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INTRODUCTION

Orica Australia Pty Ltd (Orica) has completed a remediation program at the former arsenic sludge disposal pit
in the north western portion of the site at Greenleaf Road, Kooragang Island (KI), NSW (the site), Figure 1.
The remediation program involved the construction of a cap and containment system in accordance with the
Remediation Action Plan (RAP) (Golder, 2016a). The RAP was required by Action 1(e) of a management
order (MO) (Order Number 20131407) issued by NSW EPA under Section 14(1) of the Contaminated Land
Management Act 1997 (the Act) on 28 July 2014. It presented a design for the installation of an integrated cap
and containment system to meet the objectives of the MO.
As required within the RAP, an Environmental Impact Statement (Golder, 2017) was subsequently prepared to
support a State Significant Development application under part 4 (Division 4.1) of the Environmental Planning
and Assessment Act 1979. The application was required to obtain development consent for the remediation
project. Development Consent (Application No. SSD7831) was issued to Orica on 10 August 2018 permitting
the construction of a containment cell to address arsenic contamination at the site.
In addition, the NSW EPA issued a new Management Order (Order No. 20181401) and repealed the previous
order (Order No. 20131407). Based on the timeframe since the preparation of the RAP (2016a) and the
proposed implementation of the remediation program (2018-2019) it was considered prudent to prepare a
RAP Addendum (Golder, 2018b). It should be noted that the addenda did not alter the remediation strategy.
A requirement of Section 15 of the RAP, Action 2 (d and e) of the MO (Order No. 20181401) and Condition B9
and B10 of the Development Consent was the preparation and implementation of a Long-Term Environmental
Management Plan (LTEMP) for the operational phase of the remediation system. The LTEMP was to
incorporate any long-term requirements for the ongoing monitoring, maintenance and restrictions on site
activities permitted to be undertaken in the vicinity of the containment system. The LTEMP is to be periodically
revised based on monitoring results.

1.1

Objectives of the LTEMP

The overall purpose of the LTEMP is to provide a framework to minimise risks to on- and off-site humanhealth and environmental receptors through the management, maintenance and monitoring of the
containment cell. A key overall objective of the LTEMP is to create an awareness of the presence of and the
need to protect the containment cell from damage that would reduce its effectiveness.
There is also the requirement for management measures to be in place on lands surrounding the containment
cell which further restrict the potential soil and groundwater exposure pathways to human-health receptors
(Section 7.0).
The specific objectives of the LTEMP are to:



Create an awareness and understanding of the presence of a containment cell (Section 4.0) on the site
and the nature of the material inside and immediately outside the containment cell (Section 3.0);



Maintain the integrity of the containment cell, through specifying the Management (Section 0) and
Inspection & Maintenance (Section 6.0) requirements and defining the responsibilities for the
implementation of these requirements;



Ensure future uses of the containment cell area are compatible with its contamination status and the
design/construction of the containment cell (Section 5.2); and



Define the ongoing Monitoring (Section 8.0) requirements to allow confirmation of the long-term
functionality of the containment cell.

1
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SITE LOCATION AND IDENTIFICATION
Location and Identification

The site’s main entrance is at 15 Greenleaf Road, Kooragang Island, NSW. The site is described as Lot 2 and
Lot 3 in Deposited Plan 234288. The site covers an area of approximately 22 hectares, and is located on the
south eastern peninsula of Kooragang Island at the confluence of the North and South Arms of the Hunter
River (Figure 1).

2.2

Site Setting

A detailed description of the site land use, surrounding areas, history of use and geology and hydrogeology is
provided in the Conceptual Site Model (CSM) (Golder, 2013). A brief summary is provided below, however, if
further detail is required the CSM should be referred to.
Kooragang Island was originally a series of smaller islands which formed part of the Hunter River Delta. The
southern portion of Kooragang Island was subsequently reclaimed1 in the late 1950s and early 1960s from the
original landform of a series of tidal mud flats using dredged sand from the Hunter River. Since the
reclamation, the southern portion of Kooragang Island, including the area occupied by the site, has been
developed for heavy industrial use, including port facilities, chemical manufacturing and storage, waste
recycling and hazardous waste treatment.
The Orica site is used for the manufacturing of ammonia and nitric acid as intermediate products in the
production of ammonium nitrate for use in the mining sector.
The southern portion of Kooragang Island, including the Orica site, is zoned ‘Special Activities’ under the New
South Wales State Environmental Planning Policy (Major Projects) Amendment (Three Ports) 2009 under the
Environmental Planning and Assessment Act 1979. The objective of this zoning is to facilitate development to
maximise use of the port facility, particularly special land uses that are not allowed for in other zones as well
as ensuring separation from residential areas and other sensitive land uses.

2.3

Geological Profile

A detailed summary of the inferred site hydrostratigraphy is reported in Module D of Golder (2016b). The site
is underlain by appreciable thicknesses of sedimentary materials overlying bedrock at approximately 35 to 40
m below ground surface. Detailed investigations have allowed the unconsolidated materials to be divided into
hydrostratigraphic ‘units’ which exhibit common hydrogeological characteristics.








1

Unit 1: Fill and Reclaimed sands;
Unit 2: Estuarine silt and clay;
Unit 3: Alluvial sand;
Unit 4: Coarse fluvial sand;
Deeper sands and clays; and
Permian Bedrock.

Based on review of available historical aerial photographs
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CONTAMINANT HISTORY AND REMEDIATION

A summary of arsenic contamination associated with the former sludge disposal pit is presented in the CSM
(Golder, 2013). Provided below is a summary of arsenic contamination in the area to which the MO applies. In
general this contamination is located in an approximately 4,000 m2 area in the north-western portion of the
Orica site, bounded to the north by the Incitec Pivot Limited site and to the west by the East Coast Cement Pty
Ltd site (Figure 1).

3.1

Former Sludge Disposal Pit

The former sludge disposal pit (Figure 2) was used for the disposal of solids and liquid arsenic wastes from
the Vetrocoke process used at the Ammonia Plant from late 1960s to 1994.
Although the primary source of contamination has been removed (ceased disposal), residual arsenic sorbed
to soils beneath the former pit and in the surrounding subsurface represent an ongoing source of arsenic to
groundwater.

3.2

Soil Contamination

Beneath the remediated extent of the former pit on site, residual arsenic soil concentrations average
170 mg/kg, 540 mg/kg and 130 mg/kg in geological units beneath the former pit (Units 1, 2 and 3),
respectively. Maximum arsenic concentrations reported are of the order of 1,900 mg/kg.
The estimated mass of arsenic in soil on site is 8,200 kg (Appendix A of Orica, 2013).
Further investigations were completed as part of the remediation design in part to define the lateral and
vertical extents of arsenic contamination (Golder, 2016b). The extent of identified arsenic contamination based
on soil and groundwater data collected from the remediation investigation and previous investigation was
defined as an area of approximately 55 m (north-south) by 75 m (east-west). The vertical extent of arsenic
contamination was approximately 8 m below ground level (bgl).

3.3

Groundwater Contamination

Dissolved arsenic in groundwater was present below and down-gradient (west-northwest) of the former sludge
disposal pit. Concentrations of arsenic in groundwater on site have ranged between 15 mg/L and 85 mg/L,
with concentrations decreasing since the remediation of the former disposal pit in 2005 (Section 3.4).
The highest dissolved arsenic concentrations occur between 3 and 7 m bgl. At depths greater than
approximately 8 m bgl, dissolved arsenic concentrations are much lower (<1 mg/L).
The predominant arsenic species in groundwater is As (III) (arsenite) with a minor portion as As(V) (arsenate),
which is consistent with the original arsenic source (arsenic trioxide) and the groundwater geochemistry
(mildly reducing). Both As(III) and As(V) are inferred to be present predominantly as oxyanions (including their
hydrogen substituted forms) in groundwater (Golder, 2013).
A fate and transport review indicated that arsenic, either released from arsenic trioxide solution during
operation of the sludge disposal pit or as a result of the subsequent leaching of arsenic from the contaminated
soils below the pit, has entered into the vadose zone below the former pit and then the saturated zone
(groundwater). Dissolved arsenic then migrated with the groundwater flow. Arsenic has adsorbed to aquifer
materials along the flow path until the attenuation capacity of the aquifer is exceeded such that the arsenic
plume has migrated more slowly than the groundwater flow. Investigations have confirmed that the
predominant process attenuating arsenic in the aquifer is adsorption onto naturally-occurring iron minerals
(particularly hydrous ferric (oxy) hydroxides (HFO)) (Golder, 2013).

3
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Previous Remediation

Removal of a secondary source of contamination occurred in 2005 with the remediation of contaminated soil
beneath the former pit (to the depth of the groundwater table), the bund walls and soil surrounding the pit by
excavation, treatment and off-site disposal. Remediation works completed were reported in Excavation and
Remediation of Soil near the Former Arsenic Sludge Pit (URS, 2005).
An In-situ Geochemical Fixation (IGF) field trial was conducted in 2011 at the former sludge pit area, which
involved the injection of two iron based reagents (iron-chloride and zero-valent iron) into the aquifer system.
The addition of these reagents may have reduced the volume of mobile arsenic in the system.

4
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REMEDIATION - CONTAINMENT CELL
Containment Cell Configuration

In accordance with the RAP and the Development Consent, a cap and containment remediation system,
comprising a cut-off wall and integrated capping system, has been constructed at the site. The purpose of the
cap and containment system was to enclose the on-site contamination by preventing the flow of groundwater
through the arsenic contaminated soil in the on-site source area with a cut-off wall and a surface cap to
reduce infiltration of rainfall. The cap and containment approach provides isolation of arsenic contaminated
soils located on the Orica site and prevents, to the extent practicable, the further off-site migration of arsenic in
groundwater.
The design for the construction of the containment cell was defined in the following specifications:



Reference Specification. Orica Kooragang Island: Arsenic Management Order – Cut-Off Wall
Construction by Soil-Bentonite Method. Revision 4 (Golder, 2018a); and



Capping System Technical Specification. Orica Kooragang Island- Arsenic Remediation Project.
Revision 7 (Golder, 2019a).

In summary the key components of the containment cell are described below.

Cut-off Wall
The cut-off wall comprised the following:



Wall Alignment: approximately 75 m by 50 m, Figure 2.



Wall Depth: 12 m below ground level. ‘Hanging wall’ installed into Unit 3, however, not ‘keyed’ into a
specific aquitard.



Wall composition: Soil bentonite, with a stabilised concrete cap.



Wall Thickness: Minimum of 0.8 m



Permeability: Maximum 1 x 10-9 m/s.

Capping System
The capping system is integrated into the wall, with the high density polyethylene (HDPE) and geocomposite
clay liner (GCL) layers connected to an anchor trench on the outer edge of the cut-off wall. The capping
system comprises the following:



Infiltration: Less than 1 % of total annual rainfall;



Landform: Minimum 2 % (1-in-50) slope, to promote run-off and prevent surface water run-on to cap;



Composite liner, comprising (bottom to top):

▪ Bearing layer: formed by selected on-site materials to provide support for the geosynthetic liner
system.

▪ GCL: placing the GCL underneath the HDPE geomembrane to minimise leakage through any defects
in the geomembrane.

▪ HDPE: the primary liner layer.
▪ Subsurface Drainage: a layer of drainage sand and drainage pipes at maximum 25 m intervals to
significantly reduce infiltration through the liner.

5
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▪ Separation Geotextile Layer: to prevent fines entering the subsurface drainage layer.
▪ Surface Layer: 400 mm thickness of revegetation soil and grass.



Surface water from the cap are directed via the drainage pipes to an infiltration pit located to the southwest of the containment cell.

The verification of the construction of the containment cell has been achieved through the construction quality
assurance (CQA) programs completed for the cut-off wall and capping system respectively. CQA reports were
prepared for both the cut-off wall and capping system components and are included in the Remediation
Validation Report (RVR) (Golder, 2019b). The final survey drawings showing the cut-off wall location and the
final height of the capping system are presented in Appendix A.

4.2

Validation of Containment Cell Construction

The validation of the construction of the cap and containment remediation system is detailed in the RVR
(Golder, 2019b). The RVR includes:



Confirmation that the containment cell (cut-off wall and capping system) has been constructed in
accordance with the reference specifications. The RVR includes the construction quality control (CQC)
reports prepared by the Contractors for the cut-off wall and capping system, as well as the corresponding
construction quality assurance (CQA) reports providing assurance of the construction processes.



Confirmation that a network of paired groundwater monitoring wells has been installed inside and outside
the containment cell to facilitate post-remediation hydraulic monitoring to evaluate the performance of the
containment cell.



Initial hydraulic data and associated interpretation of hydraulic effects recorded in response to the
construction of the containment cell as described in Section 4.3.

4.3

Hydraulic Validation

The RAP (Golder, 2016a) considered multiple lines of evidence to assess the efficacy of the hydraulic
segregation of the contaminant source because of the construction of the containment cell. The ‘weight of
evidence’ approach considers a holistic assessment of hydraulic effects observed at the monitoring points in
assessing the containment cell performance.
Identified hydraulic effects included:



The detection of responses to rainfall events in the external wells, but were less prevalent in the data
collected from inside the wall.



A flattening of the groundwater table(s) inside the cell relative to external conditions.



An increase in the external hydraulic gradient across the cell (in the direction of groundwater flow),
and/or potential increase in gradients around the perimeter of the cell.

An assessment of the hydraulic performance is presented within the RVR. Section 8.0 of this LTEMP defines
the monitoring and assessment that will be undertaken to evaluate the ongoing effectiveness of the hydraulic
segregation.

6
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MANAGEMENT REQUIREMENTS
Responsibility

The overall responsibility for implementing and/or ensuring the implementation of the environmental control
measures, including Management, Inspection, Maintenance and Monitoring Requirements detailed in this
LTEMP lies with the Site Owner. The current Site Owner is Orica Australia Pty Ltd. Specifically, the Orica
Manufacturing Centre Manager (or delegate) will be responsible for this.

5.1.1

Manufacturing Centre Manager

The Manufacturing Centre Manager is responsible for ensuring adequate resources are available to fully
implement the LTEMP and manage the containment cell.

5.1.2

Senior Safety, Health, Environment and Security Manager

For the purposes of this document, the Senior Safety, Health, Environment and Security (SHES) Manager, or
their delegate, shall be considered to be the party responsible for overseeing the day-to-day management of
this LTEMP. It is the Senior SHES Manager's responsibility to:






Ensure that site works are undertaken in accordance with this LTEMP;



Ensure that the requirements of the LTEMP are understood and implemented and systems maintained to
ensure compliance with the requirements;



Ensure that the required parties such as Workers, Environmental Consultants or the Site Auditor are
engaged to implement the requirements of the LTEMP and are inducted as to its requirements;



Manage the implementation of any recommendations made by those parties in relation to work
undertaken in accordance with this LTEMP;



Inform the site owners of any non-conformances with the procedures and requirements of this LTEMP;
and



Notify NSW EPA when the integrity of the containment cell is considered to have been compromised.

Ensure site inspections are undertaken as required under the LTEMP;
Maintain site records related to implementation of this LTEMP;
Ensure that access to the groundwater monitoring wells is maintained and ensure that monitoring wells
and extraction wells are retained in a serviceable state;

5.1.3

Site Workers

All workers who are required to work within the boundary of the containment cell area undertaking postconstruction maintenance or any other activity that may affect the integrity of the containment cell must be
aware of the risks and obligations indicated in the LTEMP.
The relevant controls identified in the LTEMP must be referenced as part of the containment cell area specific
inductions so all workers who are entering the containment cell area are aware of the restrictions on activities
within the containment cell area, the risks involved, the controls to be implemented to manage the risk and the
requirements for reporting of any breaches of the relevant control in the LTEMP.
Where work is proposed to be undertaken within the containment cell area it can only be undertaken after
approval by the Senior SHES Manager or delegate and using Orica’s safe systems of work.

7
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Environmental Consultant

Environmental monitoring, response to issues, and review and reporting activities must be conducted by a
suitably trained and qualified environmental consultant. When appointed to undertake works in accordance
with this LTEMP, it is the Environmental Consultant's responsibility to:



Plan, conduct and report on the specific environmental monitoring aspects to the LTEMP in accordance
with referenced guidance;



Make sound environmental recommendations for action arising from the monitoring as required; and



Notify the Senior SHES Manager or delegate if unexpected findings are noted.

The NSW EPA requires that reports submitted to the EPA to comply with the requirements of the
Contaminated Land Management Act 1997 (CLM Act) need to be prepared by, or reviewed and approved by,
a consultant certified under either the Environment Institute of Australia and New Zealand’s Certified
Environmental Practitioner (Site Contamination) (CEnvP SC)) scheme or the Soil Science Australia Certified
Professional Soil Scientist Contaminated Site Assessment and Management (CPSS CSAM) scheme. The
requirement includes reports associated with a preliminary investigation order, management order, voluntary
management proposal or ongoing maintenance order. As the Site is currently regulated by the NSW EPA
under a MO (Order No. 20181401), the reporting requirements discussed above shall be met through the use
of a certified consultant.

5.1.5

Site Auditor

The role of the Site Auditor is to:



Approve this LTEMP;



Prepare a Site Audit Statement (SAS) and associated Site Audit Report (SAR) in accordance with the
requirements under the CLM Act and based on the contents of the LTEMP and other relevant Site
investigation / remediation reports to confirm the suitability of the site for the current
commercial/industrial land use;



When requested, assess the data and associated recommendations provided by the Environmental
Consultant to identify whether the LTEMP has been adhered to; and



Review any notifications made in relation to relevant non-compliances with the LTEMP from the
appointed Senior SHES Manager as required.

5.2

Limitations to Containment Cell Area Use

Activities that can be undertaken within the containment cell area are restricted via security and access
arrangements. The containment cell is fenced to prevent vehicular access, other than via a gated vehicle
access ramp. The keys to the vehicle access ramp gate are held by Orica Security, and are only issued on
approval of the relevant member of the Safety, Health, Environment and Community (SHEC) team. The
internal perimeter fence has been also been signposted to provide the contact details for access, and advisory
information on the restricted nature of any access, including the prohibition access by vehicles greater than 2
tonnes, no excavation and no storage of materials. These requirements have also been communicated via
internal newsletters.
In line with the construction of the containment cell, the following limitations apply to future uses of the area
of the containment cell and associated infiltration pit.



No access by vehicles greater than 2 tonnes (ie. standard ute).
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No storage of chemicals of any type.



No excavation within the containment cell (without approval from the Senior SHES Manager – see
Section 5.3)



No excavation outside the containment cell within the off-set (hatched area on Figure 2) from the
containment wall to the outer edge of the surface drain. If deep excavations are planned to be
undertaken in the general proximity of the containment cell (either on the Orica site or on adjacent land)
a Geotechnical Consultant will need to be engaged to ensure excavation are undertaken in a manner
that will not affect the integrity of the cut-off wall.



No use of the containment cell area as a lay-down area (without permission of the Senior SHES
Manager). Weight loads of any equipment and vehicles used to move it will need to be considered.

Activities able to be undertaken following completion of the induction to the containment cell area include
groundwater monitoring, maintenance of the groundcover (e.g. mowing) and inspections.

5.3

Excavation within Containment Cell

Excavation within the containment cell should only be undertaken if unavoidable.
Based on the location and the planned use, it is considered highly unlikely that excavation of the containment
cell would be required, other than for maintenance/repair of the capping layer. It is imperative that any
excavations or penetrations of the capping layer be reinstated in a manner that maintains the continued
functionality and integrity of the capping layer. Therefore, all such work should be performed under the
supervision of an environmental consultant to the satisfaction of the Senior SHES Manager.
As a guide the following should be considered and implemented as part of any excavation of the containment
cell capping system:



Works should be scheduled to minimise the potential for wet weather whilst the excavation is open;



The excavation location shall be set out prior to commencement and the location inspected by the Senior
SHES Manager to confirm that it is more than 1.5 m from the closest edge of the cut-off wall. For
excavations undertaken below the “top of wall” height that are closer than 1.5 m from the cut-off wall or a
distance from the wall closer than the proposed excavation depth, an Environmental
Consultant/Geotechnical Engineer must be consulted to advise on measures to protect the integrity of
the cut-off wall;



The area of excavation shall be set out providing an additional perimeter of at least 300 mm wide around
all sides of the excavation;



Ensure sufficient GCL is available to cover the area marked out above. If sufficient GCL is not available
on Site, it will be necessary to source the GCL from an external source. The GCL should meet the
minimum requirements of the Capping System Technical Specification (Section 4.1) unless agreed with
an Environmental Consultant/Geotechnical Engineer;



Excavation shall then be undertaken to expose the GCL and other geosynthetic cap components. The
materials comprising the Capping Layer should be placed in a separate stockpile to the other excavated
material;



Each geosynthetic component (HDPE) shall be cut to within the 300 mm perimeter zone and carefully
pulled back to expose the underlying soil;



As far as possible the geosynthetic components will be kept clean and dry during the works;
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Excavations should be kept as shallow as practicable;



Soil excavated from beneath the cap should be placed onto a sheet of builder’s plastic laid down beside
the excavation, or an appropriately lined skip bin;



Excavations should be left open for the minimum possible length of time;



Soil generated from the excavations should be placed back into the hole in approximately the same order
that it was excavated. i.e. deep soil should be placed back into the hole at depth etc.



Replace GCL layer;



Replace and weld HDPE back into its original position (to meet the requirements of the technical
specification). An additional patch of GCL may be required to be placed over the entire excavated area
with a minimum 300 mm overlap over the perimeter exposed GCL;



The protection geotextile shall be placed over the HDPE patch and supplemented with additional
protection geotextile as needed;



Original surface slopes (in accordance with technical specification) should be re-instated, and the surface
re-vegetated;



Excess soil for off-site disposal shall be handled in accordance with the NSW EPA Waste Classification
Guidelines (NSW EPA, 2014); and



The excavation and repair of the cap shall be recorded by the Environmental Consultant by photographic
means and written observations and the records maintained in accordance with this Section 6.3.
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INSPECTIONS AND MAINTENANCE

Regular visual inspections and maintenance of the containment cell are required to be performed to ensure
the integrity of the containment cell is maintained. Also, due care must be taken when performing
maintenance at the Site that may breach the integrity of the containment cell.

6.1

Inspections

Post construction surface levels and finishes must be maintained into the future. To confirm that the surface is
maintained quarterly inspections of the containment cell surface are to be undertaken to ensure the capping
system remains in a sound working condition. Additional inspections should be undertaken following period
of heavy or prolonged rain. Inspections are to include the following:



Vegetation layer in good condition across the cap.



Evidence of damage to the capping due to trafficking or activities undertaken on the cap.



Evidence of erosion or cracking of the cap from excessive surface water runoff/weather.



Evidence of vermin excavation within the cap.



Presence of weeds or plants growing on the cap, where plant roots may damage the surface or subsurface layers of the cap.



Surface and subsurface drains, particularly outlet pipes and infiltration pit for evidence of silting,
obstruction or overflow (where possible).



Groundwater monitoring wells are in good condition.



Tracking of use of the containment area.



Fence of the containment area is in sound condition, i.e. preventing enter by vermin (rabbits etc).

Further information on these inspections is presented in the following sub-sections. Copies of pro-forma Site
Inspection Record Sheet is provided as Appendix B.
If evidence of damage or potential for future damage is identified, then maintenance of the capping system
must be undertaken to repair and/or prevent further damage. Refer to Sections 5.3 and 6.2 for further
information on Excavation within Containment Cell and Maintenance requirements.

6.2

Maintenance

Regular maintenance will be required to be conducted on the containment cell cap and associated drainage
system to ensure the cap is functioning as per the design. Managing access to the cap will limit the amount of
maintenance that is required. The inspection program identified in Section 6.1 will ensure early identification
of potential maintenance requirements.
Provided below is a summary of potential maintenance that may be required, however, given the longevity of
the contaminant system, maintenance requirement may extend beyond the items listed in Table 1
Table 1: Maintenance Requirements

Item

Frequency

Action Required

Vegetation cover maintenance

Routinely
(seasonal)

Mowing of grass vegetation cover across the cap

11

05 May 2020

1810662-019-R-Rev1

Item

Frequency

Action Required

Bare patches in vegetation cover

As required

Address soil chemical and physical properties if
required. Re-sow vegetation.

Weeds and pests

As required

Removal of deep rooted plants.

Damage to surface layer
(erosion gullies or wheel ruts
greater than 150 mm)

As required

Re-surface area to ensure surface drainage (no
ponding) is maintained using imported or site soil to
match vegetation layer requirements. Slope to match
design requirement. Re-vegetate as required.

Vermin damage

As required

Re-instate vegetation layer and vegetation. Consider
control measures to eradicate vermin causing the
damage.

Drainage System

As required

Maintenance of subsurface drainage system if
blockages are identified (e.g. vegetation growth or
sediment). These are likely to be in the outlet pipes
from the capping layer and on pipework leading to
the infiltration pit.
Maintenance of surface drainage lines if obstructions
are identified (e.g. removal of obstruction).

Infiltration pit

As required

Removal of silt/sediment or other blockages

Groundwater Monitoring Network

As required

Maintenance of above ground well heads, if
damaged.
Redevelopment of wells may be required depending
on future long-term ingress of sediment.

6.3

Record Keeping

Records of inspection and maintenance works completed on the containment cell area are to be maintained
within the Orica Management Systems (inspections are currently recorded in Enablon, and any maintenance,
e.g. lawn mowing, would be recorded via SAP). Quarterly inspection records and any associated
maintenance, should include:



Detailed description of the action required.



What was undertaken.



Who completed the maintenance.



Additional actions require to prevent re-occurrence.
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MANAGEMENT OF CONTAMINATION OUTSIDE CONTAINMENT
CELL

An Offsite Arsenic Environmental Management Plan (EMP) has been in place since 2006 to provide a
framework to minimise risks to either human health or the environment from the arsenic soil and groundwater
contamination associated with the former sludge disposal pit (Golder, 2015). The EMP managed arsenic
contamination both on the Orica site and down-gradient of the site. Post remediation, (i.e. construction of the
containment cell), such management will still be required to minimise risks in the area down-gradient of the
Orica site associated with the residual arsenic groundwater contamination.
Specifically, these management requirements apply to neighbouring land located to the west, down-gradient,
of the north-western corner of the Orica facility, which is potentially affected by arsenic in the soil and
groundwater (the “contamination”). The Offsite Arsenic EMP should be read and understood by off-site
stakeholders, but in summary includes:



Objectives: Inform stakeholders of the presence, nature and extent of arsenic contamination, procedures
to minimise exposure, as well as requirements for considering and management of excavation as well as
above ground development.



Remediation Activities: Provides a summary of remediation activities completed on the Orica site to
reduce the presence and/or future migration of arsenic contamination.



Arsenic Contamination: Provides a summary of the extent and nature of the identified arsenic
contamination in soil and groundwater present in the area to which the Offsite Arsenic EMP applies.



Management of Intrusive Works: Describes the process to be considered prior to undertaking intrusive
works in the areas to which the Offsite Arsenic EMP applies. This includes identification of potential
exposure pathways, considerations for intrusive excavations and managing spoil and/or groundwater
associated with excavations/dewatering.



Planning/Management of Above Ground Developments: Provides an understanding of issues associated
with the presence of arsenic in the sub-surface that shall be considered when planning / managing above
ground developments.



Responsibilities for Implementation for the EMP: Provides guidance for the responsibilities for the
implementation of the EMP including Orica and off-site Stakeholders.

The EMP (Revision 5) has been updated to reflect the construction of the containment cell and management
requirements associated with work adjacent to the cell, as well as considerations for managing intrusive
works, planning and management of above ground developments, as well as outlining responsibilities for
implement these controls in the Affected Area (See Figure 2 of EMP, Appendix B). It is noted that all land in
the Affected Area is owned by an identified stakeholder, i.e. Heron Road is owned and administered by Port of
Newcastle. The EMP is presented in Appendix C.
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GROUNDWATER MONITORING PLAN

The key purpose of the monitoring requirements of the Groundwater Monitoring Plan (GMP) is to demonstrate
that the containment cell is performing as per the design and achieving the Remediation Objective of
segregating the residual source of arsenic from the surrounding groundwater system by significantly reducing
the flux of groundwater through the hydraulically isolated arsenic contamination. Reducing the groundwater
flux through the source area is intended to reduce the contaminant mass flux of arsenic migrating off site. By
achieving this Remediation Objective, the MO requirement of preventing further offsite migration of arsenic in
groundwater will be considered to have been met.
The objectives of the post validation GMP are to:



Assess hydraulic performance of the containment cell in accordance with the requirements of the
Remediation Validation Report.



Assess the long-term changes in the groundwater flow regime and arsenic distribution in groundwater
down-gradient of the containment cell.

It is noted that the frequency of monitoring events and review of data will be higher at the commencement of
the post-remediation monitoring, as data is collected to provide confidence in the performance of the
containment cell. It is anticipated that the monitoring requirements will be progressively reduced over time
from the monitoring requirements nominated in this revision (Revision 1) of the LTEMP as the performance of
the cell is established. Subsequent revision of the LTEMP will occur as the program is reviewed.
The LTEMP monitoring requirements will replace the groundwater monitoring program (GMP) (Golder,
2018c), that has been implemented at the site in accordance with the MO, prior to and during remediation.
The purpose of the pre-remediation GMP was enable understanding of the long-term trends of arsenic. and
provide confidence that changes in arsenic concentrations would not result in an increased risk to receptors.
The Sampling, Analysis and Quality Plan (SAQP) for the LTEMP is presented in Appendix D. The SAQP
provides the detailed guidance of the procedures for the collecting hydraulic and chemical data that will be
utilised to document the on-going performance of the containment cell.

8.1

Groundwater Network

8.1.1

Containment Cell Wells

The groundwater network associated with the containment cell is a series of nested well suites at strategic
locations on either side of the completed cut-off wall, such that the internal and external ‘piezometric’ water
levels can be compared.
The containment cell monitoring well network is shown in Figure 3. It comprises three sets of paired
monitoring wells (a total of six nested well suites) located around the cut-off wall alignment. The selection of
locations is constrained by the site characteristics and design features of the cell, however the well locations
best placed to observe the expected effects of design implementation, are nominated below:



Western boundary, near the north-western corner of the containment cell, down-gradient.



Southern Boundary, cross-gradient.



Eastern boundary, up-gradient.

At each of the well suite locations, three separate piezometers installed to target Units 1, 2 and 3. This is
considered to be an appropriate level of assessment and also reflects the considerations presented in the
groundwater model, which advocated such an approach. An additional well has been installed in the
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unsaturated zone to allow assessment of barometric pressure within the containment cell and allow
‘normalisation’ of the internal water level data, if required.

8.1.2

Surrounding Groundwater Monitoring Network

There is a network of groundwater monitoring wells located in the vicinity of the containment cell, primarily
down-gradient, to assess and monitoring the nature and extent of arsenic contamination. These monitoring
wells are shown on Figure 3.

8.2

Hydraulic Performance Assessment

8.2.1

Approach

The ongoing hydraulic performance, post validation, will continue to be assessment to confirm the on-going
performance of the containment cell. The evaluation of the hydraulic performance will be based on the
outcomes of the validation, however, are considered to include the same potential hydraulic effects as outlined
in Section 4.3.

8.2.2

Hydraulic Monitoring Program

The hydraulic monitoring program for this revision (Revision 1) of the LTEMP is based on the monitoring
completed for the first 6 months post completion of the containment cell. The hydraulic monitoring (Revision 1)
is presented in Table A, with sample locations presented in Figure 3. Detailed in Table A are the specific well
locations and an indication of whether the groundwater elevation will be measured by manual gauging or
continuously using down-hole water level loggers. Logged groundwater elevations will be compensated for the
influence of localised atmospheric pressure variation through the collection of barometric pressure data from a
barologger installed into a dedicated well (above the groundwater table) within the containment cell.
The gauging and water logger deployment and downloading are described in Appendix D.
Revision 1 of the hydraulic monitoring requirements (six months post completion of the containment cell) will
include:



Quarterly downloading of the data loggers. Data loggers will be programmed to collect water level data at
2 hourly intervals.



Instantaneous measurements using a dip-meter will also be recorded during each quarterly download
event to allow continuous calibration and checking of the data logger outputs.

The ongoing deployment of the data loggers and water level logging will be an ongoing component of the
monitoring requirements.

8.3
8.3.1

Chemical Monitoring
Approach

Groundwater monitoring to assess arsenic concentrations in groundwater will be undertaken as a ‘secondary
line of evidence’ to provide long-term understanding that the further offsite migration of arsenic in groundwater
has been prevented to the extent practicable.
Chemical analysis of groundwater will be undertaken at a reduced frequency compared to hydraulic
monitoring. The results of chemical analysis will be used to assess long-term trends, over decades, to provide
confidence of stable or decreasing trends on arsenic concentrations. Post remediation groundwater results will
be compared to historic data collected as part of the previous Groundwater Monitoring Program undertaken
prior to the remediation.
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Arsenic Groundwater Monitoring Program

The groundwater monitoring program (Arsenic GMP) for the two years of monitoring post completion of the
containment cell is presented in Table A, with sample locations presented in Figure 3. Detailed in Table A
are the specific locations identification, groundwater sample depths, analytical suite and frequency of
monitoring for each well. The sampling and analytical methods are described in Appendix D.
Chemical monitoring is to be undertaken on an annual basis for the initial period of monitoring. The first
monitoring event was undertaken 6 months post completion of the containment cell.

8.4

Reporting

Reporting of the Arsenic GMP monitoring is to be undertaken on an annual basis for the first 2 rounds of
chemical monitoring (i.e. 18 months) The annual report will include the following:



Preparation of hydrographs to illustrate the comparative hydraulic responses of each well pair to external
influences and the effect of the containment cell.



Preparation of figures showing groundwater elevations/potentiometric surface and groundwater flow lines
for average water levels within and surrounding the containment cell.



Consideration of the hydraulic response using the ‘weight of evidence’ approach as outlined in Section
8.2.1, and envisaged hydraulic responses outlined within the RAP (Golder, 2016a) and the initial
responses presented in Section 9.4 of the RVR (Golder, 2019b) and an assessment on the above basis
of whether the containment cell is performing in accordance with design expectations (ie. the relevant
predictions in the EIS/RAP)..



Tabulation of chemical data, including data validation, and comparison to historic monitoring data (noting
that changes in arsenic concentrations are considered to be a long-term response to the construction of
the containment cell).



Recommendations for the revised hydraulic and chemical monitoring program for the next 2 years of
implementation.

The results of the Arsenic GMP are to be provided to Orica within 6 weeks of completion of sampling, and to
EPA within 8 weeks. An annual summary report of the results of the hydraulic and chemical sampling is to be
provided to Orica within 8 weeks and the EPA within twelve weeks of completion of the annual sampling
round.
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REVIEW OF LTEMP

The LTEMP will remain in place indefinitely with respect to the requirement for the management, inspection
and maintenance aspects associated with the containment cell. Should the site be redeveloped in the future,
the need or otherwise for this LTEMP or a revised LTEMP to be implemented will depend on the type of
remediation undertaken at the site and the type of development undertaken.
It is envisaged that the LTEMP will be reviewed and revised on a periodic basis, with a review every two years
as a minimum, based on outcomes from the inspection/maintenance programs and monitoring results.
Recommended changes to the GMP will be subject to EPA approval.
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DOCUMENT CONTROL

The LTEMP will be a Controlled Document and management of the document will be undertaken within the
Orica Kooragang Island document management system. The document management system is an electronic
system that provides an individual document number for the document, has revision management and has a
process for reminders to review the document.
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LIMITATIONS

This document is subject to the limitations stated in Appendix E.
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Tables

Table A: Long‐Term Environmental management Plan ‐ Groundwater Monitoring Program (Revision 1_2020), Arsenic MO
Orica Kooragang Island
Area of Site

Containment Cell
Wells

On‐site

Off‐site (Inictec
Pivot)

Off‐site (East Coast
Cement)

Off‐site (Newcastle
Port Corporation)

Hydraulic Monitoring

Well ID

MWCC01‐3IN
MWCC01‐6IN
MWCC01‐9IN
MWCC01‐3OUT
MWCC01‐6OUT
MWCC01‐9OUT
MWCC02‐3IN
MWCC02‐6IN
MWCC02‐9IN
MWCC02‐3OUT
MWCC02‐6OUT
MWCC02‐9OUT
MWCC03‐3IN
MWCC03‐6IN
MWCC03‐9IN
MWCC03‐3OUT
MWCC03‐6OUT
MWCC03‐9OUT
MWCC03‐Baro
MW48A‐4
MW48A‐6
MW21A
MW50
MW54
BP5‐3
BP5‐6
BP5‐9
BP7‐3
BP7‐6
BP7‐9A
GWW01S
GWW01I
GWW01D
GWW02S
GWW02I
GWW02D
GWW03S
GWW03I
GWW03D
POMW7
POMW60‐3
POMW60‐6
POMW60‐9
POMW60‐12
POMW62‐6
POMW63‐3
POMW63‐6
POMW63‐9
POMW63‐12

SWL

Data‐logger

Q
Q
Q
Q
Q
Q
Q
Q
Q
Q
Q
Q
Q
Q
Q
Q
Q
Q

Q
Q
Q
Q
Q
Q
Q
Q
Q
Q
Q
Q
Q
Q
Q
Q
Q
Q

Chemical Monitoring

Barometric G/W Parameter
Dissolved Arsenic Rationale / Comments
logger
(field)
A
A
A

A
A
A

A
A
A

A
A
A
(Baseline)
(Baseline)
(Baseline)
A
A
A
(Baseline)
(Baseline)
(Baseline)
A
A
A
(Baseline)
(Baseline)
(Baseline)

Q
Q
Q
Q
Q
Q
Q
Q
Q
Q
Q
Q
Q
Q
Q
Q
Q
Q
Q
Q
Q
A
A
A
A
A
A
A
A
A
A

Notes:
M: Monthly
B: Bi‐annual
A: Annual
SWL: Standing Water Level (manual measurement with dipper)
S: Shallow
I: Intermediate
D: Deep
G/W Parameters: Field measurement of pH, EC, Redox potential, DO and temperature

Rationale / Comments

A

A

A
A
A
A
A
A
A
A
A

A
A
A
A
A
A
A
A
A

A
A
A
A
A
A
A
A
A
A
A
A
A
A
A
A

A
A
A
A
A
A
A
A
A
A
A
A
A
A
A
A

Eastern‐ Upgradient side of Containment Cell ‐ Inside the cell
Eastern‐ Upgradient side of Containment Cell ‐ Inside the cell
Eastern‐ Upgradient side of Containment Cell ‐ Inside the cell
Eastern‐ Upgradient side of Containment Cell ‐ Outside the cell
Eastern‐ Upgradient side of Containment Cell ‐ Outside the cell
Eastern‐ Upgradient side of Containment Cell ‐ Outside the cell
Western ‐ Down‐gradient side of Containment Cell ‐ Inside the cell
Western ‐ Down‐gradient side of Containment Cell ‐ Inside the cell
Western ‐ Down‐gradient side of Containment Cell ‐ Inside the cell
Western ‐ Down‐gradient side of Containment Cell ‐ Outside the cell
Western ‐ Down‐gradient side of Containment Cell ‐ Outside the cell
Western ‐ Down‐gradient side of Containment Cell ‐ Outside the cell
Southern ‐ Cross Gradient side of Containment Cell ‐ Inside the cell
Southern ‐ Cross Gradient side of Containment Cell ‐ Inside the cell
Southern ‐ Cross Gradient side of Containment Cell ‐ Inside the cell
Southern ‐ Cross Gradient side of Containment Cell ‐ Outside the cell
Southern ‐ Cross Gradient side of Containment Cell ‐ Outside the cell
Southern ‐ Cross Gradient side of Containment Cell ‐ Outside the cell
Southern ‐ Inside Cell ‐ Unsaturated
upgradient of the former sludge pit.
upgradient of the former sludge pit.
Downgradient of the former sludge pit.
Downgradient of the former sludge pit.
Downgradient of the former sludge pit.
Downgradient of the former sludge pit.
Downgradient of the former sludge pit.
Downgradient of the former sludge pit.
Downgradient of the former sludge pit.
Downgradient of the former sludge pit.
Downgradient of the former sludge pit.
Downgradient of the former sludge pit (well installed in June 2013).
Downgradient of the former sludge pit (well installed in June 2013).
Downgradient of the former sludge pit (well installed in June 2013).
Downgradient of the former sludge pit (well installed in June 2013).
Downgradient of the former sludge pit (well installed in June 2013).
Downgradient of the former sludge pit (well installed in June 2013).
Downgradient of the former sludge pit (well installed in June 2013).
Downgradient of the former sludge pit (well installed in June 2013).
Downgradient of the former sludge pit (well installed in June 2013).
Downgradient of the former sludge pit, adjacent to the environmental receptor.
Downgradient of the former sludge pit, adjacent to the environmental receptor.
Downgradient of the former sludge pit, adjacent to the environmental receptor.
Downgradient of the former sludge pit, adjacent to the environmental receptor.
Downgradient of the former sludge pit, adjacent to the environmental receptor.
Downgradient of the former sludge pit, adjacent to the environmental receptor.
Downgradient of the former sludge pit, adjacent to the environmental receptor.
Downgradient of the former sludge pit, adjacent to the environmental receptor.
Downgradient of the former sludge pit, adjacent to the environmental receptor.
Downgradient of the former sludge pit, adjacent to the environmental receptor.
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APPENDIX A

Final Survey Drawings
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APPENDIX B

Inspection Checklist

ORICA KOORAGANG ISLAND – CONTAINMENT CELL
INSPECTION RECORD
ORICA KOORAGANG ISLAND – CONTAINMENT CELL INSEPCTION RECORD
Date / Time of Inspection:

Reason for inspection: (Select one)

◼

Quarterly Inspection

◼

Heavy Rain

◼

Prolonged Rain

Inspection carried out by:
Record reviewed by:
Current Weather (Temp, rain):
Notable Weather since last
inspection:
Other Observations:

Inspection Details
Visual
Inspection
Task

Observations

Comments (Use site
plan to mark any
observations)

Repair or
maintenance works
require?

Photo
Number

Vegetation
condition
Walk over
inspection of
vegetative
layer and
identification of
any ground
disturbance

Damage due to
trafficking or other
activities
Erosion or cracks
Damage from
vermin
Presence of
weeds or plant
growth
Other
observations

Use of capped
area

Summary of use
of the containment
cell area

Other
Observations

1

ORICA KOORAGANG ISLAND – CONTAINMENT CELL
INSPECTION CHECKLIST

Fence

Visual
Inspection
Task

Inspection of
pipework and
drains
accessible at
the surface

Condition of fence

Observations

Comments (Use site
plan to mark any
observations)

Repair or
maintenance works
require?

Photo
Number

Sediment
Obstructions /
blockages
Other
Observations

Groundwater
Network

Well Head
condition
Well operation (to
be recorded
during monitoring
events)

Any other observations:
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INTRODUCTION

This Off-site Arsenic Environmental Management Plan (EMP) as revised in 2019, is for lands adjacent to the
north-western corner of the Orica site, at 15 Greenleaf Road, Kooragang Island (Figure 1), that is not owned
by Orica.
Specifically, the EMP applies to land located to the west (down-hydraulic gradient) of the north-western corner
of the Orica site, which is potentially affected by arsenic in the soil and groundwater (the “contamination”). The
aim of the EMP is to provide a framework to minimise risks to either human health or the environment from the
arsenic contamination. As described below, remediated land on the Orica site will be managed through a site
specific Long-Term Environmental Management Plan (LTEMP).
For the purposes of this EMP, the term “Affected Area” is used to refer to the area potentially affected by
arsenic soil and/or groundwater contamination to which this EMP applies, and is presented in Figure 2.
This is the fifth revision of the EMP and has been updated based on the current understanding of the nature
and extent of contamination present both on- and off- site. Consistent with previous versions of the EMP, it is
limited to soil and groundwater arsenic contamination underlying the Affected Area. However, in contrast to
previous Revisions, given that remediation has been completed on the Orica site (as described in Section 1.1)
and the development of a site specific LTEMP, which this EMP is an Appendix of, Revision 5 of this EMP only
address contamination on land not owned by Orica.

