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1.0 Introduction 
AECOM Australia Pty Ltd (AECOM) has been engaged by the WestConnex Delivery Authority (WDA) to prepare 
this Asbestos Management Plan (AMP) for the management of asbestos containing materials (ACM) that may be 
encountered within WDA owned land including: 

- The Alexandria Landfill land comprising: 

 The main Alexandria Landfill (ALF) 

 Albert Street Lot 

 1A Holland street Lot 

- Roads and Maritime Service (RMS) land comprising: 

 Canal Rd 

 Albert St (i.e. Bradshaw Mountain) 

The above properties are hereafter referred to as the Site. The Boundaries of the Site may be adjusted from time 
to time as required depending on operational needs and additional acquisitions (e.g. Rudders Bond Store) or 
possessions (e.g. Council Recycling Premises on RMS land).The Plan should be updated accordingly as and 
when required. 

This Site has been used as a landfill for many years and as such is known to contain waste including ACM.  

The WDA has created an Interim Site Management Plan (ISMP) for the Site and is currently developing a 
comprehensive suite of Management Plans for the Site including this Asbestos Management Plan.  

The WDA as a ‘person conducting a business or undertaking’ (PCBU) has a legal obligation under the NSW Work 
Health & Safety Act 2011 (WHS Act) and the NSW Work Health & Safety Regulation 2011 (WHS Regulation) to 
ensure the health and safety of each of its workers at work. WDA also has an obligation to ensure the workplace 
health and safety of others is not affected by the way they conduct their business. 

As part of this obligation, WDA has recognised that asbestos-related issues must be adequately addressed, and, 
as such, is in the process of preparing procedures designed to manage asbestos issues that may arise. These will 
include this AMP as well as others such as Safe Work Method Statements (SWMS), Asbestos Removal Control 
Plans (ARCP), induction plans and asbestos awareness training . An asbestos register will be created for the Site 
that will detail any known asbestos containing materials at the Site and a risk assessment for each item.  

The purpose of this AMP is to address WDA’s legal obligation under the WHS Act and Regulation (2011), as it 
relates specifically to the presence of asbestos at the Site.  This AMP is a working document designed to 
effectively manage and minimise asbestos-related health risks to personnel working on, living adjacent to, or 
visiting the Site.   

This AMP has been prepared to protect the safety and health of workers and visitors to the Site.  Future work 
undertaken at the Site may be in an asbestos-containing environment and may involve asbestos removal.  The 
works must be carried out in a manner that ensures the protection of the health and wellbeing of WDA workers 
and other contractors and ensures that all personnel employed at the Site are aware of ACM and their locations. 

Where projects involve toxic and hazardous materials it is a requirement of New South Wales legislation to put in 
place a hazardous materials management plan preceding the commencement of works. 

Any work with asbestos or that may expose a worker to asbestos must only be carried out in accordance with the 
requirements of the WHS Act and Regulation. In all cases involving friable asbestos this will mean that works may 
only be undertaken by a Class A licensed asbestos removal workers with a licensed asbestos assessor carrying 
air monitoring. For all but the most minor work with non-friable asbestos the work must also only be under the 
control of Class A or B licensed asbestos removalists and even non-licensable work will require workers trained 
and equipped to an equivalent standard.  

WDA is required to commit to the implementation and execution of work health and safety practices which fully 
comply with the relevant statutory regulations in the State of New South Wales and that protect the health and 
well-being of their workers, all other Site personnel and the public. 
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This commitment will be demonstrated by the implementation of this AMP and the implementation, monitoring and 
adjustment of procedures and processes, which will minimise the risk of exposure of workers to asbestos fibre. 

This AMP is based on the identification and recognition of ACM and their risks, and the controls and precautions 
needed.  The strong involvement of all levels of the workforce including managers and employees will ensure the 
successful attainment of the objectives of this AMP. 
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2.0 Background 
WDA assumed ownership of the Site on Friday 19 December 2014 and took possession of the land at close of 
business on 22 December 2014.  

The Site has been used as a landfill since the 1980’s and is known to contain asbestos waste which may be 
present across the Site. The Site is proposed to be closed as part of the New M5 WestConnex road development 
project and requires an AMP to be in place to ensure that exposure to asbestos is prevented at all stages of the 
project and in the long term once the works are complete. 

AECOM Australia Pty Ltd (AECOM) was commissioned by Dimitry Belov (on behalf of WDA) to prepare this initial 
AMP to manage the current asbestos at the Site. This AMP will remain in effect until such time that the managing 
contractor has been engaged and a new AMP has been developed that takes into account the scope of works to 
be undertaken by the managing contractor.  

2.1 Site Activities  
The initial work on the Site will consist of surveys, inspections and other activities to plan the motorway. These 
activities will  include excavations that will disturb the landfill material.  

As the Site contains unknown waste material which may all be contaminated with friable and non-friable asbestos, 
any work that disturbs the surface of the Site may disturb ACM and could potentially give rise to airborne asbestos 
fibres.   

Any areas that can be determined not to contain or be at risk of containing ACM will not require the application of 
this AMP. However, workers in those areas should be aware of the risk of unexpected finds of ACM or other 
hazardous materials and have an unexpected finds procedure in place such as described in Appendix B.  

Unless a material can be certified not to contain asbestos then it should be treated as if it may contain non-friable 
or friable asbestos fibre. Under the National Environmental protection Measures (NEPM) assessment guidelines, 
any free asbestos fibres or asbestos fines in a soil or waste should be assessed as friable.  

Any work to excavate or move any potentially asbestos contaminated soil or other material must therefore only be 
carried out under controlled conditions and supervised by a NSW Class A licensed asbestos removalist as 
defined in the WHS Regulation. Observation, verification and air monitoring of asbestos removal and allied work 
should be carried out by a licensed asbestos assessor.  

If additional suspected ACM is identified at any point on the site during other works, a licensed asbestos 
removalist will isolate the area and then remove or encapsulate the material and make the area safe. A licensed 
asbestos assessor will inspect and test the materials to determine if they are an ACM. If confirmed as an ACM the 
assessor will confirm whether the environmental controls implemented during the works were effective and test for 
elevated asbestos fibre levels during any subsequent works.  

It is noted that the boundaries of the Site may be adjusted from time to time as required depending on operational 
needs and additional WDA land acquisitions. The Plan should be updated accordingly as and when required. 

A plan showing the current Site layout is included in Appendix A.  

2.2 Potential Risk 
The risk to human health from asbestos is related to the inhalation of asbestos fibres. Therefore, any asbestos 
cement fragments or friable material present a negligible risk if buried and undisturbed. Friable asbestos may 
generate elevated airborne fibre levels if lying on the soil surface or disturbed and cement fragments may also do 
so if they are broken up and pulverised such as may occur during excavation or materials processing activities.  
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3.0 Reference Documents 
This AMP satisfy the requirements of the Safe Work Australia Asbestos Codes of Practice and Guidance Notes, 
these being: 

- The Code of Practice: How to Manage and Control Asbestos in the Workplace, 2011. 

- The Code of Practice: How to Safely Remove Asbestos, 2011, and 

- Guidance Note on the Membrane Filter Method for Estimating Airborne Asbestos Fibres, 2nd Edition 
[NOHSC: 3003 (2005)]. 

The AMP is consistent with NSW legislative requirements, these being: 

- Work Health and Safety Act 2011. 

- Work Health and Safety Regulation 2011. 

- Protection of the Environment Operations Act, 1997. 

- Environmentally Hazardous Chemicals Act 1985, and 

- Protection of the Environment Operations (Waste) Regulation 2014. 

- National Environmental Protection Measures (NEPM) 1999, amended 2013.  

In addition, the AMP has considered the following Australian and New Zealand Standards: 

- AS1319-1994 Safety Signs in the Occupational Environment. 

- AS/NZS1715-2009 Selection, Use & Maintenance of Respiratory Protective Equipment. 

- AS/NZS1716-2003 Respiratory Protective Devices. 

- AS/NZS 60335.2.69:2003 Household and similar electrical appliances – Safety - Particular requirements for 
wet and dry vacuum cleaners, including power brush, for industrial and commercial use, and 

- AS4260-1997 High Efficiency Particulate Air (HEPA) Filters – Classification, Construction and Performance. 

Exposure standards are referenced from: 

- Workplace Exposure Standards (WES) for Airborne Contaminants, SafeWork Australia, 22 December 2011. 
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4.0 Definitions 
The use of the words below in italics in this document indicates the word or words have the following defined 
meaning: 

Asbestos: The asbestiform varieties of mineral silicates belonging to the 
serpentine or amphibole groups of rock forming minerals including 
the following:  

(a)  actinolite asbestos, 

(b)  grunerite (or amosite) asbestos (brown), 

(c)  anthophyllite asbestos, 

(d)  chrysotile asbestos (white), 

(e)  crocidolite asbestos (blue), 

(f)  tremolite asbestos, 

(g)  a mixture that contains 1 or more of the minerals referred to in 
(a) to (f). 

Asbestos-containing material (ACM): Means any material or thing that, as part of its design, contains 
asbestos. 

Asbestos-contaminated dust or  

debris (ACD): Means dust or debris that has settled within a workplace and is, or 
assumed to be, contaminated with asbestos. 

Asbestos Register: A register recording the type, condition and location of all asbestos 
and asbestos containing materials for all premises under WDAWDA 
control.  

Asbestos vacuum cleaner:  A vacuum cleaner that complies with Class H requirements in 
AS/NZS 60335.2.69 Industrial vacuum cleaners or its equivalent and 
whose filters conform to AS 4260-1997 High efficiency particulate air 
(HEPA) filters – Classification, construction and performance. 

Class A licence: Means a licence that authorises the carrying out of Class A asbestos 
removal work and Class B asbestos removal work by or on behalf of 
the licence holder.  

This allows the licence holder to conduct friable asbestos removal 
work and non-friable asbestos, ACM or ACD removal work. 

Class B licence:  Means a licence that authorises the carrying out of Class B asbestos 
removal work by or on behalf of the licence holder. 

 This allows the holder to conduct the removal of more than 10 
square metres of non-friable asbestos or ACM removal work and/or 
the removal of ACD associated with the removal of more than 10 
square metres of non-friable asbestos. 

Class A asbestos removal work: Work requiring a Class A asbestos removal license.  

Class B asbestos removal work:  Work requiring a Class B asbestos removal license.  

Competent person: A person possessing adequate qualifications, such as suitable 
training and sufficient knowledge, experience and skill, for the safe 
performance of the specific work. 
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Control Level: The airborne concentration of a particular substance which, if 
exceeded, indicates a need to implement a control, action or other 
requirement.  Control levels are generally set at no more than half 
the National Exposure Standard (NES for the substance.  Control 
levels are occupational hygiene ‘best practice’, and are not health-
based standards 

Control Monitoring:  Means air monitoring, using static or positional instruments to 
measure the level of airborne asbestos fibres in an area during work 
on ACM.  Control monitoring is designed to assist in assessing the 
effectiveness of control measures.  Its results are not representative 
of actual occupational exposures, and should not be used for that 
purpose.  

Friable (asbestos): Means material that is in a powder form or that can be crumbled, 
pulverised or reduced to powder by hand pressure when dry, and 
contains asbestos. 

Hierarchy of hazard control: Measures taken to minimise risk to the lowest level reasonably 
practicable in the descending order of: Elimination, Substitution, 
Engineering controls, Administrative controls, and Personal 
Protective Equipment (PPE). 

Licensed asbestos removal work: Means asbestos removal work for which a Class A asbestos 
removal licence or a Class B asbestos removal licence is required.  

Licenced asbestos assessor:  Means a person licenced to carry out air monitoring and clearance 
inspections during and following work with friable asbestos.  

Non-friable (or bonded) asbestos: Material containing asbestos that is not friable, including material 
containing asbestos fibres reinforced with a bonding compound. 

 
PCBU: Person conducting a business or undertaking.  
 
Person with management or control of a  
workplace: Means a PCBU to the extent that the business or undertaking 

involves the management or control, in whole or in part, of the 
workplace.  

 The person with management or control of a workplace must ensure, 
so far as is reasonably practicable, that the workplace, the means of 
entering and exiting the workplace and anything arising from the 
workplace are without risks to the health and safety of any person. 

Worker: In accordance with the Work Health and Safety Act 2011, a person 
who carries out work in any capacity for a PCBU, including work as:  

  (a)  an employee, or 
  (b)  a contractor or subcontractor, or 
  (c)  an employee of a contractor or subcontractor, or 

  (d)  an employee of a labour hire company who has been 
assigned to work in the person’s business or undertaking, or 

  (e)  an outworker, or 
  (f)  an apprentice or trainee, or 
  (g)  a student gaining work experience, or 
  (h)  a volunteer, or 
  (i)  a person of a prescribed class.      
  
 For the purpose of Work Health and Safety Act 2011, a police officer 

is:  
  (a)  a worker, and 

  (b)  at work throughout the time when the officer is on duty or 
lawfully performing the functions of a police officer, but not 
otherwise. 

 The PCBU is also a worker if the person is an individual who carries 
out work in that business or undertaking. 
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5.0 Objectives of an Asbestos Management Plan 
The ultimate goal for WDA is to have a workplace that is free from any risk caused by asbestos. In the interim, the 
WDA intends to manage asbestos hazards based on prioritisation and assessment of risk. 

This AMP details WDA’s approach towards managing the asbestos hazards identified at the Site, by documenting 
procedures designed to minimise the risk of exposure to asbestos at the Site, for employees, maintenance 
personnel, contractors, construction workers and visitors. 

This AMP has been developed in line with the Code of Practice: How to Manage and Control Asbestos in the 
Workplace which states: 

An asbestos management plan sets out how asbestos or ACM that is identified at the workplace will be 
managed, for example what, when and how it is going to be done. 

An asbestos management plan must include:  

- the identification of asbestos and ACM, for example a reference or link to the asbestos register for 
the workplace, and the locations of signs and labels  

- decisions, and reasons for the decisions, about the management of asbestos at the workplace, for 
example safe work procedures and control measures  

- procedures for detailing accidents, incidents or emergencies of asbestos at the workplace  

- workers carrying out work involving asbestos, for example consultation, information and training 
responsibilities.  

Additionally, an asbestos management program should be seen as part of an organisation’s overall approach to 
risk management.  Where the evaluation process has revealed a likelihood of exposure to asbestos fibres all 
practicable steps should be taken to ensure that employees are not unnecessarily exposed.  A thorough 
examination of work practices is an essential preliminary action.  Procedures designed to ensure that employees 
are not exposed to asbestos likely to cause danger to their health should then be adopted. 

The ultimate aim of this AMP is to ensure that no persons whether employed at the site, visiting the site or 
contracted to work on the Site are exposed to the risk of the inhalation of airborne asbestos fibre.  In addition, it is 
essential that all employees, visitors and contractors be fully informed of the control strategies that have been 
established and the factual health consequences of exposure to airborne asbestos fibre. 
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6.0 Responsibilities 
Management (officers) and the property owners and controllers are responsible for ensuring that appropriate 
preventative and control measures are implemented and maintained.  This can be achieved by use of an AMP as 
a preventative and control measure.  An AMP provides guidance and resource to inform and protect personnel 
required to work at the sites where ACM and asbestos contamination and hence to protect their health, safety and 
well-being. 

Employees must also be committed to working in accordance with this AMP and participate in maintaining the 
health and safety of themselves and their co-workers. Asbestos awareness training will be provided as a minimum 
for any workers who may work in an area containing asbestos or whose work may affect asbestos on the site.  

To achieve the goals, consultation must occur between management and employees in maintaining and 
improving the intentions of this AMP to ensure that conditions are maintained safely. 

Full consultation, involvement and information sharing should occur between management and employees 
through a well-established consultative mechanism. Any results of air monitoring or similar testing will be 
displayed daily and added as an item on daily pre-start meetings.  

A general duty is imposed on any person conducting a business or undertaking (PCBU) at a workplace to 
eliminate, as far as is reasonably practicable, a person’s exposure to airborne asbestos, or if not reasonably 
practicable, to minimise so far as is reasonably practicable. A PCBU must ensure that the exposure standard for 
asbestos is not exceeded at the workplace. 

A PCBU has a responsibility in relation to asbestos to: 

- Provide and maintain, so far as practicable, safe and healthy work environments and practices generally, 
and have a written policy on the control of asbestos (such as within this AMP). 

- Ensure, so far as is reasonably practicable, that all asbestos or ACM at the workplace is identified by a 
competent person. 

- Comply with legislative provisions. 

- Liaise where appropriate with employees on a continuous basis so that the existence and condition of 
asbestos in the working environment is known. 

- Provide adequate instruction and training for employees and supervision of health and safety measures. 

- Consult with employees, their representatives and organisations and the State Regulator on the control of 
exposure to airborne asbestos. 

- Anticipate the need for the control of asbestos risks to be initiated in any particular case. 

- Provide appropriate protective clothing and equipment, hygiene procedures and personal decontamination 
facilities. 

- Prepare, complete and submit documents for obtaining necessary approvals. 

Workers have a responsibility in relation to asbestos to: 

- Take reasonable care for their own health and safety. 

- Take reasonable care that their acts or omissions do not adversely affect the health and safety of other 
persons. 

- Comply with instructions given for their own safety and health and that of others generally. 

- Comply with all work procedures and instructions related to asbestos. 

- Co-operate with supervisors and managers in their fulfilment of legislative obligations. 

- Report immediately to their supervisor any perceived safety or health risk. 

- Wear and maintain in good order all protective clothing and apparatus provided by the manager or 
supervisor for personal protection and maintain same in good order. 

- Ensure all equipment is in good working order. 
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Employer and employee organisations have a responsibility in relation to asbestos for: 

- Consulting on health and safety matters generally and on measures that may need to be taken on asbestos 
in occupied areas, on machinery and equipment. 

- Keeping themselves informed of advice given by competent persons in relation to inspections and meeting 
health and safety commitments. 

- Co-operating on any reasonable request for the variation to work hours and hours of work. 

- Advising members of their rights, obligations and responsibilities under occupational health legislation. 

Visitors have a responsibility in relation to asbestos to: 

- Comply with instructions given for their own safety and health and that of others generally. 

- Comply with all work procedures and instructions related to asbestos. 

- Co-operate with WDA staff in their fulfilment of legislative obligations. 

- Take care of their safety and health and that of others. 

- Report immediately to WDA any perceived safety or health risk. 

6.1 Key Personnel at the Site.  
The following key personnel are responsible for the implementation of the control measures discussed in this 
document: 
Table 1 Asbestos Management Plan - Organisational Responsibilities 

Item Activities Department/Person Responsible 

AMP compliance/Owner of 
Asbestos Register 

Implementation 
Establish document controls 
Communication to key stakeholders 

Dimitry Belov 

Asbestos audits & register  Updates to register, communication 
of register Michael Evans 

Asbestos awareness training (staff) Prepare and Implement program Duncan Shires 

Worker compliance/Implementation 
of Controls/Stop Work Adherence to AMP requirements Rod Borg 

Upgrade of Controls Adherence to AMP requirements Dimitry Belov 

Contractor compliance  Adherence to AMP requirements Rod Borg 

Licensed Asbestos Assessor Air monitoring, site inspections, 
sampling, clearance inspections.  

Waste Assets Management 
Corporation (WAMC) 

Updates to AMP and controls Reviews and updates to AMP, 
SWMS and other asbestos controls 

Dimitry Belov 

6.2 Organisation Chart for the Site 
The organisational chart for Site establishment and clean-up works is provided in Figure 1 Alexandria Landfill 
Organisation Chart below. 
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Figure 1 Alexandria Landfill Organisation Chart 
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7.0 Employee Information and Training 
Training and sharing of information is one of the most important elements of this AMP.  All categories of personnel 
employed at the Site and visitors to the Site and who may be involved in the asbestos work should be given 
appropriate Asbestos Awareness Training to ensure adequate awareness of the health risks of asbestos, 
methods of prevention and control, proper work practices, emergencies and use of personal protective equipment. 

Asbestos Awareness Training should be conducted for all employees as required to keep employees abreast of 
updated information and procedures and to reaffirm WDA health and safety requirements. 

A person conducting a business or undertaking must ensure workers who they reasonably believe may be 
involved in asbestos removal work in the workplace or the carrying out of asbestos-related work are trained in the 
identification, safe handling and suitable control measures for asbestos and ACM.  

A person conducting a business or undertaking must ensure that information, training and instruction provided to 
a worker are suitable and adequate, having regard to:  

- the nature of the work carried out by the worker; 

- the nature of the risks associated with the work at the time the information, training or instruction is provided; 

- the control measures implemented.  

The Asbestos Awareness Training for employees should be conducted in a manner, so far as is reasonably 
practicable, in which the employee is able to understand and will be given in verbal and written form and with the 
use of visual aids and worker participation.  These approaches are to be used in a manner that will ensure 
adequate awareness of the health and safety risks at site, methods of prevention and control and appropriate 
work practices. 

The training program will include, but not be limited to, the provision of information on the following: 

- Health effects of exposure to asbestos.   

- Type and presence of asbestos in the workplace. 

- Roles and responsibilities under the AMP. 

- Location and use of the Asbestos Register 

- Nature of operations which could result in asbestos exposure. 

- Safe work procedures to prevent exposure to asbestos fibres. 

- What to do if asbestos is disturbed. 

- Exposure standards and control levels relating to asbestos. 

- Preventative and control measures. 

- Labelling and Signage. 

- Airborne Asbestos Monitoring Program. 

- Purpose of exposure monitoring or health monitoring. 

- Personal protective equipment (PPE) and decontamination procedures. 

Training records will be maintained for each employee and visitor at the Site for the duration of the work and for 
five years after cessation of the work.  The records should be available for inspection by the regulator upon 
request.
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8.0 Contractor Training 
A person conducting a business or undertaking must ensure workers who they reasonably believe may be 
involved in asbestos removal work in the workplace or the carrying out of asbestos-related work are trained in the 
identification, safe handling and suitable control measures for asbestos and ACM.  

Contractors who are going to be working with or in contact with the asbestos work will be provided with an 
appropriate level of Site specific training during the induction process to ensure that they are aware of the 
requirements of the AMP and also, that they are aware of any ACM that may impact upon their work.  Site specific 
induction procedures will include where necessary, asbestos management and personal protective requirements, 
with emphasis placed on the workers responsibility in relation to asbestos matters, and the health hazards that 
may result if these responsibilities are neglected. 

Pre-start meetings will be given every day at the site prior to work commencing. These talks will give updated 
information on the results of air monitoring for asbestos and any new details regarding work processes.  
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9.0 Asbestos Work Procedures and Methodologies for 
Alexandria Landfill  

9.1 Introduction  
This section describes the procedures and possible methodologies to be used by managers and workers during 
investigations, surveys, excavation, handling and disposal or placement of potentially asbestos impacted fill 
material from locations at the Site.  

Areas that can be determined to not contain any asbestos contamination can be excluded from these procedures 
although an unexpected finds procedure should still be in place (see Appendix B).  

A licensed asbestos assessor is to closely observe any works at the site that may disturb asbestos containing 
materials. Any such works must be under the control of a licensed asbestos removal contractor who must also 
develop their own Asbestos Removal Control Plan (ARCP).  

9.2 Areas not being disturbed 
In areas of the Site where no works are taking place but it is suspected that asbestos containing materials may 
exist there will only be a potential risk if these materials are exposed on the ground surface. If there are buried 
ACM on the Site they cannot give rise to airborne fibres unless uncovered.  

Where potentially friable asbestos containing materials are observed on the surface precautions to prevent fibre 
release would include covering the material with fill or a geofabric layer held down with fill. Areas such as these 
should be fenced and signed to prevent accidental disturbance.  

Areas containing non-friable asbestos waste such as cement, vinyl tiles and the like can be fenced and signed 
without capping if the licensed asbestos assessor does not consider that fibre release under normal conditions is 
likely. If weather conditions or other factors such as possible disturbance are likely to give rise to fibre release 
then the materials may be capped as above.  

Background air monitoring as detailed in Section 9.4 and Appendix C may be undertaken around such areas to 
provide reassurance that fibre release is not occurring at a level where elevated airborne fibre levels can be 
detected.  

9.3 Safe Work Procedures 
Any works that will disturb potentially asbestos contaminated materials whether it is intended to be asbestos 
removal or just an investigation must  be carried out in accordance with the WHS Regulation and the WorkCover 
Codes of Practice.  

Safe Work Procedures are required for any work that may disturb asbestos. In most cases this work will only be 
carried out under the control of a licensed asbestos removalist and licensed asbestos assessor. Removalists are 
required to draw up their own Asbestos Removal Control Plan (ARCP) for work with asbestos and the controls 
within these should mirror the requirements of the WHS Regulation, codes of practice and the WDA site specific 
controls such as are detailed within this AMP and the ISMP.   

Other workers and contractors working under the control of the removalists must adhere to these procedures and 
plans by following them directly or by including them into their own SWMS.  

AECOM has detailed some outline procedures for working with asbestos that give a list of controls and 
procedures that should be adopted. These are listed in Appendix D.  

The procedures specified by AECOM are designed to be adhered to during all stages of the investigation works in 
areas of the Site that cannot be certified to be asbestos free to ensure that the health and wellbeing of all workers 
associated with the project, and occupying adjacent areas.    

The specifications provided by AECOM are intended as a guide only and do not override the requirements of 
relevant legislation, codes of practice, Australian Standards or other accepted best practices and minimum 
standards. 
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As stated in Section 3 above, unless a material can be certified not to contain asbestos then it should be treated 
as if it may contain non-friable or friable asbestos fibre. Free fibre in soil will lead to it being classified as friable 
asbestos.  

Work may be divided into friable and non-friable and for the purposes of compliance with WHS Regulations free 
fibre arising from a non-friable material such as cement debris may be classified as non-friable work. In this AMP 
two basic work methods are detailed in Appendix D. The first is for work with, including removal of soil or waste 
including free fibre arising from that material and the second is for any work with friable asbestos such as ropes, 
pipe lagging, limpet sprays and insulation that may be identified within the landfill material.  

9.4 Air Monitoring 
1) Air monitoring may be undertake at the Site to establish if elevated airborne fibre levels are present around 

stockpiles, areas of waste and during works. This may include background, control, personal and clearance 
monitoring. Air monitoring procedures are detailed in Appendix C. 

2) Background monitoring may be undertaken at locations where suspected or confirmed asbestos is identified 
such as around stock piles. This may be repeated daily or only when there is a change in conditions 
depending on the advice from the Licensed Asbestos Assessor.  

3) Control air monitoring should be undertaken at the boundaries of any Asbestos Work Area and at other 
locations such as vehicle cabs by the Licensed Asbestos Assessor during all stages of works that may 
disturb asbestos contaminated soils and waste.  All air monitoring will be carried out by the Licensed 
Asbestos Assessor to NATA Standards and in accordance with the Code of Practice How to Remove 
Asbestos Safely, 2011.   

4) Clearance monitoring must be undertaken in work areas on the successful completion of friable asbestos 
removal work after a visual clearance inspection has been passed by the Licensed Asbestos Assessor. It 
may be carried out on the completion of non-friable asbestos work if deemed necessary by the licensed 
asbestos assessor or the WDA.  

5) Personal monitoring may be carried out on a number of operatives in or working close to the asbestos work 
area. Personal air monitoring is carried out by placing monitors on personnel such as removal operatives 
and others whose work may place them at a risk of exposure to elevated fibre levels. It can be used to 
ensure control measures such as RPE are effective in preventing exposure to fibres.  

6) Airborne asbestos fibre control limits applicable to any work with asbestos will include: 

<0.01 fibres/mL -  acceptable limit  

Equal to background and detectable limits. Level to achieve for air clearances. 

>0.01 fibres/mL -  alert level    

Review control measures, investigate the cause and implement controls to eliminate or minimise exposure. 

>0.02 fibres/mL -  action level    

Review control measures, investigate the cause and implement controls to eliminate or minimise exposure. 
 The licensed asbestos removalist must notify the regulator (WorkCover NSW) by phone followed by 
email, fax or written statement that work has ceased and the results of air monitoring). Work may only 
recommence following receipt of air clearance monitoring results of <0.01fibres/mL).  

Refer to Page 24 for a procedure to be followed for the exceedance of these limits at the Site.  

7) Where a result of monitoring is outside the site acceptable limits (see 6 above), the cause of the high 
reading is to be ascertained by the Asbestos Removal Contractor and the Licensed Asbestos Assessor with 
the Asbestos Removal Contractor responsible to take all remedial action at his own expense to ensure that 
further high readings are not repeated. Air clearance monitoring is to be undertaken following the completion 
of works to a phase of on completion of the entire work program .  Upon receipt of the clearance air 
monitoring results of <0.01 fibres/mL and a satisfactory visual inspection of the area, the Asbestos Work 
Area may be dismantled.  
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8) Additional final air clearance monitoring may then be undertaken following the dismantling of the Asbestos 
Work Area if the Licensed Asbestos Assessor deems it necessary.  Upon receipt of any final air clearance 
monitoring results of <0.01 fibres/mL, the Asbestos Work Area may be entered without the need for personal 
protective equipment and re-occupation can occur. 

9.5 Clearance Inspections  
Once any asbestos work is complete, the resultant area from will require inspection by the Licensed Asbestos 
Assessor. A visual clearance inspection will be carried out of the surfaces of the area to confirm whether no visual 
asbestos fragments remain on these surfaces. In the case of soil, a further turnover of the next layer of soil may 
be undertaken in order for it to be visually inspected. The contractor is to ensure that safe access is available to 
any excavations in order to carry out visual inspections.  

If any additional fragments are identified; another 100mm of soil should be removed within the area specified by 
the Asbestos Assessor.  

If any additional areas are identified that are suspected of containing asbestos contamination then additional 
sampling and analysis may be required to determine if asbestos is present. Any areas that are classed as being 
contaminated will have to be treated as new asbestos work areas and all the above procedures followed.  

If ACM contaminated materials are to be left on Site they should be encapsulated in the short term using 
geofabric and soil/rocks to prevent disturbance or in the longer term in a waste cell. This capping and covering 
can be the subject of the clearance inspection process.  
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10.0 Uncovering of Suspected Asbestos Materials 
The procedure to be followed in the event of suspected ACM being uncovered is shown in Appendix B. 

The primary response should be to avoid any further disturbance of the material and prevent access by the 
placement of barricades.  

If the material appears friable or there is a risk of further disturbance from the weather such as high winds the 
material may be dampened down and covered with heavy gauge polythene or geo-fabric either of which should 
then be secured with clean fill material, rocks or other heavy items.  

Warning signs should be put in place and the discovery should be included in any daily toolbox talks.  

All incidents concerning the uncovering of suspected ACM are to be dealt with and recorded via the WDA incident 
reporting system: 

- Date and time of uncovering. 

- Nature of the problem. 

- Response action taken and date of action; and 

- Noted for the purpose of updating the property Asbestos Register. 

Once the material has been confirmed as containing asbestos the material may be removed in accordance with 
the AMP requirements or the signs taken down if it is confirmed as non-asbestos.  
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11.0 Incidents 
When an incident is identified, it will be recorded on the WDA reporting system as detailed in the ISMP.  The WDA 
or the Licensed Asbestos Assessor/Licensed Asbestos Removal Contractor will usually make these observations 
during routine site inspections. 

