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Executive Summary  

The Chair of the Barangaroo Independent Remediation Review Panel has considered all 
findings and recommendations made by the independent Peer Reviewer and propose that 
the entire report, with noted clarifications by the Panel Members, be endorsed and adopted 
by the Government.  

The Barangaroo Independent Remediation Review Panel was a recommendation of the 
Barangaroo Review, conducted by Meredith Sussex AM and Shelley Penn, (“the 
Sussex/Penn Review”) which was published in early August 2011. The Panel was 
announced by the Premier and established on 22 August 2011. The membership includes 
representatives from the Barangaroo Delivery Authority, Lend Lease, City of Sydney 
Council and Australians for Sustainable Development. The position of Chair is held by the 
Environment Protection Authority. 

The Panel engaged an independent Peer Reviewer to consider available documents as 
they related to contamination and remediation and conducted interviews with key 
stakeholders, with the primary objective of considering areas which the community had 
raised as areas of concern in order to address community confidence in the remediation 
aspects of the project.  

Key findings of the Peer Reviewer were that: 

�  the assessment work has been of a consistently high standard;   

�  the requirements of remediation are also well understood; 

�  for Barangaroo South and Headland Park where development has been 
approved, remediation planning is finalised. 

�  Planned construction works were found to not impede on the capacity to 
remediate the site.   

�  Those responsible for the development of the site intend to remediate the site 
safely and in accordance with best practice. 

�  Improvements can be made in the application of the specific requirements of 
SEPP 55 in the approval process. 

However a number of recommendations were made by the Peer Reviewer in order to 
provide an overall improvement in the management of the works. 

Key clarifications/observations made by the Panel in relation to the Peer Reviewer’s 
findings include:  

�  the Peer Review process has made available a greater level of detail in the area of 
proposed remediation;  
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�  the final decision on remediation methods will require Site Auditor and EPA 
endorsement, this includes the SISCO trial, the results of which may require 
adjustments to the program; 

�  All future approvals involving remediation works to have specific consideration of 
SEPP55 including courtesy notifications to the local government authority, City of 
Sydney Council.  

�  Current and future applications concerning remediation (including Barangaroo 
South and the Headland Park) should take into account the recommendations of 
the Peer Reviewer’s Report. 
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The Site and Background  

Barangaroo is a 22 ha development of the former Hickson Road wharf area, known 
colloquially as the “Hungry Mile”, at the northern point of East Darling Harbour.  Up until 
around 2005 the area was occupied by the Patrick’s container terminal and the Central 
area is currently the site of the temporary cruise ship terminal. The Barangaroo 
development has a total value in the order of $6 billion. Delivery of the project for the NSW 
Government is coordinated by the Barangaroo Delivery Authority (BDA).  

The Premier officially announced the commencement of construction at Barangaroo on 25 
October 2011.   

The site is prominent on Sydney Harbour and is the last major development site available 
in close proximity to the city CBD. The iconic nature of the site and at times conflicting 
views of stakeholders has meant that all elements of the proposal are subject to close 
scrutiny.  

The Barangaroo site is defined in State Environment Planning Policy (Major Development) 
2005. This includes all the areas inside the map outline and includes Barangaroo South, 
Barangaroo Central, the Headland Park, a new outline for a pier into Darling Harbour and 
part of Hickson Road (Figure 1). This also includes the entire area regulated under the 
Contaminated Land Management Act, 1997, Declaration of Remediation Site – 21122 (“the 
Declared Area”) (Figure 2). 

The main focus of remediation at the Barangaroo site is the former Millers Point gasworks, 
which was operated in the early 1900s by the Australian Gas Light company (now known 
as Jemena Limited). The footprint of the former gasworks is approximately 2ha, or roughly 
10% of the entire Barangaroo site.  Parts of the gasworks cross over Hickson Road and 
were remediated during the redevelopment of 30-38 Hickson Road in the early 2000’s. The 
remaining parts of the gasworks footprint west of, and including, Hickson Road has been 
declared by the EPA as a “remediation site”.  The remediation declaration by the EPA both 
publicly identifies and defines the area of concern and requires the EPA to ensure that the 
contamination is addressed.  

The remainder of the site is largely reclaimed land and contains lower levels of 
contaminants that do not warrant specific environmental regulation under contaminated 
site legislation. The contamination and remediation works for these areas are largely 
administered by the Department of Planning and Infrastructure (with the Minister as 
consent authority) with oversight by a NSW EPA Accredited Contaminated Site Auditor 
(Graeme Nyland, Environ). 

The development of the site has been divided into three broad areas: Headland Park to the 
north; Barangaroo Central in the middle, and Barangaroo South at the King Street wharf 
end of the site. The Declared Area overlaps part of the central and Barangaroo South 
portions of the site.  

As is common for a development project of this scale, in terms of size, cost and economic 
importance, the commercial and regulatory planning of this project has been very complex.  
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The Barangaroo Independent Remediation Review Panel  

Evolution of the Barangaroo Independent Remediation  Review Panel 

The Barangaroo Review, conducted by Meredith Sussex and Shelley Penn, (“the 
Sussex/Penn Review”) was first announced in May 2011 by the Minister for Planning and 
Infrastructure following a mediation to address issues between Lend Lease, the 
Barangaroo Delivery Authority and the community representative group “Australians for 
Sustainable Development” which remained following a Land and Environment Court 
challenge. The purpose of the Sussex/Penn Review was to “look at the reasonableness of 
the process that led us to where we are today”.  The Sussex/Penn Review Report 
focussed on the Concept Plan, Headland Park, Transport and White Bay cruise terminal 
and also addressed commercial procurement, design excellence, remediation and 
communication.   

Contamination and remediation were not included in the terms of reference, however were 
raised in the review process and covered in the review report. The Sussex/Penn Report 
details their consideration of the contamination on pages 78-80, providing the following 
recommendation: 

‘Community confidence in the remediation of Barangaroo now needs to be restored. This Review 
therefore recommends that the Barangaroo Delivery Authority be required to fund a peer review 
of the site remediation plans by another independent accredited Contaminated Sites Auditor 
selected by and reporting to a Panel chaired by the Office of Environment and Heritage (now 
Environment Protection Authority), and including a nominee of the City of Sydney, a nominee of 
the Australians for Sustainable Development and the Barangaroo Development (sic) Authority 
and Lend Lease. This Review does not believe that it is necessary to defer the works for the 
Basement Car Park or the Headland Park until the peer review is completed, but the urgency of 
these works will mean that the peer review should be conducted as a matter of priority. This 
Review is confident that, given the commitment of Lend Lease and the Barangaroo Delivery 
Authority to best practice in remediation, both organisations will welcome any suggested 
improvements which arise from the peer review.’  

This recommendation resulted in the formation of the group now referred to as the 
“Barangaroo Independent Remediation Review Panel” (“the Panel”).  

Membership of the Panel 

The Sussex/Penn Review Report recommended that the Panel be comprised of the 
Environment Protection Authority, who would provide the Chair (Greg Sullivan – Chief 
Environmental Regulator was designated), and nominees from:  

�  City of Sydney (Graham Jahn - Director of City Planning and Regulatory Services); 
�  Australians for Sustainable Development (Cr Chris Harris); 
�  Barangaroo Delivery Authority (John Tabart – Chief Executive Officer), and  
�  Lend Lease (David Hutton - Group Head of Development). 

Purpose and Objective of the Panel 

The purpose of the Panel, as defined in the agreed terms of reference, was to “aim to 
restore community confidence into the remediation of Barangaroo”.  The Panel provided 
stakeholders, as identified by the Barangaroo Review, an opportunity to direct and oversee 
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an independent peer review of the remediation practices for the Barangaroo site, which 
includes the Declared Area. 

Areas of Community Concern 

During the course of Panel discussions a number of key concerns and uncertainties were 
raised by the community representatives on the Panel. These key concerns, as listed, 
formed the focus of the independent review:   

�  Implications of the design and excavation of the Barangaroo South basement 
carpark on local hydrogeology and the Harbour. 

�  Certainty that the levels of contaminants in any fill from the Barangaroo 
Development that may be used at the Headland Park are appropriate and will not 
result in ongoing impacts on the Harbour or the health of park users or nearby 
residents. 

�  Consideration on how the Significantly Contaminated Area (Declared Area) was 
delineated, whether the extent is appropriate. 

�  Consideration of whether contamination of concern in other parts of the 
Barangaroo site and adjacent areas will be appropriately addressed. 

�  Implications and risks of a staged construction process on the validity of the 
remediation process. Are appropriate controls in place to manage those risks? 

�  The interrelationship between all key remediation documents and the staging of 
development. 

�  Whether concerns raised by City of Sydney regarding the SISCO pilot trial have 
been considered. 

�  Consideration of the way the standards, approvals and processes consistent with 
SEPP55, may be applied to the Barangaroo Development into the future. 

�  Clarify that atmospheric pollution resulting from disturbance of on site 
contamination is appropriately managed. 

�  How will it be determined that the pilot trial is successful? What is the alternative if 
it is not successful? 

�  Should the public be confident that the controls and constraints regarding the pilot 
trial are appropriate to manage the risks? 

�  Will the remediation of the Declared Area cover the future suitability of the site? 

�  Ensuring that all aspects of the implications of commencing construction activities 
in parallel with remediation activities are fully taken into consideration and 
addressed in the report. 
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Summary of Independent Review  

The purpose of the Panel, as outlined by the Sussex/Penn Review Report, was to assist in 
restoring community confidence into the remediation process for the Barangaroo site, by 
ensuring that the project was effectively addressing contamination, including consideration 
of its proximity to Sydney Harbour. 

Selection of the independent Peer Reviewer 

An independent Peer Reviewer was selected by the Panel members through a shortlist 
process. The Sussex/Penn Review Report stipulated that the Peer Reviewer needed to be 
an accredited Contaminated Sites Auditor. At the time of the review, there were 35 
contaminated sites professionals accredited by the Environment Protection Authority to be 
Contaminated Sites Auditors under the Contaminated Land Management Act, 1997.  

Of the 35 accredited Contaminated Sites Auditors this was shortlisted to six whom, to the 
knowledge of the Environment Protection Authority:  

�  were not involved in the project;  
�  had been part of the Site Auditors scheme for more than two years; 
�  were based in Sydney; and  
�  were potentially available.  
 

These auditors were presented to the Panel members who identified any previous direct 
involvement on the Barangaroo site, or any other potential conflict, for instance other 
commercial involvement. This resulted in a shortlist of two parties who were re-contacted 
to confirm immediate availability, which was required to meet anticipated completion 
targets for the Panel.  
 
Mr James Davis was the Peer Reviewer with accredited independent Contaminated Sites 
Auditor qualifications selected to undertake the required review by the Panel.   

Objectives of the Review  

The objective of the Peer Reviewer, as presented in the agreed Scope of Works, was to: 

Consider the current remediation plans approved and further remediation works to be approved 
and, if required, to provide recommendations on how this may be improved in the future, so as to 
provide confidence to the community on the remediation of Barangaroo and the Declared area. 

This is to be achieved by reviewing some or all of the documentation available at the time, 
considering community raised concerns (which include those from the City of Sydney) and 
through discussion with Panel members and the current Site Auditor, if required. 

To ensure that the standards, approvals and processes (including notifications to public 
authorities) in the remediation measures are generally consistent with the provisions of SEPP55 
as though it applied to the land. 
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Process of the Review  

All members were requested to provide documentation relevant to the Review. These 
materials, where appropriate, were placed on a website hosted during the peer review 
period by the Environment Protection Authority at: 

 http://www.environment.nsw.gov.au/clm/barangaroo.htm  

Following initial consideration, the Peer Reviewer conducted interviews with the separate 
members of the Panel to further evaluate concerns and inputs, at which point the need for 
further documentation was made. 

Final Peer Review  

A draft Peer Review Report was provided to the Panel members on 4 November 2011 
and. Following consideration of the Panel members’ comments, the Final Peer Review 
Report was submitted to the Chair on 21 November 2011.  

The Review Report presented broad findings with respect to the entire process, supported 
by a number of suggested recommendations (see Table 1) for potential project 
improvement. 

Panel and Chair’s Consideration of Peer Review  

The findings and recommendations are included in the Reviewer’s Report (see 
Appendix 2). These have been tabulated in Table 1 below with the Panel’s clarifications 
and the Chair’s final response.  

In addition, as part of discussions surrounding the Review Report, members of the Panel 
identified that clarification of some of the key aspects of remediation, environmental 
regulation and what is proposed at this site was necessary to restore community 
confidence. Answers to a set of frequently asked questions have been prepared and 
included as an Appendix (see Appendix 1) to this Panel report. 

Key clarifications noted were: 

�  At the beginning of this process there were genuine concerns of the community, 
including the City of Sydney, surrounding the Surfactant-enhanced In Situ 
Chemical Oxidation (SISCO) process as there was limited information available, 
and it was perceived as new technology. However as a result of this review, more 
extensive information, that was prepared as a response to planning consent 
conditions, has been made publicly available, alleviating many concerns originally 
raised. 

�  In regards to SISCO, it needs to be highlighted that implementation of the SISCO 
remedial method is only in the trial or testing phase. Whilst in-ground testing needs 
to be undertaken (ie the pilot trial) to see if what has occurred in the laboratory will 
occur under the ground at the site, the final decision to implement this technology 
at full scale has not been determined, and will not be considered until the trial and 
post assessment phase have been completed. The BDA will need to demonstrate 
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to the satisfaction of the Site Auditor and the NSW EPA, for their endorsement, the 
appropriateness and sustainability of any method chosen, whether that is full scale 
SISCO or the more conventional method of excavation and offsite disposal.  

�  All future approvals involving remediation works to have specific consideration of 
SEPP55 including courtesy notifications to the local government authority, City of 
Sydney Council. 
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Table 1 - Panel and Chair’s Response  

 Finding/Recommendation Panel Comment Chair’s Recom mendation 

F1 �  The site assessment work and remediation plans have 
been of a consistently high standard and provide a good 
understanding of the nature and extent of contamination at 
the site.  

�  The requirements for remediation are well understood and 
on the parts of the site where development has been 
approved, namely Barangaroo South and Headland Park, 
remediation planning is finalised.  

�  All the recommendations relate to proving an overall 
improvement in the management of the works and do not 
represent any systematic failings in the interaction of the 
remediation and the development.  

�  Planned construction works as not found to be impeding 
on the capacity to remediate the site and evidence 
reviewed confirms that the site can be made suitable for 
the proposed land use. 

Generally agreed, see specific notes 
below.  

Recommended.  

F2 �  The pilot trial is an appropriate and necessary step in the 
planning for the remediation of the Declared Remediation 
Site.  

�  The planning for the trial has been comprehensive and is 
subject to ongoing regulatory involvement and oversight. 

Generally agreed, noting that the SISCO 
pilot trial, by Verutek, is only a trial of the 
technology which is to be evaluated at its 
completion.  The decision as to the final 
remediation method proposed for the 
declared area will require approval from 
the Auditor and the EPA. Should an 
alternative remediation method be 
required this will be overseen and 
regulated by the Auditor and the EPA. 

Recommended. 
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 Finding/Recommendation Panel Comment Chair’s Recom mendation 

F3 �  Consideration of contamination and the objective of SEPP 
55 has been appropriately provided for in the determination 
of approvals. 

�  This review concurs with the findings of the Sussex and 
Penn review that those responsible for the development of 
the site intend to remediate the site safely and in 
accordance with best practice. 

Future approvals need specific 
commitments to SEPP55 in conditions of 
approval, including a Council notification 
mechanism 

Recommended. 

F4 �  There was evidence of proper management responding to 
high quality advice from subject matter expertise, 
appropriate regulatory input and review of relevant 
documents relating to the remedial planning by an 
independent EPA Accredited Site Auditor in accordance 
with the Planning Guidelines for SEPP 55 and the 
Contaminated Land Management Act 1997. 

This finding summarises a broad view of 
the reviewer regarding the entire process, 
however recommendations provide 
suggestions for future improvement and 
further work.  

Recommended. 

R1 Construction that is planned immediately adjacent to the 
Declared Remediation Site, should be notified to the EPA by 
the Barangaroo Delivery Authority under the requirements of 
the Voluntary Management Proposal and, if considered 
necessary, subject to further assessment. The determination 
for the need and timing for further assessment should be 
made in consultation with the EPA in relation to the 
management of the Declared Remediation Site. 

Modification proposed – that “if 
considered necessary by the Auditor or 
the EPA” 

Clarifying that if any project (current and 
future) have the potential to affect the 
nature or conditions of the contamination 
in the Declared Area this must be notified 
to the EPA so that they may determine if 
the works within the Declared Area are 
still appropriate. 

Recommended. 

R2 It is recommended that the Site Auditor has a single 
engagement to the Barangaroo Delivery Authority with the 
purpose of providing Site Audit Statements certifying the 
suitability of the site for the specific land uses consistent with 

It is recommended that this be achieved 
by a head agreement to incorporate 
existing engagements. It should be noted 
that there will need to be transitional 

Recommended. 
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 Finding/Recommendation Panel Comment Chair’s Recom mendation 

the Barangaroo Concept Plan and the guidelines to SEPP 55. 
Within this engagement the Site Auditor will provide any other 
Site Audit Statements required in specific approvals and 
Voluntary Management Proposals. 

arrangements put in place.  

BDA to prepare a head 
agreement/engagement with the Site 
Auditor which will allow the specific 
engagements by LL or other future 
developers for the different areas. Head 
agreement/engagement would take 
precedence. 

R3 It is recommended that the requirements for the placement of 
material on Headland Park are reviewed and an addendum to 
either the Remediation Action Plan or works plan for the 
basement carpark is updated by Lend Lease to be consistent 
with the acceptance criteria for fill on Headland Park. A 
Reuse Materials Management Plan should be developed by 
the Barangaroo Delivery Authority to be referenced by 
consultants and contractors to clearly establish the 
requirements for the assessment of materials prior to 
placement on the Barangaroo site. 

Clarification – Headland Park has been 
subject to extensive assessments to 
determine concentrations of potential 
contaminants which will ensure there is 
no immediate or ongoing risk to human 
health or the environment (including 
Sydney Harbour). 

Clarification – it is well recognised by the 
parties that a coordinated management 
plan between the generating site and the 
receiving site is required and the 
preparation of such a document has 
always been the intent.  

Recommended. 

R4 A site wide evaluation of the many assessment criteria 
developed for the different development areas of the site 
should be undertaken by the Barangaroo Delivery Authority in 
consultation with the Site Auditor and EPA with the objective 
of standardising or simplifying the criteria for the many 
contaminants across the various land use scenarios. 

Clarification – a consolidation and 
tabulation of all currently available criteria 
and provide a plain English summary.  

Recommended. 



 

Barangaroo Independent Remediation Review Panel Report   12 

 Finding/Recommendation Panel Comment Chair’s Recom mendation 

R5 A review by the Barangaroo Delivery Authority of approval 
conditions relating to remediation should be conducted to 
manage the adherence to the many separate conditions 
relating to remediation. This should include conditions of 
approval, statement of commitments, environmental 
protection licences, site audit statement comments and 
conditions of the Voluntary Management Proposal. A 
summary of these conditions and status of compliance should 
be made available to the community through the remediation 
page of the Barangaroo website prior to the commencement 
of remediation works. 

Clarification – a tabulation and plain 
English summary to be available via the 
BDA website. 

Recommended. 

R6 The technical steering committee that has been formed 
should meet more regularly (recommend monthly) to review 
the project progress with the objective of having a site wide 
understanding of the remedial activities, development 
activities and to identify potential issues relating to the 
integration of the remediation and construction activities. 

Clarification – the membership of the 
Remediation Reference Group currently 
includes: BDA, Lend Lease and EPA. 

Recommended. 

R7 Ambient air monitoring for volatile organic compounds should 
be conducted in appropriate locations of the target 
remediation areas, and at the sensitive receptor locations 
such as the Child Care Centre by Lend Lease during the pilot 
trial. Baseline monitoring prior to remediation will be required 
to establish the benchmark for comparison. Also, daily 
monitoring is recommended until early results support a 
reduction in frequency. 

All agreed. Recommended. 

R8 A technical review panel for the duration pilot trial should be 
convened with representatives of the EPA, Lend Lease and 
Barangaroo Delivery Authority to review the results of 
monitoring weekly during the trial duration to provide timely 

All agreed. 

Clarification – Council to be kept informed 
monthly about process. 

Recommended. 
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 Finding/Recommendation Panel Comment Chair’s Recom mendation 

direction with regard to the operation of the pilot trial and 
management of risks identified in the treatment management 
plan. 

R9 That a number of specific technical aspects that have been 
identified are considered during the review of the proposed 
pilot trial works by the EPA and Site Auditor in the review of 
the Trial Work Plan. 

Modification – “considered and 
addressed, where appropriate” 

Recommended. 

R10 Specific development area Remediation Action Plans should 
be finalised and reviewed by the Site Auditor prior to 
submission for the approval. Further, the applications should 
include a statement that the site auditor will review the 
validation report and provide a Site Audit Statement with 
regard to Site Suitability and the proposed land use at the 
completion of remediation. This requirement should from a 
condition of the approval. 

Clarification – all future 
applications/approvals which relate to 
remediation to be reviewed by the Auditor 
and EPA, but this excludes RAPs which 
have already been approved by these 
parties. 

Recommended. 

R11 The Department of Planning and Infrastructure, with 
assistance of the EPA should develop appropriate wording 
for any future approvals that include remediation to provide 
consistency in the requirements for validation reporting and 
the role of the Site Auditor. This will provide clarity in the 
requirements of the Site Auditor that are consistent with the 
Contaminated Land Management Act and guidelines for the 
Site Auditor scheme. 

