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1 Introduction

Alcoa of Australia Limited (Alcoa) curtailed production in 2024 at its Kwinana Refinery, with alumina 
production ceasing in the third quarter of 2024; however, Alcoa continued operating the refinery circuit for 
the purposes of water inventory management. The Alcoa Facility operated a closed water circuit and was a 
net consumer of water that incorporated surface water and groundwater from the Alcoa Facility. In 
September 2025, Alcoa announced that the Refinery will permanently close and will therefore have a
surplus of water that requires management into the future.

As part of Alcoa’s integrated water management strategy, Alcoa is evaluating source water segregation and 
treatment options with a view to recharge treated water via aquifer infiltration, up to 3.5 GL/yr (or 
400 kL/h) of this water into the Tamala Limestone aquifer.

Alcoa is seeking to infiltrate treated water at the O&P area, on the western boundary of the Open residue 
storage area (RSA) into the Tamala Limestone aquifer. As part of this process, it is understood that the 
contaminated sites Auditor (CS Auditor) and the Department of Water and Environmental Regulation 
(DWER) would like to understand whether the introduction of this water into the aquifer could impact the 
alkaline plume beneath the refinery (or other existing third party groundwater plumes) and/or have any 
adverse impacts on downgradient environmental receptors. The Monitoring and Management Plan (MMP) 
presents a framework to evaluate risks during the operational phase of infiltrating treated water into the 
Tamala limestone aquifer.

1.1 Feasibility Study

As part of the feasibility study, an infiltration risk assessment (refer to as the Commissioning/Operating Risk 
Assessment or CORA) was developed to evaluate the safe and effective infiltration of water into the Tamala 
Limestone aquifer. Specifically, the CORA outlined the groundwater quality treatment process and target 
water quality to be infiltrated and presented the most effective location for the project to occur while
managing environmental risks and complying with regulatory requirements. To help meet the objectives of 
the project, a staged approach to better ascertain the feasibility and degree of difficulty (likely effort 
needed to achieve public health and environmental approvals from DWER) was undertaken. This was 
achieved by using the assessment framework set out in the Guidelines:

Australian Guidelines for Water Recycling: Managed Aquifer Recharge (National Health and Medical 
Research Council [NHMRC], Environmental Protection and Heritage Council [EPHC], and Natural 
Resource Management Ministerial Council [NRMMC], 2009);
Policy – Managed aquifer recharge in Western Australia (DWER, 2021); and 
Guideline – Water and environmental considerations for managed aquifer recharge operations in 
Western Australia (DWER, 2021a).

Specifically, this involved a staged process of project development and assessment, which included a 
pre-commissioning risk assessment, a short-term field trial, and a final evaluation of infiltration location 
and design. These stages are summarised briefly below, with a comprehensive evaluation provided in the 
CORA (EHS Support, 2025a).
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1.1.1 Pre-Commissioning Risk Assessment

In order to determine design considerations, a risk assessment was completed to identify potential risks
and establish appropriate management and monitoring to ensure these risks are low and acceptable. The 
risk assessment was undertaken in three parts:

Adopting a semi-quantitative risk assessment outlined in the Managed Aquifer Recharge (MAR)
Guidelines (NRMMC–EPHC–NHMRC, 2009);
Undertaking a risk assessment defined in the Government of Western Australia Risk Assessment 
Guideline Part V, Division 3, Environmental Protection Act 1986, December 2020 (DWER, 2020); and
Undertaking a semi-quantitative risk assessment that uses a contaminant mass flux assessment,
and any potential impact the activity may have on contaminated sites.

The risk assessment concluded that there are no activities associated with infiltration that were ranked as a 
high or extreme risk for the project. This reflects the minor and temporary nature of the activity, and the 
application of appropriate management and mitigation measures.

1.1.2 Short-Term Field Trial

To validate the risk assessment outcomes, a short-term field trial was completed. The objectives of the field 
trial were to understand the degree of mounding underneath and adjacent to the proposed infiltration 
trenches (i.e., O&P area) and to update a regional numerical groundwater model, which has assisted in 
mitigating risks. 