All incidents are to be managed in accordance with the WDA incident reporting process as detailed in the ISPM 
and the Emergency Procedures detailed in Section 12 and illustrated in Appendix B. 
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12.0 Emergency Procedures 
Emergency procedures on site will cover actions to be taken when asbestos is inadvertently uncovered, 
catastrophic events occur or air monitoring indicates high levels of airborne asbestos fibre. The procedures 
contained in Appendix B shall be followed in an emergency. 

It is important to remember that the first priority must always be the safety of any persons either workers or others 
involved in the events.  Uncovering of asbestos may occur due to human error or to catastrophic event.  
Catastrophic events may include but not limited to: 

- Explosion. 

- Industrial Accident. 

- Failure of construction structures. 

- Failure of an asbestos control (i.e. encapsulation, equipment etc). 

- Earthquake. 

- Flood. 

- Fire. 

In order to ensure that the occupational health impact of unavoidable catastrophic events is minimised, 
emergency procedures documented in Appendix B are to be followed. 

All emergency action should take place as soon as possible after the event and the first priority is to stabilise the 
situation and to prevent further hazard or employee exposure. 
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13.0 Reviews of the Asbestos Management Plan 
Reviews of the AMP should be performed on a regular basis and it may be updated as new information on site 
becomes available. 

The review will encompass the entire workings of this AMP including such things as maintenance of registers, 
asbestos removal procedures, tendering, monitoring, asbestos related functioning etc. 

The purpose of the review is to monitor compliance with the AMP and where appropriate improve it. 

Reviews will be undertaken in accordance with the WHS Regulation (Reg 430) and relevant Codes of Practice. 
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14.0 Asbestos Management Records 
All asbestos records will be stored and maintained by the WDA. 

The records will be updated as required. 

The record system will contain: 

- Records of inspection and test plans. 

- Records of corrective action. 

- Records of audits. 

- Original records of certification/approvals by statutory authorities. 

- Records of surveys. 

- Records of complaints from employees. 

- Records of inspections, maintenance and tests results. 

- Records of training and inductions; and  

- Records of employee involvement in site works. 
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Emergency Procedures 
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Suspected asbestos material uncovered 

Cease work and evacuate affected area 

Contact immediate Supervisor 

Advise WDA Representative and Consultant in accordance 
with ISMP 

Arrange for erection of barricades around affected area and provision of PPE to 
personnel required to be in the vicinity of the affected area 

Visual assessment and collection of sample for 
identification 

Asbestos present? 

Conduct remedial action 

YES 

NO 

Conduct visual and air clearance 

Remove barricades and resume work 

Compile and forward incident reports in accordance 
with ISMP

AREA NOT 
CLEAR 

AREA CLEAR 

Procedure for Uncovering Suspected Asbestos 
Materials and Emergencies 
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Air monitoring results 
equal to or greater than 
the Action Level of 0.01 

fibres/mL 

Air Monitoring Results equal to or 
greater than 0.02 fibres/mL 

Cease work and evacuate affected area 

Advise WDA Representative and Consultant in accordance with ISMP 

Erection of barricades around affected area and provision 
of PPE to personnel required to be in the vicinity of the 

affected area 

Conduct Investigations followed by 
remedial action 

Conduct Visual and Air Clearance 

Area visually clear and monitoring Results <0.01 
fibres/mL 

Remove barricades and resume work 

Compile and forward Incident reports to WDA 

Procedure for Exceedance of Air Monitoring 
Limits 

AREA NOT 
CLEAR 
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Air Monitoring Procedures 
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Asbestos Monitoring Procedure 
Definitions 
Personal monitoring Samples taken within the Worker Breathing Zone that indicate the worker’s 

exposure under representative working conditions. As they represent actual 
personal exposure, the results of such sampling can be directly compared 
with occupational exposure standards. 

Control Monitoring Static samples taken as an indicator of the effectiveness of process control 
techniques that are not representative of actual occupational exposures. As 
the results obtained from control monitoring do not reflect actual worker 
exposure, they cannot be compared with occupational exposure standards. 

Clearance Monitoring Static samples taken on completion of asbestos removal work to ensure that 
there are no residual elevated fibre levels.  

Background Monitoring  Static samples prior to any work to determine the base elevated fibre level.  

General Method Description 
A sample is collected by drawing a measured quantity of air through a membrane filter by means of a sampling 
pump.  The filter is later transformed from an opaque membrane into a transparent, optically homogeneous 
specimen.  The fibres are then sized and counted, using a phase contrast microscope and eyepiece graticule.  
The result is expressed as fibres per millilitre of air, calculated from the number of fibres on the filter and the 
measured volume of air sampled. 

Personal Monitoring 
Involves direct monitoring of worker’s exposure (i.e. personal exposure monitoring) to: 

a) To assess the exposure relative to an occupational exposure standard so that appropriate control measures 
can be implemented. 

b) To provide estimates of exposure for epidemiological investigations. 

All sampling must be conducted in the breathing zone of a worker, so that the results are indicative of workers 
exposure.  More than one single sample may be required, but the total sample duration should never be less than 
four hours and preferably over an entire shift. 

Flow rates should be selected in the range 0.4 to 2.2 Litres/min so that a volume of 100 Litres ± 20%  
(i.e. 80-120L) is collected over the desired single sample duration. 

Flow rates must be checked with a calibrated field rotameter before and after sampling and if the measured flow 
rates differ by more than 10%, the sample should be rejected. 
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Control, Clearance and Background Monitoring 
In-field Sampling Procedure: 

1) Ensure that the sampling pump is set to the required flow rate before use (1.0, 2.0 litres per minute or 4.0 
litres per minute). 

2) Ensure pump is located in a suitable place so as to collect a representative sample of the area being tested 

3) Ensure that the filter cassette is in free air at about chest height where possible.  The filter cassette should 
not be located in a situation that could influence the result e.g. excessive heat, sampling head too close to a 
wall etc.  The opening of the cassette should face downwards. 

4) Sampling pumps placed outside should be protected from wet weather by covering them with a plastic bag, 
open at the base with the cassette and tubing uncovered. 

5) At the completion of the sampling period, usually 2-8 hours, the pump flow rate must be checked prior to 
turning off the pump. 

6) Cassettes must be stoppered at both ends for transportation to the laboratory for analysis.  The sample 
cassettes should be transported in a resealable plastic bag. 

The samples are always static, i.e. fixed position. 

The total sample duration should preferably be not less than four hours.  In urgent situations, total sample 
duration may be reduced to 100 mins, with an appropriate flow rate. The flow rate should be selected in the range 
between 1-4 Litres/minute so that a sufficient volume is collected over the desired single sample duration to meet 
the detection limit of the membrane filter method. 
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Methods for Work with 
Asbestos 
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Standard Work Procedure 1.  
Work with Potentially Asbestos Contaminated Soil or Waste 

The method below refers only to the work with soil or other waste that is impacted with non-friable asbestos debris 
and loose fibre/debris. It does not apply to work with friable asbestos such as insulation, limpet spray materials or 
pipe lagging. Work or disturbance to potentially asbestos impacted soil or waste is to take place in the following 
manner: 

1) The work is to be supervised by a Class A or B Licensed Asbestos Removal Contractor in accordance with 
the Work Health & Safety Regulation 2011.  A copy of the current license is to be furnished by the Asbestos 
Removal Contractor prior to the commencement of any works and is to be displayed in a prominent position 
on site. 

2) The Asbestos Removal Contractor is to notify NSW Work Cover of the works prior to the commencement of 
any work. This normally requires 5 days. A copy of the notification is to be furnished and displayed on Site 
for the duration of the works. 

3) All personnel employed by the Asbestos Removal Contractor are to be appropriately trained in asbestos 
work and removal.  Copies of the appropriate certificates are to be supplied to the WDA or Licensed 
Asbestos Assessor prior to the commencement of work.  

4) The immediate work area where ACM may be disturbed is to be known as the “Asbestos Work Area”.  
Access to the Asbestos Work Area should remain restricted until the potential disturbance of the ACM is 
complete.  Barriers shall be erected around the Asbestos Work Area to restrict entry.  Signs are to be placed 
in appropriate locations around the Asbestos Work Area by the Asbestos Removal Contractor with the words 
"Asbestos Work Area, Do Not Enter" or similar approved signage.  This signage is only to be displayed for 
the duration of the ACM remediation work at the Site.  It is to be placed at the Asbestos Work Area 
boundaries and at the entry to the decontamination area. The region surrounding and adjacent to the 
Asbestos Work Area is to be known as the “Asbestos Work Site”.  

5) Suitable silt fencing and filtration is to be used at the Asbestos Work Site boundaries to prevent the escape 
of potentially asbestos contaminated water if required.  

6) Personnel involved in the removal of the asbestos must wear respiratory protective equipment (RPE) 
conforming with the requirements of AS/NZS1716-2003 Respiratory Protective Devices and 
AS/NZS1715:2009 ‘Selection, use and maintenance of respiratory protective equipment, disposable 
overalls, boot covers and gloves.  All PPE is compulsory and must be worn by all personnel undertaking 
asbestos removal or entering the asbestos work area.    

7) The licensed asbestos removal supervisor must ensure that any other personnel entering the Asbestos 
Work Area are trained in the use of and wear the compulsory PPE. This should include how to follow 
decontamination procedures. Any staff entering the asbestos work areas should be properly inducted into 
the safe work method statements and receive asbestos awareness training. 

8) A ‘wet’ decontamination unit is to be established at the entrance to the Asbestos Work Area.  Personal entry 
to and exit from the Asbestos Work Area shall only be permitted via the decontamination unit.  The 
decontamination unit shall also have a change area adjacent to and separate from the clean end of the 
decontamination unit.  It is allowable to have more than one entry point but each point must be fully 
equipped.  

9) The decontamination unit shall also have a clean change area adjacent to and separate from the clean end 
of the decontamination unit in order for staff to securely store street clothes and personal items.   

 Workers are to don the PPE at the decontamination unit.   

 Upon leaving the Asbestos Work Area, the coveralls and boot covers are to be removed and placed 
into 0.2mm polyethylene low-density plastic bags labelled as ‘Asbestos Waste’ (‘Asbestos Bags’); and 

 Any remaining PPE is to be removed inside the decontamination Area and personnel are to 
decontaminate or wash any exposed parts of the body.  Hard hats, boots and glasses must be wiped 
with a damp cloth to remove dust and other contamination. 
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10)  Any drains (if present) at ground level that may be affected by the ACM remediation works should be 
covered with filter material capable of capturing particles down to 5µm to prevent asbestos residue entering 
the drainage system.  Filter material shall be inspected and replaced regularly.  Soiled filter media is to be 
disposed of as asbestos waste. 

11) Dust levels in the asbestos work areas must be strictly controlled and reduced to an absolute minimum, 
water sprays should be employed to do this but care must be taken to control water run-off as this may be 
contaminated. 

12) If weather conditions do not allow the adequate control of dust e.g. high winds and or high temperatures 
then work should be stopped.  

13) In most cases waste will be loaded directly into trucks for removal from Site. This may generate high dust 
levels during loading and this must be controlled by the use of damping and minimising drop heights.  

14) Any plant operators who are not licensed asbestos removalists will operate and be supervised in the work 
area by the licensed asbestos removalists at the Site. No workers will enter asbestos work areas unless the 
asbestos removal licence holders are present (except for hygienists/assessors).  

15) Truck drivers and plant operators must remain in their cabs while in the asbestos work areas and keep their 
windows closed. Plant that is operating daily in the asbestos work area will need a filtered air supply. This 
should be filtered via HEPA filters in accordance with AS4260-1997 High Efficiency Particulate Air Filters 
(HEPA) – Classification, Construction and Performance.   

16) Truck drivers and plant operators must not leave their cabs while inside the work area except in the case of 
emergency or breakdown. They must keep PPE & RPE in the cab in case they do have to leave via the work 
area. Truck drivers and plant operators will not need to follow the wet decontamination route unless they exit 
their vehicles inside the work area. Otherwise they may exit their plant in the vehicle parking area where a 
dry decontamination (changing area) will be set up. 

17) Trucks and plant should be equipped with two way radios to allow for communication with others in and 
outside the work areas.  

18) Vehicles and other wheeled/tracked plant must not leave the work area except via a vehicle decontamination 
point. The decontamination point must include a wheel/track wash and other cleaning facilities to remove 
any debris picked up in the work area. Bunding will be required to collect waste water and that water will 
need to be filtered via a high efficiency (minimum 5µm) water filter prior to disposal. Unfiltered water must 
not be allowed to enter drains, particularly soak-aways as residual asbestos debris could dry out and give 
rise to airborne fibres. 

19) A ‘bag-out’ area is to be established for the storage of any bagged asbestos waste prior to removal from the 
Site such as used PPE.  

20) A Transitional Area is to be established between the Asbestos Work Area and the remainder of the site to 
undertake decontamination of any items other than vehicles or personnel that are to be removed from the 
Asbestos Work Area.  

21) All items to be removed from the Asbestos Work Area are to be decontaminated at the Transitional Area 
using vacuuming and wet-wiping techniques.  AECOM recommend that any items which would be unable to 
be effectively detail cleaned, or any item from which dust cannot be removed should be disposed of 
asbestos waste.  

22) An area shall be selected outside the Asbestos Work Area on the clean side to place cleaned items where 
they will not be subject to damage or contamination. 

23) A visual inspection will be undertaken by the Licensed Asbestos Assessorto assess the appropriateness of 
the Asbestos Work Area prior to access the commencement of asbestos removal work.  Work that may 
disturb Asbestos may only commence following the work area inspection. 

24) No work that may disturb asbestos will be carried out unless control (para occupational)and/or personal 
(occupational) air monitoring is being undertaken. 
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25) Approved vacuum cleaners may be utilised during the asbestos work process to minimise potential fibre 
levels such as for cleaning decontamination areas cabs or equipment.  Any vacuum cleaners that may be 
used during the decontamination process are to be approved for use with asbestos and are to be fitted with 
HEPA filters in accordance with AS4260-1997 High Efficiency Particulate Air Filters (HEPA) – Classification, 
Construction and Performance.  The vacuum collection bags and filters are to be disposed of as asbestos 
waste. 

26) Remove potential asbestos, asbestos contamination (if gross items of asbestos are observed) and any dust 
and debris from within the Asbestos Work Areas.   Place all waste material inside in 0.2mm impervious 
plastic bags marked “Asbestos Waste” and seal with tape.  Any large items of asbestos waste if discovered 
shall be wrapped in 0.2mm impervious plastic and sealed with tape for removal from the Asbestos Work 
Area. 

27) Potentially contaminated soil that is excavated and left for disposal or placement on Site must be placed 
directly into skips or trucks for transport to an appropriate NSW licensed landfill site if being disposed of. The 
skips or trucks are to be sealed and leak proof to ensure that contaminated material cannot leak during 
transit if taken out of the work area. If material has to be stockpiled on site these stockpiles should be within 
the asbestos work area boundary and should be covered with geofabric or compacted at the end of the shift. 

28) Where ‘Asbestos Bags’ are used for waste, they are to be sealed before being moved to the ‘bag-out’ area.  
Bags are to be filled to no more than ½ full, or so that the weight is manageable and does not result in 
manual handling injury or bag rupture.  Bagged asbestos waste is to be placed into a second bag in the 
‘bag-out’ area and sealed again and sprayed with poly-vinyl acetate (PVA) or ‘Bondcrete’ prior to removal 
from the ‘bag-out’ area.   

29) Any bagged asbestos waste is to be removed from the ‘bag-out’ area and placed into trucks or bins that are 
lined with 0.2mm impervious plastic.   

30) Any soiled PPE shall be placed into 0.2mm polyethylene low-density plastic bags labelled as ‘Asbestos 
Waste’.  Bags are to be filled to no more than ½ full, sealed, placed into a second bag at the ‘bag-out’ area 
and sealed for appropriate disposal. 

31) Any equipment within an Asbestos Work Area shall be only used in that area and when removed from the 
Asbestos Work Area shall be thoroughly decontaminated using vacuuming and wet-wiping techniques. 

32) Asbestos waste and other waste material is to be disposed of in the appropriate manner at an appropriately 
licensed waste disposal facility.  Permission to dispose the asbestos waste is to be obtained from the 
appropriate authority prior to the commencement of the ACM remediation work and a copy of the disposal 
dockets are to be provided to the WDA following each disposal event. 

33) Any Asbestos Work Area will be inspected by the Licensed Asbestos Assessor to ensure that all potentially 
contaminated waste and debris from the Asbestos Work Area has been removed from the Asbestos Work 
Area and that no visible ACM contamination remains.  It should be noted that all visual evidence of dust or 
debris (asbestos or otherwise) should be removed in order to satisfy the requirements of a satisfactory visual 
inspection. The Licensed Asbestos Assessor is to be accompanied by the Asbestos Removal Contractor at 
all times during clearance inspections.  

  



AECOM WDA Alexandria Landfill AMP 
Asbestos Management Plan 

26-Mar-2015 
Prepared for – WestConnex Delivery Authority – ABN: 33 855 314 176 

D-4

Standard Work Procedure 2. 
Friable Asbestos Removal 

Friable asbestos has the potential to give rise to elevated fibre levels with minimal disturbance and so all works to 
friable asbestos require a higher level of control compared to non-friable asbestos work. At the Landfill Site there 
may be pockets of friable asbestos waste or bagged friable asbestos waste arising from the previous activities at 
the Site.  

The codes of practice are written on the assumption that most friable asbestos removal will take place from 
structures rather than landfill sites but the procedures should be followed as closely as possible. Work with friable 
asbestos generally should not be undertaken with powered equipment or plant. If there is a situation at the site 
where large scale friable asbestos removal is identified then a variation to this procedure may be required to allow 
for the use of excavators although this will generally align to Procedure #1 above with some added controls.   

1) The Asbestos Removal Contractor is to have a current license for friable (Class A) asbestos removal in 
accordance with the Work Health and Safety Regulation 2011.  Asbestos removal work requiring a license 
shall be undertaken with reference at all times to the requirements specified in Section 3: Duties for licensed 
asbestos removal work in The Code of Practice: How to Safely Remove Asbestos. 

2) The Asbestos Removal Contractor must submit a Notification at least 5 days prior to the commencement of 
non-friable asbestos removal work to the NSW Work Place Health and Safety Authority.   

3) All personnel employed by the Asbestos Removal Contractor are to be appropriately trained in asbestos 
removal.  Copies of the appropriate training records and qualifications must be available upon request. 

4) In most cases, removal of friable asbestos should be carried out inside a sealed enclosure constructed from 
a timber, metal or plastic frame with a polythene skin to prevent elevated fibre levels occurring outside the 
work area. Exceptions will be where wrap & cut methods or glove bags can be used.  

5) Signage is to be displayed on the Asbestos Work Area boundaries advising that asbestos removal works are 
being undertaken in accordance with the Code of Practice: How to Safely Remove Asbestos. 

6) Personnel involved in the removal of the asbestos must wear, as a minimum, approved full-face cartridge-
type respirators fitted with Class P3 particulate filters, disposable overalls, boot covers and gloves.  All PPE 
is compulsory and must be worn by all personnel undertaking asbestos removal.   

7) A four stage wet decontamination unit is to be established at the entrance to the Asbestos Work Area.  Entry 
to and exit from the Asbestos Work Area shall only be permitted via the decontamination unit.  The 
decontamination unit shall also have a clean change area adjacent to and separate from the clean end of 
the decontamination unit.   

8) At the entry to the Asbestos Work Area an air lock chamber is to be erected.  The wet decontamination unit 
is to be attached to this air lock chamber.  The purpose of the air lock chamber is to provide a buffer zone 
between the Asbestos Work Area and decontamination unit to minimise the risk of asbestos contaminated 
dust escaping from the Asbestos Work Area.  Entry to and exit from the Asbestos Work Area shall only be 
permitted via the decontamination unit.  The decontamination unit shall also have a clean change area 
adjacent to and separate from the clean end of the decontamination unit. 

9) A negative air dust control unit is to be attached to the air lock chamber adjacent to the decontamination unit 
to maintain airflow into the air lock chamber through the decontamination unit.  The units should be operated 
continuously during the asbestos removal process to ensure negative pressure is maintained inside the 
Asbestos Work Area at all times.  The exhaust equipment shall be provided to ensure that negative air 
pressure of minimum 12pa (water gauge) exists within the enclosure.  A manometer will be used to check on 
the negative air pressure throughout the removal period.  HEPA filters will be checked by the Licensed 
Asbestos Assessor prior to commencement of work. 

10) An encapsulation is to be erected and all openings to the Asbestos Work Area are to be sealed with 0.2mm 
plastic or canvacon and tape.  Plastic to overlap joins by 200mm.  The floors are to be adequately protected 
with at least two layers of canvacon or 0.2mm plastic and any other protection deemed necessary by the 
Contractor to ensure that damage does not occur. 

11) A ‘bag-out’ area is to be established for the storage of bagged asbestos waste prior to removal from the site. 
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12) All penetrations within the Asbestos Work Area are to be sealed using timber, impervious plastic, tape and 
foam sealant.   

13) A visual inspection will be undertaken by the Licensed Asbestos Assessor to assess the completion and the 
integrity of the encapsulation prior to access the commencement of asbestos removal work.  Asbestos 
removal work may only commence following the encapsulation inspection. 

14) Water mist spray and approved vacuum cleaners are to be utilised at all times during the asbestos removal 
process.  Vacuum cleaners used during the decontamination process are to be approved for use with 
asbestos and are to comply with AS/NZS 60335.2.69:2003 Household and similar electrical appliances – 
Safety, Part 2.69”: Particular requirements for wet and dry vacuum cleaners, including power brush, for 
industrial and commercial use and are to be fitted with HEPA filters in accordance with AS4260-1997 High 
Efficiency Particulate Air Filters (HEPA) – Classification, Construction and Performance.  Standard domestic 
or industrial vacuum cleaners are not suitable.  The vacuum collection bags and filters are to be disposed of 
as asbestos waste. 

15) Remove all asbestos, asbestos contamination and any debris from within the Asbestos Work Areas.  Place 
all waste material inside in 0.2mm impervious plastic bags marked “Asbestos Waste” and seal with tape.  
Large items or manageable sections of asbestos insulated pipe work and other debris shall be wrapped in 
0.2mm impervious plastic and sealed with tape for removal from the Work Area. 

16) Where ‘Asbestos Bags’ are used for waste, they are to be sealed before being moved to the ‘bag-out’ area.  
Bags are to be filled to no more than ½ full, or so that the weight is manageable and does not result in 
manual handling injury or bag rupture.  Bagged asbestos waste is to be placed into a second bag in the 
‘bag-out’ area and sealed again and sprayed with poly-vinyl acetate (PVA) or ‘Bondcrete’ prior to removal 
from the ‘bag-out’ area.   

17) The bagged asbestos waste is to be removed from the ‘bag-out’ area and placed into trucks or bins that are 
lined with 0.2mm impervious plastic.   

18) All surfaces located inside the Asbestos Work Area shall be thoroughly decontaminated by scraping of the 
surfaces or vacuuming where possible using an approved vacuum cleaner fitted with a HEPA filter to 
remove residual dust at the completion of the bulk removal process.  Wet-wiping techniques may be used to 
wipe clean metal or concrete surfaces.  All framing, pipes, ducts, fixed items etc., within the Asbestos Work 
Area are to be vacuumed and wet wiped of all visible asbestos contamination.  This includes the cleaning of 
all fixed parts of the building structure.  All loose items and debris are to be removed from these areas as 
asbestos contaminated waste.  Vacuum bags, HEPA filters and rags used for wet-wiping are to be disposed 
of as asbestos waste.   

19) All soiled PPE shall be placed into 0.2mm polyethylene low-density plastic bags labelled as ‘Asbestos 
Waste’.  Bags are to be filled to no more than ½ full, sealed, placed into a second bag at the ‘bag-out’ area 
and sealed for appropriate disposal. 

20) All equipment within the Asbestos Work Area shall be only used in that area and when removed from the 
Asbestos Work Area shall be thoroughly decontaminated using vacuuming and wet-wiping techniques. 

21) Asbestos waste and other waste are to be disposed of in the appropriate manner at an approved waste 
disposal facility.  Permission to dump the asbestos waste is to be obtained from the appropriate authority 
prior to the commencement of work.  The Asbestos Removal Contractor shall provide dumping dockets to 
the Consultant Occupational Hygienist. 

22) Transport and final disposal of asbestos waste material shall be carried out by the Asbestos Removal 
Contractor in a manner, which will prevent the liberation of asbestos dust into the atmosphere.  Vehicles 
licensed for the transportation of asbestos waste shall only be used.   

23) The Asbestos Work Area will be inspected to ensure asbestos contaminated waste and debris is removed 
from the Work Area.  Clearance inspections and certification to be carried out by the Licensed Asbestos 
Assessor(who must be a licensed asbestos assessor).  The Licensed Asbestos Assessor is to be 
accompanied by the Asbestos Removal Contractor at all times during clearance inspections. 

24) All surfaces within the Asbestos Work Area are to be sprayed with a PVA or Bondcrete sealant following 
completion of the visual inspection. 

25) Air clearance monitoring is to be carried out inside the Asbestos Work Area after the spraying of PVA. 
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26) All surfaces within the Asbestos Work Area are to be sprayed with PVA or a similar approved material 
following completion of the visual inspection. 

27) Air monitors are to be placed around the Asbestos Work Area by the Licensed Asbestos Assessor during all 
stages of the work.  Air clearance monitoring will also be carried out inside the Asbestos Work Area following 
successful completion of the visual inspection and application of PVA.  All air monitoring and clearance 
inspections will be carried out by the Licensed Asbestos Assessor NATA standards and the requirements of 
the Work Health and Safety Regulation 2011 and the Code of Practice: How to Safely Remove Asbestos. 

28) A final inspection will be carried out by the Licensed Asbestos Assessor to ensure all work has been carried 
out and areas cleaned satisfactorily.  Sampling of the soil or other surfaces may be undertaken to confirm no 
residual asbestos contamination remains. 

29) Final air clearance monitoring will then be undertaken.  Upon receipt of the final air monitoring clearance 
results of <0.01 fibres/mL, the Asbestos Work Area may be entered without the need for personal protective 
equipment and re-occupation can occur. 

30) All materials used for separation of the Asbestos Work Area from adjoining areas are to remain in place until 
the asbestos is removed from the adjoining areas. 

31) Air monitoring should be undertaken whenever asbestos removal work is in progress.  All air monitoring and 
clearance inspections will be carried out by the Licensed Asbestos Assessor to NATA Standards and in 
accordance with the requirements of the Work Health and Safety Regulation 2011 and the Code of Practice: 
How to Safely Remove Asbestos. 

32) Clearance inspections are to be undertaken prior to the application of PVA and at completion of all work 
prior to the removal of the Asbestos Work Area barriers. 
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1.0 Introduction
AECOM Australia Pty Ltd (AECOM) was commissioned by the Roads and Maritime Services to prepare a
Groundwater and Leachate Management Plan (GLMP, hereafter referred to as the Plan) to be implemented at the
closed Alexandria Landfill comprising Lot 2 in Deposited Plan (DP) 1168612 located at Albert Street, St Peters
NSW (hereafter referred to as the Site), incorporating an area of around 15.71 hectares (ha); refer Figure 1 in
Appendix A.

A large portion of the Site has historically operated as a quarry (identified as the Ralford Pit) and brickworks
(identified as the St Peters Brick Works). Since quarrying activities ceased, the Site has been used as a landfill,
waste handling and transfer facility.  Alexandria Landfill is currently licensed (EPL 4627) by the NSW Environment
Protection Authority (EPA) to transport, store, recycle, reprocess and dispose of wastes.  The landfill was
historically operated by City of Sydney Council and Dial-A-Dump (DADI) as a non-putrescible general solid waste
landfill. The types of waste historically accepted included soil, demolition waste, green waste/timber and asbestos.
This Plan provides a framework for the monitoring of groundwater at the Site through the improvement and
operation of a leachate management and extraction system and a groundwater interception system. This Plan
sets out the methods, procedures and actions to be implemented with regard to groundwater monitoring at the
Site.

The plan is a living document and will be reviewed and updated at least annually by 30 June to ensure that
adequate controls are in place to meet the standards and objectives identified in this Plan.

This plan forms part of a package of documents appended to the Alexandria Landfill Closure Management Plan
(LCMP), and should be read in association with the other plans and documents appended to the LCMP

1.1 Background
The Alexandria Landfill is licensed by the NSW Environment Protection Authority (EPA) as a licensed solid waste
landfill and waste storage and recycling facility and was acquired by the NSW Government in December 2014.

Roads and Maritime now plan to redevelop the Site as part of the WestConnex New M5 motorway. The Site is
planned to contain the section of the freeway referred to as the St Peters Interchange. Preliminary designs for the
St Peters Interchange, includes roads, tunnel portals, freeway overpasses and associated infrastructure.  The
remainder of the Site is planned to be redeveloped as public use likely consisting of a mixture of parkland,
pathways and cycleways.  Surplus land surrounding the interchange will also likely be redeveloped for
commercial/light industrial land use.

The redevelopment also means that the Site will need to be closed and managed in accordance with the
Protection of the Environment Operations Act (POEO) 1997.  Leachate as well as groundwater in the surrounding
bedrock and Botany Sands formations has been historically monitored as part of the EPL compliance. Based on
available records, annual and/or quarterly leachate and groundwater monitoring has occurred since at least 1997.

The most recent round of groundwater and leachate sampling and analysis was undertaken by AECOM in March
2015 as part of the Phase 2 Environmental Site Assessment, Alexandria Landfill, 10-16 Albert Street, St Peters
NSW (AECOM, 2015).

1.2 Objectives of Monitoring Program
Monitoring of groundwater and leachate will be conducted throughout the post-closure care of the landfill.  The
objectives of the monitoring include:

- Detecting potential migration of leachate beyond the extent of the landfill;

- Monitoring of short term and long term changes in hydrogeological regime overtime that could be caused by:

· operation of the leachate extraction system(s);

· operation of groundwater interception/extraction  system(s);

· installation of a final landfill cap;

· dewatering and subsurface changes associated with St Peters Interchange construction;

· changes in local stormwater and surface water hydrology;
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· extreme rainfall events; and

· off-site influences such as the Sydney Park leachate extraction system.

- Monitoring increases or decreases in concentrations of contaminants over time that caused by factors such
as the biological and physical breakdown of landfill waste over time and migration of off-site contaminants
into the landfill.

- Assessing the impacts to surrounding groundwater receptors.

- Evaluating compliance with the trade waste agreement (TWA) and EPLs.

Note that this Plan is intended to address monitoring of leachate and groundwater, and not specific landfill
operations.  However, the results of the monitoring will be used to provide information for improving operations, as
necessary.  For example, if monitoring results indicate that EPL and TWA requirements are not being met;
operations at the landfill will need to be adjusted in order to meet them.