Generally agreed. Future approvals need 
specific commitments to SEPP55 in 
conditions of approval, For example, 
including the Council courtesy notification 
requirements. 

Recommended. 
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Conclusions and Recommendations  

Following the consideration of the outcomes of the independent Peer Review on 
Remediation at Barangaroo it is the Chair’s conclusion that the entire report, with 
noted clarifications by the Panel Members, be endorsed and adopted by the 
Government.  

Key findings of the Peer Reviewer were that: 

�  the assessment work has been of a consistently high standard;   

�  the requirements of remediation are also well understood; 

�  for Barangaroo South and Headland Park where development has been 
approved, remediation planning is finalised. 

�  Planned construction works were found to not impede on the capacity to 
remediate the site.   

�  Those responsible for the development of the site intend to remediate the 
site safely and in accordance with best practice. 

�  Improvements can be made in the application of the specific 
requirements of SEPP 55 in the approval process. 

The Peer Reviewer provided a number of future suggestions to improve the overall 
management of the works. 

Key clarifications/observations made by the Panel in relation to the Peer Reviewer’s 
findings include:  

�  the Peer Review process has made available a greater level of detail in the 
area of proposed remediation;  

�  the final decision on remediation methods will require Site Auditor and EPA 
endorsement, this includes the SISCO trial, the results of which may require 
adjustments to the program; 

�  All future approvals involving remediation works to have specific 
consideration of SEPP55 including courtesy notifications to the local 
government authority, City of Sydney Council.  

�  Current and future applications concerning remediation (including Barangaroo 
South and the Headland Park) should take into account the recommendations 
of the Peer Reviewer’s Report. 
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Appendix 1 -  Frequently Asked Questions  

SISCO 

What is SISCO? 

SISCO stands for Surfactant-enhanced In Situ Chemical Oxidation. 

In situ Chemical Oxidation (ISCO) is a very common technology which has been 
used for the clean up of contaminated sites throughout Australia, and the rest of the 
world since the 1990s. It involves injecting a chemical oxidant (in some cases a type 
of peroxide, or bleach, is used) which transforms harmful chemicals in the soil and 
groundwater into less harmful chemicals. This technology has the capacity to work 
much more quickly than other more conventional remediation methods. 

More details on the basics of ISCO can be found here: 
http://epa.gov/ada/gw/isco.html  

The SISCO or Surfactant enhanced ISCO method was designed to help remove 
viscous tars (from gasworks sites) from soils. The surfactant (or detergent) helps to 
lift the tars off the soils so as to be more accessible to oxidisation (or transformation) 
into less harmful components.   

The inclusion of a surfactant (or detergent) into the process has been likened to 
cleaning an oil stained shirt with detergent and bleach, rather than bleach alone.  

The BDA have also prepared FAQ’s on the SISCO process, which can be found 

http://www.barangaroo.com/media/14437/1010%20info%20sheet%20sisco.pdf  

What is a pilot trial? 

Prior to reaching the pilot stage, a technology such as SISCO is evaluated under 
laboratory conditions by testing soils from a particular site and subjecting them to the 
proposed clean up method. If the laboratory testing is successful, the clean up 
method test may then be expanded to be implemented on a small scale at the 
particular site. This small scale implementation is known as a pilot trial. 

A pilot trial is subject to high levels of controls, monitoring and contingency to ensure 
that all potential outcomes are captured to verify that the technology is working as 
expected and to measure its overall effectiveness. This means that during the trial it 
can be determined very quickly if something goes wrong and a contingency can be 
promptly enacted.  

How is the SISCO pilot trial controlled/regulated? 

The SISCO pilot trial is regulated by the EPA on a number of levels. Since the trial is 
to assess a clean up method for the regulated contaminated area, the Barangaroo 
Delivery Authority had to submit a Voluntary Management Proposal for approval 
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outlining their intentions for the pilot trial.  Further, a planning approval was also 
obtained from the Minister for Planning which also contains strict conditions of 
approval. 

The entire Barangaroo site is subject to an Environment Protection Licence 
(no.13336) and therefore activities which are conducted on the site are restricted by 
conditions outlined on the Licence, this includes the SISCO trials. There are currently 
specific conditions relating to the operation of the SISCO trials which have been 
drafted by specialist areas of the EPA and will be publicly available when finalised.  
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SEPP55 

What is SEPP 55? 

The State Environmental Planning Policy 55 – Remediation of Land (SEPP55), is an 
environmental planning instrument made under the Environmental Planning and 
Assessment Act 1979 to provide a State wide approach to the remediation of 
contaminated land.  

The Guidelines for SEPP 55 were issued shortly after the Contaminated Land 
Management Act 1997 was introduced. The Guidelines provide a practical outline of 
how developers and planning authorities can manage the assessment and 
remediation of land which is contaminated. These Guidelines are currently under 
review by the NSW Department of Planning and Infrastructure in order to ensure their 
currency in today’s planning environment. 

A copy of the current (1998) Guidelines can be found at:  

http://www.planning.nsw.gov.au/assessingdev/pdf/gu_contam.pdf  

What are the key components? 

The primary components of SEPP55 include considerations of contamination and 
remediation to be made by a planning authority (local Council or Department of 
Planning and Infrastructure) regarding: 

�  Rezoning (such as changing industrial land to allow residential development) 

�  Development Applications (a planning authority must be satisfied that if a 
piece of land is contaminated that it is, or will be made suitable before 
development). 

�  Remediation works in particular environmentally sensitive locations, or which 
are designated development, which require their own development consent. 

�  If remediation works don’t require their own development consent there is a 
requirement on the remediator to provide notification of details to the local 
Council at least 30 days prior to starting and following completion. 

What was changed by the Planning Minister? 

In March 2011 the then Planning Minister made an amendment to SEPP55, by 
inserting a new clause: 

19A   Application of SEPP to certain development at Barangaroo subject to Part 3A 
approvals 

(1)  This clause applies to development that is the subject of the following project 
approvals under Part 3A of the Act:  (a) project application number 10_0023, 
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approved by the Minister for Planning on 2 November 2010, (b) project application 
number 10_0047, approved by the Minister for Planning on 8 November 2010. 

(2)  To avoid doubt, the following provisions of this Policy do not apply to the carrying 
out of development to which this clause applies:  (a)  clauses 8 (4) and 17, (b)  any 
other provision of this Policy that prohibits or restricts the carrying out of that 
development. 
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Remediation Basics   

What is remediation? 

Remediation is a term used for the management of land which is known to be 
contaminated. This may be through treatment or removal of the contaminants or by 
changing the situation where the contamination exists in order to remove any risk 
involved from the contamination. 

BDA has also provided some remediation FAQ’s on their website, which can be 
found at: 

http://www.barangaroo.com/discover-barangaroo/faqs.aspx#Remediation FAQ   

What are trigger levels? 

Most of the compliance levels which are included in the EPA’s contaminated land 
guidelines (copies of which can be found at 
http://www.environment.nsw.gov.au/clm/guidelines.htm) are known as trigger or 
investigation levels. This means that if concentrations of a chemical are below this 
level then no further investigation or remediation needs to be undertaken, but if 
concentrations are found to be above these levels then further works need to be 
undertaken to define the problem and determine if the contamination poses a 
problem to public safety or to the surrounding environment.  

What are site specific criteria? 

Site specific criteria, or target levels, are the levels of contaminants which have been 
determined through thorough assessment and modelling to be safe at a particular 
location under particular conditions. It should be noted that if particular conditions or 
scenarios change at this location, the site specific criteria may no longer be 
appropriate.   
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Environmental Regulation of Contaminated Land  

In NSW, the management of contaminated land is shared by the Environment 
Protection Authority (EPA), the Department of Planning and Infrastructure and 
planning consent authorities (usually local councils). 

Under the Contaminated Land Management Act 1997 (CLM Act), the EPA regulates 
contaminated sites where the contamination is significant enough to warrant 
regulation. The CLM Act gives the EPA power to: 

·  approve a voluntary management proposal to allow one or more parties to 
remediate in a site in a particular way; or 

·   order a party "responsible" for the contamination to remediate it. 

Contaminated sites that are not regulated by the EPA are managed by local councils 
through land-use planning processes. 

The EPA may also be involved with the remediation of contaminated sites by: 

�  performing technology reviews under the Environmentally Hazardous 
Chemicals Act 1985 (EHC Act) and assessing proposed technologies for 
treating certain chemical wastes (such as scheduled chemical wastes) in 
order to establish their effectiveness in meeting desired outcomes  

�  assessing licence applications for remediation proposals (where required) as 
part of the integrated development assessment process  

�  issuing and enforcing licences (where required) that regulate waste treatment, 
storage and/or disposal facilities, under the Protection of the Environment 
Operations Act 1997 (POEO Act) or the EHC Act  

�  issuing clean-up and prevention notices under the POEO Act. 
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Role of site auditors  

Accredited site auditors can be engaged to independently review reports on 
assessment, remediation and validation actions to ensure that the methodology used 
by consultants and their interpretation of data are consistent with current EPA 
regulations and guidelines.   

Although the site audit is a separate process from the investigation and remediation, 
it is considered best practice that the site auditor is engaged at the beginning of the 
investigation and/or remediation project. Communication between the consultant and 
the site auditor from an early stage should ensure that the consultant does 
sufficient work to satisfy the site auditor and therefore minimise potential delays for 
the site owner or developer. 

Site audit statement and report 

The outcomes of a site audit are: 

�  a site audit statement which outlines the conclusions of a site audit - see Site 
Audit Statement form on the Forms page.  

�  an accompanying site audit report that summarises the information reviewed 
by the auditor and provides the basis for the conclusions contained in the site 
audit statement. 

Site auditing and the planning process 

The site auditor scheme has an important role in supporting decision-making by 
planning authorities. State Environmental Planning Policy 55 - Remediation of Land 
(SEPP55) requires planning authorities to consider the potential for contamination at 
a site (and adjacent sites) prior to planning decisions being made. This has particular 
relevance, for instance, where land with a known or suspected history of potentially 
contaminating industrial or commercial activities is proposed to be redeveloped for a 
more 'sensitive' purpose, such as residential use. This consideration by planning 
authorities requires information about the nature and extent of any potential 
contamination. 

Site auditors are able to provide increased certainty to planning authorities about the 
nature and extent of contamination and the suitability of a site for a specified use. 

Managing Land Contamination: Planning Guidelines - SEPP55 - Remediation of 
Land (Department of Urban Affairs and Planning and DECC 1998) specifies that 
planning authorities may require an accredited site auditor to be engaged when the 
planning authority: 

�  believes on reasonable grounds that the information provided by the 
proponent is incomplete or incorrect;  
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�  wishes to verify that the information provided by the proponent adheres to 
appropriate standards, procedures and guidelines; or  

�  does not have the internal resources to conduct its own technical review. 

Where requested, site auditors can also provide conclusions about the suitability of a 
site for a proposed land use. 

Guidelines for the NSW Site Auditor Scheme 

Guidelines for the NSW Site Auditor Scheme describe the obligations of site auditors 
in conducting a site audit and the administrative framework supporting the site 
auditor scheme. 

The guidelines apply to individuals seeking accreditation as site auditors in NSW 
and accredited site auditors undertaking site audits in NSW. They may also be of use 
to other people with an interest in contaminated sites, such as contaminated land 
consultants and local councils, as guidance on what is expected of site auditors when 
engaging them or reviewing their work. 

Accreditation of site auditors 

Under section 49 of the Contaminated Land Management Act 1997, EPA may 
accredit only individuals as site auditors, not organisations or companies. The 
accreditation process is described in the guidelines for the auditor scheme. 

EPA also conducts ongoing reviews of the work of site auditors. 
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Executive Summary 

Introduction 

The Barangaroo site, a 22Ha area of East Darling Ha rbour which from the mid 1800’s to more 
recent times was a key waterfront commercial precin ct for commerce and trade in NSW, 
and a large part of Sydney’s maritime commercial ac tivity. The development proposed at 
Barangaroo is one of the most significant urban red evelopment opportunities for the harbour 
city this decade. 

The redevelopment has not been without some controv ersy, and in June 2011 a broad 
review of the project was initiated by the NSW Stat e Government. The outcome of that 
review (Sussex and Penn, 2011) found, with regard t o contamination, that despite extensive 
investigation of the site being undertaken and evid ence that remediation would be 
implemented; ‘there had been a loss of community co nfidence in the management of the 
remediation resulting from the actions of the Depar tment of Planning and the former Minister 
of Planning’. 

Background 

The Sussex and Penn review established that communi ty confidence in the remediation of 
Barangaroo needed to be restored. It was recommende d that a peer review of the site 
remediation plans be conducted by an independent EP A Accredited Contaminated Sites 
Auditor selected by and reporting to a Panel chaire d by the Office of Environment and 
Heritage (OEH), with nominees from the City of Sydn ey, Australians for a Sustainable 
Development, the Barangaroo Delivery Authority, Len d Lease (the Barangaroo Remediation 
Review Panel). This report documents the remediatio n review conducted by Mr James Davis, 
appointed by the Panel to undertake the recommended  review. 

The review has examined a large volume of documenta tion relating to the contamination 
assessment and remediation plans for the Barangaroo  site and the related planning 
approvals, as well as discussed specific details of  the remediation and community concerns 
with representatives of the Barangaroo Remediation Review Panel. 

Findings 

The site assessment work and remediation plans have  been of a consistently high standard 
and provide a good understanding of the nature and extent of contamination at the site. The 
requirements for remediation are well understood an d on the parts of the site where 
development has been approved, namely Barangaroo South and Headland Park, 
remediation planning is finalised. This review has provided some recommendations to be 
considered by the Panel, however all the recommenda tions relate to proving an overall 
improvement in the management of the works and do n ot represent any systematic failings in 
the interaction of the remediation and the developm ent. Planned construction works was not 
found to be impeding on the capacity to remediate t he site and evidence reviewed 
confirms that the site can be made suitable for the  proposed land use. 

Remediation planning is in progress for the Declare d Remediation Site, including a portion of 
Hickson Road adjacent to the Barangaroo site. A pil ot trial to determine the feasibility of the 
preferred remediation technology is to be conducted  and this involves multiple regulatory 
and planning approval controls. The pilot trial is an appropriate and necessary step in the 
planning for the remediation of the Declared Remedi ation Site. An extensive review of the 
documentation relating to the trial has been undert aken in this review. The planning for the 
trial has been comprehensive and is subject to ongo ing regulatory involvement and 
oversight. As would be expected with a pilot trial there are a number of uncertainties in 
relation to the performance of the trial and this r eview has identified a number of 
improvements that to be considered prior to impleme ntation of the trial. 

With specific appreciation to community concerns, t he application of SEPP 55 and the 
findings of the Sussex and Penn review, this review found that the considera tion of 
contamination and the objective of SEPP 55 has been  appropriately provided for in the 
determination of approvals. It is expected that thi s will continue for future approvals relating 
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to the Barangaroo development and this review concu rs with the findings of the Sussex and 
Penn review that those responsible for the developm ent of the site intend to remediate the 
site safely and in accordance with best practice. 

As this is a key area relating to community confide nce this review has provided 
recommendations where it has been identified that i mprovements can be made in the 
application of the specific requirements of the SEP P in the approval process. 

The available information provided for the review has shown that, for each of the concerns 
raised there was evidence of proper management resp onding to high quality advice from 
subject matter expertise, appropriate regulatory in put and review of relevant documents 
relating to the remedial planning by an independent  EPA Accredited Site Auditor in 
accordance with the Planning Guidelines for SEPP 55  and the Contaminated Land 
Management Act 1997. 

Summary of Recommendations 

! Construction that is planned immediately adjacent t o the Declared Remediation Site, 
should be notified to the EPA by the Barangaroo Del ivery Authority under the 
requirements of the Voluntary Management Proposal a nd, if considered necessary, 
subject to further assessment. The determination fo r the need and timing for further 
assessment should be made in consultation with the EPA in relation to the 
management of the Declared Remediation Site. 

! It is recommended that the Site Auditor has a singl e engagement to the Barangaroo 
Delivery Authority with the purpose of providing Si te Audit Statements certifying the 
suitability of the site for the specific land uses consistent with the Barangaroo Concept 
Plan and the guidelines to SEPP 55. Within this eng agement the Site Auditor will 
provide any other Site Audit Statements required in  specific approvals and Voluntary 
Management Proposals. 

! It is recommended that the requirements for the pla cement of material on Headland 
Park are reviewed and an addendum to either the Rem ediation Action Plan or works 
plan for the basement carpark is updated by Lend Le ase to be consistent with the 
acceptance criteria for fill on Headland Park. A Re use Materials Management Plan 
should be development by the Barangaroo Delivery Au thority to be referenced by 
consultants and contractors to clearly establish th e requirements for the assessment of 
materials prior to placement on the Barangaroo site . 

! A site wide evaluation of the many assessment crite ria developed for the different 
development areas of the site should be undertaken by the Barangaroo Delivery 
Authority in consultation with the Site Auditor and  OEH with the objective of 
standardising or simplifying the criteria for the m any contaminants across the various 
land use scenarios. 

! A review by the Barangaroo Delivery Authority of ap proval conditions relating to 
remediation should be conducted to manage the adher ence to the many separate 
conditions relating to remediation. This should inc lude conditions of approval, 
statement of commitments, environmental protection licences, site audit statement 
comments and conditions of the Voluntary Management  Proposal.  A summary of 
these conditions and status of compliance should be  made available to the 
community through the remediation page of the Baran garoo website prior to the 
commencement of remediation works. 

! The technical steering committee that has been form ed should meet more regularly 
(recommend monthly) to review the project progress with the objective of having a 
site wide understanding of the remedial activities,  development activities and to 
identify potential issues relating to the integrati on of the remediation and construction 
activities. 

! Ambient air monitoring for volatile organic compoun ds should be conducted in 
appropriate locations of the target remediation are as, and at the sensitive receptor 
locations such as the Child Care Centre by Lend Lea se during the pilot trial.  Baseline 
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monitoring prior to remediation will be required to  establish the benchmark for 
comparison.  Also, daily monitoring is recommended until early results support a 
reduction in frequency. 

! A technical review panel for the duration pilot tri al should be convened with 
representatives of the OEH, Lend Lease and Barangar oo Delivery Authority to review 
the results of monitoring weekly during the trial d uration to provide timely direction 
with regard to the operation of the pilot trial and  management of risks identified in the 
treatment management plan. 

! That a number of specific technical aspects that ha ve been identified are considered 
during the review of the proposed pilot trial works  by the OEH and Site Auditor in the 
review of the Trial Work Plan. 

! Specific development area Remediation Action Plans should be finalised and 
reviewed by the Site Auditor prior to submission fo r the approval. Further, the 
applications should include a statement that the si te auditor will review the validation 
report and provide a Site Audit Statement with rega rd to Site Suitability and the 
proposed land use at the completion of remediation.  This requirement should from a 
condition of the approval. 

! The Department of Planning and Infrastructure, with  assistance of the OEH should 
develop appropriate wording for any future approval s that include remediation to 
provide consistency in the requirements for validat ion reporting and the role of the 
Site Auditor. This will provide clarity in the requ irements of the Site Auditor that are 
consistent with the Contaminated Land Management Ac t and guidelines for the Site 
Auditor scheme. 
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1. Introduction

The conversion of former industrial land under the principle of highest value - best use  often 
provides the vehicle for the environmental restorat ion of land afflicted by a legacy from a 
time when environmental harm was not well understoo d or appreciated. There are many 
contemporary examples of revitalisation of land con taminated by former industrial use during 
significant redevelopment projects in NSW, land tha t without the return on investment from 
the redevelopment may not have been restored. 

The Barangaroo site, a 22Ha area of East Darling Ha rbour which from the mid 1800’s to more 
recent times was a key waterfront commercial precin ct for commerce and trade in NSW, 
and a large part of Sydney’s maritime commercial ac tivity. The development proposed at 
Barangaroo is one of the most significant urban red evelopment opportunities for the harbour 
city this decade. The delivery of the development i s the responsibility of the Barangaroo 
Delivery Authority, established by the NSW State Go vernment with the commencement of 
the Barangaroo Delivery Authority Act in March 2009 . 

The redevelopment has not been without some controv ersy, and in June 2011 a broad 
review of the project was initiated by the NSW Stat e Government. The outcome of that 
review (Sussex and Penn, 2011) found, with regard t o contamination, that despite extensive 
investigation of the site being undertaken and evid ence that remediation would be 
implemented; ‘there had been a loss of community co nfidence in the management of the 
remediation resulting from the actions of the Depar tment of Planning and the former Minister 
of Planning’. 

The review established that community confidence in  the remediation of Barangaroo 
needed to be restored. It was recommended that a pe er review of the site remediation plans 
be conducted by an independent EPA Accredited Conta minated Sites Auditor selected by 
and reporting to a Panel chaired by the Office of E nvironment and Heritage 1 (OEH), with 
nominees from the City of Sydney, Australians for a  Sustainable Development, the 
Barangaroo Delivery Authority, Lend Lease (the Bara ngaroo Remediation Review Panel). This 
report documents the review conducted by Mr James D avis appointed by the Panel to 
undertake the recommended review. 

2. Terms of Reference for the Review 

The terms of reference for this review have been de termined through consensus by the 
Barangaroo Remediation Review Panel (BRRP), as stat ed in the Barangaroo Independent 
Remediation Review, Peer Reviewer Scope of Works. A  copy of the scope of works is 
provided in Appendix A .