1.1

Background

Orica Australia Pty Ltd (Orica) has completed a remediation program at the former arsenic sludge disposal pit
in the north western portion of the site Figure 1, in accordance with the Management Order (Order No.
20181401). The remediation program involved the construction of a cap and containment system in
accordance with the Remediation Action Plan (RAP) (Golder, 2016a).
A requirement of Section 15 of the RAP was the preparation and implementation of a site specific LTEMP for
the operational phase of the remediation system. The LTEMP incorporates long-term requirements for the
ongoing monitoring, maintenance and restrictions on site activities permitted to be undertaken in the vicinity of
the containment system. This EMP has been prepared as an Appendix to the LTEMP to address residual
arsenic contamination on land down-gradient of the Orica Facility. The presentation of this EMP as a standalone document is to facilitate clear communication with adjacent land owners of the presence of arsenic
contamination, potential risk as well as management requirements associated with off-site contamination.
The scope of the EMP does not include operations on the adjacent land. It also does not address issues
relating to other potential contaminants that may or may not be present on the industrial lands of Kooragang
Island. Earlier revisions of the EMP (URS, 2006 and 2008, and Golder 2015 and 2017) are listed within the
Reference Section.

1.2

EMP Objectives

The objectives of this EMP are to:



Provide information on the nature and extent of identified contamination present off-site, as well as
remediation works associated with the management of the contamination on-site;



Identify the need for procedures to minimise exposure of workers to the contamination during intrusive
works in the affected area;




Identify the requirements associated with off-site excavations in proximity to the containment cell;
Identify the need for the excavation of spoil and the extraction of groundwater to be minimised, and
requirement for spoil and groundwater to be reinstated or disposed of appropriately;

1
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Note the requirement to assess above ground developments to ensure that the construction, or routine or
non-routine operation of the development, does not enhance the mobility of the contamination; and

 Detail the framework for document control of the EMP.
2.0 SITE SETTING
2.1
Description of Area
The Orica facility and the lands potentially affected by the contamination are located at the southern end of
Kooragang Island on Walsh Point, near the confluence of the southern and northern arms of the Hunter River
(Figure 1).
Kooragang Island was originally a series of smaller islands which formed part of the Hunter River Delta. The
developed portion of Kooragang Island was raised to a level of approximately 3 m above Australian Height
Datum (mAHD) using sand dredged from the Hunter River.
Since the reclamation of Kooragang Island the land has been used primarily for industrial purposes. This
includes chemical production, large bulky goods storage, and an extensive port system located on the southern
bank of the island accessing the south arm of the Hunter River.

2.2

Land Use

Kooragang Island is currently used for industrial purposes. Based on the Zoning ‘Special Activities’ under the
Major Development State Environmental Planning Policy (Major Projects) Amendment (Three Ports, 2009),
the existing industrial land uses and the industrial ports facility, it is considered likely that Kooragang Island,
including the portion of land covered by this EMP, will continue to be used for industrial purposes for the
foreseeable future.

2.3

Identification of Contamination

A series of investigations have been undertaken since the late 1990s at the Orica site and the surrounding
area. Based on the investigations completed, arsenic was identified in the groundwater and soil down-gradient
(towards the South Arm of the Hunter River) of a former sludge disposal pit, located near the northern
boundary of the Orica site.
In addition to the investigations some key source reduction activities associated with the former sludge
disposal pit have been completed to reduce arsenic entering the environment from Orica site (Section 4.0).

3.0
3.1

REMEDIATION ACTIVITIES
Previous Remediation

Removal of a secondary source of contamination on Orica’s site occurred in 2005 with the remediation of
contaminated soil beneath the former pit (to the depth of the groundwater table), the bund walls and soil
surrounding the pit by excavation, treatment and off-site disposal.
An In-situ Geochemical Fixation (IGF) field trial was conducted in 2011 at the former sludge pit area, which
involved the injection of two iron based reagents (iron-chloride and zero-valent iron) into the aquifer system.
The addition of these reagents may have reduced the volume of mobile arsenic in the system.

3.2

Remediation – Containment Cell

A cap and containment remediation system, comprising a cut-off wall and integrated capping system, has
been constructed at the Orica site (scheduled for completion in August 2019). The purpose of the cap and
containment system was to enclose the on-site contamination by preventing the flow of groundwater through
the arsenic contaminated soil in the on-site source area with a cut-off wall and a surface cap to reduce

2
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infiltration of rainfall. The cap and containment approach provides isolation of arsenic contaminated soils
located on the Orica site and prevents, to the extent practicable, the further off-site migration of arsenic in
groundwater. Details of the extent of the remediation system are documented within the LTEMP.

4.0

ARSENIC CONTAMINATION

A summary of arsenic contamination of the Affected Area is presented in a Conceptual Site Model (CSM)
(Golder, 2013). Provided below is a summary of arsenic contamination in the Affected Area. In general this
contamination is located in an approximately 4,000 m2 area in the north-western portion of the Orica site,
bounded to the north by the Incitec Pivot Limited site and to the west by the Vue Australia Pty Ltd site
(Figure 1).

4.1

Former Sludge Disposal Pit

The former sludge disposal pit (Figure 2) was used for the disposal of solids and liquid arsenic wastes from
the Vetrocoke process used at the Ammonia Plant from late 1960s to 1994. The pit was decommissioned and
the accumulated waste was removed for disposal or treatment in 1997.
Although the primary source of contamination has been removed (ceased disposal), residual arsenic sorbed
to soils beneath the former pit and in the surrounding subsurface represent an ongoing secondary source of
arsenic to groundwater.

4.2

Soil Contamination

The arsenic concentrations in soil discussed below should be considered in terms of human health screening
level applicable for industrial/commercial exposures. The screening level is presented as Health Investigation
Level (HILs-D) applicable to the industrial setting of the site and surrounds and is documented within the
amended National Environment Protection (Assessment of Site Contamination) Measure (amended ASC
NEPM) (NEPC 2013). The HIL-D for arsenic in soil is 3,000 mg/kg.
Soil located from ground surface level down to the groundwater table (i.e. the top 1 m) contained arsenic
concentrations generally less than 50 mg/kg.
Arsenic concentrations in the soil within the saturated zone (beneath the groundwater table) were elevated
(relative to site background concentrations) beneath the Affected Area and ranged from 100 mg/kg to 3,200
mg/kg. Two soil samples with arsenic concentrations above the HIL-D values were located on the Orica site
immediately down-gradient of the former sludge disposal pit within the area used for a field trial of in-situ
geochemical fixation. Soil arsenic concentrations are generally higher in silty sediments (referred to as Layer 2
in the CSM) located within the 3.5-5.0 metres below ground level (m bgl) interval.
Soil arsenic concentrations were generally less than 500 mg/kg beneath Heron Road (eastern side) and the
soil to the west of Heron Road contained less than 150 mg/kg arsenic. The concentrations of arsenic in the
soil adjacent to the river bank were less than 20 mg/kg.

4.3

Groundwater Contamination

Since the remediation associated with the former pit in 2005, concentrations of arsenic in groundwater in the
vicinity and down-gradient of the former pit have been decreasing or stable. Arsenic concentrations in
groundwater are typically less than 80 mg/L in the core of the off-site plume. Historically, dissolved arsenic
concentrations have ranged up to 158 mg/L.
West of Heron Road dissolved arsenic concentrations were generally less than 15 mg/L (historic maximum
concentration of 29.5 mg/L in POMW7 in July 2009) and less than 0.5 mg/L at wells (POMW58 and POMW59)
located adjacent to the Hunter River. The distribution of arsenic near the Hunter River is variable, possibly
related to variable mixing with intruded saline waters and subsurface conditions.
3
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The highest dissolved arsenic concentrations occur between 3 and 7 m below ground level (bgl). At depths
greater than approximately 8 m bgl, disolved arsenic concentrations are much lower (<1 mg/L).

The predominant arsenic species in groundwater is As(III) (arsenite) with minor portion as As(V) (arsenate),
which is consistent with the original arsenic source (arsenic trioxide) and the groundwater geochemistry
(mildly reducing).

5.0

MANAGEMENT OF INTRUSIVE WORKS

This section describes the process that should be considered prior to undertaking intrusive works in the
identified Affected Area (Figure 2). Note in particular that works undertaken in the surface soils to a depth of
between 1 to 1.5 m are unlikely to come into contact with the contamination, because the contamination is
primarily present in the groundwater zone which is below this depth. This should be considered when
assessing the intrusive works to be undertaken. As such the management of intrusive works with respect to
the contamination will generally only be required when excavating below the groundwater table. References in
the remainder of Section 5.0 do not apply to excavations above the ground water table.

5.1

Potential Exposure Pathways

Workers involved in disturbing soil or groundwater, if contaminated, could be exposed to the chemical of
concern (arsenic) by:



Direct contact through the skin (i.e. by handling the soil or groundwater without the appropriate personal
protective equipment);




Inhalation of dust generated from the soil (either during excavation, or subsequent storage or handling);




Inhalation of aerosols from groundwater spray, such as irrigation of extracted groundwater; and

Ingestion of soil or groundwater through poor hygiene practices (i.e. eating or drinking during work
activities, not washing hands before eating, etc.);

Possible secondary exposure from contaminated equipment or clothing via pathways such as those
identified above.

Planning and review of any intrusive works involving exposure and/or disturbance of soil or groundwater, and
implementation of appropriate health and safety measures, will minimise the potential for worker contact with
contaminated materials through the above listed pathways.

5.2
5.2.1

Intrusive Excavations
Excavations adjacent to the Containment Cell

Given that the northern and western extents are located adjacent to the property boundaries care must be
exhibited when undertaking off-site excavations in close proximity to the containment cell. Orica must be
notified, as detailed in the Stakeholder Communication Plan (Appendix A), to discuss the scope of works to be
undertaken. If excavations are planned to be undertaken in the general proximity of the containment cell a
Geotechnical Consultant will need to be engaged to ensure excavations are undertaken in a manner that will
not affect the integrity of the cut-off wall.

5.2.2

Excavations within the Affected Area

Prior to exposing and/or disturbing soils and/or groundwater by intrusive excavation works the following
activities should be carried out and implemented:

4
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Notify Orica as detailed in the Stakeholder Communication Plan (Appendix A), to discuss the scope of
works to be undertaken, how spoil and/or water is to be managed and the likelihood of generating excess
spoil or water;



Assess proposed works to ensure that measures are considered and implemented to minimise the
requirement to expose and/or excavate contaminated materials;




Ensure contractors/workers are aware of the potential for contaminated materials to be encountered;



Consideration of equipment used to minimise potential exposure, both in terms of minimising the
disturbance of contaminated soil or groundwater as well as minimising potential exposure to workers;





Preparation of a specific environmental protection plan including soil and water management protocols;

Preparation of a specific Health and Safety Plan for the proposed activities/works to minimise potential
exposure, including procedures, the provision of Personal Protective Equipment (PPE), site services etc.;

Preparation of a methodology for managing excavated soil and extracted groundwater; and
Contingency planning to include encountering significantly higher concentrations of arsenic than those
expected.

It is noted that information provided in this EMP, although it may be common to other tasks, is generally
limited to managing works associated with the contamination in the Affected Area. Planning and
implementation of intrusive works in this area need to consider other environmental and health and safety
risks associated with the specific task to be undertaken at that specific location.

5.2.3

Earthworks

During excavation works, care should be taken to separate the soil materials that are suspected to be
contaminated (likely to be soil located immediately above or below the groundwater table) from potentially
uncontaminated soil excavated from above the groundwater table. In addition, care should be taken (and
considered as part of the handling procedures associated with intrusive works) to minimise any dust
generation.
Excess spoil generated from intrusive works that cannot be appropriately reinstated within the original
excavation area should be assessed for off-site disposal (as described in Section 5.2.4). The responsibility for
the assessment and disposal of such material remains with the site owner, however, this should be discussed
with the Orica site.

5.2.4

Disposal of Excess Spoil

Spoil that is not returned to the original excavation, or is suspected of being contaminated, must be
appropriately managed.
This may entail assessment and classification prior to off-site disposal to a licensed landfill facility. If material
is to be disposed to landfill, the assessment and classification and subsequent disposal must be in
accordance with the applicable NSW EPA’s waste regulations and the “Waste Classification Guidelines.
Part 1: Classifying Waste” (NSW EPA, 2014). This may involve analytical testing for the site chemicals of
concern, which may include compounds other than arsenic.
Provisions for temporary storage of the excess spoil in an environmentally responsible manner prior to
disposal must be undertaken. This should include measures such as:



Placement of material on a sealed or plastic lined surface away from drainage lines, watercourses or
stormwater drains;



Construction of sediment retention features around stockpiled materials;

5
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 Covering of stockpiled materials; and
 Dust suppression.
5.3
Handling and Disposal of Groundwater
In general, based on the geology, if excavation works are required to be undertaken at depths below the
groundwater table then it is possible that dewatering will be required. However, because of the requirement to
dewater and associated shoring etc., the general engineering approaches adopted for works would generally
aim to avoid or minimise the requirement for dewatering, regardless of the presence of contamination. With
the presence of contaminated groundwater, it is highly recommended that engineering approaches for
proposed works should minimise or avoid the requirement to dewater wherever possible.
Depending on the volume of water to be extracted, the extraction rate, and the duration associated with
dewatering applications, the effects on groundwater flow can be beyond the localised area of intended
extraction. Therefore, if large scale, high intensity, or prolonged dewatering is to be undertaken within or in the
vicinity of the Affected Area consideration should be given to the effect on the migration of the contaminated
groundwater into the dewatering area and also the effects the dewatering activities might have on the
spreading of the contamination. An appropriately qualified person, such as a hydrogeologist, should be
consulted to assess if proposed dewatering activities are likely to have an effect on the Affected Area.
If contaminated groundwater is required to be extracted, the groundwater should be stored in appropriate
temporary storage facilities to allow the water to be assessed and classified prior to disposal. Disposal must
be in accordance with the NSW EPA’s waste regulations and the “Waste Classification Guidelines. Part 1:
Classifying Waste” (NSW EPA, 2014). It is noted that this would be required irrespective of the presence of
arsenic.
Dependent on the assessment of the water quality, the water may be able to be reused beneficially on-site.
Although extraction of groundwater specifically for beneficial use is unlikely given the hydrogeological setting
and general water quality (e.g. elevated total dissolved solids), and no previous precedence of groundwater
extraction for beneficial use, consideration and/or assessment should be given to minimise potential exposure
pathways.
It is noted that dewatering activities and any planned irrigation or reuse, regardless of the presence or not of
contamination, may require regulatory approval.

5.4

Below Ground Infrastructure

Planning and design of developments with below ground infrastructure should consider potential effects on
groundwater flow which may change the migration of arsenic in groundwater within the Affected Area. For
example, infrastructure below the groundwater table may act as preferential pathways along which arsenic
contamination may be able to migrate. Each specific proposed development with infrastructure below the
groundwater table within the Affected Area should be considered with respect to the most current groundwater
flow conditions available upon specific request from Orica.

6.0

PLANNING/MANAGEMENT OF ABOVE GROUND DEVELOPMENTS

Based on the understanding of geochemical processes (as detailed in the CSM, Golder 2013), the mobility of
the arsenic in the soil and groundwater may change if the geochemical conditions are altered. Thus,
development/ activities that occur in the vicinity of the Affected Area may need to be managed so that the
development does not affect the conditions of the soil or groundwater in a way that may cause the arsenic to
become more mobile.

6
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Assessment of Potential Effects on Arsenic Mobility

Developments or activities that are proposed to be undertaken in the Affected Area (Figure 2) or the general
vicinity, particularly up-gradient of the Affected Area, need to be assessed with respect to the potential effect
that they may have on the groundwater environment through either the routine or non-routine operation of the
development. Each specific proposed development should be considered with respect to the most current
groundwater conditions and arsenic geochemistry available upon specific request from Orica.
The following groundwater conditions are currently considered to be important with respect to arsenic mobility:




Groundwater pH – affects the species of iron and arsenic that control arsenic mobility; and
Groundwater redox potential – affects the species of iron and arsenic that control arsenic mobility.

Therefore, particular assessment is required for development/activities that could affect these groundwater
conditions either:
a)

Directly, for example, spills or application of acids/alkali, and thus changing the groundwater pH; or

b)

Indirectly, for example, spills/leaks of petroleum based products, or application of materials with a high
organic carbon content, that have the potential to consume dissolved oxygen and thus result in a change
in the redox potential of the groundwater.

It is noted that minor activities such as cultivation of garden beds or loss of oil from vehicles are unlikely to
cause a measurable change in the mobility of arsenic in the aquifer.

6.1.1

Timing of Assessment

The assessment of developments in the vicinity of the Affected Area should be undertaken as part of the
planning for that development or activity. This is to allow incorporation of additional precautionary measures or
changes into the design of the development, or relocation of the development if it is unsuitable for the area.
The assessment should also be undertaken for relatively short-term activities, because changes in the
subsurface conditions may take a long time to return to the current conditions.

6.1.2

Undertaking the Assessment

The assessment should be undertaken by appropriately qualified people that understand the proposed
development/activity. Assistance should be sought from an environmental consultant with an understanding of
hydrogeochemistry.
Environmental consultants can be contacted through the Australian Contaminated Land Consultants
Association. Orica can also assist with contacting an appropriate environmental consultant.
Orica should be made aware of any proposed developments in the vicinity of the Affected Area to enable the
provision of information to assist in the planning of development/activities to be undertaken above or within the
immediate vicinity of the Affected Area.

7.0
7.1

RESPONSIBILITIES FOR IMPLEMENTATION OF THE EMP
Orica’s Responsibilities

Orica will be responsible for providing this EMP and associated information to all affected Stakeholders.
Orica will also assist Stakeholders to implement the management requirements on their land, to the extent
practicable. This may include:



Provision of information required to assist with planning of proposed development or intrusive works, to
the extent that the development/activity will affect the contamination; and

7
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Assist with the process of classification and disposal of excess arsenic contaminated waste
spoil/groundwater.

Orica will also periodically, in line with the Stakeholder Communication Plan (Appendix A), update
Stakeholders, on:

 Changes to the status of the contamination present beneath Stakeholders land; and
 Changes to the Management Requirements.
7.2
Stakeholder Responsibilities
Individual Stakeholders are responsible for the implementation of the management requirements on their own
sites. The Stakeholders are also responsible for informing Orica of any development or activity within the
vicinity of the Affected Area where that development or activity has the potential to affect or be affected by the
contamination as explained in the EMP.
Notification is to be as per the Stakeholder Communication Plan set out in the Stakeholder Communication
Plan (Appendix A).

8.0
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9.0

LIMITATIONS

This document is subject to the limitations stated in Appendix B.
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APPENDIX A

Communication Plan (Orica)

General

ORICA KOORAGANG ISLAND EMP STAKEHOLDER COMMUNICATION PLAN

1

INTRODUCTION
Orica will communicate with affected stakeholders as part of the EMP so that they are aware of the nature
and extent of the contamination and actions necessary to minimise the risk of exposure to contamination for
workers (for human health) or the environment.

1.1

COMMUNICATION OBJECTIVES

The objectives for the communication of the EMP as listed below;
•

Provide information on the nature and extent of the contamination present in the affected area on
adjacent lands, to each stakeholder on a regular and timely basis

•

Provide individual information to each stakeholder about any changes to the nature and extent of
contamination identified on their particular site.

•

Outline protocols to be used by workers during any intrusive works in the affected area to minimise
exposure to the contamination.

•

Outline requirements for any future development to ensure that such developments do not adversely
affect the mobility of the contamination.

•

To regularly update stakeholders in relation to:
▪
changes to the nature or extent of identified contamination on site; and
▪
changes to the Environmental Management Plan.

•

Provide a communications mechanism for stakeholders to advise Orica of any activity on individual
sites, adjacent to or within the Affected Area which may impact the EMP or affect the nature or extent
of identified contamination.

2

STAKEHOLDERS
The indentified stakeholders for distribution of the EMP are as listed below.

2.1

LAND OWNERS AND LESSEES
•

Incitec Pivot Limited

•

Port of Newcastle

•

Kooragang Bulk Facilities Pty Ltd (K3 Berth Lessee)

•

Cement Australia Pty Ltd (K2 Berth Lessee)

•

Vue Australia Pty Ltd

•

Australian Rail Track Corporation

•

Cargill Australia Ltd (Lessee)

•

BOC Australia

•

QUBE (Lessee)
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2.2

UTILITIES

•

Hunter Water

•

Energy Australia

•

Telecommunications provider - Telstra

•

Gas provider – Jemena

2.3
•

OTHER
Environment Protection Authority
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3

STAKEHOLDER COMMUNICATIONS PLAN
Stakeholder

Timeline

Communication Medium

Materials required

All stakeholders

ongoing and
updated as
needed

Kooragang Island Website

Website to contain
• Historical background
• Facts about the nature and extent of the contamination
• Details of the EMP, including an outline of Orica and stakeholder
obligations and responsibilities in relation to the EMP
• Key contacts for further information.

All stakeholders

As required

Individual meetings, if requested, with
each stakeholder to provide an
opportunity for detailed discussion in
relation to individual concerns.

Written information pack containing:
• Background and history
• Copy of EMP, including details of the relevant communications plan
• Contact details for further information from Orica and EPA
• Individual information packs detailing monitoring undertaken on the
stakeholder’s property.

All stakeholders

Annually

Letter to all stakeholders

Letter to contain:
• The requirement for all stakeholders to implement the EMP
• Update on changes to the EMP (including re-issuing the EMP as
necessary)
• Changes to contaminants from monitoring or investigation works
undertaken
• Updates on management activities to be undertaken

• Contact details at Orica and EPA for further information
• Updated EMP as necessary.
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APPENDIX B

Important Information Relating to
this Report

General

GOLDER ASSOCIATES PTY LTD
IMPORTANT INFORMATION RELATING TO THIS REPORT

The document (“Report”) to which this page is attached and which this page forms a part of, has been issued
by Golder Associates Pty Ltd (“Golder”) subject to the important limitations and other qualifications set out below.
This Report constitutes or is part of services (“Services”) provided by Golder to its client (“Client”) under and subject
to a contract between Golder and its Client (“Contract”). The contents of this page are not intended to and do not
alter Golder’s obligations (including any limits on those obligations) to its Client under the Contract.
This Report is provided for use solely by Golder’s Client and persons acting on the Client’s behalf, such as its
professional advisers. Golder is responsible only to its Client for this Report. Golder has no responsibility to any other
person who relies or makes decisions based upon this Report or who makes any other use of this Report. Golder
accepts no responsibility for any loss or damage suffered by any person other than its Client as a result of any
reliance upon any part of this Report, decisions made based upon this Report or any other use of it.
This Report has been prepared in the context of the circumstances and purposes referred to in, or derived from,
the Contract and Golder accepts no responsibility for use of the Report, in whole or in part, in any other context
or circumstance or for any other purpose.
The scope of Golder’s Services and the period of time they relate to are determined by the Contract and are subject
to restrictions and limitations set out in the Contract. If a service or other work is not expressly referred to in
this Report, do not assume that it has been provided or performed. If a matter is not addressed in this Report,
do not assume that any determination has been made by Golder in regards to it.
At any location relevant to the Services conditions may exist which were not detected by Golder, in particular due to
the specific scope of the investigation Golder has been engaged to undertake. Conditions can only be verified at the
exact location of any tests undertaken. Variations in conditions may occur between tested locations and there may
be conditions which have not been revealed by the investigation and which have not therefore been taken into account
in this Report.
Golder accepts no responsibility for and makes no representation as to the accuracy or completeness of the
information provided to it by or on behalf of the Client or sourced from any third party. Golder has assumed that such
information is correct unless otherwise stated and no responsibility is accepted by Golder for incomplete or
inaccurate data supplied by its Client or any other person for whom Golder is not responsible. Golder has not taken
account of matters that may have existed when the Report was prepared but which were only later disclosed to
Golder.
Having regard to the matters referred to in the previous paragraphs on this page in particular, carrying out the
Services has allowed Golder to form no more than an opinion as to the actual conditions at any relevant location.
That opinion is necessarily constrained by the extent of the information collected by Golder or otherwise made
available to Golder. Further, the passage of time may affect the accuracy, applicability or usefulness of the opinions,
assessments or other information in this Report. This Report is based upon the information and other circumstances
that existed and were known to Golder when the Services were performed and this Report was prepared.
Golder has not considered the effect of any possible future developments including physical changes to any
relevant location or changes to any laws or regulations relevant to such location.
Where permitted by the Contract, Golder may have retained subconsultants affiliated with Golder to provide some
or all of the Services. However, it is Golder which remains solely responsible for the Services and there is no
legal recourse against any of Golder’s affiliated companies or the employees, officers or directors of any of them.
By date, or revision, the Report supersedes any prior report or other document issued by Golder dealing with any
matter that is addressed in the Report.
Any uncertainty as to the extent to which this Report can be used or relied upon in any respect should be
referred to Golder for clarification
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Document Revision
The following table outlines the revisions made to the SAQP.
Date

Revision No.

Nature of Revision

Editor

May 2019

0

Original SAQP, prepared 2 months prior to
completion of construction of the containment cell

Golder Associates

May 2020

1

SAQP Revision 1, prepared post completion of
remediation and first 6 months of monitoring

Golder Associates

D.1 SAMPLING, ANALYSIS AND QUALITY PLAN
This is Revision 1 of the Sampling, Analysis and Quality Plan (SAQP) for the Post Remediation
Groundwater Monitoring Plan (GMP) for the Containment Cell at Orica’s Kooragang Island Site.
This SAQP should be read in conjunction with the Long-Term Environmental Management Plan
(LTEMP) prepared for the Containment Cell.

D.1.1 Background
The LTEMP provides details on:
•

Site Location and Identification, including current use of the site.

•

A summary of the remediation works completed at the site including the construction of the
Containment Cell.

•

A summary of the Surrounding Land use is presented within the Remediation Validation
Report (Golder, 2019b).

The LTEMP (in Section 8) provides the GMP including the objectives and scope of works. Section
4.3 of the LTEMP provides the rationale for the ‘weight of evidence’ approach for the assessment of
the hydraulic effects for assessing the ongoing performance of the containment cell. It is also noted
in the GMP that the chemical monitoring of arsenic is being undertaken as a ‘secondary line of
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evidence’ to provide long-term understanding of the redistribution of the arsenic contamination over
time. As such, there is no applicable criteria for arsenic concentrations in groundwater.

D.1.2 Conceptual Site Model
The pre-remediation Conceptual Site Model (CSM) has been presented in previous reports
including the Remediation Action Plan (Golder, 2016a) and holistically for the Orica site in the
Conceptual Site Model report (Golder, 2013).
Provided below is a summary of the key elements of the CSM that relate to the arsenic
contamination post-remediation.
Contaminants of Concern:

Arsenic

Sources:

Former Sludge Disposal Pit (on-site) - removed

Mechanism of contamination:

Prior to remediation, disposal to ground with sorption to soil and
subsequent leaching into the vadose and saturated zones

Affected environmental media:

Soil and groundwater

Remediation:

Removal of contaminated soils in the vadose zone – 2005
Construction of containment cell to 12 m below ground level and
capping – 2019

Exposure Pathways:

Within the Cap and Containment area – nil
Remediation (Containment Cell) has:
- prevented further off-site migration of contaminated
groundwater
- management of the cap prevents direct contact exposure and
rain infiltration
Off the Orica site – management controls as defined within the
Off-site EMP
Exposure pathways associated with the existing off-site
groundwater contamination include:

Human and Ecological
Receptors:

-

Direct contact

-

Inhalation of dust

-

Ingestion of soil and groundwater

-

Inhalation of aerosols from groundwater spray

Within the Cap and Containment area – nil
Off the Orica site (existing off-site groundwater contamination)
-

Workers undertaking intrusive works

-

Workers exposed to extracted groundwater

Data Gaps:

None identified

Management and Monitoring:

Ongoing management and monitoring of the containment cell to
be undertaken in accordance with the LTEMP.

D.2 DATA QUALITY OBJECTIVES
The Data Quality Objectives (DQO) for the post-remediation Groundwater Monitoring Program have
been developed in accordance with the seven-step process described in the National Environmental
Protection Measure, Schedule B2, Appendix B.

2
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D.2.1 State the Problem
Remediation of the identified arsenic contamination has been completed by the construction of a
containment cell to prevent the further off-site (Orica) migration of arsenic in groundwater. Hydraulic
monitoring is required to confirm the containment cell in performing as per the design. Chemical
(arsenic) monitoring is required as a secondary line of evidence to confirm further off-site migration
is not occurring.
It is expected that the monitoring program will be more intensive in the initial years to confirm the
containment cell is performing as per the design. Once this has been achieved the monitoring
requirements will be reduced to a program that provides sufficient data to confirm the ongoing
performance of the containment cell.

D.2.2 Identify the decision / goal of the study
To assess the efficacy of the hydraulic segregation of the arsenic source, a ‘weight of evidence’
approach considering the holistic assessment of observed hydraulic effects in consideration of the
anticipated effects predicted by the groundwater modelling completed during the design.
Identified potential hydraulic effects included:
◼

The detection of responses to rainfall events that may be recorded in the external wells, but which would
be expected to be less prevalent in the data collected from inside the wall.

◼

A flattening of the groundwater table(s) inside the cell relative to external conditions.

◼

An increase in the external hydraulic gradient across the cell (in the direction of groundwater flow),
and/or potential increase in gradients around the perimeter of the cell.

Groundwater monitoring to assess arsenic concentrations in groundwater will be undertaken as a ‘secondary
line of evidence’ to provide long-term understanding that the further offsite migration of arsenic in groundwater
has been prevented to the extent practicable.

D.2.3 Identify the information inputs
Hydraulic monitoring to include the long-term assessment of groundwater levels in the three
hydrostratigraphic units both inside and outside of the containment cell, to allow consideration of the
effectiveness of the containment cell.
Chemical monitoring to include the assessment of dissolved arsenic concentrations down-gradient
of the containment cell to provide data for the long-term trends and confidence that the containment
cell has prevented the further off-site migration by confirmation of a stable or decreasing trend.

D.2.4 Define the boundaries of the study
Monitoring is to be undertaken both within and immediately outside the containment cell within the
three sets of paired monitoring wells located around the containment cell. These wells target the
three hydrostratigraphic units in which the cut-off wall has been constructed to contain the identified
arsenic contamination. Further to the well located adjacent to the containment cell, groundwater
monitoring wells located within the vicinity of the containment cell, predominantly down-gradient, will
also be used in the ongoing performance assessment. The monitoring network is defined in
Table A.
The duration of the monitoring program will need to be ongoing to confirm the long-term
performance of the containment cell.

D.2.5 Develop the analytical approach
Hydraulic monitoring to assess groundwater levels is to use both manual gauging and down-hole
water level loggers that log hydraulic data continuously using. A barometric logger will also be used
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to compensate for the influence of localised atmospheric pressure variation within the containment
cell. Data loggers are programmed to collect water level data at 2 hourly intervals.
Chemical monitoring includes the collection of representative groundwater samples and analysis for
dissolved arsenic at a commercial laboratory. Quality assurance and quality control sampling and
requirements are presented in Section C.8. The performance criteria for the Chemical monitoring
are presented in the Data Quality Indicators in Section C.7.1. Validation of the data will be
undertaken as described in Section C.9.

D.2.6 Specify performance or acceptance criteria
There are no specific performance or acceptance criteria for assessing the performance of the
containment cell. As indicated in Section C2.1 a weight-of-evidence approach will be applied in
assessing the hydraulic data to verify that the containment cell has achieved the design outcomes
of preventing the further off-site migration of arsenic in groundwater by the hydraulic segregation
caused by the containment cell. The key indicators of the hydraulic segregation are presented in
Section C2.2.

D.2.7 Develop the plan for obtaining the data
The Groundwater Monitoring Program (as defined in Section 8 of the LTEMP) and this SAQP
defined the plan for obtaining the necessary hydraulic and chemical data required to assess the
ongoing performance of the containment cell. The GMP and SAQP will be reviewed and updated
throughout the implementation of the LTEMP, as required.

D.3 GROUNDWATER MONITORING NETWORK
The groundwater network associated with the containment cell consists of a series of nested wells
at strategic locations on either side of the completed cut-off wall, to allow internal and external
‘piezometric’ water levels to be compared. This monitoring system allows collection of groundwater
data to demonstrate that the containment cell is performing as per the design
The groundwater monitoring network will be used to confirm the ongoing performance of the
containment cell.

D.3.1 Well Installation
Construction and installation of the monitoring network was completed in May of 2019 by Golder
and subcontractor Star Drilling Pty Ltd. Borehole advancement was carried out with a “Sonic LX
600” truck mounted drill rig. The monitoring well network is shown in Figure 3 of the LTEMP. It
comprises three groups of nested monitoring wells (each group containing a total of six wells),
located around the cut-off wall alignment. Each group included three pairs of piezometers installed
to target the 3 separate and distinct groundwater units (Units 1, 2 and 3). Each pair included a well
inside and outside of the cut-off wall. The locations selected were as follows:
◼

Western boundary, near the north-western corner of the containment cell, down-gradient.

◼

Southern Boundary, cross-gradient.

◼

Eastern boundary, up-gradient.

The construction details of these monitoring wells are shown in Table 1 below. An additional well
was installed in the unsaturated zone on the southern boundary to allow assessment of barometric
pressure within the containment cell and allow ‘normalisation’ of the internal water level data.
Wells were constructed using 50 mm, Class 18 unplasticised Poly Vinyl Chloride (uPVC) threaded
screens and casings. Well caps and plugs were fitted to the top and bottom of the well, respectively.
Screened sections as shown in Table 1, were backfilled with gravel and sealed with bentonite
(above top of screen) of at least 0.5 metre (m) thickness. The remaining volume of the well annulus
was backfilled using cement bentonite grout. Wells were finished with monuments. Borelogs / well
construction logs are presented in the Remediation Validation Report (Golder, 2019). It is noted that
4
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depths shown on borelogs were relative to the original surface levels prior to construction of the
cap. At the completion of the well installation the wells were finished with stick-ups to allow for the
completion of the capping system which was higher than original surface levels. Well stick-ups were
protected using barricades. Upon completion of the capping system the wells were finished with
monuments and survey of the final top of casing.
Table 1: Well construction details.

Well Name

Total Depth of
borehole* (mbgl)

Screen Interval
Depth* (m bgl)

Target Unit

Survey Height**
(m AHD)

5
2.5-4.5
1
5.329
5
2.5-4.5
1
4.469
8
5.5-7.0
2
5.356
8
5.5-7.0
2
4.470
11
8.0-10.0
3
5.358
11
8.0-10.0
3
4.468
5
2.5-4.5
1
4.906
5
2.5-4.5
1
4.072
8
5.5-7.0
2
4.864
8
5.5-7.0
2
4.070
11
8.0-10.0
3
4.859
11
8.0-10.0
3
4.070
4.5
2.5-4.5
1
5.424
5
2.5-4.5
1
4.447
8
5.5-7.0
2
5.461
8
5.5-7.0
2
4.455
11
8.0-10.0
3
5.461
11
8.0-10.0
3
4.508
1.5
0.3-1.5
Unsaturated Zone
5.222
* depth is relative to the original ground surface level. Wells have been extended above original ground level
to allow for cap construction.
** Survey height is post construction of capping system (final height)

MWCC01-3IN
MWCC01-3OUT
MWCC01-6IN
MWCC01-6OUT
MWCC01-9IN
MWCC01-9OUT
MWCC02-3IN
MWCC02-3OUT
MWCC02-6IN
MWCC02-6OUT
MWCC02-9IN
MWCC02-9OUT
MWCC03-3IN
MWCC03-3OUT
MWCC03-6IN
MWCC03-6OUT
MWCC03-9IN
MWCC03-9OUT
MWCC03-Baro
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D.3.2 Well Development
Post construction, wells across the groundwater monitoring network were developed to remove silt,
clay, or other fine material introduced during drilling and for alignment of the gravel pack
surrounding the well screens. Well development was carried out using Waterra tubing, in
conjunction with a Powerpack (small petrol-powered engine) and manual surge blocking to agitate
and remove water and fines from the well. The groundwater well development records are included
in Remediation Validation Report (Golder, 2019). It is noted that sediment and some bentonite
slurry were found in the majority of the wells. This is likely to be associated with the bentonite/clay
that was used to construct the containment wall. At the completion of the well development smallscale falling head tests were completed (October 2019 - using the 30 minute data logging) which
confirmed that the wells are functional and are in good hydraulic connection with the aquifer.
At the completion of well development, the wells were suitable for use of the monitoring program. It
is noted that give the proximity of the wells to the cut off wall, that periodic redevelopment of the
wells may be required to remove fines.

D.4 HYDRAULIC MONITORING
D.4.1 Groundwater Level Measurement
Standing water levels in each monitoring well are to be measured using an electronic water level
probe. If practicable, all standing water levels should be measured in a single water level measuring
event to allow interpretation of groundwater flow direction and gradient. Water levels are to be
measured to a marked point (or the highest point) on the top of the well uPVC casing to enable
repeatability of measurements. Water levels should be re-measured prior to purging.

D.4.2 Data Transducer Deployment
Data loggers are installed in each well to record the depth of groundwater in each well over time.
Solinst Levelogger Edge M5 & M10 data loggers were installed at a depth of 0.5 m above the base
of each well. These loggers were attached to the top cap of each well via stainless steel wire and
set to record the water depth every 2 hours. A barometric logger (Solinst Levelogger Barologger)
was also installed in MWCC03-Baro to measure barometric pressure at 2 hourly intervals.

D.4.3 Data Transducer Download
Logger data is downloaded manually via the Solinst Optical Reader cable, utilizing the Solinst
LeveloggerTM series software available from the Solinst website (www.solinst.com/downloads).
Manual measurements of groundwater levels are collected prior to data-logger download events as
described in Section C.4.1. The manual measurements are used to check the validity of groundwater
levels estimated from data of the water pressure transducers and data loggers.
Groundwater levels from the water-pressure transducers were estimated using:
(i)
(ii)
(iii)
(iv)

the elevation of the water-pressure transducer in each well
the total pressure measured by the water-pressure transducers
corresponding measurements of barometric pressure, and
the assumption regarding the density of the groundwater (in this case assumed to be 1.0 gram
per millilitre).
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D.5 GROUNDWATER SAMPLING METHOD – ARSENIC
Based on the historical groundwater monitoring experience at the site, a low-flow groundwater sampling
method is proposed. The preferred method uses a surface mounted peristaltic pump with dedicated LowDensity Polyethylene (LDPE) tubing and silicon tubing. The end of the LDPE tubing will correspond with the
screened section of the well. Submersible sampling bladder pumps may also be used as an alternative, as
long as bladders are replaced and equipment is decontaminated between each location.
Groundwater monitoring wells should be purged prior to collection of groundwater samples. The following data
will be collected during the purging process:
◼

A physical description of the sample will be recorded on the field data sheets including:

▪ Colour;
▪ Turbidity;
▪ Odour; and
▪ Films/sheens.
◼

Groundwater parameters will be tested in the field at the time samples are collected using a calibrated
meter/probe, for the following field parameters:

▪ pH;
▪ Electrical conductivity (EC);
▪ Temperature;
▪ Dissolved oxygen (DO); and
▪ Redox potential.
Groundwater parameters are to be measured ex-situ using a flow through cell. Purging is to continue until
representative groundwater has entered the well. This will be determined by obtaining stable water
parameters (primarily pH, EC and redox). Water parameters are considered to be stable when successive
parameter measurements are +/- 10 %.
Groundwater is to be sampled directly from the LDPE tubing, field filtered (0.45 µm), and transferred into the
laboratory provided and pre-preserved bottles appropriate for the analyses.
Once filled, sample containers will be immediately tightly capped and placed in a secure chilled esky.
Samples must be held and transported under Chain of Custody (CoC) protocols.

D.6 GENERAL FIELD PROCEDURES
D.6.1 Sample Labelling
The sample labels will include the sample identification number, place of collection, date of collection and
initials of the sampling personnel. Each sample will be labelled with a unique sample identification number
that is consistent with the site’s EQuIS database and that will facilitate tracking and cross-referencing of
sample information. Quality Assurance / Quality Control (QA/QC) samples will also be numbered with a
unique sample number.

D.6.2 Field Logs
A summary of activities performed at the site will be recorded in a field logbook. Entries for each day will
commence on a new page, which will be dated. Corrections will be made by drawing a single line through the
error, initialling this action and writing the correction.
The following types of information will be recorded for each groundwater sample collected:
◼

Unique sample identification number;

7
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◼

Date and time of sample collection;

◼

Initials of the sampling personnel;

◼

Designation as to the means of collection;

◼

Analyses to be performed on sample; and

◼

Any other relevant comments (odour, colour, sheen, filtering, preservation, etc).

1810662-019-R-Rev1

D.6.3 Equipment Decontamination
All non-dedicated sampling and measurement equipment is to be decontaminated before and after each use
and then rinsed with deionised or distilled water following decontamination (where appropriate).
Dedicated or single use disposable equipment such as LDPE tubing and nitrile gloves will not be
decontaminated and will be disposed of appropriately following use.

D.6.4 Sample Storage and Transportation
Groundwater samples are to be kept secure and cool in eskies during the field program. Eskies are to contain
ice during the field program and subsequent transportation to the laboratory. Storage of the samples is to be
under the custody of the field personnel during the field program.
If samples are not sent to the laboratory on the day of collection, the method of storage such as in refrigerator
or in esky on ice (with ice regularly changed to maintain cool temperature) must be noted in the field log books
and on the CoC form.
Samples are to be transported to the laboratories, in cooled eskies, under CoC documentation (below).

D.6.5 Chain of Custody Documentation
A CoC record must be utilised by field personnel to document possession of all samples collected for
laboratory analysis. The CoC record is to include, but is not limited to, the following information:
◼

Project name and number;

◼

Name(s) of sampler(s);

◼

Sample type, identification number and location;

◼

Date of collection;

◼

Number, type and size of containers;

◼

Required analyses;

◼

Preservatives;

◼

Signatures documenting change of sample custody; and

◼

Turnaround time required for analytical results.

The esky containing the samples should be sealed with tape and secured with a custody seal. The custody
seal will provide an indication of whether the cooler was opened by unauthorised personnel.
During sampling events partially filled and unfilled coolers are to be kept under the custody of the sample
custodian. The sample custodian is to be a designated member of the sampling team.
The original CoC record must accompany the samples to the analytical laboratory, with a copy returned to the
field engineer/scientist within 24 hours of sample receipt. The original, or a copy of the original, CoC record is
to be placed in the appropriate project file. Samples are to be delivered to the laboratory promptly.