1.3 Work Health and Safety
Whilst undertaking activities to meet the requirements of this plan, appropriate health and safety measures shall
be implemented in accordance with the Work Health and Safety (WHS) Regulation 2011. This includes
development of task specific SWMS’ to identify potential hazards associated with the task steps and use the
hierarchy of controls to reduce the risk.. The SWMS should be updated as site conditions or methodologies
change overtime.  Potential hazards to be considered include:

- Contact with chemicals in contaminated leachate and groundwater and sample preservatives;

- Ignition of landfill gases accumulated in groundwater monitoring wells;

- Exposure to landfill gases and vapours accumulated in groundwater monitoring wells;

- Ergonomics;

- Type of sampling pumps and equipment used; and

- Site specific hazards such as construction site hazards.
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2.0 Conceptual Hydrogeological Model
To provide context for the monitoring program presented in the remainder of this document, a summary of the
hydrogeological conceptual model is provided below.  This is based on existing information obtained from the
Phase 2 ESA (AECOM, 2015).

2.1 Lithology
As described in pervious sections, the Site previously contained a brick pit quarry which has been filled as an inert
solid waste landfill.  The intrusive investigations from the Phase 2 ESA (AECOM, 2015) encountered fill to depths
from 1.3 m bgs (BH349) in the northern portion of the Site to 41 m bgs (BH343) in deepest portion of the former
quarry pit. The depth of the fill in the southeast portion of the Site, outside the former brick pit quarry ranged
between 1.5 m bgs (BH407) to 9 m bgs (BH368), with an average depth of 5 m bgs.

Natural soils located in the eastern half of the Site are part of the Botany Sands unconsolidated alluvial formation.
The alluvial sediments consist of layers of fine sand, clayey sand with shells, peaty sands, medium plasticity
sandy clays and high plasticity clays. The Phase 2 ESA (AECOM, 2015) encountered natural soils underlying the
fill at an average thickness of 7.5 m.

The north western half of the Site is mapped as Class 2 ASS and the south eastern half is mapped as Class 3
ASS under the NSW Risk Map Sheets classification scheme.

The Site is underlain by Ashfield Shale of the Wianamatta Group. AECOM completed geotechnical investigations
within and surrounding the Site to inform the WestConnex project (AECOM, 2015b). The works included coring 13
boreholes (WXCBH045 to WCXBH60) to a maximum depth of 51 m bgs (-44.26 m AHD). The general geological
profile encountered beneath the site was laminite underlain by siltstone and then sandstone. The base of the
quarry pit was mainly siltstone and laminate, with the exception of part of the southwest portion of the pit which
was directly underlain by sandstone.

2.2 Hydrogeology
Groundwater gauging of groundwater monitoring wells and sumps was undertaken as part of the Phase 2 ESA in
March 2015 (AECOM, 2015). The range of groundwater heights measured and adjusted to metres Australian
Height Datum (AHD) are are summarised below.

- Landfill screened wells: -4.865 (MW311) to -15.59 m AHD (MW314)

- Botany sands screened wells: 1.14 (MW310) to -1.53 m AHD (MW02s)

- Bedrock screened wells: -1.37 (MW1) to -10.2 m AHD (MW02d).

The inferred groundwater flow direction for the groundwater in the botany sands and landfill was to towards the
main the leachate sump (LP1) in the southwest portion of the Site and flowing from all directions. It appeared that
groundwater from the bedrock on the north, northeast, west and south west sides of the Site were flowing towards
LP1 and connected to leachate within the landfill.

Deeper groundwater was present in MW02D in the eastern and down-gradient side of the Site. It was unclear due
to the limited number of monitoring wells screened in bedrock, whether groundwater was flowing towards or away
from the landfill on the eastern side of the landfill.

In May 2015, at the time of writing this plan, an assessment of the hydraulic interactions between the leachate in
the Alexandria Landfill and the surrounding groundwater in the Wianamatta Shale, Botany Sands and the surface
water in the Alexandra Canal was being undertaken. The findings of the assessment should be used to update
the conceptual hydrogeological model.

2.3 Groundwater and leachate contamination
The Site has operated as an inert solid waste landfill since the late 1980s and as such the main source of
contamination within the Site is the landfill materials which have been deposited, containing chemical and
asbestos waste and distributed heterogeneously throughout the landfill. The landfill also historically accepted
green waste which generates methane and other landfill gases during decomposition.
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Potential off-site sources of contamination exist on all sides of the Site and include a former metal smelter, petrol
station, dry cleaners, former manufacturing facilities, uncontrolled fill, and adjacent former landfills beneath
Sydney Park.

The contaminants of concern identified in groundwater in the Phase 2 ESA (AECOM, 2015) exceeding either the
adopted ecological or human health based assessment criteria are listed in Table 1.
Table 1 Groundwater and leachate contamination assessed in March 2015 (AECOM, 2015)

Contaminant Units
Concentration Range in Groundwater Unit Exceeded Assessment Criteria

Leachate Botany
Sands Bedrock Ecological* Human Health*

Dissolved Metals

Arsenic µg/L 5 to 30 <1 to 26 <1 No Yes7

botany sands and
leachate

Boron mg/L 1.6 0.19 0.07 to 0.36 No Yes1

leachate
Chromium µg/L 3 to 10 <1 to 2 <LOR Yes1

leachate
No

Cobalt µg/L <1 to 10 <1 4 Yes1

leachate and
bedrock

No

Copper µg/L <1 to 12 <1 to 1 4 to 29 Yes1

bedrock
No

Nickel µg/L 6 to 156 <1 to 10 27 to 203 Yes1,3

leachate and
bedrock

Yes
leachate6 and
bedrock4

Lead µg/L <1 to 3 <1 to 6 <LOR Yes1

botany sands
No

Zinc mg/L 0.11 to 0.088 0.005 to 0.015 0.031 to 0.094 Yes1

leachate and
bedrock

No

Manganese mg/L 0.676 to 3.63 0.257 0.098 Yes2,3

in all units
Yes6

all units
Organic compunds

TRH >C10-C16 mg/L <0.1 to 2.87 < LOR <LOR n/a Yes9

leachate
TRH >C16-C34 mg/L <0.1 to 13 <LOR <LOR n/a Yes9

leachate
Benzene mg/L <1 to 8 <LOR <LOR No Yes9

leachate
Ammonia mg/L 55.9 to 404 0.58 to 7.81 0.15 o 1.7 Yes1

in all units
n/a

Nitrate mg/L <0.01 to 11.9 <0.01 to 0.09  0.03 to 0.23 n/a Yes6

leachate
Inorganics

Sodium mg/L 893 to 2820 64 to 975 357 to 1730 n/a Yes6

all units
Chloride mg/L 1090 to 5610 39 to 1360 253 to 1190 n/a Yes6

all units
Fluoride mg/L 0.3 to 0.7 0.1 to 0.9 0.3 to 1.2 Yes3

bedrock
No
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Contaminant Units
Concentration Range in Groundwater Unit Exceeded Assessment Criteria

Leachate Botany
Sands Bedrock Ecological* Human Health*

Total dissolved
solids

mg/L 2030 to 6450 722 to 3580 3360 to 11200 n/a Yes6

all units
Notes: * Ecological criteria: 1.ANZECC (2000) 95% trigger values for marine ecosystems; 2. low to medium reliability values and
3.agriculture, parks and gardens trigger values.. **Human Health (primary/recreational contact): 4. NHMRC ADWG (2013); 5.
WHO (2011); 6. ANZECC (2000) primary contact or 7.US EPA (2015) RSL tapwater; 8. WHO (2008); 9.CRC Care (2011) HSL D
(Sand, 2-<4m)9

2.4 Impacts to human and ecological receptors
The groundwater and leachate-specific potential transport mechanisms and exposure pathways for contaminants
as identified in the Phase 2 ESA (AECOM, 2015) conceptual site model (CSM) are summarised below:

- Groundwater exposure via primary recreation contact: select metals (arsenic, cadmium and zinc), total
dissolved solids and sodium concentrations in groundwater exceeded the recreational criteria (ANZECC,
2000; ADWG NHMRC 2013). Human receptors, most likely construction and operational workers, could
come in contact with extracted groundwater if appropriate control measures or PPE are not used. Extraction
of groundwater for domestic use, including irrigation, is banned in the area; therefore groundwater is unlikely
to be used as drinking water.

- Groundwater migration to ecological receptors: there is potential for groundwater to migrate to Alexandra
Canal and the underlying bedrock aquifer. Therefore this pathway is considered complete.

- Discharge of groundwater to sewer: treated leachate is discharged to sewer in Albert Street. Exceedences of
the TWA could occur and therefore the pathway is complete during these incidences.

- On-site migration of contamination from off-site sources via groundwater from adjacent contaminated sites
including Sydney Park landfills, contaminated fill from the property at 5 and5ACanal Road, and surrounding
industrial Sites. This pathway is likely complete.
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3.0 Monitoring Locations

3.1 Existing monitoring wells
The existing groundwater and leachate monitoring wells and sumps, as of May 2015 are listed in Table 2 below.
The location of the monitoring wells is shown on Figure 5 in Appendix A.
Table 2 Existing groundwater and leachate monitoring wells

ID Registration
Number

Year
Installed

TOC
Height
(m
AHD)

Easting Northing
Screened
interval (m
bgs)

Screened
lithology

LP1 - Post 1996 - - - - landfill

BS1 - 2001/2002 - - - - botany
sands

BS2 - 2007/2008 - - - - botany
sands

MW1 GW109821 1997 9.59 331825.13 6245907.47 29 to 35 bedrock

MW2s GW109822 1997 3.33 331800.64 6245593.96 5 to 8 botany
sands

MW2d GW109823 2000 3.47 331801.32 6245593.95 23 to 29 bedrock

MW3 GW109824 2005 -  331393.00  6245635.00 13.4 to 18.4 bedrock

MW4c GW109825 2005 11.92 331667.80 6245865.39 16 to 22 bedrock

MW304 - 2015 -4.5 331447.71 6245723.42 10.5 to13.5  landfill

MW305 - 2015 5.38 331645.14 6245685.87 34 to 37  landfill

MW306 - 2015 8.4 331718.97 6245728.16 32 to 41  landfill

MW307 - 2015 9.05 331641.67 6245805.27 18 to 21  landfill

MW308 - 2015 9.47 331794.8 6245862.6 30.5 to 33.5  landfill

MW309 - 2015 5.51 331910.72 6245705.83 6.3 to 9.3 botany
sands

MW310 - 2015 5.47 331910.14 6245705.03 4.7 to 5.1 botany
sands

MW311 - 2015 8.1 331823.77 6245779.56 10 to 13  landfill

MW312 - 2015 7.77 331769.86 6245583.4 10.7 to15.1  botany
sands

MW313 - 2015 -5.89 331437.62 6245568.02 6.45 to 9.45  landfill

MW314 - 2015 -11.95 331508.64 6245605.23 19.6 to 22.6  landfill

MW315 - 2015 4.34 331582.27 6245491.41 3.3 to 5.3  botany
sands

3.2 Proposed monitoring locations
The proposed monitoring locations include those listed in Table 2 above and the proposed additional wells listed
in Table 3 below. The additional groundwater monitoring wells screened in bedrock will be installed down-gradient
of the landfill to provide greater certainty of the inward flow gradient in bedrock.
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Table 3 Proposed additional groundwater monitoring wells

ID Location Approximate
Easting

Approximate
Northing

Approximate
Screened
Interval (m bgs)

Screened
lithology

MW5 adjacent to
MW315 331582.00 6245491.00

Below depth of
landfill pit base
~37 to 40 Bedrock

MW6 eastern corner of
the Site 332003.00 64245663.00

Below depth of
landfill pit base
~ 40 to 43

Bedrock

MW7 off-site south east
of MW2D 331871.00 6245511.00

Below depth of
landfill pit base
~40 to 43

Bedrock
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4.0 Groundwater/Leachate Level Monitoring
Groundwater levels in wells and leachate levels in leachate bores will be measured on a regular basis so that
hydraulic gradients and leachate/groundwater flow directions can be evaluated.  The leachate levels are also
used to evaluate the effectiveness of leachate extraction operations.

In addition to measuring groundwater/leachate levels manually, data loggers will be installed in selected leachate
and groundwater monitoring bores.

4.1 Leachate Levels
A continuous data logger will be installed in LP1 to continuously measure the leachate level, which will be
checked daily until the upgraded leachate extraction and treatment system has been operating for one year. The
leachate level is to remain at below -16 m AHD to maintain an inward groundwater gradient towards LP1.

Once the extraction system has stabilised following construction, leachate level gauging will be reduced from daily
to weekly.

Leachate levels will be measured at monitoring bores that provide useful level data.  It is anticipated that some of
the current monitoring locations are likely to be decommissioned as part of the capping and construction works
and replacement leachate and groundwater monitoring bores will be installed in due course.

Leachate levels will be recorded as the depth to leachate measured from the surveyed reference point (dip point)
using an electronic water level meter.  A water level meter designed for use with leachate will be sourced and
stored on Site.  This meter is designed to overcome some of the difficulties in measuring leachate levels, such as
the presence of foam in the bores.  The measured depth to leachate, and other observations, will be recorded on
appropriate field forms (example provided in Appendix B).

The purpose of this monitoring is to evaluate hydraulic gradients between leachate and surrounding groundwater.
Leachate monitoring requirements associated with operation of the leachate extraction system (for example,
pumping rates, levels at extraction wells, etc.) are specified in the Leachate Extraction Management Plan.

4.2 Leachate Extraction Rates
At the same time that leachate levels are measured, a reading will be taken from the flowmeter at the end of the
leachate extraction piping network, prior to discharge into one of the leachate treatment ponds.  Specific
information to be recorded from the flowmeter includes:

- Date and time of measurement

- Instantaneous flow rate (kL/hr)

- Total flow recorded by flowmeter (Ftot, in kL)

- Resettable forward flow, flow since previous reset (RFtot, in kL)

- Resettable total flow (RTtot, in kL)

Once the readings are taken, the resettable measurements need to be re-set to zero.  The flowmeter readings will
be recorded on appropriate field forms (example provided in Appendix B).

4.3 Groundwater Levels
Groundwater levels will be measured at all groundwater monitoring bores on a regular basis:

- At wells in the vicinity of the Alexandria Landfill, where changes associated with the proposed infrastructure
and/or leachate management operations would be observed, groundwater levels will be gauged at the same
frequency as the leachate monitoring bores (see Section 4.1); that is, weekly until the leachate extraction
system has stabilised, and monthly thereafter.

- At wells farther from the landfill, groundwater levels will be measured monthly.

The gauging frequency at each well is provided in Table 4 in Section 5.1. Locations of all groundwater monitoring
wells are shown on Figure 5 in Appendix A.
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Groundwater levels will be recorded as the standing water level (that is, depth to water) measured from the
surveyed reference point (typically the top of casing) using an electronic water level meter.  The measured
standing water level, and other observations, will be recorded on appropriate field forms (example provided in
Appendix B).

4.4 Data Loggers
Data loggers will be installed in a number of leachate and groundwater bores.  Data loggers in leachate bores
measure and record water levels (pressure); data loggers in groundwater bores measure and record both water
levels and electrical conductivity.  The data loggers are vented, so that pressures are measured relative to
atmospheric pressure (i.e. barometric pressure effects are compensated).  All data are recorded at 1-hr intervals.

Data from the data loggers will be downloaded on a monthly basis.  The download frequency may be reduced to
quarterly, based on professional judgement, if the risk of data loss is low.  Currently, the risk of data loss is
relatively high, due to programming and instrumentation problems, and the intensity of on-site improvement
works.  Once these issues are fully resolved, the download frequency may be reduced.

Data loggers may be downloaded using the Rugged Reader field reader, or any standard laptop computer with
appropriate software (e.g., Win-Situ).  The data loggers should then be programmed to continue recording on an
hourly basis.  At the time of re-programming, the standing water level in the well must be measured, and the
reference elevation of the instrument checked and re-set if necessary.
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5.0 Sampling and Analysis
Samples of groundwater and leachate will be collected on a regular basis for laboratory analysis.  The objectives
of this monitoring include:

- Detecting additional migration of leachate beyond the limits of the landfills;

- Observing changes in the existing leachate impacts to groundwater outside the landfill, including responses
due to leachate extraction activities and proposed construction works; and

- Providing further characterisation of existing conditions, as needed (for example, further characterisation of
groundwater in the Alexandria Landfill).

This section presents the sampling and analysis program to meet these objectives.  Evaluation and reporting of
the data are discussed in Section 6.0.

5.1 Sampling Locations and Frequencies
The main objective of this monitoring program is to detect potential migration of leachate from the landfill.  The
landfill leachate extraction system is intended to operate in a way that prevents significant migration of leachate
beyond the limits of the landfill.  Groundwater and leachate sampling and analysis will be used to monitor this
aspect of the landfill operations.

To meet the objective of detecting potential future migration of leachate to groundwater outside the landfill, wells
around the perimeter of the landfill (including down-gradient) will be sampled on a quarterly and annual basis.
Wells screened in both the leachate, bedrock and the botany sands will be monitored to assess leachate
migration. The botany sands and bedrock will also be monitored to assess on-site migration of contamination and
the quality of water extracted from the botany sands aquifer.

Ongoing monitoring is also needed to observe changes in the existing leachate-impacted groundwater,
specifically whether conditions are improving due to leachate extraction and/or the proposed construction
activities (for example, dewatering), and whether there is continued migration of leachate impacts in groundwater.
The data from many of the wells being sampled quarterly will also be used to meet this objective.  The
groundwater sampling frequency and analytical suites will be reviewed on an annual basis in the annual
monitoring report and this plan updated accordingly.
Table 4 Initial Landfill Closure Groundwater and Leachate Monitoring Schedule

Monitoring well Gauging
Sampling

Frequency Analysis

Leachate extraction monitoring

LP1 Continuous water level
data logging and volume
extraction

MW314 to be sampled to
instead of LP1 obtain
representative leachate
samples

MW314 to be sampled
instead of LP1 to obtain
representative leachate
samples

Leachate monitoring

MW304 Monthly Annually Suite A

MW305 Monthly - -

MW306 Monthly - -

MW307 Monthly - -

MW311 Monthly - -

MW313 Monthly - -

MW314 Monthly Quarterly Suite A

Annually Suite B

MW308 Monthly Quarterly Suite A
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Monitoring well Gauging
Sampling

Frequency Analysis

Annually Suite B

Groundwater extraction monitoring

BS1 Continuous water level
data logging and volume
extraction

Quarterly Suite B

BS2 Continuous water level
data logging and volume
extraction

Quarterly Suite B

Groundwater Monitoring - Botany Sands

MW309 Monthly Annually Suite B

MW310 Monthly - -

MW312 Monthly Quarterly Suite A

Annually Suite B

MW315 Monthly Annually Suite B

Groundwater Monitoring - Bedrock

MW1 Monthly Quarterly Suite A

Annually Suite B

MW2D Monthly Quarterly Suite A

Annually Suite B

MW3 (to be replaced in
general vicinity if not able
to be located)

Monthly Quarterly Suite A

Annually Suite B

MW4c Monthly Quarterly Suite A

Annually Suite B

MW5 (to be installed
adjacent to MW315)

Monthly Annually Suite B

MW6 (to be installed in
eastern corner of the Site)

Monthly Annually Suite B

MW7 (to be installed off-
site south east of MW2D)

Monthly Annually Suite B

5.2 Monitoring Parameters and Methods
The monitoring parameters and analytical suite for groundwater and leachate is provided in Table 5. The suites
meet the minimum requirements in the NSW EPA (2015a) Draft Environmental Guidelines for Solid Waste
Landfills.
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Table 5 Groundwater and Leachate Monitoring Parameters

Parameter/Analytical Suite Units Sampling Method

Gauging

Standing water level in all leachate risers and
groundwater monitoring wells m AHD In situ by calibrated interface meter probe

Volumes

Leachate and Groundwater Extraction Volumes m³

From flow meters or pumping records of the
amount of leachate transferred from the landfill
and groundwater extracted from interception
bores

Suite A
Electrical Conductivity µS/cm

Low flow purge
pH pH
Redox Potential mV
Dissolved Oxygen mg/L
Temperature ºC
Ammonia as N mg/L Low flow purge
Major cations and anions (calcium, magnesium,
potassium, sodium, chloride, fluoride and sulfate) mg/L Low flow purge

Methane mg/L Low flow purge

Alkalinity (bicarbonate and carbonate) mg/L Low flow purge

Total dissolved solids (TDS) mg/L Low flow purge

Purging parameters:

Flow rate

Water level (drawdown).

mL/min

m BTOC

Low flow purge

Suite B

Dissolved metals (field filtered – 0.45 µm)
(aluminium, arsenic, barium, cadmium, chromium,
cobalt, copper, lead, manganese, mercury, nickel
and zinc)

mg/L Low flow purge

Total dissolved solids (TDS) mg/L Low flow purge

Total suspended solids (TSS) mg/L Low flow purge

Major cations and anions (calcium, magnesium,
potassium, sodium, chloride, fluoride and sulfate) mg/L Low flow purge

Alkalinity (bicarbonate and carbonate) mg/L Low flow purge

Methane mg/L Low flow purge

Dissolved organic matter (total organic
carbon[TOC], biochemical oxygen demand [BOD],
chemical oxygen demand [COD])

mg/L Low flow purge

Ammonia and nutrients (nitrate, nitrite and
phosphorous) mg/L Low flow purge
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Parameter/Analytical Suite Units Sampling Method

Organic contaminants:
- Total Recoverable Hydrocarbons (TRH)
- Monocyclic Aromatic Hydrocarbons

(benzene, ethylbenzene, toluene and
xylenes);

- Organochlorine and Organophosphate
Pesticides (OCPs and OPPs); and

- Polycyclic Aromatic Hydrocarbons (PAHs)
Phenols;

-

mg/L Low flow purge

- Electrical Conductivity µS/cm

Low flow purge
- pH pH
- Redox Potential mV
- Dissolved Oxygen mg/L
- Temperature ºC
Purging parameters:

- Flow rate, and

- Water level (drawdown).

mL/min

m BTOC
Low flow purge

These analytes have different sample holding times which must be taken into consideration in order to provide
valid analytical results (EPA, 2009).  With the exception of pH (which is too short to be practicable and hence is
measured in the field), the shortest holding time is 24 hours for nitrate, which requires samples to be delivered to
the laboratory at the end of each day of sampling.

5.2.1 Additional Analytical Parameters

The groundwater and leachate analytical suite(s) may periodically vary for individual wells or sampling events for
various reasons such as Auditor recommendations or field observations.

Prior to variation of the groundwater or leachate analytical suites, Roads and Maritime and the Environmental
Auditor are to be notified in writing of the recommended changes, including:

- The rationale for changes in the parameter list;

- The changes or additions proposed;

- The location(s) for the proposed sampling; and

- The frequency of the additional analysis.

5.3 Methods and Procedures
Groundwater and leachate sampling shall be undertaken in accordance with:

- NSW EPA (2015a) Draft Environmental Guidelines for Solid Waste Landfills;

- National Environment Protection Council (NEPC) National Environment Protection (Assessment of Site
Contamination) Measure, As Amended 2013 (NEPM) (2013) guidelines on reporting (contained in Schedule
B(2)); and

- The standard operating procedures for groundwater sampling developed for the project and provided in
Appendix C.
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5.3.1 Leachate

Leachate samples will be collected from the monitoring wells screened in the landfill as listed in Table 4 in
Section 5.1. It is noted that leachate will be sampled from the monitoring well MW314 which in close proximity to
the main leachate sump (LP1) where the highest ammonia concentrations were detected.  MW308 located at the
northeast extent of the landfill will also be sampled for leachate annually. All other monitoring wells screened in
the landfill will be gauged monthly.

Due to the poor quality of leachate and relatively high risk of cross-contamination with other samples, where
leachate samples are to be collected, they are to be collected at the end of that groundwater sampling event to
the extent feasible.

Leachate samples are to be collected using low flow sampling techniques (specifically the Micropurge™ system).
Sampling shall be undertaken as per the procedures documented in Appendix C, which is a site-specific
operating procedure for groundwater sampling.

5.3.2 Groundwater

Groundwater samples are to be collected using low flow sampling techniques (specifically the Micropurge™
system).  Sampling shall be undertaken as per the procedures documented in Appendix C, which is a site-
specific operating procedure for groundwater sampling.

5.4 QA/QC Sample Requirements
The requirements for QA/QC samples are provided below and also in Appendix C.

5.4.1 Field Duplicate Samples

Field duplicate samples are required to be taken at a minimum frequency of one duplicate sample per every 20
primary samples and should be labelled as follows:

- QWXX_DD/MM/YY

Where:
· XX is the field duplicate (or external field duplicate) sample number starting at 01 at the beginning of

each sampling event; and

· DD/MM/YY is the sample date.

QA/QC samples are to be recorded in a sample register, including the type of sample and the parent sample, if
applicable.  The analytical suite for field duplicate samples is identical to the analytical suite required for the
primary sample (i.e. groundwater or leachate).  Samples are to be submitted by the sampling team to the primary
laboratory.

5.4.2 External Field Duplicate Samples

External field duplicate samples are required to be taken at a minimum frequency of one sample per every 20
primary samples.  They should be labelled in the same way as field duplicate samples (refer Section 5.3.1), and
recorded in the sample register.

The analytical suite for external field duplicate samples is identical to the analytical suite required for the primary
sample (i.e. groundwater or leachate).  Samples are to be submitted by the sampling team directly to the
secondary (QA/QC) laboratory.

5.4.3 Rinsate Blank Samples

Throughout the GME, it is recommended that the effectiveness of decontamination protocols for all non-
disposable equipment in contact with groundwater be monitored through a rinsate sample.  Rinsate samples are
required to be taken at a minimum frequency of one (1) sample per each day of sampling.

No additional efforts to decontaminate equipment shall be made prior to the collection of a rinsate blank sample
(i.e. the decontamination effort prior to the collection of a rinsate blank sample must be the same as what would
normally be undertaken).  Specific procedures are included in Appendix C.

Rinsate blank samples should be labelled as described in Section 5.3.1, and recorded in the sample register.
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The analytical suite for rinsate blank samples is identical to the analytical suite required for the groundwater
samples.  Samples are to be submitted by the sampling team to the primary laboratory.

5.4.4 Trip Blank Samples

If collected samples are to be analysed for volatile organic compounds (VOCs) then a trip blank sample is to be
submitted to the laboratory in each esky containing VOC samples.

Trip blank samples consist of deionised water contained within the same type of sample bottle as VOC samples.
These samples should be prepared by the primary laboratory prior to the commencement of the GME.

Trip blank samples are to be analysed for the same VOCs as the analytical program and should be labelled as
described in Section 5.3.1, and recorded in the sample register.

5.5 Laboratory Requirements
Both laboratories (i.e. primary and QA/QC laboratories) must be accredited by the National Association of Testing
Authorities (NATA) Australia.

Because there may be multiple analytical methods for specific parameters, and these methods may yield different
results, it is important that consistent methods are used for regular monitoring.  The analytical methods to be used
under this Plan are listed in Table 6 below.
Table 6  Laboratory Water Analytical Methods

Analytical Methods Method

Dissolved Metals by ICP/AES: USEPA 6010 ICP/AES

TPH (C6-C9) plus TRH (C6-C10) USEPA 5030/8260 P&T/GC/MS

TPH (C10-C36) plus TRH (>C10-C40) USEPA 3510/8015 GC/FID

BTEXN USEPA 5030/8260 GC/MS

PAHs (20 analytes) USEPA 3510/8270 GC/MS

Phenols (12 analytes) USEPA 3510/8270 GC/MS

pH APHA 21st ed. 4500 H+ B.

Conductivity APHA 21st ed., 2510 B.

TDS APHA 21st ed., 2510 B

Alkalinity by PC Titrator APHA 21st ed., 2320 B

Sulfate (Turbidimetric) as SO4 2- APHA 21st ed., 4500-SO4

Chloride by Discrete Analyser APHA 21st ed., 4500 Cl - G

Major Cations - Dissolved APHA 3120 and 3125; USEPA SW 846 - 6010 and 6020;

Fluoride by PC Titrator APHA 21st ed., 4500 F--C

Ammonia as N I APHA 21st ed., 4500-NH3 G

Nitrite as N APHA 21st ed., 4500-NO2- B.

Nitrate as N APHA 21st ed., 4500-NO3- F

Nitrite and Nitrate as N (NOx) APHA 21st ed., 4500-NO3- F

Reactive Phosphorus as P- APHA 21st ed., 4500-P F

Ionic Balance by PCT DA and Turbi SO4 APHA 21st Ed. 1030F.

Methane (C1 to C4 gases) US EPA, Technical Guidance for the Natural Attenuation Indicators:
Methane, Ethane, and Ethene, US EPA - Region 1 EPA New
England, July 2001

Total Organic Carbon APHA 21st ed. 5310 B



AECOM WestConnex
Groundwater and Leachate Monitoring Plan

Revision  – 21-Oct-2015
Prepared for – Roads and Maritime Services – ABN: 76 236371088

16

Analytical Methods Method

Chemical Oxygen Demand APHA 21st ed. 5220 B

Biochemical Oxygen Demand APHA 21st ed. 5210 B

Equivalent methods may be considered.  All methods must be compliant with National Environment Protection
Measure (Assessment of Site Contamination) 1999 as amended 2013 (NEPM 2013), Schedule B(3) –
Appendix 2.

The typical standard turnaround time for laboratory analysis and reporting is 5 to 7 working days.  Analytical data
will be provided by the laboratories as hard-copy reports (which may transmitted by email in PDF format) and as
electronic data deliverables (EDDs) in a prescribed format.
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6.0 Data Management

6.1 QA/QC Validation Process
The primary objectives of the QA/QC validation process are to ensure that data of known quality are reported, and
to identify if the data can be used to fulfil the overall project objectives.

Data validation guidelines based upon data validation guidance documents published by the NSW EPA, the
National Environment Protection Council (NEPC), and the United States Environmental Protection Agency
(USEPA) should be adopted.

The process involves the checking of analytical procedure compliance and an assessment of the accuracy and
precision of the analytical data from a range of quality control measurements, generated from both the sampling
and analytical programs, including:

- Field duplicates (1 per 20 primary samples analysed);

- External field duplicates (1 per 20 primary samples analysed);

- Rinsate blanks (1 per day);

- Trip blanks and trip spikes (as appropriate) (1 per batch);

- Internal laboratory duplicates;

- Laboratory control samples;

- Surrogates;

- Method blanks;

- Matrix spikes; and

- Matrix spike duplicates (where applicable).

Additionally, a 10% verification should be undertaken of the electronic data provided each monitoring round.  This
can be achieved by producing a printout of that round’s data and comparing against the laboratory analytical
certificates which have been reviewed by the laboratory’s approved NATA signatories, which the laboratory
electronic data may not be.

If an error between the electronic data and the laboratory analytical certificates is detected, then a full 100%
validation of the data must be undertaken.

Verification should be undertaken of all hand-entered field parameter data provided at the end of each sampling
round to identify and correct transcription errors.

