and analysed with the other 
samples. The aim of the laboratory control sample is to evaluate the efficiency of the 
extraction and analysis. The target recovery is 100%, although the range of acceptable 
results can vary depending on the type of analysis at an acceptance limit of 20%. The 
laboratory control sample also confirms the accuracy of the calibration, as the target analytes 
are obtained from an alternate source to the calibration standards. 

6.2.2.3 Surrogate spikes 

A surrogate spike is a sample which has been spiked with a pure substance that has similar 
chemical properties to the target analyte, and is unlikely to be found in the environment. The 

%R = 
SSR - SR

SA  X 100 
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spiked compounds are expected to behave during analysis in the same way as the target 
compounds. Every sample is spiked prior to extraction or analysis with known concentrations 
of surrogate compounds that are representative of the analysis. If surrogate spike recovery 
does not meet the prescribed control limits, samples are generally re analysed. The target 
criteria for surrogate spikes are the same for matrix spikes Table 4-2. It should be noted that 
for inorganic analyses, no surrogate spikes are conducted. 

6.2.2.4 Laboratory method blanks 

Laboratory method blanks monitor externally introduced contaminants that potentially derive 
from glassware, cleaning reagents and digestion reagents during the analysis process. The 
method blank consists of de-ionised water or clean sand only and is prepared in the 
laboratory. The method blank is treated as a sample in the laboratory, going through the 
same sample preparation and analysis procedures as the corresponding batch.  

To meet the QC acceptance criteria, the laboratory blanks should have no detectable 
concentrations of the target compounds. The laboratory blank results are presented in the 
laboratory analytical reports. Laboratory blanks are analysed at a rate of one laboratory 
blanks per twenty samples. 

6.2.3 Representativeness 

Representativeness expresses the degree to which sample data accurately and precisely 
represents a characteristic of a population, parameter variations at a sampling point, or an 
environmental condition. 

Representativeness is primarily dependent on the design and implementation of the 
sampling program and is partially ensured by the avoidance of cross-contamination, 
adherence to sample handling and analysis protocols, and use of proper chain of custody 
and documentation procedures. Sample blanks, holding times and field duplicates are QA 
parameters that can assist in the analysis of representativeness. 

6.2.3.1 Holding times 

Holding times from field sampling to laboratory analysis must be minimised to ensure the 
representativeness of the result obtained. Delays between sampling and analysis can lead to 
analytes changing due to such processes such as volatilisation, mineralisation and biological 
modification. 

Where standard holding times are exceeded, professional judgement as to the integrity of the 
data will be required, taking into account such factors as field storage, laboratory storage and 
even sample-bottle characteristics. 

6.2.4 Comparability 

Comparability is a qualitative parameter expressing the confidence with which one data set 
can be compared with another. This will be achieved through maintaining a level of 
consistency in techniques used to collect samples and ensuring analytical laboratories used 
consistent analysis techniques and reporting methods. Comparability is also achieved by 
ensuring that precision and accuracy objectives were met. 
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6.2.5 Completeness 

The following information is required to check for completeness of data sets: 

 chain of custody forms 

 sample receipt notification or sample receipt advice  

 certificates of analysis  

 quality control report  

 all sample results reported 

 all blank data reported 

 all laboratory duplicates reported and RPDs calculated 

 NATA stamp on reports. 

6.2.6 Sensitivity 

Sensitivity criteria are used to monitor achievement of quantification using method detection 
limits. Method detection limits depend on the method of analysis, the instrument's ability to 
measure analytes, and the sample matrix, in particular, background interferences. 

When interferences are present in the sample, a loss of sensitivity can occur resulting in an 
increase in the method detection limit. In some instances (e.g. where one or more 
compounds have particularly high concentrations) the sample must be diluted for analysis. 
This increases the method detection limit by the dilution factor. 