D.6.6 Equipment Calibration
Equipment used to perform testing or data recording (i.e. the water quality meter) will be calibrated to
manufacturer’s specifications by the supplier prior to use. The calibration records will be retained by the field
8
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engineer/scientist. Calibration checks and adjustments will be performed as required (i.e. generally on at least
a daily basis for water quality meter) during field operations. The identification of the specific device or
equipment calibrated, date, reference standard, results or adjustments made and the signature of the person
performing the calibration will be documented on field data sheets or in the field log book.

D.7 ANALYTICAL PLAN - ARSENIC
The primary laboratory selected for the chemical analysis of groundwater samples is Australian Laboratory
Services (ALS). The laboratory selected as the check laboratory for the inter-laboratory duplicate (i.e.
triplicate) samples is Envirolab Services Pty Ltd (ELS). Both laboratories are accredited by National
Association of Testing Authorities (NATA) for the required analyses.
The analytical plan for groundwater samples is detailed in Table A (attached), with analytical methods, limits
of reporting and holding time for the analyte outlined in Table A1 below.
Table A1: Arsenic Analytical Methods
Analyte
Arsenic (Dissolved)

LOR (mg/L)

Recommended
Holding Time

Analytical Method

Container
Type

Preservation

0.001

Six months

USEPA 6020 ICP/MS

60ml plastic

Nitric acid to pH<2,
chill

LOR – Limit of Reporting
mg/L – milligram per litre
ml - millilitre
LOR may vary depending the presence and concentration of other constituents

D.7.1 Data Quality Indicators
Data Quality Indicators (DQIs) are used to assess the reliability of field procedures and analytical results.
They are described as follows:
Precision: A quantitative measure of the variability (or reproducibility) of data;
Accuracy: A quantitative measure of the closeness of reported data to the “true” value;
Representativeness: The confidence (expressed qualitatively) that data are representative of each media
present on site;
Completeness: A measure of the amount of useable data from a data collection activity; and
Comparability: The confidence (expressed qualitatively) that data may be considered to be equivalent for
each sampling and analytical event.
The quantitative and qualitative measures/criteria employed to enable application of these parameters are
described in the following sections. Descriptions of the various QA/QC samples are provided in Section A.5.

Precision
Suitable criteria and/or performance indicators for assessment of precision include:
◼

Performance of intra-laboratory duplicate sample sets through calculation of relative percentage
differences (RPD);

◼

Performance of blind field duplicate sample sets, through calculation of RPD; and

◼

The RPDs will be assessed as acceptable if less than 30%. RPDs that exceed this range may be
considered acceptable where:

▪ Results are less than 10 times the limits of reporting (LOR); or
▪ Results are less than 20 times the LOR and the RPD is less than 50%.
9
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Accuracy
The closeness of the reported data to the “true” value is assessed through review of performance of:
◼

Performance of blind field triplicates (or inter-laboratory duplicate) sample sets, through calculation of
RPD;

◼

Field blanks to assess bias introduced by chemicals during handling or transport or from laboratory
supplied water, containers or preservatives (water only);

◼

Rinsate blanks to assess bias introduced from contaminated field equipment (if using non-dedicated
equipment only); and

◼

Method blanks (MB), Matrix spikes (MS) and Laboratory control samples (LCS) which are analysed to
assess for bias introduced from contaminated reagents (MB), and bias in percent recovery from
expected values (MS and LCS), during laboratory analysis or preparation.

Representativeness
To ensure the data produced by the laboratory is representative of conditions encountered in the field, the
following steps are taken by the laboratory and subsequently reviewed:
◼

Laboratory method blank samples will be run in parallel with field samples to confirm there are no
unacceptable instances of laboratory artefacts;

◼

Review of RPD values for field and laboratory duplicates to provide an indication that the samples are
generally homogeneous, with no unacceptable instances of significant sample matrix heterogeneities;
and

◼

The appropriateness of collection methodologies, handling, storage and preservation techniques will be
assessed to ensure/confirm there was minimal opportunity for sample interference or degradation (i.e.
volatile loss during transport due to incorrect preservation / transport methods).

Completeness
In validating the degree of completeness of the analytical data sets acquired during the program the following
is considered:
◼

Whether standard operating procedures (SOPs) for sampling protocols have been adhered to;

◼

Copies of all CoC documentation are reviewed and presented; and

◼

Whether appropriate laboratory methods and LORs were used and sample holding times were complied
with.

It can therefore be considered whether the proportion of “useable data” generated in the data collection
activities is sufficient for the purposes of the validation.

Comparability
Given the reported data set is likely to be comprised of several data sets from separate sampling episodes,
issues of comparability between data sets are reduced through adherence to the same SOPs on each data
gathering activity, the use of the same sample preparation and analytical methods as well as documenting the
seepage sample locations and returning to the same nominated location (or documenting any changes in
location due to the dynamic environment from which the seepage samples will be collected).

D.8 GENERAL QUALITY ASSURANCE/QUALITY CONTROL (QA/QC)
Standard QA/QC procedures will be adopted during the assessment process including those for sample
collection, management and handling. Specific requirements will include the use of laboratory prepared
containers, use of dedicated sampling equipment where possible, decontamination of non-dedicated sampling
equipment between locations, collection of an appropriate number of quality control samples, preservation of
samples in ice chests and transport to laboratories under CoC documentation within holding times. Calibration
of all field measurement equipment will be carried out by the supplier and the calibration certificates retained
by the field engineer/scientist.
10
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D.8.1 Field Quality Control Samples
The following field quality control (QC) samples will be collected and analysed as part of this monitoring
program:
◼

Intra-laboratory field duplicates (blind replicates): The intra-laboratory field duplicates and corresponding
primary samples will collected from the same location, preserved, stored, transported, prepared and
analysed in an identical manner by the primary laboratory, however, the duplicate sample will be blind
coded. Intra-laboratory field duplicates provide an indication of the precision or reproducibility of the field
sampling techniques and analytical results. Intra-laboratory field duplicates will be collected at a
frequency of at least 1 in 10 (10%). Intra-laboratory field duplicate results will be assessed by calculating
the RPDs;

◼

Inter-laboratory field duplicates (field triplicate/split sample): Individual samples will be split in the field
and placed in two separate containers. One sample will be sent to the primary laboratory and the
duplicate sent to an independent check laboratory. To provide an indication of the precision or
reproducibility of the analytical results. These will be analysed at a frequency of at least 1 in 20 (5%).
Inter-laboratory field duplicate results will also be assessed by calculating the RPDs; and

◼

Field blanks: are used to provide an assessment of potential gain of constituents during sample
collection, transport and storage, and/or cross contamination from storage of sampling methodology.
These will be analysed at a rate of one field blank per monitoring round and assessed by comparison
with percent recoveries and detection limits respectively.

D.8.2 Laboratory QA/QC
Laboratory QA/QC for the water monitoring program includes accreditation of laboratories providing analytical
services, and their internal QA/QC procedures and documentation. Laboratory QA/QC will be assessed based
on results of internal duplicates, blanks, controls, spikes and surrogates. The internal duplicates results will be
reviewed and discussed. The results of the internal blank samples will be evaluated to demonstrate minimal
interference.
The following internal laboratory QC samples will be reviewed as part of this monitoring program:
◼

Internal Laboratory Duplicates: are prepared by the laboratory by dividing a field sample into two or more
aliquots, which are analysed separately to provide an indication of the effect of sample matrix variability
on precision. These are assessed through the calculation of RPDs;

◼

Method Blanks: are contaminant free samples analysed by the laboratory to assess the level of
contamination that exists in the laboratory analytical system. Results are evaluated by comparison to
reporting limits;

◼

Laboratory Control Samples (LCS): are samples spiked with known concentrations of specific analytes to
assess the laboratory performance on sample preparation and the analysis procedure. Results are
assessed in terms of accuracy by calculating a percent recovery between the observed and spiked
concentrations; and

◼

Matrix Spikes: are field samples spiked with known concentrations of specific analytes to assess the
effects of the sample matrix on the accuracy and precision of analyses. Like laboratory control samples,
matrix spike sample accuracy is evaluated in terms of a percent recovery between the observed and
expected spiked compound concentrations.

D.9 Data Validation
The objective of the data validation process is to ensure that the data reported can be used to achieve the
project objectives.
Accuracy and precision measurements from the appropriate QC check samples will be compared with the
analytical DQIs to assess the quality of the analytical data. Should data be found to fall outside acceptable
limits of precision and accuracy, appropriate corrective actions will be investigated.
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The data will also be evaluated to assess the reproducibility, comparability and completeness of the data.
Upon review of the DQIs an assessment as to whether the data can be relied upon for the purposes of the
monitoring will be made.
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APPENDIX E

Limitations

GOLDER ASSOCIATES PTY LTD
IMPORTANT INFORMATION RELATING TO THIS REPORT

The document (“Report”) to which this page is attached and which this page forms a part of, has been issued
by Golder Associates Pty Ltd (“Golder”) subject to the important limitations and other qualifications set out below.
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inaccurate data supplied by its Client or any other person for whom Golder is not responsible. Golder has not taken
account of matters that may have existed when the Report was prepared but which were only later disclosed to
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Services has allowed Golder to form no more than an opinion as to the actual conditions at any relevant location.
That opinion is necessarily constrained by the extent of the information collected by Golder or otherwise made
available to Golder. Further, the passage of time may affect the accuracy, applicability or usefulness of the opinions,
assessments or other information in this Report. This Report is based upon the information and other circumstances
that existed and were known to Golder when the Services were performed and this Report was prepared.
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1.0

INTRODUCTION

1.1

Background

1

This Site Audit Report (SAR) relates to the land known as 15 Greenleaf Road, Kooragang in New South
Wales (the site).
As of the date of this report, the legal description of the site is:


Lot 2 in Deposited Plan (DP) 234288 (17 Greenleaf Road); and



Lot 3 in DP 234288 (6/15 Greenleaf Road).

The location of the site is shown on Figure 1.
The site is currently used to manufacture ammonia, nitric acid and ammonium nitrate, and has a history
of use for chemical manufacturing extending over several decades.
Until the mid‐1990s, a solution containing arsenic trioxide and potassium carbonate was used to scrub
carbon dioxide from the process gas stream. An unlined sludge pit in the north‐western corner of the site
was used to store runoff from the ammonia plant and cooling tower backwash water. This liquid
contained arsenic at concentrations up to 10 grams per litre (g/L). Seepage from the pit resulted in
contamination of soil and groundwater; a plume of contaminated groundwater developed between the
site and the Hunter River to the north‐west.
Partial remediation of the sludge pit, which included removal of most of the highly‐contaminated soil and
other wastes, was carried out in 2005. However, residual soil contamination with arsenic concentrations
up to 1,900 milligrams per kilogram (mg/kg) remained on site, and a plume of dissolved arsenic continued
to migrate across the site boundary towards the Hunter River. Monitoring has continued since 2005 and
has shown decreasing concentrations in this dissolved‐phase arsenic plume.
The arsenic remediation area (which is the focus of this SAR) is located in the north‐western corner of the
site in the former location of the sludge disposal pit. The remediation location and site layout are shown
on Figure 2.
On 16 November 2005, the NSW Environment Protection Authority (EPA) declared Lot 3 in DP 234288 to
be a remediation site under Section 21 of the Contaminated Land Management Act 1997 (CLM Act)
(Declaration 21089). The EPA found that the site was contaminated with the following contaminants:


arsenic; and



nutrients (specifically total ammonia and nitrate).

and the site was contaminated in such a way as to present significant risk of harm to human health and
the environment. The Declaration stated that:


groundwater is contaminated with arsenic and ammonia at concentrations exceeding the
Australian and New Zealand Guidelines for Fresh and Marine Water Quality (ANZECC 2000)
guidelines for the protection of aquatic ecosystems;



arsenic and ammonia contaminated groundwater has migrated off the site and may continue to
migrate. The contaminated groundwater has the potential to impact the quality of the waters and
sediment of the Hunter River; and



there are potential human and biota exposure pathways to the contaminants.

On 23 June 2018, the Declaration was amended (Notice 20184410) as, based on a review of site
investigations and the proposed remediation plan for the site, it was identified that contamination and
the area subject to proposed remediation extends to adjacent land to the north (ie Lot 2 DP 234288).
On 29 April 2014, the EPA issued a Management Order (MO) (20131408) under section 14 of the CLM Act,
which set out a framework to mitigate the risks associated with nutrient contamination (specifically total
ammonia and nitrate) which was identified in Declaration 21089 and to prevent the further migration of
J1702.9R‐rev0 ‐ 24‐Sep‐2020
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the nutrient contamination onto adjoining land and into the adjacent Hunter River. This MO was
completed and subsequently repealed on 4 July 2020 (Notice 20204434).
On 28 July 2014, the EPA issued MO 20131407 under section 14 of the CLM Act, requiring Orica
implement works to prevent the further offsite migration of arsenic in groundwater. The MO required a
staged implementation of the works; required action 1(e) specified in the MO is the preparation of a
Remediation Action Plan (RAP) and its submission to the EPA for approval.
On 8 July 2016, Golder Associates Pty Ltd (Golder) issued a RAP (Golder 2016e). Further, at the request of
the EPA, Orica engaged Mr Chris Jewell of C. M. Jewell & Associates Pty Ltd (CMJA) to carry out an
independent review of the RAP. Mr Jewell completed his review and issued a report on 23 November
2016 (CMJA 2016) which concluded that:
Golder and Orica identified a remediation objective that is both consistent with the MO and practicable; this
provides an appropriate foundation for the remediation design process.
In my opinion the remediation concept, containment and capping within an engineered cell, is appropriate for
the contaminant of concern in the conditions of the site. The remediation system design, as outlined in the
RAP, is based upon adequate site investigation and groundwater flow modelling that I consider to be robust.
The RAP as a whole contains, and adequately presents and justifies, the information required in respect of a
remedial action plan as indicated in Guidelines for Consultants Reporting on Contaminated Sites (EPA 2011).
The RAP and supporting documentation reviewed in this report meet the relevant requirement of Action 1 of
the MO.

Subsequently, an Environmental Impact Statement (EIS) (Golder 2017) was prepared to support a State
Significant Development application under Part 4 (Division 4.1) of the Environmental Planning and
Assessment Act 1979 (EPA Act) to obtain development consent for the remediation project. On 10 August
2018, Development Consent SSD7831 was issued to Orica permitting the construction of a containment
cell to address arsenic contamination at the site.
On 3 August 2018, the EPA issued a new MO (20181401) and repealed the previous MO (20131407). The
new MO required, amongst other tasks, the implementation of the RAP (Golder 2016e) within 12 months
of receiving regulatory approvals and landowner consent for the works, and preparation of a remediation
validation report (RVR) within 3 months of completion of the construction of the hydraulic containment
system. On 8 August 2019, the MO was amended to amend a milestone date (Notice 20194429); it was
amended again on 4 July 2020 (Notice 20204440) to extend the submission date of the SAR and SAS to the
EPA to 30 September 2019.
Remediation was undertaken between February and September 2019 and involved the construction of a
containment system comprising a soil/bentonite cut‐off wall with an integrated capping system which was
designed to hydraulically isolate the identified arsenic contamination. The cut‐off wall component of the
system is approximately 12 metres (m) in depth and covers an area of approximately 4,200 square metres
(m2).
On 24 December 2019, Golder issued a Remedial Validation Report (RVR) (Golder 2019g) for the site. The
RVR presented the results of the validation program associated with the installation of an integrated cap
and containment system (referred to in the MO as a hydraulic containment system and in the
Development Consent as a containment cell) to meet the objectives of the MO and Consent.
On 12 July 2018, Ms Sherree Woodroffe of Orica Australia Pty Ltd requested that the Auditor carry out an
audit of the site for the purpose of complying with the following actions of MO 20181401:
1.

Engage a Site Auditor accredited under part 4 of the Act
a)

A Site Auditor is to be engaged to undertake an independent review of the implementation and
validation of the works described in “Orica Kooragang Island: Arsenic Management Order:
Remedial Action Plan” (8 July 2016)” (“the remedial works”).

b)

The Auditor is to provide a Site Audit Statement (SAS) and Site Audit Report (SAR) following
completion of the remedial works. The scope of the Audit is to include consideration of the
suitability of the LTEMP to be prepared for the hydraulic containment system.

C. M. Jewell & Associates Pty Ltd
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This audit was conducted for the purpose of determining the matters that are listed below (using the
terminology and numbering of Section 4 of the CLM Act):
(i)

the nature and extent of any contamination of the land,

(ii)

the nature and extent of any management of actual or possible contamination of the land,

(iv)

what management remains necessary before the land is suitable for any specified use or range of
uses,

(v)

the suitability and appropriateness of a plan of management, long‐term management plan or
voluntary management proposal.

This SAR has been prepared in accordance with the EPA’s Guidelines for the NSW Site Auditor Scheme, 3rd
edition (EPA 2017). It has been prepared by Christopher Jewell, who is a Site Auditor accredited under the
CLM Act.
The Site Audit relates principally to the following documents:


Remediation Validation Report, Arsenic Remediation Program ‐ Orica Kooragang Island, prepared
by Golder Associates Pty Ltd (ref. 18106662‐034‐R‐Rev1), dated 24 December 2019; and


Long‐Term Environmental Management Plan, Arsenic Remediation Program ‐ Revision 1, Orica
Kooragang Island, prepared by Golder Associates Pty Ltd (ref. 1810662‐019‐R‐Rev1), dated 5 May
2020

It should also be noted that:
1.

Copies of the reports that the Auditor has specifically relied upon are provided as Appendix B of
this SAR.

2.

Copies of the letter reports and supporting documentation that the Auditor has relied upon are
provided as Appendix C of this SAR.

3.

Copies of all other relevant documents that were forwarded to the Auditor during the course of
this audit are held on file.

4.

A compliance checklist has been completed and is held on file.

5.

The Auditor has visited the site on numerous occasions to observe and verify, as far as practicable,
the site conditions and the progress of the work being audited.

1.2

Scope and Structure of the Site Audit Report

Section 2 of this report presents a chronological summary of events that relate to the site and are
significant to this audit, and it outlines the Auditor’s involvement.
Section 3 of this report sets out basic identification and location information concerning the site. An
indication of the layout, topography, drainage, geology and hydrogeological setting of the site is also
provided, together with an overview of its history. Any known or potential contaminant sources are listed;
and the associated contaminant groups of concern are also identified. A list of the individual compounds
that make up the contaminant groups is provided as Appendix A. This section also outlines the future use
of the site, and provides the associated assessment criteria.
For a more detailed description of the layout, topography, drainage, geology, hydrogeology and history of
the site, reference should be made to the associated reports. It should be noted that throughout this SAR
extensive use has been made of the associated reports. Specifically, sections of those reports have been
adopted for use in this report.
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Section 4 provides a summary of the previous investigation works undertaken on the site, and the
Auditor’s evaluation of the works. For a more detailed description of the investigations, remediation and
validation work undertaken on the site, reference should be made to the associated reports.
Section 5 describes the design evaluation for the cap and cut‐off wall and Section 6 provides a summary of
the Remedial Action Plan (Golder 2016e) prepared for the site and associated management reports, and
provides the Auditor’s review of those documents.
Section 7 provides a summary of the remediation works carried out at the site by Golder, as described in
Golder (2019g); and Section 8 provides a summary of the validation of those works. Section 9 discusses
ongoing maintenance of remediation and Section 10 provides the Auditor’s evaluation of the works and
its adherence to the EPA guidelines. For a more detailed description of the remediation and validation
works undertaken, reference should be made to the associated reports.
Section 11 of this report outlines the Auditor’s conclusions and recommendations.
1.3

Limitations and Intellectual Property Matters

This report has been prepared by C. M. Jewell & Associates Pty Ltd (CMJA) for the use of the client and
relevant government agencies identified in Section 1.1, for the specific purpose described in that section.
The work has been carried out, and this report prepared, utilising the standards of skill and care normally
expected of a Site Auditor practising in New South Wales under the requirements of the Contaminated
Land Management Act 1997. The level of confidence of the conclusions reached is governed, as in all such
work, by the scope of the investigation carried out and by the availability and quality of the data. The
Auditor has satisfied himself that the available data are adequate to support the conclusions he has
reached, and comply with the minimum requirements indicated in the guideline documents specified for
the NSW Site Auditor Scheme. Where limitations or uncertainties in conclusions are known, they are
identified in this report. However, no liability can be accepted for failure to identify conditions or issues
which arise in the future and which could not reasonably have been assessed or predicted using the site
information and analytical data available for review.
Data collected by others have, of necessity, been used to support the conclusions of this report. Those
data have been subjected to reasonable scrutiny but have essentially, and necessarily, been used in good
faith. Liability cannot be accepted for errors in data collected by others where such errors could not have
been detected by reasonable scrutiny of the data and supporting information supplied to or requested by
the Auditor.
This report, any original data contained in the report, and its findings and conclusions remain the
intellectual property of CMJA. A licence to use the report for the specific purpose identified in Section 1.1
is granted to the persons identified in that section on the condition of receipt of full payment for the
services involved in the preparation of the report.
It is recognised that this report should not be used by other persons or for other purposes than those
identified in Section 1.1 without prior reference to the Auditor. The report must not be reproduced except
in full and with the permission of CMJA.
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5

OVERVIEW OF WORKS COMPLETED AND INVOLVEMENT OF AUDITOR

Table 1 sets out a factual summary of work completed on the site, and the Auditor’s involvement.
TABLE 1
Chronological Summary of Significant Events
Date

Activity/Task

1969

Following its reclamation in the 1960s, the site was initially developed by Eastern Nitrogen Limited
as a fertiliser plant.

2003

The site was acquired by Orica and used for the production of ammonia and nitric acid,
manufacturing ammonium nitrate exclusively for the mining industry.

2005

A remediation program was undertaken at the site to remove the arsenic contaminated materials
and soils near the former sludge pit which had been acting as a secondary containment source to
groundwater.

16‐Nov‐05

The EPA declared Lot 3 DP 234288 to be a remediation site under Section 21 of the CLM Act
(Declaration 21089).

29‐Apr‐14

The EPA issued MO 20131408 that set out the framework to mitigate the risks associated with the
contamination identified in Declaration 21089. This MO was completed and subsequently repealed
on 4 July 2020 (Notice 20204434).

28‐Jul‐14

EPA issued MO 20131407 that required Orica to implement works to prevent further offsite
migration in groundwater; specifically to prepare a RAP and submit it to the EPA for approval.

29‐Mar‐16

Golder issued its Remediation Investigations report (Golder 2016c)

Jul‐16

A. D. Laase Hydrologic Consulting (Laase) issued its Steady‐State Groundwater Flow Model (Laase
2016a) and its Design Evaluation of a Cap and Cut‐Off Wall for Former Sludge Disposal Pit (Laase
2016b).

8‐Jul‐16

Golder issued its RAP (Golder 2016e).

23‐Nov‐16

Mr Jewell reviewed the RAP, in the capacity of Independent Reviewer, and provided his review to
Orica in form of a report (CMJA 2016).

17‐Jun‐16

Golder issued its Delineation of Arsenic in Near Surface Soils Outside the Cut‐Off Wall Alignment
(Golder 2016d).

14‐Jul‐17

Golder issued its EIS (Golder 2017) to support a State Significant Development Application under the
EPA Act.

23‐Jun‐18

Declaration 21089 is amended (Notice 20184410) to include adjacent land to the north of Lot 3 (ie
Lot 2 DP 234288).

12‐Jul‐18

Chris Jewell was appointed as Site Auditor for the site.

Jul‐18

Golder issued its Early Stage Excavation Validation report (Golder 2018a). The Auditor reviewed the
report and provided his comments to Orica in a letter dated 6 September 2018 (J1702.5L).

25‐Jul‐18

Golder issued its Capping System Technical Specification (Golder 2018b).

3‐Aug‐18

The EPA issued a new MO (20181401) and repealed the previous MO (20131407). The new MO
stipulated timing for receiving regulatory approvals and landowner consent for the works and
preparation of a RVR. On 8 August 2019, the MO was amended to extend a milestone date (Notice
20194429). It was amended again on 4 July 2020 (Notice 20204440) to extend the submission date
of the SAR and SAS to the EPA to 24 September 2020.

9‐Aug‐18

The Auditor attended a meeting to discuss arsenic remediation project.

10‐Aug‐18

Development Consent SSD7831 issued to Orica permitting construction of a containment cell at the
site.

18‐Sep‐18

Golder issued its Containment Cell Management Plan (CCMP). The Auditor reviewed the plan and
provided his comments to Orica in a letter dated 15 November 2018 (J1702.6L). Golder issued its
updated version of the CCMP addressing the Auditors comments on 23 November 2018 (Golder
2018c). The Auditor provided a letter to Orica dated 31 January 2019 (J1702.7L) indicating that the
issues raised in his earlier letter had been adequately addressed.
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TABLE 1
Chronological Summary of Significant Events
Date
23‐Nov‐18

Activity/Task
Golder issued its:


Cut‐off Wall Construction by Soil‐Bentonite Method Reference Specification (Golder 2018e); and



Arsenic Remediation Program, Remediation Action Plan Addendum (Golder 2018d).

The Auditor reviewed the RAP Addendum (Golder 2018d) and provided his comments to Orica in a
letter dated 31 January 2019 (J1702.7L).
Feb‐Sep
2019

Remediation was undertaken at the site involving the construction of a containment system
comprising a soil/bentonite cut‐off wall with an integrated capping system designed to hydraulically
isolate the identified arsenic contamination.

27‐Feb‐19

The Auditor attended a meeting and carried out a site inspection.

3‐Apr‐19

The Auditor attended a meeting and carried out a site inspection.

21‐May‐19

Golder issued its Technical Memo: Proposed Changes to Capping System Technical Specification ‐
Unit 3 Bearing Layer Material (Golder 2019a).

27‐May‐19

Golder issued its Long‐Term Environmental Management Plan (LTEMP) (Golder 2019b). The Auditor
reviewed the LTEMP and provided his comments to Orica in a letter dated 5 September 2019
(J1702.8L).

31‐Jul‐19

The Auditor attended a meeting and carried out a site visit.

2‐Aug‐19

Golder issued its Assessment of Soil Stockpiles for On‐Site Reuse at Arsenic Remediation Area
(Golder 2019d).

29‐Nov‐19

Golder issued its Soil‐Bentonite Containment Wall Quality Assurance Report, Orica Kooragang Island
(Golder 2019e).

10‐Dec‐19

Golder issued its Capping CQA Report (Golder 2019f).

24‐Dec‐19

Golder issued its RVR (Golder 2019g) for the site. Included in the appendices of this report were
final versions of the Soil‐Bentonite Containment Wall Quality Assurance Report (Golder 2019e) and
the Capping CQA Report (Golder 2019f).

4‐May‐20

Golder issued its Post‐Remediation Annual Groundwater Monitoring Event ‐ March 2020 (Golder
2020a)

5‐May‐20

Golder issued its Long‐Term Environmental Management Plan, Arsenic Remediation Program ‐
Revision 1 (Golder 2020b).

24‐Sep‐20

The Auditor issued a SAS (SA329) and a SAR (J1702.9R‐rev0) indicating that the site can be made
suitable for Industrial Use if the site is managed in accordance with the LTEMP (Golder 2020b).
Copies of the SAR and SAS were forwarded to Orica, the EPA, Golder and City of Newcastle Council.

Note: Shading indicates work undertaken prior to Chris Jewell's involvement as Auditor for the site

C. M. Jewell & Associates Pty Ltd
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SITE INFORMATION

This section of the report provides basic identification and location information concerning the site. An
indication of the layout, topography, drainage, geology and hydrogeological setting of the site is also
provided, together with an overview of the site’s history.
Any known or potential contaminant sources have been listed, and the associated contaminant groups of
concern identified. This section also outlines the proposed future use of the site and provides the
associated assessment criteria.
3.1

Site Identification and Location

This SAR relates to the land known as 15 Greenleaf Road, Kooragang in New South Wales (the site).
As of the date of this report, the legal description of the site is:


Lot 2 in DP234288 in the Parish of Newcastle, County of Northumberland (17 Greenleaf Road); and



Lot 3 in DP234288 in the Parish of Newcastle, County of Northumberland (6/15 Greenleaf Road).

Australian Map Grid Zone 56H co‐ordinates of the centre of the site are approximately 385619mE and
6359556mN.
The site lies within City of Newcastle local government area and is currently zoned SP1 (Special Activities)
under the State Environmental Planning Policy (Three Ports) 2013. It is irregular in shape, with an area of
approximately 22 hectares.
At the date of this report, the site owners are:


Incitec Ltd (Lot 2 in DP234288); and



Orica IC Assets (Lot 3 in DP234288).

3.2

Site Setting

The site is located on the south‐eastern peninsula (and at the extreme southern end) of Kooragang Island
at the confluence of the North and South Arms of the Hunter River. The Orica facility is bounded as
outlined below.
To the north

by Incitec Pivot Limited (IPL) which operates a fertiliser storage and distribution facility.
The land immediately north of the IPL site is primarily vacant open space. Air Liquide
leases a fenced property on the IPL site to the north of the Ammonia Plant for
purification, storage and despatch of carbon dioxide.

To the east

by Greenleaf Road, followed by a grassed foreshore area and the Park Fuels facility which
includes a number of large fuel tanks and associated bunding situated with land owned
by the Port of Newcastle (PoN) and then the North Arm of the Hunter River.

To the south

by warehousing operated by Toll for the storage of bulk goods, followed by Heron Road
and the Walsh Point Reserve.

To the west

by the East Coast Cement facility, immediately to the west of the remediation area, then
by Heron Road where port related facilities are used for bulk goods handling at two PoN
berths (Kooragang Berths No.2 and No.3) located adjacent to the South Arm of the
Hunter River.

The site setting and an indication of the surrounding land uses are provided on Figure 3.
3.3

Topography, Site Layout and Drainage
3.3.1

Topography

In general, the site has a low relief, with a ground surface elevation of approximately 3 m above
Australian Height Datum (AHD) and maximum elevation of around 5 m AHD. The land gently slopes from
J1702.9R‐rev0 ‐ 24‐Sep‐2020
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the centre of the site to the east and west towards the North and South Arms of the Hunter River,
respectively.
3.3.2

Site Layout

The site is currently used for the manufacturing of ammonia and nitric acid as intermediate products in
the production of ammonium nitrate for use in the mining industry. The Orica site is classified as a major
hazard facility (MHF) as the scheduled materials ammonia and ammonium nitrate are present or likely to
be present in quantities that exceed threshold quantities specified in Schedule 15 of the Work Health and
Safety Regulation 2017.
3.3.3

Drainage

A significant portion of the land is unpaved hardstand or grass, which allows significant infiltration of
rainfall, which averages approximately 1,100 millimetres (mm) per annum for the Newcastle area.
3.4

Geology

The southern portion of Kooragang Island, including the site as well as the Hunter River, is located in a
highly modified environment. Kooragang Island was originally a series of smaller islands which formed
part of the Hunter River Delta. This environment was likely to have been dynamic and to have comprised
mudflats with channels amongst the small islands. The southern portion of Kooragang Island was
reclaimed in the 1950s and 1960s using dredged sand from the Hunter River, as well as other fill
materials, to obtain the current levels upon which the industrial facilities have been developed.
The original natural highly dynamic estuarine environment followed by the reclamation has resulted in a
complex geological and hydrogeological setting.
In simplified terms, the stratigraphy consist of predominantly sandy dredged fill materials extending down
to about ‐0.5 m AHD, then a layer of interbedded clays, silts and sands 2.5 to 5 m thick that are
representative of the original mangrove flat and tidal channel system, then predominantly arenaceous
Quaternary estuarine and alluvial deposits that generally coarsen with depth, and finally Permian‐age
bedrock that includes sandstones, claystones and coals, the surface of which is encountered at an
elevation of about ‐37 m AHD.
3.5

Hydrogeology

Groundwater under Kooragang Island is inferred to flow radially towards the North and South Arms of the
Hunter River, i.e. to the east, south and west of the Kooragang Island peninsula, with a groundwater
divide inferred to be located approximately in the centre of the peninsula. In the vicinity of the inferred
arsenic source area (the former sludge disposal pit), groundwater flow direction is inferred to be in a
west‐north‐west direction from the former disposal pit to the South Arm of the Hunter River, rather than
the direct westerly direction to the river.
It is likely that the flow direction is influenced by the depositional environment including reclamation of
the island.
The hydrostratigraphy is comprised of a superficial water table aquifer within the fill sands, underlain by a
confining layer composed of estuarine mud and silt, then a series of leaky/confined aquifers within the
underlying sand and gravel estuarine and alluvial deposits.
The water table within the shallow aquifer is mounded, having an elevation of about 3 m AHD in the
central‐northern part of the site falling to about 1.5 m AHD at the site boundaries, and less than 1 m AHD
close to the river, reflecting the radial flow of groundwater described above. The potentiometric surface
in the deeper aquifers is tidally influenced and typically about 0.2 to 0.5 m AHD. Data from existing nested
groundwater monitoring wells indicates differences in the groundwater potentiometric head in the
different hydrostratigraphic layers. The head differences imply that a vertical downwards hydraulic
gradient exists between the upper and lower aquifers.
As would be expected in this environment, groundwater beneath the site shows a wide range in salinity,
from essentially fresh at some locations in the upper aquifer to salinity close to sea‐water concentrations
at some locations in the deeper aquifers. The pH shows a range from near‐neutral to slightly alkaline
C. M. Jewell & Associates Pty Ltd
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(maxima around pH 8.8) and Eh lies in the anaerobic to moderately reducing (manganese and iron
reducing, but not sulphate reducing) range.
3.6

Site History

Following its reclamation in the 1960s, the site was initially developed by Eastern Nitrogen Limited as a
fertiliser plant, opening in 1969. It was acquired by Orica in 2003. It now produces ammonia and nitric
acid, and manufactures ammonium nitrate exclusively to service the mining industry.
The Ammonia Plant reforms natural gas to produce hydrogen, which is combined with nitrogen to
produce ammonia. Until the mid‐1990s the Vetrocoke process was used to remove (scrub) carbon dioxide
from the process gas stream prior to the production of ammonia. The Vetrocoke process used a solution
containing potassium carbonate and arsenic trioxide to remove the carbon dioxide.
A sludge pit was used for storage of arsenic contaminated runoff from the Ammonia Plant as well as
backwash from the cooling tower sand filter. The pit was located in a flat, grassed area west of the
Ammonia Plant. The sludge pit covered an area of about 1,500 m2 and was surrounded by a bund wall to
about 1.5 m in height. The original pit was unsealed and arsenic‐bearing liquid from the Ammonia Plant is
likely to have permeated into the underlying soil.
Arsenic concentrations in the concentrated liquid may have been as high as 10 g/L.
The former sludge pit was subsequently modified to minimise infiltration of the arsenic‐containing
solution into the soil. It is understood that a concrete slab was laid in September 1975 and arsenic bearing
materials were encapsulated within multiple layers of concrete. In addition, retaining or bund walls were
sealed with compacted road base and a bitumen coating. Towards the end of 1989, the bund was reduced
to about half of its original size by moving the western wall eastwards and a geosynthetic (‘Hypalon’) liner
was installed. Disposal of arsenic waste materials (primary source) to the then modified pit ceased in
1994.
In addition to sludge from the Ammonia Plant, the pit and surrounding areas may have been used for a
variety of activities, including cleaning of equipment, and ad hoc storage of carbon dioxide system saddles
and other arsenic bearing materials.
A remediation program was undertaken in 2005 to minimise the potential for further ingress to the
groundwater of arsenic contamination from arsenic present within the former pit and/or bound to the
underlying soils (secondary sources). The objective of those works was to remove arsenic‐contaminated
materials (soil and concrete, saddles) including the bunds, to the depth of the water table (1 .3 to 1.8 m)
in the vicinity of the former arsenic sludge pit. In addition, surface scrapes (‐0.1 m deep) were carried out
in two areas to remove surficial arsenic contamination.
The major outcome of the soil remediation program was considered to be the removal of arsenic
contaminated materials and soils from near the former sludge pit, which had been acting as a secondary
source of contamination to groundwater.
3.7

Site Contamination

On the basis of the remediation investigation results provided in Golder (2016c), the Auditor considered
that the primary contamination source on the site was the former sludge disposal pit, which was used for
the disposal of solid and liquid arsenic wastes from the Vetrocoke process used at the Ammonia Plant
from the late 1960s to 1994.
3.8

Contaminants of Concern

The EPA found that the site was contaminated with the following contaminants (Declaration 21089):


arsenic; and



nutrients (specifically total ammonia and nitrate).

The individual compounds that make up these contaminant groups are listed in Appendix A.
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Proposed Development

The Auditor understands that no change to land use has been proposed.
3.10

Remediation Requirements

The MO requires Orica to ‘Implement works that will prevent, to the extent required by Action 1c [of the
Management Order], the further offsite migration of arsenic in groundwater.
3.10.1

Stated Objective

Golder (on behalf of Orica) states the objective of the proposed remediation as:
To achieve the MO objectives, and based on the selected cap and containment remediation option, the
specific remediation objective is to install a cap and containment system designed within the practical
constraints associated with the conditions at the site.

The Auditor considered that the remediation objective as stated by Golder was both consistent with the
MO and practicable.
3.10.2

Outline of Remediation

Remediation was to be achieved through the design and construction of engineered solutions comprising
a containment (cut‐off) wall to isolate a potential continuing source of arsenic impact to groundwater and
an integrated capping system to minimise infiltration of rainwater and surface run‐off.
3.11

Validation Requirements

Validation of the construction of the containment system was to be achieved through:


review of the proposed mix design, works planning documentation, oversight of the construction
process by an appropriately qualified engineer, and a review of the adequacy of the constructors
construction quality control (CQC) reports and documentation; and



verification, through assessment and preparation of the construction quality assurance (CQA)
documentation, that the design features have been successfully incorporated into the construction.

Validation of the hydraulic performance of the containment system was to be based on:


measurement of the local groundwater elevations, inside and outside the cut‐off wall, to assess
hydraulic performance of the containment system.

C. M. Jewell & Associates Pty Ltd
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REMEDIATION INVESTIGATIONS

Prior to the issue of the MO (20131407, 20 July 2014), Orica had commenced a program of further site
assessment work to inform the selection and design of an appropriate remediation strategy for the
arsenic contamination later addressed by the MO. That work was carried out by Golder and continued
after the MO was made. Golder ultimately prepared the RAP required by the MO, supported by a set of
detailed assessment reports that were presented in modular form.
In November 2016, Chris Jewell carried out a review of the RAP (Golder 2016) and supporting documents
prepared by Golder and other consultants, and provided a review document to assist the EPA in its
assessment of the suitability and appropriateness of the RAP to manage the contamination identified in
the MO under the specific hydrogeological and geochemical conditions that exist at the site.
A summary of the remediation investigation work carried out and an outline of the RAP, together with
Chris Jewell's review of those documents, is provided in CMJA (2016) which is included in Appendix B of
this SAR.
4.1

Remediation Investigations (Golder 2016c)
4.1.1

Module A: Project Background Information

Module A provided background information concerning site conditions, site history and the surrounding
environment, as also summarised in Section 2 of this SAR. It provides an adequate introduction and the
general information required to understand the following modules.
4.1.2

Module B: Environmental Investigation

Module B provided the results of what are termed the Remediation Investigations – essentially the
investigations carried out to assess the nature and distribution of contaminants in soil and groundwater,
and provide the geochemical data necessary to define and model the soil/groundwater system. These
investigations followed on from several previous phases of site contamination assessment and
characterisation.
4.1.3

Module C: Geotechnical Investigation

Module C described and provided the results of the geotechnical testing carried out in conjunction with
the collection of geological and hydrogeological data. The purpose of this testing was to provide data to
support the design of the proposed containment cell.
4.1.4

Module D: Hydrogeological Conceptual Model

Module D presented an interpretation of the site hydrostratigraphy and groundwater flow system based
on existing and recent hydrogeological data collected during the remediation investigations presented in
Module B. The interpretation was intended to inform the development of a numerical groundwater
model that would support ongoing design parameters and requirements for a cap and containment
remediation approach.
Golder’s interpretation of the hydrostratigraphy is summarised in Table 1 of Module D (Table 2 below). A
more detailed description of each unit is provided in the text of Module D.
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TABLE 2
Summary of Hydrostratigraphy (modified from Golder)
Hydro‐
stratigraphic
Units

Approx.
Elevation
(m AHD)

Unit 1
Fill and
reclaimed sand

Top:
3 to 5

Unit 2
Estuarine silt
and clay

Base:
‐3 to ‐5

Base: ‐0.5

Typical Hydraulic
Conductivity*

Description

Classification

Various loose fill (including localised slag and
ash) and reclaimed sand of coastal origin
with shell fragments

Aquifer, porous
medium,
unconfined

3 x 10‐5 m/s to
8 x 10‐5 m/s

Fine‐grained estuarine sediments
predominantly comprised of silts and clays,
black in colour. The lower part becomes
gradually coarser (i.e. sandier)

Aquitard, porous
medium

Upper part: Kh
likely 2 orders of
magnitude lower
than Unit 1**, Kv
much lower
Lower part: Kh 10‐5
m/s, Kv
significantly lower

Unit 3
Alluvial sand

Base:
‐12 to ‐13

Fine to medium‐grained alluvial sand, grey in
colour, sub‐rounded and occasionally
interspersed with bands of clay and minor
sandy silt

Aquifer, porous
medium,
confined,
anisotropic

Kh 8 x 10‐5 m/s to
2 x 10‐4 m/s

Unit 4
Coarse fluvial
sand

Base:
‐20 to ‐25

Dense medium to coarse‐grained fluvial
sands, with rounded gravels and pebbles,
pale brown in colour

Aquifer, porous
medium,
confined,
anisotropic

Kh > 10‐4 m/s

Unit 5

Base: ~‐37

Interbedded strata comprising of:

Succession of thin
aquifer zones and
aquitards, porous
medium,
confined,
anisotropic

Unknown

Aquifer, fractured
rock medium

Unknown, likely to
be highly variable,
but significantly
lower than
overlying alluvial
and fluvial sands.

Deeper Sands
and Clays

Permian
Bedrock

Notes:



Upper part: yellow brown uniform fine‐
grained sand (possibly of terrestrial
origin)



Middle part: grey fine to medium‐
grained sand with rounded coal
fragments



Lower part: interspersed black silty clay
and sandy clay with minor bands of sand

Fine to medium grained weathered
sandstone, green‐blue in colour, dry
(predominantly recovered as pulverised
material)

m/s
Kh
Kv
*
**

metres per second
horizontal hydraulic conductivity
vertical hydraulic conductivity
Data predominantly sourced from slug test interpretation presented in Module B
Discussed in Section D3.3 of Module D (Interaction between Unit 1 and Unit 3)

Flow conditions in each unit are described in the text. The information provided includes groundwater
levels, hydraulic gradients, vertical flow direction and estimated lateral flows from each unit to the Hunter
River.
4.1.5

Module E: Delineation of Arsenic Contamination

Module E provided an interpretation of the soil and groundwater quality data collected during the
remediation investigations and presented in Module B, to inform the design parameters and
requirements for the cap and containment remediation approach. In effect, this involved delineating the
lateral and vertical extent of contamination that should be managed within a containment cell.

C. M. Jewell & Associates Pty Ltd
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Golder set out to delineate arsenic contamination meeting defined concentration criteria that indicated
that it would need to be managed within the containment works. For soil, these were:


for depths <1 m: 100 mg/kg; and



for depths between 1 and 15 m: Individual arsenic concentrations of less than 100 mg/kg and a
95% upper confidence limit (UCL) on the mean of less than 45 mg/kg.

The selection of 100 mg/kg for individual samples and 45 mg/kg for the 95% UCL on the mean was based
on previously‐completed bench‐scale testing.