6.2 Database and Data Management
Data management activities include data collection and subsequent handling, tracking, and control.  The
groundwater and leachate data collected under this plan is stored and managed in a relational database (e.g.,
ESDat) constructed to support the overall project.  The project database is maintained on a secure network server
that is backed up regularly.  Access to the database is controlled using features of the ESDat system.

Data related to field measurements and sample collection will be recorded on standardized, reviewed and
approved field forms (see Appendix B).  Completed field forms are to be scanned into electronic copies and
stored with the electronic project files.  Field records will be reviewed for accuracy and completeness.  Specific
field data to be uploaded into the database include (but not limited to):

- Well/bore construction information

- Standing leachate and groundwater levels (depth to water measurements)

- Leachate extraction flowmeter readings

- Field parameters measured during sampling
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The following procedures are to be used for uploading field data:

a) Field data are manually transcribed from the field forms into standard ESDat upload templates.

b) All transcribed data is independently checked against the original field forms for accuracy.  Any data
incorrectly transcribed is to be corrected.

c) Once the data have been uploaded and checked, the data are reviewed by a qualified professional for
possible measurement errors and consistency with previous records.  Additional corrections to the data may
be made based on this review.

Survey data from contracted surveyors will be received in both a map-based format (CAD/GIS) and electronically
as a spreadsheet or similar format.  Horizontal coordinates will be provided in the Map Grid Australia (MGA)
coordinate system; elevations referenced to the Australian Height Datum (AHD).  Survey data will be
electronically uploaded directly into the ESDat database (no manual data handling).

Raw electronic data (e.g., datalogger records) will be retained in the standardised format created by the software.

Analytical data will be received from the laboratories as hard-copy reports (which may transmitted by email in PDF
format) and as electronic data deliverables (EDDs) in a prescribed format.  The EDDs may be formatted for direct
uploading into a database.  Independent of the formal data validation process (see Section 6.1), all laboratory
data will be reviewed by a qualified professional for general data quality, consistency with previous records, and
internal consistency (for example, calculation of ion charge balances).  Where potential errors are identified,
attempts should be made to obtain corrected data, for example, by contacting the lab for further
evaluation/clarification.

The project data in the database constitutes the single source of primary data for the project.  Data to be used for
evaluations and interpretation will be exported from the database.  Data tables presented in reports will generally
be generated directly from the database.  Maps and figures prepared for the project will be based on data
obtained from the database (survey coordinates, reduced water levels, etc.).
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7.0 Well Inspection and Maintenance
On a quarterly basis, the condition of all groundwater monitoring bores will be assessed so that repairs can be
performed and wells can continue to be serviceable.  It is likely that this inspection will take place at the time of
groundwater sampling, but this is not required.  Well repairs or maintenance will be conducted where inspections
indicate these are needed for continued appropriate use of the well.

7.1 Inspection Procedures
On a minimum quarterly basis (typically in conjunction with each groundwater monitoring event), each
groundwater monitoring well is to be inspected for damage and its ability to provide representative samples.  A
well inspection will consist of:

- A visual inspection of any damage or wear to the concrete pad;

- A visual inspection of any damage or wear to the protective steel casing;

- A visual inspection of any damage or wear to the PVC riser pipe;

- A visual inspection of the cap – type and condition of cap (i.e. effectiveness of seal), etc.;

- Condition of padlock (in place and secure);

- Observations that may indicate surface water entry into the casing, such as the presence of standing water,
water lines on the casing, etc.;

- Measurement of the well total depth;

- Assessment of any damage to the subsurface PVC pipe and screen through lowering the sampling
equipment:

· If there is difficulty in lowering equipment like the micropurge pump this may indicate bent piping at
depth;

· Traces of rootlets and or sludge on the pump (particularly around the pump inlet) upon bringing back to
surface may indicate blockage of the screen by biofouling.

Observations damage from the inspection will be recorded on gauging and sampling field sheets. If no damage or
wear is observed it will be noted on the field sheets that the well is in good condition.

Damages and subsequent repairs or recommendation for replacement will be reported in the annual report.

7.2 Maintenance, Repairs and Decommissioning
Appropriate maintenance and repairs will be performed on the bores, as a result of the inspections.  Where items
are missing or easily repaired (e.g. missing caps, gatic screws, bore ID labels, etc), these repairs will be
completed.  Where more substantial works may be required (e.g. camera survey to assess well condition, raising
or lowering the gatic, etc.), recommendations will be provided to Roads and Maritime for approval prior to
implementation.

Depending on well conditions and project needs, it may be appropriate to recommend decommissioning with or
without replacement.  Such recommendations will also be provided to the Roads and Maritime for approval prior
to implementation.  Approval may also be required from the Environmental Auditor.

7.3 Leachate Monitoring Infrastructure
In the future, a similar inspection and maintenance program should be undertaken for the leachate monitoring
bores.  At the time of completing this report, the design of leachate system (Appendix K of the LCMP) was yet to
be finalised and the existing leachate system was in operation. Leachate monitoring infrastructure is anticipated to
be installed following construction of the system.
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8.0 Data Evaluation and Reporting
This section describes the evaluation of the data collected under this Plan.  Specific reporting requirements are
outlined.

8.1 General Data Interpretation
The data collected under this Plan, including leachate and water level data as well as chemical data, is to be
reviewed on an on-going basis by a suitably experienced hydrogeologist familiar with the site conditions.  The
information collected under this Plan affects the operations at the landfills themselves, and as such, the data
needs to be reviewed and feedback or recommendations incorporated into the landfill operations.  It is not
appropriate to collect the data under this Plan and only review it on an annual basis as part of the Annual Review
process.  Based on the professional judgement of the hydrogeologist, specific types of regular evaluations may
include (but not limited to):

- Measured standing levels (depth to water/leachate) should be used to calculate reduced water/leachate
levels (hydraulic head/elevation).

- Leachate levels should be reviewed as they are collected to evaluate the effectiveness of the leachate
extraction system.  Where leachate level trends over time indicate that leachate levels may be rising, landfill
operations should be notified so that the leachate extraction system can be adjusted appropriately.
Leachate levels should generally not be increasing (except where due to settlement).

- Similarly, leachate extraction rates should be reviewed.  Any unusual increases or decreases in extraction
rates should be discussed with personnel responsible for managing the leachate extraction system for an
appropriate explanation and understanding.

- Because the effectiveness of landfill gas collection is directly related to leachate levels in the waste, there
should be ongoing communications between landfill gas management and leachate extraction efforts.

- Groundwater levels should be reviewed on a regular basis to look for effects of leachate extraction
operations.

- Groundwater elevation contour maps and/or groundwater/leachate elevation contours should be prepared
on a regular basis to evaluate groundwater flow directions and groundwater/leachate gradients.

- Chemical data should be evaluated relative to previous data and relative to the existing conceptual model.
Trends in chemical concentrations over time should be evaluated.

- If the data suggest changes are needed to the conceptual hydrogeologic model, appropriate actions should
be taken, specifically review of the appropriateness of the existing monitoring program.

8.2 Purpose
One of the primary purposes of the monitoring conducted under this Plan is to evaluate that:

- Leachate does not migrate beyond the site boundary in quantities which would present a risk to the safety of
the local community or a hazard to the environment;

- Leachate extraction is maximised until leachate levels within the site are lowered to the extent that an inward
hydraulic gradient is achieved and maintained; and

- That leachate and groundwater are managed and monitored in accordance with the requirements of the
existing EPLs and TWA.

The primary controls on the migration of leachate are the leachate extraction system (extraction bores, pumps,
controls and piping), as described in detail in the Alexandria LCMP (AECOM, 2015).  The leachate extraction
system will be operated in such a way as to create an inward hydraulic gradient between the landfill and the
surrounding groundwater.  This will reduce the potential for leachate to migrate away from the landfill.  Secondly,
quarterly groundwater monitoring will be conducted around the down hydraulic gradient perimeter of the landfill so
that future migration of leachate can be detected and appropriate actions taken.  Specific procedures to evaluate
this are provided below.
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8.2.1 Inward Hydraulic Gradient

Leachate and groundwater levels will be measured on a regular basis (at the frequencies specified in
Section 4.0) and will be used to calculate reduced leachate and groundwater levels/elevations.  A
groundwater/leachate elevation contour map (potentiometric map) will be prepared using these data; and leachate
flowlines will be generated based on the contour map.  The flowlines will be examined to evaluate whether
leachate is likely to flow into the landfill (inward gradient) or outward to the surrounding shallow groundwater.

The objective is to maintain an inward hydraulic gradient with the gradient-based flowlines indicating leachate
does not leave the landfill to the surrounding shallow groundwater.  It should be recognised that there are likely to
be periods of time and areas of the landfill where for short periods of time the inward gradient may not be
maintained, due to factors such as pump repairs, construction works, power outages, etc.  These short-term
disruptions should have limited impact on long-term leachate control.

This flowline approach has been adopted because it integrates data in two dimensions (rather than one-
dimensional analyses such as the calculation of gradients between specific pairs of bores).  In addition, the
flowline approach allows the use of data from any available locations, rather than relying on specific fixed
datapoints.

The following methodology will be used to evaluate gradients:

a) The average head (groundwater and leachate) will be calculated over all the previous month’s gauging
rounds (either four weeks or five weeks).  Average levels are to be used, because short-term fluctuations are
likely to occur, but are not likely to affect long-term leachate migration.  When gauging is taking place
monthly, the same evaluation will take place, but on a quarterly basis.  Thus, the averages are calculated
over three months.

b) Using the average head calculated at each leachate monitoring bore and each groundwater bore, a contour
map of the groundwater/leachate surface will be generated using the GIS-based interpolation algorithm.

c) The flowlines will be examined to evaluate whether they terminate inside the landfill (inward gradient
maintained) or whether they leave the landfill and terminate in the surrounding groundwater.

Actions to be taken if the gradient is not maintained are presented in Section 7.3.

8.2.2 Groundwater Detection Monitoring

Samples collected from the botany sands and bedrock screened groundwater monitoring wells will be analysed
for parameters indicative of landfill leachate (TDS, chloride, ammonia, organic carbon, etc).  The collected data
will be evaluated for the presence of increasing trends in leachate parameter concentrations over time.  The
objective is to have stable or decreasing concentrations over time, not increasing trends.  Note that most the
bores around the down-gradient and up-gradient (towards Sydney Park) perimeter currently show the presence of
leachate-related parameters.  Increasing trends could indicate ongoing or new migration of leachate from the
landfill.

The specific groundwater sampling program is outlined in Section 5 above.  The following procedures will be
used to evaluate the data from the sampling:

a) The trend evaluation will be conducted at wells representative of migration beyond the limits of the landfills,
specifically MW1, MW2D, MW3, MW5, MW6 and MW7.  The purpose of the quarterly sampling is to detect
potential migration of leachate from the landfills.  The trend analysis is the method to be used to identify
potential migration.

b) Trend analyses will be conducted using the following parameters at each well:
· Alkalinity (bicarbonate)

· Ammonia

· Chloride

· Total organic carbon

· Electrical conductivity or TDS

· Methane
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These parameters are selected because they are primary indicators of landfill leachate, without significant
interferences.  For example, iron may be associated with landfill leachate, but it may also be naturally
occurring due to background redox conditions.  Therefore, iron (and other parameters subject to
interferences) was not selected for this evaluation.

c) For each parameter at each well, the concentration measured at the current quarter will be compared to the
results from the four previous quarters.  If the current concentration is more than 50% higher than the
maximum of the previous four quarters, the well/parameter will be flagged as potentially indicating new
migration of leachate.  (A value of 50% was chosen because RPDs for field duplicates within 30% are
considered acceptable, so variation within this range could be due to normal fluctuations.)

d) If four of the six parameters at any well are flagged as possible problems, it will be interpreted that there may
be migration of leachate from the landfill, and further actions will be taken (see Section 7.3).

e) In addition to evaluating a single high value, a statistical trend analysis will also be performed to identify
more subtle changes over a longer term.  For each parameter in each well, the Mann-Kendall trend statistic
will be calculated using the current data and the previous seven quarters (for a total of eight results over
eight quarters).  If the Mann-Kendall statistic shows an increasing trend at the 90% confidence level (α=0.10)
for four of the six parameters, it will be interpreted that there may be migration of leachate from the landfill,
and further actions will be taken.

Actions to be taken if an increasing trend is observed are presented in Section 7.3.

8.3 Response Actions
If the compliance indicators are not met (data suggesting an outward gradient and/or increasing concentration
trends), the Roads and Maritime will be advised, and additional evaluations and/or actions will be taken.

If either of the indicators is not met, as an initial step, further data evaluation by a qualified hydrogeologist should
be conducted to confirm the findings.  The specific evaluations to be performed are at the discretion of the
hydrogeologist based on professional judgement.  However, some examples are listed here:

- All data should be reviewed for data quality, so that non-representative data (e.g., water levels that are likely
to be measurement errors) are considered and/or omitted from the analysis.

- Because the inward hydraulic gradient is calculated based on average water/leachate levels, levels for
individual dates should also be reviewed.

- Chemical data should be reviewed for quality problems (charge balance errors, potential cross-
contamination, laboratory errors, etc.).

- Consistency across all analytical parameters should also be evaluated; that is, do all analytical results
suggest there has been further migration of leachate from the landfills.

If further data evaluation suggests the need for changes or adjustments to the data, the evaluation should be
updated as appropriate.

8.3.1 Inward Gradient Not Maintained

If an inward gradient is not being maintained, then additional actions will be taken to increase leachate extraction:

a) The operations of the existing pumps and bores in the area where the gradient is not inward will be
reviewed.  It may be that pumps need repair or maintenance to improve leachate extraction, or that
extraction bores should be re-developed/de-silted.

b) If all pumps and bores in the area of concern are operating at optimum capacity, consideration will be given
to other operational changes that might enhance extraction rates, for example, different types of pumps
and/or control systems.

c) If no further improvements can be made with the existing infrastructure, and an inward gradient cannot be
achieved, consideration will be given to installing additional bores and pumps to increase leachate
extraction.  The scope of works for any such recommended changes will be provided to the City of Casey
and the Auditor for review prior to implementation.
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8.3.2 Increasing Concentration Trends

If quarterly groundwater sampling indicates increasing trends in leachate parameters, the following actions will be
taken to limit further migration and to confirm the findings of the trend analysis:

a) The actions noted above for responding to an outward gradient will be implemented in the area of concern,
including optimising performance of the existing system and expanding the system as appropriate.

b) The groundwater well(s) in which the increasing trend is observed will be re-sampled for all parameters to
verify the previous results.

c) The conceptual hydrogeological model will be reviewed/updated to provide an understanding of the possible
causes of new migration.

d) If increased leachate extraction efforts do not reverse the trend, and the increasing trend continues over two
consecutive quarters, additional actions will be taken to increase capture of leachate.  Actions may include
installation of additional bores and pumps, within and/or outside the landfill(s), and/or other response
actions.  The scope of works for any such recommendations will be provided to Roads and Maritime and the
Auditor for review prior to implementation.

8.4 Reporting Requirements
There are overall reporting requirements associated with landfill operations.  It is likely the groundwater and
leachate monitoring data will be incorporated into overall landfill reporting on occasion and as appropriate.  These
types of requirements are outlined in the Alexandria LCMP.

Reporting requirements specific to leachate and groundwater are provided below.

8.4.1 Quarterly GME Reporting

At the completion of groundwater/leachate sampling on a quarterly basis, a data report will be prepared, which will
include:

- A brief description of the sampling conducted

- Tabulated data of all sampling results for the quarter

- Description of the data validation process and any QA/QC issues identified

- A map showing sample locations

This report will be completed within 28 days of receipt of the analytical data from the laboratory, and will be
submitted to the following agency (or equivalent):

NSW Environment Protection Authority
Metropolitan Branch
PO Box A290
Sydney South, NSW 1232

8.4.2 Evaluation

On a quarterly basis, the evaluation of compliance (as described in Section 7.2) will be documented in a letter or
technical memorandum to the Roads and Maritime.  The evaluation and reporting will be completed within six
weeks of receipt of the quarterly analytical data from the laboratory.

8.4.3 Annual Review

On an annual basis, by 30 January each year, a comprehensive Annual Groundwater and Leachate Monitoring
Report will be submitted to the NSW EPA, Marrickville Council, City of Sydney Council and the Site Auditor.  The
purpose of the report is to convey the monitoring results and actions taken to the interested parties, to provide a
current description of leachate impacts to groundwater, and to re-examine and update the monitoring program as
appropriate.  The Annual Report will include:

- To facilitate review by the Auditor, a tabulated listing of monitoring and other requirements (such as Audit
recommendations), actions taken to comply with the requirements, and reference to supporting information
in the Annual Review

- A table and a map describing the groundwater and leachate monitoring infrastructure, including locations,
elevations, and construction information
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- A description of the monitoring conducted under this Plan, and deviations from the Plan

- Tabulated data for all monitoring results, including groundwater and leachate levels and field and laboratory
analytical results

- Description of the data validation process and any QA/QC issues identified, and a discussion of calculated
ion charge balances

- The results of evaluating compliance, and actions taken in response to non-compliance

- Descriptions of other data evaluations used to interpret site conditions, such as Piper trilinear diagrams,
graphs of trends over time, statistical trend analyses, leachate indicator plots (L/N cation ratios (Mulvey and
Brisbane, 1996)

- A description of the conceptual hydrogeological model, and any changes/updates, for example:

· Climate information (temperature, precipitation, evaporation)

· Stratigraphic units

· Groundwater and/or leachate elevation contour maps and discussion of groundwater flow directions
and leachate gradients

· Changes in groundwater/leachate levels over time

· Interpretation of the extent of leachate impacts in groundwater

· Changes in groundwater/leachate chemistry over time

- Discussion of other works related to groundwater conducted during the monitoring period (for example, as a
result of Audit recommendations)

- An evaluation of the potential environmental risk associated with leachate-impacted groundwater, and
impacts on beneficial uses of groundwater

- Recommendations, as appropriate, for adjustments to this groundwater and leachate monitoring program or
other suggested works.

Future annual reports may also include other types of information, depending on the specific activities undertaken
during the annual monitoring period.  For example, each annual Audit may have specific recommendations to be
implemented during the year and presented in the annual report.
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9.0 Provisional Items
This section of the Plan provides procedures for making changes to the Plan, and methods for other groundwater
works that are likely to be conducted in the future, but are not currently part of the Plan (for example, installation
of additional wells).

9.1 Changes/Updates to this Plan
This Plan provides a specific program for ongoing groundwater and leachate monitoring.  As conditions change
and knowledge evolves, it is likely that the program specified in this plan will also evolve.  The Annual Review
(See Section 7) requires re-evaluation of monitoring program on an annual basis, and allows for adjustments as
needed. This Plan will be reviewed at least annually by 30 June and updated as needed.

Changes to the monitoring program outlined in this Plan will be documented in a written addendum to this Plan.
The addendum should discuss the rationale for the proposed changes, including a statement of objectives.  It is
likely that Table 4 of this Plan will require updating, as well as other tables and figures as needed.  The revision of
the plan will require approval of the Site Auditor.

9.2 Potential Additional Groundwater Works
This monitoring plan is intended to provide approaches and procedures for most groundwater works likely to take
place at the site.  Procedures for some of the most likely works are presented in the following sections.

For groundwater works that may be needed for which a specific program or procedures are not provided in this
plan, a brief technical memorandum will be prepared outlining the work to be performed.  The purpose of the
technical memorandum is to provide clear communication about the works to be performed and allow review and
feedback from stakeholders (Roads and Maritime, Auditor, hydrogeologist, field team, etc.) as needed.  The
technical memorandum will include the following items:

- The objective(s) of the work to be performed

- The specific scope of works to meet the objective(s)

- Map(s) and/or table(s) providing information about the locations of the works

- Specific procedures to be used to implement the scope (for example, drilling or sampling methods,
equipment to be used, measurements to be obtained, etc.)

- QA/QC samples and/or procedures

- Means of handling any waste (drill cuttings, purge water) generated during the works, as applicable

- Decontamination procedures, as applicable

9.3 Additional Groundwater Monitoring Wells
Periodically, new monitoring wells (either leachate or groundwater) will be required due to:

- Unrepairable damage to existing bores;

- Recommendations by the Auditor to fill in data gaps in the existing bore network; and/or

- To undertake further investigation works.

Whilst the specific methodology required for the installation and construction of monitoring wells will depend on
the exact purpose of the drilling program, common items that should be addressed are outlined below.

9.3.1 Bore Construction and Decommissioning Licences

Prior to the installation of any drilling works for a new groundwater well, a bore construction licence must be
obtained from NSW Office of Water (NOW).  This process generally takes approximately 10 working days and
should be applied for well in advance of drilling works.

Prior to drilling works, a copy of the bore construction licence must be delivered to the drilling contractor.

A bore decommissioning license must also be obtained prior to the decommissioning of any licensed groundwater
monitoring bore prior to the commencement of works.
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9.3.2 Buried Services Location

Prior to the commencement of all drilling works outside the landfill waste mass, a Dial Before You Dig search
should be undertaken to determine the location of services in relation to the proposed position of any monitoring
bore.

Additionally, prior to the commencement of drilling works for any monitoring bore, the proposed bore location
should be electronically scanned for the presence of buried services by an appropriately qualified and
experienced Underground Service Locator.

9.3.3 Groundwater Monitoring Bore IDs

Groundwater monitoring bores are to be designated based on location and aquifer screened.

Groundwater bores have designations in the format MB00X.  All groundwater monitoring bores are to be
designated by a “MB” prefix indicating monitoring bores.  The project database and/or well infrastructure table are
to be consulted prior to drilling, and the numerical designation for the new well(s) is to be the next consecutive
number not previously used (00).

Additionally, bores with an “R” suffix indicate that the bore has replaced a previous bore at that location.

Identification tags should be manufactured for permanent labelling of groundwater monitoring bores.

9.3.4 Bore Surveying

After installation, all groundwater and leachate monitoring bores are to be surveyed to Map Grid Australia (MGA)
coordinates, with elevation measured to the Australian Height Datum (AHD).

All surveying works are to be undertaken by an appropriately licensed surveyor to the following accuracy:

- MGA coordinates are to be measured to an accuracy of ±0.01 m.

- Elevation is to be measured to an accuracy of ±0.001 m.

9.3.5 Groundwater Bore Logging and Construction

All groundwater bores shall be constructed to a standard not less than as described in Minimum Construction
Requirements for Water Bores in Australia (3rd Edition, Land and Water Biodiversity Committee, February 2012).

The drilling must be supervised by an appropriately qualified geologist or geological engineer to log the borehole
and to design and supervise the construction of the monitoring well.

All geological and well construction details must be recorded on an appropriate field log form (refer Appendix B)
and should include (but not necessarily be limited to) the following information:

- Project details (project number, name etc)

- Drilling subcontractor details (subcontractor name, driller, etc)

- Drilling method

- Field staff present;

- Bore ID and location;

- Soil and rock descriptions (colour, texture/grain-size, sorting, density, moisture, etc);

- Encountered and stabilised water levels;

- Well construction details

After the completion of drilling works, the field logs should be transcribed into formal borelogs for inclusion into a
bore completion report (refer Section 9.5).

9.3.6 Groundwater Bore Development

Following installation, all groundwater monitoring bores are to be developed to the minimum standard as outlined
within Minimum Construction Requirements for Water Bores in Australia (3rd Edition, Land and Water Biodiversity
Committee, February 2012).
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9.3.7 Abandonment/Decommissioning of Bores

Following abandonment of a monitoring bore (due to unrepairable damage or if otherwise no longer needed) then
that bore should be formally decommissioned.

All groundwater monitoring bores are to be decommissioned in accordance with Decommissioning of Bores
(Abandonment) within Minimum Construction Requirements for Water Bores in Australia (3rd Edition, Land and
Water Biodiversity Committee, February 2012).

9.4 Additional Leachate Monitoring Bores
In general, requirements for leachate bores are similar to that for groundwater bores (e.g. geologic logging,
surveying, etc.); with the exception that bore licenses are not required.  However, if additional leachate monitoring
bores are to be installed, care must be taken in their construction to protect the integrity of existing landfill
infrastructure, including the landfill cap.

At the completion of construction and capping works, the Alexandria Landfill waste mass will be capped with the
following layers:

- A nominal 500mm thick top soil re-vegetation layer, local thickening can be provided for taller vegetation (if
required);

- A 300mm thick low permeability material layer with permeability 10 -6 m/s -10-8 m/s;

- A 300mm thick earth cover, comprising crushed sandstone or selected material; and

- Gas collection system located within the waste material substrate.

Any future drilling and installation of leachate monitoring wells shall be conducted in such a way as to prevent
damage to the integrity of the geomembrane and geotextile layers while minimising the impact to the other
materials above the waste mass.

During the drilling planning process, the location and proposed construction details of all wells shall be approved
by the site manager prior to being pegged out by a licensed surveyor.

Although the method for drilling a given leachate monitoring well through the cap does not differ between a landfill
gas bore, leachate or dual purpose well, construction details such as (but not limited to) screen interval, drill hole
diameter and gravel pack grain size may change.

9.4.1 Drilling and Installation Methodology

The following method of installation shall be followed for all wells drilled through the landfill cap at the Alexandria
Landfill.

- The depth of the geomembrane shall be determined through survey records and the layers of soil and
subgrade above removed with care by hand tools until the geomembrane is exposed.

- The geomembrane shall be cut away to a diameter slightly greater than the proposed drill hole diameter
prior to drilling. Margin for error shall be allowed due to the difficulty of manoeuvring the drilling rig into place.

- A crushed rock pad shall be built to support the weight of the drilling rig with the exact dimensions and
thickness of the pad to be dependent on the weight and size of rig used and agreed to by the site manager.

- The well shall be drilled through the cap and into the waste using a sonic drilling technique while advancing
outer well stabilisation casing.  Care must be taken by the drillers and the supervising geologist/engineer
that the LLDPE liner does not tear.

- Record the stratigraphy of the materials encountered during drilling such as the thickness of cap beneath the
geomembrane, different zones/types of waste and the natural material under the waste for a fully penetrating
well.

- Record the encountered leachate level and rebounded/stabilised leachate level within each well.

- Once the well has been constructed within the drill hole and the gravel pack filled to approximately 1.0 m
below the top of waste level, hydrated bentonite shall be placed and compacted into the well annulus up to
the level immediately below the surrounding LLDPE geomembrane.
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- When the upper bentonite surface is deemed suitable for placement of geomembrane (smooth, not overly
wet but dry to touch) an LLDPE boot and collar shall be welded to the existing geomembrane leaving no
gaps using approved extrusion welding apparatus. All materials shall be made from the same LLDPE resin
type as the existing geomembrane liner material. The boot shall be adhered to the well using DENSO tape
or an equivalent non-permanent air tight seal approved by the site manager.

- At this stage the finished works shall be signed off by the site manager or authorised representative of the
site manager.

- All material excavated from above the LLDPE geomembrane shall be reinstated to the same conditions as it
was found pre-drilling activity and the drilling pad removed.

- Waste material brought to the surface during drilling, shall be removed by the drilling contractor and
disposed of offsite.

All records kept (receipts for fusion welding, bore construction and stratigraphy logs etc) shall be bound and
presented to the site manager.

9.4.2 Leachate Monitoring Well IDs

Leachate monitoring wells are to be designated sequentially in order of date of installation.  Leachate monitoring
wells are designated by a “LB” prefix.

Identification tags should be manufactured for permanent labelling of leachate monitoring bores on site.

9.4.3 Abandonment/Decommissioning of Leachate Bores

For leachate bores that are no longer useable or needed, the bore should be decommissioned by pouring an
appropriate cement-bentonite grout mix into the bore to seal it.

9.5 Bore Completion Reports
A bore completion report is required to be prepared after the completion of drilling works, whether for groundwater
or leachate monitoring bores.

The drilling contractor is required to prepare a similar document to fulfil bore construction licence conditions.
However, a separate bore completion report will be prepared for the Roads and Maritime’s records.

The bore completion report should include (but not be limited to) the following sections:

- Drilling and well installation methodologies;

- Well development methodology;

- Completed boring logs;

- Surveying results (location, elevation);

- Well decommissioning (if undertaken);

- Summary of observed geology;

- Updated table of well infrastructure

- Location plan of new well locations.

The bore completion report will be completed within 30 days of the completion of drilling activities.

9.6 Audit Recommendations
It is expected that there will be regular Environmental Audits conducted for groundwater at the site (see
Section 7).  Details of Environmental Audit activities proposed during closure phase are provided in Section 11.2
of the Alexandria LCMP.
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Site Contamination Analysis- Ground Water Sampling (Q4AN(EV)-336-FM15) 
Revision 1 June 20, 2011 Page 1 of 2

16;#Australia New Zealand|a541b326-6e42-45fc-a7d5-d797f3cb72ce 

Site Contamination Analysis- Ground Water 
Sampling Q4AN(EV)-336-FM15

 

Project Name: Well No: 

Project Number: Well Type:  Monitor    Extractor    Other 

Recorded By: Well Material:  PVC    SS    Other 

Date: Sample by: 

Well Purging 

Purge Volume Purge Method 

Well Diameter (D in mm):  50   100   Other Bailer – Type:  PVC    SS    Teflon   
Other 

Total Depth of Well (TD in m BTOC): Pump – Type:  Submersible    Bladder   
 Other 

Water Level Depth WL in m BTOC): Pump Intake Setting 

Number of well volumes to be purged (# VOLS)

 3    4    5    10    Other 

Depth (m BTOC)

Screen Interval (m BTOC) – Top :                         
Bottom: 

Purge Volume Calculation              

 

(___________ - ___________)  x  (_______/2)2_ x ___________ x 0.00314 = ____________________ 

      TD (m)              WL (m)               D/2 (mm)             #VOLS                               Calculated Purge Volume (L) 

PURGE TIME______________________ PURGE RATE_______________________ ACTUAL PURGE 
VOLUME______________________ 

 

Start:               Stop:             Elapsed:             Initial:             Final: 

Field Parameter Measurements 

Min since 
purge 
began 

Volume 
Purged 
(L) 

DO  

(mg/L) 

Cond.  

(S/cm) 

pH Redox 

(mV) 

Temp 

(C)  

 

SWL

(mBTOC) 

Other 

  

      

      

      

      

      

      

      

Observations during purging (well condition, tubidty, colour, odour, sheen): -
______________________________________________________________ 

Discharge water disposal:  Drums    Sanitary sewer    Storm sewer   Surface   Other 



 

Site Contamination Analysis- Ground Water Sampling (Q4AN(EV)-336-FM15) 
Revision 1 June 20, 2011 Page 2 of 2

Well Sampling 

Sampling Method                                                                        Same as purge method 

 Bailer – Type:  PVC    SS    Teflon    Other               Pump – Type:  PVC    SS    Teflon   
 Other               

Sample Distribution    Sample Series: 

Sample 
No. 