The scope of work is summarised as follows: 

! The aim or purpose of the review is to assist in re storing community confidence into 
the remediation process for the Barangaroo site, by  ensuring that the project is 
effectively addressing contamination, including con sideration of its proximity to the 
Harbour.

! The Barangaroo site is that defined in the Major De velopment State Environmental 
Planning Policy (Major Development) 2005 as amended including Barangaroo South, 
Barangaroo Central, the Headland Park, a new outlin e for a pier into Darling Harbour 
and part of Hickson Road, including an area of the site which is a Declared 
Remediation Area by the EPA under the Contaminated Land Management Act 1997. 
A plan showing the area defined as the Barangaroo S ite is provided in Figure 1.

                                                      

1 Since 2003 the NSW EPA became part of the NSW Depar tment of Environment and Conservation (NSW DEC), 
however certain statutory functions and powers cont inue to be exercised in the name of the NSW EPA. On  27 April 
2007, the NSW DEC became the NSW Department of Envi ronment and Climate Change (NSW DECC), in 2009, the  
NSW DECC became the NSW Department of Environment, Climate Change and Water (NSW DECCW) and in 2011, 
the NSW DECCW became the NSW Office of Environment and Heritage (NSW OEH). The use of the names OEH, 
DECCW, DECC, DEC and EPA in this report have been c onsistent with the names used at the time. They are  to 
some extent considered interchangeable and are to b e interpreted as one and the same.



Barangaroo Independent Remediation Review 

95103 Barangaroo Report Final SB0331: Barangaroo In dependent Remediation Review Page: 2 

! The objective of the review is to consider the curr ent remediation plans approved and 
further remediation works to be approved and, if re quired, to provide 
recommendations on how this may be improved in the future, so as to provide 
confidence to the community on the remediation of B arangaroo and the Declared 
area.

! This is to be achieved by reviewing some or all of the documentation available, 
considering community raised concerns and through d iscussion with Panel members 
and the current Site Auditor> The documents made av ailable for the review are listed 
in Appendix B .

! The review is to ensure that the standards, approva ls and processes (including 
notifications to public authorities) in the remedia tion measures are generally 
consistent with the provisions of State Environment al Planning Policy 55 - Remediation 
of Land (1998) (SEPP 55) as though it applied to th e land. 

The list of community concerns were provided in the  scope of works and these became the 
central focus of the review. They were as follows: 

1. Implications of the design and excavation of the Barangaroo South basement 
carpark on local hydrogeology and the Harbour.  

2. Certainty that the levels of contaminants in any fill from the Barangaroo Development 
that may be used at the Headland Park are appropria te and will not result in ongoing 
impacts on the Harbour or the health of park users or nearby residents. 

3. Consideration on how the Significantly Contaminat ed Area (Declared Area) was 
delineated, whether the extent is appropriate. 

4. Consideration of whether contamination of concern  in other parts of the Barangaroo 
site and adjacent areas will be appropriately addre ssed. 

5. Implications and risks of a staged construction p rocess on the validity of the 
remediation process. Are appropriate controls in pl ace to manage those risks? 

6. The interrelationship between all key remediation  documents and the staging of 
development. 

7. Whether concerns raised by City of Sydney regardi ng the SISCO pilot trial have been 
considered. 

8. Consideration of the way the standards, approvals  and processes consistent with 
SEPP55, may be applied to the Barangaroo Developmen t into the future. 

9. Clarify that atmospheric pollution resulting from  disturbance of on site contamination 
is appropriately managed. 

10. How will it be determined that the pilot trial i s successful? What is the alternative if it is 
not successful? 

11. Should the public be confident that the controls  and constraints regarding the pilot 
trial are appropriate to manage the risks? 

12. Will the remediation of the Declared Area cover the future suitability of the site? 

13. Ensuring that all aspects of the implications of  commencing construction activities in 
parallel with remediation activities are fully take n into consideration and addressed in 
the report. 

The outcome of the review is a presentation of init ial findings to the Panel (conducted on 
1 November 2011), presentation of a draft report fo r Panel review and comment to the 
author made on 11 November 2011 with the delivery o f this final review report on 
18 November 2011. 

The scope of work detailed specific Community Conce rns for Consideration that have been 
a priority focus of the review within the context o f the aims and objectives outlined. 
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In addition to these specific concerns the review h as not been limited inidentifying other 
issues or concerns that could be detrimental to the  level of confidence that the community 
could have in the remediation of the site. 
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3. Background to the Remediation of Barangaroo 

The Barangaroo site, previously identified as East Darling Harbour, formally wharves 3 to 8, is a 
rectangular site of approximately 22Ha located on t he north western edge of the Sydney 
Central Business District. The site is bounded by the Sydney Harbour fore shore with a 1.4 
kilometre harbour frontage to the west and north, t he precincts of Miller’s Point, The Rocks 
and Sydney Harbour Bridge approach to the east, and  Darling Harbour to the south. 

3.1 Site History 

Barangaroo has a long post European settlement hist ory of industrial use, predominantly as 
wharfage but also including a gasworks. It is belie ved that the first wharves were built at 
Millers point in the mid-1820s and there are report s that parts of Barangaroo was utilised as 
wharfage as early as 1788 (Aecom Sept 2010). 

Photo 1:  East Darling Harbour looking south – gasworks buil dings in the 
centre of the photograph circa1870 (NSW State Libra ry) 

The gasworks, which is identified as the predominan t source of contamination of Barangaroo, 
commenced gas manufacture around 1839 and operated through to 1918 when production 
of gas ceased. The gasworks occupied not only a portion of Barangaroo but al so extended 
into and past a portion of what is now Hickson Road , which was built following the demolition 
of the gasworks with the further development of the  waterfront that occurred through the 
1920’s. Photo 1  shows the gas works and wharfage in the 1870s look ing south from Millers 
Point. Hickson Road had not been constructed at thi s time. 

Containerisation of shipping cargo led to the recon struction of the wharf area through the 
1960s and into the mid-1970s. During this time a la rge concrete apron was constructed over 
the area of the existing ‘finger’ wharves. This inv olved the construction of parallel berths with 
large cargo-moving areas, demolition and removal of  some old wharf structures and 
formation of a new sea wall by sinking caissons fil led with concrete. The area behind (east of) 
the sea wall was in-filled and the area became as i t is now, a continuous wharf structure to 
form a shipping container terminal. 

In 2003 the decision was made to cease the use of t he site as a container terminal by the 
then operator with closure to be in 2006. In respon se, the East Darling Harbour Taskforce was 
established in 2004 to oversee the master planning for the future development of the site 
which led to the design competition brief announced  in May 2005. The winning design was 
announced in March 2007. 

On 24 February 2006 the Sydney Harbour Foreshore Au thority requested that the East Darling 
Harbour site be included as a State Significant Sit e under Schedule 3 of the Major Projects 
State Environmental Planning Policy (Major Projects  SEPP), and that the Minister for Planning 
declare the development proposal, envisaged through  the competition process, as 
development of a kind described in Schedule 2 of th e Major Projects SEPP. At the same time, 
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a request was made for the Minister to authorise th e Sydney Harbour Foreshore Authority to 
submit a Concept Plan, and to instruct the Director  General to issue Director General’s 
Requirements for the development. 

On 22 March 2006, the Minister declared and authori sed the request. The effect of this was 
that Part 3A of the Environmental Planning and Asse ssment Act 1979 (EP&A Act) applied, and 
the Minister became the approval authority for plan ning and development of the site. 

The Barangaroo Delivery Authority was established u nder the Barangaroo Delivery Authority 
Act 2009, assented to on 30 March 2009 taking respo nsibility for the delivery of the 
Barangaroo redevelopment from the Sydney Harbour Fo reshore Authority and transferring 
ownership of the Barangaroo Site to the Barangaroo Delivery Authority. 

3.2 Site Contamination 

Contamination on the site is quite typical of that associated with former gasworks and areas 
which have received soil and materials for filling.

3.2.1 Nature of Contamination 

Soil, fill, and groundwater at the site have been c ontaminated by total petroleum 
hydrocarbons (TPHs), polycyclic aromatic hydrocarbo ns (PAHs), benzene, toluene, 
ethylbenzene, xylenes (BTEX), ammonia, cyanide, sulphides and heavy metals. In some 
locations these contaminants are at levels where se parable tar and heavy oils are present. 

The most prevalent contamination at the site is ass ociated with the former gasworks, 
although some contamination has also been identifie d relating to the importation of fill 
materials of unknown origin for the reclamation of land under the existing wharf areas. 

Photo 2:  View of the recently constructed Hickson Road look ing south 
1919 – the main gasometer in view located within th e future road. 
(NSW State Library) 

The contamination associated with the gasworks is a lso present under Hickson Road. The 
earlier construction of Hickson Road can be seen in  Photo 2  terminating at the gasworks. This 
was subsequently extended through the gasworks to j oin up to Sussex Street following the 
gasworks demolition. 

3.2.2 Identification of the Potential for Contaminat ion 

It is not been determined in this review when the c ontamination issues at the site were first 
known by the various state government bodies involv ed in the site (Maritime Services Board, 
Sydney Ports Corporation, Marine Ministerial Holdin g Corporation, Sydney Harbour Foreshore 
Authority), or the environmental regulator, (EPA or  its predecessor the State Pollution Control 
Commission), or planning authorities (City of Sydne y Council and Department of Planning). 

The first records of investigations on Barangaroo a ppear to be in the late 1980’s and mid 
1990’s. The first coordinated investigation program  for the site was undertaken until 2007, 
following the notification of the Declared Investig ation Area by the EPA, and coinciding with 
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the announcement of the cessation of wharf activiti es and the design competition for the 
proposed development.  From discussions with the OE H, and as evident from published 
council papers (Record of Council Meeting, 16 Augus t 2010), contamination was known by 
both the EPA and the City of Sydney Council with re gard to the development of the 
properties to the East of Hickson Road (30 to 38 Hi ckson Road) and also under Hickson Road 
by 2001. 

3.2.3 Remediation East of Hickson Road 

The portion of the former gasworks site that extend ed to the east of Hickson Road, (30-34, 36 
and 38 Hickson Road) had been investigated from 199 3 through to 1999, with the preparation 
of a Remediation Action Plan in 2000 and remediatio n works finalised in 2002/3. It is 
understood that the approval for this development h ad conditions in the notice of 
determination (D/2001/00796M) relating to that deve lopment requiring investigation and 
remediation to be undertaken. The EPA was also awar e of the contamination, and 
discussions with staff of the OEH during this revie w recalled that the remediation was closely 
monitored by the EPA at the time. Although there wa s no regulatory action taken as the 
works was being managed under the planning processe s, the EPA maintained a ‘watching 
brief’ of the remediation. 

The remaining gasworks infrastructure under Hickson  Road (under the management of the 
City of Sydney Council) was not affected by the rem ediation of those sites and no further 
investigation or assessment of the Road or the Bara ngaroo site was undertaken. The portion 
of Hickson Road in which the gasworks was located a ppears to have not been investigated 
until 2009, following the declaration of the Invest igation Area by the EPA in May 2007 which 
included that portion of Hickson Road. 

3.2.4 Issues with Groundwater at 38 Hickson Road 

Complaints regarding odour were raised by the build ing tenants of the recently completed 
38 Hickson Road in November 2004. This was followin g flooding of the building basement with 
groundwater. The complaints were raised with the Ci ty of Sydney Council and the cause of 
the odour was identified as contaminated groundwate r entering the building’s basement 
carpark. Formal recognition of the ingress of conta minated groundwater and notification to 
the DEC was made by City of Sydney Council on 22 De cember 2004. The issue was 
subsequently investigated by the DEC with the Depar tment of Health, City of Sydney Council 
and the building owner, and in early 2005 measures were put in place to assess, monitor and 
manage the impact of contaminated groundwater to th e building occupants. The ongoing 
management of contaminated groundwater through the collection, treatment and disposal 
has since been regulated by the City Of Sydney Coun cil under the Protection of the 
Environment Operations Act 1997 (POEO Act). 

It is to some extent this specific incident that ha s contributed to the loss of community 
confidence in the outcome of the remediation of the  Barangaroo site. The issues at 
38 Hickson Road are viewed by the community as an u nsatisfactory situation which occurred 
despite remediation, and involved highly qualified environmental consulting firms, planning 
approval and specific conditions in the notice of d etermination, and certification of suitability 
of the site by an EPA Accredited Auditor. All featu res consistent with the development of 
Barangaroo. 

3.2.5 EPA Regulation under the Contaminated Land Mana gement Act 

In late 2006 the DEC drafted a Declaration of Inves tigation Area and issued it to a number of 
stakeholders including City of Sydney Council, Sydn ey Ports Corporation, Sydney Harbour 
Foreshore Authority (SHFA), Alinta (as the successo r of AGL), and owners of 30-34, 36 and 38 
Hickson Road. Following discussions and submissions  from those stakeholders and an 
assessment of risk of harm under s.9 of the Contami nated Land Management Act 1997 (CLM 
Act), the declaration of land to be an Investigatio n Area under s.15 of the CLM Act was 
made on the 28 May 2007. This declaration covered a  portion of the Barangaroo site, Hickson 
Road and 36 Hickson Road, in proximity to the locat ion of the former gasworks. A plan 
showing the Declared Investigation Area is provided  in Figure 2. The previously remediated 
property of 34-36 Hickson Road was assessed by the DEC to not have a significant risk of 
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harm, and as the property at 38 Hickson Road was be ing regulated by the City of Sydney 
Council it was decided by the DEC not to further re gulate the remediation (management) of 
this property under the CLM Act. 

Following the declaration, further investigation wo rks were undertaken by City of Sydney 
Council and SHFA as well as technical reviews of in vestigation works by Alinta.  The reports of 
the investigations were provided to the DEC and fol lowing further review by the DEC, a 
notification of the Declared Remediation Site was m ade under s.21 of the CLM Act. The 
Declared Remediation Site included part of the form er gasworks and was described as: 

! Part Lot 5 and Part Lot 3 in Deposited Plan (DP) 87 6514, Hickson Rd, Millers Point; and 

! The part of Hickson Road adjacent to: 

! 30 – 34 Hickson Road being Lot 11 DP1065410; 

! 36 Hickson Road being Lot 5 DP873158 and Lot 12 DP1 065410; and 

! 38 Hickson Road being SP72797, Millers Point. 

The  Declared Remediation Site is also shown on the  Plan provided in Figure 2.

3.2.6 Other Areas of Barangaroo 

Whilst much of the focus of contamination issues at  the site has been on the former gasworks 
and related impacts, other parts of the site have a lso been identified to have localised 
contamination, predominantly as a result of the inc lusion of contaminants during the filling 
activities that occurred during the Darling Harbour  Reconstruction Scheme which 
commenced in 1965, with the construction of the con tainer terminal through to the mid 
1970’s. The presence of this contamination associat ed with fill is not subject to the declaration 
of the Investigation Area or Remediation Site and i s therefore not regulated under the CLM 
Act. As such the management of these impacts fall u nder the requirements of State 
Environmental Planning Policy – No 55 - Remediation  of Land (SEPP 55), and the planning 
process. 

3.3 Site Assessments 

Multiple environmental site assessments have been c ompleted at the Barangaroo site. Early 
investigations and assessments undertaken between t he late 1980s and early 2000s were 
generally associated with evaluation of environment al and/or geotechnical conditions in 
relation to upgrades of existing wharf features or assessment of ongoing site uses and 
activities (ERM, 2010).   

3.3.1 Assessment by Sydney Foreshore Authority 

Prior to emergence of the various development areas  such as Headland Park and 
Barangaroo South, several phases of assessment were  completed across the property as a 
whole and were commissioned by Sydney Harbour Fores hore Authority. The first 
Environmental Site Assessments completed in connect ion with proposals to redevelop 
Barangaroo would appear to be in the Environmental and Geotechnical Site Assessment 
report (ERM, 2007). Over 150 geotechnical and envir onmental soil bores were drilled across 
the site between May and July 2006 with groundwater  monitoring wells installed in over 20 
selected borehole locations. Ground conditions enco untered comprised fill material overlying 
natural marine sediment and the Hawkesbury Sandstone. 

Groundwater was found to range in depth from approx imately 1.7 to 2.5 metres below 
ground level and appeared to be tidally influenced.  Soil and groundwater contaminants 
identified included some heavy metals and hydrocarb ons which are often typical of 
properties with a history of industrial activity. C ontaminant concentrations were mostly 
identified in the northwestern portion of the site and in the vicinity of the former gasworks to 
the east of the site.  

Additional investigation works were undertaken by E RM in 2008 (ERM, July 2008) with over 50 
boreholes and over 10 groundwater monitoring wells advanced across the site. 
Contaminants consistent with previous findings were  reported and identified in the vicinity of 
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the gasworks area.  Free phase hydrocarbons were ob served at a number of locations during 
drilling. Assessment of adjacent harbour sediments was also completed by in 2008 (ERM, 
August 2008). Cores of sediment were collected from  the harbour floor for chemical analysis. 
Some concentrations of contaminants including metal s and hydrocarbons were identified. 
The sediments were found to be not uncharacteristic  of sediment quality within the Darling 
Harbour area.  

After this period of site wide assessment, developm ent areas within the larger site emerged 
and specific assessments for these areas were under taken where data gaps where found to 
exist. 

3.3.2 Assessment by Lend Lease 

To supplement the earlier site wide assessments (ER M, 2007 and 2008), Lend Lease 
commissioned AECOM to complete data gap investigati ons at both the Other Remediation 
Works South area (AECOM 2010a) and the Remediation Area (AECOM 2010b). The Other 
Remediation Works South area Data Gap Investigation  included over 30 boreholes, 4 soil 
vapour wells and 7 groundwater monitoring wells. An alytical results for soil samples were 
broadly consistent with the findings of previous in vestigations with regards to the 
contaminants identified as present on site. Similar ly, groundwater contaminants identified 
included heavy metals and hydrocarbons. For the Dat a Gap Investigation at the 
Remediation Area, investigation locations included over 20 boreholes, 7 soil vapour wells and 
9 groundwater monitoring wells. The most apparent g roundwater contamination was 
identified in the immediate vicinity of the former gasworks infrastructure with contamination 
present in both dissolved and free phase forms. Tar  and tarry/strong hydrocarbon odour with 
sheen on sampled material was also observed in seve ral locations outside the Remediation 
Area.  

3.3.3 Assessment by the Barangaroo Delivery Authorit y 

Environmental assessments, commissioned by Barangar oo Delivery Authority, have also been 
undertaken at Headland Park. In 2010, Douglas Partn ers completed a soil and groundwater 
assessment at Headland Park (DP 2010). This assessm ent was followed with a Pre-Early Works 
Environmental Assessment and Fill Ribbon Environmen tal Assessment by JBS Environmental in 
2011. These assessments have identified soil contam ination including heavy metal and 
hydrocarbon impacts. Soil contamination is primaril y in the northern portion of the Headland 
Park in the location of a former warehouse. Signifi cant groundwater contamination has not 
been identified at Headland Park. 

Additional environmental assessments and remediatio n planning has not been completed for 
the Barangaroo Central area. 

3.3.4 Assessment by City of Sydney Council 

In relation to the portion of Hickson Road that was  the location of the gasworks, the City of 
Sydney Council, in response to the EPA including th is area in the Declared Investigation Area, 
commissioned an environmental assessment of Hickson  Road which was completed by 
Coffey Environments in 2009. Gross hydrocarbon contamination of soils and groundwater 
associated with the former gasworks was identified following the installation of up to 15 
boreholes and 6 monitoring wells. 

3.4 Proposed Remediation 

A site wide overarching Remediation Action Plan was  prepared for the Barangaroo Delivery 
Authority by ERM in 2010 (ERM, 2010) following a se ries of environmental site assessments. The 
overarching Remediation Action Plan presents a summ ary of the contamination issues 
identified by the previous ESAs, and principles for  remediation. A number of potential 
remedial options for the development areas were pro posed. A requirement of the 
overarching Remediation Action Plan is that specifi c Remediation Action Plans be prepared 
for the individual development areas with accompany ing specific Remediation Work Plans 
(RWPs) detailing the remedial measures. The Remediat ion Action Plan considered that 
remediation of the Declared Remediation Site would likely use one, or a combination, of the 
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following approaches to address the source of signi ficant contamination: removal, 
excavation, destruction and/or stabilisation.  For all other areas of the site, removal of 
hotspots of contaminated materials or on site manag ement involving capping of impacted 
materials was considered as potential options.  

3.4.1 Barangaroo South 

An amended Remediation Action Plan (Aecom, July 201 1a) for Barangaroo South was 
prepared for Lend Lease, who had won the developmen t rights for this part of Barangaroo. 
The Remediation Action Plan was prepared with consi deration to the outcomes of a Human 
Health and Ecological Risk Assessment Addendum (AEC OM 2011c) for the area, which was 
based on the Declaration Site (Development Works) R emediation Works Area Human Health 
and Ecological Risk Assessment (AECOM 2011b). 

The preferred remediation strategy for the Barangar oo South involves excavation of 
impacted soils, as defined by the Human Health and Ecological Risk Assessment Addendum; 
beneficial reuse where possible at Headland Park an d/or Public Domain (Barangaroo South); 
and/or offsite disposal to a licensed landfill. The  Remediation Action Plan notes that if the 
Headland Park beneficial reuse option is available,  an Addendum to the Amended 
Remediation Action Plan will be prepared and submit ted to the Site Auditor and the OEH for 
approval (unless advised otherwise). 