Previous leach testing work, including column tests and sequential batch tests (URS 2007, 2009),
indicated that desorption from significantly contaminated soils is in the order of 4 to 10% after
some 13 to 15 pore volumes.



Leach assessments also indicated that the arsenic is adsorbed by the natural soil. Sequential batch
tests indicated that water after leaching 15 pore volumes with soils containing 450 mg/kg had
arsenic concentrations of approximately 1 milligram per litre (mg/L).

A soil concentration of 45 mg/kg (an order of magnitude less than the concentration used in the
contaminated soils leach testing), and subsequently rounded to 40 mg/kg, was adopted as the delineation
criterion on the basis that soils that did not exceed that concentration would not act as a significant
secondary source of arsenic. This criterion was applied as a UCL on the mean concentration for soil in
each bore. In addition to the UCL concentration, no individual sample should have a concentration
exceeding 100 mg/kg.
For groundwater, contamination had previously been delineated on the basis of a concentration limit of
1 milligram per litre (mg/L). Using this criterion, the lateral footprint of groundwater contamination was
consistent with the lateral footprint of the delineated soil contamination. To the south, east and north at
3 m, 6 m and 8 m below ground level the concentrations were in fact generally well below the criterion.
The delineated extent of arsenic contamination is shown on Golder’s Figure E1.
4.2

Technical Memoranda
4.2.1

Geochemical Modelling of Arsenic Attenuation and Release (Golder
2016b)

The work reported in this memorandum was carried out to assess the effect of a change in geochemical
conditions within the aquifer system that could occur as a result of construction of the containment cell.
Because a necessary consequence of covering and containing the aquifer within the cell is that air will be
excluded, then it is likely that conditions will become more reducing, which may affect the solubility of
arsenic. The key concern was that under lower Eh (more reducing) conditions, arsenic that is currently
adsorbed to the surface of hydrous ferric oxides that coat sand and silt particles in the aquifer matrix
could be released or displaced into solution.
A series of snapshot models was constructed that represents the range of plausible geochemical
conditions likely to arise following the installation of the remediation system. The models were built using
PHREEQCI Version 3.0. Three models were built to represent the three primary hydrostratigraphic layers
underlying the site: Shallow (Layer 1), Intermediate (Layer 2), and Deep (Layer 3). The models were
calibrated by creating an iron oxide (Hfo) surface with adsorbed major ions and metals to approximate
the surfaces that are currently present in the aquifer. This was achieved by equilibrating the iron oxide
surface with a solution that had arsenic concentrations consistent with the original contamination waters
(130 mg/L in the case of Layer 1 and 50 mg/L in the case of Layer 2) and taking into account competition
with other ions. Once the iron oxide surface had adsorbed‐arsenic concentrations that were consistent
with those assessed from previous leach test‐work, the surface was flushed with a solution consistent
with the currently‐measured in groundwater chemistry. The intention was to create an initial model
representative of current conditions by mimicking the geochemical history since initial contamination
occurred. This initial model could then be used as a starting point for forward modelling.
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Forward modelling involved two components:
1.

Assessing the stability of arsenic in response to a drop in redox potential (Eh), where the drop in
redox potential is a consequence of lower rates of oxygen ingress due to installation of the cap‐
and‐contain system. The models were also used to assess the relative stability of the iron oxide
phases present and to identify the formation of other possible arsenic attenuating phases (e.g.
sulphides, discrete mineral phases).

2.

Assessing the attenuation capacity of Unit 3 based on the presence of iron oxides or sulphides. A
worst case scenario was assumed where groundwater with an arsenic concentration of 9 mg/L
flows into Unit 3 from Unit 2. Note that this scenario assumes that Unit 2 has no attenuation
capacity, a very conservative assumption.

The results of the modelling indicated that:


Goethite is the dominant iron oxide and therefore assumed to be the sorption surface for arsenic.



As Eh falls:
-

A small amount of the iron oxide dissolves: a maximum of 5% in Layer 1 and 0.1% in Unit 2;

-

Pyrite (FeS2) precipitates in all three layers and orpiment (As2S3) precipitates in Units 2 and 3;

-

The dissolution of iron oxide results in a release of arsenic only once orpiment precipitates.
Prior to the formation of orpiment other surface species desorb from the iron oxide surface
and arsenic occupies the free sites. Therefore, the mass of arsenic adsorbed onto the iron
oxide surface is inversely proportional to the amount of orpiment;

-

Aqueous arsenic concentrations decrease. Aqueous arsenic depletion ceases when orpiment
precipitates;

-

The distribution of species on the iron oxide surface changes as Eh falls. In Unit 1, where
arsenic is retained on the iron oxide surface, more phosphate and less carbonate occupies
sorption sites at lower Eh. In Units 2 and 3 where arsenic is released from the iron oxide
surface and precipitated as orpiment the proportion of carbonate species on the iron oxide
surface increases as Eh is lowered;

-

The charge on the surface of goethite changes, though only slightly (less negative in Units 1
and 3 and more positive in Unit 2); and

-

pH increases from 7.1 to 8.2.

The significant finding of the modelling is that in all three units, the concentration of dissolved arsenic will
not increase as conditions become more reducing and Eh falls. In fact dissolved arsenic concentrations
decrease significantly. The reasons for this are quite complex.
Although a slow release of arsenic from surfaces in Unit 1 will continue to occur because those surfaces
were in equilibrium with historically‐higher dissolved phase concentrations, as Eh falls other ions will be
preferentially released from adsorption sites and this will result in the availability of more sites for arsenic
adsorption on the surface of soil particles. Thus, in Unit 1 there will be a small increase in adsorbed
arsenic concentration as Eh falls. In Units 2 and 3 there will be a larger increase in adsorbed arsenic
concentration until Eh reaches ‐250 millivolts (mV) but when Eh falls past this point the adsorbed arsenic
concentration will decrease significantly. The reason for this is that arsenic will then precipitate as
orpiment and possibly pyrite, resulting in a large fall in dissolved phase concentration and consequent
release of adsorbed arsenic. The modelled falls in aqueous arsenic concentrations occur in all three units.
4.2.2

Assessment of Contaminant Migration due to Diffusion (Golder 2016a)

This memorandum considered the vertical diffusion of arsenite (As III) within and from the base of the
diffusion cell, and lateral diffusion/advection through the walls of the cell. Vertical diffusion had been
raised by the reviewer as an unaddressed potential sensitivity issue.
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Golder assessed the mass flux due to vertical diffusion in accordance with Fick’s first law, using literature‐
derived values for the free solution diffusivity of arsenite and the tortuosity and porosity of the Unit 3
sands. The concentration gradient was estimated conservatively using the upper part of the likely range
for contained groundwater (35 to 85 mg/L) and zero for water outside the cell.
Horizontal diffusion was calculated using the method developed by Rowe (1994) for combined diffusion
and advection through a clay landfill liner, in that case using a tortuosity factor for clay‐bentonite
mixtures. In both cases the calculated mass flux was converted to mass transport rates using appropriate
cell dimensions.
Golder calculated the mass of arsenic transported from the cell by vertical diffusion as 0.2 to 1.5 grams
per day (g/d), and that transported horizontally through the cell walls as negligible to 1.1 g/d.
From the Auditor’s perspective, the significance of these results is that they place an upper limit on the
mass of arsenic that may exit the cell through the base and walls that is independent of the groundwater
flow velocity past the cell.
4.3

Groundwater Modelling

Groundwater flow modelling of the southern tip of Kooragang Island was carried out by Al Laase and
reported in Orica, Kooragang Island Steady‐State Groundwater Flow Model, dated July 2016 (Laase
2016a). The model was built in MODFLOW 2000 (Harbaugh et al. 2000), a successor to MODFLOW, the
widely used and accepted finite‐difference code developed by the US Geological Survey (McDonald and
Harbaugh 1988). Flow model calibration was conducted using PEST (Doherty 1999) coupled with pilot
points (Doherty 2004). Laase adopted a normal systematic and staged approach to model development,
with the following components:


data evaluation and analysis;



development of a conceptual groundwater model;



configuration of the flow model;



steady‐state calibration of the model; and



evaluation of the model.

The initial evaluation of the available data included an analysis of horizontal groundwater flow directions
and gradients.
Quantitative evaluation of groundwater flow direction and gradient magnitudes in Units 1 through 4 was
conducted using the January, May and August 2015 water level data. The analysis employed Visual Three‐
Point Plus (V3PP), a computer code developed by Oak Ridge National Laboratory (Laase et al. 2001). Triangles
are created using wells whose water levels correspond to the triangle vertices. Groundwater flow directions
and gradient magnitude are assessed by creating these triangles in the manner described above. Next,
groundwater flow direction and gradient for each triangle are calculated using the three vertices water levels
as input for three point calculations to determine plane dip direction and magnitude. The results are
displayed graphically on a site map as arrows denoting flow direction and are also summarized in tabular
form.

The results of this analysis were difficult to interpret due to strong tidal influences.
Tidal responses in a confined aquifer pose a unique challenge when evaluating groundwater flow directions.
For illustration examine the 24‐hour hydrograph for BP15_15 (Figure 19). The reported groundwater level for
BP15_15 is a function of when the water level was collected. Now consider the effect of tidal influences on a
single comprehensive groundwater measurement event. It takes all day to collect groundwater level
measurement from all the wells on the Kooragang Island Peninsula. Some of the wells will be measured at low
elevation and some at high elevation periods. The result is a series of water level measurements that are not
representative of instantaneous conditions, which is why the V3PP plots of groundwater flow directions for
Units 2 through 4 (Figures 14 through 16) show arrows pointing in seemingly contradictory directions. A
consequence of tidal influence on confined aquifers (Units 2 through 5) is that comprehensive water level
measurement events, at least in this application, cannot be used as steady‐state water level elevation
calibration targets for the groundwater flow model. This statement does not apply to Unit 1 groundwater
J1702.9R‐rev0 ‐ 24‐Sep‐2020
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level measurements because Unit 1 is unconfined and in the absence of precipitation, site‐wide groundwater
levels are not expected to change significantly over the measurement collection period.

Vertical groundwater flow directions and gradients were assessed. The median head difference between
Units 1 and 3 is 1.19 m. Unit 2 is typically 2.5 m thick which results in a downward vertical gradient of
0.474 metres per metre (m/m) across Unit 2. This is a relatively steep gradient, indicative of the low
vertical hydraulic conductivity of Unit 2.
Laase summarised his assessment of the available horizontal hydraulic conductivity data as follows:
Horizontal hydraulic conductivity of the Kooragang Island Peninsula sediments was characterized by slug
testing selected wells screened primarily in Units 1, 2 and 3. Measured Unit 1 horizontal hydraulic
conductivity ranges between 0.6 m/d and 20 m/d with a median value of approximately 4.4 m/d (5 x 10‐5
m/s). Unit 2 horizontal hydraulic conductivity ranges from 0.2 m/d to 8 m/d with a typical value of 2 m/d (2.3
x 10‐5 m/s). Horizontal hydraulic conductivity is more variable in Unit 3 with measurements ranging from less
than 1 m/d to over 100 m/d (1.2 x 10‐5 to 1.2 x 10‐3 m/s). It should be noted that the higher Unit 3 horizontal
hydraulic conductivity measurements were obtained from slug tests conducted in the southern portion of the
peninsula. Previous Unit 3 slug tests conducted elsewhere on the Orica site yielded hydraulic conductivity
measurements similar to those obtained for Unit 1. Minimal slug test data are available for Units 4 and 5, but
based on lithology the horizontal hydraulic conductivity of Unit 4 is expected to be similar to Unit 1. Unit 5,
consisting primarily of fine sediments, is expected to have lower hydraulic conductivity than Units 1
through 4.

The dataset was tabulated in this section.
Laase also carried out an analysis of hydraulic conductivity anisotropy. In layered systems, the bulk
effective vertical hydraulic conductivity is assessed as the harmonic mean of the individual layer
conductivities, weighted by layer thickness, whereas the bulk effective horizontal hydraulic conductivity is
assessed as the arithmetic mean of the individual layer conductivities. The effect of this difference is that
the vertical conductivity is dominated by the low permeability layers and the horizontal conductivity by
the high‐conductivity layers. An anisotropy factor of 0.1 (vertical: horizontal) was applied to the aquifer
layer. This is a commonly‐used default value when the actual anisotropy is unknown. The Auditor
considers that this is appropriate, but also that it may be an underestimate of the actual anisotropy.
An initial assessment of recharge to the aquifer system was made by considering the water balance:
rainfall minus evapotranspiration and runoff.
Based on the annual volumetric rate values presented previously and using the assumption of runoff
being 10% of rainfall, typical recharge to groundwater from precipitation from 2005 to 2014 over the area
of the model was estimated to be approximately 365 cubic metres per day (m3/d) (0.004 cubic metres per
second – m3/s).
The potential for local evapotranspiration maxima due to phreatophyte vegetation was considered, and
assessed as being insignificant.
The key figures on the discharge side of the water balance are discharge from Unit 1 to the Hunter River
and downward flow from Unit 1 across Unit 2 to Unit 3, which is assumed to eventually discharge to the
Hunter River.
The groundwater mass balance is summarised in Table 3.
TABLE 3
Kooragang Island Groundwater Mass Balance (m3/d)
Item

In

Out
Minimum

Maximum

1,338

1,338

Unit 1 Discharge to River

107

250

Flow Across Unit 2

50

300

1,495

1,888

Rainfall Recharge

Minimum

Maximum

1,896

1,946

Evapotranspiration

TOTAL
C. M. Jewell & Associates Pty Ltd
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Laase’s Conceptual Groundwater Model was a compilation of the concepts and data presented in the
previous section.
The groundwater flow system was characterised as follows:


The peninsula is an isolated groundwater flow system.



Rainfall is the sole source of peninsula groundwater.



All groundwater discharges to the north and south arms of the Hunter River.

Kooragang Island lithology consists of:
 Five units defined by geology and vertical sequencing:
-

Unit 1 ‐ fill and dredged material (sand);

-

Unit 2 ‐ sandy silt with clay stringers;

-

Unit 3 ‐ silty sand;

-

Unit 4 ‐ sandy silt; and

-

Unit 5 ‐ clayey silt.

With respect to hydraulic conductivity the following considerations apply:


Unit 1 horizontal hydraulic conductivity ranges between 0.6 and 20 metres per day (m/d).



Unit 2 horizontal hydraulic conductivity ranges between 0.2 and 8 m/d.



Unit 3 horizontal hydraulic conductivity ranges between 1 and 100 m/d with the higher values
obtained from bores installed in the southern portion of the peninsula. Slug test results for the rest
of the peninsula measured horizontal hydraulic conductivity at values similar to those measured for
Unit 1.



Minimal horizontal hydraulic conductivity measurements are available for Units 4 and 5 but, based
on lithology, the horizontal hydraulic conductivity of Unit 4 is expected to be similar to Unit 1. Unit
5, consisting primarily of fine sediments, is expected to have lower hydraulic conductivity than
Units 1 through 4.



Vertical hydraulic conductivity is assumed to be one tenth horizontal hydraulic conductivity.



Because of the presence of clay stringers the effective vertical hydraulic conductivity of Unit 2 is in
the 10‐4 m/d range.

Recharge and Evapotranspiration rates are:


Median rainfall from 2005 through 2014 is 992 millimetres per year (mm/yr).



Evapotranspiration is 700 mm/yr.



Owing to flat terrain and sandy soils surface runoff is minimal and is assumed to be 10% of rainfall
(99 mm/yr).



Net recharge which is rainfall minus evapotranspiration minus surface runoff is 200 mm/yr.



Volumetrically, net recharge to the groundwater flow system is approximately 365 m3/d.

Groundwater discharge rates are:


Unit 1 groundwater discharge to the Hunter River is between 107 and 250 m3/d.
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Between 100 and 300 m3/d of groundwater flows downward from Unit 1 across Unit 2 into Unit 3.
Ultimately, this groundwater discharges to the Hunter River via Units 3 and 4.



Groundwater flow volumes decrease with depth; that is groundwater flow volume in Unit 1>
Unit 2> Unit 3> Unit 4 >Unit 5.

Finally, with respect to the Kooragang Island peninsula groundwater mass balance:


Estimated cumulative volumetric groundwater recharge ranges between 1,896 and 1,946 m3/d.



Estimated cumulative volumetric groundwater discharge ranges between 1,495 and 1,888 m3/d.



Based on these recharge and discharge ranges, groundwater through flow is between 1,495 and
1,946 m3/d.

As indicated previously, Laase carried out steady‐state calibration of the flow model using PEST coupled
with pilot points. PEST has become the standard approach for calibrating complex groundwater models
because, as Laase indicates, parameter estimation offers an advantage over trial‐and‐error model
calibration in that the calibrated parameters represent and objective answer for the model configuration.
Nevertheless, subjective judgement is required to ensure that calibrated parameters lie within physically
realistic ranges for the materials concerned.
The key model parameters calibrated at steady state are hydraulic conductivity distributions, recharge
and evapotranspiration rates. The calibration targets or indicators were groundwater levels and plume
flow paths. The Auditor notes that these are not independent as the plume flow path is controlled by the
groundwater level distribution.
The calibrated horizontal hydraulic conductivity fields for model Units 1 and 2 are shown in Figures 36 and
37 of Laase (2016a). Median horizontal hydraulic conductivity for Layer 1 is 6.9 m/d. Laase states that
model‐predicted Unit 1 horizontal hydraulic conductivity is relatively homogeneous as evidenced by 5‐
percentile and 95‐percentile hydraulic conductivity predictions of 3.6 m/d and 12.2 m/d, respectively, as
shown in Table 4. Model‐predicted horizontal hydraulic conductivity for Unit 2 is also relatively
homogeneous with median, 5‐percentile and 95‐percentile predictions of 1.6 m/d, 1.2 m/d and 2.1 m/d,
respectively. Units 3 through 5 had calibrated uniform horizontal hydraulic conductivity values of 1.3 m/d,
1.4 m/d and 0.3 m/d, respectively (i.e. the lateral distribution was not calibrated for these units).
TABLE 4
Calibrated Horizontal and Vertical Hydraulic Conductivity Statistical Distributions
Unit 1
Kx
(m/d)

Unit 1
Kz
(m/d)

Unit 1
Kx/Kz

Unit 2
Kx
(m/d)

Unit 2
Kz
(m/d)

Unit 2
Kx/Kz

5

3.64E+00

4.29E‐01

8.49

1.24E+00

3.36E‐04

3689

25

4.68E+00

4.40E‐01

10.64

1.42E+00

3.69E‐04

3846

50

6.85E+00

4.40E‐01

15.56

1.59E+00

3.92E‐04

4063

75

8.30E+00

4.52E‐01

18.35

1.85E+00

4.48E‐04

4138

95

1.22E+01

4.95E‐01

24.66

2.11E+00

5.94E‐04

3553

Percentile

The hydraulic conductivity calibration results for Units 1 and 2 are consistent with the described lithology
and field data. However, those for Units 3 and 4 are not consistent with the reported lithology and field
data. In my opinion they are likely to be underestimates.
The calibrated recharge values for the grass and gravel surfaced areas for the January 2015, May 2015 and
August 2015 stress periods are shown in Table 5. Calibrated recharge rates for grassed areas range from
2.3×10‐3 m/d to 2.5×10‐3 m/d. These values correspond to annual recharge rates of 825 mm/yr and 928
mm/yr. Model‐predicted recharge to gravel areas is slightly greater relative to the grassed areas and
ranges between 2.5×10‐3 m/d (917 mm/yr) to 2.8×10‐3 m/d (1,028 mm/yr). Laase states that the model‐
predicted values are within the expected recharge range.
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TABLE 5
Calibrated Recharge Values
Area/Time
Rainfall Recharge ‐ January 2015

Recharge
(mm/d)

Recharge
(mm/yr)

2.26

825

Gravel Area Recharge ‐ January 2015

2.51

917

Rainfall Recharge ‐ May 2015

2.54

928

Gravel Area Recharge ‐ May 2015

2.81

1,028

Rainfall Recharge ‐ August 2015

2.41

881

Gravel Area Recharge ‐ August 2015

2.67

975

It is necessary to appreciate that, in the absence of external constraints, model calibration of hydraulic
conductivity and recharge is necessarily non‐unique, because an equally good fit to groundwater level
data can be achieved for other values of these parameters, provided that recharge and hydraulic
conductivity values are adjusted in concert. Of course, rainfall data does provide such a constraint,
because rainfall recharge cannot exceed rainfall, or indeed a reasonable proportion of rainfall, since there
must necessarily be some evapotranspiration. In some modelling situations the discharge side of the
water balance may also be partially constrained, for example by streamflow measurements under
baseflow conditions, but that was not the case here, as the actual discharge to the Hunter River from the
aquifer system is not measurable.
Model calibration was assessed by comparing model‐predicted water levels to measured water levels (the
closer the agreement between the two, the better‐calibrated the model is assumed to be).
Figure 40 of Laase (2016a) is a plot of Unit 1 target residuals versus target water levels. The majority of
the model‐predicted water levels are within +/‐ 0.25 m of the target values; however, some of the model‐
predicted water levels are over or under predicted by as much as 0.75 m. Comparison of Unit 1 model‐
predicted and target water levels for the model results in sum of the difference squared of 14.4 m2
(Figure 40 of Laase 2016a).
Groundwater levels from Units 2 to 5 were not included in the calibration but the measured water levels
were compared to model‐predicted levels to assess the degree to which the model replicates Units 2 to 5
groundwater flow conditions (Figure 41 of Laase 2016a). In general, most of the model‐predicted water
levels are within +/‐ 0.50 m of the target values. Some of the model‐predicted water levels are over‐ or
under‐predicted by as much as 2 m. As the Units 2 to 5 water levels include tidal fluctuations, it would not
be expected that the match between model‐predicted and measured water levels would be as good as
that obtained for Unit 1.
Comparison of Figures 45 to 47 with Figure 12 of Laase (2016a) indicates that model‐predicted and
measured Unit 3 potentiometric surfaces are similar. The January 2015, May 2015 and August 2015
model‐predicted and observed potentiometric surfaces show a groundwater high located north of the
Orica facility. Groundwater flows radially from the high towards the north and south arms of the Hunter
River. Similar to the Unit 1 model‐predicted water table, groundwater levels rise and fall in response to
precipitation. The highest model‐predicted Unit 3 water levels are associated with May 2015, a period of
significant rainfall. Lower Unit 3 water levels are predicted for January 2015, a period of less rainfall. The
model‐predicted August 2015 Unit 3 water levels are, as expected, between the January 2015 and May
2015 water levels. While Unit 3 water levels rise and fall in response to rainfall the overall water level
pattern remains consistent.
The model‐predicted east and west arsenic plume trajectories matched the observed plume trajectories
within 3 degrees. Particle traces for particles originating at the source areas follow the plume centrelines
(Figure 49 of Laase 2016a). Particles placed within the western arsenic source area and migrated forward
with time produce particle traces that mimic the western arsenic plume geometry (Figures 50 and 26 of
Laase 2016a).
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Section 7 of Laase (2016a) provides an evaluation of the model. Laase states:
For a groundwater flow model to be considered representative, the model needs to reasonably match
calibration targets, reproduce the estimated site water balance, mimic observed plume trajectories, and be
faithful to the conceptual model. Even if good agreements are achieved, the model still may be lacking in
some aspects because all models are an approximation of the real world and require assumptions for
construction and simulation and, as such, never will exactly mimic actual conditions. Part of any modelling
exercise is to evaluate how the modelling assumptions potentially influence the predictions and attempt to
quantify that uncertainty. Finally, the calibrated model needs to be capable of satisfying the modelling
objectives, or why develop a model? This section evaluates the model with respect to matching observed
conditions, uncertainty and the ability to satisfy the modelling objectives.

Laase evaluates the model calibration as follows:
The model reasonably matches target water level elevations and head differences. In addition, based on
particle traces, the model reproduces the east and west arsenic plume flow paths. Overall this flow model
honours the conceptual model with respect to recharge and discharge rates and volumes and the predicted
range of hydraulic conductivities. In summary, the model makes sense when compared to what is known
about the Kooragang Island hydrogeology and groundwater flow patterns. Therefore, the calibrated
groundwater flow model can be used to simulate Kooragang Island groundwater flow and for remedial design
and evaluation.

In discussing the sensitivity of the model to uncertainty in parameter estimation, Laase indicates:
Data evaluation demonstrated that because of tidal fluctuations present within Units 2 through 5, water
levels measured from these Units could not be used as calibration targets. Lacking head target data, Units 3
through 5 were calibrated as homogeneous properties, that is, a single horizontal hydraulic conductivity value
was representative for each of the three units. Unit 2 was calibrated using pilot points because Unit 2 directly
underlies Unit 1 and thus Unit 1 head targets are likely influenced by Unit 2 hydraulic conductivity
distribution. The lack of head targets in Units 2 through 5 contributes uncertainty to the Unit 2 through 5
calibrated hydraulic conductivity values.
While the calibrated model reasonably reproduces 2005 through 2014 recharge conditions, data evaluation
showed that recharge during wet conditions could be as much as 300 mm/year more than current recharge
conditions.

And:
While the results [of a formal model sensitivity evaluation would] provide perspective on which input
parameters control the calibration, they [would] provide minimal insight on how parameter uncertainty
potentially influences remedial design predictions. With that in mind, sensitivity evaluation was not
performed on the calibrated model. Rather sensitivity evaluation should be performed on remedial designs
evaluated using this model. As discussed previously, potential uncertain parameters include recharge and
Units 2 through 5 hydraulic conductivities.

The Auditor agrees with these comments, but would add that, to a significant extent, the lower boundary
of the calibrated model is the base of Unit 2. I think that the model is likely to be insensitive to the
hydraulic conductivity of Units 3 and 4 because these units are part of an extensive groundwater body
with very large storage (relative to rainfall recharge within the model domain and downward leakage
from the base of Unit 2) and relatively high hydraulic conductivity. That groundwater body is in direct
lateral hydraulic continuity with an infinitely large surface water body through the dredged channels in
the Hunter River.
Furthermore, the Auditor thinks that the data interpretation and calibration issues caused by tidal
fluctuations may be even greater than indicated by Laase. Tidal lag and attenuation of tidal amplitude
within the aquifer system depend on aquifer properties and distance from the river and dredged
channels. They will therefore vary in an unpredictable way across the lateral extent of the aquifers. Also,
in addition to the diurnal cycle, there are superimposed monthly and semi‐annual tidal cycles, which can
be confused with recharge responses unless monitoring frequency is high or there are other control data.
Laase did carry out an evaluation of the sensitivity of the remedial design to uncertainty in the hydraulic
conductivity of Unit 3, modelling the effect of increasing Unit 3 horizontal and vertical hydraulic
conductivity by factors on ten on containment cell performance. This sensitivity modelling indicated that
C. M. Jewell & Associates Pty Ltd
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percentage reduction in flow through the arsenic source was insensitive to the hydraulic conductivity of
Unit 3, remaining at 96% with the higher modelled hydraulic conductivity.
Therefore, the Auditor considered that calibrated groundwater flow model could reasonably be used to
simulate Kooragang Island groundwater flow and for the purpose of remedial design and evaluation.
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5.0

DESIGN OF CAP AND CUT-OFF WALL

The report Design Evaluation of a Cap and Cut‐Off Wall for Orica Botany Kooragang Island, Former Sludge
Disposal Pit, dated July 2016 (Laase 2016b) used the calibrated groundwater flow model to evaluate a
number of alternative designs for a containment system for the arsenic contaminated soil and
groundwater in terms of their effectiveness in meeting the MO objectives, and also in terms of their
sensitivity to uncertainties in the groundwater flow model.
The alternative designs evaluated are listed in Table 5 (Table 1 of Laase 2016b).
TABLE 5
Summary of Containment Cell Designs
Design Scenario
Number

Description

Wall and Cap Specification
Wall Depth
(m bgs)

Cap Infiltration
Rate (mm/yr)

NA

NA

Design Evaluations
0

Ambient

1

Cap and Walls

8

10

2A

Cap and Walls

12

10

2B

Cap and Walls

12

0

2C

Cap and Walls

12

41

2D

Cap, Walls and Infiltration Basin

12

10

3

Cap and Walls

16

10

Sensitivity Evaluations
2E

Cap and Walls – Unit 2 Kx Decreased by a Factor of Ten

12

10

2F

Cap and Walls – Unit 3 Kx and Kz Increased by Factors of
Ten

12

10

2G

Cap and Walls – Annual Rainfall is 1,300 mm/yr

12

10

The containment cell evaluations were performed using the steady‐state, groundwater flow model
representing August 2015 rainfall conditions developed in Laase (2016a). The August 2015 time period
was selected because it represents ‘typical’ rainfall conditions rather than dry (January 2015) or wet (May
2015) conditions. Horizontal Flow Barrier (HFB) cells were used to simulate the containment cell cut‐off
walls. To implement the HFB boundary condition, low‐permeability ‘walls’ were assigned to the
appropriate vertical faces of the model cells containing the cut‐off wall to form a continuous barrier to
groundwater flow. For this application, the HFB cells were assigned a hydraulic conductivity of 8.6x10‐5
m/d (1.0×10‐9 m/s) and a thickness of 0.8 m. Cut‐off wall specifications were not changed during the
simulations because construction techniques dictate wall permeability and thickness. To simulate the cap
designed to limit rainfall infiltration, a recharge rate representing allowable rainfall infiltration was
assigned to the area within the cut‐off walls.
The containment cell designs listed in Table 5 have cut‐off walls that extend various distances into Unit 3.
To facilitate containment cell evaluation, model layer 3 (Unit 3) was subdivided into three layers having
bottom elevations corresponding to 8 m, 12 m and 16 m depths below ground surface (bgs). The
horizontal and vertical hydraulic conductivity distribution of the three Unit 3 layers was identical to the
original layer 3 hydraulic conductivities.
Pre‐construction groundwater flow rates through the arsenic source material were assessed and used as
reference rates for the design effort. Design simulations were then carried out for scenarios listed in
Table 5; the modelled groundwater flow volumes passing through the arsenic source were compared to
estimated pre‐construction flow volumes. Design performance was expressed as the percentage decline
in flow volumes through the arsenic source area relative to the pre‐construction steady‐state flow rates.
Not every possible combination of cap infiltration and cut‐off wall depth was simulated because
knowledge gained from the different cap infiltration rate scenarios was found to be applicable to design
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scenarios employing deeper cut‐off wall depths. The same was found to be true of the hydraulic
conductivity and recharge sensitivity evaluations.
The results of the design evaluation are summarised in Table 6 (Table 2 of Laase 2016b).
TABLE 6
Summary and Comparison of Containment Cell Performance
Design Specification
Number

Description

Wall and Cap Specification

Unit Net Outflow (m3/d)

Percentage
Reduction in
Groundwater Flow
Through Arsenic
Source

Wall Depth
(m bgs)

Cap
Infiltration
Rate (mm/yr)

Unit
1

Unit
2

Unit 3

Total

NA

NA

5.12

0.6

0.16

5.88

0

Design Evaluations
0

Current

1

Cap and Walls

8

10

0.16

0.02

0.05

0.23

96

2A

Cap and Walls

12

10

0.16

0.02

0.04

0.22

96

2B

Cap and Walls

12

0

0.07

0.03

0.06

0.16

97

2C

Cap and Walls

12

41

0.42

0.02

0

0.44

93

2D

Cap, Walls and
Infiltration Basin

12

10

0.16

0.03

0.05

0.24

96

3

Cap and Walls

16

10

0.16

0.02

0.04

0.22

96

Sensitivity Evaluations
2E

Cap and Walls –
Unit 2 Kx
Decreased by a
Factor of Ten

12

10

0.16

0.03

0.07

0.26

96

2F

Cap and Walls–
Unit 3 Kx and Kz
Increased by
factors of Ten

12

10

0.16

0.03

0.07

0.26

96

2G

Cap and Walls –
Annual Rainfall
is 1,300 mm/yr

12

10

0.22

0.04

0.06

0.32

95

Laase (2016b) provides a detailed evaluation of each design and a sensitivity analysis that it is unnecessary
to repeat here. In fact, to a large extent, Table 6 tells the story itself.
Fundamentally, the key metric, percentage reduction in groundwater flow through the arsenic source,
was shown to be quite insensitive to variations in containment cell design. The greatest sensitivity was to
an increase in infiltration through the cell cap (2C).
The vital design feature was shown to be full penetration of the cut‐off walls through Units 1 and 2, into
Unit 3. With this proviso, all groundwater migrating through the discharge cell footprint discharges to Unit
3; the primary discharge conduit is thus changed from Unit 1 to Unit 3.
The parameter sensitivity (i.e. sensitivity to changes in hydrogeological conditions) was also shown to be
quite insignificant.
The calibrated Unit 2 median horizontal hydraulic conductivity of 1.6 m/d was much higher than the
calibrated Unit 2 median vertical hydraulic conductivity of 3.9×10‐4 m/d. While the high anisotropy is
consistent with the geology, a sensitivity evaluation was appropriate to evaluate how a decrease in Unit 2
bulk horizontal hydraulic conductivity (and thus anisotropy) by a factor of ten would influence
containment cell performance.
When Unit 2 horizontal hydraulic conductivity was reduced by a factor of ten, the 10 mm/yr infiltration
rate through the cap, coupled with 12 m deep cut‐off walls generated a groundwater flow rate of
0.26 m3/d through the arsenic source area, as shown in Table 6. This flow volume represents a 96%
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decrease in groundwater flow through the arsenic source relative to pre‐construction conditions, which is
the same proportion as that for Design Scenario 2A. This indicates that containment cell performance is
not sensitive to uncertainty in Unit 2 bulk horizontal hydraulic conductivity.
As discussed above, Laase considered that there was substantial measured variation in horizontal
hydraulic conductivity in Unit 3, and the calibrated values were at the lower end of the measured range.
The Auditor considers, and previously indicated, that the horizontal hydraulic conductivity, and thus the
anisotropy, of Unit 3 are likely to be considerably higher than the model‐calibrated values of 1.3 m/d and
5.9 (h/v) respectively.
Sensitivity evaluation was conducted to determine whether increasing Unit 3 horizontal and vertical
hydraulic conductivity by factors of ten (maintaining the anisotropy ratio) would change containment cell
performance.
When Unit 3 horizontal and vertical hydraulic conductivities were increased by factors of ten,
groundwater flow through the arsenic source area was calculated to be 0.26 m3/d, as shown in Table 6.
This flow rate also represents a 96% reduction in flow through the arsenic source area relative to current
conditions, the same as Design Scenario 2A, which suggested that containment cell performance is not
sensitive to uncertainty in Unit 3 bulk horizontal and vertical hydraulic conductivities.
Laase did not address the effect of a higher horizontal hydraulic conductivity on the behaviour of the
existing plume in Unit 1 once the cell is constructed. However, regardless of the actual hydraulic
conductivity of Unit 3, the modelling indicated that the effect of cell installation would be to effectively
cut off the source in Unit 1, because groundwater flow through the source would be substantially
redirected around the source, and any residual flow through the source would discharge via Unit 3
instead of Unit 1. Thus, it was assessed that the existing plume would be cut off from the source and the
attenuating residual mass would continue to migrate towards the river, and eventually clear the Unit 1
aquifer. Contaminant mass redirected to Unit 3 would also be advected towards the river, but at a faster
rate than in Unit 1 and with less lateral dispersion. If the horizontal hydraulic conductivity in Unit 3 was
higher, then this process would occur more quickly, and the narrowing of the plume would be
accentuated, but the mass would remain essentially the same as the interlayer flux is controlled by the
vertical hydraulic conductivity of Unit 2 and the head difference between Unit 1 and Unit 3.
Laase did consider the effect of tidal fluctuations on groundwater flux out of the containment cell,
specifically the questions of whether groundwater flow direction could reverse, causing groundwater to
flow into the containment cell and whether tidally induced fluctuations could be large enough to dry out
portions of the arsenic source area and potentially change reaction chemistry. Laase used a qualitative
analysis of site conditions rather than the model to do this.
Observed water levels in a multi‐level piezometer (BP15, ports 15 and 4) showed there to be 0.79 m tidal
fluctuations in Unit 3 and no measurable tidal fluctuation in Unit 1. On the basis of the two order of
magnitude difference between Unit 1 specific yield and Unit 3 storativity, Laase indicated that a 0.0079 m
(8 mm) fluctuation would be expected in Unit 1, so that wetting and drying of the Unit 1 arsenic source
caused by tidal fluctuations would be minimal.
The Design Scenario 2B simulation, which set cap infiltration at 0 mm/yr, predicted a Unit 1 cell water
table of 0.94 m AHD, essentially the worst case condition. BP15‐15, screened in Unit 3 and located in the
vicinity of the containment cell, showed minimum and maximum water levels of ‐0.34 mAHD and 0.45 m
AHD for the continuous record. Both of these values are below the model‐predicted 0.94 mAHD Unit 1
water table elevation. Thus, based upon this analysis, groundwater flow from Unit 3 will always be out of
the containment cell.
The influence of tidal fluctuations on groundwater flow rates out of the containment cell was also
evaluated.
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The head difference between Unit 1 (0.96 mAHD) and Unit 3 (‐0.34 to 0.45 mAHD) ranges between 0.51
and 1.3 m, which causes the vertical hydraulic gradient between the two units to change by a factor of
2.55. In accordance with Darcy’s Law (Q = KiA), temporal changes in hydraulic gradient (i) will result in
corresponding temporal changes in flow volumes (Q) out of the containment cell. The design rates
presented in Laase’s report represent long‐term average discharge from the containment cell. It was
predicated in the design assumptions that the temporally‐varying groundwater flow volumes through the
arsenic source will oscillate around the model‐predicted rates representative of long‐term average
conditions.
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6.0

REMEDIATION ACTION PLAN

6.1

Background Information

Golder prepared the Orica Kooragang Island: Arsenic Management Order Remediation Action Plan (ref.
1418917_044_R_Rev2), dated 8 July 2016 (Golder 2016e). The RAP provided an introduction to the site,
its issues and hydrogeology (as previously discussed in this SAR) and the MO. It then described the
remediation options review process. This was a staged process involving:


Initial screening.



A feasibility assessment of five short‐listed options.



An external review of the process at that stage.



Two workshops at which all available options were again considered.



Development of a shortlist of four options, being:



-

on‐site excavation and off‐site disposal (‘dig and dump’);

-

on‐site groundwater extraction with above‐ground treatment (‘pump and treat’);

-

on‐site capping and containment (‘cap and contain’); and

-

on‐site permeable reactive barrier (PRB).

Evaluation of the shortlisted options against criteria of:
-

Effectiveness;

-

Implementability;

-

Operability;

-

Safety, health, environment and community (SHEC); and

-

Cost.



Ranking of the shortlisted options.



Selection of a preferred option.

The ranking outcome is provided in Table 7, which indicates that on‐site cap and containment outranked
the options by a considerable margin.
TABLE 7
Ranking Outcome
Ranking
Weighting (%)

On‐site Cap and
Containment

On‐site
Groundwater
Extraction and
Treatment

On‐site PRB

Effectiveness

25

200

177

136

Implementability

25

149

129

84

Operability

15

120

30

105

SHEC

10

60

30

44

Cost

25

135

97

103

Total

100

664

463

472

Criteria
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Based on the evaluation and ranking of the identified remediation options, capping and containment was
selected as the preferred remediation option to meet the objective of the MO, and to be carried forward
in the RAP (Golder 2016e).
Golder defined this option as involving:
…the installation of an impermeable subsurface wall to prevent the flow of groundwater through the
impacted soil in the on‐site source area and a surface cap to reduce infiltration. The cap and containment
approach provides isolation of arsenic located on the Orica site and prevents, to the extent practicable, the
further off‐site migration of arsenic in groundwater.

The Auditor notes that while, physically, the wall cannot be impermeable, a wall constructed to the
practically‐achievable lower limits of permeability would achieve the design objective.
The RAP summarises the remedial investigations and groundwater modelling carried out and also the
regulatory requirements.
Section 1.2 of the RAP (Golder 2016e) incorporates the design evaluation carried out by Laase (2016b).
The Auditor reviewed Sections 1 to 7 of the RAP (Golder 2016e) and in his opinion they contained, and
adequately presented and justified, the information required in summary form in respect of a remedial
action plan as indicated in Guidelines for Consultants Reporting on Contaminated Sites (EPA 2011), the
guideline then applicable.
6.2

Cell Design Outline

In Section 8.2 of the RAP, Golder outlined the decision process governing the cell dimensions and wall
alignment.
The design intent was to incorporate as much as possible of the defined extent of contaminated soil
having a concentration of total arsenic greater than 40 mg/kg within the cell, subject to constraints
imposed by the site boundaries, the minimum working area between the cell and the site boundary
required by construction practicalities, and site constraints such as drainage and installed services.
Rather than extend the cell to include outlying areas of contaminated soil present only at shallow depths,
it was considered more practical to excavate this soil and place it within a more compact cell.
The cell plan resulting from these considerations was a rectangle with chamfered corners and
approximate dimensions of 63 m N‐S by 73 m E‐W.
On the basis of the results of Laase’s (2016b) design evaluation modelling, a wall depth of 12 m was
adopted as being appropriately conservative.
In the Auditors opinion, the cell design, including the handing wall configuration and depth, was
appropriate for the site conditions and, subject to the excavation and relocation of shallow contaminated
soil as proposed in the RAP (Golder 2016e), the design adopted would not compromise performance in
any way.
In making this assessment, the Auditor reasoned that if the cell walls and cap were constructed in
accordance with the specifications, then the practical elimination of direct recharge to the cell and
substantial reduction in throughflow within Unit 1 would cause the downward vertical hydraulic gradient
and thus flow from Unit 1 to Unit 3 (via Unit 2) to be very substantially reduced. Thus downward
advective transport of dissolved arsenic would also be substantially reduced and only (relatively) very
minor diffusive flux would remain.
6.2.1

Cell Construction Materials

Three options for construction of the cut‐off wall were considered – a soil‐bentonite slurry wall, a
bentonite‐cement slurry wall and a wall constructed using cutter soil mixing technology. Following review
of submissions received from specialist contractors, Orica, with input from Golder, decided that soil‐
bentonite slurry would be the most appropriate construction material.
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The Auditor was provided with, and reviewed, the results of independent mix testing carried out by
Golder. This demonstrated that an adequately low hydraulic conductivity (in the range 3.4 x 10‐10 to 4.3 x
10‐10 m/s for 15% bentonite mixes and 1.6 x 10‐10 m/s for a 30% mix) could be obtained with mixes of site
soil and bentonite. These values are all lower than the value of 1 x 10‐9 m/s used (for 0.8 m thick walls) in
the modelling carried out by Laase (2016b). I note that slurried site soil, with no bentonite added, had a
hydraulic conductivity of 5 x 10‐5 m/s.
Cement‐bentonite mixes achieved hydraulic conductivities about an order of magnitude lower than those
achieved for soil‐bentonite mixes.
Golder made a qualitative evaluation of durability for a soil‐bentonite wall based on about 30‐years of
service‐life experience for such walls and the absence of known adverse interactions between site
contaminants and bentonite. The proposed use of site soils already equilibrated to site contaminants was
noted.
In the Auditors opinion the information provided by Golder supported the suitability of a soil‐bentonite
cut‐off wall for the task being considered. The Auditor was not aware of any instances of failure of
properly‐constructed soil‐bentonite walls during use in environmental applications, although failures
during construction have been reported.
There is an inherent risk of construction failure in slurry walls due to slumping or intrusion of the
formation into the wall, due to failure to maintain adequate positive differential pressure between the
bentonite slurry in the trench and the formation. However, appropriate control of the rheological
properties of the slurry during construction should minimise that risk and adequate construction quality
control (CQC) should ensure that any stability failure is detected and remediated.
6.3

Capping System

The capping system proposed by Golder was a multi‐component layered system comprised of:
1.