Vol/Cont. Analysis Preservatives Lab Comments 

      

      

      

Quality Control Samples 

Duplicate Samples  Blank Samples Other Samples 

Original 
No 

Duplicate No  Type Sample No Type Sample No
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Groundwater Monitoring Well Construction 
Detail Form Q4AN(EV)-336-FM27

 

Project Details 
Client  Well ID  
Project Number  
Site Location  Date Installed  
Well Location  Coords - Easting  Northing  Inspector  
Method  Contractor  
Delete or add monitoring well detail where appropriate. 

        
Depth in metre below 
ground surface (m bgs)  Elevation (m) 

          
Datum 

      Top of Steel Guard Pipe     
Measuring Point 
for surveying & 
Water Levels      Top of Riser Pipe     

      Ground Surface  0.0   

Cement, 
Bentonite, 
Bentonite Slurry, 
Grout 

     Riser Pipe     

          

 
% 
Cement 

    Bottom of Steel Guard Pipe       

 
% 
Bentonite          

      Top of Bentonite     

      Bentonite Seal Thickness     

      Top of Sand     

      Top of Screen     

      ▼Stabilised Water Level     

      Screen:     

      Length     

      Inside Diameter (ID)     

      Slot Size     

      Type of Material     

      Type / Size of sand     

      Sand Pack Thickness     

      Bottom of Screen     

      Bottom of Tail Pipe     

      Length     

      Bottom of Borehole     
           

 Borehole Diameter      

Describe Measuring Point Approved    
  Signature  Date 

 



ANZ

QA QC Sample Register  Q4AN(EV)-336-FM19

Project Name:
Project No: Page number: of total pages

Date Sample 
collected by

QA/QC 
Sample No

QA/QC Sample Type (i.e. 
duplicate, triplicate, 

rinsate, trip blank, etc)
Parent Sample ID Sample matrix Analysing 

Laboratory Analysis Requested

QAQC Register
QA QC Sample Register (Q4AN(EV)-336-FM19)
Revision 1  June 20, 2011 Page 1 of 1



 

Water Analysis TPS90 FLMV Water Quality Meter (Q4AN(EV)-338-FM22) 
Revision 1 December 1, 2011 Page 1 of 1

16;#Australia New Zealand|a541b326-6e42-45fc-a7d5-d797f3cb72ce 

Water Analysis TPS90 FLMV Water Quality 
Meter Q4AN(EV)-338-FM22

 

Serial Number:  ___________________ 

Frequency:  After Each day in the field 

 

Jo
b 

N
um

be
r 

D
at

e 

pH
 4

 

pH
 7

 

Te
m

p Conductivity 
(8000μS/cm) 

Redox 
Potential 
(Reading) 

Dissolved 
Oxygen 

Name 
(print) Signature 
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Site Contamination Analysis Water Level Data 
Sheet Q4AN(EV)-336-FM9

 

Project Name: 

Project Number: Recorded by: Date: 

Instrument Model: Weather conditions: 

 

Well 
ID 

Actual 
Time 

Depth to 
product  

DTW - 
1st 
Reading 
 

DTW - 
2nd 
Reading 
 

DTW -
3rd 
Reading
 

Well 
Depth 

Well 
condition 

Comments 

         

         

         

         

         

         

         

         

         

         

         

         

         

         

         

         

         

         

         

         

         

         

         

Notes:       Measurements in m bTOC (meters below top of casing)  DTW = Depth to Water 

 

 

 



 

Site Contamination Analysis Well Development Form (Q4AN(EV)-336-FM11) 
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Site Contamination Analysis Well Development 
Form Q4AN(EV)-336-FM11

 

Project Name: Project Number: Well No: 
Recorded / Developed By: Well Type:  Monitor    Extractor    Other 
Date: Well Material:  PVC    SS    Other 

Well Purging 

Well Details Development Method 

Well Diameter (D in mm):  50   100   Other:  Bailer – Type:  PVC   SS   Teflon   Other: 
Total Depth of Well (TD in m BTOC):  Pump – Type:  Submersible   Bladder   Other: 
Water Level Depth (WL in m BTOC): Pump Intake Setting (if pump used) 
Number of bore volumes to be purged (# 
VOLS) 

 3    4    5    10    Other 

Depth pump set (m BTOC): 
Screen Interval (m BTOC) Top :                         
Bottom: 

Anticipated Approximate Purge Volume Calculation 

(___________ - ___________)  x  (_______/2)2   x 0.00314 = ___________         ___________  x  ___________  =  
______________ 

        TD    WL               D         1 BV (L)                  BV         # VOLS
 Purge Volume (L)  

Start                       Stop                       Elapsed                       Initial depth to water:                            
Final depth to water:                                                                      Time:                Time:              
Time: 
Field Parameter Measurements        Required    Not required 

Actual 
Time 

Elapsed 
minutes 

Purge 
Vol (L) 

DO 
(mg/L) 

EC. 
(S/cm) 

pH Redox 
(mV) 

Temp 
(C) 

SWL 
(m BTOC) 

Pump 
setting 
(rate) 

          

          

          

          

          

          

Groundwater equilibrium reached at  10%  3%  0.05  10 mV  0.2 C (3 consecutive measurements) 

Observations at start of development (turbidity, colour, odour, sheen): 
____________________________________________________________________________________________________ 

Observations at end of development (turbidity, colour, odour, sheen): 
____________________________________________________________________________________________________ 

Volume of water actually purged during development:__________________ L 
Discharge water disposal:  Drums    Sanitary sewer    Storm sewer   Surface   
Other:____________________________________ 

Other observations / comments: 

____________________________________________________________________________________________________ 

____________________________________________________________________________________________________ 

____________________________________________________________________________________________________ 

____________________________________________________________________________________________________ 
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Appendix C

Standard Operating
Procedures -
Groundwater Sampling
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ANZ

Groundwater Monitoring - Water Level
Measurements Q4AN(EV)-336-PR4

1.0 Purpose and Scope
This procedure defines the methods to be used for measuring the depth to groundwater, NAPL thickness and
total depth of groundwater monitoring wells to the nearest 0.001m using an electronic water level meter. The
depths within wells will be measured from the top of casing (typically the inner casing) at the surveyed elevation
measuring point.  The measuring point should be clearly marked on the well casing so that water level
measurements are consistently taken from the same point.

2.0 Health and Safety

2.1 Health and Safety Plan and Site Specific Safe Work Method Statements (SWMS) should be prepared
prior to field work in accordance with the SWMS Development Procedure and in the Project Specific
Health and Safety Plan Template.

2.2 Any subsurface excavation requires a Dial before You Dig search and surveyed by a licensed utilities
surveyor and the Underground Utilities Checklist Form must be followed.

3.0 References

3.1 SWMS Development Procedure S4AN-701-PR1

3.2 Project Specific Health and Safety Plan Template S4AN-702-TP1

3.3 Site Contamination Analysis Water Level Data Sheet Q4AN(EV)-336-FM9

4.0 Equipment
 Electronic water level meter/interface probe;

 equipment decontamination materials;

 plastic sheeting or bucket for resting instrument off the ground;

 water level data field form;

 well construction records;

 approved plans (e.g., Sampling Analysis and Quality Plan (SAQP), HASP);

 field project logbook/waterproof pen;

 appropriate hand tools and keys to access monitoring wells; and

 personal protective equipment (PPE) including nitrile gloves, safety glasses, safety boots, high visibility
vest, hat or hard hat (as required by site management).

5.0 Procedure

5.1 Preparation

 Review well records to determine well construction characteristics, including the location of the
measuring point and the total depth of the well.  Historic static water level measurements and
survey information may also be reviewed.

 Identify the necessary procedures and equipment to access the wellhead prior to entering the site.

 Check that the appropriate equipment is used based on well construction details (e.g., well
diameter, anticipated depth to water, anticipated presence of NAPL, total well depth, etc.).  The
specific equipment to be used should be inspected before use.  Equipment should be checked to
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ensure it is in proper working order and the measurement increment marks are legible.  The type
of power supply (e.g., type of batteries) should be determined so that an appropriate back-up
supply can be obtained prior to mobilisation.

 Calibrate water level meter following manufacturer's instructions, if any.

 Decontaminate all equipment placed in the monitoring well prior to and after use, and between well
locations in accordance with project-specific requirements.

For some projects, there may be a specific order in which measurements are to be collected.  For
example, best practise is to make measurements from the least to most contaminated well at sites
were historical sampling data is available.

 Prior to accessing the well, the wellhead should be cleared of debris and/or standing water.  Once
the wellhead is clear, open the well.

In some cases, it may be necessary to allow the water level to equilibrate after opening the well
cover and prior to measurement.  This is particularly true for wells with fully submerged screens
and a well cap that is fully sealed not allowing the well to vent to changes in atmospheric pressure.

5.2 Measurement

 Determine the location of the surveyed elevation mark/measuring point at the monitoring well
location.

Markings may include either a notch or other permanent mark on top of the well casing.  Some
projects may specify a consistent measuring point for all wells.  The reference point must be
specified if not marked and the project manager must be notified to arrange for the elevation of the
new reference point to be surveyed.

5.2.1 Water Level Measurement

 Lower the decontaminated probe of the water level meter down into the well until the audible
sound of the unit is detected or the light on an electronic sounder illuminates indicating it is in
water.  The water level probe should be lowered slowly into the well to avoid disruption of
formation water and creation of turbulent water within the well.

The precise water level measurement should be determined (to the nearest 0.001 m) by raising
and lowering the tape into and out of the water to converge on the exact measurement.  Obtain the
reading from the marked cable where it crosses the surveyed measuring point.  If the cable is not
marked to the nearest 0.001 m, a manual rule may be used to interpolate a reading between
marked measurements.

 Record the water level measurement as well as the location identification number, measuring point
(surveyed elevation point), date, time, and weather conditions in the field logbook and/or field form.

5.2.2 NAPL Thickness/Level Measurement

 Sample the headspace in the wellhead immediately after the well is opened for organic vapors
using either a photoionization detector (PID) or an organic vapour analyser, and record the
measurements.

 Lower an interface probe into the well to determine the existence of any immiscible layer(s),
LNAPL and/or DNAPL, and record the measurements.

 Confirm the presence or absence of an immiscible phase by slowly lowering a clear bailer to the
appropriate depth, then visually observing the results after sample recovery.

If the well contains an immiscible phase, it may be desirable to sample this phase separately. It
may not be meaningful to conduct water sample analysis of water obtained from a well containing
LNAPL or DNAPLs.

5.2.3 Total Well Depth Measurement

 Lower the probe (turn down signal as appropriate) slowly to the bottom of the well.

For deep wells or wells with a soft or silty base, the depth may be difficult to determine.  It may be
helpful to lower the probe until there is slack in the tape, and gently pull up until it feels as if there is
a weight at the end of the tape.
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 Obtain the depth reading (to the nearest 0.001 m) from the cable where it crosses the surveyed
measuring point.  If the cable is not marked to the nearest 0.001 m, a manual rule may be used to
interpolate between marked measurements.

 Record the total well depth in the field logbook and field form.

5.2.4 Decontamination

 Following the measurement, the meter shall be decontaminated in accordance with appropriate
project-specific requirements and equipment use and care requirements.

If the probe was in contact with separate-phase liquids, the potential for cross-contamination is
greater, so appropriate care should be taken during decontamination, as specified in project-
specific requirements.

It is important to avoid placing the measuring tape and probe directly on the ground surface (to
minimize potential cross-contamination) or allowing the cable to become kinked (which affects the
accuracy of the measured depths).  Clean plastic sheeting should be placed on the ground surface
for placing equipment.

5.3 Special conditions

It may be difficult to lower the water level meter probe into wells containing pumps or other equipment.  There
may not be sufficient space within the well for the water level meter probe, or the water level meter cable may
become bound up in the tubing, cables, or other equipment in the well rendering it impossible to remove.  It is
preferable to remove down-hole equipment when feasible.  Another option is to insert a guide tube of slotted PVC
into the well through which to lower the probe.  This guide tube should be of a diameter sufficient to allow the
probe to pass, but small enough to fit past well obstructions.

If removal of the equipment or installation of a guide tube is not feasible and there is a reasonable chance of
getting the water level meter probe and cable caught in the well and not being able to remove it, it may be
preferable to avoid collecting water level data and discuss this issue with the Project Manager.

5.4 Quality assurance / quality control

Field personnel shall follow site-specific quality assurance guidelines. Where measured depths are not consistent
with well records or previously measurements, the depths should be re-measured, verified, and documented in
the field records.

Field duplicates of the depth-to-water measurements will be obtained if required by and at the frequency
specified in project-specific requirements.  To collect a field duplicate measurement, the water level probe will be
fully withdrawn from the well after making a measurement, then re-lowered to obtain a second measurement of
the depth to water.  No more than a few minutes should elapse between the two measurements.  Field duplicates
will not be obtained if water levels are changing rapidly, for example, during pumping tests.

Manufacturer's instructions, if any, for calibrating or maintaining the accuracy of the instrument shall be followed.
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ANZ

Groundwater Monitoring Well Installation and
Development Q4AN(EV)-336-PR5

1.0 Purpose
This procedure provides guidance for installing groundwater monitoring wells and subsequent well development.

Monitoring wells are installed to monitor the depth to groundwater, to measure aquifer properties and to obtain
samples of groundwater for chemical analysis.

Monitoring well development and/or redevelopment is necessary for several reasons:

 to improve/restore hydraulic conductivity of the surrounding formations as they have likely been disturbed
during the drilling process, or may have become partially plugged with silt

 to remove drilling fluids (water, mud), when used, from the borehole and surrounding formations

 to remove residual fines from well filter materials and reduce turbidity of groundwater, therefore, reducing
the chance of chemical alteration of groundwater samples caused by suspended sediments.

Monitoring wells need to be constructed to a high standard to ensure ongoing and reliable data is obtained over
the life of the well. A monitoring well should be constructed in accordance with the document Minimum
Construction requirements for water bores in Australia (National Uniform Drillers Licensing Committee 2011).

Deviations from this procedure to accommodate other regulatory requirements should be reviewed in advance of
the field program, should be explained in the sampling and analysis plan (SAP), and must be documented in the
field project notebook when they occur.

2.0 Scope
The scope of this procedure covers the installation of groundwater monitoring wells (monitoring bores) and
subsequent well development following the drilling of a borehole. For the drilling of boreholes reference should be
made to the project SAP.

This procedure is applicable to installation of single monitoring wells within a borehole.  The construction and
installation of nested, multilevel or other special well designs is not covered within this procedure. This procedure
applies to both overburden and bedrock monitoring wells.

3.0 Health and Safety

3.1 Health and Safety Plan and Site Specific Safe Work Method Statements (SWMS) should be prepared
prior to field work in accordance with the SWMS Development Procedure and in the Project Specific
Health and Safety Plan Template.

3.2 Any subsurface excavation requires a Dial before You Dig search and surveyed by a licensed utilities
surveyor and the Underground Utilities Checklist Form must be followed.

4.0 References

4.1 SWMS Development Procedure S4AN-701-PR1

4.2 Project Specific Health and Safety Plan Template S4AN-702-TP1

4.3 Groundwater Monitoring Well Construction Detail form Q4AN(ENV)-336-FM27

4.4 Soil Bore Log Q4AN(EV)-336-FM20

4.5 Site Contamination Analysis Well Development Form Q4AN(EV)-336-FM11
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5.0 Equipment

5.1 Well Construction

Well construction materials are usually provided by the drilling subcontractor and most often consist of
the following commercially available materials. The length of the screen and the size of the screen slots
should be specified in the project work plan and be considerate of the Conceptual Site Model (CSM) and
specifically the geology into which the well is being installed.

Common well construction and completion materials

Flush-threaded well screen with a minimum 50 mm
inside diameter (PVC or stainless steel).

Riser pipe (PVC or stainless steel) Protective casings

Blank casing with a minimum 50 mm inside
diameter (PVC or stainless steel)

Centralisers Well plugs

Filter pack (often inert silica sand) Cement Protective casings

Bentonite (pellets, powder) Locks

Other materials and equipment that may be required are detailed below. A number of these items will
need to be provided by the consultant or arranged with the drilling contractor should the consultant not
have items available.

Common well construction and completion materials and equipment – miscellaneous

Potable water supply Waterproof marker and
paint (to label wells)

Water containment equipment (Intermediate bulk
containers, buckets)

Fibreglass or steel
measuring tape

Equipment
decontamination materials

Environmental incident response supplies
(spill kits, drip trays, silt fencing)

Water level indicator (dip
meter)

Camera Health and safety supplies

Well construction
diagrams

Field notebook and pen Traffic control signage and barriers

5.2 Well Development

Well development can be performed using a variety of methods and equipment.  The specific method
chosen for development of any given well is governed by the purpose of the well, well diameter and
materials, depth, accessibility, geologic conditions, static water levels in the well and type of
contaminants present, if any. Containment and proper disposal of contaminated well development water
needs to be planned.

The following list of equipment, each with their own particular application, may be used to develop
and/or purge monitoring wells. Note the equipment required for well development will depend on the
preferred development technique and should be confirmed as part of the SAP. Well drillers usually can
conduct well development if requested.

Well Development
Method Detail Note

Bailer A bailer is used to purge silt-laden water from
wells after using other devices such as a surge
block.  In some situations, the bailer can be
used to develop a well by bailing and surging.

Used for purging in situations where
the depth to static water is greater than
8 m and/or where insufficient hydraulic
head is available for use of other
development methods.
Additional equipment: Bailer rope

Surge Block Surge blocks are commercially available for use
with Waterra™-type pumping systems or may
be manufactured using a rubber or teflon
"plunger" attached to a rod or pipe of sufficient
length to reach the bottom of the well.

For use with foot-valve type pumping
systems.
Additional equipment: tubing, foot
valves, filters
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Well Development
Method Detail Note

Pump In some situations, the pump alone can be used
to develop the well and remove the fines by
over-pumping.
Pumping may not be successful in low-yielding
aquifer materials or in wells with insufficient
hydraulic head.

12 V submersible pumps applicable for
generally 1 to 40 m depth.
Centrifugal pumps applicable for less
than 8 m depth.
Additional equipment: power, tubing

Compressed Gas Also known as ‘Air-lifting’. Can be used to both
surge and develop a monitoring well.
Compressed gas can also be used for "jetting"
where gas is directed at the slots in the well
screen to cause turbulence (thereby disturbing
fine materials in the adjacent filter pack).

Compressed gas is not limited by any
depth range.
May be used by the drilling contractor
with addition of dispersants and
detergents.
Additional equipment: power source,
tubing

Well development – other recommended equipment and materials

Oil water interface
probe

Field project notebook and pen. Equipment decontamination materials

Well development
records

Health and safety equipment Water quality instrumentation: turbidity
meter, pH, temperature, specific
conductance meters, as required

Plastic disposable bailers Bailer rope

6.0 Procedure

6.1 Monitoring Well Construction

o All well construction data will be recorded on the Groundwater Monitoring Well
Construction Detail Form.

o All well locations will be referenced onto the appropriate site map.

o A field notebook and/or Soil Bore Log will be used as additional means of recording
data.

o In no case will the notebook or boring log alone take the place of the Groundwater
Monitoring Well Construction Detail Form.

6.1.1 General Preparation

 Borehole Construction

If water or other drilling fluids have been introduced into the boring during drilling or well
installation, samples of these fluids should be obtained and analysed for chemical
constituents that may be of interest at the site.  In addition, an attempt should be made to
recover the quantity of fluid or water that was introduced, either by flushing the borehole
prior to well installation and/or by overpumping the well during development (refer to well
development procedure below).

 Well Material Decontamination

Well materials should be inspected by the project geologist/engineer upon delivery to check
cleanliness.  If the well materials appear dirty, or if local or regional regulatory guidance
requires decontamination, then well material decontamination should be performed by the
drilling subcontractor in accordance with the project SAP.

6.1.2 Installation - Procedure

 Depth Measurement

Once the target drilling depth has been reached, the drilling subcontractor will measure the
total open depth of the borehole with a weighted, calibrated tape measure.  Adjustments of
borehole depth can be made at this time by drilling further or installing a small amount of
sand filter material to achieve the desired depth.  If drilling fluids were used during the
drilling process, the borehole should be flushed at this time using potable water.
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 Centralizers

In order to install a well which is centered within the borehole, it is recommended that
centralizers be used.  Centralizers are especially helpful for deep well installations where it
may be difficult to position the well by hand.  Centralizers may not be necessary on shallow
water table well installations where the well completion depth is within 8 m of the ground
surface.

 Well Construction

The well screen and riser pipe generally are assembled by hand as they are lowered into
the borehole.  Before the well screen is inserted into the borehole, the full length of the
slotted portion of the well screen as well as the unslotted portion of the bottom of the screen
should be measured with the measuring tape.  These measurements should be recorded
on the well construction diagram (Figure 1).

After the above measurement has been taken, the drilling subcontractor may begin
assembling the well.  As the assembled well is lowered, care should be taken to ensure that
it is centered in the hole if centralizers are not used.  The well should be temporarily capped
before filter sand and other annular materials are installed.

 Filter Sand Installation

The drilling subcontractor should fill the annular space surrounding the screened section of
the monitoring well to at least 0.5 m above the top of the screen with appropriately graded,
clean sand or fine gravel.  In general, the filter pack should not extend more than 1.0 m
above the top of the screen to limit the thickness of the monitoring zone.  If coarse filter
materials are used, an additional 0.3 m thick layer of fine sand should be placed
immediately above the filter pack to prevent the infiltration of sealing components (bentonite
or grout) into the filter pack.  As the filter pack is placed, a weighted tape should be lowered
in the annular space to verify the depth to the top of the layer.  Depending upon depth,
some time may be required for these materials to settle.  If necessary, to eliminate possible
bridging or creation of voids, placement of the sand pack may require the use of a tremie
pipe.  Tremie pipe sandpack installations are generally suggested for deep water table wells
and for wells which are screened some distance beneath the water table.

 Bentonite Seal Installation

A minimum 0.5 m  thick layer of bentonite pellets or slurry seal will be installed by the
drilling subcontractor immediately above the well screen filter pack in all monitoring wells.
The purpose of the seal is to provide a barrier to vertical flow of water in the annular space
between the borehole and the well casing.  Bentonite is used because it swells significantly
upon contact with water.  Pellets generally can be installed in shallow boreholes by pouring
them very slowly from the surface.  If they are poured too quickly, they may bridge at some
shallow, undesired depth.  As an option, powdered bentonite may be mixed with water into
a very thick slurry and a tremie pipe used to inject the seal to the desired depth.

 Annular Grout Seal Installation

The grout seal (where required) should consist of a bentonite/cement mix with a ratio of
bentonite to cement of between 1:5 and 1:20.  The grout ratio should be chosen based on
site conditions with a higher percentage of bentonite generally used for formations with
higher porosity.  A mud balance should be used if a specific mud density is required at a
particular site.  Grout slurry should be pumped into the annular space using a side-
discharging tremie pipe located about 0.5m above the sand pack.  Side discharge will help
preserve the integrity of the sand pack.

In situations where the monitoring well screen straddles the water table, the seal will be in
the unsaturated zone and pure bentonite (pellets or powder) will not work effectively as
seals without hydration.  Dry bentonite may be used if sufficient time to hydrate the seal is
allowed.  Seal hydration requires the periodic addition of clean water.  Optionally, seals in
this situation may be a cement/bentonite mixture containing up to 10 percent bentonite by
weight.  This type of mixture shall be tremied to the desired depth in the borehole.

The borehole annulus will be grouted with seal materials to within 1 m of the ground
surface.  Drill cuttings, even those known not to be contaminated, will not be used as
backfill material.
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 Well Completion

The drilling subcontractor will cut the top of the well to the desired height and install a
vented (if possible) locking cap.  The upper portion of the well casing can optionally be
drilled to allow venting.  Well casings are usually cut to be a certain height above ground
surface (typically 0.75m to 1m) or are cut to be flush with or just below the ground surface.

 Protective Casing

Where monitoring wells have been located in areas that may become overgrown or difficult
to identify, there may be a need to install steel risers to enable easy identification during
subsequent visits. The suitability for installation of steel risers will be site specific and
judgement for the need of one should be made during the development of the SAP.

Where steel risers are used, the drilling subcontractor will install a steel guard pipe on the
well as a protective casing.  The borehole around the guard pipe will be dug out to an
approximate 0.5 m to 0.75 m radius to a minimum depth of 0.3 m at the centre and 0.15 m
at the edges.  After installing the protective casing, the excavation will be filled with a
concrete/sand mix.  The surface of the concrete pad will be sloped so that drainage occurs
away from the well.

Flush mounted covers, where considered most suitable, should be completed such that
they are slightly mounded above the surrounding surface to prevent surface water from
running over or ponding on top of the casing.  It may be necessary to ensure these are
installed in accordance with transportation authority requirements if installed in areas of
high vehicular traffic.

Above-ground protective casings should also be vented or should have non-air tight caps.
Road box installations should not be vented due to possible accumulation and entry of
surface water into the well.  Installation of protective guard pipes (or bollards) may be
necessary around above-ground well completions in traffic areas.  Protective casings
should be lockable to prevent unauthorized access.

 Well Numbering

The project geologist/engineer will number each well casing with an indelible marker or
paint to identify the well.  This is particularly important with nested or paired wells to
distinguish between shallow and deep wells.  The well should be labelled on both the
outside of the protective casing and inside beneath the protective casing lid.

 Measuring Point Identification

The measuring point is the point which will require surveying during the well elevation
survey task. The project geologist/engineer will mark the measuring point from which water
level measurements will be made at a specific location along the upper edge of the well
casing.  PVC wells can easily be notched with a pocket knife or saw.  Stainless steel wells
(or PVC wells) can be marked with a waterproof marker on the outside of the well casing
with an arrow pointing to the measuring point location.

 Well Measurements

Upon completion, the following well measurements should be taken by the project
geologist/engineer and recorded on the Groundwater Monitoring Well Construction Detail
Form.Depth to static water level if water level has stabilised.

o Total length of well measured from top-of-well casing.

o Height of well casing above ground surface.

o Depth of bottom of protective casing below ground surface (may be estimated).

Well screen filter pack, bentonite seal and annular seal thicknesses and depths should also
be recorded on the well construction diagram.

 Disposal of Drilling Wastes

Drill cuttings and other investigation-derived wastes such as drilling mud or well
development/purge water must be properly contained and disposed.  Site-specific
requirements for collection and removal of these waste materials should be outlined within
the project work plan.  Containment of these materials should be performed by the drilling
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subcontractor; however, the final disposal of drilling wastes may need to be managed by
the project team.

 Well Elevation Survey

At the completion of the well installation program, all monitoring wells are usually surveyed
to provide, at a minimum, the top-of-casing measuring point elevation for water level
monitoring purposes.  Other surveyed points which may be required by the project work
plan include:  ground surface elevation, top of protective casing elevation, and well
coordinate position.  Well elevation surveys are usually conducted by a surveying
subcontractor.

6.2 Well Development

6.2.1 General Preparation

The Site Contamination Analysis Well Development Form will be completed by the site
engineer conducting the development.

In addition, a field project notebook should be maintained detailing any problems or unusual
conditions which may have occurred during the development process.

A number of considerations are provided below prior to developing a newly installed well:

o Well Records Review:  Well completion diagrams should be reviewed to determine
well construction characteristics.  Formation characteristics should also be determined
from review of available boring logs.

o Site Preparation:  Well development, similar to groundwater sampling, should be
conducted in as clean an environment as possible.  This usually requires, at a
minimum, placing sheet plastic on the ground to provide a clean working area for
placing decontaminated well development equipment.

o IDW Containment:  Provisions should be in place for collection and management of
investigation-derived wastes (IDW), specifically well development water and
miscellaneous expendable materials generated during the development process.  The
collection of IDW in drums or tanks may be required depending on project-specific
requirements.

o Water Level/Well Depth Measurement:  The water level and well depth should be
measured with a water level indicator and written on the well development record.
This information is used to calculate the volume of standing water (i.e., the well
volume) within the well.

o Equipment Decontamination:  All down-well equipment should be decontaminated
prior to use in accordance with the projects SAP.

o Removal of Drilling Fluids:  Drilling fluids such as mud or water, if used during the
drilling and well installation process, should be removed during the well development
procedure.  It is recommended that a minimum of 1.5 times the volume of added fluid
be removed from the well during development.  Drilling muds should initially have
been flushed from the drilling casing during the well installation procedure with water
added during the flushing process.  If the quantity of added fluid is not known or could
not be reasonably estimated, removal of a minimum of 10 well volumes of water is
recommended during the development procedure.

6.2.2 Well Development – Procedure

 Development Method Selection

The construction details of each well shall be used to define the most suitable method of
well development.  Some consideration should be given to the potential degree of
contamination in each well as this will impact IDW containment and disposal requirements.

The criteria for selecting a well development method include well diameter, total well depth,
static water depth, screen length, the likelihood and level of contamination, and
characteristics of the geologic formation adjacent to the screened interval.

The limitations, if any, of a specific procedure are discussed within each of the following
procedures.
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 General Water Quality Measurements

Measure and record water temperature, pH, specific conductance, and turbidity periodically
during development using the available water quality instruments.  These measurements
will aid in determining whether well development is proceeding efficiently, will assist in
identifying when well development is complete, will help determine whether the
development process is effective or not with any given well and, potentially, may identify
well construction irregularities (i.e. grout in well, poor well screen slot size selection). Water
quality parameters should be checked a minimum of 3 to 5 times during the development
process.

 Bailer Procedure

o When using a bailer to purge well water, select the appropriate bailer, then securely tie
a length of bailer cord onto the end of the bailer.

o Lower the bailer into the screened section of the monitoring well to the bottom of the
well. Silt, if present, will generally accumulate within the lower portions of the well
screen.

o In some cases, enough silt may be accumulated in the bottom of the well to prevent
the bailer from reaching the bottom.  The bailer may be raised and lowered repeatedly
in the bottom of the well to remove accumulated silts, until the bottom of the well is
reached.

o The bailer may then be raised and lowered repeatedly in the screened internal to
further simulate the action of a surge block and pull silt through the well screen.

o Remove the bailer from the well and empty the contents into an appropriate storage
container.

o Continue surging/bailing the well until sediment free water is obtained. If moderate to
heavy siltation is still present, the surge block procedure should be repeated and
followed again with bailing.

o Check water quality parameters periodically.

 Surge Block Procedure

o A surge block effectively develops most monitoring wells. This device first forces water
within the well through the well screen and out into the formation, and then pulls water
back through the screen into the well along with fine soil particles. Surge blocks may
be manufactured to meet the design criteria  or may be purchased as an adaptor to fit
commercially available well purging systems such as the Waterra system.

o A surge block is typically used only after silt accumulation in the bottom of the well has
been removed and the produced water has started to become less turbid.

o Insert the surge block into the well and lower it slowly to the level of static water. Start
the surge action slowly and gently above the well screen using the water column to
transmit the surge action to the screened interval. A slow initial surging, using plunger
strokes of approximately 1m, will allow material which is blocking the screen to
separate and become suspended.

o After 5 to 10 plunger strokes, remove the surge block and purge the well using a pump
or bailer. The returned water should be heavily laden with suspended silt and clay
particles. Discharge the purged water into the appropriate storage container.

o Repeat the process. As development continues, slowly increase the depth of surging
to the bottom of the well screen. For monitoring wells with long screens (greater than
3m) surging should be undertaken along the entire screen length in short intervals
(0.5m to 1m) at a time. Continue this cycle of surging and purging until the water
yielded by the well is free of visible suspended material.

o Check water quality parameters periodically.
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 Pump Procedure

o Well development using only a pump is most effective in monitoring wells that will yield
water continuously. When using a submersible pump or surface pump, set the intake
of the pump or intake line in the centre of the screened interval of the monitoring well.

o Pump a minimum of three well volumes of water from the well and raise and lower the
pump line through the screened interval to remove any silt/laden water.

o Continue pumping water from the well until sediment-free water is obtained. This
method may be combined with the manual surge block method if well yield is not rapid
enough to extract silt from the surrounding formations.

o Check water quality parameters periodically.