The field trial was completed for approximately 14 days, with a total infiltration volume of 14,400 kL and a water 
supply rate of between 12.5 L/sec and 30 L/sec. During the field trial, groundwater levels were measured in 
sentinel monitoring bores and the results incorporated into the regional numerical groundwater flow model to 
assist with model calibration. The results of the field trial and numerical model simulations indicated that 
infiltration of treated water is a feasible option to manage surplus treated water across the Alcoa Facility. 
Further information on the field trial is provided in Section 4.5 of the CORA (EHS Support, 2025a).

1.1.3 Infiltration Trench Location

The numerical groundwater model was used to evaluate potential locations and mechanisms for infiltration 
of treated water into the Tamala Limestone. The primary objective of the modelling exercise was to 
understand the hydraulic impacts to potential environmental receptors for a range of infiltration rates at 
various locations across the O&P area and proximal locations to the Open RSA. This facilitated a risk-based 
approach allowing the identification of the most feasible site for an infiltration scheme.

A total of five locations were initially sited by Alcoa, selected based on logistics, infrastructure, and 
proximity to receptors. Of the five locations, the O&P area was selected as the preferred infiltration site for 
the following reasons:

The area of land is highly disturbed (i.e., base of the quarry), meaning there is no disturbance of 
existing vegetation.
The majority of the infiltrated water avoids environmental and third-party receptors and eventually 
travels underneath the coastal Safety Bay Sands aquifer, where the majority remains in the Tamala 
Limestone as it moves underneath Cockburn Sound.
The area avoids adverse impacts on downgradient known sites of potential contamination. 
At Long Swamp, groundwater levels in the Tamala Limestone adjacent the Swamp may increase by 
up to 0.27 m, however, the water levels in the Swamp itself will likely remain unchanged as this 
increase in hydraulic gradient only results in an additional flux to Long Swamp of 344 KL/yr, or
(1.7%) from its baseline condition. 
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At a distance of 20 m, groundwater mounding is less than 1 m, and this reduces to 0.30 m at a
distance of 700 m away from the infiltration trench.
Terrestrial vegetation remains unimpacted.

The modelling outputs and the final infiltration trench design are provided in detail in Appendix B of the 
CORA (EHS Support, 2025a).

1.2 Project Plan

Alcoa has committed to commissioning the water treatment plant in July 2026. Prior to infiltrating treated 
water, Alcoa will first undertake a Commissioning Phase (Phase 1) in which the water treatment plant will 
run continuously and discharge permeate back into the Run-off Water Storage (ROWS) Pond.

During Phase 1, testing of the permeate from the water treatment plant will be conducted for a period of two 
weeks to validate that compliance water quality criteria can be achieved. The program of works will include 
high-frequency sampling for a comprehensive analytical suite (refer Section 3.4.2). The water treatment plant
may be commissioned prior to approval of infiltration and as a result the samples collected will be of 
unhardened water (the milk of lime addition to increase calcium content is part of the infiltration scope).

It is noted that it is highly likely that infiltration will start with Reverse Osmosis permeate only, and then 
condensate from the Mechanical Vapour Recompression (MVR) plants will be blended with permeate and 
discharged. The same two-week commissioning process will be used for the MVR Plants, and no new water 
source will be infiltrated prior to demonstrating that the water quality meets the specification.

Following completion of the Commissioning Phase and confirmation that the plant is producing treated 
water that is consistently compliant with the quality criteria described in this document, Alcoa will
commence infiltration of treated water in the infiltration trenches located at the O&P area (Operational 
Phase). In the Commissioning Phase (where the water treatment plant is being ramped up and tested), the 
treated water will be discharged back to the ROWS Pond and/or reused for residue area management 
activities. In the Operational Phase, the combination of continuous monitoring (electrical conductivity [EC], 
pH) and plant operational parameters (pressures and flows) will be used to ensure the water treatment 
plant is operating correctly and supported by both on-site and third-party analytical testing. This MMP 
relates to the Operational Phase of the project, noting that there is reference to the Commissioning Phase 
in certain sections of this Plan.