A surface layer comprising a 400 mm thickness of revegetation soil and grass and/or road base with
spray seal.

2.

A separation geotextile layer to prevent fines entering the sand layer.

3.

A subsurface drainage system comprising a drainage sand layer and drainage pipes at maximum
25‐m intervals to significantly reduce infiltration through the liner. The sand layer will also minimise
the risk of damaging the underlying geomembrane during construction of overlying layers.

4.

Linear Low Density Polyethylene (LLDPE) geomembrane: the primary liner layer. With strict CQA
processes, the layer would be a reliable barrier minimising water infiltration.
N.B. A High‐Density Polyethylene (HDPE) geomembrane was later substituted for this membrane.

5.

Geocomposite Clay Liner (GCL) (typically bentonite sandwiched between two layers of non‐woven
geotextile): placing the GCL underneath the geomembrane will improve performance as it can
minimise the leakage through any defects in the geomembrane.

6.

Bearing layer: formed by selected on‐site materials (California Bearing Ratio (CBR) >8), to provide
support for the geosynthetic liner system.

In the Auditor's opinion, such a system is capable of reducing infiltration to <1% of rainfall. Furthermore,
cap construction employs widely‐used civil engineering techniques such that with appropriate CQC, the
risk of performance issues occurring due to construction failures is low.
6.4

Remediation System Overview

The Auditor reviewed the detailed design information for the capping and the wall alignment
specifications contained in Appendix A of the RAP and considered that the system specified was capable
of achieving the remediation objectives. He noted that the detailed design of the soil‐bentonite slurry wall
would be the responsibility of the installation contractor.
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The Auditor considered that the design proposed for the remediation system for arsenic contamination in
soil and groundwater at the Orica Kooragang Island site was appropriate to meet the objective specified in
Action 1 of the MO.
6.5

Proposed Verification and Monitoring Program

Section 9 of the RAP (Golder 2016e) described a proposed remediation validation approach. This had two
components:
1.

verification that the system is constructed in accordance with the design (construction verification);
and

2.

demonstration that the system is performing in accordance with the design intent (system
validation).
6.5.1

Construction Verification

Golder described a process of CQC and CQA for the construction of the cell walls and cap. The information
provided in the RAP (Golder 2016e) was a summary of that provided in the reference specification.
The CQC program implemented by the contractor during construction was essentially a list of testing and
measurement to be carried out and reported by the contractor. The Auditor noted that whilst the testing
regime was appropriate, there was no indication as to the feedback loop and management systems that
would be applied to ensure that construction quality was actually controlled, rather than just recorded.
An issue that applies to all subsurface construction is that failures to meet materials specifications that
are discovered after the event (i.e. when the construction train has moved on), are very difficult to
remedy.
As stated by Golder later in the RAP (Section 12.1 under Contingencies):
Otherwise, if review of testing results collected after construction indicates that permeability or alignment are
not in accordance with the specification, it is unlikely that improvement will be achievable and, as stated
above, alternate engineering designs would need to be considered.

The Auditor stated that he would have expected that the CQC would be risk based, i.e. there would have
been a process of identifying and ranking soil‐bentonite wall construction hazards with the greatest
consequence for the quality of the finished product, then developing a CQC program to minimise the
likelihood of such events, as well as promptly identifying and correcting them if they do occur. This would
rank both potential failure mechanisms and zones (e.g. low‐density sands within Zone 3). He would have
expected this risk assessment to be entirely separate from construction risk assessment carried out by the
contractor for its own purposes, and would have expected to see it mentioned in the summary.
Whilst the CQA reporting described in the RAP appeared appropriate, it was described substantially as a
post‐audit and there was no indication of the feedback and corrective mechanisms that would be
employed.
In the event, the Auditor attended the site on several occasions during construction, discussed CQC with
Orica, Golder and the construction contractor (Menard Oceania), sat in during weekly review meetings,
and was satisfied that the CQC did in fact meet his expectations.
6.5.2

System Validation

Laase (2016b) states in Section 6 that:
After containment cell installation groundwater levels inside and outside the cell can be used to assess
whether the cell is performing as expected. Monitoring well pairs should be installed at adjacent locations
inside and outside the containment cell in Units 1 through 3. Care should be taken to select well locations so
as not to impact future potential uses within the containment cell footprint. If the containment cell is
performing as designed, Units 1 and 2 groundwater levels inside the containment cell will be lower relative to
those outside the cell. Unit 3 groundwater levels inside and outside the containment cell should be similar.
Additionally, Units 1 and 2 groundwater levels measured in monitoring wells located inside the cell should be
similar regardless of well location. Lastly, cap performance can be assessed by comparing the increases in Unit
1 water levels inside and outside the containment cell in response to precipitation events. Greater water‐

J1702.9R‐rev0 ‐ 24‐Sep‐2020

C. M. Jewell & Associates Pty Ltd

30

Remediation and Validation, Arsenic Remediation Program - Orica Kooragang Island

level fluctuations should occur in wells located outside the containment cell relative to wells located within
the cell.
It is not recommended that dissolved arsenic concentrations be used for performance monitoring. While
changes in groundwater levels are expected to occur relatively instantaneously following containment cell
installation, changes in dissolved arsenic concentrations are expected to change much more slowly. In
addition, it is impossible to predict how installation of the containment cell will influence short‐term arsenic
concentrations. It is possible and even likely that arsenic trends following containment cell installation will be
confusing. Due to the lower groundwater flow rates through the arsenic source following containment cell
installation, it is possible that dissolved arsenic concentrations within the cell may increase due to longer
contact times between groundwater and source material. Despite the potential for higher dissolved arsenic
concentrations within the containment cell, because of the vastly reduced flow volumes through the source,
arsenic loading (groundwater flow volumetric rate × dissolved arsenic concentration) to groundwater will be
reduced relative to ambient conditions.

An approach to hydraulic validation of the system, as suggested by Laase, was set out in Section 9.5 of the
RAP (Golder 2016e).
Golder states:
Hydrostratigraphic conditions in each of Units 1, 2 and 3 have been characterised to be largely distinct, with
some connectivity between Units 2 and 3. On this basis, it is expected that the piezometric heads in
monitoring wells installed into each unit may respond differently to the effects of system installation.

This assumption formed the basis of a hydraulic validation approach proposed by Golder.
The proposed validation approach was to install a series of nested well suites at strategic locations on
either side of the completed cut‐off wall, such that the internal and external water levels/pressures could
be compared.
The now‐installed monitoring well network is comprised of three sets of monitoring wells each consisting
of two nests of three wells, one nest inside the wall and one outside, located around the cut‐off wall
alignment. Golder noted that selection of the proposed locations was somewhat constrained by the site
characteristics and design features of the cell, but considered that the wells are best placed to observe
the expected effects of design implementation.
At each of the six well nest locations, three separate piezometers were installed to target Units 1, 2 and 3
individually. This reflects the considerations presented in Laase (2016b) as quoted above.
Potential effects indicative of expected system performance, as previously identified by Laase, included:


the detection of responses to rainfall events that may be recorded in the external wells but which
would be expected to be less prevalent in the data collected from inside the wall. It is noted that
the timing of installation of the capping system is a key factor in this assessment as rainfall events
prior to cap installation could affect conditions either side of the wall;



a flattening of the groundwater table(s) inside the cell relative to external conditions; and



an increase in the external hydraulic gradient across the cell (in the direction of groundwater flow)
and/or potential increase in gradients around the perimeter of the cell.

Modelling of the identified scenario indicated that water levels in Units 1 and 2 will be lower inside the
cell walls by an order of 1 to 2 m, while water in Unit 3 will be slightly higher on the inside.
The Auditor noted that if the Unit 3 hydraulic conductivity is significantly higher than indicated in Laase’s
conceptual model, then it is unlikely that there would be measurable differences in water level between
the inside and outside of the cell in Unit 3 unless the anisotropy of that unit is also higher. If the
anisotropy of Layer 3 is high, then there may be observable difference in the Unit 3 response to tidal
fluctuations inside and outside the cell.
Golder also noted that barometric pressure inside containment cells has been documented as potentially
affecting internal water levels, thereby confounding the comparison with external water levels. To
understand these potential effects, an electronic barometric logging device is deployed in the unsaturated
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zone (above the water table) beneath the capping system. This provides real‐time monitoring of
barometric pressures inside the containment cell and allows ‘normalisation’ of the internal water level
data, if required. An additional monitoring well has been incorporated into the design for this purpose.
This is of similar design to the groundwater monitoring wells, but does not intercept the water table and
is designed to prevent air ingress into the space where the logger is located.
The RAP indicated that the monitoring well network would be installed immediately after cut‐off wall
completion. The Auditor noted that the system design allowed for installation of the monitoring wells
after completion of the wall but before installation of the integrated capping system, with eventual
completion of permanent well heads being incorporated into the capping system. Data loggers would be
deployed following well development and survey.
The downloaded data was to be assessed in the context of the parameters outlined above following the
first month of data recording, with monthly downloads thereafter for a minimum of six months, at which
point a review of the download frequency may be performed. Overall, it was envisaged that such
verification monitoring would be performed for one year following installation as a minimum, but the
overall timeframe would be subject to review.
6.5.3

Review Comments

In the Auditor's review of the RAP he stated that hydraulic monitoring was an appropriate approach to
system validation, and he considered that the monitoring network proposed is generally appropriate,
although he recommended some additions.
However, the Auditor thought it possible that interpretation of the monitoring data would prove a
demanding task. In order to facilitate the task, he recommended that some additional effort be put into
collecting as much data as possible at the time of monitoring well installation. This was to include, as a
minimum:


Pre‐drilling each of the nest sites with a Geoprobe to ensure that the best possible lithological data
were obtained.



Running a hydraulic profiling and electrical conductivity tool at each nest site to profile small‐scale
hydraulic conductivity variation with depth.



Installing piezometers at two rather than one depth in Unit 3 (i.e. four piezometers in each nest).



Carrying out a slug test on each completed piezometer.



Sampling each piezometer to establish background groundwater chemistry (i.e. a general
hydrochemical suite, not contamination monitoring).

The additional Unit 3 piezometer was suggested to allow evaluation of the hydraulic anisotropy in Unit 3
on the basis of response to tidal fluctuations. This may assist in interpretation of the hydraulic monitoring
data for validation purposes. It may also be helpful to enlist the aid of the design‐ evaluation groundwater
model in the interpretation of validation data.
Finally, the Auditor notes that it would be expected that, following cell construction, there would be a
decrease in the vertical hydraulic gradient from Unit 1 to Unit 3 within the cell.
6.6

Bulk Materials Validation

The Auditor considered that the procedures for validation of bulk materials (both produced and imported)
outlined in Section 10 of the RAP (Golder 2016e) were appropriate.
6.7

Validation Reporting

The Auditor considered that the general approach to validation reporting outlined in Section 11 of the
RAP (Golder 2016e) was appropriate. The scope of the validation assessment (validation assessment
inputs) as outlined in Section 11.2 was also considered to be generally appropriate. However, he expected
this to specifically include identification of CQC failures or other incidents, and documentation of
corrective action taken and subsequent revalidation.
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The Auditor expected the remediation validation report to include a detailed technical evaluation of the
hydraulic responses.
6.8

Contingencies

Review of construction quality contingencies was incorporated in Section 5.5.1 above. In the Auditor's
opinion, the contingency measure identified in Section 12.2 of the RAP (Golder 2016e) with regard to
hydraulic performance was appropriate, and possibly the only one likely to be available. This contingency
measure is stated as:
Should the measured water levels indicate effects that are contrary to those generally predicted, and further
assessment through additional measures (such as installation of targeted monitoring wells outside the cut‐off
wall) fail to provide sufficient evidence that the remediation objective is being achieved, then management
through low‐flow extraction of groundwater using one or more of the groundwater monitoring wells inside
the containment wall would be a possible contingency. Extracted water would be collected and tested to
enable implementation of the appropriate method of treatment and disposal. It is also noted that such
targeted pumping measures may also assist in better understanding the nature of the problem.

Golder did not explicitly describe the mechanism through which this contingency measure would operate.
Although this is fairly obvious, the Auditor considered that it was worth outlining it for clarity.
Pumping groundwater from Unit 1 inside the cell should lower the hydraulic head in that unit, creating a
hydraulic gradient that would ensure an inward flow direction through the cell walls and an upward flow
from Unit 3 through Unit 2 to Unit 1. The Auditor noted that (unless the aquifer is highly anisotropic)
pumping sufficient water from Unit 3 to significantly decrease the hydraulic head in that unit is not likely
to be possible with small diameter wells, and in any event would not be desirable.
6.9

Environmental Management

The Auditor considered that the procedures for construction environmental management, including
preparation of a Construction Environmental Management Plan (CEMP), that were outlined in Section 13
of the RAP (Golder 2016e) were adequate and appropriate to achieve compliance with environmental
legislation, regulations and policy, State and local. These procedures would, however, need to be
reviewed in the light of any specific conditions placed on the EPL in respect of the remediation program.
6.10

Work Health and Safety

The procedures outlined in Section 14 of the RAP (Golder 2016e) including the preparation of a Site
Specific Health and Safety Plan appeared generally adequate to ensure compliance with NSW work health
and safety regulations then applicable, but needed to be reviewed for compliance with any site specific
requirements imposed by SafeWork NSW, and Orica company and site‐specific requirements.
The Auditor notes that whilst the NSW Work Health and Safety Regulation was remade in 2017, after
finalisation of the RAP but before commencement of construction, this did not impinge upon the
substance of the RAP recommendations.
6.11

Long-Term Environmental Management Plan

The outline for development of a LTEMP as required by the MO, which is provided in Section 15 of the
RAP (Golder 2016e), was considered adequate at that stage of the process. The Auditor noted that a more
detailed outline would be required once the remediation works were nearing completion, and that the
LTEMP should be subject to external review.
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REMEDIATION WORK COMPLETED

As proposed and approved, the remediation comprised the construction of an integrated cut‐off wall and
capping system designed to prevent, to the extent practicable, further offsite migration, in groundwater,
of arsenic associated with the former sludge disposal pit. The following sections summarise the works
completed to achieve this remediation objective.
7.1

Pre-remediation Works

Identified contaminated surficial soils (<1 mbgl) to the east and south of the proposed extent of
remediation were excavated and placed within the containment cell. This work was completed in 2016
prior to the commencement of construction. This work was described in Golder (2018a).
In summary, 1,600 m3 of soil was excavated from the area to the east of the cut‐off wall alignment to the
extent practicable. The excavation surfaces were validated including sampling from the base and walls of
the excavation.
The Auditor was consulted about the execution of this work and has reviewed the validation data. In an
Interim Advice (J1702.5L) dated 6 September 2018, he commented that in his opinion, the validation
sampling and analysis was carried out in an appropriate manner and in accordance with the approach
outlined in Golder’s Delineation of Arsenic in Near Surface Soils Outside the Cut‐Off Wall Alignment,
Arsenic Remediation Project, Orica Kooragang Island, dated June 2016; and covered the area identified by
the delineation sampling.
The Auditor reviewed the quality assurance/quality control (QA/QC) procedures and QC data presented in
the report, together with the data validation summary reports provided. He considered that these
indicated that the data collected were of appropriate quality for the purpose of the investigation.
The data demonstrate that soils with arsenic concentrations exceeding the criterion of 100 milligrams per
kilogram (mg/kg) were in substantial part excavated and placed within the footprint of the proposed
containment cell. Although there were some residual materials exceeding the criteria and the 95% upper
confidence limit (UCL) on the mean concentration in residual materials that exceeded the target of
40 mg/kg, the Auditor considered that the exceedances were minor and that leaching from these soils
was very unlikely to be significant.
He noted that the 95% UCL on the mean arsenic concentration in the materials used to backfill the
excavation did meet the target criteria.
He also noted that the practicable limit of excavation (the water table) was encountered in the base of
the excavation, and that there were practicability constraints on the southern lateral boundary of the
excavation.
In the Auditor's opinion, the overall objectives were met, and he did not consider that any further
excavation was required.
The Auditor also reviewed the Containment Cell Management Plan (CCMP): Arsenic Remediation Project,
Orica Kooragang Island, prepared by Golder Associates Pty Ltd (ref. 1810662‐002‐R‐Rev0), dated
18 September 2018. He provided comments in an Interim Advice (J1702.6L) dated 15 November 2018
which is included in Appendix C of this SAR.
The Auditor made a number of comments concerning the adequacy of this document. This CCMP was
later incorporated into Golder's RAP Addendum (ref. 1810662‐005‐L‐Rev1), dated 23 November 2018.
The Auditor reviewed the RAP Addendum in an Interim Advice (J1702.7L) dated 31 January 2019. He was
satisfied that this comments on the CCMP were adequately addressed in the RAP Addendum.
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System Design

On the basis of the remediation framework presented in the RAP, Golder prepared concept and detailed
designs for the integrated containment cell, as outlined in the following documents:


Reference Specification ‐ Cut Off Wall Construction by Soil‐Bentonite Method (Golder 2018e); and



Technical Specification ‐ Capping System (Golder 2018b).

7.3

Cut-off Wall Installation

Menard Oceania was appointed by Orica as the contractor to undertake installation of the cut‐off wall,
which was completed on 13 April 2019. The general cut‐off wall alignment was installed as shown on
Figure 4.
The cut‐off wall was designed to be 250 m long and to enclose a square area approximately 4,200 m2 in
extent, bound by the East Coast Cement property boundary to the west and the IPL property boundary to
the north. The cut‐off wall was designed to extend to a depth of 12 mbgl. The target permeability for the
wall was 1 x 10‐9 m/s or less (measured using groundwater sourced from the site).
The wall was formed by progressively excavating a trench below ground level and placing 'backfill
material' to create a low permeability soil‐bentonite wall. Throughout the excavation process, the stability
of the excavated trench was maintained by filling it with controlled density bentonite slurry. The backfill
mixture comprised a mixture of excavated trench material, bentonite slurry and imported clay to achieve
a workable material with controlled density, slump and percentage fines, allowing backfill material to be
placed by long reach excavator bucket and form a controlled 'backfill slope' within the slurry trench.
Laboratory permeability testing was undertaken on samples of placed backfill material to assess
permeabilities achieved.
The Auditor visited the site twice during the construction of the cut‐off wall and observed work in
progress. He specifically checked the procedures for maintenance of slurry viscosity and density, and
carried out daily inspection of the trench for signs of slumping, and met with the contractor's site
manager and Orica to discuss these matters. He was satisfied that they were being appropriately
addressed.
7.4

Capping System Installation

A multi‐layered capping system was selected to meet the design objectives with the key components
shown on Figure 5.
A composite of geosynthetic materials was installed over the entire remediation area connecting to the
upper portion of the cut‐off wall, the upper reaches of which form the vertical components of the
containment cell.
Eco Line Solutions Pty Ltd (Eco Line) was appointed to undertake installation of the geosynthetic materials
for the barrier system, which was completed on 27 July 2019. Milleen Constructions Pty Ltd Milleen)
undertook the associated civil works, including construction of the bearing layer and completion works.
The Auditor visited the site as the capping work was being concluded, and reviewed progress. He was
satisfied that this work was undertaken generally in accordance with the RAP and RAP Addendum.
The Auditor approved a change to the specification of the Unit 3 bearing layer to accommodate the reuse
on site of low‐level arsenic contaminated soil in this unit.
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Figure 5: Capping System Components
7.5

Monitoring Network Installation

To verify the remediation system hydraulic performance, a groundwater monitoring network was
installed within and around the containment cell consisting of a series of nested wells at strategic
locations on either side of the completed cut‐off wall. The purpose of the monitoring system is to allow
collection of groundwater pressure data to demonstrate that the containment cell is performing in
accordance with the design and as previously described in Section 5 of this SAR. The monitoring network
is shown on Figure 6.
The Auditor has reviewed the installation of the monitoring system and is satisfied that it was installed in
accordance with the design principles set out in the RAP, and with the Auditor's recommendations.
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REMEDIATION VALIDATION

The framework for the verification and validation of the cap and containment system was presented in
the RAP (Golder 2016e).
The RAP indicated that validation of the construction of the containment system would be achieved
through:


review of the proposed mix design, works planning documentation, oversight of the construction
process by an appropriately qualified engineer, and a review of the adequacy of the constructors
CQC reports and documentation; and



verification, through assessment and preparation of the CQA documentation, that the design
features have been successfully incorporated into the construction.

Validation of the hydraulic performance of the containment system would be based on:

8.1

measurement of the local groundwater elevations, inside and outside the cut‐off wall, to assess
hydraulic performance of the containment system.
Construction Quality Assurance
8.1.1

Surficial Soils Outside Cut-Off Wall

Approximately 1.600 m3 of surficial soils containing arsenic concentrations exceeding 100 mg/kg to the
east and south of the proposed extent of remediation were excavated to the extent practicable and
placed within the containment cell.
Validation sampling of the base and walls of the excavation found that arsenic concentrations greater
than the assessment criterion (100 mg/kg) were reported in five validation samples from the final
excavation surfaces. However, the excavation was considered to have reached the ‘extent practicable’
due to services, or the presence of groundwater, and that the remaining arsenic concentrations were
considered unlikely to result in elevated leachable arsenic concentrations in groundwater.
As noted in Section 7.1 of this SAR, the Auditor agreed with this assessment.
8.1.2

Cut-off Wall CQA

On the basis of the assessment of field observations, CQC/CQA test results and the construction
documents presented, Golder considered that:


observations made during the course of the construction program were appropriate and
sufficiently frequent to support a high‐level of confidence that the cut‐off wall construction
documentation is satisfactorily complete and accurate to support the quality assurance
assessment;



sufficient and appropriate sampling/testing has been conducted to facilitate confirmation that the
cut‐off wall is expected to service its objectives; and



evaluation of CQA and CQC observations and test data has identified a number of non‐
conformance with the Cut‐Off Wall Reference Specification. Assessment of these items concluded
that they are generally minor and in no case likely to impact upon the performance of the cut‐off
wall. It was therefore considered that the constructed cut‐off wall will meet the overall
performance requirements of the Cut‐off Wall Reference Specification.

With reference to the design characteristics directly related to hydraulic monitoring outcomes, it was
noted that:


construction depths (i.e. the depth to which the cut‐off wall soil bentonite backfill extended below
ground surface) of 12 m were achieved; and
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hydraulic conductivity results (CQC and CQA) varied between 1.6 x 10‐10 m/s and 9 x 10‐11 m/s with
an average value of 3.5 x 10‐10 m/s, which is a lower hydraulic conductivity than the 1 x 10‐9 m/s
target criterion.

The RAP stated that remediation was to be achieved through design and construction of a cut‐off wall to
isolate a potential continuing source of arsenic impact to groundwater and an integrated capping system
to minimise infiltration of rainwater and surface run‐off.
The framework for verification and validation of the containment system was set out in Section 9 of the
RAP. Validation was to be achieved through:


oversight of the construction process by an appropriately qualified engineer;



verification, through detailed review of the construction quality assurance (CQA) documentation,
that the design features have been successfully incorporated into the construction; and



post‐construction evaluation of the hydraulic performance of the cell by analysis of groundwater
level monitoring data.

The Auditor has reviewed Golder's Soil‐Bentonite Containment Wall Quality Assurance Report, Orica
Kooragang Island (ref. 18106662‐015‐R‐Rev1) dated 24 December 2019 (Golder 2019e). The report is
included as an appendix to the RVR, which is included in Appendix B of this SAR.
The CQA carried out by Golder had two components ‐ adequacy review of the construction quality control
(CQC) performed by the contractor, Menard Oceania, and an independent CQA program performed by
Golder itself.
The contractor's CQC requirements for the cut‐off wall were specified to ensure that:


the cut‐off wall construction materials met the mix‐design requirements and are consistent in
regard to the proportions and properties of components;



integrity and continuity of the wall was maintained around the site;



the cut‐off wall was adequately extended to target depth; and



the hydraulic conductivity of the wall is not greater than 1 x 10‐9 m/s, to effectively reduce
migration of contamination through groundwater flow.

To meet the above requirements, the design, performance and construction method were specified in the
Cut‐off Wall Construction by Soil‐Bentonite Method Reference Specification (CWRS) (Golder 2018e). The
specification is included in Appendix B of this SAR. The main requirements to be met by the Contractor
were:


preparing a mix design report documenting specific outcomes of pre‐construction testing
undertaken to allow finalisation of the design;



preparing work method statements to ensure the integrity, continuity and vertical extent of the
wall, including the following key aspects:
-

excavation and backfilling methodology including installation and removal of stop ends;

-

backfill mixing procedure including addition of imported clay to achieve % fines requirement;

-

monitoring and controlling backfill slope; and

-

identifying ‘fall‐in’ from sides of trench at cut‐off wall toe and above backfill material
requiring re‐excavation to remove potential loose sandy layers that could potentially
become incorporated in the cut‐off wall;



daily testing of fresh and in‐trench bentonite slurry density and viscosity;



daily filtrate loss testing of fresh slurry mix;
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daily testing of soil‐bentonite back‐fill mix slump, density, percentage fines;



measurement of excavated trench depth and backfill slope levels (daily at start and end of shift);
and record keeping; and



sampling and testing of the soil‐bentonite cut‐off wall materials for hydraulic conductivity.

Golder's role involved:


oversight of the construction process was undertaken by full time presence of an Orica site
manager and weekly site visits by a Golder geotechnical engineer;



review of the Contractor’s documents (e.g. work method statements and daily reports) that were
provided to Orica/Golder for review and approval. Golder’s comments were occasionally sought for
certain items by Orica during the review process;



observation of collection by Menard of cut‐off wall CQC wet‐grab samples of wall backfill. The
samples were collected at soil‐bentonite wall alignment chainages specified by Orica/Golder; and



collection of selected CQC samples of wall backfill for limited additional laboratory testing
nominated by Golder for CQA purposes.

Golder also performed the role of Validation Consultant for the duration of the cut‐off wall construction in
accordance with the CWRS and RAP. The scope of the validation program performed by Golder largely
comprised:


review of Contractor’s Technical Work Method Statement (TWMS) and Mix Design Report. Weekly
site visits for visual validation of the construction;



audit of CQC testing results;



carry out discretionary independent duplicate testing; and



review of the Contractor’s Cut‐off Wall Construction Completion Report (CCCR).

The Auditor attended the site on several occasions during construction and is satisfied that Golder
performed the CQA and Validation Consultant roles as required by the RAP and the Specification.
The construction oversight activities carried out by Golder are detailed in Section 5.2 and Table 1 of the
CQA report. In the Auditor's opinion, the level of oversight was appropriate.
The contractor carried out testing of a number of trial mixes to aid the design of an optimal mix. Golder
reviewed the mix design report and accepted the contractor's recommendation as to the composition of
an appropriate mix. This included Cetco Hi‐Swell bentonite (5%), imported clay from the Frazer Park
Quarry (30%) and excavated site soil from 2 m or greater depth (65%).
Golder reviewed the Contractor's Technical Work Method Statements and Inspection Test Plans (ITPs);
these documents were amended by the contractor in accordance with Golders's recommendations. These
recommendations included tightening the requirements for re‐excavation of the trench in the event of
excessive (>300 mm) of overnight fall‐in.
Golder checked the contractor's records regarding trench depth and alignment for compliance with the
specification, and concluded that there was compliance.
Golder also reviewed the frequency and results of testing of fresh and in‐trench slurry for viscosity,
density, pH and filtrate loss, and the backfill density, slump grading and hydraulic conductivity (laboratory
measurements on samples, using site groundwater as permeant.
The slurry specification required:


Viscosity: 32 to 50 Marsh seconds;



Density: 1.03 g/cm3;
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Filtrate loss: <30ml/30 min at 690 kPa with cake thickness <2 mm; and



pH between 7 and 9.
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The in‐trench requirement was for a viscosity of >35 Marsh seconds and density of at least 0.25 g/cm3
below the wall density.
Wet‐grab samples were collected immediately after final placement using the crane grab/excavator
bucket at 8 chainage locations (2 m and 10 m depth). A total of 16 standard duration hydraulic
conductivity (permeability) tests were conducted in accordance with AS 1289.6.7.3 at a NATA accredited
Geotechnical. Extended duration permeability testing was undertaken on two samples at locations agreed
by Golder/Orica. The extended duration permeability tests were undertaken to assess compatibility with
site water by assessing permeability change over a minimum 60‐day duration, as specified in Section
5.6.1.2 of the CWRS.
Golder collected duplicate grab samples and conducted two permeability tests at an independent NATA
accredited geotechnical laboratory. The tests were run over minimum 25‐day duration. The intent of the
duplicate permeability testing was to confirm permeability results measured by the CQC geotechnical
laboratory.
All test results returned permeability values of less than 1 x 10‐9 m/s with Golder’s results indicating
permeability similar or slightly lower than values reported by Menard. Results are set out in Table 4 of the
CQA report in Appendix B of this SAR.
The reported permeability results of extended duration tests at locations CH217 2 m and CH62 10 m were
after 92 and 124 days, respectively, of testing met the maximum permeability requirement of
1 x 10‐9 m/s.
Golder responded to numerous requests for information (RFI) from the contractor and assessed the
significance of CQC non‐conformances as they occurred. All non‐conformances were assessed as minor,
and not requiring corrective action.
Golder concluded that, on the basis of the assessment of field observations, CQC/CQA test results and
construction documents presented, the cut‐off wall construction works were generally completed in
accordance with the CWRS and that site observations, sampling and testing undertaken were sufficient
and appropriate to support this quality assurance assessment.
On the basis of his review, the Auditor supports that conclusion.
8.1.3

Capping System CQA

Golder's review of the CQA records and test results indicated that the capping system was constructed in
accordance with the Specification (Golder 2019a) with some minor non‐conformances noted in the
capping system validation report. The Auditor notes that the specification was amended in June 2019 to
replace the LLDPE membrane with a HDPE membrane of equivalent performance. This change was made
due to supply issues and was agreed to by the Auditor.
Golder's full time presence and periodic site inspections, along with review of the contractor’s
documentation (including construction material source and as‐delivered test reports) was sufficient to
form an opinion that the works were completed in accordance with the specification and design. Golder
states that the CQA records confirm that the capping system was constructed in accordance with the
design intent to reduce surface water infiltration and provide physical separation of the contaminated
soil.
The Auditor has also reviewed Golder's Orica Kooragang Island ‐ Arsenic Remediation Project ‐ Capping
QCA Report (ref. 1810662‐035‐R‐Rev1), dated 24 December 2019 for construction of the capping
component of the cell (Golder 2019f). This report was prepared in accordance with the Capping System
Technical Specification, Orica Kooragang Island ‐ Arsenic Remediation Project, prepared by Golder (ref.
1418917‐038‐S‐Rev6), dated 14 June 2019 (Golder 2019c).
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Both documents are included in Appendix B of this SAR (the Capping QCA Report within the appendices of the
RVR).
The validation requirements as set out in the RAP involved:


review of key quality assurance outputs relating to the construction;



collection of field samples and laboratory testing results to support assessment of suitability of
materials for importation and use on site;



technical review of preliminary documentation and submissions;



ongoing audit of contractors CQC outputs;



oversight and logging of construction activities;



discretionary independent ‘duplicate’ or additional quality control (QC) testing to assess and/or
support the Contractor’s testing regimes; and



technical review of Contractor’s Completion Reports.

As with the wall construction, a combination of CQA and CQC programs were required during installation
of the capping, in addition to validation through assessment of hydraulic performance post construction.
Responsibility was dived between the construction contractors Milleen and Eco Line, and Golder as
follows.
TABLE 8
CQA Roles
Work Stage

Contactor

Golder

During Works

 Provide Inspection and Test
Plan (ITP) to validation
consultant for review;

 Periodic site visits during earthworks construction

 Undertake works to approved
ITP
Post‐Works

 Completion Report

 Full time‐oversight of liner installation works;
 Audit of CQC testing results
 Discretionary independent duplicate testing
 Daily Reports / ongoing advice to Orica and stakeholders
 Technical Review

TABLE 9
CQC Roles
Contractor

Golder



Preparation of Management plans and Work
Method Statements (WMS)



Review and input to approval of contractor submittals and
documentation



Material testing





Compaction testing

Input to approval of material sources and confirmation of
as‐delivered material properties



Surveying



Inspection of construction works



Notification of Inspection Points and Hold Points



Audit testing



Preparation of Hold Point documentation



Attending Inspection Points



Works‐as‐executed (WAE) documentation



Advice on release of Hold Points

The capping CQA report indicates that the work was completed in general accordance with the
requirements of the RAP and the Technical Specification, as follows:


periodic inspections by Golder CQA engineer during earthworks construction;



oversight of the geosynthetic liner system installation process by fulltime Golder CQA Engineer
(validation consultant) and periodic site visits by an Orica Site Manager;
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Daily Field Records of construction oversight during fulltime supervision by Golder CQA Engineer
and attached in Appendix C of the CQA report;



placement details of Unit 8 – Geosynthetic Clay Liner (GCL) and Unit 9a – HDPE GMB panels were
recorded and attached in the lining contractor’s construction report (ref. Appendix B) and verified
by Golder CQA Engineer records in Appendix A of the CQA report;



Unit 9a – HDPE GMB weld destructive samples were collected and tested in the field by Eco Line in
the presence of a Golder CQA Engineer and specimens from the sample were tested in an
independent laboratory. The field test and laboratory results are provided in Appendix A of the
CQA report. The destructive sampling locations were repaired in accordance with the Specification
as evidenced in the Repair‐Defect Log (ref. Appendix A);



Unit 9a – HDPE GMB non‐destructive weld testing was conducted by Eco Line in the presence of a
Golder CQA Engineer. Records of all non‐destructive testing (air pressure testing, vacuum box
testing and arc testing) are provided in the lining contractor’s construction and verified by Golder
CQA Engineer records;



contractor submitted material source and as‐delivered approval documentation was reviewed and
assessed in memorandums attached in Appendix E of the CQA report;



compaction testing was undertaken to the frequency required by the Capping Specification and
attached in Appendix B of the CQA report; and



Inspection and Hold Point notifications were submitted by the contractor (inclusive of ITP, WMS,
Panel Layout and WAE surveys) and were reviewed in memorandums attached in Appendix F and
Appendix G of the CQA report.

The function and specification for each unit is set out in the Technical Specification, and summarised as:
TABLE 10
Material List
Unit No.

Unit Name

Unit 1

Revegetation Layer Material

Unit 2

Construction Fill

Unit 3

Bearing Layer Material

Unit 4

Drainage Aggregate

Unit 5

Drainage Sand

Unit 6

NOT USED

Unit 7

Separation Geotextile

Unit 8

Geosynthetic Clay Liner

Unit 9

LLDPE Geomembrane (original ‐ superseded)

Unit 9a

HDPE Geomembrane (final design)

Unit 10

Sub‐surface Drainage Pipe

Unit 11

HDPE Pipe

Unit 12

Overflow Pit

Unit 13

Riprap

The CQA report details the CQC inspections and testing, and CQA oversight implemented by Milleen and
Golder for each of the units listed above. Golder reviewed the CQC documents provided by MIlleen
including:


inspection and testing plans;



Hold Point Certificates;



site instruction records;
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earthworks conformance test results;



construction material property data;



Work As Executed Surveys; and



Work Method Statements.

During the course of cap construction, Golder responded to numerous RFI's from Orica and Milleen,
regarding minor variations to the specification and response to damage caused by an adverse weather
event.
Golder concluded that review of the construction QA/QC records indicated that the cell capping system
was constructed in general accordance to the Capping Specification, and that fulltime construction
oversight during installation of the geomembrane and geosynthetic liner and periodic site inspections by a
Golder CQA Engineer as validation consultant, supplemented with review of the contractor’s
documentation was sufficient for Golder to form an opinion that the works were completed in general
accordance with the Capping Specification and design.
On the basis of his review of the CQA report and a site inspection immediately following completion, the
Auditor is satisfied that Golder's conclusions are supported by the documentation.
8.2

Hydraulic Verification

The hydraulic verification of the containment system provided by Golder in the RVR is mainly concerned
with patterns of hydraulic head redistribution, and is a preliminary assessment conducted early in the
monitoring process. The results presented in the RVR were obtained approximately 2 months after the
installation of the geomembrane. (Further data was provided following the 6‐month monitoring event.)
Table 11 sets out the framework to outline the hydraulic verification matrix and allow effects to be
tracked during the remainder of the hydraulic verification process that was provided by Golder.
The hydrographs for each of the nested wells located on the eastern, western and southern side of the
containment cell and the groundwater contours based on the manual dip measurements of SWL across
the monitoring network are presented in Appendix F of the RVR (Golder 2019g).
Figures 7a to 7c show the location of the nested wells and the hydrographs groundwater contours for
each unit.
TABLE 11
Hydraulic Verification Outcomes Matrix
Identified Potential Effect

Emerging
Patterns

Evidence/Comments

The detection of responses to rainfall
events that may be recorded in the
external wells, but which would be
expected to be less prevalent in the
data collected from inside the wall

Yes

Evidence of the effect of rainfall is presented in the hydrographs.
Two large rain events have occurred post‐construction of the
containment cell. A clearly greater response to rainfall can be seen
in the Unit 1 wells located outside the containment cell compared
to the wells located within the containment cell. The effect of
rainfall in the Unit 2 outside wells can also be observed at some
locations; however, given that Unit 2 is an aquitard, the lack of
response in these wells is not an indication of the performance of
the containment cell.

A flattening of the groundwater
table(s) inside the cell relative to
external conditions

Yes

A flattening of the water table was evident in the Unit 1 and Unit 2
within the containment cell, whereas a gradient to the west/north‐
west was still evident in the wells located outside the containment
cell.
In Unit 3, flattening of the groundwater table inside the system
appears to be occurring; however, it has not been as pronounced as
in Units 1 and 2. This is probably because the Unit 3 wells (screened
to 8 to 10 mbgl) are closer to the base of the wall (12 mgbl) and
also possibly tidal influence which can be observed in the
hydrographs for Unit 3 wells.
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TABLE 11
Hydraulic Verification Outcomes Matrix
Identified Potential Effect

Emerging
Patterns

Evidence/Comments

An increase in the external hydraulic
gradient across the cell (in the
direction of groundwater flow) and/or
potential increase in gradients around
the perimeter of the cell.

Yes

An external regional gradient continues towards the west
consistent with the groundwater flow direction established prior to
the construction of the containment cell.

Water levels in Units 1 and 2 will be
lower inside the cell walls by an order
of 1 to 2 m, while water in Unit 3 will
be slightly higher on the inside.

Possible

Furthermore, in Units 1 and 2 there appears to be some mounding
occurring on the eastern up‐gradient side of the containment cell
(MWCC01‐3OUT and MWCC01‐6OUT).
There appears to be a lowering of the water levels within the
containment cell (relative to corresponding external wells) in Units
1 and 2. However, it should be noted that groundwater levels
outside the cell, particularly in Unit 1 will be significantly influenced
by rain events. As such, the recent history of rain events will need
to be considered when assessing the difference in water levels
inside and outside of the cell.
For Unit 1, the groundwater level appears to be in the order of 0.1
to 0.3 m lower than the surrounding groundwater levels.
For Unit 2, groundwater levels on the up‐gradient side of the cell
appear to be 0.5 m lower inside the cell, whereas, at the
downgradient side, groundwater levels are 0.25 m higher within the
cell. This is likely to be as a result of mounding occurring on the up‐
gradient side of the cell.
For Unit 3, groundwater levels within the cell appear to be
approximately 0.15 m higher than the surrounding groundwater
levels.

Golder stated that, based on the available data, evidence of hydraulic head redistribution as a result of
construction of the containment cell is considered to be emerging. The following main effects have been
identified:


difference in response to rain events inside and outside of the containment cell;



a flattening of the hydraulic gradient (ie groundwater table) inside the containment cell in
comparison with historical hydraulic gradients and external conditions;



possible mounding of groundwater levels on the up‐hydaulic gradient side of the containment cell;
and



differences in groundwater level measured in the well sets on either side of the wall with lowering
of groundwater levels in Unit 1 and possibly Unit 2, and an apparent increase in groundwater levels
in Unit 3 compared to outside the cell. However, fluctuations of water levels outside the cell in Unit
1 due to rain events are likely to influence these relative levels.

Golder's assessment presents several lines of evidence supporting the emergence of a sustained
redistribution of local hydraulic head during and following the installation of the containment cell. The
emerging lines of evidence are consistent with the potential effects postulated in the groundwater
modelling (Laase 2016) and are considered to support the successful installation of the containment
system.
The Auditor has reviewed the hydraulic verification data collected by Golder, as presented in the RVR
(Golder 2019g) and the Post‐Remediation Annual Groundwater Monitoring Event report (Golder 2020a).
He has also reviewed Golder's interpretation of the data in those reports.
Golder had previously identified a number of 'tests' to be applied to the data, with the results of those
tests indicative of the performance of the cell in comparison to its design objectives. The Auditor has
framed these tests as:
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1.

Do groundwater levels or pressures in monitoring wells within the cell show a subdued or delayed
response to rainfall events compared to monitoring wells completed in the same
hydrostratigraphic unit and with a similar relative position outside the cell?

2.

Is the hydraulic gradient in each hydrostratigraphic unit within the cell flatter than the gradient in
the corresponding unit outside the cell?

3.

Is the external hydraulic gradient across the cell following construction steeper that the gradient
present prior to construction?

4.

Is the water level in units 1 and 2 within the cell to 2 metres lower than the exterior water level?

5.

Is the water level in Unit 3 within the cell slightly higher than the exterior water level?

In each case, an affirmative answer would indicate that the cell was likely to be meeting the design
objectives.
In the RVR, Golder described the monitoring data then prepared a hydraulic verification outcomes matrix
(Table 4 of the RVR). Golder concluded that there were emerging patterns indicative of affirmation in
respect of Tests 1, 2 and 3, and possible emergence in respect of Tests 4 and 5.
This exercise was repeated for the longer data record available following the March 2020 monitoring
event (Golder 2020a). The conclusion in respect of tests 1 to 3 was the same, whereas for tests 4 and 5
the confidence level had increased from 'possible' to 'likely'.
The Auditor has independently reviewed the hydrographs, which are shown on Figures 8a to 8c of this
SAR. He has observed that:


In Unit 1, in all three monitoring well groups (western, southern and eastern), a very clear and
sharp response to rainfall events, followed by the expected exponential regression, in wells outside
the cell, contrasting with a barely perceptible response in monitoring wells within the cell.



In Unit 1 in all three groups, outside the cell there was an overall increase in levels across the
monitoring period, contrasting with a slow and very steady decline of 0.20 to 0.25 m inside the cell.
This trend is remarkable for its consistency.



Unit 1 shows little to no response to tidal variations.



Unit 3 shows a clear pressure response to tidal variations with aptitudes of 0.1 to 0.2 m to diurnal
tides and a range up to 0.3 m on the lunar synodic cycle. As would be expected, the amplitude is
slightly larger on the eastern side of the cell than on the southern and western sides. Unit 3 does
not respond significantly to rainfall events, either inside or outside the wall, with any response
being masked by the much high amplitude of the tidal cycles. Consistently, across all three well
groups, the inside well tracks about 0.2 m above the outside well, with this difference narrowing
with time in all three groups.