Method detection limits for soil/sediments are based on ‘wet weight’. Actual detection limits 
are calculated on a ‘dry weight’ basis and are higher. The detection limits achieved by the 
laboratory should be below the adopted criteria for all analytes. 
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 Reporting  7
Following the completion of fieldwork and receipt of the laboratory results, a draft Phase 2 
ESA report will be prepared generally in accordance with the NEPM and would include: 

 a summary of the historical and background information reviewed  

 observations made during the subsurface investigation 

 presentation and discussion of field observations, logs and laboratory results 

 figures showing 

o the site features 

o locations of the sampling locations 

o soil analytical results which exceed assessment criteria. 

 a summary of potentially contamination sources, exposure pathways and revision of 
the site conceptual site model 

 undertaking and documenting the applicable quality assurance/quality control 
(QA/QC) procedures 

 a summary of any recommended further investigation and/or remediation works. 
  

507



 
Capital Metro Canberra Light Rail – Civic to Gungahlin

Sampling Analysis and Quality Plan

 

CLR-GLWP-RPT-0866 | Draft 2 | 18 September 2014 | Arup-Hassell-Parsons Brinckerhoff 
\\APSYDFIL03\PROJ\A\ARUP\2207509A_CANBERRA_LIGHT_RAIL_TA\05_WRKPAPERS\WP\DRAFT\CONTAMINATION\STAGE_1\SAQP\SAQP\REVD_AUDITORS COMMENTS\CLR-GLWP-RPT-
0866.DOCX 

Page 32
 

 References 8
 ACT EPA (2009), Contaminated Sites Environment Protection Policy 

 ANZECC (1992) Australian and New Zealand Guidelines for the Assessment and 
Management of Contaminated Sites. 

 Acid Sulfate Soils Management Advisory Council (1998), Acid Sulfate Soils 
Assessment Guidelines 

 BMR Geology and Geophysics Australia (1992) Canberra 1:100,000 Geological 
Series, Sheet 8727. 

 National Environment Protection Council (2013), National Environment Protection 
(Assessment of Site Contamination) Amendment Measure 2013 (No. 1). 

 NSW DECC (2006) Guidelines for the NSW Site Auditor Scheme (2nd Edition). 

 NSW EPA (1997) Guidelines for Consultants Reporting on Contaminated Sites. 

 NSW EPA (1995) Sampling Design Guidelines. 

 Parsons Brinckerhoff (2014) Phase 1 Environmental Assessment – Contamination  

 Parsons Brinckerhoff (2014) Addenda to Phase 1 Environmental Assessment – 
Contamination – Cabinet in Confidence  

 Western Australian Department of Health (2009) Guidelines for the Assessment, 
Remediation and Management of Asbestos-Contaminated Sites in Western Australia

508



 

 

 Appendix A

Figures 
 
 
 

509



"D

"D

"D

"D

"D
"D

"D
"D

!( !ABH001

TP003

TP001

TP002

TP004

TP005

CAPITAL METRO
CANBERRA’S LIGHT RAIL PROJECT

\\Ap
syd

fil03
\pro

j\A\
Aru

p\2
207

509
A_C

anb
erra

_Lig
ht_

Rail
_TA

\10
_GI

S\P
roje

cts\
Ma

ps\2
207

509
A_G

IS_
025

_A4
.mx

d //
  Sa

flian
K //

 17/
09/

201
4

Project study area
!A Borehole

!A Borehole with environmental sampling

!( Piezometer location

"D Test pit
"D Test pit with environmental sampling

Preliminary Project impact boundary
Maintenance depot layout
Proposed road construction works
Existing transport corridor

Figure 2 Sampling locations including test pit,
borehole and piezometer locations

Map 1 of 27

[

0 50
Metres

510



"D

"D

"D

"D

"D
"D

"D
"D

"D
"D

"D
"D

!A
!A

!A

BH002

TP003

TP008

TP002

TP004

TP005

TP006

TP007

TP009

TP010

CAPITAL METRO
CANBERRA’S LIGHT RAIL PROJECT

\\Ap
syd

fil03
\pro

j\A\
Aru

p\2
207

509
A_C

anb
erra

_Lig
ht_

Rail
_TA

\10
_GI

S\P
roje

cts\
Ma

ps\2
207

509
A_G

IS_
025

_A4
.mx

d //
  Sa

flian
K //

 17/
09/

201
4

Project study area
!A Borehole

!A Borehole with environmental sampling

!( Piezometer location

"D Test pit
"D Test pit with environmental sampling

Preliminary Project impact boundary
Maintenance depot layout
Proposed road construction works
Existing transport corridor