An Environment Protection Licence is in place with Barangaroo Delivery Authority for the 
excavation site (reference number 13336) for schedu led activity comprising treatment and 
discharge of contaminated groundwater from within t he basement carpark excavation. 

3.4.2 Headland Park 

For the Headland Park, the environmental consultant s, JBS Environmental was commissioned 
by Barangaroo Delivery Authority to develop a Remed iation Action Plan (JBS, 2011a). The 
overall remedial strategy outlined in the Remediati on Action Plan comprises excavation of 
soils identified as requiring remediation/managemen t, followed by on site management in 
accordance with requirements established in the sit e specific Human Health and Ecological 
Risk Assessments (JBS 2011b, c). Materials which ca nnot be managed on site in accordance 
with the Human Health and Ecological Risk Assessmen t requirements will be classified and 
removed off-site for disposal. Where possible, mate rial suitable for reuse on site will be 
retained and managed appropriately through the impl ementation of a long term 
environmental management plan to be prepared upon c ompletion of the validation report. 
The Remediation Action Plan provides detail of a pr oposed deep drainage surface water 
collection and treatment system to be installed to manage seepage water which passed 
through the fill materials used to landform Headlan d Park impacting groundwater and the 
harbour. The management of this proposed system is to be through an Environmental 
Protection Licence with the EPA. 

3.4.3 EPA Declared Remediation Site 

The remediation of the Declared Remediation Site wi ll be conducted on behalf of the 
Barangaroo Delivery Authority by Lend Lease as an e xtension of their development rights for 
Barangaroo South. Lend Lease has engaged Aecom as t heir contaminated land consultants 
to develop various assessments and remedial plans t o address commination issues associated 
with the Declared Remediation Site. As discussed pr eviously, a data gap investigation for this 
area of the site was completed in 2010. More recent ly a Human Health and Ecological Risk 
Assessment has been prepared for the Declared Remed iation Site (Aecom, 2011b) in order to 
develop site specific targets that remediation woul d have to achieve to allow 
redevelopment for the land uses described in the pr oposed development plans. This Human 
Health and Ecological Risk Assessment specifically addresses issues relating to the suitability of 
the Declared Remediation Site for the proposed deve lopment. It is understood that a 
separate Human Health and Ecological Risk Assessmen t will be developed to address 
‘significant risk of harm’ issues required for remo val of Declaration Number 21122. This 
preparation of separate risk assessments has been i nitiated for possible apportionment of 
costs relating to the remediation of the Declared R emediation Site. 
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Lend Lease lodged the development application (MP10 -0087) proposing the pilot trial for the 
surfactant enhanced in-situ chemical oxidation and surfactant enhanced product recover 
(SISCO/SEPR), as an option to treat and remove cont aminants known to be present in the soil 
and groundwater in the Declared Remediation Site. A  SISCO/SEPR pilot trial is proposed as 
part of this application to allow the feasibility o f the technology to be assessed before 
considering full scale implementation as part of a remedial approach. The data gap 
assessment and Human Health and Ecological Risk Ass essment are being utilised in the 
planning of proposed remediation strategies and rem ediation treatability trials. An 
Environmental Assessment Report (EAR) by JBA Planni ng (2010) reports that a Remediation 
Action Plan is not required for the pilot trials. T he pilot trials are investigation works to assess 
methodology options for the future potential remedi ation of the Barangaroo site. Lend Lease 
has consulted with the independent Site Auditor, wh o has confirmed that a Remediation 
Action Plan is not appropriate for a pilot trial. 

The Barangaroo Delivery Authority has entered into a Voluntary Management Proposal for 
the Declared Remediation Site with the EPA (notice approval number: 20101719) for the pilot 
trial. Clearly outlined within the Voluntary Manage ment Proposal are actions and 
requirements to be fulfilled in relation to remedia l planning for the area. It is planned that a 
separate Voluntary Management Proposal will be ente red into for remedial works to be 
implemented following the trial. 

3.4.4 Barangaroo Central 

No specific remediation plans beyond the overarchin g Remediation Action Plan have been 
prepared for Barangaroo Central. It would be expect ed that this area will be remediated in 
accordance with the broad approach outlined in the overarching Remediation Action Plan.  
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4. Review of Community Concerns for Consideration 

In the preparation of the scope of works for this r eview, the Barangaroo Remediation Review 
Panel agreed on a number of specific community conc erns that the review was to consider. 
With the objectives of the review in mind it was im portant that each of the individual 
concerns was specifically addressed however it was identified that there was convergence 
of the matters relating to those concerns. As such the concerns were able to be grouped into 
four broad areas. These are: 

1. Concerns relating to development and remediation;  

2. Concerns related to the Declared Remediation Site ; 

3. Concerns related to the pilot trial; and 

4. Concerns related to the application of the SEPP 5 5. 

Each of the agreed community concerns are discussed  within those groupings in the 
following sections. 

4.1 Concerns Related to the Interaction of Developme nt and Remediation 

The community concerns relating to the interaction of the development and remediation in 
various areas of the site are as follows: 

! Implications of the design and excavation of the Ba rangaroo South basement 
carpark on local hydrogeology and the Harbour. 

! Certainty that the levels of contaminants in any fi ll from the Barangaroo Development 
that may be used at the Headland Park are appropria te and will not result in ongoing 
impacts on the Harbour or the health of park users or nearby residents. 

! Implications and risks of a staged construction pro cess on the validity of the 
remediation process. Are appropriate controls in pl ace to manage those risks? 

! The interrelationship between all key remediation d ocuments and the staging of 
development. 

! Ensuring that all aspects of the implications of co mmencing construction activities in 
parallel with remediation activities are fully take n into consideration and addressed in 
the report. 

4.1.1 Review of Barangaroo South basement carpark an d the local hydrogeology and 
harbour 

The community raised concerns on the implications o f the design and excavation of the 
Barangaroo South basement carpark on the local hydr ogeology and Darling Harbour. This 
has been further refined by the review as a questio n of whether the commencement of 
construction works in Barangaroo South, specificall y the construction of the basement 
carpark, will result in changes to the local ground water regime that will cause some effect on 
the migration of contamination to the harbour. It i s clarified that the question is not of 
whether the building itself will be affected by con tamination as has occurred on 38 Hickson 
Road and this is not considered a concern based on the review understanding of the 
proposed basement construction design. 

To gain an appreciation of the potential for the co nstruction of the basement carpark to 
affect local groundwater conditions it is useful to  have some understanding of the subsurface 
conditions and the movement of contamination to the  harbour in addition to the proposed 
design and construction of the basement carpark. 

Barangaroo Hydrogeology 

The groundwater at the site is characterised by 3 s ubsurface layers, the fill (inconsistent 
material type, density, pore-space and grain size –  the features that determine sub surface 
water movement, is highly permeable), estuarine sed iments (less permeable and forming a 
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confining layer below the more permeable fill), and  the Hawkesbury Sandstone (effectively 
impermeable with the exception of fissures and frac tures which may contain water). In 
general terms the eastern side of the Site (closest  to Hickson Road) is underlain by a cut 
sandstone surface with a thin cover of fill and pav ement materials. On the western side of the 
site (adjacent to the harbour) the pavement is unde rlain by a wedge of fill materials which 
thicken westwards, reaching a maximum thickness of 18 metres, which is in turn underlain by 
a wedge of estuarine / marine sediments, and then by sandstone bedrock.  

As is commonly the case with filled sites, the fill  materials are highly variable and fill was 
obtained from a number of sources. Some of the mate rials may have been contaminated at 
source, and some contaminated after placement on th e site. The fill is composed 
predominantly of granular material including crushe d rock, sand and gravel. A substantial 
proportion of the deeper fill material consists of sandstone blocks while the shallower fill 
contains concrete blocks, as well as clinker, brick , ash, steel, timber and other materials. 

Shallow groundwater passes through Hickson Road and onto the site in a westerly direction in 
the fill.  This groundwater in the fill materials i s in hydraulic connectivity with the harbour and 
the groundwater levels fluctuate in response to har bour tides. 

As reported in the numerous investigation works, th e fill aquifer has a very high hydraulic 
conductivity ranging from 200-2,000 m/d. This indicates that there are large open and 
interconnected voids present in the fill aquifer. G roundwater has been reported as being 
saline approaching values consistent with sea water . 

Currently the site and up-gradient area is predomin antly paved. Only a small proportion of 
rainfall is likely to penetrate this surface and re charge the underlying materials. The greater 
proportion of stormwater on Hickson Road and surrou nds is collected in the existing 
stormwater network draining Hickson Road to Darling  Harbour in a number stormwater lines 
across the site. During the construction of the bas ement carpark it is understood that some of 
this stormwater system will be redirected with temp orary and ultimately a permanent 
stormwater system compatible with the development. This is not expected to have any 
influence on the recharge volumes. 

This recharge, together with flow through the sands tone that may occur from areas to the 
west, comprises the net groundwater flow from the s ite to Darling Harbour.  The lower part of 
the fill materials beneath the pavement is saturate d with groundwater, with the position of 
the water table (1.7 to 2.5 m below ground level - ERM [2007]) roughly corresponding to sea 
level.  The tidal interchange or flushing volume for the si te is large. As such the predominant 
feature of the groundwater regime is the tidal inun dation of the fill at the site.

The Basement Carpark Construction 

The basement carpark construction will involve in t he early stages, the construction of a 
basement retention system. This has been described as a diaphragm wall on the western, 
southern and northern boundaries and a secant pile wall on the east, both keyed into the 
underlying sandstone bedrock. 

The design of the basement is to effectively isolat e the basement from groundwater. During 
construction any dewatering of groundwater will be managed with assessment and 
treatment if required before disposal. The construc tion planning documents do identify risk of 
groundwater and sediment movement to Darling Harbou r through the existing caisson wall, 
which will remain in place and which construction i s on the landward side of, but this will be 
alleviated once the basement retention system is in  place. 

Implications on the Hydrogeology and Harbour 

Through investigating the materials and resources a vailable to the review, and in discussion 
with the Barangaroo Delivery Authority, Lend Lease and their consultants, it is apparent that 
no assessment of the changes to the groundwater flo w direction, velocity and other 
dynamics that may be caused by the construction of the Barangaroo South basement 
carpark and how this relates to migration of contam ination has been reported in 
documentation to be reviewed by the OEH or the Audi tor. 
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On the basis of the understanding of the groundwate r conditions and proposed car park 
basement construction, it is possible to surmise so me of the potential impacts of the 
construction on the local groundwater regime. These  are as follows: 

! Localised improvement in the contaminant flux to Da rling Harbour in the vicinity of 
the basement carpark through the reduction in tidal  flushing of, and isolation of, 
contaminated fill across the area of the basement c arpark. 

! Improvement in the potential for stormwater infiltr ation into fill and removal of 
potential short circuits of groundwater into the ex isting stormwater system with 
construction of new stormwater diversion around the  development area. 

! Potential for creation of preferential pathways dur ing retention wall construction, if 
sandstone fractures that are intersected during the  wall development not sealed 
in the construction as usual practice. 

! Potential for the basement to promote movement of g roundwater towards the 
basement, if substantial volumes of groundwater are  removed during construction 
or post construction. 

! Changes to the surrounding groundwater flow direction from the Declared 
Remediation Site due to the lateral confinement of groundwater flow to the south 
caused by the construction of the retention wall. 

With consideration to the community concern it is f ound that on balance the construction of 
the basement carpark will result in an overall impr ovement in impact to Darling Harbour, by 
reducing the overall volume of potentially contamin ated soil inundated with seawater and 
the likelihood of contaminated groundwater entering  into the stormwater system. 
Furthermore there will be a reduction in the potent ial for infiltration of stormwater into 
impacted fill materials which will decrease the pot ential for migration of contaminants into 
Darling Harbour. 

As there is minimal inflow of groundwater from east  of the Barangaroo site the potential for 
movement of this groundwater around the eastern per imeter of the basement carpark is not 
considered significant. The creation of preferentia l pathways during construction that are not 
adequately sealed is unlikely as the method of cons truction is designed such that voids and 
fractures present will be blocked by the retention wall. The development of a ‘sink’ for 
groundwater movement is also considered unlikely un less there was a significant failure of the 
retention wall and any such failure would be a fund amental failure in the building 
construction and would require an engineered remedi al solution for the basement carpark to 
be completed. Groundwater seepage into the carpark in normal operating conditions would 
not provide significant volumes to affect groundwat er gradients across the Declared 
Remediation Site. 

Other issues that were also considered in this revi ew include the potential disturbance of 
sediments during construction and the proximity to the harbour. As is appropriate for any 
waterfront development this issue has been identifi ed and planning for the management of 
this is considered appropriate. Dewatering of the e xcavation area is appropriately managed 
through an Environmental Protection Licence. 

Whilst it is concluded that the construction should  reduce contaminants entering Darling 
Harbour this change in the dynamics of the groundwa ter conditions from what is currently 
understood is required to be considered under the V oluntary Management Proposal where 
the proponent must notify EPA of changes in site co nditions (including in the surrounding 
environment) which could adversely affect the succe ssful management of the site or result in 
harm to the environment. This is considered a futur e issue of regulatory compliance required 
for the Voluntary Management Proposal. 

4.1.2 Suitability of Fill to be Used on Headland Par k 

The review has considered the work plans for the He adland Park which make reference to 
the Human Health and Ecological Risk Assessment tha t has been prepared to provide criteria 
for the placement and validation of material on thi s part of the site. The Remediation Action 
Plan and Human Health and Ecological Risk Assessmen t have both been reviewed by the 
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Auditor and OEH and are considered appropriate with  regard to the criteria for what is 
acceptable to be used on Headland Park. 

The management plan for controlling material use an d placement, prepared by the 
contractors for the Headland Park, is very comprehe nsive and provides good direction for the 
materials tracking and assessment for use. As such there is appropriate criteria and well 
thought out management plans to control the use of fill from other parts of the Barangaroo 
site at Headland Park. 

No fill to Headland Park from the Declared Remediat ion Site 

The Headland Park Remediation Action Plan (JBS 2011 a) clearly states that no material will be 
moved from the Declared Remediation Site to Headlan d Park. Whilst this is presumably 
intended to minimise the potential for what may be the more highly contaminated material 
being reused on Headland Park, it is not clear why this was specified. This requirement is not a 
condition of the approvals for Headland Park, and t he Voluntary Management Proposal 
appears to assume that material from the Declared R emediation Site can be reused on the 
Headland Park site. For instance the Voluntary Mana gement Proposal requires an ex-situ 
stabilisation treatability trail to be conducted fo llowing the preparation of the Headland Park 
Human Health and Ecological Risk Assessment. This p resumably is related to the treatment of 
the material prior to possible placement on Headlan d Park (in accordance with the values to 
be presented in that Human Health and Ecological Ri sk Assessment). 

Reuse of Materials from the Basement Carpark 

The Remediation Action Plan and other supporting do cuments to the basement carpark 
construction make numerous references to contaminat ed soils being moved from the 
basement excavation to Headland Park, if appropriat e. However none of these documents 
determine under what conditions or what acceptance criteria would be used. The original 
planning submission proposes that treated (stabilis ed) soils may be acceptable on the 
Headland Park but details with regard to the treatm ent methods and reuse of materials are 
not well documented. The review found that the prop osed treatment of fill material for use on 
Headland Park was related to the capping of (treate d) contaminated material on the site. 
This is not now proposed beyond the placement of ma terial as per the criteria in the 
Remediation Action Plan. It is noted that the curre nt Remediation Action Plan for the 
basement carpark contains flowchart that presumes t reatment will result in material being 
retained on site including Headland Park. 

Whilst undertaking this review it was noted that th e Auditor had comments about whether 
asbestos in soil within the fill had been adequatel y assessed. A response to the Auditor’s 
comments was not found in the documents reviewed an d should be provided setting out 
how the identification of asbestos containing mater ial present in fill will be undertaken and 
what plans will be in place to ensure it is not ina ppropriately placed on Headland Park during 
excavation. 

Site Auditor Role and Engagement 

The Site Auditor will play an important role in ens uring that materials moved to Headland Park 
are suitable for its use. This is through adherence  to the requirements of the Remediation 
Action Plan. The Remediation Action Plan has is req uired to be endorsed by the Site Auditor 
as a condition of approval for main works (specific ally a Section B Site Audit Statement). 
However the requirement for the Site Auditor in cer tifying site suitability (and in that capacity 
reviewing the validation and placement of materials  onto the site) is not in the conditions of 
approval but is contained within the Statement of C ommitments for the Headland Park Main 
Works Approval. Whilst this forms a schedule of the  approval and is therefore a requirement, 
the consistency in the way the conditions relating to the Site Auditor are applied could be 
improved. This could be improved by the establishme nt of consistent approval conditions for 
the requirement of the Site Auditor. 

It is acknowledged that the same Site Auditor is in volved in Headland Park, the basement 
carpark and works relating to the Declared Remediat ion Site. This enables the Site Auditor to 
have an understanding of the assessment of material  originating from other parts of the 
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Barangaroo Site and ensures an overview in complian ce to the Headland Park Remediation 
Action Plan which has been endorsed by the Site Aud itor. 

The current engagement could be improved to ensure that this approach in the Site Audit 
role continues. The current situation involves mult iple engagements of the Site Auditor to 
separate entities. For example the engagement direc tly to the Barangaroo Delivery Authority 
for Headland Park was a result of a competitive pro curement process, while the current 
engagement for Barangaroo South is understood to be  through Lend Lease. The Site Auditor’s 
involvement in the Declared Remediation Site is als o understood to be with Lend Lease 
through their appointment as the principal contract or on the Declared Remediation Site. It is 
not contingent on Lend Lease to continue with the e ngagement of the current Site Auditor 
for additional audit works and if the selection of the Site Auditor on other parts of the site was 
to be through a tendering process, or at the discre tion of contractors managing work 
packages there would is no guarantee that the same Site Auditor would be selected. 

Array of Criteria 

The plethora of multiple assessment criteria that h as and is being developed across the site is 
creating what must appear to those not familiar wit h the project a confusing array of criteria 
which materials will need to be assessed against, a nd to provide certainty for the community 
which this concern raises, the level of transparenc y of the criteria that is being applied is 
required. This is not only specific issue to just H eadland Park, although it has been raised with 
specific regard to headland park.  Whilst the risk based approach being adopted to develop 
site specific criteria for different land use scena rios and ecological protection is appropriate, 
and encouraged for a site of this size, it has resu lted in an ever increasing dataset of criteria. 
While this may be acceptable to the professionals i nvolved in the site it must appear 
incomprehensible to the community and is therefore a concern in regard to the community’s 
confidence that the site is being remediated to a s tandard that will be protective of health 
and the environment. 

4.1.3 Implications and Risks of a Staged Constructio n Process 

With regard to the questions of implications and ri sks to the overall remediation process, these 
can be condensed to two key factors: 

! Changes in physical site conditions, especially hyd rogeology, and  

! Changes in exposure scenarios, which will impact re mediation goals. 

The stage construction may create changes to the ph ysical site conditions and these do 
need to be taken into consideration in remediation planning and if changes are identified 
the remediation planning needs to be dynamic to rea ssess assumptions made in the original 
planning. This is not an unusual process with large  complex sites where remediation planning 
is an iterative process. With regard to the propose d remediation there is the potential that the 
construction may change the dynamics of the groundw ater conditions from what is currently 
understood. This has been discussed previously and provision for this is contained with the 
Voluntary Management Proposal. 

The changes in exposure scenario may impact on the assumptions made in the Human 
Health and Ecological Risk Assessment (AECOM 2011b),  however it is noted that the Human 
Health and Ecological Risk Assessment for the Remed iation Site specifically addresses the 
conditions of the site for development. As such the  predicted changes due to the 
development have already been addressed. The Remedi ation Action Plan (AECOM 2010c) 
that has been prepared for the basement carpark als o acknowledges that if the building 
design is altered that these are reviewed and adden dums made to the Human Health and 
Ecological Risk Assessment and Remediation Action P lan to address those changes. This 
position has been considered and commented on in th e Site Audit Statement certifying that 
the site can be made suitable with the Remediation Action Plan that has been prepared for 
that development. 

Other implications and risks of a staged constructi on that require consideration is the impact 
to the development from the schedule for remediatio n. Whilst a specific remediation method 
has not been decided for the Remediation Site, the details of how it is to be remediated and 
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how long this is expected to take will potentially impact on the scheduling for the 
construction and development of the Southern Cove. However, with regard to the 
construction on the Declared Remediation Site and t he reasoning for the declaration it is not 
inconceivable that construction could commence in t his area if appropriate controls were in 
place. 

The remediation of different areas by different par ties in the staged construction is a concern 
for the community, although not unusual in the cons truction industry. Barangaroo South has 
been contracted by Barangaroo Delivery Authority to Lend Lease (and subcontractors) to 
manage under the provisions of the agreement for th at development; the remediation of the 
Declared Remediation Site is also contracted to Len d Lease as an extension to that 
agreement. However the remediation parties for Head land Park are managed separately by 
the Barangaroo Delivery Authority. Whilst all contr acted parties and the Barangaroo Delivery 
Authority appear to be working closely together it is not clear to the community where the 
overall responsibilities for the remediation lie an d how well the requirements of one area are 
being accommodated by the works in another. 

The management of materials and expectations for th e movement from one development 
area to another is an example where the requirement s for the acceptance of material may 
not be fully understood by other parties and may ne ed to be explored and more fully 
resolved. This could be improved to avoid disruptio ns in construction schedules and having 
more certainty in the volumes of the materials that  will meet those criteria. 