Water levels in Unit 2 are intermediate to those in units 1 and 3.



In the eastern group, Unit 2 outside the cell shows a clear response to major rainfall events. This
response is slightly delayed and has a lower amplitude relative to the Unit 1 response. Any
response to rainfall events outside the cell is masked by the tidal response, which is similar to, but
has a lower amplitude than, the Unit 3 response. Over the monitoring period, the outside well
shows an increase in water level (or pressure) and the inside well a steady decrease (allowing for
the tidal cycles) of about 0.2 m.



In the southern and western groups the Unit 2 wells do not show a discernible response to rainfall
events, inside or outside the cell, and the amplitude of the tidal cycles is greater than in the east.



In the east, the inside water level varies between 0.2 and 0.7 m below the outside level. The
difference increases with time, as the inside level falls and the outside level rises. In the south and
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west, the inside water level is 0.2 to 0.4 m above the outside level, with the difference decreasing
with time.


Across the cell, the vertical head gradient between Unit 1 and Unit 3 decreases with time.



The hydraulic gradient from east to west across the cell is:
-

In Unit 1, much shallower inside than outside;

-

In Unit 2, much shallower inside than outside; and

-

In Unit 3, slightly shallower inside than outside, with gradient reversal.



The external gradient in Unit 1 has generally increased, and there does appear to be some
mounding upgradient of the cell following rainfall events.



The external gradient in Unit 2 has not generally increased, but is higher following rainfall events.



The external gradient in Unit 3 does not appear to have increased discernably.



The water level in units 1 and 2 within the cell is lower than the exterior water level and the
difference predicted by modelling (i.e. 0.4 to 0.5 m rather than 1 to 2 m).



The Unit 3 water level within the cell is slightly higher than the external level, but the difference is
decreasing.

Thus, in response to the five test criteria, the Auditor's assessment is:
1.

Very clearly yes

2.

Clearly yes

3.

Marginally yes

4.

Yes, but less clearly than predicted

5.

Yes

Overall, on the basis of his review as outlined above, the Auditor has a high degree of confidence that the
cell is performing in a way that is consistent with meeting the design objectives, but considers that further
monitoring is required to confirm this assessment.
8.3

Materials Validation
8.3.1

Imported VENM

Based on the documentation presented by Orica providing confirmation by the individual source quarries,
the materials imported to site were classified as VENM under the EPA waste classification guidelines.
Inspections of this material by Golder confirmed that it was consistent with the descriptions provided in
the documentation provided by the various quarries and that no evidence of contamination or of foreign
deleterious materials was present. The results of the chemical analysis further supported the VENM
classification and met the criteria form imported material within the RAP (Golder 2016e).
Golder considered that the imported VENM was suitable for use as part of the remediation system
constructed.
8.3.2

Re-use of On-site Soil

Based on the results of the characterisation, arsenic was present at concentrations ranging between
10 and 45 mg/kg with a 95% upper confidence limit on the mean of 25 mg/kg, which is less than the
concentration adopted for the assessment of remediation requirements in the RAP (Golder 2016e) of 40
mg/kg. With the exception of zinc, concentrations of other metals were generally below the added
contaminant limits for commercial/industrial land use (ASC NEPM).
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As the stockpiled material contained low arsenic concentrations and generally low metal concentrations,
and as the stockpile volume would comprise approximately 15 to 20% of the revegetation layer, it was
considered that the material was suitable for re‐use within Unit 1 (revegetation layer).
The Auditor reviewed the data and approved this proposal prior to implementation, because he
considered that the reuse of the material presented a very low risk and was consistent with sustainable
remediation principles in that it avoided the need to transport the material to landfill.

C. M. Jewell & Associates Pty Ltd
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ONGOING MAINTENANCE, MANAGEMENT AND MONITORING

A Long‐Term Environmental Management Plan (LTEMP) (Golder 2020b) has been prepared to provide a
framework to minimise risks to on‐ and off‐site human‐health and environmental receptors through the
management, maintenance and monitoring of the containment cell. Included in the LTEMP is the
requirement for management measures to be in place on lands surrounding the containment cell which
further restrict the potential soil and groundwater exposure pathways to human‐health receptors.
The LTEMP is required to be implemented by Orica to make sure that the containment cell is managed in
a manner so that the integrity of the containment cell is not compromised. The LTEMP also has an initial
monitoring component to complete the hydraulic verification of the containment cell and an ongoing
monitoring requirement to confirm the long‐term functionality of the cell.
The Auditor has reviewed the Long‐Term Environmental Management Plan, Arsenic Remediation Program
‐ Revision 1, prepared by Golder (ref. 1810662‐019‐R‐Rev1), dated 5 May 2020.
The Auditor is satisfied that the LTEMP complies with the recommendation of Section 1.7 and Table 2.7
where applicable of the Consultants Reporting on Contaminated Land ‐ Contaminated Land Guidelines
(EPA 2020).
Specifically, the Auditor considers that:


the objectives of the LTEMP are clearly stated (in Section 1.1); and



the site is clearly described and its history, and the nature and extent of contamination are
adequately summarised.

Orica, as the site owner, will be responsible for implementing the LTEMP. Management responsibility
within Orica is defined in the document, as are consultant and auditor roles.
In the Auditor's opinion, the LTEMP has three key components, which are:


To ensure that the physical integrity of the cell is maintained by protecting it from damage due to
excavation activities and regular inspection to promptly identify and repair accidental damage due
to erosion, vermin or other causes.



To specify and plan the regular maintenance work required.



To provide a specification and plan for regular groundwater monitoring (including both hydraulic
and hydrochemical monitoring), to demonstrate that the cell is performing in accordance with its
design intent.

Hydraulic monitoring will involve continuous water level monitoring (using data loggers), in three paired
sets of three multi‐level monitoring bores (i.e. 18 bores in total) and one barometric logging well.
Loggers will be downloaded quarterly, with manual water level measurements taken at the time of
download.
Sampling and analysis for dissolved arsenic will be carried out on an annual basis at a total of 35
monitoring wells on and down‐gradient from the site.
The analytical suite currently specifies analysis for arsenic only. However, the Auditor notes that the suite
could be expanded if results require more detailed hydrochemical analysis and interpretation.
A sampling analysis and quality plan that complies with EPA guideline recommendations is included in the
LTEMP.
The Auditor is satisfied that the LTEMP is adequate to meet its stated objectives, and that those objectives
are appropriate.
Golder has proposed annual reporting with a review after two years. The Auditor considers this to be
appropriate, but also considers that a minimum of five years monitoring will be required.
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The program may be modified if appropriate after two years.
The Auditor considers that all aspects of the LTEMP can be legally enforced and notified, and that the EPA
has a number of mechanisms available under the Contaminated Land Management Act 1997 (CLM Act)
and Protection of the Environment Operations Act 1997 (POEO Act) to do this.

C. M. Jewell & Associates Pty Ltd
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AUDITOR’S ASSESSMENT OF THE ADEQUACY OF THE CONSULTANT’S WORK
AND REPORTING STANDARDS

The Auditor has assessed the adequacy of Golder’s work and the associated reports. The following
information was provided and considered to be adequate for the purposes of this audit:


site location and description of site



review of site history, including potentially contaminating activities



outline of actual or potential contamination



identification of potential contaminants of concern



description of soil stratigraphy and hydrogeology



investigation works



quality assurance and quality control plan



discussion of analytical results



environmental quality criteria



assessment of risks to human health



discussion of evidence of migration of contaminants



discussion of groundwater issues



recommendations for ongoing management of residual contamination



recommendations and conclusions

The following information was not provided, but was not considered relevant by the Auditor, given the
nature of the site and the results of the investigation:


assessment of chemical mixtures



assessment of aesthetic issues

Overall, the standard of reporting presented within Golder’s report is considered satisfactory and to
comply with the EPA’s Consultants Reporting on Contaminated Land ‐ Contaminated Land Guidelines
(2020) and the EPA’s Guidelines for the NSW Site Auditor Scheme, 3rd edition (2017).
The Auditor considers that there has been compliance with requirements imposed by the EPA in the
Management Order.
10.1

Site-Specific EPA Notice

Action 1(a)(b) of MO 20181401, EPA stated its requirement for remedial works and a SAS as follows:
1.

Engage a Site Auditor accredited under part 4 of the Act
a)

A Site Auditor is to be engaged to undertake an independent review of the implementation and
validation of the works described in “Orica Kooragang Island: Arsenic Management Order:
Remedial Action Plan” (8 July 2016)” (“the remedial works”).

b)

The Auditor is to provide a Site Audit Statement (SAS) and Site Audit Report (SAR) following
completion of the remedial works. The scope of the Audit is to include consideration of the
suitability of the LTEMP to be prepared for the hydraulic containment system.

The Auditor confirms that the RVR (Golder 2019g) complies with the guidelines cited above.
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The Auditor has read the EPA’s requirements in relation to the validation report, and confirms that it
complies with the conditions. Specifically, Golder has carried out the remediation in accordance with the
Remediation Action Plan, Orica Kooragang Island: Arsenic Management Order, prepared by Golder Associates
Pty Ltd (ref. 1418917_044_R_Rev2), dated 8 July 2016.

C. M. Jewell & Associates Pty Ltd
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AUDITOR’S CONCLUSIONS AND RECOMMENDATIONS

11.1

Compliance with Management Order

51

The Auditor considers that Orica has demonstrated compliance with the terms of Management Order No.
20181401, as amended by Notices 20184410, 20194429 and 20204440.
11.2

Suitability of RVR

The Auditor considers that the RVR (Golder 2019g) is suitable for its stated purpose of documenting the
completion of remediation work in accordance with the approach and objectives set out in the RAP
(Golder 2016e), the RAP Addendum (Golder 2018d), and with the technical specifications.
The RVR complies with the recommendations of the relevant guidelines made or approved by the EPA, as
these documents are relevant to the project.
11.3

Suitability of LTEMP

The Auditor considers that the LTEMP (Golder 2020b) is suitable and appropriate for its stated purpose,
and satisfies the requirements of Item 2d of the Management Order and Condition B9 of the
Development Consent SSD7831 issued by the Department of Planning, Industry and Environment under
delegated ministerial authority on 10 August 2018.
11.4

Suitability of Containment Cell

The Auditor considers that the completed containment cell is suitable for its intended purpose, subject to
ongoing monitoring and evaluation in accordance with the LTEMP (Golder 2020b).
The Orica Kooragang Island site as a whole is regulated by the EPA under Environment Protection Licence
828 as varied on 5 August 2020.
The suitability of the site as a whole for the specific activities permitted by the Licence is determined by
the Licence conditions. This site audit statement specifically addresses the suitability for the containment
cell for its intended purpose, if managed in accordance with the LTEMP.
11.5

Recommendation

The Auditor recommends that the monitoring and reporting program set out in the LTEMP (Golder 2020b)
continues for a period of at least five years, with annual reporting to the EPA as proposed in the LTEMP
and external review by a site auditor after two years and after five years.
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Important Information About Your Site Audit Report
These notes will help you to interpret your Site Audit
report. They are based on guidelines prepared by the
NSW Environment Protection Authority (EPA).
Introduction to the NSW Site Auditor Scheme
Objectives
The objectives of the NSW Site Auditor Scheme are
to:

 ensure that public health and the environment
are protected through proper management of
contaminated sites, particularly during changes
of land use
 improve access to technical advice on
contaminated sites for planning authorities and
the community by establishing a pool of
accredited site auditors
 provide greater certainty for planning
authorities and the community through the
independent review by those auditors of
contaminated site assessment and remediation
reports, and reports that validate the successful
completion of the assessment of remediation.
Background
In Australia, the use of accredited auditors to review
work conducted by contaminated site consultants
was first introduced in Victoria in 1989 through the
Victorian
EPA’s
Environmental
Auditor
(Contaminated Land) Scheme.

In 1998, NSW commenced its own Site Auditor
Scheme under the Contaminated Land Management
Act 1997 (CLM Act). The scheme is administered by
the EPA.
The CLM Act empowers EPA to accredit individuals
as site auditors and to establish guidelines for them.
The Contaminated Land Management Regulation
1998 (CLM Regulation) specifies some of the
procedural requirements of the scheme.
Site Audits in Relation to Contaminated Sites
Site auditors review the work of contaminated site
consultants. The CLM Act calls these reviews ‘site
audits’ and defines a site audit as an independent
review:

a) that relates to investigation or remediation
carried out (whether under the CLM Act or
otherwise) in respect of the actual or possible
contamination of land, and

CMJA

i) the nature and extent of any contamination
of the land
ii) the nature and extent of the investigation or
remediation
iii) whether the land is suitable for any
specified use or range of uses
iv) what investigation or remediation remains
necessary before land is suitable for any
specified use or range of uses
v) the suitability and appropriateness of a plan
of remediation, a long-term management
plan, a voluntary investigation proposal or a
remediation proposal.
The main products of a site audit are a ‘site audit
statement’ and a ‘site audit report’.
A site audit statement is the written opinion by a
site auditor, on an EPA-approved form, of the
essential findings of a site audit. It includes, where
relevant, the auditor’s conclusions regarding the
suitability of the site for its current or proposed use.
Before issuing a site audit statement, the site auditor
must prepare and finalise a detailed site audit
report. The report must be clearly expressed and
presented and contain the information, discussion
and rationale that support the conclusions in the site
audit statement.
In some circumstances a site audit is required by law.
These audits are known as ‘statutory site audits’
and may be carried out only by site auditors
accredited under the CLM Act. A statutory site audit
is one that is required by:
 a regulatory instrument issued under the CLM
Act, including EPA agreements issued by EPA
to voluntary proposals.
 the Environmental Planning and Assessment
Act 1979, including an environmental planning
instrument or development consent condition
 any other Act.
Role of Site Auditors
The services of a site auditor can be used by anyone
who needs an independent and authoritative review
of information relating to possible or actual
contamination of a site. The review may involve
independent expert technical advice or ‘sign-off’ of
contaminated site assessment, remediation or

b) that is conducted for the purpose of determining
any one or more of the following matters:
Important Information SAR
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validation work conducted by a contaminated site
consultant.
Site Assessment and Audit Process
The usual stages in the assessment, remediation and
validation of a contaminated site, and in the audit of
those activities, are as follows:

Page 2

If the local council receives a copy of a site audit
statement, it must list the statement on any
certificate it issues under section 149 of the
Environmental Planning and Assessment Act 1979
in relation to the land concerned.
Limitations of Your Site Audit Report

Consultant is Commissioned to Assess
Contamination
In most cases, a site owner or developer engages a
contaminated site consultant to assess a site for
contamination and, where required, to develop a
remediation plan, implement the plan and validate
the remediation.

The following notes have been added by the Auditor
who prepared this report, to highlight some
important limitations on the use of this report.

The contaminated site consultant designs and
undertakes the site assessment and, where required,
all remediation and validation activities to achieve
the objectives specified by the owner or developer.

Consistently with the objectives of the NSW Site
Auditor Scheme, it may be appropriate for others to
rely upon this report in some circumstances.

Site Auditor Reviews the Consultant’s Work
The site owner or developer commissions the site
auditor to review the consultant’s work. The auditor
prepares a site audit report and a site audit statement
at the conclusion of the review, which are given to
the owner or developer.
Where the local planning authority or EPA uses its
legal powers to require the carrying out of a site
audit, the site owner or developer must commission
a site auditor accredited under the CLM Act to
perform this task. This is known as a ‘statutory’
audit. The CLM Act requires that an auditor must
notify EPA when he or she has been commissioned
by anyone other than EPA to perform a statutory
site audit. The auditor is also required to furnish the
local authority and EPA with a copy of the
completed site audit statement.
In some cases, the site owner or developer may wish
to have a site audit undertaken although it is not a
legal requirement. The audit is termed ‘nonstatutory’. If their intention is to obtain a site audit
statement, they must commission a site auditor
accredited under the CLM Act to perform this task.
This is because only a site auditor so accredited can
issue a site audit statement and they are obliged to
issue one at the end of any site audit. For nonstatutory audits, the site auditor must give a copy of
the site audit report to the local authority or EPA, or
both, on request.
As required by the CLM Act, EPA maintains a
record of all statutory site audit statements issued in
relation to land that is the subject of a regulatory
instrument under the CLM Act. Copies are available
for public inspection through EPA’s website at
http://www.epa.nsw.gov.au/prclmapp/searchregister.aspx.
QaO.05 Rev 01/03/15 CMJ

This report has been prepared by C. M. Jewell &
Associates Pty Ltd for the use of the client who
commissioned it, and relevant government agencies,
for the specific purpose described in the report.

However, the original purpose of this report and the
site conditions prevailing at the time the report was
prepared – as described in the report – should be
considered first.
If you are not the person for whom the report was
prepared, or you wish to use it for a different
purpose to that for which it was prepared, or site
conditions appear to differ from those described in
this report, or a significant period of time has
elapsed since the report was prepared, then PLEASE
CONSULT THE SITE AUDITOR BEFORE
RELYING UPON THE REPORT.
It is also important to recognise that a site audit is
primarily a review of work carried out by other
companies and individuals.
The site auditor has checked data and
interpretations, ascertained whether or not
appropriate guidelines have been followed, and
satisfied himself that the available data are adequate
to support the conclusions he has reached.
However, all environmental sampling programs
have an inherent degree of uncertainty. Even when
sampling fully complies with guidelines, it is
possible for areas of contamination to remain
undetected, but be revealed by more extensive
excavations during site redevelopment. This risk is
usually quantified using statistical confidence limits.
The site audit report identifies data limitations and
uncertainties where these are recognised, but users
must accept the finite and unavoidable risk that
some contamination may remain undetected during
even a diligent site assessment and audit process.
If there is a need to copy this report, it must be
reproduced in full. No reliance whatsoever should
be placed upon partial copies of a site audit report.
Important Information SAR
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Figure 2
Remediation Location and Site Layout
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Figure 3
Site Setting and Surrounding Land Use
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Figure 4
Cut-Off Wall Alignment
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Figure 6
Monitoring Network
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Figure 7a
Unit 1 Groundwater Contours
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Figure 7b
Unit 2 Groundwater Contours
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Figure 7c
Unit 3 Groundwater Contours
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Figure 8a
Hydrograph Review - MWCC01 Eastern Wall
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Figure 8b
Hydrograph Review - MWCC02 Western Wall
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Figure 8c
Hydrograph Review - MWCC03 Southern Wall

APPENDIX A
Contaminant Groups

Individual Species Making up Contaminant Groups
HEAVY METALS
Arsenic (As)
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APPENDIX B
Copies of the Associated Reports that the
Auditor has Specifically Relied Upon

APPENDIX C
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Communications

C.M. Jewell & Associates Pty Ltd
A.C.N. 056 283 295

A.B.N. 54 056 283 295

Water and Environmental Management
1/13 Kalinda Road, Bullaburra, NSW 2784, Australia
P.O. Box 10, Wentworth Falls, NSW 2782
Phone: (02) 4759 3251 Fax: (02) 4759 3257
Email: postie@cm-jewell.com.au

My Ref: J1702.5L
6 September 2018

Orica Limited
15 Greenleaf Road
KOORANGANG NSW 2304
Attention: Mr Peter O’Dea
Dear Peter
Interim Advice - Early Stage Excavation Validation, 15 Greenleaf Road, Koorangang
Island NSW
As the Site Auditor engaged in respect of the Arsenic Remediation Project at Orica Kooragang Island,
I have reviewed the Early Stage Excavation Validation, Arsenic Remediation Project, Orica
Kooragang Island, Kooragang Island NSW, prepared by Golder Associates Pty Ltd (ref.
1418917_R_064_Rev0), dated July 2018.
The report describes the excavation of some arsenic-contaminated soils located outside of the footprint
of the proposed containment cell at the Orica Kooragang site, their placement within the cell footprint,
validation of the excavation floor and walls, and subsequent backfill with materials previously
stockpiled on site.
In my opinion, the validation sampling and analysis was carried out in an appropriate manner and in
accordance with the approach outlined in Golder’s Delineation of Arsenic in Near Surface Soils
Outside the Cut-Off Wall Alignment, Arsenic Remediation Project, Orica Kooragang Island, dated
June 2016; and covered the area identified by the delineation sampling.
I note that no formal sampling, analysis and quality plan incorporating data quality objectives was
prepared.
I have reviewed the quality assurance / quality control (QA/QC) procedures and QC data presented in
the report, together with the data validation summary reports provided. I consider that these indicate
that the data collected are of appropriate quality for the purpose of the investigation.
The data demonstrate that soils with arsenic concentrations exceeding the criterion of 100 milligrams
per kilogram (mg/kg) were in substantial part excavated and placed within the footprint of the
proposed containment cell. Although there were some residual materials exceeding the criteria and the
95% upper confidence limit (UCL) on the mean concentration in residual materials that exceeded the
target of 40 mg/kg, I consider that the exceedances were minor and that leaching from these soils is
very unlikely to be significant.
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I note that the 95% UCL on the mean arsenic concentration in the materials used to backfill the
excavation did meet the target criteria.
I also note that the practicable limit of excavation (the water table) was encountered in the base of the
excavation, and that there were practicability constraints on the southern lateral boundary of the
excavation.
In my opinion, the overall objectives were met, and I do not consider that any further excavation is
required.
The report is adequate for the purposes of the site audit.
This communication has been provided as interim advice only. Where applicable, the information
provided is consistent with NSW EPA guidelines and policies. The advice does not constitute a site
audit report or site audit statement and does not pre-empt the conclusions which will be drawn at the
end of the audit process. A site audit report and site audit statement will be issued when the audit
process has been completed.
For and on behalf of
C. M. JEWELL & ASSOCIATES PTY LTD

CHRIS JEWELL
Site Auditor accredited under the
Contaminated Land Management Act 1997
cc:

Mr Ke Ye, Golder Associates Pty Ltd
Mr Andrew Hollaway, Golder Associates Pty Ltd
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My Ref: J1702.6L
15 November 2018

Orica Limited
15 Greenleaf Road
KOORANGANG NSW 2304
Attention: Mr Peter O’Dea / Mr Antony Taylor
Dear Peter and Antony
Interim Advice - Containment Cell Management Plan: Arsenic Remediation Project,
Koorangang Island
As the Site Auditor engaged in respect of the Arsenic Remediation Project at Orica Kooragang Island,
I have reviewed the Containment Cell Management Plan (CCMP): Arsenic Remediation Project, Orica
Kooragang Island, prepared by Golder Associates Pty Ltd (ref. 1810662-002-R-Rev0), dated
18 September 2018. My comments follow.
General Comments
It is not clear to me why the definition of hold and inspection points in Section 3.1 (which would seem
to be equally applicable to wall construction) is not set out in a separate section before the current
Section 2, or as a Subsection 1.3. Similarly, the construction quality control (CQC) requirements for
the wall construction (in Section 2) should be set out as a series of hold points, as is the case for the
capping system (in Section 3).
The construction quality assurance (CQA) description for the wall should similarly reference hold
point releases and inspection points.
The contractor’s proposed forms and other documentation for reporting site observations, sampling
activities, testing results, non-conformances and responses and hold-point release should be included
in the construction methodology report and must be approved by the CQA (validation) consultant prior
to commencement of work.
Cut Off Wall
As indicated above, this section should be drafted so that the approach is consistent with that used for
the capping system.
It is not clear why the requirements for the construction methodology report do not include formal
work method statements, as is the case for the capping system.
The contractor’s CQC reports and data, including:
 pre-construction mix testing data,
 sampling records and testing results,
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 the construction report,
should be provided to the site auditor for information purposes immediately following initial review
by the CQA consultant.
It would be helpful if the CQA review of the construction report was initially provided as a separate
document to Orica and the site auditor, as well as ultimately being included in the validation report.
Capping System
The contractor’s documentation requirements would be clearer and more robust if work method
statements for welding and weld testing of the geomembrane (understood to now be HDPE) were
included in Table 1. Presumably weld test documentation will also be a component of Item 7 in
Table 2.
Also, I assume that review of the weld testing will be a component of Item 2 in Table 4.
As with the wall construction, it would be helpful if the construction report and the CQA review of the
construction report were provided to the site auditor when prepared, as well as ultimately being
included in the validation report.
This communication has been provided as interim advice only. Where applicable, the information
provided is consistent with NSW EPA guidelines and policies. The advice does not constitute a site
audit report or site audit statement and does not pre-empt the conclusions which will be drawn at the
end of the audit process. A site audit report and site audit statement will be issued when the audit
process has been completed.
For and on behalf of
C. M. JEWELL & ASSOCIATES PTY LTD

CHRIS JEWELL
Site Auditor accredited under the
Contaminated Land Management Act 1997
cc:

Mr Gavan Butterfield, Golder Associates Pty Ltd
Mr Andrew Hollaway, Golder Associates Pty Ltd
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My Ref: J1702.7L
31 January 2019

Orica Limited
15 Greenleaf Road
KOORANGANG NSW 2304
Attention: Mr Peter O’Dea / Mr Antony Taylor
Dear Peter and Antony
Interim Advice - Remediation Action Plan Addendum: Arsenic Remediation Project,
Koorangang Island
As the Site Auditor engaged in respect of the Arsenic Remediation Project at Orica Kooragang Island,
I have reviewed the Remediation Action Plan Addendum (RAP Addendum), Arsenic Remediation
Program, Orica Kooragang Island, prepared by Golder Associates Pty Ltd (ref. 1810662‐005‐L‐Rev1),
dated 23 November 2018. I have also reviewed the revised Containment Cell Management Program
(CCMP): Arsenic Remediation Project, Orica Kooragang Island, prepared by Golder Associates Pty Ltd
(ref. 1810662‐002‐R‐Rev1), dated 23 November 2018.
I consider that the RAP Addendum appropriately reflects the changes to the project scope that have
occurred since the RAP was prepared in July 2016 including those required by the Management
Order (20181401) issued by the NSW Environment Protection Authority (EPA) on 3 August 2018.
The revised CCMP has adequately addressed the issues that I raised in my review of the original
version of the document, as set out in my Interim Advice J1702.6L of 15 November 2018.
This communication has been provided as interim advice only. Where applicable, the information provided
is consistent with NSW EPA guidelines and policies. The advice does not constitute a site audit report or
site audit statement and does not pre‐empt the conclusions which will be drawn at the end of the audit
process. A site audit report and site audit statement will be issued when the audit process has been
completed.

For and on behalf of
C. M. JEWELL & ASSOCIATES PTY LTD

CHRIS JEWELL
Site Auditor accredited under the
Contaminated Land Management Act 1997
cc:

Mr Gavan Butterfield, Golder Associates Pty Ltd
Mr Andrew Hollaway, Golder Associates Pty Ltd
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My Ref: J1702.8L
5 September 2019

Orica Limited
15 Greenleaf Road
KOORANGANG NSW 2304
Attention: Mr Peter O’Dea / Mr Antony Taylor
Dear Peter and Antony

Interim Advice - Long-Term Environmental Management Plan: Arsenic Remediation
Project, Orica Koorangang Island
As the Site Auditor engaged in respect of the Arsenic Remediation Project at Orica Kooragang Island, I
have reviewed the Long‐Term Environmental Management Plan, Arsenic Remediation Program, Orica
Kooragang Island, prepared by Golder Associates Pty Ltd (ref. 1810662‐019‐R‐rev0), dated 27 May 2019.
I note that this document is revision 0, prepared prior to completion of the containment cell and
therefore not all necessary information is included.
The Long‐Term Environmental Management Plan (LTEMP) is to be revised following completion of
validation and prior to issue of a site audit statement. The revised version will be reviewed by the site
auditor prior to the issue of that statement.
With the above quantification, I consider that the LTEMP contains most of the information required at this
time and generally meets the requirements of Condition B9 of Development Consent SSD 7831 dated 10
August 2018 and Management Order 20181401.
I have the following specific comments.
This revision of the LTEMEP was prepared before the release of the Consultation Draft of the NSW
Environment Protection Authority’s (EPA) ‘Guidelines for Consultants Reporting on Contaminated Sites’.
Table 2.8 of that draft includes a Checklist for Environmental Management Plans (attached). The LTEMP
does in fact include most of the checklist items, but some relatively minor details are missing. This can be
easily addressed, and would be worthwhile.
I consider that the objectives of the LTEMP, as set out in Section 1.1, are appropriate. However, should
the reference to Section 3 be to Section 4? Also, the LTEMP should mention creating an awareness of the
need to protect the containment cell. Whilst that seems obvious, it should nevertheless be stated.
I think that Sections 2, 3 and 4 provide the required background material.
The definition of roles and responsibilities in Section 5 is appropriate. The procedure referenced in Section
5.2 should be attached to the LTEMP.
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The provisions of Sections 5.2 and 5.3 are otherwise adequate.
The core inspection and maintenance requirements of Section 6 are also appropriate.
I think that it would be helpful to expand Section 7 of the LTEMP to provide a more comprehensive
summary of the off‐site EMP.
I understand that a function of Section 8 is to implement Direction 3 of the Management Order.
Direction 3 requires the Groundwater Management Plan (GMP) to be updated and incorporated into the
LTEMP. It would therefore be useful if the introductory paragraphs of Section 8 included a paragraph
explaining how the GMP has been updated and how Section 8 stands in its place; and also explained the
sampling analysis and quality plan (SAQP), where all the detail resides.
The reference to Appendix D in Section 8.2.2 appears to be incorrect. Should this be to the SAQP in
Appendix C? However, the SAQP does not currently address gauging and logger deployment and
download.
Generally, an SAQP is expected to comply with Schedule B2 of the National Environment Protection
(Assessment of Site Contamination) Measure 1999 (ASC NEPM), including provisions regarding a
conceptual site model (CSM) and data quality objectives (DQO). The EPA has also issued an SAQP checklist
as part of the Consultation Draft of the Reporting Guidelines (attached). Options include referencing the
detailed CSM and providing a summary. I would expect to see these aspects incorporated in the SAQP
(particularly as in this case it seems as though the SAQP is in fact the GMP) not to an unnecessarily
pedantic extent, but at least to the extent required to give some structure to the SAQP and make it a
reasonably self‐contained document. Also in that respect, the SAQP should not reference technical
procedures that are not attached. Either include the relevant procedures or attach the entire document.
Section 8.4 (Reporting) should reference all the requirements of Direction 3 of the Management Order,
including timing.
Section 9 should note that the revised LTEMP will be required to be completed and reviewed prior to
issue of the site audit statement, which is due 9 months following completion of construction.
In my opinion, the implementation of the LTEMP can be effectively enforced in perpetuity through the
operation of Condition B10 of the Development Consent. Incorporation of the off‐site EMP as an
Appendix to the LTEMP ensures that the requirements of the off‐site EMP, as they apply to Orica, are also
enforceable through Condition B10. Clearly, however, requirements of the off‐site EMP as they apply to
other parties on land not covered by the consent are not enforceable in this way, and remain advisory. I
will discuss this matter with the EPA prior to issuing the site audit statement, but do not think that it will
become a major issue.
I consider that the stakeholder communication plan in the off‐site EMP provides an appropriate means of
communication to the nominated stakeholders. Orica should also consider using the Dial‐Before‐You‐Dig
system to create an area of interest within which proposals to carry out excavations would be notified to
Orica, enabling pre‐emptive advice to be given to others who may carry out intrusive work.
This communication has been provided as interim advice only. Where applicable, the information provided
is consistent with NSW EPA guidelines and policies. The advice does not constitute a site audit report or
site audit statement and does not pre‐empt the conclusions which will be drawn at the end of the audit
process. A site audit report and site audit statement will be issued when the audit process has been
completed.

J1702.8L - 5-Sep-19

C. M. Jewell & Associates Pty Ltd

Site Audit – Long-Term Environmental Management Plan: Arsenic Remediation Project, Orica
Koorangang Island

3

For and on behalf of
C. M. JEWELL & ASSOCIATES PTY LTD

CHRIS JEWELL
Site Auditor accredited under the
Contaminated Land Management Act 1997
Attachments:

cc:

Table 2.2 Sampling and Analysis Quality Plan Checklist
Table 2.8 Environmental Management Plan Checklist

Mr Gavan Butterfield, Golder Associates Pty Ltd
Mr Andrew Hollaway, Golder Associates Pty Ltd

J1702.8L - 5-Sep-19

C. M. Jewell & Associates Pty Ltd
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INTRODUCTION

Orica Australia Pty Ltd (Orica) has completed a remediation program at the former arsenic sludge disposal pit
in the north western portion of the site at Greenleaf Road, Kooragang Island (KI), NSW (the site), Figure 1.
The remediation program involved the construction of a cap and containment system in accordance with the
Remediation Action Plan (RAP) (Golder, 2016a). The RAP was required by Action 1(e) of a management
order (MO) (Order Number 20131407) issued by NSW EPA under Section 14(1) of the Contaminated Land
Management Act 1997 (the Act) on 28 July 2014. It presented a design for the installation of an integrated cap
and containment system to meet the objectives of the MO.
As required within the RAP, an Environmental Impact Statement (Golder, 2017) was subsequently prepared to
support a State Significant Development application under part 4 (Division 4.1) of the Environmental Planning
and Assessment Act 1979. The application was required to obtain development consent for the remediation
project. Development Consent (Application No. SSD7831) was issued to Orica on 10 August 2018 permitting
the construction of a containment cell to address arsenic contamination at the site.
In addition, the NSW EPA issued a new Management Order (Order No. 20181401) and repealed the previous
order (Order No. 20131407). Based on the timeframe since the preparation of the RAP (2016a) and the
proposed implementation of the remediation program (2018-2019) it was considered prudent to prepare a
RAP Addendum (Golder, 2018b). It should be noted that the addenda did not alter the remediation strategy.
A requirement of Section 15 of the RAP, Action 2 (d and e) of the MO (Order No. 20181401) and Condition B9
and B10 of the Development Consent was the preparation and implementation of a Long-Term Environmental
Management Plan (LTEMP) for the operational phase of the remediation system. The LTEMP was to
incorporate any long-term requirements for the ongoing monitoring, maintenance and restrictions on site
activities permitted to be undertaken in the vicinity of the containment system. The LTEMP is to be periodically
revised based on monitoring results.

1.1

Objectives of the LTEMP

The overall purpose of the LTEMP is to provide a framework to minimise risks to on- and off-site humanhealth and environmental receptors through the management, maintenance and monitoring of the
containment cell. A key overall objective of the LTEMP is to create an awareness of the presence of and the
need to protect the containment cell from damage that would reduce its effectiveness.
There is also the requirement for management measures to be in place on lands surrounding the containment
cell which further restrict the potential soil and groundwater exposure pathways to human-health receptors
(Section 7.0).
The specific objectives of the LTEMP are to:



Create an awareness and understanding of the presence of a containment cell (Section 4.0) on the site
and the nature of the material inside and immediately outside the containment cell (Section 3.0);



Maintain the integrity of the containment cell, through specifying the Management (Section 0) and
Inspection & Maintenance (Section 6.0) requirements and defining the responsibilities for the
implementation of these requirements;



Ensure future uses of the containment cell area are compatible with its contamination status and the
design/construction of the containment cell (Section 5.2); and



Define the ongoing Monitoring (Section 8.0) requirements to allow confirmation of the long-term
functionality of the containment cell.

1
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SITE LOCATION AND IDENTIFICATION
Location and Identification

The site’s main entrance is at 15 Greenleaf Road, Kooragang Island, NSW. The site is described as Lot 2 and
Lot 3 in Deposited Plan 234288. The site covers an area of approximately 22 hectares, and is located on the
south eastern peninsula of Kooragang Island at the confluence of the North and South Arms of the Hunter
River (Figure 1).

2.2

Site Setting

A detailed description of the site land use, surrounding areas, history of use and geology and hydrogeology is
provided in the Conceptual Site Model (CSM) (Golder, 2013). A brief summary is provided below, however, if
further detail is required the CSM should be referred to.
Kooragang Island was originally a series of smaller islands which formed part of the Hunter River Delta. The
southern portion of Kooragang Island was subsequently reclaimed1 in the late 1950s and early 1960s from the
original landform of a series of tidal mud flats using dredged sand from the Hunter River. Since the
reclamation, the southern portion of Kooragang Island, including the area occupied by the site, has been
developed for heavy industrial use, including port facilities, chemical manufacturing and storage, waste
recycling and hazardous waste treatment.
The Orica site is used for the manufacturing of ammonia and nitric acid as intermediate products in the
production of ammonium nitrate for use in the mining sector.
The southern portion of Kooragang Island, including the Orica site, is zoned ‘Special Activities’ under the New
South Wales State Environmental Planning Policy (Major Projects) Amendment (Three Ports) 2009 under the
Environmental Planning and Assessment Act 1979. The objective of this zoning is to facilitate development to
maximise use of the port facility, particularly special land uses that are not allowed for in other zones as well
as ensuring separation from residential areas and other sensitive land uses.

2.3

Geological Profile

A detailed summary of the inferred site hydrostratigraphy is reported in Module D of Golder (2016b). The site
is underlain by appreciable thicknesses of sedimentary materials overlying bedrock at approximately 35 to 40
m below ground surface. Detailed investigations have allowed the unconsolidated materials to be divided into
hydrostratigraphic ‘units’ which exhibit common hydrogeological characteristics.








1

Unit 1: Fill and Reclaimed sands;
Unit 2: Estuarine silt and clay;
Unit 3: Alluvial sand;
Unit 4: Coarse fluvial sand;
Deeper sands and clays; and
Permian Bedrock.

Based on review of available historical aerial photographs
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CONTAMINANT HISTORY AND REMEDIATION

A summary of arsenic contamination associated with the former sludge disposal pit is presented in the CSM
(Golder, 2013). Provided below is a summary of arsenic contamination in the area to which the MO applies. In
general this contamination is located in an approximately 4,000 m2 area in the north-western portion of the
Orica site, bounded to the north by the Incitec Pivot Limited site and to the west by the East Coast Cement Pty
Ltd site (Figure 1).

3.1

Former Sludge Disposal Pit

The former sludge disposal pit (Figure 2) was used for the disposal of solids and liquid arsenic wastes from
the Vetrocoke process used at the Ammonia Plant from late 1960s to 1994.
Although the primary source of contamination has been removed (ceased disposal), residual arsenic sorbed
to soils beneath the former pit and in the surrounding subsurface represent an ongoing source of arsenic to
groundwater.

3.2

Soil Contamination

Beneath the remediated extent of the former pit on site, residual arsenic soil concentrations average
170 mg/kg, 540 mg/kg and 130 mg/kg in geological units beneath the former pit (Units 1, 2 and 3),
respectively. Maximum arsenic concentrations reported are of the order of 1,900 mg/kg.
The estimated mass of arsenic in soil on site is 8,200 kg (Appendix A of Orica, 2013).
Further investigations were completed as part of the remediation design in part to define the lateral and
vertical extents of arsenic contamination (Golder, 2016b). The extent of identified arsenic contamination based
on soil and groundwater data collected from the remediation investigation and previous investigation was
defined as an area of approximately 55 m (north-south) by 75 m (east-west). The vertical extent of arsenic
contamination was approximately 8 m below ground level (bgl).

3.3

Groundwater Contamination

Dissolved arsenic in groundwater was present below and down-gradient (west-northwest) of the former sludge
disposal pit. Concentrations of arsenic in groundwater on site have ranged between 15 mg/L and 85 mg/L,
with concentrations decreasing since the remediation of the former disposal pit in 2005 (Section 3.4).
The highest dissolved arsenic concentrations occur between 3 and 7 m bgl. At depths greater than
approximately 8 m bgl, dissolved arsenic concentrations are much lower (<1 mg/L).
The predominant arsenic species in groundwater is As (III) (arsenite) with a minor portion as As(V) (arsenate),
which is consistent with the original arsenic source (arsenic trioxide) and the groundwater geochemistry
(mildly reducing). Both As(III) and As(V) are inferred to be present predominantly as oxyanions (including their
hydrogen substituted forms) in groundwater (Golder, 2013).
A fate and transport review indicated that arsenic, either released from arsenic trioxide solution during
operation of the sludge disposal pit or as a result of the subsequent leaching of arsenic from the contaminated
soils below the pit, has entered into the vadose zone below the former pit and then the saturated zone
(groundwater). Dissolved arsenic then migrated with the groundwater flow. Arsenic has adsorbed to aquifer
materials along the flow path until the attenuation capacity of the aquifer is exceeded such that the arsenic
plume has migrated more slowly than the groundwater flow. Investigations have confirmed that the
predominant process attenuating arsenic in the aquifer is adsorption onto naturally-occurring iron minerals
(particularly hydrous ferric (oxy) hydroxides (HFO)) (Golder, 2013).
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Previous Remediation

Removal of a secondary source of contamination occurred in 2005 with the remediation of contaminated soil
beneath the former pit (to the depth of the groundwater table), the bund walls and soil surrounding the pit by
excavation, treatment and off-site disposal. Remediation works completed were reported in Excavation and
Remediation of Soil near the Former Arsenic Sludge Pit (URS, 2005).
An In-situ Geochemical Fixation (IGF) field trial was conducted in 2011 at the former sludge pit area, which
involved the injection of two iron based reagents (iron-chloride and zero-valent iron) into the aquifer system.
The addition of these reagents may have reduced the volume of mobile arsenic in the system.
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REMEDIATION - CONTAINMENT CELL
Containment Cell Configuration

In accordance with the RAP and the Development Consent, a cap and containment remediation system,
comprising a cut-off wall and integrated capping system, has been constructed at the site. The purpose of the
cap and containment system was to enclose the on-site contamination by preventing the flow of groundwater
through the arsenic contaminated soil in the on-site source area with a cut-off wall and a surface cap to
reduce infiltration of rainfall. The cap and containment approach provides isolation of arsenic contaminated
soils located on the Orica site and prevents, to the extent practicable, the further off-site migration of arsenic in
groundwater.
The design for the construction of the containment cell was defined in the following specifications:



Reference Specification. Orica Kooragang Island: Arsenic Management Order – Cut-Off Wall
Construction by Soil-Bentonite Method. Revision 4 (Golder, 2018a); and



Capping System Technical Specification. Orica Kooragang Island- Arsenic Remediation Project.
Revision 7 (Golder, 2019a).

In summary the key components of the containment cell are described below.

Cut-off Wall
The cut-off wall comprised the following:



Wall Alignment: approximately 75 m by 50 m, Figure 2.



Wall Depth: 12 m below ground level. ‘Hanging wall’ installed into Unit 3, however, not ‘keyed’ into a
specific aquitard.



Wall composition: Soil bentonite, with a stabilised concrete cap.



Wall Thickness: Minimum of 0.8 m



Permeability: Maximum 1 x 10-9 m/s.

Capping System
The capping system is integrated into the wall, with the high density polyethylene (HDPE) and geocomposite
clay liner (GCL) layers connected to an anchor trench on the outer edge of the cut-off wall. The capping
system comprises the following:



Infiltration: Less than 1 % of total annual rainfall;



Landform: Minimum 2 % (1-in-50) slope, to promote run-off and prevent surface water run-on to cap;



Composite liner, comprising (bottom to top):

▪ Bearing layer: formed by selected on-site materials to provide support for the geosynthetic liner
system.

▪ GCL: placing the GCL underneath the HDPE geomembrane to minimise leakage through any defects
in the geomembrane.

▪ HDPE: the primary liner layer.
▪ Subsurface Drainage: a layer of drainage sand and drainage pipes at maximum 25 m intervals to
significantly reduce infiltration through the liner.
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▪ Separation Geotextile Layer: to prevent fines entering the subsurface drainage layer.
▪ Surface Layer: 400 mm thickness of revegetation soil and grass.