Figure 2 Sampling locations including test pit,
borehole and piezometer locations

Map 2 of 27

[

0 50
Metres

511



"D

"D
"D

"D
"D

"D
"D

"D

"D

"D

"D

"D

"D

"D

!A
!A

BH002

BH003

TP008

TP012

TP015

TP009

TP010

TP011

TP013

TP014

CAPITAL METRO
CANBERRA’S LIGHT RAIL PROJECT

\\Ap
syd

fil03
\pro

j\A\
Aru

p\2
207

509
A_C

anb
erra

_Lig
ht_

Rail
_TA

\10
_GI

S\P
roje

cts\
Ma

ps\2
207

509
A_G

IS_
025

_A4
.mx

d //
  Sa

flian
K //

 17/
09/

201
4

Project study area
!A Borehole

!A Borehole with environmental sampling

!( Piezometer location

"D Test pit
"D Test pit with environmental sampling

Preliminary Project impact boundary
Maintenance depot layout
Proposed road construction works
Existing transport corridor

Figure 2 Sampling locations including test pit,
borehole and piezometer locations

Map 3 of 27

[

0 50
Metres

512



"D

"D

"D

"D

"D

"D

"D

"D

"D

"D

"D

"D

"D

!A

!A
BH003

TP012

TP015

TP011

TP013

TP014

TP016

TP017

TP018

TP019

TP020

CAPITAL METRO
CANBERRA’S LIGHT RAIL PROJECT

\\Ap
syd

fil03
\pro

j\A\
Aru

p\2
207

509
A_C

anb
erra

_Lig
ht_

Rail
_TA

\10
_GI

S\P
roje

cts\
Ma

ps\2
207

509
A_G

IS_
025

_A4
.mx

d //
  Sa

flian
K //

 17/
09/

201
4

Project study area
!A Borehole

!A Borehole with environmental sampling

!( Piezometer location

"D Test pit
"D Test pit with environmental sampling

Preliminary Project impact boundary
Maintenance depot layout
Proposed road construction works
Existing transport corridor

Figure 2 Sampling locations including test pit,
borehole and piezometer locations

Map 4 of 27

[
0 50

Metres

513



"D

"D

"D

"D

"D

"D

"D

"D

"D

"D

"D

!(

!A

!A

FL
EM

IN
GT

ON
RO

AD

BH004

TP021

TP024

TP017

TP018

TP019

TP020

TP022

TP023

TP025

CAPITAL METRO
CANBERRA’S LIGHT RAIL PROJECT

\\Ap
syd

fil03
\pro

j\A\
Aru

p\2
207

509
A_C

anb
erra

_Lig
ht_

Rail
_TA

\10
_GI

S\P
roje

cts\
Ma

ps\2
207

509
A_G

IS_
025

_A4
.mx

d //
  Sa

flian
K //

 17/
09/

201
4

Project study area
!A Borehole

!A Borehole with environmental sampling

!( Piezometer location

"D Test pit
"D Test pit with environmental sampling

Preliminary Project impact boundary
Maintenance depot layout
Proposed road construction works
Existing transport corridor

Figure 2 Sampling locations including test pit,
borehole and piezometer locations

Map 5 of 27

[
0 50

Metres

514



"D

"D

"D

"D

"D

"D

"D

"D

"D

"D

"D

"D

!(

!A

!A

!A

FL
EM

IN
GT

ON
RO

AD

BH005

BH006

TP024

TP022

TP023

TP025

TP026

TP027

TP028

TP029

CAPITAL METRO
CANBERRA’S LIGHT RAIL PROJECT

\\Ap
syd

fil03
\pro

j\A\
Aru

p\2
207

509
A_C

anb
erra

_Lig
ht_

Rail
_TA

\10
_GI

S\P
roje

cts\
Ma

ps\2
207

509
A_G

IS_
025

_A4
.mx

d //
  Sa

flian
K //

 17/
09/

201
4

Project study area
!A Borehole

!A Borehole with environmental sampling

!( Piezometer location

"D Test pit
"D Test pit with environmental sampling

Preliminary Project impact boundary
Maintenance depot layout
Proposed road construction works
Existing transport corridor