Concern regarding whether adequate planning has bee n conducted in the development of 
options for the remediation of the Declared Remedia tion Site and whether development 
works could impede the remediation required was rai sed by stakeholders during the review 
and has been considered. A number of options for re mediation of the Declared Remediation 
Site have been presented in various documents and t he options are well understood. The 
process of evaluating the preferred option is under way in the form of the Surfactant-
Enhanced In-Situ Chemical Oxidation and Surfactant- Enhanced Product Recovery pilot trial. 
It is not reasonable to expect that other options would be further explored until the outcome 
of the trial has been determined. 

The development works will not impede remediation to the extent that remediation will not 
be possible, for a number of reasons. Firstly, the mitigation of the environmental harm 
identified by the EPA can be managed by a number of  options, these range from the 
isolation and containment of contamination sources through to the implementation of in-situ 
treatment (such as the SISCO being trialled) and ex situ (excavation) treatment and disposal. 
These options, at most, present a logistical challe nge rather than an unsurmountable 
challenge.  Secondly, the Human Health and Ecologic al Risk Assessment (AECOM 2011b) that 
has been developed for the Remediation Site develop ment identifies that ecological risk is 
removed through the construction development, leavi ng the issue of human health risk, and 
in this regard it is limited to intrusive workers l ong term risk, which can be managed through 
appropriate controls. 

Appropriate controls are in place with regard to th e remediation and development of 
Headland Park and Barangaroo South through site spe cific Remediation Action Plans, Site 
Auditor review, OEH review and conditions in the pl anning approvals for these development 
areas demonstrating that the staged construction ca n be undertaken in coordination with 
the remediation of those areas. 

As previously discussed, the Site Auditor has a key  role in his position being involved in all three 
areas currently being worked on – the Declared Reme diation Site, the Barangaroo South 
development (basement carpark) and Headland Park. I n addition the technical steering 
committee also has a role to regularly review the p roject progress with the objective of 
having a site wide understanding of the remedial ac tivities, development activities and to 
identify potential issues relating to the integrati on of the remediation and construction 
activities. Although such a committee has been form ed it was commented by stakeholders 
that the committee had not met regularly or in rece nt times. 
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4.1.4 The Interrelationship Between Key Remediation Documents and Development Staging 

Overall there is adequate coverage between the inve stigation and remedial planning 
documents, and these complement each other with reg ard to the body of knowledge of the 
site. 

The key remediation documents that reference the bo dy of investigation works to form 
remedial requirements are in the process of being d eveloped with the exception of the 
Bargaroo South and Headland Park. The overarching R emediation Action Plan (ERM 2010) is 
the central remedial document outlining the broad a pproach to remedial planning on the 
site. It does not provide detail on the specific im plementation of remediation, methods and 
validation, calling on the further remedial documen ts to be prepared for this purpose as the 
requirements for remediation, with consideration to  the specific nature of the development 
are better understood. This is a pragmatic approach  to establishing a broad remediation 
process whilst the development was still in the app roval stage and specifics with regard to 
the applicability of remediation options had not be en determined. The intention of the 
overarching Remediation Action Plan was not to exis t in isolation as the single remedial 
document. The subsequent remediation planning docum ents that have been produced, as 
required by the overarching Remediation Action Plan , do provide specific detail of the 
remedial works to be conducted, with appropriate re gard to the finalised development plans 
in the areas in which that is possible. In this reg ard there is a strong interrelationship between 
the remediation documents that have been produced t o date and the development that 
those plans relate to. 

It is recognised that there is a potential for some  inconsistencies to develop between the 
requirements of the Remediation Action Plans develo ped specifically for development areas. 
This is most typified by the requirements for fill material to be used on the Headland Park from 
other areas of the site. For instance the Remediati on Action Plan for the basement carpark 
(AECOM 2010c) includes the potential for treatment o f material prior to placement on 
Headland Park where the Headland Park Remediation A ction Plan (JBS 2011a) has no 
provision for the acceptance of treated material fr om other parts of the Barangaroo site. 

4.1.5 Implications of Commencing Construction Activi ties in Parallel with Remediation 
Activities 

As noted previously and commented on with regard to  some of the community concerns 
raised, the remediation works has to be well integr ated with the planned construction 
activities. Any changes due to construction activit ies or planned construction which may 
change the physical nature of the site or assumptio ns in the exposure scenarios used to 
determine remediation outcomes should be carefully considered in the implementation of 
remediation works. As previously discussed improvem ents in the engagement of the Site 
Auditor will provide certainty that development act ivities on one part of the site are 
recognised if they are to impact on the site suitab ility of adjacent areas or where materials 
have been transported. As discussed previously the techn ical steering committee also has a 
role in this regard to regularly review the project  progress with the objective of having a site 
wide understanding of the remedial activities, deve lopment activities and to identify 
potential issues relating to the integration of the  remediation and construction activities. 

4.1.6  Review Findings for Concerns Related to Devel opment and Remediation 

The following is a summary of the review findings f or concerns related to development and 
remediation: 

! An assessment of the changes to the groundwater flo w direction, velocity and other 
dynamics that may be caused by the construction of the Barangaroo South 
basement carpark and how this relates to migration of contamination has not been 
documented by the Barangaroo Delivery Authority or Lend Lease. 

! It is considered that on balance the construction o f the basement carpark will result in 
an overall improvement in the impact to Darling Har bour. 

! The potential for adverse effects related to the fo rmation of preferential pathways, 
the changes in groundwater movement into the baseme nt, and changes in the 
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groundwater flow onto the site from areas east of B arangaroo has been considered 
and is not significant.  

! The Remediation Action Plan (JBS 2011a) and Human H ealth and Ecological Risk 
Assessments (JBS 2011 b, c) for Headland Park have both been reviewed by the 
Auditor and OEH and are considered appropriate with  regard to the criteria for what 
is acceptable to be used on Headland Park. 

! There is appropriate criteria and well thought out management plans to control the 
use of fill from other parts of the Barangaroo site  at Headland Park. 

! Improvements can be made to address inconsistencies  that exist in the requirements 
of what materials are able to be accepted on Headla nd Park between the Headland 
Park Remediation Action Plan (JBS 2011a), the Remed iation Action Plan for 
Barangaroo South (AECOM 2010c) and objectives of co nditions in the Voluntary 
Management Proposal for the Declared Remediation Si te. 

! Improvements can be made in the specific objective for the Site Auditor and in the 
engagement of the Site Auditor to improve consisten cy in role of this key component 
of remediation review and certification across the site. 

! The array of different criteria being developed acr oss Barangaroo is considered 
confusing to members of the community and may affec t confidence that the site is 
being remediated to an appropriate standard. 

! It has been demonstrated that the staged constructi on can be undertaken in 
coordination with the remediation on the site, but this can be improved so that 
remediation planning and implementation is managed more consistently across the 
site. 

! The staged construction may create changes to the p hysical site conditions and 
these do need to be taken into consideration in rem ediation planning. This is not an 
unusual process with large complex sites where reme diation planning is an iterative 
process in coordination with the development. 

! The development works will not impede remediation t o the extent that remediation 
will not be possible. 

! Appropriate controls are in place with regard to th e remediation and development of 
Headland Park and Barangaroo South demonstrating th at the staged construction 
can be undertaken in coordination with the remediat ion of those areas. 

! The Site Auditor has a key role in his position bei ng involved in all three areas currently 
being worked on and the technical steering committe e should regularly review the 
project progress with a site wide understanding of the construction and remedial 
activities. 

! Overall there is adequate coverage between the inve stigation and remedial 
planning documents and these complement each other with regard to the body of 
knowledge of the site. 

! It is recognised that there is a potential for some  inconsistencies to develop between 
the requirements of the Remediation Action Plans de veloped specifically for 
development areas and inconsistencies to also devel op between conditions of 
planning approvals and those specific Remediation A ction Plans. In addition the 
comments provided by the Site Auditor on Site Audit  Statements do need to be 
actioned. With regard to Barangaroo South there was  no evidence that a comment 
by the Site Auditor on the assessment of asbestos w as being addressed. 

4.1.7 Recommendations for Concerns Related to Develo pment and Remediation 

! Construction that is planned immediately adjacent t o the Declared Remediation Site, 
should be notified to the EPA by the Barangaroo Del ivery Authority under the 
requirements of the Voluntary Management Proposal a nd if considered necessary 
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subject to further assessment. The determination fo r the need and timing for further 
assessment should be made in consultation with the EPA. 

! It is recommended that the requirements for the pla cement of material on Headland 
Park are reviewed and an addendum to either the Rem ediation Action Plan or works 
plan for the basement carpark is updated to be consi stent with the acceptance 
criteria for fill on Headland Park. A Reuse Materia ls Management Plan should be 
developed by the Barangaroo Delivery Authority to b e referenced by consultants and 
contractors to clearly establish the requirements f or the assessment of materials prior 
to placement on the Barangaroo site. 

! It is recommended that the Site Auditor has a singl e engagement to the Barangaroo 
Delivery Authority with the purpose of providing Si te Audit Statements certifying the 
suitability of the site for the specific land uses consistent with the Barangaroo Concept 
Plan and the guidelines to SEPP 55. Within this eng agement the Site Auditor will 
provide any other Site Audit Statements required in  specific approvals and Voluntary 
Management Proposals. 

! A site wide evaluation of the many assessment crite ria developed for the different 
development areas of the site should be undertaken by the Barangaroo Delivery 
Authority in consultation with the Site Auditor and  OEH with the objective of 
standardising or simplifying the criteria for the m any contaminants across the various 
land use scenarios. 

! A review by the Barangaroo Delivery Authority of ap proval the conditions relating to 
remediation should be conducted to manage the adher ence to the many separate 
conditions relating to remediation. This should inc lude conditions of approval, stamen 
of commitments, environmental protection licences, site audit statement comments 
(including those on Site Audit Statements previousl y issued) and conditions of the 
Voluntary Management Proposal.  A summary of these conditions and status of 
compliance should be made available to the communit y through the remediation 
page of the Barangaroo website prior to the commenc ement of remediation works. 

! The technical steering committee that has been form ed should meet more regularly 
(recommend monthly) to review the project progress with the objective of having a 
site wide understanding of the remedial activities,  development activities and to 
identify potential issues relating to the integrati on of the remediation and construction 
activities. 

4.2 Concerns Related to the Declared Remediation Sit e 

The concerns relating to the management of the Decl ared Remediation Site are as follows: 

! Consideration on how the Significantly Contaminated  Area (Declared Area) was 
delineated, whether the extent is appropriate. 

! Consideration of whether contamination of concern i n other parts of the Barangaroo 
site and adjacent areas will be appropriately addre ssed. 

! Will the remediation of the Declared Area cover the  future suitability of the site? 

4.2.1 Consideration On How The Declared Remediation Site Was Delineated, And Whether 
The Extent Is Appropriate. 

The NSW DEC became directly involved in the regulat ion of the contamination at the 
Barangaroo site as a consequence of being notified by City of Sydney Council of issues 
relating to complaints about odours from residents in the multi-storey residential apartment 
building located at 38 Hickson Road in late 2004. T he odours were identified as originating 
from contaminated groundwater entering the basement  carpark of the building from an 
adjacent area of Hickson Road in which remains of t he former gas works were still present. 
Although 38 Hickson Road had been the subject of re mediation prior to development with 
the removal of impacted material, within the proper ty there had been a failure in the long 
term management strategy implemented to effectively  control the migration of 
contaminated groundwater from areas outside the sit e. 
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Declaration of Investigation Area 

Following the review of available information on al l the sites that were potentially affected by 
the former gasworks, the DEC made decisions with re gard to s.9 of the CLM Act and 
‘Significant Risk of Harm’. That resulted in the de claration of the Investigation Area under s.15 
of the CLM Act on the 28 May 2007 over portions of the former gasworks area and the 
Barangaroo Site. Areas of the former gasworks that were not included in the Investigation 
Area included 30-34 Hickson Road on the basis that is had been previously  remediated and 
that contamination did not exist on the site that p resented a Significant Risk of Harm. The 
property 38 Hickson Road which was being impacted b y the ingress of contaminated 
groundwater was also not included in the Investigat ion Area. The basis for this was that, 
although areas outside the property were considered  to pose a Significant Risk of Harm, the 
harm was being addressed by the owner and regulated  by the City of Sydney Council under 
the Protection of the Environment Operations Act (P OEO Act) and it was therefore not 
necessary for the DEC to further regulate the site.  

Declaration of Remediation Site 

Following the submission of further assessment info rmation on the properties within the 
Investigation Area the DEC made a declaration of Re mediation Site under s.21 of the CLM 
Act of a reduced area of the Barangaroo site and th e portion of Hickson Road affected by 
former gasworks operating area. The area of the Inv estigation Area that was not included in 
the Remediation Site was 36 Hickson Road and the ar ea between the former gasworks 
operating area and Darling Harbour. Discussion of t he decision has highlighted that the 
Remediation Site is smaller than the Investigation Area because it only included the area that 
was considered the source of the groundwater contam ination, coinciding with the former 
gasworks operating footprint and tar tank. Although  the former gasworks structures extend 
into the property of 36 Hickson Road they were cons idered to not present a Significant Risk of 
Harm under the current land use, with that being a sealed public forecourt area, and that 
impacts were considered to be over a smaller area a s evident from groundwater monitoring 
information from within the property. The DEC did c omment that the Remediation Site could 
be extended to include 36 Hickson Road if warranted  and that it was expected that 
remediation would ‘chase out’ contamination surroun ding the tank. 

Remediation Required to Remove the Source of Contam ination 

As such the Declared Remediation Site has been defi ned by the DEC on the presence of tar 
and Non Aqueous Phase Liquids as the source of grou ndwater contamination, the resultant 
impact to 38 Hickson Road and the potential impact to the ecology of the harbour. This is on 
the basis that if remediation is undertaken to remo ve the source (i.e the tars), any residual 
contamination would gradually attenuate over time ( presumably through dispersion and 
degradation processes). 

Some of the details of the former gasworks infrastr ucture vary in reports, and it is noted that 
reports being prepared by AECOM and Verutek have sl ightly different details on their plans 
than those used for the DEC declaration. This is mo st notable with regard to the location of 
the tar tank which, on the DEC map, extends into 36  Hickson Road and in other plans is 
illustrated as wholly contained within Hickson Road . This is of interest to the review with regard 
to community confidence. Considering that 36 Hickso n Road was initially included in the 
Investigation Area and then excluded from the Remed iation Site, with the DEC understanding 
that it would be positively affected by the remedia tion and could be incorporated if 
required, these inaccuracies are not considered of any consequence and, with 
acknowledgement that there is a level of uncertaint y of the location of structures, is not 
considered further. 

Declaration Boundary Appropriate 

In conclusion the extent of the Declared Remediatio n Site is considered appropriate. Further 
the OEH does have the capacity to amend the Remediation Site boundary if further 
information indicates a need. It must be highlighte d though that the declaration of the 
Remediation Site is related to the need to remediat e the source of the contamination, not all 
contamination. 
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4.2.2 Consideration Of Whether Contamination Of Conc ern In Other Parts Of The 
Barangaroo Site And Adjacent Areas Will Be Appropri ately Addressed. 

Barangaroo South and Headland Park including the no rthern cove are being appropriately 
managed with review, to some extent, by the OEH and  the Auditor enshrined in planning 
approvals. Although not currently addressed, but wi th regard to the planning instruments in 
place on those other areas, it can be assumed that Barangaroo Central will also be 
managed appropriately. This assumption is based on those principles applied in previous 
approvals. The continuing role of an EPA Accredited  Site Auditor to provide certification that 
the sites are suitable for the proposed land use co nsistent with the guidelines of SEPP 55 is 
encouraged.

As discussed in relation to other community concern s about whether contamination will be 
appropriately addressed the role of the Site Audito r can broadly be described as providing 
certainty in the planning process that contaminatio n will be appropriately managed. 
Therefore improving the consistency in the Site Aud itor’s role and engagement should 
improve the confidence in the community that contam ination will be appropriately 
managed and that independent review is being undert aken in accordance with the 
guidelines of SEPP 55 and the Contaminated Land Man agement Act and guidelines made or 
approved under the Act. 

In addition, being able to more clearly articulate the engagement, purpose and required 
conduct of the role and obligations of the Site Aud itor under the Contaminated Land 
Management Act and the Contaminated Sites: Guidelin es for the NSW Site Auditor Scheme 
(2nd  Edition) 2006, specifically Section 3.1 of the gui delines covering the obligations of Site 
Auditors to the community would be of benefit. In p articular the requirement for Site Auditors 
to owe a primary duty of care to the environment an d the health, safety and welfare of the 
people of NSW and for the Site Auditor to: 

! maintain a high professional standard 

! exercise their professional and independent judgmen t, applying their knowledge 
and skill appropriately to each audit they undertak e 

! be objective 

! conduct the audits at arm’s length from any person who engaged them to do the 
audit and whose work they are reviewing in the audi t 

! act with due care and diligence. 

An improved understanding in the community of the e ngagement, purpose and required 
conduct of the role and obligations of the Site Aud itor would be of benefit to the overall 
project as well as the works related to the Declare d Remediation Site. 

4.2.3 Will The Remediation Of The Declared Area Cove r The Future Suitability Of The Site? 

Site Specific Target Concentrations have been devel oped with the future land use in mind, 
and have been approved by OEH so if achieved should  enable use of the site as proposed. 

The Voluntary Management Proposal for the Declared Remediation Site has been prepared 
with regard to the pilot trial and full remediation . It requires the Site Auditor and OEH (as part 
of Phase 1 of the proposal) to endorse Investigatio ns, Remediation Action Plans and 
Remediation Work Plans prepared as a component lead ing up to and including the pilot trial. 
The details of Phase 2, which is the remediation of  the Declared Remediation Site, is to be 
specified in a separate Voluntary Management Proposal. 

Site suitability is not discussed in the Voluntary Management Proposal so the Site Auditor is not 
working towards this objective specifically. Howeve r the Site Auditor is required to endorse the 
Remediation Action Plan to be prepared and will cer tify the appropriateness of the plan to 
achieve a particular outcome, this is expected to b e Site Suitability. As previously discussed 
improvements to the engagement and objectives to th e Site Auditor role would ensure that 
site suitability was considered in the Auditor’s re view of documents relating to the Declared 
Remediation Site. 



Barangaroo Independent Remediation Review 

95103 Barangaroo Report Final SB0331: Barangaroo In dependent Remediation Review Page: 22 

4.2.4 Review Findings For Concerns Related To The De clared Remediation Site 

The following is a summary of the review findings f or concerns related to the Declared 
Remediation Site: 

! The extent of the Declared Remediation Site is cons idered appropriate. OEH does 
have the capacity to amend the Remediation Site bou ndary if further information 
indicates a need. 

! The other areas adjacent to the Declared Remediatio n Site - Barangaroo South and 
the Headland Park including the northern cove are b eing appropriately managed 
with review, by the OEH and the Auditor enshrined i n Planning Approvals. It can be 
assumed that Barangaroo Central will also be manage d appropriately. 

! The continuing role of an EPA Accredited Site Audit or to provide certification that 
development sites not within the Declared Remediati on Site are suitable for the 
proposed land use is consistent with the guidelines  of SEPP 55 and is encouraged. 

! Improved understanding in the community of the engagement, purpose and required 
conduct of the role and obligations of the Site Aud itor under the Contaminated Land 
Management Act and the Contaminated Sites: Guidelines for the NSW Site Aud itor 
Scheme (2nd Edition)  2006 would be of benefit. 

! Site Specific Target Concentrations have been devel oped for the future land use of 
the Declared Remediation Site, these have been appr oved by OEH and if achieved 
should enable use of the site as proposed. 

! The current Voluntary Management Proposal does not specifically discuss site 
suitability. However the Site Auditor is required t o endorse the Remediation Action 
Plan to be prepared and will certify the appropriat eness of the plan to achieve a 
particular outcome, this is expected to be Site Sui tability. 

! Improvements to the engagement and objectives to th e Site Auditor role would 
ensure that site suitability was considered in the Auditor’s review of documents 
relating to the Declared Remediation Site. 

4.2.5 Recommendations Related To Concerns Related To  The Declared Remediation Site 

No recommendations are made with specific regard to  the concerns relating to the 
Declared Remediation Site that have not already bee n made, or will be made specifically 
with regard to the pilot trial. 

4.3 Concerns Related to SISCO/SEPR the Pilot Trial 

The community concerns relating to the management o f the Surfactant-Enhanced In-Situ 
Chemical Oxidation (SISCO) and Surfactant-Enhanced Product Recovery (SEPR) pilot trial are 
as follows: 

! Whether concerns raised by City of Sydney regarding  the SISCO pilot trial have been 
considered. 

! Clarify that atmospheric pollution resulting from d isturbance of on site contamination 
is appropriately managed. 

! How will it be determined that the pilot trial is s uccessful? What is the alternative if it is 
not successful? 

! Should the public be confident that the controls an d constraints regarding the pilot 
trial are appropriate to manage the risks? 

4.3.1 Whether Concerns Raised By City Of Sydney Rega rding The SISCO Pilot Trial Have Been 
Considered. 

In general, the work plan for the pilot trial is co nsidered to be adequate and addresses most 
of the key concerns raised by the stakeholders incl uding those comments raised by Rod 
Harwood and the City of Sydney. The detailed work p lan and trial management plan 
(Verutek, Sept 2011) that has been developed is ver y comprehensive, and has been 
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significantly updated following submission during t he approval process. The plans, which 
clearly document the details on the pilot trial wor ks, address the comments raised by the 
stakeholders.