1.3 Water Treatment Plant

The water treatment plant is designed to treat approximately 400 kL/hr with a feed in total alkalinity of 
10 g/L (this will include mixing of Low and High Total Alkalinity (TA) water, as shown on Figure 1-1). Due to 
the highly impacted nature of the feed in water, the water treatment plant has been designed to ensure 
that it is a robust system that is capable of achieving the optimum water quality for infiltration. There will 
be some variation in permeate quality within a narrow range and a set upper bound.

A process overview of the water treatment plant is provided in Figure 1-1, and the intent of each of the 
process units is summarised in Table 1-1.
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As part of the infiltration scope of work, the water treatment plant infrastructure (at the permeate tank) 
will be supplemented with mineralisation (hardening) chemical addition process. This chemical addition 
involves the dosing of milk of lim ) to addresses the ionic imbalances
which are due to the high purity of the permeate (and associated lack of divalent ions). The addition raises 

dissolve carbonate minerals in the receiving aquifer.

The addition of milk of lime will be conducted by the addition of a chemical dosing pump and two portable 
chemical storage totes (one in duty and one standby) to the water treatment plant configuration. The milk 
of lime will be added into the permeate tank or the discharge line from the permeate tank to the 
infiltration area, with the length of the piping run from the water treatment plant to the infiltration area 
supporting mixing. The dosing pump and chemical storage will be contained within the designated water 
treatment plant area.

1.3.1 MVR Plants for Evapo-Concentration

Mechanical Vapour Recompression plants will be used to treat water that is not amenable to reverse 
osmosis treatment (for example water containing very high EC and TA) or the brine stream produced by the 
operation of the water treatment plant. This includes:

Stage 1 MVR Plant for water collected in RSA underdrainage systems and stored in F-surge Pond and 
Cooling Pond. This may also include brine overflows from the Lake Water Pond into the Cooling Pond.
Stage 2 MVR Plant for brine from the water treatment plant and brine stored in the Lake Water Pond.

The process produces a concentrate stream which contains the impurities and ions from the feed stream 
and a high purity condensate stream. The condensate stream produced from this process is of higher 
quality than the permeate that is produced by the water treatment plant. It is proposed that this 
condensate stream will be discharged into the permeate storage tank, blended with permeate and similarly 
dosed with milk of lime (as described above) to mineralise the water prior to infiltration.

Mechanical vapour recompression has been selected as the technology for the management of these flows 
due to the high efficiency of the process where heat is recovered and reused within the system. A broad 
overview of the treatment process is:

Feed water is heated to produce steam and a concentrate. A demister removes any droplets from 
the steam.
MVR fans compress the steam further increasing latent heat.
Compressed steam is passed through a heat exchanger where heat from condensing steam is 
recovered and used to heat feed water. 
The condensate from compressed steam is very pure water. This will comprise ~75% of feedwater.
Ions are retained in the concentrate (~25% of feedwater), which will be transported to Alcoa’s 
other refineries and used as a process input or sold commercially.

This process is similar to the current operations of the refinery where water from the ponds are evaporated 
producing a caustic alkaline residual product (CARP) which is subsequently trucked to Alcoa Pinjara’s 
Alumina refinery as a product for use in the processing of bauxite. The key difference is the higher 
efficiency of the MVR plants which condense the steam to reuse the heat, while water evaporated in the 
refinery is vented to atmosphere.

Currently the plants are in the engineering design phase and Works Approval packages will be prepared for 
these plants. Based on the current schedule (dependent on regulatory approvals) the Phase 1 plant will be 
constructed/commissioned around Q3/Q4 2026, and Phase 2 Plant will be constructed and commissioned 
around Q3 2027.
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2.3 Other Areas of Concern

2.3.1 Alcoa Domains

Following the discovery of alkaline contamination of groundwater in the superficial aquifer underlying the 
Kwinana Alumina Refinery (mainly caustic soda [NaOH] and sodium carbonate [Na2CO3]), recovery bores 
were installed to recover alkali from the groundwater. The infiltration activities have the potential to 
increase the hydraulic gradient across the refinery and increase the flux of groundwater from the plume 
beneath the Refinery to Cockburn Sound. It is noted that the predicted flux change is minor, and the 
recovery bore network is suitable to mitigate any potential flux changes should they be identified.