Figure 2 Sampling locations including test pit,
borehole and piezometer locations

Map 6 of 27

[
0 50

Metres

515



"D

"D

"D

"D

"D

"D

"D

"D

"D

"D

"D

"D

!(!A

!A
FL

EM
IN

GT
ON

RO
AD

BH006

TP030

TP027

TP028

TP029

TP031

TP032

TP033

TP034

CAPITAL METRO
CANBERRA’S LIGHT RAIL PROJECT

\\Ap
syd

fil03
\pro

j\A\
Aru

p\2
207

509
A_C

anb
erra

_Lig
ht_

Rail
_TA

\10
_GI

S\P
roje

cts\
Ma

ps\2
207

509
A_G

IS_
025

_A4
.mx

d //
  Sa

flian
K //

 17/
09/

201
4

Project study area
!A Borehole

!A Borehole with environmental sampling

!( Piezometer location

"D Test pit
"D Test pit with environmental sampling

Preliminary Project impact boundary
Maintenance depot layout
Proposed road construction works
Existing transport corridor

Figure 2 Sampling locations including test pit,
borehole and piezometer locations

Map 7 of 27

[
0 50

Metres

516



"D

"D

"D

"D

"D

"D

"D

"D

"D

!(!A

FL
EM

IN
GT

ON
RO

AD

BH007

TP038

TP031

TP032

TP033

TP034

TP035

TP036

TP037

CAPITAL METRO
CANBERRA’S LIGHT RAIL PROJECT

\\Ap
syd

fil03
\pro

j\A\
Aru

p\2
207

509
A_C

anb
erra

_Lig
ht_

Rail
_TA

\10
_GI

S\P
roje

cts\
Ma

ps\2
207

509
A_G

IS_
025

_A4
.mx

d //
  Sa

flian
K //

 17/
09/

201
4

Project study area
!A Borehole

!A Borehole with environmental sampling

!( Piezometer location

"D Test pit
"D Test pit with environmental sampling

Preliminary Project impact boundary
Maintenance depot layout
Proposed road construction works
Existing transport corridor

Figure 2 Sampling locations including test pit,
borehole and piezometer locations

Map 8 of 27

[
0 50

Metres

517



"D

"D

"D

"D

"D

"D

!(!A

FLEMINGTON ROAD

BH007

TP038

TP113

TP036

TP037

CAPITAL METRO
CANBERRA’S LIGHT RAIL PROJECT

\\Ap
syd

fil03
\pro

j\A\
Aru

p\2
207

509
A_C

anb
erra

_Lig
ht_

Rail
_TA

\10
_GI

S\P
roje

cts\
Ma

ps\2
207

509
A_G

IS_
025

_A4
.mx

d //
  Sa

flian
K //

 17/
09/

201
4

Project study area
!A Borehole

!A Borehole with environmental sampling

!( Piezometer location

"D Test pit
"D Test pit with environmental sampling

Preliminary Project impact boundary
Maintenance depot layout
Proposed road construction works
Existing transport corridor

Figure 2 Sampling locations including test pit,
borehole and piezometer locations

Map 9 of 27

[
0 50

Metres

518



"D

"D

"D

"D

!A

FL
EM

IN
GT

ON
 R

OA
D

TP113

TP114

CAPITAL METRO
CANBERRA’S LIGHT RAIL PROJECT

\\Ap
syd

fil03
\pro

j\A\
Aru

p\2
207

509
A_C

anb
erra

_Lig
ht_

Rail
_TA

\10
_GI

S\P
roje

cts\
Ma

ps\2
207

509
A_G

IS_
025

_A4
.mx

d //
  Sa

flian
K //

 17/
09/

201
4

Project study area
!A Borehole

!A Borehole with environmental sampling

!( Piezometer location

"D Test pit
"D Test pit with environmental sampling

Preliminary Project impact boundary
Maintenance depot layout
Proposed road construction works
Existing transport corridor

Figure 2 Sampling locations including test pit,
borehole and piezometer locations