Further comments on performance monitoring and tech nology implementation for 
consideration have been discussed against the speci fic community concerns on these 
matters.  

4.3.2 Clarify that atmospheric pollution resulting f rom disturbance of on site contamination is 
appropriately managed. 

There is acknowledged potential that some of the mo re volatile components of the 
contaminants present in soil and groundwater, under  specific conditions, would undergo a 
phase change and be present in air. The implication s of this are twofold, firstly the 
concentrations of those contaminants in air from th e perspective of impact to public health 
and that of occupational hygiene for workers on the  site. Secondly, issues relating to odour, 
with the understanding that many of the compounds r elated to gasworks have 
comparatively low odour thresholds, meaning they wi ll be odorous at very low 
concentrations in air. 

For the proposed works at Barangaroo South and the basement carpark construction, the 
management of contaminants in air via the requireme nts of the Environmental Management 
Plan (for odour) and the Occupational Health and Sa fety Plan. 

Due to the relatively short (life-time versus month s or weeks) exposure duration, acute (short 
term) exposure impacts are relevant to both public health and worker exposure. In this 
instance, due to proximity to the disturbed areas t he occupational exposure determines the 
management controls. 

The trial management plan prepared by Verutek provi des details on how atmospheric 
pollution relating to the pilot trial will be manag ed using soil vapour extraction points and 
treatment system. The design and location for the s ystem appear appropriate; some details 
such as the radius of influence for the extraction points have not been presented. With 
regard to the management of the soil vapour extract ion system it is recommended that the 
following tasks are carried out: 

! Prior to injection of oxidants, the soil vapour ext raction effects are studied by 
operating the extraction system and checking the va cuum achieved at the 
extraction, injection well, and soil vapour extract ion well network. It would be 
prudent to confirm that the soil vapour extraction system will provide the requisite 
coverage. 

! Ambient air monitoring for volatile organic compoun ds and should be conducted 
in appropriate locations of the target remediation areas, and at sensitive re ceptor 
locations such as the Child Care Centre by Lend Lea se during the pilot trial. 
Baseline monitoring prior to remediation will be re quired to establish the 
benchmark for comparison. Also, daily monitoring is  recommended until early 
results support a reduction in frequency. 

Overall, the awareness of the potential issues has been well developed and the 
management requirements have been incorporated into  the various related planning 
documents. 

4.3.3 How Will It Be Determined That The Pilot Trial  Is Successful? What Is The Alternative If It Is 
Not Successful? 

The objective of the pilot trial is to achieve Soil  Specific Target Criteria for soil and 
groundwater at specified test sites. 

The proposed remediation pilot trials involve two i n-situ remediation methods known as 
Surfactant-Enhanced In-Situ Chemical Oxidation (SIS CO) and Surfactant-Enhanced Product 
Recovery (SEPR).  
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A bench-scale study using representative soil and t ar samples was conducted by Verutek to 
evaluate the use of SISCO. Results from the study d emonstrated over 80% reduction in 
contaminants of concern concentrations. Verutek sta ted that full scale treatment potential of 
the SISCO was likely to be better as there would be  more reaction time available in the field, 
which controls treatment rates.  It should be noted  that lab scale work has limitations in the 
representativeness of samples used; however those l imitations are expected for this phase of 
the work.  This work provided the proof of concept that the SISCO approach was viable in 
concept. 

Based on the successful bench-scale results, the SI SCO and SEPR technologies will be field 
tested to verify their effectiveness in addressing the contamination in the soil and 
groundwater on parts of Block 5 and Hickson Road wi thin the Declared Remediation Site.  No 
permanent works are proposed as part of the pilot t rials, and any full-scale remediation using 
these techniques will be based on the successful im plementation and acceptance of the 
pilot trial results. 

Overview of Proposed Pilot Trial and Performance Ev aluation 

The pilot trial will be undertaken in two separate areas of the Declared Remediation Site. The 
first in the area of the site identified as Block 5 . This will take place in a 100 square meter 
section of the Remediation Site that is currently v acant but contains the below-ground 
remains of infrastructure associated with former ga sworks activities, including the retort house 
and its 1880 extension, as well as purifiers. This section of the site is bounded to the east by a 
footpath along Hickson Road. 

This area will be treated by primary phase injectio ns of SISCO, using hydrogen peroxide (H 2O2)
activated by Fe-TAML a proprietary iron based activ ator, and enhanced by the use of a 
proprietary co-solvent/surfactant mixture (VeruSOL ®).  A secondary phase of SISCO injections 
will consist of alkaline persulfate, that is, sodiu m persulfate injected with sodium hydroxide. This 
treatment is to provide longer term oxidation react ions in the subsurface than are possible 
with the primary phase treatment of SISCO using hyd rogen peroxide and Fe-TAML. 

SISCO injections will take place 10 to 12 hours per  day, 6 days per week, at a cumulative 
injection rate of approximately 19 litres per minut e (L/minute) across the injection wells in the 
area. Concentrations of peroxide will range from 4 to 16%. Concentrations of VeruSOL ® will 
range from 0.5 to 20 g/L. Concentrations of Fe-TAML  will range from 0.1 to 0.2 micro-molar. 

The second SISCO injection phase consists of inject ing sodium persulfate, sodium hydroxide 
and VeruSOL ®. It is expected that the second injection phase wi ll take place over a two week 
period at a similar cumulative flow rate of 19 L/mi nute across the injection wells. 
Concentrations of sodium persulfate will range from  2 to 10%. Concentrations of VeruSOL ® will 
range from 0.5 to 5 g/L and concentrations of sodiu m hydroxide will range from 5 g/L to 20 
g/L. 

It was determined that 245 kg of PAHs and 4,738 kg of TPH contamination will be treated in 
the SISCO pilot trial.  This destruction will be ac hieved by injecting 24 tons of H 2O2, 2.1 tons of 
Verusol, and 28 kg of Fe-TAML during Phase 1 operat ions, and 12 tons of sodium persulfate, 
0.9 tons of Verusol, and 1.2 tons of NaOH in Phase 2. 

The second area is within Hickson Road and will inv olve a pilot trial of both SEPR™ and SISCO. 
This will take place in a subsurface tar tank measu ring approximately 16 m in diameter (about 
200 square metres in area) located adjacent to 36 H ickson Road. The tar tank is located in 
the portion of Hickson Road which vehicular and ped estrian traffic regularly pass. 

The investigations of the tank revealed evidence of  contamination from approximately 1m 
below ground surface (bgs) to the bottom of the tar  tank. Other contaminants are found as 
tar sludge and also sorbed onto soils and dissolved  in groundwater.  

Treatment in the pilot trial area will begin with a  SEPR™ phase to remove the tar present in the 
tar tank. SEPR™ will consist of injections of hydro gen peroxide (H 2O2) enhanced by the 
cosolvent/surfactant mixture VeruSOL followed by ex tractions of the injected fluid and 
solubilised product (tar).  The SEPR™ phase will consist of 5 days (10 to 12 hours per day) of 
injections followed by 5 days of extraction. During  the SEPR™ phase a solution consisting of 2 
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to 4% hydrogen peroxide and 5 to 20 g/L VeruSOL ® will be injected at flow rates ranging from 
3.7 to 19 L/minute. Chemicals will be pumped from s tock solutions of 50% hydrogen peroxide 
and pure VeruSOL ® into the injection system to achieve the desired c oncentrations for 
injection.  The SEPR™ phase will continue until the  Non-Aqueous Phase Liquid/emulsified fluid 
return in the extraction wells is reduced to a shee n. 

Upon completion of the SEPR phase, SISCO injections  will occur for approximately four weeks 
to destroy the remaining contamination. This SISCO phase will consist of injections of 
hydrogen peroxide and VeruSOL ® at concentrations ranging from 4 to 16% and 5 to 2 0 g/L, 
respectively and the activator Fe-TAML. Up to 113,5 00 litres of total chemical volume will be 
injected throughout this four week round of injecti on, and the trial will require injecting ~13 
tons of H 2O2, 1.6 tons of Verusol ®, and 15 kg of Fe-TAML during the SEPR and SISCO ph ases. 

This trial was designed on the basis that up to 25 % of the tar tank volume and tar tank 
contaminant mass (4,688 kg of TPH, 960 kg PAHs and 138 kg of BTEX) will be treated during the 
SEPR™ and SISCO. 

Prior to chemical injections, pump tests will be co nducted in the tar tank in order to establish 
the connectivity of the contents of the tank with s urrounding groundwater and soil vapour. 
These tests will take place during site set-up acti vities over the course of approximately one 
day. During this time, water will be injected into the tar tank treatment area and multi-
parameter water quality probes (referred to as data  loggers) will be used to monitor the 
response of water levels in the tank. The degree of  connectivity that is determined from 
monitoring of these tests will influence the extent  of vapour extraction, the pressure at which 
chemical injections occur and the rates of extracti on required to create sufficient draw-down 
to confine liquids to the tank.  

Performance Evaluation 

The proposed remediation approach is relatively new  and there is minimal previous project 
data to defensibly support its full-scale implement ation at this stage. The pilot scale study is 
critical in providing the information that is requi red to inform this decision.  Due to the 
heterogeneity of the Site, site constraints, variab ility in soil and groundwater concentrations, 
implementation risks, potential for formation of tr eatment residuals (metals, excess surfactant, 
sulphates etc.) and its potential for impact on the  Harbour, the performance criteria to be 
met to inform the decision to move to the next stag e have to be carefully assessed and 
refined in consultation with all relevant stakehold ers.   

In general, the SISCO and SEPR work plan is conside red to be adequate and addresses most 
of the key concerns raised by the stakeholders. 

However, there are several risks associated with th e technology performance, issues that 
require further consideration related to performanc e monitoring, and contingency planning. 

These are as follows: 

Potential for Uneven and Inadequate Distribution of  Injected Chemicals  

Verutek claims that the proposed SISCO co-elution t echnology achieves superior contact 
with contaminants when compared to traditional in-s itu chemical oxidation methods 
because the injected surfactant solubilises the con taminants it contacts and makes it 
available for oxidation.  

It is not considered reasonable to expect complete solubilisation of tars and oily residuals that 
exist in the fill material as it will be extremely difficult for injected surfactants to penetrate the  
tarry wastes.  Injected chemicals are likely to eit her push the Non-Aqueous Phase Liquids and 
tars out of the pore space or find the path of leas t resistance and avoid contacting the tarry 
waste materials.  For this reason, achieving >80% c ontaminants of concern reduction in soil in 
a heterogeneous environment such as the Barangaroo Site is considered unlikely with the 
SISCO process. However, with the SEPR process, the active injection and extraction process is 
likely to achieve a much better distribution of inj ected chemicals if the wells are properly 
located.   
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Notwithstanding the above comments, the SISCO techn ology can be expected to achieve 
significant reductions in sorbed and mobile phase c ontaminants. However, it is uncertain 
without the pilot trial whether it is capable of ac hieving the Site Specific Target Criteria for soil 
and/or groundwater. 

Remediation Goals Based on Human Health Risk and no t Ecological Risk 

The remedial goals outlined for the pilot test are based on the estimated site specific target 
criteria for groundwater and site specific target c riteria for soil for human health only. As 
stated in the Human Health and Ecological Risk Asse ssment (AECOM 2011b), the risks to the 
aquatic environment in Darling Harbour from groundw ater at the Declared Remediation Site 
are considered to be low due to the construction of  diaphragm walls, which prevents 
migration to the Harbour. 

The groundwater target criteria that have been appr oved by OEH based on the modelled 
exposure/land use scenarios appear to be elevated w hen compared to existing non-site 
specific water quality target concentrations.  For example, the lowest derived site specific 
target criterion for naphthalene for the Upper Base ment Scenario is 920 ug/L, which is 2 orders 
of magnitude higher than the 90% ANZECC trigger lev el for the marine environment. In the 
case of an intrusive worker scenario, the target cr iterion for naphthalene is 30,000 ug/L. This 
concentration is at the “solubility limit” for pure  naphthalene in water and an order of 
magnitude higher than the “actual” solubility limit s estimated using Raoult’s law for a 
complex mixture in groundwater environment.  For ex ample, if naphthalene constituted 10% 
of the tar in the soil phase, the concentration of naphthalene in contact with this soil is 
expected to be 10% of pure-phase solubility limit o f 30,000 ug/L. i.e. 3,000 ug/L.  This means 
that the proposed target criterion is an order of magnitud e higher than possible aqueous or 
dissolved phase concentrations of naphthalene. 

Similarly, the lowest derived site specific target criterion for benzene for the modelled 
scenarios is 3,600 ug/L, which is a factor of 5 hig her than the 95% ANZECC trigger level for the 
marine environment. And, the target criterion for b enzene for the Upper Basement exposure 
scenario is 21,000 ug/L. 

As can be seen the groundwater Site Specific Target  Criteria means that the objectives for 
the pilot trial are relatively easy to achieve, or for some land use scenarios it has already been 
met. Protection of the environment which is the key  purpose of the declaration of the 
Remediation Site is not being achieved through the target criteria set for the treatment of 
groundwater but rather by an assumed isolation of t he source material from the tidal 
groundwater by the construction of future retention  walls (which final design or approvals are 
not available), and the assumed removal of free tar s. Whilst this may be consistent with the 
objectives of the Voluntary Management Proposal it is probably not understood by the 
community that this is the planned outcome of the r emediation.  As such the primary driver is 
the removal of Non-Aqueous Phase Liquids, as no red uction in dissolved or aqueous phase 
concentrations is required. 

This also implies that the driver for remediation w ill vary depending on the area on the site 
and its proposed land use, and the associated media  of concern.  This means that the pilot 
trial may have succeeded in some areas even prior to its implementation or it may have 
succeeded in achieving the groundwater target crite ria but not the soil target criteria. In 
these cases, it is important to develop a framework  in consultation with key stakeholders on 
how the performance will actually be evaluated. Con sidering the risks associated with the 
SISCO implementation, there may be areas where the remediation poses more risks than the 
actual contaminant exposure risk. 

Risk of Relocating Contaminants 

Based on a back-of-the envelope assessment of the i njection rate and the duration of the 
injection activities, it is estimated that the volu me of injected material is ~400m3 at Block 5.  
Assuming a 30% pore volume, the target test area im pacted by this volume is an area 
of ~1,300 m2 assuming a 1m thickness.  

There is a potential that these volumes of injected  chemicals will displace or push the Non-
Aqueous Phase Liquids and tars out of the pore spac e due to the injection of surfactants and 
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subsequently due to the expanding gas front resulti ng from the oxidation reactions. In a 
heterogeneous field setting, it is not considered l ikely that the injected surfactants will 
uniformly contact and completely solubilise the Non -Aqueous Phase Liquids and tars. 

As can be seen on the pictures in the lab studies, the frothing (i.e. gas front) associated with 
the gas generation appears to have carried some of the free-phase contaminants from the 
jars on to the trays holding the jars similar to wh at will occur in the soil pore space.  

Also, at this time, there are insufficient details around the timing of the surfactant and oxidant 
injections and oxidant activation.  If the oxidant injection occurs well after the surfactant 
injection, then it is likely that the solubilised c ontaminants will not be contacted by the 
oxidants.  If the surfactant and oxidants are simul taneously injected and activated, then it is 
likely that the gas pressure front will push the No n-Aqueous Phase Lliquids outwards away 
from the target injection area. 

Uncertainties Associated with Performance Monitorin g Strategy  

The pilot test work plan provides a good a basis fo r the selection of the injection well, 
extraction well, and monitoring well locations.  Th e basis for the pilot test area selection is 
provided but it is not clear if the exact location of the injection wells, extraction wells, and 
performance monitoring wells has been adequately co nsidered. These will be subject to 
further review by the OEH and the Site Auditor; it is therefore considered that there is 
adequate review and oversight with regard to propos ed performance monitoring.  

The proposed locations of the performance monitorin g wells in the opinion of this reviewer do 
not appear to provide the requisite coverage for tr acking the injection front. Due to the 
heterogeneous nature of the fill, a series of close ly spaced temporary monitoring wells should 
be constructed along a transect parallel to the Dar ling Harbour to increase the chances that 
the injection front is captured by the sentinel wel ls prior to it reaching much closer to the 
Harbour front. 

Though the contingency plan of using monitoring wel ls for extraction wells is supported, the 
results from these monitoring wells when they are a lso used for extraction purposes are likely 
to provide skewed results.  In such an event approp riate development of the wells or the 
construction of new wells would be advisable. 

It is considered that performance goals for the Hic kson Road pilot trial will be difficult to 
evaluate.  The objective of this trial is to achiev e only a 25% reduction in the concentration of 
contaminants of concern. It is not clear what the b asis for this was.  However, measuring a 
reduction of only 25% is likely to prove difficult.   Considering the presence of Non-Aqueous 
Phase Liquids and tar in this area, the resulting v ariability in soil concentrations is likely to mask  
any reductions in concentrations that could be attr ibuted to the pilot trial.  Though a 
statistical basis is proposed, the data reduction i s not expected to be straightforward and 
beyond reproach.  Therefore, it is recommended that  a meaningful evaluation approach is 
agreed up front with stakeholders to prove the effe ctiveness of the technology. 

As explained earlier, there is a potential that Non -Aqueous Phase Liquids may be displaced 
during the oxidant injection process, and as such, additional soil borings immediately outside 
the perimeter of the proposed target area would be required to assess this. In the pilot trial 
area the target test area impacted by the injection  (assuming ~400 m3 of injection volume, 
30% porosity, and a 1m aquifer thickness) is an are a of ~1,300 m2. This area is much larger 
than that covered by the proposed soil borings and the fringes of the injection area should 
be sampled to ensure that lateral migration of cont amination is better understood. 

It is clear that tides have a significant impact on  groundwater levels on the Barangaroo site 
and the proposed test areas. The impact of the tida l inflow and drainage on the 
effectiveness of the trials should be carefully ass essed during the trial. It is possible that a non-
detection or low-level detection along the foreshor e monitoring wells may mislead the 
reviewer of the data that there is no migration fro m the pilot test area.  This may purely be the 
impact of seawater intrusion during a high tide.  G roundwater monitoring has to carefully 
consider the tidal influences so that the data are carefully analysed and time-adjusted. 
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The current post-injection monitoring ceases after the injected chemistry is no longer 
observed in the monitoring wells network so any ‘re bound effect’ will not be evaluated. For 
any in-situ trial such as SISCO additional monitori ng after the event would be undertaken to 
review the potential for rebound of groundwater con tamination levels post the trial injection 
activities. 

It is stated that pump tests will be conducted to u nderstand the integrity of the tank structure 
at the Hickson Road trial. It is not clear what the  contingency is if the water level does not rise 
indicating either the tank is hydraulically connect ed to the outer fill aquifer, or the underlying 
bedrock is more permeable than previously assumed. There appears to be limited 
information around the underlying sandstone layer. The impact of oxidant injection in 
mobilising contaminants in this layer needs to be c arefully assessed.  The water injection tests 
should carefully reviewed to assess the likelihood of connection into the underlying bedrock 
during the trial. 

It is important to appreciate that the pilot trial being conducted is field testing to assess the 
performance and feasibility of this specific techno logy for the remediation of the Declared 
Remediation Site. As such there is a level of uncer tainty in the outcome, however the pilot 
trial has been well planned, does have a number of levels of review through both the OEH 
and a Site Auditor and consultants working on behal f of Lend Lease and will also be a 
regulated activity under the Protection of the Environment Operations Act 1997 . This is in 
addition to the regulation of the Declared Remediat ion Site under the Contaminated Land 
Management Act 1997  as well as assessment under the planning approval process. 

Contingency Planning 

The remediation strategy for the Declared Remediati on Site has proposed a preferred 
remediation technology option. The purpose of the t rial is to determine the feasibility of this 
preferred option. It should not be interpreted that  by conducting the proposed trial other 
remediation options could not be considered before a decision is made on the appropriate 
remediation method. Once the outcome of the trial i s known it will then be appropriate to 
assess the implementation of the various options and t his is expected to be presented in the 
Remediation Action Plan. If the SISCO and/or SERP a re not feasible, other options may 
likewise need to go through a process of treatabili ty studies. It would not be expected that 
the various options would be worked on simultaneous ly and it would not be expected that 
contingency options would be selected until the pre ferred option is presented in the 
Remediation Action Plan. 

4.3.4 Should The Public Be Confident That The Contro ls And Constraints Regarding The Pilot 
Trial Are Appropriate To Manage The Risks? 

The proposed remediation approach is relatively new  and there is minimal previous project 
data to defensibly support its full-scale implement ation at this stage, however due to the site 
specific nature of the remediation of contaminated land there is always the need to 
undertake some site specific treatability study pri or to implementing full-scale works. This is 
why the pilot trial is critical in providing the in formation that is required to inform this decision.  
Due to the heterogeneity of the site, site constrai nts, variability in soil and groundwater 
concentrations, implementation risks, potential for  formation of treatment residuals (metals, 
excess surfactant, sulphates etc.) and its potentia l for impact on Darling Harbour, the 
performance criteria to be met to inform the decisi on to move to the next stage has to be 
carefully assessed and refined in consultation with  all relevant stakeholders.   

The Verutek work plan has identified most of the im plementation risks and has developed a 
detailed plan to manage this. Verutek has considere d the following risks and have provided 
a detailed work plan to address these issues.  

! Impact to an Aquatic Ecosystem (Darling Harbour) – SISCO Chemistry; 

! Impact to an Aquatic Ecosystem (Darling Harbour) – Mobilisation of Metals; 

! Impact to Subsurface Infrastructure; 

! Impacts to Buildings; 
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! Impact to Humans due to Vapours; 

! Impact due to Day-lighting; and 

! Impact to Trees. 