In addition, localised groundwater plumes have been identified beneath the Open RSA. Bauxite residue 
leachate is suspected to have leaked from the Open RSA, with Area F identified as the primary source. 
Alkaline leachate in the older residue areas F is slowly leaking to the groundwater through defects in the 
clay liners, and potentially through low-rate, broad-scale seepage through larger areas of the clay liners.
The Open RSA also contains a combination of recovery bores and monitoring bores to abstract alkali water 
and monitor existing groundwater impacts. The groundwater plume beneath the Open RSA has the 
potential to be mobilised by mounding from the infiltration program (i.e., radial flow from the infiltration 
trenches). It is noted that the infiltration trench is hydraulically downgradient of the Open RSAs, and the 
groundwater flow direction will not be modified (regional flow from the Open RSAs is still to the 
west/northwest, and the westerly horizontal hydraulic gradient is unlikely to change given a small increase 
in groundwater levels at the infiltration trenches.

2.3.2 Surrounding Contaminated Sites

In addition to the contamination underlying the refinery and Open RSA, multiple third-party sources of 
impacts have been observed in the superficial aquifer under the broader Kwinana Industrial Area (KIA). 
Investigations by DWER and its predecessor agencies have identified a range of contaminants in 
groundwater beneath and surrounding industrial premises, including:

Petroleum hydrocarbons (e.g., benzene, toluene, ethylbenzene, and xylenes [BTEX]; total 
petroleum hydrocarbons [TPH]);
Chlorinated hydrocarbons (e.g., trichloroethene [TCE], perchloroethylene [PCE], vinyl chloride);
Heavy metals (notably arsenic, lead, chromium);
Nutrients (nitrate and ammonia); and
Salinity, sulfate, and acid plumes associated with legacy waste discharge.

Several sites within the KIA are listed on the Contaminated Sites Register (CSR) maintained under the 
Contaminated Sites Act 2003 (WA). These sites are classified under various risk categories including 
“contaminated – remediation required” and “contaminated – restricted use”, reflecting their potential to 
pose risks to human health and the environment if not properly managed.

As of July 2025, the CSR includes over 30 registered sites within the KIA, with contaminants of concern 
predominantly impacting groundwater quality. Of the 30 registered sites, there are seven sites (11 lots)
that are located potentially cross-gradient or downgradient of the proposed infiltration area. In addition to 
these sites, DWER have advised of two other sites as ‘potentially contaminated, awaiting classification’. A 
Detailed Summary of Records (DSR) was submitted to DWER for each of the known sites. A summary of the 
contamination status of each of the sites is presented in Table 2-3 and shown on Figure 2-1. 
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2.4 Constituents of Concern

The following sections present the framework adopted to confirm the constituents of concern that will 
form the primary water quality suite to evaluate potential risks to receptors during the operational phase 
of infiltration.

This process of screening of constituents was developed in consultation with the CS Auditor who has 
historically been engaged in assessments involving evaluation of the beneficial uses of groundwater within 
the Kwinana area. Non-Potable Use Guidelines (NPUG) were selected as the appropriate screening criteria as
the Tamala Limestone in this area is not in a designated potable water supply area, and water usage in the 
area is focused on industrial water supply. The NPUG ensures that the treated water will not pose a health 
risk to downgradient non-potable users. The screening process is considered conservative as the assessment 
was conducted on influent water quality (neutralised and clarified) only with the reverse osmosis treatment 
process producing effluent with order of magnitude reductions in minor ion concentrations. 