Surface water from the cap are directed via the drainage pipes to an infiltration pit located to the southwest of the containment cell.

The verification of the construction of the containment cell has been achieved through the construction quality
assurance (CQA) programs completed for the cut-off wall and capping system respectively. CQA reports were
prepared for both the cut-off wall and capping system components and are included in the Remediation
Validation Report (RVR) (Golder, 2019b). The final survey drawings showing the cut-off wall location and the
final height of the capping system are presented in Appendix A.

4.2

Validation of Containment Cell Construction

The validation of the construction of the cap and containment remediation system is detailed in the RVR
(Golder, 2019b). The RVR includes:



Confirmation that the containment cell (cut-off wall and capping system) has been constructed in
accordance with the reference specifications. The RVR includes the construction quality control (CQC)
reports prepared by the Contractors for the cut-off wall and capping system, as well as the corresponding
construction quality assurance (CQA) reports providing assurance of the construction processes.



Confirmation that a network of paired groundwater monitoring wells has been installed inside and outside
the containment cell to facilitate post-remediation hydraulic monitoring to evaluate the performance of the
containment cell.



Initial hydraulic data and associated interpretation of hydraulic effects recorded in response to the
construction of the containment cell as described in Section 4.3.

4.3

Hydraulic Validation

The RAP (Golder, 2016a) considered multiple lines of evidence to assess the efficacy of the hydraulic
segregation of the contaminant source because of the construction of the containment cell. The ‘weight of
evidence’ approach considers a holistic assessment of hydraulic effects observed at the monitoring points in
assessing the containment cell performance.
Identified hydraulic effects included:



The detection of responses to rainfall events in the external wells, but were less prevalent in the data
collected from inside the wall.



A flattening of the groundwater table(s) inside the cell relative to external conditions.



An increase in the external hydraulic gradient across the cell (in the direction of groundwater flow),
and/or potential increase in gradients around the perimeter of the cell.

An assessment of the hydraulic performance is presented within the RVR. Section 8.0 of this LTEMP defines
the monitoring and assessment that will be undertaken to evaluate the ongoing effectiveness of the hydraulic
segregation.
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MANAGEMENT REQUIREMENTS
Responsibility

The overall responsibility for implementing and/or ensuring the implementation of the environmental control
measures, including Management, Inspection, Maintenance and Monitoring Requirements detailed in this
LTEMP lies with the Site Owner. The current Site Owner is Orica Australia Pty Ltd. Specifically, the Orica
Manufacturing Centre Manager (or delegate) will be responsible for this.

5.1.1

Manufacturing Centre Manager

The Manufacturing Centre Manager is responsible for ensuring adequate resources are available to fully
implement the LTEMP and manage the containment cell.

5.1.2

Senior Safety, Health, Environment and Security Manager

For the purposes of this document, the Senior Safety, Health, Environment and Security (SHES) Manager, or
their delegate, shall be considered to be the party responsible for overseeing the day-to-day management of
this LTEMP. It is the Senior SHES Manager's responsibility to:






Ensure that site works are undertaken in accordance with this LTEMP;



Ensure that the requirements of the LTEMP are understood and implemented and systems maintained to
ensure compliance with the requirements;



Ensure that the required parties such as Workers, Environmental Consultants or the Site Auditor are
engaged to implement the requirements of the LTEMP and are inducted as to its requirements;



Manage the implementation of any recommendations made by those parties in relation to work
undertaken in accordance with this LTEMP;



Inform the site owners of any non-conformances with the procedures and requirements of this LTEMP;
and



Notify NSW EPA when the integrity of the containment cell is considered to have been compromised.

Ensure site inspections are undertaken as required under the LTEMP;
Maintain site records related to implementation of this LTEMP;
Ensure that access to the groundwater monitoring wells is maintained and ensure that monitoring wells
and extraction wells are retained in a serviceable state;

5.1.3

Site Workers

All workers who are required to work within the boundary of the containment cell area undertaking postconstruction maintenance or any other activity that may affect the integrity of the containment cell must be
aware of the risks and obligations indicated in the LTEMP.
The relevant controls identified in the LTEMP must be referenced as part of the containment cell area specific
inductions so all workers who are entering the containment cell area are aware of the restrictions on activities
within the containment cell area, the risks involved, the controls to be implemented to manage the risk and the
requirements for reporting of any breaches of the relevant control in the LTEMP.
Where work is proposed to be undertaken within the containment cell area it can only be undertaken after
approval by the Senior SHES Manager or delegate and using Orica’s safe systems of work.
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Environmental Consultant

Environmental monitoring, response to issues, and review and reporting activities must be conducted by a
suitably trained and qualified environmental consultant. When appointed to undertake works in accordance
with this LTEMP, it is the Environmental Consultant's responsibility to:



Plan, conduct and report on the specific environmental monitoring aspects to the LTEMP in accordance
with referenced guidance;



Make sound environmental recommendations for action arising from the monitoring as required; and



Notify the Senior SHES Manager or delegate if unexpected findings are noted.

The NSW EPA requires that reports submitted to the EPA to comply with the requirements of the
Contaminated Land Management Act 1997 (CLM Act) need to be prepared by, or reviewed and approved by,
a consultant certified under either the Environment Institute of Australia and New Zealand’s Certified
Environmental Practitioner (Site Contamination) (CEnvP SC)) scheme or the Soil Science Australia Certified
Professional Soil Scientist Contaminated Site Assessment and Management (CPSS CSAM) scheme. The
requirement includes reports associated with a preliminary investigation order, management order, voluntary
management proposal or ongoing maintenance order. As the Site is currently regulated by the NSW EPA
under a MO (Order No. 20181401), the reporting requirements discussed above shall be met through the use
of a certified consultant.

5.1.5

Site Auditor

The role of the Site Auditor is to:



Approve this LTEMP;



Prepare a Site Audit Statement (SAS) and associated Site Audit Report (SAR) in accordance with the
requirements under the CLM Act and based on the contents of the LTEMP and other relevant Site
investigation / remediation reports to confirm the suitability of the site for the current
commercial/industrial land use;



When requested, assess the data and associated recommendations provided by the Environmental
Consultant to identify whether the LTEMP has been adhered to; and



Review any notifications made in relation to relevant non-compliances with the LTEMP from the
appointed Senior SHES Manager as required.

5.2

Limitations to Containment Cell Area Use

Activities that can be undertaken within the containment cell area are restricted via security and access
arrangements. The containment cell is fenced to prevent vehicular access, other than via a gated vehicle
access ramp. The keys to the vehicle access ramp gate are held by Orica Security, and are only issued on
approval of the relevant member of the Safety, Health, Environment and Community (SHEC) team. The
internal perimeter fence has been also been signposted to provide the contact details for access, and advisory
information on the restricted nature of any access, including the prohibition access by vehicles greater than 2
tonnes, no excavation and no storage of materials. These requirements have also been communicated via
internal newsletters.
In line with the construction of the containment cell, the following limitations apply to future uses of the area
of the containment cell and associated infiltration pit.



No access by vehicles greater than 2 tonnes (ie. standard ute).
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No storage of chemicals of any type.



No excavation within the containment cell (without approval from the Senior SHES Manager – see
Section 5.3)



No excavation outside the containment cell within the off-set (hatched area on Figure 2) from the
containment wall to the outer edge of the surface drain. If deep excavations are planned to be
undertaken in the general proximity of the containment cell (either on the Orica site or on adjacent land)
a Geotechnical Consultant will need to be engaged to ensure excavation are undertaken in a manner
that will not affect the integrity of the cut-off wall.



No use of the containment cell area as a lay-down area (without permission of the Senior SHES
Manager). Weight loads of any equipment and vehicles used to move it will need to be considered.

Activities able to be undertaken following completion of the induction to the containment cell area include
groundwater monitoring, maintenance of the groundcover (e.g. mowing) and inspections.

5.3

Excavation within Containment Cell

Excavation within the containment cell should only be undertaken if unavoidable.
Based on the location and the planned use, it is considered highly unlikely that excavation of the containment
cell would be required, other than for maintenance/repair of the capping layer. It is imperative that any
excavations or penetrations of the capping layer be reinstated in a manner that maintains the continued
functionality and integrity of the capping layer. Therefore, all such work should be performed under the
supervision of an environmental consultant to the satisfaction of the Senior SHES Manager.
As a guide the following should be considered and implemented as part of any excavation of the containment
cell capping system:



Works should be scheduled to minimise the potential for wet weather whilst the excavation is open;



The excavation location shall be set out prior to commencement and the location inspected by the Senior
SHES Manager to confirm that it is more than 1.5 m from the closest edge of the cut-off wall. For
excavations undertaken below the “top of wall” height that are closer than 1.5 m from the cut-off wall or a
distance from the wall closer than the proposed excavation depth, an Environmental
Consultant/Geotechnical Engineer must be consulted to advise on measures to protect the integrity of
the cut-off wall;



The area of excavation shall be set out providing an additional perimeter of at least 300 mm wide around
all sides of the excavation;



Ensure sufficient GCL is available to cover the area marked out above. If sufficient GCL is not available
on Site, it will be necessary to source the GCL from an external source. The GCL should meet the
minimum requirements of the Capping System Technical Specification (Section 4.1) unless agreed with
an Environmental Consultant/Geotechnical Engineer;



Excavation shall then be undertaken to expose the GCL and other geosynthetic cap components. The
materials comprising the Capping Layer should be placed in a separate stockpile to the other excavated
material;



Each geosynthetic component (HDPE) shall be cut to within the 300 mm perimeter zone and carefully
pulled back to expose the underlying soil;



As far as possible the geosynthetic components will be kept clean and dry during the works;
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Excavations should be kept as shallow as practicable;



Soil excavated from beneath the cap should be placed onto a sheet of builder’s plastic laid down beside
the excavation, or an appropriately lined skip bin;



Excavations should be left open for the minimum possible length of time;



Soil generated from the excavations should be placed back into the hole in approximately the same order
that it was excavated. i.e. deep soil should be placed back into the hole at depth etc.



Replace GCL layer;



Replace and weld HDPE back into its original position (to meet the requirements of the technical
specification). An additional patch of GCL may be required to be placed over the entire excavated area
with a minimum 300 mm overlap over the perimeter exposed GCL;



The protection geotextile shall be placed over the HDPE patch and supplemented with additional
protection geotextile as needed;



Original surface slopes (in accordance with technical specification) should be re-instated, and the surface
re-vegetated;



Excess soil for off-site disposal shall be handled in accordance with the NSW EPA Waste Classification
Guidelines (NSW EPA, 2014); and



The excavation and repair of the cap shall be recorded by the Environmental Consultant by photographic
means and written observations and the records maintained in accordance with this Section 6.3.
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INSPECTIONS AND MAINTENANCE

Regular visual inspections and maintenance of the containment cell are required to be performed to ensure
the integrity of the containment cell is maintained. Also, due care must be taken when performing
maintenance at the Site that may breach the integrity of the containment cell.

6.1

Inspections

Post construction surface levels and finishes must be maintained into the future. To confirm that the surface is
maintained quarterly inspections of the containment cell surface are to be undertaken to ensure the capping
system remains in a sound working condition. Additional inspections should be undertaken following period
of heavy or prolonged rain. Inspections are to include the following:



Vegetation layer in good condition across the cap.



Evidence of damage to the capping due to trafficking or activities undertaken on the cap.



Evidence of erosion or cracking of the cap from excessive surface water runoff/weather.



Evidence of vermin excavation within the cap.



Presence of weeds or plants growing on the cap, where plant roots may damage the surface or subsurface layers of the cap.



Surface and subsurface drains, particularly outlet pipes and infiltration pit for evidence of silting,
obstruction or overflow (where possible).



Groundwater monitoring wells are in good condition.



Tracking of use of the containment area.



Fence of the containment area is in sound condition, i.e. preventing enter by vermin (rabbits etc).

Further information on these inspections is presented in the following sub-sections. Copies of pro-forma Site
Inspection Record Sheet is provided as Appendix B.
If evidence of damage or potential for future damage is identified, then maintenance of the capping system
must be undertaken to repair and/or prevent further damage. Refer to Sections 5.3 and 6.2 for further
information on Excavation within Containment Cell and Maintenance requirements.

6.2

Maintenance

Regular maintenance will be required to be conducted on the containment cell cap and associated drainage
system to ensure the cap is functioning as per the design. Managing access to the cap will limit the amount of
maintenance that is required. The inspection program identified in Section 6.1 will ensure early identification
of potential maintenance requirements.
Provided below is a summary of potential maintenance that may be required, however, given the longevity of
the contaminant system, maintenance requirement may extend beyond the items listed in Table 1
Table 1: Maintenance Requirements

Item

Frequency

Action Required

Vegetation cover maintenance

Routinely
(seasonal)

Mowing of grass vegetation cover across the cap
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Item

Frequency

Action Required

Bare patches in vegetation cover

As required

Address soil chemical and physical properties if
required. Re-sow vegetation.

Weeds and pests

As required

Removal of deep rooted plants.

Damage to surface layer
(erosion gullies or wheel ruts
greater than 150 mm)

As required

Re-surface area to ensure surface drainage (no
ponding) is maintained using imported or site soil to
match vegetation layer requirements. Slope to match
design requirement. Re-vegetate as required.

Vermin damage

As required

Re-instate vegetation layer and vegetation. Consider
control measures to eradicate vermin causing the
damage.

Drainage System

As required

Maintenance of subsurface drainage system if
blockages are identified (e.g. vegetation growth or
sediment). These are likely to be in the outlet pipes
from the capping layer and on pipework leading to
the infiltration pit.
Maintenance of surface drainage lines if obstructions
are identified (e.g. removal of obstruction).

Infiltration pit

As required

Removal of silt/sediment or other blockages

Groundwater Monitoring Network

As required

Maintenance of above ground well heads, if
damaged.
Redevelopment of wells may be required depending
on future long-term ingress of sediment.

6.3

Record Keeping

Records of inspection and maintenance works completed on the containment cell area are to be maintained
within the Orica Management Systems (inspections are currently recorded in Enablon, and any maintenance,
e.g. lawn mowing, would be recorded via SAP). Quarterly inspection records and any associated
maintenance, should include:



Detailed description of the action required.



What was undertaken.



Who completed the maintenance.



Additional actions require to prevent re-occurrence.
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MANAGEMENT OF CONTAMINATION OUTSIDE CONTAINMENT
CELL

An Offsite Arsenic Environmental Management Plan (EMP) has been in place since 2006 to provide a
framework to minimise risks to either human health or the environment from the arsenic soil and groundwater
contamination associated with the former sludge disposal pit (Golder, 2015). The EMP managed arsenic
contamination both on the Orica site and down-gradient of the site. Post remediation, (i.e. construction of the
containment cell), such management will still be required to minimise risks in the area down-gradient of the
Orica site associated with the residual arsenic groundwater contamination.
Specifically, these management requirements apply to neighbouring land located to the west, down-gradient,
of the north-western corner of the Orica facility, which is potentially affected by arsenic in the soil and
groundwater (the “contamination”). The Offsite Arsenic EMP should be read and understood by off-site
stakeholders, but in summary includes:



Objectives: Inform stakeholders of the presence, nature and extent of arsenic contamination, procedures
to minimise exposure, as well as requirements for considering and management of excavation as well as
above ground development.



Remediation Activities: Provides a summary of remediation activities completed on the Orica site to
reduce the presence and/or future migration of arsenic contamination.



Arsenic Contamination: Provides a summary of the extent and nature of the identified arsenic
contamination in soil and groundwater present in the area to which the Offsite Arsenic EMP applies.



Management of Intrusive Works: Describes the process to be considered prior to undertaking intrusive
works in the areas to which the Offsite Arsenic EMP applies. This includes identification of potential
exposure pathways, considerations for intrusive excavations and managing spoil and/or groundwater
associated with excavations/dewatering.



Planning/Management of Above Ground Developments: Provides an understanding of issues associated
with the presence of arsenic in the sub-surface that shall be considered when planning / managing above
ground developments.



Responsibilities for Implementation for the EMP: Provides guidance for the responsibilities for the
implementation of the EMP including Orica and off-site Stakeholders.

The EMP (Revision 5) has been updated to reflect the construction of the containment cell and management
requirements associated with work adjacent to the cell, as well as considerations for managing intrusive
works, planning and management of above ground developments, as well as outlining responsibilities for
implement these controls in the Affected Area (See Figure 2 of EMP, Appendix B). It is noted that all land in
the Affected Area is owned by an identified stakeholder, i.e. Heron Road is owned and administered by Port of
Newcastle. The EMP is presented in Appendix C.
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GROUNDWATER MONITORING PLAN

The key purpose of the monitoring requirements of the Groundwater Monitoring Plan (GMP) is to demonstrate
that the containment cell is performing as per the design and achieving the Remediation Objective of
segregating the residual source of arsenic from the surrounding groundwater system by significantly reducing
the flux of groundwater through the hydraulically isolated arsenic contamination. Reducing the groundwater
flux through the source area is intended to reduce the contaminant mass flux of arsenic migrating off site. By
achieving this Remediation Objective, the MO requirement of preventing further offsite migration of arsenic in
groundwater will be considered to have been met.
The objectives of the post validation GMP are to:



Assess hydraulic performance of the containment cell in accordance with the requirements of the
Remediation Validation Report.



Assess the long-term changes in the groundwater flow regime and arsenic distribution in groundwater
down-gradient of the containment cell.

It is noted that the frequency of monitoring events and review of data will be higher at the commencement of
the post-remediation monitoring, as data is collected to provide confidence in the performance of the
containment cell. It is anticipated that the monitoring requirements will be progressively reduced over time
from the monitoring requirements nominated in this revision (Revision 1) of the LTEMP as the performance of
the cell is established. Subsequent revision of the LTEMP will occur as the program is reviewed.
The LTEMP monitoring requirements will replace the groundwater monitoring program (GMP) (Golder,
2018c), that has been implemented at the site in accordance with the MO, prior to and during remediation.
The purpose of the pre-remediation GMP was enable understanding of the long-term trends of arsenic. and
provide confidence that changes in arsenic concentrations would not result in an increased risk to receptors.
The Sampling, Analysis and Quality Plan (SAQP) for the LTEMP is presented in Appendix D. The SAQP
provides the detailed guidance of the procedures for the collecting hydraulic and chemical data that will be
utilised to document the on-going performance of the containment cell.

8.1

Groundwater Network

8.1.1

Containment Cell Wells

The groundwater network associated with the containment cell is a series of nested well suites at strategic
locations on either side of the completed cut-off wall, such that the internal and external ‘piezometric’ water
levels can be compared.
The containment cell monitoring well network is shown in Figure 3. It comprises three sets of paired
monitoring wells (a total of six nested well suites) located around the cut-off wall alignment. The selection of
locations is constrained by the site characteristics and design features of the cell, however the well locations
best placed to observe the expected effects of design implementation, are nominated below:



Western boundary, near the north-western corner of the containment cell, down-gradient.



Southern Boundary, cross-gradient.



Eastern boundary, up-gradient.

At each of the well suite locations, three separate piezometers installed to target Units 1, 2 and 3. This is
considered to be an appropriate level of assessment and also reflects the considerations presented in the
groundwater model, which advocated such an approach. An additional well has been installed in the
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unsaturated zone to allow assessment of barometric pressure within the containment cell and allow
‘normalisation’ of the internal water level data, if required.

8.1.2

Surrounding Groundwater Monitoring Network

There is a network of groundwater monitoring wells located in the vicinity of the containment cell, primarily
down-gradient, to assess and monitoring the nature and extent of arsenic contamination. These monitoring
wells are shown on Figure 3.

8.2

Hydraulic Performance Assessment

8.2.1

Approach

The ongoing hydraulic performance, post validation, will continue to be assessment to confirm the on-going
performance of the containment cell. The evaluation of the hydraulic performance will be based on the
outcomes of the validation, however, are considered to include the same potential hydraulic effects as outlined
in Section 4.3.

8.2.2

Hydraulic Monitoring Program

The hydraulic monitoring program for this revision (Revision 1) of the LTEMP is based on the monitoring
completed for the first 6 months post completion of the containment cell. The hydraulic monitoring (Revision 1)
is presented in Table A, with sample locations presented in Figure 3. Detailed in Table A are the specific well
locations and an indication of whether the groundwater elevation will be measured by manual gauging or
continuously using down-hole water level loggers. Logged groundwater elevations will be compensated for the
influence of localised atmospheric pressure variation through the collection of barometric pressure data from a
barologger installed into a dedicated well (above the groundwater table) within the containment cell.
The gauging and water logger deployment and downloading are described in Appendix D.
Revision 1 of the hydraulic monitoring requirements (six months post completion of the containment cell) will
include:



Quarterly downloading of the data loggers. Data loggers will be programmed to collect water level data at
2 hourly intervals.



Instantaneous measurements using a dip-meter will also be recorded during each quarterly download
event to allow continuous calibration and checking of the data logger outputs.

The ongoing deployment of the data loggers and water level logging will be an ongoing component of the
monitoring requirements.

8.3
8.3.1

Chemical Monitoring
Approach

Groundwater monitoring to assess arsenic concentrations in groundwater will be undertaken as a ‘secondary
line of evidence’ to provide long-term understanding that the further offsite migration of arsenic in groundwater
has been prevented to the extent practicable.
Chemical analysis of groundwater will be undertaken at a reduced frequency compared to hydraulic
monitoring. The results of chemical analysis will be used to assess long-term trends, over decades, to provide
confidence of stable or decreasing trends on arsenic concentrations. Post remediation groundwater results will
be compared to historic data collected as part of the previous Groundwater Monitoring Program undertaken
prior to the remediation.

15

05 May 2020

8.3.2

1810662-019-R-Rev1

Arsenic Groundwater Monitoring Program

The groundwater monitoring program (Arsenic GMP) for the two years of monitoring post completion of the
containment cell is presented in Table A, with sample locations presented in Figure 3. Detailed in Table A
are the specific locations identification, groundwater sample depths, analytical suite and frequency of
monitoring for each well. The sampling and analytical methods are described in Appendix D.
Chemical monitoring is to be undertaken on an annual basis for the initial period of monitoring. The first
monitoring event was undertaken 6 months post completion of the containment cell.

8.4

Reporting

Reporting of the Arsenic GMP monitoring is to be undertaken on an annual basis for the first 2 rounds of
chemical monitoring (i.e. 18 months) The annual report will include the following:



Preparation of hydrographs to illustrate the comparative hydraulic responses of each well pair to external
influences and the effect of the containment cell.



Preparation of figures showing groundwater elevations/potentiometric surface and groundwater flow lines
for average water levels within and surrounding the containment cell.



Consideration of the hydraulic response using the ‘weight of evidence’ approach as outlined in Section
8.2.1, and envisaged hydraulic responses outlined within the RAP (Golder, 2016a) and the initial
responses presented in Section 9.4 of the RVR (Golder, 2019b) and an assessment on the above basis
of whether the containment cell is performing in accordance with design expectations (ie. the relevant
predictions in the EIS/RAP)..



Tabulation of chemical data, including data validation, and comparison to historic monitoring data (noting
that changes in arsenic concentrations are considered to be a long-term response to the construction of
the containment cell).



Recommendations for the revised hydraulic and chemical monitoring program for the next 2 years of
implementation.

The results of the Arsenic GMP are to be provided to Orica within 6 weeks of completion of sampling, and to
EPA within 8 weeks. An annual summary report of the results of the hydraulic and chemical sampling is to be
provided to Orica within 8 weeks and the EPA within twelve weeks of completion of the annual sampling
round.
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REVIEW OF LTEMP

The LTEMP will remain in place indefinitely with respect to the requirement for the management, inspection
and maintenance aspects associated with the containment cell. Should the site be redeveloped in the future,
the need or otherwise for this LTEMP or a revised LTEMP to be implemented will depend on the type of
remediation undertaken at the site and the type of development undertaken.
It is envisaged that the LTEMP will be reviewed and revised on a periodic basis, with a review every two years
as a minimum, based on outcomes from the inspection/maintenance programs and monitoring results.
Recommended changes to the GMP will be subject to EPA approval.
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DOCUMENT CONTROL

The LTEMP will be a Controlled Document and management of the document will be undertaken within the
Orica Kooragang Island document management system. The document management system is an electronic
system that provides an individual document number for the document, has revision management and has a
process for reminders to review the document.
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Tables

Table A: Long‐Term Environmental management Plan ‐ Groundwater Monitoring Program (Revision 1_2020), Arsenic MO
Orica Kooragang Island
Area of Site

Containment Cell
Wells

On‐site

Off‐site (Inictec
Pivot)

Off‐site (East Coast
Cement)

Off‐site (Newcastle
Port Corporation)

Hydraulic Monitoring

Well ID

MWCC01‐3IN
MWCC01‐6IN
MWCC01‐9IN
MWCC01‐3OUT
MWCC01‐6OUT
MWCC01‐9OUT
MWCC02‐3IN
MWCC02‐6IN
MWCC02‐9IN
MWCC02‐3OUT
MWCC02‐6OUT
MWCC02‐9OUT
MWCC03‐3IN
MWCC03‐6IN
MWCC03‐9IN
MWCC03‐3OUT
MWCC03‐6OUT
MWCC03‐9OUT
MWCC03‐Baro
MW48A‐4
MW48A‐6
MW21A
MW50
MW54
BP5‐3
BP5‐6
BP5‐9
BP7‐3
BP7‐6
BP7‐9A
GWW01S
GWW01I
GWW01D
GWW02S
GWW02I
GWW02D
GWW03S
GWW03I
GWW03D
POMW7
POMW60‐3
POMW60‐6
POMW60‐9
POMW60‐12
POMW62‐6
POMW63‐3
POMW63‐6
POMW63‐9
POMW63‐12

SWL

Data‐logger

Q
Q
Q
Q
Q
Q
Q
Q
Q
Q
Q
Q
Q
Q
Q
Q
Q
Q

Q
Q
Q
Q
Q
Q
Q
Q
Q
Q
Q
Q
Q
Q
Q
Q
Q
Q

Chemical Monitoring

Barometric G/W Parameter
Dissolved Arsenic Rationale / Comments
logger
(field)
A
A
A

A
A
A

A
A
A

A
A
A
(Baseline)
(Baseline)
(Baseline)
A
A
A
(Baseline)
(Baseline)
(Baseline)
A
A
A
(Baseline)
(Baseline)
(Baseline)

Q
Q
Q
Q
Q
Q
Q
Q
Q
Q
Q
Q
Q
Q
Q
Q
Q
Q
Q
Q
Q
A
A
A
A
A
A
A
A
A
A

Notes:
M: Monthly
B: Bi‐annual
A: Annual
SWL: Standing Water Level (manual measurement with dipper)
S: Shallow
I: Intermediate
D: Deep
G/W Parameters: Field measurement of pH, EC, Redox potential, DO and temperature

Rationale / Comments

A

A

A
A
A
A
A
A
A
A
A

A
A
A
A
A
A
A
A
A

A
A
A
A
A
A
A
A
A
A
A
A
A
A
A
A

A
A
A
A
A
A
A
A
A
A
A
A
A
A
A
A

Eastern‐ Upgradient side of Containment Cell ‐ Inside the cell
Eastern‐ Upgradient side of Containment Cell ‐ Inside the cell
Eastern‐ Upgradient side of Containment Cell ‐ Inside the cell
Eastern‐ Upgradient side of Containment Cell ‐ Outside the cell
Eastern‐ Upgradient side of Containment Cell ‐ Outside the cell
Eastern‐ Upgradient side of Containment Cell ‐ Outside the cell
Western ‐ Down‐gradient side of Containment Cell ‐ Inside the cell
Western ‐ Down‐gradient side of Containment Cell ‐ Inside the cell
Western ‐ Down‐gradient side of Containment Cell ‐ Inside the cell
Western ‐ Down‐gradient side of Containment Cell ‐ Outside the cell
Western ‐ Down‐gradient side of Containment Cell ‐ Outside the cell
Western ‐ Down‐gradient side of Containment Cell ‐ Outside the cell
Southern ‐ Cross Gradient side of Containment Cell ‐ Inside the cell
Southern ‐ Cross Gradient side of Containment Cell ‐ Inside the cell
Southern ‐ Cross Gradient side of Containment Cell ‐ Inside the cell
Southern ‐ Cross Gradient side of Containment Cell ‐ Outside the cell
Southern ‐ Cross Gradient side of Containment Cell ‐ Outside the cell
Southern ‐ Cross Gradient side of Containment Cell ‐ Outside the cell
Southern ‐ Inside Cell ‐ Unsaturated
upgradient of the former sludge pit.
upgradient of the former sludge pit.
Downgradient of the former sludge pit.
Downgradient of the former sludge pit.
Downgradient of the former sludge pit.
Downgradient of the former sludge pit.
Downgradient of the former sludge pit.
Downgradient of the former sludge pit.
Downgradient of the former sludge pit.
Downgradient of the former sludge pit.
Downgradient of the former sludge pit.
Downgradient of the former sludge pit (well installed in June 2013).
Downgradient of the former sludge pit (well installed in June 2013).
Downgradient of the former sludge pit (well installed in June 2013).
Downgradient of the former sludge pit (well installed in June 2013).
Downgradient of the former sludge pit (well installed in June 2013).
Downgradient of the former sludge pit (well installed in June 2013).
Downgradient of the former sludge pit (well installed in June 2013).
Downgradient of the former sludge pit (well installed in June 2013).
Downgradient of the former sludge pit (well installed in June 2013).
Downgradient of the former sludge pit, adjacent to the environmental receptor.
Downgradient of the former sludge pit, adjacent to the environmental receptor.
Downgradient of the former sludge pit, adjacent to the environmental receptor.
Downgradient of the former sludge pit, adjacent to the environmental receptor.
Downgradient of the former sludge pit, adjacent to the environmental receptor.
Downgradient of the former sludge pit, adjacent to the environmental receptor.
Downgradient of the former sludge pit, adjacent to the environmental receptor.
Downgradient of the former sludge pit, adjacent to the environmental receptor.
Downgradient of the former sludge pit, adjacent to the environmental receptor.
Downgradient of the former sludge pit, adjacent to the environmental receptor.
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Final Survey Drawings
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APPENDIX B

Inspection Checklist

ORICA KOORAGANG ISLAND – CONTAINMENT CELL
INSPECTION RECORD
ORICA KOORAGANG ISLAND – CONTAINMENT CELL INSEPCTION RECORD
Date / Time of Inspection:

Reason for inspection: (Select one)

◼

Quarterly Inspection

◼

Heavy Rain

◼

Prolonged Rain

Inspection carried out by:
Record reviewed by:
Current Weather (Temp, rain):
Notable Weather since last
inspection:
Other Observations:

Inspection Details
Visual
Inspection
Task

Observations

Comments (Use site
plan to mark any
observations)

Repair or
maintenance works
require?

Photo
Number

Vegetation
condition
Walk over
inspection of
vegetative
layer and
identification of
any ground
disturbance

Damage due to
trafficking or other
activities
Erosion or cracks
Damage from
vermin
Presence of
weeds or plant
growth
Other
observations

Use of capped
area

Summary of use
of the containment
cell area

Other
Observations

1

ORICA KOORAGANG ISLAND – CONTAINMENT CELL
INSPECTION CHECKLIST

Fence

Visual
Inspection
Task

Inspection of
pipework and
drains
accessible at
the surface

Condition of fence

Observations

Comments (Use site
plan to mark any
observations)

Repair or
maintenance works
require?

Photo
Number

Sediment
Obstructions /
blockages
Other
Observations

Groundwater
Network

Well Head
condition
Well operation (to
be recorded
during monitoring
events)

Any other observations:
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INTRODUCTION

This Off-site Arsenic Environmental Management Plan (EMP) as revised in 2019, is for lands adjacent to the
north-western corner of the Orica site, at 15 Greenleaf Road, Kooragang Island (Figure 1), that is not owned
by Orica.
Specifically, the EMP applies to land located to the west (down-hydraulic gradient) of the north-western corner
of the Orica site, which is potentially affected by arsenic in the soil and groundwater (the “contamination”). The
aim of the EMP is to provide a framework to minimise risks to either human health or the environment from the
arsenic contamination. As described below, remediated land on the Orica site will be managed through a site
specific Long-Term Environmental Management Plan (LTEMP).
For the purposes of this EMP, the term “Affected Area” is used to refer to the area potentially affected by
arsenic soil and/or groundwater contamination to which this EMP applies, and is presented in Figure 2.
This is the fifth revision of the EMP and has been updated based on the current understanding of the nature
and extent of contamination present both on- and off- site. Consistent with previous versions of the EMP, it is
limited to soil and groundwater arsenic contamination underlying the Affected Area. However, in contrast to
previous Revisions, given that remediation has been completed on the Orica site (as described in Section 1.1)
and the development of a site specific LTEMP, which this EMP is an Appendix of, Revision 5 of this EMP only
address contamination on land not owned by Orica.

1.1

Background

Orica Australia Pty Ltd (Orica) has completed a remediation program at the former arsenic sludge disposal pit
in the north western portion of the site Figure 1, in accordance with the Management Order (Order No.
20181401). The remediation program involved the construction of a cap and containment system in
accordance with the Remediation Action Plan (RAP) (Golder, 2016a).
A requirement of Section 15 of the RAP was the preparation and implementation of a site specific LTEMP for
the operational phase of the remediation system. The LTEMP incorporates long-term requirements for the
ongoing monitoring, maintenance and restrictions on site activities permitted to be undertaken in the vicinity of
the containment system. This EMP has been prepared as an Appendix to the LTEMP to address residual
arsenic contamination on land down-gradient of the Orica Facility. The presentation of this EMP as a standalone document is to facilitate clear communication with adjacent land owners of the presence of arsenic
contamination, potential risk as well as management requirements associated with off-site contamination.
The scope of the EMP does not include operations on the adjacent land. It also does not address issues
relating to other potential contaminants that may or may not be present on the industrial lands of Kooragang
Island. Earlier revisions of the EMP (URS, 2006 and 2008, and Golder 2015 and 2017) are listed within the
Reference Section.

1.2

EMP Objectives

The objectives of this EMP are to:



Provide information on the nature and extent of identified contamination present off-site, as well as
remediation works associated with the management of the contamination on-site;



Identify the need for procedures to minimise exposure of workers to the contamination during intrusive
works in the affected area;




Identify the requirements associated with off-site excavations in proximity to the containment cell;
Identify the need for the excavation of spoil and the extraction of groundwater to be minimised, and
requirement for spoil and groundwater to be reinstated or disposed of appropriately;

1
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Note the requirement to assess above ground developments to ensure that the construction, or routine or
non-routine operation of the development, does not enhance the mobility of the contamination; and

 Detail the framework for document control of the EMP.
2.0 SITE SETTING
2.1
Description of Area
The Orica facility and the lands potentially affected by the contamination are located at the southern end of
Kooragang Island on Walsh Point, near the confluence of the southern and northern arms of the Hunter River
(Figure 1).
Kooragang Island was originally a series of smaller islands which formed part of the Hunter River Delta. The
developed portion of Kooragang Island was raised to a level of approximately 3 m above Australian Height
Datum (mAHD) using sand dredged from the Hunter River.
Since the reclamation of Kooragang Island the land has been used primarily for industrial purposes. This
includes chemical production, large bulky goods storage, and an extensive port system located on the southern
bank of the island accessing the south arm of the Hunter River.

2.2

Land Use

Kooragang Island is currently used for industrial purposes. Based on the Zoning ‘Special Activities’ under the
Major Development State Environmental Planning Policy (Major Projects) Amendment (Three Ports, 2009),
the existing industrial land uses and the industrial ports facility, it is considered likely that Kooragang Island,
including the portion of land covered by this EMP, will continue to be used for industrial purposes for the
foreseeable future.

2.3

Identification of Contamination

A series of investigations have been undertaken since the late 1990s at the Orica site and the surrounding
area. Based on the investigations completed, arsenic was identified in the groundwater and soil down-gradient
(towards the South Arm of the Hunter River) of a former sludge disposal pit, located near the northern
boundary of the Orica site.
In addition to the investigations some key source reduction activities associated with the former sludge
disposal pit have been completed to reduce arsenic entering the environment from Orica site (Section 4.0).

3.0
3.1

REMEDIATION ACTIVITIES
Previous Remediation

Removal of a secondary source of contamination on Orica’s site occurred in 2005 with the remediation of
contaminated soil beneath the former pit (to the depth of the groundwater table), the bund walls and soil
surrounding the pit by excavation, treatment and off-site disposal.
An In-situ Geochemical Fixation (IGF) field trial was conducted in 2011 at the former sludge pit area, which
involved the injection of two iron based reagents (iron-chloride and zero-valent iron) into the aquifer system.
The addition of these reagents may have reduced the volume of mobile arsenic in the system.

3.2

Remediation – Containment Cell

A cap and containment remediation system, comprising a cut-off wall and integrated capping system, has
been constructed at the Orica site (scheduled for completion in August 2019). The purpose of the cap and
containment system was to enclose the on-site contamination by preventing the flow of groundwater through
the arsenic contaminated soil in the on-site source area with a cut-off wall and a surface cap to reduce

2
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infiltration of rainfall. The cap and containment approach provides isolation of arsenic contaminated soils
located on the Orica site and prevents, to the extent practicable, the further off-site migration of arsenic in
groundwater. Details of the extent of the remediation system are documented within the LTEMP.

4.0

ARSENIC CONTAMINATION

A summary of arsenic contamination of the Affected Area is presented in a Conceptual Site Model (CSM)
(Golder, 2013). Provided below is a summary of arsenic contamination in the Affected Area. In general this
contamination is located in an approximately 4,000 m2 area in the north-western portion of the Orica site,
bounded to the north by the Incitec Pivot Limited site and to the west by the Vue Australia Pty Ltd site
(Figure 1).

4.1

Former Sludge Disposal Pit

The former sludge disposal pit (Figure 2) was used for the disposal of solids and liquid arsenic wastes from
the Vetrocoke process used at the Ammonia Plant from late 1960s to 1994. The pit was decommissioned and
the accumulated waste was removed for disposal or treatment in 1997.
Although the primary source of contamination has been removed (ceased disposal), residual arsenic sorbed
to soils beneath the former pit and in the surrounding subsurface represent an ongoing secondary source of
arsenic to groundwater.

4.2

Soil Contamination

The arsenic concentrations in soil discussed below should be considered in terms of human health screening
level applicable for industrial/commercial exposures. The screening level is presented as Health Investigation
Level (HILs-D) applicable to the industrial setting of the site and surrounds and is documented within the
amended National Environment Protection (Assessment of Site Contamination) Measure (amended ASC
NEPM) (NEPC 2013). The HIL-D for arsenic in soil is 3,000 mg/kg.
Soil located from ground surface level down to the groundwater table (i.e. the top 1 m) contained arsenic
concentrations generally less than 50 mg/kg.
Arsenic concentrations in the soil within the saturated zone (beneath the groundwater table) were elevated
(relative to site background concentrations) beneath the Affected Area and ranged from 100 mg/kg to 3,200
mg/kg. Two soil samples with arsenic concentrations above the HIL-D values were located on the Orica site
immediately down-gradient of the former sludge disposal pit within the area used for a field trial of in-situ
geochemical fixation. Soil arsenic concentrations are generally higher in silty sediments (referred to as Layer 2
in the CSM) located within the 3.5-5.0 metres below ground level (m bgl) interval.
Soil arsenic concentrations were generally less than 500 mg/kg beneath Heron Road (eastern side) and the
soil to the west of Heron Road contained less than 150 mg/kg arsenic. The concentrations of arsenic in the
soil adjacent to the river bank were less than 20 mg/kg.

4.3

Groundwater Contamination

Since the remediation associated with the former pit in 2005, concentrations of arsenic in groundwater in the
vicinity and down-gradient of the former pit have been decreasing or stable. Arsenic concentrations in
groundwater are typically less than 80 mg/L in the core of the off-site plume. Historically, dissolved arsenic
concentrations have ranged up to 158 mg/L.
West of Heron Road dissolved arsenic concentrations were generally less than 15 mg/L (historic maximum
concentration of 29.5 mg/L in POMW7 in July 2009) and less than 0.5 mg/L at wells (POMW58 and POMW59)
located adjacent to the Hunter River. The distribution of arsenic near the Hunter River is variable, possibly
related to variable mixing with intruded saline waters and subsurface conditions.
3
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The highest dissolved arsenic concentrations occur between 3 and 7 m below ground level (bgl). At depths
greater than approximately 8 m bgl, disolved arsenic concentrations are much lower (<1 mg/L).

The predominant arsenic species in groundwater is As(III) (arsenite) with minor portion as As(V) (arsenate),
which is consistent with the original arsenic source (arsenic trioxide) and the groundwater geochemistry
(mildly reducing).

5.0

MANAGEMENT OF INTRUSIVE WORKS

This section describes the process that should be considered prior to undertaking intrusive works in the
identified Affected Area (Figure 2). Note in particular that works undertaken in the surface soils to a depth of
between 1 to 1.5 m are unlikely to come into contact with the contamination, because the contamination is
primarily present in the groundwater zone which is below this depth. This should be considered when
assessing the intrusive works to be undertaken. As such the management of intrusive works with respect to
the contamination will generally only be required when excavating below the groundwater table. References in
the remainder of Section 5.0 do not apply to excavations above the ground water table.

5.1

Potential Exposure Pathways

Workers involved in disturbing soil or groundwater, if contaminated, could be exposed to the chemical of
concern (arsenic) by:



Direct contact through the skin (i.e. by handling the soil or groundwater without the appropriate personal
protective equipment);




Inhalation of dust generated from the soil (either during excavation, or subsequent storage or handling);




Inhalation of aerosols from groundwater spray, such as irrigation of extracted groundwater; and

Ingestion of soil or groundwater through poor hygiene practices (i.e. eating or drinking during work
activities, not washing hands before eating, etc.);

Possible secondary exposure from contaminated equipment or clothing via pathways such as those
identified above.

Planning and review of any intrusive works involving exposure and/or disturbance of soil or groundwater, and
implementation of appropriate health and safety measures, will minimise the potential for worker contact with
contaminated materials through the above listed pathways.

5.2
5.2.1

Intrusive Excavations
Excavations adjacent to the Containment Cell

Given that the northern and western extents are located adjacent to the property boundaries care must be
exhibited when undertaking off-site excavations in close proximity to the containment cell. Orica must be
notified, as detailed in the Stakeholder Communication Plan (Appendix A), to discuss the scope of works to be
undertaken. If excavations are planned to be undertaken in the general proximity of the containment cell a
Geotechnical Consultant will need to be engaged to ensure excavations are undertaken in a manner that will
not affect the integrity of the cut-off wall.

5.2.2

Excavations within the Affected Area

Prior to exposing and/or disturbing soils and/or groundwater by intrusive excavation works the following
activities should be carried out and implemented:

4
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Notify Orica as detailed in the Stakeholder Communication Plan (Appendix A), to discuss the scope of
works to be undertaken, how spoil and/or water is to be managed and the likelihood of generating excess
spoil or water;



Assess proposed works to ensure that measures are considered and implemented to minimise the
requirement to expose and/or excavate contaminated materials;




Ensure contractors/workers are aware of the potential for contaminated materials to be encountered;



Consideration of equipment used to minimise potential exposure, both in terms of minimising the
disturbance of contaminated soil or groundwater as well as minimising potential exposure to workers;





Preparation of a specific environmental protection plan including soil and water management protocols;

Preparation of a specific Health and Safety Plan for the proposed activities/works to minimise potential
exposure, including procedures, the provision of Personal Protective Equipment (PPE), site services etc.;

Preparation of a methodology for managing excavated soil and extracted groundwater; and
Contingency planning to include encountering significantly higher concentrations of arsenic than those
expected.