Map 10 of 27

[
0 50

Metres

519



"D

"D

"D

"D

"D

"D

"D

"D

!(

!A!A

!A

!A

!A

!A

FL
EM

IN
GT

ON
RO

AD

MORRISET
ROAD

TP041

TP039

TP040

TP042

TP114

CAPITAL METRO
CANBERRA’S LIGHT RAIL PROJECT

\\Ap
syd

fil03
\pro

j\A\
Aru

p\2
207

509
A_C

anb
erra

_Lig
ht_

Rail
_TA

\10
_GI

S\P
roje

cts\
Ma

ps\2
207

509
A_G

IS_
025

_A4
.mx

d //
  Sa

flian
K //

 17/
09/

201
4

Project study area
!A Borehole

!A Borehole with environmental sampling

!( Piezometer location

"D Test pit
"D Test pit with environmental sampling

Preliminary Project impact boundary
Maintenance depot layout
Proposed road construction works
Existing transport corridor

Figure 2 Sampling locations including test pit,
borehole and piezometer locations

Map 11 of 27

[
0 50

Metres

520



"D

"D

"D

"D

"D

"D

"D

"D

"D

"D

"D

"D"D

"D

!(

!(

!A!A

!A

!A

!A

!A

MORRISET
ROAD

BH020
BH021

BH022

BH023

BH024

BH025

TP041

TP043

TP111
TP115

TP040

TP042

TP044

TP045

TP046

TP112

CAPITAL METRO
CANBERRA’S LIGHT RAIL PROJECT

\\Ap
syd

fil03
\pro

j\A\
Aru

p\2
207

509
A_C

anb
erra

_Lig
ht_

Rail
_TA

\10
_GI

S\P
roje

cts\
Ma

ps\2
207

509
A_G

IS_
025

_A4
.mx

d //
  Sa

flian
K //

 17/
09/

201
4

Project study area
!A Borehole

!A Borehole with environmental sampling

!( Piezometer location

"D Test pit
"D Test pit with environmental sampling

Preliminary Project impact boundary
Maintenance depot layout
Proposed road construction works
Existing transport corridor

Figure 2 Sampling locations including test pit,
borehole and piezometer locations

Map 12 of 27

[
0 50

Metres

521



"D

"D

"D

"D

"D

"D

"D

"D

"D

"D

"D

"D

"D

!(

!(

!(

!A

!A!A

!A

!A

!A

!A

!A

BH020
BH021

BH022
BH023

BH025

BH010

BH009

TP047

TP049

TP050

TP051

TP111

TP115 TP044

TP045

TP046

TP048

TP112

CAPITAL METRO
CANBERRA’S LIGHT RAIL PROJECT

\\Ap
syd

fil03
\pro

j\A\
Aru

p\2
207

509
A_C

anb
erra

_Lig
ht_

Rail
_TA

\10
_GI

S\P
roje

cts\
Ma

ps\2
207

509
A_G

IS_
025

_A4
.mx

d //
  Sa

flian
K //

 17/
09/

201
4

Project study area
!A Borehole

!A Borehole with environmental sampling

!( Piezometer location

"D Test pit
"D Test pit with environmental sampling

Preliminary Project impact boundary
Maintenance depot layout
Proposed road construction works
Existing transport corridor

Figure 2 Sampling locations including test pit,
borehole and piezometer locations

Map 13 of 27

[
0 50

Metres

522



"D

"D

"D

"D

"D

"D

"D

"D

"D

"D

"D

!(!A

!A

FEDERAL

HIGHWAY

BH010

BH009

TP049

TP050

TP051

TP052

TP054

TP053

TP055

TP056

CAPITAL METRO
CANBERRA’S LIGHT RAIL PROJECT

\\Ap
syd

fil03
\pro

j\A\
Aru

p\2
207

509
A_C

anb
erra

_Lig
ht_

Rail
_TA

\10
_GI

S\P
roje

cts\
Ma

ps\2
207

509
A_G

IS_
025

_A4
.mx

d //
  Sa

flian
K //

 17/
09/

201
4

Project study area
!A Borehole

!A Borehole with environmental sampling

!( Piezometer location

"D Test pit
"D Test pit with environmental sampling

Preliminary Project impact boundary
Maintenance depot layout
Proposed road construction works
Existing transport corridor