2.4.1 Analysis of Neutralised Feed Water to Support Constituents for Treatment

The comprehensive analytical suite reported in the neutralised feed during the water treatment plant pilot 
trial (February and April 2025) were evaluated through a stepwise screening process to identify 
constituents that require further treatment and form part of the analytical suite for the MMP. The 
neutralised feed is representative of the proposed neutralised feed to the full-scale water treatment plant
(i.e., from the recovery bore network at the Refinery and RSAs, the underdrainage system at the Open RSA 
and stormwater). The screening process progressed as follows:

1. Constituents that were not detected above the LOR in the neutralised feed water were removed.
2. Constituents that were below the NPUG were highlighted for removal. An additional screening of 

these constituents was completed against the background UPL. Where the constituent was below 
the NPUG, however above the background UPL, it was retained. Otherwise, it was removed.

3. Where the NPUG were absent, constituents below the background UPL for the Tamala Limestone in 
the neutralised feed, were removed.

The following methods were also applied to defining constituents to form part of the analytical suite for 
the MMP.

1. Physical properties, that is non ion specific parameters were removed. 
2. Gross alpha and gross beta are not considered further. Solids interference in the analysis reports 

concentrations slightly above UPLs. Post filtration, the concentrations are an order of magnitude below.
3. A number of rare earth minerals (hafnium, indium, niobium, tantalum and zirconium) were 

detected at very low concentrations in the neutralised raw water feed to the plant. There are no 
relevant criteria for these constituents and subsequent steps in the process support their removal 
below analytical reporting limits.

4. Nitrogen oxides were also detected and have no background UPL or NPUG criteria, but these 
constituents were assessed through analysis of ammonia, nitrate, nitrite and TKN, with ammonia 
and TKN retained in the assessment above. 

5. N-Nitrosodimethylamine, phenol, thiosulfate and sulfide all have low concentrations and there are 
no relevant beneficial use criteria. All compounds will be removed by the membrane treatment 
technologies, are readily biodegradable and/or will rapidly oxidise and react. 

6. PFBS (max of 0.0053µg/L), PFHpA (max of 0.029 µg/L), PFHxA (max of 0.064 µg/L), PFPeS (max of 
0.0023 µg/L) were all detected in background samples but background UPLs were not calculated. 
The concentrations in the neutralised raw water feed were generally consistent with background. 
These PFAS compounds are included in the standard PFAS analytical suite and in combination with 
PFOS, PFOA and PFHxS will be demonstrated to be absent in the treated effluent from the water 
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It is noted that the screening assessment is considered to be conservative, as it is based on the quality of 
feed water, prior to reverse osmosis treatment. Once operational, condensate from MVR Plants will be 
blended with permeate. The MVR Plant treatment process involves concentrating the ions in a concentrate 
stream and producing a low TDS water condensate stream with properties consistent with distilled water.
Assessment of data provided by equipment providers indicates that the condensate will have a lower TDS 
than the permeate and condensate is expected to be of better quality than permeate. This will be 
confirmed by testing condensate during the commissioning phase for the MVR Plants. MVR treatment is a 
proven technology for the production of a low TDS condensate stream and is effective at concentrating 
both inorganic and organic constituents in a small volume while producing a high-volume condensate 
stream of water vapour that has very low ion concentrations.
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3 Monitoring and Management Plan

The overall goal of the MMP is to manage the downgradient flux and water quality of infiltrated water,
ensuring that there are not unacceptable risks to human health, ecological receptors, and the environment. 
This MMP incorporates the knowledge gained from numerical groundwater modelling, investigations, and 
monitoring conducted at the site, and utilises the combination of early warning sentinel monitoring bores, 
delineation bores, and natural attenuation processes to provide a solution that is protective. 

This MMP incorporates an adaptive management approach whereby monitoring data proximal to the 
infiltration trenches, and monitoring data proximal to receptors is utilised to inform infiltration rates with 
the fundamental goals of:

1. Maintaining downgradient groundwater quality and ensuring protection of human health and 
ecological receptors.

2. Maximising the efficiency of the infiltration trenches to ensure maximum infiltration and minimise 
mounding.

3. Ensuring that infiltration does not result in the exacerbation of groundwater conditions, including 
facilitating additional lateral spreading of existing groundwater plumes.