It is noted that information provided in this EMP, although it may be common to other tasks, is generally
limited to managing works associated with the contamination in the Affected Area. Planning and
implementation of intrusive works in this area need to consider other environmental and health and safety
risks associated with the specific task to be undertaken at that specific location.

5.2.3

Earthworks

During excavation works, care should be taken to separate the soil materials that are suspected to be
contaminated (likely to be soil located immediately above or below the groundwater table) from potentially
uncontaminated soil excavated from above the groundwater table. In addition, care should be taken (and
considered as part of the handling procedures associated with intrusive works) to minimise any dust
generation.
Excess spoil generated from intrusive works that cannot be appropriately reinstated within the original
excavation area should be assessed for off-site disposal (as described in Section 5.2.4). The responsibility for
the assessment and disposal of such material remains with the site owner, however, this should be discussed
with the Orica site.

5.2.4

Disposal of Excess Spoil

Spoil that is not returned to the original excavation, or is suspected of being contaminated, must be
appropriately managed.
This may entail assessment and classification prior to off-site disposal to a licensed landfill facility. If material
is to be disposed to landfill, the assessment and classification and subsequent disposal must be in
accordance with the applicable NSW EPA’s waste regulations and the “Waste Classification Guidelines.
Part 1: Classifying Waste” (NSW EPA, 2014). This may involve analytical testing for the site chemicals of
concern, which may include compounds other than arsenic.
Provisions for temporary storage of the excess spoil in an environmentally responsible manner prior to
disposal must be undertaken. This should include measures such as:



Placement of material on a sealed or plastic lined surface away from drainage lines, watercourses or
stormwater drains;



Construction of sediment retention features around stockpiled materials;
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 Covering of stockpiled materials; and
 Dust suppression.
5.3
Handling and Disposal of Groundwater
In general, based on the geology, if excavation works are required to be undertaken at depths below the
groundwater table then it is possible that dewatering will be required. However, because of the requirement to
dewater and associated shoring etc., the general engineering approaches adopted for works would generally
aim to avoid or minimise the requirement for dewatering, regardless of the presence of contamination. With
the presence of contaminated groundwater, it is highly recommended that engineering approaches for
proposed works should minimise or avoid the requirement to dewater wherever possible.
Depending on the volume of water to be extracted, the extraction rate, and the duration associated with
dewatering applications, the effects on groundwater flow can be beyond the localised area of intended
extraction. Therefore, if large scale, high intensity, or prolonged dewatering is to be undertaken within or in the
vicinity of the Affected Area consideration should be given to the effect on the migration of the contaminated
groundwater into the dewatering area and also the effects the dewatering activities might have on the
spreading of the contamination. An appropriately qualified person, such as a hydrogeologist, should be
consulted to assess if proposed dewatering activities are likely to have an effect on the Affected Area.
If contaminated groundwater is required to be extracted, the groundwater should be stored in appropriate
temporary storage facilities to allow the water to be assessed and classified prior to disposal. Disposal must
be in accordance with the NSW EPA’s waste regulations and the “Waste Classification Guidelines. Part 1:
Classifying Waste” (NSW EPA, 2014). It is noted that this would be required irrespective of the presence of
arsenic.
Dependent on the assessment of the water quality, the water may be able to be reused beneficially on-site.
Although extraction of groundwater specifically for beneficial use is unlikely given the hydrogeological setting
and general water quality (e.g. elevated total dissolved solids), and no previous precedence of groundwater
extraction for beneficial use, consideration and/or assessment should be given to minimise potential exposure
pathways.
It is noted that dewatering activities and any planned irrigation or reuse, regardless of the presence or not of
contamination, may require regulatory approval.

5.4

Below Ground Infrastructure

Planning and design of developments with below ground infrastructure should consider potential effects on
groundwater flow which may change the migration of arsenic in groundwater within the Affected Area. For
example, infrastructure below the groundwater table may act as preferential pathways along which arsenic
contamination may be able to migrate. Each specific proposed development with infrastructure below the
groundwater table within the Affected Area should be considered with respect to the most current groundwater
flow conditions available upon specific request from Orica.

6.0

PLANNING/MANAGEMENT OF ABOVE GROUND DEVELOPMENTS

Based on the understanding of geochemical processes (as detailed in the CSM, Golder 2013), the mobility of
the arsenic in the soil and groundwater may change if the geochemical conditions are altered. Thus,
development/ activities that occur in the vicinity of the Affected Area may need to be managed so that the
development does not affect the conditions of the soil or groundwater in a way that may cause the arsenic to
become more mobile.

6
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Assessment of Potential Effects on Arsenic Mobility

Developments or activities that are proposed to be undertaken in the Affected Area (Figure 2) or the general
vicinity, particularly up-gradient of the Affected Area, need to be assessed with respect to the potential effect
that they may have on the groundwater environment through either the routine or non-routine operation of the
development. Each specific proposed development should be considered with respect to the most current
groundwater conditions and arsenic geochemistry available upon specific request from Orica.
The following groundwater conditions are currently considered to be important with respect to arsenic mobility:




Groundwater pH – affects the species of iron and arsenic that control arsenic mobility; and
Groundwater redox potential – affects the species of iron and arsenic that control arsenic mobility.

Therefore, particular assessment is required for development/activities that could affect these groundwater
conditions either:
a)

Directly, for example, spills or application of acids/alkali, and thus changing the groundwater pH; or

b)

Indirectly, for example, spills/leaks of petroleum based products, or application of materials with a high
organic carbon content, that have the potential to consume dissolved oxygen and thus result in a change
in the redox potential of the groundwater.

It is noted that minor activities such as cultivation of garden beds or loss of oil from vehicles are unlikely to
cause a measurable change in the mobility of arsenic in the aquifer.

6.1.1

Timing of Assessment

The assessment of developments in the vicinity of the Affected Area should be undertaken as part of the
planning for that development or activity. This is to allow incorporation of additional precautionary measures or
changes into the design of the development, or relocation of the development if it is unsuitable for the area.
The assessment should also be undertaken for relatively short-term activities, because changes in the
subsurface conditions may take a long time to return to the current conditions.

6.1.2

Undertaking the Assessment

The assessment should be undertaken by appropriately qualified people that understand the proposed
development/activity. Assistance should be sought from an environmental consultant with an understanding of
hydrogeochemistry.
Environmental consultants can be contacted through the Australian Contaminated Land Consultants
Association. Orica can also assist with contacting an appropriate environmental consultant.
Orica should be made aware of any proposed developments in the vicinity of the Affected Area to enable the
provision of information to assist in the planning of development/activities to be undertaken above or within the
immediate vicinity of the Affected Area.

7.0
7.1

RESPONSIBILITIES FOR IMPLEMENTATION OF THE EMP
Orica’s Responsibilities

Orica will be responsible for providing this EMP and associated information to all affected Stakeholders.
Orica will also assist Stakeholders to implement the management requirements on their land, to the extent
practicable. This may include:



Provision of information required to assist with planning of proposed development or intrusive works, to
the extent that the development/activity will affect the contamination; and

7
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Assist with the process of classification and disposal of excess arsenic contaminated waste
spoil/groundwater.

Orica will also periodically, in line with the Stakeholder Communication Plan (Appendix A), update
Stakeholders, on:

 Changes to the status of the contamination present beneath Stakeholders land; and
 Changes to the Management Requirements.
7.2
Stakeholder Responsibilities
Individual Stakeholders are responsible for the implementation of the management requirements on their own
sites. The Stakeholders are also responsible for informing Orica of any development or activity within the
vicinity of the Affected Area where that development or activity has the potential to affect or be affected by the
contamination as explained in the EMP.
Notification is to be as per the Stakeholder Communication Plan set out in the Stakeholder Communication
Plan (Appendix A).
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9.0

LIMITATIONS

This document is subject to the limitations stated in Appendix B.
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APPENDIX A

Communication Plan (Orica)

General

ORICA KOORAGANG ISLAND EMP STAKEHOLDER COMMUNICATION PLAN

1

INTRODUCTION
Orica will communicate with affected stakeholders as part of the EMP so that they are aware of the nature
and extent of the contamination and actions necessary to minimise the risk of exposure to contamination for
workers (for human health) or the environment.

1.1

COMMUNICATION OBJECTIVES

The objectives for the communication of the EMP as listed below;
•

Provide information on the nature and extent of the contamination present in the affected area on
adjacent lands, to each stakeholder on a regular and timely basis

•

Provide individual information to each stakeholder about any changes to the nature and extent of
contamination identified on their particular site.

•

Outline protocols to be used by workers during any intrusive works in the affected area to minimise
exposure to the contamination.

•

Outline requirements for any future development to ensure that such developments do not adversely
affect the mobility of the contamination.

•

To regularly update stakeholders in relation to:
▪
changes to the nature or extent of identified contamination on site; and
▪
changes to the Environmental Management Plan.

•

Provide a communications mechanism for stakeholders to advise Orica of any activity on individual
sites, adjacent to or within the Affected Area which may impact the EMP or affect the nature or extent
of identified contamination.

2

STAKEHOLDERS
The indentified stakeholders for distribution of the EMP are as listed below.

2.1

LAND OWNERS AND LESSEES
•

Incitec Pivot Limited

•

Port of Newcastle

•

Kooragang Bulk Facilities Pty Ltd (K3 Berth Lessee)

•

Cement Australia Pty Ltd (K2 Berth Lessee)

•

Vue Australia Pty Ltd

•

Australian Rail Track Corporation

•

Cargill Australia Ltd (Lessee)

•

BOC Australia

•

QUBE (Lessee)
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2.2

UTILITIES

•

Hunter Water

•

Energy Australia

•

Telecommunications provider - Telstra

•

Gas provider – Jemena

2.3
•

OTHER
Environment Protection Authority
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STAKEHOLDER COMMUNICATIONS PLAN
Stakeholder

Timeline

Communication Medium

Materials required

All stakeholders

ongoing and
updated as
needed

Kooragang Island Website

Website to contain
• Historical background
• Facts about the nature and extent of the contamination
• Details of the EMP, including an outline of Orica and stakeholder
obligations and responsibilities in relation to the EMP
• Key contacts for further information.

All stakeholders

As required

Individual meetings, if requested, with
each stakeholder to provide an
opportunity for detailed discussion in
relation to individual concerns.

Written information pack containing:
• Background and history
• Copy of EMP, including details of the relevant communications plan
• Contact details for further information from Orica and EPA
• Individual information packs detailing monitoring undertaken on the
stakeholder’s property.

All stakeholders

Annually

Letter to all stakeholders

Letter to contain:
• The requirement for all stakeholders to implement the EMP
• Update on changes to the EMP (including re-issuing the EMP as
necessary)
• Changes to contaminants from monitoring or investigation works
undertaken
• Updates on management activities to be undertaken

• Contact details at Orica and EPA for further information
• Updated EMP as necessary.
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Important Information Relating to
this Report
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GOLDER ASSOCIATES PTY LTD
IMPORTANT INFORMATION RELATING TO THIS REPORT

The document (“Report”) to which this page is attached and which this page forms a part of, has been issued
by Golder Associates Pty Ltd (“Golder”) subject to the important limitations and other qualifications set out below.
This Report constitutes or is part of services (“Services”) provided by Golder to its client (“Client”) under and subject
to a contract between Golder and its Client (“Contract”). The contents of this page are not intended to and do not
alter Golder’s obligations (including any limits on those obligations) to its Client under the Contract.
This Report is provided for use solely by Golder’s Client and persons acting on the Client’s behalf, such as its
professional advisers. Golder is responsible only to its Client for this Report. Golder has no responsibility to any other
person who relies or makes decisions based upon this Report or who makes any other use of this Report. Golder
accepts no responsibility for any loss or damage suffered by any person other than its Client as a result of any
reliance upon any part of this Report, decisions made based upon this Report or any other use of it.
This Report has been prepared in the context of the circumstances and purposes referred to in, or derived from,
the Contract and Golder accepts no responsibility for use of the Report, in whole or in part, in any other context
or circumstance or for any other purpose.
The scope of Golder’s Services and the period of time they relate to are determined by the Contract and are subject
to restrictions and limitations set out in the Contract. If a service or other work is not expressly referred to in
this Report, do not assume that it has been provided or performed. If a matter is not addressed in this Report,
do not assume that any determination has been made by Golder in regards to it.
At any location relevant to the Services conditions may exist which were not detected by Golder, in particular due to
the specific scope of the investigation Golder has been engaged to undertake. Conditions can only be verified at the
exact location of any tests undertaken. Variations in conditions may occur between tested locations and there may
be conditions which have not been revealed by the investigation and which have not therefore been taken into account
in this Report.
Golder accepts no responsibility for and makes no representation as to the accuracy or completeness of the
information provided to it by or on behalf of the Client or sourced from any third party. Golder has assumed that such
information is correct unless otherwise stated and no responsibility is accepted by Golder for incomplete or
inaccurate data supplied by its Client or any other person for whom Golder is not responsible. Golder has not taken
account of matters that may have existed when the Report was prepared but which were only later disclosed to
Golder.
Having regard to the matters referred to in the previous paragraphs on this page in particular, carrying out the
Services has allowed Golder to form no more than an opinion as to the actual conditions at any relevant location.
That opinion is necessarily constrained by the extent of the information collected by Golder or otherwise made
available to Golder. Further, the passage of time may affect the accuracy, applicability or usefulness of the opinions,
assessments or other information in this Report. This Report is based upon the information and other circumstances
that existed and were known to Golder when the Services were performed and this Report was prepared.
Golder has not considered the effect of any possible future developments including physical changes to any
relevant location or changes to any laws or regulations relevant to such location.
Where permitted by the Contract, Golder may have retained subconsultants affiliated with Golder to provide some
or all of the Services. However, it is Golder which remains solely responsible for the Services and there is no
legal recourse against any of Golder’s affiliated companies or the employees, officers or directors of any of them.
By date, or revision, the Report supersedes any prior report or other document issued by Golder dealing with any
matter that is addressed in the Report.
Any uncertainty as to the extent to which this Report can be used or relied upon in any respect should be
referred to Golder for clarification
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Document Revision
The following table outlines the revisions made to the SAQP.
Date

Revision No.

Nature of Revision

Editor

May 2019

0

Original SAQP, prepared 2 months prior to
completion of construction of the containment cell

Golder Associates

May 2020

1

SAQP Revision 1, prepared post completion of
remediation and first 6 months of monitoring

Golder Associates

D.1 SAMPLING, ANALYSIS AND QUALITY PLAN
This is Revision 1 of the Sampling, Analysis and Quality Plan (SAQP) for the Post Remediation
Groundwater Monitoring Plan (GMP) for the Containment Cell at Orica’s Kooragang Island Site.
This SAQP should be read in conjunction with the Long-Term Environmental Management Plan
(LTEMP) prepared for the Containment Cell.

D.1.1 Background
The LTEMP provides details on:
•

Site Location and Identification, including current use of the site.

•

A summary of the remediation works completed at the site including the construction of the
Containment Cell.

•

A summary of the Surrounding Land use is presented within the Remediation Validation
Report (Golder, 2019b).

The LTEMP (in Section 8) provides the GMP including the objectives and scope of works. Section
4.3 of the LTEMP provides the rationale for the ‘weight of evidence’ approach for the assessment of
the hydraulic effects for assessing the ongoing performance of the containment cell. It is also noted
in the GMP that the chemical monitoring of arsenic is being undertaken as a ‘secondary line of
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evidence’ to provide long-term understanding of the redistribution of the arsenic contamination over
time. As such, there is no applicable criteria for arsenic concentrations in groundwater.

D.1.2 Conceptual Site Model
The pre-remediation Conceptual Site Model (CSM) has been presented in previous reports
including the Remediation Action Plan (Golder, 2016a) and holistically for the Orica site in the
Conceptual Site Model report (Golder, 2013).
Provided below is a summary of the key elements of the CSM that relate to the arsenic
contamination post-remediation.
Contaminants of Concern:

Arsenic

Sources:

Former Sludge Disposal Pit (on-site) - removed

Mechanism of contamination:

Prior to remediation, disposal to ground with sorption to soil and
subsequent leaching into the vadose and saturated zones

Affected environmental media:

Soil and groundwater

Remediation:

Removal of contaminated soils in the vadose zone – 2005
Construction of containment cell to 12 m below ground level and
capping – 2019

Exposure Pathways:

Within the Cap and Containment area – nil
Remediation (Containment Cell) has:
- prevented further off-site migration of contaminated
groundwater
- management of the cap prevents direct contact exposure and
rain infiltration
Off the Orica site – management controls as defined within the
Off-site EMP
Exposure pathways associated with the existing off-site
groundwater contamination include:

Human and Ecological
Receptors:

-

Direct contact

-

Inhalation of dust

-

Ingestion of soil and groundwater

-

Inhalation of aerosols from groundwater spray

Within the Cap and Containment area – nil
Off the Orica site (existing off-site groundwater contamination)
-

Workers undertaking intrusive works

-

Workers exposed to extracted groundwater

Data Gaps:

None identified

Management and Monitoring:

Ongoing management and monitoring of the containment cell to
be undertaken in accordance with the LTEMP.

D.2 DATA QUALITY OBJECTIVES
The Data Quality Objectives (DQO) for the post-remediation Groundwater Monitoring Program have
been developed in accordance with the seven-step process described in the National Environmental
Protection Measure, Schedule B2, Appendix B.

2
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D.2.1 State the Problem
Remediation of the identified arsenic contamination has been completed by the construction of a
containment cell to prevent the further off-site (Orica) migration of arsenic in groundwater. Hydraulic
monitoring is required to confirm the containment cell in performing as per the design. Chemical
(arsenic) monitoring is required as a secondary line of evidence to confirm further off-site migration
is not occurring.
It is expected that the monitoring program will be more intensive in the initial years to confirm the
containment cell is performing as per the design. Once this has been achieved the monitoring
requirements will be reduced to a program that provides sufficient data to confirm the ongoing
performance of the containment cell.

D.2.2 Identify the decision / goal of the study
To assess the efficacy of the hydraulic segregation of the arsenic source, a ‘weight of evidence’
approach considering the holistic assessment of observed hydraulic effects in consideration of the
anticipated effects predicted by the groundwater modelling completed during the design.
Identified potential hydraulic effects included:
◼

The detection of responses to rainfall events that may be recorded in the external wells, but which would
be expected to be less prevalent in the data collected from inside the wall.

◼

A flattening of the groundwater table(s) inside the cell relative to external conditions.

◼

An increase in the external hydraulic gradient across the cell (in the direction of groundwater flow),
and/or potential increase in gradients around the perimeter of the cell.

Groundwater monitoring to assess arsenic concentrations in groundwater will be undertaken as a ‘secondary
line of evidence’ to provide long-term understanding that the further offsite migration of arsenic in groundwater
has been prevented to the extent practicable.

D.2.3 Identify the information inputs
Hydraulic monitoring to include the long-term assessment of groundwater levels in the three
hydrostratigraphic units both inside and outside of the containment cell, to allow consideration of the
effectiveness of the containment cell.
Chemical monitoring to include the assessment of dissolved arsenic concentrations down-gradient
of the containment cell to provide data for the long-term trends and confidence that the containment
cell has prevented the further off-site migration by confirmation of a stable or decreasing trend.

D.2.4 Define the boundaries of the study
Monitoring is to be undertaken both within and immediately outside the containment cell within the
three sets of paired monitoring wells located around the containment cell. These wells target the
three hydrostratigraphic units in which the cut-off wall has been constructed to contain the identified
arsenic contamination. Further to the well located adjacent to the containment cell, groundwater
monitoring wells located within the vicinity of the containment cell, predominantly down-gradient, will
also be used in the ongoing performance assessment. The monitoring network is defined in
Table A.
The duration of the monitoring program will need to be ongoing to confirm the long-term
performance of the containment cell.

D.2.5 Develop the analytical approach
Hydraulic monitoring to assess groundwater levels is to use both manual gauging and down-hole
water level loggers that log hydraulic data continuously using. A barometric logger will also be used

3
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to compensate for the influence of localised atmospheric pressure variation within the containment
cell. Data loggers are programmed to collect water level data at 2 hourly intervals.
Chemical monitoring includes the collection of representative groundwater samples and analysis for
dissolved arsenic at a commercial laboratory. Quality assurance and quality control sampling and
requirements are presented in Section C.8. The performance criteria for the Chemical monitoring
are presented in the Data Quality Indicators in Section C.7.1. Validation of the data will be
undertaken as described in Section C.9.

D.2.6 Specify performance or acceptance criteria
There are no specific performance or acceptance criteria for assessing the performance of the
containment cell. As indicated in Section C2.1 a weight-of-evidence approach will be applied in
assessing the hydraulic data to verify that the containment cell has achieved the design outcomes
of preventing the further off-site migration of arsenic in groundwater by the hydraulic segregation
caused by the containment cell. The key indicators of the hydraulic segregation are presented in
Section C2.2.

D.2.7 Develop the plan for obtaining the data
The Groundwater Monitoring Program (as defined in Section 8 of the LTEMP) and this SAQP
defined the plan for obtaining the necessary hydraulic and chemical data required to assess the
ongoing performance of the containment cell. The GMP and SAQP will be reviewed and updated
throughout the implementation of the LTEMP, as required.

D.3 GROUNDWATER MONITORING NETWORK
The groundwater network associated with the containment cell consists of a series of nested wells
at strategic locations on either side of the completed cut-off wall, to allow internal and external
‘piezometric’ water levels to be compared. This monitoring system allows collection of groundwater
data to demonstrate that the containment cell is performing as per the design
The groundwater monitoring network will be used to confirm the ongoing performance of the
containment cell.

D.3.1 Well Installation
Construction and installation of the monitoring network was completed in May of 2019 by Golder
and subcontractor Star Drilling Pty Ltd. Borehole advancement was carried out with a “Sonic LX
600” truck mounted drill rig. The monitoring well network is shown in Figure 3 of the LTEMP. It
comprises three groups of nested monitoring wells (each group containing a total of six wells),
located around the cut-off wall alignment. Each group included three pairs of piezometers installed
to target the 3 separate and distinct groundwater units (Units 1, 2 and 3). Each pair included a well
inside and outside of the cut-off wall. The locations selected were as follows:
◼

Western boundary, near the north-western corner of the containment cell, down-gradient.

◼

Southern Boundary, cross-gradient.

◼

Eastern boundary, up-gradient.

The construction details of these monitoring wells are shown in Table 1 below. An additional well
was installed in the unsaturated zone on the southern boundary to allow assessment of barometric
pressure within the containment cell and allow ‘normalisation’ of the internal water level data.
Wells were constructed using 50 mm, Class 18 unplasticised Poly Vinyl Chloride (uPVC) threaded
screens and casings. Well caps and plugs were fitted to the top and bottom of the well, respectively.
Screened sections as shown in Table 1, were backfilled with gravel and sealed with bentonite
(above top of screen) of at least 0.5 metre (m) thickness. The remaining volume of the well annulus
was backfilled using cement bentonite grout. Wells were finished with monuments. Borelogs / well
construction logs are presented in the Remediation Validation Report (Golder, 2019). It is noted that
4
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depths shown on borelogs were relative to the original surface levels prior to construction of the
cap. At the completion of the well installation the wells were finished with stick-ups to allow for the
completion of the capping system which was higher than original surface levels. Well stick-ups were
protected using barricades. Upon completion of the capping system the wells were finished with
monuments and survey of the final top of casing.
Table 1: Well construction details.

Well Name

Total Depth of
borehole* (mbgl)

Screen Interval
Depth* (m bgl)

Target Unit

Survey Height**
(m AHD)

5
2.5-4.5
1
5.329
5
2.5-4.5
1
4.469
8
5.5-7.0
2
5.356
8
5.5-7.0
2
4.470
11
8.0-10.0
3
5.358
11
8.0-10.0
3
4.468
5
2.5-4.5
1
4.906
5
2.5-4.5
1
4.072
8
5.5-7.0
2
4.864
8
5.5-7.0
2
4.070
11
8.0-10.0
3
4.859
11
8.0-10.0
3
4.070
4.5
2.5-4.5
1
5.424
5
2.5-4.5
1
4.447
8
5.5-7.0
2
5.461
8
5.5-7.0
2
4.455
11
8.0-10.0
3
5.461
11
8.0-10.0
3
4.508
1.5
0.3-1.5
Unsaturated Zone
5.222
* depth is relative to the original ground surface level. Wells have been extended above original ground level
to allow for cap construction.
** Survey height is post construction of capping system (final height)

MWCC01-3IN
MWCC01-3OUT
MWCC01-6IN
MWCC01-6OUT
MWCC01-9IN
MWCC01-9OUT
MWCC02-3IN
MWCC02-3OUT
MWCC02-6IN
MWCC02-6OUT
MWCC02-9IN
MWCC02-9OUT
MWCC03-3IN
MWCC03-3OUT
MWCC03-6IN
MWCC03-6OUT
MWCC03-9IN
MWCC03-9OUT
MWCC03-Baro

5
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D.3.2 Well Development
Post construction, wells across the groundwater monitoring network were developed to remove silt,
clay, or other fine material introduced during drilling and for alignment of the gravel pack
surrounding the well screens. Well development was carried out using Waterra tubing, in
conjunction with a Powerpack (small petrol-powered engine) and manual surge blocking to agitate
and remove water and fines from the well. The groundwater well development records are included
in Remediation Validation Report (Golder, 2019). It is noted that sediment and some bentonite
slurry were found in the majority of the wells. This is likely to be associated with the bentonite/clay
that was used to construct the containment wall. At the completion of the well development smallscale falling head tests were completed (October 2019 - using the 30 minute data logging) which
confirmed that the wells are functional and are in good hydraulic connection with the aquifer.
At the completion of well development, the wells were suitable for use of the monitoring program. It
is noted that give the proximity of the wells to the cut off wall, that periodic redevelopment of the
wells may be required to remove fines.

D.4 HYDRAULIC MONITORING
D.4.1 Groundwater Level Measurement
Standing water levels in each monitoring well are to be measured using an electronic water level
probe. If practicable, all standing water levels should be measured in a single water level measuring
event to allow interpretation of groundwater flow direction and gradient. Water levels are to be
measured to a marked point (or the highest point) on the top of the well uPVC casing to enable
repeatability of measurements. Water levels should be re-measured prior to purging.

D.4.2 Data Transducer Deployment
Data loggers are installed in each well to record the depth of groundwater in each well over time.
Solinst Levelogger Edge M5 & M10 data loggers were installed at a depth of 0.5 m above the base
of each well. These loggers were attached to the top cap of each well via stainless steel wire and
set to record the water depth every 2 hours. A barometric logger (Solinst Levelogger Barologger)
was also installed in MWCC03-Baro to measure barometric pressure at 2 hourly intervals.

D.4.3 Data Transducer Download
Logger data is downloaded manually via the Solinst Optical Reader cable, utilizing the Solinst
LeveloggerTM series software available from the Solinst website (www.solinst.com/downloads).
Manual measurements of groundwater levels are collected prior to data-logger download events as
described in Section C.4.1. The manual measurements are used to check the validity of groundwater
levels estimated from data of the water pressure transducers and data loggers.
Groundwater levels from the water-pressure transducers were estimated using:
(i)
(ii)
(iii)
(iv)

the elevation of the water-pressure transducer in each well
the total pressure measured by the water-pressure transducers
corresponding measurements of barometric pressure, and
the assumption regarding the density of the groundwater (in this case assumed to be 1.0 gram
per millilitre).
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D.5 GROUNDWATER SAMPLING METHOD – ARSENIC
Based on the historical groundwater monitoring experience at the site, a low-flow groundwater sampling
method is proposed. The preferred method uses a surface mounted peristaltic pump with dedicated LowDensity Polyethylene (LDPE) tubing and silicon tubing. The end of the LDPE tubing will correspond with the
screened section of the well. Submersible sampling bladder pumps may also be used as an alternative, as
long as bladders are replaced and equipment is decontaminated between each location.
Groundwater monitoring wells should be purged prior to collection of groundwater samples. The following data
will be collected during the purging process:
◼

A physical description of the sample will be recorded on the field data sheets including:

▪ Colour;
▪ Turbidity;
▪ Odour; and
▪ Films/sheens.
◼

Groundwater parameters will be tested in the field at the time samples are collected using a calibrated
meter/probe, for the following field parameters:

▪ pH;
▪ Electrical conductivity (EC);
▪ Temperature;
▪ Dissolved oxygen (DO); and
▪ Redox potential.
Groundwater parameters are to be measured ex-situ using a flow through cell. Purging is to continue until
representative groundwater has entered the well. This will be determined by obtaining stable water
parameters (primarily pH, EC and redox). Water parameters are considered to be stable when successive
parameter measurements are +/- 10 %.
Groundwater is to be sampled directly from the LDPE tubing, field filtered (0.45 µm), and transferred into the
laboratory provided and pre-preserved bottles appropriate for the analyses.
Once filled, sample containers will be immediately tightly capped and placed in a secure chilled esky.
Samples must be held and transported under Chain of Custody (CoC) protocols.

D.6 GENERAL FIELD PROCEDURES
D.6.1 Sample Labelling
The sample labels will include the sample identification number, place of collection, date of collection and
initials of the sampling personnel. Each sample will be labelled with a unique sample identification number
that is consistent with the site’s EQuIS database and that will facilitate tracking and cross-referencing of
sample information. Quality Assurance / Quality Control (QA/QC) samples will also be numbered with a
unique sample number.

D.6.2 Field Logs
A summary of activities performed at the site will be recorded in a field logbook. Entries for each day will
commence on a new page, which will be dated. Corrections will be made by drawing a single line through the
error, initialling this action and writing the correction.
The following types of information will be recorded for each groundwater sample collected:
◼

Unique sample identification number;
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◼

Date and time of sample collection;

◼

Initials of the sampling personnel;

◼

Designation as to the means of collection;

◼

Analyses to be performed on sample; and

◼

Any other relevant comments (odour, colour, sheen, filtering, preservation, etc).
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D.6.3 Equipment Decontamination
All non-dedicated sampling and measurement equipment is to be decontaminated before and after each use
and then rinsed with deionised or distilled water following decontamination (where appropriate).
Dedicated or single use disposable equipment such as LDPE tubing and nitrile gloves will not be
decontaminated and will be disposed of appropriately following use.

D.6.4 Sample Storage and Transportation
Groundwater samples are to be kept secure and cool in eskies during the field program. Eskies are to contain
ice during the field program and subsequent transportation to the laboratory. Storage of the samples is to be
under the custody of the field personnel during the field program.
If samples are not sent to the laboratory on the day of collection, the method of storage such as in refrigerator
or in esky on ice (with ice regularly changed to maintain cool temperature) must be noted in the field log books
and on the CoC form.
Samples are to be transported to the laboratories, in cooled eskies, under CoC documentation (below).

D.6.5 Chain of Custody Documentation
A CoC record must be utilised by field personnel to document possession of all samples collected for
laboratory analysis. The CoC record is to include, but is not limited to, the following information:
◼

Project name and number;

◼

Name(s) of sampler(s);

◼

Sample type, identification number and location;

◼

Date of collection;

◼

Number, type and size of containers;

◼

Required analyses;

◼

Preservatives;

◼

Signatures documenting change of sample custody; and

◼

Turnaround time required for analytical results.

The esky containing the samples should be sealed with tape and secured with a custody seal. The custody
seal will provide an indication of whether the cooler was opened by unauthorised personnel.
During sampling events partially filled and unfilled coolers are to be kept under the custody of the sample
custodian. The sample custodian is to be a designated member of the sampling team.
The original CoC record must accompany the samples to the analytical laboratory, with a copy returned to the
field engineer/scientist within 24 hours of sample receipt. The original, or a copy of the original, CoC record is
to be placed in the appropriate project file. Samples are to be delivered to the laboratory promptly.

D.6.6 Equipment Calibration
Equipment used to perform testing or data recording (i.e. the water quality meter) will be calibrated to
manufacturer’s specifications by the supplier prior to use. The calibration records will be retained by the field
8
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engineer/scientist. Calibration checks and adjustments will be performed as required (i.e. generally on at least
a daily basis for water quality meter) during field operations. The identification of the specific device or
equipment calibrated, date, reference standard, results or adjustments made and the signature of the person
performing the calibration will be documented on field data sheets or in the field log book.

D.7 ANALYTICAL PLAN - ARSENIC
The primary laboratory selected for the chemical analysis of groundwater samples is Australian Laboratory
Services (ALS). The laboratory selected as the check laboratory for the inter-laboratory duplicate (i.e.
triplicate) samples is Envirolab Services Pty Ltd (ELS). Both laboratories are accredited by National
Association of Testing Authorities (NATA) for the required analyses.
The analytical plan for groundwater samples is detailed in Table A (attached), with analytical methods, limits
of reporting and holding time for the analyte outlined in Table A1 below.
Table A1: Arsenic Analytical Methods
Analyte
Arsenic (Dissolved)

LOR (mg/L)

Recommended
Holding Time

Analytical Method

Container
Type

Preservation

0.001

Six months

USEPA 6020 ICP/MS

60ml plastic

Nitric acid to pH<2,
chill

LOR – Limit of Reporting
mg/L – milligram per litre
ml - millilitre
LOR may vary depending the presence and concentration of other constituents

D.7.1 Data Quality Indicators
Data Quality Indicators (DQIs) are used to assess the reliability of field procedures and analytical results.
They are described as follows:
Precision: A quantitative measure of the variability (or reproducibility) of data;
Accuracy: A quantitative measure of the closeness of reported data to the “true” value;
Representativeness: The confidence (expressed qualitatively) that data are representative of each media
present on site;
Completeness: A measure of the amount of useable data from a data collection activity; and
Comparability: The confidence (expressed qualitatively) that data may be considered to be equivalent for
each sampling and analytical event.
The quantitative and qualitative measures/criteria employed to enable application of these parameters are
described in the following sections. Descriptions of the various QA/QC samples are provided in Section A.5.

Precision
Suitable criteria and/or performance indicators for assessment of precision include:
◼

Performance of intra-laboratory duplicate sample sets through calculation of relative percentage
differences (RPD);

◼

Performance of blind field duplicate sample sets, through calculation of RPD; and

◼

The RPDs will be assessed as acceptable if less than 30%. RPDs that exceed this range may be
considered acceptable where:

▪ Results are less than 10 times the limits of reporting (LOR); or
▪ Results are less than 20 times the LOR and the RPD is less than 50%.
9
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Accuracy
The closeness of the reported data to the “true” value is assessed through review of performance of:
◼

Performance of blind field triplicates (or inter-laboratory duplicate) sample sets, through calculation of
RPD;

◼

Field blanks to assess bias introduced by chemicals during handling or transport or from laboratory
supplied water, containers or preservatives (water only);

◼

Rinsate blanks to assess bias introduced from contaminated field equipment (if using non-dedicated
equipment only); and

◼

Method blanks (MB), Matrix spikes (MS) and Laboratory control samples (LCS) which are analysed to
assess for bias introduced from contaminated reagents (MB), and bias in percent recovery from
expected values (MS and LCS), during laboratory analysis or preparation.

Representativeness
To ensure the data produced by the laboratory is representative of conditions encountered in the field, the
following steps are taken by the laboratory and subsequently reviewed:
◼

Laboratory method blank samples will be run in parallel with field samples to confirm there are no
unacceptable instances of laboratory artefacts;

◼

Review of RPD values for field and laboratory duplicates to provide an indication that the samples are
generally homogeneous, with no unacceptable instances of significant sample matrix heterogeneities;
and

◼

The appropriateness of collection methodologies, handling, storage and preservation techniques will be
assessed to ensure/confirm there was minimal opportunity for sample interference or degradation (i.e.
volatile loss during transport due to incorrect preservation / transport methods).

Completeness
In validating the degree of completeness of the analytical data sets acquired during the program the following
is considered:
◼

Whether standard operating procedures (SOPs) for sampling protocols have been adhered to;

◼

Copies of all CoC documentation are reviewed and presented; and

◼

Whether appropriate laboratory methods and LORs were used and sample holding times were complied
with.

It can therefore be considered whether the proportion of “useable data” generated in the data collection
activities is sufficient for the purposes of the validation.

Comparability
Given the reported data set is likely to be comprised of several data sets from separate sampling episodes,
issues of comparability between data sets are reduced through adherence to the same SOPs on each data
gathering activity, the use of the same sample preparation and analytical methods as well as documenting the
seepage sample locations and returning to the same nominated location (or documenting any changes in
location due to the dynamic environment from which the seepage samples will be collected).

D.8 GENERAL QUALITY ASSURANCE/QUALITY CONTROL (QA/QC)
Standard QA/QC procedures will be adopted during the assessment process including those for sample
collection, management and handling. Specific requirements will include the use of laboratory prepared
containers, use of dedicated sampling equipment where possible, decontamination of non-dedicated sampling
equipment between locations, collection of an appropriate number of quality control samples, preservation of
samples in ice chests and transport to laboratories under CoC documentation within holding times. Calibration
of all field measurement equipment will be carried out by the supplier and the calibration certificates retained
by the field engineer/scientist.
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D.8.1 Field Quality Control Samples
The following field quality control (QC) samples will be collected and analysed as part of this monitoring
program:
◼

Intra-laboratory field duplicates (blind replicates): The intra-laboratory field duplicates and corresponding
primary samples will collected from the same location, preserved, stored, transported, prepared and
analysed in an identical manner by the primary laboratory, however, the duplicate sample will be blind
coded. Intra-laboratory field duplicates provide an indication of the precision or reproducibility of the field
sampling techniques and analytical results. Intra-laboratory field duplicates will be collected at a
frequency of at least 1 in 10 (10%). Intra-laboratory field duplicate results will be assessed by calculating
the RPDs;

◼

Inter-laboratory field duplicates (field triplicate/split sample): Individual samples will be split in the field
and placed in two separate containers. One sample will be sent to the primary laboratory and the
duplicate sent to an independent check laboratory. To provide an indication of the precision or
reproducibility of the analytical results. These will be analysed at a frequency of at least 1 in 20 (5%).
Inter-laboratory field duplicate results will also be assessed by calculating the RPDs; and

◼

Field blanks: are used to provide an assessment of potential gain of constituents during sample
collection, transport and storage, and/or cross contamination from storage of sampling methodology.
These will be analysed at a rate of one field blank per monitoring round and assessed by comparison
with percent recoveries and detection limits respectively.

D.8.2 Laboratory QA/QC
Laboratory QA/QC for the water monitoring program includes accreditation of laboratories providing analytical
services, and their internal QA/QC procedures and documentation. Laboratory QA/QC will be assessed based
on results of internal duplicates, blanks, controls, spikes and surrogates. The internal duplicates results will be
reviewed and discussed. The results of the internal blank samples will be evaluated to demonstrate minimal
interference.
The following internal laboratory QC samples will be reviewed as part of this monitoring program:
◼

Internal Laboratory Duplicates: are prepared by the laboratory by dividing a field sample into two or more
aliquots, which are analysed separately to provide an indication of the effect of sample matrix variability
on precision. These are assessed through the calculation of RPDs;

◼

Method Blanks: are contaminant free samples analysed by the laboratory to assess the level of
contamination that exists in the laboratory analytical system. Results are evaluated by comparison to
reporting limits;

◼

Laboratory Control Samples (LCS): are samples spiked with known concentrations of specific analytes to
assess the laboratory performance on sample preparation and the analysis procedure. Results are
assessed in terms of accuracy by calculating a percent recovery between the observed and spiked
concentrations; and

◼

Matrix Spikes: are field samples spiked with known concentrations of specific analytes to assess the
effects of the sample matrix on the accuracy and precision of analyses. Like laboratory control samples,
matrix spike sample accuracy is evaluated in terms of a percent recovery between the observed and
expected spiked compound concentrations.

D.9 Data Validation
The objective of the data validation process is to ensure that the data reported can be used to achieve the
project objectives.
Accuracy and precision measurements from the appropriate QC check samples will be compared with the
analytical DQIs to assess the quality of the analytical data. Should data be found to fall outside acceptable
limits of precision and accuracy, appropriate corrective actions will be investigated.
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The data will also be evaluated to assess the reproducibility, comparability and completeness of the data.
Upon review of the DQIs an assessment as to whether the data can be relied upon for the purposes of the
monitoring will be made.
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APPENDIX E

Limitations

GOLDER ASSOCIATES PTY LTD
IMPORTANT INFORMATION RELATING TO THIS REPORT

The document (“Report”) to which this page is attached and which this page forms a part of, has been issued
by Golder Associates Pty Ltd (“Golder”) subject to the important limitations and other qualifications set out below.
This Report constitutes or is part of services (“Services”) provided by Golder to its client (“Client”) under and subject
to a contract between Golder and its Client (“Contract”). The contents of this page are not intended to and do not
alter Golder’s obligations (including any limits on those obligations) to its Client under the Contract.
This Report is provided for use solely by Golder’s Client and persons acting on the Client’s behalf, such as its
professional advisers. Golder is responsible only to its Client for this Report. Golder has no responsibility to any other
person who relies or makes decisions based upon this Report or who makes any other use of this Report. Golder
accepts no responsibility for any loss or damage suffered by any person other than its Client as a result of any
reliance upon any part of this Report, decisions made based upon this Report or any other use of it.
This Report has been prepared in the context of the circumstances and purposes referred to in, or derived from,
the Contract and Golder accepts no responsibility for use of the Report, in whole or in part, in any other context
or circumstance or for any other purpose.
The scope of Golder’s Services and the period of time they relate to are determined by the Contract and are subject
to restrictions and limitations set out in the Contract. If a service or other work is not expressly referred to in
this Report, do not assume that it has been provided or performed. If a matter is not addressed in this Report,
do not assume that any determination has been made by Golder in regards to it.
At any location relevant to the Services conditions may exist which were not detected by Golder, in particular due to
the specific scope of the investigation Golder has been engaged to undertake. Conditions can only be verified at the
exact location of any tests undertaken. Variations in conditions may occur between tested locations and there may
be conditions which have not been revealed by the investigation and which have not therefore been taken into account
in this Report.
Golder accepts no responsibility for and makes no representation as to the accuracy or completeness of the
information provided to it by or on behalf of the Client or sourced from any third party. Golder has assumed that such
information is correct unless otherwise stated and no responsibility is accepted by Golder for incomplete or
inaccurate data supplied by its Client or any other person for whom Golder is not responsible. Golder has not taken
account of matters that may have existed when the Report was prepared but which were only later disclosed to
Golder.
Having regard to the matters referred to in the previous paragraphs on this page in particular, carrying out the
Services has allowed Golder to form no more than an opinion as to the actual conditions at any relevant location.
That opinion is necessarily constrained by the extent of the information collected by Golder or otherwise made
available to Golder. Further, the passage of time may affect the accuracy, applicability or usefulness of the opinions,
assessments or other information in this Report. This Report is based upon the information and other circumstances
that existed and were known to Golder when the Services were performed and this Report was prepared.
Golder has not considered the effect of any possible future developments including physical changes to any
relevant location or changes to any laws or regulations relevant to such location.
Where permitted by the Contract, Golder may have retained subconsultants affiliated with Golder to provide some
or all of the Services. However, it is Golder which remains solely responsible for the Services and there is no
legal recourse against any of Golder’s affiliated companies or the employees, officers or directors of any of them.
By date, or revision, the Report supersedes any prior report or other document issued by Golder dealing with any
matter that is addressed in the Report.
Any uncertainty as to the extent to which this Report can be used or relied upon in any respect should be
referred to Golder for clarification
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