Figure 2 Sampling locations including test pit,
borehole and piezometer locations

Map 14 of 27

[
0 50

Metres

523



"D

"D

"D

"D

"D

"D

"D

"D

"D

"D

"D

"D

"D

"D

!A

FE
DER

AL
HIGHWAY

FE
DER

AL H
IGHWAY

FE
DER

AL
HIGHWAY

BH011

TP054

TP057

TP060

TP053

TP055

TP056

TP058

TP059

TP061

TP062

CAPITAL METRO
CANBERRA’S LIGHT RAIL PROJECT

\\Ap
syd

fil03
\pro

j\A\
Aru

p\2
207

509
A_C

anb
erra

_Lig
ht_

Rail
_TA

\10
_GI

S\P
roje

cts\
Ma

ps\2
207

509
A_G

IS_
025

_A4
.mx

d //
  Sa

flian
K //

 17/
09/

201
4

Project study area
!A Borehole

!A Borehole with environmental sampling

!( Piezometer location

"D Test pit
"D Test pit with environmental sampling

Preliminary Project impact boundary
Maintenance depot layout
Proposed road construction works
Existing transport corridor

Figure 2 Sampling locations including test pit,
borehole and piezometer locations

Map 15 of 27

[
0 50

Metres

524



"D

"D

"D "D

"D
"D

"D
"D

"D
"D

"D
"D

"D
"D

"D

"D
"D

!A

FE
DE

RA
L H

IG
HW

AY
FE

DE
RA

L H
IG

HW
AY

BH011

TP060

TP063

TP064

TP059

TP061

TP062

TP065

TP066

CAPITAL METRO
CANBERRA’S LIGHT RAIL PROJECT

\\Ap
syd

fil03
\pro

j\A\
Aru

p\2
207

509
A_C

anb
erra

_Lig
ht_

Rail
_TA

\10
_GI

S\P
roje

cts\
Ma

ps\2
207

509
A_G

IS_
025

_A4
.mx

d //
  Sa

flian
K //

 17/
09/

201
4

Project study area
!A Borehole

!A Borehole with environmental sampling

!( Piezometer location

"D Test pit
"D Test pit with environmental sampling

Preliminary Project impact boundary
Maintenance depot layout
Proposed road construction works
Existing transport corridor

Figure 2 Sampling locations including test pit,
borehole and piezometer locations

Map 16 of 27

[

0 50
Metres

525



"D
"D

"D

"D
"D

"D
"D

"D
"D

"D

"D
"D

"D

"D

"D

"D

!A

!A

NORTHBOURNE
AVENUE

BARTONHIGHWAY

FE
DE

RA
L H

IG
HW

AY

TP063

TP064

TP070

TP065

TP066

TP067

TP068

TP069

TP071

CAPITAL METRO
CANBERRA’S LIGHT RAIL PROJECT

\\Ap
syd

fil03
\pro

j\A\
Aru

p\2
207

509
A_C

anb
erra

_Lig
ht_

Rail
_TA

\10
_GI

S\P
roje

cts\
Ma

ps\2
207

509
A_G

IS_
025

_A4
.mx

d //
  Sa

flian
K //

 17/
09/

201
4

Project study area
!A Borehole

!A Borehole with environmental sampling

!( Piezometer location

"D Test pit
"D Test pit with environmental sampling

Preliminary Project impact boundary
Maintenance depot layout
Proposed road construction works
Existing transport corridor

Figure 2 Sampling locations including test pit,
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Figure 2 Sampling locations including test pit,
borehole and piezometer locations
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Figure 2 Sampling locations including test pit,
borehole and piezometer locations
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Figure 2 Sampling locations including test pit,
borehole and piezometer locations
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Figure 2 Sampling locations including test pit,
borehole and piezometer locations
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Figure 2 Sampling locations including test pit,
borehole and piezometer locations
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Figure 2 Sampling locations including test pit,
borehole and piezometer locations
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Figure 2 Sampling locations including test pit,
borehole and piezometer locations
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