 Compressed Gas Procedure

o Caution must be exercised in highly permeable formations not to inject gas into the
formation. Drilling subcontractors will often provide the necessary materials as well as
perform this method, if requested. When using a compressor, an oil-less compressor
should be used, or an oil trap/filter should be placed on the air discharge line which
enters the well.

o Lower the gas line into the well, setting it near the bottom of the screened interval.
Install the discharge control equipment (i.e., tee fitting) at the well head.

o Set the gas flow rate to allow continuous discharge of water from the well.

o At intervals during gas-lifting, especially when the discharge begins to contain less
suspended material , shut off the air flow and allow the water in the well to backflush
through the screened interval to disturb any bridging that may have occurred. Re-
establish the gas flow when the water level in the well has returned to the pre-
development level.

o Continue gas-lifting and/or jetting until the discharged water is free from suspended
material.

o Check water quality parameters periodically.
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ANZ

Groundwater Monitoring and Sampling with
Low Flow Pump Q4AN(EV)-336-PR6

1.0 Purpose and Scope
This procedure provides guidance on the use of collection of low flow groundwater sampling methods to collect
representative groundwater samples. The low flow sampling technique is designed to minimise the hydraulic
stress on the aquifer during purging and sampling.

Low flow groundwater sampling entails the use of an adjustable rate pump to purge then sample groundwater
specifically in the screened interval of a well to minimise the drawdown of the water level in the well. Samples are
collected after parameters stabilise, indicating groundwater purging is complete and sampling will be
representative of the aquifer intersected by the well.

Typically less purge water is required than in volume-based purge methods, thereby generating less waste to be
physically managed and disposed of.

If performed carefully, sample turbidity is reduced, and the potential for mixing of water and volatilisation
(‘degassing’) of dissolved chemicals is also reduced compared to more turbulent methods.

Limitations include requirements for specific training and use of powered equipment requiring additional set-up
and with additional scope for failure.

Other sampling methods may be preferred for very low recharge wells, and for collection of non-aqueous liquids
(e.g. to visually assess product thickness).

The following procedures are standard and typically may be varied depending on site conditions, equipment,
client preferences, and/or other limitations.  The actual procedure employed at each well should be documented
in the field and reported.

2.0 Health and Safety

2.1 Health and Safety Plan and Site Specific Safe Work Method Statements (SWMS) should be prepared
prior to field work in accordance with the SWMS Development Procedure and in the Project Specific
Health and Safety Plan Template.

2.2 Any subsurface excavation requires a Dial before You Dig search and surveyed by a licensed utilities
surveyor and the Underground Utilities Checklist Form must be followed.

3.0 References

3.1 SWMS Development Procedure S4AN-701-PR1

3.2 Project Specific Health and Safety Plan Template S4AN-702-TP1

3.3 Water Quality Meter Calibration Form Q4AN(EV)-336-FM23

3.4 Safe Work Method Statement – Accessed via the SWMS tool on myAECOM.

3.5 ASTM (2002). Low-Flow Purging and Sampling for Wells and Devices Used for Ground-Water Quality
Investigations, ASTM D 6771-02.

3.6 Puls, R.W. and Barcelona, M. J. (1996). Low-Flow (Minimal Drawdown) Ground-Water Sampling
Procedures. United States Environmental Protection Agency Ground Water Issue. EPA/540/S-95/504.
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4.0 Equipment
Equipment required for low flow groundwater sampling:

 peristaltic or bladder sampling pump

 silicone tubing – 1 roll

 air tubing (¼ inch LDPE)

 interface probe

 water quality meter and calibration fluids

 flow cell or unpreserved 0.5 L plastic bottle

 measuring cups - for measuring flow rates

 hand pump – for metals samples

 buckets (about 5, some with lids)

 tape measure

 tubing cutter

 field records sheets including sample records sheets, well gauging sheet, QA/QC sample register available
on myAECOM.

 sample bottles and supplies including coolers, ice, chain of custody forms, trip blank/trip spike

 Personal Protective Equipment (PPE) including nitrile gloves, safety glasses, safety boots, high visibility
vest, hat or hard hat (as required by site management), respirator and ABEK1filter (new)

 approved site specific HASP including SWMS

 sampling, analysis and quality plan (SAQP)

 site plan showing wells and well construction details

 tools – including 8 mm Allen key, hammer, screwdrivers (2 x)

 DECON 90

 traffic cones

 permanent markers, mechanical pencils

 garbage bags

 paper towels

5.0 Procedure

5.1 Preparation

5.1.1 Pack all the equipment needed.

5.1.2 Confirm that the pump selected is appropriate for use with low-flow sampling techniques,
the expected sample depths (reference well construction logs) and the analytes to be
analysed. Suitable pumps for low-flow sampling are currently:

o peristaltic pumps (adjustable rate): Peristaltic pumps are typically suitable to a
maximum depth of approximately 7-8 metres. Potential for volatilisation should be
minimised through use of low purge rates, and noting and eliminating any bubble
production in the discharge tubing, e.g. through smooth tubing cuts.  Peristaltic pumps
create a vacuum on the sampling line, which may cause loss of volatile organic
compounds (VOCs).

o bladder pumps (adjustable rate). These are a technically preferred option but entail
more complicated operation (hence more training), and longer set-up and take-down
times, hence slower sampling. Bladder pumps may be used at depths greater than 7-8
metres, and for high volatility target analytes. Bailers are not suitable for low-flow
sampling.
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5.2 Setting Up at a Monitoring Well

5.2.1 Calibrate water quality meter probe using calibration solutions.

5.2.2 Review SAQP and locate well to be sampled.

5.2.3 Prepare new sample record sheets.

5.2.4 Decontaminate dip-meter/interface probe and all other equipment which will be placed
down monitoring well.

5.2.5 Open well cover and install dip-meter/interface probe in well.

5.2.6 Measure standing water level (SWL) below the top of casing (TOC).

5.2.7 Measure total depth (TD) to base of well.

5.2.8 Measure the well inner diameter (ID).

5.2.9 Measure and cut new LDPE down-well tubing to position pump intake within screen interval.
Record the depth of the pump intake on the sample record sheet. Mark a point on the
down-well tubing at the well casing so that the position of the pump intake can be checked
during sampling.

The down-well tubing may be positioned according to site specific requirements, including:

o at the midpoint of the screen interval;

o towards the base of the screened interval (e.g. 0.3 metres above the base of the well
for DNAPL); or

o at another point to be determined by the PM.

5.2.10 Fit new flexible silicone tubing to peristaltic pump head (less than 20 cm length);

5.2.11 Cut another length of new LDPE tubing (approximately 40 cm in length) to run from pump
discharge to flow-cell.

5.2.12 Connect pump to power source.
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 Equipment Schematic for low flow purging using a peristaltic pump.
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5.3 Purging

5.3.1 Start the pump at its lowest speed setting and slowly increase the speed until water begins
flowing into the bucket.  A purge rate of 100 - 500 mL per minute is typically used for low
flow sampling (use the maximum rate around this range at which drawdown is minimised or
zero).

5.3.2 Fill the flow cell / container from the base allowing overflow from the top into a larger
bucket. Position tubing outlet at base of flow cell/container so that newly purged water flows
first past probe tips, and is not in direct contact with atmosphere.

5.3.3 Measure the flow rate from the pump – at low flow rates the flow rate can be measured with
a stopwatch and graduated container (small bucket, measuring jug, cooking cups or similar)
measuring the time required to fill a certain volume.

5.3.4 Take parameter readings (pH, temperature, conductivity, oxidation-reduction potential
(ORP), dissolved oxygen (DO) and turbidity) at frequent intervals.

Measure SWLs frequently with the dip meter.

Monitor and record:

o well drawdown (via SWLs);

o any recharge (via SWLs);

o water quality parameters;

o turbidity, odour, sheen; and

o flow rates.

Slow the pump rate if significant drawdown or turbidity is observed.

Drawdown should generally not exceed 25 % of the distance between the top of the well
screen and the pump intake (so that water in the casing pre-purging is not drawn down to
the pump intake and sampled).

Copies of Groundwater Sampling and Well Gauging Record Sheets are included in
Attachment 1.

5.4 Sampling

5.4.1 When to Sample after purging

Typically sampling may occur if

o 3 consecutive readings stabilise – i.e. readings within ± 10% or within the ranges
specified below (ASTM, 2002):

Table 1 ASTM Parameter Stabilisation Criteria

Parameter Stabilisation Criteria

pH ± 0.2 pH units

Conductivity ± 3 % of reading

DO
± 10 % of reading or
± 0.2 mg/L whichever is greater

ORP ± 20 mV

o Recharge or laminar flow is noted (minimal or zero drawdown).

o Parameters peak, then fluctuate around a reading.

o Often it is appropriate to sample after purging approximately one well volume if the
above conditions are met.

5.4.2 Sampling Technique

 Record the final set of purge water quality parameters.

 Prepare and label all sample vials and bottles.
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 Put on a fresh pair of nitrile gloves.

 Remove the free end of the discharge tubing from the flow cell apparatus. Confirm that discharge
is steady and laminar.

 Place the end of the discharge tubing at the mouth of the sample vials and bottles and carefully
decant groundwater into each sample bottle, directing the stream down the side of the glass. Begin
sampling by filling VOC vials first, followed by other analyte bottles.

a) Immediately cap each bottle tightly after filling.

b) Ensure no headspace remains in volatile VOC vials by inverting and examining for
bubbles. If bubbles are present in a VOC vial, discard vial (due to potential
volatilisation and/or loss of preservation) and replace with a new vial.

 Immediately place samples in a cooler with cooling media (ice, or freezer blocks).

 Remove the pump and tubing after collecting samples. Discard disposable tubing appropriately.

 Close and lock well.

5.4.3 Extremely Low recharge Conditions

Extremely low recharge conditions exist if any of the following occur:

 drawdown exceeds 25 % of the distance between the top of the well screen and the pump intake;
or

 failure of parameters to stabilise within a reasonable period (e.g. less than one hour).

Should extremely low recharge conditions be encountered, consult with the PM to determine a
course of action. For example:

 immediately collect a ‘pre-purge grab sample’ (recorded as such on the sample record sheet);

 sample using another purge method;

 purge one well volume slowly (stopping and starting the pump if needed) under minimal
disturbance (laminar flow) conditions, then collect the sample. This is a slower and less efficient
method, but may be appropriate for some sample programmes; or

 purge well dry then relocate, returning to collect an immediate sample at a later time. Allow
sufficient time for well to recharge and stabilise. Purging dry may temporarily result in high
dissolved oxygen or other chemical changes that may not represent in-situ conditions, and should
be avoided if practicable.
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ATTACHMENT 1 - Wetted Volume Calculation

wetted well volume (m3) = h

For a 50 mm well, 7.49 m deep with standing water level 2.35m BTOC:

TD = 7.49 m

SWL = 2.35 m

R = 0.025 m

wetted well volume 3.14 x (0.025)2 x (7.49 – 2.349)

= 3.14 x 0.000625 x 5.14

= 0.01089 m3

= 10.9 L (round up to 11 L)
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1.0 Introduction

1.1 General
AECOM Australia Pty Ltd (AECOM) was commissioned by the Roads and Maritime Services (Roads and
Maritime) to prepare a Leachate Extraction Management Plan (LEMP, hereafter referred to as the Plan) to be
implemented at the closed Alexandria Landfill comprising Lot 2 in Deposited Plan (DP) 1168612 located at Albert
Street, St Peters NSW (hereafter referred to as the Site), incorporating an area of approximately 15.71 hectares
(ha).

A large portion of the Site has historically operated as a quarry (identified as the Ralford Pit) and brickworks
(identified as the St Peters Brick Works). Since quarrying activities ceased, part of the Site has been used as a
landfill, waste handling and transfer facility.  Alexandria Landfill is currently licensed (EPL 4627) by the NSW
Environment Protection Authority (EPA) to transport, store, recycle, reprocess and dispose of wastes. It is
understood that waste materials of uncertain origin were historically used to backfill the original quarry and brick
pit prior to the acquisition of Alexandria Landfill by Dial A Dump Industries (DADI).

This Plan provides an indicative framework for the management of leachate extraction and associated monitoring
activities undertaken at the Site.

The leachate extraction management system will be developed:

- to aid in the extraction of landfill gas (LFG) via the drawdown of leachate;

- to restrict the off-Site migration of leachate so it does not migrate beyond the site boundary in quantities
which would present a risk to the safety of the local community or a hazard to the environment’;

- to restrict  the off-Site migration of leachate impacted groundwater by creating and maintain  an inward
hydraulic gradient; and

- to meet the leachate and groundwater management  and monitoring requirements of the existing EPLs and
trade waste agreement (TWA).

The plan is a living document and will be reviewed and updated at least annually by 30 June to ensure that
adequate controls are in place to meet the standards and objectives identified in this Plan.

This plan forms part of a package of documents that form part of the Alexandria Landfill Closure Management
Plan (LCMP), and should be read in association this plan and associated Appendices.

1.2 Objectives
The objectives of the Plan are to provide information with regard to:

- leachate extraction operation and maintenance activities;

- leachate extraction performance monitoring requirements;

- leachate extraction data management and reporting requirements; and

- contingency responses for managing unforseen changes to the leachate extraction system.

The plan is required to ensure leachate and groundwater are managed and monitored in accordance with the
requirements of the existing EPLs and TWA’

1.3 Guidelines
This plan has been prepared with reference to recommendations in the following guidance documents:

- NSW Environment Protection Authority (EPA) 2015a. Draft Environmental Guidelines Solid Waste Landfills.
Second Edition, 2015. March.

- EPA Victoria, 2012. Closed Landfill Guidelines Publication number 1490, December.
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2.0 Background
The Site is licensed by the NSW Environment Protection Authority (EPA) as a licensed solid waste landfill and
waste storage and recycling facility and was acquired by the NSW Government in December 2014.

Roads and Maritime now plan to redevelop the Site as part of the WestConnex New M5 motorway. The Site is
planned to contain the section of the motorway referred to as the St Peters interchange (SPI). The design for the
St Peters interchange includes roads, tunnel portals, overpasses and associated infrastructure.  The remainder of
the Site is planned to be redeveloped as public use likely consisting of a mixture of parkland, pathways and
cycleways.  Surplus land surrounding the interchange will also likely be redeveloped for commercial/light industrial
land use.

The redevelopment also means that the Alexandria Landfill will need to be closed and managed in accordance
with the Protection of the Environment Operations Act (POEO) 1997.
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3.0 Leachate Extraction System Operation and Maintenance
Information regarding the landfill cap, existing leachate management system and proposed leachate treatment
plant and extraction system network is provided in the overarching Alexandria LCMP.

Generally, leachate extraction rates are to be maximised both to control leachate migration away from the Site
and to optimise landfill gas (LFG) collection.

Leachate extraction operations include:

- Optimisation of leachate extraction at individual sump(s);

- Maintenance of leachate extraction system infrastructure; and

- Maintenance of landfill cap.

Additional information pertaining to these activities is provided in the Sections below.

3.1 Extraction Optimisation
Leachate levels and extraction rates at each sump(s) within the system will require regular monitoring to identify
optimal performance and if necessary the application of different pumping technology to increase extraction
ensuring that the required extraction rate is achieved.

The leachate extraction system will be operated and maximised in such a way as to create an inwards hydraulic
gradient between the landfill and the surrounding water table to reduce the potential for leachate to migrate off-
Site.

3.1.1 Field Optimisation

An appropriately trained fill technician will be available to conduct routine leachate gauging and flow rate testing to
ensure that all parts of the system perform at an optimum level.  The required duties of the leachate field
technician are to:

- Monitor leachate levels within each of the observation wells and from extraction sump(s) where required;

- Monitor leachate discharge counter readings within each of the extraction sump(s);

- Monitor the cumulative leachate flow meters (where applicable);

- Record all measurements (levels, rates and observations) on the appropriate field record sheets;

- Compare all measurement data to that collected during the previous round and identify rises and falls in
extraction and the height difference between the top of pump and the standing leachate level (SLL) at each
sump;

- Inspect and ensure that the compressed air system is functioning optimally and delivering the required
pressure and flow to each pump;

- Perform routine maintenance on each leachate pump including associated auxiliary equipment such as air
pressure regulator, moisture release pot, float sensor solenoid operated control box and/or one way
valves/taps; and

- Present a summary of leachate extraction data, repairs and recommendations in a suitable reporting format.

3.2 Leachate Extraction Performance Monitoring
Over time, it is expected that the extraction sump(s) will show a decrease in leachate production rates. Typically,
reduced leachate production may be attributed to:

- Biological and/or sedimentary clogging of the sump;

- Collapse (consolidation) of the local waste mass in the immediate vicinity of the well; and/ or

- The reduction of leachate stores within the waste mass in hydraulic connection with the sump(s).

The sections below provide information on monitoring activities that are undertaken to determine leachate
extraction performance.
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3.2.1 Gauging

Leachate levels are to be gauged at leachate monitoring and extraction sump at a minimum of a monthly basis.
However continuous monitoring is preferred as under optimal operating conditions, leachate levels in extraction
sump(s) should be lowered to near the top of the pump.  Higher levels may indicate the need for pump
adjustments, maintenance or upgrading.  Increasing leachate levels at monitoring (non-pumping) wells may be
indicative of reduced extraction rates resultant from conditions detailed in Section 4.2.

During leachate gauging, observations are noted with regard to any other possible problems that the pump may
be experiencing (i.e. continuous cycling, air / leachate leaks etc)

Further information regarding leachate gauging is provided in Section 5.1.

3.2.2 Flow Meter Readings

The flow meter shall record the total volume of leachate extracted from the entire extraction network.  The total
flow shall be read, documented and compared each day to the previous readings, and may indicate major
problems with the system, should the reading be anomalous, in comparison to normal readings.

3.2.3 Other Operational Information

Other information that can be used to evaluate operational performance should also be noted, as needed, such as
regulator pressure, whether leachate is observed to be pumping (for example, by opening the valve), operations
of the landfill gas extraction collections, the presence of residues or sedimentation and so forth.  These types of
information can be used to aid in assessing pump and well performance and are invaluable in pre-empting more
extensive and costly pump repair.

3.2.4 Non-Routine Operational Procedures

During routine leachate extraction sump inspections, field personnel may identify infrastructure operational issues.

Non-routine operational procedures would be identified as problems during regular leachate and/or counter
readings data collection, or field observations while performing other general tasks. The non-routine responses
might include unscheduled pump removals, inspections and possible repairs.

Spare pumps are available to immediately replace pumps that are removed for servicing to maintain leachate
extraction at the well. Spare pumps will be on-hand to facilitate the rotation of pumps in wells, and to maintain
extraction rates should a pump remain out-of-service for a prolonged period of time due to parts orders.

3.3 Maintenance of Leachate Extraction System Infrastructure
All leachate extraction system infrastructure is to be regularly inspected to determine operational status/ integrity.
Inspections may be undertaken in conjunction with routine monitoring events (refer Table 2, Section 4.0).

3.3.1 Leachate Extraction System Maintenance Summary

The performance monitoring of the leachate extraction system is likely to be composed of several components.  A
summary of routine of indicative leachate extraction maintenance activities undertaken at Site is provided in the
table below.
Table 1:  Leachate Extraction Infrastructure Maintenance Summary

Task Activities Required Location Recommended
Frequency

Extraction Sump
Visual Inspection

Visual inspection of piping, valves, and
ancillary equipment (i.e. regulator) to pump

Extraction sump Two to three
times a week

Pump
Maintenance

Removal, cleaning, and calibration (if
applicable) of pump and ancillary
equipment

Extraction sump Quarterly

Compressor
Maintenance

Inspection, lubricant changing, cleaning of
filter media

Two compressors
and back-up
compressors

Weekly

Flow Meter
Maintenance

Meter readings and inspection Flow meter Two to three
times a week
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3.3.2 Visual Inspection

Routine visual inspections of leachate extraction sumps and piping network will involve the following:

- general inspection for leachate and/ or air leaks;

- inspection of the regulator for leaks and determination of adequate pressures;

- opening of in-line tap for evidence of leachate pumping;

- listening for abnormal operation (air leaks and pump cycles);

- any observable anomaly which may indicate abnormal operation; and

- signs of well head damage

The area adjacent to wells will be kept clear and free from any vegetation, which could potentially prevent
adequate area for inspection and/or maintenance.

3.3.3 Pump Servicing

When cycle counters, leachate levels, or other monitoring data indicate a significant reduction in leachate
production at a specific well, the well is taken off line and the pump and other down well appurtenances removed
and inspected for malfunctions. Pumps suspected of malfunctions or failure will require servicing.

Where feasible, the malfunctioning pump should be replaced with a spare pump (as available) during the repair
process, to minimise interruption of leachate extraction.

Pump servicing will be scheduled regularly in accordance with manufacturer’s requirements. Regular servicing
includes the disassembly and washing of the pumps, and a pump trial at the surface, before lowering the pumps
in the well.

Any pumps found not to be within the manufactures specifications for pumping volumes are inspected further and
recalibrated to bring the pump to within the specified ranges.

3.3.4 Infrastructure Repair

Where damage is observed, it must be reported to relevant personnel and remedial action taken. Response to
infrastructure failure/ damage must be initiated within 1 hour of detection.

The following remedial timeframes are to be adhered to where possible (or sooner):

- Emergency remedial action - within 8hrs of detection

- Temporary remedial action - within 48 hrs of detection

- Final remedial action - within 28 days of detection
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4.0 Leachate Extraction System Monitoring
The purpose of leachate extraction monitoring is primarily to assess systems operations. A summary of the
indicative routine leachate extraction monitoring activities proposed to be undertaken at Site is provided in the
table below.
Table 2: Leachate Extraction Monitoring Summary

Task Activities Required Location
Recommended
Monitoring
Frequency

Gauging Measurement of depth to
leachate

Leachate extraction twice per week

Data
Logging

Download of in-situ logging data  To be confirmed* monthly

Sampling Leachate analysis To be confirmed* annually

Extraction
Monitoring

Record of cycle counter readings  Leachate sump(s) weekly

Total leachate extraction volume  Flow meter minimum weekly
*Following completion of the remediation and construction works wells will be selected for leachate monitoring

4.1 Gauging
Leachate levels at select monitoring locations shall be measured on a regular basis so that pump radius of
influence, hydraulic gradient and leachate/groundwater flow directions can be evaluated. Specific requirements for
this gauging are provided in the current Groundwater and Leachate Monitoring Plan Appendix F of the
Alexandria LCMP.

Leachate levels are also used to evaluate the effectiveness of leachate extraction operations and operational
status of individual pumps.  Gauging for these purposes may include additional leachate wells and/or different
gauging frequencies.  This gauging will be conducted as needed, based on landfill operations, but a minimum
frequency of twice weekly is suggested.

Leachate levels will be recorded as the depth to leachate measured from a marked reference point (dip point)
using an electronic water level meter designed for use with leachate.  This meter is designed to overcome some
of the difficulties in measuring leachate levels, such as the presence of foam in wells.  The measured depth to
leachate, and other observations, will be recorded on approved field forms

4.2 Data Logging
Requirements associated with dataloggers are outlined in the current Groundwater and Leachate Monitoring Plan
Appendix F of the Alexandria LCMP.

4.3 Leachate Sampling
Leachate sampling activities shall be undertaken taking into consideration guidance provided in Section 4.1 of the
NSW Environment Protection Authority (EPA) 2015a. Draft Environmental Guidelines Solid Waste Landfills.
Second Edition, 2015. March.

All leachate sample analysis is to be completed by a National Association of Testing Authorities (NATA)
accredited laboratory.

Further information regarding leachate sampling requirements are provided in the proposed Groundwater and
Leachate Monitoring Plan in Appendix F of the Alexandria LCMP.



AECOM WestConnex
Leachate Extraction Management Plan

Revision B – 21-Oct-2015
Prepared for – Roads and Maritime Services – ABN: 76236371088

7

4.4 Leachate Extraction Rates
4.4.1 Flow Meter Readings

Flow meter readings are taken from the flow meter at the end of the leachate extraction piping network, prior to
discharge.  Generally daily readings are undertaken. At a minimum, flow meter readings should be completed on
a weekly basis.

Specific information to be recorded from the flow meter includes:

- Date and time of measurement

- Instantaneous flow rate (kL/hr)

- Total flow recorded by flowmeter (Ftot, in kL)

- Resettable flow, flow since previous reset (RFtot, in kL)

- Resettable back flow (RTtot, in kL)

- Once the readings are taken, the resettable measurements need to be re-set to zero.

4.4.2 Estimation of Extraction Rates

In addition to the flowmeter record of total extraction, counter readings shall be recorded on a minimum weekly
basis to estimate performance the sumps.  The leachate extraction rate at each well can be estimated based on
pump cycle counter readings.  An average daily extraction rate (in kL/day) can be calculated as follows:

( )
1000

DCCPV
onRatelyExtractiAverageDai PC -×

=

Where:

PV = pump volume per cycle (L);

CC = the current counter reading;

CP = the previous counter reading; and

D = the number of days between readings

4.5 Monitoring Equipment
Personnel performing monitoring of the leachate extraction system shall be suitably trained and qualified to
perform monitoring and shall report to the Site Manager.

All monitoring equipment shall be calibrated and conform to the manufacturer’s specifications. Records of
monitoring equipment calibration records are to be maintained on Site.

4.5.1 Equipment and Maintenance

The field technician will use a leachate level dip metre designed specifically for measuring leachate levels within
pressurised systems that can produce foam and froth that would normally interfere with the gauging of levels.

- Leachate monitoring will be carried out using electronic leachate level instrumentation as described or a
suitable replacement should the primary instrument malfunction.

- The instruments will be serviced in accordance with the manufacturer’s recommendations

4.5.2 Pre-Monitoring Checks

Prior to undertaking leachate monitoring, the electronic leachate level meter shall be tested to check the
sensitivity to ensure accurate depth to leachate measurement.

4.6 Data Management
4.6.1 Field Forms

Dedicated field forms are to be completed during leachate extraction monitoring activities.
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4.6.2 Database Management

All completed field forms are to be stored in hard copy and electronic PDF format (scanned) in a dedicated file on
site.

The leachate data collected under this Plan is stored and managed in a relational database constructed to support
the overall project.  The project database is maintained on a secure network server that is backed up regularly.
Access to the database is controlled using features of the system.

Where data is manually entered, a verification should be undertaken of all entered field parameter data to identify
and correct transcription errors.

Information that is entered into the database includes (as a minimum):

- Well identification;

- Gauging/ Sampling date;

- Standing leachate level in metres Australian Height Datum (m AHD).

- Flow rate (if measurement is required from sample tap);

- Applicable measurement units; and

- Results of sample analysis.
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5.0 Quality Assurance

5.1 Construction Quality Assurance
Where new leachate wells are installed the borelogs and as-built installation details will be forwarded to Roads
and Maritime. Bore logs shall provide the following information:

- Borehole identification;

- Date of drilling / installation;

- Borehole stratigraphy;

- Groundwater level (and any perched water levels);

- Design of the borehole if more than one type is being used on the Site;

- Depth of borehole (metres) and level of the bottom of the borehole in m AHD;

- The surveyed height of the top of the borehole in m AHD, and the surveyed ground level at the point if it
differs; and

- Borehole location (easting and northing) in centimetres referenced to the Map Grid of Australia (MGA).

Further information regarding well installation is located in the current Groundwater and Leachate Monitoring Plan
Appendix F of the Alexandria LCMP.

5.2 Monitoring Quality Assurance
Suitably trained and experienced personnel will undertake leachate monitoring.  Monitoring equipment will be
calibrated, serviced and maintained in line with the manufacturer recommendations.

The leachate level meter and the leachate flow meter will be regularly serviced and repaired by the equipment
manufacturers (or certified repairer) and calibration certificates kept on file at the Site office.

The quality assurance / quality control (QA/QC) program consists of the following components (as a minimum):

- Equipment calibration;

- Duplicate monitoring (where required);

- Cross checking;

- Use of standardised field sheets;

- Field inspection audits;

- Equipment maintenance; and

- Database management.

5.3 Work Procedures
All work procedures are to be updated/ amended as required to reflect current Site operations.

5.4 Records
Records regarding the design, specification, operation, inspection, maintenance and monitoring of the leachate
extraction system will be maintained on Site.  Specifically, the following records will be maintained (as a
minimum):

- Records of all inspections carried out on the system;

- Planned and unplanned maintenance and servicing;

- Details of any additional extraction sump or well installation; and

- Records of leachate extraction monitoring.
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These records will comprise both hard copy data sheets and electronic records of system operation.  All records
will be made available for inspection on request.
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6.0 Routine Deliverables

6.1 Reporting
Reporting requirements during the closure phase are provided in Section 10.0 of the overarching Alexandria
LCMP.

6.2 Environmental Audit
Details of Environmental Audit activities proposed during closure phase are provided in Section 11.2 of the
overarching Alexandria LCMP.
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7.0 Contingency Action Plan
The contingency action plan will be followed in the event of:

- Anomalous monitoring data

- Operational problems or failure of the extraction system

- Uncontrolled release of leachate

- Impact on local groundwater quality

7.1 Leachate migration or surface discharge
The following actions shall be undertaken in the event that leachate impacted groundwater is identified or
leachate is discharged to the land surface:

- Optimising performance of the existing leachate extraction system and expanding the system as
appropriate.

- Groundwater wells in which leachate impact appears to be present will be re-sampled for all parameters to
verify the previous results.

- Where a leachate release is confirmed, the conceptual hydrogeological model will be reviewed/updated to
provide an understanding of the possible causes of new release(s) to aid in determining appropriate of short
and long term actions.

- If increased leachate extraction efforts do not mitigate the reported leachate impact to groundwater and an
increasing trend continues over two consecutive quarters, additional actions will be taken to capture
released leachate. These actions may include the upgrade of the existing extraction sumps and pumps. A
scope of works for any such recommendations will be provided to NSW EPA for review prior to
implementation.

7.2 Infrastructure failure
Where repair to leachate extraction infrastructure is required, this is to be done at the earliest possible
convenience to prevent:

- any disruption to site leachate extraction rates and discharge requirements;

- any adverse environmental impacts; and

- any uncontrolled off-site discharge of leachate.

Response to infrastructure failure/ damage must be initiated within 1 hour of detection.