A summary of the potential risks associated with th e effective implementation of the 
technology during implementation of pilot trial wor ks, and its impact on human health and 
environment is presented, as are specific concerns related to some of these risks which need 
further consideration.  

Impact on Darling Harbour Aquatic Environment 

During the proposed SISCO works, large volumes of o xidants, surfactants, and activators will 
be injected into the ground to remediate the target  area. The proposed injections are 
expected to occur at a distance approximately 200m away from the Darling Harbour. This 
provides a good buffer distance to monitor and trac k the movement of injected chemicals.  
However, as noted in the Affidavit provided by Chri s Jewell, the hydraulic conductivity in the 
fill aquifer is highly variable, and varies to as h igh as 2,000 m/day. This implies that there are 
highly permeable areas within the fill materials (i .e. there is a possibility that the injected 
materials could potentially find its way to the Dar ling Harbour, despite its distance from the 
harbour very rapidly). 

Verutek proposes to monitor the downgradient monito ring wells on a continual basis for 
parameters such as electrical conductivity etc., an d use the increase in electrical 
conductivity to trigger either increased monitoring  or groundwater extraction.  

The proposed approach is conceptually acceptable; h owever, the implementation of this 
control should be carefully evaluated due to follow ing reasons: 

! This approach relies on the proper placement of mon itoring wells along the 
groundwater flow path. Due to heterogeneous nature of the fill, it is possible that 
the monitoring wells do not intercept the high perm eability groundwater flow 
paths at the site, i.e it is possible that the inje cted chemicals could pass unnoticed 
between existing monitoring wells network. 

! Tidal water intrusion is likely to cause significan t changes in electrical conductivity, 
and this is likely to cause difficulty in distingui shing electronic conductivity 
increases due to sea water intrusion and injectant front.  

As stated earlier, additional monitoring wells are recommended to ensure the early 
identification and subsequent management of this ri sk. 

Also, the pilot trial and the future full-scale wil l involve injection of large quantities of 
surfactants and oxidants that will result in a net increase in biological oxygen demand and 
chemical oxygen demand, sulfate, and other ions in the groundwater. This will eventually 
drain to Darling Harbour. The impact of that on the  aquatic environment needs to be 
carefully assessed. It is recommended that analysis  for total organic carbon and sulfates are 
added to performance monitoring wells. 

Metals Mobilisation 

The introduction of strong oxidants into the subsur face environment is likely to result in the 
oxidation of metals present in the fill material. F or example, oxidants have a strong likelihood 
of mobilising chromium (both naturally occurring an d as part of former gasworks 
contamination) in the hexavalent chromium (Cr[VI]) form.  It appears that the lab work has 
not assessed the potential risks associated with me tals mobilisation.   

This issue was also raised by OEH due to the observ ed reduction in pH in the lab scale studies.  
In response Verutek agreed to include monitoring in  monitoring wells downgradient of the 
test area. Verutek further stated that the metals m obilisation is not likely an issue in the pilot 
trial as the pH changes will be carefully managed. It is my opinion that the metals mobilisation 
is not simply related to pH changes but a result of  direct oxidation of the metals in the aquifer 
material.  Therefore, simply controlling pH is not likely to address the metals issue. 
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Also, though Verutek’s argument that the metals are  likely to get reduced back (or 
precipitated) to the stable form over time is valid , the proximity of the receptor (Darling 
Harbour and potentially the adjacent groundwater tr eatment system) is such that there may 
not be sufficient time and buffer for intrinsic red uction. i.e. metals are likely to migrate to 
Darling Harbour, albeit at low concentrations, due to tidal flushing.   

This needs to be carefully evaluated through review  of monitoring wells. A contingency 
extraction strategy (similar to that already in pla ce) should be triggered in the event the 
metals concentration exceeds trigger values agreed with OEH. 

Daylighting 

The presence of buried utilities at the pilot trial  site results in paths of least resistance for the 
injectants.  There is a good chance that some porti on of the injected oxidants and Non-
Aqueous Phase Liquids will daylight along the utili ty trenches and any other constructed 
trenches rather than follow the natural groundwater  pathway. This eventuality should be 
carefully addressed. This will be further exacerbat ed by the gas pressure front created by the 
peroxide/persulfate reactions and resulting vapours . This risk has been peripherally addressed 
by Verutek in their work plans; however, the primar y risk is associated with the daylighting of 
contaminants and /or injectant occurring in unantic ipated areas along buried/constructed 
trenches. 

Impact to Subsurface Infrastructure: 

The presence of buried utilities at the site increa ses the risk of potential impacts to these 
structures. This issue was raised by several stakeh olders and Verutek has responded by 
providing a detailed assessment of compatibility of  the infrastructure materials of construction 
and the injected chemicals. 

The primary risk that does not appear to be address ed includes the risks associated with 
potential temperature increases on the telecommunicat ions infrastructure. An assessment by 
Vrutek should be sought with regard to this possibl e impact. 

Impact of Temperature Increase on Well Construction  Materials 

Injection of peroxide is expected to increase tempe rature in the subsurface due to the 
exothermic reactions associated with the peroxide d ecomposition process.  It is unclear from 
the lab scale studies and literature studies whethe r the temperature increases are substantial 
enough to warrant a change in the use of PVC for co nstructing of injection wells and 
monitoring wells at the site.  On other ISCO projec ts, it has been a best practice to construct 
wells using stainless steel to avoid impacts on PVC  material. 

Vapour generation 

The oxidation of contaminants will result in genera tion of gases (oxygen, CO 2, volatile 
contaminants, etc) and temperature increases in the  subsurface that is likely to generate 
vapours containing volatile contaminants such as BT EX, naphthalene and other low 
molecular weight PAHs, etc.   

As a result, a soil vapour extraction system has be en proposed to capture and treat potential 
odours and air pollution resulting from the pilot s tudy. In response to comments from the City 
of Sydney, the basis for the sizing of the soil vap our extraction system was provided in the trial 
management plan (Verutek, Sept 2011).   

Though the proposed soil vapour extraction and trea tment unit appears to be sized 
adequately, it is not clear if adequate radius of i nfluence and vapour capture coverage can 
be achieved based on the proposed well placement an d the shallow/heterogeneous nature 
of the fill. The soil vapour extraction well placem ent appears to have been based on locating 
the wells between the injection area and potential human receptors. This strategy may not 
achieve capture of vapours generated in the opposit e end of the target areas. 

Pressure Build-up Under Pavements 

Pressure build-up due to the large gas expansion as sociated with the activation of the 
hydrogen peroxide is possible under pavements, cont ainment berms, and other areas, 
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especially in zones with low conductivity.  Active pressure monitoring around injection wells, 
as currently proposed, should help identify these i ssues.  

Concerns Expressed by the Auditor 

The proposed remediation works was reviewed by the Site Auditor. The Auditor summarised 
that the risk issues identified and mitigation/ contingency meas ures proposed are considered 
generally adequate. Two comments were provided whic h are summarised below with the 
associated responses. 

1) The requirement for carbon filter replacement for  the soil vapour extraction system is 
not discussed in the Work Plan, and licensing/ appr ovals and discharge limits are not 
defined. These issues need to be resolved to ensure  inappropriate discharge of 
contaminant vapours does not occur. 

The Trial Management Plan (see Section 7.6, Verutek , Sept 2011) has included a discussion on 
monitoring and carbon change-out requirements. The specific detail of monitoring 
requirements has not been stipulated and will requi re a variation to the Environmental 
Protection Licence for the site. This will be requi red for discharges to air and also injecton to 
groundwater. 

2) Although the degree of monitoring and proposed co ntingency measures are 
considered appropriate, quantitative action levels are not specified for when 
contingency action would be implemented in relation  to migration of groundwater 
impacts or treatment chemicals, or in relation to v apour accumulation and soil vapour 
sampling. This highlights the need for careful cons ideration of monitoring results and 
the possible requirement for site specific risk ass essment to be undertaken during the 
trial. Sufficient resources should be allocated to allow for the assessment of monitoring 
results within an appropriate timeframe and all ‘el evated’ results should be reported to 
the stakeholders. 

The Trial Management Plan (See Section 8.4, Verutek , Sept 2011) has included a discussion on 
the proposed monitoring strategy and quantitative t riggers. Also, a discussion on “weekly” 
regulatory reporting is provided. It is not clear i f Verutek has provided sufficient resources for 
timely monitoring and assessing of the pilot test r esults in relation to the weekly reporting. The 
utilisation of a technical review committee made up  of representatives of EOH and the Site 
Auditor will assist in the timely review of informa tion as is presented. 

4.3.5 Review Findings For Concerns Related To The SI SCO/SEPR Pilot Trial 

The following is a summary of the review findings f or concerns related to SISCO/SEPR pilot trial: 

! The proposed remediation pilot trials involve two i n-situ remediation methods 
known as Surfactant-Enhanced In-Situ Chemical Oxida tion (SISCO) and 
Surfactant-Enhanced Product Recovery (SEPR).  

! The pilot trial will be undertaken in two separate areas of the Declared 
Remediation Site. The first in the area of the site  identified as Block 5. The second 
area is within Hickson Road and will involve a pilo t trial of both SEPR™ and SISCO. 
This will take place in a subsurface tar tank.  

! The proposed remediation approach is relatively new  and there is minimal 
previous project data to defensibly support its ful l-scale implementation at this 
stage. The pilot scale study is critical in providi ng the information that is required to 
inform this decision. 

! In general, the SISCO and SEPR work plan is conside red to be adequate and 
addresses most of the key concerns raised by the St ake holders. 

! It is important to appreciate that the pilot trial being conducted is field testing to 
assess the performance and feasibility of this spec ific technology for the 
remediation of the Declared Remediation Site. As su ch there is a level of 
uncertainty in the outcome, however the pilot trial  has been well planned, does 
have a number of levels of review through both the OEH and a Site Auditor and 
consultants working on behalf of Lend Lease and wil l also be a regulated activity 
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under the Protection of the Environment Operations Act 1997 . This is in addition to 
the regulation of the Declared Remediation Site und er the Contaminated Land 
Management Act 1997  as well as assessment under the planning approval 
process.

! It should not be interpreted that by conducting the  proposed trial that other 
remediation options could not be considered before a decision is made on the 
appropriate remediation method. Once the outcome of  the trial is known it will 
then be appropriate to assess the implementation of  the various options and this is 
expected to be presented in the Remediation Action Plan. If the SISCO and/or 
SERP are not feasible, other options may likewise n eed to go through a process of 
treatability studies. It would not be expected that  the various options would be 
worked on simultaneously and it would not be expect ed that contingency options 
would be selected until the preferred option is pre sented in the Remediation 
Action Plan. 

! As would be expected with a pilot trial there are a  number of uncertainties in 
relation to the performance of the trial and this r eview has identified a number of 
improvements to be considered prior to implementati on of the trial. 

4.3.6 Recommendations For Concerns Related To The SISCO/SEPR Pilot Trial 

The following recommendations are made with regard to concerns related to the pilot trial. 

! Ambient air monitoring for VOCs and PAHs are conduc ted using Summa Canisters 
and PUF samplers at the downgradient, upgradient, a nd cross-wind locations of 
the target remediation areas, and at the sensitive receptor locations such as the 
Child Care Center. This is standard practice for ga sworks remediation projects in 
the United States and with consideration to the sen sitive receptors would be 
advisable. Baseline monitoring prior to remediation  will be required to establish the 
benchmark for comparison.  Also, daily monitoring i s recommended until early 
results support a reduction in frequency. 

! That a technical review panel for the duration SISC O/SERP pilot trial is conveyed 
with representative of the OEH, and the BDA to revi ew the results of monitoring 
weekly during the trial duration to provide timely direction with regard to the 
operation of the pilot trial and management of risk s identified in the treatment 
management plan. 

! That a number of specific technical aspects are con sidered during the review of 
the proposed pilot trial works by the OEH and Site Auditor in the review of the Trial 
Work Plan. 

These are as follows: 

o Prior to injection of oxidants, the soil vapour ext raction vacuum effects are 
studied by operating the extraction system and chec king the vacuum 
achieved at the extraction, injection well, and soi l vapour extraction well 
network. It would be prudent to confirm that the so il vapour extraction 
system will provide the requisite coverage. 

o A clear assessment and instruction on the sequencin g of surfactant and 
oxidant injection, and the activation process shoul d be undertaken with 
consideration to minimising the potential for conta minant mobilisation due 
to sequencing of the treatment agents. 

o It is recommended that a plan is in place to ensure  that injection rates are 
gradually ramped up based on initial field observat ions and gained 
confidence with regards to the operation and monito ring of the SISCO 
trial. 

o Additional performance monitoring wells to increase  confidence that the 
injection front is intersected by the monitoring ne twork. It is recommended 
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that analysis for total organic carbon and sulfates  are added to 
performance monitoring well assessments. 

o Performance monitoring wells should not be used for  extraction purposes, 
to the extent possible, to avoid biasing of perform ance results. If a 
contingency event occurs that requires the use of t he performance wells 
for extraction purpose then additional performance monitoring wells (or 
temporary groundwater monitoring points) should be constructed at 
appropriate locations.  

o Additional soil samples for performance evaluation should be collected 
from the fringe of the injection front to ensure th at lateral migration of 
contamination (if any) is evaluated. 

o Additional monitoring should be undertaken to revie w the potential for 
rebound of groundwater contamination levels post th e trial injection 
activities.  

o Data on the expected temperature increases to suppo rt the compatibility 
assessment and selection of the materials of constr uction for the wells for 
the expected temperature increase should be provide d for technical 
review by the OEH. 

4.4 Concerns related to the application of the requi rements of SEPP 55 

The concerns relating to the management of the Decl ared Remediation Site are as follows: 

! Consideration of the way the standards, approvals a nd processes consistent with 
SEPP55, may be applied to the Barangaroo Developmen t into the future. 

4.4.1 Consideration Of The Way The Standards, Approv als And Processes Consistent With 
SEPP 55, May Be Applied To The Barangaroo Developme nt Into The Future. 

State Environmental Planning Policy – No 55 - Remed iation of Land (SEPP 55) is normally 
applicable to the whole of the State, however, with  the introduction of State Environmental 
Planning Policy (Major Projects) 2005 (Amendment No  18) under the Environmental Planning 
and Assessment Act 1979 , SEPP 55 was amended from particular Barangaroo pr oject 
approvals. As outlined in the Sussex and Penn Baran garoo Review the application of SEPP 55 
to future approvals was identified as one of the re quirements that would help restore 
community confidence in the appropriate management of remediation on the Barangaroo 
site. Consideration of the way the project can move  forward in a manner consistent with SEPP 
55 is a specific concern for this review. To apprec iate the requirements for this it is useful to 
provide an overview of related planning requirement s the SEPP itself and how it has been 
applied. 

Overview of Planning Requirements for Contaminated Land 

In 1997, a package of reforms including the Contaminated Land Management Act 1997  and 
SEPP 55 was introduced by the NSW Government. The p urpose of these reforms was to 
provide a comprehensive, consistent and whole-of-go vernment approach to the 
management and remediation of contamination. The Ma naging Land Contamination: 
Planning Guidelines SEPP55 – Remediation of Land (t he Planning Guidelines) was jointly 
prepared by the Department of Urban Affairs and Pla nning and EPA, and designed to assist 
in the implementation of the package of reforms in relation to contaminated land 
management. The Planning Guidelines also assist con sent authorities in undertaking their 
responsibilities under the Environmental Planning and Assessment Act 1979 .

The processes for planning and development control provided for in the Environmental 
Planning and Assessment Act play an important role in the management of land 
contamination. Benefits of integrating land contami nation management into the planning 
and development control process include; an assuran ce that changes of land use will not 
increase the risk to health or the environment; the  prevention of inappropriate restrictions on 
land use, the provision of information to support d ecision making, and to inform the 
community. 
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Planning and consent authorities are advised to inc orporate the Planning Guidelines into their 
policy processes, for instance this would include ( if it was applicable) policies and plans 
made by the City of Sydney such as the Development Control Plan on Contaminated Land 
(this Development Control Plan excludes the Baranga roo site).  Planning authorities who act 
substantially in accordance with the Planning Guide lines are taken to have acted in good 
faith under Part 7A of the Environmental Planning and Assessment Act 1979 . The planning 
functions covered by this statutory protection incl ude: 

a) the preparation or making of an environmental pla nning instrument; 

b) the preparation or making of a development contro l plan; 

c) the processing and determination of a development  application; 

d) the modification of a development consent; 

e) the furnishing of advice in a planning certificat e under s. 149 of the EP&A Act; 

f) anything incidental or ancillary to the carrying out of any function listed in paragraphs 
(a)–(e). 

State Environmental Planning Policy (SEPP) No. 55 - Remediation of Land 

The overall objective of SEPP 55 is to provide for “a Statewide planning approach to the 
remediation of contaminated land”. Clause 2 of SEPP  55 states that “In  particular, this Policy 
aims to promote the remediation of contaminated lan d for the purpose of reducing the risk 
of harm to human health or any other aspect of the environment: 

a) by specifying when consent is required, and when it is not required, for a 
remediation work, and 

b) by specifying certain considerations that are rel evant in rezoning land and in 
determining development applications in general and  development applications 
for consent to carry out a remediation work in part icular, and 

c) by requiring that a remediation work meet certain  standards and notification 
requirements.” 

The Planning Guidelines provides information in sup port of SEPP 55 including:  

! Information to assist in the investigation of poten tial or suspected contamination. 

! A decision making process relating to information o btained from an investigation into 
potential/known contamination. 

! Information on how planning and development control  can address the issues of 
contamination and remediation. 

! A suggested policy approach for planning authoritie s. 

! Discussion around information management systems an d notification and notation 
schemes. 

! Approaches to prevent contamination and reduce the environmental impact from 
remediation activities. 

SEPP 55 and the Role of the Site Auditor 

The Planning Guidelines to SEPP 55 ‘recommend that rezonings, development control plans 
and development applications (DAs) are backed up by  information demonstrating that the 
land is suitable for the proposed use or can be mad e suitable, either by remediation or by the 
way the land is used”. Ultimately, the planning aut hority needs to be satisfied that a site is 
suitable or can be made suitable for its proposed u se based upon the information known for 
the site (Section 3.5 of the Planning Guidelines). The planning authority must therefore 
undertake a review or evaluation of the information  submitted by the proponent in support of 
a given application. Often the planning authority d oes not have the technical expertise to 
undertake such an evaluation internally in which ca se an independent expert is called upon 
to provide assistance in the evaluation process.  T he Planning Guidelines provide for an 
independent review to be “carried out by a third pa rty such as another consultant who is 
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qualified to deal with the type of land contaminati on in question and who is independent of 
both the proponent and the proponent’s consultant”.  

The NSW EPA Accredited Site Auditors scheme provide s individuals accreditation under the 
CLM Act who are considered appropriately qualified to undertake a third party or 
independent review of information pertaining to a c ontaminated site. A Site Auditor can 
comment on or verify information provided by a prop onent in relation to site assessment, 
remediation or validation through a formal process set out in the Contaminated Land 
Management Act and guidelines made under that act. Engaging a Site Auditor can also 
provide a planning authority with a greater certain ty about the information on which a 
decision is being based, particularly where sensiti ve uses are proposed on land that may be 
contaminated and a statement about the suitability of the site is required. The Planning 
Guidelines notes the following: 

“As a general principle, a site audit is only neces sary when the planning authority: 

! believes on reasonable grounds that the information  provided by the proponent is 
incorrect or incomplete 

! wishes to verify the information provided by the pr oponent adheres to appropriate 
standards, procedures and guidelines 

! does not have the internal resources to conduct its  own technical review.” 

It is clear in the Planning Guidelines that SEPP 55  does not require a mandatory site audit at 
any stage of the planning process however, to demons trate that they are acting in good 
faith and receive statutory protection under the En vironmental Planning and Assessment Act 
it would likely be necessary to do so where the nec essary conditions above exist. The 
Contaminated Land Management Act allows for the pla nning authority to require a Site 
Audit as defined by that Act as a ‘Statutory Site A udit’. 

For the Barangaroo project, one would assume that d rivers to involve a Site Auditor to 
conduct a site audit of aspects of the project incl ude: 

! A potential lack of internal technical resources within the Department of Planning to 
conduct an internal review; and   

! A need to verify information provided by the propon ent. 

Typically a planning authority will capture Site Au ditor requirements through planning 
instruments or approval as specific conditions. 

A Site Auditor is involved in the Barangaroo projec t through various requirements for Site 
Auditor approvals and endorsements in several plann ing instruments. 

Review of relevant SEPP 55 clauses 

In order to provide a level of confidence that the provisions of SEPP 55 have been met, a 
review has been undertaken with consideration of th e way the standards, approvals and 
processes consistent with SEPP 55, have been and ma y be applied to the Barangaroo 
Development into the future. A summary of the revie w of the project approvals in relation to 
each of the clauses of SEPP 55 is provided in Table 1 .
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Table 1 . Summary of the review of projects approvals in re lation to SEPP 55. 

SEPP 55 Clause Comment on application of the clause at Barangaroo 

SEPP 55 Clause 1 
to 5  

These clauses are informative in nature and further  consideration with regard to the 
Barangaroo project has not been given. 

SEPP 55 Clause 6 This clause relates to the rezonin g of the land and whether due consideration was giv en by the 
planning authority to potential contamination and f uture site suitability for the proposed 
rezoned landuse. 