4. Maintaining downgradient geochemical conditions that are conducive to attenuation.

The concept of adaptive management is increasingly being adopted in Australia as a structured, iterative 
approach to environmental management. In the development of these adaptive management 
approaches, references are commonly made to United States Environmental Protection Agency (USEPA)
guidance documents (USEPA, 2022; Interstate Technology Regulatory Council [ITRC], 2017; NRC, 2004; 
Williams et al. 2009).

Figure 3-1 Adaptive Management Process – Project Lifecycle
Note: RI/FS = Remedial Investigation/Feasibility Study; RD/RA = Remediation Design/Remedial Application; O&M = Operations and Maintenance

In the context of this approach, monitoring bores upgradient of receptors and distinct areas of impacted 
groundwater will be monitored to assess the effectiveness of the infiltration trenches relative to the 
performance goals described above. A focus on management of flux will not lead to further degradation of 
the aquifer due to the magnitude of advective and dispersive mixing of permeate in the groundwater 
downgradient of the infiltration trenches.
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Numerical groundwater modelling has been used to assess the potential impacts of infiltrating 3.5 GL/year 
across two infiltration trenches within the O&P area. Based on the design and size of these infiltration 
trenches, the modelling shows no significant change to downgradient flux.

The effectiveness of the infiltration trenches in controlling the flux of constituents and supporting 
downgradient advective and dispersive mixing will continue to be assessed by the targeted monitoring plan 
described below. In this context, this MMP establishes trigger levels for determining success, or for 
establishing further response measures where pre-determined risk levels are exceeded. Where considered 
necessary on the basis of monitoring results, additional management response measures are taken, and 
adjustments are made to the MMP to complete the feedback loop and allow for the ongoing effective 
management of groundwater impacts. These response measures and adaptive management mechanisms 
are discussed in Section 4. 

3.1 Objectives

The primary purpose of the selected monitoring bores is to provide data to support optimisation of 
infiltration in accordance with this plan’s goals and demonstrate that, in combination with downgradient 
advective and dispersive mixing, flux and associated potential risks are being effectively managed. More 
specifically, this includes monitoring designed to support achievement of the following objectives: 

Ensure that permeate and condensate water quality is suitable for infiltration.
Ensure that groundwater levels are monitored enabling identification of mounding beneath the 
infiltration trench, existing groundwater plumes, and Long Swamp to ensure downgradient receptors 
are protected.
Ensure that groundwater quality is monitored enabling identification of potential risks to environmental 
values.
To optimise performance and minimise downgradient flux, 
Assess the effectiveness of the MMP in protecting potential receptors, i.e., Long Swamp, Cockburn 
Sound, existing third-party groundwater users.
Assess the effectiveness of the MMP in mitigating third-party groundwater plume migration.
Monitor the natural attenuation of constituents in groundwater and refine the understanding of 
geochemical and biological (organic constituents only) attenuation processes.
Assess water quality parameters and determine if water quality is changing over time in response 
to changes in operations.

Each of these monitoring objectives and the associated program of works is described in the sections below.
The selection of monitoring bores was based on an evaluation of the groundwater flow system and 
impacted groundwater dynamics. 

3.2 Monitoring and Identification of Potential Risks to Environmental Receptors

Table 3-1 outlines each source/activity, the corresponding potential receptor, and the strategy for 
monitoring. Further detail on the monitoring network design is discussed in Section 3.3. It should be noted 
that the monitoring program will be reviewed after one year of operation and adjusted based on a risk 
assessment framework. We anticipate that any changes to the monitoring program will be reviewed by the 
CS Auditor.
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3.4 Rationale for Monitoring Parameters, Frequency, and Methods

As noted above, the monitoring program has been designed to:

Assess the effectiveness of the infiltration trenches in controlling the flux of constituents.
Support our understanding of downgradient advective and dispersive mixing and attenuation reactions.
Assess the effectiveness of preventing existing third-party plumes from spreading laterally and/or 
vertically.
Assess migration pathways and potential impacts to third-party groundwater users and Long 
Swamp via groundwater discharge.
Evaluate potential mobilising of existing groundwater plumes beneath the Refinery and discharge 
to Cockburn Sound. As noted in Section 4, this will also be supported by sampling the foreshore 
pore water and marine environment if required. 