Where infrastructure failure/ damage is observed, the following remedial timeframes are to be adhered to (or
sooner):

- Emergency repair - within 8hrs of detection

- Temporary repair - within 48 hrs of detection

- Final repair - within 28 days of failure

7.3 Leachate level exceeded
If the leachate level exceeds the height of -16 m AHD and/or less than 0.5 m to the standing groundwater level at
the main leachate extraction sump the following actions shall be undertaken:

- The operations of the existing pumps a will be reviewed.  It may be that pumps need repair or maintenance
to improve leachate extraction, or that extraction sump(s) should be de-silted.

- If all pumps and extraction systems in the area of concern are operating at optimum capacity, consideration
will be given to other operational changes that might enhance extraction rates, for example, different types of
pumps and/or control systems.
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- If no further improvements can be made with the existing infrastructure, and an inward gradient cannot be
achieved, consideration will be given to installing additional extraction pumps and or sumps to increase
leachate extraction.  A scope of works for any such recommendations will be provided to NSW EPA for
review prior to implementation.

For further information regarding hydraulic gradient calculations refer to the current Groundwater and Leachate
Monitoring Plan in Appendix F of the Alexandria LCMP (AECOM, 2015).

7.4 Failure to meet EPL or TWA requirements
The following actions will be undertaken in the event that requirements for EPL 4627 and EPL 12594 are not met:

- The licensee must make notification of environmental harm (as defined in the EPL Appendix C) by
telephoning the Environmental Line Service on 131 555;

- The licensee must provide written details of the notification to the EPA within 7 days of the date on which the
incident occurred;

The following actions will be undertaken in the event that requirements of EPL 4627 are specifically not met:

- The licensee must advise the EPA of the actions it will take to dispose of leachate in compliance with the
conditions of the licence in the event that it no longer has an agreement with Sydney Water to dispose of
treated leachate to sewer. This advice must be provided to the EPA in writing within 7 days of the licensee
no longer having access;

- The licensee must notify the EPA as soon as practicable and in any case within 48 hours after it becomes
aware that the leachate levels in the riser goes above – 16 m AHD and/or less than 0.5 m to the standing
groundwater level; and

- The licensee must provide to the EPA each quarter, copies of a written log used to record the leachate
levels in the sump.

The licensee or its employees must notify all relevant authorities of incidents causing or threatening material harm
to the environment immediately after the person becomes aware of the incident in accordance with the
requirements of Part 5.7 of the POEO Act.

The following actions will be undertaken in the event that the requirements of the TWA are not met:

- Fees apply dependent on the characterisation of contaminants (ammonia as N, suspended solids, total
dissolved solids, barium and iron) as per Schedule 3 of the TWA (Appendix C); and

- In the event of a dangerous or unintended discharge (as defined in Schedule 6 of the TWA, refer Appendix
C) to sewer that poses of may post a danger to the environment, the Sewer or workers at a sewage
treatment plan the Customer must immediately notify the following Sydney Water contacts:

· Malabar STP control room: (02) 9934 8319;

· Business Customer Services (Daceyville Office): (02) 9694 6500;

· Business Customer Services (City and East): 0408 256 470; and

· Business Customer Services (Alternate Contact): 0418 221 516.

For further information regarding the requirements of the existing EPLs and TWA for the Site, refer to Appendix C
of the overarching Alexandria LCMP.
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8.0 Work Health and Safety
Whilst undertaking activities to meet the requirements of this plan, appropriate health and safety measures shall
be implemented in accordance with the Work Health and Safety (WHS) Regulation 2011. This includes
development of task specific SWMS’ to identify potential hazards associated with the task steps and use the
hierarchy of controls to reduce the risk. The SWMS should be updated as site conditions or methodologies
change overtime.  Potential hazards to be considered include:

- Contact with chemicals in contaminated leachate and groundwater and sample preservatives;

- Ignition of landfill gases accumulated in groundwater monitoring wells;

- Exposure to landfill gases and vapours accumulated in groundwater monitoring wells;

- Ergonomics;

- Type of sampling pumps and equipment used; and

- Site specific hazards such as construction site hazards.
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1.0 Introduction

1.1 General
AECOM Australia Pty Ltd (AECOM) was commissioned by Roads and Maritime Services (Roads and Maritime) to
prepare a Landfill Gas Extraction Management Plan (the Plan) to be implemented at the closed Alexandria
Landfill comprising Lot 2 in Deposited Plan (DP) 1168612 located at Albert Street, St Peters NSW, incorporating
an area of approximately 15.71 hectares (ha).

A large portion of the Site has historically operated as a quarry (identified as the Ralford Pit) and brickworks
(identified as the St Peters Brick Works). Since quarrying activities ceased, part of the Site has been used as a
landfill, waste handling and transfer facility.  Alexandria Landfill is currently licensed (EPL 4627) by the NSW
Environment Protection Authority (EPA) to transport, store, recycle, reprocess and dispose of wastes. The landfill
was historically operated by City of Sydney Council and Dial-A-Dump (DADI) as a non-putrescible general solid
waste landfill. The types of waste historically accepted included soil, demolition waste, green waste/timber and
asbestos.

This Plan provides a framework for the management of landfill gas (LFG) at the Site through the improvement and
operation of an LFG management and control system. This Plan sets out the methods, procedures and actions to
be implemented with regard to landfill gas (LFG) management at the Site.

The plan is a living document and will be reviewed and updated at least annually by 30 June to ensure that
adequate controls are in place to meet the standards and objectives identified in this Plan.

This plan forms part of a package of documents appended to the Alexandria Landfill Closure Management Plan
(LCMP), and should be read in association with the other plans and documents appended to the LCMP.

1.2 Objectives
The objectives of the Plan, as established within the following primary guidance document: United Kingdom
Environment Agency (2004) LFTGN03 Guidance on the Management of LFG (LFTGN03), are intended to:

- Identify and assess site specific risks associated with LFG;

- Identify management and operational control measures to address the risks;

- Determine performance criteria for the control measures;

- Determine design objectives for the implementation of control measures through a LFG management and
control system;

- Determine installation criteria, site specific methods and construction quality assurance (CQA) procedures
for establishing the LFG management and control system;

- Determine procedures and responsibilities for installation, operation, maintenance and monitoring of the LFG
management and control system;

- Demonstrate that the performance of the LFG management and control system meets the agreed
requirements and criteria; and

- Determine the procedures for managing changes to the LFG management and control system.
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2.0 Background
The landfill was historically a quarry (identified as the Ralford Pit) and brickworks (identified as the St Peters Brick
Works). The quarry has subsequently used as landfill and a waste recycling and transfer facility.  The landfill is
currently licensed (EPL 4627) by the NSW Environment Protection Authority (EPA) to transport, store, recycle,
reprocess and dispose of wastes.  The landfill was historically operated by City of Sydney Council and then Dial-
A-Dump (DADI) as a non-putrescible general solid waste landfill. The types of waste historically accepted
included soil, demolition waste, green waste/timber and asbestos. The Alexandria landfill was acquired by the
NSW Government in December 2014.

Roads and Maritime now plan to redevelop the Site as part of the WestConnex New M5. The Site is planned to
contain the section of the freeway referred to as the St Peters Interchange. The design for the St Peters
interchange, includes roads, tunnel portals, overpasses and associated infrastructure.  The remainder of the Site
is planned to be redeveloped as public use likely consisting of a mixture of parkland, pathways and cycleways.
Surplus land surrounding the interchange will also likely be redeveloped for commercial/light industrial land use.

The redevelopment also means that the Alexandria Landfill will need to be closed and managed in accordance
with the Protection of the Environment Operations Act (POEO), 1997.

Landfill gas issues have historically been an issue along the north-western boundary where gas emissions and
odours have been recorded along the interface between refuse and natural weathered shale. In 2007 it was
requested by the NSW Department of Environment and Climate Change (DECC) (now NSW EPA) that Alexandria
Landfill provide landfill gas mitigation designs for the perimeter of the facility which requires a number of different
methodologies based on the nature of the geological materials forming the site boundary (Wianamatta Shale and
Botany Sands), saturated geology, fracture zone (leachate, groundwater levels), the depth of refuse placed at
certain area and the depth of waste expected to be placed to complete the site to final design levels. Douglas
Partners (2008) proposed two design systems as well as numerous landfill gas mitigation methods with reference
to Environment Guidelines: Solid Waste Landfills (NSW EPA, 1996), a plan for construction as well as potential
ongoing monitoring program. It is understood that one gas interception trench was installed near the leachate
treatment plant on the north-western boundary.

AECOM completed a Phase 2 Environmental Site Assessment (ESA) which involved the installation and sampling
of landfill gas monitoring wells.   Based on the concentrations of methane and landfill gas flow rates measured,
the Site was classified as Characteristic Gas Situation 4 (moderate to high risk) based on the Modified Wilson and
Card Classification (MWCC) (NSW EPA, 2012). Other landfill gases including carbon dioxide and carbon
monoxide were detected at high concentrations. Concentrations of hydrogen sulfide significantly exceeded the
adopted site assessment criteria.  Detected concentrations of landfill gases at the locations analysed were found
to be greater than the NSW EPA (1996) guideline value at the Site boundary. The Phase 2 ESA concluded that
the further delineation and monitoring of landfill gas was required around the boundary of the Site and that
appropriate gas mitigation measures would be required to be detailed in the remediation action plan (RAP) and
LCMP for the Site.



AECOM WestConnex
Landfill Gas Management Plan

Revision B – 21-Oct-2015
Prepared for – Roads and Maritime Services – ABN: 76 236371088

3

3.0 Relevant Guidelines
The following guidelines are applicable to the assessment, management and/or monitoring of landfill gas in NSW
and have been referred to in the development of this plan:

- NSW EPA (2015) Draft Environmental Guidelines Solid waste landfills, second edition, March 2015

- NSW EPA (2012) Guidelines for the Assessment and Management of Sites Impacted by Hazardous Ground
Gases.

- NSW EPA (1998) Draft Environmental Guidelines for Industrial Waste Landfilling. NSW Environment
Protection Authority, Sydney

- NSW EPA (1996) Environmental Guidelines: Solid Waste Landfills. NSW Environment Protection Authority,
Sydney

The below guidelines have also been referred to where applicable:

- EPA Victoria (2014) Best Practice Environmental Management, Siting, Design, Operation and Rehabilitation
of Landfills.

- NSW DECCW (2010) Handbook for the Design, Construction, Operation, Monitoring and Maintenance of a
Passive Landfill Gas Drainage and Biofiltration System. NSW Department of Environment, Climate Change
and Water, Sydney.

- CIRIA (1995), R152 – Risk assessment for methane and other gases from the ground, Construction Industry
Research and Information Association, London, UK.

- Environment Agency (2004) Guidance on the management of landfill gas (LFTGN03).

- Environment Agency (2004). Guidance on monitoring landfill gas surface emissions (LFTGN07).

- UK Environment Agency (2003), Guidance on Monitoring of Landfill Leachate, Groundwater and Surface
Water. Environment Agency, Bristol, UK.
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4.0 Landfill Gas Management System

4.1 Considerations
The below considerations have been made in the development of this management plan.

- Baseline bulk landfill and trace ground gas data was obtained as part of the Phase 2 ESA. The
concentration of methane gas in the landfill waste source analysed was up to 74.2% and a maximum flow
rate measured was 7.2 L/hr. The concentrations of trace components (VOCs) were less than concentrations
listed as typical of landfill gas in LFTGN03 with the exception of hydrogen sulphide which was detected at
concentrations of up to 1194 ppm.   The existing bulk landfill and trace gas data is tabulated in Table B1 and
Table B2 Appendix B.

- Future development of the Site as motorway interchange and open space land use. Landfill gases could
accumulate in subsurface voids and infrastructure and in above ground buildings/structures if no control
measures were implemented.

- The Site is located in a populated area and directly bordered by industrial, commercial, open space and
residential land uses. The data from the Phase 2 ESA (AECOM, 2015) shows that there is potential for
landfill gases to migrate off-site into neighbouring land, based on the initial subsurface gas monitoring
undertaken as part of the Phase 2 ESA (2015).

- The potential for lateral gas migration off-site may increase after the installation of the final capping as
vertical migration is inhibited. As such sufficient mitigation measures and monitoring around the boundary
must allow for a potential increase in lateral landfill gas flow and concentrations post-closure.

- The draft NSW EPA (2015) guidelines state wherever feasible active gas recovery should be used and
passive venting to the atmosphere of untreated gas should be avoided, as methane gas is a potent
greenhouse gas.  The hierarchy of preferred landfill gas management in the EPA Victoria (2014) guidelines
are listed in Table 1 below.

Table 1 EPA Victoria hierarchy of landfill gas management and treatment technologies

Technology Typical minimum landfill gas generation rate
required

1. Combined heat and power generation (most preferred) >1000 m3/hr

2. Substitute fuel >1000 m3/hr

3. Power generation > 100 m3/hr

4. Intermittent use and off-time flaring >250 m3/hr

5. Flare <100 m3/hr

6. Treatment and discharge <100 m3/hr

7. Discharge untreated (least preferred) <100 m3/hr

- The projected landfill gas generation rate has not been calculated, however an initial estimate using US EPA
Land GEM version 3.02 indicates the generation rate is likely to be less than 250 m3/hr. Hydrogen sulfide
concentrations are also potentially high (>25 ppm) and therefore not likely to be suitable for power
generation. As such, presently the two most feasible options are:

· capture via a drainage network and then either passive or active (vacuum) transfer to a flare; or

· capture via a drainage network with biofilters and either passive or active (vacuum) transfer to a
biofilter.
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4.2 Existing Landfill Gas Management
The Alexandria Landfill Site-Recycling and Landfill Premises Revised Surface Water and Leachate Management
Plan (SWLMP), November 2011 (ICCG, 2012) identified a subsurface gas mitigation trench installed in the north-
western area of the landfill.  No ‘as built’ records are available for the trench; however the Report on Landfill Gas
Mitigation Measures Alexandria Landfill, St Peters, 23 January 2008 (Douglas Partners, 2008) did provide design
plans. Based on the initial landfill gas subsurface monitoring undertaken for the Phase 2 ESA (AECOM, 2015),
the system is inadequate to manage the risk to the surrounding and Site receptors.

The system will be replaced by the proposed landfill gas extraction system described in Section 4.3 below.

4.3 Proposed Landfill Gas Management System Design
The preferred landfill gas management system will comprise:

- A radial subsurface gas drainage system connecting to a main trunk system and gas collection system. The
subsurface drains will be concentrated in areas of identified potential gas accumulation and at the boundary
where off-site migration is likely.

- Gas drains will be likely constructed from 100 mm outside diameter (OD) slotted high density polyethylene
(HDPE) within an engineered fill substrate. The engineered substrate will be placed over the compacted
landfill waste surface. Capping layers as described in the LCMP will be placed over the gas drainage
network.

- Vertical gas collection wells targeting areas where additional gas mitigation is required are proposed.

- A network of subsurface landfill gas wells to monitor the effectiveness of the mitigation systems and comply
with EPL conditions.

- Subject to detected landfill gas concentrations, the gas extraction system may be an active (forced) or
passive gas extraction system. Active extraction systems remove gas under vacuum, which is subsequently
pumped to a central collection/emission point for energy recovery or flaring. Passive gas drainage systems
transfer gas by atmospheric pressure differentials. Gas can subsequently be directed for treatment to a
microbiological gas system (bio-filter) or to a passive flare.

The details of the final gas management system will be refined following confirmation of gas concentrations
across the Site.

Details of the indicative gas management system layout at various locations are shown in the following design
drawings (refer Appendix A):

- M5-AJV-SKT-700-320-DR-7801 – Leachate Treatment and Gas Collection Passive System General
Arrangement

- M5-AJV-SKT-700-320-DR-7802 – Landfill Gas Collection SystemM5-LDS-SKT-700-320-DR-7803 –
Alexandria Landfill Closure Plans Extent of Capping

- M5-LDS-SKT-700-320-DR-7804 - Alexandria Landfill Closure Plans Typical Capping Layer Details Sheet 1
(Cut Detail Type 1 – Steeper than 3H:1V)

- M5-LDS-SKT-700-320-DR-7805 - Alexandria Landfill Closure Plans Typical Capping Layer Details Sheet 3
(Cut Batter in Waste Slope of 3H:1V)

- M5-LDS-SKT-700-320-DR-7806 - Alexandria Landfill Closure Plans Typical Cross Sections MDA1-Sheet 1

- M5-LDS-SKT-700-320-DR-7811 - Alexandria Landfill Closure Plans – Environmental Monitoring Locations

4.4 Passive Flare System
The draft NSW EPA (2015) guidelines require the operations of gas combustion plants to meet the following
requirements:

- The discharge points should be designed to promote good dispersion;

- Condensed liquid should be managed as leachate; and

- Air pollutants should be sampled and analysed in accordance with the NSW DEC (2007) guidelines.
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A detailed operational and maintenance plan and program will be developed by the manufacturer once the flare
system is designed and implemented when commissioned.  Standard monitoring requirements are described in
Section 5.6, which will be the minimum requirements.

4.5 Bio-filtration System
A detailed design and operational and maintenance plan and program will be developed if a biofiltration system if
it is chosen as the preferred landfill gas treatment system.
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5.0 Landfill Gas Monitoring
The LFG extraction system monitoring methodology and strategy shall be designed to comply with the draft NSW
EPA (2015) guidelines and Protection of the Environment Operations (Clean Air) Regulation 2010.

Table 2 provides an overview of the monitoring to be completed post-closure. It is noted that the frequency in the
table is based on the established system. During the commissioning stage the monitoring will be more frequent
until the operators of the system are satisfied that a relative equilibrium has been achieved.
Table 2 Landfill gas monitoring summary

Section Monitoring Type Monitoring
Points Frequency1 Purpose

5.1 Source monitoring
(within landfill)

Monitoring
and/or
collection wells

Six monthly Balancing the landfill gas
extraction system

5.2 Subsurface
migration
monitoring

Perimeter
monitoring wells

Six monthly To check concentrations of
methane at the landfill boundary
are less than EPA NSW (2015)
criteria of 1.25% (v/v).

5.3 Surface emission
monitoring

Surface
transects
Flux (if required)

Annual Check integrity of the capping
layer. Where emissions of 500
ppm methane detected flux
monitoring to be completed.

5.4 Gas accumulation
monitoring

All enclosed
structures within
250 m of landfill

Annual To check concentrations of
methane in enclosed structure
within 250m of the landfill are less
than EPA NSW (2015) criteria of
1.25% (v/v).

5.5 Gas extraction
system

Manifolds Six monthly Monitor composition of gases prior
to destruction in the flare or bio
filter and use data to balance the
system.

5.6 Flares (if
implemented)

Flare Weekly
Quarterly

Check operations and emissions
meet Protection of the
Environment Operations (Clean
Air) Regulation 2010

5.7 Bio- filter (if
implemented)

Bio filter Quarterly Check operations and emissions

5.8 Field Balancing Monitoring
and/or
collection wells.
manifolds and
flare

Weekly Optimise the LFG operation of the
system safely

5.9 Subsurface
hotspot and fire

Monitoring wells
and extraction
system

Six monthly Detect subsurface fires

5.10 Survey Cap surface Annual Monitor settling

5.11 Meteorological Sydney Airport
Weather Station

Daily Data used to inform above
monitoring
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The landfill gas monitoring methodologies are described in Section 5.1 to 5.7 below.

5.1 Source monitoring
The purpose of source monitoring is to obtain landfill gas data from below the cap to balance the gas collection
extraction system and safely achieve the highest viable extraction rate.

The source monitoring requires monitoring of collection wells and monitoring wells (screened in landfill waste).
The monitoring wells are to be installed separately (not connected) to the collection/extraction system.

An experienced LFG technician will be required to conduct routine LFG monitoring and balancing to ensure that
the extraction system performs at an optimum level to minimise any potential for LFG migration away from the
Site. The LFG technician will use an infrared LFG analyser designed specifically for LFG. The preferred LFG
analyser is the Geotechnical Instruments GEM 2000 Plus model (or equivalent) due to its ability to monitor LFG,
hydrogen compensation to enable more accurate carbon monoxide readings, temperature, and flow rate
measuring capability. However, similar units such as the GEM 2000, GA 2000 and GA 94 (or equivalent) can also
be used.

The parameters to be monitored in source and collection wells are listed in Table 3 below.
Table 3 Source monitoring parameters

Monitoring Parameter Units

Methane
Carbon Dioxide
Oxygen
Carbon Monoxide
Hydrogen sulfide
Temperature
Differential Pressure
Atmospheric pressure
Flow rate
Meteorological conditions

% v/v
% v/v
%v/v
ppm
ppm
oC
mB or Pa
mB
L/min
n/a

The details of the existing landfill gas monitoring wells installed in landfill waste by AECOM (2015) are listed in
Table 4 below. The locations of the wells are shown on Figure 6 in Appendix A.
Table 4 Existing source monitoring wells

Well ID
Installed

Easting Northing Top of casing
(m AHD)

Screened
Interval
 (m bgs)

LG300 2015 331681.71 6245543.62 4.52 1 to 2

LG301 2015 331446.48 6245723.49 -4.32 1 to 3

LG302 2015 331646.2 6245685.3 5.51 0.5 to 3

LG303 2015 331664.26 6245750.32 8.92 1 to 3

LG304 2015 331768.74 6245582.81 7.82 1 to 3

LG305 2015 331720.15 6245728.64 8.44 1 to 3

LG306 2015 331642.68 6245805.96 9.17 1.1 to 3.1

LG307 2015 331671.08 6245863.95 11.92 0.5 to 3

LG308 2015 331832.59 6245894.89 9.01 0.9 to 2.9

LG309 2015 331909.52 6245704.08 5.58 1 to 3
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Well ID
Installed

Easting Northing Top of casing
(m AHD)

Screened
Interval
 (m bgs)

LG310 2015 331824.2 6245780.8 8.07 0.8 to 2.8

LG311 2015 331620.91 6245561.79 -4.45 1 to 3

LG312 2015 331439.37 6245569.93 -5.96 1.0 to 3.0

LG313 2015
331583.1 6245492.0 3.58 1.0 to 3.0

5.2 Subsurface migration monitoring
Subsurface monitoring of LFG monitoring wells around the boundary is required to monitor potential off-site lateral
migration of landfill gases. The recommended monitoring bore spacing around the perimeter of the landfill in
LFTGN03 is:

- 50 m where low permeability strata is present; and

- 20 metres where uniform matrix dominated permeability strata or fracture flow dominated strata are present.

The above are based on a mixture of the presence of sand and fill in shallow soils around the boundary of the site
and the fractured bedrock quarry walls of the landfill.

Based on the perimeter of approximately 2100 metres there is a requirement of 40 to 100 subsurface monitoring
wells to be installed.

The wells should be installed close to the perimeter and outside of the waste mass.

The monitoring parameters are listed in Table 5 below.
Table 5 Subsurface migration monitoring parameters

Monitoring Parameter Units

Methane
Carbon Dioxide
Oxygen
Carbon Monoxide
Hydrogen sulfide
Temperature
Differential Pressure
Atmospheric pressure
Flow rate
Meteorological conditions

% v/v
% v/v
%v/v
ppm
ppm
oC
mB or Pa
mB
L/min
n/a

5.3 Surface emissions monitoring
The draft NSW EPA (2015) requires that surface emission monitoring is undertaken on a monthly frequency.
Since the landfill will be closed and capped, the surface emission monitoring will be undertaken on completion of
the cap installation and then monthly for six months.  If there are no exceedences of the criteria then the
frequency will be annually.

A program of monthly landfill cap surface monitoring is implemented at Site to identify any fissures or cracks
within the landfill cap which may result in LFG emissions. The following survey protocol is adopted:

- Prior to mobilisation to the Site for completion of the monitoring event, the assigned technician completes a
background check of the monitoring apparatus at a location nearby but not directly connected to the Site to
determine background conditions.

- The landfill gas analyser is connected by tubing to a funnel and pipe assembly, which allows the monitor to
be placed in relative contact with the landfill cap surface without the need to bend over. Additionally, this set
up minimises any potential interferences with sample collection by weather conditions during completion of
emissions monitoring.
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- Methane should be tested in the atmosphere 5 cm above the landfill cap. Testing should be conducted in a
grid pattern across the landfill surface at 25 m spacings. Where surface cracking or damage to the cap is
observed, these areas should also be monitored and the location recorded.

- The monitoring should be performed on calm days (winds below 10 km/h) and preferably during periods of
relatively low and stable atmospheric pressure (e.g. less than101.3 kPa).

- Each location is monitored for a minimum of one minute, or until the reading is relatively stable. Additional
measurement locations are added, at the discretion of the surveyor, based on observations noted during the
monitoring operations.

- All measurements will be recorded either on a field form or through data logging as available.

- Monitoring data will be reviewed/analysed in a spatial context, after collection, to determine the need for
additional follow-up monitoring to tighten the monitoring grid in areas that may appear to have hotspots of
fugitive gases leaking through the landfill cap.

- Weather conditions at the time of the monitoring event will be observed and recorded including; temperature,
cloud cover, barometric conditions (rise/fall) and wind conditions. The monitoring event will not be performed
less than two days following a rainfall event.

Levels of gas measuring 500 ppm or higher on the cap’s surface will be identified with a marker intended to
remain in-place until:

· The area of  cap affected is repaired/remediated is made; or/and

· Flux monitoring to quantify emission rates is undertaken; or/and

· Adjustment to the extraction system.
Table 6 Surface emission monitoring

Monitoring Parameter Units

Methane % v/v

5.4 Gas accumulation monitoring
Landfill gas accumulation monitoring is required to demonstrate that gas is not accumulating in enclosed spaces
within 250 m of the landfill. There are hundreds of enclosed spaces within 250m of the Alexandria Landfill, as
such a review will be undertaken of appropriate and representative spaces to monitor based on. Properties with
basements and underground services pits should be targeted as a priority.

Where underground pits are monitored tubing should be attached to the landfill gas analyser and the tubing
lowered to the base of the pit and the peak reading recorded.
Table 7 LFG Extraction Parameters

Monitoring Parameter Units

Methane % v/v

5.5 Gas extraction system
Table 8 LFG Extraction Parameters Manifolds

Monitoring Parameter Units

Methane
Methane

% v/v

Carbon Dioxide % v/v
Oxygen
Hydrogen sulfide

% v/v
%v/vCarbon Monoxide ppm

Hydrogen sulphide ppm
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Monitoring Parameter Units

Trace gases VOCs and naphthalene µg/m3

Inert gases % v/v

Differential Pressure mB or Pa
Atmospheric pressure mB

mBMeteorological conditions n/a

5.6 Flare monitoring (if implemented)
The draft NSW EPA (2015) guidelines require the operations of gas combustion plants to meet the following
requirements:

- Flares must be enclosed and be at ground level;

- Flares must meet the operating requirements in the Protection of the Environment Operations (Clean Air)
Regulation 2010:

· gas residence time - >0.6 s

· combustion temperature - >760 ºC

· destruction efficiency- >98%

· flame present at all times while air impurities are required to be treated

· regular monitoring of temperature (ºC) and volumetric flow rate ( in m3/s)

- Emissions from any internal reciprocating combustion engine fuelled on landfill gas must not exceed the
following concentration limits in the Protection of the Environment Operations (Clean Air) Regulation 2010:

· hydrogen sulfide – 5 mg/m3

· nitrogen dioxide (NO2) or nitric oxide (NO) or both, as NO2 equivalent – 350 mg/m3

· sulfuric acid mist (H2SO4) or sulfur trioxide (SO3) or both – 100 mg/m3

·  volatile organic compounds as n-propane equivalent as SO3 equivalent – 40 mg/m3

- An air quality impact assessment is required to be conducted prior to commencement of operations to
demonstrate air quality at ground level will not exceed  the criteria specified in Approved Methods for the
Sampling and Analysis of Air Pollutants in New South Wales (NSW DEC, 2007).

LFG flare emissions monitoring (source testing) will likely be carried out on at least an annual basis, for methane
(CH4) destruction efficiency to ensure this is within the manufacturers stated tolerances. The exact monitoring
requirements will be confirmed on the final design of the system if adopted.

Typical monitoring parameters are listed Table 9 below.
Table 9 Flare Monitoring Parameters

Monitoring Parameter Units

Gas residence time s

Combustion temperature ºC

Destruction efficiency %

Flame present at all times while air impurities are
required to be treated

-

Regular monitoring of temperature ºC

Volumetric flow rate m3/s
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5.7 Bio-filter monitoring (if implemented)
According to the draft NSW EPA (2015) guidelines, the operations of biofilter plants must meet the following
requirements:

- Quarterly monitoring of the bio-filter for:

· composition and flow of landfill gas from the passive drainage system to the biofilter, including the
landfill gas loading rate in litres/m2/hour and the methane loading rate in g/m2/hour;

· emissions/flux from the surface of the biofilter (methane and carbon dioxide);

· methane oxidation achieved as a percentage of the methane loading of the biofilter; and

· the moisture content of the upper layers of the material and the depth of the drainage water in the
bottom layers (including the gas distribution layer).

- Visual inspections should be made regularly to assess the condition, moisture content and degree of
settlement of the biofilter media; and

- The biofilter systems must be appropriately maintained, including periodic adjustment of moisture content
and reworking or replacement of the methane oxidation material, as required by the results of the monitoring
program.

A detailed operational and maintenance plan and program will be developed once the biofiltration system is
designed and implemented when commissioned. A summary of the monitoring parameters is provided in Table 10
below.
Table 10 Bio filter Monitoring Parameters

Monitoring Parameter Units
CH4, CO2, O2

H2S

Landfill gas loading rate

Methane loading rate

Emissions/flux from the surface of the biofilter
(CH4 and CO2)

Methane oxidation achieved as a percentage of
the methane loading of the biofilter

Moisture content of the upper layers of the
material and the depth of the drainage water in
the bottom layers (including the gas distribution
layer).

% v/v

ppm
litres/m2/hour

g/m2/hour
                                   % v/v

mB or Pa

%
%
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5.8 Field Balancing
If a vacuum extraction system is implemented, regular field balancing would be required. This is because LFG
systems are sensitive and LFG concentrations, flow rates and pressure are sensitive to changes and typically
require days to stabilise after adjustment. The strategy for the well field balancing program is to regularly monitor
and adjust vacuums to ensure that LFG quality is maximised, oxygen concentrations are minimal and flow rates
are as high as practicable with the goal of reducing the potential for off-Site migration.

It is very important to balance active LFG control systems to avoid applying excessive vacuum as this may result
in the introduction of oxygen into the solid waste mass, which increases the risk of fire by spontaneous
combustion. Landfill fires may pose a potential risk to public health and safety due to gas and particulate release
associated with the fire. This is particularly important as due to the sites location in a built up area and the future
development.

Data from the source, extraction system and treatment system will be used to balance the overall LFG system.
Specific procedures will be required to be developed once the design is finalised and prior to commissioning.
Considerations to include:

- Frequency of adjustments: due to the sensitivity of the extraction system, changes to wells are typically done
in slow increments.  Wells that are opened from closed positions typically take weeks to reach 100% open.