Review of the documentation available on the Depart ment of Planning website suggests that 
the requirements of this SEPP 55 clause have genera lly been met. The planning authority 
considered the potential for contamination, includi ng it as a requirement raised for 
consideration by the Director General on 30 June 20 06. 

It is apparent that land contamination was consider ed as part of the Concept Plan approval 
for the site. It is unclear what internal review pr ocess was undertaken at the time to appraise 
the information provided in relation to contaminati on such that the planning authority was 
satisfied that the land is suitable in its contamin ated state (or will be suitable, after remediation)  
for all the purposes for which land in the zone con cerned is permitted to be used. 

A summary document prepared by ERM dated September 2006 titled East Darling Harbour 
Geotechnical and Environmental Investigation Summar y of Findings was submitted in response 
to the Director General’s requirements.. In order t o satisfy Clause 6(3) one would consider that 
typically a planning instrument such as the Instrum ent of Approval would be utilised. The 
Instrument of Approval in relation to the Determina tion of the Barangaroo concept plan (MPA 
No. 06_0162) File No. 9041893 makes no specific con dition relating to remediation of the land 
prior to use for that purpose. However a revised St atement of Commitments provided by the 
proponent dated January 2007 within which commitmen ts in relation to contaminated land 
management exist. 

SEPP 55 Clause 7 This clause relates to considerati on of contamination and remediation in determining a 
development application. 

The Director General’s Requirements, prepared by th e Department of Planning for the 
determined applications have typically requested co nsideration be given to the 
contamination status of the site and have stipulate d the formulation of a remedial approach 
for the application area. Involvement of technical reviewing authorities such as the EPA and an 
EPA Accredited Site Auditor has been tied in by the  Director General’s Requirements in some 
instances. 

Review of the application and assessment documentat ion available from the Department of 
Planning finds that the requirements of this SEPP 5 5 clause have generally been met. For each 
of the determined applications, contamination and r emediation has been identified and 
documented as a consideration to be assessed, evalu ated and managed. 

SEPP 55 Clause 8 This clause relates to the require ment for development approval for remediation depen ding on 
categories of remediation. The remediation works to  be undertaken at the Barangaroo site 
constitute Category 1 remediation works and require  development consent in accordance 
with Clause 8(2) of SEPP 55.  The Overarching Remed iation Action Plan (ERM, 2010) correctly 
identifies that remediation at the site should be c lassified as Category 1 remediation. 

Remediation works proposed for the various portions  of the site are generally captured as 
activities to be undertaken as part individual deve lopment applications. While it may not be 
explicitly identified as Category 1 remediation wit hin site specific Remediation Action Plans (for 
example the Remediation Action Plan prepared by JBS  Environmental for Headland Park does 
not identify Category 1), appropriate planning cont rols appear to be in place to fulfil this 
requirement of SEPP 55. 

SEPP 55 Clause 9 – 
16 

These clauses clarify requirements around Category 1 and 2 remediation, the consenting 
authority, state significant developments, refusal to consent to remediation work, advertising 
development applications and remediation work that is ancillary to other development. Further 
consideration with regard to the Barangaroo project  has not been given as it is not deemed 
necessary for the purpose of the review. 

The remediation works are Category 1 requiring cons ent and the notification requirements 
relate to mostly to Category 2 works. However a not ice of completion is required to be 
submitted to City of Sydney Council and the consent  authority at completion of works. 

SEPP 55 Clause 17 
& 18 

These clauses relate to requirements for remediatio n to be in accordance with other acts 
including the CLM Act and a ‘plan of remediation’. It also sets out the notification requirements 
for remediation works to council. In the review of whether these clauses have been addressed 
it is noted that Section 17 was the subject of cour t proceedings. As such the review will default 
to the findings of that Judgement. However the deve lopment of specific Remedial Action Plans 
and specific approval conditions based on those pla ns would provide compliance. 

SEPP Clause 19 Is not relevant the review and relat es to transitional matters. 
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To support the review finding on SEPP 55 summarised  in Table 1  the following observations are 
made:

! February 2006 - the Proponents lodged a Preliminary  Assessment Report entitled 
“Proposed Redevelopment of East Darling Harbour Sco ping Paper”. Section 5 of the 
Preliminary Assessment Report provides a list of ex isting planning instruments and 
development control plans understood to be relevant  to the proposed development 
including SEPP 55. 

! March 2006 - the Minister for Planning agreed to co nsider Barangaroo as a potential 
State significant site under the provisions of the Major Projects SEPP. The Minister 
authorised the submission of a concept plan for the  site. Director General’s 
Requirements were issued on 30 June 2006 and includ ed “Contamination and 
geotechnical issues associated with the..… proposal  should be identified and 
addressed in accordance with SEPP55 and other relev ant legislation and guidance”. 

! October 2006 - the Proponents lodged a State Signif icant Site Study proposing the 
redevelopment of Barangaroo and lodged an Environme ntal Assessment for the 
Concept Plan for Barangaroo in response to the Dire ctor General’s Requirements. In 
response to contamination issues, a summary document prepared by ERM dated 
September 2006 titled: East Darling Harbour Geotech nical and Environmental 
Investigation Summary of Findings was included as p art of the submission and 
provided details of the findings of Stage 1 and 2 e nvironmental assessments 
undertaken at the project site. 

! December 2006 - the Department of Planning provided  a report on the key issues 
requiring further consideration in the Concept Plan /Statement of Commitments 
following a period of public exhibition of the Envi ronmental Assessment and Concept 
Plan.

! Additional information to support the State Signifi cant Site Proposal and Concept 
Plan, minor revisions to the proposed land use zoni ng proposal for the site and 
modifications to the Statement of Commitments were put forward by the proponent. 
Several Statement of Commitments relate to “Geotech nical and Environmental Site 
Remediation”, specifically “Further site investigat ions and assessments will be 
undertaken prior to a Remediation Action Plan being  prepared. The Remediation 
Action Plan may be prepared in stages that follow t he progressive redevelopment of 
the site and development blocks. The Remediation Ac tion Plan will address a range of 
known existing site conditions.” 

! February 2007 - an Environmental Assessment Report was prepared by the Director 
General in response to the Proponents submission (P roject MP 06_0162 on East Darling 
Harbour for the Minister for the purposes of determ ining the concept plan and 
considering the future rezoning pursuant to clause 8 of the Major Projects SEPP. This 
report recommended to the Minister that the rezonin g of the site be pursued to give 
effect to the Concept Plan, because it was a matter  of significance for the 
environmental planning of the State. It was propose d that rezoning proceed 
separately, given the proposal was not wholly prohi bited in the current zone.  

! The Minister issued an Instrument of Approval in re lation to the Determination of the 
Barangaroo Concept Plan (MPA No. 06_0162) File No. 9041893. While no specific terms 
of approval were made in relation to the management  or remediation of 
contaminated land, reference was made to the approv al of Response to Department 
of Planning and Revised Statement of Commitments pr ovided by the proponent 
dated January 2007 within which, Statement of Commi tments exist in relation to 
contaminated land management.  

! The ‘re-zoning’ of Barangaroo became defined in Sch edule 3 of the SEPP (Major 
Development) 2005 Amendment 18 (12 October 2007) wi th land zoned as Zone B4 
Mixed Use and Zone RE1 Public Recreation. 

For a specific example, in application MP10_0023 fo r the bulk excavation and basement 
carpark the Director General’s Requirements conside red the following pertinent issues: 
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! An Environmental Assessment must consider relevant policies and guidelines including 
SEPP 55. 

! A site wide Remediation Action Plan and a detailed Remediation Action Works Plan(s) 
for the relevant section(s) of the site must be prep ared in in accordance with the 
Guidelines for Consultants Reporting on Contaminate d Sites (NSW EPA 1997), the 
relevant components of other guidelines made or app roved under s.105 of the 
Contaminated Land Management Act 1997 .

! The Remediation Action Works Plan(s) must clearly d emonstrate that the site will be 
remediated to a standard commensurate with the fina l intended land use. The plans 
must be audited by an EPA Accredited Site Auditor, and include a site audit 
statement detailing the findings of the audit.   

! Proposed remediation criteria must be developed con sistently with National 
Environment Protection (Assessment of Site Contamin ation) Measure 1999  (NEPM). 
Where contaminants are present  on  the  site  that   are  not  listed  under  the  NEPM,  
specific  remediation  criteria  for  those contami nants must be derived having regard 
to relevant NSW standards, national standards, then  international standards and 
justification for the use of any criterion not curr ently endorsed by the NSW Department 
of Environment, Climate Change and Water.  

! Soil and water considerations including potential i mpacts on the water quality of the 
harbour, surface and groundwater from the proposed development, marine 
vegetation and aquatic ecology.   

! Various aspects of waste management, air and odour must be considered.  

The proponent’s subsequent environmental assessment s have been prepared in response to 
the Director General’s Requirements. As appropriate , the proponent includes specialist 
reports from experienced and suitably qualified pro fessionals in support of the environmental 
assessments required. The Environmental Assessment Report was prepared by the proponent 
in response to the Director General’s Requirements.  In support of contamination and 
remediation issues, the following specialist docume nts were provided as appendices to the 
Environmental Assessment Report: 

! ERM (1 June 2010) Overarching Remediation Action Pl an for the Barangaroo Project 
Site, Sydney. 

! Environ (June 2010) Site Audit Report Overarching R emediation Action Plan, 
Barangaroo (Audit Number: GN 439A). 

! Aecom (2 June 2010) Remediation Action Plan Baranga roo Other Remediation Works 
(South) Area  

! Aecom (16 June 2010) Acid Sulfate Soils Management Plan Barangaroo Other 
Remediation Works (South) Area  

! Environ Letter to Lend Lease (3 June 2010), Re: Rev iew of Remediation Action Plan, 
Other Remediation Works (South) Area, Barangaroo 

It was noted in the Environment Assessment Report b y the proponent that the following items 
were pending at the time of reporting, demonstratin g an appropriate level of transparency in 
the preparation and provision of documentation: 

! Preparation of remediation goals in a Human Health and Ecological Risk  Assessment; 

! Remediation Action Plan addendum(s) to define the e xtent of remediation based on 
the Human Health and Ecological Risk Assessment; 

! In-situ characterisation/validation of fill materia ls to be excavated; and  

! A Remediation Works Plan(s). 

The Environmental Assessment Report also provided a  revised Statement of Commitments 
incorporating several remediation-related commitmen ts to fulfil outstanding items/scope of 
work: 
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! “The remediation works will be undertaken to make t he site suitable for the proposed 
uses as envisaged under the approved Concept Plan. 

! Remediation works will be undertaken in conformance  with the Overarching 
Remediation Action Plan (ERM) and the site specific  Remediation Action Plan 
(AECOM 2010c). 

! A Human Health and Ecological Risk Assessment will be prepared and set Site Specific 
Target Criteria to detail specific remediation work s. 

! An Environmental Management Plan will be prepared p rior to commencement of 
works.” 

Public review of the application and assessments is  undertaken and provides an opportunity 
for various stakeholders to provide comment and fee dback on the proposed application. 
Typically the proponent then prepares a preferred p roject report in response to submissions 
received. For example application MP10_0023 for the  excavation and basement carpark 
construction included additional items in the prefe rred project report in relation to 
contamination and remediation following review of s ubmissions from public consultation 
including: 

! A ground water monitoring plan will be prepared pos t remediation and provided to 
DECCW and the Auditor prior to the issue of the rel evant occupation certificate.   

! Lend Lease will obtain a Section B Site Audit State ment for the proposed remediation 
works and will provide a copy to DECCW prior to obt aining the relevant construction 
certificate. 

With consideration to the available information, it  appears that in relation to Clause 7 of the 
SEPP regarding the consideration of contamination C lause 7 (1)(a) has been met. The 
planning authority appears to have consistently con sidered the potential for contamination 
at the site and has captured this key consideration  through Director General’s Requirements 
and Instruments of Approval. 

Clause 7(1)(b) also appears to be satisfied. Typica lly in response to Director General’s 
Requirements, remedial strategy documents have been  provided as part of the application 
submissions. In some instances (for example, MP10_0023) accompanying cor respondence in 
the form of a Site Audit Report for the Overarching  Remediation Action Plan (ERM, 2010) and 
a letter from a Site Auditor for the more specific Remediation Action Plan (Aecom, 2010) were 
also provided with the Environmental Assessment Rep ort to confirm that the land could be 
made suitable for the proposed development subject to the implementation of the 
Remediation Action Plans.  

There is less clarity around fulfilment of Clause 7 (1)(c) of SEPP 55. For example, the Instrument 
of Approval in relation to Application MP10_0023 ha s no specific conditions to provide a 
validation report confirming successful completion of remediation prior to commencement of 
use of the development. There is a condition requir ing submission of an “ Amended 
Remediation Action Plan and the Human Health and Ec ological Risk Assessment to DECCW 
prior to implementation” and reiteration of the proponents revised Statement  of Commitment 
to provide “ a Section B Site Audit Statement for the proposed r emediation works ….. to 
DECCW prior to obtaining the relevant construction certificate” , however it would have been 
more appropriate to provide a Site Audit Statement Section A for the suitability of the site. This 
requirement is instead captured within conditions t o application MP10_0025 Commercial 
Building C4 to be required prior to occupation cert ificate. 

It is not clearly understood how the consent author ity is reviewing and determining as suitable 
the information provided in relation to contaminati on and remediation issues across the site. It 
is understood that the OEH are involved in the regu lation of the Declared Remediation Site 
however for the remaining portions of the property where the planning process is capturing 
the management of land contamination and remediation, the relationship/requirement for 
Site Auditor oversight would appear to be inconsist ent. In relation to application MP10_0023, it 
is noted in the Director General’s Requirements tha t the Remediation Work Plan must be 
approved by a Site Auditor. The Proponents Statemen t of Commitments and Schedule 3 of 
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the Instrument of Approval comment that “ Lend Lease will obtain a Section B Site Audit 
Statement for the proposed remediation works and wi ll provide a copy to DECCW prior to 
obtaining the relevant construction certificate .” If the consent authority is reliant upon a Site 
Auditor and the OEH to determine the appropriatenes s of contamination and remediation 
documentation it would be more appropriate to clari fy requirements for involvement of the 
Site Auditor within Schedule 2 of the Approval. 

Clause 7(2) and (3) appear to have been met in prin cipal with the availability of assessments 
into contamination at the site and development of r emedial strategy documents with each 
application where relevant and as required by the D irector General’s Requirements. 

4.4.2 Review Findings For Concerns Related To The Ap plication Of SEPP 55 

The following is a summary of the review findings f or concerns related to the application of 
SEPP 55: 

! With regard to the community concern relating to th e application of SEPP 55, the 
consideration of contamination has and presumably w ill continue to be included in 
approvals. This is found and reported in the Sussex  and Penn review and this review 
concurs with those findings: ” ……has been clearly advised, and has been presented 
with significant evidence that those responsible fo r the development of the site intend 
to remediate the site safely and in accordance with  best practice. The Review has 
also been presented with evidence of the robust app roach of the Office of 
Environment and Heritage in assessing the remediati on approach ”. 

! The specific Clause of SEPP 55 relating to contamin ation has been met. The planning 
authority appears to have consistently considered t he potential for contamination at 
the site and has captured this key consideration th rough Director General’s 
Requirements and Instruments of Approval. 

! Appropriate documents have been provided as part of  the application submissions. 
In some instances (for example, MP10_0023) accompan ying correspondence in the 
form of a Site Audit Report and a letter from a Sit e Auditor for the more specific 
Remediation Action Plan were also provided to confi rm that the land could be made 
suitable for the proposed development. 

! There is less clarity around the requirements to pr ovide a validation reports confirming 
successful completion of remediation prior to comme ncement of use of the 
development and this can be improved in the approva l of future consents. It is 
understood that the OEH are involved in the regulat ion of the Declared Remediation 
Site however for the remaining portions of the prop erty where the planning process is 
capturing the management of land contamination and remediation, the 
relationship/requirement for Site Auditor oversight  would appear to be inconsistent 
and this can also be improved in the future. Notifi cation to the City of Sydney Council 
and the Planning Authority is required at the compl etion of remediation in 
accordance with SEPP 55. 

4.4.3 Recommendations For Concerns Related To The Ap plication Of SEPP55 

! An improvement in conformance with SEPP 55 can be a chieved by the finalisation 
and review by the Site Auditor of specific Remediat ion Action Plans prior to submission 
for the specific development approval. Further, the  applications should include a 
statement that the site auditor will review the val idation report and provide a Site 
Audit Statement with regard to Site Suitability and  the proposed land use. 

! The Department of Planning, with assistance of the OEH should develop appropriate 
wording for any future approvals that include remed iation to provide consistency in 
the requirements for validation reporting and the r ole of the Site Auditor. This will 
provide clarity in the requirements of the Site Aud itor that are consistent with the 
Contaminated Land Management Act LM Act and guideli nes for the Site Auditor 
scheme. 



Barangaroo Independent Remediation Review 

95103 Barangaroo Report Final SB0331: Barangaroo In dependent Remediation Review Page: 41 

5. Conclusion 

The review has examined a large volume of documenta tion relating to the contamination 
assessment and remediation plans for the Barangaroo  site and the related planning 
approvals, as well as discussed specific details of  the remediation and community concerns 
with representatives of the Barangaroo Remediation Review Panel. 

The site assessment work and remediation plans have  been of a consistently high standard 
and provide a good understanding of the nature and extent of contamination at the site. The 
requirements for remediation are well understood an d on the parts of the site where 
development has been approved, namely Barangaroo South and Headland Park, 
remediation planning is finalised. This review has provided some recommendations to be 
considered by the Panel, however all the recommenda tions relate to proving an overall 
improvement in the management of the works and do n ot represent any systematic failings in 
the interaction of the remediation and the developm ent. Planned construction works was not 
found to be impeding on the capacity to remediate t he site and evidence reviewed 
confirms that the site can be made suitable for the  proposed land use. 

Remediation planning is in progress for the Declare d Remediation Site, including a portion of 
Hickson Road adjacent to the Barangaroo site. A pil ot trial to determine the feasibility of the 
preferred remediation technology is to be conducted  and this involves multiple regulatory 
and planning approval controls. The pilot trial is an appropriate and necessary step in the 
planning for the remediation of the Declared Remedi ation Site. An extensive review of the 
documentation relating to the trial has been undert aken in this review. The planning for the 
trial has been comprehensive and is subject to ongo ing regulatory involvement and 
oversight. As would be expected with a pilot trial there are a number of uncertainties in 
relation to the performance of the trial and this r eview has identified a number of 
improvements that to be considered prior to impleme ntation of the trial. 

The available information provided for the review h as shown that for each of the concerns 
raised there was evidence of proper management resp onding to high quality advice from 
subject matter expertise, appropriate regulatory in put and review of relevant documents 
relating to the remedial planning by an independent  EPA Accredited Site Auditor in 
accordance with the Planning Guidelines for SEPP 55  and the Contaminated Land 
Management Act 1997 .

With specific appreciation to community concerns, t he application of SEPP 55 and the 
findings of the Sussex and Penn review, this review  has found that the consideration of 
contamination and the objective of SEPP 55 has been  appropriately provided for in the 
determination of approvals. It is expected that thi s will continue for future approvals relating 
to the Barangaroo development and this review concu rs with the findings of the Sussex and 
Penn review that those responsible for the developm ent of the site intend to remediate the 
site safely and in accordance with best practice. 

As this is a key area relating to community confide nce this review has provided 
recommendations where it has been identified that i mprovements can be made in the future 
application of the specific requirements of SEPP 55  in the approval process. 
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Figure 1. 
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Figure 1.  Barangaroo Site (NSW Department of Planning) 
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Figure 2.



Barangaroo Independent Remediation Review 

95103 Barangaroo Report Final SB0331: Barangaroo In dependent Remediation Review 

Figure 2. Declared Investigation Area and Remediation Site (N SW EPA) 
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Appendix A:  About the review



Barangaroo Independent Remediation Review 

95103 Barangaroo Report Final SB0331: Barangaroo In dependent Remediation Review 

James Davis was appointed to conduct an independent  review of the remediation of the 
Barangaroo site. The appointment was made by the Ch air of the Barangaroo Remediation 
Review Panel with terms of reference in the form of  a scope of work provided by the Panel. 

Upon acceptance of the task, the Reviewer made arra ngements to visit the Barangaroo site 
and conduct meetings with the members and associate s of the Barangaroo Remediation 
Review Panel.  A site walkover to familiarise with the site layout was completed on 23 
September 2011 with representatives from each of th e Panel member groups in attendance.  

Throughout the course of September and October 2011 , the Reviewer met separately with 
representatives from the Office of Environment and Heritage, the City of Sydney Council, 
Australians for a Sustainable Development, the Bara ngaroo Delivery Authority, Lend Lease 
and the NSW EPA Accredited Site Auditor, Graeme Nyl and of Environ.  A summary of the 
meetings undertaken is provided as follows: 

Panel Member ! Date of meeting !

Australians for a Sustainable Development ! 28 September 2011 !

Barangaroo Delivery Authority ! 28 September 2011 !

City of Sydney Council ! 4 October 2011 !

Lend Lease ! 6 October 2011 !

NSW EPA Accredited Site Auditor Graeme 
Nyland !

6 October 2011 !

Office of Environment and Heritage (OEH) ! 14 October 2011 !

!

The review examined material provided by the Panel Chair, the OEH, in addition to 
supplementary publically available information obta ined from sources such as the 
Department of Planning website. 

Review Team 

The review team consisted of James Davis, Aoife McK enna, Sanjay Vancheeswaran, Hayley 
Craig. 
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