The monitoring strategy for the protection of receptors and assessment of potential risks associated with 
infiltration is presented in Table 3-1. The monitoring and sampling program includes manual gauging, 
high-frequency recording of groundwater levels and EC using pressure transducers, sampling select sentinel 
monitoring bores for indicator parameters and sampling the entire monitoring network for the primary 
water quality parameter suite to support assessment and decision-making activities. A summary of this 
program is presented in the sections below.

3.4.1 Rationale for Groundwater Level Recording

High-frequency groundwater levels will be recorded using telemetered automated pressure transducers at 
selected R1 Sentinel Bores, R2 Sentinel Bores, and R3 Delineation Bores as an indicator or early warning of 
non-optimal groundwater mounding. Manual gauging of groundwater levels will be undertaken monthly at 
select R1 Sentinel Bores and R2 Sentinel Bores, and quarterly at R3 Delineation Bores and other Delineation 
Bores proximal to receptors and areas of interest (i.e., third-party groundwater plumes). Increased 
frequency of manual gauging may be employed where a non-optimal condition is observed.

3.4.2 Rationale for Analytical Suite

A laboratory testing program has been developed to provide quantitative data to:

Ensure that the permeate is of suitable quality for infiltration.
Develop a baseline understanding of groundwater conditions in the Tamala Limestone, which can 
then be used to complement the background Tamala Limestone UPL trigger levels, to identify a 
non-optimal condition or a change in conditions that could result in a potential risk to receptors.
Develop a baseline understanding of surface water conditions in Long Swamp to assist with 
validating groundwater discharge mechanisms.
Provide early warnings of potential risks downgradient of the infiltration trenches.
Evaluate the potential risks to receptors and the environment.
Evaluate whether infiltration will cause the migration of existing third-party groundwater plumes.

The constituents of relevance for laboratory analysis during the activity of infiltration are based on the 
framework presented in Section 4. Rationales for the proposed analytical suites are provided in Table 3-5.
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4 Adaptive Management Decision-Making Framework

On the basis of the objectives described above, the following decision-making framework and trigger levels 
(operating indicators and compliance trigger levels) have been developed to guide the optimisation of the 
infiltration activities and the management of impacts on the receiving environment. Consistent with these 
objectives, the decision-making framework provides a systematic assessment (step wise assessment 
framework) whereby efforts are made to optimise infiltration activities while ensuring no further 
degradation of downgradient groundwater quality and protection of existing beneficial uses.

The steps in the decision-making process are as follows, these include both operational indicators and 
compliance defined triggers as discussed in Section 4.1:

Optimisation and Efficiency

Step 1: Optimise the performance of the infiltration trenches to maximise vertical flux and mixing,
control downgradient flux in shallow portions of the aquifer, and ensure downgradient receptors 
are protected.
Step 2: Ensure that infiltration is efficient and not causing large-scale vertical or lateral migration of 
existing groundwater plumes.

Protectiveness and Plume Stability 

Step 3: Ensure attenuation is occurring between R1/R2 Sentinel Bores and Receptor / Delineation Bores.
Step 4: Ensure that groundwater quality in R3 Delineation Bores is consistent with baseline, 
consistent with permeate quality, or below adopted receptor Tier 1 screening criteria.
Step 5: Ensure that groundwater quality in the receptor defined Delineation Bores (including R3 
delineation bores) are protective of relevant receptor Tier 1 screening criteria or baseline.
Step 6: Ensure that groundwater quality at existing third-party groundwater bores is consistent 
with baseline groundwater and/or applicable receptor Tier 1 screening criteria.
Step 7: Ensure the groundwater plumes are stable and not mobilised.
Step 8: Ensure surface water conditions are not adversely impacted (i.e., Long Swamp).
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4.1 Trigger Levels

Trigger levels are designed to provide a method to identify either a non-optimal condition or a change in 
conditions that could result in a potential risk to receptors, and then to initiate a suitable response plan. 