- Balancing of the LFG well field should occur weekly or as required based upon monitoring undertaken.
Weekly balancing allows the LFG to equilibrate based on the most recent well field adjustments.  The LFG
flares are to be inspected and monitored for LFG quality (methane percent, oxygen percent and landfill gas
flow rate), suction pressure and flow rate daily until stable conditions occur at which time the frequency level
will be reconsidered. When the LFG well field extraction rate is at equilibrium the frequency of monitoring will
typically be extended out to monthly and in line with LFTG03 out to 6 monthly in the late after care phase.

- It is preferred that the LFG technician maximise the extraction system based on methane versus oxygen
quality. This relates to applying more vacuum on wells that have the higher methane quality.  Although
higher flowing wells may be present with lower methane quality, it is more likely that an increase in LFG
extraction from these will result in air (oxygen) intrusion and therefore increase the risk potential of a landfill
fire occurring within the landfill mass.

- Methane levels that are observed to be greater than 30% are considered strong wells and are candidates for
increased extraction. Wells that contain observable levels of oxygen greater than 2% indicate that either the
well has an air leak or air is entering through the landfill cap or there is an air leak in the LFG extraction line.
Oxygen levels greater than 2% also cause an environment where a subsurface fire can occur and are
therefore immediately addressed with emphasis to eliminate the presence of oxygen greater than 2%.

- Positive pressure readings indicate LFG is likely to expand out of the source area and are eligible to have
vacuum increased, if methane quality (>30%) and oxygen (<2%). Wells that have methane levels below 30%
are typically reduced in vacuum so that vacuum can be re-applied to other wells that have high methane
quality and wells above 30% methane have higher vacuum levels applied.

- The objective is to adjust the suction on a well so that the gas flow and concentration are sustainable. This
happens when the extraction rate is equivalent to the rate at which the gas is being generated by the
microbes (i.e. ‘balanced’).  Too much suction and the gas quality drops, not enough suction and there may
be reduced efficiency of collection.

5.9 Landfill Subsurface Hot Spot & Fire
Methods for detecting subsurface fires has largely been adopted from the United Kingdom (UK) Government
Environment Agency document: Guidance on the management of landfill gas (LFTGN03).

Temperature is an important factor influencing the rate of LFG production as well as indicating landfill subsurface
fires. Initial aerobic phases of waste degradation in waste placement cells of less than 5 years are expected to
have waste temperatures as high as 80 – 90°C. LFG temperatures are expected to stabilise at 35 – 45°C once
methanogenesis is well established.

Generally a subsurface fire can be confirmed by a combination of the following conditions:

- Substantial settlement over a short period of time.
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- Smoke or smouldering odour emanating from the LFG collection system or landfill.

- Levels of carbon monoxide (CO) in excess of 1000 parts per million (ppm).

- Combustion residue in LFG extraction wells and/or extraction lines.

- Increase in LFG temperatures in the extraction system (above 60°C).

- Waste mass temperatures in excess of 77°C.

The California Integrated Waste Management Board has been used as an additional resource on managing the
potential for subsurface fires. The California Integrated Waste Management Board provides guidelines on using
CO as a key performance indicator of landfill fire.

An assessment of a potential subsurface fire can be made using the following confirmation techniques using CO:

- CO in excess of 1,000 ppm is a positive indication of an active underground landfill fire.

- Levels of CO between 100 and 1,000 ppm are viewed as suspicious, requiring further air and temperature
monitoring.

- Levels between 50 and 100 ppm indicates that active combustion is not present.

CO is to be regularly monitored (weekly) using the LFG analyser GEM2000Plus for assistance in assessing the
potential for a subsurface fire.

Where CO levels are reported to be >1,000ppm, a sample of gas is taken from the extraction well using the pump
of an appropriate LFG monitoring instrument. The sample is transferred into a tedlar bag and submitted to a
National Association of Testing Authorities (NATA) accredited laboratory for Gas Chromatography-Mass
Spectrometry (GC/MS) analysis.

A sample is analysed using (GC/MS) to produce a result that is much more reliable than the instrument. This is
undertaken to provide additional insight into potential conditions that may be of concern.

5.10 Settlement Survey
The landfill cap is surveyed by a registered survey to metres Australian Height Datum (m AHD) annually to
determine settlement levels. This shall be completed annually until settlement is less than 50mm per year.

5.11 Meteorological Data
Meteorological monitoring is carried out at the Sydney Airport (Station 066037) approximately 3 km south of the
Site. Data is collected monthly, and will be used where necessary to assist in the management of LFG.  Collated
measurements include barometric pressure, temperature, wind speed, rainfall and general weather conditions.

5.12 Monitoring Equipment
Personnel performing monitoring of the LFG extraction system shall be suitably trained and qualified to perform
monitoring. All monitoring equipment shall be calibrated and conform to the manufacturer’s specifications. The
LFG technician shall ensure the monitoring equipment is being calibrated on a regular basis and the records of
such are kept on-Site.

Monitoring equipment routinely used at Site includes:

- LFG analysers;

- FID;

- Pressure meter; and

- Temperature probe.

5.12.1 Landfill Gas Analysers

Typical LFG analysers used on-Site vary and can include either the GA 2000, GEM 2000, GEM 2000 Plus or
GA 94.
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The GA 2000 range of gas analysers has capability that includes measurement of the following:

- Gases including methane, carbon dioxide, oxygen, carbon monoxide and hydrogen sulphide;

- Borehole pressure and barometric pressure; and

- Optional measurement of LFG flow from borehole and of LFG temperature in borehole.

The GEM 2000 range of LFG extraction monitors is specifically for use on landfills to monitor LFG extraction
systems, flares and migration control systems.  The capability of the GEM 2000 range includes the following:

- Measurement and recording of peak gases including methane, carbon dioxide, oxygen, carbon monoxide,
hydrogen sulphide and hydrogen compensated carbon monoxide ;

- Measurement of static and differential borehole pressure and barometric pressure;

- Measurement of LFG flow and calculation of LFG flow in m³/h ;

- Optional measurement of temperature of LFG in borehole; and

- Calculation of calorific value (kJ).

The GEM 2000PLUS range of LFG extraction monitors is specifically for use on landfills to monitor LFG extraction
systems, flares and migration control systems where carbon monoxide is also measured.  The capability of the
GEM 2000Plus range includes the following:

- Measurement and recording of peak gases including methane, carbon dioxide, oxygen, carbon monoxide,
hydrogen sulphide and hydrogen compensated carbon monoxide;

- Measurement of static and differential borehole pressure and barometric pressure;

- Measurement of LFG flow and calculation of LFG flow in m³/h ;

- Optional measurement of temperature of LFG in borehole;

- Calculation of calorific value (kJ); and

- Contains an external hydrogen sulphide scrubbing filter to allow for accurate measuring of carbon monoxide
(CO). Hydrogen sulphide is commonly known to contaminate the CO sensor and cause false positive CO
readings without the appropriate hydrogen sulphide scrubber.

The GA 94 Infra-Red Gas Analyser has been designed to:

- Measure and store data for concentrations of methane, carbon dioxide and oxygen;

- Measure and store data for barometric pressure and the relative pressure in LFG extraction systems;

- Measure and store data for LFG temperature (via a temperature probe or manual entry); and

- Store information for monitoring well water/leachate level.

The GEM 2000Plus LFG analyser is predominantly used on-site for all LFG monitoring.  The GEM 2000Plus is
calibrated before each use daily by the LFG technician and is regularly (6 months) calibrated by the in accordance
with manufacturers specification.

Temperatures can be measured with the GEM 2000Plus; however the Logitech QM1604 is currently being used.
The Logitech QM 1604 features a measurement range from -50 to 750 °C and a hold function to lock the reading
on the display.

While these are the monitoring units currently used at the site, it is noted that alternate meters that achieve similar
measurements can be used as required.

5.12.2 Pressure Meter

The Test 510 differential pressure meter is suitable for pressure measurements in the range 0 to 100 kPa.
Measurements compensate for temperature and air density for accurate readings.  The instrument is capable of
flow velocity measurement with a Pitot tube.

5.12.3 Temperature Probe

The Logitech QM1604 temperature probe features measurement range from -50 to 750 °C and a hold function to
lock the reading on the display.
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5.12.4 Flame Ionisation Detector

A FID is used to measure small concentrations of methane which is common in landfill gas. The FID must be
routinely calibrated and inspected according to the manufacturer’s recommendations to ensure that the instrument
is working accurately.

The FID is used to measure the presence of fugitive landfill gas emissions through the landfill cap surface. The
FID is required to verify the integrity of the landfill cap surface and to identify areas of the cap that require
maintenance to prevent fugitive landfill gas emissions and surface water from entering the waste column.

5.13 Monitoring Techniques
5.13.1 Equipment and Maintenance

LFG monitoring will be carried out using LFG analysers as described in Section 5.6.1, and include either the GA
2000, GEM 2000, GEM 2000 Plus or GA 94. The instruments will be serviced in accordance with the
manufacturer’s recommendations

5.13.2 Pre-Monitoring Checks

Prior to undertaking LFG monitoring, the following checks will be carried out:

- In-line hydrophobic filters will be checked and replaced if necessary;

- The hydrogen sulphide pre-filters will made available and ensured that the media is fresh to begin the
sampling operation;

- Battery life will be checked to ensure there is sufficient charge to carry out the monitoring; and

- The calibration status of the instrument will be checked.  If necessary, calibration of the instrument will be
performed and the date and time recorded.

5.13.3 Records

A record will be made of the following and will be kept on Site:

- Name of LFG technician

- Date of monitoring

- Atmospheric pressure

- Instrument type and serial number

- On-Site weather conditions

- Observations including vegetation die-back, leachate leakages, surface water ponding, damage to security
fencing, or accumulations of wind-blown litter

- Damage to borehole head works, caps or taps

- For internal LFG monitoring, the position of the valve between open and closed will be recorded

5.13.4 Monitoring Procedures

The methodology for LFG monitoring shall include the following (as a minimum):

- The sample tube will be attached to the sample tap.

- The tap will be opened and the analyser pump will be switched on.

- When stable readings are achieved, the data will be recorded on the logger.

- Borehole pressure readings will be taken at LFG extraction wells.

- The sample tap will be closed, the tube will be removed, and the analyser pump will be allowed to run, in
order to purge into the atmosphere any residual LFG before monitoring of the next location.

- If water level data is required, the borehole cap will be removed and a dip tape will be used to measure the
water level relative to the cover level or other agreed upon datum point.

- The borehole cap will be replaced.
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All LFG associated monitoring will be carried out in general accordance with the methods and procedures
identified in LFTGN03.

5.14 Data Management and Reporting Procedures
5.14.1 Recording and Maintenance of Data

Following each LFG monitoring exercise, a copy of the LFG monitoring results will be kept on Site.  Field data is
transferred electronically for input into a dedicated database system.

The LFG data collected under this Plan is stored and managed in a relational database constructed to support the
overall project.  The project database is maintained on a secure network server that is backed up regularly.
Access to the database is controlled using features of the system.

Where data is manually entered, a 100% verification should be undertaken of all entered field parameter data to
identify and correct transcription errors

LFG monitoring results entered into the database includes:

- Borehole identification

- Date

- Measure parameter concentrations

- Barometric pressure

- Units

5.14.2 Routine Deliverables

The data collected from the LFG monitoring program is provided to Council as indicated below.
Table 11: Reporting Matrix

Report Title Content Frequency

Status Report Results LFG monitoring activities. Provision of information
pertaining to any additional works/ monitoring undertaken
at Site.

Monthly

LFG Monitoring Results Results of daily LFG monitoring activities Monthly*

LFG Flare Outage Provision of information pertaining to flare shut down Within 24hrs of outage

Notes: * Weekly reporting will commence following any exceedences of LFG levels - Council will be informed within 24hours ,
the frequency of reporting may vary subject to direction from Council.

5.14.3 Reporting to the EPA

Reporting to EPA with regards to LFG is as follows:

- The EPA is notified as soon as practicable (within 24 hours where possible) following a flare outage.

- Results of LFG monitoring will be submitted to the EPA at intervals agreed upon with the EPA.

Details of reporting procedures to be carried out in the event that compliance levels are exceeded are included in
the Action Plan outlined in Section 7.

5.14.4 Recording Complaints

All complaints regarding LFG will be recorded in the complaints file to be submitted to and maintained by Council.
The file will include the following details:

- complaints received including address of complainant;

- nature of the problem including date, time, duration, prevailing weather conditions and cause of the problem;
and

- details on the corrective action taken, and any subsequent changes to monitoring and operational
procedures.



AECOM WestConnex
Landfill Gas Management Plan

Revision B – 21-Oct-2015
Prepared for – Roads and Maritime Services – ABN: 76 236371088

18

For further information regarding Site complaint procedures, refer to the current Site Environmental Management
Plan.

5.15 Quality Assurance
5.15.1 Construction Quality Assurance

Where new LFG wells are installed, the borehole logs and as-built installation details are forwarded to the EPA
and shall aim to provide the following information:

- Borehole identification

- Date of drilling / installation

- Geological strata descriptions

- Groundwater level (and any perched water levels)

- Design of the borehole if more than one type is being used on the Site

- Depth of borehole and level of the bottom of the borehole in m AHD

- The surveyed height of the top of the borehole in m AHD, and the surveyed ground level at the point if it
differs

- Grid reference location of the borehole

5.15.2 Monitoring Quality Assurance

Suitably trained and experienced personnel will undertake LFG monitoring.  The LFG monitoring equipment will
be calibrated, serviced and maintained in line with the manufacturer recommendations.  LFG analysers will be
regularly serviced and repaired by the equipment manufacturer’s certified repair vendor and calibration certificates
kept on file at on location at the Site office.

The quality assurance / quality control (QA/QC) program consists of the following components (as a minimum):

- Equipment calibration

- Duplicate monitoring

- Cross checking

- Field inspection audits

- Equipment maintenance

The following additional information is noted with regard to QA/QC:

- Laboratory analysis of gas samples will be undertaken by a NATA accredited laboratory and will be utilised
when necessary to identify gas source(s) or to validate results.

- The area adjacent to LFG extraction wells is kept clear and free from any vegetation, to allow for regular
access for sampling or maintenance.

5.15.3 Work Procedures

All work procedures are to be updated/ amended as required to reflect current Site operations.

5.15.4 Records

Records regarding the design, specification, operation, inspection, maintenance and monitoring of the LFG
extraction system will be maintained on-Site.  Specifically, the following records will be maintained (as a
minimum):

- Records of all inspections carried out on the system

- Planned and unplanned maintenance and servicing

- Details of any additional extraction well installation

- Records of LFG monitoring
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- Telemetry records

These records will comprise both hard copy data sheets and electronic records of system operation.  All records
will be made available for inspection on request.

An installation log will also be maintained in the Site office and will be used to record all visits, significant
alterations to the LFG field extraction regime, and unusual occurrences.
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6.0 Work Health and Safety
Whilst undertaking activities to meet the requirements of this plan, appropriate health and safety measures shall
be implemented in accordance with the Work Health and Safety (WHS) Regulation 2011. This includes
development of task specific SWMS’ to identify potential hazards associated with the task steps and use the
hierarchy of controls to reduce the risk. The SWMS should be updated as site conditions or methodologies
change overtime.  Potential hazards to be considered include:

- Uncontrolled ignition of landfill gases accumulated in voids and gas mitigation systems;

- Exposure to landfill gases and vapours;

- Ergonomics;

- Type of equipment used; and

- Other site specific hazards such as plant and machinery, trips/slips/falls, dust, weather, hazardous materials
and substances.
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7.0 Contingency Action Plan
The contingency action plan will be followed in the event of the following:.

- Abnormal changes in monitoring data and/ or exceedances of compliance limits

- Operational problems or failure of the control system

- Reported events (e.g. odour complaints)

- Migration and release of LFG

- Landfill Fire

7.1 Proposed Remedial Actions
One or a combination of the following actions would be considered if any of the conditions identified in Section
7.0 are noted:

- An assessment of the possible causes of the increase in LFG levels, for example:

· Perched leachate levels, which can minimise LFG extraction;

· Fluctuations in leachate and/or groundwater levels; and

· Rapid, large change in atmospheric pressure.

- The previous monitoring results for the Site will be checked.

- Audits will be completed to determine gas flows/water levels or any other problems that could affect LFG
collection efficiency.

- The LFG extraction system will be adjusted, where appropriate, to increase the extraction of LFG adjacent to
the affected area.

- If LFG levels are showing no signs of stabilising the following actions would be considered:

· Sampling of LFG gases for laboratory analysis to verify source.

· Reducing of perched leachate levels if detected on-Site via optimisation of the leachate extraction
system.

· Application of additional cover material (if surface emissions are detected).

· Installation of additional extraction wells

Routine LFG monitoring will resume once methane levels had stabilised.

7.2 Adopted Off-Site Landfill Gas Compliance Limits
The assessment and compliance limits applying to the monitoring LFG emissions from the Site are broadly in
accordance (in so far as is practicable) with the adopted guidance document (LFTGN03).

The trigger level for methane is one per cent percent above agreed background concentrations. As no
background concentration was established prior to waste deposition at the Site, this is assumed to be 0% as per
the adopted guidance.

With respect to carbon dioxide, the adopted trigger level is 1.5 per cent above background concentrations. Similar
to the case of methane, as no background concentration was established prior to waste deposition at the Site, this
is assumed to be 0 % as per the adopted guidance.

7.2.1 Landfill gas monitoring

The presence of methane within boundary LFG monitoring wells at concentrations greater than the adopted
trigger level may be an indication that LFG is migrating off-Site. In this situation, response actions as detailed in
the air monitoring plan would require implementation. In select situations, these response actions require an
investigation of on-Site LFG extraction system performance. An extract sourced from the air monitoring plan is
provided below for guidance.
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Table 12:  Primary and Secondary Probe Trigger Level Response

Trigger Level of
Methane

Trigger Level of
Carbon Dioxide Response

Stabilised
concentration less
than 1% v/v
(20 % LEL) above
background

Stabilised
concentration less
than 1.5% v/v
above background

No response.

Stabilised
concentration
greater than 1 %
v/v (20 % LEL)
above
background

Stabilised
concentration
greater than 1.5 %
v/v above
background

Roads and Maritime or appointed contractor to notify NSW EPA
within 48 hours.

Within 14 days of this notification, Roads and Maritime or appointed
contractor must submit a plan to the EPA for further investigation
and/or remediation of the elevated gas levels. The draft NSW EPA
92015) guidleines state that depending on the circumstances, the
plan may include one or more of the following measures:

- an increase in monitoring frequency and/or the installation of
additional monitoring wells

- volumetric/gas flow determinations to assess the significance of
gas generation rates and the potential scale of off-site gas
migration

- gas accumulation monitoring in enclosed structures located
nearby

- a revised landfill gas risk assessment, addressing the source,
potential gas migration pathways and potential receptors

- notifications to potentially affected persons
- installation of landfill gas controls at the source and/or receptors.

Subject well is to be re-sampled within 24 hours and twice weekly as
LFG well as the two closest LFG wells.

Flow rate of the subject LFG well is recorded.

If readings continue at this concentration range, monitoring frequency
of subject wells increased to daily until concentrations are below 1%
v/v.

Re-balancing of gas field is conducted within one week of completion
of rebalancing and reported.

Stabilised
concentration
greater than 5 %
v/v (100 % LEL)
above
background

Stabilised
concentration
greater than 1.5 %
v/v above
background

All of the above responses.

If readings continue to exceed 1% v/v for five continuous days, a gas
sample from the subject well will be collected for laboratory analysis.

Soil gas sampling (searcher bar / spike test) may be conducted to
attempt to determine the extent of gas migration.

An audit of gas field is conducted to identify any operational issues or
parameters that may affect the above.

Update report on response submitted to NSW EPA  within one week
of completion of audit
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Additional measures may be undertaken to determine potential causes of LFG detections within wells.  These
include an investigation into potential geological pathways (e.g. faults, sand lenses) that may enhance lateral
migration of LFG, together with possible actions that may eliminate or decrease the migration of LFG along these
pathways.  Identification of potential pathways (geological or otherwise) may isolate additional sources of
methane separate from the site. Further actions may include a LFG risk assessment and consideration of more
extensive controls like If extraction systems continue to fail, more extensive measures such as a subsurface cut-
off wall.

7.3 Emergency Maintenance
7.3.1 Flares (if implemented)

Response to flare shut down must be initiated within 1 hour of detection.

Should emergency maintenance be required on the flares, the maintenance technician is immediately notified and
is responsible for all unscheduled shutdowns and unplanned maintenance. A back-up generator is located on-site
and can be placed into operation in the event of a power failure. This ensures that the LFG flares have
appropriate power to operate 24 hours a day. A qualified electrician should be utilised to assist with electrical
system failures or troubleshooting, as required.

7.3.2 General Infrastructure

Emergency maintenance to all components of the LFG extraction system including LFG extraction lines,
condensation traps and extraction wells are to be performed by an appropriately qualified technician.

Spare parts such as piping, caps, valves, and equipment are kept on-Site should emergency maintenance be
required. All emergency maintenance that threatens the operations of the LFG migration control system shall be
attended to at the highest priority to ensure that the control systems function as designed. Response to
infrastructure failure/ damage must be initiated within 1 hour of detection.

Where infrastructure failure/ damage is observed, the following remedial timeframes are to be adhered to ensure
that the integrity and operating efficiency of the LFG extraction system is not impaired:

- Emergency repair - within 8hrs of detection

- Temporary repair - within 48 hrs of detection

- Final repair - within 28 days of failure

The LFG operations and maintenance technicians working on behalf of the Site Manager shall perform all repairs
as required to ensure normal operations of the LFG system. Any repairs that require specialist training or specific
manufacturer repair will be performed by suitably trained manufacturer mechanics.

Due to occupational health and safety reasons, only suitably qualified electricians shall perform electrical works
on the LFG system or any other infrastructure.

7.3.3 Air Ingress

Air ingress into the LFG system can be caused by a number of different failure scenarios, such as damage to a
well head caused by settlement or vandalism, or failure of a manifold component.

Air ingress can cause problems associated with the generation and balancing of gases within the landfill mass.
These problems can result in disruption to LFG quality delivered to the control system. In the worst case scenario,
air ingress can promote conditions conducive to subsurface fires.

In the event of such damage being observed, immediate action would be taken to make temporary repairs using
sealing tape, pending more permanent repairs, which would be undertaken following isolation of the well head or
manifold. Remedial timeframes detailed in Section 7.3.2 are to be adopted in the event that repair is needed.

If air ingress from surface cracking is suspected, then additional cover application will be considered and
implemented. Well boots may also be installed if air intrusion between the well pipe and annular seal is
suspected.



AECOM WestConnex
Landfill Gas Management Plan

Revision B – 21-Oct-2015
Prepared for – Roads and Maritime Services – ABN: 76 236371088

24

7.3.4 Leaks

The integrity of the LFG system will be subject to routine monitoring and any identified problems affecting the
operation of the system will be remedied to ensure continued effective control of LFG.

As with air ingress, the priority would be to undertake temporary repairs immediately using sealing tape is
possible pending more permanent replacement or resealing of components where leaks are identified. Remedial
timeframes detailed in Section 7.3.2 are to be adopted in the event that repair is needed.

7.4 Landfill Fire
Once a landfill fire begins, it can be extremely difficult to extinguish. If a landfill fire is detected at Site, LFG wells
within an appropriate distance of the suspected fire area will be immediately closed off to eliminate vacuum in the
affected waste mass. The affected area will be isolated and an investigation will be initiated to confirm the fire and
the appropriate remediation action. Fire suppression can be achieved by:

- Switching wells off in surrounding areas;

- Shutting off nearby leachate pumps to allow leachate to pool in the area of the fire;

- Dousing with leachate or water;

- Grout injection; and

- Adding dry ice or another suitable chemical down extraction wells to displace the oxygen and smother the
fire.

Key indicators for fires described in Section 5.9 will be used to detect the potential of subsurface fire. All LFG
wells are to be treated with caution and managed appropriately to reduce the potential for subsurface fires using
one or more of the suppression approaches identified above, if required to eliminate the subsurface fire.

In the event of a subsurface fire, the local fire authority shall be immediately called (000) and the incident
thoroughly investigated to prevent future fires from occurring.
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Table B1
Hazardous Ground Gas

Monitoring and Analytical Results

WestConnex Delivery Authority
WestConnex Stage 2 M5 East

Location LG301 LG302 LG303 LG303 LG304 LG305 LG306 LG307 LG308 LG309 LG310 LG311 ـ MW313 LG313 LG313 ـ
Field ID LG301 LG302 LG303 QC101 LG304 LG305 LG306 LG307 LG308 LG309 LG310 LG311 LG312 LG212/ MW313 LG313 QC100 MW311

Analyte Units LOR Assessment
Criteria

Field
Monitoring Date 24/02/2015 24/02/2015 24/02/2015 ـ 24/02/2015 24/02/2015 24/02/2015 24/02/2015 24/02/2015 24/02/2015 24/02/2015 24/02/2015 24/02/2015 24/02/2015 24/02/2015 24/02/2015
Peak Methane % 1.25* 8.3 58.5 59.7 ـ 0 54.2 58.1 0.8 68.1 1.9 70.5 2.7 0 66.2 6.8 ـ 67.9
Stable Methane % 8.2 58.1 59.6 ـ 0 32.5 57.4 0 68.1 1.8 70.4 2.2 0 66.2 6.8 ـ 67.9
Carbon Dioxide % 3.6 36.9 33.6 ـ 0.4 25.6 32 7.2 18.5 2.1 27.4 2.7 6.7 32.1 0.7 ـ 20.1
Oxygen % 0 0 0 ـ 19.8 6.9 0 0.4 0 0.2 0 8.1 7.1 0 0.5 ـ 0.3
Lower Exposive Limit % OL OL OL ـ 0 OL OL 0 OL 44.8 OL 51.5 0 OL OL ـ OL
Hydrogen Sulphide % 1** 0 OL 1194 ـ 0 2 0 0 1 0 7 0 0 0 0 ـ 2
Carbon Monoxide % 0 10 5 ـ 1 15 2 0 0 5 3 3 1.3 5 63 ـ 7
Flow Rate L/hr -0.1 1.6 4.2 ـ 1 -2.6 0.1 0 5.8 0.9 2.7 0 0 2.9 0.3 ـ 7.2
Barometric Pressure kPa 1010 1010 1010 ـ 1011 1011 1011 1010 1011 1011 1010 1011 1011 1011 1010 ـ 1011
Laboratory
Sample date 16/03/2015 16/03/2015 16/03/2015 16/03/2015 16/03/2015 16/03/2015 16/03/2015 16/03/2015 16/03/2015 16/03/2015 16/03/2015 16/03/2015 ـ 16/03/2015 16/03/2015 16/03/2015 ـ
Methane mg/m3 330 45,300 359,000 386,000 388,000 920 368,000 398,000 920 485,000 23,200 480,000 139,000 ـ 432,000 83,000 83,000 ـ
Ethane mg/m3 120 <240 <240 <240 <240 <240 <240 <240 <240 <240 <240 <240 <240 ـ <240 <240 <240 ـ
Propane mg/m3 180 <360 <360 <360 <360 <360 <360 <360 <360 <360 <360 <360 <360 ـ <360 <360 <360 ـ
Butane mg/m3 1200 <2400 <2400 <2400 <2400 <2400 <2400 <2400 <2400 <2400 <2400 <2400 <2400 ـ <2400 <2400 <2400 ـ
Carbon Dioxide mg/m3 90 100,000 658,000 584,000 585,000 9130 732,000 560,000 124,000 311,000 69,800 484,000 84,700 ـ 570,000 20,900 20,300 ـ
Carbon Monoxide mg/m3 5 <10 <10 <10 <10 <10 <10 <10 <10 <10 <10 <10 <10 ـ <10 <10 <10 ـ
Hydrogen mg/m3 4 <8 <8 <8 <8 <8 <8 <8 <8 <8 <8 <8 <8 ـ <8 11 11 ـ
Helium mg/m3 8 <16 <16 <16 <16 <16 <16 <16 <16 <16 <16 <16 <16 ـ <16 <16 <16 ـ
Oxygen mg/m3 1310 <2620 <2620 <2620 <2620 261,000 <2620 <2620 75,400 <2620 46,200 <2620 68,600 ـ <2620 <2620 <2620 ـ
Inert Gases (N2. Ar) by difference mg/m3 1100 1,000,000 97,300 96,100 93,800 908,000 34,300 92,700 998,000 97,300 1,020,000 <2200 788,000 ـ 25,200 986,000 986,000 ـ
Ethane Mol % 0.01 <0.020 <0.020 <0.020 <0.020 <0.020 <0.020 <0.020 <0.020 <0.020 <0.020 <0.021 <0.020 ـ <0.020 <0.020 <0.020 ـ
Propane Mol % 0.01 <0.020 <0.020 <0.020 <0.020 <0.020 <0.020 <0.020 <0.020 <0.020 <0.020 <0.021 <0.020 ـ <0.020 <0.020 <0.020 ـ
Carbon Monoxide Mol % 0.0005 <0.0010 <0.0010 <0.0010 <0.0010 <0.0010 <0.0010 <0.0010 <0.0010 <0.0010 <0.0010 <0.0011 <0.0010 ـ <0.0010 <0.0010 <0.0010 ـ
Butane Mol % 0.05 <0.10 <0.10 <0.10 <0.10 <0.10 <0.10 <0.10 <0.10 <0.10 <0.10 <0.11 <0.10 ـ <0.10 <0.10 <0.10 ـ
Hydrogen Mol % 0.005 <0.010 <0.010 <0.010 <0.010 <0.010 <0.010 <0.010 <0.010 <0.010 <0.010 <0.011 <0.010 ـ <0.010 0.013 0.014 ـ
Helium Mol % 0.005 <0.010 <0.010 <0.010 <0.010 <0.010 <0.010 <0.010 <0.010 <0.010 <0.010 <0.011 <0.010 ـ <0.010 <0.010 <0.010 ـ
Methane Mol % 0.05 6.93 54.9 59.1 59.3 0.14 56.3 60.8 0.14 74.2 3.54 73.4 21.2 ـ 66.1 12.7 12.7 ـ
Oxygen Mol % 0.1 <0.20 <0.20 <0.20 <0.20 20 <0.20 <0.20 5.76 <0.20 3.53 <0.21 5.24 ـ <0.20 <0.20 <0.20 ـ
Carbon Dioxide Mol % 0.005 5.59 36.6 32.5 32.5 0.507 40.7 31.1 6.87 17.3 3.88 26.9 4.71 ـ 31.7 1.16 1.13 ـ
Inert Gases (N2. Ar) by difference Mol % 0.1 87.5 8.5 8.4 8.2 79.4 3 8.1 87.2 8.5 89 <0.21 68.8 ـ 2.2 86.1 86.2 ـ

Notes:
OL - over instrument measurement limit
*NSW EPA (1996) Environmental Guidelines: Solid Waste Landfills
** WHO (2000) Air Quality Guidelines for Europe.
mg/m3 - milligrams per cubic metre

Data Entry:
Data Review:
AECOM Table B1_Hazardous Gases.xlsm
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