The Operational Indicators (Table 4-1) are designed to:

Balance infiltration efficiency with visual amenity and reducing the risk of overflow and the creation 
of a water-dependent ecosystem (i.e., permanent pool of water).
Evaluate mounding in the vicinity of the infiltration trench that relates to efficiency of infiltration 
and applicability of infiltration rate.
Understanding mixing and geochemical reactions in the aquifer, in particular flux in the shallow or 
deep aquifer to validate the Hydrogeological Conceptual Site Model (HCSM).
And provide an early warning for potential non-optimal or adverse conditions that may occur 
downgradient of the infiltration area (i.e., potential impacts to receptors).

Operational indicators are aspirational and do not have exact quantified trigger values with the exception 
of the stage height within the Infiltration Trench.

Compliance Triggers (Table 4-2) are defined to:

Ensure trenches do not overflow.
Inform if infiltrating water is potentially mobilising existing third-party groundwater plumes.
Inform if groundwater quality due to infiltration is potentially impacting downgradient receptors.
Inform what geochemical reactions may be occurring in the aquifer (i.e., such as dissolution). 

The MMP establishes a means for managing potential groundwater risks and provides a mechanism 
whereby additional management measures or remedial actions can be implemented, in the event that 
site-specific trigger levels are exceeded. This recognises the fact that management of infiltration is adaptive 
and dynamic.

Table 4-1 (Operational Indicators) and Table 4-2 (Compliance Triggers) below outline the operational 
indicators and compliance trigger levels to be adopted for the infiltration activity. These tables also present 
a systematic framework where proposed actions are implemented to address Operational Indicator early 
warnings and Compliance trigger level exceedances. The proposed actions will involve a thorough review of 
the data and a hydrogeological assessment of the potential causes for the exceedance of the trigger, so 
that recommendations for monitoring and management can be made on a case-by-case basis. Responses 
may be simple, such as moving or spreading the infiltration area inside the galleries, diverting off-spec 
water to the ROWS pond or addressing defects in water treatment systems. There may an increased 
frequency in sampling to further evaluate the reason for the trigger exceedance or confirm that the issue 
has been resolved after the implementation of other management actions. In some instances, responses 
may include the addition of monitoring bores for assessment (for example, the inclusion of monitoring 
bores on the periphery of existing groundwater plumes that may have expanded, or extra marine and 
foreshore sample locations where the Cockburn Sound criteria have been exceeded in Refinery Delineation 
Bores).

Infiltrated water and groundwater will be tested for the Primary Water Quality Suite (See Sectio 2 for detail 
on how this was developed). Some analytes in the Primary Water Quality Suite have been included for 
general information and, although included in the testing regime, do not have triggers attached. For clarity, 
the primary water quality suite is reproduced in Table 4-3 with trigger values for infiltrated water and 
groundwater. Note that the Tier 1 criteria used for groundwater quality triggers vary depending on the 
receptor being protected. The relevant criteria are specified in the trigger definition for each set of 
monitoring bores.
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In accordance with US EPA Guidance, a resampling regime has been implemented for water quality results. 
This reduces the risk of actions being taken in response to false positives, whereby resampling will either 
confirm the exceedance or disclude it.
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Appendix A Proposed Background Environmental Monitoring 
Thresholds – Technical Memorandum 
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Appendix B Pilot Plant – Analytical Results
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Appendix C Predicted Groundwater Mounding Figures
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Appendix D Revised and Relevant and Applicable Environmental 
Quality Guidelines (EQGs) for Cockburn Sound – EQG Identification for Low 

Reliability Values of Select Metals – Technical Memorandum
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Appendix E Trigger Bores – Historical Groundwater Levels


















